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ÂÑÒÓÏ FOREWORD

Äàíèé äîêóìåíò (EN 1992-1-1:2004), ªâðîêîä 2:
Ïðîåêòóâàííÿ çàë³çîáåòîííèõ êîíñòðóêö³é:
×àñòèíà 1-1 Çàãàëüí³ ïðàâèëà ³ íîðìè äëÿ
áóä³âåëü áóâ ï³äãîòîâëåíèé Òåõí³÷íèì Êîì³òå-
òîì CEN/TC 250 "Áóä³âåëüí³ ªâðîêîäè", ñåêðå-
òàð³àò ÿêîãî ï³äòðèìóºòüñÿ BSI (Áðèòàíñüêèì
³íñòèòóòîì ñòàíäàðò³â). CEN/TC 250 â³äïîâ³-
äàëüíèé çà âñ³ "Áóä³âåëüí³ ªâðîêîäè".

This European Standard EN 1992, Eurocode 2:
Design of concrete structures: General rules and
rules for buildings, has been prepared by Techni-
cal Committee CEN/TC250 "Structural Euroco-
des", the Secretariat of which is held by BSI.
CEN/TC250 is responsible for all Structural
Eurocodes.

Öåé ªâðîïåéñüêèé ñòàíäàðò ïîâèíåí íàáóòè
ñòàòóñó íàö³îíàëüíîãî ñòàíäàðòó øëÿõîì ïóá-
ë³êàö³¿ ³äåíòè÷íîãî òåêñòó àáî óõâàëåííÿì íå
ï³çí³øå ÷åðâíÿ 2005 ð., à íàö³îíàëüí³ ñòàí-
äàðòè, ÿê³ ìàþòü ç íèì ðîçá³æíîñò³, ïîâèíí³
áóòè â³äì³íåí³ íå ï³çí³øå áåðåçíÿ 2010 ð.

This European Standard shall be given the status
of a National Standard, either by publication of an
identical text or by endorsement, at the latest by
June 2005, and conflicting National Standards
shall be withdrawn at latest by March 2010.

Äàíèé äîêóìåíò çàì³íþº EVN 1992-1-1,
1992-1-3, 1992-1-4, 1992-1-5, 1992-1-6 ³ 1992-3.

This Eurocode supersedes ENV1992-1-1, 1992-1-3,
1992-1-4, 1992-1-5, 1992-1-6 and 1992-3.

Â³äïîâ³äíî äî âíóòð³øí³õ ïðàâèë CEN/CENE-
LEC çàïðîâàäèòè öåé ªâðîïåéñüêèé ñòàíäàðò
çîáîâ'ÿçóþòüñÿ íàö³îíàëüí³ îðãàí³çàö³¿ ç³ ñòàí-
äàðòèçàö³¿ íàñòóïíèõ êðà¿í: Àâñòð³¿, Áåëüã³¿,
Ê³ïðó, ×åñüêî¿ ðåñïóáë³êè, Äàí³¿, Åñòîí³¿, Ô³í-
ëÿíä³¿, Ôðàíö³¿, Í³ìå÷÷èíè, Ãðåö³¿, Óãîðùèíè,
²ñëàíä³¿, ²ðëàíä³¿, ²òàë³¿, Ëàòâ³¿, Ëþêñåìáóðãó,
Ìàëüòè, Í³äåðëàíä³â, Íîðâåã³¿, Ïîëüù³, Ïîðòó-
ãàë³¿, Ñëîâà÷÷èíè, Ñëîâåí³¿, ²ñïàí³¿, Øâåö³¿,
Øâåéöàð³¿ òà Âåëèêî¿ Áðèòàí³¿.

According to the CEN-CENELEC Internal Regu-
lations, the National Standard Organisations of
the following countries are bound to implement
these European Standard: Austria, Belgium, Cyp-
rus, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary,Iceland, Ire-
land, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Slovakia,
Slovenia, Spain, Sweden, Switzerland and United
Kingdom.
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ªÂÐÎÊÎÄ 2. ÏÐÎÅÊÒÓÂÀÍÍß ÇÀË²ÇÎÁÅÒÎÍÍÈÕ ÊÎÍÑÒÐÓÊÖ²É

×ÀÑÒÈÍÀ 1-1. ÇÀÃÀËÜÍ² ÏÐÀÂÈËÀ ² ÏÐÀÂÈËÀ ÄËß ÑÏÎÐÓÄ

ÅÂÐÎÊÎÄ 2. ÏÐÎÅÊÒÈÐÎÂÀÍÈÅ ÆÅËÅÇÎÁÅÒÎÍÍÛÕ ÊÎÍÑÒÐÓÊÖÈÉ

×ÀÑÒÜ 1-1. ÎÁÙÈÅ ÏÐÀÂÈËÀ È ÏÐÀÂÈËÀ ÄËß ÑÎÎÐÓÆÅÍÈÉ

EUROCODE 2. DESIGN OF CONCRETE STRUCTURES

PART 1-1. GENERAL RULES AND RULES FOR BUILDINGS

×èííèé â³ä 2013-07-01

ÎÑÍÎÂÈ ÏÐÎÃÐÀÌÈ ªÂÐÎÊÎÄ²Â BACKGROUND TO THE EUROCODE
PROGRAMME

Â 1975 ðîö³ Êîì³ñ³ÿ ªâðîïåéñüêî¿ ñï³ëüíîòè
ïðèéíÿëà ð³øåííÿ ùîäî ïëàíó ä³é ó ñôåð³
áóä³âíèöòâà íà ï³äñòàâ³ ñòàòò³ 95 óãîäè. Ìåòîþ
ïëàíó ä³é áóëî óñóíåííÿ òåõí³÷íèõ ïåðåøêîä
äëÿ òîðã³âë³ òà óçãîäæåííÿ òåõí³÷íèõ óìîâ.

In 1975, the Commission of the European Com-
munity decided on an action programme in the
field of construction, based on article 95 of the
Treaty. The objective of the programme was the
elimination of technical obstacles to trade and the
harmonisation of technical specifications.

Ó ìåæàõ öüîãî ïëàíó ä³é Êîì³ñ³ÿ ïî÷àëà âïðî-
âàäæóâàòè ñèñòåìó óçãîäæåíèõ òåõí³÷íèõ ïðà-
âèë äëÿ ïðîåêòóâàííÿ áóä³âåëü òà ñïîðóä, ùî
íà ïåðøîìó åòàï³ ìàëè ñòàòè àëüòåðíàòèâîþ
÷èííèì íîðìàì äåðæàâ-÷ëåí³â, à çðåøòîþ
ìàëè çàì³íèòè ¿õ.

Within this action programme, the Commission
took the initiative to establish a set of harmonised
technical rules for the design of construction works
which, in a first stage, would serve as an alter-
native to the national rules in force in the Member
States and, ultimately, would replace them.

Ïðîòÿãîì ï'ÿòíàäöÿòè ðîê³â Êîì³ñ³ÿ çà äîïîìî-
ãîþ Ïîñò³éíîãî êîì³òåòó, äî ñêëàäó ÿêîãî âõî-
äèëè ïðåäñòàâíèêè äåðæàâ-÷ëåí³â, ðîçðîáëÿ-
ëà ïðîãðàìó ªâðîêîä³â, ðåçóëüòàòîì ÷îãî ñòà-
ëà ïóáë³êàö³ÿ ïåðøîãî ïîêîë³ííÿ ºâðîïåéñüêèõ
íîðì ó 80-õ ðîêàõ.

For fifteen years, the Commission, with the help of
a Steering Committee with Representatives of
Member States, conducted the development of
the Eurocodes programme, which led to the first
generation of European codes in the 1980s.

Ó 1989 ðîö³ Êîì³ñ³ÿ òà äåðæàâè-÷ëåíè ÅU (ªâ-
ðîïåéñüêî¿ ñï³ëüíîòè) òà ÅFÒÀ (ªâðîïåéñüêî¿
àñîö³àö³¿ â³ëüíî¿ òîðã³âë³) íà ï³äñòàâ³ óãîäè1 ì³æ
Êîì³ñ³ºþ òà ÑÅN (ªâðîïåéñüêèì êîì³òåòîì ç³
ñòàíäàðòèçàö³¿) âèð³øèëè ïåðåäàòè ï³äãîòîâêó
òà ïóáë³êàö³þ ªâðîêîä³â äî ÑÅN çà äîïîìîãîþ
ñåð³¿ ìàíäàò³â, ùîá ó ìàéáóòíüîìó íàäàòè
ªâðîêîäàì ñòàòóñó ºâðîïåéñüêîãî ñòàíäàðòó
(ÅN). Öå ôàêòè÷íî ïîâ'ÿçóº ªâðîêîäè ç ïîëî-
æåííÿìè äèðåêòèâ Ðàäè òà/àáî ð³øåíü Êîì³ñ³¿

In 1989, the Commission and the Member States
of the EU and EFTA decided, on the basis of an
agreement1 between the Commission and CEN,
to transfer the preparation and the publication of
the Eurocodes to CEN through a series of
Mandates, in order to provide them with a future
status of European Standard (EN). This links de
facto the Eurocodes with the provisions of all the
Council's Directives and/or Commission's Deci-
sions dealing with European standards (e.g. the

1

ÄÑÒÓ-Í Á EN 1992-1-1:2010

1 Óãîäà ì³æ Êîì³ñ³ºþ ªâðîïåéñüêî¿ ñï³ëüíîòè òà ªâðî-
ïåéñüêèì êîì³òåòîì ñòàíäàðòèçàö³¿ (ÑÅN) ùîäî ðî-
áîòè íàä ªâðîêîäàìè ñòîñîâíî ïðîåêòóâàííÿ áó-
ä³âåëü ³ öèâ³ëüíèõ ñïîðóä (BC/CEN/03/89).

1 Agreement between the Commission of the European
Communities and the European Committee for Stan-
dardisation (CEN) concerning the work on EURO-
CODES for the design of building and civil engineering
works (BC/CEN/03/89).
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ñòîñîâíî ºâðîïåéñüêèõ ñòàíäàðò³â (íàïðèêëàä,
äèðåêòèâà Ðàäè 89/106/ÅÅÑ ùîäî áóä³âåëüíèõ
âèðîá³â – ÑÐD – òà äèðåêòèâè Ðàäè 93/37/ÅÅÑ,
92/50/ÅÅÑ ³ 89/440/ÅÅÑ ùîäî ãðîìàäñüêèõ
ïðîåêò³â òà êîìóíàëüíèõ ïîñëóã ³ ð³âíîö³ííèõ
äèðåêòèâ ÅFÒÀ, ùî çàïî÷àòêîâàí³ ç ìåòîþ ñòà-
íîâëåííÿ âíóòð³øíüîãî ðèíêó).

Council Directive 89/106/EEC on construction pro-
ducts – CPD – and Council Directives 93/37/EEC,
92/50/EEC and 89/440/EEC on public works and
services and equivalent EFTA Directives initiated
in pursuit of setting up the internal market)

Ïðîãðàìà áóä³âåëüíèõ ªâðîêîä³â âêëþ÷àº íà-
ñòóïí³ ñòàíäàðòè, ùî çàãàëîì ñêëàäàþòüñÿ ç
äåê³ëüêîõ ÷àñòèí:

The Structural Eurocode programme comprises
the following standards generally consisting of a
number of Parts:

ÅN 1990 ªâðîêîä: Îñíîâè ïðîåêòóâàííÿ êîíñò-
ðóêö³é

EN 1990 Eurocode 0: Basis of Structural Design

ÅN 1991 ªâðîêîä 1: Ä³¿ íà êîíñòðóêö³¿ EN 1991 Eurocode 1: Actions on structures

ÅN 1992 ªâðîêîä 2: Ïðîåêòóâàííÿ çàë³çîáå-
òîííèõ êîíñòðóêö³é

EN 1992 Eurocode 2: Design of concrete struc-
tures

ÅN 1993 ªâðîêîä 3: Ïðîåêòóâàííÿ ñòàëåâèõ
êîíñòðóêö³é

EN 1993 Eurocode 3: Design of steel structures

ÅN 1994 ªâðîêîä 4: Ïðîåêòóâàííÿ ñòàëåçàë³-
çîáåòîííèõ êîíñòðóêö³é

EN 1994 Eurocode 4: Design of composite steel
and concrete structures

ÅN 1995 ªâðîêîä 5: Ïðîåêòóâàííÿ äåðåâ'ÿíèõ
êîíñòðóêö³é

EN 1995 Eurocode 5: Design of timber structures

ÅN 1996 ªâðîêîä 6: Ïðîåêòóâàííÿ êàì'ÿíèõ
êîíñòðóêö³é

EN 1996 Eurocode 6: Design of masonry struc-
tures

ÅN 1997 ªâðîêîä 7: Ãåîòåõí³÷íå ïðîåêòóâàííÿ EN 1997 Eurocode 7: Geotechnical design

ÅN 1998 ªâðîêîä 8: Ïðîåêòóâàííÿ ñåéñìîñò³é-
êèõ ñïîðóä

EN 1998 Eurocode 8: Design of structures for
earthquake resistance

ÅN 1999 ªâðîêîä 9: Ïðîåêòóâàííÿ àëþì³í³ºâèõ
êîíñòðóêö³é

EN 1999 Eurocode 9: Design of aluminium struc-
tures

ªâðîêîäè âèçíà÷àþòü â³äïîâ³äàëüí³ñòü ðîçïî-
ðÿä÷èõ îðãàí³â äåðæàâ-÷ëåí³â òà çàõèùàþòü ¿õ
ïðàâî âèçíà÷àòè âåëè÷èíè, ùî ñòîñóþòüñÿ ïè-
òàíü ðåãóëþâàííÿ áåçïåêè íà íàö³îíàëüíîìó
ð³âí³, ÿêùî ö³ âåëè÷èíè â³äð³çíÿþòüñÿ äëÿ âñ³õ
äåðæàâ-÷ëåí³â.

Eurocode standards recognise the responsibility
of regulatory authorities in each Member State
and have safeguarded their right to determine
values related to regulatory safety matters at
national level where these continue to vary from
State to State.

2
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ÑÒÀÒÓÑ ÒÀ ÑÔÅÐÀ ÇÀÑÒÎÑÓÂÀÍÍß
ªÂÐÎÊÎÄ²Â

STATUS AND FIELD OF APPLICATION
OF EUROCODES

Äåðæàâè-÷ëåíè ÅU òà ÅFÒÀ âèçíàþòü, ùî ªâ-
ðîêîäè º îñíîâîïîëîæíèìè äîêóìåíòàìè äëÿ
òàêèõ ö³ëåé:

The Member States of the EU and EFTA recog-
nise that Eurocodes serve as reference docu-
ments for the following purposes:

– ÿê çàñ³á çàáåçïå÷åííÿ â³äïîâ³äíîñò³ áóä³-
âåëü òà ñïîðóä îñíîâíèì âèìîãàì äèðåêòè-
âè Ðàäè 89/106/ÅÅÑ, çîêðåìà îñíîâí³é âè-
ìîç³ ¹1 "Ìåõàí³÷íèé îï³ð òà ñò³éê³ñòü" òà
îñíîâí³é âèìîç³ ¹2 "Ïîæåæíà áåçïåêà";

– as a means to prove compliance of building and
civil engineering works with the essential requi-
rements of Council Directive 89/106/EEC, par-
ticularly Essential Requirement ¹1 – Mecha-
nical resistance and stability – and Essential
Requirement ¹2 – Safety in case of fire;

– ÿê îñíîâà äëÿ óêëàäàííÿ óãîä íà áóä³âåëüí³
ðîáîòè òà ñóïóòí³ ³íæèí³ðèíãîâ³ ïîñëóãè;

– as a basis for specifying contracts for const-
ruction works and related engineering ser-
vices;

– ÿê îñíîâà äëÿ ðîçðîáëåííÿ óçãîäæåíèõ òåõ-
í³÷íèõ óìîâ íà áóä³âåëüí³ âèðîáè (ÅNs òà
ÅÒÀs).

– as a framework for drawing up harmonised
technical specifications for construction pro-
ducts (ENs and ETAs)

Îñê³ëüêè ªâðîêîäè áåçïîñåðåäíüî ñòîñóþòüñÿ
áóä³âåëüíèõ ñïîðóä, âîíè ìàþòü ïðÿìèé çâ'ÿ-
çîê ç òëóìà÷íèìè äîêóìåíòàìè2, ùî ïîñèëà-
þòüñÿ íà ñòàòòþ 12 ÑÐD, õî÷à â³äð³çíÿþòüñÿ
â³ä ãàðìîí³çîâàíèõ ñòàíäàðò³â íà âèðîáè3. Òà-
êèì ÷èíîì, òåõí³÷í³ àñïåêòè, ùî âèíèêàþòü ïðè
çàñòîñóâàíí³ ªâðîêîä³â, ìàþòü áóòè â³äïîâ³ä-
íî ðîçãëÿíóò³ òåõí³÷íèìè êîì³òåòàìè ÑÅN
òà/àáî ðîáî÷èìè ãðóïàìè ÅÎÒÀ, ùî ðîçðîáëÿ-
þòü ñòàíäàðòè íà áóä³âåëüí³ âèðîáè, äëÿ äî-
ñÿãíåííÿ ïîâíî¿ â³äïîâ³äíîñò³ òåõí³÷íèõ óìîâ
ªâðîêîäàì.

The Eurocodes, as far as they concern the const-
ruction works themselves, have a direct relation-
ship with the Interpretative Documents2 referred
to in Article 12 of the CPD, although they are of a
different nature from harmonised product stan-
dards3. Therefore, technical aspects arising from
the Eurocodes work need to be adequately con-
sidered by CEN Technical Committees and/or
EOTA Working Groups working on product stan-
dards with a view to achieving full compatibility of
these technical specifications with the Euro-
codes.

3
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2 Â³äïîâ³äíî äî Ñò.3.3 CPD îñíîâí³ âèìîãè (ERs) ïî-
âèíí³ áóòè íàäàí³ â êîíêðåòí³é ôîðì³ ó òëóìà÷íèõ
äîêóìåíòàõ äëÿ ñòâîðåííÿ íåîáõ³äíèõ âçàºìîç-
â'ÿçê³â ì³æ îñíîâíèìè âèìîãàìè òà ìàíäàòàìè íà
ãàðìîí³çàö³þ ENs ³ ETAGs/ETAs;

2 According to Art. 3.3 of the CPD, the essential require-
ments (ERs) shall be given concrete form in interpre-
tative documents for the creation of the necessary links
between the essential requirements and the mandates
for harmonised ENs and ETAGs/ETAs.

3 Â³äïîâ³äíî äî cò. 12 ÑÐD òëóìà÷í³ äîêóìåíòè ïî-
âèíí³:

3 According to Art. 12 of the CPD the interpretative docu-
ments shall:

à) íàäàâàòè êîíêðåòíó ôîðìó îñíîâíèì âèìîãàì, ãàð-
ìîí³çóþ÷è òåðì³íîëîã³þ, òåõí³÷í³ îñíîâè òà çàçíà÷à-
òè êëàñè àáî ð³âí³ äëÿ êîæíî¿ âèìîãè, äå íåîáõ³äíî;

a) give concrete form to the essential requirements by
harmonising the terminology and the technical bases
and indicating classes or levels for each requirement
where necessary;

b) âêàçóâàòè ìåòîäè êîðåëÿö³¿ öèõ êëàñ³â àáî ð³âí³â âè-
ìîã ³ç òåõí³÷íèìè óìîâàìè, íàïðèêëàä, ìåòîäè ðîç-
ðàõóíê³â ³ ïåðåâ³ðêè, òåõí³÷í³ ïðàâèëà äëÿ ðîçðîá-
ëåííÿ ïðîåêò³â òîùî;

b) indicate methods of correlating these classes or levels
of requirement with the technical specifications, e.g.
methods of calculation and of proof, technical rules for
project design, etc.;

ñ) ñëóãóâàòè â ÿêîñò³ äæåðåëà äëÿ çàïðîâàäæåííÿ ãàð-
ìîí³çîâàíèõ ñòàíäàðò³â ³ íîðì äëÿ ªâðîïåéñüêèõ
òåõí³÷íèõ óõâàëåíü.

c) serve as a reference for the establishment of harmo-
nised standards and guidelines for European technical
approvals.

ªâðîêîäè ôàêòè÷íî â³ä³ãðàþòü ñõîæó ðîëü ó ñôåð³
ER 1 ³ ÷àñòêîâî ER 2.

The Eurocodes, de facto, play a similar role in the field
of the ER 1 and a part of ER 2.
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ªâðîêîäè âñòàíîâëþþòü çàãàëüí³ ïðàâèëà
ïðîåêòóâàííÿ äëÿ ïîâñÿêäåííîãî çàñòîñóâàí-
íÿ ÿê äëÿ ïðîåêòóâàííÿ áóä³âåëü â ö³ëîìó, òàê ³
¿õ ñêëàäîâèõ ÷àñòèí, ÿê òðàäèö³éíèõ, òàê ³ íî-
âèõ. Ó âèïàäêàõ íåòèïîâî¿ ôîðìè êîíñòðóêö³¿
àáî óìîâ ïðîåêòóâàííÿ, ùî êîíêðåòíî íå ðîç-
ãëÿäàþòüñÿ, íåîáõ³äíà äîäàòêîâà åêñïåðòíà
îö³íêà.

The Eurocode standards provide common struc-
tural design rules for everyday use for the design
of whole structures and component products of
both a traditional and an innovative nature. Unu-
sual forms of construction or design conditions
are not specifically covered and additional expert
consideration will be required by the designer in
such cases.

ÍÀÖ²ÎÍÀËÜÍ² ÑÒÀÍÄÀÐÒÈ,
ÙÎ ÂÏÐÎÂÀÄÆÓÞÒÜ ªÂÐÎÊÎÄÈ

NATIONAL STANDARDS IMPLEMENTING
EUROCODES

Íàö³îíàëüí³ ñòàíäàðòè, ùî âïðîâàäæóþòü
ªâðîêîäè, ì³ñòÿòü ïîâíèé òåêñò ªâðîêîäó
(âêëþ÷íî ç óñ³ìà äîäàòêàìè), ùî âèäàíèé
ÑÅN, ÿêèé ìîæå äîïîâíþâàòè íàö³îíàëüíèé
òèòóëüíèé àðêóø òà íàö³îíàëüíèé âñòóï íà ïî-
÷àòêó, à òàêîæ íàö³îíàëüíèé äîäàòîê â ê³íö³.

The National Standards implementing Eurocodes
will comprise the full text of the Eurocode (inclu-
ding any annexes), as published by CEN, which
may be preceded by a National title page and
National foreword, and may be followed by a
National annex.

Íàö³îíàëüíèé äîäàòîê ìîæå ì³ñòèòè ³íôîð-
ìàö³þ ëèøå ñòîñîâíî òèõ ïàðàìåòð³â, ùî çàëè-
øåí³ â³äêðèòèìè â ªâðîêîäàõ äëÿ íàö³îíàëü-
íîãî âèáîðó, òàê çâàí³ íàö³îíàëüíî âèçíà÷åí³
ïàðàìåòðè, òà çàñòîñîâóþòüñÿ äëÿ ïðîåêòó-
âàííÿ òà áóä³âíèöòâà ó êîíêðåòí³é êðà¿í³, à
ñàìå:

The National annex may only contain information
on those parameters which are left open in the
Eurocode for national choice, known as National-
ly Determined Parameters, to be used for the
design of buildings and civil engineering works to
be constructed in the country concerned, i.e.:

– çíà÷åííÿ òà/àáî êëàñè, ÿê³ â ªâðîêîä³ äà-
þòüñÿ íà âèá³ð;

– values and/or classes where alternatives are
given in the Eurocode,

– çíà÷åííÿ, äëÿ ÿêèõ ó ªâðîêîä³ äàíî ëèøå
ïîçíà÷åííÿ;

– values to be used where a symbol only is given
in the Eurocode,

– îñîáëèâîñò³ äàíî¿ êðà¿íè (ãåîãðàô³÷í³, êë³-
ìàòè÷í³ òîùî), íàïðèêëàä, êàðòà ñí³ãîâîãî
ïîêðèâó;

– country specific data (geographical, climatic,
etc.), e.g. snow map,

– ìåòîäèêà, äëÿ ÿêî¿ â ªâðîêîä³ äàíî àëüòåð-
íàòèâí³ ìåòîäèêè.

– the procedure to be used where alternative
procedures are given in the Eurocode.

Ìîæå òàêîæ ì³ñòèòè: It may contain:
– ð³øåííÿ ùîäî çàñòîñóâàííÿ äîâ³äêîâèõ äî-

äàòê³â;
– decisions on the application of informative

annexes,
– ïîñèëàííÿ íà äîäàòêîâó íå ñóïåðå÷ëèâó

³íôîðìàö³þ, ùî äîïîìàãàº êîðèñòóâà÷åâ³
çàñòîñîâóâàòè ªâðîêîä.

– references to non-contradictory complemen-
tary information to assist the user to apply the
Eurocode.
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ÇÂ'ßÇÊÈ Ì²Æ ªÂÐÎÊÎÄÀÌÈ ÒÀ ÃÀÐÌÎÍ²-
ÇÎÂÀÍÈÌÈ ÒÅÕÍ²×ÍÈÌÈ ÓÌÎÂÀÌÈ

(ENs and ETAs) ÄËß ÂÈÐÎÁ²Â

LINKS BETWEEN EUROCODES AND
HARMONISED TECHNICAL SPECIFICATIONS

(ENs and ETAs) FOR PRODUCTS

Íåîáõ³äíî óçãîäèòè ãàðìîí³çîâàí³ òåõí³÷í³
óìîâè äëÿ áóä³âåëüíèõ âèðîá³â òà òåõí³÷í³ íîð-
ìè äëÿ ñïîðóä4. Êð³ì òîãî, ïîâíà ³íôîðìàö³ÿ,
ùî ñóïðîâîäæóº ÑÅ ìàðêóâàííÿ áóä³âåëüíèõ
âèðîá³â, äå º ïîñèëàííÿ íà ªâðîêîäè, ìàº
÷³òêî çàçíà÷àòè, ÿê³ íàö³îíàëüíî âèçíà÷åí³ ïà-
ðàìåòðè áóëè âðàõîâàí³.

There is a need for consistency between the har-
monised technical specifications for construction
products and the technical rules for works4.
Furthermore, all the information accompanying
the CE Marking of the construction products
which refer to Eurocodes should clearly mention
which Nationally Determined Parameters have
been taken into account.

ÄÎÄÀÒÊÎÂÀ ²ÍÔÎÐÌÀÖ²ß
ÑÒÎÑÎÂÍÎ EN 1992-1-1

ADDITIONAL INFORMATION
SPECIFIC TO EN 1992-1-1

EN 1992-1-1 îïèñóº îñíîâí³ ïðàâèëà ³ âèìîãè
ùîäî áåçïåêè, åêñïëóàòàö³éíî¿ ïðèäàòíîñò³ òà
äîâãîâ³÷íîñò³ çàë³çîáåòîííèõ êîíñòðóêö³é ñï³ëü-
íî ç êîíêðåòíèìè ïîëîæåííÿìè äëÿ áóä³âåëü.
Âîíè áàçóþòüñÿ íà êîíöåïö³¿ ãðàíè÷íîãî ñòàíó â
ïîºäíàíí³ ç ìåòîäîì êîåô³ö³ºíò³â íàä³éíîñò³.

EN 1992-1-1 describes the principles and requi-
rements for safety, serviceability and durability of
concrete structures, together with specific provi-
sions for buildings. It is based on the limit state
concept used in conjunction with a partial factor
method.

Äëÿ ïðîåêòóâàííÿ íîâèõ ñïîðóä ïåðåäáà÷åíî
áåçïîñåðåäíº çàñòîñóâàííÿ EN 1992-1-1 ñï³ëü-
íî ç ³íøèìè ÷àñòèíàìè EN 1992, ªâðîêîäàìè
EN 1990, 19911997 ³ 1998.

For the design of new structures, EN 1992-1-1 is
intended to be used, for direct application, toge-
ther with other parts of EN 1992, Eurocodes
EN 1990,1991, 1997 and 1998.

EN 1992-1-1 òàêîæ º áàçîâèì äîêóìåíòîì äëÿ
³íøèõ CEN TC (Òåõí³÷íèõ êîì³òåò³â) â ïèòàííÿõ
áóä³âåëüíèõ êîíñòðóêö³é.

EN 1992-1-1 also serves as a reference docu-
ment for other CEN TCs concerning structural
matters.

EN 1992-1-1 ïðèçíà÷åí³ äëÿ çàñòîñóâàííÿ: EN 1992-1-1 is intended for use by:
– êîì³òåòàìè ç ðîçðîáëåííÿ íîðì äëÿ ïðîåê-

òóâàííÿ ñïîðóä ³ ñóïóòí³õ âèðîá³â, âèïðîáó-
âàíü òà äèðåêòèâ;

– committees drafting other standards for
structural design and related product, testing
and execution standards;

– êë³ºíòàìè (íàïðèêëàä, äëÿ ôîðìóëþâàííÿ
¿õí³õ îñîáëèâèõ âèìîã ùîäî ð³âí³â íàä³é-
íîñò³ òà äîâãîâ³÷íîñò³) ;

– clients (e.g. for the formulation of their specific
requirements on reliability levels and durabi-
lity);

– ïðîåêòóâàëüíèêàìè òà êîíñòðóêòîðàìè; – designers and constructors ;
– äåðæàâíèìè îðãàíàìè. – relevant authorities.

×èñëîâ³ âåëè÷èíè êîåô³ö³ºíò³â íàä³éíîñò³ òà
³íøèõ ïàðàìåòð³â íàä³éíîñò³, ùî ðåêîìåíäó-
þòüñÿ â ÿêîñò³ áàçîâèõ âåëè÷èí, ÿê³ çàáåçïå÷ó-
þòü ïðèéíÿòíèé ð³âåíü íàä³éíîñò³, ïðèçíà÷åí³
âèõîäÿ÷è ç óìîâè çàñòîñóâàííÿ â³äïîâ³äíîãî
ð³âíÿ âèêîíàííÿ òà óïðàâë³ííÿ ÿê³ñòþ.

Numerical values for partial factors and other
reliability parameters are recommended as basic
values that provide an acceptable level of relia-
bility. They have been selected assuming that an
appropriate level of workmanship and of quality
management applies.

Ïðè çàñòîñóâàíí³ EN 1992-1-1 ó ÿêîñò³ áàçîâîãî
äîêóìåíòà ³íøèìè òåõí³÷íèìè êîì³òåòàìè/CEN
ïîâèíí³ ïðèéìàòèñü òàê³ ñàì³ âåëè÷èíè.

When EN 1992-1-1 is used as a base document
by other CEN/TCs the same values need to be
taken

5
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4 Äèâ. cò. 3.3 òà cò. 12 ÑÐD, à òàêîæ 4.2, 4.3.1, 4.3.2 òà
5.2 ID ¹1

4 See Art.3.3 and Art.12 of the CPD, as well as 4.2, 4.3.1,
4.3.2 and 5.2 of ID ¹1.
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ÍÀÖ²ÎÍÀËÜÍÈÉ ÄÎÄÀÒÎÊ ÄÎ EN 1992-1-1 NATIONAL ANNEX FOR EN 1992-1-1

Öåé ñòàíäàðò íàäàº âåëè÷èíè ç ïðèì³òêàìè, â
ÿêèõ âèïàäêàõ ìîæëèâèé âèá³ð íàö³îíàëüíèõ
àëüòåðíàòèâ.

This standard gives values with notes indicating
where national choices may have to be made.

Òàêèì ÷èíîì, íàö³îíàëüíèé ñòàíäàðò, ùî çà-
ïðîâàäæóº EN 1992-1-1, ïîâèíåí ìàòè íàö³î-
íàëüíèé äîäàòîê, ùî ì³ñòèòü âñ³ íàö³îíàëüíî
âèçíà÷åí³ ïàðàìåòðè (õàðàêòåðèñòèêè), ÿê³ âè-
êîðèñòîâóþòüñÿ äëÿ ïðîåêòóâàííÿ áóä³âåëü òà
öèâ³ëüíèõ ñïîðóä, ùî áóäóòü çâåäåí³ ó â³äïî-
â³äí³é êðà¿í³.

Therefore the National Standard implementing
EN 1992-1-1 should have a National annex
containing all Nationally Determined Parameters
to be used for the design of buildings and civil
engineering works to be constructed in the
relevant country.

Íàö³îíàëüíèé âèá³ð äîçâîëÿºòüñÿ â EN 1992-1-1
÷åðåç íàñòóïí³ ïîëîæåííÿ:

National choice is allowed in EN 1992-1-1 through
the following clauses:

2.3.3(3) 5.10.3(2) 9.2.2(7)

2.4.2.1(1) 5.10.8(2) 9.2.2(8)

2.4.2.2(1) 5.10.8(3) 9.3.1.1(3)

2.4.2.2(2) 5.10.9 (1)Ð 9.5.2(1)

2.4.2.2(3) 6.2.2(1) 9.5.2(2)

2.4.2.3(1) 6.2.2(6) 9.5.2(3)

2.4.2.4(1) 6.2.3(2) 9.5.3(3)

2.4.2.4(2) 6.2.3(3) 9.6.2(1)

2.4.2.5(2) 6.2.4(4) 9.6.3(1)

3.1.2 (2)Ð 6.2.4(6) 9.7(1)

3.1.2(4) 6.4.3(6) 9.8.1 (3)

3.1.6 (1)Ð 6.4.4(1) 9.8.2.1(1)

3.1.6 (2)Ð 6.4.5(3) 9.8.3(1)

3.2.2 (3)Ð 6.4.5(4) 9.8.3 (2)

3.2.7(2) 6.5.2(2) 9.8.4(1)

3.3.4 (5) 6.5.4 (4) 9.8.5 (3)

3.3.6(7) 6.5.4(6) 9.10.2.2(2)

4.4.1.2(3) 6.8.4(1) 9.10.2.3(3)

4.4.1.2(5) 6.8.4(5) 9.10.2.3(4)

4.4.1.2(6) 6.8.6(1) 9.10.2.4(2)

4.4.1.2(7) 6.8.6(2) 11.3.5 (1)Ð

4.4.1.2(8) 6.8.7(1) 11.3.5 (2)Ð

4.4.1.2(13) 7.2(2) 11.3.7(1)

4.4.1.3(1)Ð 7.2(3) 11.6.1(1)

4.4.1.3(3) 7.2(5) 11.6.1(2)

4.4.1.3(4) 7.3.1(5) 11.6.2(1)

5.1.3(1)Ð 7.3.2(4) 11.6.4.1(1)

5.2(5) 7.3.4(3) 12.3.1(1)

5.5(4) 7.4.2(2) 12.6.3(2)

6
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5.6.3(4) 8.2(2) À.2.1 (1)

5.8.3.1(1) 8.3(2) À.2.1 (2)

5.8.3.3(1) 8.6(2) À.2.2(1)

5.8.3.3(2) 8.8(1) À.2.2(2)

5.8.5(1) 9.2.1.1(1) À.2.3(1)

5.8.6(3) 9.2.1.1(3) Ñ.1(1)

5.10.1(6) 9.2.1.2(1) Ñ.1 (3)

5.10.2.1 (1)Ð 9.2.1.4(1) Å.1 (2)

5.10.2.1(2) 9.2.2(4) J.1 (3)

5.10.2.2(4) 9.2.2(5) J.2.2 (2)

5.10.2.2(5) 9.2.2(6) J.3 (2)

J.3 (3)
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1 ÇÀÃÀËÜÍ² ÏÎËÎÆÅÍÍß 1 GENERAL

1.1 Ñôåðà çàñòîñóâàííÿ 1.1 Scope

1.1.1 Ñôåðà çàñòîñóâàííÿ ªâðîêîäó 2 1.1.1 Scope of Eurocode 2

(1)Ð ªâðîêîä 2 çàñòîñîâóºòüñÿ äëÿ ïðîåêòó-
âàííÿ áóä³âåëü ³ ãðîìàäñüêèõ ñïîðóä ³ç çâè÷àé-
íèõ ³ ïîïåðåäíüî íàïðóæåíèõ çàë³çîáåòîííèõ
êîíñòðóêö³é. Â³í â³äïîâ³äàº îñíîâíèì ïîëîæåí-
íÿì ³ âèìîãàì ùîäî áåçïåêè ³ åêñïëóàòàö³éíî¿
ïðèäàòíîñò³ ñïîðóä, îñíîâè ïðîåêòóâàííÿ ³ ïå-
ðåâ³ðêè ÿêèõ íàäàíî ó EN 1990 "Îñíîâè ïðîåê-
òóâàííÿ êîíñòðóêö³é".

(1)P Eurocode 2 applies to the design of buildings
and civil engineering works in plain, reinforced
and prestressed concrete. It complies with the
principles and requirements for the safety and
serviceability of structures, the basis of their
design and verification that are given in EN 1990:
Basis of structural design.

(2)Ð ªâðîêîä 2 ðîçãëÿäàº âèìîãè ò³ëüêè ñòî-
ñîâíî íåñó÷î¿ çäàòíîñò³ òà ñò³éêîñò³, ïðèäàò-
íîñò³ äî åêñïëóàòàö³¿, äîâãîâ³÷íîñò³ ³ ïîæåæíî¿
áåçïåêè êîìá³íîâàíèõ êîíñòðóêö³é. ²íø³ âèìî-
ãè, íàïðèêëàä, ùîäî òåïëî- àáî çâóêî³çîëÿö³¿,
íå ðîçãëÿäàþòüñÿ.

(2)P Eurocode 2 is only concerned with the
requirements for resistance, serviceability, dura-
bility and fire resistance of concrete structures.
Other requirements, e.g. concerning thermal or
sound insulation, are not considered.

(3)Ð ªâðîêîä 2 ïðèçíà÷åíèé äëÿ çàñòîñóâàííÿ
ó ïîºäíàíí³ ç:

(3)P Eurocode 2 is intended to be used in conjun-
ction with:

EN 1990: Îñíîâè ïðîåêòóâàííÿ êîíñòðóêö³é EN 1990: Basis of structural design

EN 1991: Ä³¿ íà êîíñòðóêö³¿ EN 1991: Actions on structures

hENs: Áóä³âåëüí³ âèðîáè, ùî â³äíîñÿòüñÿ äî
áåòîííèõ êîíñòðóêö³é

hEN's: Construction products relevant for conc-
rete structures

ENV 13670: Âèêîíàííÿ áåòîííèõ êîíñòðóêö³é ENV 13670: Execution of concrete structures

EN 1997: Ãåîòåõí³÷íå ïðîåêòóâàííÿ EN 1997: Geotechnical design

EN 1998: Ïðîåêòóâàííÿ ñåéñìîñò³éêèõ êîíñò-
ðóêö³é, êîëè çàë³çîáåòîíí³ êîíñòðóêö³¿ çâîäÿòü-
ñÿ ó ñåéñì³÷íèõ ðåã³îíàõ.

EN 1998: Design of structures for earthquake
resistance, when concrete structures are built
iseismic regions.

(4)Ð ªâðîêîä 2 ñêëàäàºòüñÿ ³ç íàñòóïíèõ ÷àñ-
òèí:

(4)P Eurocode 2 is subdivided into the following
parts:

×àñòèíà 1.1: Çàãàëüí³ íîðìè ³ ïðàâèëà äëÿ
áóä³âåëü

Part 1.1: General rules and rules for buildings

×àñòèíà 1.2: Ïðîòèïîæåæíå ïðîåêòóâàííÿ
êîíñòðóêö³é

Part 1.2: Structural fire design

×àñòèíà 2: Ìîñòè ³ç çâè÷àéíîãî ³ ïîïåðåäíüî
íàïðóæåíîãî çàë³çîáåòîíó

Part 2: Reinforced and prestressed concrete
bridges

×àñòèíà 3: Âîäîçàõèñí³ ñïîðóäè ³ ðåçåðâóàðè. Part 3: Liquid retaining and containing structures

1.1.2 Ñôåðà çàñòîñóâàííÿ ÷àñòèíè 1-1 ªâ-

ðîêîäó 2

1.1.2 Scope of Part 1-1 of Eurocode 2

(1)Ð Ó ÷àñòèí³ 1-1 ªâðîêîäó 2 íàâåäåíî çà-
ãàëüí³ îñíîâè äëÿ ïðîåêòóâàííÿ íåàðìîâàíèõ,
³ç çâè÷àéíèì ³ ïîïåðåäíüî íàïðóæåíèì àðìó-
âàííÿì çàë³çîáåòîííèõ êîíñòðóêö³é íà âàæêèõ ³
ëåãêèõ çàïîâíþâà÷àõ òà êîíêðåòí³ íîðìè äëÿ
áóä³âåëü.

(1)P Part 1-1 of Eurocode 2 gives a general basis
for the design of structures in plain, reinforced and
prestressed concrete made with normal and light
weight aggregates together with specific rules for
buildings.
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(2) Ó ÷àñòèí³ 1-1 ðîçãëÿäàþòüñÿ íàñòóïí³ ïè-
òàííÿ:

(2)P The following subjects are dealt with in
Part 1-1.

Ðîçä³ë 1: Çàãàëüí³ ïîëîæåííÿ Section 1: General

Ðîçä³ë 2: Îñíîâè ïðîåêòóâàííÿ Section 2: Basis of design

Ðîçä³ë 3: Ìàòåð³àëè Section 3: Materials

Ðîçä³ë 4: Äîâãîâ³÷í³ñòü òà çàõèñíèé øàð àðìà-
òóðè

Section 4: Durability and cover to reinforcement

Ðîçä³ë 5: Ðîçðàõóíîê êîíñòðóêö³é Section 5: Structural analysis

Ðîçä³ë 6: Ãðàíè÷í³ ñòàíè çà íåñó÷îþ çäàòí³ñòþ
³ ñò³éê³ñòþ

Section 6: Ultimate limit states

Ðîçä³ë 7: Ãðàíè÷í³ ñòàíè çà ïðèäàòí³ñòþ äî
åêñïëóàòàö³¿

Section 7: Serviceability limit states

Ðîçä³ë 8: Êîíñòðóþâàííÿ çâè÷àéíîãî ³ ïîïå-
ðåäíüî íàïðóæåíîãî àðìóâàííÿ. Çàãàëüí³ ïî-
ëîæåííÿ

Section 8: Detailing of reinforcement and prest-
ressing tendons – General

Ðîçä³ë 9: Êîíñòðóþâàííÿ åëåìåíò³â ³ îñîáëèâ³
âèìîãè

Section 9: Detailing of members and particular
rules

Ðîçä³ë 10: Äîäàòêîâ³ âèìîãè äî çá³ðíèõ çàë³çî-
áåòîííèõ åëåìåíò³â ³ êîíñòðóêö³é.

Section 10: Additional rules for precast concrete
elements and structures

Ðîçä³ë 11: Çàë³çîáåòîíí³ êîíñòðóêö³¿ íà ëåãêèõ
çàïîâíþâà÷àõ

Section 11: Lightweight aggregate concrete
structures

Ðîçä³ë 12: Íåàðìîâàí³ ³ ëåãêîàðìîâàí³ áåòîíí³
êîíñòðóêö³¿

Section 12: Plain and lightly reinforced concrete
structures

(3)Ð Ó ðîçä³ëàõ 1 ³ 2 íàäàþòüñÿ äîäàòêîâ³ ïîëî-
æåííÿ äî íàäàíèõ ó EN 1990 "Îñíîâè ïðîåêòó-
âàííÿ êîíñòðóêö³é".

(3)P Sections 1 and 2 provide additional clauses
to those given in EN 1990 "Basis of structural
design".

(4)Ð ×àñòèíà 1-1 íå ïîøèðþºòüñÿ íà: (4)P This Part 1-1 does not cover:
– çàñòîñóâàííÿ ãëàäêî¿ àðìàòóðè; – the use of plain reinforcement
– âîãíåòðèâê³ñòü; – resistance to fire;
– îñîáëèâ³ ïèòàííÿ ñïåö³àëüíèõ òèï³â áóä³-

âåëü (âèñîòí³ áóä³âë³);
– particular aspects of special types of building

(such as tall buildings);
– îñîáëèâ³ ïèòàííÿ ñïåö³àëüíèõ òèï³â öèâ³ëü-

íèõ ñïîðóä (â³àäóêè, ìîñòè, äàìáè, ðåçåðâó-
àðè ï³ä òèñêîì, ïðèáåðåæí³ ïëàòôîðìè àáî
âîäîçàõèñí³ ñïîðóäè);

– particular aspects of special types of civil
engineering works (such as viaducts, bridges,
dams, pressure vessels, offshore platforms or
liquid-retaining structures);

– äð³áíîçåðíèñò³ òà ï³íîáåòîíí³ ñêëàäîâ³, à
òàêîæ âèãîòîâëåí³ ç íàäâàæêèõ çàïîâíþâà-
÷³â àáî ³ç çàñòîñóâàííÿì ñòàëåâèõ ïðîô³ë³â
(ªâðîêîä 4 äëÿ êîìá³íîâàíèõ ñòàëåáåòîí-
íèõ êîíñòðóêö³é).

– no-fines concrete and aerated concrete com-
ponents, and those made with heavy aggre-
gate or containing structural steel sections
(see Eurocode 4 for composite steel-concrete
structures).

1.2 Íîðìàòèâí³ ïîñèëàííÿ 1.2 Normative references

(1)Ð Íèæ÷å íàâåäåíî íîðìàòèâí³ äîêóìåíòè,
ùî ì³ñòÿòü ïîëîæåííÿ, íà ÿê³ º ïîñèëàííÿ ó
òåêñò³, ³ òàêèì ÷èíîì âîíè º ïîëîæåííÿìè öüî-
ãî ºâðîïåéñüêîãî ñòàíäàðòó. Äëÿ äæåðåë, òåð-
ì³í ä³¿ ÿêèõ ñê³í÷èâñÿ, äîäàòêè àáî íîâ³ ðåäàêö³¿
íå íàâîäÿòüñÿ. Îäíàê, ñòîðîíè çà çãîäîþ, ùî

(1)P The following normative documents contain
provisions which, through references in this text,
constitutive provisions of this European standard.
For dated references, subsequent amendments
to or revisions of any of these publications do not
apply. However, parties to agreements based on
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áàçóºòüñÿ íà öüîìó ºâðîïåéñüêîìó ñòàíäàðò³,
çàîõî÷óþòüñÿ äî âèâ÷åííÿ ìîæëèâîñò³ çàñòî-
ñóâàííÿ îñòàíí³õ ðåäàêö³é íèæ÷åíàâåäåíèõ
íîðìàòèâíèõ äîêóìåíò³â. Äëÿ íåäàòîâàíèõ
äæåðåë íåîáõ³äíî çàñòîñîâóâàòè îñòàííþ ðå-
äàêö³þ âèäàííÿ.

this European standard are encouraged to inves-
tigate the possibility of applying the most recent
editions of the normative documents indicated
below. For undated references the latest edition
of the normative document referred to applies.

1.2.1 Îñíîâí³ íîðìàòèâí³ ïîñèëàííÿ 1.2.1 General reference standards

EN 1990: Îñíîâè ïðîåêòóâàííÿ êîíñòðóêö³é EN 1990: Basis of structural design

EN 1991-1-5: Ä³¿ íà êîíñòðóêö³¿: Òåìïåðàòóðí³ ä³¿ EN 1991-1-5: Actions on structures: Thermal actions

EN 1991-1-6: Ä³¿ íà ñïîðóäè: Ä³¿ ïðè çâåäåíí³ EN 1991-1-6: Actions on structures: Actions du-
ring execution

1.2.2 ²íø³ íîðìàòèâí³ ïîñèëàííÿ 1.2.2 Other reference standards

EN 1997: Ãåîòåõí³÷íå ïðîåêòóâàííÿ EN1997: Geotechnical design

EN 197-1: Öåìåíò: Ñêëàä, òåõí³÷í³ âèìîãè ³ êðè-
òåð³¿ â³äïîâ³äíîñò³ äëÿ çâè÷àéíèõ öåìåíò³â

EN 197-1: Cement: Composition, specification
and conformity criteria for common cements

EN 206-1: Áåòîí: Òåõí³÷í³ âèìîãè, õàðàêòåðèñ-
òèêè, âèãîòîâëåííÿ ³ ï³äòâåðäæåííÿ

EN 206-1: Concrete: Specification, performance,
production and conformity

EN 12390: Âèïðîáóâàííÿ çàòâåðä³ëîãî áåòîíó EN 12390: Testing hardened concrete

EN 10080: Àðìàòóðà äëÿ àðìóâàííÿ áåòîíó EN 10080: Steel for the reinforcement of concrete

EN 10138: Àðìàòóðà äëÿ ïîïåðåäíüîãî íàïðó-
æåííÿ

EN 10138: Prestressing steels

EN ISO 17760: Äîïóñòèì³ ìåòîäè çâàðþâàííÿ
àðìàòóðè

EN ISO 17760: Permitted welding process for
reinforcement

ENV 13670: Âèãîòîâëåííÿ çàë³çîáåòîííèõ êî-
íñòðóêö³é

ENV 13670: Execution of concrete structures

EN 13791: Âèïðîáóâàííÿ áåòîíó EN 13791: Testing concrete

EN ISO 15630: Àðìàòóðà äëÿ çâè÷àéíîãî òà ïî-
ïåðåäíüî íàïðóæåíîãî àðìóâàííÿ áåòîíó. Ìå-
òîäè âèïðîáóâàííÿ

EN ISO 15630: Steel for the reinforcement and
prestressing of concrete: Test methods

1.3 Ïåðåäóìîâè 1.3 Assumptions

(1)Ð Íà äîäàòîê äî çàãàëüíèõ ïåðåäóìîâ, ïðè-
éíÿòèõ ó EN 1990, ââàæàºòüñÿ ùî:

(1)P In addition to the general assumptions of EN
1990 the following assumptions apply:

– êîíñòðóêö³¿ ïðîåêòóþòüñÿ ïåðñîíàëîì â³ä-
ïîâ³äíî¿ êâàë³ô³êàö³¿ òà äîñâ³äó;

– Structures are designed by appropriately qua-
lified and experienced personnel.

– çàáåçïå÷óºòüñÿ â³äïîâ³äíèé íàãëÿä ³ êîíò-
ðîëü ÿêîñò³ íà ôàáðèêàõ, ï³äïðèºìñòâàõ ³
ìàéäàí÷èêó;

– Adequate supervision and quality control is
provided in factories, in plants, and on site.

– áóä³âíèöòâî çä³éñíþº ïåðñîíàë, ùî ìàº íå-
îáõ³äí³ íàâèêè ³ äîñâ³ä;

– Construction is carried out by personnel ha-
ving the appropriate skill and experience.

– êîíñòðóêö³éí³ ìàòåð³àëè òà âèðîáè çàñòîñî-
âóþòüñÿ òàê, ÿê âèçíà÷åíî ó öüîìó ªâðîêîä³
àáî ó â³äïîâ³äíèõ ñïåöèô³êàö³ÿõ íà ìàòå-
ð³àëè ³ âèáîðè;

– The construction materials and products are
used as specified in this Eurocode or in the
relevant material or product specifications.

– áóäå çàáåçïå÷åíî â³äïîâ³äíèé íàãëÿä çà
åêñïëóàòàö³ºþ ñïîðóäè;

– The structure will be adequately maintained.
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– ñïîðóäà áóäå åêñïëóàòóâàòèñü çã³äíî ç ïðè-
çíà÷åííÿì çà ïðîåêòîì;

– The structure will be used in accordance with
the design brief.

– âèìîãè ñòîñîâíî âèêîíàííÿ òà êâàë³ô³êàö³¿
â³äïîâ³äàþòü íàâåäåíèì ó ENV 13670.

– The requirements for execution and workman-
ship given in ENV 13670 are complied with.

1.4 Â³äì³ííîñò³ ì³æ îñíîâíèìè ïîëîæåííÿìè
òà ïðàâèëàìè çàñòîñóâàííÿ

1.4 Distinction between principles and
application rules

(1)Ð Çàñòîñîâóþòüñÿ ïðàâèëà, íàäàí³ ó EN 1990. (1)P The rules given in EN 1990 apply.

1.5 Âèçíà÷åííÿ 1.5 Definitions

1.5.1 Çàãàëüí³ ïîëîæåííÿ 1.5.1 General

(1)Ð Çàñòîñîâóþòüñÿ òåðì³íè ³ âèçíà÷åííÿ íà-
âåäåí³ ó EN 1990.

(1)P The terms and definitions given in EN 1990
apply.

1.5.2 Äîäàòêîâ³ òåðì³íè ³ âèçíà÷åííÿ ïîíÿòü,

ùî çàñòîñîâóþòüñÿ ó öüîìó ñòàíäàðò³

1.5.2 Additional terms and definitions used in

this Standard

1.5.2.1 çá³ðí³ êîíñòðóêö³¿ 1.5.2.1 precast structures

Çá³ðí³ êîíñòðóêö³¿ õàðàêòåðí³ òèì, ùî êîíñòðóê-
òèâí³ åëåìåíòè âèãîòîâëÿþòüñÿ íå ó ïðîåêòíî-
ìó ïîëîæåíí³ ó ñïîðóä³. Åëåìåíòè ç'ºäíóþòüñÿ
ì³æ ñîáîþ äëÿ çàáåçïå÷åííÿ íåîáõ³äíî¿ êî-
íñòðóêö³éíî¿ ö³ë³ñíîñò³

Precast structures are characterised by structural
elements manufactured elsewhere than in the
final position in the structure. In the structure,
elements are connected to ensure the required
structural integrity.

1.5.2.2 íåàðìîâàí³ ³ ìàëîàðìîâàí³ áåòîíí³
åëåìåíòè

1.5.2.2 plain or lightly reinforced concrete
members

Êîíñòðóêö³éí³ áåòîíí³ åëåìåíòè áåç àðìóâàí-
íÿ (íåàðìîâàíèé áåòîí) àáî ç ìåíøèì àðìó-
âàííÿì í³æ ì³í³ìàëüíà ê³ëüê³ñòü, âèçíà÷åíà ó
ðîçä³ë³ 9

Structural concrete members having no reinforce-
ment (plain concrete) or less reinforcement than
the minimum amounts defined in Section 9.

1.5.2.3 àðìàòóðí³ ïó÷êè äëÿ íàòÿãóâàííÿ
íà áåòîí áåç ç÷åïëåííÿ òà çîâí³øíüîãî
íàòÿãóâàííÿ

1.5.2.3 unbonded and external tendons

Àðìàòóðí³ ïó÷êè äëÿ åëåìåíò³â, ùî ìàþòü íåçà-
ïîâíåí³ êàíàëè äëÿ íàïðóæåííÿ íà áåòîí áåç
ç÷åïëåííÿ, ³ çîâí³øí³ ïî â³äíîøåííþ äî áåòîííî-
ãî ïåðåð³çó àðìàòóðí³ ïó÷êè (ÿê³ ìîæóòü îìîíî-
ë³÷óâàòèñü áåòîíîì ï³ñëÿ ïîïåðåäíüîãî íàïðó-
æåííÿ àáî ìîæóòü ìàòè çàõèñíó îáîëîíêó)

Unbonded tendons for post-tensioned members
having ducts which are permanently ungrouted,
and tendons external to the concrete cross-sec-
tion (which may be encased in concrete after
stressing, or have a protective membrane).

1.5.2.4 ïîïåðåäíº íàïðóæåííÿ 1.5.2.4 prestress

Ïðîöåñ ïîïåðåäíüîãî íàïðóæåííÿ ïîëÿãàº ó
ïðèêëàäàíí³ ñèë äî áåòîíó êîíñòðóêö³¿ ÷åðåç
íàïðóæåí³ â³äíîñíî áåòîííîãî åëåìåíòà ïó÷-
êè. Òåðì³í "ïîïåðåäíº íàïðóæåííÿ" âèêîðèñòî-
âóºòüñÿ ÿê çàãàëüíå ïîíÿòòÿ äëÿ âñ³õ ïîñò³éíèõ
ä³é ïðîöåñó ïîïåðåäíüîãî íàïðóæåííÿ, ÿê³ âèê-
ëèêàþòü âíóòð³øí³ çóñèëëÿ ó ïîïåðå÷íèõ ïå-
ðåð³çàõ ³ äåôîðìàö³¿ ó êîíñòðóêö³¿. ²íø³ ïîíÿòòÿ
ïîïåðåäíüîãî íàïðóæåííÿ íå ðîçãëÿäàþòüñÿ ó
öüîìó ñòàíäàðò³

The process of prestressing consists in applying
forces to the concrete structure by stressing ten-
dons relative to the concrete member. "Prestress"
is used globally to name all the permanent effects
of the prestressing process, which comprise
internal forces in the sections and deformations of
the structure. Other means of prestressing are not
considered in this standard.
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1.6 Ïîçíàêè 1.6 Symbols

Ó äàíîìó ñòàíäàðò³ çàñòîñîâóþòüñÿ íàñòóïí³
ñèìâîëè:

For the purposes of this standard, the following
symbols apply.

Ïðèì³òêà. Âèêîðèñòàí³ ïîçíà÷åííÿ áàçóþòüñÿ íà
ISO 3898:1987

Note: The notation used is based on ISO 3898:1987

Ëàòèíñüê³ âåëèê³ ë³òåðè Latin upper case letters

À – Àâàð³éíèé âïëèâ À – Accidental action

À – Ïëîùà ïîïåðå÷íîãî ïåðåð³çó À – Cross sectional area

Àñ – Ïëîùà ïîïåðå÷íîãî ïåðåð³çó áåòîíó Àñ – Cross sectional area of concrete

Àð – Ïëîùà ïîïåðåäíüî íàïðóæåíîãî ïó÷êà àáî
ïó÷ê³â

Àð – Area of a prestressing tendon or tendons

Às – Ïëîùà ïîïåðå÷íîãî ïåðåð³çó àðìàòóðè Às – Cross sectional area of reinforcement

Às,min – Ì³í³ìàëüíà ïëîùà ïîïåðå÷íîãî ïåðå-
ð³çó àðìàòóðè

Às,min – minimum cross sectional area of reinfor-
cement

Àsw – Ïëîùà ïîïåðå÷íîãî ïåðåð³çó ïîïåðå÷íî¿
àðìàòóðè

Àsw – Cross sectional area of shear reinforcement

D – Ä³àìåòð îïðàâêè D – Diameter of mandrel

DEd – Ñòóï³íü óøêîäæåííÿ â³ä óòîìëåíîñò³ DEd – Fatigue damage factor

Å – Ðåçóëüòàò âïëèâó Å – Effect of action

Åñ, Åñ (28) – Òàíãåíö³àëüíèé ìîäóëü ïðóæíîñò³

çâè÷àéíîãî áåòîíó ïðè íàïðóæåííÿõ �ñ = 0 ó
ìîìåíò ÷àñó t 28 ä³á

Åñ, Åñ (28) – Tangent modulus of elasticity of nor-

mal weight concrete at a stress of �c = 0 and at 28
days

Åñ,eff – Ôàêòè÷íèé ìîäóëü ïðóæíîñò³ áåòîíó Åñ,eff – Effective modulus of elasticity of concrete

Åñ,d – Ðîçðàõóíêîâå çíà÷åííÿ ìîäóëÿ ïðóæíîñ-
ò³ áåòîíó

Åñ,d – Design value of modulus of elasticity of
concrete

Åñ,m – Ñ³÷íèé ìîäóëü ïðóæíîñò³ áåòîíó Åñ,m – Secant modulus of elasticity of concrete

Åñ(t) – Òàíãåíö³àëüíèé ìîäóëü ïðóæíîñò³ çâè-

÷àéíîãî áåòîíó ïðè íàïðóæåííÿõ �ñ = 0 ó â³ö³ t

Åñ(t) – Tangent modulus of elasticity of normal

weight concrete at a stress of �ñ = 0 and at time t

Åp – Ðîçðàõóíêîâå çíà÷åííÿ ìîäóëÿ ïðóæíîñò³
ïîïåðåäíüî íàïðóæåíî¿ ñòàë³

Åp – Design value of modulus of elasticity of pres-
tressing steel

Ås – Ðîçðàõóíêîâå çíà÷åííÿ ìîäóëÿ ïðóæíîñò³
àðìàòóðíî¿ ñòàë³

Ås – Design value of modulus of elasticity of rein-
forcing steel

ÅI – Çãèíàëüíà æîðñòê³ñòü ÅI – Bending stiffness

EQU – Ñòàòè÷íà ð³âíîâàãà EQU – Static equilibrium

F – Âïëèâ F – Action

Fd – Ðîçðàõóíêîâå çíà÷åííÿ âïëèâó Fd – Design value of an action

Fk – Õàðàêòåðèñòè÷íå çíà÷åííÿ âïëèâó Fk – Characteristic value of an action

Gk – Õàðàêòåðèñòè÷íå çíà÷åííÿ ïîñò³éíîãî âïëèâó Gk – Characteristic permanent action

I – Ìîìåíò ³íåðö³¿ ïëîù³ ïåðåð³çó áåòîíó I – Second moment of area of concrete section

L – Äîâæèíà L – Length

Md – Çãèíàëüíèé ìîìåíò Md – Bending moment

MÅd – Ðîçðàõóíêîâå çíà÷åííÿ çîâí³øíüîãî
ïðèêëàäåíîãî çãèíàëüíîãî ìîìåíòó

MÅd – Design value of the applied internal ben-
ding moment
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N – Îñüîâà ñèëà N – Axial force

NEd – Ðîçðàõóíêîâå çíà÷åííÿ çîâí³øíüî¿ ïðè-
êëàäåíî¿ îñüîâî¿ ñèëè (ðîçòÿãó àáî ñòèñêó)

NEd – Design value of the applied axial force (ten-
sion or compression)

Ð – Ñèëà ïîïåðåäíüîãî íàïðóæåííÿ Ð – Prestressing force

Ð0 – Ïî÷àòêîâà ñèëà íà ê³íö³ ïó÷êà ó ìîìåíò
ïðèêëàäàííÿ ïîïåðåäíüîãî íàïðóæåííÿ

Ð0 – Initial force at the active end of the tendon
immediately after stressing

Qk – Õàðàêòåðèñòè÷íå çíà÷åííÿ çì³ííîãî âïëèâó Qk – Characteristic variable action

Qfat – Õàðàêòåðèñòè÷íå çíà÷åííÿ íàâàíòàæåí-
íÿ óòîìëåíîñò³

Qfat – Characteristic fatigue load

N – Îñüîâà ñèëà N – Axial force

R – Îï³ð R – Resistance

S – Âíóòð³øí³ ñèëè ³ ìîìåíòè S – Internal forces and moments

S – Ñòàòè÷íèé ìîìåíò ïëîù³ S – First moment of area

SLS – Ãðàíè÷íèé ñòàí çà ïðèäàòí³ñòþ äî åêñï-
ëóàòàö³¿

SLS – Serviceability limit state

Ò – Êðóòíèé ìîìåíò Ò – Torsional moment

ÒEd – Ðîçðàõóíêîâå çíà÷åííÿ ïðèêëàäåíîãî
êðóòíîãî ìîìåíòó

ÒEd – Design value of the applied torsional mo-
ment

ULS – Ãðàíè÷íèé ñòàí çà íåñó÷îþ çäàòí³ñòþ ³
ñò³éê³ñòþ

ULS – Ultimate limit state

V – Ïîïåðå÷íà ñèëà V – Shear force

VEd – Ðîçðàõóíêîâå çíà÷åííÿ ïðèêëàäåíî¿ ïî-
ïåðå÷íî¿ ñèëè

VEd – Design value of the applied shear force

Ëàòèíñüê³ ìàë³ ë³òåðè Latin lower case letters

a – Â³äñòàíü a – Distance

a – Ãåîìåòðè÷í³ äàí³ a – Geometrical data

�à – Â³äõèëåííÿ ãåîìåòðè÷íèõ äàíèõ �à – Deviation for geometrical data

b – Çàãàëüíà øèðèíà ïîïåðå÷íîãî ïåðåð³çó
àáî ôàêòè÷íà øèðèíà ïîëè÷êè â Ò- àáî Ã-ïî-
ä³áíèõ áàëêàõ

b – Overall width of a cross-section, or actual
flange width in a T or L beam

bw – Øèðèíà ñò³íêè Ò-, ²- àáî Ã-ïîä³áíèõ áàëîê bw – Width of the web on T, I or L beams

d – Ä³àìåòð, âèñîòà d – Diameter, Depth

d – Ðîáî÷à âèñîòà ïîïåðå÷íîãî ïåðåð³çó d – Effective depth of a cross-section

dg – Íàéá³ëüøèé íîì³íàëüíèé ðîçì³ð çàïîâíþ-
âà÷à

dg – Largest nominal maximum aggregate size

å – Åêñöåíòðèñèòåò å – Eccentricity

fc – Ì³öí³ñòü áåòîíó íà ñòèñê fc – Compressive strength of concrete

fcd – Ðîçðàõóíêîâå çíà÷åííÿ ì³öíîñò³ áåòîíó íà
ñòèñê

fcd – Design value of concrete compressive
strength

fck – Õàðàêòåðèñòè÷íà öèë³íäðè÷íà ì³öí³ñòü íà
ñòèñê áåòîíó ó â³ö³ 28 ä³á

fck – Characteristic compressive cylinder strength
of concrete at 28 days

fcm – Ñåðåäíº çíà÷åííÿ öèë³íäðè÷íî¿ ì³öíîñò³
áåòîíó íà ñòèñê

fcm – Mean value of concrete cylinder compres-
sive strength
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fctk – Õàðàêòåðèñòè÷íà ì³öí³ñòü áåòîíó íà îñüî-
âèé ðîçòÿã

fctk – Characteristic axial tensile strength of conc-
rete

fctm – Ñåðåäíº çíà÷åííÿ ì³öíîñò³ áåòîíó íà
îñüîâèé ðîçòÿã

fctm – Mean value of axial tensile strength of conc-
rete

fð – Ì³öí³ñòü íà ðîçòÿã ïîïåðåäíüî íàïðóæåíî¿
àðìàòóðè

fð – Mean value of axial tensile strength of conc-
rete

fðk – Õàðàêòåðèñòè÷íà ì³öí³ñòü íà ðîçòÿã ïîïå-
ðåäíüî íàïðóæåíî¿ àðìàòóðè

fðk – Tensile strength of prestressing steel

fð 0,1 – 0,1% óìîâíà ãðàíèöÿ òåêó÷îñò³ ïîïåðåä-
íüî íàïðóæåíî¿ àðìàòóðè

fð 0,1 – 0,1% proof-stress of prestressing steel

fð 0,1k – Õàðàêòåðèñòè÷íà 0,1% óìîâíà ãðàíèöÿ
òåêó÷îñò³ ïîïåðåäíüî íàïðóæåíî¿ ñòàë³

fð 0,1k – Characteristic 0,1% proof-stress of prest-
ressing steel

f0,2k – Õàðàêòåðèñòè÷íà 0,2% óìîâíà ãðàíèöÿ
òåêó÷îñò³ àðìàòóðè

f0,2k – Characteristic 0,2% proof-stress of reinfor-
cement

ft – Ì³öí³ñòü àðìàòóðè íà ðîçòÿã ft – Tensile strength of reinforcement

ftk – Õàðàêòåðèñòè÷íà ì³öí³ñòü àðìàòóðè íà ðîçòÿã ftk – Characteristic tensile strength of reinforcement

fy – Ì³öí³ñòü àðìàòóðè íà ãðàíèö³ òåêó÷îñò³ fy – Yield strength of reinforcement

fyd – Ðîçðàõóíêîâà ì³öí³ñòü àðìàòóðè íà ãðàíè-
ö³ òåêó÷îñò³

fyd – Design yield strength of reinforcement

fyk – Õàðàêòåðèñòè÷íà ì³öí³ñòü àðìàòóðè íà
ãðàíèö³ òåêó÷îñò³

fyk – Characteristic yield strength of reinforcement

fywd – Ðîçðàõóíêîâà ì³öí³ñòü ïîïåðå÷íî¿ àðìà-
òóðè íà ãðàíèö³ òåêó÷îñò³

fywd – Design yield of shear reinforcement

h – Âèñîòà h – Height

h – Çàãàëüíà âèñîòà ïåðåð³çó h – Overall depth of a cross-section

i – Ðàä³óñ ³íåðö³¿ i – Radius of gyration

k – Êîåô³ö³ºíò, ñòàëà âåëè÷èíà k – Coefficient, Factor

l (l àáî L) – Äîâæèíà, ïðîë³ò l (or l or L) – Length, Span

m – Ìàñà m – Mass

r – Ðàä³óñ r – Radius

1/r – Êðèâèçíà ïðè ïåâíîìó ïåðåð³ç³ 1/r – Curvature at a particular section

t – Òîâùèíà t – Thickness

t – Êîíêðåòíèé ìîìåíò ÷àñó t – Time being considered

t0 – Â³ê áåòîíó â ìîìåíò ïðèêëàäàííÿ íàâàíòà-
æåííÿ

t0 – The age of concrete at the time of loading

u – Ïåðèìåòð áåòîííîãî ïåðåð³çó ïëîùåþ Àñ u – Perimeter of concrete cross-section, having
area Ac

u, v, w – Êîìïîíåíòè ïåðåì³ùåíü òî÷êè u, v, w – Components of the displacement of a point

x – Â³äñòàíü äî íåéòðàëüíî¿ îñ³ ïåðåð³çó x – Neutral axis depth

x, y, z – Êîîðäèíàòè x, y, z – Coordinates

z – Ïëå÷å âíóòð³øí³õ çóñèëü z – Lever arm of internal forces
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Ãðåöüê³ ìàë³ ë³òåðè Greek lower case letters

� – Êóò; ìíîæíèê � – Angle ; ratio

� – Êóò; ìíîæíèê; êîåô³ö³ºíò � – Angle ; ratio; coefficient

� – Êîåô³ö³ºíò íàä³éíîñò³ � – Partial factor

�À – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ àâàð³éíèõ âïëè-
â³â À

�À – Partial factor for accidental actions A

�Ñ – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ áåòîíó �Ñ – Partial factor for concrete

�F – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ âïëèâ³â F �F – Partial factor for actions, F

�F,fat – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ âïëèâ³â óòîì-
ëåíîñò³

�F,fat – Partial factor for fatigue actions

�C,fat – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ âèçíà÷åííÿ
âòîìëåíîñò³ áåòîíó

�C,fat – Partial factor for fatigue of concrete

�G – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ ïîñò³éíèõ âïëè-
â³â G

�G – Partial factor for permanent actions, G

�M – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ âëàñòèâîñò³ ìà-
òåð³àëó ç óðàõóâàííÿì íåâèçíà÷åíîñòåé ñàìî¿
âëàñòèâîñò³ ìàòåð³àëó, â³äõèëåíü ó ãåîìåòð³¿
òà âèêîðèñòàíî¿ ðîçðàõóíêîâî¿ ìîäåë³

�M – Partial factor for a material property, taking
account of uncertainties in the material property
itself, in geometric deviation and in the design
model used

�P – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ ä³é, ïîâ'ÿçàíèõ ç
ïîïåðåäí³ì íàïðóæåííÿì P

�P – Partial factor for actions associated with
prestressing, P

�Q – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ çì³ííèõ ä³é Q �Q – Partial factor for variable actions, Q

�S – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ àðìàòóðíî¿ ³ ïî-
ïåðåäíüî íàïðóæåíî¿ ñòàë³

�S – Partial factor for reinforcing or prestressing
steel

�S,fat – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ àðìàòóðíî¿ ³
ïîïåðåäíüî íàïðóæåíî¿ ñòàë³ ïðè ä³¿ íàâàíòà-
æåííÿ óòîìëåíîñò³

�S,fat – Partial factor for reinforcing or prestressing
steel under fatigue loading

�f – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ ä³é áåç óðàõóâàí-
íÿ íåâèçíà÷åíîñòåé ìîäåë³

�f – Partial factor for actions without taking acco-
unt of model uncertainties

�g – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ ïîñò³éíèõ ä³é
áåç óðàõóâàííÿ íåâèçíà÷åíîñòåé ìîäåë³

�g – Partial factor for permanent actions without
taking account of model uncertainties

�m – Êîåô³ö³ºíò íàä³éíîñò³ äëÿ âëàñòèâîñò³ ìà-
òåð³àëó ç óðàõóâàííÿì íåâèçíà÷åíîñòåé ò³ëüêè
âëàñòèâîñò³ ìàòåð³àëó

�m – Partial factors for a material property, taking
account only of uncertainties in the material pro-
perty

� – Ïîêàçíèê çá³ëüøåííÿ / ïåðåðîçïîä³ëó � – Increment/redistribution ratio

� – Ïîêàçíèê çìåíøåííÿ / êîåô³ö³ºíò ïåðåðîç-
ïîä³ëó

� – Reduction factor/distribution coefficient

	ñ – Â³äíîñíà äåôîðìàö³ÿ ñòèñêó áåòîíó 	ñ – Compressive strain in the concrete

	ñ1 – Â³äíîñíà äåôîðìàö³ÿ ñòèñêó áåòîíó ïðè
ìàêñèìàëüíèõ íàïðóæåííÿõ fc

	ñ1 – Compressive strain in the concrete at the
peak stress fc

	ñu – Â³äíîñíà ãðàíè÷íà äåôîðìàö³ÿ ñòèñêó áå-
òîíó

	ñu – Ultimate compressive strain in the concrete

	u – Â³äíîñíà äåôîðìàö³ÿ àðìàòóðíî¿ àáî ïî-
ïåðåäíüî íàïðóæåíî¿ ñòàë³ ïðè ìàêñèìàëüíî-
ìó íàâàíòàæåíí³

	u – Strain of reinforcement or prestressing steel
at maximum load
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	uk – Õàðàêòåðèñòè÷íà â³äíîñíà äåôîðìàö³ÿ
àðìàòóðíî¿ àáî ïîïåðåäíüî íàïðóæåíî¿ ñòàë³
ïðè ìàêñèìàëüíîìó íàâàíòàæåíí³

	uk – Characteristic strain of reinforcement or
prestressing steel at maximum load


 – Êóò 
 – Angle

� – Ãíó÷ê³ñòü � – Slenderness ratio

� – Êîåô³ö³ºíò òåðòÿ ì³æ ïó÷êàìè òà ¿õ êàíàëà-
ìè

� – Coefficient of friction between the tendons and
their ducts


 – Êîåô³ö³ºíò Ïóàññîíà 
 – Poisson's ratio


 – Êîåô³ö³ºíò çíèæåííÿ ì³öíîñò³ áåòîíó ç
òð³ùèíàìè ïðè çñóâ³


 – Strength reduction factor for concrete cracked
in shear

� – Ñï³ââ³äíîøåííÿ ì³öíîñò³ ç÷åïëåííÿ ïîïå-
ðåäíüî íàïðóæåíî¿ ³ çâè÷àéíî¿ àðìàòóðíî¿ ñòàë³

� – Ratio of bond strength of prestressing and
reinforcing steel

� – Ãóñòèíà áåòîíó â àáñîëþòíî ñóõîìó ñòàí³,
êã/ì3

� – Oven-dry density of concrete in kg/m3

�1000 – Âåëè÷èíà âòðàò â³ä ðåëàêñàö³¿ (ó %) ÷å-
ðåç 1000 ãîä ï³ñëÿ ïîïåðåäíüîãî íàïðóæåííÿ ³
ïðè ñåðåäí³é òåìïåðàòóð³ 20 °Ñ

�1000 – Value of relaxation loss (in %), at 1000
hours after tensioning and at a mean temperature
of 20 °C

�l – Êîåô³ö³ºíò àðìóâàííÿ äëÿ ïîçäîâæíüî¿ àð-
ìàòóðè

�l – Reinforcement ratio for longitudinal reinfor-
cement

�w – Êîåô³ö³ºíò àðìóâàííÿ äëÿ ïîïåðå÷íî¿ àð-
ìàòóðè

�w – Reinforcement ratio for shear reinforcement

�c – Íàïðóæåííÿ ñòèñêó ó áåòîí³ �c – Compressive stress in the concrete

�cð – Íàïðóæåííÿ ñòèñêó ó áåòîí³ â³ä îñüîâîãî
íàâàíòàæåííÿ àáî ïîïåðåäíüîãî íàïðóæåííÿ

�cð – Compressive stress in the concrete from
axial load or prestressing

�cu – Íàïðóæåííÿ ñòèñêó ó áåòîí³ ïðè ãðàíè÷í³é

äåôîðìàö³¿ ñòèñêó 	ñu

�cu – Compressive stress in the concrete at the

ultimate compressive strain 	ñu

� – Êðóòí³ íàïðóæåííÿ çð³çó � – Torsional shear stress

� – Ä³àìåòð àðìàòóðíîãî ñòðèæíÿ àáî êàíàëó
äëÿ ïîïåðåäíüîãî íàïðóæåííÿ

� – Diameter of a reinforcing bar or of a prest-
ressing duct

�n – Åêâ³âàëåíòíèé ä³àìåòð àðìàòóðíîãî ñòðèæ-
íÿ àáî ïó÷êà àðìàòóðíèõ ñòðèæí³â

�n – Equivalent diameter of a bundle of reinforcing
bars

�(t,t0) – Êîåô³ö³ºíò ïîâçó÷îñò³, ùî âèçíà÷àº ïîâ-
çó÷³ñòü çà ïðîì³æîê ÷àñó ì³æ t i t0 â³äíîñíî
ïðóæíèõ äåôîðìàö³é íà 28 äîáó

�(t,t0) – Creep coefficient, defining creep between
times t and t0, related to elastic deformation at 28
days

�(�,t0) – Ïîâíå çíà÷åííÿ êîåô³ö³ºíòà ïîâçó-
÷îñò³

�(�,t0) – Final value of creep coefficient

� – Êîåô³ö³ºíòè, ùî âèçíà÷àþòü õàðàêòåðí³ âå-
ëè÷èíè çì³ííèõ ä³é:

� – Factors defining representative values of va-
riable actions:

�0 – äëÿ êîìá³íàö³¿ âåëè÷èí �0 – for combination values

�1 – äëÿ ïîâòîðþâàíèõ âåëè÷èí �1 – for frequent values

�2 – äëÿ óìîâíî ïîñò³éíèõ âåëè÷èí �2 – for quasi-permanent values
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2 ÎÑÍÎÂÈ ÏÐÎÅÊÒÓÂÀÍÍß 2 BASIS OF DESIGN

2.1 Âèìîãè 2.1 Requirements

2.1.1 Îñíîâí³ âèìîãè 2.1.1 Basic requirements

(1)Ð Ïðîåêòóâàííÿ çàë³çîáåòîííèõ êîíñòðóêö³é
ïîâèííî çä³éñíþâàòèñü â³äïîâ³äíî äî çàãàëü-
íèõ ïîëîæåíü, âñòàíîâëåíèõ ó EN 1990.

(1)P The design of concrete structures shall be in
accordance with the general rules given in
EN 1990.

(2)Ð Äîäàòêîâ³ ïîëîæåííÿ, íàâåäåí³ ó öüîìó
ðîçä³ë³ äëÿ çàë³çîáåòîííèõ êîíñòðóêö³é, òàêîæ
ïîâèíí³ çàñòîñîâóâàòèñü.

(2)P The supplementary provisions for concrete
structures given in this section shall also be ap-
plied.

(3)Ð Ââàæàºòüñÿ, ùî äëÿ çàë³çîáåòîííèõ êî-
íñòðóêö³é ïîâèíí³ çàäîâîëüíÿòèñü îñíîâí³ âè-
ìîãè ðîçä³ëó 2 EN 1990, ÿê³ çàñòîñîâóþòüñÿ ó
ïîºäíàíí³ ç íàñòóïíèì:

(3) The basic requirements of EN 1990 Section 2
are deemed to be satisfied for concrete structures
when the following are applied together:

– ïðîåêòóâàííÿ çà ãðàíè÷íèìè ñòàíàìè ó ïî-
ºäíàíí³ ç ìåòîäîì êîåô³ö³ºíò³â íàä³éíîñò³
â³äïîâ³äíî äî EN 1990;

– limit state design in conjunction with the partial
factor method in accordance with EN 1990;

– âïëèâàìè çã³äíî ç EN 1991; – actions in accordance with EN 1991,
– ñïîëó÷åííÿìè âïëèâ³â çã³äíî ç äî EN 1990; – combination of actions in accordance with

EN 1990 and
– îïîðîì, äîâãîâ³÷í³ñòþ ³ ïðèäàòí³ñòþ äî åêñ-

ïëóàòàö³¿ çã³äíî ç öèì ñòàíäàðòîì.
– resistances, durability and serviceability in

accordance with this Standard.

Ïðèì³òêà. Âèìîãè ñòîñîâíî âîãíåòðèâêîñò³ (ðîçä³ë 5
EN 1990 ³ EN 1992-1-2) ìîæóòü âèìàãàòè á³ëüøèõ
ðîçì³ð³â åëåìåíò³â ïîð³âíÿíî ç íåîáõ³äíîþ êî-
íñòðóêö³éíîþ íåñó÷îþ çäàòí³ñòþ çà íîðìàëüíî¿
òåìïåðàòóðè.

Note: Requirements for fire resistance (see EN 1990
Section 5 and EN 1992-1-2) may dictate a greater size
of member than that required for structural resistance
at normal temperature.

2.1.2 Óïðàâë³ííÿ íàä³éí³ñòþ 2.1.2 Reliability management

(1) Ïðàâèëà óïðàâë³ííÿ íàä³éí³ñòþ íàäàíî ó
ðîçä³ë³ 2 EN 1990.

(1) The rules for reliability management are given
in EN 1990 Section 2.

(2) Ââàæàºòüñÿ, ùî ïðîåêòóâàííÿ ³ç çàñòîñó-
âàííÿì êîåô³ö³ºíò³â íàä³éíîñò³, ùî íàâåäåí³ ó
öüîìó ªâðîêîä³ (äèâ. 2.4), ³ êîåô³ö³ºíò³â íàä³é-
íîñò³, íàäàíèõ ó äîäàòêàõ EN 1990, çàáåçïå÷óº
êîíñòðóêö³þ, ùî â³äíîñèòüñÿ äî êëàñó íàä³é-
íîñò³ RC2.

(2) A design using the partial factors given in this
Eurocode (see 2.4) and the partial factors given in
the EN 1990 annexes is considered to lead to a
structure associated with reliability Class RC2.

Ïðèì³òêà. Äåòàëüí³øå äèâ. äîäàòêè Â ³ Ñ EN 1990. Note: For further information see EN 1990 Annexes B
and C.

2.1.3 Ïðîåêòíèé ñòðîê ñëóæáè, äîâãîâ³÷-

í³ñòü ³ óïðàâë³ííÿ ÿê³ñòþ

2.1.3 Design working life, durability and quali-

ty management

(1) Ïðàâèëà äëÿ ïðîåêòíîãî ñòðîêó ñëóæáè,
äîâãîâ³÷íîñò³ òà óïðàâë³ííÿ ÿê³ñòþ íàâåäåí³ ó
ðîçä³ë³ 2 EN 1990.

(1) The rules for design working life, durability and
quality management are given in EN 1990 Sec-
tion 2.

2.2 Ïðèíöèïè ïðîåêòóâàííÿ çà ãðàíè÷íèìè
ñòàíàìè

2.2 Principles of limit state design

(1) Ïðàâèëà äëÿ ïðîåêòóâàííÿ çà ãðàíè÷íèìè
ñòàíàìè íàâåäåí³ ó ðîçä³ë³ 3 EN 1990.

(1) The rules for limit state design are given in
EN 1990 Section 3.
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2.3 Îñíîâí³ çì³íí³ 2.3 Basic variables

2.3.1 Íàâàíòàæåííÿ òà âïëèâè íàâêîëèø-

íüîãî ñåðåäîâèùà

2.3.1 Actions and environmental influences

2.3.1.1 Çàãàëüí³ ïîëîæåííÿ 2.3.1.1 General

(1) Âïëèâè, ùî çàñòîñîâóþòüñÿ ïðè ïðîåêòóâàíí³,
ìîæíà áðàòè ç â³äïîâ³äíèõ ÷àñòèí EN 1991.

(1) Actions to be used in design may be obtained
from the relevant parts of EN 1991.

Ïðèì³òêà 1. Â³äïîâ³äí³ ÷àñòèíè EN 1991, ÿê³ çàñòî-
ñîâóþòüñÿ ïðè ïðîåêòóâàíí³, âêëþ÷àþòü:

Note 1: The relevant parts of EN 1991 for use in design
include:

EN 1991-1.1 Ãóñòèíà, âëàñíà âàãà ³ ïðèêëàäåí³ íà-
âàíòàæåííÿ

EN 1991-1.1 Densities, self-weight and imposed loads

EN 1991-1.2 Ä³¿ ïðè ïîæåæ³ EN 1991-1.2 Fire actions

EN 1991-1.3 Ñí³ãîâ³ íàâàíòàæåííÿ EN 1991-1.3 Snow loads

EN 1991-1.4 Â³òðîâ³ íàâàíòàæåííÿ EN 1991-1.4 Wind loads

EN 1991-1.5 Òåìïåðàòóðí³ ä³¿ EN 1991-1.5 Thermal actions

EN 1991-1.6 Ä³¿ ï³ä ÷àñ çâåäåííÿ EN 1991-1.6 Actions during execution

EN 1991-1.7 Àâàð³éí³ ä³¿, âèêëèêàí³ óäàðàìè ³ âèáó-
õàìè

EN 1991-1.7 Accidental actions due to impact and ex-
plosions

EN 1991-2 Íàâàíòàæåííÿ â³ä òðàíñïîðòó íà ìîñòàõ EN 1991-2 Traffic loads on bridges

EN 1991-3 Ä³¿ â³ä êðàí³â òà ³íøèõ ìåõàí³çì³â EN 1991-3 Actions induced by cranes and other machinery

EN 1991-4 Ä³¿ â ñèëîñàõ òà ðåçåðâóàðàõ EN 1991-4 Actions in silos and tanks

Ïðèì³òêà 2. Âïëèâè, õàðàêòåðí³ äëÿ öüîãî ñòàíäàð-
òó, íàäàþòüñÿ ó â³äïîâ³äíèõ ðîçä³ëàõ.

Note 2: Actions specific to this Standard are given in
the relevant sections.

Ïðèì³òêà 3. Âïëèâè â³ä òèñêó ãðóíòó òà âîäè ìîæíà
ïðèéíÿòè çà EN 1997.

Note 3: Actions from earth and water pressure may be
obtained from EN 1997.

Ïðèì³òêà 4. ßêùî âðàõîâóºòüñÿ ð³çíèöÿ ïåðåì³-
ùåíü, òî ìîæå âèêîðèñòîâóâàòèñü â³äïîâ³äíèì ÷è-
íîì âèçíà÷åíà ïðîãíîçíà âåëè÷èíà ïåðåì³ùåíü.

Note 4: When differential movements are taken into
account, appropriate estimate values of predicted mo-
vements may be used.

Ïðèì³òêà 5. ²íø³ âïëèâè, ó ðàç³ íåîáõ³äíîñò³, ìî-
æóòü âèçíà÷àòèñü ïðîåêòíèìè óìîâàìè äëÿ êîíê-
ðåòíîãî îá'ºêòà.

Note 5: Other actions, when relevant, may be defined
in the design specification for a particular project.

2.3.1.2 Òåìïåðàòóðí³ âïëèâè 2.3.1.2 Thermal effects

(1) Òåìïåðàòóðí³ âïëèâè ïîâèíí³ âðàõîâóâà-
òèñü ïðè ïåðåâ³ðö³ ãðàíè÷íèõ ñòàí³â çà ïðè-
äàòí³ñòþ äî åêñïëóàòàö³¿.

(1) Thermal effects should be taken into account
when checking serviceability limit states.

(2) Òåìïåðàòóðí³ âïëèâè íåîáõ³äíî àíàë³çóâà-
òè äëÿ ãðàíè÷íèõ ñòàí³â çà ì³öí³ñòþ ³ ñò³éê³ñòþ
ò³ëüêè äëÿ âèïàäê³â, êîëè âîíè ìàþòü çíà÷íèé
âïëèâ (íàïðèêëàä, óìîâè óòîìëåíîñò³, ïðè ïå-
ðåâ³ðö³ ñò³éêîñò³, äå âòîðèíí³ âåëè÷èíè º âàæ-
ëèâèìè, òîùî). Â ³íøèõ âèïàäêàõ âîíè ìîæóòü
íå âðàõîâóâàòèñü çà óìîâè çàáåçïå÷åííÿ íå-
îáõ³äíî¿ íåñó÷î¿ çäàòíîñò³ çà ïëàñòè÷í³ñòþ òà
ãðàíè÷íèì ïîâîðîòîì ïåðåð³çó.

(2) Thermal effects should be considered for ulti-
mate limit states only where they are significant
(e.g. fatigue conditions, in the verification of sta-
bility where second order effects are of importan-
ce, etc). In other cases they need not be con-
sidered, provided that the ductility and rotation
capacity of the elements are sufficient.

(3) Ïðè âðàõóâàíí³ òåìïåðàòóðíèõ âïëèâ³â ¿õ
ïîòð³áíî ðîçãëÿäàòè ÿê çì³íí³ ä³¿ ³ ïðèêëàäàòè ç
â³äïîâ³äíèì êîåô³ö³ºíòîì íàä³éíîñò³ ³ êîåô³-

ö³ºíòîì �.

(3) Where thermal effects are taken into account
they should be considered as variable actions and

applied with a partial factor and � factor.

Ïðèì³òêà. Êîåô³ö³ºíò � âèçíà÷àºòüñÿ çã³äíî ç â³ä-
ïîâ³äíèì äîäàòêîì EN 1990 ³ EN 1991-1-5.

Note: The � factor is defined in the relevant annex of
EN 1990 and EN 1991-1-5.
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2.3.1.3 Íåð³âíîì³ðí³ îñ³äàííÿ/ïåðåì³ùåííÿ 2.3.1.3 Differential settlements / movements

(1) Íåð³âíîì³ðí³ îñ³äàííÿ/ïåðåì³ùåííÿ ñïîðó-
äè, âèêëèêàí³ ïðîñàäêàìè ´ðóíò³â, ïîâèíí³ êâà-
ë³ô³êóâàòèñü ÿê ïîñò³éíèé âïëèâ Gset, ÿêèé ó
òàê³é ÿêîñò³ âêëþ÷àºòüñÿ ó ñïîëó÷åííÿ âïëèâ³â.
ßê ïðàâèëî, Gset âèðàæàºòüñÿ ïåâíîþ ñóêóï-
í³ñòþ çíà÷åíü, ùî â³äïîâ³äàþòü ð³çíèöÿì (ó
ïîð³âíÿíí³ ç³ âñòàíîâëåíèì ïî÷àòêîâèì ð³â-
íåì) îñ³äàíü/ïåðåì³ùåíü ì³æ îêðåìèìè ôóí-
äàìåíòàìè àáî ¿õ ÷àñòèíàìè dset,³ (i îçíà÷àº
íîìåð êîíêðåòíîãî ôóíäàìåíòó àáî éîãî ÷àñ-
òèíè).

(1) Differential settlements/movements of the
structure due to soil subsidence should be
classified as a permanent action, Gset which is
introduced as such in combinations of actions. In
general, Gset is represented by a set of values
corresponding to differences (compared to a
reference level) of settlements/movements bet-
ween individual foundations or part of foundati-
ons, dset,³ (i denotes the number of the individual
foundation or part of foundation).

Ïðèì³òêà. Ïðè âðàõóâàíí³ íåð³âíîì³ðíèõ îñ³äàíü
ìîæóòü âèêîðèñòîâóâàòèñü â³äïîâ³äíèì ÷èíîì îá-
÷èñëåí³ ïðîãíîçí³ çíà÷åííÿ îñ³äàíü.

Note: Where differential settlements are taken into
account, appropriate estimate values of predicted set-
tlements may be used.

(2) Âïëèâè íåð³âíîì³ðíèõ îñ³äàíü ïîâèíí³ âðà-
õîâóâàòèñü, ÿê ïðàâèëî, ïðè ïåðåâ³ðö³ çà ãðà-
íè÷íèìè ñòàíàìè çà ïðèäàòí³ñòþ äî åêñïëóà-
òàö³¿.

(2) The effects of differential settlements should
generally be taken into account for the verification
for serviceability limit states.

(3) Äëÿ ãðàíè÷íèõ ñòàí³â çà íåñó÷îþ çäàòí³ñòþ
³ ñò³éê³ñòþ âîíè ïîâèíí³ âðàõîâóâàòèñü ò³ëüêè,
ÿêùî âîíè º ñóòòºâèìè (íàïðèêëàä, óìîâè
óòîìëåíîñò³, ïðè ïåðåâ³ðö³ ñò³éêîñò³, äå âòî-
ðèíí³ âåëè÷èíè º âàæëèâèìè, òîùî). Â ³íøèõ
âèïàäêàõ âîíè ìîæóòü íå âðàõîâóâàòèñü çà
óìîâè çàáåçïå÷åííÿ íåîáõ³äíî¿ íåñó÷î¿ çäàò-
íîñò³ çà ïëàñòè÷í³ñòþ òà ãðàíè÷íèì ïîâîðîòîì
ïåðåð³çó.

(3) For ultimate limit states they should be consi-
dered only where they are significant (e.g. fatigue
conditions, in the verification of stability where
second order effects are of importance, etc). In
other cases for ultimate limit states they need not
be considered, provided that the ductility and
rotation capacity of the elements are sufficient.

(4) Ïðè âðàõóâàíí³ íåð³âíîì³ðíèõ îñ³äàíü ïî-
âèíåí çàñòîñîâóâàòèñü êîåô³ö³ºíò íàä³éíîñò³
äëÿ âïëèâ³â îñ³äàíü.

(4) Where differential settlements are taken into
account a partial safety factor for settlement
effects should be applied.

Ïðèì³òêà. Êîåô³ö³ºíò íàä³éíîñò³ äëÿ âïëèâ³â îñ³-
äàíü âèçíà÷àºòüñÿ çã³äíî ç â³äïîâ³äíèì äîäàòêîì
EN 1990.

Note: The value of the partial safety factor for settle-
ment effects is defined in the relevant annex of
EN1990.

2.3.1.4 Ïîïåðåäíº íàïðóæåííÿ 2.3.1.4 Prestress

(1)Ð Ó öüîìó ªâðîêîä³ ðîçãëÿäàºòüñÿ ïîïå-
ðåäíº íàïðóæåííÿ äëÿ ïó÷ê³â, âèãîòîâëåíèõ ³ç
âèñîêîì³öíî¿ ñòàë³ (äðîòè, êàíàòè, ñòðèæí³).

(1)P The prestress considered in this Eurocode is
applied by tendons made of high-strength steel
(wires, strands or bars).

(2) Ïó÷êè ìîæóòü îìîíîë³÷óâàòèñü áåòîíîì.
Âîíè ìîæóòü íàïðóæóâàòèñü íà îïîðè ³ áåòîíó-
âàòèñü àáî íàïðóæóâàòèñü íà áåòîí ³ îìî-
íîë³÷óâàòèñü àáî çàëèøàòèñü áåç ç÷åïëåííÿ ç
áåòîíîì.

(2) Tendons may be embedded in the concrete.
They may be pre-tensioned and bonded or post-
tensioned and bonded or unbonded.

(3) Ïó÷êè òàêîæ ìîæóòü ðîçì³ùóâàòèñü çîâí³
êîíñòðóêö³¿ ç êîíòàêòîì ó ïåâíèõ òî÷êàõ ÷åðåç
ïðèñòðî¿ äëÿ â³äõèëåííÿ ³ çààíêåðóâàííÿ.

(3) Tendons may also be external to the structure
with points of contact occurring at deviators and
anchorages.

(4) Ïîëîæåííÿ ñòîñîâíî ïîïåðåäíüîãî íàïðó-
æåííÿ íàäàþòüñÿ ó 5.10.

(4) Provisions concerning prestress are found in
5.10.

19

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



2.3.2 Õàðàêòåðèñòèêè ìàòåð³àë³â ³ âèðîá³â 2.3.2 Material and product properties

2.3.2.1 Çàãàëüí³ ïîëîæåííÿ 2.3.2.1 General

(1) Ïðàâèëà ñòîñîâíî õàðàêòåðèñòèê ìàòåð³à-
ë³â ³ âèðîá³â íàäàþòüñÿ ó ðîçä³ë³ 4 EN 1990.

(1) The rules for material and product properties
are given in EN 1990 Section 4.

(2) Ïðàâèëà ñòîñîâíî áåòîíó, àðìàòóðè ³ ñòàë³
äëÿ ïîïåðåäíüîãî íàïðóæåííÿ íàäàþòüñÿ ó
ðîçä³ë³ 3 àáî ó â³äïîâ³äíèõ ñïåöèô³êàö³ÿõ íà
âèðîáè.

(2) Provisions for concrete, reinforcement and
prestressing steel are given in Section 3 or the
relevant Product Standard.

2.3.2.2 Óñàäêà ³ ïîâçó÷³ñòü 2.3.2.2 Shrinkage and creep

(1) Óñàäêà ³ ïîâçó÷³ñòü áåòîíó º õàðàêòåðèñòèêà-
ìè, ùî çàëåæàòü â³ä ÷àñó. ¯õ âïëèâè, ÿê ïðàâèëî,
ïîâèíí³ âðàõîâóâàòèñü äëÿ ïåðåâ³ðêè ãðàíè÷íèõ
ñòàí³â çà ïðèäàòí³ñòþ äî åêñïëóàòàö³¿.

(1) Shrinkage and creep are time-dependent pro-
perties of concrete. Their effects should generally
be taken into account for the verification of
serviceability limit states.

(2) Äëÿ ãðàíè÷íèõ ñòàí³â çà íåñó÷îþ çäàòí³ñòþ
³ ñò³éê³ñòþ âïëèâè óñàäêè ³ ïîâçó÷îñò³ ïîâèíí³
âðàõîâóâàòèñü ò³ëüêè ó ðàç³, ÿêùî âîíè º ñóò-
òºâèìè, íàïðèêëàä, ïðè ïåðåâ³ðö³ ãðàíè÷íîãî
ñòàíó çà ñò³éê³ñòþ, êîëè âïëèâè âòîðèííèõ âå-
ëè÷èíè º âàæëèâèìè. Äëÿ ³íøèõ âèïàäê³â ö³
âïëèâè ìîæóòü íå âðàõîâóâàòèñü äëÿ ãðàíè÷-
íèõ ñòàí³â çà íåñó÷îþ çäàòí³ñòþ çà óìîâè çà-
áåçïå÷åííÿ íåîáõ³äíî¿ íåñó÷î¿ çäàòíîñò³ çà
ïëàñòè÷í³ñòþ òà ãðàíè÷íèì ïîâîðîòîì ïåðå-
ð³çó.

(2) The effects of shrinkage and creep should be
considered at ultimate limit states only where their
effects are significant, for example in the veri-
fication of ultimate limit states of stability where
second order effects are of importance. In other
cases these effects need not be considered for
ultimate limit states, provided that ductility and
rotation capacity of the elements are sufficient.

(3) Ïðè óðàõóâàíí³ ïîâçó÷îñò³ ¿¿ ðîçðàõóíêîâèé
âïëèâ ïîâèíåí îö³íþâàòèñü äëÿ êâàç³ïîñò³éíî-
ãî ñïîëó÷åííÿ âïëèâ³â íåçàëåæíî â³ä ðîçðà-
õóíêîâîãî âèïàäêó, ùî ðîçãëÿäàºòüñÿ, íàïðèê-
ëàä, äîâãîòðèâàëèé, êîðîòêîòðèâàëèé ÷è àâà-
ð³éíèé.

(3) When creep is taken into account its design
effects should be evaluated under the quasi-per-
manent combination of actions irrespective of the
design situation considered i.e. persistent, tran-
sient or accidental.

Ïðèì³òêà. Ó á³ëüøîñò³ âèïàäê³â âïëèâè ïîâçó÷îñò³
ìîæóòü îö³íþâàòèñü ïðè ïîñò³éíèõ íàâàíòàæåííÿõ ³
ñåðåäí³é âåëè÷èí³ ïîïåðåäíüîãî íàïðóæåííÿ.

Note: In most cases the effects of creep may be
evaluated under permanent loads and the mean value
of prestress.

2.3.3 Äåôîðìàö³¿ áåòîíó 2.3.3 Deformations of concrete

(1)Ð Íàñë³äêè äåôîðìàö³¿, ñïðè÷èíåíî¿ òåìïå-
ðàòóðîþ, ïîâçó÷³ñòþ ³ óñàäêîþ, ïîâèíí³ âðàõî-
âóâàòèñü ïðè ðîçðàõóíêó.

(1)P The consequences of deformation due to
temperature, creep and shrinkage shall be con-
sidered in design.

(2) Âïëèâ öèõ ä³é, ÿê ïðàâèëî, âðàõîâóºòüñÿ ÷å-
ðåç äîòðèìàííÿ ïðàâèë çàñòîñóâàííÿ äàíîãî
ñòàíäàðòó. Òàêîæ íåîáõ³äíî äîòðèìóâàòèñü
íàñòóïíèõ ïðàâèë:

(2) The influence of these effects is normally
accommodated by complying with the application
rules of this Standard. Consideration should also
be given to:

– ì³í³ì³çóâàòè äåôîðìàö³¿ ³ óòâîðåííÿ òð³-
ùèí, ñïðè÷èíåíèõ ïî÷àòêîâèìè ïåðåì³ùåí-
íÿìè, ïîâçó÷³ñòþ ³ óñàäêîþ, øëÿõîì ï³äáîðó
ñêëàäó áåòîííî¿ ñóì³ø³;

– minimising deformation and cracking due to
early-age movement, creep and shrinkage
through the composition of the concrete mix;

– ì³í³ì³çóâàòè îáìåæåííÿ äåôîðìàö³é øëÿ-
õîì îáëàäíàííÿ îïîð ³ ç'ºäíàíü;

– minimising restraints to deformation by the
provision of bearings or joints;

20

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



– çà íàÿâíîñò³ îáìåæåíü çàáåçïå÷óâàòè âðà-
õóâàííÿ ¿õ âïëèâó ïðè ïðîåêòóâàíí³.

– if restraints are present, ensuring that their
influence is taken into account in design.

(3) Äëÿ êîíñòðóêö³é áóä³âåëü âïëèâè òåìïåðà-
òóðè ³ óñàäêè ìîæíà íå âðàõîâóâàòè ó çàãàëü-
íîìó ðîçðàõóíêó çà óìîâè, ùî ç'ºäíàííÿ
çä³éñíþþòüñÿ íà ïåâí³é ì³í³ìàëüíî äîïóñòèì³é
â³äñòàí³ djoint, ÿêà çàáåçïå÷óº ðîçïîä³ë ê³íöåâèõ
äåôîðìàö³é.

(3) In building structures, temperature and shrin-
kage effects may be omitted in global analysis
provided joints are incorporated at every distance
djoint to accommodate resulting deformations.

Ïðèì³òêà. Âåëè÷èíà djoint âñòàíîâëþºòüñÿ íàö³î-
íàëüíèìè äîäàòêàìè. Ðåêîìåíäîâàíîþ º âåëè÷èíà
30 ì. Äëÿ çá³ðíèõ çàë³çîáåòîííèõ êîíñòðóêö³é öÿ âå-
ëè÷èíà ìîæå áóòè á³ëüøîþ í³æ äëÿ ìîíîë³òíèõ,
îñê³ëüêè óñàäêà ³ ïîâçó÷³ñòü ÷àñòêîâî ïðîÿâèëèñü äî
çâåäåííÿ.

Note: The value of djoint is subject to a National Annex.
The recommended value is 30 m. For precast concrete
structures the value may be larger than that for cast
in-situ structures, since part of the creep and shrinkage
takes place before erection.

2.3.4 Ãåîìåòðè÷í³ äàí³ 2.3.4 Geometric data

2.3.4.1 Çàãàëüí³ ïîëîæåííÿ 2.3.4.1 General

(1) Ïðàâèëà äëÿ ãåîìåòðè÷íèõ äàíèõ íàâåäåíî
ó ðîçä³ë³ 4 EN 1990.

(1) The rules for geometric data are given in
EN 1990 Section 4.

2.3.4.2 Äîäàòêîâ³ âèìîãè äëÿ áóðîíàáèâíèõ

ïàëü

2.3.4.2 Supplementary requirements for cast in

place piles

(1)Ð Íåâèçíà÷åíîñò³, ïîâ'ÿçàí³ ç ïîïåðå÷íèì
ïåðåð³çîì áóðîíàáèâíèõ ïàëü ³ òåõíîëîã³¿ áå-
òîíóâàííÿ, ïîâèíí³ áóòè â ìåæàõ äîïóñòèìèõ
äëÿ ïðîåêòó.

(1)P Uncertainties related to the cross-section of
cast in place piles and concreting procedures
shall be allowed for in design.

(2) Ó ðàç³ â³äñóòíîñò³ ³íøèõ ïîëîæåíü ó ïðîåê-
òíèõ ðîçðàõóíêàõ áóðîíàáèâíèõ ïàëü, óëàøòî-
âàíèõ ³ç âèëó÷åííÿì îáñàäíèõ òðóá, ïðèéìàþ-
òüñÿ íàñòóïí³ ¿õ ä³àìåòðè:

(2) In the absence of other provisions the dia-
meter used in design calculations, of cast in place
piles without permanent casing should be taken
as:

– ÿêùî dnom < 400 ìì, d = dnom – 20 ìì; – if dnom < 400 mm, d = dnom – 20 mm

– ÿêùî 400 � dnom � 1000 ìì, d = 0,95 dnom – if 400 � dnom � 1000 mm, d = 0,95 dnom

– ÿêùî dnom > 1000 ìì, d = dnom – 50 ìì – if dnom > 1000 mm, d = dnom – 50 mm

Òóò dnom – íîì³íàëüíèé ä³àìåòð ïàë³. Where dnom is the nominal diameter of the pile.

2.4 Ïåðåâ³ðêà çà äîïîìîãîþ ìåòîäó
êîåô³ö³ºíò³â íàä³éíîñò³

2.4 Verification by the partial factor method

2.4.1 Çàãàëüí³ ïîëîæåííÿ 2.4.1 General

(1) Ïðàâèëà äëÿ ìåòîäó êîåô³ö³ºíò³â íàä³éíîñ-
ò³ íàâåäåíî ó ðîçä³ë³ 6 EN 1990.

(1) The rules for the partial factor method are gi-
ven in EN 1990 Section 6.

2.4.2 Ðîçðàõóíêîâ³ âåëè÷èíè 2.4.2 Design values

2.4.2.1 Êîåô³ö³ºíò íàä³éíîñò³ äëÿ âïëèâó óñàäêè 2.4.2.1 Partial factor for shrinkage action

(1) Ó ðàç³ íåîáõ³äíîñò³ âðàõóâàííÿ âïëèâó
óñàäêè ïðè ïåðåâ³ðö³ ãðàíè÷íîãî ñòàíó íåîá-

õ³äíî çàñòîñîâóâàòè êîåô³ö³ºíò íàä³éíîñò³ �SH.

(1) Where consideration of shrinkage actions is

required for ultimate limit state a partial factor �SH

should be used.

Ïðèì³òêà. Âåëè÷èíà �SH äëÿ âèêîðèñòàííÿ ó êîí-
êðåòí³é êðà¿í³ âñòàíîâëþºòüñÿ íàö³îíàëüíèì äîäàò-
êîì. Ðåêîìåíäîâàíîþ âåëè÷èíîþ º 1,0.

Note: The value of �SH for use in a Country may be
found in its National Annex. The recommended value is
1,0.

21

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



2.4.2.2 Êîåô³ö³ºíò íàä³éíîñò³ äëÿ ïîïåðåä-

íüîãî íàïðóæåííÿ

2.4.2.2 Partial factors for prestress

(1) Ïîïåðåäíº íàïðóæåííÿ ó á³ëüøîñò³ âè-
ïàäê³â ïåðåäáà÷àºòüñÿ ÿê ñïðèÿòëèâèé âïëèâ ³
ïðè ïåðåâ³ðö³ ãðàíè÷íîãî ñòàíó íåîáõ³äíî çà-

ñòîñîâóâàòè êîåô³ö³ºíò íàä³éíîñò³ �P,fav. Ðîç-
ðàõóíêîâà âåëè÷èíà ïîïåðåäíüîãî íàïðóæåí-
íÿ ìîæå áàçóâàòèñü íà ñåðåäíüîìó çíà÷åíí³
çóñèëëÿ ïîïåðåäíüîãî íàïðóæåííÿ (ðîçä³ë 4
EN 1990).

(1) Prestress in most situations is intended to be
favourable and for the ultimate limit state verifi-

cation the value of �P,fav should be used. The de-
sign value of prestress may be based on the
mean value of the prestressing force (see
EN 1990 Section 4).

Ïðèì³òêà. Âåëè÷èíà �P,fav äëÿ âèêîðèñòàííÿ ó êîí-
êðåòí³é êðà¿í³ âñòàíîâëþºòüñÿ íàö³îíàëüíèì äîäàò-
êîì. Ðåêîìåíäîâàíîþ âåëè÷èíîþ äëÿ äîâãîòðè-
âàëèõ ³ êîðîòêîòðèâàëèõ ðîçðàõóíêîâèõ âèïàäê³â º
1,0. Öå çíà÷åííÿ òàêîæ ìîæå âèêîðèñòîâóâàòèñü
ïðè ïåðåâ³ðö³ óòîìëåíîñò³.

Note: The value of �P,fav for use in a Country may be
found in its National Annex. The recommended value
for persistent and transient design situations is 1,0.
This value may also be used for fatigue verification.

(2) Ïðè ïåðåâ³ðö³ ãðàíè÷íîãî ñòàíó çà ñò³éê³ñòþ
ïðè çîâí³øíüîìó ïîïåðåäíüîìó íàïðóæåíí³,
êîëè çðîñòàííÿ âåëè÷èíè ïîïåðåäíüîãî íàïðó-
æåííÿ ìîæå áóòè íåñïðèÿòëèâîþ ä³ºþ, íå-

îáõ³äíî çàñòîñîâóâàòè �P,unfav.

(2) In the verification of the limit state for stability
with external prestress, where an increase of the

value of prestress can be unfavourable �P,unfav

should be used.

Ïðèì³òêà. Âåëè÷èíà �P,unfav äëÿ âèêîðèñòàííÿ ïðè
ïåðåâ³ðö³ ãðàíè÷íîãî ñòàíó çà ñò³éê³ñòþ ó êîíêðåòí³é
êðà¿í³ âñòàíîâëþºòüñÿ íàö³îíàëüíèì äîäàòêîì. Ðå-
êîìåíäîâàíîþ âåëè÷èíîþ ïðè çàãàëüíîìó ðîçðà-
õóíêó º 1,3.

Note: The value of �P,unfav in the stability limit state for
use in a Country may be found in its National Annex.
The recommended value for global analysis is 1,3.

(3) Ïðè ïåðåâ³ðö³ ì³ñöåâèõ âïëèâ³â òàêîæ âèêî-

ðèñòîâóºòüñÿ �P,unfav.
(3) In the verification of local effects �P,unfav should
also be used.

Ïðèì³òêà. Âåëè÷èíà �P,unfav äëÿ âèêîðèñòàííÿ ïðè
ïåðåâ³ðö³ ì³ñöåâèõ âïëèâ³â ó êîíêðåòí³é êðà¿í³ âñòà-
íîâëþºòüñÿ íàö³îíàëüíèì äîäàòêîì. Ðåêîìåíäîâà-
íîþ âåëè÷èíîþ º 1,2. Ì³ñöåâ³ âïëèâè çààíêåðóâàí-
íÿ ïîïåðåäíüî íàïðóæåíèõ ïó÷ê³â íà óïîðè ðîçãëÿ-
äàºòüñÿ ó 8.10.2.

Note: The value of �P,unfav for local effects for use in a
Country may be found in its National Annex. The
recommended value is 1,2. The local effects of the
anchorage of pre-tensioned tendons are considered in
8.10.2.

2.4.2.3 Êîåô³ö³ºíò íàä³éíîñò³ äëÿ íàâàíòà-

æåíü óòîìëåíîñò³

2.4.2.3 Partial factor for fatigue loads

(1) Äëÿ íàâàíòàæåíü óòîìëåíîñò³ çàñòîñîâó-
ºòüñÿ êîåô³ö³ºíò íàä³éíîñò³ �F,fat.

(1) The partial factor for fatigue loads is �F,fat.

Ïðèì³òêà. Âåëè÷èíà �F,fat äëÿ çàñòîñóâàííÿ ó êîí-
êðåòí³é êðà¿í³ âñòàíîâëþºòüñÿ íàö³îíàëüíèì äîäàò-
êîì. Ðåêîìåíäîâàíîþ âåëè÷èíîþ º 1,0.

Note: The value of �F,fat for use in a Country may be
found in its National Annex. The recommended value is
1,0.

2.4.2.4 Êîåô³ö³ºíòè íàä³éíîñò³ äëÿ ìàòåð³àë³â 2.4.2.4 Partial factors for materials

(1) Ïðè ïåðåâ³ðö³ ãðàíè÷íèõ ñòàí³â íåîáõ³äíî
çàñòîñîâóâàòè êîåô³ö³ºíòè íàä³éíîñò³ äëÿ ìà-
òåð³àë³â �C i �S.

(1) Partial factors for materials for ultimate limit
states �C and �S should be used.

Ïðèì³òêà. Âåëè÷èíè �C i �S äëÿ âèêîðèñòàííÿ ó êîí-
êðåòí³é êðà¿í³ âñòàíîâëþþòüñÿ íàö³îíàëüíèì äî-
äàòêîì. Ðåêîìåíäîâàí³ âåëè÷èíè äëÿ äîâãîòðè-
âàëèõ ³ êîðîòêîòðèâàëèõ òà àâàð³éíèõ ðîçðàõóíêî-
âèõ âèïàäê³â íàâåäåí³ ó òàáëèö³ 2.1N. Ö³ çíà÷åííÿ
íå âèêîðèñòîâóþòüñÿ ïðè ïåðåâ³ðö³ âîãíåñò³éêîñò³,
äëÿ ÿêî¿ íåîáõ³äíî ïîñèëàòèñü íà EN 1992-1-2.

Note: The values of �C and �S for use in a Country may
be found in its National Annex. The recommended
values for 'persistent & transient' and 'accidental,
design situations are given in Table 2.1N. These are
not valid for fire design for which reference should be
made to EN 1992-1-2.

22

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



Äëÿ ïåðåâ³ðêè óòîìëåíîñò³ ðåêîìåíäóþòüñÿ

êîåô³ö³ºíòè íàä³éíîñò³ �C,fat i �S,fat, íàâåäåí³ ó
òàáëèö³ 2.1N, äëÿ äîâãîòðèâàëèõ ðîçðàõóíêî-
âèõ âèïàäê³â.

For fatigue verification the partial factors for
persistent design situations given in Table 2.1N

are recommended for the values of �C,fat and

�S,fat.

Òàáëèöÿ 2.1N – Êîåô³ö³ºíòè íàä³éíîñò³ äëÿ ìàòåð³àë³â ïðè ãðàíè÷íèõ ñòàíàõ

Table 2.1N – Partial factors for materials for ultimate limit states

Ðîçðàõóíêîâ³ âèïàäêè
Design situations

�C äëÿ áåòîíó
�C for concrete

�S äëÿ àðìàòóðíî¿ ñòàë³
�S for reinforcing steel

�S äëÿ ïîïåðåäíüî
íàïðóæåíî¿ ñòàë³

�S for prestressing steel

Äîâãîòðèâàëèé ³ êîðîòêîòðèâàëèé
Persistent & Transient

1,5 1,15 1,15

Àâàð³éíèé
Accidental

1,2 1,0 1,0

Ïðèì³òêà. Âåëè÷èíè �C i �S äëÿ ïåðåâ³ðêè çà ãðàíè÷-
íèì ñòàíîì ñòîñîâíî ïðèäàòíîñò³ äî åêñïëóàòàö³¿,
ùî âèêîðèñòîâóþòüñÿ ó êîíêðåòí³é êðà¿í³, âñòàíîâ-
ëþþòüñÿ íàö³îíàëüíèì äîäàòêîì. Äëÿ ðîçðàõóíêî-
âèõ âèïàäê³â, ùî íå îõîïëåí³ êîíêðåòíèìè ïîëî-
æåííÿìè öüîãî ªâðîêîäó, ðåêîìåíäîâàíîþ âåëè÷è-
íîþ º 1,0.

Note: The values of �C and �S in the serviceability limit
state for use in a Country may be found in its National
Annex. The recommended value for situations not
covered by particular clauses of this Eurocode is 1,0.

(2) Çíà÷åííÿ êîåô³ö³ºíò³â íàä³éíîñò³ äëÿ ìà-
òåð³àë³â ïðè ïåðåâ³ðö³ íà ãðàíè÷íèé ñòàí çà
ïðèäàòí³ñòþ äî åêñïëóàòàö³¿ ïîâèíí³ ïðèéìà-
òèñü òàêèìè, ùî äîð³âíþþòü âêàçàíèì ó êîí-
êðåòíèõ ïîëîæåííÿõ öüîãî ªâðîêîäó.

(2) The values for partial factors for materials for
serviceability limit state verification should be
taken as those given in the particular clauses of
this Eurocode.

(3) Ìîæóòü çàñòîñîâóâàòèñü ìåíø³ çíà÷åííÿ �C

i �S, ÿêùî ï³äòâåðäæåíî çä³éñíåííÿ çàõîä³â, ùî
çíèæóþòü íåâèçíà÷åí³ñòü ïðè âèçíà÷åíí³ îïî-
ðó.

(3) Lower values of �C and �S may be used if
justified by measures reducing the uncertainty in
the calculated resistance.

Ïðèì³òêà. ²íôîðìàö³ÿ íàâåäåíà ó äîâ³äêîâîìó äî-
äàòêó À.

Note: Information is given in Informative Annex A.

2.4.2.5 Êîåô³ö³ºíòè íàä³éíîñò³ äëÿ ìàòåð³à-

ë³â ôóíäàìåíò³â

2.4.2.5 Partial factors for materials for founda-

tions

(1) Ðîçðàõóíêîâ³ çíà÷åííÿ õàðàêòåðèñòèê ì³ö-
íîñò³ ´ðóíòó ïîâèíí³ âèçíà÷àòèñü çã³äíî ç
EN 1997.

(1) Design values of strength properties of the
ground should be calculated in accordance with
EN 1997.

(2) Ïðè âèçíà÷åíí³ ðîçðàõóíêîâîãî îïîðó áóðî-
íàáèâíèõ ïàëü, ùî âèãîòîâëÿþòüñÿ ç âèäàëåí-
íÿì îáñàäíèõ òðóá, êîåô³ö³ºíò íàä³éíîñò³ äëÿ

áåòîíó �C, íàâåäåíèé ó 2.4.2.4(1), íåîáõ³äíî
ìíîæèòè íà êîåô³ö³ºíò kf.

(2) The partial factor for concrete �C given in
2.4.2.4 (1) should be multiplied by a factor kf for
calculation of design resistance of cast in place
piles without permanent casing.

Ïðèì³òêà. Âåëè÷èíà kf äëÿ âèêîðèñòàííÿ ó êîíêðåò-
í³é êðà¿í³ âñòàíîâëþºòüñÿ íàö³îíàëüíèì äîäàòêîì.
Ðåêîìåíäîâàíîþ âåëè÷èíîþ º 1,1.

Note: The value of kf for use in a Country may be found
in its National Annex. The recommended value is 1,1.
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2.4.3 Ñïîëó÷åííÿ âïëèâ³â 2.4.3 Combinations of actions

(1) Çàãàëüí³ ïàðàìåòðè ñïîëó÷åííÿ âïëèâ³â
äëÿ ãðàíè÷íèõ ñòàí³â çà íåñó÷îþ çäàòí³ñòþ ³
ñò³éê³ñòþ òà çà ïðèäàòí³ñòþ äî åêñïëóàòàö³¿ íà-
âåäåí³ ó ðîçä³ë³ 6 EN 1990.

(1) The general formats for combinations of
actions for the ultimate and serviceability limit
states are given in EN 1990, Section 6.

Ïðèì³òêà 1. Äåòàëüí³ âèðàçè äëÿ êîìá³íàö³¿ âïëèâ³â
íàâåäåíî ó íîðìàòèâíèõ äîäàòêàõ äî EN 1990, íà-
ïðèêëàä, ó äîäàòêó À1 – äëÿ áóä³âåëü, ó À2 – äëÿ
ìîñò³â òîùî, ç â³äïîâ³äíèìè ðåêîìåíäîâàíèìè çíà-
÷åííÿìè äëÿ êîåô³ö³ºíò³â íàä³éíîñò³ ³ õàðàêòåðèñ-
òè÷íèõ çíà÷åíü âïëèâ³â, íàäàíèõ ó ïðèì³òêàõ.

Note 1: Detailed expressions for combinations of acti-
ons are given in the normative annexes of EN 1990, i.e.
Annex A1 for buildings, A2 for bridges, etc. with
relevant recommended values for partial factors and
representative values of actions given in the notes.

Ïðèì³òêà 2. Ñïîëó÷åííÿ âïëèâ³â äëÿ ïåðåâ³ðêè
óòîìëåíîñò³ íàäàí³ ó 6.8.3.

Note 2: Combination of actions for fatigue verification
is given in 6.8.3.

(2) Ïî âñ³é êîíñòðóêö³¿ íåîáõ³äíî ïðèêëàäàòè
ìåíøó àáî á³ëüøó ðîçðàõóíêîâó âåëè÷èíó (çà-
ëåæíî â³ä òîãî, ÿêå çíà÷åííÿ ä³º íåñïðèÿòëè-
âî) êîæíî¿ ïîñò³éíî¿ ä³¿ (íàïðèêëàä, âëàñíà
âàãà êîíñòðóêö³¿).

(2) For each permanent action either the lower or
the upper design value (whichever gives the more
unfavourable effect) should be applied throughout
the structure (e.g. self-weight in a structure).

Ïðèì³òêà. Ìîæóòü ³ñíóâàòè äåÿê³ âèíÿòêè ç öüîãî
ïðàâèëà (íàïðèêëàä, ïðè ïåðåâ³ðö³ ñòàòè÷íî¿
ð³âíîâàãè äèâ. ðîçä³ë 6 EN 1990). Ó òàêèõ âèïàäêàõ
ìîæå çàñòîñîâóâàòèñü ³íøèé íàá³ð êîåô³ö³ºíò³â
íàä³éíîñò³ (íàá³ð À). Îäèí ³ç ïðèêëàä³â, ùî ìîæå çà-
ñòîñîâóâàòèñü äëÿ áóä³âåëü, íàâåäåíî ó äîäàòêó À1
EN 1990.

Note: There may be some exceptions to this rule (e.g.
in the verification of static equilibrium, see EN 1990
Section 6). In such cases a different set of partial
factors (Set A) may be used. An example valid for
buildings is given in Annex A1 of EN 1990.

2.4.4 Ïåðåâ³ðêà ñòàòè÷íî¿ ð³âíîâàãè – EQU 2.4.4 Verification of static equilibrium – EQU

(1) Âèðàæåííÿ íàä³éíîñò³ ïðè ïåðåâ³ðö³ ñòàòè÷-
íî¿ ð³âíîâàãè òàêîæ çàñòîñîâóºòüñÿ äëÿ ðîçðà-
õóíêîâèõ âèïàäê³â ïåðåâ³ðêè ð³âíîâàãè, òàêèõ
ÿê àíêåðí³ ïðèñòðî¿ àáî ïåðåâ³ðêè íà ï³äéîì
îïîð íåðîçð³çíèõ áàëîê.

(1) The reliability format for the verification of
static equilibrium also applies to design situations
of EQU, such as holding down devices or the
verification of the uplift of bearings for continuous
beams.

Ïðèì³òêà. ²íôîðìàö³ÿ íàâåäåíà ó äîäàòêó À EN 1990. Note: Information is given in Annex A of EN 1990.

2.5 Ïðîåêòóâàííÿ ç âèêîðèñòàííÿì âèïðî-
áóâàíü

2.5 Design assisted by testing

(1) Ïðîåêòóâàííÿ êîíñòðóêö³é àáî åëåìåíò³â
ìîæå ñóïðîâîäæóâàòèñü âèïðîáóâàííÿìè.

(1) The design of structures or structural elements
may be assisted by testing.

Ïðèì³òêà. ²íôîðìàö³ÿ íàâåäåíà ó ðîçä³ë³ 5 ³ äîäàò-
êó D EN 1990.

Note: Information is given in Section 5 and Annex D of
EN 1990.

2.6 Äîäàòêîâ³ âèìîãè äëÿ îñíîâ 2.6 Supplementary requirements for
foundations

(1)Ð Ó âèïàäêàõ, êîëè õàðàêòåð âçàºìîä³¿
"îñíîâà-ñïîðóäà" çíà÷íî âïëèâàº íà ðåçóëü-
òàò âïëèâ³â ó ñïîðóä³, íåîáõ³äíî âðàõîâóâàòè
âëàñòèâîñò³ ãðóíòó ³ âïëèâ âçàºìîä³¿ çã³äíî ç
EN 1997-1.

(1)P Where ground-structure interaction has
significant influence on the action effects in the
structure, the properties of the soil and the effects
of the interaction shall be taken into account in
accordance with EN 1997-1.

(2) ßêùî ìîæëèâ³ íåð³âíîì³ðí³ îñ³äàííÿ, ¿õ
âïëèâ íà ðåçóëüòàò íàâàíòàæåíü íà êîíñòðóê-
ö³þ ïîâèíåí ïåðåâ³ðÿòèñü.

(2) Where significant differential settlements are
likely their influence on the action effects in the
structure should be checked.
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Ïðèì³òêà 1. Äëÿ ìîäåëþâàííÿ âçàºìîä³¿ "îñíîâà-
ñïîðóäà" ìîæíà âèêîðèñòîâóâàòè äîäàòîê G.

Note 1: Annex G may be used to model the soil-struc-
ture interaction.

Ïðèì³òêà 2. Äëÿ á³ëüøîñò³ ðîçðàõóíê³â êîíñòðóêö³é
º ïðèéíÿòíèì ñïðîùåíèé ìåòîä, ùî íå âðàõîâóº
âïëèâè äåôîðìàö³é îñíîâè.

Note 2: Simple methods ignoring the effects of ground
deformation are normally appropriate for the majority of
structural designs.

(3) Áåòîíí³ ôóíäàìåíòè ïîâèíí³ êîíñòðóþâà-
òèñü çã³äíî ç EN 1997-1.

(3) Concrete foundations should be sized in ac-
cordance with EN 1997-1.

(4) Ó â³äïîâ³äíèõ âèïàäêàõ ðîçðàõóíîê ïîâèíåí
îõîïëþâàòè âïëèâè òàêèõ ÿâèù, ÿê ïðîñ³äàííÿ,
ï³äí³ìàííÿ, çàìåðçàííÿ, ðîçòîïëåííÿ, åðîç³þ
òîùî.

(4) Where relevant, the design should include the
effects of phenomena such as subsidence, hea-
ve, freezing, thawing, erosion, etc.

2.7 Âèìîãè äî åëåìåíò³â êð³ïëåííÿ 2.7 Requirements for fastenings

(1) Ì³ñöåâ³ ³ êîíñòðóêòèâí³ âïëèâè åëåìåíò³â
êð³ïëåííÿ ïîâèíí³ àíàë³çóâàòèñü.

(1) The local and structural effects of fasteners
should be considered.

Ïðèì³òêà. Âèìîãè äî ïðîåêòóâàííÿ åëåìåíò³â êð³ï-
ëåííÿ íàâîäÿòüñÿ ó òåõí³÷íèõ óìîâàõ "Ïðîåêòóâàí-
íÿ åëåìåíò³â êð³ïëåííÿ äëÿ âèêîðèñòàííÿ ó áåòîí³"
(ðîçðîáëÿºòüñÿ). Ö³ òåõí³÷í³ óìîâè áóäóòü îõîïëþ-
âàòè íàñòóïí³ âèäè åëåìåíò³â:

Note: The requirements for the design of fastenings
are given in the Technical Specification 'Design of
Fastenings for Use in Concrete' (under development).
This Technical Specification will cover the design of the
following types of fasteners:

åëåìåíòè, ùî çàìîíîë³÷óþòüñÿ: cast-in fasteners such as:

– àíêåðè ç ãîëîâêàìè, – headed anchors,

– U-ïîä³áí³ ñòðèæí³, – channel bars,

òà ÿê³ âñòàíîâëþþòüñÿ ï³ñëÿ áåòîíóâàííÿ: and post-installed fasteners such as:

– äþáåë³, – expansion anchors,

– âð³çàí³ àíêåðè, – undercut anchors,

– ð³çüáîâ³ àíêåðè, – concrete screws,

– çàìîíîë³÷åí³ àíêåðè, – bonded anchors,

– çàùåìëåí³ äþáåë³, – bonded expansion anchors and

– çàùåìëåí³ âð³çàí³ àíêåðè. – bonded undercut anchors.

Âèêîíàííÿ êð³ïëåíü ïîâèííî â³äïîâ³äàòè âèìî-
ãàì ñòàíäàðòó CEN àáî çàòâåðäæóâàòèñü ÷å-
ðåç ºâðîïåéñüêå òåõí³÷íå óõâàëåííÿ.

The performance of fasteners should comply with
the requirements of a CEN Standard or should be
demonstrated by a European Technical Approval.

Òåõí³÷í³ óìîâè "Ïðîåêòóâàííÿ åëåìåíò³â êð³ï-
ëåííÿ äëÿ âèêîðèñòàííÿ ó áåòîí³" âêëþ÷àþòü
ì³ñöåâó ïåðåäà÷ó íàâàíòàæåííÿ ó êîíñòðóêö³¿.

The Technical Specification 'Design of Faste-
nings' for Use in Concrete' includes the local
transmission of loads into the structure.

Ïðè ïðîåêòóâàíí³ êîíñòðóêö³¿ ïîâèíí³ âðàõîâó-
âàòèñü íàâàíòàæåííÿ ³ äîäàòêîâ³ âèìîãè, íàâå-
äåí³ ó äîäàòêó À.

In the design of the structure the loads and addi-
tional design requirements given in Annex A of
that Technical Specification should be taken into
account.
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3 ÌÀÒÅÐ²ÀËÈ 3 MATERIALS

3.1 Áåòîí 3.1 Concrete

3.1.1 Çàãàëüí³ ïîëîæåííÿ 3.1.1 General

(1)Ð Íèæ÷å íàâåäåí³ îñíîâí³ ïîëîæåííÿ ³ ïðà-
âèëà äëÿ çâè÷àéíîãî ³ âèñîêîì³öíîãî áåòîíó.

(1)P The following clauses give principles and
rules for normal and high strength concrete.

(2) Ïðàâèëà äëÿ áåòîíó íà ëåãêèõ çàïîâíþâà-
÷àõ íàâåäåíî ó ðîçä³ë³ 11.

(2) Rules for lightweight aggregate concrete are
given in Section 11.

3.1.2 Ì³öí³ñòü 3.1.2 Strength

(1)Ð Ì³öí³ñòü áåòîíó íà ñòèñê ïîçíà÷àºòüñÿ ÷å-
ðåç êëàñè ì³öíîñò³ áåòîíó, ÿê³ ïîâ'ÿçàí³ ç õàðàê-
òåðèñòè÷íîþ 5% öèë³íäðè÷íîþ ì³öí³ñòþ fck àáî
êóáêîâîþ ì³öí³ñòþ fck,cube çã³äíî ç EN 206-1.

(1)P The compressive strength of concrete is deno-
ted by concrete strength classes which relate to the
characteristic (5%) cylinder strength fck or the cube
strength fck,cube, in accordance with EN 206-1.

(2)Ð Êëàñè ì³öíîñò³ ó äàíèõ íîðìàõ ´ðóíòóþòü-
ñÿ íà õàðàêòåðèñòè÷í³é 5% öèë³íäðè÷í³é ì³ö-
íîñò³ fck, âèçíà÷åí³é íà 28 äîáó ç ìàêñèìàëü-
íèì çíà÷åííÿì Ñmax.

(2)P The strength classes in this code are based
on the characteristic cylinder strength fck deter-
mined at 28 days with a maximum value of Cmax.

Ïðèì³òêà. Âåëè÷èíà Ñmax, ùî çàñòîñîâóºòüñÿ ó êîí-
êðåòí³é êðà¿í³, âñòàíîâëþºòüñÿ íàö³îíàëüíèì äî-
äàòêîì. Ðåêîìåíäîâàíèì º çíà÷åííÿ Ñ90/105.

Note: The value of Cmax for use in a Country may be
found in its National Annex. The recommended value is
C90/105.

(3) Õàðàêòåðèñòè÷í³ çíà÷åííÿ ì³öíîñò³ fck ³ â³ä-
ïîâ³äí³ ìåõàí³÷í³ õàðàêòåðèñòèêè, ÿê³ íåîáõ³äí³
äëÿ ïðîåêòóâàííÿ, íàâåäåíî ó òàáëèö³ 3.1.

(3) The characteristic strengths for fck and the cor-
responding mechanical characteristics necessary
for design, are given in Table 3.1.

(4) Ó ïåâíèõ âèïàäêàõ (íàïðèêëàä, ïîïåðåäíº
íàïðóæåííÿ) äîö³ëüíî âèçíà÷àòè ì³öí³ñòü áå-
òîíó íà ñòèñê äî àáî ï³ñëÿ 28 ä³á íà îñíîâ³ âèï-
ðîáóâàííÿ çðàçê³â, ùî çáåð³ãàëèñü â óìîâàõ,
â³äì³ííèõ â³ä âèçíà÷åíèõ ó EN 12390.

(4) In certain situations (e.g. prestressing) it may
be appropriate to assess the compressive
strength for concrete before or after 28 days, on
the basis of test specimens stored under other
conditions than prescribed in EN 12390.

ßêùî ì³öí³ñòü áåòîíó âèçíà÷àºòüñÿ ó â³ö³ t > 28
ä³á, çíà÷åííÿ �ññ ³ �ñt, âèçíà÷åí³ ó 3.1.6(1)Ð ³
3.1.6(2)Ð, íåîáõ³äíî çíèæóâàòè ìíîæåííÿì íà
êîåô³ö³ºíò kt.

If the concrete strength is determined at an age t >
28 days the values � cc and � ct defined in 3.1.6
(1)P and 3.1.6 (2)P should be reduced by a
factor kt.

Ïðèì³òêà. Âåëè÷èíà kt, ùî çàñòîñîâóºòüñÿ ó êîí-
êðåòí³é êðà¿í³, âñòàíîâëþºòüñÿ íàö³îíàëüíèì äî-
äàòêîì. Ðåêîìåíäîâàíèì º çíà÷åííÿ 0,85.

Note: The value of kt for use in a Country may be found
in its National Annex. The recommended value is 0,85.

(5) Ìîæå âèíèêàòè ïîòðåáà ó âèçíà÷åíí³ ì³ö-
íîñò³ áåòîíó íà ñòèñê fck(t) â ìîìåíò ÷àñó t íà
äåê³ëüêîõ ñòàä³ÿõ (íàïðèêëàä, ðîçïàëóáêà, ïå-
ðåäà÷à ïîïåðåäíüîãî íàïðóæåííÿ), äå

(5) It may be required to specify the concrete
compressive strength, fck(t) at time t for a number
of stages (e.g. demoulding, transfer of prestress),
where

fck(t) = fcm(t) – 8 ÌÏà äëÿ 3 < t < 28 ä³á, fck(t) = fcm(t) – 8 MPa for 3 < t < 28 days

fck(t) = fck äëÿ t � 28 ä³á fck(t) = fck for t � 28 days

Á³ëüø òî÷í³ çíà÷åííÿ ïîâèíí³ áàçóâàòèñü íà
âèïðîáóâàííÿõ, îñîáëèâî äëÿ t � 3 äîáè.

More precise values should be based on tests
especially for t � 3 days.

(6) Ì³öí³ñòü áåòîíó íà ñòèñê ó â³ö³ t çàëåæèòü
â³ä òèïó öåìåíòó, òåìïåðàòóðè ³ óìîâ äîãëÿäó.
Ïðè ñåðåäí³é òåìïåðàòóð³ 20 °Ñ ³ äîãëÿäó çã³ä-
íî ç EN 12390 ì³öí³ñòü áåòîíó íà ñòèñê ïðè
ð³çíîìó â³ö³ fcm(t) ìîæå îá÷èñëþâàòèñü çà âè-
ðàçàìè (3.1) ³ (3.2):

(6) The compressive strength of concrete at an
age t depends on the type of cement, temperature
and curing conditions. For a mean temperature of
20°C and curing in accordance with EN 12390 the
compressive strength of concrete at various ages
fcm(t) may be estimated (3.1) ³ (3.2):
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äå where

fcm(t) – ñåðåäíÿ ì³öí³ñòü áåòîíó íà ñòèñê ó â³ö³ t

ä³á;
fcm(t) – is the mean concrete compressive
strength at an age of t days;

fcm – ñåðåäíÿ ì³öí³ñòü áåòîíó íà ñòèñê ó â³ö³ 28
ä³á çã³äíî ç òàáëèöåþ 3.1;

fcm – is the mean compressive strength at 28 days
according to Table 3.1;

�ññ(t) – êîåô³ö³ºíò, ùî çàëåæèòü â³ä â³êó áåòîíó t; �ññ(t) – is a coefficient which depends on the age
of the concrete t;

t – â³ê áåòîíó, ä³á; t is the age of the concrete in days;

s – êîåô³ö³ºíò, ùî çàëåæèòü â³ä òèïó öåìåíòó: s – is a coefficient which depends on the type of
cement:

= 0,20 äëÿ öåìåíòó êëàñ³â ì³öíîñò³ ÑÅÌ
42,5 R, CEM 52,5 N ³ CEM 52,5 R (êëàñ R)

= 0,20 for cement of strength Classes CEM
42,5 R, CEM 52,5 N and CEM 52,5 R (Class R)

= 0,25 äëÿ öåìåíòó êëàñ³â ì³öíîñò³ ÑÅÌ
32,5 R, CEM 42,5 N (êëàñ N)

= 0,25 for cement of strength Classes CEM
32,5 R, CEM 42,5 N (Class N)

= 0,38 äëÿ öåìåíòó êëàñ³â ì³öíîñò³ CEM
32,5 N(êëàñ S)

= 0,38 for cement of strength Classes CEM
32,5 N (Class S)

Ïðèì³òêà. exp{ } îçíà÷àº òå ñàìå, ùî ³ å( ). Note: exp{ } has the same meaning as e( ).

ßêùî áåòîí íå â³äïîâ³äàº ñïåöèô³êàö³¿ çà ì³ö-
í³ñòþ íà ñòèñê ó â³ö³ 28 ä³á, òî íåäîö³ëüíî âèêî-
ðèñòîâóâàòè âèðàçè (3.1) ³ (3.2).

Where the concrete does not conform with the spe-
cification for compressive strength at 28 days the use
of Expressions (3.1) and (3.2) is not appropriate.

Öå ïîëîæåííÿ íå ìàº çâîðîòíî¿ ñèëè äëÿ ï³ä-
òâåðäæåííÿ íåâ³äïîâ³äíîñò³ ïî÷àòêîâî¿ ì³ö-
íîñò³ ÷åðåç ï³çí³øå çðîñòàííÿ ì³öíîñò³.

This clause should not be used retrospectively to
justify a non conforming reference strength by a
later increase of the strength.

Ó âèïàäêàõ çàñòîñóâàííÿ òåïëîâî¿ îáðîáêè
äèâ. 10.3.1.1(3).

For situations where heat curing is applied to the
member see 10.3.1.1 (3).

(7)Ð Ì³öí³ñòü áåòîíó íà ðîçòÿã ´ðóíòóºòüñÿ íà
íàéá³ëüøèõ íàïðóæåííÿõ, ÿê³ äîñÿãàþòüñÿ ïðè
çîñåðåäæåíîìó íàâàíòàæåíí³ ðîçòÿãó. Ì³öí³ñòü
íà ðîçòÿã ïðè çãèí³ íåîáõ³äíî âèçíà÷àòè çà
3.1.8(1).

(7)P The tensile strength refers to the highest
stress reached under concentric tensile loading.
For the flexural tensile strength reference should
be made to 3.1.8 (1).

(8) Ó ðàç³ âèçíà÷åííÿ ì³öíîñò³ íà ðîçòÿã ÷åðåç
ì³öí³ñòü íà ðîçòÿã ïðè ðîçêîëþâàíí³ fct,sp â³äïî-
â³äíå çíà÷åííÿ îñüîâî¿ ì³öíîñò³ íà ðîçòÿã fct

ìîæå ïðèéìàòèñü ÿê:

(8) Where the tensile strength is determined as
the splitting tensile strength, fct,sp an approximate
value of the axial tensile strength, fct, may be
taken as:

f fct ct sp� 0 9, , . (3.3)

(9) Ðîçâèòîê ì³öíîñò³ íà ðîçòÿã ³ç ÷àñîì ïîâ-
í³ñòþ çàëåæèòü â³ä äîãëÿäó ³ óìîâ òâåðä³ííÿ, à
òàêîæ ðîçì³ð³â êîíñòðóêö³éíèõ åëåìåíò³â. Ó
ÿêîñò³ ïåðøîãî íàáëèæåííÿ ìîæíà ïðèïóñòè-
òè, ùî ì³öí³ñòü íà ðîçòÿã fctm(t) äîð³âíþº:

(9) The development of tensile strength with time
is strongly influenced by curing and drying condi-
tions as well as by the dimensions of the structural
members. As a first approximation it may be assu-
med that the tensile strength fctm(t) is equal to:

, -f t t fctm cc ctm( ) ( )� .�
�

, (3.4)
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äå �ññ(t) âèçíà÷àºòüñÿ çà âèðàçîì (3.2), à where �ññ(t) follows from Expression (3.2) and

� = 1 äëÿ t < 28 � = 1 for t < 28

� = 2/3 äëÿ t � 28. Âåëè÷èíè fctm íàâåäåíî ó
òàáëèö³ 3.1.

� = 2/3 for t � 28. The values for fctm are given in
Table 3.1.

Ïðèì³òêà. ßêùî ðîçâèòîê ì³öíîñò³ íà ðîçòÿã âàæëè-
âèé, ðåêîìåíäóºòüñÿ âðàõîâóâàòè ïðè âèêîíàíí³
âèïðîáóâàíü âïëèâ óìîâ òà ðîçì³ð³â êîíñòðóêòèâ-
íèõ åëåìåíò³â.

Note: Where the development of the tensile strength
with time is important it is recommended that tests are
carried out taking into account the exposure conditions
and the dimensions of the structural member.

3.1.3 Ïðóæíà äåôîðìàö³ÿ 3.1.3 Elastic deformation

(1) Ïðóæí³ äåôîðìàö³¿ áåòîíó â çíà÷í³é ì³ð³ çà-
ëåæàòü â³ä éîãî ñêëàäó (îñîáëèâî çàïîâíþ-
âà÷³â). Âåëè÷èíè, ùî íàäàþòüñÿ ó öüîìó ñòàí-
äàðò³, ïîâèíí³ ðîçãëÿäàòèñü ÿê ³íäèêàòèâí³ äëÿ
çàãàëüíîãî çàñòîñóâàííÿ. Îäíàê, âîíè ìîæóòü
êîíêðåòèçóâàòèñü, ÿêùî ïåðåäáà÷àºòüñÿ, ùî
êîíñòðóêö³ÿ áóäå ÷óòëèâîþ äî â³äõèëåíü â³ä
öèõ çàãàëüíèõ çíà÷åíü.

(1) The elastic deformations of concrete largely
depend on its composition (especially the aggre-
gates). The values given in this Standard should
be regarded as indicative for general applications.
However, they should be specifically assessed if
the structure is likely to be sensitive to deviations
from these general values.

(2) Ìîäóëü ïðóæíîñò³ áåòîíó çàëåæèòü â³ä ìî-
äóë³â ïðóæíîñò³ éîãî ñêëàäîâèõ. Â³äïîâ³äí³
çíà÷åííÿ ìîäóëÿ ïðóæíîñò³ Ecm, âåëè÷èíà ñ³÷-

íî¿ ì³æ �ñ = 0 ³ 0,4 fcm äëÿ áåòîíó íà êâàðöîâèõ
çàïîâíþâà÷àõ, íàâåäåíî ó òàáëèö³ 3.1. Äëÿ çà-
ïîâíþâà÷³â ³ç âàïíÿêó ³ ï³ùàíèêà çíà÷åííÿ íå-
îáõ³äíî çíèæóâàòè â³äïîâ³äíî íà 10% ³ 30%.
Äëÿ çàïîâíþâà÷³â ³ç áàçàëüòó çíà÷åííÿ íå-
îáõ³äíî çá³ëüøóâàòè íà 20%.

(2) The modulus of elasticity of a concrete is
controlled by the moduli of elasticity of its com-
ponents. Approximate values for the modulus of

elasticity Ecm, secant value between �ñ = 0 and
0,4 fcm, for concretes with quartzite aggregates,
are given in Table 3.1. For limestone and sand-
stone aggregates the value should be reduced by
10% and 30% respectively. For basalt aggregates
the value should be increased by 20%.

Ïðèì³òêà. Íàö³îíàëüí³ äîäàòêè êîæíî¿ êðà¿íè ìî-
æóòü âêàçóâàòè äîäàòêîâó ³íôîðìàö³þ, ÿêà íå ñóïå-
ðå÷èòü.

Note: A Country's National Annex may refer to non-
contradictory complementary information.
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(3) Çì³íó ìîäóëÿ ïðóæíîñò³ ç ÷àñîì ìîæíà âèç-
íà÷èòè ÷åðåç çàëåæí³ñòü:

(3) Variation of the modulus of elasticity with time
can be estimated by:

, -E t f t f Ecm cm cm cm( ) ( ) /
,

�
0 3

, (3.5)

äå Ecm(t) ³ fcm(t) – çíà÷åííÿ ó â³ö³ t ä³á, à Ecm ³
fcm– çíà÷åííÿ, âèçíà÷åí³ ó â³ö³ 28 ä³á. Âçàºìî-
çâ'ÿçîê ì³æ fcm(t) ³ fcm âèïëèâàº ç âèðàçó (3.1).

where Ecm(t) and fcm(t) are the values at an age of
t days and Ecm and fcm are the values determined
at an age of 28 days. The relation between fcm(t)
and fcm follows from Expression (3.1).

(4) Êîåô³ö³ºíò Ïóàññîíà ìîæå ïðèéìàòèñü 0,2 äëÿ
áåòîíó áåç òð³ùèí ³ 0 äëÿ áåòîíó ç òð³ùèíàìè.

(4) Poisson's ratio may be taken equal to 0,2 for
uncracked concrete and 0 for cracked concrete.

(5) Ó ðàç³ â³äñóòíîñò³ á³ëüø òî÷íèõ äàíèõ êîå-
ô³ö³ºíò ë³í³éíîãî òåïëîâîãî ðîçøèðåííÿ ìîæå

ïðèéìàòèñü 10.10-6 Ê-1.

(5) Unless more accurate information is available,
the linear coefficient of thermal expansion may be

taken equal to 10.10-6 K-1.

3.1.4 Ïîâçó÷³ñòü ³ óñàäêà 3.1.4 Creep and shrinkage

(1)Ð Ïîâçó÷³ñòü ³ óñàäêà áåòîíó çàëåæèòü â³ä
âîëîãîñò³ íàâêîëèøíüîãî ñåðåäîâèùà, ðîçì³-
ð³â åëåìåíòà ³ ñêëàäó áåòîíó. Íà ïîâçó÷³ñòü òà-
êîæ âïëèâàº ñòóï³íü çð³ëîñò³ áåòîíó â ìîìåíò
ïðèêëàäàííÿ íàâàíòàæåííÿ ³ âîíà çàëåæèòü
â³ä òðèâàëîñò³ òà âåëè÷èíè íàâàíòàæåííÿ.

(1)P Creep and shrinkage of the concrete depend
on the ambient humidity, the dimensions of the
element and the composition of the concrete. Cre-
ep is also influenced by the maturity of the concre-
te when the load is first applied and depends on
the duration and magnitude of the loading.

(2) Êîåô³ö³ºíò ïîâçó÷îñò³ �(t, t0) ïîâ'ÿçàíèé ç
Ec, òàíãåíö³àëüíèì ìîäóëåì, ùî ìîæå ïðèé-
ìàòèñü ÿê 1,05 Ecm. ßêùî íåìà ïîòðåáè ó âè-
ñîê³é òî÷íîñò³, òî çíà÷åííÿ ç ðèñóíêà 3.1 ìîæíà
ïðèéìàòè ÿê êîåô³ö³ºíò ïîâçó÷îñò³ çà óìîâè,
ùî íàïðóæåííÿ ñòèñêó ó áåòîí³ íå ïåðåâèùó-
þòü 0,45 fck(t0) ó â³ö³ t0, ùî º â³êîì áåòîíó ó ìî-
ìåíò íàâàíòàæåííÿ.

(2) The creep coefficient �(t, t0) is related to Ec,
the tangent modulus, which may be taken as 1,05
Ecm. Where great accuracy is not required, the
value found from Figure 3.1 may be considered
as the creep coefficient, provided that the concre-
te is not subjected to a compressive stress grea-
ter than 0,45 fck(t0) at an age t0, the age of
concrete at the time of loading.

Ïðèì³òêà. Äëÿ äåòàëüí³øî¿ ³íôîðìàö³¿ âêëþ÷íî ç
ðîçâèòêîì ïîâçó÷îñò³ ó ÷àñ³ äèâ. äîäàòîê Â.

Note: For further information, including the develop-
ment of creep with time, Annex B may be used.

(3) Äåôîðìàö³ÿ ïîâçó÷îñò³ áåòîíó 	ññ(�, t0) äëÿ

t = � ïðè ïîñò³éíèõ íàïðóæåííÿõ ñòèñêó �ñ, ïðè-
êëàäåíèõ äî áåòîíó ó â³ö³ t0, ïðåäñòàâëåíà âè-
ðàçîì:

(3) The creep deformation of concrete 	ññ(�, t0) at

time t = � for a constant compressive stress �ñ,
applied at the concrete age t0 is given by:

, - , - , -	 � �cc c ct t E� � � ., , /0 0 . (3.6)

(4) ßêùî íàïðóæåííÿ ñòèñêó áåòîíó ó â³ö³ t0 ïå-
ðåâèùóþòü âåëè÷èíó 0,45 fck(t0), òî ïîâçó÷³ñòü
òðåáà ðîçãëÿäàòè ÿê íåë³í³éíó. Òàê³ âèñîê³ íà-
ïðóæåííÿ ìîæóòü âèíèêàòè ó ðåçóëüòàò³ ïîïå-
ðåäíüîãî íàïðóæåííÿ, íàïðèêëàä, ó çá³ðíèõ
åëåìåíòàõ íà ð³âí³ ïðèêëàäàííÿ íàïðóæåíü. Ó
òàêèõ âèïàäêàõ íåë³í³éíèé êîåô³ö³ºíò ïîâçó-
÷îñò³ ìîæíà âèçíà÷àòè òàê:

(4) When the compressive stress of concrete at
an age t0 exceeds the value 0,45 fck(t0) then creep
non-linearity should be considered. Such a high
stress can occur as a result of pretensioning, e.g.
in precast concrete members at tendon level. In
such cases the non-linear notional creep coeffi-
cient should be obtained as follows:

, - , - , -, -� � �k , t , t k� � � �0 0 1 5 0 45exp , , , (3.7)

äå where

�k(�, t0) – óìîâíî íåë³í³éíèé êîåô³ö³ºíò ïîâçó-

÷îñò³, ùî çàì³íÿº �(�, t0);

�k(�, t0) is the non-linear notional creep coeffi-

cient, which replaces �(�, t0);
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b – óìîâè çîâí³øíüîãî ñåðåäîâèùà RH = 80%
b – outside conditions RH = 80%

Ðèñóíîê 3.1 – Ìåòîä âèçíà÷åííÿ êîåô³ö³ºíòà ïîâçó÷îñò³ �(�, t0)
äëÿ áåòîíó çà íîðìàëüíèõ óìîâ íàâêîëèøíüîãî ñåðåäîâèùà

Figure 3.1 – Method for determining the creep coefficient �(�, t0)
for concrete under normal environmental conditions

à – óìîâè âíóòð³øíüîãî ñåðåäîâèùà RH = 50%
a – inside conditions RH = 50%

Ïðèì³òêà. Òî÷êà ïåðåòèíó ì³æ ë³í³ÿìè 4 ³ 5 ïîâèííà
òàêîæ áóòè âèùå òî÷êè 1. Äëÿ t0 > 100 áóäå êîðåêòíî
ïðèéíÿòè t0 = 100 (³ âèêîðèñòîâóâàòè òàíãåíö³àëüíó
ë³í³þ)

Note: Intersection point between lines 4 and 5 can also
be above point 1. For t0 > 100 it is sufficiently accurate
to assume t0 = 100 (and use the tangent line)
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k� – ñï³ââ³äíîøåííÿ "íàïðóæåííÿ-ì³öí³ñòü"

�ñ/fcm(t0), äå �ñ – íàïðóæåííÿ ñòèñêó, à fcm(t0) –
ñåðåäíÿ ì³öí³ñòü áåòîíó íà ñòèñê ó ìîìåíò íà-
âàíòàæåííÿ.

k� is the stress-strength ratio �ñ/fcm(t0), where �ñ

is the compressive stress and fcm(t0) is the mean
concrete compressive strength at the time of
loading.

(5) Çíà÷åííÿ, íàâåäåí³ íà ðèñóíêó 3.1, ä³éñí³ â
ä³àïàçîí³ òåìïåðàòóð íàâêîëèøíüîãî ñåðåäî-
âèùà ì³æ -40 °Ñ äî +40 °Ñ ³ ñåðåäíüîþ â³äíîñ-
íîþ âîëîã³ñòþ ì³æ RH = 40% äî RH = 100%.
Âèêîðèñòîâóþòüñÿ íàñòóïí³ çíà÷åííÿ ñèìâîë³â:

(5) The values given in Figure 3.1 are valid for
ambient temperatures between -40 °C and +40 °C
and a mean relative humidity between RH = 40%
and RH = 100%. The following symbols are used:

�(�, t0) – ê³íöåâèé êîåô³ö³ºíò ïîâçó÷îñò³; �(�, t0) is the final creep coefficient;

t0 – â³ê áåòîíó ïðè íàâàíòàæåíí³, ä³á; t0 is the age of the concrete at time of loading in
days;

h0 – óìîâíèé ðîçì³ð = 2Añ/u, äå Añ – ïëîùà ïå-
ðåð³çó áåòîíó, à u – ïåðèìåòð ò³º¿ ÷àñòèíè, ÿêà
ï³ääàºòüñÿ âèñóøóâàííþ:

h0 is the notional size = 2Añ/u, where Añ is the
concrete cross-sectional area and u is the perime-
ter of that part which is exposed to drying:

S – êëàñ S çã³äíî ç 3.1.2(6), S is Class S, according to 3.1.2 (6),

N – êëàñ N çã³äíî ç 3.1.2(6), N is Class N, according to 3.1.2 (6),

R – êëàñ R çã³äíî ç 3.1.2(6). R is Class R, according to 3.1.2 (6).

(6) Ïîâíà äåôîðìàö³ÿ óñàäêè ñêëàäàºòüñÿ ç
äâîõ êîìïîíåíò: äåôîðìàö³¿ óñàäêè ïðè âèñè-
õàíí³ òà äåôîðìàö³¿ âíóòð³øíüî¿ óñàäêè. Äå-
ôîðìàö³ÿ óñàäêè ïðè âèñèõàíí³ ðîçâèâàºòüñÿ
ïîâ³ëüí³øå, îñê³ëüêè âîíà çàëåæèòü â³ä ì³ãðàö³¿
âîäè ó áåòîí³, ùî òâåðä³º. Äåôîðìàö³ÿ âíóò-
ð³øíüî¿ óñàäêè ðîçâèâàºòüñÿ ó ïðîöåñ³ òâåð-
ä³ííÿ áåòîíó: îòæå á³ëüøà ÷àñòèíà ðîçâè-
âàºòüñÿ ó ïåðø³ äí³ ï³ñëÿ óêëàäêè. Âíóòð³øíÿ
óñàäêà ë³í³éíî çàëåæèòü â³ä ì³öíîñò³ áåòîíó.
Îêðåìî íåîáõ³äíî ðîçãëÿäàòè âèïàäîê, êîëè
íîâèé áåòîí óêëàäàºòüñÿ ïîâåðõ çàòâåðä³ëîãî
áåòîíó. Òàêèì ÷èíîì, çíà÷åííÿ çàãàëüíî¿ äå-

ôîðìàö³¿ óñàäêè 	ñs âèçíà÷àþòüñÿ, ÿê:

(6) The total shrinkage strain is composed of two
components, the drying shrinkage strain and the
autogenous shrinkage strain. The drying shrinka-
ge strain develops slowly, since it is a function of
the migration of the water through the hardened
concrete. The autogenous shrinkage strain deve-
lops during hardening of the concrete: the major
part therefore develops in the early days after
casting. Autogenous shrinkage is a linear function
of the concrete strength. It should be considered
specifically when new concrete is cast against
hardened concrete. Hence the values of the total

shrinkage strain 	ñs follow from

	 	 	cs cd ca� / , (3.8)

äå where

	ñs – çàãàëüíà äåôîðìàö³ÿ óñàäêè; 	ñs is the total shrinkage strain;

	ñd – äåôîðìàö³ÿ óñàäêè ïðè âèñèõàíí³; 	ñd is the drying shrinkage strain;

	ña – äåôîðìàö³ÿ âíóòð³øíüî¿ óñàäêè. 	ña is the autogenous shrinkage strain.

Ê³íöåâå çíà÷åííÿ äåôîðìàö³¿ óñàäêè ïðè âèñè-

õàíí³ 	ñd,� äîð³âíþº kn.	ñd,0. 	ñd,0 ³ ìîæå áóòè
ïðèéíÿòå çà òàáëèöåþ 3.2 (î÷³êóâàíå ñåðåäíº
çíà÷åííÿ ç êîåô³ö³ºíòîì âàð³àö³¿ áëèçüêî 30%).

The final value of the drying shrinkage strain 	ñd,�

is equal to kn.	ñd,0. 	ñd,0 may be taken from Tab-
le 3.2 (expected mean values, with a coefficient of
variation of about 30%).

Ïðèì³òêà. Ôîðìóëà äëÿ 	ñd,0 íàâåäåíà ó äîäàòêó Â. Note: The formula for 	ñd,0 is given in Annex B.
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Òàáëèöÿ 3.2 – Íîì³íàëüí³ çíà÷åííÿ íåîáìåæåíî¿ óñàäêè ïðè âèñèõàíí³ 	ñd,0, 0
00, äëÿ áåòîíó

íà öåìåíò³ ÑÅÌ êëàñó N

Table 3.2 – Nominal unrestrained drying shrinkage values 	ñd,0, 0
00, for concrete with cement

CEM Class N

fck/fck,cube (ÌÏà)
(ÌPà)

Â³äíîñíà âîëîã³ñòü, 0
00

Relative Humidity, 0
00

20 40 60 80 90 100

20/25 0,62 0,58 0,49 0,30 0,17 0,00

40/50 0,48 0,46 0,38 0,24 0,13 0,00

60/75 0,38 0,36 0,30 0,19 0,10 0,00

80/95 0,30 0,28 0,24 0,15 0,08 0,00

90/105 0,27 0,25 0,21 0,13 0,07 0,00

Ðîçâèòîê äåôîðìàö³¿ óñàäêè ïðè âèñèõàíí³ âè-
ïëèâàº ç:

The development of the drying shrinkage strain in
time follows from:

	 � 	cd ds s h cd ot t t k( ) ( , ) ,� . . (3.9)

äå where

kh – êîåô³ö³ºíò, ùî çàëåæèòü â³ä óìîâíîãî
ðîçì³ðó h0 çã³äíî ç òàáëèöåþ 3.3.

kh is a coefficient depending on the notional size
h0 according to Table 3.3

Òàáëèöÿ 3.3 – Çíà÷åííÿ kh çà âèðàçîì (3.9)

Table 3.3 – Values for kh in Expression (3.9)

h0 kn

100 1,0

200 0,85

300 0,75

�500 0,70

, -
, -

, -
�ds s

s

s

t t
t t

t t h

,
,

�
�

� /0 04 0
3

, (3.10)

äå where

t – â³ê áåòîíó â ìîìåíò ÷àñó, ùî ðîçãëÿäàºòüñÿ; t is the age of the concrete at the moment consi-
dered, in days;

ts – â³ê áåòîíó (ä³á) ïðè ïî÷àòêó óñàäêè âèñè-
õàííÿ (àáî íàáóõàííÿ). ßê ïðàâèëî, öå ÷àñ çà-
âåðøåííÿ äîãëÿäó;

ts is the age of the concrete (days) at the begin-
ning of drying shrinkage (or swelling). Normally
this is at the end of curing;

h0 – óìîâíèé ðîçì³ð, ìì, ïîïåðå÷íîãî ïåðåð³çó
= 2Añ /u,

h0 is the notional size (mm) of the cross-section
= 2Añ /u,

äå where

Añ – ïëîùà ïîïåðå÷íîãî ïåðåð³çó áåòîíó; Ac is the concrete cross-sectional area

u – ïåðèìåòð ò³º¿ ÷àñòèíè ïåðåð³çó, ÿêà ï³ääà-
ºòüñÿ âèñóøóâàííþ.

u is the perimeter of that part of the cross section
which is exposed to drying.

Äåôîðìàö³¿ âíóòð³øíüî¿ óñàäêè âèïëèâàþòü ç: The autogenous shrinkage strain follows from:

	 � 	ca as cat t( ) ( ) ( )� . � , (3.11)
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äå where

, -	ca ckf( ) ,� � � �2 5 10 10 6 , (3.12)

a and

, -�as t t( ) exp , ,� � �1 0 2 0 5 , (3.13)

äå t ó äîáàõ. where t is given in days.

3.1.5 Çàëåæí³ñòü "íàïðóæåííÿ-äåôîðìàö³¿"

äëÿ íåë³í³éíèõ ðîçðàõóíê³â êîíñòðóêö³é

3.1.5 Stress-strain relation for non-linear

structural analysis

(1) Çàëåæí³ñòü ì³æ �ñ ³ 	ñ ïîêàçàíà íà ðèñóí-
êó 3.2 (íàïðóæåííÿ ñòèñêó òà äåôîðìàö³ÿ ñêî-
ðî÷åííÿ ïîêàçàí³ ó àáñîëþòíèõ âåëè÷èíàõ)
äëÿ êîðîòêîòðèâàëîãî îñüîâîãî íàâàíòàæåí-
íÿ, ùî îïèñóºòüñÿ âèðàçîì:

(1) The relation between �c and 	c shown in Figu-
re 3.2 (compressive stress and shortening strain
shown as absolute values) for short term uniaxial
loading is described by the Expression:

� 4 4
4

c

cmf

k

k
�

�
/ �

2

1 2( )
, (3.14)

äå where

4 	 	� c c/ 1; 4 	 	� c c/ 1;

	ñ1 – äåôîðìàö³¿ ïðè ìàêñèìàëüíèõ íàïðóæåí-
íÿõ çã³äíî ç òàáëèöåþ 3.1;

	ñ1 is the strain at peak stress according to Tab-
le 3.1;

k = 1,05Ecm5|	ñ1| /fcm (fcm – çã³äíî ç òàáëèöåþ 3.1). k = 1,05Ecm5|	ñ1| /fcm (fcm – according to Table 3.1).

Âèðàç (3.14) ñïðàâåäëèâèé ïðè 0 < |	ñ| < |	ñu1|,

äå 	ñu1 – íîì³íàëüí³ ãðàíè÷í³ äåôîðìàö³¿.

Expression (3.14) is valid for 0 < |	ñ| < |	ñu1| where

	ñu1 is the nominal ultimate strain.

(2) Ìîæëèâå âèêîðèñòàííÿ ³íøî¿ çàëåæíîñò³
"íàïðóæåííÿ-äåôîðìàö³¿", ÿêùî âîíà íàëåæ-
íèì ÷èíîì ïðåäñòàâëÿº õàðàêòåð ðîáîòè áåòî-
íó, ÿêèé ðîçãëÿäàºòüñÿ.

(2) Other idealised stress-strain relations may be
applied, if they adequately represent the beha-
viour of the concrete considered.
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Ðèñóíîê 3.2 – Ñõåìàòè÷íå çîáðàæåííÿ çàëåæíîñò³ "íàïðóæåííÿ-äåôîðìàö³¿" äëÿ ðîçðàõóíê³â
êîíñòðóêö³é (âåëè÷èíà 0,4fcm äëÿ âèçíà÷åí- íÿ Ecm º íàáëèæåíîþ)

Figure 3.2 – Schematic representation of the stress-strain relation for structural analysis
(the use 0,4fcm for the definition of Ecm is approximate).
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3.1.6 Ðîçðàõóíêîâà ì³öí³ñòü íà ñòèñê ³ ðîç-

òÿã

3.1.6 Design compressive and tensile

strengths

(1)Ð Âåëè÷èíà ðîçðàõóíêîâîãî îïîðó íà ñòèñê
âèçíà÷àºòüñÿ, ÿê:

(1)P The value of the design compressive strength
is defined as

f fcd cc ck C� � �/ , (3.15)

äå where

�C – êîåô³ö³ºíò íàä³éíîñò³ äëÿ áåòîíó, äèâ.
2.4.2.4;

�C is the partial safety factor for concrete, see
2.4.2.4, and

�cc – êîåô³ö³ºíò, ùî âðàõîâóº âïëèâ íà ì³ö-
í³ñòü ïðè ñòèñêó òðèâàëîñò³ âïëèâ³â òà íåñïðè-
ÿòëèâèõ âïëèâ³â, ùî âèêëèêàí³ ñïîñîáîì ïðèê-
ëàäàííÿ íàâàíòàæåííÿ.

�cc is the coefficient taking account of long term
effects on the compressive strength and of unfa-
vourable effects resulting from the way the load is
applied.

Ïðèì³òêà. Âåëè÷èíà �cc, ùî çàñòîñîâóºòüñÿ ó êîí-
êðåòíèõ êðà¿íàõ, ïîâèííà âñòàíîâëþâàòèñü ó íàö³î-
íàëüíîìó äîäàòêó â ìåæàõ 0,8…1,0. Ðåêîìåíäîâà-
íèì º çíà÷åííÿ 1,0.

Note: The value of �cc for use in a Country should lie
between 0,8 and 1,0 and may be found in its National
Annex. The recommended value is 1,0.

(2)Ð Âåëè÷èíà ðîçðàõóíêîâîãî îïîðó íà ðîçòÿã
fctd âèçíà÷àºòüñÿ, ÿê:

(2)P The value of the design tensile strength fctd is
defined as

f fctd ct ctk C� � �, , /0 05 , (3.16)

äå where

�C – êîåô³ö³ºíò íàä³éíîñò³ äëÿ áåòîíó, äèâ.
2.4.2.4;

�C is the partial safety factor for concrete, see
2.4.2.4, and

�ct – êîåô³ö³ºíò, ùî âðàõîâóº âïëèâ íà ì³öí³ñòü
ïðè ðîçòÿãó òðèâàëîñò³ âïëèâ³â òà íåñïðèÿòëè-
âèõ âïëèâ³â, ùî âèêëèêàí³ ñïîñîáîì ïðèêëà-
äàííÿ íàâàíòàæåííÿ.

�ct is a coefficient taking account of long term
effects on the tensile strength and of unfavourable
effects, resulting from the way the load is applied.

Ïðèì³òêà. Âåëè÷èíà �ct, ùî çàñòîñîâóºòüñÿ ó êîíêðåò-
íèõ êðà¿íàõ, ïîâèííà âñòàíîâëþâàòèñü ó íàö³îíàëüíî-
ìó äîäàòêó. Ðåêîìåíäîâàíèì º çíà÷åííÿ 1,0.

Note: The value of �ct for use in a Country may be found
in its National Annex. The recommended value is 1,0.

3.1.7 Çàëåæí³ñòü "íàïðóæåííÿ-äåôîðìàö³¿"

äëÿ ðîçðàõóíêó ïîïåðå÷íèõ ïåðåð³ç³â

3.1.7 Stress-strain relations for the design of

cross-sections

(1) Äëÿ ðîçðàõóíêó ïîïåðå÷íèõ ïåðåð³ç³â ìîæå
âèêîðèñòîâóâàòèñü íàñòóïíà çàëåæí³ñòü "íà-
ïðóæåííÿ-äåôîðìàö³¿", äèâ. ðèñóíîê 3.3 (äå-
ôîðìàö³¿ ñòèñêó ïîêàçàí³ ïîçèòèâíèìè):

(1) For the design of cross-sections, the following
stress-strain relationship may be used, see Figu-
re 3.3 (compressive strain shown positive):

�
	

	ñ cd
c

c

n

f� � �
�

�
��

�

�
��

�

 

!
!

"

#

$
$

1 1
2

äëÿ (for) 0 2� �	 	c c , (3.17)

�c cdf� äëÿ (for) 	 	 	c c cu2 2� � , (3.18)

äå where

n – åêñïîíåíòà çã³äíî ç òàáëèöåþ 3.1; n is the exponent according to Table 3.1;

	c2 – äåôîðìàö³¿ ïðè äîñÿãíåíí³ ìàêñèìàëüíî-
ãî îïîðó çã³äíî ç òàáëèöåþ 3.1;

	c2 is the strain at reaching the maximum strength
according to Table 3.1;

	cu2 – ãðàíè÷í³ äåôîðìàö³¿ çã³äíî ç òàáëèöåþ 3.1. 	cu2 is the ultimate strain according to Table 3.1.
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(2) Ìîæëèâå çàñòîñóâàííÿ ³íøèõ ñïðîùåíèõ
ä³àãðàì çàëåæíîñò³ "íàïðóæåííÿ-äåôîðìàö³¿",
ÿêùî âîíè º åêâ³âàëåíòíèìè àáî á³ëüø êîíñåð-
âàòèâíèìè í³æ âèçíà÷åíà ó (1), íàïðèêëàä,
äâîë³í³éíà, ïîêàçàíà íà ðèñóíêó 3.4 (íàïðó-
æåííÿ ñòèñêó òà äåôîðìàö³ÿ ñêîðî÷åííÿ ïîêà-
çàí³ ó àáñîëþòíèõ âåëè÷èíàõ), ³ç âåëè÷èíàìè

	c3 òà 	cu3, çã³äíî ç òàáëèöåþ 3.1.

(2) Other simplified stress-strain relationships
may be used if equivalent to or more conservative
than the one defined in (1), for instance bi-linear
according to Figure 3.4 (compressive stress and
shortening strain shown as absolute values) with

values of 	c3 and 	cu3 according to Table 3.1.
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Ðèñóíîê 3.3 – Ïàðàáîë³÷íî-ïðÿìîêóòíà ä³àãðàìà äëÿ áåòîíó ïðè ñòèñêó

Figure 3.3 – Parabola-rectangle diagram for concrete under compression

Ðèñóíîê 3.4 – Äâîë³í³éíà çàëåæí³ñòü "íàïðóæåííÿ-äåôîðìàö³¿"

Figure 3.4 – Bi-linear stress-strain relation
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(3) Ìîæíà äîïóñêàòè ïðÿìîêóòíèé õàðàêòåð
ðîçïîä³ëó íàïðóæåíü (ÿê ïîêàçàíî íà ðèñóí-

êó 3.5). Êîåô³ö³ºíò �, ùî âèçíà÷àº ôàêòè÷íó

âèñîòó ñòèñíóòî¿ çîíè, ³ êîåô³ö³ºíò 4, ùî âèç-
íà÷àº ôàêòè÷íó ì³öí³ñòü, ïðèéìàþòüñÿ òàê:

(3) A rectangular stress distribution (as given in

Figure 3.5) may be assumed. The factor �, defi-
ning the effective height of the compression zone

and the factor 4, defining the effective strength,
follow from:

� � 0 8, ïðè (at) fck � 50 ÌÏà (MPa) , (3.19)

, -� � � �0 8 50 400, /fck ïðè (at) 50 903 �fck ÌÏà (MPa) (3.20)

³ and

4 �1 0, ïðè (at) fck � 50 ÌÏà (MPa) , (3.21)

, -4 � � �1 0 50 200, /fck ïðè (at) 50 903 �fck ÌÏà (MPa) . (3.22)

Ïðèì³òêà. ßêùî øèðèíà ñòèñíóòî¿ çîíè çìåíøóºòü-
ñÿ ó íàïðÿì³ íàéá³ëüø ñòèñíóòîãî âîëîêíà, òî çíà-

÷åííÿ 4fcd íåîáõ³äíî çìåíøóâàòè íà 10%.

Note: If the width of the compression zone decreases
in the direction of the extreme compression fibre, the

value 4fcd should be reduced by 10%.

3.1.8 Ì³öí³ñòü íà ðîçòÿã ïðè çãèí³ 3.1.8 Flexural tensile strength

(1) Ñåðåäíÿ ì³öí³ñòü íà ðîçòÿã ïðè çãèí³ çàë³çî-
áåòîííèõ åëåìåíò³â çàëåæèòü â³ä ñåðåäíüî¿
ì³öíîñò³ íà îñüîâèé ðîçòÿã ³ âèñîòè ïîïåðå÷íî-
ãî ïåðåð³çó. Ìîæíà âèêîðèñòîâóâàòè íàñòóïíó
çàëåæí³ñòü:

(1) The mean flexural tensile strength of reinfor-
ced concrete members depends on the mean
axial tensile strength and the depth of the cross-
section. The following relationship may be used:

, -6 7f h f fctm fl ctm ctm, max , / ;� �1 6 1000 , (3.23)

äå where

h – çàãàëüíà âèñîòà ïåðåð³çó åëåìåíòà, ìì; h is the total member depth in mm;

fctm – ñåðåäíÿ ì³öí³ñòü íà îñüîâèé ðîçòÿã çà
òàáëèöåþ 3.1.

fctm is the mean axial tensile strength following
from Table 3.1.

Â³äíîøåííÿ, íàâåäåíå ó (3.23), òàêîæ çàñòîñî-
âóºòüñÿ äëÿ âåëè÷èí õàðàêòåðècòè÷íîãî îïîðó
îñüîâîìó ðîçòÿãó.

The relation given in Expression (3.23) also ap-
plies for the characteristic tensile strength values.
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Ðèñóíîê 3.5 – Ïðÿìîêóòíèé õàðàêòåð ðîçïîä³ëó íàïðóæåíü

Figure 3.5 – Rectangular stress distribution
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3.1.9 Áåòîí ïðè òðèâ³ñíîìó ñòèñêó 3.1.9 Confined concrete

(1) Îáòèñíåííÿ áåòîíó âèêëèêàº äåÿêó çì³íó
ôàêòè÷íî¿ çàëåæíîñò³ "íàïðóæåííÿ-äåôîðìà-
ö³¿": äîñÿãàºòüñÿ âèùà ì³öí³ñòü ³ âèù³ êðèòè÷í³
äåôîðìàö³¿. ²íø³ îñíîâí³ õàðàêòåðèñòèêè ìà-
òåð³àëó ìîæóòü ïðèéìàòèñü äëÿ ðîçðàõóíêó
áåç çì³í.

(1) Confinement of concrete results in a modi-
fication of the effective stress-strain relationship:
higher strength and higher critical strains are
achieved. The other basic material characteristics
may be considered as unaffected for design.

(2) Çà â³äñóòíîñò³ á³ëüø òî÷íèõ äàíèõ ìîæå âè-
êîðèñòîâóâàòèñü çàëåæí³ñòü "íàïðóæåííÿ-äå-
ôîðìàö³¿", ïîêàçàíà íà ðèñóíêó 3.6 (äåôîðìà-
ö³¿ ñòèñêó ïîêàçàí³ ïîçèòèâíèìè), ïðè çá³ëü-
øåíí³ õàðàêòåðèñòè÷íî¿ ì³öíîñò³ òà äåôîðìà-
ö³é çã³äíî ç:

(2) In the absence of more precise data, the
stress-strain relation shown in Figure 3.6 (comp-
ressive strain shown positive) may be used, with
increased characteristic strength and strains
according to:

, -f f fck c ck ck, , , /� /1 000 5 0 2� äëÿ (for) � 2 0 05� , fck , (3.24)

, -f f fck c ck ck, , , /� /1 125 2 50 2� äëÿ (for) � 2 0 05� , fck , (3.25)

, -	 	c c c ck c ckf f2 2
2

� , / , (3.26)

	 	 �cu c cu ckf2 2 20 2� / , / , (3.27)

äå where

, -� �2 3� – ôàêòè÷í³ ïîïåðå÷í³ íàïðóæåííÿ
ñòèñêó â çàãàëüíèõ êîîðäèíàòàõ, âèêëèêàí³ îá-

òèñíåííÿì, à 	ñ2 ³ 	ñu2 – çã³äíî ç òàáëèöåþ 3.1.
Îáòèñíåííÿ ìîæíà ñòâîðèòè â³äïîâ³äíèìè çà-
ìêíóòèìè àáî ïåðåõðåñíèìè â'ÿçÿìè, ÿê³ äîñÿ-
ãàþòü ïëàñòè÷íîãî ñòàíó âíàñë³äîê ïîïåðå÷-
íîãî ðîçøèðåííÿ áåòîíó.

, -� �2 3� is the effective lateral compressive

stress at the ULS due to confinement and 	c2 and

	cu2 follow from Table 3.1. Confinement can be
generated by adequately closed links or cross-
ties, which reach the plastic condition due to late-
ral extension of the concrete.
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Ðèñóíîê 3.6 – Çàëåæí³ñòü "íàïðóæåííÿ-äåôîðìàö³¿" äëÿ îáòèñíåíîãî áåòîíó

Figure 3.6 – Stress-strain relationship for confined concrete
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3.2 Àðìàòóðíà ñòàëü 3.2 Reinforcing steel

3.2.1 Çàãàëüí³ ïîëîæåííÿ 3.2.1 General

(1)Ð Íèæ÷å íàâåäåí³ îñíîâí³ ïîëîæåííÿ ³ ïðà-
âèëà äëÿ àðìàòóðè ó ôîðì³ ñòðèæí³â, ïðóòê³â
ãëàäêîãî êðóãëîãî ïðîêàòó, çâàðíèõ ñ³òîê òà
ðåø³ò÷àñòèõ êîíñòðóêö³é. Íå ðîçïîâñþäæóþòü-
ñÿ íà ñòðèæí³ ³ç ñïåö³àëüíèì ïîêðèòòÿì.

(1)P The following clauses give principles and
rules for reinforcement which is in the form of
bars, de-coiled rods, welded fabric and lattice
girders. They do not apply to specially coated
bars.

(2)Ð Âèìîãè äî õàðàêòåðèñòèê àðìàòóðè çàñòî-
ñîâóþòüñÿ ÿê äî ìàòåð³àëó, ïîì³ùåíîãî ó áå-
òîí, ùî òóæàâ³º. ßêùî ðîáî÷³ ïðîöåñè íà
ìàéäàí÷èêó ìîæóòü âïëèíóòè íà ïåâí³ õàðàê-
òåðèñòèêè àðìàòóðè, òî ö³ õàðàêòåðèñòèêè íå-
îáõ³äíî ïåðåâ³ðèòè ï³ñëÿ òàêèõ ïðîöåñ³â.

(2)P The requirements for the properties of the
reinforcement are for the material as placed in the
hardened concrete. If site operations can affect
the properties of the reinforcement, then those
properties shall be verified after such operations.

(3)Ð ßêùî âèêîðèñòîâóþòüñÿ ³íø³ àðìàòóðí³
ñòàë³, íå ó â³äïîâ³äíîñò³ ç EN 10080, òî õàðàê-
òåðèñòèêè ïîâèíí³ ïåðåâ³ðÿòèñü íà â³äïîâ³ä-
í³ñòü çã³äíî ç 3.2.2…3.2.6 ³ äîäàòêîì Ñ.

(3)P Where other steels are used, which are not in
accordance with EN10080, the properties shall be
verified to be in accordance with 3.2.2 to 3.2.6 and
Annex C.

(4)Ð Ïîòð³áí³ õàðàêòåðèñòèêè àðìàòóðíèõ ñòà-
ëåé ïîâèíí³ ïåðåâ³ðÿòèñü âèïðîáóâàííÿìè
çã³äíî ç ìåòîäèêîþ EN 10080.

(4)P The required properties of reinforcing steels
shall be verified using the testing procedures in
accordance with EN 10080.

Ïðèì³òêà. EN 10080 ðîçãëÿäàº îï³ð íà ãðàíèö³ òåêó-
÷îñò³ Re, ÿêèé ïîâ'ÿçàíèé ç ìàêñèìàëüíèì ³ ì³í³-
ìàëüíèì õàðàêòåðèñòè÷íèìè çíà÷åííÿìè, ùî áàçó-
þòüñÿ íà äîâãîòðèâàë³é ïåðåâ³ðö³ ð³âíÿ ÿêîñò³ âè-
ðîáíèöòâà. Õàðàêòåðèñòè÷í³ íàïðóæåííÿ òåêó÷îñò³
fyk áàçóþòüñÿ ò³ëüêè íà äàíèõ àðìàòóðè, ÿêà âèêî-
ðèñòîâóºòüñÿ ó êîíêðåòí³é êîíñòðóêö³¿. Íåìàº ïðÿ-
ìî¿ çàëåæíîñò³ ì³æ fyk ³ õàðàêòåðèñòè÷íèì Re. Îäíàê,
ìåòîäè âèçíà÷åííÿ ³ ïåðåâ³ðêè îïîðó íà ãðàíèö³ òå-
êó÷îñò³, íàâåäåí³ ó EN 10080, çàáåçïå÷óþòü íàëåæ-
íèé êîíòðîëü äëÿ îäåðæàííÿ fyk.

Note: EN 10080 refers to a yield strength Re, which
relates to the characteristic, minimum and maximum
values based on the long-term quality level of
production. In contrast fyk is the characteristic yield
stress based on only that reinforcement used in a
particular structure. There is no direct relationship
between fyk and the characteristic Re. However the
methods of evaluation and verification of yield strength
given in EN 10080 provide a sufficient check for
obtaining fyk.

(5) Ïðàâèëà âèêîðèñòàííÿ, ïîâ'ÿçàí³ ç ðåø³ò-
÷àñòèìè êîíñòðóêö³ÿìè (EN 10080 äëÿ âèçíà-
÷åííÿ), çàñòîñîâóþòüñÿ ò³ëüêè äëÿ ðåø³òîê,
âèãîòîâëåíèõ ³ç ñòðèæí³â ïåð³îäè÷íîãî ïðîô³-
ëþ. Ðåø³ò÷àñò³ êîíñòðóêö³¿, âèãîòîâëåí³ ç ³íøèõ
òèï³â àðìàòóðè, ìîæóòü íàâîäèòèñü ó â³äïî-
â³äíèõ ºâðîïåéñüêèõ óõâàëåííÿõ.

(5) The application rules relating to lattice girders
(see EN 10080 for definition) apply only to those
made with ribbed bars. Lattice girders made with
other types of reinforcement may be given in an
appropriate European Technical Approval.

3.2.2 Õàðàêòåðèñòèêè 3.2.2 Properties

(1)P Õàðàêòåð ðîáîòè àðìàòóðíî¿ ñòàë³ âèçíà-
÷àºòüñÿ íàñòóïíèìè õàðàêòåðèñòèêàìè:

(1)P The behaviour of reinforcing steel is speci-
fied by the following properties:

– ì³öí³ñòü íà ãðàíèö³ òåêó÷îñò³ fyk àáî f0,2k; – yield strength (fyk or f0,2k);
– ìàêñèìàëüíà ôàêòè÷íà ì³öí³ñòü íà ãðàíèö³

òåêó÷îñò³ fy,max;
– maximum actual yield strength fy,max;

– ì³öí³ñòü íà ðîçòÿã ft; – tensile strength ft;

– ïëàñòè÷í³ñòü 	uk i ft /fyk; – ductility 	uk and ft /fyk;
– ãíó÷ê³ñòü; – bendability;
– âëàñòèâîñò³ ç÷åïëåííÿ (fR ó äîäàòêó Ñ); – bond characteristics (fR See Annex Ñ);
– ðîçì³ðè ïåðåð³çó ³ äîïóñêè; – section sizes and tolerances;
– ì³öí³ñòü íà âòîìó; – fatigue strength;
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– çâàðþâàí³ñòü; – weldability;
– ì³öí³ñòü íà çñóâ òà ì³öí³ñòü çâàðþâàííÿ äëÿ

çâàðíèõ ñ³òîê ³ ðåø³ò÷àñòèõ êîíñòðóêö³é.
– shear and weld strength for welded fabric and

lattice girders.

(2)Ð Öåé ªâðîêîä çàñòîñîâóºòüñÿ äëÿ àðìàòó-
ðè ïåð³îäè÷íîãî ïðîô³ëþ òà çâàðþâàíî¿,
âêëþ÷íî ç ñ³òêàìè. Äîçâîëåí³ ìåòîäè çâàðþ-
âàííÿ íàâåäåí³ ó òàáëèö³ 3.4

(2)P This Eurocode applies to ribbed and weldab-
le reinforcement, including fabric. The permitted
welding methods are given in Table 3.4.

Ïðèì³òêà 1. Õàðàêòåðèñòèêè àðìàòóðè, íåîáõ³äí³
äëÿ çàñòîñóâàííÿ ç öèì ªâðîêîäîì, íàâåäåíî ó äî-
äàòêó Ñ.

Note 1: The properties of reinforcement required for
use with this Eurocode are given in Annex C.

Ïðèì³òêà 2. Õàðàêòåðèñòèêè ³ ïðàâèëà âèêîðèñòàí-
íÿ ñòðèæí³â ïåð³îäè÷íîãî ïðîô³ëþ ó çá³ðíèõ çàë³çî-
áåòîííèõ âèðîáàõ ìîæíà çíàéòè ó â³äïîâ³äíèõ
ñòàíäàðòàõ íà âèðîáè.

Note 2: The properties and rules for the use of
indented bars with precast concrete products may be
found in the relevant product standard.

(3)Ð Ïðàâèëà çàñòîñóâàííÿ ïðè ðîçðàõóíêó ³
êîíñòðóþâàíí³ ó öüîìó ªâðîêîä³ ñïðàâåäëèâ³
äëÿ âèçíà÷åíîãî ä³àïàçîíó ì³öíîñò³ íà ãðàíèö³
òåêó÷îñò³ fyk = 400…600 ÌÏà.

(3)P The application rules for design and detailing
in this Eurocode are valid for a specified yield
strength range, fyk = 400 to 600 MPa.

Ïðèì³òêà Âåðõíÿ ìåæà fyk ó öüîìó ä³àïàçîí³ äëÿ âè-
êîðèñòàííÿ ó êîíêðåòí³é êðà¿í³ ìîæå âèçíà÷àòèñü
íàö³îíàëüíèì äîäàòêîì.

Note: The upper limit of fyk within this range for use
within a Country may be found in its National Annex.

(4)Ð Õàðàêòåðèñòèêè ïîâåðõí³ ñòðèæí³â ïåð³î-
äè÷íîãî ïðîô³ëþ ïîâèíí³ áóòè òàêèìè, ùîá çà-
áåçïå÷èòè íåîáõ³äíå ç÷åïëåííÿ ç áåòîíîì.

(4)P The surface characteristics of ribbed bars
shall be such to ensure adequate bond with the
concrete.

(5) Íåîáõ³äíå ç÷åïëåííÿ ìîæå çàáåçïå÷óâà-
òèñü ÷åðåç äîòðèìàííÿ íåîáõ³äíî¿ ïëîù³ ïðî-
åêö³¿ ïðîô³ëþ fR.

(5) Adequate bond may be assumed by complian-
ce with the specification of projected rib area, fR.

Ïðèì³òêà. Ì³í³ìàëüí³ çíà÷åííÿ â³äíîñíî¿ ïëîù³
ïðîô³ëþ fR íàâåäåíî ó äîäàòêó Ñ.

Note: Minimum values of the relative rib area, fR, are
given in the Annex C.

(6)Ð Àðìàòóðà ïîâèííà ìàòè íåîáõ³äíó ãíó÷-
ê³ñòü, ùîá äîòðèìóâàòèñÿ ì³í³ìàëüíèõ ä³àìåò-
ð³â îòâîð³â, âèçíà÷åíèõ ó òàáëèö³ 8.1, ³ çä³éñ-
íþâàòè âèïðÿìëåííÿ.

(6)P The reinforcement shall have adequate ben-
dability to allow the use of the minimum mandrel
diameters specified in Table 8.1 and to allow
rebending to be carried out.

Ïðèì³òêà. Âèìîãè ñòîñîâíî ãíóòòÿ òà âèïðÿìëåííÿ
íàâåäåí³ ó äîäàòêó Ñ.

Note: For bend and rebend requirements see
Annex C.

3.2.3 Ì³öí³ñòü 3.2.3 Strength

(1)Ð Ì³öí³ñòü íà ãðàíèö³ òåêó÷îñò³ fyk (àáî 0,2%
óìîâíà ãðàíèöÿ òåêó÷îñò³ f0,2k) ³ ì³öí³ñòü íà
ðîçòÿã ftk âèçíà÷àþòüñÿ â³äïîâ³äíî ÿê õàðàêòå-
ðèñòè÷íå çíà÷åííÿ íàâàíòàæåííÿ òåêó÷îñò³ ³ ÿê
õàðàêòåðèñòè÷íå ìàêñèìàëüíå íàâàíòàæåííÿ
ïðè áåçïîñåðåäíüîìó îñüîâîìó ðîçòÿãó, êîæíå
ðîçä³ëåíî íà íîì³íàëüíó ïëîùó ïîïåðå÷íîãî
ïåðåð³çó.

(1)P The yield strength fyk (or the 0,2% proof
stress, f0,2k) and the tensile strength ftk are
defined respectively as the characteristic value of
the yield load, and the characteristic maximum
load in direct axial tension, each divided by the
nominal cross sectional area.
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3.2.4 Õàðàêòåðèñòèêè ïëàñòè÷íîñò³ 3.2.4 Ductility characteristics

(1)Ð Àðìàòóðà ïîâèííà ìàòè íåîáõ³äíó ïëàñ-
òè÷í³ñòü, â³äïîâ³äíî â³äíîøåííÿ ì³öíîñò³ íà
ðîçòÿã äî íàïðóæåíü òåêó÷îñò³ (ft /fy)k òà âèäîâ-

æåííÿ ïðè ìàêñèìàëüíîìó çóñèëë³ 	uk.

(1)P The reinforcement shall have adequate
ductility as defined by the ratio of tensile strength
to the yield stress, (ft /fy)k and the elongation at

maximum force, 	uk.

(2) Íà ðèñóíêó 3.7 ïîêàçàíî ä³àãðàìó "íàïðó-
æåííÿ-äåôîðìàö³¿" äëÿ çâè÷àéíî¿ ãàðÿ÷åêàòà-
íî¿ òà õîëîäíîòÿãíóòî¿ ñòàë³.

(2) Figure 3.7 shows stress-strain curves for
typical hot rolled and cold worked steel.

Ïðèì³òêà. Çíà÷åííÿ (ft /fy)k ³ 	uk äëÿ êëàñ³â À, Â ³ Ñ íà-
âåäåíî ó äîäàòêó Ñ.

Note: Values of (ft /fy)k and 	uk for Class A, B and C are
given in Annex C.

3.2.5 Çâàðþâàííÿ 3.2.5 Welding

(1)Ð Ïðîöåñè çâàðþâàííÿ àðìàòóðíèõ ñòðèæ-
í³â ïîâèíí³ â³äïîâ³äàòè âèìîãàì òàáëèö³ 3.4, à
çâàðþâàí³ñòü â³äïîâ³äàòè EN 10080.

(1)P Welding processes for reinforcing bars shall
be in accordance with Table 3.4 and the welda-
bility shall be in accordance with EN10080.

(2)Ð Âñ³ âèäè çâàðþâàííÿ àðìàòóðíèõ ñòðèæí³â
ïîâèíí³ âèêîíóâàòèñü çã³äíî ç EN ISO 17760.

(2)P All welding of reinforcing bars shall be car-
ried out in accordance with EN ISO 17760.

(3)Ð Ì³öí³ñòü çâàðíèõ ç'ºäíàíü âäîâæ äîâæèíè
çààíêåðóâàííÿ çâàðíèõ ñ³òîê ïîâèííà áóòè äîñ-
òàòíüîþ äëÿ ñïðèéíÿòòÿ ðîçðàõóíêîâèõ çóñèëü.

(3)P The strength of the welded joints along the
anchorage length of welded fabric shall be suffi-
cient to resist the design forces.

(4) Ì³öí³ñòü çâàðíèõ ç'ºäíàíü çâàðíèõ ñ³òîê ìî-
æå ââàæàòèñü äîñòàòíüîþ, ÿêùî êîæíå çâàðíå
ç'ºäíàííÿ ìîæå ñïðèéìàòè ïîïåðå÷í³ çóñèëëÿ
íå ìåíøå 25% ñèëè, åêâ³âàëåíòíî¿ ôàêòè÷íèì
õàðàêòåðèñòè÷íèì íàïðóæåííÿì òåêó÷îñò³ â³ä
íîì³íàëüíî¿ ïëîù³ ïåðåð³çó. Öÿ ñèëà ïîâèííà
ä³ÿòè íà ïëîù³ òîíøîãî äðîòó ó ðàç³ ð³çíèõ
ä³àìåòð³â.

(4) The strength of the welded joints of welded
fabric may be assumed to be adequate if each
welded joint can withstand a shearing force not
less than 25% of a force equivalent to the spe-
cified characteristic yield stress times the nominal
cross sectional area. This force should be based
on the area of the thicker wire if the two are
different.
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a – ãàðÿ÷åêàòàíà ñòàëü
à – hot rolled steel

b – õîëîäíîòÿãíóòà ñòàëü
b – cold worked steel

Ðèñóíîê 3.7 – Ä³àãðàìà "íàïðóæåííÿ-äåôîðìàö³¿" äëÿ çâè÷àéíî¿ àðìàòóðíî¿ ñòàë³
(àáñîëþòí³ âåëè÷èíè ïîêàçàíî äëÿ íàïðóæåíü ³ äåôîðìàö³é ðîçòÿãó)

Figure 3.7 – Stress-strain diagrams of typical reinforcing steel
(absolute values are shown for tensile stress and strain)
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Òàáëèöÿ 3.4 – Äîïóñòèì³ âèäè çâàðþâàííÿ ³ ïðèêëàäè çàñòîñóâàííÿ

Table 3.4 – Permitted welding processes and examples of application

Âèä íàâàíòàæåííÿ
Loading case

Ìåòîä çâàðþâàííÿ
Welding method

Ñòðèæí³ ïðè ðîçòÿãó1

Bars in tension1
Ñòðèæí³ ïðè ñòèñêó2

Bars in compression2

Ïåðåâàæíî ñòàòè÷íå
(äèâ. 6.8.1(2))

Predominantly static
(see 6.8.1 (2))

Ñòèêîâå íàïëàâëåííÿì
flash-welding

ç'ºäíàííÿ â ñòèê
butt joint

ðó÷íå äóãîâå ìåòàëå-
âèì åëåêòðîäîì ³ ðó÷íå
äóãîâå åëåêòðîäîì ç
ïîêðèòòÿì
manual metal arc welding
and metal arc welding
with filling electrode

ç'ºäíàííÿ â ñòèê ïðè � � 20 ìì, íàêëàäêàìè,
âíàïóñê, õðåñòîïîä³áíå ç'ºäíàííÿ3, ç'ºäíàííÿ
ç ³íøèìè ñòàëåâèìè åëåìåíòàìè
butt joint with �8� 20 mm, splice, lap, cruciform
joints3, joint with other steel members

ðó÷íå äóãîâå åëåêòðî-
äîì2

metal arc active welding2

íàêëàäêàìè, âíàïóñê, õðåñòîïîä³áíå ç'ºäíàí-
íÿ3, ç'ºäíàííÿ ç ³íøèìè ñòàëåâèìè åëåìåí-
òàìè

splice, lap, cruciform3 joints & joint with other
steel members

–
ç'ºäíàííÿ â ñòèê ïðè
� � 20ìì
butt joint with � � 20 mm

òåðòÿì
friction welding

ç'ºäíàííÿ â ñòèê, ç'ºäíàííÿ ç ³íøèìè ñòàëÿìè
butt joint, joint with other steels

êîíòàêòíå òî÷êîâå
resistance spot welding

ç'ºäíàííÿ âíàïóñê4, õðåñòîïîä³áíå ç'ºäíàííÿ2,4

lap joint4, cruciform joint2, 4

Ïåðåâàæíî íå ñòàòè÷íå
(äèâ. 6.8.1(2))

Not predominantly
static (see 6.8.1 (2))

ñòèêîâå íàïëàâëåííÿì
flash-welding

ç'ºäíàííÿ â ñòèê
butt joint

ðó÷íå äóãîâå ìåòàëå-
âèì åëåêòðîäîì
manual metal arc
welding

–

ç'ºäíàííÿ â ñòèê ïðè
� � 14ìì
butt joint with � � 14 mm

ðó÷íå äóãîâå åëåêòðî-
äîì ç ïîêðèòòÿì
metal arc active welding2

–
ç'ºäíàííÿ â ñòèê ïðè
� � 14ìì
butt joint with � � 14 mm

êîíòàêòíå òî÷êîâå
resistance spot welding

ç'ºäíàííÿ âíàïóñê4, õðåñòîïîä³áíå ç'ºäíàííÿ2,4

lap joint4, cruciform joint2,4

Ïðèì³òêà 1. Ìîæóòü çâàðþâàòèñü ò³ëüêè ñòðèæí³
ç ïðèáëèçíî ð³âíèìè ä³àìåòðàìè.

Ïðèì³òêà 2. Äîïóñòèìå ñï³ââ³äíîøåííÿ ð³çíèõ
ä³àìåòð³â ñòðèæí³â � 0,57.

Ïðèì³òêà 3. Äëÿ íåñó÷èõ ç'ºäíàíü � � 16 ìì.

Ïðèì³òêà 4. Äëÿ íåñó÷èõ ç'ºäíàíü � � 28 ìì.

Note 1: Only bars with approximately the same
nominal diameter may be welded together.

Note 2: Permitted ratio of mixed diameter bars � 0,57.

Note 3: For bearing joints � � 16 mm.

Note 4: For bearing joints � � 28 mm.
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3.2.6 Âòîìà 3.2.6 Fatigue

(1)Ð Ó ðàç³ íåîáõ³äíîñò³, ïåðåâ³ðêà ì³öíîñò³ íà
âòîìó çä³éñíþºòüñÿ çã³äíî ç EN 10080.

(1)P Where fatigue strength is required it shall be
verified in accordance with EN 10080.

Ïðèì³òêà. ²íôîðìàö³ÿ íàäàºòüñÿ ó äîäàòêó Ñ. Note: Information is given in Annex C.

3.2.7 Ðîçðàõóíêîâ³ ïåðåäóìîâè 3.2.7 Design assumptions

(1) Ðîçðàõóíîê ïîâèíåí áàçóâàòèñü íà íîì³íà-
ëüí³é ïëîù³ ïåðåð³çó àðìàòóðè, à ðîçðàõóíêîâ³
çíà÷åííÿ âèçíà÷àþòüñÿ ç õàðàêòåðèñòè÷íèõ,
íàâåäåíèõ ó 3.2.2.

(1) Design should be based on the nominal
cross-section area of the reinforcement and the
design values derived from the characteristic
values given in 3.2.2.

(2) Äëÿ çâè÷àéíîãî ðîçðàõóíêó ìîæíà ïðèéíÿ-
òè îäíó ç íàñòóïíèõ ïåðåäóìîâ (ðèñóíîê 3.8):

(2) For normal design, either of the following
assumptions may be made (see Figure 3.8):

à) ïîõèëó âåðõíþ ã³ëêó ç ãðàíè÷íîþ äåôîð-

ìàö³ºþ 	ud ³ ìàêñèìàëüíèìè íàïðóæåííÿìè

kfyk/�s ïðè 	uk, äå k = (ft / fy)k;

à) an inclined top branch with a strain limit of 	ud

and a maximum stress of kfyk/�s at 	uk where
k = (ft / fy)k;

b) ãîðèçîíòàëüíó âåðõíþ ã³ëêó áåç íåîáõ³äíîñò³
ïåðåâ³ðêè ãðàíè÷íî¿ äåôîðìàö³¿.

b) a horizontal top branch without the need to
check the strain limit.

Ïðèì³òêà 1. Âåëè÷èíà 	ud äëÿ êîíêðåòíî¿ êðà¿íè
ìîæå âñòàíîâëþâàòèñü íàö³îíàëüíèì äîäàòêîì.

Ðåêîìåíäîâàíèì º çíà÷åííÿ 0,9	uk.

Note 1: The value of 	ud for use in a Country may be
found in its National Annex. The recommended value is

0,9	uk.

Ïðèì³òêà 2. Âåëè÷èíà (ft / fy)k íàâåäåíà ó äîäàòêó Ñ. Note 2: The value of (ft / fy)k is given in Annex C.

(3) Ñåðåäíº çíà÷åííÿ ãóñòèíè ìîæíà ïðèéíÿòè
7850 êã/ì3.

(3) The mean value of density may be assumed to
be 7850 kg/m3.

(4) Ðîçðàõóíêîâå çíà÷åííÿ ìîäóëÿ ïðóæíîñò³
Es ìîæíà ïðèéíÿòè 200 ÃÏà.

(4) The design value of the modulus of elasticity,
Es may be assumed to be 200 GPa.
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Ðèñóíîê 3.8 – ²äåàë³çîâàíà ³ ðîçðàõóíêîâà ä³àãðàìè "íàïðóæåííÿ-äåôîðìàö³¿"
äëÿ àðìàòóðíî¿ ñòàë³ (ïðè ðîçòÿãó ³ ñòèñêó)
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3.3 Ïîïåðåäíüî íàïðóæåíà àðìàòóðà 3.3 Prestressing steel

3.3.1 Çàãàëüí³ ïîëîæåííÿ 3.3.1 General

(1)Ð Öå ïîëîæåííÿ çàñòîñîâóºòüñÿ äëÿ äðîò³â,
ñòðèæí³â òà êàíàò³â, ÿê³ âèêîðèñòîâóþòüñÿ ó
ÿêîñò³ ïîïåðåäíüî íàïðóæåíèõ ïó÷ê³â ó çàë³çî-
áåòîííèõ êîíñòðóêö³ÿõ.

(1)P This clause applies to wires, bars and
strands used as prestressing tendons in concrete
structures.

(2)Ð Ïîïåðåäíüî íàïðóæåíà àðìàòóðà ïîâèí-
íà ìàòè ïðèéíÿòíî íèçüêèé ð³âåíü ÷óòëèâîñò³
äî êîðîç³¿ ó ñòàí³ íàïðóæåííÿ.

(2)P Prestressing tendons shall have an accep-
tably low level of susceptibility to stress corrosion.

(3) Ìîæíà ââàæàòè, ùî ð³âåíü ÷óòëèâîñò³ äî êî-
ðîç³¿ ó ñòàí³ íàïðóæåííÿ ïðèéíÿòíî íèçüêèé,
ÿêùî íàïðóæåíà àðìàòóðà â³äïîâ³äàº êðèòå-
ð³ÿì, âèçíà÷åíèì ó EN 10138, àáî íàäàíèì ó â³ä-
ïîâ³äíîìó ªâðîïåéñüêîìó òåõí³÷íîìó óõâàëåíí³.

(3) The level of susceptibility to stress corrosion
may be assumed to be acceptably low if the
prestressing tendons comply with the criteria
specified in EN 10138 or given in an appropriate
European Technical Approval.

(4) Âèìîãè äî õàðàêòåðèñòèê íàïðóæåíî¿ àðìà-
òóðè òàê³, ÿê ³ äî ìàòåð³àë³â, ê³íöåâèì ñòàíîì
ÿêèõ º âñòàíîâëåííÿ ó êîíñòðóêö³þ. ßêùî ñïî-
ñîáè âèðîáíèöòâà, âèïðîáóâàíü ³ ïåðåâ³ðêè
â³äïîâ³äíîñò³ íàïðóæåíî¿ àðìàòóðè çä³éñíþ-
þòüñÿ çã³äíî ç EN 10138 àáî ç íàâåäåíèìè ó
â³äïîâ³äíèõ ªâðîïåéñüêèõ òåõí³÷íèõ óõâàëåí-
íÿõ, òî ìîæíà ââàæàòè, ùî âèìîãè äàíîãî ªâ-
ðîêîäó çàäîâîëüíÿþòüñÿ.

(4) The requirements for the properties of the
prestressing tendons are for the materials as pla-
ced in their final position in the structure. Where
the methods of production, testing and attestation
of conformity for prestressing tendons are in ac-
cordance with EN 10138 or given in an appro-
priate European Technical Approval it may be
assumed that the requirements of this Eurocode
are met.

(5)Ð Äëÿ àðìàòóðíèõ ñòàëåé, ùî â³äïîâ³äàþòü
öüîìó ªâðîêîäó, ì³öí³ñòü íà ðîçòÿã 0,1% óìîâ-
íî¿ ãðàíèö³ òåêó÷îñò³ ³ âèäîâæåííÿ ïðè ìàêñè-
ìàëüíîìó íàâàíòàæåíí³ âèçíà÷àþòüñÿ õàðàê-
òåðèñòè÷íèìè âåëè÷èíàìè; ö³ âåëè÷èíè ïîçíà-

÷àþòüñÿ â³äïîâ³äíî fpk, fp0,1k ³ 	uk.

(5)P For steels complying with this Eurocode, ten-
sile strength, 0,1% proof stress, and elongation at
maximum load are specified in terms of charac-
teristic values; these values are designated res-

pectively fpk, fp0,1k and 	uk.

Ïðèì³òêà. EN 10138 ´ðóíòóºòüñÿ íà õàðàêòåðèñòè÷-
íèõ, ì³í³ìàëüíèõ ³ ìàêñèìàëüíèõ çíà÷åííÿõ, ÿê³ áà-
çóþòüñÿ íà äîâãîòðèâàë³é ïåðåâ³ðö³ ð³âíÿ ÿêîñò³
âèðîáíèöòâà. Õàðàêòåðèñòè÷í³ íàïðóæåííÿ òåêó-
÷îñò³ òà ì³öí³ñòü íà ðîçòÿã fp0,1k ³ fðk íàâïàêè, áàçó-
þòüñÿ ò³ëüêè íà äàíèõ íàïðóæåíî¿ àðìàòóðè, ÿêà
íåîáõ³äíà ó êîíêðåòí³é êîíñòðóêö³¿. Íåìàº ïðÿìî¿
çàëåæíîñò³ ì³æ äâîìà ñóêóïíîñòÿìè âåëè÷èí. Îä-
íàê, õàðàêòåðèñòè÷í³ çíà÷åííÿ 0,1% óìîâíîãî çó-
ñèëëÿ òåêó÷îñò³ Fp0,1k, ðîçä³ëåíîãî íà ïëîùó
ïîïåðå÷íîãî ïåðåð³çó Sn, íàâåäåí³ ó EN 10138, ó
ïîºä- íàíí³ ç ìåòîäàìè âèçíà÷åííÿ ³ ïåðåâ³ðêè çà-
áåçïå÷óþòü íàëåæíèé êîíòðîëü ïðè îòðèìàíí³ çíà-
÷åííÿ fp0,1k.

Note: EN 10138 refers to the characteristic, minimum
and maximum values based on the long-term quality
level of production. In contrast fp0,1k and fðk are the
characteristic proof stress and tensile strength based
on only that prestressing steel required for the struc-
ture. There is no direct relationship between the two
sets of values. However the characteristic values for
0,1% proof force, Fp0,1k divided by the cross-section
area, Sn given in EN 10138 together with the methods
for evaluation and verification provide a sufficient
check for obtaining the value of fp0,1k.

(6) ßêùî âèêîðèñòîâóþòüñÿ àðìàòóðí³ ñòàë³,
ùî íå âèçíà÷åí³ çã³äíî ç EN 10138, õàðàêòåðèñ-
òèêè ìîæóòü íàäàâàòèñü ó â³äïîâ³äíîìó ªâðî-
ïåéñüêîìó òåõí³÷íîìó óõâàëåíí³.

(6) Where other steels are used, which are not in
accordance with EN 10138, the properties may be
given in an appropriate European Technical
Approval.

(7)Ð Êîæíèé âèð³á ïîâèíåí áóòè ÷³òêî ³äåíòè-
ô³êîâàíèì â³äïîâ³äíî äî ñèñòåìè êëàñèô³êàö³¿
ó 3.3.2 (2)Ð.

(7)P Each product shall be clearly identifiable with
respect to the classification system in 3.3.2 (2)P.
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(8)Ð Íàïðóæåíà àðìàòóðà ïîâèííà êëàñèô³êó-
âàòèñü çà ð³âíåì ðåëàêñàö³¿ çã³äíî ç 3.2.2 (4)Ð
àáî íàâåäåíèì ó â³äïîâ³äíîìó ªâðîïåéñüêîìó
òåõí³÷íîìó óõâàëåíí³.

(8)P The prestressing tendons shall be classified
for relaxation purposes according to 3.3.2 (4)P or
given in an appropriate European Technical Ap-
proval.

(9)Ð Êîæíà ïîñòàâêà ïîâèííà ñóïðîâîäæóâà-
òèñü ñåðòèô³êàòîì, ùî ì³ñòèòü âñ³ äàí³, íåîá-
õ³äí³ äëÿ ³äåíòèô³êàö³¿ çã³äíî ç (³)…(³v) ó 3.3.2
(2)Ð òà äîäàòêîâó ³íôîðìàö³þ ó ðàç³ íåîáõ³ä-
íîñò³.

(9)P Each consignment shall be accompanied by
a certificate containing all the information neces-
sary for its identification with regard to (i) – (iv) in
3.3.2 (2)P and additional information where ne-
cessary.

(10)Ð Íå äîïóñêàºòüñÿ çâàðþâàííÿ äðîò³â ³
ñòðèæí³â. Îêðåì³ äðîòè êàíàò³â ìîæóòü âêëþ-
÷àòè çâàðþâàííÿ ó øàõîâîìó ïîðÿäêó, âèêîíà-
íå äî õîëîäíîãî âîëî÷³ííÿ.

(10)P There shall be no welds in wires and bars.
Individual wires of strands may contain staggered
welds made only before cold drawing.

(11)Ð Äëÿ íàïðóæåíèõ ïó÷ê³â ó áóõòàõ ï³ñëÿ
ðîçìîòóâàííÿ ïî äîâæèí³ äðîòó àáî êàíàòó
ìàêñèìàëüíèé âèãèí ïîâèíåí â³äïîâ³äàòè
EN 10138, ÿêùî ³íøå íå âêàçàíî ó â³äïîâ³äíî-
ìó ªâðîïåéñüêîìó òåõí³÷íîìó óõâàëåíí³.

(11)P For coiled prestressing tendons, after un-
coiling a length of wire or strand the maximum
bow height shall comply with EN 10138 unless
given in an appropriate European Technical Ap-
proval.

3.3.2 Õàðàêòåðèñòèêè 3.3.2 Properties

(1)Ð Õàðàêòåðèñòèêè íàïðóæåíî¿ ñòàë³ íàâåäå-
íî ó EN 10138, ÷àñòèíè 2-4 àáî ªâðîïåéñüêîìó
òåõí³÷íîìó óõâàëåíí³.

(1)P The properties of prestressing steel are
given in EN 10138, Parts 2 to 4 or European
Technical Approval.

(2)Ð Íàïðóæåíà àðìàòóðà (äðîòè, êàíàòè ³
ñòðèæí³) ïîâèíí³ êâàë³ô³êóâàòèñü çà:

(2)P The prestressing tendons (wires, strands
and bars) shall be classified according to:

(³) ì³öí³ñòþ, âêàçóþ÷è âåëè÷èíó 0,1% óìîâíî¿
ãðàíèö³ òåêó÷îñò³ fp0,1k, âåëè÷èíó â³äíîøåííÿ
ì³öíîñò³ íà ðîçòÿã äî óìîâíî¿ ãðàíèö³ òåêó÷îñò³
fðk /fp0,1k òà âèäîâæåííÿ ïðè ìàêñèìàëüíîìó

íàâàíòàæåíí³ 	uk ;

(i) Strength, denoting the value of the 0,1% proof
stress fp0,1k and the value of the ratio of tensile
strength to proof strength fðk /fp0,1k and elongation

at maximum load 	uk ;

(³³) êëàñîì, âêàçóþ÷è õàðàêòåð ðåëàêñàö³¿; (ii) Class, indicating the relaxation behaviour;

(³³³) ðîçì³ðîì; (iii) Size;

(³v) õàðàêòåðèñòèêàìè ïîâåðõí³. (iv) Surface characteristics.

(3)Ð Ôàêòè÷íà ìàñà íàïðóæåíî¿ àðìàòóðè íå
ïîâèííà â³äð³çíÿòèñü â³ä íîì³íàëüíî¿ á³ëüø
í³æ ãðàíè÷íî-äîïóñòèìà â EN 10138 àáî âêàçà-
íà ó ªâðîïåéñüêîìó òåõí³÷íîìó óõâàëåíí³.

(3)P The actual mass of the prestressing tendons
shall not differ from the nominal mass by more
than the limits specified in EN 10138 or given in
an appropriate European Technical Approval.

(4)Ð Ó äàíîìó ªâðîêîä³ âèçíà÷åíî òðè êëàñè çà
ðåëàêñàö³ºþ:

(4)P In this Eurocode, three classes of relaxation
are defined:

– Êëàñ 1: äð³ò àáî êàíàò – ³ç çâè÷àéíîþ ðåëàê-
ñàö³ºþ;

– Class 1: wire or strand – ordinary relaxation;

– Êëàñ 2: äð³ò àáî êàíàò – ³ç íèçüêîþ ðåëàê-
ñàö³ºþ;

– Class 2: wire or strand – low relaxation;

– Êëàñ 3: ãàðÿ÷åêàòàí³ àáî îáðîáëåí³ ñòðèæí³. – Class 3: hot rolled and processed bars.

Ïðèì³òêà. Êëàñ 1 íå îõîïëþºòüñÿ EN 10138. Note: Class 1 is not covered by EN 10138.
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(5) Îá÷èñëåííÿ âòðàò â³ä ðåëàêñàö³¿ íàïðóæå-
íî¿ ñòàë³ ïðè ïðîåêòóâàíí³ ïîâèíí³ ´ðóíòóâà-

òèñü íà �1000, âòðàòàõ â³ä ðåëàêñàö³¿ (ó %) ï³ñëÿ
1000 ãîä â³ä íàòÿãóâàííÿ çà ñåðåäíüî¿ òåìïå-
ðàòóðè 20 °Ñ (EN 10138 äëÿ âèçíà÷åííÿ ³çî-
òåðì³÷íèõ âèïðîáóâàíü íà ðåëàêñàö³þ).

(5) The design calculations for the losses due to
relaxation of the prestressing steel should be

based on the value of �1000, the relaxation loss
(in %) at 1000 hours after tensioning and at a
mean temperature of 20 °C (see EN 10138 for the
definition of the isothermal relaxation test).

Ïðèì³òêà. Âåëè÷èíà �1000 âèðàæàºòüñÿ ïðîöåíòíèì
â³äíîøåííÿì ïî÷àòêîâèõ íàïðóæåíü ³ âèçíà÷àºòüñÿ
çà ïî÷àòêîâèì íàïðóæåííÿì 0,7fð, äå fð – ôàêòè÷íà
ì³öí³ñòü íà ðîçòÿã çðàçêà íàïðóæåíî¿ àðìàòóðè. Äëÿ
ïðîåêòíèõ îá÷èñëåíü âèêîðèñòîâóºòüñÿ õàðàêòå-
ðèñòè÷íà ì³öí³ñòü íà ðîçòÿã fðk, ³ öå âðàõîâàíî ó
íèæ÷åíàâåäåíèõ âèðàçàõ.

Note: The value of �1000 is expressed as a percentage
ratio of the initial stress and is obtained for an initial
stress equal to 0,7fð, where fð is the actual tensile
strength of the prestressing steel samples. For design
calculations, the characteristic tensile strength fðk is
used and this has been taken into account in the
following expressions.

(6) Çíà÷åííÿ �1000 ìîæå ïðèéìàòèñü 8% äëÿ
êëàñó 1; 2,5% äëÿ êëàñó 2 ³ 4% äëÿ êëàñó 3 àáî
ïðèéìàòèñü çà ñåðòèô³êàòîì.

(6) The values for �1000 can be either assumed
equal to 8% for Class 1, 2,5% for Class 2, and 4%
for Class 3, or taken from the certificate.

(7) Âòðàòè íà ðåëàêñàö³þ ìîæíà ïðèéíÿòè çà
ñåðòèô³êàòîì âèðîáíèêà àáî îá÷èñëþâàòè ó
ïðîöåíòíîìó â³äíîøåíí³ çì³íè íàïðóæåíü â³ä
ïî÷àòêîâèõ ïîïåðåäí³õ íàïðóæåíü ³ âèçíà÷à-
òèñü çàñòîñóâàííÿì îäíîãî ç íèæ÷åíàâåäåíèõ
âèðàç³â. Âèðàçè (3.28) ³ (3.29) çàñòîñîâóþòüñÿ
â³äïîâ³äíî äëÿ äðîò³â àáî êàíàò³â ïðè çâè÷àé-
íîìó íàïðóæåíí³ (íà óïîðè) ³ ïó÷ê³â ç íèçüêîþ
ðåëàêñàö³ºþ, â òîé ÷àñ ÿê âèðàç (3.30) – äëÿ ãà-
ðÿ÷åêàòàíèõ ³ îáðîáëåíèõ ñòðèæí³â.

(7) The relaxation loss may be obtained from the
manufacturers test certificates or defined as the
percentage ratio of the variation of the prestres-
sing stress over the initial prestressing stress,
should be determined by applying one of the Ex-
pressions below. Expressions (3.28) and (3.29)
apply for wires or strands for ordinary prestres-
sing and low relaxation tendons respectively,
whereas Expression (3.30) applies for hot rolled
and processed bars.
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äå where

��pr – àáñîëþòíå çíà÷åííÿ âòðàò â³ä ðåëàê-
ñàö³¿ ïîïåðåäíüîãî íàïðóæåííÿ;

��pr is absolute value of the relaxation losses of
the prestress;

�pi – ïðè íàïðóæåíí³ íà óïîðè �pi – àáñîëþòíà
âåëè÷èíà ïî÷àòêîâèõ ïîïåðåäí³õ íàïðóæåíü

�pi = �pm0 (äèâ. òàêîæ 5.10.3 (2));

�pi For post-tensioning �pi is the absolute value of

the initial prestress �pi = �pm0 (see also 5.10.3
(2));

- ïðè íàïðóæåíí³ íà áåòîí �pi – ìàêñèìàëüí³
íàïðóæåííÿ ðîçòÿãó, ùî ïðèêëàäåí³ äî ïó÷êà,
ì³íóñ ìèòòºâ³ âòðàòè, ÿê³ â³äáóâàþòüñÿ ïðîòÿ-
ãîì ïðîöåñó íàïðóæåííÿ, äèâ. 5.10.4 (1) (³);

For pre-tensioning �pi is the maximum tensile
stress applied to the tendon minus the immediate
losses occurred during the stressing process see
5.10.4 (1) (i);

t – ÷àñ ï³ñëÿ íàïðóæåííÿ, ãîä; t is the time after tensioning (in hours);

� �� pi pkf/ , äå fpk – õàðàêòåðèñòè÷íå çíà÷åí-
íÿ ì³öíîñò³ íà ðîçòÿã íàïðóæåíî¿ àðìàòóðè;

� �� pi pkf/ , where fpk is the characteristic value
of the tensile strength of the prestressing steel;
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�1000 – âåëè÷èíà âòðàò â³ä ðåëàêñàö³¿ (%), ÷å-
ðåç 1000 ãîä ï³ñëÿ íàòÿãóâàííÿ çà ñåðåäíüî¿
òåìïåðàòóðè 20 °Ñ.

�1000 is the value of relaxation loss (in %), at 1000
hours after tensioning and at a mean temperature
of 20 °C.

Ïðèì³òêà. ßêùî âòðàòè â³ä ðåëàêñàö³¿ îá÷èñëþþòü-
ñÿ äëÿ ð³çíèõ ÷àñîâèõ ³íòåðâàë³â (ñòàä³é) àáî íåîá-
õ³äíà á³ëüøà òî÷í³ñòü, íåîáõ³äíî êîðèñòóâàòèñü
äîäàòêîì D.

Note: Where the relaxation losses are calculated for
different time intervals (stages) and greater accuracy is
required, reference should be made to Annex D.

(8) Âåëè÷èíè (ê³íöåâèõ) äîâãîòðèâàëèõ âòðàò
â³ä ðåëàêñàö³¿ ìîæíà îá÷èñëþâàòè äëÿ ÷àñó t,
ùî äîð³âíþº 500 000 ãîä (òîáòî áëèçüêî 57
ðîê³â).

(8) The long term (final) values of the relaxation
losses may be estimated for a time t equal to
500 000 hours (i.e. around 57 years).

(9) Âòðàòè â³ä ðåëàêñàö³¿ äóæå ÷óòëèâ³ äî òåì-
ïåðàòóðè ñòàë³. ßêùî çàñòîñîâóºòüñÿ òåïëîâà
îáðîáêà (íàïðèêëàä, ïàðîþ), âèêîðèñòîâóºòü-
ñÿ 10.3.2.2. ßêùî òàêà òåìïåðàòóðà ïåðåâèùóº
50 °Ñ, òî âòðàòè â³ä ðåëàêñàö³¿ íåîáõ³äíî ïå-
ðåâ³ðÿòè.

(9) Relaxation losses are very sensitive to the
temperature of the steel. Where heat treatment is
applied (e.g. by steam), 10.3.2.2 applies. Other-
wise where this temperature is greater than 50 °C
the relaxation losses should be verified.

3.3.3 Ì³öí³ñòü 3.3.3 Strength

(1)Ð Âåëè÷èíó íàïðóæåíü 0,1% óìîâíî¿ ãðà-
íèö³ òåêó÷îñò³ fp0,1k ³ âèçíà÷åíó âåëè÷èíó
ì³öíîñò³ íà ðîçòÿã fðk âèçíà÷àþòü â³äïîâ³äíî,
ÿê õàðàêòåðèñòè÷íå çíà÷åííÿ 0,1% ôàêòè÷íîãî
íàâàíòàæåííÿ òà ìàêñèìàëüíå õàðàêòåðèñòè÷-
íå çíà÷åííÿ îñüîâîãî íàâàíòàæåííÿ, ðîçä³ëå-
íèõ íà íîì³íàëüíó ïëîùó ïîïåðå÷íîãî ïåðå-
ð³çó, ÿê ïîêàçàíî íà ðèñóíêó 3.9.

(1)P The 0,1% proof stress fp0,1k and the specified
value of the tensile strength fðk are defined as the
characteristic value of the 0,1% proof load and the
characteristic maximum load in axial tension
respectively, divided by the nominal cross sectio-
nal area as shown in Figure 3.9.
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Ðèñóíîê 3.9 – Ãðàô³ê çàëåæíîñò³ "íàïðóæåííÿ-äåôîðìàö³¿" äëÿ çâè÷àéíî¿
íàïðóæåíî¿ àðìàòóðè (àáñîëþòí³ çíà÷åííÿ ïîêàçàí³ äëÿ íàïðóæåíü ñòèñêó ³ ðîçòÿãó)

Figure 3.9 – Stress-strain diagram for typical prestressing steel
(absolute values are shown for tensile stress and strain)
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3.3.4 Õàðàêòåðèñòèêè ïëàñòè÷íîñò³ 3.3.4 Ductility characteristics

(1)Ð Íàïðóæåíà àðìàòóðà ïîâèííà ìàòè íåîá-
õ³äíó ïëàñòè÷í³ñòü çã³äíî ç EN 10138.

(1)P The prestressing tendons shall have ade-
quate ductility, as specified in EN 10138.

(2) Ìîæíà ââàæàòè, ùî íåîáõ³äíà ïëàñòè÷í³ñòü
ïðè âèäîâæåíí³ çàáåçïå÷óºòüñÿ, ÿêùî íàïðó-
æåíà àðìàòóðà äîñÿãàº íåîáõ³äíî¿ âåëè÷èíè
âèäîâæåííÿ ïðè ìàêñèìàëüíîìó íàâàíòàæåí-
í³, âêàçàíîìó â EN 10138.

(2) Adequate ductility in elongation may be
assumed if the prestressing tendons obtain the
specified value of the elongation at maximum load
given in EN 10138.

(3) ßêùî íàïðóæåíà àðìàòóðà çàäîâîëüíÿº âè-
ìîãè EN ISO 15630 ñòîñîâíî ãíó÷êîñò³, òî ìîæ-
íà ââàæàòè, ùî âîíà ìàº íåîáõ³äíó ïëàñ-
òè÷í³ñòü ïðè çãèí³.

(3) Adequate ductility in bending may be assumed
if the prestressing tendons satisfy the require-
ments for bendability of EN ISO 15630.

(4) Ãðàô³ê çàëåæíîñò³ "íàïðóæåííÿ-äåôîðìà-
ö³¿" äëÿ íàïðóæåíî¿ àðìàòóðè, ùî ´ðóíòóºòüñÿ
íà äàíèõ âèðîáíèöòâà, ïîâèíåí ðîçðîáëÿòèñü
âèðîáíèêîì ³ íàäàâàòèñü ó ÿêîñò³ äîäàòêà äî
ñåðòèô³êàòà, ùî ñóïðîâîäæóº êîæíó ïîñòàâêó
(äèâ. 3.3.1 (9)Ð).

(4) Stress-strain diagrams for the prestressing
tendons, based on production data, shall be
prepared and made available by the producer as
an annex to the certificate accompanying the
consignment (see 3.3.1 (9)P).

(5) Ìîæíà ââàæàòè, ùî íåîáõ³äíà ïëàñòè÷í³ñòü
íàïðóæåíî¿ àðìàòóðè ïðè ðîçòÿãó çàáåçïå-

÷óºòüñÿ, ÿêùî âèêîíóºòüñÿ óìîâà: fðk /fp0,1k � k.

(5) Adequate ductility in tension may be assumed

for the prestressing tendons if fðk /fp0,1k � k.

Ïðèì³òêà. Âåëè÷èíà k äëÿ êîíêðåòíî¿ êðà¿íè ìîæå
âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêî-
ìåíäîâàíèì çíà÷åííÿì º 1,1.

Note: The value of k for use in a Country may be found
in its National Annex. The recommended value is 1,1.

3.3.5 Âòîìà 3.3.5 Fatigue

(1)Ð Íàïðóæåíà àðìàòóðà ïîâèííà ìàòè íå-
îáõ³äíó ì³öí³ñòü íà âòîìó.

(1)P Prestressing tendons shall have adequate
fatigue strength.

(2)Ð Ä³àïàçîí íàïðóæåíü óòîìè äëÿ íàïðóæå-
íî¿ àðìàòóðè ïîâèíåí â³äïîâ³äàòè EN 10138
àáî íàäàíîìó â³äïîâ³äíèì ªâðîïåéñüêèì òåõ-
í³÷íèì óõâàëåííÿì.

(2)P The fatigue stress range for prestressing
tendons shall be in accordance with EN 10138 or
given in an appropriate European Technical Ap-
proval.

3.3.6 Ðîçðàõóíêîâ³ ïåðåäóìîâè 3.3.6 Design assumptions

(1)Ð Êîíñòðóêòèâíèé ðîçðàõóíîê âèêîíóºòüñÿ
íà îñíîâ³ íîì³íàëüíî¿ ïëîù³ ïîïåðå÷íîãî ïå-
ðåð³çó íàïðóæåíî¿ ñòàë³ òà õàðàêòåðèñòè÷íèõ

çíà÷åíü fp0,1k, fðk òà 	uk.

(1)P Structural analysis is performed on the basis
of the nominal cross-section area of the prestres-
sing steel and the characteristic values fp0,1k, fðk

and 	uk.

(2) Ðîçðàõóíêîâå çíà÷åííÿ ìîäóëÿ ïðóæíîñò³
Ep ìîæå ïðèéìàòèñü 205 ÃÏà äëÿ äðîò³â òà
ñòðèæí³â. Ó çàëåæíîñò³ â³ä ïðîöåñ³â âèãîòîâ-
ëåííÿ ôàêòè÷íèé ä³àïàçîí çíà÷åíü ìîæå ñòà-
íîâèòè 195…210 ÃÏà. Ñåðòèô³êàòè íà êîæíó
ïîñòàâêó ïîâèíí³ ì³ñòèòè â³äïîâ³äíå çíà÷åííÿ.

(2) The design value for the modulus of elasticity,
Ep may be assumed equal to 205 GPa for wires
and bars. The actual value can range from 195 to
210 GPa, depending on the manufacturing pro-
cess. Certificates accompanying the consign-
ment should give the appropriate value.

(3) Ðîçðàõóíêîâå çíà÷åííÿ ìîäóëÿ ïðóæíîñò³
Ep ìîæå ïðèéìàòèñü 195 ÃÏà äëÿ êàíàò³â. Ó çà-
ëåæíîñò³ â³ä ïðîöåñ³â âèãîòîâëåííÿ ôàêòè÷-
íèé ä³àïàçîí çíà÷åíü ìîæå ñòàíîâèòè
185…205 ÃÏa. Ñåðòèô³êàòè íà êîæíó ïîñòàâêó
ïîâèíí³ ì³ñòèòè â³äïîâ³äíå çíà÷åííÿ.

(3) The design value for the modulus of elasticity,
Ep may be assumed equal to 195 GPa for strand.
The actual value can range from 185 GPa to 205
GPa, depending on the manufacturing process.
Certificates accompanying the consignment
should give the appropriate value.
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(4) Ñåðåäíÿ ãóñòèíà íàïðóæåíî¿ àðìàòóðè äëÿ
ðîçðàõóíêó ìîæå ïðèéìàòèñü 7850êã/ì3.

(4) The mean density of prestressing tendons for
the purposes of design may normally be taken as
7850 kg/m3.

(5) Íàâåäåí³ âèùå çíà÷åííÿ ââàæàþòüñÿ ä³éñíè-
ìè ó ä³àïàçîí³ òåìïåðàòóð -40 °Ñ…+100 °Ñ äëÿ
íàïðóæåíî¿ ñòàë³ ó çàâåðøåí³é êîíñòðóêö³¿.

(5) The values given above may be assumed to
be valid within a temperature range between
-40 °C and +100 °C for the prestressing steel in
the finished structure.

(6) Ðîçðàõóíêîâå çíà÷åííÿ íàïðóæåíü àðìàòó-

ðè fðd ïðèéìàºòüñÿ ÿê fp0,1k /�S (ðèñóíîê 3.10).

(6) The design value for the steel stress, fpd, is

taken as fp0,1k /�S (see Figure 3.10).

(7) Äëÿ ðîçðàõóíêó ïîïåðå÷íîãî ïåðåð³çó ìîæå
ïðèéìàòèñü îäíà ç íàñòóïíèõ ïåðåäóìîâ (ðè-
ñóíîê 3.10):

(7) For cross-section design, either of the following
assumptions may be made (see Figure 3.10):

– ïîõèëà ã³ëêà ç ãðàíè÷íîþ äåôîðìàö³ºþ 	uk.
Ðîçðàõóíîê òàêîæ ìîæå ´ðóíòóâàòèñü íà ôàê-
òè÷í³é çàëåæíîñò³ "íàïðóæåííÿ-äåôîðìàö³¿".
ßêùî â³äîìà òàêà çàëåæí³ñòü, òî íàïðóæåííÿ
çà ìåæåþ ïðîïîðö³îíàëüíîñò³ çìåíøóþòüñÿ
àíàëîã³÷íî ç ðèñóíêîì 3.10, àáî

– an inclined branch, with a strain limit 	uk. The
design may also be based on the actual
stress/strain relationship, if this is known, with
stress above the elastic limit reduced analo-
gously with Figure 3.10, or

– ãîðèçîíòàëüíà âåðõíÿ ã³ëêà áåç îáìåæåííÿ
äåôîðìàö³é.

– a horizontal top branch without strain limit.

Ïðèì³òêà. Âåëè÷èíà 	uk äëÿ êîíêðåòíî¿ êðà¿íè ìîæå
âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêî-

ìåíäîâàíèì çíà÷åííÿì º 0,9	uk. ßêùî íåìà á³ëüø

òî÷íèõ çíà÷åíü, ðåêîìåíäóºòüñÿ ïðèéìàòè 	ud = 0,02,
à fp0,1k / fðk = 0,9.

Note: The value of 	uk for use in a Country may be
found in its National Annis. The recommended value is

0,9	uk. If more accurate values are not known the re-

commended values are 	ud = 0,02, ànd fp0,1k / fðk = 0,9.
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Ðèñóíîê 3.10 – ²äåàë³çîâàíà òà ðîçðàõóíêîâà çàëåæí³ñòü "íàïðóæåííÿ-äåôîðìàö³¿"
äëÿ íàïðóæåíî¿ ñòàë³ (ïîêàçàí³ àáñîëþòí³ âåëè÷èíè íàïðóæåíü ³ äåôîðìàö³é ðîçòÿãó)

Figure 3.10 – Idealised and design stress-strain diagrams for prestressing steel
(absolute values are shown for tensile stress and strain)
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3.3.7 Íàïðóæåíà àðìàòóðà â îáîëîíêàõ 3.3.7 Prestressing tendons in sheaths

(1)Ð Íàïðóæåíà àðìàòóðà â îáîëîíêàõ (íàïðèê-
ëàä, ç³ ç÷åïëåííÿì àðìàòóðè ó êàíàëàõ, áåç
ç÷åïëåííÿ òîùî) ïîâèííà áóòè â³äïîâ³äíèì ÷è-
íîì ³ ïîñò³éíî çàõèùåíîþ â³ä êîðîç³¿ (äèâ. 4.3).

(1)P Prestressing tendons in sheaths (e.g. bon-
ded tendons in ducts, unbonded tendons etc.)
shall be adequately and permanently protected
against corrosion (see 4.3).

(2)Ð Íàïðóæåíà àðìàòóðà â îáîëîíêàõ ïîâèííà
â³äïîâ³äíî çàõèùàòèñü â³ä âïëèâó âîãíþ ïðè
ïîæåæ³ (EN 1992-1-2).

(2)P Prestressing tendons in sheaths shall be
adequately protected against the effects of fire
(see EN 1992-1-2).

3.4 Ïðèñòðî¿ äëÿ ïîïåðåäíüîãî íàïðóæåííÿ 3.4 Prestressing devices

3.4.1 Àíêåðí³ ïðèñòðî¿ ³ ìóôòè 3.4.1 Anchorages and couplers

3.4.1.1 Çàãàëüí³ ïîëîæåííÿ 3.4.1.1 General

(1)Ð Âèìîãè 3.4.1 çàñòîñîâóþòüñÿ äî àíêåðíèõ
ïðèñòðî¿â (àíêåð³â) òà ïðèñòðî¿â ç'ºäíàííÿ
(ìóôò), ùî âèêîðèñòîâóþòüñÿ ïðè íàïðóæåíí³
êîíñòðóêö³é íà áåòîí, ÿêùî:

(1)P 3.4.1 applies to anchoring devices (ancho-
rages) and coupling devices (couplers) for appli-
cation in post-tensioned construction, where:

(³) àíêåðè âèêîðèñòîâóþòüñÿ äëÿ ïåðåäà÷³ çó-
ñèëü ó íàïðóæåí³é àðìàòóð³ íà áåòîí ó çîí³ çà-
àíêåðóâàííÿ;

(i) anchorages are used to transmit the forces in
tendons to the concrete in the anchorage zone

(³³) ìóôòè âèêîðèñòîâóþòüñÿ äëÿ ç'ºäíàííÿ ïî
äîâæèí³ îêðåìî¿ àðìàòóðè, äëÿ óòâîðåííÿ
ö³ëüíèõ ïó÷ê³â.

(ii) couplers are used to connect individual lengths
of tendon to make continuous tendons.

(2)Ð Àíêåðí³ ³ ç'ºäíóâàëüí³ ïðèñòðî¿ äëÿ ñèñòåì
ïîïåðåäíüîãî íàïðóæåííÿ, ùî ðîçãëÿäàþòüñÿ,
ïîâèíí³ âèêîíóâàòèñü çã³äíî ç â³äïîâ³äíèì ªâ-
ðîïåéñüêèì òåõí³÷íèì óõâàëåííÿì.

(2)P Anchorages and couplers for the prestres-
sing system considered shall be in accordance
with the relevant European Technical Approval.

(3)Ð Êîíñòðóþâàííÿ çîí çààíêåðóâàííÿ ïîâèí-
íî âèêîíóâàòèñü çã³äíî ç 5.10, 8.10.3 òà 8.10.4.

(3)P Detailing of anchorage zones shall be in
accordance with 5.10, 8.10.3 and 8.10.4.

3.4.1.2 Ìåõàí³÷í³ õàðàêòåðèñòèêè 3.4.1.2 Mechanical properties

3.4.1.2.1 Çààíêåðóâàííÿ íàïðóæåíî¿ àðìàòóðè 3.4.1.2.1 Anchored tendons

(1)Ð Ïðèñòðî¿ çààíêåðóâàííÿ òà ç'ºäíóâàëüí³
ìóôòè äëÿ íàïðóæåíî¿ àðìàòóðè ïîâèíí³ ìàòè
ì³öí³ñòü, âèäîâæåííÿ òà â³äïîâ³äí³ õàðàêòåðèñ-
òèêè âòîìè, ùî â³äïîâ³äàþòü âèìîãàì ïðîåêòó.

(1)P Prestressing tendon anchorage assemblies
and prestressing tendon coupler assemblies shall
have strength, elongation and fatigue characteris-
tics sufficient to meet the requirements of the
design.

(2) Ìîæíà ïðèïóñêàòè, ùî ö³ âèìîãè çàäîâîëü-
íÿþòüñÿ ïðè çàáåçïå÷åíí³ íàñòóïíèõ óìîâ:

(2) This may be assumed provided that:

(³) Ãåîìåòð³ÿ ³ õàðàêòåðèñòèêè ìàòåð³àë³â àí-
êåð³â ³ ìóôò, âèêîíàí³ çã³äíî ç â³äïîâ³äíèì
ªâðîïåéñüêèì òåõí³÷íèì óõâàëåííÿì òà ¿õ ïå-
ðåä÷àñíå ðóéíóâàííÿ, âèêëþ÷åíî.

(i) The geometry and material characteristics of
the anchorage and coupler components are in ac-
cordance with the appropriate European Techni-
cal Approval and that their premature failure is
precluded.

(³³) Ðóéíóâàííÿ íàïðóæåíî¿ àðìàòóðè íå â³äáó-
âàºòüñÿ â ìåæàõ àíêåðà àáî ìóôòè.

(ii) Failure of the tendon is not induced by the
connection to the anchorage or coupler.

(³³³) Âèäîâæåííÿ ïðè ðóéíóâàíí³ ïðèñòðî¿â ñòà-

íîâèòü � 2%.

(iii) The elongation at failure of the assemblies

� 2%.
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(³v) Ïðèñòðî¿ çààíêåðóâàííÿ íå ðîçì³ùóþòüñÿ
ó ³íøèõ çîíàõ ç âèñîêèìè íàïðóæåííÿìè.

(iv) Tendon-anchorage assemblies are not loca-
ted in otherwise highly-stressed zones.

(v) Õàðàêòåðèñòèêè óòîìëåíîñò³ ñêëàäîâèõ àí-
êåðíèõ ïðèñòðî¿â ³ ìóôò â³äïîâ³äàþòü âèìîãàì
â³äïîâ³äíîãî ªâðîïåéñüêîãî òåõí³÷íîãî óõâà-
ëåííÿ.

(v) Fatigue characteristics of the anchorage and
coupler components are in accordance with the
appropriate European Technical Approval.

3.4.1.2.2 Àíêåðí³ ïðèñòðî¿ òà çîíè çààíêåðó-
âàííÿ

3.4.1.2.2 Anchorage devices and anchorage
zones

(1)Ð Ì³öí³ñòü àíêåðíèõ ïðèñòðî¿â ³ çîí ïîâèííà
áóòè äîñòàòíüîþ äëÿ ïåðåäà÷³ çóñèëü â³ä íà-
ïðóæåíî¿ àðìàòóðè íà áåòîí, à ôîðìóâàííÿ
òð³ùèí ó çîí³ çààíêåðóâàííÿ íå ïîâèííî ïîã³ð-
øèòè ðîáîòó àíêåðà.

(1)P The strength of the anchorage devices and
zones shall be sufficient for the transfer of the
tendon force to the concrete and the formation of
cracks in the anchorage zone shall not impair the
function of the anchorage.

3.4.2 Çîâí³øíÿ ïîïåðåäíüî íàïðóæåíà àð-

ìàòóðà áåç ç÷åïëåííÿ

3.4.2 External non-bonded tendons

3.4.2.1 Çàãàëüí³ ïîëîæåííÿ 3.4.2.1 General

(1)Ð Çîâí³øíüîþ, íàïðóæåíîþ íà áåòîí áåç
ç÷åïëåííÿ ââàæàºòüñÿ àðìàòóðà, ùî ðîçì³-
ùóºòüñÿ çà ìåæàìè ïî÷àòêîâîãî çàë³çîáåòîí-
íîãî ïåðåð³çó ³ ç'ºäíóºòüñÿ ç êîíñòðóêö³ºþ
ò³ëüêè çà äîïîìîãîþ àíêåðíèõ ïðèñòðî¿â òà
ïðèñòðî¿â äëÿ â³äõèëåííÿ.

(1)P An external non-bonded tendon is a tendon
situated outside the original concrete section and
is connected to the structure by anchorages and
deviators only.

(2)Ð Ñèñòåìà íàïðóæåííÿ ç íàòÿãîì íà áåòîí
äëÿ âèêîðèñòàííÿ ³ç çîâí³øí³ì àðìóâàííÿì ïî-
âèííà â³äïîâ³äàòè âèìîãàì â³äïîâ³äíîãî ªâðî-
ïåéñüêîãî òåõí³÷íîãî óõâàëåííÿ.

(2)P The post-tensioning system for the use with
external tendons shall be in accordance with the
appropriate European Technical Approval.

(3) Êîíñòðóþâàííÿ àðìàòóðè ïîâèííî âèêîíó-
âàòèñü çã³äíî ç ïðàâèëàìè, íàäàíèìè ó 8.10.

(3) Reinforcement detailing should follow the
rules given in 8.10.

3.4.2.2 Àíêåðóâàííÿ 3.4.2.2 Anchorages

(1) Ì³í³ìàëüíèé ðàä³óñ êðèâèçíè íàïðóæåíî¿
àðìàòóðè ó çîí³ àíêåðóâàííÿ àðìàòóðè áåç
ç÷åïëåííÿ ïîâèíåí âêàçóâàòèñü ó â³äïîâ³äíî-
ìó ªâðîïåéñüêîìó òåõí³÷íîìó óõâàëåíí³.

(1) The minimum radius of curvature of the tendon
in the anchorage zone for non- bonded tendons
should be given in the appropriate European
Technical Approval.
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4 ÄÎÂÃÎÂ²×Í²ÑÒÜ ÒÀ ÇÀÕÈÑÍÈÉ ØÀÐ
ÄËß ÀÐÌÀÒÓÐÈ

4 DURABILITY AND COVER TO
REINFORCEMENT

4.1 Çàãàëüí³ ïîëîæåííÿ 4.1 General

(1)Ð Äîâãîâ³÷íà êîíñòðóêö³ÿ ïîâèííà çàäîâîëü-
íÿòè âèìîãè ñòîñîâíî ïðèäàòíîñò³ äî åêñïëóà-
òàö³¿, íåñó÷î¿ çäàòíîñò³ òà ñò³éêîñò³ ÷åðåç
çàáåçïå÷åííÿ ïðîåêòíîãî ñòðîêó ñëóæáè áåç
ñóòòºâèõ âòðàò ñïîæèâ÷î¿ ÿêîñò³ àáî çíà÷íèõ
íåïåðåäáà÷åíèõ âèòðàò íà óòðèìàííÿ (çà-
ãàëüí³ âèìîãè òàêîæ äèâ. EN 1990).

(1)P A durable structure shall meet the require-
ments of serviceability, strength and stability
throughout its design working life, without signifi-
cant loss of utility or excessive unforeseen main-
tenance (for general requirements see also
EN 1990).

(2)Ð Ïîòð³áíèé ð³âåíü çàõèñòó êîíñòðóêö³¿ ïî-
âèíåí âñòàíîâëþâàòèñü ÷åðåç àíàë³ç ¿¿ ïåðå-
äáà÷åíîãî âèêîðèñòàííÿ, ïðîåêòíîãî ñòðîêó
ñëóæáè (EN 1990), ïðîãðàìè îáñëóãîâóâàííÿ
òà ä³é.

(2)P The required protection of the structure shall
be established by considering its intended use,
design working life (see EN 1990), maintenance
programme and actions.

(3)Ð Ïîâèííà àíàë³çóâàòèñü ìîæëèâà çíà÷è-
ì³ñòü áåçïîñåðåäí³õ ³ îïîñåðåäêîâàíèõ âïëè-
â³â, óìîâ íàâêîëèøíüîãî ñåðåäîâèùà (äèâ.
4.2) ³ âèêëèêàíèõ íèìè âïëèâ³â.

(3)P The possible significance of direct and indi-
rect actions, environmental conditions (see 4.2)
and consequential effects shall be considered.

Ïðèì³òêà. Ïðèêëàäè îõîïëþþòü äåôîðìàö³¿, âèê-
ëèêàí³ ïîâçó÷³ñòþ òà óñàäêîþ (äèâ. 2.3.2).

Note: Examples include deformations due to creep
and shrinkage (see 2.3.2).

(4) Çàõèñò ñòàëåâî¿ àðìàòóðè â³ä êîðîç³¿ çàëå-
æèòü â³ä ãóñòèíè, ÿêîñò³ òà òîâùèíè çàõèñíîãî
øàðó áåòîíó (äèâ. 4.4) ³ óòâîðåííÿ òð³ùèí (äèâ.
7.3). Ãóñòèíà òà ÿê³ñòü çàõèñíîãî øàðó äîñÿ-
ãàºòüñÿ êîíòðîëåì ìàêñèìàëüíîãî âîäîöå-
ìåíòíîãî â³äíîøåííÿ ³ ì³í³ìàëüíî¿ ê³ëüêîñò³
öåìåíòó (EN 206-1) òà ìîæå çàëåæàòè â³ä
ì³í³ìàëüíîãî êëàñó ì³öíîñò³ áåòîíó.

(4) Corrosion protection of steel reinforcement
depends on density, quality and thickness of
concrete cover (see 4.4) and cracking (see 7.3).
The cover density and quality is achieved by
controlling the maximum water/cement ratio and
minimum cement content (see EN 206-1) and
may be related to a minimum strength class of
concrete.

Ïðèì³òêà. Äåòàëüí³øó ³íôîðìàö³þ íàâåäåíî ó äî-
äàòêó Å.

Note: Further information is given in Annex E.

(5) ßêùî ìåòàëåâ³ åëåìåíòè êð³ïëåííÿ ìîæóòü
ïåðåâ³ðÿòèñü òà çàì³íþâàòèñü, âîíè ìîæóòü
çàñòîñîâóâàòèñü ³ç çàõèñíèì ïîêðèòòÿì â óìî-
âàõ ïðÿìîãî âïëèâó. Â ³íøèõ âèïàäêàõ âîíè ïî-
âèíí³ âèãîòîâëÿòèñü ³ç êîðîç³éíîñò³éêîãî
ìàòåð³àëó.

(5) Where metal fastenings are inspectable and
replaceable, they may be used with protective
coatings in exposed situations. Otherwise, they
should be of corrosion resistant material.

(6) Íèæ÷åíàâåäåí³ ó öüîìó ðîçä³ë³ âèìîãè ïî-
âèíí³ ðîçãëÿäàòèñü äëÿ êîíêðåòíèõ âèïàäê³â
(íàïðèêëàä, òèì÷àñîâ³ àáî ìîíóìåíòàëüí³ ñïî-
ðóäè, ñïîðóäè, ùî çàçíàþòü ä³¿ åêñòðåìàëüíèõ
àáî îñîáëèâèõ âïëèâ³â òîùî).

(6) Further requirements to those given in this
Section should be considered for special situati-
ons (e.g. for structures of temporary or monu-
mental nature, structures subjected to extreme or
unusual actions etc.).
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4.2 Óìîâè íàâêîëèøíüîãî ñåðåäîâèùà 4.2 Environmental conditions

(1)Ð ²íø³ âïëèâè, ÿêèõ çàçíàº êîíñòðóêö³ÿ íà
äîäàòîê äî ìåõàí³÷íèõ, ìîæóòü áóòè õ³ì³÷íèìè
àáî ô³çè÷íèìè.

(1)P Exposure conditions are chemical and phy-
sical conditions to which the structure is exposed
in addition to the mechanical actions.

(2) Óìîâè íàâêîëèøíüîãî ñåðåäîâèùà êëàñè-
ô³êóþòüñÿ çã³äíî ç òàáëèöåþ 4.1, ùî ãðóíòóºòü-
ñÿ íà EN 206-1.

(2) Environmental conditions are classified accor-
ding to Table 4.1, based on EN 206-1.

(3) Íà äîäàòîê äî íàâåäåíèõ ó òàáëèö³ 4.1 óìîâ
ïîâèíí³ ðîçãëÿäàòèñü îñîáëèâ³ ôîðìè àãðå-
ñèâíî¿ àáî íåïðÿìî¿ ä³¿, ùî âêëþ÷àþòü:

(3) In addition to the conditions in Table 4.1, parti-
cular forms of aggressive or indirect action should
be considered including:

õ³ì³÷íó êîðîç³þ, ùî âèíèêàº âíàñë³äîê: chemical attack, arising from e.g.:
– åêñïëóàòàö³¿ áóä³âåëü ³ ñïîðóä (çáåð³ãàííÿ

ð³äèí òîùî);
– the use of the building or the structure (storage

of liquids, etc);
– ðîç÷èí³â êèñëîò àáî ñîëåé êèñëîò (EN 206-1,

ISO 9690);
– solutions of acids or sulfate salts (EN 206-1,

ISO 9690);
– õëîðèä³â, ùî ì³ñòÿòüñÿ ó áåòîí³ (EN 206-1); – chlorides contained in the concrete (EN 206-1);
– ëóæíèõ ðåàêö³é çàïîâíþâà÷³â (EN 206-1,

íàö³îíàëüí³ ñòàíäàðòè);
– alkali-aggregate reactions (EN 206-1, National

Standards);

ô³çè÷íèé àãðåñèâíèé âïëèâ, ùî âèíèêàº âíàñ-
ë³äîê:

physical attack, arising from e.g.:

– çì³í òåìïåðàòóðè; – temperature change;
– àáðàçèâíîãî ñòèðàííÿ (4.4.1.2 (13)); – abrasion (see 4.4.1.2 (13));
– ïðîíèêíåííÿ âîäè (EN 206-1). – water penetration (EN 206-1).

Ïðèì³òêà. Ñêëàä áåòîíó âïëèâàº ÿê íà çàõèñò àðìà-
òóðè, òàê ³ íà ñò³éê³ñòü áåòîíó ïðîòè àãðåñèâíèõ
âïëèâ³â. Ó äîäàòêó Å íàâåäåíî êëàñè ì³öíîñò³, ðåêî-
ìåíäîâàí³ äëÿ êîíêðåòíèõ êëàñ³â âïëèâó íàâêîëèø-
íüîãî ñåðåäîâèùà. Öå ìîæå ïðèâîäèòè äî âèáîðó
âèùèõ êëàñ³â ì³öíîñò³ í³æ öå ïîòð³áíî çà ðîçðàõóí-
êîì êîíñòðóêö³¿. Ó òàêèõ âèïàäêàõ çíà÷åííÿ fctm ïî-
âèííî â³äïîâ³äàòè á³ëüø³é ì³öíîñò³ ïðè ðîçðàõóíêó
ì³í³ìàëüíîãî àðìóâàííÿ òà êîíòðîëþ øèðèíè ðîç-
êðèòòÿ òð³ùèí (äèâ. 7.3.2…7.3.4).

Note: The composition of the concrete affects both the
protection of the reinforcement and the resistance of
the concrete to attack. Annex E gives indicative
strength classes for the particular environmental expo-
sure classes. This may lead to the choice of higher
strength classes than required for the structural design.
In such cases the value of fctm should be associated with
the higher strength in the calculation of minimum rein-
forcement and crack width control (see 7.3.2-7.3.4).
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Òàáëèöÿ 4.1 – Êëàñè âïëèâó, ïîâ'ÿçàí³ ç óìîâàìè íàâêîëèøíüîãî ñåðåäîâèùà, çã³äíî ç EN 206-1

Table 4.1 – Exposure classes related to environmental conditions in accordance with EN 206-1

Êëàñ
Class

Õàðàêòåð íàâêîëèøíüîãî ñåðåäîâèùà
Description of the environment

Ïðèêëàäè ì³ñöü ä³¿ êëàñ³â âïëèâó
Informative examples where exposure

classes may occur

1 Â³äñóòí³é ðèçèê êîðîç³¿ ÷è íåãàòèâíîãî âïëèâó
1 No risk of corrosion or attack

Õ0 Äëÿ áåòîíó áåç àðìàòóðè àáî ìåòàëåâèõ
çàêëàäíèõ: âñ³ âïëèâè çà âèíÿòêîì, êîëè
ìàº ì³ñöå çàìîðîæóâàííÿ/â³äòàâàííÿ, ñòè-
ðàííÿ àáî õ³ì³÷íà êîðîç³ÿ
Äëÿ áåòîíó ç àðìàòóðîþ àáî çàêëàäíèìè:
äóæå ñóõ³ óìîâè
For concrete without reinforcement or embed-
ded metal: all exposures except where there
is freeze/thaw, abrasion or chemical attack
For concrete with reinforcement or embedded
metal: very dry

Áåòîí óñåðåäèí³ áóä³âåëü ç äóæå íèçüêîþ
âîëîã³ñòþ ïîâ³òðÿ
Concrete inside buildings with very low air
humidity

2 Êîðîç³ÿ, âèêëèêàíà êàðáîí³çàö³ºþ
2 Corrosion induced by carbonation

ÕÑ1 Ñóõå àáî ïîñò³éíî ìîêðå
Dry or permanently wet

Áåòîí óñåðåäèí³ áóä³âåëü ç íèçüêîþ âî-
ëîã³ñòþ ïîâ³òðÿ
Áåòîí ïîñò³éíî çàíóðåíèé ó âîäó
Concrete inside buildings with low air
humidity
Concrete permanently submerged in water

ÕÑ2 Ìîêðå, ð³äêî ñóõå
Wet, rarely dry

Áåòîíí³ ïîâåðõí³ ïðè äîâãîòðèâàëîìó êîí-
òàêò³ ç âîäîþ. Á³ëüø³ñòü ôóíäàìåíò³â
Concrete surfaces subject to long-term water
contact. Many foundations

ÕÑ3 Ïîì³ðíî âîëîãå
Moderate humidity

Áåòîí óñåðåäèí³ áóä³âåëü ç ïîì³ðíîþ àáî
âèñîêîþ âîëîã³ñòþ ïîâ³òðÿ
Áåòîí ççîâí³ áóä³âåëü, çàõèùåíèé â³ä àòìî-
ñôåðíî¿ âîëîãè
Concrete inside buildings with moderate or
high air humidity

ÕÑ4 Öèêë³÷íî ìîêðå ³ ñóõå
Cyclic wet and dry

Áåòîíí³ ïîâåðõí³, ùî êîíòàêòóþòü ç âîäîþ ³
íå ï³äïàäàþòü ï³ä ä³þ êëàñó ÕÑ2
Concrete surfaces subject to water contact,
not within exposure class XC2

3 Êîðîç³ÿ, âèêëèêàíà õëîðèäàìè
3 Corrosion induced by chlorides

XD1 Ïîì³ðíî âîëîãå
Moderate humidity

Áåòîíí³ ïîâåðõí³, ùî çàçíàþòü âïëèâó íà-
ÿâíèõ ó ïîâ³òð³ õëîðèä³â
Concrete surfaces exposed to airborne
chlorides
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Êëàñ
Class

Õàðàêòåð íàâêîëèøíüîãî ñåðåäîâèùà
Description of the environment

Ïðèêëàäè ì³ñöü ä³¿ êëàñ³â âïëèâó
Informative examples where exposure

classes may occur

XD2 Ìîêðå, ð³äêî ñóõå
Wet, rarely dry

Ïëàâàëüí³ áàñåéíè
Áåòîíí³ âèðîáè, ùî çàçíàþòü âïëèâó ïðî-
ìèñëîâèõ âîä, ÿê³ ì³ñòÿòü õëîðèäè
Swimming pools
Concrete components exposed to industrial
waters containing chlorides

XD3 Öèêë³÷íî ìîêðå ³ ñóõå
Cyclic wet and dry

×àñòèíè ìîñò³â, ùî çàçíàþòü âïëèâó áðè-
çîê âîäè ç õëîðèäàìè
Äîðîæí³ ïîêðèòòÿ
Ïëèòè àâòîìîá³ëüíèõ ïàðê³íã³â
Parts of bridges exposed to spray containing
chlorides
Pavements
Car park slabs

4 Êîðîç³ÿ, âèêëèêàíà õëîðèäàìè ìîðñüêî¿ âîäè
4 Corrosion induced by chlorides from sea water

XS1 Ó ïîâ³òð³ íàÿâí³ ñîë³ áåç ïðÿìîãî êîíòàêòó ç
ìîðñüêîþ âîäîþ
Exposed to airborne salt but not in direct
contact with sea water

Ïðèáåðåæí³ êîíñòðóêö³¿ àáî íà áåðåç³
Structures near to or on the coast

XS2 Ïîñò³éíî çàíóðåí³
Permanently submerged

×àñòèíè ìîðñüêèõ ñïîðóä
Parts of marine structures

XS3 Çîíè ïðèïëèâ³â, ïðèáîþ òà âîäÿíîãî ïèëó
Tidal, splash and spray zones

5 Íåãàòèâíèé âïëèâ çàìîðîæóâàííÿ/â³äòàâàííÿ
5 Freeze/Thaw Attack

XF1 Ïîì³ðíå íàñè÷åííÿ âîäîþ áåç äîáàâîê
ïðîòè îæåëåäèö³
Moderate water saturation, without de-icing
agent

Âåðòèêàëüí³ áåòîíí³ ïîâåðõí³, ùî çàçíàþòü
âïëèâó äîùó ³ ìîðîçó
Vertical concrete surfaces exposed to rain
and freezing

XF2 Ïîì³ðíå íàñè÷åííÿ âîäîþ ç äîáàâêàìè
ïðîòè îæåëåäèö³
Moderate water saturation, with de-icing
agent

Âåðòèêàëüí³ áåòîíí³ ïîâåðõí³ äîðîæí³õ
êîíñòðóêö³é, ùî çàçíàþòü âïëèâó ìîðîçó òà
àåðîçîë³â ç äîáàâêàìè ïðîòè îæåëåäèö³
Vertical concrete surfaces of road structures
exposed to freezing and airborne de-icing
agents

XF3 Âèñîêå íàñè÷åííÿ âîäîþ áåç äîáàâîê ïðî-
òè îæåëåäèö³
High water saturation, without de-icing agents

Ãîðèçîíòàëüí³ áåòîíí³ ïîâåðõí³, ùî çàçíà-
þòü âïëèâó äîùó ³ ìîðîçó
Horizontal concrete surfaces exposed to rain
and freezing
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Êëàñ
Class

Õàðàêòåð íàâêîëèøíüîãî ñåðåäîâèùà
Description of the environment

Ïðèêëàäè ì³ñöü ä³¿ êëàñ³â âïëèâó
Informative examples where exposure

classes may occur

XF4 Âèñîêå íàñè÷åííÿ âîäîþ ç äîáàâêàìè ïðî-
òè îæåëåäèö³ àáî ìîðñüêà âîäà
High water saturation with de-icing agents or
sea water

Äîðîæí³ òà ìîñòîâ³ íàñòèëè, ùî çàçíàþòü
âïëèâó äîáàâîê ïðîòè îæåëåäèö³
Áåòîíí³ ïîâåðõí³, ùî çàçíàþòü ïðÿìîãî
âïëèâó ìîðîçó òà áðèçîê ³ç äîáàâêàìè ïðî-
òè îæåëåäèö³
Çîíè ïðèáîþ ïðèáåðåæíèõ êîíñòðóêö³é, ùî
çàçíàþòü âïëèâó ìîðîçó
Road and bridge decks exposed to de-icing
agents
Concrete surfaces exposed to direct spray
containing de-icing agents and freezing
Splash zone of marine structures exposed to
freezing

6 Õ³ì³÷íà êîðîç³ÿ
6 Chemical attack

XA1 Ñëàáîàãðåñèâíå õ³ì³÷íå ñåðåäîâèùå çã³äíî
ç EN 206-1, òàáëèöÿ 2
Slightly aggressive chemical environment
according to EN 206-1, Table 2

¥ðóíòè ó ïðèðîäíîìó ñòàí³ ³ ´ðóíòîâ³ âîäè
Natural soils and ground water

XA2 Ïîì³ðíîàãðåñèâíå õ³ì³÷íå ñåðåäîâèùå
çã³äíî ç EN 206-1, òàáëèöÿ 2
Moderately aggressive chemical environment
according to EN 206-1, Table 2

XA3 Âèñîêîàãðåñèâíå õ³ì³÷íå ñåðåäîâèùå
çã³äíî ç EN 206-1, òàáëèöÿ 2
Highly aggressive chemical environment
according to EN 206-1, Table 2

4.3 Âèìîãè äî äîâãîâ³÷íîñò³ 4.3 Requirements for durability

(1)Ð Äëÿ äîñÿãíåííÿ íåîáõ³äíîãî ïðîåêòíîãî
ñòðîêó ñëóæáè êîíñòðóêö³¿ ïîâèíí³ âæèâàòèñü
â³äïîâ³äí³ çàõîäè äëÿ çàõèñòó åëåìåíò³â êîíñò-
ðóêö³é â³ä íåãàòèâíîãî âïëèâó íàâêîëèøíüîãî
ñåðåäîâèùà.

(1)P In order to achieve the required design wor-
king life of the structure, adequate measures shall
be taken to protect each structural element
against the relevant environmental actions.

(2)Ð Ïèòàííÿ äîâãîâ³÷íîñò³ ïîâèíí³ âðàõîâóâà-
òèñü ïðè âèêîíàíí³ íàñòóïíèõ ñòàä³é ïðîåêòó:

(2)P The requirements for durability shall be inclu-
ded when considering the following:
Structural conception,

– âèá³ð êîíñòðóêòèâíî¿ ñõåìè, – Material selection,
– âèá³ð ìàòåð³àëó, – Construction details,
– êîíñòðóþâàííÿ, – Execution,
– çâåäåííÿ, – Quality Control,
– êîíòðîëü ÿêîñò³, – Inspection,
– ïåðåâ³ðêà, – Verifications,
– ñïåö³àëüí³ çàõîäè (íàïðèêëàä, âèêîðèñòàí-

íÿ íåðæàâ³þ÷î¿ ñòàë³, çàõèñí³ ïîêðèòòÿ, êà-
òîäíèé çàõèñò).

– Special measures (e.g. use of stainless steel,
coatings, cathodic protection).
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4.4 Ìåòîäè ïåðåâ³ðêè 4.4 Methods of verification

4.4.1 Çàõèñíèé øàð áåòîíó 4.4.1 Concrete cover

4.4.1.1 Çàãàëüí³ ïîëîæåííÿ 4.4.1.1 General

(1)Ð Çàõèñíèé øàð áåòîíó – öå â³äñòàíü â³ä ïî-
âåðõí³ àðìàòóðè äî íàéáëèæ÷î¿ ïîâåðõí³ áåòî-
íó (âêëþ÷àþ÷è ç'ºäíàííÿ, ïîïåðå÷í³ àðìàòóðí³
ñòðèæí³ ³ ïðèïîâåðõíåâå àðìóâàííÿ, çà íàÿâ-
íîñò³).

(1)P The concrete cover is the distance between
the surface of the reinforcement closest to the
nearest concrete surface (including links and stir-
rups and surface reinforcement where relevant)
and the nearest concrete surface.

(2)Ð Íîì³íàëüíèé çàõèñíèé øàð ïîâèíåí âêà-
çóâàòèñü ó ðîáî÷èõ êðåñëåííÿõ. Â³í âèçíà-
÷àºòüñÿ ÿê ì³í³ìàëüíèé çàõèñíèé øàð ñmin
(äèâ. 4.4.1.2), ïëþñ äîïóñòèì³ ïðîåêòí³ â³äõè-

ëåííÿ �cdev (äèâ. 4.4.1.3):

(2)P The nominal cover shall be specified on the
drawings. It is defined as a minimum cover, cmin
(see 4.4.1.2), plus an allowance in design for

deviation, �cdev (see 4.4.1.3):

ñ c cnom dev� /min � . (4.1)

4.4.1.2 Ì³í³ìàëüíèé çàõèñíèé øàð, ñmin 4.4.1.2 Minimum cover, cmin

(1)Ð Ì³í³ìàëüíèé çàõèñíèé øàð áåòîíó ïîâè-
íåí çàáåçïå÷óâàòè:

(1)P Minimum concrete cover, cmin, shall be provi-
ded in order to ensure:

– áåçïå÷íó ïåðåäà÷ó çóñèëü ç÷åïëåííÿ (ðîç-
ä³ëè 7 ³ 8);

– the safe transmission of bond forces (see also
Sections 7 and 8);

– çàõèñò àðìàòóðíî¿ ñòàë³ â³ä êîðîç³¿ (äîâãî-
â³÷í³ñòü);

– the protection of the steel against corrosion
(durability);

– íåîáõ³äíó âîãíåòðèâê³ñòü (äèâ. EN 1992-1-2). – an adequate fire resistance (see EN 1992-1-2).

(2)Ð Íåîáõ³äíî âèáèðàòè á³ëüøó ç âåëè÷èí, ùî
çàäîâîëüíÿº óìîâè ñòîñîâíî ç÷åïëåííÿ ³
âïëèâó óìîâ íàâêîëèøíüîãî ñåðåäîâèùà

(2)P The greater value for cmin satisfying the
requirements for both bond and environmental
conditions shall be used.

c c c c c cb dur dur dur st dur addmin min, min, , , ,max ;� / � �� � ��6 7; 10 ìì , (4.2)

äå where:

ñmin, b – ì³í³ìàëüíèé çàõèñíèé øàð çà âèìîãà-
ìè ç÷åïëåííÿ, äèâ. 4.4.1.2 (3);

ñmin, b – minimum cover due to bond requirement,
see 4.4.1.2 (3);

ñmin, dur – ì³í³ìàëüíèé çàõèñíèé øàð çà âèìîãà-
ìè óìîâ ñåðåäîâèùà, äèâ. 4.4.1.2 (5);

ñmin, dur – minimum cover due to environmental
conditions, see 4.4.1.2 (5)

ñdur, � – âðàõóâàííÿ ñêëàäîâî¿ áåçïåêè, äèâ.
4.4.1.2 (6)

ñdur, � – additive safety element, see 4.4.1.2 (6)

ñdur,st – çìåíøåííÿ ì³í³ìàëüíîãî øàðó ïðè çà-
ñòîñóâàíí³ íåðæàâ³þ÷î¿ ñòàë³, äèâ. 4.4.1.2 (7);

ñdur,st – reduction of minimum cover for use of
stainless steel, see 4.4.1.2 (7);

ñdur,add – çìåíøåííÿ ì³í³ìàëüíîãî øàðó ïðè
äîäàòêîâîìó çàõèñò³, äèâ. 4.4.1.2 (8).

ñdur,add – reduction of minimum cover for use of
additional protection, see 4.4.1.2 (8)

(3) Äëÿ áåçïå÷íî¿ ïåðåäà÷³ çóñèëü ç÷åïëåííÿ
òà çàáåçïå÷åííÿ íåîáõ³äíîãî óù³ëüíåííÿ áå-
òîíó ì³í³ìàëüíèé çàõèñíèé øàð ïîâèíåí áóòè
íå ìåíøèì í³æ ñmin, b (òàáëèöÿ 4.2).

(3) In order to transmit bond forces safely and to
ensure adequate compaction of the concrete, the
minimum cover should not be less than cmin, b

given in table 4.2.
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Òàáëèöÿ 4.2 – Âèìîãè äî ì³í³ìàëüíîãî çàõèñíîãî øàðó ñmin, b äëÿ çàáåçïå÷åííÿ ç÷åïëåííÿ

Table 4.2 – Minimum cover, ñmin, b , requirements with regard to bond

Âèìîãè äî ç÷åïëåííÿ
Bond Requirement

Ðîçòàøóâàííÿ ñòðèæí³â
Arrangement of bars

Ì³í³ìàëüíèé çàõèñíèé øàð, ñmin, b
*

Minimum cover ñmin, b
*

Ðîçä³ëüíå
Separated

Ä³àìåòð ñòðèæíÿ
Diameter of bar

Ñïëåòåíå
Bundled

Åêâ³âàëåíòíèé ä³àìåòð �n (8.9.1)
Equivalent diameter �n (see 8.9.1)

* ßêùî íîì³íàëüíèé ìàêñèìàëüíèé ðîçì³ð íàïîâíþâà÷à á³ëüøèé í³æ 32 ìì, ñmin,b íåîáõ³äíî çá³ëüøèòè íà 5 ì
If the nominal maximum aggregate size is greater than 32 mm, ñmin, b should be increased by 5 mm.

Ïðèì³òêà. Âåëè÷èíè ñmin,b çà íàÿâíîñò³ êðóãëèõ ³
ïðÿìîêóòíèõ êàíàë³â, ÿê³ çàïîâíþþòüñÿ, äëÿ àðìà-
òóðè íàïðóæåíî¿ íà áåòîí ³ íà óïîðè, ìîæóòü âèçíà-
÷àòèñü äëÿ êîíêðåòíî¿ êðà¿íè íàö³îíàëüíèì äîäàò-
êîì. Äëÿ êàíàë³â ïðè íàïðóæåíí³ àðìàòóðè íà áåòîí
ðåêîìåíäóþòüñÿ âåëè÷èíè:

Note: The values of ñmin,b for post-tensioned circular
and rectangular ducts for bonded tendons, and pre-
tensioned tendons for use in a Country may be found in
its National Annex. The recommended values for
post-tensioned ducts are:

ïðè êðóãëèõ êàíàëàõ – ä³àìåòð circular ducts: diameter

ïðè ïðÿìîêóòíîìó – á³ëüøå ³ç çíà÷åíü: ìåíøà ñòî-
ðîíà ÷è ïîëîâèíà á³ëüøî¿.

rectangular ducts: greater of the smaller dimension or
half the greater dimension.

Ïðè ðîçì³ð³ êðóãëîãî àáî ïðÿìîêóòíîãî êàíàëó
á³ëüøå í³æ 80 ìì ö³ âèìîãè íå çàñòîñîâóþòü.

There is no requirement for more than 80 mm for either
circular or rectangular ducts.

Ïðè íàïðóæåíí³ àðìàòóðè íà óïîðè ðåêîìåíäóþòü-
ñÿ âåëè÷èíè:

The recommended values for pre-tensioned tendon:

1,5 5 ä³àìåòðà êàíàòà àáî ãëàäêîãî äðîòó; 1,5 5 diameter of strand or plain wire;

2,5 5 ä³àìåòðà äðîòó ïåð³îäè÷íîãî ïðîô³ëþ. 2,5 5 diameter of indented wire.

(4) Ì³í³ìàëüíèé çàõèñíèé øàð äëÿ çîíè çààí-
êåðóâàííÿ íàïðóæåíî¿ àðìàòóðè ïîâèíåí çà-
áåçïå÷óâàòèñü çã³äíî ç â³äïîâ³äíèì ªâðî-
ïåéñüêèì òåõí³÷íèì óõâàëåííÿì.

(4) For prestressing tendons, the minimum cover
of the anchorage should be provided in accor-
dance with the appropriate European Technical
Approval.

(5) Ì³í³ìàëüí³ âåëè÷èíè çàõèñíîãî øàðó äëÿ
çâè÷àéíî¿ ³ ïîïåðåäíüî íàïðóæåíî¿ àðìàòóðè ó
çâè÷àéíîìó âàæêîìó áåòîí³ ç óðàõóâàííÿì
êëàñ³â âïëèâó ñåðåäîâèùà âñòàíîâëþþòüñÿ
÷åðåç ñmin, dur.

(5) The minimum cover values for reinforcement
and prestressing tendons in normal weight con-
crete taking account of the exposure classes and
the structural classes is given by ñmin, dur.

Ïðèì³òêà. Êëàñèô³êàö³ÿ êîíñòðóêö³é ³ âåëè÷èíè
ñmin, dur ìîæóòü âèçíà÷àòèñü äëÿ êîíêðåòíî¿ êðà¿íè
íàö³îíàëüíèì äîäàòêîì. Ðåêîìåíäóºòüñÿ ïðèéìàòè
êëàñ êîíñòðóêö³¿ (ïðîåêòíèé ñòðîê ñëóæáè 50 ðîê³â)
S4 ïðè ðåêîìåíäîâàíèõ êëàñàõ áåòîíó, íàäàíèõ ó
äîäàòêó Å òà ðåêîìåíäîâàíèõ âàð³àíòàõ êëàñ³â êî-
íñòðóêö³é, íàâåäåíèõ ó òàáëèö³ 4.3N. Ì³í³ìàëüíèé
ðåêîìåíäîâàíèé êëàñ êîíñòðóêö³é – S1.

Note: Structural classification and values of ñmin, dur for
use in a Country may be found in its National Annex.
The recommended Structural Class (design working
life of 50 years) is S4 for the indicative concrete
strengths given in Annex E and the recommended
modifications to the structural class is given in Table
4.3N. The recommended minimum Structural Class
is S1.

Ðåêîìåíäîâàí³ âåëè÷èíè ñmin, dur íàâåäåí³ ó òàá-
ëèö³ 4.4N (äëÿ çâè÷àéíî¿ àðìàòóðíî¿ ñòàë³) ³ òàá-
ëèö³ 4.5N (äëÿ íàïðóæåíî¿ àðìàòóðíî¿ ñòàë³).

The recommended values of ñmin, dur , are given in
Table 4.4N (reinforcing steel) and Table 4.5N
(prestressing steel).
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Òàáëèöÿ 4.3N – Ðåêîìåíäîâàíà êëàñèô³êàö³ÿ êîíñòðóêö³é

Table 4.3N – Recommended structural classification

Êëàñè êîíñòðóêö³é
Structural Class

Êðèòåð³é
Criterion

Êëàñè âïëèâó ñåðåäîâèùà çã³äíî ç òàáëèöåþ 4.1
Exposure Class according to Table 4.1

Õ0 ÕÑ1 ÕÑ2/ÕÑ3 ÕÑ4 XD1 XD2/XS1 XD3/XS2/XS3

Ïðîåêòíèé ñòðîê ñëóæáè 100 ðîê³â
Design Working Life of 100 years

Çá³ëüøåííÿ êëàñó íà 2
Increase class by 2

Êëàñ ì³öíîñò³ 1) 2)

Strength Class 1) 2)
�Ñ30/37 �Ñ35/45 �Ñ40/50 �Ñ45/55

Çìåíøåííÿ êëàñó íà 1
Reduce class by 1

Åëåìåíòè ç ãåîìåòð³ºþ ïëèò (áó-
ä³âåëüí³ ïðîöåñè íå âïëèâàþòü íà
ðîçòàøóâàííÿ àðìàòóðè)
Member with slab geometry (position
of reinforcement not affected by
construction process)

Çìåíøåííÿ êëàñó íà 1
Reduce class by 1

Çàáåçïå÷åíî ñïåö³àëüíèé êîíòðîëü
ÿêîñò³ âèãîòîâëåííÿ áåòîíó
Special Quality Control of the concre-
te production ensured

Çìåíøåííÿ êëàñó íà 1
Reduce class by 1

Ïðèì³òêè äî òàáëèö³ 4.3N Notes to table 4.3N
1) Ââàæàºòüñÿ, ùî ³ñíóº çâ'ÿçîê ì³æ êëàñîì ì³öíîñò³
³ Â/Ö â³äíîøåííÿì. Äëÿ äîñÿãíåííÿ íèçüêî¿ âîäî-
ïðîíèêíîñò³ ìîæå ï³äáèðàòèñü ñïåö³àëüíà ñóì³ø
(òèï öåìåíòó, çíà÷åííÿ Â/Ö, äð³áí³ çàïîâíþâà÷³).

1) The strength class and w/c ratio are considered to
be related values. A special composition (type of ce-
ment, w/c value, fine fillers) with the intent to produce
low permeability may be considered.

2) Ãðàíèöþ ìîæíà çíèæóâàòè íà 1 êëàñ ì³öíîñò³, ÿê-
ùî ìàº ì³ñöå âòÿãóâàííÿ ïîâ³òðÿ á³ëüø í³æ 4%.

2) The limit may be reduced by one strength class if air
entrainment of more than 4% is applied.

Òàáëèöÿ 4.4N – Âåëè÷èíè ì³í³ìàëüíîãî çàõèñíîãî øàðó cmin, dur çà âèìîãàìè äîâãîâ³÷íîñò³ äëÿ
çâè÷àéíî¿ àðìàòóðíî¿ ñòàë³, çã³äíî ç EN 10080

Table 4.4N – Values of minimum cover, cmin, dur, requirements with regard to durability for
reinforcement steel in accordance with EN 10080.

Âèìîãè íàâêîëèøíüîãî ñåðåäîâèùà äî cmin, dur, ìì
Environmental Requirement for cmin, dur (mm)

Êëàñ êîíñòðóêö³é
Structural Class

Êëàñè âïëèâó ñåðåäîâèùà çã³äíî ç òàáëèöåþ 4.1
Exposure Class according to Table 4.1

Õ0 ÕÑ1 ÕÑ2/ÕÑ3 ÕÑ4 XD1/XS1 XD2/XS2 XD3/XS3

S1 10 10 10 15 20 25 30

S2 10 10 15 20 25 30 35

S3 10 10 20 25 30 35 40

S4 10 15 25 30 35 40 45

S5 15 20 30 35 40 45 50

S6 20 25 35 40 45 50 55
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Òàáëèöÿ 4.5N – Âåëè÷èíè ì³í³ìàëüíîãî çàõèñíîãî øàðó cmin, dur çà âèìîãàìè äîâãîâ³÷íîñò³
äëÿ íàïðóæåíî¿ àðìàòóðíî¿ ñòàë³

Table 4.5N – Values of minimum cover, cmin, dur, requirements with regard to durability for
prestressing steel

Âèìîãè íàâêîëèøíüîãî ñåðåäîâèùà äî cmin, dur, ìì
Environmental Requirement for cmin, dur (mm)

Êëàñ êîíñòðóêö³é
Structural Class

Êëàñè âïëèâó ñåðåäîâèùà çã³äíî ç òàáëèöåþ 4.1
Exposure Class according to Table 4.1

Õ0 ÕÑ1 ÕÑ2/ÕÑ3 ÕÑ4 XD1/XS1 XD2/XS2 XD3/XS3

S1 10 15 20 25 30 35 40

S2 10 15 25 30 35 40 45

S3 10 20 30 35 40 45 50

S4 10 25 35 40 45 50 55

S5 15 30 40 45 50 55 60

S6 20 35 45 50 55 60 65

(6) Çàõèñíèé øàð íåîáõ³äíî çá³ëüøóâàòè íà

äîäàòêîâó ñêëàäîâó áåçïåêè �ñdur, �.

(6) The concrete cover should be increased by

the additive safety element �ñdur, �.

Ïðèì³òêà. Âåëè÷èíà �ñdur, � ìîæå âèçíà÷àòèñü äëÿ
êîíêðåòíî¿ êðà¿íè íàö³îíàëüíèì äîäàòêîì. Ðåêî-
ìåíäîâàíà âåëè÷èíà 0 ìì.

Note: The value of �ñdur, � for use in a Country may be
found in its National Annex. The recommended value is
0 mm.

(7) Ïðè çàñòîñóâàíí³ íåðæàâ³þ÷î¿ ñòàë³ àáî
âæèòòÿ ³íøèõ ñïåö³àëüíèõ çàõîä³â ì³í³ìàëüíèé

çàõèñíèé øàð ìîæå çìåíøóâàòèñü íà �ñdur,st. Ó
òàêèõ âèïàäêàõ íåîáõ³äíî âðàõîâóâàòè âïëèâè
âñ³õ â³äïîâ³äíèõ õàðàêòåðèñòèê ìàòåð³àë³â,
âêëþ÷íî ³ç ç÷åïëåííÿì.

(7) Where stainless steel is used or where other
special measures have been taken, the minimum

cover may be reduced by �ñdur,st. For such situa-
tions the effects on all relevant material properties
should be considered, including bond.

Ïðèì³òêà. Âåëè÷èíà �ñdur,st ìîæå âèçíà÷àòèñü äëÿ
êîíêðåòíî¿ êðà¿íè íàö³îíàëüíèì äîäàòêîì. Ðåêîìåí-
äîâàíà âåëè÷èíà áåç äîäàòêîâîãî âèçíà÷åííÿ 0 ìì.

Note: The value of �ñdur,st for use in a Country may be
found in its National Annex. The recommended value,
without further specification, is 0 mm.

(8) Äëÿ áåòîíó ³ç äîäàòêîâèì çàõèñòîì (íà-
ïðèêëàä, ïîêðèòòÿì), ì³í³ìàëüíèé çàõèñíèé

øàð ìîæå çìåíøóâàòèñü íà �ñdur,add.

(8) For concrete with additional protection (e.g.
coating) the minimum cover may be reduced by

�ñdur,add.

Ïðèì³òêà. Âåëè÷èíà �ñdur,add ìîæå âèçíà÷àòèñü äëÿ
êîíêðåòíî¿ êðà¿íè íàö³îíàëüíèì äîäàòêîì. Ðåêîìåí-
äîâàíà âåëè÷èíà áåç äîäàòêîâîãî âèçíà÷åííÿ 0 ìì.

Note: The value of �ñdur,add for use in a Country may be
found in its National Annex. The recommended value,
without further specification, is 0 mm.

(9) ßêùî ìîíîë³òíèé áåòîí óêëàäàºòüñÿ ïî-
âåðõ ³íøèõ áåòîííèõ åëåìåíò³â (çá³ðíèõ àáî
ìîíîë³òíèõ), ì³í³ìàëüíèé çàõèñíèé øàð äî ïî-
âåðõí³ êîíòàêòó ìîæå çìåíøóâàòèñü äî âåëè-
÷èíè, ÿêà çàáåçïå÷óº íåîáõ³äíå ç÷åïëåííÿ
(äèâ. (3) âèùå), çà óìîâè:

(9) Where in-situ concrete is placed against other
concrete elements (precast or in-situ) the mini-
mum concrete cover of the reinforcement to the
interface may be reduced to a value correspon-
ding to the requirement for bond (see (3) above)
provided that:

– êëàñ áåòîíó çà ì³öí³ñòþ íå ìåíøå Ñ25/30, – the strength class of concrete is at least
C25/30,

– ÷àñ âïëèâó çîâí³øíüîãî ñåðåäîâèùà íà ïî-
âåðõíþ áåòîíó êîðîòêèé (< 28 ä³á),

– the exposure time of the concrete surface to an
outdoor environment is short (< 28 days),

– ïîâåðõíÿ øîðñòêà. – the interface has been roughened.
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(10) Äëÿ íåç÷åïëåíî¿ íàïðóæåíî¿ àðìàòóðè çà-
õèñíèé øàð ïîâèíåí çàáåçïå÷óâàòèñü çã³äíî ç
ªâðîïåéñüêèì òåõí³÷íèì óõâàëåííÿì.

(10) For unbonded tendons the cover should be
provided in accordance with the European Tech-
nical Approval.

(11) Äëÿ íåð³âíî¿ ïîâåðõí³ (íàïðèêëàä, âèñòóï-
í³ çàïîâíþâà÷³) ì³í³ìàëüíèé çàõèñíèé øàð íå-
îáõ³äíî çá³ëüøóâàòè ùîíàéìåíøå íà 5 ìì.

(11) For uneven surfaces (e.g. exposed aggrega-
te) the minimum cover should be increased by at
least 5 mm.

(12) Êîëè ïåðåäáà÷àºòüñÿ ìîæëèâ³ñòü âïëèâó
íà áåòîí õ³ì³÷íîãî àãðåñèâíîãî ñåðåäîâèùà
àáî çàìîðîæóâàííÿ/â³äòàâàííÿ (êëàñ XF ³ XA),
íåîáõ³äíî ïðèä³ëèòè îñîáëèâó óâàãó ñêëàäó
áåòîíó (ðîçä³ë 6 EN 206-1). Çàõèñíèé øàð,
ïðèéíÿòèé çã³äíî ç 4.4, ÿê ïðàâèëî, äîñòàòí³é ó
òàêèõ âèïàäêàõ.

(12) Where freeze/thaw or chemical attack on
concrete (Classes XF and XA) is expected spe-
cial attention should be given to the concrete
composition (see EN 206-1 Section 6). Cover in
accordance with 4.4 will normally be sufficient for
such situations.

(13) Ïðè ñòèðàíí³ áåòîíó îñîáëèâó óâàãó íå-
îáõ³äíî ïðèä³ëèòè ï³äáîðó íàïîâíþâà÷³â
çã³äíî ç EN 206-1. Çàçâè÷àé ðåêîìåíäóºòüñÿ
âèð³øóâàòè ïèòàííÿ ñòèðàííÿ áåòîíó øëÿõîì
çá³ëüøåííÿ çàõèñíîãî øàðó (äîäàòêîâèé øàð).
Ó öüîìó âèïàäêó ì³í³ìàëüíèé çàõèñíèé øàð
cmin íåîáõ³äíî çá³ëüøóâàòè íà k1 äëÿ êëàñó íà
ñòèðàííÿ ÕÌ1, k2 äëÿ ÕÌ2 ³ k3 äëÿ ÕÌ3.

(13) For concrete abrasion special attention
should be given on the aggregate according to
EN 206-1. Optionally concrete abrasion may be
allowed for by increasing the concrete cover
(sacrificial layer). In that case the minimum cover
cmin should be increased by k1 for Abrasion Class
XM1, by k2 for XM2 and by k3 for XM3.

Ïðèì³òêà. Êëàñ ñòèðàííÿ ÕÌ1 îçíà÷àº ïîì³ðíå ñòè-
ðàííÿ, íàïðèêëàä, äëÿ åëåìåíò³â íà ïðîìèñëîâèõ
ìàéäàí÷èêàõ ³ç ÷àñòî ïðî¿æäæàþ÷èì òðàíñïîðòîì
³ç íàäóâíèìè øèíàìè. Êëàñ ñòèðàííÿ ÕÌ2 îçíà÷àº
³íòåíñèâíå ñòèðàííÿ, íàïðèêëàä, äëÿ åëåìåíò³â íà
ïðîìèñëîâèõ ìàéäàí÷èêàõ ç ÷àñòî ïðî¿æäæàþ÷èìè
íàâàíòàæóâà÷àìè ç øèíàìè ³ç ö³ëüíî¿ ãóìè. Êëàñ
ñòèðàííÿ ÕÌ3 îçíà÷àº åêñòðåìàëüíå ñòèðàííÿ, íà-
ïðèêëàä, äëÿ åëåìåíò³â íà ïðîìèñëîâèõ ìàéäàí÷è-
êàõ ³ç ÷àñòî ïðî¿æäæàþ÷èìè íàâàíòàæóâà÷àìè ç
øèíàìè ³ç êàó÷óêó àáî ñòàë³ àáî ãóñåíè÷íîãî òðàíñ-
ïîðòó. Âåëè÷èíè k1, k2 ³ k3 ìîæóòü âñòàíîâëþâàòèñü
äëÿ êîíêðåòíî¿ êðà¿íè ó íàö³îíàëüíîìó äîäàòêó. Ðå-
êîìåíäóþòüñÿ çíà÷åííÿ â³äïîâ³äíî 5 ìì, 10 ìì ³
15 ìì.

Note: Abrasion Class XM1 means a moderate
abrasion like for members of industrial sites frequented
by vehicles with air tyres. Abrasion Class XM2 means a
heavy abrasion like for members of industrial sites
frequented by fork lifts with air or solid rubber tyres.
Abrasion Class XM3 means an extreme abrasion like
for members industrial sites frequented by fork lifts with
elastomer or steel tyres or track vehicles.
The values of k1, k2 and k3 for use in a Country may be
found in its National Annex. The recommended values
are 5 mm, 10 mm and 15 mm.

4.4.1.3 Äîïóñê ó ïðîåêò³ íà â³äõèëåííÿ 4.4.1.3 Allowance in design for deviation

(1)Ð Ïðè âèçíà÷åíí³ íîì³íàëüíîãî çàõèñíîãî
øàðó cnom äî éîãî ì³í³ìàëüíîãî çíà÷åííÿ íå-

îáõ³äíî äîäàòè äîïóñê íà â³äõèëåííÿ �cdev.
Íåîáõ³äíèé ì³í³ìàëüíèé çàõèñíèé øàð íå-
îáõ³äíî çá³ëüøèòè íà àáñîëþòíå çíà÷åííÿ äî-
ïóñòèìîãî â³ä'ºìíîãî â³äõèëåííÿ.

(1)P To calculate the nominal cover, cnom, an ad-
dition to the minimum cover shall be made in de-

sign to allow for the deviation (�cdev). The
required minimum cover shall be increased by the
absolute value of the accepted negative devia-
tion.

Ïðèì³òêà. Âåëè÷èíà �cdev ìîæå âñòàíîâëþâàòèñü
äëÿ êîíêðåòíî¿ êðà¿íè ó íàö³îíàëüíîìó äîäàòêó. Ðå-
êîìåíäîâàíå çíà÷åííÿ – 10 ìì.

Note: The value of �cdev for use in a Country may be
found in its National Annex. The recommended value is
10 mm.

(2) Äîïóñòèì³ â³äõèëåííÿ äëÿ áóä³âåëü íàäàíî
ó ENV 13670-1. Çàçâè÷àé, âîíè ïðèéíÿòí³ ³ äëÿ
³íøèõ òèï³â ñïîðóä. Ö³ âåëè÷èíè íåîáõ³äíî âðà-
õîâóâàòè ï³ä ÷àñ ïðîåêòóâàííÿ ïðè âèçíà÷åíí³
íîì³íàëüíîãî çàõèñíîãî øàðó. Íîì³íàëüíà

(2) For Buildings, ENV 13670-1 gives the accep-
table deviation. This is normally also sufficient for
other types of structures. It should be considered
when choosing the value of nominal cover for
design. The nominal value of cover for design
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âåëè÷èíà çàõèñíîãî øàðó ïîâèííà âèêîðèñòî-
âóâàòèñü ïðè ðîçðàõóíêàõ ³ âêàçóâàòèñü ó êðåñ-
ëåííÿõ, îêð³ì âèïàäê³â, êîëè îá´ðóíòîâàíî
âèá³ð ³íøî¿ âåëè÷èíè çàõèñíîãî øàðó (íàïðèê-
ëàä, ì³í³ìàëüíå çíà÷åííÿ).

should be used in the calculations and stated on
the drawings, unless a value other than the
nominal cover is specified (e.g. minimum value).

(3) Â îêðåìèõ âèïàäêàõ ïðèéíÿòå â³äõèëåííÿ,

à, çíà÷èòü, ³ äîïóñê �cdev ìîæå çìåíøóâàòèñü.

(3) In certain situations, the accepted deviation

and hence allowance, �cdev, may be reduced.

Ïðèì³òêà. Çìåíøåííÿ �cdev äëÿ òàêèõ âèïàäê³â ìî-
æå âñòàíîâëþâàòèñü äëÿ êîíêðåòíî¿ êðà¿íè ó íàö³î-
íàëüíîìó äîäàòêó. Ðåêîìåíäóþòüñÿ íàñòóïí³ âåëè-
÷èíè:

Note: The reduction in �cdev in such circumstances for
use in a Country may be found in its National Annex.
The recommended values are:

– ÿêùî ïðîöåñ âèãîòîâëåííÿ çä³éñíþºòüñÿ çà
ñèñòåìîþ çàáåçïå÷åííÿ ÿêîñò³, ó ÿê³é
ìîí³òîðèíã âêëþ÷àº âèì³ðþâàííÿ çàõèñíîãî

øàðó áåòîíó, òî äîïóñê �cdev ìîæå çìåíøó-
âàòèñü ó ìåæàõ:

– where fabrication is subjected to a quality
assurance system, in which the monitoring
includes measurements of the concrete cover,

the allowance in design for deviation �cdev

may be reduced:

10 ìì � �cdev � 5 ìì; (4.3N)

10 mm � �cdev � 5 mm;

– ÿêùî äëÿ ìîí³òîðèíãó çàáåçïå÷óºòüñÿ çà-
ñòîñóâàííÿ âèì³ðþâàëüíèõ ïðèëàä³â äóæå
âèñîêî¿ òî÷íîñò³ òà ïðè âèãîòîâëåíí³ ïåðå-
â³ðÿþòüñÿ âñ³ åëåìåíòè (íàïðèêëàä, çá³ðí³

åëåìåíòè), ïðîåêòíèé äîïóñê �cdev íà â³äõè-
ëåííÿ ìîæå çìåíøóâàòèñü ó ìåæàõ:

– where it can be assured that a very accurate
measurement device is used for monitoring
and non conforming members are rejected
(e.g. precast elements), the allowance in

design for deviation �cdev may be reduced:

10 ìì � �cdev � 0 ìì; (4.3N)

10 mm � �cdev � 0 mm;

(4) Ïðè óêëàäàíí³ áåòîíó íà íåð³âíó ïîâåðõíþ
ì³í³ìàëüíèé çàõèñíèé øàð ìîæå çá³ëüøóâà-
òèñü øëÿõîì âñòàíîâëåííÿ á³ëüøîãî ïðîåêò-
íîãî äîïóñêó. Çá³ëüøåííÿ ïîâèííî â³äïîâ³äàòè
ïåðåïàäàì âíàñë³äîê íåð³âíîñòåé, àëå ì³í³-
ìàëüíèé çàõèñíèé øàð ïîâèíåí áóòè ð³âíèì,
ùîíàéìåíøå, k1 ìì ïðè óêëàäàíí³ áåòîíó íà
ï³äãîòîâëåíó ´ðóíòîâó îñíîâó (âêëþ÷àþ÷è áå-
òîííó ï³äãîòîâêó), ³ k2 ìì – ïðè óêëàäàíí³ áåòî-
íó áåçïîñåðåäíüî íà ãðóíò. Çàõèñíèé øàð äëÿ
àðìàòóðè ïðè áóäü-ÿêèõ õàðàêòåðèñòèêàõ ïî-
âåðõí³, òàêèõ ÿê ðèôëåíå îçäîáëåííÿ àáî âèñ-
òóïí³ çàïîâíþâà÷³, òàêîæ ïîâèíåí çá³ëüøó-
âàòèñü ç óðàõóâàííÿì íåð³âíîì³ðíîñò³ ïîâåðõ-
í³ (4.4.1.2 (11)).

(4) For concrete cast against uneven surfaces,
the minimum cover should generally be increased
by allowing larger deviations in design. The in-
crease should comply with the difference caused
by the unevenness, but the minimum cover
should be at least k1 mm for concrete cast against
prepared ground (including blinding) and k2 mm
for concrete cast directly against soil. The cover to
the reinforcement for any surface feature, such as
ribbed finishes or exposed aggregate, should also
be increased to take account of the uneven
surface (see 4.4.1.2 (11)).

Ïðèì³òêà. Çíà÷åííÿ k1 ³ k2 ìîæóòü âñòàíîâëþâàòèñü
äëÿ êîíêðåòíî¿ êðà¿íè ó íàö³îíàëüíîìó äîäàòêó. Ðå-
êîìåíäóþòüñÿ âåëè÷èíè 40 ìì òà 75 ìì â³äïîâ³äíî.

Note: The values of k1 and k2 for use in a Country may
be found in its National Annex. The recommended
values are 40 mm and 75 mm.
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5 ÊÎÍÑÒÐÓÊÒÈÂÍÈÉ ÐÎÇÐÀÕÓÍÎÊ 5 STRUCTURAL ANALYSIS

5.1 Çàãàëüí³ ïîëîæåííÿ 5.1 General

5.1.1 Çàãàëüí³ âèìîãè 5.1.1 General requirements

(1)Ð Ìåòîþ êîíñòðóêòèâíîãî ðîçðàõóíêó º âèç-
íà÷åííÿ ðîçïîä³ëó âíóòð³øí³õ ñèë ³ ìîìåíò³â
àáî íàïðóæåíü, äåôîðìàö³é ³ ïåðåì³ùåíü äëÿ
âñ³º¿ êîíñòðóêö³¿ àáî ¿¿ ÷àñòèíè. Çà íåîáõ³äíîñ-
ò³, ïîâèíåí âèêîíóâàòèñü äîäàòêîâèé ì³ñöåâèé
ðîçðàõóíîê.

(1)P The purpose of structural analysis is to
establish the distribution of either internal forces
and moments, or stresses, strains and displace-
ments, over the whole or part of a structure. Ad-
ditional local analysis shall be carried out where
necessary.

Ïðèì³òêà. Äëÿ á³ëüøîñò³ çâè÷àéíèõ âèïàäê³â ðîçðà-
õóíîê áóäå âèêîðèñòîâóâàòèñü äëÿ âèçíà÷åííÿ ðîç-
ïîä³ëó âíóòð³øí³õ ñèë ³ ìîìåíò³â, à ê³íöåâà ïåðå-
â³ðêà àáî äåìîíñòðàö³ÿ îïîðó ïîïåðå÷íèõ ïåðåð³ç³â
´ðóíòóºòüñÿ íà íàñë³äêàõ öèõ âïëèâ³â; îäíàê, äëÿ
ïåâíèõ îñîáëèâèõ åëåìåíò³â ìåòîäè ðîçðàõóíêó
(íàïðèêëàä, ìåòîä ñê³í÷åííèõ åëåìåíò³â) äàþòü ïå-
ðåâàæíî íàïðóæåííÿ, äåôîðìàö³¿ ³ ïåðåì³ùåííÿ, à
íå âíóòð³øí³ ñèëè ³ ìîìåíòè. Äëÿ çàñòîñóâàííÿ öèõ
äàíèõ ³ îäåðæàííÿ â³äïîâ³äíèõ ðåçóëüòàò³â ïå-
ðåâ³ðêè ïîòð³áíî âèêîðèñòàòè ñïåö³àëüí³ ìåòîäè.

Note: In most normal cases analysis will be used to
establish the distribution of internal forces and mo-
ments, and the complete verification or demonstration
of resistance of cross sections is based on these action
effects; however, for certain particular elements, the
methods of analysis used (e.g. finite element analysis)
give stresses, strains and displacements rather than
internal forces and moments. Special methods are
required to use these results to obtain appropriate
verification.

(2) Ì³ñöåâ³ ðîçðàõóíêè íåîáõ³äí³, êîëè óìîâà
ïðî ë³í³éíèé ðîçïîä³ë äåôîðìàö³é íåïðèéíÿò-
íà, íàïðèêëàä:

(2) Local analyses may be necessary where the
assumption of linear strain distribution is not valid,
e.g.:

– â îêîëèöÿõ îïîð, – in the vicinity of supports,
– ó ì³ñöÿõ çîñåðåäæåíîãî íàâàíòàæåííÿ, – local to concentrated loads,
– ó âóçëàõ ç'ºäíàíü êîëîí ³ áàëîê, – in beam-column intersections,
– ó çîíàõ çààíêåðóâàííÿ, – in anchorage zones,
– ó ì³ñöÿõ çì³íè ïîïåðå÷íîãî ïåðåð³çó. – at changes in cross section.

(3) Ïðè ïëîñêî-ïàðàëåëüíèõ ïîëÿõ íàïðóæåíü
äëÿ âèçíà÷åííÿ àðìóâàííÿ ìîæå âèêîðèñòîâó-
âàòèñü ñïðîùåíèé ìåòîä.

(3) For in-plane stress fields a simplified method
for determining reinforcement may be used.

Ïðèì³òêà. Ñïðîùåíèé ìåòîä íàâåäåíî ó äîäàòêó F. Note: A simplified method is given in Annex F.

(4)Ð Ðîçðàõóíîê ïîâèíåí âèêîíóâàòèñü ³ç âèêî-
ðèñòàííÿì ³äåàë³çàö³¿ ÿê ãåîìåòð³¿, òàê ³ õàðàê-
òåðó ðîáîòè êîíñòðóêö³¿. Âèáðàíà ³äåàë³çàö³ÿ
ïîâèííà â³äïîâ³äàòè õàðàêòåðó çàäà÷³, ÿêà
ðîçâ'ÿçóºòüñÿ.

(4)P Analyses shall be carried out using ideali-
sations of both the geometry and the behaviour of
the structure. The idealisations selected shall be
appropriate to the problem being considered.

(5) Ó ðîçðàõóíêó ïîâèíí³ ðîçãëÿäàòèñü ãåîìåò-
ð³ÿ ³ âëàñòèâîñò³ êîíñòðóêö³¿ òà õàðàêòåð ¿¿ ðî-
áîòè íà êîæí³é ñòàä³¿ áóä³âíèöòâà.

(5) The geometry and the properties of the struc-
ture and its behaviour at each stage of construc-
tion shall be considered in the design.

(6)Ð Ó ðîçðàõóíêó íåîáõ³äíî âðàõîâóâàòè âïëèâ
ãåîìåòð³¿ ³ âëàñòèâîñòåé êîíñòðóêö³¿ íà õàðàê-
òåð ¿¿ ðîáîòè íà êîæí³é ñòàä³¿ áóä³âíèöòâà.

(6)P The effect of the geometry and properties of
the structure on its behaviour at each stage of
construction shall be considered in the design

(7) Çàãàëüíîïðèéíÿòîþ ³äåàë³çàö³ºþ õàðàêòå-
ðó ðîáîòè, ÿêà âèêîðèñòîâóºòüñÿ ïðè ðîçðàõóí-
êó, º:

(7) Common idealisations of the behaviour used
for analysis are:

– ë³í³éíî-ïðóæíèé õàðàêòåð ðîáîòè (äèâ. 5.4); – linear elastic behaviour (see 5.4);
– ë³í³éíî-ïðóæíèé õàðàêòåð ðîáîòè ç îáìåæå-

íèì ïåðåðîçïîä³ëîì (äèâ. 5.5);
– linear elastic behaviour with limited redistribu-

tion (see 5.5);

63

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



– ïëàñòè÷íèé õàðàêòåð ðîáîòè (äèâ. 5.6), ÿêèé
âêëþ÷àº ñòðèæíåâó ìîäåëü (äèâ. 5.6.4);

– plastic behaviour (see 5.6), including strut and
tie models (see 5.6.4);

– íåë³í³éíèé õàðàêòåð ðîáîòè (äèâ. 5.7). – non-linear behaviour (see 5.7).

(8) Ó áóä³âëÿõ âïëèâè ïîïåðå÷íèõ ³ îñüîâèõ çó-
ñèëü íà äåôîðìàö³þ ë³í³éíèõ åëåìåíò³â ³ ïëèò
ìîæóòü íå âðàõîâóâàòèñü, ÿêùî ìîæíà ïåðåä-
áà÷èòè, ùî âîíè áóäóòü ñòàíîâèòè ìåíøå í³æ
10% â³ä çóñèëü, ñïðè÷èíåíèõ çãèíîì.

(8) In buildings, the effects of shear and axial
forces on the deformations of linear elements and
slabs may be ignored where these are likely to be
less than 10% of those due to bending.

5.1.2 Îñîáëèâ³ âèìîãè äëÿ ôóíäàìåíò³â 5.1.2 Special requirements for foundations

(1)Ð ßêùî âçàºìîä³ÿ "îñíîâà-ñïîðóäà" ñóòòºâî
âïëèâàº íà õàðàêòåð ä³é ó ñïîðóä³, òî õàðàêòå-
ðèñòèêè ´ðóíò³â ³ âïëèâ âçàºìîä³¿ ïîâèíí³ âðà-
õîâóâàòèñü çã³äíî ç EN 1997-1.

(1)P Where ground-structure interaction has
significant influence on the action effects in the
structure, the properties of the soil and the effects
of the interaction shall be taken into account in
accordance with EN 1997-1.

Ïðèì³òêà. Ïîäàëüøà ³íôîðìàö³ÿ ñòîñîâíî ðîçðà-
õóíêó ôóíäàìåíò³â íåãëèáîêîãî çàêëàäàííÿ íàâå-
äåíà ó äîäàòêó G.

Note: For more information concerning the analysis of
shallow foundations see Annex G.

(2) Ïðè ïðîåêòóâàíí³ ôóíäàìåíò³â íà ïðè-
ðîäí³é îñíîâ³ äëÿ ïðåäñòàâëåííÿ âçàºìîä³¿
"îñíîâà-ñïîðóäà" ìîæóòü çàñòîñîâóâàòèñü â³ä-
ïîâ³äí³ ñïðîùåí³ ìîäåë³.

(2) For the design of spread foundations, appro-
priately simplified models for the description of the
soil-structure interaction may be used.

Ïðèì³òêà. Çàçâè÷àé, äëÿ îêðåìî ðîçòàøîâàíèõ
ôóíäàìåíò³â ³ ïàëüîâèõ ðîñòâåðê³â âïëèâàìè âçàº-
ìîä³¿ "ñïîðóäà-îñíîâà" ìîæíà çíåõòóâàòè.

Note: For simple pad footings and pile caps the effects
of soil-structure interaction may usually be ignored.

(3) Äëÿ ðîçðàõóíêó íåñó÷î¿ çäàòíîñò³ îêðåìèõ
ïàëü ïðè âèçíà÷åíí³ âïëèâ³â íåîáõ³äíî âðàõî-
âóâàòè âçàºìîä³þ ì³æ ïàëÿìè, ðîñòâåðêîì ³
´ðóíòîì îñíîâè.

(3) For the strength design of individual piles the
actions should be determined taking into account
the interaction between the piles, the pile cap and
the supporting soil.

(4) ßêùî ïàë³ ðîçòàøîâàíî ó äåê³ëüêà ðÿä³â,
âïëèâ íà êîæíó ïàëþ íåîáõ³äíî âèçíà÷àòè ÷å-
ðåç àíàë³ç âçàºìîä³¿ ì³æ íèìè.

(4) Where the piles are located in several rows,
the action on each pile should be evaluated by
considering the interaction between the piles.

(5) Öþ âçàºìîä³þ ìîæíà íå âðàõîâóâàòè, ÿêùî
â³äñòàíü ó ÷èñòîò³ ì³æ ïàëÿìè ó äâà ³ á³ëüøå
ðàç³â ïåðåâèùóº ä³àìåòð ïàë³.

(5) This interaction may be ignored when the clear
distance between the piles is greater than two
times the pile diameter.

5.1.3 Âèïàäêè íàâàíòàæåíü ³ ñïîëó÷åíü 5.1.3 Load cases and combinations

(1)Ð (1)P Ïðè àíàë³ç³ ñïîëó÷åíü íàâàíòàæåíü
(ðîçä³ë 6 EN 1990), ïîâèíí³ ðîçãëÿäàòèñü â³ä-
ïîâ³äí³ âèïàäêè ç ìåòîþ âèçíà÷åííÿ âñ³õ ïå-
ðåð³ç³â êîíñòðóêö³¿ àáî ¿¿ ÷àñòèí, äå ìîæëèâå
âèíèêíåííÿ êðèòè÷íèõ ðîçðàõóíêîâèõ óìîâ.

(1)P In considering the combinations of actions,
see EN 1990 Section 6, the relevant cases shall
be considered to enable the critical design con-
ditions to be established at all sections, within the
structure or part of the structure considered.

Ïðèì³òêà. ßêùî ó êîíêðåòí³é êðà¿í³ íåîáõ³äíî âèêî-
ðèñòîâóâàòè ñïðîùåííÿ ñòîñîâíî ê³ëüêîñò³ òà êëà-
ñèô³êàö³¿ íàâàíòàæåíü, íàäàºòüñÿ ïîñèëàííÿ íà ¿¿
íàö³îíàëüíèé äîäàòîê. Äëÿ áóä³âåëü ðåêîìåíäóºòü-
ñÿ íàñòóïíà ñïðîùåíà êëàñèô³êàö³ÿ íàâàíòàæåíü:

Note: Where a simplification in the number of load
arrangements for use in a Country is required, referen-
ce is made to its National Annex. The following simp-
lified load arrangements are recommended for
buildings:

(à) çíàêîçì³íí³ ïðîëüîòè íåñóòü ðîçðàõóíêîâå çì³ííå òà

ïîñò³éíå íàâàíòàæåííÿ (�Q.Qk + �G.Gk + Pm), ³íø³ ïðî-
ëüîòè íåñóòü ò³ëüêè ðîçðàõóíêîâå ïîñò³éíå íàâàíòà-

æåííÿ �G.Gk + Pm, ³

(à) alternate spans carrying the design variable and

permanent load (�Q.Qk + �G.Gk + Pm), other spans

carrying only the design permanent load �G.Gk +Pm, and
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(b) áóäü-ÿê³ äâà ïðèëåãëèõ ïðîëüîòè íåñóòü ðîçðà-

õóíêîâå çì³ííå òà ïîñò³éíå íàâàíòàæåííÿ (�Q.Qk +

�G.Gk + Pm). Âñ³ ³íø³ ïðîëüîòè íåñóòü ò³ëüêè ðîçðàõóí-

êîâå ïîñò³éíå íàâàíòàæåííÿ �G.Gk + Pm.

(b) any two adjacent spans carrying the design variable

and permanent loads (�Q.Qk + �G.Gk +Pm). All other spans

carrying only the design permanent load �G.Gk + Pm,.

5.1.4 Âïëèâè äðóãîãî ïîðÿäêó 5.1.4 Second order effects

(1)Ð Âïëèâè äðóãîãî ïîðÿäêó (ðîçä³ë 1 EN 1990)
ïîâèíí³ âðàõîâóâàòèñü, ÿêùî ïåðåäáà÷àºòüñÿ,
ùî âîíè ìîæóòü ñóòòºâî âïëèíóòè íà çàãàëüíó
ñò³éê³ñòü êîíñòðóêö³¿ ³ íà äîñÿãíåííÿ ãðàíè÷íî-
ãî ñòàíó ó êðèòè÷íèõ ïåðåð³çàõ.

(1)P Second order effects (see EN 1990 Section 1)
shall be taken into account where they are likely to
affect the overall stability of a structure significant-
ly and for the attainment of the ultimate limit state
at critical sections.

(2) Âïëèâè äðóãîãî ïîðÿäêó ïîâèíí³ âðàõîâóâà-
òèñü çã³äíî ç 5.8.

(2) Second order effects should be taken into
account according to 5.8.

(3) Äëÿ áóä³âåëü âïëèâàìè äðóãîãî ïîðÿäêó íè-
æ÷å ïåâíèõ ãðàíè÷íèõ çíà÷åíü ìîæíà çíåõòó-
âàòè (äèâ. 5.8.2 (6)).

(3) For buildings, second order effects below cer-
tain limits may be ignored (see 5.8.2 (6)).

5.2 Ãåîìåòðè÷í³ íåòî÷íîñò³ 5.2 Geometric imperfections

(1)Ð Íåñïðèÿòëèâ³ âïëèâè â³ä ìîæëèâèõ â³äõè-
ëåíü ó ãåîìåòð³¿ êîíñòðóêö³¿ òà ðîçòàøóâàíí³
íàâàíòàæåíü ïîâèíí³ âðàõîâóâàòèñü ïðè ðîç-
ðàõóíêó åëåìåíò³â ³ êîíñòðóêö³é.

(1)P The unfavourable effects of possible devia-
tions in the geometry of the structure and the
position of loads shall be taken into account in the
analysis of members and structures.

Ïðèì³òêà. Â³äõèëåííÿ ó ðîçì³ðàõ ïîïåðå÷íèõ ïåðå-
ð³ç³â, çàçâè÷àé, âðàõîâóþòüñÿ êîåô³ö³ºíòàìè íàä³é-
íîñò³ çà ìàòåð³àëàìè. ¯õ äîäàòêîâî íå ïîòð³áíî
âêëþ÷àòè ó êîíñòðóêòèâíèé ðîçðàõóíîê. Ì³í³ìàëü-
íèé åêñöåíòðèñèòåò äëÿ ðîçðàõóíêó ïîïåðå÷íîãî
ïåðåð³çó íàâåäåíî ó 6.1 (4).

Note: Deviations in cross section dimensions are nor-
mally taken into account in the material safety factors.
These should not be included in structural analysis. A
minimum eccentricity for cross section design is given
in 6.1 (4).

(2)Ð Íåòî÷íîñò³ ïîâèíí³ âðàõîâóâàòèñü äëÿ
ãðàíè÷íèõ ñòàí³â ïðè äîâãîòðèâàëèõ ³ àâàð³é-
íèõ ðîçðàõóíêîâèõ âèïàäêàõ.

(2)P Imperfections shall be taken into account in
ultimate limit states in persistent and accidental
design situations.

(3) Íåòî÷íîñò³ íåîáõ³äíî âðàõîâóâàòè äëÿ ãðà-
íè÷íèõ ñòàí³â çà ïðèäàòí³ñòþ äî åêñïëóàòàö³¿.

(3) Imperfections need not be considered for
serviceability limit states.

(4) Íèæ÷åíàâåäåí³ ïîëîæåííÿ çàñòîñîâóþòüñÿ
äëÿ öåíòðàëüíî ñòèñíóòèõ åëåìåíò³â ³ êîíñò-
ðóêö³é ïðè âåðòèêàëüíîìó íàâàíòàæåíí³ ïåðå-
âàæíî ó áóä³âëÿõ. ×èñëîâ³ çíà÷åííÿ â³äíî-
ñÿòüñÿ äî çâè÷àéíèõ â³äõèëåíü ïðè çâåäåíí³
(êëàñ 1 çà ENV 13670). Ïðè âèêîðèñòàíí³ ³íøèõ
â³äõèëåíü (íàïðèêëàä, êëàñ 2), çíà÷åííÿ ïî-
âèíí³ óòî÷íþâàòèñü â³äïîâ³äíèì ÷èíîì.

(4) The following provisions apply for members
with axial compression and structures with verti-
cal load, mainly in buildings. Numerical values are
related to normal execution deviations (Class 1 in
ENV 13670). With the use of other deviations
(e.g. Class 2), values should be adjusted accor-
dingly.

(5) Íåòî÷íîñò³ ìîæóòü âèðàæàòèñü ÷åðåç íàõèë


1, âèðàæåíèé ÿê:

(5) Imperfections may be represented by an incli-

nation, 
1, given by:


 
 � �1 0� h m , (5.1)

äå: where


0 – áàçîâå çíà÷åííÿ; 
0 – is the basic value:

�h – ïîíèæóþ÷èé êîåô³ö³ºíò äëÿ äîâæèíè àáî
âèñîòè: � h � 2 2/ l ; 2 3 1/ � �� h ;

�h – is the reduction factor for length or height:
� h � 2 2/ l ; 2 3 1/ � �� h ;
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�m – ïîíèæóþ÷èé êîåô³ö³ºíò äëÿ ê³ëüêîñò³ åëå-

ìåíò³â: , -� m m� /0 5 1 1, / ;

�m – is the reduction factor for number of mem-

bers: , -� m m� /0 5 1 1, / ;

l – äîâæèíà àáî âèñîòà, ì, (äèâ. (4) l – is the length or height [m], see (4)

m – ê³ëüê³ñòü âåðòèêàëüíèõ åëåìåíò³â, ùî ôîð-
ìóþòü ñóìàðíå çíà÷åííÿ.

m – is the number of vertical members contribu-
ting to the total effect.

Ïðèì³òêà. Âåëè÷èíà 
0 äëÿ êîíêðåòíî¿ êðà¿íè ìîæå
âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêî-
ìåíäîâàíî çíà÷åííÿ 1/200.

Note: The value of 
0 for use in a Country may be found
in its National Annex. The recommended value is
1/200.

(6) Ó âèðàç³ (5.1) çíà÷åííÿ l ³ m çàëåæàòü â³ä
âïëèâó, ùî ðîçãëÿäàºòüñÿ, ³ äëÿ ÿêîãî âèð³çíÿ-
þòü òðè îñíîâíèõ êëàñè (ðèñóíîê 5.1):

(6) In Expression (5.1), the definition of l and m

depends on the effect considered, for which three main
cases can be distinguished (see also Figure 5.1):

– âïëèâ íà îêðåìèé åëåìåíò: l = ôàêòè÷í³é
äîâæèí³ åëåìåíòà, m = 1;

– Effect on isolated member: l = actual length of
member, m = 1;

– âëèâ íà ñèñòåìó â'ÿçåé: l = âèñîò³ áóä³âë³,
m = ê³ëüêîñò³ âåðòèêàëüíèõ åëåìåíò³â, ùî
ïåðåäàþòü ãîðèçîíòàëüí³ çóñèëëÿ íà ñèñòå-
ìó â'ÿçåé;

– Effect on bracing system: l = height of building,
m = number of vertical members contributing
to the horizontal force on the bracing system;

– âïëèâ íà äèñêè ïåðåêðèòò³â òà ïîêðèòò³â, ÿê³
ðîçïîä³ëÿþòü ãîðèçîíòàëüí³ íàâàíòàæåííÿ:
l = âèñîò³ ïîâåðõó, m = ê³ëüêîñò³ âåðòèêàëü-
íèõ åëåìåíò³â ó ïîâåðñ³ (ïîâåðõàõ), ùî
ôîðìóþòü ñóìàðíå çíà÷åííÿ ãîðèçîíòàëü-
íî¿ ñèëè íà ïåðåêðèòòÿ.

– Effect on floor or roof diaphragms distributing
the horizontal loads: l = storey height, m =
number of vertical elements in the storey(s)
contributing to the total horizontal force on the
floor.

(7) Äëÿ îêðåìèõ åëåìåíò³â (äèâ. 5.8.1) âïëèâ
íåòî÷íîñòåé ìîæå âðàõîâóâàòèñü äâîìà àëü-
òåðíàòèâíèìè ñïîñîáàìè à) àáî b):

(7) For isolated members (see 5.8.1), the effect of
imperfections may be taken into account in two
alternative ways a) or b):

à) – ÿê ïåâíèé åêñöåíòðèñèòåò å³, âèðàæåíèé ÷åðåç: a) as an eccentricity, ei, given by

ei i� 
 l0 2/ , (5.2)

äå l0 – ôàêòè÷íà äîâæèíà, äèâ. 5.8.3.2. where l0 – is the effective length, see 5.8.3.2.

Äëÿ ñò³í ³ îêðåìèõ êîëîí, ðîçêð³ïëåíèõ ñèñòå-
ìîþ â'ÿçåé ç ìåòîþ ñïðîùåííÿ, çàâæäè ìîæå
âèêîðèñòîâóâàòèñü å³ = l0/400, ùî â³äïîâ³äàº

�h = 1.

For walls and isolated columns in braced sys-
tems, å³ = l0/400 may always be used as a simp-

lification, corresponding to �h = 1.

b) – ÿê ïåâíà ïîïåðå÷íà ñèëà Í³ ðîçòàøîâàíà
òàê, ùîá âèêëèêàòè ìàêñèìàëüíèé ìîìåíò:

b) as a transverse force, Í³, in the position that
gives maximum moment:

äëÿ íå ðîçêð³ïëåíîãî â'ÿçÿìè åëåìåíòà (ðèñó-
íîê 5.1 à1):

for unbraced members (see Figure 5.1 a1):

H Ni i� 
 ; (5.3a)

äëÿ ðîçêð³ïëåíîãî â'ÿçÿìè åëåìåíòà (ðèñó-
íîê 5.1 à2):

for braced members (see Figure 5.1 a2):

H Ni i� 2
 , (5.3b)

äå N – îñüîâå íàâàíòàæåííÿ. where N is the axial load.
Ïðèì³òêà. Åêñöåíòðèñèòåò ï³äõîäèòü äëÿ ñòàòè÷íî
âèçíà÷åíèõ åëåìåíò³â, òîä³ ÿê ïîïåðå÷íå íàâàíòà-
æåííÿ ìîæå âèêîðèñòîâóâàòèñü ÿê äëÿ ñòàòè÷íî
âèçíà÷åíèõ, òàê ³ íåâèçíà÷åíèõ åëåìåíò³â. Ñèëà Í³

ìîæå ðîçä³ëÿòèñü íà äåê³ëüêà åêâ³âàëåíòíèõ ïîïå-
ðå÷íèõ âïëèâ³â.

Note: Eccentricity is suitable for statically determinate
members, whereas transverse load can be used for
both determinate and indeterminate members. The
force Í³ may be substituted by some other equivalent
transverse action.
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(8) Äëÿ ñïîðóä âïëèâ íàõèëó 
³ ìîæå âèðàæà-
òèñü ÷åðåç ïîïåðå÷í³ ñèëè, ÿê³ âðàõîâóþòüñÿ ó
ðîçðàõóíêó ðàçîì ç ³íøèìè âïëèâàìè.

(8) For structures, the effect of the inclination 
³

may be represented by transverse forces, to be
included in the analysis together with other actions.

Âïëèâ íà â'ÿçåâó ñèñòåìó (ðèñóíîê 5.1 b): Effect on bracing system, (see Figure 5.1 b):

, -H Nb Nai i� �
 . (5.4)

Âïëèâ íà äèñê ïåðåêðèòòÿ (ðèñóíîê 5.1 ñ1): Effect on floor diaphragm, (see Figure 5.1 c1):

, -H Nb Nai i� /
 / 2 . (5.5)

Âïëèâ íà äèñê ïîêðèòòÿ (ðèñóíîê 5.1 ñ2): Effect on roof diaphragm, (see Figure 5.1 c2):

H Ni i a� 
 , (5.6)

äå Na ³ Nb – ñêëàäîâ³ ñèëè Í³ âäîâæ îñ³. where Na and Nb are longitudinal forces contri-
buting to Hi.
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b) â'ÿçåâà ñèñòåìà
Bracing system

ñ1) äèñê ïåðåêðèòòÿ
Floor diaphragm

ñ2) äèñê ïîêðèòòÿ
Roof diaphragm

Ðèñóíîê 5.1 – Ïðèêëàäè âïëèâó ãåîìåòðè÷íèõ íåòî÷íîñòåé

Figure 5.1 – Examples of the effect of geometric imperfections

à1) íåðîçêð³ïëåíèé
Unbraced

à2) ðîçêð³ïëåíèé
Braced

à – îêðåì³ åëåìåíòè ç åêñöåíòðèñèòåòîì îñüîâî¿ ñèëè àáî ãîðèçîíòàëüíîþ ñèëîþ

Isolated members with eccentric axial force or lateral force
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(9) Äëÿ ñò³í ³ îêðåìèõ êîëîí, ðîçêð³ïëåíèõ ñèñ-
òåìîþ â'ÿçåé, ó ÿêîñò³ àëüòåðíàòèâíîãî ñïðî-
ùåííÿ ìîæå âèêîðèñòîâóâàòèñü åêñöåíòðèñè-
òåò å³ = l0 /400, ÿêèé îõîïëþº íåòî÷íîñò³, ïîâ'ÿ-
çàí³ ³ç â³äõèëåííÿìè, ùî âèíèêàþòü ïðè íîð-
ìàëüíîìó çâåäåíí³ (äèâ. 5.2(4)).

(9) As a simplified alternative for walls and isola-
ted columns in braced systems, an eccentricity
å³ = l0 /400 may be used to cover imperfections
related to normal execution deviations (see
5.2(4)).

5.3 ²äåàë³çàö³ÿ ñïîðóäè 5.3 Idealisation of the structure

5.3.1 Êîíñòðóêòèâí³ ìîäåë³ äëÿ çàãàëüíî-

ãî ðîçðàõóíêó

5.3.1 Structural models for overall analysis

(1)Ð Åëåìåíòè ñïîðóäè êëàñèô³êóþòüñÿ øëÿ-
õîì ðîçãëÿäó ¿õ õàðàêòåðó ³ ôóíêö³îíóâàííÿ ÿê
áàëêè, êîëîíè, ïëèòè, ñò³íè, ïàíåë³, àðêè, îáî-
ëîíêè òîùî. Ïðàâèëà îõîïëþþòü ðîçðàõóíîê
öèõ õàðàêòåðíèõ åëåìåíò³â òà ñïîðóä, ùî
ñôîðìîâàí³ ñóêóïí³ñòþ òàêèõ åëåìåíò³â.

(1)P The elements of a structure are classified, by
consideration of their nature and function, as
beams, columns, slabs, walls, plates, arches,
shells etc. Rules are provided for the analysis of
the commoner of these elements and of structu-
res consisting of combinations of these elements.

(2) Äëÿ áóä³âåëü çàñòîñîâóþòüñÿ íèæ÷åíàâå-
äåí³ ïîëîæåííÿ (3)…(7):

(2) For buildings the following provisions (3) to (7)
are applicable:

(3) Áàëêà – öå åëåìåíò, ó ÿêîãî ïðîë³ò íå ìåí-
øå í³æ ó 3 ðàçè ïåðåâèùóº çàãàëüíó âèñîòó ïå-
ðåð³çó. Â ³íøîìó ðàç³ âîíà ïîâèííà ðîçãëÿäà-
òèñü ÿê áàëêà-ñò³íêà.

(3) A beam is a member for which the span is not
less than 3 times the overall section depth. Other-
wise it should be considered as a deep beam.

(4) Ïëèòà – öå åëåìåíò, ó ÿêîãî ì³í³ìàëüíèé
ðîçì³ð ñòîðîíè íå ìåíøå í³æ ó 5 ðàç³â ïåðåâè-
ùóº çàãàëüíó òîâùèíó ïëèòè.

(4) A slab is a member for which the minimum pa-
nel dimension is not less than 5 times the overall
slab thickness.

(5) Ïëèòà, íà ÿêó ïðèêëàäåíî ïåðåâàæíî ð³âíî-
ì³ðíî ðîçïîä³ëåí³ íàâàíòàæåííÿ, ìîæå ðîçãëÿ-
äàòèñü ÿê òàêà, ùî ïðàöþº çà áàëî÷íîþ
ñõåìîþ, ÿêùî:

(5) A slab subjected to dominantly uniformly dist-
ributed loads may be considered to be one way
spanning if either:

– âîíà ìàº äâ³ â³ëüí³ (íå îáïåðò³) òà ïðàêòè÷-
íî ïàðàëåëüí³ ãðàí³ àáî

– it possesses two free (unsupported) and
sensibly parallel edges, or

– âîíà º öåíòðàëüíîþ ÷àñòèíîþ ïðàêòè÷íî
ïðÿìîêóòíî¿ ïëèòè, îáïåðòî¿ ïî ÷îòèðüîõ
ãðàíÿõ ïðè ñï³ââ³äíîøåíí³ äîâøîãî ïðîëüî-
òó äî êîðîòøîãî á³ëüøå 2.

– it is the central part of a sensibly rectangular
slab supported on four edges with a ratio of the
longer to shorter span greater than 2.

(6) Ðåáðèñò³ àáî êåñîíí³ ïëèòè íå ïîòð³áíî ðîç-
ãëÿäàòè ÿê äèñêðåòí³ åëåìåíòè äëÿ ïîòðåá ðîç-
ðàõóíêó, ÿêùî çàáåçïå÷óºòüñÿ óìîâà, ùî
ïîëèöÿ àáî âåðõíÿ ÷àñòèíà êîíñòðóêö³¿ òà ïî-
ïåðå÷í³ ðåáðà ìàþòü íåîáõ³äíó æîðñòê³ñòü íà
êðó÷åííÿ. Öå ìîæíà ïðèéíÿòè çà óìîâè, ùî:

(6) Ribbed or waffle slabs need not be treated as
discrete elements for the purposes of analysis,
provided that the flange or structural topping and
transverse ribs have sufficient torsional stiffness.
This may be assumed provided that:

– êðîê ðåáåð íå ïåðåâèùóº 1500 ìì, – the rib spacing does not exceed 1500 mm,
– âèñîòà ðåáåð ï³ä ïîëèöåþ íå ïåðåâèùóº ó

4 ðàçè ¿õ øèðèíó,
– the depth of the rib below the flange does not

exceed 4 times its width,
– òîâùèíà ïîëèö³ ùîíàéìåíøå ñòàíîâèòü

1/10 â³äñòàí³ ó ÷èñòîò³ ì³æ ðåáðàìè àáî
50 ìì, ÿêå ³ç çíà÷åíü á³ëüøå,

– the depth of the flange is at least 1/10 of the
clear distance between ribs or 50 mm,
whichever is the greater,

– ïîïåðå÷í³ ðåáðà ïåðåäáà÷åí³ ³ç êðîêîì ó
÷èñòîò³, ùî íå ïåðåâèùóº á³ëüøå í³æ ó
10 ðàç³â çàãàëüíó òîâùèíó ïëèòè.

– transverse ribs are provided at a clear spacing
not exceeding 10 times the overall depth of the
slab.
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Ì³í³ìàëüíà òîâùèíà ïëèòè 50 ìì ìîæå áóòè
çìåíøåíà äî 40 ìì, ÿêùî ì³æ ðåáðàìè ðîçòà-
øîâàíî ñòàë³ ìîäóë³ (ñòàëà ñòðóêòóðà).

The minimum flange thickness of 50 mm may be
reduced to 40 mm where permanent blocks are
incorporated between the ribs.

(7) Êîëîíà – öå åëåìåíò, ó ÿêîãî âèñîòà ïåðå-
ð³çó íå ïåðåâèùóº øèðèíó á³ëüøå í³æ ó 4 ðàçè,
âèñîòà åëåìåíòà ùîíàéìåíøå ó 3 ðàçè âèñîòó
ïåðåð³çó. Ó ³íøîìó ðàç³, âîíà ïîâèííà ðîçãëÿ-
äàòèñü ÿê ñò³íà.

(7) A column is a member for which the section
depth does not exceed 4 times its width and the
height is at least 3 times the section depth. Other-
wise it should be considered as a wall.

5.3.2 Ãåîìåòðè÷í³ äàí³ 5.3.2 Geometric data

5.3.2.1 Ðîáî÷à øèðèíà ïîëèöü (äëÿ âñ³õ ãðà-

íè÷íèõ ñòàí³â)

5.3.2.1 Effective width of flanges (all limit states)

(1)Ð Ó òàâðîâèõ áàëêàõ ðîáî÷à øèðèíà ïîëèö³,
íà ÿê³é ìîæíà äîïóñòèòè ð³âíîì³ðíèé ðîçïîä³ë
íàïðóæåíü, çàëåæèòü â³ä ðîçì³ð³â ñò³íêè ³ ïî-
ëèö³, âèäó íàâàíòàæåííÿ, ïðîëüîòó, óìîâ îá-
ïèðàííÿ òà ïîïåðå÷íî¿ àðìàòóðè.

(1)P In T beams the effective flange width, over
which uniform conditions of stress can be assu-
med, depends on the web and flange dimensions,
the type of loading, the span, the support condi-
tions and the transverse reinforcement.

(2) Ðîáî÷à øèðèíà ïîëèö³ ïîâèííà ´ðóíòóâà-
òèñü íà â³äñòàí³ l0 ì³æ òî÷êàìè íóëüîâîãî ìî-
ìåíòó, ÿê³ ìîæíà âçÿòè ç ðèñóíêà 5.2.

(2) The effective width of flange should be based
on the distance l0 between points of zero moment,
which may be obtained from Figure 5.2.

Ïðèì³òêà. Äîâæèíà êîíñîë³ l3 ïîâèííà áóòè ìåí-
øîþ í³æ ïîëîâèíà ïðèëåãëîãî ïðîëüîòó, à ñï³ââ³ä-
íîøåííÿ ïðèëåãëèõ ïðîëüîò³â ïîâèííî áóòè ó
ìåæàõ ì³æ 2/3 ³ 1,5.

Note: The length of the cantilever, l3, should be less
than half the adjacent span and the ratio of adjacent
spans should lie between 2/3 and 1,5.

(3) Ðîáî÷à øèðèíà ïîëèö³ beff äëÿ òàâðîâî¿ àáî
L – ïîä³áíî¿ áàëêè ìîæå âèçíà÷àòèñü, ÿê:

(3) The effective flange width beff for a T beam or L

beam may be derived as:

b b b beff eff i w� / �9 , , (5.7)

äå: where:

b beff i i, , , ,� / �0 2 0 1 0 20 0l l (5.7à)

³ and

b beff i i, � (5.7b)

(ðèñóíêè 5.2 ³ 5.3). (for the notations see Figures 5.2 above and 5.3
below).

(4) Äëÿ êîíñòðóêòèâíîãî ðîçðàõóíêó, ÿêùî íå
âèìàãàºòüñÿ âèñîêî¿ òî÷íîñò³, ìîæíà ïðèéíÿòè
ïîñò³éíó øèðèíó âäîâæ óñüîãî ïðîëüîòó. Íå-
îáõ³äíî ïðèéìàòè çíà÷åííÿ, ÿêå ïðèéíÿòíå äî
ïðîëüîòíîãî ïîïåðå÷íîãî ïåðåð³çó.

(4) For structural analysis, where a great accura-
cy is not required, a constant width may be assu-
med over the whole span. The value applicable to
the span section should be adopted.
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Figure 5.2 – Definition of l0, for calculation of effective flange width
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5.3.2.2 Ðîáî÷èé ïðîë³ò áàëîê ³ ïëèò ó áóä³âëÿõ 5.3.2.2 Effective span of beams and slabs in buil-

dings

Ïðèì³òêà. Íèæ÷åíàâåäåí³ ïîëîæåííÿ íàäàþòüñÿ
ïåðåâàæíî äëÿ ðîçðàõóíêó åëåìåíò³â. Äåÿê³ ³ç öèõ
ñïðîùåíü, ó ðàç³ ¿õ ïðèäàòíîñò³, ìîæóòü çàñòîñîâó-
âàòèñü äëÿ ðîçðàõóíêó ðàì.

Note: The following provisions are provided mainly for
member analysis. For frame analysis some of these
simplifications may be used where appropriate.

(1) Ðîáî÷èé ïðîë³ò åëåìåíòà leff ïîâèíåí îá-
÷èñëþâàòèñü òàê:

(1) The effective span, leff, of a member should be
calculated as follows:

l leff n a a� / /1 2 , (5.8)

äå: where

ln – â³äñòàíü ó ÷èñòîò³ ì³æ ãðàíÿìè îïîð; ln – is the clear distance between the faces of the
supports;

âåëè÷èíè à1 ³ à2 íà êîæíîìó ç ê³íö³â ïðîëüîòó
ìîæóòü âèçíà÷àòèñü çà â³äïîâ³äíèìè çíà÷åí-
íÿìè à³ íà ðèñóíêó 5.4, äå t – øèðèíà åëåìåíòà
îáïèðàííÿ.

values for a1 and a2, at each end of the span, may
be determined from the appropriate ai values in
Figure 5.4, where t is the width of the supporting
element as shown.

(2) Íåðîçð³çí³ ïëèòè ³ áàëêè ìîæóòü, çàçâè÷àé,
ðîçðàõîâóâàòèñü çà óìîâè, ùî îïîðè íå çàáåç-
ïå÷óþòü í³ÿêîãî îïîðó ïîâîðîòó.

(2) Continuous slabs and beams may generally
be analysed on the assumption that the supports
provide no rotational restraint.

(3) ßêùî áàëêà àáî ïëèòà º ìîíîë³òíîþ ç ¿¿ îïî-
ðàìè, êðèòè÷íèé ðîçðàõóíêîâèé ìîìåíò íà
îïîð³ ïîâèíåí äîð³âíþâàòè òîìó, ùî ä³º íà
ãðàí³ îïîðè. Ðîçðàõóíêîâèé ìîìåíò ³ ðåàêö³ÿ,
ùî ïåðåäàºòüñÿ íà åëåìåíò îáïèðàííÿ (íà-
ïðèêëàä, êîëîíó, ñò³íó òîùî), ïîâèíí³, ÿê ïðà-
âèëî, ïðèéìàòèñü ÿê á³ëüøå ³ç ïðóæíîãî àáî
ïåðåðîçïîä³ëåíîãî çíà÷åííÿ.

(3) Where a beam or slab is monolithic with its
supports, the critical design moment at the sup-
port should be taken as that at the face of the
support. The design moment and reaction trans-
ferred to the supporting element (e.g. column,
wall, etc.) should be generally taken as the
greater of the elastic or redistributed values.

Ïðèì³òêà. Ìîìåíò íà ãðàí³ îïîðè ïîâèíåí áóòè íå
ìåíøèì í³æ 0,65 â³ä ìîìåíòó, ùî âèíèêàº ïðè æî-
ðñòêîìó çàùåìëåíí³.

Note: The moment at the face of the support should not
be less than 0,65 that of the full fixed end moment.
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Ðèñóíîê 5.3 – Õàðàêòåðèñòèêè ðîáî÷î¿ øèðèíè ïîëèö³

Figure 5.3 – Effective flange width parameters
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(4) ßêùî áàëêà àáî ïëèòà º íåðîçð³çíîþ ³ ìîæ-
íà ââàæàòè, ùî îïîðè íå ðîçêð³ïëåí³ â³ä
áóäü-ÿêîãî ïîâîðîòó (íàïðèêëàä, ïîâåðõ ñò³í),
òî âèêîðèñòîâóºòüñÿ íåçàëåæíèé ìåòîä ðîçðà-
õóíêó, çà ÿêîãî ðîçðàõóíêîâèé îïîðíèé ìî-
ìåíò, îá÷èñëåíèé äëÿ ïðîëüîòó, ùî äîð³âíþº
â³äñòàí³ ì³æ öåíòðàìè îïîð, ìîæå çìåíøóâà-

òèñü íà âåëè÷èíó �MEd, âèçíà÷åíó çà âèðàçîì:

(4) Regardless of the method of analysis used,
where a beam or slab is continuous over a sup-
port which may be considered to provide no
restraint to rotation (e.g. over walls), the design
support moment, calculated on the basis of a
span equal to the centre-to-centre distance bet-
ween supports, may be reduced by an amount

�MEd as follows:
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å – êîíñîëü
Cantilever

Ðèñóíîê 5.4 – Ðîáî÷èé ïðîë³ò leff äëÿ ð³çíèõ óìîâ îáïèðàííÿ

Figure 5.4 – Effective span leff for different support conditions

à – ðîçð³çíèé åëåìåíò
Non-continuous members

b – íåðîçð³çíèé åëåìåíò
Continuous members

ñ – îïîðè, ùî ðîçãëÿäàþòüñÿ ÿê çàùåìëåííÿ
Supports considered fully restrained

d – çàáåçïå÷åííÿ îáïèðàííÿ
Bearing provided
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�M F tEd Ed� ,sup / 8 , (5.9)

äå: where:

FEd,sup – ðîçðàõóíêîâà îïîðíà ðåàêö³ÿ; FEd,sup – is the design support reaction;

t – øèðèíà îïîðè (ðèñóíîê 5.4 b)). t – is the breadth of the support (see Figure 5.4 b)).

Ïðèì³òêà. Ïðè çàñòîñóâàíí³ îïîðíèõ ï³äøèïíèê³â
çà t ñë³ä ïðèéìàòè øèðèíó ï³äøèïíèêà.

Note: Where support bearings are used t should be
taken as the bearing width.

5.4 Ë³í³éíî-ïðóæíèé ðîçðàõóíîê 5.4 Linear elastic analysis

(1) Ë³í³éíèé ðîçðàõóíîê åëåìåíò³â íà îñíîâ³
òåîð³¿ ïðóæíîñò³ ìîæå çàñòîñîâóâàòèñü äëÿ
ãðàíè÷íèõ ñòàí³â çà ïðèäàòí³ñòþ äî åêñïëóà-
òàö³¿ òà çà íåñó÷îþ çäàòí³ñòþ ³ ñò³éê³ñòþ.

(1) Linear analysis of elements based on the
theory of elasticity may be used for both the
serviceability and ultimate limit states.

(2) Äëÿ âèçíà÷åííÿ âïëèâó íàâàíòàæåíü ë³í³é-
íèé ðîçðàõóíîê ìîæå âèêîíóâàòèñü çà óìîâ:

(2) For the determination of the action effects,
linear analysis may be carried out assuming:

(³) â³äñóòíîñò³ òð³ùèí ó ïåðåð³çàõ, i) uncracked cross sections,

(³³) ë³í³éíî¿ çàëåæíîñò³ "íàïðóæåííÿ-äåôîð-
ìàö³¿" òà

ii) linear stress-strain relationships and

(³³³) ñåðåäíüî¿ âåëè÷èíè ìîäóëÿ ïðóæíîñò³. iii) mean value of the modulus of elasticity.

(3) Äëÿ òåìïåðàòóðíî¿ äåôîðìàö³¿, îñ³äàííÿ ³
âïëèâó óñàäêè ïðè ãðàíè÷íîìó ñòàí³ çà íåñó-
÷îþ çäàòí³ñòþ ³ ñò³éê³ñòþ (ULS) ìîæíà ïðèéìà-
òè çíèæåíó æîðñòê³ñòü, ùî â³äïîâ³äàº ïåðåð³çó
ç òð³ùèíàìè, íåõòóþ÷è æîðñòê³ñòþ íà ðîçòÿã,
àëå âðàõîâóþ÷è âïëèâ ïîâçó÷îñò³. Ïðè ãðàíè÷-
íîìó ñòàí³ çà ïðèäàòí³ñòþ äî åêñïëóàòàö³¿
(SLS) íåîáõ³äíî ðîçãëÿäàòè ïîñòóïîâèé ðîçâè-
òîê òð³ùèí.

(3) For thermal deformation, settlement and shrin-
kage effects at the ultimate limit state (ULS), a
reduced stiffness corresponding to the cracked
sections, neglecting tension stiffening but inclu-
ding the effects of creep, may be assumed. For
the serviceability limit state (SLS) a gradual evolu-
tion of cracking should be considered.

5.5 Ë³í³éíî-ïðóæíèé ðîçðàõóíîê ç
îáìåæåíèì ïåðåðîçïîä³ëîì

5.5 Linear elastic analysis with limited
redistribution

(1)Ð Âïëèâ áóäü-ÿêîãî ïåðåðîçïîä³ëó ìîìåíò³â
íà âñ³ àñïåêòè ðîçðàõóíêó ïîâèíåí âðàõîâóâà-
òèñü.

(1)P The influence of any redistribution of the
moments on all aspects of the design shall be
considered.

(2) Ë³í³éíèé ðîçðàõóíîê ç îáìåæåíèì ïåðåðîç-
ïîä³ëîì ìîæå çàñòîñîâóâàòèñü äëÿ àíàë³çó êî-
íñòðóêòèâíèõ åëåìåíò³â ïðè ïåðåâ³ðö³ ãðàíè÷íèõ
ñòàí³â çà íåñó÷îþ çäàòí³ñòþ ³ ñò³éê³ñòþ (ULS).

(2) Linear analysis with limited redistribution may
be applied to the analysis of structural members
for the verification of ULS.

(3) Ìîìåíòè, âèçíà÷åí³ ïðè ë³í³éíî-ïðóæíîìó
ðîçðàõóíêó íà ãðàíè÷í³ ñòàíè ² ãðóïè, ìîæóòü
ïåðåðîçïîä³ëÿòèñü çà óìîâè, ùî ðåçóëüòóþ-
÷èé ïåðåðîçïîä³ë ìîìåíò³â áóäå ó ð³âíîâàç³ ç
ïðèêëàäåíèìè íàâàíòàæåííÿìè.

(3) The moments at ULS calculated using a linear
elastic analysis may be redistributed, provided
that the resulting distribution of moments remains
in equilibrium with the applied loads.

(4) Ó íåðîçð³çíèõ áàëêàõ ³ ïëèòàõ, ÿê³: (4) In continuous beams or slabs which:

à) ïåðåâàæíî çàçíàþòü çãèíó, ³ a) are predominantly subject to flexure and

b) ìàþòü ñï³ââ³äíîøåííÿ ïðèëåãëèõ ïðîëüîò³â
ó ä³àïàçîí³ 0,5…2, ïåðåðîçïîä³ë çãèíàëüíèõ
ìîìåíò³â ìîæå çä³éñíþâàòèñü áåç äåòàëüíî¿
ïåðåâ³ðêè íà ãðàíè÷íèé êóò ïîâîðîòó ïåðåð³çó
ïðè çàáåçïå÷åíí³ íàñòóïíèõ óìîâ:

b) have the ratio of the lengths of adjacent spans
in the range of 0,5 to 2, redistribution of bending
moments may be carried out without explicit
check on the rotation capacity, provided that:
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� � /k k x du1 2 / fck � 50 ÌÏà (MPa) , (5.10à)

� � /k k x du3 4 / fck 0 50 ÌÏà (MPa) (5.10b)

� k5 – ÿêùî âèêîðèñòîâóºòüñÿ êëàñ àðìàòóðè Â
³ Ñ (äîäàòîê Ñ);

� k5 – where Class B and Class C reinforcement is
used (see Annex C);

� k6 – ÿêùî âèêîðèñòîâóºòüñÿ êëàñ àðìàòóðè À
(äîäàòîê Ñ),

� k6 – where Class A reinforcement is used (see
Annex C),

äå: where:

� – ñï³ââ³äíîøåííÿ ïåðåðîçïîä³ëåíîãî ³ ïðóæ-
íîãî çãèíàëüíèõ ìîìåíò³â;

� is the ratio of the redistributed moment to the
elastic bending moment

xu – âèñîòà íåéòðàëüíî¿ îñ³ ó ãðàíè÷íîìó ñòàí³
ï³ñëÿ ïåðåðîçïîä³ëó;

xu is the depth of the neutral axis at the ultimate
limit state after redistribution

d – ðîáî÷à âèñîòà ïåðåð³çó d is the effective depth of the section

Ïðèì³òêà. Âåëè÷èíè k1, k2, k3, k4, k5 ³ k6, äëÿ êîíêðåò-
íî¿ êðà¿íè ìîæóòü âñòàíîâëþâàòèñü ó íàö³îíàëüíî-
ìó äîäàòêó. Ðåêîìåíäîâàíèìè º íàñòóïí³ çíà÷åííÿ:

k1 = 0,44; k2 = 1,25(0,6 + 0,0014/	cu2); k3 = 0,54; k4 =

= 1,25(0,6 + 0,0014/	cu2); k5 = 0,7 ³ k6 = 0,8.

Note: The values of k1, k2, k3, k4, k5 and k6 for use in a
Country may be found in its National Annex. The
recommended value for k1 is 0,44, for k2 is 1,25(0,6 +

+ 0,0014/	cu2), for k3 = 0,54, for k4 = 1,25(0,6 + 0,0014/	cu2),
for k5 = 0,7 and k6 = 0,8.

	cu2 – ãðàíè÷í³ äåôîðìàö³¿ çã³äíî ç òàáëèöåþ 3.1. 	cu2 – is the ultimate strain according to Table 3.1.

(5) Ïåðåðîçïîä³ë íå ìîæíà çä³éñíþâàòè, ÿêùî
íå âèçíà÷åíî ç äîñòàòíüîþ òî÷í³ñòþ ãðàíè÷-
íèé ïîâîðîò ïåðåð³çó (íàïðèêëàä, ñòèêè ïîïå-
ðåäíüî íàïðóæåíèõ ðàì).

(5) Redistribution should not be carried out in
circumstances where the rotation capacity cannot
be defined with confidence (e.g. in the corners of
prestressed frames).

(6) Ïðè ðîçðàõóíêó êîëîí ïðóæí³ ìîìåíòè, ùî
ä³þòü â³ä ðàì, ïîâèíí³ ïðèêëàäàòèñü áåç áóäü-
ÿêîãî ïåðåðîçïîä³ëó.

(6) For the design of columns the elastic moments
from frame action should be used without any
redistribution.

5.6 Ðîçðàõóíîê ç óðàõóâàííÿì ïëàñòè÷íèõ
äåôîðìàö³é

5.6 Plastic analysis

5.6.1 Çàãàëüí³ ïîëîæåííÿ 5.6.1 General

(1)Ð Ìåòîä, ùî ´ðóíòóºòüñÿ íà óðàõóâàíí³
ïëàñòè÷íèõ äåôîðìàö³é, ïîâèíåí âèêîðèñòî-
âóâàòèñü ò³ëüêè äëÿ ïåðåâ³ðêè ãðàíè÷íèõ ñòà-
í³â çà ì³öí³ñòþ ³ ñò³éê³ñòþ (ULS).

(1)P Methods based on plastic analysis shall only
be used for the check at ULS.

(2)Ð Ïëàñòè÷í³ñòü ó êðèòè÷íèõ ïåðåð³çàõ ïî-
âèííà áóòè äîñòàòíüîþ äëÿ òîãî, ùîá ïåðå-
äáà÷åíèé ìåõàí³çì çì³ã ñôîðìóâàòèñü.

(2)P The ductility of the critical sections shall be
sufficient for the envisaged mechanism to be
formed.

(3)Ð Ðîçðàõóíîê ç óðàõóâàííÿ ïëàñòè÷íèõ äå-
ôîðìàö³é ïîâèíåí ´ðóíòóâàòèñü àáî íà ìåòîä³
íèæíüî¿ ìåæ³ (ñòàòè÷íîìó), àáî íà ìåòîä³ âå-
ðõíüî¿ ìåæ³ (ê³íåìàòè÷íîìó).

(3)P The plastic analysis should be based either
on the lower bound (static) method or on the
upper bound (kinematic) method.

Ïðèì³òêà. Êåð³âíèöòâî äî íàö³îíàëüíîãî äîäàòêà
êîíêðåòíî¿ êðà¿íè ìîæå ì³ñòèòè äîäàòêîâó íåñóïå-
ðå÷ëèâó ³íôîðìàö³þ.

Note: A Country's National Annex Guidance may refer
to non-contradictory complementary information.

(4) Âïëèâàìè ïîïåðåäíüîãî ïðèêëàäàííÿ íà-
âàíòàæåíü, çàçâè÷àé, ìîæíà çíåõòóâàòè ³ ââà-
æàòè, ùî ³íòåíñèâí³ñòü ä³é çðîñòàº ìîíîòîííî.

(4) The effects of previous applications of loading
may generally be ignored, and a monotonic in-
crease of the intensity of actions may be assu-
med.
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5.6.2 Ðîçðàõóíîê áàëîê, ðàì ³ ïëèò ç óðàõó-

âàííÿ ïëàñòè÷íèõ äåôîðìàö³é

5.6.2 Plastic analysis for beams, frames and

slabs

(1)Ð Ðîçðàõóíîê ç óðàõóâàííÿ ïëàñòè÷íèõ äå-
ôîðìàö³é ìîæå âèêîðèñòîâóâàòèñü äëÿ ãðà-
íè÷íèõ ñòàí³â áåç çä³éñíåííÿ áåçïîñåðåäíüî¿
ïåðåâ³ðêè ãðàíè÷íîãî ïîâîðîòó ïåðåð³çó çà
óìîâè, ùî âèêîíóºòüñÿ âèìîãà 5.6.1 (2)Ð.

(1)P Plastic analysis without any direct check of
rotation capacity may be used for the ultimate limit
state if the conditions of 5.6.1 (2)P are met.

(2) Ìîæíà ââàæàòè, ùî íåîáõ³äíà ïëàñòè÷í³ñòü
çàáåçïå÷óºòüñÿ áåç äåòàëüíî¿ ïåðåâ³ðêè, ÿêùî
çàäîâîëüíÿþòüñÿ íàñòóïí³ âèìîãè:

(2) The required ductility may be deemed to be
satisfied without explicit verification if all the
following are fulfilled:

(³) ïëîùà ðîçòÿãíóòî¿ àðìàòóðè îáìåæåíà òàê,
ùî ó áóäü-ÿêîìó ïåðåð³ç³:

i) the area of tensile reinforcement is limited such
that, at any section:

xu /d � 0,25 äëÿ áåòîíó êëàñ³â ì³öíîñò³ �Ñ50/60; xu /d � 0,25 for concrete strength classes �C50/60;

xu /d � 0,15 äëÿ áåòîíó êëàñ³â ì³öíîñò³ �Ñ55/67; xu /d � 0,15 for concrete strength classes �C55/67;

(³³) çàñòîñîâóºòüñÿ àðìàòóðíà ñòàëü êëàñ³â Â
àáî Ñ;

ii) reinforcing steel is either Class B or C;

(³³³) ñï³ââ³äíîøåííÿ ìîìåíò³â íà ïðîì³æíèõ
îïîðàõ ³ ó ïðîëüîò³ ïîâèííî áóòè â ìåæàõ
0,5…2.

iii) the ratio of the moments at intermediate sup-
ports to the moments in the span should be
between 0,5 and 2.

(3) Êîëîíè íåîáõ³äíî ïåðåâ³ðÿòè íà ä³þ ìàêñè-
ìàëüíèõ ïëàñòè÷íèõ ìîìåíò³â, ùî ìîæóòü ïå-
ðåäàâàòèñü â³ä ïðèëåãëèõ åëåìåíò³â. Äëÿ
ç'ºäíàíü ç áåçáàëî÷íèì ïåðåêðèòòÿì öåé ìî-
ìåíò ïîâèíåí âêëþ÷àòèñü ó ðîçðàõóíîê íà ïðî-
äàâëþâàííÿ.

(3) Columns should be checked for the maximum
plastic moments which can be transmitted by
connecting members. For connections to flat
slabs this moment should be included in the
punching shear calculation.

(4) Ïðè âèêîíàíí³ ðîçðàõóíêó ïëèò ç óðàõóâàí-
íÿ ïëàñòè÷íèõ äåôîðìàö³é íåîáõ³äíî âðàõîâó-
âàòè áóäü-ÿêå íåð³âíîì³ðíå àðìóâàííÿ, çóñèë-
ëÿ ç÷åïëåííÿ ³ ïîâîðîò íåçàêð³ïëåíèõ ãðàíåé.

(4) When plastic analysis of slabs is carried out
account should be taken of any non-uniform
reinforcement, corner tie down forces, and torsion
at free edges.

(5) Ìåòîä óðàõóâàííÿ ïëàñòè÷íèõ äåôîðìàö³é
ìîæíà ïîøèðèòè íà ïëèòè íåñóö³ëüíîãî ïåðå-
ð³çó (ðåáðèñò³, ïîðîæíèñò³, êåñîíí³ ïëèòè), ÿê-
ùî ¿õ ðåàêö³ÿ ñõîæà ³ç ðåàêö³ºþ ñóö³ëüíî¿
ïëèòè, îñîáëèâî ñòîñîâíî âïëèâó êðó÷åííÿ.

(5) Plastic methods may be extended to non-solid
slabs (ribbed, hollow, waffle slabs) if their respon-
se is similar to that of a solid slab, particularly with
regard to the torsional effects.

5.6.3 Ãðàíè÷íèé êóò ïîâîðîòó ïåðåð³çó 5.6.3 Rotation capacity

(1) Ñïðîùåíà ìåòîäèêà äëÿ íåðîçð³çíèõ áàëîê
³ îáïåðòèõ ó îäíîìó íàïðÿìêó ïëèò ´ðóí-
òóºòüñÿ íà ãðàíè÷íîìó êóò³ ïîâîðîòó ïåðåð³ç³â
áàëîê/ïëèò ó çîíàõ ðîçì³ðîì ïðèáëèçíî â 1,2
ðàçà á³ëüøèõ â³ä âèñîòè ïåðåð³çó. Ââàæàºòüñÿ,
ùî ó öèõ çîíàõ âèíèêàþòü ïëàñòè÷í³ äåôîð-
ìàö³¿ (óòâîðþºòüñÿ ïëàñòè÷íèé øàðí³ð) ïðè
â³äïîâ³äíîìó ñïîëó÷åíí³ íàâàíòàæåíü. Ââà-
æàºòüñÿ, ùî ïåðåâ³ðêà çà ïëàñòè÷íèì êóòîì
ïîâîðîòó ó ãðàíè÷íîìó ñòàí³ âèêîíóºòüñÿ,
ÿêùî ïîêàçàíî, ùî ïðè â³äïîâ³äíîìó ñïîëó-
÷åíí³ íàâàíòàæåíü âèçíà÷åíèé êóò ïîâîðîòó 
s

ìåíøèé àáî äîð³âíþº äîïóñòèìîìó ïëàñòè÷-
íîìó êóòó ïîâîðîòó (ðèñóíîê 5.5).

(1) The simplified procedure for continuous
beams and continuous one way spanning slabs is
based on the rotation capacity of beam/slab
zones over a length of approximately 1,2 times
the depth of section. It is assumed that these
zones undergo a plastic deformation (formation of
yield hinges) under the relevant combination of
actions. The verification of the plastic rotation in
the ultimate limit state is considered to be fulfilled,
if it is shown that under the relevant combination
of actions the calculated rotation, 
s, is less than
or equal to the allowable plastic rotation (see
Figure 5.5).
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(2) Ó çîíàõ ïëàñòè÷íèõ øàðí³ð³â xu /d íå ïîâèí-
íî ïåðåâèùóâàòè âåëè÷èíè 0,45 äëÿ áåòîí³â
êëàñ³â ì³öíîñò³ ìåíøèõ àáî ÿê³ äîð³âíþþòü
Ñ50/60, ³ 0,35 – äëÿ áåòîí³â êëàñ³â ì³öíîñò³
á³ëüøèõ àáî ùî äîð³âíþþòü Ñ55/67.

(2) In regions of yield hinges, xu/d shall not exce-
ed the value 0,45 for concrete strength classes
less than or equal to C50/60, and 0,35 for conc-
rete strength classes greater than or equal to
C55/67.

(3) Êóò ïîâîðîòó 
s ïîâèíåí âèçíà÷àòèñü íà
îñíîâ³ ðîçðàõóíêîâèõ âåëè÷èí íàâàíòàæåíü òà
õàðàêòåðèñòèê ìàòåð³àë³â ³ íà îñíîâ³ ñåðåäí³õ
âåëè÷èí ïîïåðåäíüîãî íàïðóæåííÿ ó â³äïîâ³ä-
íèé ìîìåíò ÷àñó.

(3) The rotation 
s should be determined on the
basis of the design values for actions and mate-
rials and on the basis of mean values for prestres-
sing at the relevant time.

(4) Äëÿ ñïðîùåíî¿ ìåòîäèêè äîïóñòèìèé ïëàñ-
òè÷íèé êóò ïîâîðîòó ìîæå âèçíà÷àòèñü øëÿ-
õîì ìíîæåííÿ áàçîâî¿ âåëè÷èíè äîïóñòèìîãî

ïîâîðîòó 
pl,d íà êîðèãóþ÷èé êîåô³ö³ºíò k�, ÿêèé
çàëåæèòü â³ä ãíó÷êîñò³ çà ïîïåðå÷íîþ ñèëîþ.

(4) In the simplified procedure, the allowable plas-
tic rotation may be determined by multiplying the

basic value of allowable rotation, 
pl,d, by a cor-
rection factor k� that depends on the shear slen-
derness.

Ïðèì³òêà. Âåëè÷èíè 
pl,d äëÿ êîíêðåòíî¿ êðà¿íè ìî-
æóòü âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.
Ðåêîìåíäîâàí³ âåëè÷èíè äëÿ ñòàëåé êëàñ³â Â ³ Ñ
(ñòàëü êëàñó À íå ðåêîìåíäóºòüñÿ çàñòîñîâóâàòè
ïðè ïëàñòè÷íîìó ðîçðàõóíêó) ³ áåòîí³â êëàñ³â íèæ-
÷èõ àáî Ñ50/60 ³ Ñ90/105 íàâåäåíî íà ðèñóíêó 5.6N.

Note: Values of 
pl,d for use in a Country may be found
in its National Annex. The recommended values for
steel Classes B and C (the use of Class A steel is not
recommended for plastic analysis) and concrete
strength classes less than or equal to C50/60 and
C90/105 are given in Figure 5.6N.

Âåëè÷èíè äëÿ áåòîíó êëàñ³â Ñ55/67…Ñ90/105
ìîæóòü âèçíà÷àòèñü â³äïîâ³äíîþ ³íòåðïîëÿ-
ö³ºþ. Çíà÷åííÿ ãíó÷êîñò³ ïðè ä³¿ ïîïåðå÷íî¿

ñèëè � = 3,0. Äëÿ ³íøèõ çíà÷åíü ãíó÷êîñò³ â³ä

ïîïåðå÷íî¿ ñèëè 
pl,d íåîáõ³äíî ìíîæèòè íà k�:

The values for concrete strength classes C 55/67
to C 90/105 may be interpolated accordingly. The

values apply for a shear slenderness � = 3,0. For

different values of shear slenderness 
pl,d should
be multiplied by k�:

k � �� / 3 , (5.11N)

äå � – â³äíîøåííÿ â³äñòàí³ ì³æ òî÷êàìè íóëüî-
âîãî ³ ìàêñèìàëüíîãî ìîìåíò³â ï³ñëÿ ïåðåðîç-
ïîä³ëó òà ðîáî÷îþ âèñîòîþ d.

where � is the ratio of the distance between point
of zero and maximum moment after redistribution
and effective depth, d.

Äëÿ ñïðîùåííÿ � ìîæå âèçíà÷àòèñü äëÿ óçãîä-
æåíèõ ðîçðàõóíêîâèõ âåëè÷èí çãèíàëüíîãî ìî-
ìåíòó òà ïîïåðå÷íî¿ ñèëè:

As a simplification � may be calculated for the
concordant design values of the bending moment
and shear :

, -� � .M V dSd Sd/ . (5.12N)
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Ðèñóíîê 5.5 – Ïëàñòè÷íèé êóò ïîâîðîòó 
s çàë³çîáåòîííîãî ïåðåð³çó íåðîçð³çíèõ áàëîê
³ îáïåðòèõ â îäíîìó íàïðÿìêó ïëèò

Figure 5.5 – Plastic rotation 
s of reinforced concrete sections for continuous beams
and continuous one way spanning slabs.
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5.6.4 Ðîçðàõóíîê ³ç çàñòîñóâàííÿì ìîäå-

ëåé ñòèñíóòî-ðîçòÿãíóòèõ åëåìåíò³â

5.6.4 Analysis with strut and tie models

(1) Ìîäåë³ ñòèñíóòî-ðîçòÿãíóòèõ åëåìåíò³â ìî-
æóòü âèêîðèñòîâóâàòèñü äëÿ ðîçðàõóíêó íà
ãðàíè÷í³ ñòàíè çà íåñó÷îþ çäàòí³ñòþ ³ ñò³éê³ñòþ
íåðîçð³çíèõ ä³ëÿíîê (áàëêè ³ ïëèòè ç òð³ùèíàìè
äèâ. 6.1…6.4) òà äëÿ ðîçðàõóíêó çà ãðàíè÷íè-
ìè ñòàíàìè (ULS) ³ êîíñòðóþâàííÿ äèñêðåòíèõ
ä³ëÿíîê (äèâ. 6.5). Çàçâè÷àé, äèñêðåòí³ ä³ëÿíêè
ïîøèðþþòüñÿ íà â³äñòàíü h (âèñîòó ïåðåð³çó
åëåìåíòà) â³ä ðîçðèâíîñò³. Ìîäåë³ ñòèñíóòî-
ðîçòÿãíóòèõ åëåìåíò³â òàêîæ ìîæóòü âèêîðèñ-
òîâóâàòèñü äëÿ åëåìåíò³â, ó ÿêèõ ïðèéìàºòüñÿ
ë³í³éíèé ðîçïîä³ë ó ìåæàõ ïîïåðå÷íîãî ïåðå-
ð³çó, íàïðèêëàä, ïëîñêà äåôîðìàö³ÿ.

(1) Strut and tie models may be used for design in
ULS of continuity regions (cracked state of beams
and slabs, see 6.1 – 6.4) and for the design in ULS
and detailing of discontinuity regions (see 6.5). In
general these extend up to a distance h (section
depth of member) from the discontinuity. Strut
and tie models may also be used for members
where a linear distribution within the cross section
is assumed, e.g. plane strain.

(2) Ïåðåâ³ðêà íà ãðàíè÷í³ ñòàíè çà ïðèäàòí³ñòþ
äî åêñïëóàòàö³¿ (SLS) òàêîæ ìîæå âèêîíóâà-
òèñü ³ç çàñòîñóâàííÿì ìîäåëåé ñòèñíóòî-ðîç-
òÿãíóòèõ åëåìåíò³â, íàïðèêëàä, ïåðåâ³ðêà
íàïðóæåíü àðìàòóðè ³ êîíòðîëü øèðèíè ðîç-
êðèòòÿ òð³ùèí, ÿêùî ï³äòâåðäæåíî â³äïîâ³ä-
í³ñòü ìîäåëåé ñòèñíóòî-ðîçòÿãíóòèõ åëåìåíò³â
(îñîáëèâî ðîçòàøóâàííÿ ³ íàïðÿì âàæëèâèõ
ñòèñíóòèõ åëåìåíò³â, ÿê³ ïîâèíí³ âèçíà÷àòèñü
çã³äíî ç ë³í³éíî-ïðóæíîþ òåîð³ºþ).

(2) Verifications in SLS may also be carried out
using strut-and-tie models, e.g. verification of steel
stresses and crack width control, if approximate
compatibility for strut-and-tie models is ensured
(in particular the position and direction of impor-
tant struts should be oriented according to linear
elasticity theory).
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Ðèñóíîê 5.6N – Áàçîâà âåëè÷èíà äîïóñòèìîãî êóòà ïîâîðîòó 
pl,d äëÿ çàë³çîáåòîííîãî ïåðåð³çó

ïðè àðìàòóð³ êëàñ³â Â ³ Ñ. Âåëè÷èíè çàñòîñîâóþòü ïðè ãíó÷êîñò³ íà ïîïåðå÷íó ñèëó � = 3,0

Figure 5.6N – Basic value of allowable rotation, 
pl,d , of reinforced concrete sections for Class B and C

reinforcement. The values apply for a shear slenderness � = 3,0
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(3) Ìîäåë³ ñòèñíóòî-ðîçòÿãíóòèõ åëåìåíò³â
ñêëàäàþòüñÿ ³ç ñòèñíóòèõ åëåìåíò³â, ÿê³ ïðåä-
ñòàâëÿþòü ïîëÿ íàïðóæåíü ñòèñêó, ðîçòÿãíó-
òèõ åëåìåíò³â, ÿê³ ïðåäñòàâëÿþòü àðìàòóðó òà
âóçë³â ç'ºäíàííÿ. Çóñèëëÿ ó åëåìåíòàõ ñòèñíó-
òî-ðîçòÿãíóòèõ ìîäåëåé ïîâèíí³ âèçíà÷àòèñü ç
äîòðèìàííÿì ð³âíîâàãè ³ç ïðèêëàäåíèìè íà-
âàíòàæåííÿìè ó ãðàíè÷íîìó ñòàí³. Ðîçì³ðè
åëåìåíò³â ñòèñíóòî-ðîçòÿãíóòèõ ìîäåëåé ïî-
âèíí³ âñòàíîâëþâàòèñü çã³äíî ç ïðàâèëàìè,
íàâåäåíèìè ó 6.5.

(3) Strut-and-tie models consist of struts repre-
senting compressive stress fields, of ties repre-
senting the reinforcement, and of the connecting
nodes. The forces in the elements of a strut-and-
tie model should be determined by maintaining
the equilibrium with the applied loads in the ulti-
mate limit state. The elements of strut-and-tie mo-
dels should be dimensioned according to the
rules given in 6.5.

(4) Ðîçòÿãíóò³ åëåìåíòè ñòèñíóòî-ðîçòÿãíóòèõ
ìîäåëåé ïîâèíí³ çá³ãàòèñÿ çà ðîçì³ùåííÿì ³
íàïðÿìêîì ç â³äïîâ³äíîþ àðìàòóðîþ.

(4) The ties of a strut-and-tie model should coinci-
de in position and direction with the correspon-
ding reinforcement.

(5) Ìîæëèâ³ çàñîáè ðîçðîáêè ïðèäàòíèõ ñòèñ-
íóòî-ðîçòÿãíóòèõ ìîäåëåé âêëþ÷àþòü óçãîä-
æåííÿ ç êîíòóðàìè ³ ðîçïîä³ëîì íàïðóæåíü çà
ë³í³éíî-ïðóæíîþ òåîð³ºþ àáî çà ìåòîäîì ïðè-
êëàäàííÿ íàâàíòàæåííÿ. Âñ³ ìîäåë³ ñòèñíóòî-
ðîçòÿãíóòèõ åëåìåíò³â ìîæóòü îïòèì³çóâàòèñü
çà äîïîìîãîþ åíåðãåòè÷íèõ êðèòåð³¿â.

(5) Possible means for developing suitable strut-
and-tie models include the adoption of stress
trajectories and distributions from linear-elastic
theory or the load path method. All strut-and-tie
models may be optimised by energy criteria.

5.7 Íåë³í³éíèé ðîçðàõóíîê 5.7 Non-linear analysis

(1) Íåë³í³éí³ ìåòîäè ðîçðàõóíêó ìîæóòü çàñòî-
ñîâóâàòèñü äëÿ îáîõ ãðóï ãðàíè÷íèõ ñòàí³â
ULS ³ SLS çà óìîâè, ùî çàáåçïå÷óºòüñÿ ð³âíî-
âàãà ³ ñóì³ñí³ñòü, òà çà â³äïîâ³äíîãî íåë³í³éíîãî
õàðàêòåðó ðîáîòè ìàòåð³àë³â. Ðîçðàõóíîê ìî-
æå áóòè ïåðøîãî àáî äðóãîãî ïîðÿäêó.

(1) Non-linear methods of analysis may be used
for both ULS and SLS, provided that equilibrium
and compatibility are satisfied and an adequate
non-linear behaviour for materials is assumed.
The analysis may be first or second order.

(2) Ïðè ãðàíè÷íîìó ñòàí³ ïîâèííà ïåðåâ³ðÿ-
òèñü çäàòí³ñòü ì³ñöåâîãî ïîïåðå÷íîãî ïåðåð³çó
ñïðèéìàòè áóäü-ÿê³ ïåðåäáà÷åí³ ðîçðàõóíêîì
ïðóæí³ äåôîðìàö³¿ ç â³äïîâ³äíèì óðàõóâàííÿì
íåâèçíà÷åíîñòåé.

(2) At the ultimate limit state, the ability of local
critical sections to withstand any inelastic defor-
mations implied by the analysis should be chec-
ked, taking appropriate account of uncertainties.

(3) Äëÿ êîíñòðóêö³é, ùî çàçíàþòü âïëèâó ïåðå-
âàæíî ñòàòè÷íèõ íàâàíòàæåíü, âïëèâîì ïîïå-
ðåäí³õ íàâàíòàæåíü, çàçâè÷àé, ìîæíà çíåõòó-
âàòè òà ïðèïóñêàòè, ùî çðîñòàííÿ ³íòåíñèâ-
íîñò³ íàâàíòàæåíü â³äáóâàºòüñÿ ìîíîòîííî.

(3) For structures predominantly subjected to
static loads, the effects of previous applications of
loading may generally be ignored, and a mono-
tonic increase of the intensity of the actions may
be assumed.

(4)P Ïðè çàñòîñóâàíí³ íåë³í³éíîãî ðîçðàõóíêó
âèêîðèñòîâóþòüñÿ õàðàêòåðèñòèêè ìàòåð³àë³â,
ÿê³ â³äîáðàæàþòü ôàêòè÷íó æîðñòê³ñòü, àëå
ïðè öüîìó íåîáõ³äíî âðàõîâóâàòè íåâèçíà÷å-
íîñò³ ñòîñîâíî ðóéíóâàííÿ. Ïîâèíí³ çàñòîñî-
âóâàòèñü ò³ëüêè òàê³ ìåòîäèêè ðîçðàõóíêó, ÿê³
ñïðàâåäëèâ³ â ìåæàõ â³äïîâ³äíèõ ñôåð.

(4)P The use of material characteristics which
represent the stiffness in a realistic way but take
account of the uncertainties of failure shall be
used when using non-linear analysis. Only those
design formats which are valid within the relevant
fields of application shall be used.

(5) Äëÿ ãíó÷êèõ êîíñòðóêö³é, ó ÿêèõ íå ìîæíà
çíåõòóâàòè âïëèâàìè äðóãîãî ïîðÿäêó, ìîæå
çàñòîñîâóâàòèñü ìåòîä ðîçðàõóíêó, íàâåäå-
íèé ó 5.8.6.

(5) For slender structures, in which second order
effects cannot be ignored, the design method
given in 5.8.6 may be used.
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5.8 Ðîçðàõóíîê âïëèâ³â äðóãîãî ïîðÿäêó
ïðè îñüîâîìó íàâàíòàæåíí³

5.8 Analysis of second order effects with
axial load

5.8.1 Âèçíà÷åííÿ 5.8.1 Definitions

Äâîâ³ñíèé çãèí: îäíî÷àñíèé çãèí â³äíîñíî
äâîõ ãîëîâíèõ îñåé.

Biaxial bending: simultaneous bending about two
principal axes.

Ðîçâ'ÿçàí³ åëåìåíòè àáî ñèñòåìè: êîíñòðóê-
òèâí³ åëåìåíòè ³ ï³äñèñòåìè, ÿê³ ïðè ðîçðàõóí-
êó ³ ïðîåêòóâàíí³ ââàæàþòüñÿ òàêèìè, ùî íå
ï³äâèùóþòü çàãàëüíî¿ ãîðèçîíòàëüíî¿ ñò³éêîñò³
êîíñòðóêö³¿.

Braced members or systems: structural members
or subsystems, which in analysis and design are
assumed not to contribute to the overall horizontal
stability of a structure.

Â'ÿçåâ³ åëåìåíòè àáî ñèñòåìè: êîíñòðóêòèâí³
åëåìåíòè ³ ï³äñèñòåìè, ÿê³ ïðè ðîçðàõóíêó ³ ïðî-
åêòóâàíí³ ââàæàþòüñÿ òàêèìè, ùî ï³äâèùóþòü
çàãàëüíó ãîðèçîíòàëüíó ñò³éê³ñòü êîíñòðóêö³¿.

Bracing members or systems: structural mem-
bers or subsystems, which in analysis and design
are assumed to contribute to the overall horizontal
stability of a structure.

Âòðàòà ñò³éêîñò³: ðóéíóâàííÿ, ñïðè÷èíåíå
íåñòàá³ëüí³ñòþ ÿêîãî-íåáóäü åëåìåíòà êîíñò-
ðóêö³¿ ò³ëüêè ïðè ñòèñêó ³ çà â³äñóòíîñò³ ïîïå-
ðå÷íîãî íàâàíòàæåííÿ.

Buckling: failure due to instability of a member or
structure under perfectly axial compression and
without transverse load.

Ïðèì³òêà. ×èñòà âòðàòà ñò³éêîñò³, ÿê âèçíà÷åíî
âèùå, íå º â³äïîâ³äíèì ãðàíè÷íèì ñòàíîì ó ðåàëü-
í³é êîíñòðóêö³¿ âíàñë³äîê íàÿâíîñò³ íåòî÷íîñòåé ³
ïîïåðå÷íèõ íàâàíòàæåíü, àëå íîì³íàëüíå íàâàíòà-
æåííÿ ïðè âòðàò³ ñò³éêîñò³ ìîæå âèêîðèñòîâóâàòèñü
ó ÿêîñò³ ïåâíîãî ïàðàìåòðà â äåÿêèõ ìåòîäàõ ðîçðà-
õóíêó äðóãîãî ïîðÿäêó (çà äåôîðìîâàíîþ ñõåìîþ).

Note: "Pure buckling" as defined above is not a rele-
vant limit state in real structures, due to imperfections
and transverse loads, but a nominal buckling load can
be used as a parameter in some methods for second
order analysis.

Êðèòè÷íà ñèëà: íàâàíòàæåííÿ, çà ÿêîãî â³äáó-
âàºòüñÿ âòðàòà ñò³éêîñò³; äëÿ ñàìîñò³éíèõ åëå-
ìåíò³â âîíà º ñèíîí³ìîì Åéëåðåâî¿ ñèëè.

Buckling load: the load at which buckling occurs;
for isolated elastic members it is synonymous
with the Euler load

Ðîçðàõóíêîâà äîâæèíà: äîâæèíà, ùî âèêîðèñ-
òîâóºòüñÿ äëÿ îö³íêè ôîðìè âòðàòè ñò³éêîñò³;
âîíà òàêîæ ìîæå âèçíà÷àòèñü ÿê ïðèâåäåíà
äîâæèíà, òîáòî äîâæèíà øàðí³ðíî îáïåðòî¿
êîëîíè ç âåðòèêàëüíî ïðèêëàäåíîþ ñèëîþ,
áóäå ìàòè ïåðåð³ç ³ êðèòè÷íó ñèëó, ÿê ³ ðåàëü-
íèé åëåìåíò.

Effective length: a length used to account for the
shape of the deflection curve; it can also be
defined as buckling length, i.e. the length of a
pin-ended column with constant normal force,
having the same cross section and buckling load
as the actual member.

Âïëèâè ïåðøîãî ïîðÿäêó: íàñë³äêè íàâàíòà-
æåíü, îá÷èñëåí³ áåç âðàõóâàííÿ âïëèâó äå-
ôîðìàö³é êîíñòðóêö³¿, àëå ç óðàõóâàííÿì
ãåîìåòðè÷íèõ íåòî÷íîñòåé.

First order effects: action effects calculated
without consideration of the effect of structural
deformations, but including geometric imperfec-
tions.

Ñàìîñò³éí³ (îêðåì³) åëåìåíòè: åëåìåíòè, ÿê³ º
³çîëüîâàíèìè, àáî åëåìåíòè ó êîíñòðóêö³¿, ÿê³
äëÿ ö³ëåé ðîçðàõóíêó ìîæóòü ðîçãëÿäàòèñü ÿê
³çîëüîâàí³; ïðèêëàäè îêðåìèõ åëåìåíò³â ç ð³çíè-
ìè óìîâàìè îáïèðàííÿ ïîêàçàí³ íà ðèñóíêó 5.7.

Isolated members: members that are isolated, or
members in a structure that for design purposes
may be treated as being isolated; examples of
isolated members with different boundary
conditions are shown in Figure 5.7.

Íîì³íàëüíèé ìîìåíò äðóãîãî ïîðÿäêó: ìîìåíò
äðóãîãî ïîðÿäêó âèêîðèñòîâóºòüñÿ ó ïåâíèõ
ìåòîäàõ ðîçðàõóíêó, ùî äàþòü çàãàëüíèé ìî-
ìåíò, ç³ñòàâíèé ³ç ãðàíè÷íèì îïîðîì ïîïåðå÷-
íîãî ïåðåð³çó (5.8.5 (2)).

Nominal second order moment: a second order
moment used in certain design methods, giving a
total moment compatible with the ultimate cross
section resistance (see 5.8.5 (2)).
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Âïëèâè äðóãîãî ïîðÿäêó: äîäàòêîâ³ íàñë³äêè
âïëèâ³â, ÿê³ ñïðè÷èíåí³ äåôîðìàö³ÿìè êîíñò-
ðóêö³¿.

Second order effects: additional action effects
caused by structural deformations

5.8.2 Çàãàëüí³ ïîëîæåííÿ 5.8.2 General

(1)Ð Ö³ ïîëîæåííÿ ñòîñóþòüñÿ åëåìåíò³â ³ êî-
íñòðóêö³é, õàðàêòåð ðîáîòè ÿêèõ ñóòòºâî çàëå-
æèòü â³ä âïëèâ³â äðóãîãî ïîðÿäêó (íàïðèêëàä,
êîëîíè, ñò³íè, ïàë³, àðêè òà îáîëîíêè). Çàãàëüí³
âïëèâè äðóãîãî ïîðÿäêó ìîæóòü ïðîÿâëÿòèñü ó
êîíñòðóêö³ÿõ ³ç ãíó÷êîþ â'ÿçåâîþ ñèñòåìîþ.

(1)P This clause deals with members and struc-
tures in which the structural behaviour is signi-
ficantly influenced by second order effects (e.g.
columns, walls, piles, arches and shells). Global
second order effects are likely to occur in struc-
tures with a flexible bracing system.

(2)Ð ßêùî âðàõîâóþòüñÿ âïëèâè äðóãîãî ïî-
ðÿäêó, äèâ. (6), òî ð³âíîâàãà ³ îï³ð ïîâèíí³ ïå-
ðåâ³ðÿòèñü ó äåôîðìîâàíîìó ñòàí³. Äåôîðìà-
ö³¿ ïîâèíí³ âèçíà÷àòèñü ç óðàõóâàííÿì â³äïî-
â³äíîãî âïëèâó òð³ùèíîóòâîðåííÿ, íåë³í³éíèõ
âëàñòèâîñòåé ìàòåð³àë³â ³ ïîâçó÷îñò³.

(2)P Where second order effects are taken into
account, see (6), equilibrium and resistance shall
be verified in the deformed state. Deformations
shall be calculated taking into account the
relevant effects of cracking, non-linear material
properties and creep.

Ïðèì³òêà. Ïðè ðîçðàõóíêó çà óìîâè ë³í³éíîãî õà-
ðàêòåðó ðîáîòè ìàòåð³àëó ö³ âïëèâè ìîæíà âðàõî-
âóâàòè øëÿõîì çíèæåííÿ õàðàêòåðèñòèê æîðñòêîñ-
ò³ (äèâ. 5.8.7).

Note. In an analysis assuming linear material proper-
ties, this can be taken into account by means of redu-
ced stiffness values, see 5.8.7.

(3)Ð Ó â³äïîâ³äíèõ âèïàäêàõ ðîçðàõóíîê ïîâè-
íåí âðàõîâóâàòè âïëèâ ãíó÷êîñò³ ïðèëåãëèõ
åëåìåíò³â ³ ôóíäàìåíò³â (âçàºìîä³ÿ "îñíîâà-
ñïîðóäà").

(3)P Where relevant, analysis shall include the
effect of flexibility of adjacent members and foun-
dations (soil-structure interaction).

(4)Ð Õàðàêòåð ðîáîòè êîíñòðóêö³¿ ïîâèíåí ðîç-
ãëÿäàòèñü ó íàïðÿìêó, â ÿêîìó ìîæå â³äáóâà-
òèñü äåôîðìàö³ÿ, à â íåîáõ³äíèõ âèïàäêàõ
ïîâèíåí âðàõîâóâàòèñü äâîâ³ñíèé çãèí.

(4)P The structural behaviour shall be considered
in the direction in which deformations can occur,
and biaxial bending shall be taken into account
when necessary.

(5)Ð Íåâèçíà÷åíîñò³ ó ãåîìåòð³¿ ³ ðîçòàøóâàíí³
îñüîâèõ íàâàíòàæåíü ïîâèíí³ âðàõîâóâàòèñü ó
ÿêîñò³ äîäàòêîâèõ âïëèâ³â ïåðøîãî ïîðÿäêó íà
îñíîâ³ ãåîìåòðè÷íèõ íåòî÷íîñòåé (äèâ. 5.2).

(5)P Uncertainties in geometry and position of
axial loads shall be taken into account as
additional first order effects based on geometric
imperfections, see 5.2.

(6) Âïëèâàìè äðóãîãî ïîðÿäêó ìîæíà çíåõòóâà-
òè, ÿêùî âîíè ñòàíîâëÿòü ìåíøå í³æ 10 %
â³äïîâ³äíèõ âïëèâ³â ïåðøîãî ïîðÿäêó. Ñïðî-
ùåí³ êðèòåð³¿ íàâåäåí³ äëÿ îêðåìèõ åëåìåíò³â
ó 5.8.3.1, à äëÿ êîíñòðóêö³é – ó 5.8.3.3.

(6) Second order effects may be ignored if they
are less than 10 % of the corresponding first order
effects. Simplified criteria are given for isolated
members in 5.8.3.1 and for structures in 5.8.3.3.

5.8.3 Ñïðîùåí³ êðèòåð³¿ äëÿ âïëèâ³â äðóãî-

ãî ïîðÿäêó

5.8.3 Simplified criteria for second order

effects

5.8.3.1 Êðèòåð³¿ ãíó÷êîñò³ äëÿ îêðåìèõ åëåìåíò³â 5.8.3.1 Slenderness criterion for isolated members

(1) ßê àëüòåðíàòèâà 5.8.2 (6) âïëèâàìè äðóãîãî

ïîðÿäêó ìîäíà çíåõòóâàòè, ÿêùî ãíó÷ê³ñòü �
(âèçíà÷åíà ó 5.8.3.2) º ìåíøîþ ïåâíî¿ âåëè÷è-

íè (ãðàíè÷íî¿) �lim.

(1) As an alternative to 5.8.2 (6), second order

effects may be ignored if the slenderness � (as

defined in 5.8.3.2) is below a certain value �lim.

Ïðèì³òêà. Âåëè÷èíà �lim äëÿ êîíêðåòíî¿ êðà¿íè
ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.
Ðåêîìåíäîâàíèìè º íàñòóïí³ âåëè÷èíè:

Note: The value of �lim for use in a Country may be
found in its National Annex. The recommended value
follows from:

� lim /� . . .20 A B C n , (5.13N)
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äå: where:

, -A ef� /1 1 0 2/ , � (ÿêùî �ef íåâ³äîìèé, ìîæå

âèêîðèñòîâóâàòèñü À = 0,7);

, -A ef� /1 1 0 2/ , � (if �ef is not known, A = 0,7 may

be used);

B � /1 2: (ÿêùî : íåâ³äîìå, ìîæå âèêîðèñòî-

âóâàòèñü Â = 1,1);

B � /1 2: (if : is not known, B = 1,1 may be

used);

C = 1,7 – rm (ÿêùî rm íåâ³äîìå, ìîæå âèêîðèñ-
òîâóâàòèñü Ñ = 0,7);

C = 1,7 – rm (if rm is not known, C = 0,7 may be
used);

�ef – ïðèâåäåíèé êîåô³ö³ºíò ïîâçó÷îñò³ (5.8.4); �ef – effective creep ratio; see 5.8.4;

: � A f A fs yd c cd/ ; êîåô³ö³ºíò àðìóâàííÿ; : � A f A fs yd c cd/ ; mechanical reinforcement ratio;

As – çàãàëüíà ïëîùà ïåðåð³çó àðìàòóðè; As – is the total area of longitudinal reinforcement;

n N A fEd c cd� / ; â³äíîñíà îñüîâà ñèëà; n N A fEd c cd� / ; relative normal force;

r M Mm � 01 02/ ; ñï³ââ³äíîøåííÿ ìîìåíò³â; r M Mm � 01 02/ ; moment ratio;

M01, M02 – ìîìåíòè ïåðøîãî ïîðÿäêó íà ê³íöÿõ,
M M02 01� .

M01, M02 – are the first order end moments,
M M02 01� .

ßêùî ìîìåíòè íà ê³íöÿõ M01 ³ M02 äàþòü ðîçòÿã
ç îäí³º¿ ñòîðîíè, rm íåîáõ³äíî ïðèéìàòè äî-

äàòí³ì (òîáòî Ñ � 1,7), â ³íøîìó ðàç³ – â³ä'ºì-
íèì (òîáòî Ñ > 1,7).

If the end moments M01 and M02 give tension on
the same side, rm should be taken positive (i.e.

Ñ � 1,7), otherwise negative (i.e. C > 1,7).

rm íåîáõ³äíî ïðèéìàòè 1,0 (òîáòî Ñ = 0,7) ó íà-
ñòóïíèõ âèïàäêàõ:

In the following cases, rm should be taken as 1,0
(i.e. C = 0,7):

– äëÿ ðîçêð³ïëåíèõ åëåìåíò³â, ó ÿêèõ ìîìåí-
òè ïåðøîãî ïîðÿäêó âèíèêàþòü ò³ëüêè àáî
ïåðåâàæíî â³ä íåòî÷íîñòåé àáî ïîïåðå÷íî-
ãî íàâàíòàæåííÿ;

– for braced members in which the first order
moments arise only from or predominantly due
to imperfections or transverse loading

– äëÿ íåðîçêð³ïëåíèõ åëåìåíò³â, ÿê ïðàâèëî. – for unbraced members in general.

(2) Äëÿ âèïàäê³â äâîâ³ñíîãî çãèíó êðèòåð³é
ãíó÷êîñò³ ìîæå ïåðåâ³ðÿòèñü îêðåìî äëÿ êîæ-
íîãî íàïðÿìêó. Ó çàëåæíîñò³ â³ä ðåçóëüòàòó
ö³º¿ ïåðåâ³ðêè âïëèâè äðóãîãî ïîðÿäêó (à) – ìî-
æóòü íå âðàõîâóâàòèñü äëÿ îáîõ íàïðÿìê³â;
(b) – ïîâèíí³ âðàõîâóâàòèñü ó îäíîìó íàïðÿì-
êó, àáî (ñ) – ïîâèíí³ âðàõîâóâàòèñü ó îáîõ
íàïðÿìêàõ.

(2) In cases with biaxial bending, the slenderness
criterion may be checked separately for each
direction. Depending on the outcome of this
check, second order effects (a) may be ignored in
both directions, (b) should be taken into account
in one direction, or (c) should be taken into ac-
count in both directions.

5.8.3.2 Ãíó÷ê³ñòü ³ ïðèâåäåíà äîâæèíà îêðå-

ìèõ åëåìåíò³â

5.8.3.2 Slenderness and effective length of isola-

ted members

(1) Ãíó÷ê³ñòü ïðè ïîçäîâæíüîìó çãèí³ âèçíà-
÷àºòüñÿ ÿê:

(1) The slenderness ratio is defined as follows:

� � l0 / i , (5.14)

äå: where:

l0 – ïðèâåäåíà äîâæèíà, äèâ. 5.8.3.2 (2)…(7) l0 – is the effective length, see 5.8.3.2 (2) to (7)

³ – ðàä³óñ ³íåðö³¿ áåòîííîãî ïåðåð³çó áåç òð³ùèí. ³ – is the radius of gyration of the uncracked conc-
rete section

(2) Äëÿ çàãàëüíîãî âèçíà÷åííÿ ïðèâåäåíî¿
äîâæèíè äèâ. 5.8.1. Ïðèêëàäè ïðèâåäåíî¿ äîâ-
æèíè äëÿ îêðåìèõ åëåìåíò³â ïîñò³éíîãî ïîïå-
ðå÷íîãî ïåðåð³çó íàâåäåíî íà ðèñóíêó 5.7.

(2) For a general definition of the effective length,
see 5.8.1. Examples of effective length for isola-
ted members with constant cross section are
given in Figure 5.7.
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(3) Äëÿ ñòèñíóòèõ åëåìåíò³â ñèìåòðè÷íèõ ðàì
ãíó÷ê³ñòü (äèâ. 5.8.3.1) ïîâèííà ïåðåâ³ðÿòèñü
äëÿ ðîçðàõóíêîâî¿ äîâæèíè l0, âèçíà÷åíî¿ òàê:

(3) For compression members in regular frames,
the slenderness criterion (see 5.8.3.1) should be
checked with an effective length l0 determined in
the following way:

Ðîçêð³ïëåí³ åëåìåíòè (ðèñóíîê 5.7 (f)): Braced members (see Figure 5.7 (f)):
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Íåðîçêð³ïëåí³ åëåìåíòè (ðèñóíîê 5.7 (g)): Unbraced members (see Figure 5.7 (g)):
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äå: where:

k1 ³ k2 – â³äïîâ³äíî â³äíîñíà êóòîâà æîðñòê³ñòü
îïîðíèõ â'ÿçåé 1 ³ 2;

k1 ³ k2 – are the relative flexibilities of rotational
restraints at ends 1 and 2 respectively:

, - , -k M EI� .
 / / l ; , - , -k M EI� .
 / / l ;


 – ïîâîðîò çàêð³ïëåíèõ åëåìåíò³â â³ä çãèíàëü-
íîãî ìîìåíòó Ì, ðèñóíîê 5.7 (f) ³ (g);


 – is the rotation of restraining members for ben-
ding moment M, see also Figure 5.7 (f) and (g)

Å² – çãèíàëüíà æîðñòê³ñòü ñòèñíóòèõ åëåìåí-
ò³â, äèâ. 5.8.3.2 (4) ³ (5);

Å² – is the bending stiffness of compression mem-
ber, see also 5.8.3.2 (4) and (5)

l – âèñîòà ñòèñíóòîãî åëåìåíòà ó ÷èñòîò³ ì³æ
çàêð³ïëåííÿìè ê³íö³â

l – is the clear height of compression member bet-
ween end restraints

Ïðèì³òêà. k = 0 – òåîðåòè÷íà ìåæà àáñîëþòíî æîð-

ñòêîãî çàêð³ïëåííÿ â³ä ïîâîðîòó, à k = � âèðàæàº
â³äñóòí³ñòü çàêð³ïëåííÿ âçàãàë³. Îñê³ëüêè àáñîëþò-
íî æîðñòêå çàêð³ïëåííÿ ð³äêî çóñòð³÷àºòüñÿ íà ïðàê-
òèö³, ðåêîìåíäóºòüñÿ ì³í³ìàëüíå çíà÷åííÿ 0,1 äëÿ
k1 ³ k2.

Note: k = 0 is the theoretical limit for rigid rotational

restraint, and k = � represents the limit for no restraint
at all. Since fully rigid restraint is rare in practise, a
minimum value of 0,1 is recommended for k1 and k2.
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(4) ßêùî ïåðåäáà÷àºòüñÿ, ùî ïðèëåãëèé ñòèñíó-
òèé åëåìåíò (êîëîíà) ó âóçë³ âïëèâàº íà ïîâîðîò
ïðè âòðàò³ ñò³éêîñò³, òî Å²/l ïðè âèçíà÷åíí³ k íå-

îáõ³äíî çàì³íèòè íà , - , -1 21 EI EI
a b

/ /l l/ , äå à ³

b â³äïîâ³äíî ïðåäñòàâëÿþòü ñòèñíóòèé åëå-
ìåíò (êîëîíó) âèùå ³ íèæ÷å âóçëà.

(4) If an adjacent compression member (column)
in a node is likely to contribute to the rotation at
buckling, then Å²/l in the definition of k should be

replaced by , - , -1 21 EI EI
a b

/ /l l/ , a and b repre-

senting the compression member (column) above
and below the node.

(5) Ïðè âèçíà÷åíí³ ðîçðàõóíêîâî¿ äîâæèíè
æîðñòê³ñòü çàêð³ïëåíèõ åëåìåíò³â ïîâèííà
âðàõîâóâàòè âïëèâ íàÿâíîñò³ òð³ùèí, ÿêùî íå
ïðîäåìîíñòðîâàíî, ùî âîíè ìîæóòü íå ìàòè
òð³ùèí ó ãðàíè÷íîìó ñòàí³ (ULS).

(5) In the definition of effective lengths, the
stiffness of restraining members should include
the effect of cracking, unless they can be shown
to be uncracked in ULS.

(6) Êðèòåð³é 5.8.3.1 äëÿ âñ³õ ³íøèõ âèïàäê³â,
îêð³ì (2) ³ (3), íàïðèêëàä, åëåìåíò³â ç³ çì³ííîþ
âåðòèêàëüíîþ ñèëîþ ³/àáî ïîïåðå÷íèì ïå-
ðåð³çîì, ïîâèíí³ ïåðåâ³ðÿòèñü çà ïðèâåäåíîþ
äîâæèíîþ, ùî áàçóºòüñÿ íà êðèòè÷í³é ïîç-
äîâæí³é ñèë³ (îá÷èñëåí³é, íàïðèêëàä, ÷èñëî-
âèì ìåòîäîì):

(6) For other cases than those in (2) and (3), e.g.
members with varying normal force and/or cross
section, the criterion in 5.8.3.1 should be checked
with an effective length based on the buckling
load (calculated e.g. by a numerical method):

l0 � ; EI NB/ , (5.17)

äå: where:

EI – ôàêòè÷íà çãèíàëüíà æîðñòê³ñòü; EI – is a representative bending stiffness

NB – ïîçäîâæíº íàâàíòàæåííÿ, âèðàæåíå ÷å-
ðåç EI;

NB – is buckling load expressed in terms of this EI;

(ó âèðàç³ (5.14) ³ – ïîâèííî òàêîæ â³äïîâ³äàòè
öüîìó EI).

(in Expression (5.14), ³ should also correspond to
this EI).

(7) Âïëèâ çàêð³ïëåííÿ â³ä ïîïåðå÷íèõ ñò³í ìî-
æå âðàõîâóâàòèñü ïðè îá÷èñëåíí³ ðîçðàõóíêî-

âî¿ äîâæèíè ñò³í êîåô³ö³ºíòîì �, íàâåäåíèì ó
12.6.5.1. Òàêèì ÷èíîì, ó âèðàç³ (12.9) ³ òàáëèö³
12.1 lw çàì³íþºòüñÿ íà l0, âèçíà÷åíó çã³äíî ç
5.8.3.2.

(7) The restraining effect of transverse walls may
be allowed for in the calculation of the effective

length of walls by the factor � given in 12.6.5.1. In
Expression (12.9) and Table 12.1, lw is then
substituted by l0 determined according to 5.8.3.2.

5.8.3.3 Çàãàëüí³ âïëèâè äðóãîãî ïîðÿäêó ó áó-

ä³âëÿõ

5.8.3.3 Global second order effects in buildings

(1) ßê àëüòåðíàòèâà 5.8.2 (6) çàãàëüíèìè âïëè-
âàìè äðóãîãî ïîðÿäêó ó áóä³âëÿõ ìîæíà çíåõòó-
âàòè, ÿêùî

(1) As an alternative to 5.8.2 (6), global second
order effects in buildings may be ignored if

F k
n

n

E I

L
V Ed

s

s

cd c
,

,
� .

/
. <1 21 6

, (5.18)

äå: where:

FV,Ed – ñóìàðíå âåðòèêàëüíå íàâàíòàæåííÿ
(íà ðîçêð³ïëåí³ åëåìåíòè ³ åëåìåíòè æîðñò-
êîñò³);

FV,Ed – is the total vertical load (on braced and
bracing members);

ns – ê³ëüê³ñòü ïîâåðõ³â; ns – is the number of storeys;

L – çàãàëüíà âèñîòà áóä³âë³ âèùå ð³âíÿ çàùåì-
ëåííÿ;

L – is the total height of building above level of
moment restraint;
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Ecd – ðîçðàõóíêîâå çíà÷åííÿ ìîäóëÿ ïðóæ-
íîñò³ áåòîíó, äèâ. 5.8.6 (3);

Ecd – is the design value of the modulus of elas-
ticity of concrete, see 5.8.6 (3);

²ñ – ìîìåíò ³íåðö³¿ ïåðåð³çó (áåòîííîãî áåç
òð³ùèí) åëåìåíòà(³â) æîðñòêîñò³.

²ñ – is the second moment of area (uncracked
concrete section) of bracing member(s).

Ïðèì³òêà. Äëÿ êîíêðåòíî¿ êðà¿íè çíà÷åííÿ k1 ìîæå
âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêî-
ìåíäîâàíîþ º âåëè÷èíà 0,31.

Note: The value of k1 for use in a Country may be found
in its National Annex. The recommended value is 0,31.

Âèðàç (5.18) ä³éñíèé ò³ëüêè ó ðàç³, ÿêùî âèêîíó-
þòüñÿ âñ³ íèæ÷åíàâåäåí³ óìîâè:

Expression (5.18) is valid only if all the following
conditions are met:

– ìîæëèâ³ñòü âòðàòè ñò³éêîñò³ âíàñë³äîê çà-
êðó÷óâàííÿ íå º âèçíà÷àëüíîþ, òîáòî êîíñò-
ðóêö³ÿ º äîñòàòíüî ñèìåòðè÷íîþ;

– torsional instability is not governing, i.e. struc-
ture is reasonably symmetrical;

– çàãàëüí³ äåôîðìàö³¿ çñóâó íåçíà÷í³ (ÿê ó
ñèñòåìàõ æîðñòêîñò³, ùî â îñíîâíîìó ñêëà-
äàþòüñÿ ³ç ñò³íîâèõ ä³àôðàãì áåç âåëèêèõ
ïðîð³ç³â);

– global shear deformations are negligible (as in
a bracing system mainly consisting of shear
walls without large openings);

– â'ÿçåâ³ åëåìåíòè æîðñòêî çàêð³ïëåí³ â îñ-
íîâ³, òîáòî ïîâîðîòè äóæå íåçíà÷í³;

– bracing members are rigidly fixed at the base,
i.e. rotations are negligible;

– æîðñòê³ñòü â'ÿçåâèõ åëåìåíò³â º äîñòàòíüî
ïîñò³éíîþ ïî âèñîò³;

– the stiffness of bracing members is reasonably
constant along the height;

– ñóìàðíå âåðòèêàëüíå íàâàíòàæåííÿ çðîñ-
òàº ïðèáëèçíî íà îäíàêîâó âåëè÷èíó íà ïî-
âåðõ.

– the total vertical load increases by approxi-
mately the same amount per storey.

(2) k1 ó âèðàç³ (5.18) ìîæå çàì³íþâàòèñü íà k2,
ÿêùî áóäå ï³äòâåðäæåíî, ùî â'ÿçåâ³ åëåìåíòè
íå ìàþòü òð³ùèí ó ãðàíè÷íîìó ñòàí³ çà íåñó-
÷îþ çäàòí³ñòþ ³ ñò³éê³ñòþ .

(2) k1 in Expression (5.18) may be replaced by k2
if it can be verified that bracing members are
uncracked in ultimate limit state.

Ïðèì³òêà 1. Äëÿ êîíêðåòíî¿ êðà¿íè çíà÷åííÿ k2 ìî-
æå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðå-
êîìåíäîâàíîþ º âåëè÷èíà 0,62.

Note 1: The value of k2 for use in a Country may be
found in its National Annex. The recommended value is
0,62.

Ïðèì³òêà 2. Ó âèïàäêàõ, êîëè ñèñòåìà æîðñòêîñò³
çàçíàº çíà÷íèõ çàãàëüíèõ äåôîðìàö³é çñóâó ³/àáî
ïîâîðîò³â íà ê³íöÿõ, äèâ. äîäàòîê Í (ùî òàêîæ íàäàº
îñíîâó äëÿ âèùåíàâåäåíèõ ïðàâèë).

Note 2: For cases where the bracing system has sig-
nificant global shear deformations and/or end rotati-
ons, see Annex H (which also gives the background to
the above rules).

5.8.4 Ïîâçó÷³ñòü 5.8.4 Creep

(1)Ð Âïëèâ ïîâçó÷îñò³ ïîâèíåí âðàõîâóâàòèñü
ïðè ðîçðàõóíêó âïëèâ³â äðóãîãî ïîðÿäêó ç îáî-
â'ÿçêîâèì ðîçãëÿäîì ÿê çàãàëüíèõ óìîâ ùîäî
ïîâçó÷îñò³ (äèâ. 3.1.4), òàê ³ òðèâàëîñò³ ð³çíèõ
íàâàíòàæåíü ó ñïîëó÷åíí³, ùî ðîçãëÿäàºòüñÿ.

(1)P The effect of creep shall be taken into acco-
unt in second order analysis, with due conside-
ration of both the general conditions for creep
(see 3.1.4) and the duration of different loads in
the load combination considered.

(2) Òðèâàë³ñòü íàâàíòàæåíü ìîæå âðàõîâóâà-
òèñü ñïðîùåíî çà äîïîìîãîþ ðîçðàõóíêîâîãî

êîåô³ö³ºíòà ïîâçó÷îñò³ �ef, ÿêèé ïðè çàñòîñó-
âàíí³ ç ðîçðàõóíêîâèì íàâàíòàæåííÿì äàº äå-
ôîðìàö³þ ïîâçó÷îñò³ (êðèâèçíó), ùî â³äïîâ³-
äàº êâàç³ïîñò³éíîìó íàâàíòàæåííþ:

(2) The duration of loads may be taken into ac-
count in a simplified way by means of an effective

creep ratio, �ef, which, used together with the de-
sign load, gives a creep deformation (curvature)
corresponding to the quasi-permanent load:

� �ef t E EdM M
qp

� .�( , ) /0 0 0 , (5.19)

äå: where:

�( , )� t 0 – êîåô³ö³ºíò ïîâíî¿ ïîâçó÷îñò³ çà 3.1.4; �( , )� t 0 – is the final creep coefficient according to 3.1.4
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M0Eqp – çãèíàëüíèé ìîìåíò ïåðøîãî ïîðÿäêó ó
êâàç³ïîñò³éíîìó ñïîëó÷åí³ (SLS);

M0Eqp – is the first order bending moment in
quasi-permanent load combination (SLS)

M0Ed – çãèíàëüíèé ìîìåíò ïåðøîãî ïîðÿäêó ó
ðîçðàõóíêîâîìó ñïîëó÷åíí³ (ULS)

M0Ed – is the first order bending moment in design
load combination (ULS)

Ïðèì³òêà. Ìîæëèâî òàêîæ ïðèéìàòè �ef íà îñíîâ³
çãèíàëüíèõ ìîìåíò³â MEqp òà MEd, àëå ó öüîìó âè-
ïàäêó íåîáõ³äíî âèêîíóâàòè ³òåðàö³¿ ³ ïåðåâ³ðÿòè
ñò³éê³ñòü ïðè êâàç³ïîñò³éíîìó íàâàíòàæåíí³ ³

�ef = �(�,t0).

Note: It is also possible to base �ef on total bending
moments MEqp and MEd, but this requires iteration and a
verification of stability under quasi-permanent load

with �ef = �(�,t0).

(3) ßêùî M0Eqp/M0Ed çì³ííå â åëåìåíò³ àáî
êîíñòðóêö³¿, òî êîåô³ö³ºíò ìîæå îá÷èñëþâà-
òèñü äëÿ ïåðåð³çó ç ìàêñèìàëüíèì ìîìåíòîì
àáî ìîæå âèêîðèñòîâóâàòèñü ñåðåäíº ðåïðå-
çåíòàòèâíå çíà÷åííÿ.

(3) If M0Eqp/M0Ed varies in a member or structure,
the ratio may be calculated for the section with
maximum moment, or a representative mean va-
lue may be used.

(4) Âïëèâîì ïîâçó÷îñò³ ìîæíà çíåõòóâàòè, òîá-

òî ïðèïóñòèòè, ùî �ef = 0, ó ðàç³, ÿêùî çàäî-
âîëüíÿþòüñÿ íàñòóïí³ òðè óìîâè:

(4) The effect of creep may be ignored, i.e. �ef = 0
may be assumed, if the following three conditions
are met:

– �( , )� �t 0 2 ;

– � � 75;

– M N hEd Ed0 / � .

Òóò M0Ed – ìîìåíò ïåðøîãî ïîðÿäêó, à h – âè-
ñîòà ïîïåðå÷íîãî ïåðåð³çó ó â³äïîâ³äíîìó íà-
ïðÿì³.

Here M0Ed – is the first order moment and h is the
cross section depth in the corresponding direc-
tion.

Ïðèì³òêà. ßêùî óìîâè ñòîñîâíî ìîæëèâîñò³ íåõòó-
âàííÿ âïëèâàìè äðóãîãî ïîðÿäêó çã³äíî ç 5.8.2 (6)
àáî 5.8.3.3 ëåäâå çàäîâîëüíÿþòüñÿ (áåç çàïàñó), òî
áóëî á çàíàäòî íåêîíñåðâàòèâíî íåõòóâàòè ³ âïëè-
âàìè äðóãîãî ïîðÿäêó, ³ ïîâçó÷³ñòþ, ÿêùî ò³ëüêè

òåõí³÷íèé êîåô³ö³ºíò àðìóâàííÿ (:, äèâ. 5.8.3.1 (1))
ñòàíîâèòü ùîíàéìåíøå 0,25.

Note: If the conditions for neglecting second order
effects according to 5.8.2 (6) or 5.8.3.3 are only just
achieved, it may be too unconservative to neglect both
second order effects and creep, unless the mechanical

reinforcement ratio (:, see 5.8.3.1 (1)) is at least 0,25.

5.8.5 Ìåòîäè ðîçðàõóíêó 5.8.5 Methods of analysis

(1) Ìåòîäè ðîçðàõóíêó îõîïëþþòü çàãàëüíèé
ìåòîä, ùî ´ðóíòóºòüñÿ íà íåë³í³éíîìó ðîçðà-
õóíêó äðóãîãî ïîðÿäêó (äèâ. 5.8.6), ³ íàñòóïíèõ
äâà ñïðîùåíèõ ìåòîäè:

(1) The methods of analysis include a general
method, based on non-linear second order ana-
lysis, see 5.8.6 and the following two simplified
methods:

(à) ìåòîä, ùî ´ðóíòóºòüñÿ íà íîì³íàëüí³é æî-
ðñòêîñò³, äèâ. 5.8.7;

(a) Method based on nominal stiffness, see 5.8.7

(b) ìåòîä, ùî ´ðóíòóºòüñÿ íà íîì³íàëüí³é êðè-
âèçí³, äèâ. 5.8.8.

(b) Method based on nominal curvature, see 5.8.8

Ïðèì³òêà 1. Âèá³ð ñïðîùåíîãî ìåòîäó (à) àáî (b)
äëÿ âèêîðèñòàííÿ ó êîíêðåòí³é êðà¿í³ ìîæå âêàçóâà-
òèñü ó íàö³îíàëüíîìó äîäàòêó.

Note 1: The selection of Simplified Method (a) and (b)
to be used in a Country may be found in its National
Annex.

Ïðèì³òêà 2. Ó äåÿêèõ âèïàäêàõ íîì³íàëüí³ ìîìåíòè
äðóãîãî ïîðÿäêó, îòðèìàí³ çà ñïðîùåíèìè ìåòîäà-
ìè (à) àáî (b), ìîæóòü áóòè á³ëüøèìè í³æ ìîìåíòè,
ùî â³äïîâ³äàþòü âòðàò³ ñò³éêîñò³. Öå ñâ³ä÷èòü ïðî
òå, ùî çàãàëüíèé ìîìåíò â³äïîâ³äàº îïîðó ïîïåðå÷-
íîãî ïåðåð³çó.

Note 2: Nominal second order moments provided by
the simplified methods (a) and (b) are sometimes
greater than those corresponding to instability. This is
to ensure that the total moment is compatible with the
cross section resistance.
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(2) Ìåòîä (à) ìîæå âèêîðèñòîâóâàòèñü ÿê äëÿ
îêðåìèõ åëåìåíò³â, òàê ³ äëÿ êîíñòðóêö³¿ â
ö³ëîìó, ÿêùî âåëè÷èíè íîì³íàëüíî¿ æîðñòêîñò³
âèçíà÷åí³ â³äïîâ³äíèì ÷èíîì; äèâ. 5.8.7.

(2) Method (a) may be used for both isolated
members and whole structures, if nominal
stiffness values are estimated appropriately; see
5.8.7.

(3) Ìåòîä (b) â îñíîâíîìó ï³äõîäèòü äëÿ îêðå-
ìèõ åëåìåíò³â; äèâ. 5.8.8. Îäíàê, çà îá´ðóíòî-
âàíèõ óìîâ ñòîñîâíî ðîçïîä³ëó êðèâèçíè
ìåòîä, íàâåäåíèé ó 5.8.8, òàêîæ ìîæå çàñòîñî-
âóâàòèñü äëÿ êîíñòðóêö³é.

(3) Method (b) is mainly suitable for isolated
members; see 5.8.8. However, with realistic
assumptions concerning the distribution of curva-
ture, the method in 5.8.8 can also be used for
structures.

5.8.6 Çàãàëüíèé ìåòîä 5.8.6 General method

(1)Ð Çàãàëüíèé ìåòîä ´ðóíòóºòüñÿ íà íåë³í³é-
íîìó ðîçðàõóíêó âêëþ÷íî ç ãåîìåòðè÷íîþ íå-
ë³í³éí³ñòþ, òîáòî âïëèâàìè äðóãîãî ïîðÿäêó.
Çàñòîñîâóþòüñÿ çàãàëüí³ ïðàâèëà íåë³í³éíîãî
ðîçðàõóíêó, íàâåäåí³ ó 5.7.

(1)P The general method is based on non-linear
analysis, including geometric non-linearity i.e. se-
cond order effects. The general rules for non-
linear analysis given in 5.7 apply.

(2)Ð Íåîáõ³äíî çàñòîñîâóâàòè ãðàô³êè "íàïðó-
æåííÿ-äåôîðìàö³¿" áåòîíó ³ ñòàë³, ÿê³ ïðèäàòí³
äëÿ çàãàëüíîãî ðîçðàõóíêó. Âïëèâ ïîâçó÷îñò³
ïîâèíåí âðàõîâóâàòèñü.

(2)P Stress-strain curves for concrete and steel
suitable for overall analysis shall be used. The
effect of creep shall be taken into account.

(3) Ìîæóòü âèêîðèñòîâóâàòèñü çàëåæíîñò³ "íà-
ïðóæåííÿ-äåôîðìàö³¿" äëÿ áåòîíó ³ ñòàë³, íàäà-
í³ ó 3.1.5, âèðàçè (3.14) ³ 3.2.3 (ðèñóíîê 3.8). Çà
ãðàô³êàìè "íàïðóæåííÿ-äåôîðìàö³¿", ùî ´ðóí-
òóþòüñÿ íà ðîçðàõóíêîâèõ âåëè÷èíàõ, ðîçðà-
õóíêîâå çíà÷åííÿ ãðàíè÷íîãî íàâàíòàæåííÿ
îòðèìóºòüñÿ áåçïîñåðåäíüî ³ç ðîçðàõóíêó. Ó
òàêîìó ðàç³ ó âèðàç³ (3.14) òà äëÿ âåëè÷èíè k,
fcm çàì³íþºòüñÿ ðîçðàõóíêîâîþ ì³öí³ñòþ íà
ñòèñê fcd, à Ecm çàì³íþºòüñÿ íà:

(3) Stress-strain relationships for concrete and
steel given in 3.1.5, Expression (3.14) and 3.2.3
(Figure 3.8) may be used. With stress-strain
diagrams based on design values, a design value
of the ultimate load is obtained directly from the
analysis. In Expression (3.14), and in the k –
value, fcm is then substituted by the design comp-
ressive strength fcd and Ecm is substituted by

E Ecd cm cE� / � . (5.20)

Ïðèì³òêà. Âåëè÷èíà �cE äëÿ âèêîðèñòàííÿ ó êîí-
êðåòí³é êðà¿í³ ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëü-
íîìó äîäàòêó. Ðåêîìåíäóºòüñÿ çíà÷åííÿ 1,2.

Note: The value of �cE for use in a Country may be
found in its National Annex. The recommended value is
1,2.

(4) Çà â³äñóòíîñò³ á³ëüø òî÷íèõ ìîäåëåé ïî-
âçó÷³ñòü ìîæå âðàõîâóâàòèñü øëÿõîì ìíîæåí-
íÿ âñ³õ âåëè÷èí äåôîðìàö³é íà ãðàô³êó "íà-
ïðóæåííÿ-äåôîðìàö³¿" áåòîíó â³äïîâ³äíî äî

5.8.6 (3) íà êîåô³ö³ºíò (1 + �ef), äå �ef – ðîçðà-
õóíêîâèé êîåô³ö³ºíò ïîâçó÷îñò³ çã³äíî ç 5.8.4.

(4) In the absence of more refined models, creep
may be taken into account by multiplying all strain
values in the concrete stress-strain diagram

according to 5.8.6 (3) with a factor (1 + �ef), where

�ef is the effective creep ratio according to 5.8.4.

(5) Ìîæå âðàõîâóâàòèñü âïëèâ îáòèñíåííÿ ïðè
ðîçòÿãó.

(5) The favourable effect of tension stiffening may
be taken into account.

Ïðèì³òêà. Öåé âïëèâ çàâæäè ñïðèÿòëèâèé ³ äëÿ
ñïðîùåííÿ éîãî ìîæíà íå âðàõîâóâàòè.

Note: This effect is favourable, and may always be
ignored, for simplicity.

(6) Çàçâè÷àé, óìîâè ð³âíîâàãè ³ ñóì³ñíîñò³ äå-
ôîðìàö³é çàäîâîëüíÿþòüñÿ äëÿ á³ëüøîñò³ ïî-
ïåðå÷íèõ ïåðåð³ç³â. Ñïðîùåíîþ àëüòåðíàòè-
âîþ º ðîçãëÿä ò³ëüêè êðèòè÷íîãî(èõ) ïåðåð³-
çó(³â) òà óìîâè â³äïîâ³äíî¿ çì³íè êðèâèçíè ì³æ

(6) Normally, conditions of equilibrium and strain
compatibility are satisfied in a number of cross
sections. A simplified alternative is to consider
only the critical cross section(s), and to assume a
relevant variation of the curvature in between, e.g.
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íèìè, íàïðèêëàä, ïîä³áíî ìîìåíòó ïåðøîãî
ïîðÿäêó àáî ñïðîùåíî ³íøèì ïðèéíÿòíèì
ñïîñîáîì.

similar to the first order moment or simplified in
another appropriate way.

5.8.7 Ìåòîä íîì³íàëüíî¿ æîðñòêîñò³ 5.8.7 Method based on nominal stiffness

5.8.7.1 Çàãàëüí³ ïîëîæåííÿ 5.8.7.1 General

(1) Ó ðîçðàõóíêó çà äåôîðìîâàíîþ ñõåìîþ,
ÿêèé ´ðóíòóºòüñÿ íà æîðñòêîñò³, ïîâèíí³ âèêî-
ðèñòîâóâàòèñü íîì³íàëüí³ âåëè÷èíè çãèíàëü-
íî¿ æîðñòêîñò³ ç óðàõóâàííÿì âïëèâ³â òð³ùèíî-
óòâîðåííÿ, íåë³í³éíîñò³ ìàòåð³àëó ³ ïîâçó÷îñò³
íà çàãàëüíèé õàðàêòåð ðîáîòè. Öå òàêîæ ñòî-
ñóºòüñÿ ïðèëåãëèõ åëåìåíò³â, ùî âðàõîâóþòü-
ñÿ ïðè ðîçðàõóíêó, íàïðèêëàä, áàëêè, ïëèòè
àáî ôóíäàìåíòè. Ó â³äïîâ³äíèõ âèïàäêàõ ïî-
âèííà âðàõîâóâàòèñü âçàºìîä³ÿ "îñíîâà-ñïî-
ðóäà".

(1) In a second order analysis based on stiffness,
nominal values of the flexural stiffness should be
used, taking into account the effects of cracking,
material non-linearity and creep on the overall
behaviour. This also applies to adjacent members
involved in the analysis, e.g. beams, slabs or
foundations. Where relevant, soil-structure inter-
action should be taken into account.

(2) Ñóìàðí³ ðîçðàõóíêîâ³ ìîìåíòè âèêîðèñòî-
âóþòüñÿ äëÿ ðîçðàõóíêó ïîïåðå÷íèõ ïåðåð³ç³â
â³äïîâ³äíî äî çãèíàëüíèõ ìîìåíò³â ³ îñüîâî¿
ñèëè çã³äíî ç 6.1, ÿê ïîð³âíÿííÿ ç 5.8.6 (2).

(2) The resulting design moment is used for the
design of cross sections with respect to bending
moment and axial force according to 6.1, as
compared with 5.8.6 (2).

5.8.7.2 Íîì³íàëüíà æîðñòê³ñòü 5.8.7.2 Nominal stiffness

(1) Äëÿ îö³íêè íîì³íàëüíî¿ æîðñòêîñò³ ãíó÷êèõ
ñòèñíóòèõ åëåìåíò³â äîâ³ëüíîãî ïåðåð³çó ìîæå
çàñòîñîâóâàòèñü íàñòóïíèé ï³äõ³ä:

(1) The following model may be used to estimate
the nominal stiffness of slender compression
members with arbitrary cross section:

EI K E I K E Ic cd c s sd s� / , (5.21)

äå: where:

Ecd – ðîçðàõóíêîâå çíà÷åííÿ ìîäóëÿ ïðóæíîñ-
ò³ áåòîíó, äèâ. 5.8.6 (3);

Ecd – is the design value of the modulus of
elasticity of concrete, see 5.8.6 (3)

Ic – ìîìåíò ³íåðö³¿ ïîïåðå÷íîãî ïåðåð³çó áåòî-
íó;

Ic – is the moment of inertia of concrete cross
section;

Esd – ðîçðàõóíêîâå çíà÷åííÿ ìîäóëÿ ïðóæ-
íîñò³ àðìàòóðè, äèâ. 5.8.6 (3);

Esd – is the design value of the modulus of
elasticity of reinforcement, 5.8.6 (3);

Is – ìîìåíò ³íåðö³¿ ïîïåðå÷íîãî ïåðåð³çó àðìà-
òóðè â³äíîñíî öåíòðà ïåðåð³çó áåòîíó;

Is – is the second moment of area of reinfor-
cement, about the centre of area of the concrete;

Kc – êîåô³ö³ºíò óðàõóâàííÿ âïëèâ³â òð³ùèí, ïî-
âçó÷îñò³ òîùî, äèâ. 5.8.7.2 (2) àáî (3);

Kc – is a factor for effects of cracking, creep etc,
see 5.8.7.2 (2) or (3);

Ks – êîåô³ö³ºíò óðàõóâàííÿ âïëèâó àðìóâàííÿ,
äèâ. 5.8.7.2 (2) àáî (3).

Ks – is a factor for contribution of reinforcement,
see 5.8.7.2 (2) or (3).

(2) Çà óìîâè, ùî � � 0,002, ó âèðàç³ (5.21) ìî-
æóòü çàñòîñîâóâàòèñü íàñòóïí³ çíà÷åííÿ êîå-
ô³ö³ºíò³â:

(2) The following factors may be used in Expres-

sion (5.21), provided � � 0,002:

Ks �1,

, -K k kc ef� /1 2 1/ � , (5.22)

äå: where:

� – ãåîìåòðè÷íèé ïðîöåíò àðìóâàííÿ, Às /Àñ; � is the geometric reinforcement ratio, Às /Àñ;
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Às – çàãàëüíà ïëîùà ïåðåð³çó àðìàòóðè; Às is the total area of reinforcement;

Àñ – ïëîùà ïåðåð³çó áåòîíó; Àñ is the area of concrete section;

�ef – ðîçðàõóíêîâèé êîåô³ö³ºíò ïîâçó÷îñò³, äèâ
5.8.4;

�ef is the effective creep ratio, see 5.8.4;

k1 – êîåô³ö³ºíò, ùî çàëåæèòü â³ä êëàñó ì³öíîñò³
áåòîíó (5.23);

k1 is a factor which depends on concrete strength
class, Expression (5.23);

k2 – êîåô³ö³ºíò, ùî çàëåæèòü â³ä îñüîâî¿ ñèëè ³
ãíó÷êîñò³ (5.24).

k2 is a factor which depends on axial force and
slenderness, Expression (5.24).

k1 = fck / 20 ÌÏà/(MPa) , (5.23)

k n2
170

0 20� �
�

, , (5.24)

äå: where:

n – â³äíîñíà îñüîâà ñèëà NEd /(Ac fcd); n is the relative axial force NEd /(Ac fcd);

� – ãíó÷ê³ñòü, äèâ. 5.8.3. � is the slenderness ratio, see 5.8.3.

ßêùî ãíó÷ê³ñòü � íå âèçíà÷åíà, òî k2 ìîæå âèç-
íà÷àòèñü ÿê:

If the slenderness ratio � is not defined, k2 may be
taken as

k n2 0 30 0 20� . �, , . (5.25)

(3) ßê ñïðîùåíà àëüòåðíàòèâà ïðè çàáåçïå-

÷åíí³ óìîâè � � 0,01 ó âèðàç³ (5.21) ìîæóòü âè-
êîðèñòîâóâàòèñü íàñòóïí³ êîåô³ö³ºíòè:

(3) As a simplified alternative, provided � � 0,01,
the following factors may be used in Expression
(5.21):

Ks = 0 ,

, -Kc ef� /0 3 1 0 5, / , � . (5.26)

Ïðèì³òêà. Ñïðîùåíà àëüòåðíàòèâà ìîæå âèêîðèñ-
òîâóâàòèñü ó ÿêîñò³ ïîïåðåäíüîãî êðîêó, çà ÿêèì
ñë³äóº á³ëüø òî÷íå îá÷èñëåííÿ çã³äíî ç (2).

Note: The simplified alternative may be suitable as a
preliminary step, followed by a more accurate calcula-
tion according to (2).

(4) Ó ñòàòè÷íî íåâèçíà÷åíèõ êîíñòðóêö³ÿõ íå-
îáõ³äíî âðàõîâóâàòè íåñïðèÿòëèâèé âïëèâ
òð³ùèíîóòâîðåííÿ ó ïðèëåãëèõ åëåìåíòàõ. ßê
ïðàâèëî, âèðàçè (5.21)…(5.26) íå çàñòîñîâó-
þòüñÿ äëÿ òàêèõ åëåìåíò³â. Ìîæå âðàõîâóâà-
òèñü ÷àñòêîâå òð³ùèíîóòâîðåííÿ ³ îáòèñíåííÿ
ïðè ðîçòÿãó, íàïðèêëàä, çã³äíî ç 7.4.3. Îäíàê,
äëÿ ñïðîùåííÿ ìîæå äîïóñêàòèñü ïîâíå ðîç-
òð³ñêóâàííÿ ïåðåð³çó. Æîðñòê³ñòü ïîâèííà
´ðóíòóâàòèñü íà ïðèâåäåíîìó ìîäóë³ áåòîíó:

(4) In statically indeterminate structures, unfa-
vourable effects of cracking in adjacent members
should be taken into account. Expressions
(5.21-5.26) are not generally applicable to such
members. Partial cracking and tension stiffening
may be taken into account e.g. according to 7.4.3.
However, as a simplification, fully cracked sec-
tions may be assumed. The stiffness should be
based on an effective concrete modulus:

, -E Ecd eff cd ef, /� /1 � , (5.27)

äå: where:

Ecd – ðîçðàõóíêîâå çíà÷åííÿ ìîäóëÿ ïðóæ-
íîñò³ çã³äíî ç 5.8.6 (3);

Ecd is the design value of the modulus of elasticity
according to 5.8.6 (3)

�ef – ðîçðàõóíêîâèé êîåô³ö³ºíò ïîâçó÷îñò³;
ìîæå âèêîðèñòîâóâàòèñü òà ñàìà âåëè÷èíà,
ùî ³ äëÿ êîëîí.

�ef is the effective creep ratio; same value as for
columns may be used
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5.8.7.3 Êîåô³ö³ºíò çðîñòàííÿ ìîìåíòó 5.8.7.3 Moment magnification factor

(1) Ñóìàðíèé ðîçðàõóíêîâèé ìîìåíò, âêëþ÷à-
þ÷è ìîìåíò äðóãîãî ïîðÿäêó, ìîæå âèðàæà-
òèñü ÿê ïåâíå çá³ëüøåííÿ çãèíàëüíèõ ìî-
ìåíò³â, âèçíà÷åíèõ ïðè ë³í³éíîìó ðîçðàõóíêó,
òîáòî:

(1) The total design moment, including second
order moment, may be expressed as amag-
nification of the bending moments resulting from a
linear analysis, namely:

, -
M M

N N
Ed Ed

B Ed

� /
�

�

 
!
!

"

#
$
$

0 1
1

�
/

, (5.28)

äå: where:

M0Ed – ìîìåíò ïåðøîãî ïîðÿäêó; äèâ. òàêîæ
5.8.8.2 (2);

M0Ed is the first order moment; see also 5.8.8.2
(2);

� – êîåô³ö³ºíò, ùî çàëåæèòü â³ä ðîçïîä³ëó ìî-
ìåíò³â ïåðøîãî ³ äðóãîãî ïîðÿäêó, äèâ. 5.8.7.3
(2),(3);

� is a factor which depends on distribution of 1st
and 2nd order moments, see 5.8.7.3 (2)-(3);

NEd – ðîçðàõóíêîâà âåëè÷èíà îñüîâîãî íàâàí-
òàæåííÿ;

NEd is the design value of axial load;

NB – êðèòè÷íå íàâàíòàæåííÿ, ùî â³äïîâ³äàº
íîì³íàëüí³é æîðñòêîñò³.

NB is the buckling load based on nominal stiff-
ness.

(2) Äëÿ îêðåìèõ åëåìåíò³â ïðè ïîñò³éíîìó ïå-
ðåð³ç³ ³ íàâàíòàæåíí³ ìîæíà äîïóñòèòè, çàçâè-
÷àé, ùî ìîìåíò äðóãîãî ïîðÿäêó ìàº ñèíó-
ñî¿äàëüíèé ðîçïîä³ë. Òàêèì ÷èíîì:

(2) For isolated members with constant cross
section and axial load, the second order moment
may normally be assumed to have a sine-shaped
distribution. Then

� ;� 2
0/ c , (5.29)

äå: where:

ñ0 – êîåô³ö³ºíò, ùî çàëåæèòü â³ä ðîçïîä³ëó ìî-
ìåíòó ïåðøîãî ïîðÿäêó (íàïðèêëàä, ñ0 = 8 äëÿ
ïîñò³éíîãî ìîìåíòó ïåðøîãî ïîðÿäêó, ñ0 = 9,6
äëÿ ïàðàáîë³÷íîãî ³ 12,0 äëÿ òðèêóòíîãî ñèìåò-
ðè÷íîãî ðîçïîä³ëó òîùî).

c0 is a coefficient which depends on the distri-
bution of first order moment (for instance, c0 = 8
for a constant first order moment, c0 = 9,6 for a
parabolic and 12,0 for a symmetric triangular
distribution etc.).

(3) Çà â³äñóòíîñò³ ïîïåðå÷íîãî íàâàíòàæåííÿ
åëåìåíò³â ìîìåíòè íà ê³íöÿõ M01 ³ M02 ìîæóòü
çàì³íþâàòèñü åêâ³âàëåíòíèì ïîñò³éíèì ìî-
ìåíòîì M0å çã³äíî ç 5.8.8.2 (2). Çà óìîâè ïîñ-
ò³éíîãî ìîìåíòó ïåðøîãî ïîðÿäêó ïîâèíåí
çàñòîñîâóâàòèñü â³äïîâ³äíèé êîåô³ö³ºíò ñ0 = 8.

(3) For members without transverse load, diffe-
ring first order end moments M01 and M02 may be
replaced by an equivalent constant first order
moment M0e according to 5.8.8.2 (2). Consistent
with the assumption of a constant first order
moment, c0 = 8 should be used.

Ïðèì³òêà. Çíà÷åííÿ ñ0 = 8 òàêîæ çàñòîñîâóºòüñÿ
äëÿ åëåìåíò³â ³ç çãèíîì äâîÿêî¿ êðèâèçíè. Ñë³ä
ìàòè íà óâàç³, ùî ó äåÿêèõ âèïàäêàõ, çàëåæíî â³ä
ãíó÷êîñò³ ³ îñüîâîãî çóñèëëÿ, ìîìåíòè íà ê³íöÿõ ìî-
æóòü áóòè á³ëüøèìè í³æ âåëè÷èíà åêâ³âàëåíòíîãî
ìîìåíòó.

Note: The value of c0 = 8 also applies to members bent
in double curvature. It should be noted that in some
cases, depending on slenderness and axial force, the
end moments(s) can be greater than the magnified
equivalent moment

(4) Ó ðàç³ íåìîæëèâîñò³ çàñòîñóâàííÿ 5.8.7.3

(2) àáî (3) äîïóñêàºòüñÿ ñïðîùåííÿ � = 1. Âè-
ðàç (5.28), òàêèì ÷èíîì, ìîæå çâîäèòèñü äî

(4) Where 5.8.7.3 (2) or (3) is not applicable, � = 1
is normally a reasonable simplification. Expres-
sion (5.28) can then be reduced to:

, -
M
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. (5.30)
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Ïðèì³òêà. 5.8.7.3 (4) òàêîæ ìîæå çàñòîñîâóâàòèñü
äëÿ çàãàëüíîãî ðîçðàõóíêó äåÿêèõ òèï³â êîíñòðóê-
ö³é, íàïðèêëàä, êîíñòðóêö³é, ðîçêð³ïëåíèõ ä³àôðàã-
ìàìè æîðñòêîñò³ òîùî, êîëè îñíîâíèì íàñë³äêîì ä³¿
º çãèíàëüíèé ìîìåíò ó åëåìåíòàõ ä³àôðàãì æîðñò-
êîñò³. Äëÿ ³íøèõ òèï³â êîíñòðóêö³é á³ëüø çàãàëüíèé
ï³äõ³ä íàâåäåíî â Í.2 äîäàòêà Í.

Note: 5.8.7.3 (4) is also applicable to the global
analysis of certain types of structures, e.g. structures
braced by shear walls and similar, where the principal
action effect is bending moment in bracing units. For
other types of structures, a more general approach is
given in Annex H, Clause H.2.

5.8.8 Ìåòîä íîì³íàëüíî¿ êðèâèçíè 5.8.8 Method based on nominal curvature

5.8.8.1 Çàãàëüí³ ïîëîæåííÿ 5.8.8.1 General

(1) Öåé ìåòîä ïðèäàòíèé, ãîëîâíèì ÷èíîì, äëÿ
îêðåìèõ åëåìåíò³â ³ç ïîñò³éíîþ ïîçäîâæíüîþ
ñèëîþ ³ âèçíà÷åíîþ ðîçðàõóíêîâîþ äîâæèíîþ
l0 (äèâ. 5.8.3.2). Öåé ìåòîä äàº íîì³íàëüíèé
ìîìåíò äðóãîãî ïîðÿäêó â³ä ïðîãèíó, ÿêèé ó
ñâîþ ÷åðãó çàëåæèòü â³ä ðîçðàõóíêîâî¿ äîâæè-
íè ³ îá÷èñëåíî¿ ìàêñèìàëüíî¿ êðèâèçíè (äèâ.
5.8.5(3)).

(1) This method is primarily suitable for isolated
members with constant normal force and a
defined effective length l0 (see also 5.8.3.2). The
method gives a nominal second order moment
based on a deflection, which in turn is based on
the effective length and an estimated maximum
curvature (see also 5.8.5(3)).

(2) Ñóìàðíèé ðîçðàõóíêîâèé ìîìåíò âèêîðèñ-
òîâóºòüñÿ äëÿ ðîçðàõóíêó ïîïåðå÷íîãî ïåðå-
ð³çó çà çãèíàëüíèì ìîìåíòîì ³ îñüîâîþ ñèëîþ
çã³äíî ç 6.1.

(2) The resulting design moment is used for the
design of cross sections with respect to bending
moment and axial force according to 6.1.

5.8.8.2 Çãèíàëüí³ ìîìåíòè 5.8.8.2 Bending moments

(1) Ðîçðàõóíêîâèé ìîìåíò âèçíà÷àºòüñÿ çà
ôîðìóëîþ:

(1) The design moment is:

MEd = M0Ed + M2 , (5.31)

äå: where:

M0Ed – ìîìåíò ïåðøîãî ïîðÿäêó, âêëþ÷íî ç
âïëèâîì íåòî÷íîñòåé, äèâ. òàêîæ 5.8.8.2 (2);

M0Ed is the 1st order moment, including the effect
of imperfections, see also 5.8.8.2 (2)

M2 – íîì³íàëüíèé ìîìåíò äðóãîãî ïîðÿäêó,
äèâ. 5.8.8.2 (3).

M2 is the nominal 2nd order moment, see 5.8.8.2
(3)

Ìàêñèìàëüíå çíà÷åííÿ MEd âèçíà÷àºòüñÿ ðîç-
ïîä³ëîì M0Ed ³ M2; îñòàíí³é ìîæå ïðèéìàòèñü ó
âèãëÿä³ ïàðàáîëè àáî ñèíóñî¿äè íà ðîáî÷³é
äîâæèí³

The maximum value of MEd is given by the
distributions of M0Ed and M2; the latter may be
taken as parabolic or sinusoidal over the effective
length.

Ïðèì³òêà. Äëÿ ñòàòè÷íî íåâèçíà÷åíèõ åëåìåíò³â
M0Ed âèçíà÷àºòüñÿ äëÿ ôàêòè÷íèõ óìîâ çàêð³ïëåí-
íÿ, êîëè M2, áóäå çàëåæàòè â³ä óìîâ çàêð³ïëåííÿ ÷å-
ðåç ðîçðàõóíêîâó äîâæèíó, ïîð³âí. ç 5.8.8.1 (1).

Note: For statically indeterminate members, M0Ed is
determined for the actual boundary conditions, whe-
reas M2 will depend on boundary conditions via the
effective length, cf. 5.8.8.1 (1).

(2) Çì³íí³ ìîìåíòè M01 ³ M02 ìîæóòü çàì³íþâà-
òèñü åêâ³âàëåíòíèì ïîñò³éíèì ìîìåíòîì íà
ê³íö³ M0å:

(2) Differing first order end moments M01 and M02
may be replaced by an equivalent first order end
moment M0e:

M M M Me0 02 01 0 20 6 0 4 0 4� / �, , , , . (5.32)

M01 ³ M02 ïîâèíí³ áóòè îäíîãî çíàêà, ÿêùî âîíè
äàþòü ðîçòÿã íà îäí³é ñòîðîí³, â ³íøîìó ðàç³ –
ïðîòèëåæíèõ çíàê³â. Äî òîãî æ, M M02 01� .

M01 and M02 should have the same sign if they
give tension on the same side, otherwise opposite
signs. Furthermore, M M02 01� .

(3) Íîì³íàëüíèé ìîìåíò äðóãîãî ïîðÿäêó M2 ó
âèðàç³ (5.31) âèçíà÷àºòüñÿ, ÿê:

(3) The nominal second order moment M2 in
Expression (5.31) is
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M N eEd2 2� . , (5.33)

äå: where:

NEd – ðîçðàõóíêîâå çíà÷åííÿ ïîçäîâæíüî¿
ñèëè;

NEd is the design value of axial force

e2 – ïðîãèí = , -l l/ /r c0
2 ; e2 is the deflection = , -l l/ /r c0

2 ;

1/r – êðèâèçíà, äèâ. 5.8.8.3; 1/r is the curvature, see 5.8.8.3;

l0 – ðîçðàõóíêîâà äîâæèíà, äèâ. 5.8.3.2; l0 is the effective length, see 5.8.3.2;

ñ – êîåô³ö³ºíò, ùî çàëåæèòü â³ä ðîçïîä³ëó êðè-
âèçíè, äèâ. 5.8.8.2(4).

ñ is a factor depending on the curvature distribu-
tion, see 5.8.8.2 (4).

(4) Äëÿ ïîñò³éíîãî ïîïåðå÷íîãî ïåðåð³çó, ÿê ïðà-

âèëî, âèêîðèñòîâóºòüñÿ çíà÷åííÿ ñ = 10 ( )= ;2 .

ßêùî ìîìåíò ïåðøîãî ïîðÿäêó ïîñò³éíèé, íå-
îáõ³äíî âèêîðèñòîâóâàòè ìåíøå çíà÷åííÿ ( íà-
éìåíøèì çíà÷åííÿì º 8 â³äïîâ³äíî äî ïîñò³é-
íîãî ñóìàðíîãî ìîìåíòó).

(4) For constant cross section, ñ = 10 ( )= ;2 is

normally used. If the first order moment is cons-
tant, a lower value should be considered (8 is a
lower limit, corresponding to constant total mo-
ment).

Ïðèì³òêà. Âåëè÷èíà ;2 â³äïîâ³äàº ñèíóñî¿äàëüíîìó
ðîçïîä³ëó êðèâèçíè. Äëÿ ïîñò³éíî¿ êðèâèçíè öå çíà-
÷åííÿ = 8. Ñë³ä âðàõîâóâàòè, ùî ñ çàëåæèòü â³ä ðîç-
ïîä³ëó ñóìàðíî¿ êðèâèçíè, òîä³ ÿê ñ0 ó 5.8.7.3 (2) –
â³ä êðèâèçíè, ùî â³äïîâ³äàº ò³ëüêè ìîìåíòó ïåðøî-
ãî ïîðÿäêó.

Note: The value ;2 corresponds to a sinusoidal curva-
ture distribution. The value for constant curvature is 8.
Note that c depends on the distribution of the total
curvature, whereas c0 in 5.8.7.3 (2) depends on the
curvature corresponding to the first order moment only.

5.8.8.3 Êðèâèçíà 5.8.8.3 Curvature

(1) Äëÿ åëåìåíò³â ç ïîñò³éíèì ñèìåòðè÷íèì
ïåðåð³çîì (âêëþ÷íî ç àðìóâàííÿì) ìîæå âèêî-
ðèñòîâóâàòèñü íàñòóïíèé âèðàç:

(1) For members with constant symmetrical cross
sections (incl. reinforcement), the following may
be used:

1 1 0/ /r K K rr� . .� , (5.34)

äå: where:

Kr – ïîïðàâî÷íèé êîåô³ö³ºíò, ùî çàëåæèòü â³ä
îñüîâîãî íàâàíòàæåííÿ, äèâ. 5.8.8.3 (3);

Kr is a correction factor depending on axial load,
see 5.8.8.3 (3)

K� – êîåô³ö³ºíò, ùî âðàõîâóº ïîâçó÷³ñòü, äèâ.
5.8.8.3 (4);

K� is a factor for taking account of creep, see
5.8.8.3 (4);

1 0 450/ / ( , )r dyd� 	 ; 1 0 450/ / ( , )r dyd� 	 ;

	 yd yd sf E� / ; 	 yd yd sf E� / ;

d – ðîçðàõóíêîâà âèñîòà; äèâ. òàêîæ 5.8.8.3 (2). d is the effective depth; see also 5.8.8.3 (2).

(2) ßêùî àðìàòóðà íå ñêîíöåíòðîâàíà íà ïðî-
òèëåæíèõ ñòîðîíàõ, à ò³ëüêè ¿¿ ÷àñòèíà ðîçïî-
ä³ëåíà ïàðàëåëüíî ïëîùèí³ çãèíó, d âèçíà-
÷àºòüñÿ ÿê:

(2) If all reinforcement is not concentrated on
opposite sides, but part of it is distributed parallel
to the plane of bending, d is defined as

d h is� /( / )2 , (5.35)

äå ³s – ðàä³óñ ³íåðö³¿ çàãàëüíî¿ ïëîù³ àðìàòóðè. where ³s is the radius of gyration of the total
reinforcement area

(3) Kr ó âèðàç³ (5.34) íåîáõ³äíî ïðèéìàòè, ÿê: (3) Kr in Expression (5.34) should be taken as:

K n n n nr u u bal� � � �( ) / ( ) 1, (5.36)
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äå: where:

n N A fEd c cd� / , â³äíîñíà îñüîâà ñèëà; n N A fEd c cd� / , relative axial force;

NEd – ðîçðàõóíêîâå çíà÷åííÿ îñüîâî¿ ñèëè; NEd is the design value of axial force;

nu � /1 : ; nu � /1 : ;

nbal – çíà÷åííÿ n ïðè ìàêñèìàëüíîìó îïîð³ çà
ìîìåíòîì; ìîæíà ïðèéìàòè çíà÷åííÿ 0,4;

nbal is the value of n at maximum moment resis-
tance; the value 0,4 may be used;

: � A f A fs yd c cd/ ( ); : � A f A fs yd c cd/ ( );

As – çàãàëüíà ïëîùà àðìàòóðè; As is the total area of reinforcement;

Ac – ïëîùà ïîïåðå÷íîãî ïåðåð³çó áåòîíó. Ac is the area of concrete cross section.

(4) Âïëèâ ïîâçó÷îñò³ ïîâèíåí âðàõîâóâàòèñü
çà äîïîìîãîþ êîåô³ö³ºíòà K�:

(4) The effect of creep should be taken into acco-
unt by the following factor K�:

K ef� � �� / . �1 1, (5.37)

äå: where:

�ef – ðîçðàõóíêîâèé êîåô³ö³åíò ïîâçó÷îñò³,
äèâ. 5.8.4;

�ef is the effective creep ratio, see 5.8.4;

� �� / �0 35 200 150, / /fck ; � �� / �0 35 200 150, / /fck ;

� – ãíó÷ê³ñòü, äèâ. 5.8.3.1 � is the slenderness ratio, see 5.8.3.1

5.8.9 Äâîâ³ñíèé çãèí 5.8.9 Biaxial bending

(1) Çàãàëüíèé ìåòîä, îïèñàíèé ó 5.8.6, òàêîæ
ìîæå âèêîðèñòîâóâàòèñü ïðè äâîâ³ñíîìó çãèí³.
Ïðè çàñòîñóâàíí³ ñïðîùåíîãî ìåòîäó âèêîðèñ-
òîâóþòüñÿ íèæ÷åíàâåäåí³ ïîëîæåííÿ. Îñîá-
ëèâó óâàãó ñë³ä çâåðíóòè íà âèçíà÷åííÿ ïåðå-
ð³çó ç êðèòè÷íèì ñïîëó÷åííÿì ìîìåíò³â âäîâæ
åëåìåíòà.

(1) The general method described in 5.8.6 may
also be used for biaxial bending. The following
provisions apply when simplified methods are
used. Special care should be taken to identify the
section along the member with the critical
combination of moments.

(2) Ó ÿêîñò³ ïåðøîãî êðîêó ìîæå âèêîíóâàòèñü
îêðåìèé ðîçðàõóíîê äëÿ êîæíîãî ãîëîâíîãî íà-
ïðÿìêó áåç óðàõóâàííÿ äâîâ³ñíîãî çãèíó. Äå-
ôåêòè íåîáõ³äíî âðàõîâóâàòè ò³ëüêè ó íàï-
ðÿìêó, äå âîíè ìàþòü íåñïðèÿòëèâ³ âïëèâè.

(2) Separate design in each principal direction,
disregarding biaxial bending, may be made as a
first step. Imperfections need to be taken into
account only in the direction where they will have
the most unfavourable effect.

(3) Íåìàº ïîòðåáè ó ïîäàëüø³é ïåðåâ³ðö³, ÿêùî
ãíó÷ê³ñòü çàäîâîëüíÿº äâ³ íèæ÷åíàâåäåí³ óìîâè:

(3) No further check is necessary if the slender-
ness ratios satisfy the following two conditions:

� �y z/ � 2 ³ (and) � �z y/ � 2 (5.38à)

òà, ÿêùî â³äíîñí³ åêñöåíòðèñèòåòè ey/h ³ ez /b
(ðèñóíîê 5.7) çàäîâîëüíÿþòü îäíó ç íàñòóïíèõ
óìîâ:

and if the relative eccentricities ey/h and ez /b (see
Figure 5.7) satisfy one the following conditions:

e h

e b

y eq

z eq

/

/
,� 0 2 àáî (or)

e h

e b

z eq

e eq

/

/
,� 0 2 , (5.38b)

äå: where:

b, h – øèðèíà ³ âèñîòà ïåðåð³çó; b, h are the width and depth of the section

b ieq y� 12 ³ h ieq z� 12 äëÿ âñ³õ åêâ³âàëåí-

òíèõ ïðÿìîêóòíèõ ïåðåð³ç³â;

b ieq y� 12 and h ieq z� 12 for an equivalent

rectangular section;
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�y, �z – ãíó÷êîñò³ l0/i â³äíîñíî îñåé y ³ z â³ä-
ïîâ³äíî;

�y, �z are the slenderness ratios l0/i with respect
to y- and z-axis respectively

iy, iz – ðàä³óñè ³íåðö³¿ â³äíîñíî îñåé y ³ z

â³äïîâ³äíî;
iy, iz are the radii of gyration with respect to y- and
z-axis respectively;

ez = MEdy / NEd, åêñöåíòðèñèòåò âäîâæ îñ³ z; ez = MEdy / NEd eccentricity along z-axis;

ey = MEdz / NEd, åêñöåíòðèñèòåò âäîâæ îñ³ y; ey = MEdz / NEd eccentricity along y-axis;

MEdy – ðîçðàõóíêîâèé ìîìåíò â³äíîñíî îñ³ y ç
óðàõóâàííÿì ìîìåíòó äðóãîãî ïîðÿäêó;

MEdy is the design moment about y-axis, including
second order moment;

MEdz – ðîçðàõóíêîâèé ìîìåíò â³äíîñíî îñ³ z, ç
óðàõóâàííÿì ìîìåíòó äðóãîãî ïîðÿäêó;

MEdz is the design moment about z-axis, including
second order moment;

NEd – ðîçðàõóíêîâà âåëè÷èíà îñüîâîãî íàâàí-
òàæåííÿ.

NEd is the design value of axial load in the respec-
tive load combination.

(4) ßêùî óìîâè âèðàçó (5.38) íå çàäîâîëüíÿ-
þòüñÿ, òî äâîâ³ñíèé çãèí íåîáõ³äíî âðàõîâóâà-
òè ç âïëèâàìè äðóãîãî ïîðÿäêó â êîæíîìó
íàïðÿìêó (êð³ì âèïàäê³â, êîëè íèìè ìîæíà
çíåõòóâàòè çã³äíî ç 5.8.2 (6) àáî 5.8.3). Ó ðàç³
â³äñóòíîñò³ òî÷íîãî ðîçðàõóíêó ïîïåðå÷íîãî
ïåðåð³çó íà ä³þ äâîâ³ñíîãî çãèíó ìîæíà çàñòî-
ñîâóâàòè íàñòóïíèé ñïðîùåíèé êðèòåð³é:

(4) If the condition of Expression (5.38) is not
fulfilled, biaxial bending should be taken into
account including the 2nd order effects in each
direction (unless they may be ignored according
to 5.8.2 (6) or 5.8.3). In the absence of an
accurate cross section design for biaxial bending,
the following simplified criterion may be used:

M

M

M

M

Edz

Rdz

a
Edy

Rdy

a
�

�
��

�

�
�� /

�

�
�
�

�

�
�
� � 1 0, , (5.39)

äå: where:

MEdz/y – ðîçðàõóíêîâèé ìîìåíò â³äíîñíî â³äïî-
â³äíî¿ îñ³, âêëþ÷íî ç ìîìåíòîì äðóãîãî ïîðÿäêó;

MEdz/y is the design moment around the respec-
tive axis, including a 2nd order moment;

MRdz/y – ãðàíè÷íèé ìîìåíò ó â³äïîâ³äíîìó íà-
ïðÿìêó;

MRdz/y is the moment resistance in the respective
direction;

à – åêñïîíåíòà; à is the exponent;
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– äëÿ êðóãëèõ åë³ïòè÷íèõ ïåðåð³ç³â: à = 2 – for circular and elliptical cross sections: à = 2
– äëÿ ïðÿìîêóòíèõ ïåðåð³ç³â: – for rectangular cross sections:

NEd/NRd 0,1 0,7 1,0

à = 1,0 1,5 2,0

– ç ë³í³éíîþ ³íòåðïîëÿö³ºþ ïðîì³æíèõ çíà÷åíü; – with linear interpolation for intermediate values;

NEd – ðîçðàõóíêîâà âåëè÷èíà îñüîâî¿ ñèëè; NEd is the design value of axial force;

NRd = Ac fcd + As fyd, ðîçðàõóíêîâèé îï³ð ïåðåð³çó; NRd = Ac fcd + As fyd design axial resistance of
section;

Ac – çàãàëüíà ïëîùà (áðóòòî) áåòîííîãî ïå-
ðåð³çó;

Ac is the gross area of the concrete section;

As – ïëîùà ïîçäîâæíüî¿ àðìàòóðè. As is the area of longitudinal reinforcement.

5.9 Ñò³éê³ñòü ãíó÷êèõ áàëîê ³ç ïëîùèíè 5.9 Lateral instability of slender beams

(1)Ð Ó íåîáõ³äíèõ âèïàäêàõ ïîâèííà âðàõîâó-
âàòèñü ñò³éê³ñòü ãíó÷êèõ áàëîê ³ç ïëîùèíè, íà-
ïðèêëàä, äëÿ çá³ðíèõ áàëîê ïðè òðàíñïîð-
òóâàíí³ ³ ìîíòàæ³, äëÿ áàëîê áåç ðîçêð³ïëåííÿ
³ç ïëîùèíè ó ðîáî÷îìó ñòàí³ òîùî. Òàêîæ ïî-
âèíí³ âðàõîâóâàòèñü ãåîìåòðè÷í³ íåòî÷íîñò³.

(1)P Lateral instability of slender beams shall be
taken into account where necessary, e.g. for
precast beams during transport and erection, for
beams without sufficient lateral bracing in the
finished structure etc. Geometric imperfections
shall be taken into account.

(2) Ïðè ïåðåâ³ðö³ áàëîê ó íåðîçêð³ïëåíîìó
ñòàí³ ó ÿêîñò³ ãåîìåòðè÷íèõ íåòî÷íîñòåé íå-
îáõ³äíî äîïóñêàòè ïðîãèí ³ç ïëîùèíè l/300, äå
l = çàãàëüíà äîâæèíà áàëêè. ßêùî ó ðîáî÷îìó
ñòàí³ áàëêà ðîçêð³ïëþºòüñÿ ñïîëó÷åíèìè ç íåþ
åëåìåíòàìè, òî ¿õ ìîæíà âðàõîâóâàòè.

(2) A lateral deflection of l/300 should be assumed
as a geometric imperfection in the verification of
beams in unbraced conditions, with l = total length
of beam. In finished structures, bracing from
connected members may be taken into account

(3) Âïëèâàìè äðóãîãî ïîðÿäêó ó ç'ºäíàííÿõ ³ç
ãíó÷ê³ñòþ ç ïëîùèíè ìîæíà çíåõòóâàòè, ÿêùî
âèêîíóþòüñÿ íàñòóïí³ óìîâè:

(3) Second order effects in connection with lateral
instability may be ignored if the following condi-
tions are fulfilled:

– äîâãîòðèâàë³ âèïàäêè: – persistent situations:

l

b h b

t0
1 3

50
�

( / ) /
³ (and) h/b � 2,5 ; (5.40à)

– êîðîòêîòðèâàë³ âèïàäêè: – transient situations:

l

b h b

t0
1 3

70
�

( / ) /
³ (and) h/b � 3,5 , (5.40b)

äå: where:

l0t – â³äñòàíü ì³æ çàêð³ïëåííÿìè â³ä ïîâîðîòó; l0t is the distance between torsional restraints;

h – çàãàëüíà âèñîòà áàëêè ó öåíòðàëüí³é ÷àñ-
òèí³ l0t ;

h is the total depth of beam in central part of l0t ;

b – øèðèíà ñòèñíóòî¿ ïîëèö³. b is the width of compression flange.

(4) Ïîâîðîò, âèêëèêàíèé ñò³éê³ñòþ ³ç ïëîùèíè,
ïîâèíåí âðàõîâóâàòèñü ó ðîçðàõóíêó îïîðíèõ
êîíñòðóêö³é.

(4) Torsion associated with lateral instability sho-
uld be taken into account in the design of sup-
porting structures.
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5.10 Ïîïåðåäíüî íàïðóæåí³ åëåìåíòè ³
êîíñòðóêö³¿

5.10 Prestressed members and structures

5.10.1 Çàãàëüí³ ïîëîæåííÿ 5.10.1 General

(1)Ð Ó äàíèõ íîðìàõ ðîçãëÿäàºòüñÿ ïîïåðåäíº
íàïðóæåííÿ, ÿêå ïðèêëàäåíå äî áåòîíó ïîïå-
ðåäíüî íàïðóæåíîþ àðìàòóðîþ.

(1)P The prestress considered in this Standard is
that applied to the concrete by stressed tendons.

(2) Âïëèâè ïîïåðåäíüîãî íàïðóæåííÿ ìîæóòü
ðîçãëÿäàòèñü ÿê âïëèâ àáî ÿê îï³ð, ñïðè÷èíåí³
ïîïåðåäíüîþ äåôîðìàö³ºþ àáî ïîïåðåäí³ì
ñòâîðåííÿì êðèâèçíè. Íåñó÷à çäàòí³ñòü ïîâèí-
íà âèçíà÷àòèñü â³äïîâ³äíèì ÷èíîì

(2) The effects of prestressing may be considered
as an action or a resistance caused by prestrain
and precurvature. The bearing capacity should be
calculated accordingly.

(3) Çàçâè÷àé, ïîïåðåäíº íàïðóæåííÿ ââîäèòüñÿ ó
ñïîëó÷åííÿ íàâàíòàæåíü, âèçíà÷åíèõ EN 1990,
ÿê ñêëàäîâà ïåâíîãî âèïàäêó íàâàíòàæåííÿ ³
éîãî âïëèâè ïîâèíí³ âðàõîâóâàòèñü ïðèêëàäåíè-
ìè âíóòð³øí³ì ìîìåíòîì ³ îñüîâîþ ñèëîþ.

(3) In general prestress is introduced in the action
combinations defined in EN 1990 as part of the
loading cases and its effects should be included in
the applied internal moment and axial force.

(4) Âèõîäÿ÷è ç âèùåíàâåäåíèõ óìîâ ó (3), âíå-
ñîê ïîïåðåäíüî íàïðóæåíî¿ àðìàòóðè â îï³ð
ïåðåð³çó ïîâèíåí îáìåæóâàòèñü ¿¿ äîäàòêîâîþ
ì³öí³ñòþ âèùå ïîïåðåäíüîãî íàïðóæåííÿ. Öþ
âåëè÷èíó ìîæíà îá÷èñëèòè, ïðèïóñòèâøè, ùî
ïî÷àòêîâà òî÷êà çàëåæíîñò³ "íàïðóæåííÿ-äå-
ôîðìàö³¿" äëÿ ïîïåðåäíüî íàïðóæåíî¿ àðìàòó-
ðè çì³ùåíà âíàñë³äîê âïëèâ³â ïîïåðåäíüîãî
íàïðóæåííÿ.

(4) Following the assumptions of (3) above, the
contribution of the prestressing tendons to the
resistance of the section should be limited to their
additional strength beyond prestressing. This
may be calculated assuming that the origin of the
stress/strain relationship of the tendons is disp-
laced by the effects of prestressing.

(5)Ð Ìîæëèâ³ñòü êðèõêîãî ðóéíóâàííÿ åëåìåí-
òà âíàñë³äîê ðîçðèâó íàïðóæåíî¿ àðìàòóðè ïî-
âèííà áóòè âèêëþ÷åíà.

(5)P Brittle failure of the member caused by
failure of prestressing tendons shall be avoided.

(6) Êðèõêîãî ðóéíóâàííÿ ìîæíà óíèêàòè çà äî-
ïîìîãîþ îäíîãî àáî ê³ëüêîõ íàñòóïíèõ ìåòîä³â.

(6) Brittle failure should be avoided by one or
more of the following methods:

Ìåòîä À – çàáåçïå÷åííÿ ì³í³ìàëüíîãî àðìó-
âàííÿ â³äïîâ³äíî äî 9.2.1.

Method A: Provide minimum reinforcement in
accordance with 9.2.1.

Ìåòîä B – çàñòîñóâàííÿ ïîïåðåäíüîãî íàïðó-
æåííÿ àðìàòóðè íà óïîðè.

Method B: Provide pretensioned bonded tendons.

Ìåòîä Ñ – çàáåçïå÷åííÿ ëåãêîãî äîñòóïó äî ïî-
ïåðåäíüî íàïðóæåíèõ çàë³çîáåòîííèõ åëåìåíò³â
äëÿ ïåðåâ³ðêè ³ êîíòðîëþ ñòàíó àðìàòóðè íå-
ðóéí³âíèìè ìåòîäàìè àáî ñïîñòåðåæåííÿì.

Method C: Provide easy access to prestressed
concrete members in order to check and control
the condition of tendons by non-destructive
methods or by monitoring.

Ìåòîä D – çàáåçïå÷åííÿ îá'ºêòèâíèõ äàíèõ, ùî
ï³äòâåðäæóþòü íàä³éí³ñòü íàïðóæåíî¿ àðìàòóðè.

Method D: Provide satisfactory evidence concer-
ning the reliability of the tendons.

Ìåòîä Å – ãàðàíòóâàííÿ òîãî, ùî ó ðàç³ ðóéíó-
âàííÿ âíàñë³äîê çðîñòàííÿ íàâàíòàæåííÿ àáî
çìåíøåííÿ ïîïåðåäíüîãî íàïðóæåííÿ ïðè ïî-
âòîðþâàíîìó ñïîëó÷åíí³ âïëèâ³â ìàòèìå ì³ñ-
öå óòâîðåííÿ òð³ùèí äî òîãî, ÿê áóäå ïåðåâèùåíî
ãðàíè÷íó íåñó÷ó çäàòí³ñòü, ç óðàõóâàííÿì ïå-
ðåðîçïîä³ëó ìîìåíòó âíàñë³äîê âïëèâó òð³ùè-
íîóòâîðåííÿ.

Method E: Ensure that if failure were to occur due
to either an increase of load or a reduction of
prestress under the frequent combination of
actions, cracking would occur before the ultimate
capacity would be exceeded, taking account of
moment redistribution due to cracking effects.
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Ïðèì³òêà. Âèá³ð ìåòîäó äëÿ âèêîðèñòàííÿ ó êîí-
êðåòí³é êðà¿í³ ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëü-
íîìó äîäàòêó.

Note: The selection of Methods to be used in a Country
may be found in its National Annex.

5.10.2 Çóñèëëÿ ïîïåðåäíüîãî íàïðóæåííÿ

ïðè íàòÿãóâàíí³

5.10.2 Prestressing force during tensioning

5.10.2.1 Ìàêñèìàëüíà ñèëà íàïðóæåííÿ 5.10.2.1 Maximum stressing force

(1)Ð Ñèëà, ùî ïðèêëàäàºòüñÿ äî àðìàòóðè
Pmax (òîáòî, ñèëà, ùî ä³º íà ê³íö³ ïðèêëàäàííÿ
ðîçòÿãóâàííÿ), íå ïîâèííà ïåðåâèùóâàòè íà-
ñòóïíî¿ âåëè÷èíè:

(1)P The force applied to a tendon, Pmax (i.e. the
force at the active end during tensioning) shall not
exceed the following value:

P Ap pmax ,max� .� , (5.41)

äå: where:

Ap – ïëîùà ïåðåð³çó íàïðóæåíî¿ àðìàòóðè; Ap is the cross-sectional area of the tendon

�p,max – ìàêñèìàëüí³ íàïðóæåííÿ, ùî ïðèêëà-
äåí³ äî íàïðóæåíî¿ àðìàòóðè

�p,max is the maximum stress applied to the
tendon

6 7� . .min ; ,k f k fpk p k1 2 0 1 .

Ïðèì³òêà. Âåëè÷èíè k1 ³ k2 äëÿ çàñòîñóâàííÿ ó êîí-
êðåòí³é êðà¿í³ ìîæóòü âñòàíîâëþâàòèñü ó íàö³î-
íàëüíîìó äîäàòêó. Ðåêîìåíäóþòüñÿ íàñòóïí³
çíà÷åííÿ: k1 = 0,8 ³ k2 = 0,9.

Note: The values of k1 and k2 for use in a Country may
be found in its National Annex. The recommended
values are k1 = 0,8 and k2 = 0,9

(2) Ïåðåíàïðóæåííÿ äîïóñêàºòüñÿ ó ðàç³, ÿêùî
äîìêðàò äîçâîëÿº âèì³ðþâàòè ê³íöåâó âåëè÷è-

íó ñèëè íàïðóæåííÿ ç òî÷í³ñòþ äî ±5%. Ó òàêèõ
âèïàäêàõ ìàêñèìàëüíà ñèëà íàïðóæåííÿ Pmax

ìîæå çá³ëüøóâàòèñü äî k3.fp0,1k (íàïðèêëàä,
ÿêùî ìàº ì³ñöå íåïåðåäáà÷åíî âèñîêå òåðòÿ
ïðè ïðîòÿæíîìó ïî äîâæèí³ íàïðóæåíí³).

(2) Overstressing is permitted if the force in the
jack can be measured to an accuracy of ± 5 % of
the final value of the prestressing force. In such
cases the maximum prestressing force Pmax may

be increased to k3.fp0,1k (e.g. for the occurrence of
an unexpected high friction in long-line pretensio-
ning).

Ïðèì³òêà. Âåëè÷èíà k3 äëÿ çàñòîñóâàííÿ ó êîí-
êðåòí³é êðà¿í³ ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëü-
íîìó äîäàòêó. Ðåêîìåíäóºòüñÿ çíà÷åííÿ 0,95.

Note: The values of k3 for use in a Country may be
found in its National Annex. The recommended value is
0,95.

5.10.2.2 Îáìåæåííÿ íàïðóæåíü ó áåòîí³ 5.10.2.2 Limitation of concrete stress

(1)Ð Íåîáõ³äíî çàïîá³ãàòè ìîæëèâîñò³ ðîçòð³ñ-
êóâàííÿ àáî ðîçêîëþâàííÿ áåòîíó íà ê³íöÿõ
åëåìåíò³â, íàïðóæåíèõ íà óïîðè ³ íà áåòîí.

(1)P Local concrete crushing or splitting at the
end of pre- and post-tensioned members shall be
avoided.

(2) Íåîáõ³äíî óíèêàòè ì³ñöåâîãî ðîçòð³ñêóâàííÿ
àáî ðîçêîëþâàííÿ áåòîíó áåçïîñåðåäíüî çà àíêå-
ðàìè ïðè íàïðóæåíí³ íà áåòîí çã³äíî ç â³äïîâ³äíèì
ªâðîïåéñüêèì òåõí³÷íèì óõâàëåííÿì.

(2) Local concrete crushing or splitting behind
post-tensioning anchors should be avoided in
accordance with the relevant European Technical
Approval.

(3) Ì³öí³ñòü áåòîíó â ìîìåíò ïðèêëàäàííÿ àáî
ïåðåäà÷³ ïîïåðåäíüîãî íàïðóæåííÿ ïîâèííà
áóòè íå ìåíøîþ í³æ ì³í³ìàëüíå çíà÷åííÿ,
âñòàíîâëåíå ó â³äïîâ³äíîìó ªâðîïåéñüêîìó
òåõí³÷íîìó óõâàëåíí³.

(3) The strength of concrete at application of or
transfer of prestress should not be less than the
minimum value defined in the relevant European
Technical Approval.

(4) ßêùî íàïðóæåííÿ â îêðåì³é àðìàòóð³ ïðè-
êëàäàºòüñÿ êðîêàìè, íåîáõ³äíà ì³öí³ñòü áåòî-
íó ìîæå áóòè çíèæåíà. Ì³í³ìàëüíà ì³öí³ñòü
fcm(t) ó ìîìåíò ÷àñó t ïîâèííà ñòàíîâèòè k4 (%)

(4) If prestress in an individual tendon is applied in
steps, the required concrete strength may be
reduced. The minimum strength fcm(t) at the time t

should be k4 [%] of the required concrete
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â³ä íåîáõ³äíî¿ ì³öíîñò³ äëÿ ïîâíîãî íàïðóæåí-
íÿ, íàâåäåíî¿ ó ªâðîïåéñüêîìó òåõí³÷íîìó
óõâàëåíí³. Çíà÷åííÿ ïîïåðåäíüîãî íàïðóæåí-
íÿ äëÿ ïðîì³æêó ì³æ ì³í³ìàëüíîþ ³ íåîáõ³äíîþ
ì³öí³ñòþ áåòîíó äëÿ ïîâíîãî íàïðóæåííÿ ìî-
æóòü âèçíà÷àòèñü ³íòåðïîëÿö³ºþ ì³æ k5 (%) ³
100% âåëè÷èíîþ ïîâíîãî íàïðóæåííÿ.

strength for full prestressing given in the Euro-
pean Technical Approval. Between the minimum
strength and the required concrete strength for full
prestressing, the prestress may be interpolated
between k5 [%] and 100 % of the full prestressing.

Ïðèì³òêà. Âåëè÷èíè k4 ³ k5 äëÿ çàñòîñóâàííÿ ó êîí-
êðåòí³é êðà¿í³ ìîæóòü âñòàíîâëþâàòèñü ó íàö³î-
íàëüíîìó äîäàòêó. Ðåêîìåíäóþòüñÿ íàñòóïí³ çíà-
÷åííÿ: k4 = 50 ³ k2 = 30.

Note: The values of k4 and k5 for use in a Country may
be found in its National Annex. The recommended
value for k4 is 50 and for k5 is 30.

(5) Íàïðóæåííÿ ñòèñêó ó áåòîí³ êîíñòðóêö³¿ â³ä
ñèëè ïîïåðåäíüîãî íàïðóæåííÿ òà ³íøèõ íà-
âàíòàæåíü, ÿê³ ïðèêëàäåí³ ï³ä ÷àñ íàòÿãóâàííÿ
àáî ïåðåäàâàííÿ ïîïåðåäíüîãî íàïðóæåííÿ,
ïîâèíí³ îáìåæóâàòèñü âåëè÷èíîþ:

(5) The concrete compressive stress in the struc-
ture resulting from the prestressing force and
other loads acting at the time of tensioning or
release of prestress, should be limited to:

�ñ ckf t� 0 6, ( ) , (5.42)

äå fck(t) – õàðàêòåðèñòè÷íà ì³öí³ñòü áåòîíó íà
ñòèñê ó ìîìåíò ÷àñó t, êîëè äî íüîãî ïðèêëà-
äàºòüñÿ ñèëà ïîïåðåäíüîãî íàïðóæåííÿ.

where fck(t) is the characteristic compressive
strength of the concrete at time t when it is
subjected to the prestressing force.

Äëÿ åëåìåíò³â, ùî íàïðóæóþòüñÿ íà óïîðè, íà-
ïðóæåííÿ â ìîìåíò ïåðåäà÷³ ïîïåðåäíüîãî íà-

ïðóæåííÿ ìîæóòü çá³ëüøóâàòèñü íà k6.fck(t),
ÿêùî ìîæå áóòè ï³äòâåðäæåíî âèïðîáóâàííÿ-
ìè àáî ïðàêòèêîþ, ùî óòâîðåííÿ ïîçäîâæí³õ
òð³ùèí âèêëþ÷àºòüñÿ.

For pretensioned elements the stress at the time
of transfer of prestress may be increased to

k6.fck(t), if it can be justified by tests or experience
that longitudinal cracking is prevented.

Ïðèì³òêà. Âåëè÷èíà k6 äëÿ çàñòîñóâàííÿ ó êîí-
êðåòí³é êðà¿í³ ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëü-
íîìó äîäàòêó. Ðåêîìåíäóºòüñÿ çíà÷åííÿ: k6 = 0,7.

Note: The value of k6 for use in a Country may be found
in its National Annex. The recommended value is 0,7.

ßêùî íàïðóæåííÿ ñòèñêó ñòàëî ïåðåâèùóþòü
0,45 fck(t), ïîâèííà âðàõîâóâàòèñü íåë³í³éí³ñòü
ïîâçó÷îñò³.

If the compressive stress permanently exceeds
0,45 fck(t) the non-linearity of creep should be
taken into account.

5.10.2.3 Âèì³ðþâàííÿ 5.10.2.3 Measurements

(1)Ð Ïðè íàïðóæåíí³ íà áåòîí ñèëà íàïðóæåí-
íÿ ³ â³äïîâ³äíå âèäîâæåííÿ àðìàòóðè ïîâèíí³
ïåðåâ³ðÿòèñü âèì³ðþâàííÿìè ³ êîíòðîëþâà-
òèñü ôàêòè÷í³ âòðàòè âíàñë³äîê òåðòÿ.

(1)P In post-tensioning the prestressing force and
the related elongation of the tendon shall be
checked by measurements and the actual losses
due to friction shall be controlled.

5.10.3 Çóñèëëÿ ïîïåðåäíüîãî íàïðóæåííÿ 5.10.3 Prestress force

(1)Ð Ó äàíèé ìîìåíò ÷àñó t ³ íà â³äñòàí³ x (àáî
äîâæèí³ äóãè) â³ä íàïðóæåíîãî ê³íöÿ àðìàòóðè
ñåðåäíÿ ñèëà Pm,t (x) äîð³âíþº ìàêñèìàëüí³é
ñèë³ Pmax, ïðèêëàäåí³é äî íàïðóæåíîãî ê³íöÿ,
ì³íóñ ìèòòºâ³ âòðàòè ³ âòðàòè, ùî çàëåæàòü â³ä
÷àñó (äèâ. íèæ÷å). Àáñîëþòíà âåëè÷èíà âðàõî-
âóº âñ³ âòðàòè.

(1)P At a given time t and distance x (or arc
length) from the active end of the tendon the
mean prestress force Pm,t (x) is equal to the
maximum force Pmax imposed at the active end,
minus the immediate losses and the time depen-
dent losses (see below). Absolute values are
considered for all the losses.
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(2) Âåëè÷èíó ïî÷àòêîâî¿ ñèëè íàïðóæåííÿ
Pm0(x) (â ìîìåíò ÷àñó t = t0), ïðèêëàäåíî¿ äî
áåòîíó çðàçó ï³ñëÿ íàòÿãó ³ àíêåðóâàííÿ (íàòÿ-
ãóâàííÿ íà áåòîí) àáî ïåðåäà÷³ ïîïåðåäíüîãî
íàïðóæåííÿ (íàòÿãóâàííÿ íà óïîðè), îòðèìóº-
ìî â³äí³ìàííÿì â³ä ñèëè íàòÿãóâàííÿ Pmax

ìèòòºâèõ âòðàò �Pi (x) ³ âîíà íå ïîâèííà ïåðå-
âèùóâàòè íàñòóïíî¿ âåëè÷èíè:

(2) The value of the initial prestress force Pm0(x)
(at time t = t0) applied to the concrete immediately
after tensioning and anchoring (post-tensioning)
or after transfer of prestressing (pre-tensioning) is
obtained by subtracting from the force at tensio-

ning Pmax the immediate losses �Pi (x) and sho-
uld not exceed the following value:

P x A xm p pm0 0( ) ( )� .� , (5.43)

äå: where:

�pm0(x) – íàïðóæåííÿ â àðìàòóð³ â³äðàçó ï³ñëÿ
íàòÿãó àáî ïåðåäà÷³

�pm0(x) is the stress in the tendon immediately
after tensioning or transfer

6 7� . .min ; ,k f k fpk p k7 8 0 1 .

Ïðèì³òêà. Âåëè÷èíè k7 ³ k8 äëÿ çàñòîñóâàííÿ ó êîí-
êðåòí³é êðà¿í³ ìîæóòü âñòàíîâëþâàòèñü ó íàö³î-
íàëüíîìó äîäàòêó. Ðåêîìåíäóþòüñÿ çíà÷åííÿ:
k7 = 0,75 ³ k8 = 0,85.

Note: The values of k7 and k8 for use in a Country may
be found in its National Annex. The recommended
value for k7 is 0,75 and for k8 is 0,85

(3) Ïðè âèçíà÷åíí³ ìèòòºâèõ âòðàò �P³ (x) ïî-
âèíí³ âðàõîâóâàòèñü íèæ÷åíàâåäåí³ âïëèâè
â³äïîâ³äíî äëÿ íàïðóæåííÿ íà óïîðè ³ íà áåòîí
(äèâ. 5.10.4 ³ 5.10.5):

(3) When determining the immediate losses

�P³ (x) the following immediate influences should
be considered for pre-tensioning and post-tensio-
ning where relevant (see 5.10.4 and 5.10.5):

– âòðàòè âíàñë³äîê ïðóæíî¿ äåôîðìàö³¿ áåòî-

íó �Pel;

– losses due to elastic deformation of concrete

�Pel;
– âòðàòè âíàñë³äîê êîðîòêîòðèâàëî¿ ðåëàê-

ñàö³¿ �Pr;
– losses due to short term relaxation �Pr;

– âòðàòè âíàñë³äîê òåðòÿ �P�(x); – losses due to friction �P�(x);
– âòðàòè âíàñë³äîê êîâçàííÿ â àíêåðóâàíí³

�Psl.
– losses due to anchorage slip �Psl.

(4) Ñåðåäíº çíà÷åííÿ ñèëè íàïðóæåííÿ Pm,t(x)
ó ìîìåíò ÷àñó t > t0 ïîâèííî âèçíà÷àòèñü çà-
ëåæíî â³ä ìåòîäó íàïðóæåííÿ. Íà äîäàòîê äî
íàâåäåíèõ ó (3) ìèòòºâèõ âòðàò ïîâèíí³ âðàõî-
âóâàòèñü çàëåæí³ â³ä ÷àñó âòðàòè ïîïåðåäíüî-

ãî íàïðóæåííÿ �Pc+s+r (x) (äèâ. 5.10.6), ÿê íàñ-
ë³äîê ïîâçó÷îñò³ ³ óñàäêè áåòîíó òà äîâãîòðèâà-
ëà ðåëàêñàö³ÿ íàïðóæåíî¿ ñòàë³, òîáòî

(4) The mean value of the prestress force Pm,t(x)
at the time t > t0 should be determined with res-
pect to the prestressing method. In addition to the
immediate losses given in (3) the time dependent

losses of prestress �Pc+s+r (x) (see 5.10.6) as a
result of creep and shrinkage of the concrete and
the long term relaxation of the prestressing steel
should be considered and

P x P x P xm t m c s r, ( ) ( ) ( )� � / /0 � .

5.10.4 Ìèòòºâ³ âòðàòè ïîïåðåäíüîãî íà-

ïðóæåííÿ ïðè íàïðóæåíí³ íà óïîðè

5.10.4 Immediate losses of prestress for pre-

tensioning

(1) Ïîâèíí³ âðàõîâóâàòèñü íàñòóïí³ âòðàòè, ÿê³
ìàþòü ì³ñöå ïðè íàïðóæåíí³ íà óïîðè:

(1) The following losses occurring during pre-ten-
sioning should be considered:

(³) ï³ä ÷àñ ïðîöåñó íàïðóæåííÿ: âòðàòè âíàñ-
ë³äîê òåðòÿ â ì³ñöÿõ ïåðåãèí³â (ïðè ç³ãíóòèõ
äðîòàõ àáî êàíàòàõ) ³ âòðàòè, ùî âèíèêàþòü
ïðè çàêëèíþâàíí³ â êàíàëàõ àíêåðíèõ ïðè-
ñòðî¿â.

(i) during the stressing process: loss due to
friction at the bends (in the case of curved wires or
strands) and losses due to wedge draw-in of the
anchorage devices.
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(³³) äî ïåðåäà÷³ ïîïåðåäíüîãî íàïðóæåííÿ íà
áåòîí: âòðàòè âíàñë³äîê ðåëàêñàö³¿ ðîçòÿãíóòî¿
àðìàòóðè ïðîòÿãîì ïåð³îäó, ùî ïðîõîäèòü ì³æ
íàòÿãóâàííÿì àðìàòóðè ³ ïîïåðåäí³ì íàïðó-
æåííÿì áåòîíó.

(ii) before the transfer of prestress to concrete:
loss due to relaxation of the pretensioning
tendons during the period which elapses between
the tensioning of the tendons and prestressing of
the concrete.

Ïðèì³òêà. Ó âèïàäêó òåïëîâî¿ îáðîáêè âòðàòè âíàñ-
ë³äîê óñàäêè ³ ðåëàêñàö³¿ âèäîçì³íþþòüñÿ ³ ïîâèíí³
îö³íþâàòèñü â³äïîâ³äíèì ÷èíîì; ïðÿìèé òåïëîâèé
âïëèâ òàêîæ ïîâèíåí âðàõîâóâàòèñü (äîäàòîê D).

Note: In case of heat curing, losses due to shrinkage
and relaxation are modified and should be assessed
accordingly; direct thermal effect should also be
considered (see Annex D).

(³³³) ïðè ïåðåäà÷³ ïîïåðåäíüîãî íàïðóæåííÿ íà
áåòîí: âòðàòè âíàñë³äîê ïðóæíî¿ äåôîðìàö³¿
áåòîíó, ÿê ðåçóëüòàò âïëèâó ðîçòÿãíóòî¿ àðìà-
òóðè ï³ñëÿ ¿¿ âèâ³ëüíåííÿ ³ç àíêåðíèõ ïðè-
ñòðî¿â.

(iii) at the transfer of prestress to concrete: loss
due to elastic deformation of concrete as the
result of the action of pre-tensioned tendons when
they are released from the anchorages.

5.10.5 Ìèòòºâ³ âòðàòè ïîïåðåäíüîãî íà-

ïðóæåííÿ ïðè íàïðóæåíí³ íà áåòîí

5.10.5 Immediate losses of prestress for post-

tensioning

5.10.5.1 Âòðàòè âíàñë³äîê ìèòòºâî¿ äåôîð-

ìàö³¿ áåòîíó

5.10.5.1 Losses due to the instantaneous defor-

mation of concrete

(1) Íåîáõ³äíî âðàõîâóâàòè âòðàòè çóñèëëÿ â
àðìàòóð³, ùî â³äïîâ³äàþòü äåôîðìàö³¿ áåòîíó,
ïðè öüîìó ñë³ä âðàõîâóâàòè ïîðÿäîê, ó ÿêîìó
àðìàòóðà íàïðóæóºòüñÿ.

(1) Account should be taken of the loss in tendon
force corresponding to the deformation of conc-
rete, taking account the order in which the ten-
dons are stressed.

(2) Âòðàòè �Pel ìîæóòü ïðèéìàòèñü ÿê ñåðåäí³
âòðàòè ó êîæíîìó àðìàòóðíîìó ñòðèæí³ òàê:

(2) This loss, �Pel, may be assumed as a mean
loss in each tendon as follows:

�
�

P A E
j t

E t
el p p

c

cm

� . .
.�

 
!

"

#
$< � ( )

( )
, (5.44)

äå: where:

��ñ (t) – çì³íà íàïðóæåííÿ ó öåíòð³ âàãè àðìà-
òóðè, ïðèêëàäåíîãî â ìîìåíò ÷àñó t;

��ñ (t) is the variation of stress at the centre of
gravity of the tendons applied at time t;

j – êîåô³ö³ºíò, äîð³âíþº: j is a coefficient equal to:

(n – 1)/2n, äå n – ê³ëüê³ñòü óñï³øíî íàïðóæåíèõ
³äåíòè÷íèõ ñòðèæí³â. Äëÿ ñïðîùåííÿ ìîæå
ïðèéìàòèñü ÿê 1/2.

(n – 1)/2n where n is the number of identical
tendons successively prestressed. As an approxi-
mation j may be taken as 1/2.

1 – äëÿ çì³í, âèêëèêàíèõ ïîñò³éíèìè ä³ÿìè, ïðè-
êëàäåíèìè ï³ñëÿ ïîïåðåäíüîãî íàïðóæåííÿ.

1 for the variations due to permanent actions
applied after prestressing.

5.10.5.2 Âòðàòè âíàñë³äîê òåðòÿ 5.10.5.2 Losses due to friction

(1) Âòðàòè âíàñë³äîê òåðòÿ �P� (x) ó íàïðóæåí³é
íà áåòîí àðìàòóð³ ìîæóòü âèçíà÷àòèñü çà ôîð-
ìóëîþ:

(1) The losses due to friction �P� (x), in post-ten-
sioned tendons may be estimated from:

, -�P x P e kx
�

� 
( ) max
( )� � � /1 , (5.45)

äå: where:


 – ñóìà êóòîâèõ ïåðåì³ùåíü íà â³äñòàí³ õ (íå-
çàëåæíî â³ä íàïðÿìó àáî çíàêà);


 is the sum of the angular displacements over a
distance x (irrespective of direction or sign);

� – êîåô³ö³ºíò òåðòÿ ì³æ àðìàòóðîþ ³ ¿¿ êàíà-
ëîì;

� is the coefficient of friction between the tendon
and its duct;
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k – âèïàäêîâå êóòîâå ïåðåì³ùåííÿ äëÿ âíóò-
ð³øíüî¿ àðìàòóðè (íà îäèíèöþ äîâæèíè);

k is an unintentional angular displacement for
internal tendons (per unit length);

x – â³äñòàíü âäîâæ àðìàòóðè â³ä òî÷êè, äå ñèëà
ïîïåðåäíüîãî íàïðóæåííÿ äîð³âíþº Pmax (ñèëà
íà ê³íö³ ôàêòè÷íî¿ ïåðåäà÷³ ïðîòÿãîì íàòÿãó).

x is the distance along the tendon from the point
where the prestressing force is equal to Pmax (the
force at the active end during tensioning)

Âåëè÷èíè � ³ k íàâîäÿòüñÿ ó â³äïîâ³äíîìó
ªâðîïåéñüêîìó òåõí³÷íîìó óõâàëåíí³. Çíà÷åí-

íÿ � çàëåæèòü â³ä õàðàêòåðèñòèê ïîâåðõí³ àð-
ìàòóðè ³ êàíàëó, â³ä íàÿâíîñò³ ³ðæ³, â³ä âèäîâ-
æåííÿ àðìàòóðè ³ â³ä ïðîô³ëþ àðìàòóðè.

The values � and k are given in the relevant Euro-

pean Technical Approval. The value � depends
on the surface characteristics of the tendons and
the duct, on the presence of rust, on the elon-
gation of the tendon and on the tendon profile.

Çíà÷åííÿ k äëÿ âèïàäêîâîãî êóòîâîãî ïåðå-
ì³ùåííÿ çàëåæèòü â³ä ÿêîñò³ âèêîíàííÿ, â³ä-
ñòàí³ ì³æ îïîðàìè àðìàòóðè, òèïó êàíàë³â àáî
çàñòîñîâàíîãî ïîêðèòòÿ ³ â³ä ñòóïåíÿ â³áðóâàí-
íÿ áåòîíó ïðè óêëàäàíí³.

The value k for unintentional angular displace-
ment depends on the quality of workmanship, on
the distance between tendon supports, on the
type of duct or sheath employed, and on the
degree of vibration used in placing the concrete.

(2) Çà â³äñóòíîñò³ äàíèõ ó íàâåäåíîìó ªâðîïåé-
ñüêîìó òåõí³÷íîìó óõâàëåíí³ ïðè âèêîðèñòàíí³
âèðàçó (5.45) ìîæóòü ïðèéìàòèñü âåëè÷èíè �,
íàâåäåí³ ó òàáëèö³ 5.1.

(2) In the absence of data given in a European
Technical Approval the values for � given in Table
5.1 may be assumed, when using Expression
(5.45).

(3) Çà â³äñóòíîñò³ äàíèõ ó íàâåäåíîìó ªâðîïå-
éñüêîìó òåõí³÷íîìó óõâàëåíí³ çíà÷åííÿ âèïàä-
êîâèõ êóòîâèõ ïåðåì³ùåíü äëÿ âíóòð³øíüî¿
àðìàòóðè, çàçâè÷àé, áóäóòü ó ³íòåðâàë³ 0,005
< k < 0,01 íà ìåòð.

(3) In the absence of data in a European Techni-
cal Approval, values for unintended regular dis-
placements for internal tendons will generally be
in the range 0,005 < k < 0,01 per metre.

(4) Äëÿ çîâí³øíüî¿ àðìàòóðè âòðàòàìè íàïðó-
æåííÿ âíàñë³äîê âèïàäêîâèõ ïîâîðîò³â ìîæíà
çíåõòóâàòè.

(4) For external tendons, the losses of prestress
due to unintentional angles may be ignored.

Òàáëèöÿ 5.1 – Êîåô³ö³ºíòè òåðòÿ � äëÿ çîâí³øíüî¿ àðìàòóðè ïðè íàïðóæåíí³ íà áåòîí ³
çîâí³øíüî¿ íåç÷åïëåíî¿ àðìàòóðè

Table 5.1 – Coefficients of friction � of post-tensioned internal tendons and external unbonded
tendons

Âíóòð³øíÿ
àðìàòóðà1)

Internal
tendons1)

Çîâí³øíÿ íåç÷åïëåíà àðìàòóðà
External unbonded tendons

Ñòàëåâ³ êàíà-
ëè/íå çìàùåí³
Steel duct/ non

lubricated

HDPE êàíà-
ëè/íå çìàùåí³
HDPE duct/ non

lubricated

Ñòàëåâ³ êàíàëè/
çìàùåí³

Steel
duct/lubricated

HDPE êàíàëè/
çìàùåí³
HDPE

duct/lubricated

Õîëîäíîòÿãíóòèé äð³ò
Cold drawn wire

0,17 0,25 0,14 0,18 0,12

Êàíàòè
Strand

0,19 0,24 0,12 0,16 0,10

Ñòðèæí³ ïåð³îäè÷íîãî
ïðîô³ëþ
Deformed bar

0,65 – – – –

Ãëàäê³ êðóãë³ ñòðèæí³
Smooth round bar

0,33 – – – –

1) àðìàòóðà, ÿêà çàéìàº áëèçüêî ïîëîâèíè êàíàëó
for tendons which fill about half of the duct

Ïðèì³òêà. HDPE – Ïîë³åòèëåí âèñîêî¿ ãóñòèíè. Note: HPDE – High density polyethylene
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5.10.5.3 Âòðàòè â àíêåðàõ 5.10.5.3 Losses at anchorage

(1) Íåîáõ³äíî âðàõîâóâàòè âòðàòè, ùî ìàþòü
ì³ñöå ïðè çàêëèíþâàíí³ ó êàíàëàõ àíêåðíèõ
ïðèñòðî¿â ïðîòÿãîì çä³éñíåííÿ çààíêåðóâàí-
íÿ, ï³ñëÿ íàòÿãóâàííÿ ³ âíàñë³äîê äåôîðìàö³¿
ñàìèõ àíêåð³â.

(1) Account should be taken of the losses due to
wedge draw-in of the anchorage devices, during
the operation of anchoring after tensioning, and
due to the deformation of the anchorage itself.

(2) Âåëè÷èíè çàêëèíþâàííÿ ó êàíàëàõ íàâå-
äåí³ ó ªâðîïåéñüêîìó òåõí³÷íîìó óõâàëåíí³.

(2) Values of the wedge draw-in are given in the
European Technical Approval.

5.10.6 Çàëåæí³ â³ä ÷àñó âòðàòè ïîïåðåä-

íüîãî íàïðóæåííÿ ïðè íàòÿãóâàíí³ íà óïî-

ðè ³ íà áåòîí

5.10.6 Time dependent losses of prestress for

pre- and post-tensioning

(1) Çàëåæí³ â³ä ÷àñó âòðàòè ìîæóòü âèçíà÷àòèñü
øëÿõîì ðîçãëÿäó äâîõ çíèæåíü íàïðóæåíü:

(1) The time dependent losses may be calculated by
considering the following two reductions of stress:

(à) âíàñë³äîê çìåíøåííÿ äåôîðìàö³¿, âèêëè-
êàíî¿ äåôîðìàö³ºþ áåòîíó, ùî ñïðè÷èíåíà ïîâ-
çó÷³ñòþ ³ óñàäêîþ, â³ä ïîñò³éíîãî íàâàíòàæåííÿ;

(a) due to the reduction of strain, caused by the
deformation of concrete due to creep and shrin-
kage, under the permanent loads:

(b) çìåíøåííÿ íàïðóæåíü ó ñòàë³ âíàñë³äîê ðå-
ëàêñàö³¿ ïðè ðîçòÿãó.

(b) the reduction of stress in the steel due to the
relaxation under tension.

Ïðèì³òêà. Ðåëàêñàö³ÿ ñòàë³ çàëåæèòü â³ä äåôîð-
ìàö³¿ áåòîíó âíàñë³äîê ïîâçó÷îñò³ òà óñàäêè. Çàçâè-
÷àé, öÿ çàëåæí³ñòü ìîæå ïðèáëèçíî âðàõîâóâàòèñü
êîåô³ö³ºíòîì çíèæåííÿ = 0,8.

Note: The relaxation of steel depends on the concrete
deformation due to creep and shrinkage. This inter-
action can generally and approximately be taken into
account by a reduction factor 0,8.

(2) Ñïðîùåíèé ìåòîä âèçíà÷åííÿ âòðàò, ùî çà-
ëåæàòü â³ä ÷àñó, íà â³äñòàí³ õ ïðè ä³¿ ïîñò³éíèõ
íàâàíòàæåíü ïðåäñòàâëåíèé âèðàçîì.

(2) A simplified method to evaluate time depen-
dent losses at location x under the permanent
loads is given by Expression (5.46).
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äå: where:

��ð,c+s+r – àáñîëþòíå çíà÷åííÿ çì³íè íàïðó-
æåíü ó àðìàòóð³ âíàñë³äîê ïîâçó÷îñò³ ³ óñàäêè
òà ðåëàêñàö³¿ íà â³äñòàí³ õ ó ìîìåíò ÷àñó t;

��ð,c+s+r is the absolute value of the variation of
stress in the tendons due to creep, shrinkage and
relaxation at location x, at time t;

	cs – àáñîëþòíà âåëè÷èíà îá÷èñëåíîãî çíà-
÷åííÿ äåôîðìàö³¿ óñàäêè çã³äíî ç 3.1.4(6);

	cs is the estimated shrinkage strain according to
3.1.4(6) in absolute value

Ep – ìîäóëü ïðóæíîñò³ íàïðóæåíî¿ àðìàòóðè,
äèâ 3.3.6(2);

Ep is the modulus of elasticity for the prestressing
steel, see 3.3.6(2);

Ecm – ìîäóëü ïðóæíîñò³ áåòîíó (òàáëèöÿ 3.1); Ecm is the modulus of elasticity for the concrete
(Table 3.1);

��ðr – àáñîëþòíà âåëè÷èíà çì³íè íàïðóæåíü â
àðìàòóð³ íà â³äñòàí³ õ ó ìîìåíò ÷àñó t, âèêëèêà-
íà ðåëàêñàö³ºþ íàïðóæåíî¿ àðìàòóðè. Âîíà
âèçíà÷àºòüñÿ ïðè íàïðóæåííÿõ � �p p� 5
5 / /( )G P Qm0 2� ,

��ðr is the absolute value of the variation of stress in the
tendons at location x, at time t, due to the rela-
xation of the prestressing steel. It is determined
for a stress � � �p p mG P Q� / /( )0 2 ,

äå: � �p mG P Q( )/ /0 2 – ïî÷àòêîâ³ íàïðóæåííÿ
â àðìàòóð³, âèêëèêàí³ ïîïåðåäí³ì íàïðóæåí-
íÿì òà êâàç³ïîñò³éíèìè âïëèâàìè;

where� �p mG P Q( )/ /0 2 is the initial stress in the
tendons due to initial prestress and quasi-perma-
nent actions.
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�(t,t0) – êîåô³ö³ºíò ïîâçó÷îñò³ â ìîìåíò ÷àñó t ³
÷àñ ïðèêëàäàííÿ íàâàíòàæåííÿ t0;

�(t,t0) is the creep coefficient at a time t and load
application at time t0;

�ñ,QP – íàïðóæåííÿ ó áåòîí³, ïðèëåãëîìó äî àð-
ìàòóðè, âíàñë³äîê âïëèâó âëàñíî¿ âàãè, ïîïå-
ðåäíüîãî íàïðóæåííÿ òà ³íøèõ â³äïîâ³äíèõ

êâàç³ïîñò³éíèõ âïëèâ³â. Âåëè÷èíà �ñ,QP ìîæå
áóòè íàñë³äêîì ÷àñòêîâî âëàñíî¿ âàãè ³ ïî÷àò-
êîâîãî íàïðóæåííÿ àáî â³ä ïîâíîãî ñïîëó÷åí-
íÿ íàâàíòàæåíü� �p mG P Q( )/ /0 2 çàëåæíî â³ä
ñòàä³¿ áóä³âíèöòâà, ùî ðîçãëÿäàºòüñÿ.

�ñ,QP is the stress in the concrete adjacent to the
tendons, due to self-weight and initial prestress
and other quasi-permanent actions where rele-

vant. The value of �ñ,QP may be the effect of part
of self-weight and initial prestress or the effect of a
full quasi-permanent combination of action
� �p mG P Q( )/ /0 2 , depending on the stage of
construction considered.

Àð – ïëîùà âñ³º¿ íàïðóæåíî¿ àðìàòóðè íà
â³äñòàí³ õ;

Àð is the area of all the prestressing tendons at
the location x;

Àñ – ïëîùà ïåðåð³çó áåòîíó; Àñ is the area of the concrete section;

²ñ – ìîìåíò ³íåðö³¿ ïåðåð³çó áåòîíó; ²ñ is the second moment of area of the concrete
section;

zcp – â³äñòàíü ì³æ öåíòðîì âàãè ïåðåð³çó áåòî-
íó ³ àðìàòóðíèìè ñòðèæíÿìè.

zcp is the distance between the centre of gravity of
the concrete section and the tendons.

Íàïðóæåííÿ ñòèñêó ³ â³äïîâ³äí³ äåôîðìàö³¿, íà-
âåäåí³ ó âèðàç³ (5.46), ïîâèíí³ âèêîðèñòîâóâà-
òèñü ç äîäàòí³ì çíàêîì.

Compressive stresses and the corresponding
strains given in Expression (5.46) should be used
with a positive sign.

(3) Âèðàç (5.46) çàñòîñîâóºòüñÿ äëÿ ç÷åïëåíèõ
àðìàòóðíèõ ñòðèæí³â ïðè âèêîðèñòàíí³ âåëè-
÷èí ì³ñöåâèõ íàïðóæåíü òà äëÿ íåç÷åïëåíî¿
àðìàòóðè, ïðè âèêîðèñòàíí³ ñåðåäí³õ âåëè÷èí
íàïðóæåíü. Ñåðåäí³ âåëè÷èíè ïîâèíí³ âèçíà-
÷àòèñü ì³æ ïðÿìîë³í³éíèìè ä³ëÿíêàìè, îáìå-
æåíèìè ³äåàë³çîâàíèìè òî÷êàìè â³äãèí³â äëÿ
çîâí³øíüî¿ àðìàòóðè àáî âäîâæ ïîâíî¿ äîâæè-
íè ïðè âíóòð³øí³é íàïðóæåí³é àðìàòóð³.

(3) Expression (5.46) applies for bonded tendons
when local values of stresses are used and for
unbonded tendons when mean values of stresses
are used. The mean values should be calculated
between straight sections limited by the idealised
deviation points for external tendons or along the
entire length in case of internal tendons.

5.10.7 Óðàõóâàííÿ ïîïåðåäíüîãî íàïðóæåí-

íÿ ó ðîçðàõóíêó

5.10.7 Consideration of prestress in analysis

(1) Ïðè íàïðóæåíí³ ³ç çàñòîñóâàííÿì çîâí³ø-
íüî¿ àðìàòóðè ìîæóòü âèíèêàòè ìîìåíòè äðó-
ãîãî ïîðÿäêó.

(1) Second order moments can arise from pres-
tressing with external tendons.

(2) Ìîìåíòè, ñïðè÷èíåí³ âïëèâàìè äðóãîãî ïî-
ðÿäêó â³ä ïîïåðåäíüîãî íàïðóæåííÿ, ìîæóòü
âèíèêàòè ò³ëüêè ó ñòàòè÷íî íåâèçíà÷åíèõ êî-
íñòðóêö³ÿõ.

(2) Moments from secondary effects of prestres-
sing arise only in statically indeterminate struc-
tures.

(3) Ïðè ë³í³éíîìó ðîçðàõóíêó âïëèâè ïåðøîãî ³
äðóãîãî ïîðÿäê³â â³ä ïîïåðåäíüîãî íàïðóæåííÿ
ïîâèíí³ áóòè ïðèêëàäåí³ äî ðîçãëÿäó áóäü-ÿêî-
ãî ïåðåðîçïîä³ëó ñèë ³ ìîìåíò³â (äèâ. 5.5).

(3) For linear analysis both the primary and
secondary effects of prestressing should be
applied before any redistribution of forces and
moments is considered (see 5.5).

(4) Ïðè ðîçðàõóíêó ó ïëàñòè÷í³é ñòàä³¿ ³ íåë³í³é-
íîìó âïëèâè äðóãîãî ïîðÿäêó â³ä ïîïåðåäíüîãî
íàïðóæåííÿ ìîæóòü ðîçãëÿäàòèñü ÿê äîäàòêîâ³
ïëàñòè÷í³ ïîâîðîòè, ÿê³, òàêèì ÷èíîì, ïîâèíí³
âðàõîâóâàòèñü ïðè ïåðåâ³ðö³ íåñó÷î¿ çäàòíîñò³
çà ãðàíè÷íèì ïîâîðîòîì.

(4) In plastic and non-linear analysis the secon-
dary effect of prestress may be treated as
additional plastic rotations which should then be
included in the check of rotation capacity.
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(5) Ï³ñëÿ çàïîâíåííÿ ðîç÷èíîì êàíàë³â ïðè ïî-
ïåðåäíüîìó íàïðóæåíí³ àðìàòóðè íà áåòîí
ìîæíà äîïóñêàòè íàÿâí³ñòü æîðñòêîãî ç÷åïëåí-
íÿ ì³æ àðìàòóðîþ ³ áåòîíîì. Àëå äî çàïîâíåí-
íÿ àðìàòóðó ñë³ä ðîçãëÿäàòè, ÿê íå ç÷åïëåíó.

(5) Rigid bond between steel and concrete may
be assumed after grouting of post-tensioned
tendons. However before grouting the tendons
should be considered as unbonded.

(6) Çîâí³øíþ àðìàòóðó ìîæíà ðîçãëÿäàòè ÿê
ïðÿìîë³í³éíó ì³æ â³äõèëÿþ÷èìè ïðèñòðîÿìè.

(6) External tendons may be assumed to be
straight between deviators.

5.10.8 Âïëèâ ïîïåðåäíüîãî íàïðóæåííÿ íà

ãðàíè÷íèé ñòàí çà íåñó÷îþ çäàòí³ñòþ ³

ñò³éê³ñòþ

5.10.8 Effects of prestressing at ultimate limit

state

(1) Ó çàãàëüíîìó âèïàäêó ðîçðàõóíêîâå çíà-
÷åííÿ ñèëè ïîïåðåäíüîãî íàïðóæåííÿ ìîæíà

âèçíà÷èòè ÿê Pd,t (x) = �Ð·Pm,t (x) (äèâ. 5.10.3(4)

äëÿ âèçíà÷åííÿ Pm,t(x)) ³ 2.4.2.2. äëÿ �Ð.

(1) In general the design value of the prestressing

force may be determined by Pd,t (x) = �Ð·Pm,t (x)
(see 5.10.3 (4) for the definition of Pm,t(x)) and

2.4.2.2 for �Ð.

(2) Äëÿ íàïðóæåíèõ åëåìåíò³â ³ç ïîñò³éíî íå-
ç÷åïëåíîþ àðìàòóðîþ, ÿê ïðàâèëî, ïðè îá÷èñ-
ëåíí³ çðîñòàííÿ íàïðóæåíü ó ïîïåðåäíüî
íàïðóæåí³é àðìàòóð³ íåîáõ³äíî âðàõîâóâàòè
äåôîðìàö³þ âñüîãî åëåìåíòà. Ó ðàç³ â³äñóò-
íîñò³ òî÷íèõ îá÷èñëåíü ìîæíà ïðèéìàòè, ùî
çðîñòàííÿ íàïðóæåíü â³ä ð³âíÿ ôàêòè÷íèõ ïðè
ïîïåðåäíüîìó íàïðóæåíí³ äî íàïðóæåíü ó ãðà-
íè÷íîìó ñòàí³ ñòàíîâèòü ��ð,ULS.

(2) For prestressed members with permanently
unbonded tendons, it is generally necessary to
take the deformation of the whole member into
account when calculating the increase of the
stress in the prestressing steel. If no detailed
calculation is made, it may be assumed that the
increase of the stress from the effective prestress
to the stress in the ultimate limit state is ��ð,ULS.

Ïðèì³òêà. Âåëè÷èíà ��ð,ULS äëÿ êîíêðåòíî¿ êðà¿íè
ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.
Ðåêîìåíäóºòüñÿ âåëè÷èíà 100 ÌÏà.

Note: The value of ��ð,ULS for use in a Country may be
found in its National Annex. The recommended value is
100 MPa.

(3) Ó ðàç³ âèçíà÷åííÿ çðîñòàííÿ íàïðóæåíü çà
äåôîðìîâàíîþ ñõåìîþ âñüîãî åëåìåíòà ïî-
âèíí³ çàñòîñîâóâàòèñü ñåðåäí³ âåëè÷èíè õà-
ðàêòåðèñòèê ìàòåð³àë³â. Ðîçðàõóíêîâå çíà÷åí-

íÿ çðîñòàííÿ íàïðóæåíü ��ðd = ��ð��Ð ïîâèííî
âèçíà÷àòèñü ³ç çàñòîñóâàííÿì â³äïîâ³äíèõ êîå-

ô³ö³ºíò³â íàä³éíîñò³ ��Ð,sup ³ ��Ð,inf.

(3) If the stress increase is calculated using the
deformation state of the whole member the mean
values of the material properties should be used.

The design value of the stress increase ��ðd =

= ��ð��Ð should be determined by applying partial

safety factors ��Ð,sup and ��Ð,inf respectively.

Ïðèì³òêà. Âåëè÷èíè ��Ð,sup ³ ��Ð,inf äëÿ êîíêðåòíî¿
êðà¿íè ìîæóòü âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó
äîäàòêó. Äëÿ ��Ð,sup ³ ��Ð,inf ðåêîìåíäóþòüñÿ âåëè÷è-
íè 1,2 òà 0,8, â³äïîâ³äíî. Ïðè çàñòîñóâàíí³ ë³í³éíîãî
ðîçðàõóíêó ïåðåð³çó áåç òð³ùèí íåîáõ³äíî ïðèéìà-
òè íèæíþ ìåæó äåôîðìàö³é, à ðåêîìåíäîâàíîþ âå-
ëè÷èíîþ äëÿ îáîõ êîåô³ö³ºíò³â ��Ð,sup ³ ��Ð,inf º 1,0.

Note: The values of ��Ð,sup and ��Ð,inf for use in a
Country may be found in its National Annex. The
recommended values for ��Ð,sup and ��Ð,inf are 1,2 and
0,8 respectively. If linear analysis with uncracked
sections is applied, a lower limit of deformations may
be assumed and the recommended value for both
��Ð,sup and ��Ð,inf is 1,0.

5.10.9 Âïëèâ ïîïåðåäíüîãî íàïðóæåííÿ íà

ãðàíè÷íèé ñòàí çà ïðèäàòí³ñòþ äëÿ åêñ-

ïëóàòàö³¿ ³ ãðàíè÷íèé ñòàí çà âòîìîþ

5.10.9 Effects of prestressing at serviceability

limit state and limit state of fatigue

(1)Ð Ïðè ðîçðàõóíêó çà ïðèäàòí³ñòþ äî åêñïëóà-
òàö³¿ òà âòîìîþ ïîâèíí³ âñòàíîâëþâàòèñü îá-
ìåæåííÿ ìîæëèâèõ çì³í ïîïåðåäíüîãî íàïðó-
æåííÿ. Äëÿ ãðàíè÷íîãî ñòàíó çà ïðèäàòí³ñòþ
äî åêñïëóàòàö³¿ âèçíà÷àþòü äâ³ õàðàêòåðèñ-
òè÷í³ âåëè÷èíè ñèëè ïîïåðåäíüîãî íàïðóæåí-
íÿ çà âèðàçàìè:

(1)P For serviceability and fatigue calculations
allowance shall be made for possible variations in
prestress. Two characteristic values of the
prestressing force at the serviceability limit state
are estimated from:
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P r P xk m t,sup sup , ( )� , (5.47)

P r P xk m t, inf inf , ( )� , (5.48)

äå: where:

Pk,sup – íàéá³ëüøå õàðàêòåðèñòè÷íå çíà÷åííÿ; Pk,sup is the upper characteristic value;

Pk,inf – íàéìåíøå õàðàêòåðèñòè÷íå çíà÷åííÿ. Pk,inf is the lower characteristic value.

Ïðèì³òêà. Âåëè÷èíè rsup ³ rinf äëÿ êîíêðåòíî¿ êðà¿íè
ìîæóòü âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.
Ðåêîìåíäóþòüñÿ íàñòóïí³ âåëè÷èíè:

Note: The values of rsup and rinf for use in a Country
may be found in its National Annex. The recommended
values are:

– äëÿ àðìàòóðè, íàïðóæåíî¿ íà óïîðè àáî áåç ç÷åï-
ëåííÿ: rsup = 1,05 ³ rinf = 0,95;

– for pre-tensioning or unbonded tendons: rsup = 1,05
and rinf = 0,95;

– äëÿ àðìàòóðè íàïðóæåíî¿ íà áåòîí ³ç ç÷åïëåííÿì:
rsup = 1,10 ³ rinf = 0,90;

– for post-tensioning with bonded tendons: rsup = 1,10
and rinf = 0,90;

– ïðè çä³éñíåíí³ â³äïîâ³äíèõ âèì³ðþâàíü (íàïðèê-
ëàä, ïîïåðåäíüîãî íàòÿãó): rsup = rinf = 1,0.

– when appropriate measures (e.g. direct measure-
ments of pretensioning) are taken: rsup = rinf = 1,0.

5.11 Ðîçðàõóíîê êîíñòðóêö³éíèõ åëåìåíò³â
ç äåÿêèìè îñîáëèâîñòÿìè

5.11 Analysis for some particular structural
members

(1)Ð Ïëèòè, ùî îáïèðàþòüñÿ íà êîëîíè, êëàñè-
ô³êóþòüñÿ ÿê ïëîñê³ (áåçáàëî÷í³) ïëèòè.

(1)P Slabs supported on columns are defined as
flat slabs.

(2)Ð Ä³àôðàãìè æîðñòêîñò³ – öå çâè÷àéí³ àáî
çàë³çîáåòîíí³ ñò³íè, ÿê³ çàáåçïå÷óþòü ïîïåðå÷-
íó ñò³éê³ñòü ñïîðóäè.

(2)P Shear walls are plain or reinforced concrete
walls that contribute to lateral stability of the
structure.

Ïðèì³òêà. Ïîäàëüøà ³íôîðìàö³ÿ ñòîñîâíî ðîçðà-
õóíêó ïëîñêèõ ïëèò ³ ä³àôðàãì íàâåäåíà ó äîäàòêó ².

Note: For information concerning the analysis of flat
slabs and shear walls see Annex I.
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6 ÃÐÀÍÈ×Í² ÑÒÀÍÈ (ULS) 6 ULTIMATE LIMIT STATES (ULS)

6.1 Çãèí ç îñüîâîþ àáî áåç îñüîâî¿ ñèëè 6.1 Bending with or without axial force

(1)Ð Öåé ðîçä³ë çàñòîñîâóºòüñÿ äëÿ ä³ëÿíîê
áàëîê, ïëèò òà ñõîæèõ åëåìåíò³â, íà ÿêèõ íå
â³äáóâàºòüñÿ ïåðåðîçïîä³ëó, ³ íà ÿêèõ ïîïå-
ðå÷í³ ïåðåð³çè çàëèøàþòüñÿ ïðèáëèçíî ïëîñ-
êèìè äî ³ ï³ñëÿ íàâàíòàæåííÿ. Ä³ëÿíêè áàëîê òà
³íøèõ åëåìåíò³â, ïåðåð³çè ÿêèõ íå çàëèøàþòü-
ñÿ ïëîñêèìè, ìîæóòü ðîçðàõîâóâàòèñü ³ êîíñò-
ðóþâàòèñü çã³äíî ç 6.5.

(1)P This section applies to undisturbed regions
of beams, slabs and similar types of members for
which sections remain approximately plane be-
fore and after loading. The discontinuity regions of
beams and other members in which plane sec-
tions do not remain plane may be designed and
detailed according to 6.5.

(2)Ð Äëÿ âèçíà÷åííÿ ãðàíè÷íîãî îïîðó çà ìî-
ìåíòîì çàë³çîáåòîííîãî àáî ïîïåðåäíüî íà-
ïðóæåíîãî çàë³çîáåòîííîãî ïåðåð³çó ïðèéìà-
þòüñÿ íàñòóïí³ óìîâè:

(2)P When determining the ultimate moment re-
sistance of reinforced or prestressed concrete
cross-sections, the following assumptions are
made:

– ïëîñê³ ïåðåð³çè çàëèøàþòüñÿ ïëîñêèìè; – plane sections remain plane;
– äåôîðìàö³¿ ó ç÷åïëåí³é àðìàòóð³ àáî ïîïå-

ðåäíüî íàïðóæåí³é àðìàòóð³ îäíàêîâ³ ç îòî-
÷óþ÷èì áåòîíîì, ÿê ïðè ðîçòÿãó, òàê ³ ïðè
ñòèñêó;

– the strain in bonded reinforcement or bonded
prestressing tendons, whether in tension or in
compression, is the same as that in the sur-
rounding concrete;

– ì³öí³ñòü áåòîíó íà ðîçòÿã íå âðàõîâóºòüñÿ; – the tensile strength of the concrete is ignored;
– íàïðóæåííÿ ó áåòîí³ ïðè ñòèñêó âèâîäÿòüñÿ

íà îñíîâ³ çàëåæíîñò³ "íàïðóæåííÿ-äåôîð-
ìàö³¿", íàäàí³é ó 3.1.7;

– the stresses in the concrete in compression
are derived from the design stress/strain
relationship given in 3.1.7;

– íàïðóæåííÿ ó çâè÷àéí³é ³ ïîïåðåäíüî íà-
ïðóæåí³é àðìàòóð³ âèâîäÿòüñÿ íà îñíîâ³
ðîçðàõóíêîâèõ êðèâèõ ó 3.2 (ðèñóíîê 3.8) ³
3.3 (ðèñóíîê 3.10);

– the stresses in the reinforcing or prestressing
steel are derived from the design curves in 3.2
(Figure 3.8) and 3.3 (Figure 3.10);

– ïðè âèçíà÷åíí³ íàïðóæåíü ó ïîïåðåäíüî íà-
ïðóæåí³é àðìàòóð³ âðàõîâóþòüñÿ ïî÷àòêîâ³
äåôîðìàö³¿ ö³º¿ àðìàòóðè.

– the initial strain in prestressing tendons is
taken into account when assessing the
stresses in the tendons.

(3)Ð Äåôîðìàö³¿ ñòèñêó áåòîíó ïîâèíí³ îáìå-
æóâàòèñü âåëè÷èíàìè 	cu2 àáî 	cu3 çàëåæíî â³ä
âèêîðèñòàíèõ ãðàô³ê³â "íàïðóæåííÿ-äåôîð-
ìàö³¿", äèâ. 3.1.7 ³ òàáëèöþ 3.1. Äåôîðìàö³¿
çâè÷àéíî¿ ³ ïîïåðåäíüî íàïðóæåíî¿ àðìàòóð-
íî¿ ñòàë³ ïîâèíí³ îáìåæóâàòèñü âåëè÷èíîþ 	du

äèâ. 3.2.7 (2) ³ 3.3.6 (7) â³äïîâ³äíî.

(3)P The compressive strain in the concrete shall
be limited to 	cu2 or 	cu3, depending on the
stress-strain diagram used, see 3.1.7 and Tab-
le 3.1. The strains in the reinforcing steel and the
prestressing steel shall be limited to 	du (where
applicable); see 3.2.7 (2) and 3.3.6 (7) respec-
tively.

(4) Äëÿ ïîïåðå÷íèõ ïåðåð³ç³â ³ç ñèìåòðè÷íèì
àðìóâàííÿì, íàâàíòàæåíèõ ñòèñêàëüíîþ ñè-
ëîþ, íåîáõ³äíî ïðèéìàòè âåëè÷èíó ì³í³ìàëü-
íîãî åêñöåíòðèñèòåòó å0 = h/30, àëå íå ìåíøå
í³æ 20 ìì, äå h – âèñîòà ïåðåð³çó.

(4) For cross-sections with symmetrical reinforce-
ment loaded by the compression force it is neces-
sary to assume the minimum eccentricity,
å0 = h/30 but not less than 20 mm where h is the
depth of the section.

(5) Ó çîíàõ ïîïåðå÷íèõ ïåðåð³ç³â, íà ÿê³ íàâàí-
òàæåííÿ áëèçüê³ äî ñèìåòðè÷íîãî (e/h < 0,1),
òàêèõ ÿê ñòèñíóò³ ïîëèö³ áàëîê êîðîá÷àñòîãî
ïåðåð³çó, ñåðåäíÿ âåëè÷èíà äåôîðìàö³¿ ñòèñêó
ó öèõ çîíàõ ïåðåð³çó ïîâèííà îáìåæóâàòèñü çíà-

÷åííÿì 	c2 (àáî 	c3, ÿêùî çàñòîñîâóºòüñÿ äâî-
ë³í³éíà çàëåæí³ñòü, ïîêàçàíà íà ðèñóíêó 3.4).

(5) In parts of cross-sections which are subjected
to approximately concentric loading (e/h < 0,1),
such as compression flanges of box girders, the
mean compressive strain in that part of the

section should be limited to 	c2 (or 	c3 if the bili-
near relation of Figure 3.4 is used).
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(6) Ìîæëèâ³ ä³àïàçîíè ðîçïîä³ëó äåôîðìàö³é
ïîêàçàí³ íà ðèñóíêó 6.1.

(6) The possible range of strain distributions is
shown in Figure 6.1.

(7) Äëÿ ïîïåðåäíüî íàïðóæåíèõ åëåìåíò³â ³ç
íàïðóæåíîþ àðìàòóðîþ áåç ïîñò³éíîãî ç÷åï-
ëåííÿ äèâ. 5.10.8.

(7) For prestressed members with permanently
unbonded tendons see 5.10.8.

(8) Äëÿ çîâí³øíüî¿ ïîïåðåäíüî íàïðóæåíî¿ àð-
ìàòóðè äåôîðìàö³¿ ó íàïðóæåí³é àðìàòóð³ ì³æ
äâîìà ïîñë³äîâíèìè òî÷êàìè êîíòàêòó (àíêå-
ðàìè àáî â³äõèëÿþ÷èìè ïðèñòðîÿìè) ââàæà-
þòüñÿ ïîñò³éíèìè. Òàêèì ÷èíîì, äåôîðìàö³¿
íàïðóæåíî¿ àðìàòóðè äîð³âíþþòü ïî÷àòêîâèì
äåôîðìàö³ÿì, ÿê³ ðåàë³çóþòüñÿ çðàçó ï³ñëÿ çà-
âåðøåííÿ ïðîöåñó íàïðóæåííÿ, çá³ëüøåíîãî
íà âåëè÷èíó äåôîðìàö³¿, âèêëèêàíî¿ äåôîð-
ìàö³ºþ êîíñòðóêö³¿ ó êîíòàêòíèõ çîíàõ, ùî ðîç-
ãëÿäàþòüñÿ. Äèâ. òàêîæ 5.10.

(8) For external prestressing tendons the strain in
the prestressing steel between two subsequent
contact points (anchors or deviation saddles) is
assumed to be constant. The strain in the pres-
tressing steel is then equal to the initial strain,
realised just after completion of the prestressing
operation, increased by the strain resulting from
the structural deformation between the contact
areas considered. See also 5.10.
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Figure 6.1 – Possible strain distributions in the ultimate limit state

arymarenko
Прямоугольник



6.2 Çñóâ 6.2 Shear

6.2.1 Çàãàëüíà ìåòîäèêà ïåðåâ³ðêè 6.2.1 General verification procedure

(1)Ð Äëÿ ïåðåâ³ðêè îïîðó çñóâó çàñòîñîâóþòü-
ñÿ íàñòóïí³ ïîçíàêè:

(1)P For the verification of the shear resistance
the following symbols are defined:

VRd,c – ðîçðàõóíêîâà íåñó÷à çäàòí³ñòü íà çñóâ
åëåìåíòà áåç ïîïåðå÷íîãî àðìóâàííÿ;

VRd,c – is the design shear resistance of the
member without shear reinforcement;

VRd,s – ðîçðàõóíêîâå çíà÷åííÿ ïîïåðå÷íî¿
ñèëè, ÿêó ìîæå ñïðèéíÿòè ïîïåðå÷íà àðìàòóðà
íà ãðàíèö³ òåêó÷îñò³;

VRd,s – is the design value of the shear force
which can be sustained by the yielding shear
reinforcement;

VRd,max – ðîçðàõóíêîâå çíà÷åííÿ ìàêñèìàëü-
íî¿ ïîïåðå÷íî¿ ñèëè, ÿêó ìîæå ñïðèéíÿòè åëå-
ìåíò, ³ ÿêå îáìåæåíå ðóéíóâàííÿì óìîâíèõ
ñòèñíóòèõ åëåìåíò³â.

VRd,max – is the design value of the maximum
shear force which can be sustained by the
member, limited by crushing of the compression
struts.

Äëÿ åëåìåíò³â ³ç ïîõèëèìè ïîÿñàìè äîäàòêîâî
çàñòîñîâóþòüñÿ íàñòóïí³ âåëè÷èíè (ðèñóíîê 6.2):

In members with inclined chords the following
additional values are defined (see Figure 6.2):

Vccd – ðîçðàõóíêîâå çíà÷åííÿ êîìïîíåíòà ñè-
ëè çñóâó ó ñòèñíóò³é çîí³ ó âèïàäêó íàÿâíîñò³
ïîõèëèõ ñòèñíóòèõ ïîÿñ³â.

Vccd – is the design value of the shear component
of the force in the compression area, in the case
of an inclined compression chord.

Vtd – ðîçðàõóíêîâå çíà÷åííÿ êîìïîíåíòà ñèëè
çñóâó ó ðîçòÿãíóò³é àðìàòóð³ ó âèïàäêó íàÿâ-
íîñò³ ïîõèëèõ ðîçòÿãíóòèõ ïîÿñ³â.

Vtd – is the design value of the shear component
of the force in the tensile reinforcement, in the
case of an inclined tensile chord.

(2) Íåñó÷à çäàòí³ñòü íà çñóâ åëåìåíòà ç ïîïå-
ðå÷íèì àðìóâàííÿì âèçíà÷àºòüñÿ, ÿê:

(2) The shear resistance of a member with shear
reinforcement is equal to:

V V V VRd Rd s ccd td� / /, . (6.1)

(3) Íà ä³ëÿíêàõ åëåìåíòà, äå VEd � VRd,ñ, íåìà
ïîòðåáè ðîçðàõîâóâàòè ïîïåðå÷íå àðìóâàííÿ.
VEd – ðîçðàõóíêîâå çíà÷åííÿ ïîïåðå÷íî¿ ñèëè ó
ïåðåð³ç³ â³ä çîâí³øíüîãî íàâàíòàæåííÿ ³ ïîïå-
ðåäíüîãî íàïðóæåííÿ (ç³ ç÷åïëåííÿì àáî áåç).

(3) In regions of the member where VEd � VRd,ñ no
calculated shear reinforcement is necessary. VEd

is the design shear force in the section considered
resulting from external loading and prestressing
(bonded or unbonded).
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Ðèñóíîê 6.2 – Êîìïîíåíò çñóâó äëÿ åëåìåíò³â ³ç ïîõèëèìè ïîÿñàìè

Figure 6.2 – Shear component for members with inclined chords
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(4) Ó âèïàäêó, êîëè íà îñíîâ³ ðîçðàõóíêó çà ïî-
ïåðå÷íîþ ñèëîþ íå âèìàãàºòüñÿ ïîïåðå÷íà
àðìàòóðà, ì³í³ìàëüíå ïîïåðå÷íå àðìóâàííÿ
âñå îäíî ïîâèííî âñòàíîâëþâàòèñü â³äïîâ³äíî
äî 9.2.2. Ì³í³ìàëüíå ïîïåðå÷íå àðìóâàííÿ
ìîæå íå âñòàíîâëþâàòèñü ó òàêèõ åëåìåíòàõ,
ÿê ïëèòè (ñóö³ëüí³, ðåáðèñò³ àáî ïîðîæíèñò³),
äå ìîæëèâèé ïåðåðîçïîä³ë ïîïåðå÷íèõ íàâàí-
òàæåíü. Ì³í³ìàëüíå àðìóâàííÿ òàêîæ ìîæå íå
âñòàíîâëþâàòèñü ó äðóãîðÿäíèõ åëåìåíòàõ

(íàïðèêëàä, ïåðåìè÷êàõ ³ç ïðîãîíîì � 2 ì), âíå-
ñîê ÿêèõ ó çàãàëüíó íåñó÷ó çäàòí³ñòü ³ ñò³éê³ñòü
êîíñòðóêö³¿ íåçíà÷íèé.

(4) When, on the basis of the design shear cal-
culation, no shear reinforcement is required, mini-
mum shear reinforcement should nevertheless be
provided according to 9.2.2. The minimum shear
reinforcement may be omitted in members such
as slabs (solid, ribbed or hollow core slabs) where
transverse redistribution of loads is possible.
Minimum reinforcement may also be omitted in
members of minor importance (e.g. lintels with

span � 2 m) which do not contribute significantly
to the overall resistance and stability of the
structure.

(5) Íà ä³ëÿíêàõ, äå VEd > VRd,ñ, çã³äíî ç âèðàçîì
(6.2) íåîáõ³äíî âñòàíîâëþâàòè â³äïîâ³äíå ïî-
ïåðå÷íå àðìóâàííÿ äëÿ âèêîíàííÿ óìîâè, ùî

VEd � VRd (6.8).

(5) In regions where VEd > VRd,ñ according to
Expression (6.2), sufficient shear reinforcement

should be provided in order that VEd � VRd (see
Expression (6.8)).

(6) Ñóìàðíà ðîçðàõóíêîâà ïîïåðå÷íà ñèëà ³ç
óðàõóâàííÿì âíåñêó ïîëèöü VÅd – Vccd – Vtd íå
ïîâèííà ïåðåâèùóâàòè ìàêñèìàëüíî äîïóñòè-
ìîãî çíà÷åííÿ VRd,max (6.2.3), ó áóäü-ÿêîìó ïå-
ðåð³ç³ åëåìåíòà.

(6) The sum of the design shear force and the
contributions of the flanges, VÅd – Vccd – Vtd, sho-
uld not exceed the permitted maximum value
VRd,max (see 6.2.3), anywhere in the member.

(7) Ïîçäîâæíÿ ðîçòÿãíóòà àðìàòóðà ïîâèííà
áóòè çäàòíà ñïðèéíÿòè äîäàòêîâå çóñèëëÿ ðîç-
òÿãó, ñïðè÷èíåíå çñóâîì (6.2.3 (7)).

(7) The longitudinal tension reinforcement should
be able to resist the additional tensile force cau-
sed by shear (see 6.2.3 (7)).

(8) Äëÿ åëåìåíò³â ç ïåðåâàæíî ð³âíîì³ðíî ðîç-
ïîä³ëåíèì íàâàíòàæåííÿì íå ïîòð³áíî çä³éñ-
íþâàòè ïåðåâ³ðêó çà ïîïåðå÷íîþ ñèëîþ íà
â³äñòàí³, ìåíø³é çà d â³ä ãðàí³ îïîðè. Áóäü-ÿêà
ïåðåäáà÷åíà ïîïåðå÷íà àðìàòóðà ïîâèííà
ïðîäîâæóâàòèñü äî îïîðè. Îêð³ì òîãî, íåîá-
õ³äíî ïåðåâ³ðÿòè óìîâó, ùî ïîïåðå÷íà ñèëà íà
îïîð³ íå ïåðåâèùóº VRd,max (äèâ. 6.2.2 (6) ³
6.2.3.

(8) For members subject to predominantly
uniformly distributed loading the design shear
force need not to be checked at a distance less
than d from the face of the support. Any shear
reinforcement required should continue to the
support. In addition it should be verified that the
shear at the support does not exceed VRd,max
(see also 6.2.2 (6) and 6.2.3.

(9) ßêùî íàâàíòàæåííÿ ïðèêëàäàºòüñÿ áëèçü-
êî äî íèçó ïåðåð³çó, òî äîäàòêîâî äî áóäü-ÿêî-
ãî íåîáõ³äíîãî àðìóâàííÿ äëÿ ñïðèéíÿòòÿ
çóñèëëÿ çñóâó íåîáõ³äíî ïåðåäáà÷àòè äîñ-
òàòíº âåðòèêàëüíå àðìóâàííÿ äëÿ ïåðåäà÷³
íàâàíòàæåííÿ íà âåðõíþ ÷àñòèíó ïåðåð³çó.

(9) Where a load is applied near the bottom of a
section, sufficient vertical reinforcement to carry
the load to the top of the section should be
provided in addition to any reinforcement required
to resist shear.

6.2.2 Åëåìåíòè, ùî íå ïîòðåáóþòü ðîçðà-

õóíêîâîãî ïîïåðå÷íîãî àðìóâàííÿ

6.2.2 Members not requiring design shear

reinforcement

(1) Ðîçðàõóíêîâà âåëè÷èíà íåñó÷î¿ çäàòíîñò³
íà çñóâ VRd,ñ âèçíà÷àºòüñÿ, ÿê:

(1) The design value for the shear resistance
VRd,ñ is given by:

, -V C k f k b dRd c Rd c ck cp w, ,
/

� /�
 !

"
#$

100 1
1 3

1� � (6.2a)

ïðè ì³í³ìàëüíîìó çíà÷åíí³ with a minimum of

, -V v k b dRd c cp w, min� / 1� , (6.2b)
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äå: where:

fck – â ÌÏà; fck is in MPa;

k
d

� / �1
200

2 0, , d – â ìì; k
d

� / �1
200

2 0, , d in mm;

�1 0 02� �
A

b d

sl

w

, ; �1 0 02� �
A

b d

sl

w

, ;

Asl – ïëîùà ðîçòÿãíóòî¿ àðìàòóðè, ÿêà ïðîäîâ-

æóºòüñÿ íà â³äñòàíü � (lbd + d) çà ïåðåð³ç, ùî
ðîçãëÿäàºòüñÿ (ðèñóíîê 6.3);

Asl is the area of the tensile reinforcement, which

extends � (lbd + d) beyond the section considered
(see Figure 6.3);

bw – íàéìåíøà øèðèíà ïîïåðå÷íîãî ïåðåð³çó ó
ðîçòÿãíóò³é çîí³, ìì;

bw is the smallest width of the cross-section in the
tensile area [mm];

�cp = NEd / Ac < 0,2 fcd, ÌÏà; �cp = NEd / Ac < 0,2 fcd, [ÌPà];

NEd – îñüîâà ñèëà ó ïîïåðå÷íîìó ïåðåð³ç³, âèê-
ëèêàíà íàâàíòàæåííÿì àáî ïîïåðåäí³ì íàïðó-
æåííÿì â Í (NEd > 0 ïðè ñòèñêó). Âïëèâîì
ïðèêëàäåíèõ äåôîðìàö³é íà NE ìîæíà çíåõòó-
âàòè;

NEd is the axial force in the cross-section due to
loading or prestressing [in N] (NEd > 0 for comp-
ression). The influence of imposed deformations
on NE may be ignored.

Ac – ïëîùà ïîïåðå÷íîãî ïåðåð³çó áåòîíó, ìì2; Ac is the area of concrete cross section [mm2];

VRd,ñ – â Í. VRd,ñ is [N].

Ïðèì³òêà. Âåëè÷èíè CRd,ñ, vmin ³ k1, ÿê³ çàñòîñîâóþòü-
ñÿ ó êîíêðåòí³é êðà¿í³, ìîæóòü âñòàíîâëþâàòèñü
íàö³îíàëüíèì äîäàòêîì. Ðåêîìåíäîâàíèìè º âåëè-

÷èíè: CRd,ñ = 0,18/�ñ; vmin – âèðàç (6.3N) ³ k1 = 0,15.

Note: The values of CRd,c, vmin and k1 for use in a
Country may be found in its National Annex. The re-

commended value for CRd,ñ is 0,18/�ñ, that for vmin is
given by Expression (6.3N) and that for k1 is 0,15.

v k f
ckmin

/ /,� 0 035 3 2 1 2 . (6.3N).

(2) Äëÿ ïîïåðåäíüî íàïðóæåíèõ îäíîïðîëüîò-
íèõ åëåìåíò³â áåç ïîïåðå÷íî¿ àðìàòóðè íåñó-
÷à çäàòí³ñòü íà çñóâ çîí ³ç òð³ùèíàìè ïðè çãèí³
ìîæå îá÷èñëþâàòèñü çà âèðàçîì (6.2à). Ó çî-
íàõ áåç òð³ùèí ïðè çãèí³ (äå íàïðóæåííÿ ðîçòÿ-

ãó ïðè çãèí³ ìåíø³ í³æ fctk, 0,05 / �ñ). íåñó÷à çäàò-
í³ñòü íà çñóâ ïîâèííà îáìåæóâàòèñü ì³öí³ñòþ
áåòîíó íà ðîçòÿã. Ó òàêèõ çîíàõ íåñó÷à çäàò-
í³ñòü íà çñóâ âèçíà÷àºòüñÿ çà âèðàçîì:

(2) In prestressed single span members without
shear reinforcement, the shear resistance of the
regions cracked in bending may be calculated
using Expression (6.2a). In regions uncracked in
bending (where the flexural tensile stress is

smaller than fctk, 0,05 / �ñ) the shear resistance
should be limited by the tensile strength of the
concrete. In these regions the shear resistance is
given by:
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Figure 6.3 – Definition of Asl in Expression (6.2 b)
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, -V
I b

S
f fRd c

w
ctd cp ctd, �

.
. /

2
1� � , (6.4)

äå: where

I – ìîìåíò ³íåðö³¿ ïåðåð³çó; I is the second moment of area

bw – øèðèíà ïîïåðå÷íîãî ïåðåð³çó ïî öåíò-
ðàëüí³é îñ³, äîïóñêàºòüñÿ íàÿâí³ñòü êàíàë³â
â³äïîâ³äíî äî âèðàç³â (6.16) ³ (6.17);

bw is the width of the cross-section at the centroi-
dal axis, allowing for the presence of ducts in ac-
cordance with Expressions (6.16) and (6.17);

S – ñòàòè÷íèé ìîìåíò ïåðåð³çó âèùå ³ â³äíîñíî
öåíòðàëüíî¿ îñ³;

S is the first moment of area above and about the
centroidal axis;

�1 = lx /lpt2 � 1,0 äëÿ ïîïåðåäíüî íàòÿãíóòî¿ àð-
ìàòóðè;

�1 = lx /lpt2 � 1,0 for pretensioned tendons;

= 1,0 äëÿ ³íøèõ âèä³â íàïðóæåííÿ; = 1,0 for other types of prestressing;

lx – â³äñòàíü â³ä ïåðåð³çó, ùî ðîçãëÿäàºòüñÿ, äî
ïî÷àòêîâî¿ òî÷êè äîâæèíè ïåðåäà÷³;

lx is the distance of section considered from the
starting point of the transmission length;

lpt2 – âåëè÷èíà âåðõíüî¿ ìåæ³ äîâæèíè ïåðå-
äà÷³ äëÿ íàïðóæåíîãî åëåìåíòà çã³äíî ç âèðà-
çîì (8.18);

lpt2 the upper bound value of the transmission
length of the prestressing element according to
Expression (8.18);

�cp – íàïðóæåííÿ ñòèñêó áåòîíó íà öåíòðàëüí³é
îñ³ â³ä îñüîâîãî íàâàíòàæåííÿ ³/àáî ïîïåðåä-

íüîãî íàïðóæåííÿ (�cp = NEd /Ac â ÌÏà, NEd > 0
ïðè ñòèñêó).

�cp is the concrete compressive stress at the
centroidal axis due to axial loading and/or prest-

ressing (�cp = NEd /Ac, in ÌPà, NEd > 0 ³n comp-
ression).

Äëÿ ïåðåð³ç³â çì³ííî¿ øèðèíè âäîâæ âèñîòè
ìàêñèìàëüí³ ãîëîâí³ íàïðóæåííÿ ìîæóòü ä³ÿòè
íå ïî öåíòðàëüí³é îñ³. Ó òàêèõ âèïàäêàõ ì³-
í³ìàëüíà âåëè÷èíà íåñó÷î¿ çäàòíîñò³ íà çñóâ
ïîâèííà âèçíà÷àòèñü ÷åðåç îá÷èñëåííÿ VRd,ñ

ïî ð³çíèõ îñÿõ ïîïåðå÷íîãî ïåðåð³çó.

For cross-sections where the width varies over
the height, the maximum principal stress may
occur on an axis other than the centroidal axis. In
such a case the minimum value of the shear
resistance should be found by calculating VRd,c at
various axes in the cross-section.

(3) Îá÷èñëåííÿ íåñó÷î¿ çäàòíîñò³ íà çñóâ çã³ä-
íî ç âèðàçîì (6.4) íå âèìàãàºòüñÿ äëÿ ïåðå-
ð³ç³â, ÿê³ áëèæ÷å äî îïîðè í³æ òî÷êà ïåðåòèíó
ïðóæíî¿ öåíòðàëüíî¿ îñ³ ³ ïîõèëî¿ ë³í³¿ â³ä
âíóòð³øíüî¿ ãðàí³ îïîðè ï³ä êóòîì 45°.

(3) The calculation of the shear resistance accor-
ding to Expression (6.4) is not required for cross-
sections that are nearer to the support than the
point which is the intersection of the elastic cent-
roidal axis and a line inclined from the inner edge
of the support at an angle of 45°.

(4) Äëÿ çàãàëüíîãî âèïàäêó ïðèêëàäàííÿ äî
åëåìåíò³â çãèíàëüíîãî ìîìåíòó ³ îñüîâî¿ ñèëè
ïðè ï³äòâåðäæåíí³, ùî òð³ùèíè â³äñóòí³ ïðè
çãèí³ ó ãðàíè÷íîìó ñòàí³, äèâ. 12.6.3.

(4) For the general case of members subjected to
a bending moment and an axial force, which can
be shown to be uncracked in flexure at the ULS,
reference is made to 12.6.3.

(5) Ïðè ðîçðàõóíêó ïîçäîâæíüî¿ àðìàòóðè äëÿ
ä³ëÿíîê ³ç òð³ùèíàìè ïðè çãèí³ åïþðó MEd

ïîòð³áíî çì³ñòèòè íà â³äñòàíü a1 = d ó íåñïðè-
ÿòëèâîìó íàïðÿìêó (äèâ. 9.2.1.3 (2)).

(5) For the design of the longitudinal reinforce-
ment, in the region cracked in flexure, the MEd –
line should be shifted over a distance a1 = d in the
unfavourable direction (see 9.2.1.3 (2)).

(6) Äëÿ åëåìåíò³â ç íàâàíòàæåííÿìè, ïðèêëà-

äåíèìè çâåðõó â ìåæàõ â³äñòàí³ 0,5d � àv � 2d

â³ä ãðàí³ îïîðè (àáî öåíòðà òî÷êè îáïèðàííÿ
ïðè âèêîðèñòàíí³ ðóõîìî¿ îïîðè), ñêëàäîâó
öüîãî íàâàíòàæåííÿ ³ ïîïåðå÷íó ñèëó VEd ìîæ-

íà ïîìíîæèòè íà � = àv /2d. Öå çíèæåííÿ

(6) For members with loads applied on the upper

side within a distance 0,5d � àv � 2d from the edge
of a support (or centre of bearing where flexible
bearings are used), the contribution of this load to
the shear force VEd may be multiplied by

� = àv /2d. This reduction may be applied for
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ìîæå çàñòîñîâóâàòèñü ïðè ïåðåâ³ðö³ VRd,ñ çà
âèðàçîì (6.2à). Òàêèé ï³äõ³ä ïðàâîì³ðíèé ò³ëü-
êè ó ðàç³ çàáåçïå÷åííÿ ïîâíîãî çààíêåðóâàííÿ

ïîçäîâæíüî¿ àðìàòóðè íà îïîðàõ. Ïðè àv � 0,5d

íåîáõ³äíî ïðèéìàòè çíà÷åííÿ àv = 0,5d.

checking VRd,ñ in Expression (6.2.a). This is only
valid provided that the longitudinal reinforcement

is fully anchored at the support. For àv � 0,5d the
value àv = 0,5d should be used.

Ïîïåðå÷íà ñèëà VEd, îá÷èñëåíà áåç çíèæåííÿ

÷åðåç �, âñå îäíî ïîâèííà çàâæäè çàäîâîëüíÿ-
òè óìîâó:

The shear force VEd, calculated without reduction

by �, should however always satisfy the condition

V b d fEd w cd� 0 5, 
 , (6.5)

äå 
 – êîåô³ö³ºíò çíèæåííÿ ì³öíîñò³ áåòîíó ç
òð³ùèíàìè ïðè çñóâ³.

where 
 is a strength reduction factor for concrete
cracked in shear.

Ïðèì³òêà. Âåëè÷èíà 
 äëÿ çàñòîñóâàííÿ ó êîí-
êðåòí³é êðà¿í³ ìîæå âñòàíîâëþâàòèñü íàö³î-
íàëüíèì äîäàòêîì. Ðåêîìåíäîâàíîþ º âåëè-
÷èíà, âèçíà÷åíà çà âèðàçîì:

Note: The value v for use in a Country may be fo-
und in its National Annex. The recommended va-
lue follows from:


 � �
�

 !
"

#$
0 6 1

250
,

fck (fck â ÌÏà (in MPa)) . (6.6N)

(7) Áàëêè ç íàâàíòàæåííÿìè á³ëÿ îïîð ³ êîíñî-
ëåé ìîæóòü ðîçðàõîâóâàòèñü àëüòåðíàòèâíèì
ìåòîäîì çà äîïîìîãîþ ìîäåëåé ñòèñíóòî-ðîç-
òÿãíóòèõ åëåìåíò³â. Äåòàëüí³øå ïðî ìåòîä
äèâ. 6.5.

(7) Beams with loads near to supports and cor-
bels may alternatively be designed with strut and
tie models. For this alternative, reference is made
to 6.5.

6.2.3 Åëåìåíòè, ùî ïîòðåáóþòü ïîïåðå÷-

íîãî àðìóâàííÿ çà ðîçðàõóíêîì

6.2.3 Members requiring design shear reinfor-

cement

(1) Ðîçðàõóíîê åëåìåíò³â ç ïîïåðå÷íîþ àðìà-
òóðîþ ´ðóíòóºòüñÿ íà "ôåðìîâ³é" ìîäåë³ (ðèñó-

íîê 6.5). Ãðàíè÷í³ âåëè÷èíè êóòà 
 ïîõèëèõ
ñòèñíóòèõ óìîâíèõ åëåìåíò³â ñò³íêè íàâåäåíî
ó 6.2.3 (2).

(1) The design of members with shear reinforce-
ment is based on a truss model (Figure 6.5).

Limiting values for the angle 
 of the inclined
struts in the web are given in 6.2.3 (2).
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Íà ðèñóíêó 6.5 âèêîðèñòàíî íàñòóïí³ ïîçíàêè: In Figure 6.5 the following notations are shown:

� – êóò ì³æ ïîïåðå÷íîþ àðìàòóðîþ ³ â³ññþ áàë-
êè, ïåðïåíäèêóëÿðíîþ äî ïîïåðå÷íî¿ ñèëè (ïî-
çèòèâíèé íàïðÿì ïîêàçàíî íà ðèñóíêó 6.5);

� is the angle between shear reinforcement and
the beam axis perpendicular to the shear force
(measured positive as shown in Figure 6.5);


 – êóò ì³æ ñòèñíóòèì áåòîííèì óìîâíèì åëå-
ìåíòîì ³ â³ññþ áàëêè, ïåðïåíäèêóëÿðíî¿ äî ïî-
ïåðå÷íî¿ ñèëè;


 is the angle between the concrete compression
strut and the beam axis perpendicular to the
shear force;

Ftd – ðîçðàõóíêîâà âåëè÷èíà çóñèëëÿ ðîçòÿãó ó
ïîçäîâæí³é àðìàòóð³;

Ftd is the design value of the tensile force in the
longitudinal reinforcement;

Fcd – ðîçðàõóíêîâà âåëè÷èíà çóñèëëÿ ñòèñêó
áåòîíó â íàïðÿìêó ïîçäîâæíüî¿ îñ³ åëåìåíòà;

Fcd is the design value of the concrete compres-
sion force in the direction of the longitudinal
member axis.

bw – ì³í³ìàëüíà øèðèíà ì³æ ðîçòÿãíóòèì ³ ñòèñ-
íóòèì ïîÿñàìè;

bw is the minimum width between tension and
compression chords;

z – ïëå÷å âíóòð³øíüî¿ ïàðè äëÿ åëåìåíòà ç
ïîñò³éíîþ âèñîòîþ ïåðåð³çó, ÿêå â³äïîâ³äàº
çãèíàëüíîìó ìîìåíòó â åëåìåíò³, ùî ðîçãëÿ-
äàºòüñÿ. Ïðè ðîçðàõóíêó íà çñóâ çàë³çîáåòîí-
íèõ åëåìåíò³â çà â³äñóòíîñò³ îñüîâî¿ ñèëè,
çàçâè÷àé, ìîæíà ïðèáëèçíî ïðèéìàòè çíà÷åí-
íÿ z = 0,9d.

z is the inner lever arm, for a member with cons-
tant depth, corresponding to the bending moment
in the element under consideration. In the shear
analysis of reinforced concrete without axial for-
ce, the approximate value z = 0,9d may normally
be used.

Ó åëåìåíòàõ ç ïîõèëîþ ïîïåðåäíüî íàïðóæå-
íîþ àðìàòóðîþ íåîáõ³äíî çàáåçïå÷óâàòè, ùîá
ïîçäîâæíÿ àðìàòóðà ó ðîçòÿãíóòîìó ïîÿñ³
ñïðèéìàëà ïîçäîâæíº çóñèëëÿ ðîçòÿãó âíàñ-
ë³äîê çñóâó, âèçíà÷åíîãî ó (3).

In elements with inclined prestressing tendons,
longitudinal reinforcement at the tensile chord
should be provided to carry the longitudinal ten-
sile force due to shear defined in (3).
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(2) Âåëè÷èíà êóòà 
 ïîâèííà îáìåæóâàòèñü. (2) The angle 
 should be limited.

Ïðèì³òêà. Ãðàíè÷í³ âåëè÷èíè cot 
 äëÿ âèêîðèñòàí-
íÿ ó êîíêðåòí³é êðà¿í³ ìîæóòü âñòàíîâëþâàòèñü ó
íàö³îíàëüíîìó äîäàòêó. Ðåêîìåíäîâàí³ ãðàíè÷í³
âåëè÷èíè íàäàþòüñÿ âèðàçîì.

Note: The limiting values of cot 
 for use in a Country
may be found in its National Annex. The recommended
limits are given in Expression (6.7N).

1 2 5� �cot ,
 . (6.7N)

(3) Äëÿ åëåìåíò³â ç âåðòèêàëüíèì ïîïåðå÷íèì
àðìóâàííÿì íåñó÷à çäàòí³ñòü íà çñóâ VRd ïðè-
éìàºòüñÿ ìåíøîþ ³ç âåëè÷èí:

(3) For members with vertical shear reinforce-
ment, the shear resistance, VRd is the smaller
value of:

V
A

s
zfRd s

sw
ywd, cot� 
 . (6.8)

Ïðèì³òêà. ßêùî çàñòîñîâóºòüñÿ âèðàç (6.10), òî âå-
ëè÷èíó fywd ó âèðàç³ (6.8) ïîòð³áíî çìåíøóâàòè äî
0,8 fywd.

Note: If Expression (6.10) is used the value of fywd

should be reduced to 0,8 fywk in Expression (6.8)

³ and

, -V b z fRd cw w cd,max / cot tan� /� 
 
 
1 , (6.9)

äå: where:

Asw – ïëîùà ïîïåðå÷íîãî ïåðåð³çó ïîïåðå÷íî¿
àðìàòóðè;

Asw is the cross-sectional area of the shear rein-
forcement;

s – êðîê ïîïåðå÷íèõ ñòðèæí³â; s is the spacing of the stirrups;

fywd – ðîçðàõóíêîâà ì³öí³ñòü ïîïåðå÷íî¿ àðìà-
òóðè íà ãðàíèö³ òåêó÷îñò³;

fywd is the design yield strength of the shear rein-
forcement;


1 – êîåô³ö³ºíò çìåíøåííÿ ì³öíîñò³ áåòîíó ç
òð³ùèíàìè ïðè çñóâ³;


1 is a strength reduction factor for concrete crac-
ked in shear;

�cw – êîåô³ö³ºíò, ùî âðàõîâóº ð³âåíü íàïðó-
æåíü ó ñòèñíóòîìó ïîÿñ³.

�cw is a coefficient taking account of the state of
the stress in the compression chord.

Ïðèì³òêà 1. Âåëè÷èíè 
1 ³ �cw äëÿ çàñòîñóâàííÿ ó

êîíêðåòí³é êðà¿í³ ìîæóòü âñòàíîâëþâàòèñü íàö³î-
íàëüíèì äîäàòêîì. Ðåêîìåíäîâàíîþ âåëè÷èíîþ 
1
º 
 (äèâ. (6.6N)).

Note 1: The value of 
1 and �cw for use in a Country

may be found in its National Annex. The recommended
value of 
1 is 
 (see Expression (6.6N)).

Ïðèì³òêà 2. ßêùî ðîçðàõóíêîâ³ íàïðóæåííÿ ó ïîïå-
ðå÷í³é àðìàòóð³ ñòàíîâëÿòü ìåíøå í³æ 80% â³ä õà-
ðàêòåðèñòè÷íèõ íàïðóæåíü òåêó÷îñò³ fyk, òî v1 ìîæíà
ïðèéìàòè òàê:

Note 2: If the design stress of the shear reinforcement
is below 80% of the characteristic yield stress fyk, v1

may be taken as:

v1 = 0,6 ïðè (for) fck � 60 ÌÏà (MPa) , (6.10.àN)

v1 = 0,9 – fck /200 > 0,5 ïðè (for) fck � 60 ÌÏà (MPa) . (6.10.bN)

Ïðèì³òêà3.Ðåêîìåíäîâàíîþâåëè÷èíîþ�cw ºíàñòóïíà: Note 3: The recommended value of �cw is as follows:

1 – äëÿ êîíñòðóêö³é áåç ïîïåðåäíüîãî íàïðóæåííÿ 1 for non-prestressed structures

, -1/�cp cdf/ ïðè (for) 0 0 253 ��cp cdf, , (6.11.àN)

1,25 ïðè (for) 0 25 0 5, ,f fcd cp cd3 �� , (6.11.bN)

, -2 5 1, /��cp cdf ïðè (for) 0 5 1 0, ,f fcd cp cd3 3� , (6.11.ñN)
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äå: where:

�cð – ñåðåäíº íàïðóæåííÿ ñòèñêó, âèêëèêàíå
ðîçðàõóíêîâîþ îñüîâîþ ñèëîþ, ïðèéíÿòå ïî-
çèòèâíèì ó áåòîí³. Âîíî ïîâèííî âèçíà÷àòèñü
øëÿõîì îñåðåäíåííÿ â ìåæàõ áåòîííîãî ïå-

ðåð³çó ç óðàõóâàííÿì àðìàòóðè. Âåëè÷èíó �cð

íå ïîòð³áíî îá÷èñëþâàòè íà â³äñòàí³, ìåíø³é

í³æ 0,5d cot 
 â³ä ãðàí³ îïîðè.

�cð is the mean compressive stress, measured
positive, in the concrete due to the design axial
force. This should be obtained by averaging it
over the concrete section taking account of the

reinforcement. The value of �cð need not be

calculated at a distance less than 0,5d cot 
 from
the edge of the support.

Ïðèì³òêà 4. Ìàêñèìàëüíà ïðèâåäåíà ïëîùà ïåðå-

ð³çó ïîïåðå÷íî¿ àðìàòóðè Asw,max ïðè cot 
 = 1 ïðåä-
ñòàâëåíà âèðàçîì:

Note 4: The maximum effective cross-sectional area of

the shear reinforcement, Asw,max, for cot 
 = 1 is given
by:

A f

b s
v f

sw ywd

w
cw cd

,max �
1

2
1� . (6.12)

(4) Äëÿ åëåìåíò³â ç ïîõèëîþ ïîïåðå÷íîþ àð-
ìàòóðîþ çà îï³ð çñóâó ïðèéìàºòüñÿ ìåíøà ³ç
íàñòóïíèõ âåëè÷èí

(4) For members with inclined shear reinforce-
ment, the shear resistance is the smaller value of

, -V
A

s
zfRd s

sw
ywd, cot cot sin� /
 � � (6.13)

³ and

, - , -V b zv fRd cw w cd,max / cot cot / cot� / /� 
 � 
1
21 . (6.14)

Ïðèì³òêà. Ìàêñèìàëüíà ïðèâåäåíà ïëîùà ïåðå-

ð³çó ïîïåðå÷íî¿ àðìàòóðè Asw,max ïðè cot 
 = 1 âèçíà-
÷àºòüñÿ ç âèðàçó:

Note: The maximum effective shear reinforcement,

Asw,max for cot 
 = 1 follows from:

A f

b s

v f
sw ywd

w

cw cd,max

sin
�

1

2
1�

�
. (6.15)

(5) Íà ä³ëÿíêàõ, äå â³äñóòí³ íåðåãóëÿðíîñò³ VEd

(íàïðèêëàä, ïðè ð³âíîðîçïîä³ëåíîìó íàâàíòà-
æåíí³), ïîïåðå÷íà àðìàòóðà áóäü-ÿêîãî êðîêó

ïî äîâæèí³ l = z (cot 
 + cot �) ìîæå âèçíà÷àòèñü
³ç âèêîðèñòàííÿì íàéìåíøîãî çíà÷åííÿ VEd ó
êðîö³.

(5) In regions where there is no discontinuity of
VEd (e.g. for uniformly distributed loading) the
shear reinforcement in any length increment l = z

(cot 
 + cot �) may be calculated using the smal-
lest value of VEd in the increment.

(6) ßêùî ó ñò³íö³ çíàõîäÿòüñÿ çàïîâíåí³ êàíàëè

ä³àìåòðîì � > bw /8, îï³ð çñóâó VRd,max ïîâèíåí
âèçíà÷àòèñü íà îñíîâ³ íîì³íàëüíî¿ òîâùèíè
ñò³íêè çà âèðàçîì:

(6) Where the web contains grouted ducts with a

diameter � > bw /8 the shear resistance VRd,max
should be calculated on the basis of a nominal
web thickness given by:

b bw nom w, ,� �0 59� , (6.16)

äå � – çîâí³øí³é ä³àìåòð êàíàëó, à 9� âèçíà-
÷àºòüñÿ íà íàéá³ëüø íåñïðèÿòëèâîìó ð³âí³.

where � is the outer diameter of the duct and 9� is
determined for the most unfavourable level.

Äëÿ çàïîâíåíèõ ìåòàëåâèõ êàíàë³â ïðè � � bw /8,
bw,nom = bw.

For grouted metal ducts with �� bw /8, bw,nom = bw.

Äëÿ íåçàïîâíåíèõ êàíàë³â, çàïîâíåíèõ ïëàñ-
òè÷íèì ìàòåð³àëîì, ³ íåç÷åïëåíî¿ íàïðóæåíî¿
àðìàòóðè íîì³íàëüíà òîâùèíà ñò³íêè âèçíà-
÷àºòüñÿ çà âèðàçîì:

For non-grouted ducts, grouted plastic ducts and
unbonded tendons the nominal web thickness is:
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b bw nom w, ,� �1 29� . (6.17)

Âåëè÷èíà 1,2 ó âèðàç³ (6.17) ââåäåíà äëÿ âðàõó-
âàííÿ ðîçêîëþâàííÿ ñòèñíóòèõ óìîâíèõ áåòîí-
íèõ åëåìåíò³â âíàñë³äîê ïîïåðå÷íîãî ðîçòÿãó.
ßêùî çàáåçïå÷åíî íåîáõ³äíå ïîïåðå÷íå àðìó-
âàííÿ, öþ âåëè÷èíó ìîæíà çìåíøèòè äî 1,0.

The value 1,2 in Expression (6.17) is introduced
to take account of splitting of the concrete struts
due to transverse tension. If adequate transverse
reinforcement is provided this value may be
reduced to 1,0.

(7) Äîäàòêîâó ñèëó ðîçòÿãó �Ftd ó ïîçäîâæí³é
àðìàòóð³ âíàñë³äîê çñóâó VEd ìîæíà âèçíà÷èòè
çà âèðàçîì:

(7) The additional tensile force, �Ftd, in the longi-
tudinal reinforcement due to shear VEd may be
calculated from:

, -�F Vtd Ed� �0 5, cot cot
 � . (6.18)

(MEd /z) + �Ftd ïîâèííà ïðèéìàòèñü íå á³ëüøå
í³æ MEd,max/z, äå MEd,max – ìàêñèìàëüíèé ìî-
ìåíò âäîâæ áàëêè.

(MEd /z) + �Ftd should be taken not greater than
MEd,max/z where MEd,max is the maximum moment
along the beam.

(8) Äëÿ åëåìåíò³â ç íàâàíòàæåííÿìè, ïðèêëà-

äåíèìè çâåðõó â ìåæàõ â³äñòàí³ 0,5d � à
�
� 2d,

âíåñîê öüîãî íàâàíòàæåííÿ ó ïîïåðå÷íó ñèëó

VEd ìîæíà çìåíøèòè ÷åðåç � = à
�

/2d.

(8) For members with loads applied on the upper

side within a distance 0,5d � à
�

� 2d the contri-
bution of this load to the shear force VEd may be

reduced by � = à
�

/2d.

Ïîïåðå÷íà ñèëà VEd, îá÷èñëåíà ó òàêèé ñïîñ³á,
ïîâèííà çàäîâîëüíÿòè óìîâó:

The shear force VEd, calculated in this way, sho-
uld satisfy the condition

V A fEd sw ywd� . sin� , (6.19)

äå Asw·fywd – îï³ð ïîïåðå÷íî¿ àðìàòóðè, ùî ïå-
ðåñ³êàº ïîõèëó ïîïåðå÷íó òð³ùèíó â çîíàõ ì³æ
íàâàíòàæåííÿìè (ðèñóíîê 6.6). Âðàõîâóºòüñÿ
ò³ëüêè ïîïåðå÷íà àðìàòóðà â öåíòðàëüí³é çîí³,

ÿêà äîð³âíþº 0,75 à
�
. Çíèæåííÿ ÷åðåç � ìîæå

çàñòîñîâóâàòèñü ò³ëüêè ïðè ðîçðàõóíêó ïîïå-
ðå÷íî¿ àðìàòóðè. Òàêèé ï³äõ³ä ïðàâîì³ðíèé ó
ðàç³ çàáåçïå÷åííÿ ïîâíîãî çààíêåðóâàííÿ ïîç-
äîâæíüî¿ àðìàòóðè íà îïîðàõ.

where Asw·fywd is the resistance of the shear
reinforcement crossing the inclined shear crack
between the loaded areas (see Figure 6.6). Only
the shear reinforcement within the central 0,75 a

�

should be taken into account. The reduction by �
should only be applied for calculating the shear
reinforcement. It is only valid provided that the
longitudinal reinforcement is fully anchored at the
support.
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Ðèñóíîê 6.6 – Ïîïåðå÷íà àðìàòóðà íà çñóâ ó êîðîòêèõ ïðîëüîòàõ ïðè áåçïîñåðåäí³é ä³¿
íà óìîâíèé ñòèñíóòèé åëåìåíò

Figure 6.6 – Shear reinforcement in short shear spans with direct strut action
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Ïðè à
�

< 0,5d íåîáõ³äíî ïðèéìàòè çíà÷åííÿ
à

�
= 0,5d.

For à
�

< 0,5d the value à
�

= 0,5d should be used.

Âåëè÷èíà VEd, îá÷èñëåíà áåç çíèæåííÿ ÷åðåç

�, âñå îäíî ïîâèííà çàäîâîëüíÿòè óìîâó (6.5).
The value VEd calculated without reduction by �,
should however always satisfy Expression (6.5).

6.2.4 Çñóâ ì³æ ñò³íêîþ ³ ïîëèöÿìè Ò-ïîä³á-

íèõ ïåðåð³ç³â

6.2.4 Shear between web and flanges of T-sec-

tions

(1) Íåñó÷à çäàòí³ñòü ïîëèöü íà çñóâ ìîæå âèç-
íà÷àòèñü øëÿõîì âðàõóâàííÿ ïîëèö³ ÿê ñèñ-
òåìè ñòèñíóòèõ óìîâíèõ åëåìåíò³â, ñïîëó÷åíèõ
³ç ðîçòÿãíóòèìè ó âèãëÿä³ ðîçòÿãíóòî¿ àðìàòóðè.

(1) The shear strength of the flange may be calcu-
lated by considering the flange as a system of
compressive struts combined with ties in the form
of tensile reinforcement.

(2) Ì³í³ìàëüíà ê³ëüê³ñòü ïîçäîâæíüî¿ àðìàòóðè
ïîâèííà âèçíà÷àòèñü â³äïîâ³äíî äî 9.3.1.

(2) A minimum amount of longitudinal reinforce-
ment should be provided, as specified in 9.3.1.

(3) Ïîçäîâæí³ íàïðóæåííÿ â³ä çñóâó VEd ó ñïî-
ëó÷åíí³ ì³æ îäí³ºþ ñòîðîíîþ ïîëèöü ³ ñò³íêîþ
âèçíà÷àþòüñÿ ÷åðåç çì³íó íîì³íàëüíî¿ (ïîçäî-
âæíüî¿) ñèëè ó ÷àñòèí³ ïîëèö³, ÿêà ðîçãëÿ-
äàºòüñÿ, çã³äíî ç âèðàçîì:

(3) The longitudinal shear stress, VEd, at the junc-
tion between one side of a flange and the web is
determined by the change of the normal (longi-
tudinal) force in the part of the flange considered,
according to:

, -V F h xEd d f� � �/ , (6.20)

äå: where:

hf – òîâùèíà ïîëèö³ ó ì³ñö³ ç'ºäíàííÿ; hf is the thickness of flange at the junctions;

�õ – äîâæèíà, ùî ðîçãëÿäàºòüñÿ (ðèñóíîê 6.7); �õ is the length under consideration, see Figure 6.7;

�Fd – çì³íà íîì³íàëüíî¿ ñèëè ó ïîëèö³ íà äîâ-

æèí³ �õ.

�Fd is the change of the normal force in the flange

over the length �x.
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Ðèñóíîê 6.7 – Ïîçíàêè äëÿ ñïîëó÷åííÿ ì³æ ïîëèöåþ ³ ñò³íêîþ

Figure 6.7 – Notations for the connection between flange and web
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Ìàêñèìàëüíå çíà÷åííÿ, ÿêå ìîæíà äîïóñòèòè

äëÿ �õ, ñêëàäàº ïîëîâèíó â³äñòàí³ ì³æ ïåðå-
ð³çîì, äå ìîìåíò äîð³âíþº íóëþ ³ ïåðåð³çîì ç
ìàêñèìàëüíèì ìîìåíòîì. Ó ðàç³ ïðèêëàäàííÿ

çîñåðåäæåíèõ ñèë äîâæèíà �õ íå ïîâèííà ïå-
ðåâèùóâàòè â³äñòàí³ ì³æ çîñåðåäæåíèìè íà-
âàíòàæåííÿìè.

The maximum value that may be assumed for �x

is half the distance between the section where the
moment is 0 and the section where the moment is
maximum. Where point loads are applied the

length �x should not exceed the distance bet-
ween point loads.

(4) Ïîïåðå÷íå àðìóâàííÿ íà îäèíèöþ äîâæèíè
Asf /sf ìîæíà âèçíà÷èòè çà íàñòóïíèì âèðàçîì:

(4) The transverse reinforcement per unit length
Asf /sf may be determined as follows:

, -A f s V hsf yd f Ed f f/ / cot� . 
 . (6.21)

Äëÿ çàïîá³ãàííÿ ðóéíóâàííþ ñòèñíóòèõ óìîâ-
íèõ åëåìåíò³â áåòîíó ó ïîëèö³ ïîâèííà çàäî-
âîëüíÿòèñü íàñòóïíà óìîâà:

To prevent crushing of the compression struts in
the flange, the following condition should be satis-
fied:

V vfEd cd f f� sin cos
 
 . (6.22)

Ïðèì³òêà. Äîïóñòèìèé ä³àïàçîí âåëè÷èí cot 
f äëÿ
âèêîðèñòàííÿ ó êîíêðåòí³é êðà¿í³ ìîæå âêàçóâàòèñü
ó íàö³îíàëüíîìó äîäàòêó. Çà â³äñóòíîñò³ á³ëüø òî÷-
íèõ îá÷èñëåíü ðåêîìåíäóþòüñÿ íàñòóïí³ âåëè÷èíè:

Note: The permitted range of the values for cot 
f for
use in a country may be found in its National Annex.
The recommended values in the absence of more
rigorous calculation are:

1 0 2 0, cot ,� �
f ïðè ñòèñíóòèõ ïîëèöÿõ (45° �

� 
f � 26,5°);

1 0 2 0, cot ,� �
f for compression flanges (45° �

� 
f � 26,5°);

1 0 1 25, cot ,� �
f ïðè ðîçòÿãíóòèõ ïîëèöÿõ

(45° � 
f � 38,6°).
1 0 1 25, cot ,� �
f for tension flanges (45° � 
f �

� 38,6°).

(5) Ó âèïàäêó ñêëàäíîãî çñóâó ì³æ ïîëèöåþ ³
ñò³íêîþ ³ ïîïåðå÷íîìó çãèí³ ïëîùà àðìàòóðè
ïîâèííà áóòè á³ëüøîþ í³æ çà âèðàçîì (6.21)
àáî äîð³âíþâàòè ïîëîâèí³ ïëîù³ çà (6.21) ïëþñ
íåîáõ³äíà àðìàòóðà äëÿ ñïðèéíÿòòÿ ïîïåðå÷-
íîãî çãèíó.

(5) In the case of combined shear between the
flange and the web, and transverse bending, the
area of steel should be the greater than that given
by Expression (6.21) or half that given by Expres-
sion (6.21) plus that required for transverse
bending.

(6) Ó ðàç³, ÿêùî VEd ìåíøà àáî äîð³âíþº kfctd,
òî äîäàòêîâå àðìóâàííÿ, á³ëüøå í³æ äëÿ
ñïðèéíÿòòÿ çãèíó, íå ïîòð³áíå.

(6) If VEd is less than or equal to kfctd no extra
reinforcement above that for flexure is required.

Ïðèì³òêà. Âåëè÷èíà k äëÿ âèêîðèñòàííÿ ó êîíêðåò-
í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-
êó. Ðåêîìåíäîâàíîþ âåëè÷èíîþ º 0,4.

Note: The value of k for use in a Country may be found
in its National Annex. The recommended value is 0,4.

(7) Ïîçäîâæíÿ ðîçòÿãíóòà àðìàòóðà ó ïîëèö³
ïîâèííà çààíêåðîâóâàòèñü çà ìåæ³ ñòèñíóòîãî
óìîâíîãî åëåìåíòà íà âåëè÷èíó, íåîáõ³äíó
äëÿ ïåðåäà÷³ çóñèëëÿ íàçàä íà ñò³íêó ó ïå-
ðåð³ç³, äå öÿ àðìàòóðà íåîáõ³äíà (ðîçð³ç À-À íà
ðèñóíêó 6.7).

(7) Longitudinal tension reinforcement in the flan-
ge should be anchored beyond the strut required
to transmit the force back to the web at the section
where this reinforcement is required (See Section
(A-A) of Figure 6.7).

6.2.5 Çñóâ íà êîíòàêò³ áåòîíó, óêëàäåíî-

ìó ó ð³çíèé ÷àñ

6.2.5 Shear at the interface between concrete

cast at different times

(1) Íà äîäàòîê äî âèìîã 6.2.1-6.2.4, íàïðóæåí-
íÿ çñóâó íà êîíòàêò³ ì³æ áåòîíîì, óêëàäåíèì ó
ð³çíèé ÷àñ, ïîâèííà òàêîæ çàäîâîëüíÿòèñü íà-
ñòóïíà óìîâà:

(1) In addition to the requirements of 6.2.1-6.2.4
the shear stress at the interface between concrete
cast at different times should also satisfy the
following:

V VEdi Rdi� , (6.23)
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äå VEd³ – ðîçðàõóíêîâà âåëè÷èíà íàïðóæåíü
çñóâó íà êîíòàêò³, ùî âèðàæàºòüñÿ, ÿê:

VEd³ is the design value of the shear stress in the
interface and is given by:

, -V V zbEdi Ed i� � / , (6.24)

äå: where:

� – â³äíîøåííÿ ïîçäîâæíüî¿ àðìàòóðè ó ïå-
ðåð³ç³ íîâîãî áåòîíó ³ çàãàëüíîãî ïîçäîâæíüîãî
çóñèëëÿ ó ñòèñíóò³é àáî ðîçòÿãíóò³é çîí³, îá-
÷èñëåíèõ äëÿ ïåðåð³çó, ùî ðîçãëÿäàºòüñÿ;

� is the ratio of the longitudinal force in the new
concrete area and the total longitudinal force
either in the compression or tension zone, both
calculated for the section considered

VEd – ïîïåðå÷íå çóñèëëÿ çñóâó; VEd is the transverse shear force

z – ïëå÷å âíóòð³øíüî¿ ïàðè ñêëàäåíîãî ïåðå-
ð³çó;

z is the lever arm of composite section

bi – øèðèíà êîíòàêòó (ðèñóíîê 6.8); bi is the width of the interface (see Figure 6.8)

VRd³ – ðîçðàõóíêîâèé îï³ð çñóâó íà êîíòàêò³, ùî
âèçíà÷àºòüñÿ, ÿê:

VRd³ ³s the design shear resistance at the interface
and is given by:

, -V cf f vfRdi ctd n yd cd� / / / ��� � � � �sin cos ,0 5 , (6.25)

äå: where:

c ³ � – êîåô³ö³ºíòè, ùî çàëåæàòü â³ä øîðñòêîñò³
ïîâåðõí³ (äèâ. (2));

c and � are factors which depend on the rough-
ness of the interface (see (2))

fctd – âèçíà÷àºòüñÿ çã³äíî ç 3.1.6 (2)Ð; fctd is as defined in 3.1.6 (2)P

�n – íàïðóæåííÿ íà îäèíèöþ ïëîù³, âèêëèêàíå
ì³í³ìàëüíîþ çîâí³øíüîþ íîðìàëüíîþ ñèëîþ
íà êîíòàêò³, ÿêà ìîæå ä³ÿòè îäíî÷àñíî ³ç ñèëîþ
çñóâó, äîäàòíîþ ïðè ñòèñêó, òàêèì ÷èíîì, ùî

�n < 0,6 fcd, à ïðè ðîçòÿãó – íåãàòèâíîþ. ßêùî

�n – íàïðóæåííÿ ðîçòÿãó, òî c fctd ïðèéìàºòüñÿ
òàêèì, ùî äîð³âíþº íóëþ.

�n stress per unit area caused by the minimum
external normal force across the interface that
can act simultaneously with the shear force, posi-

tive for compression, such that �n < 0,6 fcd, and

negative for tension. When �n is tensile c fctd sho-
uld be taken as 0.

� � A As i/

As – ïëîùà àðìàòóðè, ùî ïåðåñ³êàº êîíòàêò,
âêëþ÷íî ç³ çâè÷àéíîþ ïîïåðå÷íîþ àðìàòóðîþ
(çà íàÿâíîñò³) ïðè â³äïîâ³äíîìó çààíêåðóâàíí³
ç îáîõ ñòîð³í êîíòàêòó;

As is the area of reinforcement crossing the
interface, including ordinary shear reinforcement
(if any), with adequate anchorage at both sides of
the interface;
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Ðèñóíîê 6.8 – Ïðèêëàäè êîíòàêò³â

Figure 6.8 – Examples of interfaces
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Ai – ïëîùà ç'ºäíàííÿ; Ai is the area of the joint;

� – âèçíà÷àºòüñÿ çà ðèñóíêîì 6.9, ³ ïîâèííà îá-

ìåæóâàòèñü ä³àïàçîíîì 45° � � � 90°;

� is defined in Figure 6.9, and should be limited by

45° � � � 90°;

v – êîåô³ö³ºíò çíèæåííÿ ì³öíîñò³ (äèâ. 6.2.2(6)). v is a strength reduction factor (see 6.2.2 (6))

(2) Ó ðàç³ â³äñóòíîñò³ á³ëüø äåòàëüíî¿ ³íôîð-
ìàö³¿ ùîäî ïîâåðõí³ âîíà ìîæå êâàë³ô³êóâà-
òèñü ÿê äóæå ãëàäêà, ãëàäêà, øîðñòêà àáî
çàçóáðåíà, íàïðèêëàä:

(2) In the absence of more detailed information
surfaces may be classified as very smooth,
smooth, rough or indented, with the following
examples:

– äóæå ãëàäêà – öå ïîâåðõíÿ ïðè óêëàäàíí³
áåòîíó íà ñòàëåâó, ïëàñòèêîâó àáî ñïåö³àëü-
íî ï³äãîòîâëåíó äåðåâ'ÿíó îïàëóáêó: c = 0,25

à � = 0,5;

– Very smooth: a surface cast against steel,
plastic or specially prepared wooden moulds:

c = 0,25 and � = 0,5;

– ãëàäêà – ïîâåðõíÿ, ñôîðìîâàíà êîâçíîþ
îïàëóáêîþ àáî âèäàâëþâàííÿì, à òàêîæ
ï³ñëÿ â³áðàö³¿ áåç ïîäàëüøî¿ îáðîáêè:

c = 0,35 à � = 0,6;

– Smooth: a slipformed or extruded surface, or a
free surface left without further treatment after

vibration: c = 0,35 and � = 0,6;

– øîðñòêà – ïîâåðõíÿ ç íåð³âíîñòÿìè, ùîíàé-
ìåíøèì ïåðåïàäîì 3 ìì ³ êðîêîì áëèçüêî
40 ìì, ÿêà äîñÿãàºòüñÿ çãð³áàííÿì çàïîâ-
íþâà÷³â àáî ³íøèìè ìåòîäàìè, ÿê³ íàäàþòü
ïîä³áíîãî õàðàêòåðó ïîâåðõí³: c = 0,45 à

� = 0,7;

– Rough: a surface with at least 3 mm roughness
at about 40 mm spacing, achieved by raking,
exposing of aggregate or other methods giving

an equivalent behaviour: c = 0,45 and � = 0,7;

– çàçóáðåíà – ïîâåðõíÿ ³ç çóáöÿìè â³äïîâ³äíî

äî âêàçàíèõ íà ðèñóíêó 6.9: c = 0,5 à � = 0,9.

– Indented: a surface with indentations comply-

ing with Figure 6.9: c = 0,5 and � = 0,9

(3) Ìîæå âèêîðèñòîâóâàòèñü ñòóï³í÷àñòå ðîç-
ì³ùåííÿ ïîïåðå÷íî¿ àðìàòóðè, ÿê ïîêàçàíî íà
ðèñóíêó 6.10. ßêùî ç'ºäíàííÿ ì³æ äâîìà ð³çíè-
ìè øàðàìè áåòîíó çàáåçïå÷óºòüñÿ àðìóâàí-
íÿì (áàëêè ç êàðêàñàìè ôåðìîâîãî òèïó),
âíåñîê àðìàòóðè ó VRd³ ìîæå ïðèéìàòèñü ÿê
ðåçóëüòóþ÷à çóñèëü â³ä êîæíî¿ ³ç ä³àãîíàëåé

ïðè çàáåçïå÷åíí³ óìîâè, ùî 45° � � � 135°.

(3) A stepped distribution of the transverse rein-
forcement may be used, as indicated in Figu-
re 6.10. Where the connection between the two
different concretes is ensured by reinforcement
(beams with lattice girders), the steel contribution
to VRd³ may be taken as the resultant of the forces
taken from each of the diagonals provided that

45° � � � 135°.

118

ÄÑÒÓ-Í Á EN 1992-1-1:2010

Ðèñóíîê 6.9 – Òåõíîëîã³÷íèé çàçóáðåíèé øîâ

Figure 6.9 – Indented construction joint
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(4) Îï³ð ïîçäîâæíüîìó çñóâó çàïîâíåíèõ øâ³â
ì³æ ïëèòàìè àáî åëåìåíòàìè ñò³í ìîæå âèçíà-
÷àòèñü çã³äíî ç 6.2.5 (1). Îäíàê, ÿêùî ó øâ³ ìî-
æóòü óòâîðþâàòèñü çíà÷í³ òð³ùèíè, òî ñ íåîá-
õ³äíî ïðèéìàòè çà íóëü äëÿ ãëàäêèõ ³ øîðñòêèõ
øâ³â ³ 0,5 – äëÿ çàçóáðåíèõ øâ³â (äèâ. òàêîæ
10.9.3(12)).

(4) The longitudinal shear resistance of grouted
joints between slab or wall elements may be
calculated according to 6.2.5 (1). However in ca-
ses where the joint can be significantly cracked, c

should be taken as 0 for smooth and rough joints
and 0,5 for indented joints (see also 10.9.3 (12)).

(5) Ïðè âòîì³ àáî ä³¿ äèíàì³÷íèõ íàâàíòàæåíü
âåëè÷èíè ñ ó 6.2.5 (1) íåîáõ³äíî çìåíøèòè ó
äâà ðàçè.

(5) Under fatigue or dynamic loads, the values for
c in 6.2.5 (1) should be halved.

6.3 Êðó÷åííÿ 6.3 Torsion

6.3.1 Çàãàëüí³ ïîëîæåííÿ 6.3.1 General

(1)Ð ßêùî ñòàòè÷íà ð³âíîâàãà êîíñòðóêö³¿ çàëå-
æèòü â³ä íåñó÷î¿ çäàòíîñò³ íà êðó÷åííÿ åëå-
ìåíò³â êîíñòðóêö³¿, òî íåîáõ³äíî âèêîíóâàòè
ïîâíèé ðîçðàõóíîê íà êðó÷åííÿ, ùî îõîïëþº
ãðàíè÷í³ ñòàíè ² ³ ²² ãðóï.

(1)P Where the static equilibrium of a structure
depends on the torsional resistance of elements
of the structure, a full torsional design covering
both ultimate and serviceability limit states shall
be made.

(2) ßêùî ó ñòàòè÷íî íåâèçíà÷åí³é êîíñòðóêö³¿
êðó÷åííÿ âèíèêàº ò³ëüêè ÿê ðåçóëüòàò ñóì³ñ-
íîñò³, à ñò³éê³ñòü êîíñòðóêö³¿ íå çàëåæèòü â³ä
íåñó÷î¿ çäàòíîñò³ íà êðó÷åííÿ, òî, çàçâè÷àé,
íåìà íåîáõ³äíîñò³ âðàõîâóâàòè êðó÷åííÿ ïðè
ïåðåâ³ðö³ ãðàíè÷íîãî ñòàíó çà íåñó÷îþ çäàò-
í³ñòþ ³ ñò³éê³ñòþ. Ó òàêèõ âèïàäêàõ íåîáõ³äíî
ïåðåäáà÷àòè íàâåäåíå ó ðîçä³ëàõ 7.3 ³ 9.2
ì³í³ìàëüíå àðìóâàííÿ ó âèãëÿä³ õîìóò³â ³ ïî-
çäîâæí³õ ñòðèæí³â äëÿ çàïîá³ãàííÿ íàäì³ðíîìó
òð³ùèíîóòâîðåííþ.

(2) Where, in statically indeterminate structures,
torsion arises from consideration of compatibility
only, and the structure is not dependent on the
torsional resistance for its stability, then it will
normally be unnecessary to consider torsion at
the ultimate limit state. In such cases a minimum
reinforcement, given in Sections 7.3 and 9.2, in
the form of stirrups and longitudinal bars should
be provided in order to prevent excessive
cracking.

(3) Îï³ð ïåðåð³çó êðó÷åííþ ìîæíà âèçíà÷èòè
íà îñíîâ³ çàìêíóòîãî òîíêîñò³ííîãî ïåðåð³çó, ó
ÿêîìó ð³âíîâàãà çàáåçïå÷óºòüñÿ çàìêíåíèì
ðîçïîä³ëîì çñóâó. Ñóö³ëüí³ ïåðåð³çè ìîæíà ìî-
äåëþâàòè åêâ³âàëåíòíèìè òîíêîñò³ííèìè ïå-
ðåð³çàìè. Ïîïåðå÷í³ ïåðåð³çè ñêëàäíî¿ ôîðìè,

(3) The torsional resistance of a section may be
calculated on the basis of a thin-walled closed
section, in which equilibrium is satisfied by a clo-
sed shear flow. Solid sections may be modelled
by equivalent thin-walled sections. Complex sha-
pes, such as T-sections, may be divided into a
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íàïðèêëàä, Ò-ïîä³áí³, ìîæóòü ðîçä³ëÿòèñü íà
äåê³ëüêà ñêëàäîâèõ ïåðåð³ç³â, êîæåí ç ÿêèõ
ìîæå ìîäåëþâàòèñü åêâ³âàëåíòíèì òîíêîñò³í-
íèì, à çàãàëüíèé îï³ð êðó÷åííþ ïðèéìàºòüñÿ
ÿê ñóìà îïîð³â îêðåìèõ åëåìåíò³â.

series of sub-sections, each of which is modelled
as an equivalent thin-walled section, and the total
torsional resistance taken as the sum of the
capacities of the individual elements.

(4) Ðîçïîä³ë ä³þ÷èõ êðóòíèõ ìîìåíò³â ó îêðå-
ìèõ ñêëàäîâèõ ïåðåð³çàõ ïîâèíåí çä³éñíþâà-
òèñü ïðîïîðö³éíî ¿õ êðóòíèì æîðñòêîñòÿì áåç
òð³ùèí. Äëÿ íåñóö³ëüíèõ ïåðåð³ç³â åêâ³âàëåí-
òíà òîâùèíà ñò³íêè íå ïîâèííà ïåðåâèùóâàòè
ôàêòè÷íî¿ òîâùèíè.

(4) The distribution of the acting torsional mo-
ments over the sub-sections should be in propor-
tion to their uncracked torsional stiffnesses. For
non-solid sections the equivalent wall thickness
should not exceed the actual wall thickness.

(5) Êîæíèé îêðåìèé ñêëàäîâèé ïåðåð³ç ìîæå
ðîçðàõîâóâàòèñü îêðåìî.

(5) Each sub-section may be designed separa-
tely.

6.3.2 Ìåòîäèêà ðîçðàõóíêó 6.3.2 Design procedure

(1) Íàïðóæåííÿ çñóâó ó ñò³íö³ ïåðåð³çó, íà ÿêèé
ä³º ÷èñòèé êðóòíèé ìîìåíò, ìîæå âèçíà÷àòèñü
çà âèðàçîì:

(1) The shear stress in a wall of a section subject
to a pure torsional moment may be calculated
from:

�t i ef i
Ed

k

t
T

A
, , �

2
. (6.26)

Çóñèëëÿ çñóâó VEd,i ó ñò³íö³ ³ âíàñë³äîê êðó÷åí-
íÿ âèçíà÷àºòüñÿ çà âèðàçîì:

The shear force VEd,i in a wall i due to torsion is
given by:

V t zEd i t i ef i i, , ,� � , (6.27)

äå: where

TEd – ïðèêëàäåíå ðîçðàõóíêîâå êðó÷åííÿ (ðè-
ñóíîê 6.11)

TEd is the applied design torsion (see Figure 6.11)

Ak – ïëîùà, îõîïëåíà îñüîâîþ ë³í³ºþ ç'ºäíà-
íèõ ñò³íîê, âêëþ÷íî ³ç ïëîùåþ âíóòð³øíüî¿
ïîðîæíèñòî¿ îáëàñò³;

Ak is the area enclosed by the centre-lines of the
connecting walls, including inner hollow areas;

�t,i – íàïðóæåííÿ çñóâó ó ³-é ñò³íö³ â³ä êðó÷åííÿ; �t,i is the torsional shear stress in wall i;
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Ðèñóíîê 6.11 – Ïîçíàêè ³ âèçíà÷åííÿ, âèêîðèñòàí³ ó ðîçä³ë³ 6.3

Figure 6.11 – Notations and definitions used in Section 6.3

arymarenko
Прямоугольник



tef,³ – ïðèâåäåíà òîâùèíà ñò³íêè. Âîíà ìîæå
ïðèéìàòèñü ÿê À/u, àëå íå ìîæå ïðèéìàòèñü
ìåíøîþ í³æ ïîäâîºíà â³äñòàíü ì³æ ãðàííþ ³
â³ññþ ïîçäîâæíüî¿ àðìàòóðè. Äëÿ ïîðîæíèñòèõ
ïåðåð³ç³â ôàêòè÷íîþ òîâùèíîþ º âåðõíÿ ìåæà;

tef,³ is the effective wall thickness. It may be taken
as A/u, but should not be taken as less than twice
the distance between edge and centre of the
longitudinal reinforcement. For hollow sections
the real thickness is an upper limit;

A – çàãàëüíà ïëîùà ïîïåðå÷íîãî ïåðåð³çó â
ìåæàõ çîâí³øíüîãî ïåðèìåòðà, âêëþ÷íî ³ç ïëî-
ùåþ âíóòð³øíüî¿ ïîðîæíèñòî¿ îáëàñò³;

A is the total area of the cross-section within the
outer circumference, including inner hollow areas;

u – çîâí³øí³é ïåðèìåòð ïîïåðå÷íîãî ïåðåð³çó; u is the outer circumference of the cross-section;

zi – äîâæèíà áîêîâî¿ ñòîðîíè ³-¿ ñò³íêè, ÿêà âèç-
íà÷àºòüñÿ, ÿê â³äñòàíü ì³æ òî÷êàìè ïåðåòèíó
ïðèëåãëèõ ñò³í.

zi is the side length of wall i defined by the
distance between the intersection points with the
adjacent walls.

(2) Âïëèâè êðó÷åííÿ ³ çñóâó íà ïîðîæíèñò³ ³
ñóö³ëüí³ åëåìåíòè ìîæóòü íàêëàäàòèñü ó ðàç³

îäíàêîâî¿ âåëè÷èíè íàõèëó õîìóò³â 
. Ãðàíè÷í³

çíà÷åííÿ äëÿ 
, íàäàí³ ó 6.2.3 (2), òàêîæ ó ïîâ-
í³é ì³ð³ çàñòîñîâóþòüñÿ äëÿ âèïàäêó ñï³ëüíîãî
âïëèâó çñóâó ³ êðó÷åííÿ.

(2) The effects of torsion and shear for both hollow
and solid members may be superimposed,
assuming the same value for the strut inclination


. The limits for 
 given in 6.2.3 (2) are also fully
applicable for the case of combined shear and
torsion.

Ìàêñèìàëüíà íåñó÷à çäàòí³ñòü åëåìåíòà ïðè
íàâàíòàæåíí³ çñóâó ³ êðó÷åííÿ âèçíà÷àºòüñÿ ³ç
6.3.2 (4).

The maximum bearing capacity of a member
loaded in shear and torsion follows from 6.3.2 (4).

(3) Íåîáõ³äíà ïëîùà ïîïåðå÷íîãî ïåðåð³çó ïî-

çäîâæíüî¿ àðìàòóðè ïðè êðó÷åíí³ 9Àsl âèçíà-
÷àºòüñÿ çà âèðàçîì:

(3) The required cross-sectional area of the longi-

tudinal reinforcement for torsion 9Àsl may be
calculated from Expression (6.28):

9A f

u

T

A

sl yd

k

Ed

k

�
2

cot
 , (6.28)

äå: where

uk – ïåðèìåòð ïëîù³ Àk; uk is the perimeter of the area Ak;

fyd – ðîçðàõóíêîâà ì³öí³ñòü ïîçäîâæíüî¿ àðìà-
òóðè Àsl;

fyd is the design yield stress of the longitudinal
reinforcement Asl;


 – êóò íàõèëó ñòèñíóòèõ óìîâíèõ åëåìåíò³â
(ðèñóíîê 6.5).


 is the angle of compression struts (see Figu-
re6.5).

Ó ñòèñíóòèõ ïîÿñàõ ê³ëüê³ñòü ïîçäîâæíüî¿ àð-
ìàòóðè ìîæíà çìåíøèòè ïðîïîðö³éíî ä³þ÷îìó
çóñèëëþ ñòèñêó. Ó ðîçòÿãíóòèõ ïîÿñàõ ê³ëüê³ñòü
ïîçäîâæíüî¿ àðìàòóðè äëÿ ñïðèéíÿòòÿ êðó÷åí-
íÿ ïîâèííà äîäàâàòèñü äî ³íøî¿ àðìàòóðè.
Ïîçäîâæíÿ àðìàòóðà, ÿê ïðàâèëî, ïîâèííà
ðîçïîä³ëÿòèñü íà äîâæèí³ ñòîðîíè zi, àëå äëÿ
ìàëèõ ïåðåð³ç³â âîíà ìîæå çîñåðåäæóâàòèñü
íà ê³íöÿõ ö³º¿ äîâæèíè.

In compressive chords, the longitudinal reinfor-
cement may be reduced in proportion to the
available compressive force. In tensile chords the
longitudinal reinforcement for torsion should be
added to the other reinforcement. The longitu-
dinal reinforcement should generally be distribu-
ted over the length of side, zi, but for smaller
sections it may be concentrated at the ends of this
length.

(4) Ìàêñèìàëüíà ðîçðàõóíêîâà íåñó÷à çäàò-
í³ñòü åëåìåíòà íà êðó÷åííÿ ³ çñóâ îáìåæóºòüñÿ
íåñó÷îþ çäàòí³ñòþ ñòèñíóòèõ áåòîííèõ óìîâ-
íèõ åëåìåíò³â. Äëÿ òîãî, ùîá íå ïåðåâèùèòè
öþ íåñó÷ó çäàòí³ñòü, ïîâèííà çàäîâîëüíÿòèñü
íàñòóïíà óìîâà:

(4) The maximum resistance of a member subjec-
ted to torsion and shear is limited by the capacity
of the concrete struts. In order not to exceed this
resistance the following condition should be sa-
tisfied:
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T T V VEd Rd Ed Rd/ / ,,max ,max/ � 1 0 , (6.29)

äå: where:

TEd – ðîçðàõóíêîâèé êðóòíèé ìîìåíò; TEd is the design torsional moment;

VEd – ðîçðàõóíêîâà ïîïåðå÷íà ñèëà; VEd is the design transverse force;

TRd,max – ðîçðàõóíêîâà íåñó÷à çäàòí³ñòü çà
êðóòíèì ìîìåíòîì â³äïîâ³äíî äî âèðàçó:

TRd,max is the design torsional resistance moment
according to:

T f A tRd cw cd k ef i,max , sin cos� 2
� 
 
 , (6.30)

äå � – îòðèìóºìî ç 6.2.2 (6), à �cw – ³ç âèðàçó
(6.9);

where � follows from 6.2.2 (6) and �cw from Exp-
ression (6.9);

VRd,max – ìàêñèìàëüíà ðîçðàõóíêîâà íåñó÷à
çäàòí³ñòü åëåìåíòà çã³äíî ç âèðàçîì (6.9) àáî
(6.14). Ó ñóö³ëüíèõ ïåðåð³çàõ äëÿ âèçíà÷åííÿ
VRd,max ìîæå âðàõîâóâàòèñü ïîâíà øèðèíà
ñò³íêè.

VRd,max is the maximum design shear resistance
according to Expressions (6.9) or (6.14). In solid
cross sections the full width of the web may be
used to determine VRd,max.

(5) Äëÿ ñóö³ëüíèõ ïåðåð³ç³â, áëèçüêèõ äî ïðÿ-
ìîêóòíèõ, íåîáõ³äíî ïåðåäáà÷àòè ò³ëüêè ì³í³-
ìàëüíå àðìóâàííÿ (äèâ. 9.2.1.1) ïðè çàáåçïå-
÷åí³ âèêîíàííÿ íàñòóïíî¿ óìîâè:

(5) For approximately rectangular solid sections
only minimum reinforcement is required (see
9.2.1.1) provided that the following condition is
satisfied:

T T V VEd Rd c Ed Rd c/ / ,, ,/ � 1 0 , (6.31)

äå: where

TRd,c – êðóòíèé ìîìåíò òð³ùèíîóòâîðåííÿ, ùî

ìîæå âèçíà÷àòèñü ÷åðåç ïðèéíÿòòÿ �t,i = fctd ;

TRd,c is the torsional cracking moment, which may

be determined by setting �t,i = fctd ;

VRd,c – âèçíà÷àºòüñÿ ³ç âèðàçó (6.2). VRd,c follows from Expression (6.2).

6.3.3 Äåïëàíàö³ÿ ïðè êðó÷åíí³ 6.3.3 Warping torsion

(1) Äëÿ çàìêíóòèõ òîíêîñò³ííèõ ³ ñóö³ëüíèõ ïî-
ïåðå÷íèõ ïåðåð³ç³â, çàçâè÷àé, äåïëàíàö³ºþ
ïðè êðó÷åíí³ ìîæíà çíåõòóâàòè.

(1) For closed thin-walled sections and solid sec-
tions, warping torsion may normally be ignored.

(2) Äëÿ â³äêðèòèõ òîíêîñò³ííèõ åëåìåíò³â íåîá-
õ³äíî âðàõîâóâàòè äåïëàíàö³þ ïðè êðó÷åíí³.
Äëÿ äóæå ãíó÷êèõ ïîïåðå÷íèõ ïåðåð³ç³â íå-
îáõ³äíî çä³éñíþâàòè ðîçðàõóíîê íà îñíîâ³ áà-
ëî÷íî-ðåø³òêîâèõ ìîäåëåé, à äëÿ ³íøèõ âè-
ïàäê³â – íà îñíîâ³ ôåðìîâî¿ ìîäåë³. Ó âñ³õ âè-
ïàäêàõ ðîçðàõóíîê íåîáõ³äíî âèêîíóâàòè çã³ä-
íî ç ïðàâèëàìè ðîçðàõóíêó ïðè çãèí³ ³ ïîç-
äîâæí³é íîðìàëüí³é ñèë³ òà ïðè çñóâ³.

(2) In open thin walled members it may be
necessary to consider warping torsion. For very
slender cross-sections the calculation should be
carried out on the basis of a beam-grid model and
for other cases on the basis of a truss model. In all
cases the design should be carried out according
to the design rules for bending and longitudinal
normal force, and for shear.
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6.4 Ïðîäàâëþâàííÿ 6.4 Punching

6.4.1 Çàãàëüí³ ïîëîæåííÿ 6.4.1 General

(1)Ð Ïðàâèëà öüîãî ðîçä³ëó äîïîâíþþòü íàäàí³ ó
6.2 ³ ñòîñóþòüñÿ çñóâó ïðè ïðîäàâëþâàíí³ ó ïëè-
òàõ ñóö³ëüíîãî ïåðåð³çó, êåñîííîãî òèïó ç ö³ëüíè-
ìè çîíàìè íàä êîëîíàìè òà ôóíäàìåíòàõ.

(1)P The rules in this Section complement those
given in 6.2 and cover punching shear in solid
slabs, waffle slabs with solid areas over columns,
and foundations.

(2)Ð Çñóâ ïðè ïðîäàâëþâàíí³ ìîæå âèíèêàòè
â³ä çîñåðåäæåíîãî íàâàíòàæåííÿ àáî ðåàêö³¿,
ùî ïðèêëàäåí³ íà â³äíîñíî ìàëó ïëîùó, ÿêà
íàçèâàºòüñÿ ïëîùåþ íàâàíòàæåííÿ Aload ïëè-
òè àáî ôóíäàìåíòó.

(2)P Punching shear can result from a concent-
rated load or reaction acting on a relatively small
area, called the loaded area Aload of a slab or a
foundation.

(3) Â³äïîâ³äíà ðîçðàõóíêîâà ìîäåëü äëÿ ïåðå-
â³ðêè ðóéíóâàííÿ â³ä ïðîäàâëþâàííÿ çà ãðàíè÷-
íèì ñòàíîì ² ãðóïè ïîêàçàíà íà ðèñóíêó 6.12.

(3) An appropriate verification model for checking
punching failure at the ultimate limit state is
shown in Figure 6.12.
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Ðèñóíîê 6.12 – Ðîçðàõóíêîâà ìîäåëü äëÿ ïåðåâ³ðêè íà çð³ç ïðè ïðîäàâëþâàíí³ ó ãðàíè÷íîìó ñòàí³

Figure 6.12 – Verification model for punching shear at the ultimate limit state
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(4) Îï³ð çð³çó íåîáõ³äíî ïåðåâ³ðÿòè âäîâæ ãðàí³
êîëîíè ³ îñíîâíîãî êîíòðîëüíîãî ïåðèìåòðà
u1. ßêùî ïîïåðå÷íà àðìàòóðà íåîáõ³äíà, òî
ïîòð³áíî âèçíà÷èòè íàñòóïíèé ïåðèìåòð uout,ef ,

äå ïîïåðå÷íå àðìóâàííÿ âæå íå ïîòð³áíå.

(4) The shear resistance should be checked at the
face of the column and at the basic control peri-
meter u1. If shear reinforcement is required a fur-
ther perimeter uout,ef should be found where shear
reinforcement is no longer required.

(5) Ïðàâèëà, íàäàí³ ó 6.4, â îñíîâíîìó ñôîð-
ìóëüîâàí³ äëÿ âèïàäêó ð³âíîì³ðíî ðîçïîä³ëå-
íîãî íàâàíòàæåííÿ. Â îêðåìèõ âèïàäêàõ, òàêèõ
ÿê ï³äîøâà ôóíäàìåíòó, íàâàíòàæåííÿ â ìå-
æàõ êîíòðîëüíîãî ïåðèìåòðà ñïðèÿº îïîðó
êîíñòðóêòèâíî¿ ñèñòåìè ³ ìîæå â³äí³ìàòèñü ïðè
âèçíà÷åíí³ ðîçðàõóíêîâîãî íàïðóæåííÿ çñóâó
ïðè ïðîäàâëþâàíí³.

(5) The rules given in 6.4 are principally formu-
lated for the case of uniformly distributed loading.
In special cases, such as footings, the load within
the control perimeter adds to the resistance of the
structural system, and may be subtracted when
determining the design punching shear stress.

6.4.2 Ðîçïîä³ë íàâàíòàæåííÿ ³ îñíîâíèé

êîíòðîëüíèé ïåðèìåòð

6.4.2 Load distribution and basic control peri-

meter

(1) Îñíîâíèé êîíòðîëüíèé ïåðèìåòð u1, ÿê ïðà-
âèëî, ìîæå ïðèéìàòèñü íà â³äñòàí³ 2,0d â³ä
ïëîù³ íàâàíòàæåííÿ ³ ïîâèíåí êîíñòðóþâà-
òèñü òàê, ùîá éîãî äîâæèíà áóëà ì³í³ìàëüíîþ
(ðèñóíîê 6.13).

(1) The basic control perimeter u1 may normally
be taken to be at a distance 2,0d from the loaded
area and should be constructed so as to minimise
its length (see Figure 6.13).

Ðîáî÷à âèñîòà ïëèòè ïåðåäáà÷àºòüñÿ ïîñò³é-
íîþ ³ ,ÿê ïðàâèëî, ïðèéìàºòüñÿ:

The effective depth of the slab is assumed cons-
tant and may normally be taken as:

d
d d

eff
y z�

/

2
, (6.32)

äå dy ³ dz – ðîáî÷³ âèñîòè àðìàòóðè ó äâîõ
âçàºìíî ïåðïåíäèêóëÿðíèõ íàïðÿìêàõ.

where dy and dz are the effective depths of the
reinforcement in two orthogonal directions.

(2) Êîíòðîëüí³ ïåðèìåòðè íà â³äñòàí³ ìåíøå
í³æ 2d íåîáõ³äíî ðîçãëÿäàòè, ÿêùî çîñåðåä-
æåí³é ñèë³ ïðîòèä³º âèñîêèé òèñê (íàïðèêëàä,
òèñê ãðóíòó íà ï³äîøâó), àáî âïëèâè íàâàíòà-
æåííÿ, àáî ðåàêö³ÿ â ìåæàõ â³äñòàí³ 2d â³ä
êðàþ çîíè ïðèêëàäàííÿ ñèëè.

(2) Control perimeters at a distance less than 2d

should be considered where the concentrated
force is opposed by a high pressure (e.g. soil
pressure on a base), or by the effects of a load or
reaction within a distance 2d of the periphery of
area of application of the force.

124

ÄÑÒÓ-Í Á EN 1992-1-1:2010

Ðèñóíîê 6.13 – Òèïîâ³ îñíîâí³ êîíòðîëüí³ ïåðèìåòðè íàâêîëî ïëîù íàâàíòàæåííÿ

Figure 6.13 – Typical basic control perimeters around loaded areas
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(3) Äëÿ íàâàíòàæåíèõ çîí ïîáëèçó ïðîð³ç³â,
ÿêùî íàéêîðîòøà â³äñòàíü ì³æ ïåðèìåòðîì
ïëîù³ íàâàíòàæåííÿ ³ êðàºì ïðîð³çó íå ïåðå-
âèùóº 6d, ÷àñòèíà êîíòðîëüíîãî ïåðèìåòðà,
ùî ì³ñòèòüñÿ ì³æ äâîìà äîòè÷íèìè, ïðîâåäå-
íèìè äî êîíòóðó ïðîð³çó â³ä öåíòðà ïëîù³ íà-
âàíòàæåííÿ, ââàæàºòüñÿ íå ïðàöþþ÷îþ (ðè-
ñóíîê 6.14).

(3) For loaded areas situated near openings, if the
shortest distance between the perimeter of the
loaded area and the edge of the opening does not
exceed 6d, that part of the control perimeter
contained between two tangents drawn to the
outline of the opening from the centre of the
loaded area is considered to be ineffective (see
Figure 6.14).

(4) Äëÿ ðîçòàøîâàíî¿ ïîáëèçó êðàþ àáî êóòà
ïëîù³ íàâàíòàæåííÿ êîíòðîëüíèé ïåðèìåòð ïî-
âèíåí ïðèéìàòèñü çã³äíî ç ðèñóíêîì 6.15, ÿêùî
âîíà äàº ïåðèìåòð (çà âèíÿòêîì íå îáïåðòèõ
êðà¿â), ìåíøèé í³æ âèçíà÷åíèé âèùå çà (1) ³ (2).

(4) For a loaded area situated near an edge or a
corner, the control perimeter should be taken as
shown in Figure 6.15, if this gives a perimeter
(excluding the unsupported edges) smaller

(5) Äëÿ ïëîù íàâàíòàæåííÿ, ðîçòàøîâàíèõ ïî-
áëèçó êðàþ àáî ó êóò³, òîáòî íà â³äñòàí³ ìåíø
í³æ d, çàâæäè íåîáõ³äíî ïåðåäáà÷àòè ñïå-
ö³àëüíå àðìóâàííÿ ãðàí³, äèâ. 9.3.1.4.

(5) For loaded areas situated near an edge or
corner, i.e. at a distance smaller than d, special
edge reinforcement should always be provided,
see 9.3.1.4.

(6) Êîíòðîëüíèé ïåðåð³ç – öå ïåðåð³ç, ùî ðîç-
òàøîâàíèé çà êîíòðîëüíèì ïåðèìåòðîì ³ ïðî-
äîâæóºòüñÿ ÷åðåç ðîáî÷ó òîâùèíó d. Äëÿ ïëèò
ïîñò³éíî¿ òîâùèíè êîíòðîëüíèé ïåðåð³ç ïåð-
ïåíäèêóëÿðíèé äî ñåðåäèííî¿ ïëîùèíè ïëèòè.

(6) The control section is that which follows the
control perimeter and extends over the effective
depth d. For slabs of constant depth, the control
section is perpendicular to the middle plane of the
slab. For slabs or footings of variable depth other
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Ðèñóíîê 6.14 – Êîíòðîëüíèé ïåðèìåòð á³ëÿ ïðîð³çó

Figure 6.14 – Control perimeter near an opening

Ðèñóíîê 6.15 – Îñíîâí³ êîíòðîëüí³ ïåðèìåòðè äëÿ ïëîù íàâàíòàæåííÿ íà êðàþ, ïîáëèçó àáî ó êóò³

Figure 6.15 – Basic control perimeters for loaded areas close to or at edge or corner
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Äëÿ ïëèò ³ ôóíäàìåíò³â çì³ííî¿ òîâùèíè, íå
âðàõîâóþ÷è ñõîäèíêè ôóíäàìåíòó, çà ðîáî÷ó
òîâùèíó ìîæíà ïðèéìàòè òîâùèíó íà ïåðè-
ìåòð³ ïëîù³ íàâàíòàæåííÿ, ÿê ïîêàçàíî íà ðè-
ñóíêó 6.16.

than step footings, the effective depth may be
assumed to be the depth at the perimeter of the
loaded area as shown in Figure 6.16.

(7) ²íø³ ïåðèìåòðè ui â ìåæàõ ³ ïîçà ìåæàìè
îñíîâíî¿ êîíòðîëüíî¿ ïëîù³ ïîâèíí³ ìàòè òàêó
ñàìó ôîðìó, ÿê ³ êîíòðîëüíèé ïåðèìåòð.

(7) Further perimeters, ui, inside and outside the
basic control area should have the same shape
as the basic control perimeter.

(8) Äëÿ ïëèò ç êàï³òåëÿìè, äëÿ ÿêèõ lH < 2hH (ðè-
ñóíîê 6.17) ïåðåâ³ðêà íàïðóæåíü çñóâó ïðè
ïðîäàâëþâàíí³ çã³äíî ç 6.4.3 íåîáõ³äíà ò³ëüêè
äëÿ êîíòðîëüíîãî ïåðåð³çó çà ìåæàìè êàï³òåë³.
Â³äñòàíü äî öüîãî ïåðåð³çó â³ä öåíòðà âàãè êî-
ëîíè rcont ìîæå âèçíà÷àòèñü, ÿê:

(8) For slabs with circular column heads for which
lH < 2hH (see Figure 6.17) a check of the punching
shear stresses according to 6.4.3 is only required
on the control section outside the column head.
The distance of this section from the centroid of
the column rcont may be taken as:

r d ccont H� / /2 0 5l , , (6.33)

äå: where:

lH – â³äñòàíü â³ä ãðàí³ êîëîíè äî êðàþ êàï³òåë³; lH is the distance from the column face to the edge
of the column head

c – ä³àìåòð êðóãëî¿ êîëîíè. c is the diameter of a circular column
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Ðèñóíîê 6.16 – Òîâùèíà êîíòðîëüíîãî ïåðåð³çó ôóíäàìåíòó çì³ííî¿ òîâùèíè

Figure 6.16 – Depth of control section in a footing with variable depth

Ðèñóíîê 6.17 – Ïëèòà íà êîëîí³ ç êàï³òåëëþ ïðè lH < 2,0hH

Figure 6.17 – Slab with enlarged column head where lH < 2,0hH
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Äëÿ ïðÿìîêóòíèõ êîëîí ³ç ïðÿìîêóòíèìè êàï³-
òåëÿìè ïðè lH < 2,0hH (ðèñóíîê 6.17) ³ çàãàëü-

íèõ ðîçì³ðàõ l1 ³ l2 (l1 = ñ1 + 2lH1, l2 = ñ2 + 2lH2, l1 �
l2) çà âåëè÷èíó rcont ìîæå ïðèéìàòèñü ìåíøå ³ç
çíà÷åíü:

For a rectangular column with a rectangular head
with lH < 2,0hH (see Figure 6.17) and overall
dimensions l1 and l2 (l1 = ñ1 + 2lH1, l2 = ñ2 + 2lH2,

l1 � l2), the value rcont may be taken as the lesser
of:

r dcont � /2 0 56 1 2, l l (6.34)

³ and

r dcont � /2 0 69 1, l . (6.35)

(9) Äëÿ ïëèò ³ç çá³ëüøåíèìè êàï³òåëÿìè êîëîí
lH < 2hH (ðèñóíîê 6.18) íåîáõ³äíî ïåðåâ³ðÿòè
îáèäâà êîíòðîëüíèõ ïåðåð³çè â ìåæàõ êàï³òåë³
òà ó ïëèò³.

(9) For slabs with enlarged column heads where
lH < 2hH (see Figure 6.18) control sections both
within the head and in the slab should be
checked.

(10) Ïîëîæåííÿ 6.4.2 ³ 6.4.3 òàêîæ çàñòîñîâó-
þòüñÿ äëÿ ïåðåâ³ðêè â ìåæàõ êàï³òåë³ ïðè
çàì³í³ d íà dH çã³äíî ç ðèñóíêîì 6.18.

(10) The provisions of 6.4.2 and 6.4.3 also apply
for checks within the column head with d taken as
dH according to Figure 6.18.

(11) Äëÿ êðóãëèõ êîëîí â³äñòàí³ â³ä öåíòðà âàãè
äî êîíòðîëüíèõ ïåðåð³ç³â íà ðèñóíêó 6.18 ìî-
æóòü âèçíà÷àòèñü, ÿê:

(11) For circular columns the distances from the
centroid of the column to the control sections in
Figure 6.18 may be taken as:

r d ccont ext H, ,� / /l 2 0 5 , (6.36)

, -r d h ccont H, int ,� / /2 0 5 . (6.37)
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Ðèñóíîê 6.18 – Ïëèòà ïðè çá³ëüøåí³é êàï³òåë³ êîëîíè lH > 2(d + hH)

Figure 6.18 – Slab with enlarged column head where lH > 2(d + hH)
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6.4.3 Ðîçðàõóíîê íà çñóâ ïðè ïðîäàâëþâàíí³ 6.4.3 Punching shear calculation

(1)Ð Ìåòîäèêà ðîçðàõóíêó íà çñóâ ïðè ïðîäàâ-
ëþâàíí³ ´ðóíòóºòüñÿ íà ïåðåâ³ðêàõ âäîâæ ãðàí³
êîëîíè òà ïî îñíîâíîìó êîíòðîëüíîìó ïåðè-
ìåòðó u1. ßêùî ïîïåðå÷íå àðìóâàííÿ íåîá-
õ³äíå, òî ïîòð³áíî âèçíà÷èòè íàñòóïíèé ïåðè-
ìåòð uout,ef (ðèñóíîê 6.22), íà ÿêîìó ïîäàëüøå
ïîïåðå÷íå àðìóâàííÿ íå âèìàãàºòüñÿ. Ó êîíò-
ðîëüíèõ ïåðåð³çàõ âèçíà÷àþòüñÿ íàñòóïí³ ðîç-
ðàõóíêîâ³ íàïðóæåííÿ çñóâó (ÌÏà):

(1)P The design procedure for punching shear is
based on checks at the face of the column and at
the basic control perimeter u1. If shear reinforce-
ment is required a further perimeter uout,ef (see
figure 6.22) should be found where shear reinfor-
cement is no longer required. The following de-
sign shear stresses (MPa) along the control
sections, are defined:

VRd,c – ðîçðàõóíêîâà âåëè÷èíà îïîðó íà çñóâ
ïðè ïðîäàâëþâàíí³ ïëèò áåç ïîïåðå÷íîãî àð-
ìóâàííÿ íà çñóâ ó êîíòðîëüíîìó ïåðåð³ç³, ùî
ðîçãëÿäàºòüñÿ.

VRd,c is the design value of the punching shear
resistance of a slab without punching shear rein-
forcement along the control section considered.

VRd,cs – ðîçðàõóíêîâà âåëè÷èíà îïîðó íà çñóâ
ïðè ïðîäàâëþâàíí³ ïëèò ç ïîïåðå÷íèì àðìó-
âàííÿ íà çñóâ ó êîíòðîëüíîìó ïåðåð³ç³, ùî ðîç-
ãëÿäàºòüñÿ.

VRd,cs is the design value of the punching shear
resistance of a slab with punching shear reinfor-
cement along the control section considered.

VRd,max – ðîçðàõóíêîâà âåëè÷èíà ìàêñèìàëü-
íîãî îïîðó íà çñóâ ïðè ïðîäàâëþâàíí³ ó êîí-
òðîëüíîìó ïåðåð³ç³, ùî ðîçãëÿäàºòüñÿ.

VRd,max is the design value of the maximum pun-
ching shear resistance along the control section
considered.

(2) Íåîáõ³äíî âèêîíóâàòè íàñòóïí³ ïåðåâ³ðêè: (2) the following checks should be carried out:

(à) Ïî ïåðèìåòðó êîëîíè àáî ïåðèìåòðó ïëîù³
íàâàíòàæåííÿ; ìàêñèìàëüí³ íàïðóæåííÿ çñóâó
ïðè ïðîäàâëþâàíí³ íå ïîâèíí³ ïåðåâèùóâàòè:

(a) the column perimeter, or the perimeter of the
loaded area, the maximum punching shear stress
should not be exceeded:

V VEd Rd3 ,max

(b) Ïîïåðå÷íå àðìóâàííÿ íà çñóâ íå âèìà-
ãàºòüñÿ, ÿêùî:

(b) Punching shear reinforcement is not neces-
sary if:

V VEd Rd c3 ,

(ñ) ßêùî VEd á³ëüøå í³æ âåëè÷èíà VRd,c ó êîíò-
ðîëüíîìó ïåðåð³ç³, ùî ðîçãëÿäàºòüñÿ, òî ïîïå-
ðå÷íå àðìóâàííÿ íà çñóâ ïîâèííî âèçíà÷àòèñü
çã³äíî ç 6.4.5.

(c) Where VEd exceeds the value VRd,c for the
control section considered, punching shear rein-
forcement should be provided according to 6.4.5.

(3) ßêùî îïîðíà ðåàêö³ÿ ìàº åêñöåíòðèñèòåò
â³äíîñíî êîíòðîëüíîãî ïåðèìåòðà, ìàêñè-
ìàëüí³ íàïðóæåííÿ çñóâó ïîâèíí³ âèçíà÷àòèñü
çà âèðàçîì:

(3) Where the support reaction is eccentric with
regard to the control perimeter, the maximum
shear stress should be taken as:

V
V

u d
Ed

Ed

i

� � , (6.38)

äå: where

d – ñåðåäíÿ ðîáî÷à òîâùèíà ïëèòè, ÿêó ìîæíà
ïðèéìàòè ÿê (dy + dz)/2, äå:

d is the mean effective depth of the slab, which
may be taken as (dy + dz)/2 where:

dy ³ dz – â³äïîâ³äíî ðîáî÷³ òîâùèíè êîíòðîëüíî-
ãî ïåðåð³çó çà íàïðÿìêàìè x ³ y;

dy, dz is the effective depths in the y- and z-direc-
tions of the control section;

ui – äîâæèíà êîíòðîëüíîãî ïåðèìåòðà, ùî ðîç-
ãëÿäàºòüñÿ;

ui is the length of the control perimeter being
considered;
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� – âèçíà÷àºòüñÿ, ÿê: � is given by:

� � / .1 1

1
k

M

V

u

W

Ed

Ed

, (6.39)

äå: where

u1 – äîâæèíà îñíîâíîãî êîíòðîëüíîãî ïåðè-
ìåòðà;

u1 is the length of the basic control perimeter

k – êîåô³ö³ºíò, ùî çàëåæèòü â³ä ñï³ââ³äíîøåí-
íÿ ñòîð³í ïåðåð³çó êîëîíè ñ1 ³ ñ2, ³ º ôóíêö³ºþ
â³äíîøåííÿ íåâð³âíîâàæåíîãî ìîìåíòó, ùî
ïåðåäàºòüñÿ íåð³âíîì³ðíèì çñóâîì, çãèíîì ³
êðó÷åííÿì (òàáëèöÿ 6.1).

k is a coefficient dependent on the ratio between
the column dimensions c1 and c2: its value is a
function of the proportions of the unbalanced
moment transmitted by uneven shear and by
bending and torsion (see Table 6.1).

W1 – â³äïîâ³äàº ðîçïîä³ëó çñóâó, ÿê ïîêàçàíî
íà ðèñóíêó 6.19, ³ º ôóíêö³ºþ îñíîâíîãî êîíò-
ðîëüíîãî ïåðèìåòðà u1:

W1 corresponds to a distribution of shear as
illustrated in Figure 6.19 and is a function of the
basic control perimeter u1:

W e d

u

1
0

1

� > l , (6.40)

äå: where:

dl – ïðèð³ñò äîâæèíè ïåðèìåòðà; dl is a length increment of the perimeter;

å – â³äñòàíü dl â³ä îñ³, â³äíîñíî ÿêî¿ ä³º ìîìåíò
ÌEd .

e is the distance of dl from the axis about which
the moment MEd .

Òàáëèöÿ 6.1 – Âåëè÷èíè k äëÿ ïðÿìîêóòíî¿ ïëîù³ íàâàíòàæåííÿ

Table 6.1 – Values of k for rectangular loaded areas

c1/c2 �0,5 1,0 2,0 �3,0

k 0,45 0,60 0,70 0,80
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Ðèñóíîê 6.19 – Ðîçïîä³ë çñóâó â³ä íåâð³âíîâàæåíîãî ìîìåíòó ó ç'ºäíàíí³ êîëîíè ç ïëèòîþ

Figure 6.19 – Shear distribution due to an unbalanced moment at a slab-internal column connection
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Äëÿ êîëîíè ïðÿìîêóòíîãî ïåðåð³çó: For a rectangular column:

W
c

c c c d d dc1
1
2

1 2 2
2

1
2

4 16 2� / / / / ; , (6.41)

äå: where:

c1 – ðîçì³ð ïåðåð³çó êîëîíè ïàðàëåëüíî åê-
ñöåíòðèñèòåòó íàâàíòàæåííÿ;

c1 is the column dimension parallel to the eccent-
ricity of the load;

c2 – ðîçì³ð ïåðåð³çó êîëîíè ïåðïåíäèêóëÿðíî
äî åêñöåíòðèñèòåòó íàâàíòàæåííÿ.

c2 is the column dimension perpendicular to the
eccentricity of the load.

Äëÿ âíóòð³øí³õ êðóãëèõ êîëîí � âèçíà÷àºòüñÿ
çà âèðàçîì:

For internal circular columns � follows from:

� ;� /
/

1 0 6
4

,
e

D d
, (6.42)

äå D – ä³àìåòð êðóãëî¿ êîëîíè. where D is the diameter of the circular column.

Äëÿ âíóòð³øí³õ ïðÿìîêóòíèõ êîëîí, ÿêùî íà-

âàíòàæåííÿ åêñöåíòðè÷íå äî îáîõ îñåé, � ìî-
æå ïðèáëèçíî âèçíà÷àòèñü çà âèðàçîì:

For an internal rectangular column where the
loading is eccentric to both axes, the following

approximate expression for � may be used:

� � /
�

�
��

�

�
�� /

�

�
�
�

�

�
�
�1 1 8

2 2

,
e

b

e

b

y

z

z

y

, (6.43)

äå: where:

ey i ez – åêñöåíòðèñèòåòè MEd /VEd âäîâæ îñåé y

³ z â³äïîâ³äíî;
ey and ez are the eccentricities MEd /VEd along y

and z axes respectively;

by i bz – ðîçì³ðè êîíòðîëüíîãî ïåðèìåòðà (ðè-
ñóíîê 6.13).

by and bz is the dimensions of the control peri-
meter (see Figure 6.13).

Ïðèì³òêà. ey âèíèêàº â³ä ìîìåíòó â³äíîñíî îñ³ z, à
ez â³ä ìîìåíòó â³äíîñíî îñ³ y.

Note: ey results from a moment about the z axis and ez

from a moment about the y axis.

(4) Äëÿ ãðàíåé êîëîí ó ì³ñöÿõ ç'ºäíàííÿ, äå åê-
ñöåíòðèñèòåò ïåðïåíäèêóëÿðíèé äî ãðàí³ ïëè-
òè (âèêëèêàíèé ìîìåíòîì â³äíîñíî îñ³, ïàðà-
ëåëüíî¿ äî ãðàí³ ïëèòè), ñïðÿìîâàíèé ó ñåðå-
äèíó, ³ åêñöåíòðèñèòåò ïàðàëåëüíî ãðàí³ â³ä-
ñóòí³é, çóñèëëÿ ïðîäàâëþâàííÿ ìîæå ðîçãëÿ-
äàòèñü ð³âíîì³ðíî ðîçïîä³ëåíèì âäîâæ êîíò-
ðîëüíîãî ïåðèìåòðà u1*, ÿê ïîêàçàíî íà ðèñóí-
êó 6.20 à).

(4) For edge column connections, where the
eccentricity perpendicular to the slab edge (resul-
ting from a moment about an axis parallel to the
slab edge) is toward the interior and there is no
eccentricity parallel to the edge, the punching
force may be considered to be uniformly distri-
buted along the control perimeter u1* as shown in
Figure 6.20 a).
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ßêùî åêñöåíòðèñèòåò íàÿâíèé ó îáîõ îðòîãî-

íàëüíèõ íàïðÿìêàõ, � ìîæå âèçíà÷àòèñü çà äî-
ïîìîãîþ íàñòóïíîãî âèðàçó:

Where there are eccentricities in both orthogonal

directions, � may be determined using the follo-
wing expression:

� � /
u

u
k

u

W
epar

1

1

1

1*
, (6.44)

äå: where:

u1 – îñíîâíèé êîíòðîëüíèé ïåðèìåòð (ðèñó-
íîê 6.15);

u1 is the basic control perimeter (see Figure 6.15);

u1* – çìåíøåíèé îñíîâíèé êîíòðîëüíèé ïåðè-
ìåòð (ðèñóíîê 6.20 à));

u1* is the reduced basic control perimeter (see
Figure 6.20 a));

epar – åêñöåíòðèñèòåò ïàðàëåëüíî ãðàí³ ïëèòè
â³ä ìîìåíòó â³äíîñíî îñ³, ïåðïåíäèêóëÿðíî¿ äî
ãðàí³ ïëèòè;

epar is the eccentricity parallel to the slab edge
resulting from a moment about an axis perpen-
dicular to the slab edge.

k – âèçíà÷àºòüñÿ çà òàáëèöåþ 6.1 ³ç çàì³íîþ
â³äíîøåííÿ c1/c2 íà c1/2c2;

k may be determined from Table 6.1 with the ratio
c1/c2 replaced by c1/2c2;

W1 – âèçíà÷àºòüñÿ äëÿ îñíîâíîãî êîíòðîëüíî-
ãî ïåðèìåòðà u1 (ðèñóíîê 6.13).

W1 is calculated for the basic control perimeter u1
(see Figure 6.13).

Äëÿ ïðÿìîêóòíèõ êîëîí, ÿê ïîêàçàíî íà ðèñóí-
êó 6.20 à):

For a rectangular column as shown in Figu-
re 6.20 a):

W
c

c c c d d dc1
2
2

1 2 1
2

2
4

4 8� / / / / ; . (6.45)

ßêùî åêñöåíòðèñèòåò ïåðïåíäèêóëÿðíî äî
ãðàí³ ïëèòè ñïðÿìîâàíèé íå â ñåðåäèíó, òî çà-
ñòîñîâóºòüñÿ âèðàç (6.39). Ïðè âèçíà÷åíí³ W1
åêñöåíòðèñèòåò å ïîâèíåí â³äðàõîâóâàòèñü â³ä
öåíòðà âàãè êîíòðîëüíîãî ïåðèìåòðà.

If the eccentricity perpendicular to the slab edge is
not toward the interior, Expression (6.39) applies.
When calculating W1 the eccentricity e should be
measured from the centroid of the control peri-
meter.
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à) êðàéíÿ êîëîíà
edge column

b) êóòîâà êîëîíà
corner column

Ðèñóíîê 6.20 – Çìåíøåíèé îñíîâíèé êîíòðîëüíèé ïåðèìåòð u1*

Figure 6.20 – Reduced basic control perimeter u1*
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(5) Äëÿ ç'ºäíàííÿ êóòîâî¿ êîëîíè, ÿêùî åêñöåíò-
ðèñèòåò ñïðÿìîâàíèé ó ñåðåäèíó ïëèòè, ïðèé-
ìàºòüñÿ, ùî çóñèëëÿ ïðîäàâëþâàííÿ ð³âíîì³ðíî
ðîçïîä³ëåíå âäîâæ çìåíøåíîãî êîíòðîëüíîãî
ïåðèìåòðà u1*, ÿê ïîêàçàíî íà ðèñóíêó 6.20 b).

Òàêèì ÷èíîì, çíà÷åííÿ � äîð³âíþº:

(5) For corner column connections, where the
eccentricity is toward the interior of the slab, it is
assumed that the punching force is uniformly
distributed along the reduced control perimeter

u1*, as defined in Figure 6.20 b). The � – value
may then be considered as:

� �
u

u

1

1*
. (6.46)

ßêùî åêñöåíòðèñèòåò ñïðÿìîâàíèé íàçîâí³, òî
çàñòîñîâóºòüñÿ âèðàç (6.39).

If the eccentricity is toward the exterior, Expres-
sion (6.39) applies.

(6) Äëÿ êîíñòðóêö³é, ó ÿêèõ ñò³éê³ñòü ³ç ïëîùèíè
íå çàëåæèòü â³ä æîðñòêîñò³ âçàºìîä³¿ ì³æ ïëè-
òàìè ³ êîëîíàìè, ³ êîëè ïðèëåãë³ ïðîëüîòè íå
â³äð³çíÿþòüñÿ á³ëüø í³æ íà 25%, ìîæíà âèêî-

ðèñòîâóâàòè â³äïîâ³äíå ïðèáëèçíå çíà÷åííÿ �.

(6) For structures where the lateral stability does
not depend on frame action between the slabs
and the columns, and where the adjacent spans
do not differ in length by more than 25%, approxi-

mate values for � may be used.

Ïðèì³òêà. Âåëè÷èíè � äëÿ çàñòîñóâàííÿ ó êîíêðåò-
í³é êðà¿í³ ìîæóòü âêàçóâàòèñü ó íàö³îíàëüíîìó äî-
äàòêó. Ðåêîìåíäîâàí³ âåëè÷èíè íàâåäåíî íà ðè-
ñóíêó 6.21N.

Note: Values of � for use in a Country may be found in
its National Annex. Recommended values are given in
Figure 6.21N.

(7) ßêùî çîñåðåäæåíå íàâàíòàæåííÿ ïðèêëà-
äåíå áëèçüêî äî îáïèðàííÿ ïëîñêî¿ ïëèòè íà
êîëîíó, íåïðàâîì³ðíî çìåíøóâàòè çóñèëëÿ
çñóâó çã³äíî ç 6.2.2 (6) ³ 6.2.3 (8) â³äïîâ³äíî.

(7) Where a concentrated load is applied close to
a flat slab column support the shear force reduc-
tion according to 6.2.2 (6) and 6.2.3 (8) respecti-
vely is not valid and should not be included.

(8) Çóñèëëÿ çñóâó VEd ïðè ïðîäàâëþâàíí³ ôóí-
äàìåíòíî¿ ïëèòè ìîæíà çìåíøóâàòè, çâàæàþ-
÷è íà ñïðèÿòëèâó ä³þ òèñêó ãðóíòó.

(8) The punching shear force VEd in a foundation
slab may be reduced due to the favourable action
of the soil pressure.

(9) Âåðòèêàëüíà ñêëàäîâà Vpd â³ä ä³¿ ïîõèëî¿
ïîïåðåäíüî íàïðóæåíî¿ àðìàòóðè, ÿêà ïåðåòè-
íàº êîíòðîëüíèé ïåðåð³ç, ó â³äïîâ³äíèõ âèïàä-
êàõ ìîæå âðàõîâóâàòèñü ÿê ñïðèÿòëèâà ä³ÿ.

(9) The vertical component Vpd resulting from
inclined prestressing tendons crossing the control
section may be taken into account as a favourable
action where relevant.
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Ðèñóíîê 6.21N – Ðåêîìåíäîâàí³ âåëè÷èíè �

Figure 6.21N – Recommended values for �
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6.4.4 Îï³ð çñóâó ïðè ïðîäàâëþâàíí³ îñíîâ

ïëèò ³ êîëîí áåç ïîïåðå÷íîãî àðìóâàííÿ

6.4.4 Punching shear resistance of slabs and

column bases without shear reinforcement

(1) Îï³ð çñóâó ïðè ïðîäàâëþâàíí³ ïëèòè ïîâè-
íåí îö³íþâàòèñü äëÿ îñíîâíîãî êîíòðîëüíîãî
ïåðåð³çó çã³äíî ç 6.4.2. Ðîçðàõóíêîâèé îï³ð çñó-
âó ïðè ïðîäàâëþâàíí³, ÌÏà, âèçíà÷àºòüñÿ, ÿê:

(1) The punching shear resistance of a slab sho-
uld be assessed for the basic control section ac-
cording to 6.4.2. The design punching shear
resistance [MPa] may be calculated as follows:

, - , -V C k f k V kRd c Rd c ck cp cp, ,
/

min� / � /100 1
1 3

1 1� � � , (6.47)

äå: where:

fck ó ÌÏà; fck in ÌPà;

k
d

� / �1
200

2 0, d, ìì; k
d

� / �1
200

2 0, d, in mm;

� � �1 0 02� . �ly lz , ;

�ly ³ �lz â³äíîñÿòüñÿ äî ç÷åïëåíî¿ ðîçòÿãíóòî¿
àðìàòóðè â³äïîâ³äíî ó íàïðÿìêàõ y ³ z. Âåëè÷è-

íè �ly ³ �lz ïîâèíí³ îá÷èñëþâàòèñü ÿê ñåðåäí³
âåëè÷èíè ç óðàõóâàííÿì øèðèíè ïëèòè, ÿêà
äîð³âíþº øèðèí³ êîëîíè ïëþñ 3d ç êîæíî¿ ñòî-
ðîíè.

�ly , �lz relate to the bonded tension steel in y- and

z-directions respectively. The values �ly and �lz

should be calculated as mean values taking into
account a slab width equal to the column width
plus 3d each side.

, -� � �cp cy cz� / / 2 ,

äå: where

�cy ³ �cz – íîðìàëüí³ íàïðóæåííÿ ó áåòîí³ êðè-
òè÷íîãî ïåðåð³çó â íàïðÿìêàõ y ³ z (ÌÏà, äî-
äàòí³ ïðè ñòèñêó):

�cy ³ �cz are the normal concrete stresses in the
critical section in y- and z-directions (MPa, positi-
ve if compression):

�c y
Ed y

cy

N

A
,

,� , a / and �c z
Ed z

cz

N

A
,

,� ;

NEd,y, NEd,z – ïîçäîâæí³ ñèëè ó ïîâíîìó ïðî-
ëüîò³ âíóòð³øí³õ êîëîí òà ïîçäîâæíÿ ñèëà ÷å-
ðåç êîíòðîëüíèé ïåðåð³ç äëÿ êðàéí³õ êîëîí.
Ñèëè ìîæóòü áóòè â³ä íàâàíòàæåííÿ àáî ïîïå-
ðåäíüîãî íàïðóæåííÿ;

NEd,y, NEd,z are the longitudinal forces across the
full bay for internal columns and the longitudinal
force across the control section for edge columns.
The force may be from a load or prestressing ac-
tion.

Ac – ïëîùà áåòîíó â³äïîâ³äíî äî âèçíà÷åííÿ
NEd.

Ac is the area of concrete according to the defi-
nition of NEd.

Ïðèì³òêà. Âåëè÷èíè CRd,c, Vmin ³ k1 äëÿ âèêîðèñòàí-
íÿ ó êîíêðåòí³é êðà¿í³ ìîæóòü âêàçóâàòèñü ó íàö³î-
íàëüíîìó äîäàòêó. Ðåêîìåíäîâàíèìè º âåëè÷èíè:

CRd,c = 0,18/�ñ, Vmin – âèçíà÷àºòüñÿ çà âèðàçîì
(6.3N), à k1 = 0,1.

Note: The values of CRd,c, Vmin and k1 for use in a
Country may be found in its National Annex. The

recommended value for CRd,c = 0,18/�ñ, Vmin is given by
Expression (6.3N) and that for k1 is 0,1.

(2) Îï³ð ïðîäàâëþâàííþ îñíîâè êîëîíè ïîâè-
íåí ïåðåâ³ðÿòèñü íà êîíòðîëüíîìó ïåðèìåòð³ â
ìåæàõ 2d â³ä êîíòóðó êîëîíè.

(2) The punching resistance of column bases
should be verified at control perimeters within 2d

from the periphery of the column.

Äëÿ çîñåðåäæåíîãî íàâàíòàæåííÿ ðåçóëüòóþ-
÷à ïðèêëàäåíà ñèëà ñòàíîâèòü:

For concentric loading the net applied force is

V V VEd red Ed Ed, � � � , (6.48)
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äå: where:

VEd – ïðèêëàäåíà ïîïåðå÷íà ñèëà; VEd is the applied shear force;

�VEd – ðåçóëüòóþ÷à, ñïðÿìîâàíà ââåðõ, ñèëà â
ìåæàõ êîíòðîëüíîãî ïåðèìåòðà, ùî ðîçãëÿ-
äàºòüñÿ, òîáòî ï³äéîìíèé òèñê â³ä ãðóíòó ì³íóñ
âëàñíà âàãà îñíîâè.

�VEd is the net upward force within the control
perimeter considered i.e. upward pressure from
soil minus self weight of base.

V V udEd Ed red� , / , (6.49)

, -V C k f d a V d aRd Rd c ck� 5 � .,
/

min/ /100 2 2
1 3

� , (6.50)

äå: where

a – â³äñòàíü â³ä êîíòóðó êîëîíè äî êîíòðîëüíî-
ãî ïåðèìåòðà, ùî ðîçãëÿäàºòüñÿ;

a is the distance from the periphery of the column
to the control perimeter considered;

CRd,c – âèçíà÷àºòüñÿ ó (6.4.4(1); CRd,c is defined in 6.4.4(1);

Vmin – âèçíà÷àºòüñÿ ó (6.4.4(1); Vmin is defined in 6.4.4(1);

k – âèçíà÷àºòüñÿ ó (6.4.4(1). k is defined in 6.4.4(1).

Ïðè íàâàíòàæåíí³ ç åêñöåíòðèñèòåòîì: For eccentric loading

V
V

ud
k

M u

V W
Ed

Ed red Ed

Ed red

� /
�

 
!
!

"

#
$
$

,

,
1 , (6.51)

äå k – âèçíà÷àºòüñÿ ó 6.4.3 (3) àáî 6.4.3 (4)
â³äïîâ³äíî, à W – òå ñàìå, ùî ³ W1, àëå äëÿ ïå-
ðèìåòðà u.

Where k is defined in 6.4.3 (3) or 6.4.3 (4) as
appropriate and W is similar to W1 but for peri-
meter u.

6.4.5 Îï³ð çñóâó ïðè ïðîäàâëþâàíí³ îñíîâ

ïëèò ³ êîëîí ³ç ïîïåðå÷íîþ àðìàòóðîþ

6.4.5 Punching shear resistance of slabs and

column bases with shear reinforcement

(1) ßêùî ïîïåðå÷íà àðìàòóðà íåîáõ³äíà, ¿¿
ðîçðàõîâóþòü çã³äíî çà âèðàçîì:

(1) Where shear reinforcement is required it sho-
uld be calculated in accordance with Expression
(6.52):

, - , -, -V V d s A f u dRd cs Rd c r sw ywd ef, , ,, , / / sin� /0 75 1 5 1 1 � , (6.52)

äå: where:

Asw – ïëîùà îäíîãî ïåðèìåòðà ïîïåðå÷íî¿ àð-
ìàòóðè íàâêîëî êîëîíè, ìì2;

Asw is the area of one perimeter of shear reinfor-
cement around the column [mm2];

sr – ðàä³àëüíèé êðîê ïåðèìåòð³â ïîïåðå÷íî¿ àð-
ìàòóðè, ìì;

sr is the radial spacing of perimeters of shear
reinforcement [mm];

fywd,ef – ôàêòè÷íà ðîçðàõóíêîâà ì³öí³ñòü ïîïå-
ðå÷íî¿ àðìàòóðè íà ïðîäàâëþâàííÿ, â³äïîâ³ä-

íî äî fywd,ef = 250 + 0,25d � fywd , ÌÏà;

fywd,ef is the effective design strength of the
punching shear reinforcement, according to

fywd,ef = 250 + 0,25d � fywd [ÌPà];

d – ñåðåäíº ðîáî÷èõ òîâùèí ó îðòîãîíàëüíèõ
íàïðÿìêàõ, ìì;

d is the mean of the effective depths in the ortho-
gonal directions [mm];

� – êóò ì³æ ïîïåðå÷íîþ àðìàòóðîþ ³ ïëîùèíîþ
ïëèòè.

� is the angle between the shear reinforcement
and the plane of the slab.

ßêùî âñòàíîâëþºòüñÿ îäèí ðÿä â³ä³ãíóòèõ âíèç
ñòðèæí³â, òî â³äíîøåííÿ d/sr ó âèðàç³ (6.52)
ìîæå çàäàâàòèñü 0,67.

If a single line of bent-down bars is provided, then
the ratio d/sr in Expression (6.52) may be given
the value 0,67.

(2) Âèìîãè äî êîíñòðóþâàííÿ ïîïåðå÷íî¿ àð-
ìàòóðè íà ïðîäàâëþâàííÿ íàâåäåíî ó 9.4.3.

(2) Detailing requirements for punching shear
reinforcement are given in 9.4.3.
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(3) Ïîðÿä ç êîëîíîþ îï³ð çñóâó ïðè ïðîäàâëþ-
âàíí³ îáìåæóþòüñÿ ìàêñèìàëüíèì çíà÷åííÿì:

(3) Adjacent to the column the punching shear
resistance is limited to a maximum of:

V
V

u d
VEd

Ed
Rd� �

�

0
,max , (6.53)

äå: where:

u0 – äëÿ ñåðåäíüî¿ êîëîíè u0 – for an interior column

u0 = äîâæèíà êîíòóðó êîëîíè, ìì; u0 = length of column periphery [mm]

– äëÿ êðàéíüî¿ êîëîíè – for an edge column

u0 = ñ2 + 3d � ñ2 + 2ñ1 ìì; u0 = ñ2 + 3d � ñ2 + 2ñ1 [mm];

– äëÿ êóòîâî¿ êîëîíè – for a corner column

u0 = 3d � ñ1 + ñ2 ìì; u0 = 3d � ñ1 + ñ2 [mm];

ñ1, ñ2 – ðîçì³ðè êîëîíè, ðèñóíîê 6.20; ñ1, ñ2 are the column dimensions as shown in
Figure 6.20;

V – äèâ. âèðàç (6.5); V see Expression (6.5);

� – äèâ. 6.4.3(3), (4) ³ (5). � see 6.4.3 (3), (4) and (5).

Ïðèì³òêà. Âåëè÷èíà VRd,max äëÿ âèêîðèñòàííÿ ó êîí-
êðåòí³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó
äîäàòêó. Ðåêîìåíäîâàíîþ º âåëè÷èíà 0,5 vfcd.

Note: The value of VRd,max for us in a Country may be
found in its National Annex. The recommended value is
0,5 vfcd.

(4) Êîíòðîëüíèé ïåðèìåòð uout (àáî uout,ef, ðè-
ñóíîê 6.22), ïðè ÿêîìó ïîïåðå÷íà àðìàòóðà íå
âèìàãàºòüñÿ, íåîáõ³äíî âèçíà÷àòè çà âèðàçîì:

(4) The control perimeter at which shear reinforce-
ment is not required, uout (or uout,ef see Figure 6.22)
should be calculated from Expression (6.54):

, -u V V dout ef Ed Rd c, ,/� � . (6.54)

Íàéâ³ääàëåí³øèé ïåðèìåòð ïîïåðå÷íî¿ àðìà-
òóðè ïîâèíåí ðîçì³ùóâàòèñü íà â³äñòàí³, íå
á³ëüø³é í³æ kd â ìåæàõ uout (àáî uout,ef, ðèñó-
íîê 6.22).

The outermost perimeter of shear reinforcement
should be placed at a distance not greater than kd

within uout (or uout,ef see Figure 6.22).

Ïðèì³òêà. Âåëè÷èíà k äëÿ âèêîðèñòàííÿ ó êîíêðåò-
í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-
êó. Ðåêîìåíäîâàíîþ º âåëè÷èíà 1,5.

Note: The value of k for use in a Country may be found
in its National Annex. The recommended value is 1,5.
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Ðèñóíîê 6.22 – Êîíòðîëüí³ ïåðèìåòðè íàâêîëî ñåðåäí³õ êîëîí

Figure 6.22 – Control perimeters at internal columns
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(5) ßêùî çàñòîñîâóþòüñÿ ñïåö³àëüí³ âèðîáè ó
ÿêîñò³ ïîïåðå÷íî¿ àðìàòóðè, òî VRd,cs íåîáõ³ä-
íî âèçíà÷àòè âèïðîáóâàííÿìè çã³äíî ç â³äïî-
â³äíèì ªâðîïåéñüêèì òåõí³÷íèì óõâàëåííÿì.
Äèâ. òàêîæ 9.4.3.

(5) Where proprietary products are used as shear
reinforcement, VRd,cs should be determined by
testing in accordance with the relevant European
Technical Approval. See also 9.4.3.

6.5 Ðîçðàõóíîê ³ç âèêîðèñòàííÿì ñòèñíóòî-
ðîçòÿãíóòèõ ìîäåëåé

6.5 Design with strut and tie models

6.5.1 Çàãàëüí³ ïîëîæåííÿ 6.5.1 General

(1)Ð Ñòèñíóòî-ðîçòÿãíóò³ ìîäåë³ ìîæóòü çàñòî-
ñîâóâàòèñü ó âèïàäêàõ, êîëè ³ñíóº íåë³í³éíèé
ðîçïîä³ë äåôîðìàö³é (íàïðèêëàä, ó çîíàõ îá-
ïèðàííÿ, ïîáëèçó çîñåðåäæåíèõ íàâàíòàæåíü
àáî ïëîñêîãî íàïðóæåíîãî ñòàíó), (äèâ. òà-
êîæ 5.6.4).

(1)P Where a non-linear strain distribution exists
(e.g. supports, near concentrated loads or plain
stress) strut-and-tie models may be used (see
also 5.6.4).

6.5.2 Ñòèñíóò³ óìîâí³ åëåìåíòè 6.5.2 Struts

(1) Ðîçðàõóíêîâèé îï³ð áåòîííîãî ñòèñíóòîãî
óìîâíîãî åëåìåíòà ó çîí³ ç ïîïåðå÷íèìè íà-
ïðóæåííÿìè ñòèñêó àáî áåç íèõ ìîæå âèçíà÷à-
òèñü çà âèðàçîì (6.55) (ðèñóíîê 6.23).

(1) The design strength for a concrete strut in a
region with transverse compressive stress or no
transverse stress may be calculated from Expres-
sion (6.55) (see Figure 6.23).

�Rd, cdfmax � . (6.55)

Çà íàÿâíîñò³ áàãàòîîñüîâîãî ñòèñêó â îêðåìèõ
çîíàõ ìîæíà äîïóñêàòè âèùèé ðîçðàõóíêîâèé
îï³ð.

It may be appropriate to assume a higher design
strength in regions where multi-axial compression
exists.

(2) Ðîçðàõóíêîâèé îï³ð áåòîííèõ ñòèñíóòèõ
óìîâíèõ åëåìåíò³â íåîáõ³äíî çìåíøóâàòè çà
íàÿâíîñò³ òð³ùèí ó ñòèñíóòèõ çîíàõ, à ÿêùî íå
çàñòîñîâóþòüñÿ á³ëüø òî÷í³ ï³äõîäè, ìîæíà
âèçíà÷àòè çà âèðàçîì (6.56) (ðèñóíîê 6.24).

(2) The design strength for concrete struts should
be reduced in cracked compression zones and,
unless a more rigorous approach is used, may be
calculated from Expression (6.56) (see Figu-
re 6.24).
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Ðèñóíîê 6.23 – Ðîçðàõóíêîâèé îï³ð áåòîííîãî ñòèñíóòîãî óìîâíîãî åëåìåíòà áåç ïîïåðå÷íîãî ðîçòÿãó

Figure 6.23 – Design strength of concrete struts without transverse tension

Ðèñóíîê 6.24 – Ðîçðàõóíêîâèé îï³ð áåòîííîãî ñòèñíóòîãî óìîâíîãî åëåìåíòà
çà íàÿâíîñò³ ïîïåðå÷íîãî ðîçòÿãó

Figure 6.24 – Design strength of concrete struts with transverse tension
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�Rd cdvf,max ,� 0 6 . (6.56)

Ïðèì³òêà. Âåëè÷èíà v äëÿ âèêîðèñòàííÿ ó êîíêðåò-
í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-
êó. Ðåêîìåíäîâàíà âåëè÷èíà âèçíà÷àºòüñÿ çà ôîð-
ìóëîþ:

Note: The value of v for use in a Country may be found
in its National Annex. The recommended value is given
by equation (6.57N):

v fck� �1 250/ . (6.57N)

(3) Äëÿ ñòèñíóòèõ óìîâíèõ åëåìåíò³â ì³æ áåç-
ïîñåðåäíüî íàâàíòàæåíèìè çîíàìè, òàêèìè ÿê
êîíñîë³ àáî êîðîòê³ áàëêè-ñò³íêè, ó 6.2.2 ³ 6.2.3
íàâîäÿòüñÿ àëüòåðíàòèâí³ ìåòîäè âèçíà÷åííÿ.

(3) For struts between directly loaded areas, such
as corbels or short deep beams, alternative calcu-
lation methods are given in 6.2.2 and 6.2.3.

6.5.3 Ðîçòÿãíóò³ óìîâí³ åëåìåíòè 6.5.3 Ties

(1) Ðîçðàõóíêîâèé îï³ð ïîïåðå÷íèõ ðîçòÿãíó-
òèõ óìîâíèõ åëåìåíò³â ³ àðìàòóðè íåîáõ³äíî
îáìåæóâàòè â³äïîâ³äíî äî 3.2 ³ 3.3.

(1) The design strength of transverse ties and
reinforcement should be limited in accordance
with 3.2 and 3.3.

(2) Àðìàòóðà ïîâèííà íàëåæíèì ÷èíîì çààí-
êåðîâóâàòèñü ó âóçëàõ.

(2) Reinforcement should be adequately ancho-
red in the nodes.

(3) Àðìàòóðà, ùî íåîáõ³äíà äëÿ ñïðèéíÿòòÿ çó-
ñèëü ó çîñåðåäæåíî íàâàíòàæåíèõ âóçëàõ, ìî-
æå ðîçïîä³ëÿòèñü ïî äîâæèí³ (ðèñóíîê 6.25 à) ³
b)). ßêùî àðìàòóðà â çîí³ âóçëà ïðîäîâæóºòüñÿ
çà ìåæ³ äîâæèíè åëåìåíòà, ùî ðîçãëÿäàºòüñÿ,
òî àðìàòóðó íåîáõ³äíî ðîçïîä³ëÿòè íà äîâæè-
íó, äå òðàºêòîð³¿ ñòèñêó çàãèíàþòüñÿ (ðîçòÿã-
íóò³ ³ ñòèñíóò³ óìîâí³ åëåìåíòè). Çóñèëëÿ ðîç-
òÿãó Ò ìîæíà îòðèìàòè:

(3) Reinforcement required to resist the forces at
the concentrated nodes may be smeared over a
length (see Figure 6.25 a) and b)). When the
reinforcement in the node area extends over a
considerable length of an element, the reinforce-
ment should be distributed over the length where
the compression trajectories are curved (ties and
struts). The tensile force T may be obtained by:

à) äëÿ çîí ç ÷àñòêîâîþ ðîçðèâí³ñòþ b
H

��

�
�

�

�
�

2
,

ðèñóíîê 6.25 à:

a) for partial discontinuity regions b
H

��

�
�

�

�
�

2
see

Figure 6.25 a:

T
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F�

�1

4
, (6.58)

b) äëÿ çîí ³ç ïîâíîþ ðîçðèâí³ñòþ b
H
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�

�
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�
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, ðè-
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1 0 7, (6.59)
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6.5.4 Âóçëè 6.5.4 Nodes

(1)Ð Ïðàâèëà äëÿ âóçë³â òàêîæ çàñòîñîâóþòüñÿ
äî çîí, äå çîñåðåäæåí³ ñèëè ïåðåäàþòüñÿ íà
åëåìåíò ³ íå ðîçðàõîâóþòüñÿ çà ìåòîäîì ñòèñ-
íóòî-ðîçòÿãíóòèõ åëåìåíò³â.

(1)P The rules for nodes also apply to regions
where concentrated forces are transferred in a
member and which are not designed by the strut-
and-tie method.

(2)Ð Çóñèëëÿ, ùî âèíèêàþòü ó âóçëàõ, ïîâèíí³
áóòè âð³âíîâàæåí³. Ïîïåðå÷í³ çóñèëëÿ ðîçòÿãó,
ïåðïåíäèêóëÿðí³ äî ïëîùèíè âóçëà, ïîâèíí³
âðàõîâóâàòèñü.

(2)P The forces acting at nodes shall be in equilib-
rium. Transverse tensile forces perpendicular to
an in-plane node shall be considered.

(3) Ïðè âèçíà÷åíí³ íåñó÷î¿ çäàòíîñò³ âóçë³â ³ç
çîñåðåäæåíèì íàâàíòàæåííÿì êðèòè÷íèìè º
ðîçì³ðè ³ êîíñòðóþâàííÿ. Âóçëè ³ç çîñåðåäæå-
íèì íàâàíòàæåííÿì ìîæóòü âèíèêàòè, íàïðèê-
ëàä, ïðè çîñåðåäæåíèõ íàâàíòàæåííÿõ, íà
îïîðàõ, ó çîíàõ çààíêåðóâàííÿ ç êîíöåíòðà-
ö³ºþ çâè÷àéíî¿ ³ íàïðóæåíî¿ àðìàòóðè, ïðè
â³äãèíàõ àðìàòóðíèõ ñòðèæí³â òà ó ç'ºäíàííÿõ ³
êóòàõ åëåìåíò³â.

(3) The dimensioning and detailing of concentra-
ted nodes are critical in determining their load-
bearing resistance. Concentrated nodes may de-
velop, e.g. where point loads are applied, at sup-
ports, in anchorage zones with concentration of
reinforcement or prestressing tendons, at bends
in reinforcing bars, and at connections and cor-
ners of members.

(4) Ðîçðàõóíêîâ³ âåëè÷èíè íàïðóæåíü ñòèñêó ó
âóçëàõ âèçíà÷àþòüñÿ òàê:

(4) The design values for the compressive stres-
ses within nodes may be determined by:

à) ó ñòèñíóòèõ âóçëàõ ³ç íåçààíêåðîâàíèìè ðîç-
òÿãíóòèìè óìîâíèìè åëåìåíòàìè (ðèñóíîê 6.26)

a) in compression nodes where no ties are ancho-
red at the node (see Figure 6.26)

�Rd cdk vf,max � 1 , (6.60)

äå Rd,max – ìàêñèìàëüí³ íàïðóæåííÿ, ÿê³ ìî-
æóòü ïðèêëàäàòèñü íà ìåæàõ âóçëà. Äëÿ âèçíà-
÷åííÿ v äèâ. 6.5.2 (2).

where Rd,max is the maximum stress which can be
applied at the edges of the node. See 6.5.2 (2) for
definition of v.
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à) ÷àñòêîâà ðîçðèâí³ñòü
Partial discontinuity

b) ïîâíà ðîçðèâí³ñòü
Full discontinuity

Ðèñóíîê 6.25 – Ïàðàìåòðè äëÿ âèçíà÷åííÿ ïîïåðå÷íèõ çóñèëü ðîçòÿãó ó ñòèñíóòèõ ïîëÿõ
³ç ðîçìàçàíîþ àðìàòóðîþ

Figure 6.25 – Parameters for the determination of transverse tensile forces in a compression field
with smeared reinforcement
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Ïðèì³òêà. Âåëè÷èíà k1 äëÿ âèêîðèñòàííÿ ó êîíêðåò-
í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-
êó. Ðåêîìåíäîâàíà âåëè÷èíà 1,0.

Note: The value of k1 for use in a Country may be found
in its National Annex. The recommended value is 1,0.

b) ó ñòèñíóòî-ðîçòÿãíóòèõ âóçëàõ ³ç çàáåçïå-
÷åííÿì çààíêåðóâàííÿ ðîçòÿãíóòèõ óìîâíèõ
åëåìåíò³â ó îäíîìó íàïðÿì³ (ðèñóíîê 6.27)

b) in compression – tension nodes with anchored
ties provided in one direction (see Figure 6.27),

�Rd cdk vf,max � 2 , (6.61)

äå �Rd,max – ìàêñèìóì �Rd,1 ³ �Rd,2. Äëÿ âèçíà-
÷åííÿ v äèâ. 6.5.2(2).

where �Rd,max is the maximum of �Rd,1 and �Rd,2.
See 6.5.2 (2) for definition of v.
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Ðèñóíîê 6.26 – Ñòèñíóòèé âóçîë áåç ðîçòÿãíóòèõ óìîâíèõ åëåìåíò³â

Figure 6.26 – Compression node without ties

Ðèñóíîê 6.27 – Ñòèñíóòî-ðîçòÿãíóòèé âóçîë ³ç àðìàòóðîþ ó îäíîìó íàïðÿì³

Figure 6.27 – Compression tension node with reinforcement provided in one direction
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Ïðèì³òêà. Âåëè÷èíà k2 äëÿ âèêîðèñòàííÿ ó êîíêðåò-
í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-
êó. Ðåêîìåíäîâàíà âåëè÷èíà 0,85.

Note: The value of k2 for use in a Country may be found
in its National Annex. The recommended value is 0,85.

ñ) ó ñòèñíóòî-ðîçòÿãíóòèõ âóçëàõ ³ç çàáåçïå-
÷åííÿì çààíêåðóâàííÿ ðîçòÿãíóòèõ óìîâíèõ
åëåìåíò³â á³ëüø í³æ ó îäíîìó íàïðÿì³ (ðèñó-
íîê 6.28)

c) in compression – tension nodes with anchored
ties provided in more than one direction (see
Figure 6.28),

� 
Rd cdk f,max � 3 (6.62)

Ïðèì³òêà. Âåëè÷èíà k3 äëÿ âèêîðèñòàííÿ ó êîíêðåò-
í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-
êó. Ðåêîìåíäîâàíà âåëè÷èíà 0,75.

Note: The value of k3 for use in a Country may be found
in its National Annex. The recommended value is 0,75.

(5) Çà íèæ÷åíàâåäåíèõ óìîâ âåëè÷èíè ðîç-
ðàõóíêîâèõ íàïðóæåíü ñòèñêó ó 6.5.4 (4) ìîæóòü
çá³ëüøóâàòèñü äî 10 %, ÿêùî âèêîíóºòüñÿ õî÷à á
îäíå ïîëîæåííÿ:

(5) Under the conditions listed below, the design
compressive stress values given in 6.5.4 (4) may
be increased by up to10 % where at least one of
the following applies:

– äîïóñêàºòüñÿ òðèâ³ñíèé ñòèñê; – triaxial compression is assured;
– âñ³ âóçëè ì³æ óìîâíèìè ñòèñíóòî-ðîçòÿãíó-

òèìè åëåìåíòàìè � 55°;
– all angles between struts and ties are � 55°;

– íàïðóæåííÿ íà îïîðàõ àáî â ì³ñöÿõ çîñå-
ðåäæåíîãî íàâàíòàæåííÿ º ð³âíîì³ðíèìè, à
ó âóçëàõ íàÿâí³ õîìóòè;

– the stresses applied at supports or at point
loads are uniform, and the node is confined by
stirrups;

– àðìàòóðà ðîçì³ùåíà áàãàòüìà øàðàìè; – the reinforcement is arranged in multiple layers;
– âóçëè íàä³éíî óòðèìóþòüñÿ óëàøòóâàííÿì

îïîð àáî òåðòÿì.
– the node is reliably confined by means of bea-

ring arrangement or friction.

(6) Âóçëè, ùî çàçíàþòü òðèâ³ñíîãî ñòèñêó, ìî-
æóòü ïåðåâ³ðÿòèñü çã³äíî ç âèðàçàìè (3.24) ³

(3.25) ïðè �Rd,max = k4
fcd, ÿêùî ðîçïîä³ë íàâàí-
òàæåííÿ â³äîìèé äëÿ âñ³õ òðüîõ íàïðÿìê³â
ñòèñíóòèõ óìîâíèõ åëåìåíò³â.

(6) Triaxially compressed nodes may be checked
according to Expression (3.24) and (3.25) with

�Rd,max = k4
fcd, if for all three directions of the
struts the distribution of load is known.

Ïðèì³òêà. Âåëè÷èíà k4 äëÿ âèêîðèñòàííÿ ó êîíêðåò-
í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-
êó. Ðåêîìåíäîâàíà âåëè÷èíà 3,0.

Note: The value of k4 for use in a Country may be found
in its National Annex. The recommended value is 3,0.
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Ðèñóíîê 6.28 – Ñòèñíóòî-ðîçòÿãíóòèé âóçîë ³ç àðìàòóðîþ ó äâîõ íàïðÿìêàõ

Figure 6.28 – Compression tension node with reinforcement provided in two directions
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(7) Àíêåðóâàííÿ àðìàòóðè ó ñòèñíóòî-ðîçòÿã-
íóòèõ âóçëàõ ïî÷èíàºòüñÿ ç ïî÷àòêó âóçëà, íà-
ïðèêëàä, äëÿ îïîðè àíêåðóâàííÿ ïî÷èíàºòüñÿ
â³ä âíóòð³øíüî¿ ãðàí³ (äèâ. ðèñóíîê 6.27). Äîâ-
æèíà àíêåðóâàííÿ ïîâèííà ïðîñòÿãàòèñü çà
ïîâíó äîâæèíó âóçëà. Ó äåÿêèõ âèïàäêàõ àðìà-
òóðà òàêîæ ìîæå çààíêåðîâóâàòèñü ïîçà âóç-
ëîì. Ñòîñîâíî çààíêåðóâàííÿ ³ çàãèíàííÿ àð-
ìàòóðè äèâ. 8.4…8.6.

(7) The anchorage of the reinforcement in comp-
ression-tension nodes starts at the beginning of
the node, e.g. in case of a support anchorage
starting at its inner face (see Figure 6.27). The
anchorage length should extend over the entire
node length. In certain cases, the reinforcement
may also be anchored behind the node. For
anchorage and bending of reinforcement, see 8.4
to 8.6.

(8) Ñòèñíóò³ ó ïëîùèí³ âóçëè ïðè ñïîëó÷åíí³
òðüîõ ðîçòÿãíóòèõ óìîâíèõ åëåìåíò³â ìîæóòü
ïåðåâ³ðÿòèñü â³äïîâ³äíî äî ðèñóíêà 6.26. Ìàêñè-

ìàëüí³ ñåðåäí³ ãîëîâí³ íàïðóæåííÿ ó âóçë³ (�c0,

�c1, �c2, �c3) ïîâèíí³ ïåðåâ³ðÿòèñü çã³äíî ç 6.5.4
(4)à). Çàçâè÷àé, ìîæíà äîïóñòèòè íàñòóïíå:

(8) In-plane compression nodes at the junction of
three struts may be verified in accordance with
Figure 6.26. The maximum average principal no-

de stresses (�c0, �c1, �c2, �c3) should be checked
in accordance with 6.5.4 (4)a). Normally the
following may be assumed:

F a F a F acd cd cd, , ,/ / /1 1 2 2 3 3� � äàº ó ðåçóëü-
òàò³ � � � �cd cd cd cd, , , ,1 2 3 0� � � .

F a F a F acd cd cd, , ,/ / /1 1 2 2 3 3� � resulting in
� � � �cd cd cd cd, , , ,1 2 3 0� � � .

(9) Âóçëè íà çãèíàõ àðìàòóðè ìîæóòü ðîçðàõî-
âóâàòèñü çã³äíî ç ðèñóíêîì 6.28. Ñåðåäí³ íàï-
ðóæåííÿ ó ðîçòÿãíóòèõ óìîâíèõ åëåìåíòàõ ïî-
âèíí³ ïåðåâ³ðÿòèñü â³äïîâ³äíî äî 6.5.4 (5). Ä³à-
ìåòð çãèíó íåîáõ³äíî ïåðåâ³ðÿòè çã³äíî ç 8.4.

(9) Nodes at reinforcement bends may be analy-
sed in accordance with Figure 6.28. The average
stresses in the struts should be checked in accor-
dance with 6.5.4 (5). The diameter of the mandrel
should be checked in accordance with 8.4.

6.6 Àíêåðóâàííÿ ³ íàïóñêè 6.6 Anchorages and laps

(1)Ð Ðîçðàõóíêîâ³ íàïðóæåííÿ ç÷åïëåííÿ îá-
ìåæóþòüñÿ âåëè÷èíîþ, ùî çàëåæèòü â³ä õà-
ðàêòåðèñòèê ïîâåðõí³ àðìàòóðè, ì³öíîñò³ áå-
òîíó íà ðîçòÿã ³ ëîêàë³çàö³¿ îòî÷óþ÷îãî áåòîíó.
Öå çàëåæèòü â³ä çàõèñíîãî øàðó, ïîïåðå÷íîãî
àðìóâàííÿ ³ ïîïåðå÷íîãî òèñêó.

(1)P The design bond stress is limited to a value
depending on the surface characteristics of the
reinforcement, the tensile strength of the concrete
and confinement of surrounding concrete. This
depends on cover, transverse reinforcement and
transverse pressure.

2) Äîâæèíà, ÿêà íåîáõ³äíà äëÿ ðîçâèòêó íåîá-
õ³äíîãî çóñèëëÿ ðîçòÿãó â àíêåðóâàíí³ àáî íà-
ïóñòêó, âèçíà÷àºòüñÿ íà îñíîâ³ ïîñò³éíèõ íàï-
ðóæåíü ç÷åïëåííÿ.

(2) The length necessary for developing the requi-
red tensile force in an anchorage or lap is calcu-
lated on the basis of a constant bond stress.

(3) Ïðàêòè÷í³ ïðàâèëà ðîçðàõóíêó ³ êîíñòðóþâàí-
íÿ àíêåðóâàíü ³ íàïóñê³â íàâåäåí³ ó 8.4…8.8.

(3) Application rules for the design and detailing of
anchorages and laps are given in 8.4 to 8.8.

6.7 ×àñòêîâî íàâàíòàæåí³ çîíè 6.7 Partially loaded areas

(1)Ð Äëÿ ÷àñòêîâî íàâàíòàæåíèõ çîí ïîâèíí³
âðàõîâóâàòèñü ì³ñöåâå ðîçòð³ñêóâàííÿ (äèâ.
íèæ÷å) ³ ïîïåðå÷í³ çóñèëëÿ ðîçòÿãó (äèâ. 6.5).

(1)P For partially loaded areas, local crushing
(see below) and transverse tension forces (see
6.5) shall be considered.

(2) Ïðè ð³âíîì³ðíî ðîçïîä³ëåíîìó íàâàíòà-
æåíí³ íà ïåâíó ïëîùó Àñ0 (ðèñóíîê 6.29) çîñå-
ðåäæåíå çóñèëëÿ îïîðó ìîæíà âèçíà÷èòè òàê:

(2) For a uniform distribution of load on an area
Ac0 (see Figure 6.29) the concentrated resistance
force may be determined as follows:

F A f A A f ARdu c cd c c cd c� . . � . .0 1 0 03 0/ , , (6.63)

äå: where:

Àñ0 – ïëîùà íàâàíòàæåííÿ; Ac0 is the loaded area;
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Àñ1 – ìàêñèìàëüíà ðîçðàõóíêîâà ïëîùà ðîç-
ïîä³ëó ïîä³áíî¿ äî Àñ0 ôîðìè.

Àñ1 is the maximum design distribution area with a
similar shape to Ac0.

(3) Ðîçðàõóíêîâà ïëîùà ðîçïîä³ëó Àñ1, ÿêà íå-
îáõ³äíà äëÿ çóñèëü îïîðó FRdu, ïîâèííà çàäî-
âîëüíÿòè íàñòóïí³ óìîâè:

(3) The design distribution area Ac1 required for
the resistance force FRdu should correspond to
the following conditions:

– âèñîòà äëÿ ðîçïîä³ëó íàâàíòàæåíü ó íàïðÿì³
ïðèêëàäàííÿ íàâàíòàæåííÿ ïîâèííà çàäî-
âîëüíÿòè óìîâè, ïîêàçàí³ íà ðèñóíêó 6.29;

– The height for the load distribution in the load
direction should correspond to the conditions
given in Figure 6.29;

– öåíòð ðîçðàõóíêîâî¿ ïëîù³ ðîçïîä³ëó Àñ1
ïîâèíåí çíàõîäèòèñü íà îñ³ ä³¿, ÿêà ïðîõî-
äèòü ÷åðåç öåíòð ïëîù³ íàâàíòàæåííÿ Àñ0;

– the centre of the design distribution area Ac1
should be on the line of action passing through
the centre of the load area Ac0;

– ÿêùî ó ïîïåðå÷íîìó ïåðåð³ç³ áåòîíó ä³º
á³ëüø í³æ îäíà ñèëà ñòèñêó, ðîçðàõóíêîâ³
ïëîù³ ðîçïîä³ëó íå ïîâèíí³ íàêëàäàòèñü.

– If there is more than one compression force
acting on the concrete cross section, the de-
signed distribution areas should not overlap.

Âåëè÷èíà FRdu ïîâèííà çìåíøóâàòèñü, ÿêùî
íàâàíòàæåííÿ íåð³âíîì³ðíî ðîçïîä³ëåíå íà
ïëîù³ Àñ0, àáî çà íàÿâíîñò³ âèñîêî¿ ³íòåíñèâ-
íîñò³ çóñèëü çñóâó.

The value of FRdu should be reduced if the load is
not uniformly distributed on the area Ac0 or if high
shear forces exist.

(4) Äëÿ çóñèëü ðîçòÿãó íåîáõ³äíî ïåðåäáà÷àòè
àðìóâàííÿ, ÿêå çàëåæèòü â³ä âïëèâó ä³¿.

(4) Reinforcement should be provided for the
tensile force due to the effect of the action.
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6.8 Âòîìà 6.8 Fatigue

6.8.1 Óìîâè ïåðåâ³ðêè 6.8.1 Verification conditions

(1)Ð Íåñó÷à çäàòí³ñòü êîíñòðóêö³¿ âòîìè ïîâèí-

íà ïåðåâ³ðÿòèñü ó ñïåö³àëüíèõ âèïàäêàõ. Òàêà

ïåðåâ³ðêà ïîâèííà âèêîíóâàòèñü îêðåìî äëÿ

áåòîíó ³ àðìàòóðè.

(1)P The resistance of structures to fatigue shall

be verified in special cases. This verification shall

be performed separately for concrete and steel.

(2) Ïåðåâ³ðêà âòîìè ïîâèííà âèêîíóâàòèñü äëÿ

êîíñòðóêö³é ³ êîíñòðóêòèâíèõ êîìïîíåíò³â, íà ÿê³

ä³º ðåãóëÿðíå öèêë³÷íå íàâàíòàæåííÿ (íàïðèê-

ëàä, êðàíîâ³ ðåéêè, ìîñòè ïðè ³íòåíñèâíîìó íà-

âàíòàæåíí³ â³ä ðóõó òðàíñïîðòó).

(2) A fatigue verification should be carried out for

structures and structural components which are

subjected to regular load cycles (e.g. crane-rails,

bridges exposed to high traffic loads).

6.8.2 Âíóòð³øí³ çóñèëëÿ ³ íàïðóæåííÿ äëÿ

ïåðåâ³ðêè âòîìè

6.8.2 Internal forces and stresses for fatigue

verification

(1)Ð Âèçíà÷åííÿ íàïðóæåíü ïîâèííî ´ðóíòóâà-

òèñü íà íàÿâíîñò³ òð³ùèí ó ïîïåðå÷íèõ ïåðå-

ð³çàõ òà íåõòóâàíí³ îïîðîì áåòîíó ðîçòÿãó, àëå

ïðè çàáåçïå÷åíí³ ñóì³ñíîñò³ äåôîðìàö³é.

(1)P The stress calculation shall be based on the

assumption of cracked cross sections neglecting

the tensile strength of concrete but satisfying

compatibility of strains.

(2)Ð Ïîâèíåí âðàõîâóâàòèñü âïëèâ ð³çíîãî õà-

ðàêòåðó ðîáîòè ç÷åïëåííÿ ïîïåðåäíüî íàïðó-

æåíî¿ ³ çâè÷àéíî¿ àðìàòóðè, øëÿõîì çá³ëüøåí-

íÿ ä³àïàçîíó íàïðóæåíü ó àðìàòóðí³é ñòàë³,

âèçíà÷åí³é çà óìîâ ïîâíîãî ç÷åïëåííÿ ÷åðåç

êîåô³ö³ºíò �, âèçíà÷åíèé ÿê:

(2)P The effect of different bond behaviour of

prestressing and reinforcing steel shall be taken

into account by increasing the stress range in the

reinforcing steel calculated under the assumption

of perfect bond by the factor, �, given by

� �
�

� � �
�

�

�

A A

A A

s p

s p s p/
, (6.64)

äå: where:

Às – ïëîùà àðìàòóðíî¿ ñòàë³; Às is the area of reinforcing steel;

Àp – ïëîùà ïîïåðåäíüî íàïðóæåíî¿ àðìàòóð-

íî¿ ñòàë³;

Àp is the area of prestressing tendon or tendons;

�s – íàéá³ëüøèé ä³àìåòð àðìàòóðíî¿ ñòàë³; �s is the largest diameter of reinforcement;

�ð – ä³àìåòð àáî åêâ³âàëåíòíèé ä³àìåòð íàïðó-

æåíî¿ àðìàòóðíî¿ ñòàë³;

�ð is the diameter or equivalent diameter of prest-

ressing steel;

� p pA�1 6, äëÿ ïó÷ê³â; � p pA�1 6, for bundles;

�ð = 1,75 �wire äëÿ îêðåìèõ 7-äðîòîâèõ êàíàò³â,

äå �wire – ä³àìåòð äðîòó;

�ð = 1,75 �wire for single 7 wire strands where wire

is the �wire diameter;

�ð = 1,20 �wire äëÿ îêðåìèõ 3-äðîòîâèõ êàíàò³â,

äå �wire – ä³àìåòð äðîòó;

�ð = 1,20 �wire for single 3 wire strands where wire

is the �wire diameter;

� – ñï³ââ³äíîøåííÿ ì³æ ì³öí³ñòþ ç÷åïëåííÿ ó

áåòîí³ íàïðóæåíèõ ïó÷ê³â ³ àðìàòóðè ïåð³îäè÷-

íîãî ïðîô³ëþ. Çíà÷åííÿ º ïðåäìåòîì â³äïîâ³ä-

íîãî ªâðîïåéñüêîãî òåõí³÷íîãî óõâàëåííÿ. Çà

â³äñóòíîñò³ óõâàëåííÿ ìîæóòü âèêîðèñòîâóâà-

òèñü âåëè÷èíè, íàäàí³ ó òàáëèö³ 6.2.

� is the ratio of bond strength between bonded

tendons and ribbed steel in concrete. The value is

subject to the relevant European Technical Ap-

proval. In the absence of this the values given in

Table 6.2 may be used.
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Òàáëèöÿ 6.2 – Ïîêàçíèê â³äíîøåííÿ ì³öíîñò³ ç÷åïëåííÿ � ïó÷ê³â ³ ñòàë³ ïåð³îäè÷íîãî ïðîô³ëþ

Table 6.2 – Ratio of bond strength, �, between tendons and reinforcing steel

Ïîïåðåäíüî íàïðóæåíà ñòàëü

Prestressing steel

�

Íàòÿãóâàííÿ íà óïîðè

Pre-tensioned

Ç÷åïëåííÿ ïðè íàòÿãóâàíí³ íà áåòîí

Bonded, post-tensioned

	 Ñ50/60 
 Ñ70/85

Ãëàäê³ ñòðèæí³ ³ äðîòè

smooth bars and wires

Íå çàñòîñîâóºòüñÿ

Not applicable
0,3 0,15

Êàíàòè

strands
0,6 0,5 0,25

Äð³ò ïåð³îäè÷íîãî ïðîô³ëþ

indented wires
0,7 0,6 0,3

Ñòðèæí³ ïåð³îäè÷íîãî ïðîô³ëþ

ribbed bars
0,8 0,7 0,35

Ïðèì³òêà. Äëÿ ïðîì³æíèõ çíà÷åíü ì³æ 	 Ñ50/60 ³ 
 Ñ70/85 ìîæå çàñòîñîâóâàòèñü ³íòåðïîëÿö³ÿ

Note: For intermediates between value 	 C50/60 and 
 C70/85 interpolation may be used.

(3) Ïðè ðîçðàõóíêó ïîïåðå÷íî¿ àðìàòóðè íàõèë

ñòèñíóòèõ óìîâíèõ åëåìåíò³â �fat ìîæå âèçíà-

÷àòèñü ³ç âèêîðèñòàííÿì ìîäåë³ ñòèñíóòî-ðîç-

òÿãíóòèõ åëåìåíò³â àáî çã³äíî ç âèðàçîì.

(3) In the design of the shear reinforcement the

inclination of the compressive struts �fat may be

calculated using a strut and tie model or in accor-

dance with Expression (6.65).

tan tan ,� �fat � 	 1 0 , (6.65)

äå: where:

� – êóò íàõèëó ñòèñíóòèõ óìîâíèõ áåòîííèõ åëå-

ìåíò³â äî îñ³ áàëêè, ÿêèé ïðèéìàºòüñÿ ó ðîçðà-

õóíêó çà ãðàíè÷íèìè ñòàíàìè ULS (äèâ. 6.2.3).

� is the angle of concrete compression struts to

the beam axis assumed in ULS design (see 6.2.3)

6.8.3 Ñïîëó÷åííÿ íàâàíòàæåíü 6.8.3 Combination of actions

(1)Ð Äëÿ âèçíà÷åííÿ ð³âíÿ íàïðóæåíü íàâàíòà-

æåííÿ íåîáõ³äíî ðîçä³ëÿòè íà íåöèêë³÷í³ ³ öèê-

ë³÷í³, ùî âèêëèêàþòü óòîìëåí³ñòü (ïåâíà ê³ëü-

ê³ñòü ïîâòîðþâàíèõ ïðèêëàäàíü ÿêîãîñü íàâàí-

òàæåííÿ).

(1)P For the calculation of the stress ranges the

action shall be divided into non-cycling and fati-

gue-inducing cyclic actions (a number of repeated

actions of load).

(2)Ð Îñíîâíå ñïîëó÷åííÿ íåöèêë³÷íèõ íàâàí-

òàæåíü òå ñàìå, ùî ³ âèçíà÷åííÿ ïîâòîðþâàíî-

ãî ñïîëó÷åííÿ äëÿ ²² ãðóïè ãðàíè÷íèõ ñòàí³â:

(2)P The basic combination of the non-cyclic load

is similar to the definition of the frequent combi-

nation for SLS:

� 
E E G P Q Q j id k j k i k i� 
 �, , , , ,; ; ; ;� �1 1 1 2 1 1. (6.66)

Ñïîëó÷åííÿ íàâàíòàæåíü ó êðóãëèõ äóæêàõ� 

(òàê çâàíå îñíîâíå ñïîëó÷åííÿ) ìîæíà âèðàçè-

òè ÿê:

The combination of actions in bracket� 
, (called

the basic combination), may be expressed as:

G P Q Qk j k i k i
ij

, , , , ," " " " " "� � �
�

�� � �1 1 1 2

11

. (6.67)

Ïðèì³òêà. Qk,1 ³ Qk,³ – íåöèêë³÷í³ ³ íåïîñò³éí³ íàâàí-

òàæåííÿ.

Note: Qk,1 and Qk,³ are non-cyclic, non-permanent

actions.

(3)Ð Öèêë³÷í³ íàâàíòàæåííÿ ïîâèíí³ ñïîëó÷à-

òèñü ³ç íåñïðèÿòëèâèì îñíîâíèì ñïîëó÷åííÿì:

(3)P The cyclic action shall be combined with the

unfavourable basic combination:
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� 
� 
E E G P Q Q Q j id k j k i k i fat� 
 �, , , , ,; ; ; ; ;� �1 1 1 2 1 1. (6.68)

Ñïîëó÷åííÿ íàâàíòàæåíü ó êðóãëèõ äóæêàõ� 

(òàê çâàíå îñíîâíå ñïîëó÷åííÿ ïëþñ öèêë³÷íå)

ìîæíà âèðàçèòè ÿê:

The combination of actions in bracket� 
, (called

the basic combination plus the cyclic action), can

be expressed as:

G P Q Q Qk j k i k i
ij

, , , , ," " " " " " " "� � �
�

�

�
�

�

�

�
�
�

�

�� � �1 1 1 2

11
fat , (6.69)

äå: where:

Qfat – â³äïîâ³äíå íàâàíòàæåííÿ âòîìè (íàïðèê-

ëàä, íàâàíòàæåííÿ â³ä ðóõîìîãî òðàíñïîðòó,

ÿê öå âèçíà÷åíî EN 1991, àáî ³íøå öèêë³÷íå

íàâàíòàæåííÿ).

Qfat is the relevant fatigue load (e.g. traffic load as

defined in EN 1991 or other cyclic load)

6.8.4 Ìåòîäèêà ïåðåâ³ðêè çâè÷àéíî¿ ³ ïîïå-

ðåäíüî íàïðóæåíî¿ àðìàòóðè

6.8.4 Verification procedure for reinforcing

and prestressing steel

(1) Óøêîäæåííÿ â³ä îêðåìîãî íàïðóæåííÿ

àìïë³òóäîþ �� ìîæå âèçíà÷àòèñü ³ç çàñòîñó-

âàííÿì â³äïîâ³äíèõ ãðàô³ê³â S-N (ðèñóíîê 6.30)

äëÿ çâè÷àéíî¿ ³ ïîïåðåäíüî íàïðóæåíî¿ àð-

ìàòóðè. Ïðèêëàäåíå íàâàíòàæåííÿ íåîáõ³äíî

ìíîæèòè íà êîåô³ö³ºíò �F,fat. Ð³âåíü íàïðóæåíü

â³ä ðåàêö³¿, îòðèìàíèé ïðè N* öèêëàõ ��Rsk , íå-

îáõ³äíî ðîçä³ëèòè íà êîåô³ö³ºíò áåçïåêè �S,fat .

(1) The damage of a single stress amplitude ��
may be determined by using the corresponding

S-N curves (Figure 6.30) for reinforcing and

prestressing steel. The applied load should be

multiplied by �F,fat. The resisting stress range at

N* cycles ��Rsk , obtained should be divided by

the safety factor �S,fat .

Ïðèì³òêà 1. Âåëè÷èíè �F,fat äëÿ âèêîðèñòàííÿ ó êîí-

êðåòí³é êðà¿í³ ìîæóòü âêàçóâàòèñü ó íàö³îíàëüíîìó

äîäàòêó. Ðåêîìåíäîâàíà âåëè÷èíà 1,0.

Note 1: The values of �F,fat for use in a Country may be

found in its National Annex. The recommended value is 1,0.

Ïðèì³òêà 2. Âåëè÷èíè õàðàêòåðèñòèê S-N-êðèâèõ

çâè÷àéíî¿ ³ ïîïåðåäíüî íàïðóæåíî¿ àðìàòóðè äëÿ

âèêîðèñòàííÿ ó êîíêðåòí³é êðà¿í³ ìîæóòü âêàçóâà-

òèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêîìåíäîâàí³ âå-

ëè÷èíè íàâåäåí³ ó òàáëèöÿõ 6.3N ³ 6.4N, ÿê³ çàñòîñî-

âóþòüñÿ äëÿ çâè÷àéíî¿ ³ ïîïåðåäíüî íàïðóæåíî¿ àð-

ìàòóðè â³äïîâ³äíî.

Note 2: The values of parameters for reinforcing steels

and prestressing steels S-N curves for use in a Country

may be found in its National Annex. The recommended

values are given in Table 6.3N and 6.4N which apply

for reinforcing and prestressing steel respectively.
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Ðèñóíîê 6.30 – Ôîðìà ãðàô³êà íîðìàòèâíîãî îïîðó âòîì³

(S-N-êðèâ³ äëÿ çâè÷àéíî¿ ³ ïîïåðåäíüî íàïðóæåíî¿ ñòàë³)

Figure 6.30 – Shape of the characteristic fatigue strength curve

(S-N-curves for reinforcing and prestressing steel)
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Òàáëèöÿ 6.3N – Õàðàêòåðèñòèêè S-N-êðèâèõ äëÿ çâè÷àéíî¿ àðìàòóðíî¿ ñòàë³

Table 6.3N – Parameters for S-N curves for reinforcing steel

Òèï àðìóâàííÿ

Type of reinforcement
N*

Åêñïîíåíòè íàïðóæåíü

stress exponent
��Rsk, ÌÏà

ïðè N* öèêëàõ

��Rsk [ÌPà]

at N* cycles
k1 k2

Ïðÿì³ òà ç³ãíóò³ ñòðèæí³
1)

Straight and bent bars
1) 106 5 9 162,5

Çâàðåí³ ñòðèæí³ òà ñ³òêè ³ç äðîòó

Welded bars and wire fabrics
107 3 5 58,5

Ç’ºäíóâàëüí³ ïðèñòðî¿

Splicing devices
107 3 5 35

Ïðèì³òêà. Âåëè÷èíè ��Rsk âêàçàí³ äëÿ ïðÿìèõ ñòðèæí³â. Äëÿ ç³ãíóòèõ ñòðèæí³â âåëè÷èíè îòðèìóþòü ìíîæåí-

íÿì íà êîåô³ö³ºíò çíèæåííÿ � = 0,35 + 0,026 D/�
äå: D – ä³àìåòð îòâîðó

� – ä³àìåòð ñòðèæíÿ

Note: Values for ��Rsk are those for straight bars. Values for bent bars should be obtained using a reduction factor

� = 0,35 + 0,026 D/�
where: D diameter of the mandrel

� bar diameter

Òàáëèöÿ 6.4N – Õàðàêòåðèñòèêè S-N-êðèâèõ äëÿ ïîïåðåäíüî íàïðóæåíî¿ àðìàòóðíî¿ ñòàë³

Table 6.4N – Parameters for S-N curves of prestressing steel

S-N-êðèâ³ äëÿ íàïðóæåíî¿ ñòàë³,

ùî çàñòîñîâóºòüñÿ äëÿ

S-N curve of prestressing steel used for

N*

Åêñïîíåíòè íàïðóæåíü

stress exponent
��Rsk, ÌÏà

ïðè N* öèêëàõ

��Rsk [ÌPà]

at N* cycles
k1 k2

íàïðóæåííÿ íà óïîðè

pre-tensioning
106 5 9 185

íàïðóæåííÿ íà áåòîí

post-tension ing

– îäèíî÷í³ êàíàòè ó ïëàñòèêîâèõ êàíàëàõ

– single strands in plastic ducts

106 5 9 185

– ïðÿìà àáî êðèâîë³í³éíà àðìàòóðà ó

ïëàñòèêîâèõ êàíàëàõ

– straight tendons or curved tendons in

plastic ducts

106 5 10 150

– êðèâîë³í³éíà àðìàòóðà ó ñòàëåâèõ êàíàëàõ

– curved tendons in steel ducts
106 5 7 120

– ç’ºäíóâàëüí³ ïðèñòðî¿

– splicing devices
106 5 5 80

(2) Ïðè áàãàòüîõ öèêëàõ ³ç çì³ííîþ àìïë³òóäîþ

óøêîäæåííÿ ìîæóòü äîäàâàòèñü ³ç çàñòîñóâàí-

íÿì ïðàâèëà Ïàëãðåíà-Ìàéíåðà. Îäíàê, êîå-

ô³ö³ºíò óøêîäæåíü DEd àðìàòóðè â³ä óòîìè,

ñïðè÷èíåíî¿ â³äïîâ³äíèìè íàâàíòàæåííÿìè,

ïîâèíåí çàäîâîëüíÿòè íàñòóïíó óìîâó:

(2) For multiple cycles with variable amplitudes

the damage may be added by using the Palm-

gren-Miner Rule. Hence, the fatigue damage

factor DEd of steel caused by the relevant fatigue

loads should satisfy the condition:
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� �
� �

D
n

N
Ed

i

ii

� ��
�

�

�

�
1 , (6.70)

äå: where:

� �n i�� – ê³ëüê³ñòü ïðèêëàäåíèõ öèêë³â ïðè ä³à-

ïàçîí³ íàïðóæåíü �� i ;

� �n i�� is the applied number of cycles for a

stress range �� i ;

� �N i�� – ñóìàðíà ê³ëüê³ñòü ïðèêëàäåíèõ öèê-

ë³â ïðè ä³àïàçîí³ íàïðóæåíü �� i .

� �N i�� is the resisting number of cycles for a

stress range �� i .

(3)Ð ßêùî ïîïåðåäíüî íàïðóæåíà àáî çâè÷àé-

íà àðìàòóðà çàçíàº ä³¿ íàâàíòàæåíü óòîìè, òî

âèçíà÷åí³ íàïðóæåííÿ íå ïîâèíí³ ïåðåâèùóâà-

òè ðîçðàõóíêîâî¿ ì³öíîñò³ òåêó÷îñò³ ñòàë³.

(3)P If prestressing or reinforcing steel is exposed

to fatigue loads, the calculated stresses shall not

exceed the design yield strength of the steel.

(4) Ì³öí³ñòü òåêó÷îñò³ ïîâèííà ï³äòâåðäæóâà-

òèñü âèïðîáóâàííÿìè íà ðîçòÿã çàñòîñîâàíî¿

àðìàòóðè.

(4) The yield strength should be verified by tensile

tests for the steel used.

(5) ßêùî ïðàâèëà ðîçä³ëó 6.8 çàñòîñîâóþòüñÿ

äëÿ îö³íêè çàëèøêîâîãî ñòðîêó ñëóæáè ³ñíóþ-

÷î¿ êîíñòðóêö³¿, àáî äëÿ îö³íêè íåîáõ³äíîñò³

ï³äñèëåííÿ, ³ ÿêùî ïî÷àâñÿ ïðîöåñ êîðîç³¿, òî

ä³àïàçîí íàïðóæåíü ìîæíà âèçíà÷àòè øëÿõîì

çìåíøåííÿ åêñïîíåíòè íàïðóæåíü k2 äëÿ ïðÿ-

ìèõ ³ ç³ãíóòèõ ñòðèæí³â.

(5) When the rules of 6.8 are used to evaluate the

remaining life of existing structures, or to assess

the need for strengthening, once corrosion has

started the stress range may be determined by

reducing the stress exponent k2 for straight and

bent bars.

Ïðèì³òêà. Âåëè÷èíà k2 äëÿ âèêîðèñòàííÿ ó êîíêðåò-

í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-

êó. Ðåêîìåíäîâàíà âåëè÷èíà 5.

Note: The value of k2 for use in a Country may be found

in its National Annex. The recommended values is 5.

(6)Ð Ð³âåíü íàïðóæåíü çâàðåíèõ ñòðèæí³â í³êî-

ëè íå ìîæå ïåðåâèùóâàòè ð³âíÿ íàïðóæåíü

äëÿ ïðÿìèõ ³ ç³ãíóòèõ ñòðèæí³â.

(6)P The stress range of welded bars shall never

exceed the stress range of straight and bent bars.

6.8.5 Ïåðåâ³ðêà ³ç âèêîðèñòàííÿì ä³àïàçî-

íó åêâ³âàëåíòíèõ íàïðóæåíü óøêîäæåííÿ

6.8.5 Verification using damage equivalent

stress range

(1) Çàì³ñòü äåòàëüíî¿ ïåðåâ³ðêè íåñó÷î¿ çäàò-

íîñò³ äî óøêîäæåíü çã³äíî ç 6.8.4 ó ñòàíäàðò-

íèõ âèïàäêàõ ïðè â³äîìîìó íàâàíòàæåíí³

(çàë³çíè÷í³ ³ äîðîæí³ ìîñòè) ïåðåâ³ðêó íà âòîìó

ìîæíà âèêîíóâàòè òàê:

(1) Instead of an explicit verification of the dama-

ge strength according to 6.8.4 the fatigue verifica-

tion of standard cases with known loads (railway

and road bridges) may also be performed as fol-

lows:

– ÷åðåç ä³àïàçîíè åêâ³âàëåíòíèõ íàïðóæåíü

óøêîäæåííÿ äëÿ àðìàòóðè çã³äíî ç 6.8.5 (3);

– by damage equivalent stress ranges for steel

according to 6.8.5 (3);

– åêâ³âàëåíòíèõ íàïðóæåíü óøêîäæåííÿ äëÿ

áåòîíó çã³äíî ç 6.8.7.

– damage equivalent compression stresses for

concrete according to 6.8.7.

(2) Ñóòü ìåòîäó åêâ³âàëåíòíèõ íàïðóæåíü óø-

êîäæåííÿ ïîëÿãàº ó ïðåäñòàâëåíí³ ôàêòè÷íèõ

åêñïëóàòàö³éíèõ íàâàíòàæåíü ÷åðåç ê³ëüê³ñòü

öèêë³â N* îêðåìîãî ä³àïàçîíó íàïðóæåíü. Ó

EN 1992-2 íàäàþòüñÿ â³äïîâ³äí³ ìîäåë³ íàâàí-

òàæåíü óòîìè ³ ìåòîäèêè âèçíà÷åííÿ ä³àïàçîíó

åêâ³âàëåíòíèõ íàïðóæåíü ��S,equ äëÿ âåðõí³õ

êîíñòðóêö³é äîðîæí³õ ³ çàë³çíè÷íèõ ìîñò³â.

(2) The method of damage equivalent stress ran-

ge consists of representing the actual operational

loading by N* cycles of a single stress range.

EN 1992-2 gives relevant fatigue loading models

and procedures for the calculation of the equiva-

lent stress range ��S,equ for superstructures of ro-

ad and railway bridges.
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(3) Äëÿ çâè÷àéíî¿ ³ íàïðóæåíî¿ àðìàòóðíî¿ ñòàë³

òà ç'ºäíóâàëüíèõ ïðèñòðî¿â ìîæíà ââàæàòè, ùî

íåîáõ³äíà ì³öí³ñòü íà âòîìó çàáåçïå÷óºòüñÿ,

ÿêùî çàäîâîëüíÿºòüñÿ óìîâà âèðàçó:

(3) For reinforcing or prestressing steel and spli-

cing devices adequate fatigue resistance should

be assumed if the Expression (6.71) is satisfied:

� �
� �

� �
�

�F fat S equ
Rsk

S fat

N
N

, ,
,

*
*

� 	�
�

, (6.71)

äå: where:

� ���Rsk N * – ä³àïàçîí íàïðóæåíü ïðè N* öèê-

ëàõ ³ â³äïîâ³äíèõ S-N- êðèâèõ, ïîêàçàíèõ íà ðè-

ñóíêó 6.30.

� ���Rsk N * is the stress range at N* cycles from

the appropriate S-N curves given in Figure 6.30.

Ïðèì³òêà. Äèâ. òàêîæ òàáëèö³ 6.3N s 6.4N. Note: See also Tables 6.3N and 6.4N.

� ���S equ N, * – ä³àïàçîí åêâ³âàëåíòíèõ íàïðó-

æåíü óøêîäæåííÿ äëÿ ð³çíèõ òèï³â àðìóâàííÿ ³

ïðè âðàõóâàíí³ ê³ëüêîñò³ öèêë³â íàâàíòàæåííÿ

N*. Äëÿ áóä³âåëüíèõ êîíñòðóêö³é � ���S equ N, *

ìîæå ñïðîùåíî ïðèéìàòèñü ÿê ��S,max;

� ���S equ N, * is the damage equivalent stress

range for different types of reinforcement and

considering the number of loading cycles N*. For

building construction � ���S equ N, * may be ap-

proximated by ��S,max;

��S,max – ä³àïàçîí ìàêñèìàëüíèõ íàïðóæåíü

ïðè â³äïîâ³äíèõ ñïîëó÷åííÿõ íàâàíòàæåíü.

��S,max is the maximum steel stress range under

the relevant load combinations

6.8.6 ²íø³ ïåðåâ³ðêè 6.8.6 Other verifications

(1) Äëÿ íåçâàðþâàíèõ àðìàòóðíèõ ñòðèæí³â

ïðè ðîçòÿãó äîïóñêàºòüñÿ ïðèéìàòè, ùî íåîá-

õ³äíà ì³öí³ñòü íà âòîìó çàáåçïå÷óºòüñÿ, ÿêùî

ä³àïàçîí íàïðóæåíü ïðè ïîâòîðþâàíîìó öèê-

ë³÷íîìó íàâàíòàæåíí³ ó ñïîëó÷åíí³ ç îñíîâíîþ

êîìá³íàö³ºþ ñòàíîâèòü ��S k	 1.

(1) Adequate fatigue resistance may be assumed

for unwelded reinforcing bars under tension, if the

stress range under frequent cyclic load combined

with the basic combination is ��S k	 1.

Ïðèì³òêà. Âåëè÷èíà k1 äëÿ âèêîðèñòàííÿ ó êîíêðåò-

í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-

êó. Ðåêîìåíäîâàíà âåëè÷èíà 70 ÌÏà.

Note: The value of k1 for use in a Country may be found

in its National Annex. The recommended value is

70 MPa.

Äëÿ çâàðþâàíèõ àðìàòóðíèõ ñòðèæí³â ïðè ðîç-

òÿãó äîïóñêàºòüñÿ ïðèéìàòè, ùî íåîáõ³äíà

ì³öí³ñòü íà âòîìó çàáåçïå÷óºòüñÿ, ÿêùî ä³àïà-

çîí íàïðóæåíü ïðè ïîâòîðþâàíîìó íàâàíòà-

æåíí³ ó ñïîëó÷åíí³ ç îñíîâíîþ êîìá³íàö³ºþ

ñòàíîâèòü ��S k	 2.

For welded reinforcing bars under tension ade-

quate fatigue resistance may be assumed if the

stress range under frequent load combined with

the basic combination is ��S k	 2.

Ïðèì³òêà. Âåëè÷èíà k2 äëÿ âèêîðèñòàííÿ ó êîíêðåò-

í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-

êó. Ðåêîìåíäîâàíà âåëè÷èíà 35 ÌÏà.

Note: The value of k2 for use in a Country may be found

in its National Annex. The recommended value is

35 MPa.

(2) ßê ñïðîùåííÿ âèùåíàâåäåíîãî (1) ïåðåâ³ð-

êà ìîæå âèêîíóâàòèñü ³ç âèêîðèñòàííÿì ÷àñòî

ïîâòîðþâàíîãî ñïîëó÷åííÿ íàâàíòàæåíü. ßê-

ùî âîíà çàäîâîëüíÿºòüñÿ, òî ó ïîäàëüøèõ ïå-

ðåâ³ðêàõ íåìàº íåîáõ³äíîñò³.

(2) As a simplification to (1) above verification

may be carried out using the Frequent load com-

bination. If this is satisfied then no further checks

are necessary.

(3) ßêùî çàñòîñîâóºòüñÿ ç'ºäíàííÿ çâàðþâàí-

íÿì àáî ç'ºäíóâàëüíèìè ïðèñòðîÿìè ó ïîïå-

ðåäíüî íàïðóæåíîìó áåòîí³, òî ó áåòîííîìó

ïåðåð³ç³ íå äîïóñêàºòüñÿ ðîçòÿã ó ìåæàõ

200 ìì â³ä ïîïåðåäíüî íàïðóæåíî¿ àáî çâè÷àé-

íî¿ àðìàòóðè ïðè ïîâòîðþâàíîìó ñïîëó÷åíí³

íàâàíòàæåíü, ç óðàõóâàííÿì êîåô³ö³ºíòà çíè-

æåííÿ k3 äëÿ ñåðåäíüîãî çíà÷åííÿ ñèëè íàïðó-

æåííÿ Pm.

(3) Where welded joints or splicing devices are

used in prestressed concrete, no tension should

exist in the concrete section within 200 mm of the

prestressing tendons or reinforcing steel under

the frequent load combination together with a

reduction factor of k3 for the mean value of prest-

ressing force, Pm.
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Ïðèì³òêà. Âåëè÷èíà k3 äëÿ âèêîðèñòàííÿ ó êîíêðåò-

í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-

êó. Ðåêîìåíäîâàíà âåëè÷èíà 0,9.

Note: The value of k3 for use in a Country may be found

in its National Annex. The recommended value is 0,9.

6.8.7 Ïåðåâ³ðêà áåòîíó íà ñòèñê àáî çñóâ 6.8.7 Verification of concrete under compres-

sion or shear

(1) Îï³ð áåòîíó âòîì³ ìîæå ââàæàòèñü äîñòàò-

í³ì, ÿêùî âèêîíóºòüñÿ íàñòóïíà óìîâà:

(1) A satisfactory fatigue resistance may be assu-

med for concrete under compression, if the follo-

wing condition is fulfilled:

E Rcd equ equ,max, ,� � 	0 43 1 1, (6.72)

äå: where:

R
E

E
equ

cd equ

cd equ

� ,min,

,max,

; (6.73)

E
f

cd equ
cd equ

cd fat
,max,

,min,

,

�
�

; (6.74)

E
f

cd equ
cd equ

cd fat
,max,

,max,

,

�
�

, (6.75)

äå: where:

Requ – ñï³ââ³äíîøåííÿ íàïðóæåííÿ; Requ is the stress ratio;

Ecd,min,equ – ì³í³ìàëüíèé ð³âåíü íàïðóæåíü

ñòèñêó;

Ecd,min,equ is the minimum compressive stress

level;

Ecd,max,equ – ìàêñèìàëüíèé ð³âåíü íàïðóæåíü

ñòèñêó;

Ecd,max,equ is the maximum compressive stress

level;

fcd,fat – ðîçðàõóíêîâà ì³öí³ñòü áåòîíó âòîì³

çã³äíî ç (6.76);

fcd,fat is the design fatigue strength of concrete

according to (6.76);

�cd,max,equ – íàéâèù³ íàïðóæåííÿ ãðàíè÷íî¿

àìïë³òóäè ïðè N öèêëàõ;

�cd,max,equ is the upper stress of the ultimate amp-

litude for N cycles;

�cd,min,equ – íàéíèæ÷³ íàïðóæåííÿ ãðàíè÷íî¿

àìïë³òóäè ïðè N öèêëàõ.

�cd,min,equ is the lower stress of the ultimate amp-

litude for N cycles.

Ïðèì³òêà. Âåëè÷èíà N (	 10
6

öèêë³â) äëÿ âèêîðèñ-

òàííÿ ó êîíêðåòí³é êðà¿í³ ìîæå âêàçóâàòèñü ó íà-

ö³îíàëüíîìó äîäàòêó. Ðåêîìåíäîâàíà âåëè÷èíà

N = 10
6

öèêë³â.

Note: The value of N (	 10
6

cycles) for use in a Country

may be found in its National Annex. The recommended

value is N = 10
6

cycles.

f k t f
f

cd fat cc cd
ck

, ( )� �
�

�
�

�

�
�1 0 1

250
� , (6.76)

äå: where:

�cc(t0) – êîåô³ö³ºíò ì³öíîñò³ áåòîíó ïðè ïåðøî-

ìó ïðèêëàäàíí³ íàâàíòàæåííÿ (3.1.2(6));

�cc(t0) is a coefficient for concrete strength at first

load application (see 3.1.2 (6));

t0 – ÷àñ ïî÷àòêó öèêë³÷íîãî íàâàíòàæåííÿ áå-

òîíó ó äíÿõ.

t0 is the time of the start of the cyclic loading on

concrete in days.

Ïðèì³òêà. Âåëè÷èíà k1 äëÿ âèêîðèñòàííÿ ó êîíêðåò-

í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-

êó. Ðåêîìåíäîâàíà âåëè÷èíà äëÿ N = 10
6

öèêë³â

ñòàíîâèòü 0,85.

Note: The value of k1 for use in a Country may be found

in its National Annex. The recommended value for

N = 10
6

cycles is 0,85.
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(2) Ïåðåâ³ðêà âòîìè äëÿ áåòîíó ïðè ñòèñêó ââà-

æàºòüñÿ äîñòàòíüîþ, ÿêùî çàäîâîëüíÿºòüñÿ

íàñòóïíà óìîâà:

(2) The fatigue verification for concrete under

compression may be assumed, if the following

condition is satisfied:

� �c

cd fat

c

cd fatf f

,max

,

,min

,

, ,	 �0 5 0 45 , (6.77)

	 0,9 ïðè (for) fck 	 50 ÌÏà (ÌPà) ,

	 0,8 ïðè (for) fck > 50 ÌÏà (ÌPà) ,

äå: where:

�c,max – ìàêñèìàëüí³ íàïðóæåííÿ ñòèñêó ó ô³á-

ð³ ïðè ïîâòîðþâàí³é êîìá³íàö³¿ íàâàíòàæåííÿ

(ñòèñê ââàæàºòüñÿ äîäàòí³ì);

�c,max is the maximum compressive stress at a

fibre under the frequent load combination (comp-

ression measured positive);

�c,m³n – ì³í³ìàëüí³ íàïðóæåííÿ ñòèñêó ó ò³é æå

ô³áð³, äå ìàº ì³ñöå �c,max. ßêùî �c,m³n – çóñèë-

ëÿ ðîçòÿãó, òî �c,m³n íàëåæèòü ïðèéìàòè = 0.

�c,m³n is the minimum compressive stress at the

same fibre where �c,max occurs. If �c,m³n is a ten-

sile stress, then �c,m³n should be taken as 0.

(3) Âèðàç (6.77) òàêîæ çàñòîñîâóºòüñÿ äî ñòèñ-

íóòèõ óìîâíèõ åëåìåíò³â äëÿ êîíñòðóêö³é, ùî

ï³ääàþòüñÿ çñóâó. Ó öüîìó âèïàäêó ì³öí³ñòü áå-

òîíó fcd,fat ïîâèííà çìåíøóâàòèñü êîåô³ö³ºí-

òîì çíèæåííÿ ì³öíîñò³ (6.2.2 (6)).

(3) Expression (6.77) also applies to the compres-

sion struts of members subjected to shear. In this

case the concrete strength fcd,fat should be re-

duced by the strength reduction factor (see

6.2.2 (6)).

(4) Äëÿ åëåìåíò³â, ùî çà ðîçðàõóíêîì íå ïî-

òðåáóþòü ïîïåðå÷íî¿ àðìàòóðè ó ãðàíè÷íîìó

ñòàí³, ìîæíà ââàæàòè, ùî áåòîí îïèðàºòüñÿ

âòîì³, ñïðè÷èíåí³é âïëèâîì çñóâó, ÿêùî âèêî-

ðèñòîâóºòüñÿ íàñòóïíå:

(4) For members not requiring design shear

reinforcement for the ultimate limit state it may be

assumed that the concrete resists fatigue due to

shear effects where the following apply:

– äëÿ
V

V

Ed

Ed

,min

,max


 0 : – for
V

V

Ed

Ed

,min

,max


 0 :

V

V

V

V

Ed

Rd c

Ed

Rd c

,max

,

,min

,

, ,
,

	 �
	

0 5 0 45
0 9 50äî (up to) C /

/

60

0 8 5 67	

�
 
! , á³ëüøå í³æ (greater than) C5

(6.78)

– äëÿ
V

V

Ed

Ed

,min

,max

� 0: – for
V

V

Ed

Ed

,min

,max

� 0:

V

V

V

V

Ed

Rd c

Ed

Rd c

,max

,

,min

,

,	 �0 5 , (6.79)

äå: where:

VEd,max – ðîçðàõóíêîâà âåëè÷èíà ìàêñèìàëü-

íî¿ ïðèêëàäåíî¿ ñèëè ïðè ïîâòîðþâàíîìó ñïî-

ëó÷åíí³ íàâàíòàæåíü;

VEd,max is the design value of the maximum ap-

plied shear force under frequent load combination

VEd,min – ðîçðàõóíêîâà âåëè÷èíà ì³í³ìàëüíî¿

ïðèêëàäåíî¿ ñèëè ïðè ïîâòîðþâàíîìó ñïîëó-

÷åíí³ íàâàíòàæåíü ó ïåðåð³ç³, äå ìàº ì³ñöå

VEd,max;

VEd,min is the design value of the minimum applied

shear force under frequent load combination in

the cross-section where VEd,max occurs;

VRd,c – ðîçðàõóíêîâà âåëè÷èíà îïîðó çñóâó

çã³äíî ç âèðàçîì (6.2à).

VRd,c is the design value for shear-resistance

according to Expression (6.2.a).
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7 ÃÐÀÍÈ×Í² ÑÒÀÍÈ ÇÀ ÏÐÈÄÀÒÍ²ÑÒÞ ÄÎ
ÅÊÑÏËÓÀÒÀÖ²¯ (SLS)

7 SERVICEABILITY LIMIT STATES (SLS)

7.1 Çàãàëüí³ ïîëîæåííÿ 7.1 General

(1)Ð Öåé ðîçä³ë îõîïëþº çâè÷àéí³ ãðàíè÷í³ ñòà-

íè çà ïðèäàòí³ñòþ äî åêñïëóàòàö³¿:

(1)P This section covers the common serviceabi-

lity limit states. These are:

– îáìåæåííÿ íàïðóæåíü (äèâ 7.2); – stress limitation (see 7.2);

– êîíòðîëü òð³ùèíîóòâîðåííÿ (äèâ. 7.3); – crack control (see 7.3);

– êîíòðîëü ïðîãèí³â (äèâ. 7.4). – deflection control (see 7.4).

²íø³ ãðàíè÷í³ ñòàíè (êîëèâàííÿ) ìîæóòü áóòè

âàæëèâèìè äëÿ îêðåìèõ êîíñòðóêö³é, àëå ó

öüîìó ñòàíäàðò³ íå ðîçãëÿäàþòüñÿ.

Other limit states (such as vibration) may be of

importance in particular structures but are not

covered in this Standard.

(2) Ïðè ðîçðàõóíêàõ íàïðóæåíü ³ ïðîãèí³â ââà-

æàºòüñÿ, ùî ó ïîïåðå÷íèõ ïåðåð³çàõ íåìàº

òð³ùèí ïðè çàáåçïå÷åíí³ óìîâè, ùî íàïðóæåí-

íÿ ðîçòÿãó ïðè çãèí³ íå ïåðåâèùóþòü fct,eff. Âå-

ëè÷èíà fct,eff ìîæå ïðèéìàòèñü fctm àáî fctm,fl çà

óìîâè, ùî ðîçðàõóíîê ì³í³ìàëüíîãî àðìóâàííÿ

íà ðîçòÿã òàêîæ ´ðóíòóºòüñÿ íà òîìó æ çíà-

÷åíí³. Äëÿ ðîçðàõóíêó øèðèíè ðîçêðèòòÿ

òð³ùèí ³ æîðñòêîñò³ ïðè ðîçòÿãó íåîáõ³äíî âè-

êîðèñòîâóâàòè fctm.

(2) In the calculation of stresses and deflections,

cross-sections should be assumed to be uncrac-

ked provided that the flexural tensile stress does

not exceed fct,eff. The value of fct,eff may be taken

as fctm or fctm,fl provided that the calculation for

minimum tension reinforcement is also based on

the same value. For the purposes of calculating

crack widths and tension stiffening fctm should be

used.

7.2 Îáìåæåííÿ ð³âíÿ íàïðóæåíü 7.2 Stress limitation

(1)Ð Íàïðóæåííÿ ñòèñêó ó áåòîí³ ïîâèíí³ îáìå-

æóâàòèñü äëÿ çàïîá³ãàííÿ ïîçäîâæí³ì òð³ùè-

íàì, ì³êðîòð³ùèíàì àáî âèñîêèì ð³âíÿì ïîâ-

çó÷îñò³, ÿêùî âîíè ìîæóòü íåãàòèâíî âïëèíóòè

íà ôóíêö³îíóâàííÿ êîíñòðóêö³¿.

(1)P The compressive stress in the concrete shall

be limited in order to avoid longitudinal cracks,

micro-cracks or high levels of creep, where they

could result in unacceptable effects on the

function of the structure.

(2) Ïîçäîâæí³ òð³ùèíè ìîæóòü âèíèêàòè, ÿêùî

ð³âåíü íàïðóæåíü ïðè õàðàêòåðèñòè÷íîìó ñïî-

ëó÷åíí³ íàâàíòàæåíü ïåðåâèùóº êðèòè÷íó âå-

ëè÷èíó. Òàê³ òð³ùèíè ìîæóòü ïðèçâîäèòè äî

çìåíøåííÿ äîâãîâ³÷íîñò³. Çà â³äñóòíîñò³ ³íøèõ

çàõîä³â, òàêèõ ÿê çá³ëüøåííÿ çàõèñíîãî øàðó

äëÿ àðìàòóðè ó ñòèñíóò³é çîí³ àáî âñòàíîâëåí-

íÿ ïîïåðå÷íî¿ àðìàòóðè, ìîæëèâî îáìåæèòè

íàïðóæåííÿ ñòèñêó äî âåëè÷èíè k1fck ó çîíàõ ³ç

ñåðåäîâèùåì êëàñ³â âïëèâó XD, XF ³ XS (òàá-

ëèöÿ 4.1).

(2) Longitudinal cracks may occur if the stress

level under the characteristic combination of

loads exceeds a critical value. Such cracking may

lead to a reduction of durability. In the absence of

other measures, such as an increase in the cover

to reinforcement in the compressive zone or

confinement by transverse reinforcement, it may

be appropriate to limit the compressive stress to a

value k1fck in areas exposed to environments of

exposure classes XD, XF and XS (see Table 4.1).

Ïðèì³òêà. Âåëè÷èíà k1 äëÿ âèêîðèñòàííÿ ó êîíêðåò-

í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-

êó. Ðåêîìåíäîâàíà âåëè÷èíà k1 = 0,6.

Note: The value of k1 for use in a Country may be found

in its National Annex. The recommended value is 0,6.

(3) ßêùî íàïðóæåííÿ ó áåòîí³ ïðè êâàç³ïîñò³é-

íèõ íàâàíòàæåííÿõ ìåø³ í³æ k2fck, ìîæíà ïðèé-

ìàòè ë³í³éíèé õàðàêòåð ïîâçó÷îñò³. Ïðè ïåðå-

âèùåíí³ íàïðóæåíü ó áåòîí³ k2fck íåîáõ³äíî

âðàõîâóâàòè íåë³í³éíèé õàðàêòåð ïîâçó÷îñò³

(äèâ. 3.1.4).

(3) If the stress in the concrete under the quasi-

permanent loads is less than k2fck, linear creep

may be assumed. If the stress in concrete exce-

eds k2fck, non-linear creep should be considered

(see 3.1.4).
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Ïðèì³òêà. Âåëè÷èíà k2 äëÿ âèêîðèñòàííÿ ó êîíêðåò-

í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-

êó. Ðåêîìåíäîâàíà âåëè÷èíà k2 = 0,45.

Note: The value of k2 for use in a Country may be found

in its National Annex. The recommended value is 0,45.

(4)Ð Íàïðóæåííÿ ðîçòÿãó â àðìàòóð³ ïîâèíí³

îáìåæóâàòèñü äëÿ çàïîá³ãàííÿ íåë³í³éíèì äå-

ôîðìàö³ÿì, íåäîïóñòèìèì òð³ùèíàì àáî äå-

ôîðìóâàííÿì.

(4)P Tensile stresses in the reinforcement shall

be limited in order to avoid inelastic strain, unac-

ceptable cracking or deformation.

(5) Ìîæíà ââàæàòè, ùî íåïðèéíÿòíîìó óòâî-

ðåííþ òð³ùèí àáî äåôîðìóâàííþ ìîæíà çà-

ïîá³ãòè, ÿêùî ïðè õàðàêòåðèñòè÷í³é êîìá³íàö³¿

íàâàíòàæåíü íàïðóæåííÿ ðîçòÿãó â àðìàòóð³

íå ïåðåâèùóþòü k3fck. ßêùî íàïðóæåííÿ ñïðè-

÷èíåí³ ïðèêëàäåíîþ äåôîðìàö³ºþ, òî íàïðó-

æåííÿ ðîçòÿãó íå ïîâèíí³ ïåðåâèùóâàòè k4fck.

Ñåðåäíÿ âåëè÷èíà íàïðóæåíü ó ïîïåðåäíüî

íàïðóæåí³é àðìàòóð³ íå ïîâèííà ïåðåâèùóâà-

òè k5fck.

(5) Unacceptable cracking or deformation may be

assumed to be avoided if, under the characteristic

combination of loads, the tensile stress in the

reinforcement does not exceed k3fck. Where the

stress is caused by an imposed deformation, the

tensile stress should not exceed k4fck. The mean

value of the stress in prestressing tendons should

not exceed k5fck.

Ïðèì³òêà. Âåëè÷èíè k3, k4 ³ k5 äëÿ âèêîðèñòàííÿ ó

êîíêðåòí³é êðà¿í³ ìîæóòü âêàçóâàòèñü ó íàö³îíàëü-

íîìó äîäàòêó. Ðåêîìåíäóþòüñÿ âåëè÷èíè 0,8, 1 ³

0,75 â³äïîâ³äíî.

Note: The values of k3, k4 and k5 for use in a Country

may be found in its National Annex. The recommended

values are 0,8, 1 and 0,75 respectively.

7.3 Îáìåæåííÿ ðîçêðèòòÿ òð³ùèí 7.3 Crack control

7.3.1 Çàãàëüí³ ïåðåäóìîâè 7.3.1 General considerations

(1)Ð Óòâîðåííÿ òð³ùèí ïîâèííî îáìåæóâàòèñü

äî ð³âíÿ, çà ÿêîãî âîíè íå âïëèâàòèìóòü íà íà-

ëåæíå ôóíêö³îíóâàííÿ àáî äîâãîâ³÷í³ñòü êî-

íñòðóêö³¿, àáî âîíè º ïðèéíÿòíèìè.

(1)P Cracking shall be limited to an extent that will

not impair the proper functioning or durability of

the structure or cause its appearance to be

unacceptable.

(2) Óòâîðåííÿ òð³ùèí º íîðìàëüíèì äëÿ çàë³-

çîáåòîííèõ êîíñòðóêö³é, íà ÿê³ ä³º çãèí, çð³ç,

êðó÷åííÿ àáî ðîçòÿã, âèêëèêàí³ áåçïîñåðåäí³ì

íàâàíòàæåííÿì àáî çàêð³ïëåííÿì, àáî ïðèêëà-

äåíèìè äåôîðìàö³ÿìè.

(2) Cracking is normal in reinforced concrete

structures subject to bending, shear, torsion or

tension resulting from either direct loading or

restraint or imposed deformations.

(3) Òð³ùèíè ìîæóòü òàêîæ âèíèêàòè ç ³íøèõ

ïðè÷èí, òàêèõ ÿê ïëàñòè÷íà óñàäêà àáî çíà÷í³

õ³ì³÷í³ ðåàêö³¿ ó òóæàâ³þ÷îìó áåòîí³. Òàê³

òð³ùèíè ìîæóòü áóòè íåïðèéíÿòíî âåëèêèìè,

àëå çàïîá³ãàííÿ ¿ì íå º ïðåäìåòîì ðîçãëÿäó

öüîãî ðîçä³ëó.

(3) Cracks may also arise from other causes such

as plastic shrinkage or expansive chemical

reactions within the hardened concrete. Such

cracks may be unacceptably large but their

avoidance and control lie outside the scope of this

Section.

(4) Óòâîðåííÿ òð³ùèí ìîæå äîïóñêàòèñü áåç

áóäü-ÿêîãî êîíòðîëþ ¿õ øèðèíè ïðè çàáåçïå-

÷åíí³ óìîâè, ùî âîíè íå âïëèâàþòü íà ôóíê-

ö³îíóâàííÿ êîíñòðóêö³¿.

(4) Cracks may be permitted to form without any

attempt to control their width, provided they do not

impair the functioning of the structure.

(5) Ïîâèíí³ âñòàíîâëþâàòèñü îáìåæåííÿ îá-

÷èñëåíî¿ øèðèíè ðîçêðèòòÿ òð³ùèí wmax ç óðà-

õóâàííÿì ïåðåäáà÷åíîãî ôóíêö³îíóâàííÿ ³

õàðàêòåðó êîíñòðóêö³¿, à òàêîæ âèòðàò íà îáìå-

æåííÿ òð³ùèíîóòâîðåííÿ.

(5) A limiting calculated crack width, wmax, taking

into account the proposed function and nature of

the structure and the costs of limiting cracking,

should be established.

Ïðèì³òêà. Âåëè÷èíà wmax äëÿ âèêîðèñòàííÿ ó êîíê-

ðåòí³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äî-

äàòêó. Ðåêîìåíäîâàí³ âåëè÷èíè äëÿ â³äïîâ³äíèõ

êëàñ³â âïëèâó íàâåäåí³ ó òàáëèö³ 7.1N.

Note: The value of wmax for use in a Country may be

found in its National Annex. The recommended values

for relevant exposure classes are given in Table 7.1N.
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Òàáëèöÿ 7.1N – Ðåêîìåíäîâàí³ âåëè÷èíè wmax, ìì

Table 7.1N – Recommended values of wmax (mm)

Êëàñ âïëèâó

Exposure Class

Àðìîâàí³ åëåìåíòè ³ ïîïåðåäíüî íàïðóæåí³

åëåìåíòè áåç ç÷åïëåííÿ àðìàòóðè

Reinforced members and prestressed

members with unbonded tendons

Ïîïåðåäíüî íàïðóæåí³ åëåìåí-

òè ³ç ç÷åïëåííÿì àðìàòóðè

Prestressed members with

bonded tendons

Êâàç³ïîñò³éíå ñïîëó÷åííÿ íàâàíòàæåíü

Quasi-permanent load combination

Ïîâòîðþâàíå ñïîëó÷åííÿ

íàâàíòàæåíü

Frequent load combination

X0, XC1 0,41 0,2

XC2, XC3, XC4

0,3

0,22

XD1, XD2, XS1, XS2, XS3 Çìåíøåííÿ íàâàíòàæåííÿ

ñòèñêó

Decompression

Ïðèì³òêà 1. Äëÿ êëàñ³â âïëèâó X0, XC1 øèðèíà òð³ùèí íå âïëèâàº íà äîâãîâ³÷í³ñòü, à ¿õ îáìåæåííÿ âñòàíîâ-

ëþºòüñÿ äëÿ ãàðàíòóâàííÿ ïðèéíÿòíîãî âèãëÿäó. ßêùî óìîâè çîâí³øíüîãî âèãëÿäó â³äñóòí³, òî öå îáìåæåííÿ

ìîæå ïîñëàáëþâàòèñü.

Note 1: For X0, XC1 exposure classes, crack width has no influence on durability and this limit is set to guarantee

acceptable appearance. In the absence of appearance conditions this limit may be relaxed.

Ïðèì³òêà 2. Äëÿ öèõ êëàñ³â âïëèâó äîäàòêîâî ïîâèííî ïåðåâ³ðÿòèñü çìåíøåííÿ íàâàíòàæåííÿ ñòèñêó ïðè

êâàç³ïîñò³éíîìó ñïîëó÷åíí³ íàâàíòàæåíü

Note 2: For these exposure classes, in addition, decompression should be checked under the quasi-permanent

combination of loads.

Çà â³äñóòíîñò³ îñîáëèâèõ âèìîã (íàïðèêëàä,

æîðñòêîñò³ âîäè) ìîæíà ââàæàòè, ùî îáìåæåí-

íÿ âèçíà÷åíî¿ øèðèíè ðîçêðèòòÿ òð³ùèí wmaõ,

íàâåäåí³ ó òàáëèö³ 7.1N, ïðè êâàç³ïîñò³éíîìó

ñïîëó÷åíí³ íàâàíòàæåíü áóäå, çàçâè÷àé, äîñ-

òàòí³ì äëÿ çàë³çîáåòîííèõ åëåìåíò³â ó áóä³âëÿõ

ñòîñîâíî çîâí³øíüîãî âèãëÿäó ³ äîâãîâ³÷íîñò³.

In the absence of specific requirements (e.g.

water-tightness), it may be assumed that limiting

the calculated crack widths to the values of wmax

given in Table 7.1 N, under the quasi-permanent

combination of loads, will generally be satisfac-

tory for reinforced concrete members in buildings

with respect to appearance and durability.

Òð³ùèíîóòâîðåííÿ ìîæå çíà÷íî âïëèâàòè íà

äîâãîâ³÷í³ñòü ïîïåðåäíüî íàïðóæåíèõ åëå-

ìåíò³â. Çà â³äñóòíîñò³ á³ëüø òî÷íèõ âèìîã,

ìîæíà äîïóñêàòè, ùî îáìåæåííÿ âèçíà÷åíî¿

øèðèíè ðîçêðèòòÿ òð³ùèí wmaõ, íàâåäåí³ ó òàá-

ëèö³ 7.1N, ïðè ïîâòîðþâàíîìó ñïîëó÷åíí³ íà-

âàíòàæåíü áóäå, çàçâè÷àé, äîñòàòí³ì äëÿ çà-

ë³çîáåòîííèõ ïîïåðåäíüî íàïðóæåíèõ åëåìåí-

ò³â. Ãðàíè÷íå çìåíøåííÿ íàâàíòàæåííÿ ñòèñêó

íåîáõ³äíå, ÿêùî âñ³ ÷àñòèíè íàïðóæåíî¿ àðìà-

òóðè àáî êàíàë³â çíàõîäÿòüñÿ ó ñòèñíóòîìó áå-

òîí³ ùîíàéìåíøå íà 25 ìì.

The durability of prestressed members may be

more critically affected by cracking. In the absen-

ce of more detailed requirements, it may be

assumed that limiting the calculated crack widths

to the values of wmax given in Table 7.1N, under

the frequent combination of loads, will generally

be satisfactory for prestressed concrete mem-

bers. The decompression limit requires that all

parts of the bonded tendons or duct lie at least

25 mm within concrete in compression.

(6) Äëÿ åëåìåíò³â ò³ëüêè ç íåç÷åïëåíîþ íàïðó-

æåíîþ àðìàòóðîþ çàñòîñîâóþòüñÿ ò³ æ âèìîãè,

ùî ³ äëÿ çàë³çîáåòîííèõ åëåìåíò³â. Äëÿ åëå-

ìåíò³â ç êîìá³íîâàíîþ ç÷åïëåíîþ ³ íåç÷åïëå-

íîþ íàïðóæåíîþ àðìàòóðîþ çàñòîñîâóþòüñÿ

âèìîãè äëÿ ïîïåðåäíüî íàïðóæåíèõ åëåìåíò³â

³ç ç÷åïëåííÿì íàïðóæåíî¿ àðìàòóðè.

(6) For members with only unbonded tendons, the

requirements for reinforced concrete elements

apply. For members with a combination of bonded

and unbonded tendons requirements for prest-

ressed concrete members with bonded tendons

apply.
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(7) Äëÿ åëåìåíò³â, ùî çíàõîäÿòüñÿ ó ñåðåäî-

âèù³ ç êëàñîì âïëèâó XD3, ìîæóòü çíàäîáèòèñü

ñïåö³àëüí³ çàõîäè. Âèá³ð çàõîä³â çàëåæèòü â³ä

ïðèðîäè íàÿâíèõ àãðåñèâíèõ ðå÷îâèí.

(7) Special measures may be necessary for mem-

bers subjected to exposure class XD3. The choi-

ce of appropriate measures will depend upon the

nature of the aggressive agent involved.

(8) Ïðè âèêîðèñòàíí³ ñòèñíóòî-ðîçòÿãíóòèõ ìî-

äåëåé ç îð³ºíòàö³ºþ ñòèñíóòèõ óìîâíèõ åëå-

ìåíò³â â³äïîâ³äíî äî òðàºêòîð³é íàïðóæåíü

ñòèñêó ó ñòàí³ áåç òð³ùèí ìîæíà âèêîðèñòîâó-

âàòè çóñèëëÿ ó ðîçòÿãíóòèõ óìîâíèõ åëåìåí-

òàõ äëÿ âèçíà÷åííÿ â³äïîâ³äíèõ íàïðóæåíü

àðìàòóðè ç ìåòîþ îö³íêè øèðèíè ðîçêðèòòÿ

òð³ùèí (äèâ. 5.6.4 (2)).

(8) When using strut-and-tie models with the

struts oriented according to the compressive

stress trajectories in the uncracked state, it is

possible to use the forces in the ties to obtain the

corresponding steel stresses to estimate the

crack width (see 5.6.4 (2)).

(9) Øèðèíó ðîçêðèòòÿ òð³ùèí ìîæíà îá÷èñëþ-

âàòè çã³äíî ç 7.3.4. Àëüòåðíàòèâîþ º îáìåæåí-

íÿ ðîçì³ðó ñòðèæíÿ àáî êðîêó çã³äíî ç 7.3.3.

(9) Crack widths may be calculated according to

7.3.4. A simplified alternative is to limit the bar

size or spacing according to 7.3.3.

7.3.2 Ì³í³ìàëüí³ ïëîù³ àðìàòóðè 7.3.2 Minimum reinforcement areas

(1)Ð Äëÿ íåîáõ³äíîãî êîíòðîëþ òð³ùèíîóòâî-

ðåííÿ ïîòð³áíî çàáåçïå÷óâàòè ì³í³ìàëüíó ê³ëü-

ê³ñòü ç÷åïëåíî¿ àðìàòóðè äëÿ çàïîá³ãàííÿ

ðîçêðèòòþ òð³ùèí ó çîíàõ, äå î÷³êóºòüñÿ ðîç-

òÿã. Ê³ëüê³ñòü àðìàòóðè ìîæíà âèçíà÷èòè ³ç

óìîâè ð³âíîâàãè ì³æ çóñèëëÿìè ðîçòÿãó ó áå-

òîí³ áåçïîñåðåäíüî ïåðåä óòâîðåííÿì òð³ùèí ³

çóñèëëÿìè ðîçòÿãó â àðìàòóð³ íà ãðàíèö³ òåêó-

÷îñò³ àáî íèæ÷èõ íàïðóæåííÿõ, ÿêùî íåîáõ³ä-

íî îáìåæóâàòè øèðèíó òð³ùèí.

(1)P If crack control is required, a minimum amo-

unt of bonded reinforcement is required to control

cracking in areas where tension is expected. The

amount may be estimated from equilibrium bet-

ween the tensile force in concrete just before

cracking and the tensile force in reinforcement at

yielding or at a lower stress if necessary to limit

the crack width.

(2) ßêùî á³ëüø òî÷íèìè ðîçðàõóíêàìè íå ïîêà-

çàíî, ùî ìåíøà ïëîùà äîñòàòíÿ, òî ì³í³ìàëü-

íó ïëîùó àðìàòóðè îá÷èñëþþòü çà íèæ÷åíà-

âåäåíèì âèðàçîì. Ó ïðîô³ëüîâàíèõ ïåðåð³çàõ,

òàêèõ ÿê Ò-ïîä³áí³ ³ êîðîá÷àñò³ áàëêè, ì³í³ìàëü-

íå àðìóâàííÿ íåîáõ³äíî âèçíà÷àòè äëÿ îêðå-

ìèõ ÷àñòèí ïåðåð³çó (ñò³íêè, ïîëèö³).

(2) Unless a more rigorous calculation shows les-

ser areas to be adequate, the required minimum

areas of reinforcement may be calculated as

follows. In profiled cross sections like T-beams

and box girders, minimum reinforcement should

be determined for the individual parts of the

section (webs, flanges).

A k kf As s c ct eff ct,min ,� � , (7.1)

äå: where:

As,min – ì³í³ìàëüíà ïëîùà àðìàòóðíî¿ ñòàë³ ó

ðîçòÿãíóò³é çîí³;

As,min is the minimum area of reinforcing steel

within the tensile zone;

Act – ïëîùà áåòîíó ó ðîçòÿãíóò³é çîí³. Ðîçòÿã-

íóòà çîíà – öå ÷àñòèíà ïåðåð³çó, ÿêà çà ðîçðà-

õóíêîì ïîâèííà çàçíàâàòè ðîçòÿãó áåçïîñå-

ðåäíüî ïåðåä óòâîðåííÿì ïåðøî¿ òð³ùèíè;

Act is the area of concrete within tensile zone. The

tensile zone is that part of the section which is

calculated to be in tension just before formation of

the first crack;

�s – àáñîëþòíå çíà÷åííÿ ìàêñèìàëüíî äîïóñ-

òèìèõ íàïðóæåíü ó àðìàòóð³ çðàçó ï³ñëÿ óòâî-

ðåííÿ òð³ùèíè. Âîíè ìîæóòü äîð³âíþâàòè

îïîðó òåêó÷îñò³ àðìàòóðè fyk. Îäíàê, ìîæå çíà-

äîáèòèñü íèæ÷å çíà÷åííÿ äëÿ çàäîâîëåííÿ âè-

ìîã ñòîñîâíî îáìåæåíü øèðèíè ðîçêðèòòÿ

òð³ùèí â³äïîâ³äíî äî ìàêñèìàëüíîãî ðîçì³ðó

ñòðèæíÿ àáî êðîêó (äèâ. 7.3.3 (2));

�s is the absolute value of the maximum stress

permitted in the reinforcement immediately after

formation of the crack. This may be taken as the

yield strength of the reinforcement, fyk. A lower

value may, however, be needed to satisfy the

crack width limits according to the maximum bar

size or spacing (see 7.3.3 (2));
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fct,eff – ñåðåäíÿ âåëè÷èíà ì³öíîñò³ áåòîíó íà

ðîçòÿã, ùî ìàº ì³ñöå â ìîìåíò ÷àñó, êîëè î÷³-

êóºòüñÿ ïîÿâà òð³ùèí:

fct,eff is the mean value of the tensile strength of

the concrete effective at the time when the cracks

may first be expected to occur:

fct,eff = fctm àáî íèæ÷å, (fctm (t)), ÿêùî ïîÿâà òð³-

ùèí î÷³êóºòüñÿ ðàí³øå í³æ ÷åðåç 28 ä³á;

fct,eff = fctm or lower, (fctm (t)), if cracking is expec-

ted earlier than 28 days;

k – êîåô³ö³ºíò, ùî âðàõîâóº âïëèâ íåð³âíîì³ð-

íèõ ñàìîâð³âíîâàæåíèõ íàïðóæåíü, ùî ñïðè-

÷èíÿþòü çìåíøåííÿ çóñèëëÿ ó ç'ºäíàííÿõ;

k is the coefficient which allows for the effect of

non-uniform self-equilibrating stresses, which

lead to a reduction of restraint forces;

= 1,0 äëÿ ñò³íîê ïðè h 	 300 ìì àáî ïîëèöü

ïðè øèðèí³ ìåíøå í³æ 300 ìì;

= 1,0 for webs with h 	 300 mm or flanges with

widths less than 300 mm;

= 0,65 äëÿ ñò³íîê ïðè h 
 800 ìì àáî ïîëèöü

ïðè øèðèí³ á³ëüøå í³æ 800 ìì;

= 0,65 for webs with h 
 800 mm or flanges

with widths greater than 800 mm;

ïðîì³æí³ çíà÷åííÿ ìîæóòü âèçíà÷àòèñü

³íòåðïîëÿö³ºþ;

intermediate values may be interpolated;

kc – êîåô³ö³ºíò, ùî âðàõîâóº ðîçïîä³ë íàïðó-

æåíü ó ìåæàõ ïåðåð³çó áåçïîñåðåäíüî ïåðåä

óòâîðåííÿì òð³ùèí ³ çì³íîþ ïëå÷à ïàðè:

kc is a coefficient which takes account of the stress

distribution within the section immediately prior to

cracking and of the change of the lever arm:

– äëÿ ÷èñòîãî ðîçòÿãó kc = 1,0 – For pure tension kc = 1,0

– äëÿ çãèíó àáî ñïîëó÷åííÿ çãèíó ³ îñüîâèõ

ñèë:

– For bending or bending combined with axial

forces:

– äëÿ ïðÿìîêóòíèõ ïåðåð³ç³â ³ ñò³íîê êîðîá-

÷àñòèõ ïåðåð³ç³â òà Ò-ïîä³áíèõ ïåðåð³ç³â:

– For rectangular sections and webs of box

sections and T-sections:

� �
k

k h h f
c

c

ct eff

� �
"

#
$
$

%

&
'
'
	0 4 1 1

1

,
/ * ,

�
, (7.2)

– äëÿ ïîëèöü êîðîá÷àcòèõ ïåðåð³ç³â òà Ò-ïî-

ä³áíèõ ïåðåð³ç³â:

– For flanges of box sections and T-sections:

k
F

A f
c

cr

cr ct eff

� 
0 9 0 5, ,
,

, (7.3)

äå: where

�ñ – ñåðåäí³ íàïðóæåííÿ ó áåòîí³, ùî ä³þòü íà

÷àñòèíó ïåðåð³çó, ÿêèé ðîçãëÿäàºòüñÿ:

�ñ is the mean stress of the concrete acting on the

part of the section under consideration:

�c
EdN

bh
� , (7.4)

NEd – îñüîâà ñèëà, ïðèêëàäåíà ó ãðàíè÷íîìó

ñòàí³ ²² ãðóïè äî ÷àñòèíè ïîïåðå÷íîãî ïåðåð³çó,

ÿêèé ðîçãëÿäàºòüñÿ (ñèëà ñòèñêó äîäàòíà). NEd

ïîâèííà âèçíà÷àòèñü ç óðàõóâàííÿì õàðàêòå-

ðèñòè÷íèõ âåëè÷èí ñèë ïîïåðå÷íîãî íàïðó-

æåííÿ ³ îñüîâèõ ñèë ïðè â³äïîâ³äíîìó ñïîëó-

÷åíí³ ä³é;

NEd is the axial force at the serviceability limit

state acting on the part of the cross-section under

consideration (compressive force positive). NEd

should be determined considering the characte-

ristic values of prestress and axial forces under

the relevant combination of actions

h* h* = h ïðè h < 1,0 ì; h* h* = h for h < 1,0 m;

h* = 1,0 ì ïðè h 
 1,0 ì. h* = 1,0 m for h 
 1,0 m.

k1 – êîåô³ö³ºíò, ùî âðàõîâóº âïëèâè îñüîâèõ

ñèë íà ðîçïîä³ë íàïðóæåíü:

k1 is a coefficient considering the effects of axial

forces on the stress distribution:

k1 = 1,5, ÿêùî NEd – ñèëà ñòèñêó; k1 = 1,5 if NEd is a compressive force;
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k1 =
2

3

h

h

*
, ÿêùî NEd – ñèëà ðîçòÿãó; k1 =

2

3

h

h

*
if NEd is a tensile force;

Fcr – àáñîëþòíà âåëè÷èíà çóñèëëÿ ðîçòÿãó ó

ïîëèö³ áåçïîñåðåäíüî ïåðåä óòâîðåííÿì òð³-

ùèí, îáóìîâëåíà ìîìåíòîì òð³ùèíîóòâîðåí-

íÿ, îá÷èñëåíèì ïðè fct,eff.

Fcr is the absolute value of the tensile force within

the flange immediately prior to cracking due to the

cracking moment calculated with fct,eff.

(3) Ìîæíà äîïóñêàòè, ùî ç÷åïëåíà íàïðóæåíà

àðìàòóðà ó ðîçòÿãíóò³é çîí³ çàïîá³ãàº óòâîðåí-

íþ òð³ùèí íà â³äñòàí³ 	 150 ìì â³ä öåíòðà íà-

ïðóæåíî¿ àðìàòóðè. Öå ìîæå âðàõîâóâàòèñü

äîáàâëåííÿì ÷ëåíà � �1Ap p`� ó ë³âó ÷àñòèíó

âèðàçó (7.1),

(3) Bonded tendons in the tension zone may be

assumed to contribute to crack control within a

distance 	 150 mm from the centre of the tendon.

This may be taken into account by adding the

term � �1Ap p`� to the left hand side of Expression

(7.1),

äå: where:

Àð` – ïëîùà íàïðóæåíî¿ íà óïîðè àáî íà áåòîí

àðìàòóðè â ìåæàõ Ac,eff;

Àð` is the area of pre or post-tensioned tendons

within Ac,eff.

Ac,eff – ôàêòè÷íà ïëîùà ðîçòÿãíóòîãî áåòîíó,

ùî îòî÷óº çâè÷àéíó àáî íàïðóæåíó àðìàòóðó,

íà âèñîò³ hc,ef, äå hc,ef – ìåíøå ³ç çíà÷åíü

2,5(h-d), (h-x)/3 àáî h/2 (ðèñóíîê 7.1)

Ac,eff is the effective area of concrete in tension

surrounding the reinforcement or prestressing

tendons of depth, hc,ef, where hc,ef is the lesser of

2,5(h-d), (h-x)/3 or h/2 (see Figure 7.1).

�1 – ïîïðàâî÷íèé êîåô³ö³ºíò ì³öíîñò³ ç÷åïëåí-

íÿ, ÿêèé âðàõîâóº ð³çíèöþ â ä³àìåòðàõ ïîïå-

ðåäíüî íàïðóæåíî¿ ³ çâè÷àéíî¿ àðìàòóðè:

�1 is the adjusted ratio of bond strength taking into

account the different diameters of prestressing

and reinforcing steel:

� �
�

�
� s

p

(7.5)

� – êîåô³ö³ºíò ì³öíîñò³ ç÷åïëåííÿ ïîïåðåäíüî

íàïðóæåíî¿ ³ çâè÷àéíî¿ àðìàòóðè çã³äíî ç òàá-

ëèöåþ 6.2 ó 6.8.2;

� ratio of bond strength of prestressing and rein-

forcing steel, according to Table 6.2 in 6.8.2;

�s – íàéá³ëüøèé ä³àìåòð ñòðèæíÿ çâè÷àéíî¿ àð-

ìàòóðè;

�s largest bar diameter of reinforcing steel;

�p – åêâ³âàëåíòíèé ä³àìåòð ïîïåðåäíüî íàïðó-

æåíî¿ àðìàòóðè çã³äíî ç 6.8.2.

�p equivalent diameter of tendon according to

6.8.2.

ßêùî äëÿ çàïîá³ãàííÿ òð³ùèíîóòâîðåííþ çà-

ñòîñîâóºòüñÿ ò³ëüêè íàïðóæåíà àðìàòóðà, òî

� �1 � ;

If only prestressing steel is used to control crac-

king, � �1 � ;

��ð – çì³íà íàïðóæåííÿ ó ïîïåðåäíüî íàïðó-

æåí³é àðìàòóð³ â³ä ñòàíó íóëüîâî¿ äåôîðìàö³¿

áåòîíó íà òîìó æ ñàìîìó ð³âí³.

��ð Stress variation in prestressing tendons from

the state of zero strain of the concrete at the same

level.

(4) Ïîïåðåäíüî íàïðóæåí³ åëåìåíòè íå ïîòðå-

áóþòü ì³í³ìàëüíîãî àðìóâàííÿ ó âèïàäêàõ,

êîëè ïðè õàðàêòåðèñòè÷íîìó ñïîëó÷åíí³ íà-

âàíòàæåíü ³ õàðàêòåðèñòè÷í³é âåëè÷èí³ ïîïå-

ðåäíüîãî íàïðóæåííÿ áåòîí ñòèñíóòèé, àáî

àáñîëþòíà âåëè÷èíà íàïðóæåíü ðîçòÿãó ó áå-

òîí³ ìåíøà í³æ �ñt,p.

(4) In prestressed members no minimum reinfor-

cement is required in sections where, under the

characteristic combination of loads and the cha-

racteristic value of prestress, the concrete is

compressed or the absolute value of the tensile

stress in the concrete is below �ñt,p.

Ïðèì³òêà. Âåëè÷èíà �ñt,p äëÿ âèêîðèñòàííÿ ó êîí-

êðåòí³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó

äîäàòêó. Ðåêîìåíäîâàíîþ º âåëè÷èíà fct,eff, çã³äíî ç

7.3.2 (2).

Note: The value of �ñt,p for use in a Country may be

found in its National Annex. The recommended value is

fct,eff in accordance with 7.3.2 (2).
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7.3.3 Îáìåæåííÿ òð³ùèíîóòâîðåííÿ áåç

ïðÿìèõ ðîçðàõóíê³â

7.3.3 Control of cracking without direct calcu-

lation

(1) ßêùî íà àðìîâàí³ çâè÷àéíîþ àáî íàïðóæå-

íîþ àðìàòóðîþ çàë³çîáåòîíí³ ïëèòè ó áóä³âëÿõ

ä³º çãèí áåç çíà÷íîãî îñüîâîãî ðîçòÿãó, òî ìîæ-

íà íå ïåðåäáà÷àòè ñïåö³àëüíèõ çàõîä³â äëÿ

îáìåæåííÿ òð³ùèíîóòâîðåííÿ çà óìîâ, ùî çà-

ãàëüíà òîâùèíà íå ïåðåâèùóº 200 ìì ³ çàñòî-

ñîâàíî ïîëîæåííÿ 9.3.

(1) For reinforced or prestressed slabs in buil-

dings subjected to bending without significant

axial tension, specific measures to control crac-

king are not necessary where the overall depth

does not exceed 200 mm and the provisions of

9.3 have been applied.

(2) Äëÿ ñïðîùåííÿ íàâåäåí³ ó 7.3.4 ïðàâèëà

ìîæíà ïðåäñòàâèòè ó ôîðì³ òàáëèö³ ïðè îáìå-

æåíí³ ä³àìåòðà ñòðèæíÿ àáî êðîêó.

(2) The rules given in 7.3.4 may be presented in a

tabular form by restricting the bar diameter or

spacing as a simplification.
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Ðèñóíîê 7.1 – Ôàêòè÷íà ðîçòÿãíóòà çîíà (òèïîâ³ âèïàäêè)

Figure 7.1 – Effective tension area (typical cases)
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Ïðèì³òêà. ßêùî çàáåçïå÷åíî ì³í³ìàëüíå àðìóâàí-

íÿ, íàâåäåíå ó 7.3.2, òî ìàëîéìîâ³ðíî, ùî øèðèíà

òð³ùèí ïåðåâèùèòü äîïóñòèìó ó ðàç³, êîëè:

Note: Where the minimum reinforcement given by 7.3.2

is provided, crack widths are unlikely to be excessive if:

– äëÿ òð³ùèí, ñïðè÷èíåíèõ ïåðåâàæíî çàêð³ïëåííÿ-

ìè, íàâåäåí³ ó òàáëèö³ 7.2N ðîçì³ðè ñòðèæí³â íå ïå-

ðåâèùóþòüñÿ, ÿêùî íàïðóæåííÿ àðìàòóðè º âåëè-

÷èíîþ, îòðèìàíîþ çðàçó ï³ñëÿ óòâîðåííÿ òð³ùèí

(òîáòî, �s ó âèðàç³ (7.1));

– for cracking caused dominantly by restraint, the bar

sizes given in Table 7.2N are not exceeded where the

steel stress is the value obtained immediately after

cracking (i.e. �s in Expression (7.1)).

– äëÿ òð³ùèí, ñïðè÷èíåíèõ ïåðåâàæíî íàâàíòàæåí-

íÿì, çàñòîñîâóþòüñÿ ïîëîæåííÿ òàáëèö³ 7.2N, àáî

7.3N. Íàïðóæåííÿ ó ñòàë³ ïîâèíí³ âèçíà÷àòèñü íà

îñíîâ³ ïåðåð³çó ç òð³ùèíàìè ïðè â³äïîâ³äíîìó ñïî-

ëó÷åíí³ íàâàíòàæåíü.

– for cracks caused mainly by loading, either the pro-

visions of Table 7.2N or the provisions of Table 7.3N

are complied with. The steel stress should be calcula-

ted on the basis of a cracked section under the relevant

combination of actions.

Äëÿ áåòîíó, ùî íàïðóæóºòüñÿ íà óïîðè, äå çàïî-

á³ãàííÿ òð³ùèíàì çàáåçïå÷óºòüñÿ ïåðåâàæíî íà-

ïðóæåíîþ àðìàòóðîþ ç áåçïîñåðåäí³ì ç÷åïëåííÿì,

òàáëèö³ 7.2N ³ 7.3N ìîæóòü çàñòîñîâóâàòèñü ç íà-

ïðóæåííÿìè, ùî äîð³âíþþòü çàãàëüíèì, ì³íóñ ïî-

ïåðåäí³ íàïðóæåííÿ. Äëÿ áåòîíó, ùî íàïðóæóºòüñÿ

ï³ñëÿ çâåäåííÿ, äå çàïîá³ãàííÿ òð³ùèíàì çàáåçïå-

÷óºòüñÿ ïåðåâàæíî çâè÷àéíîþ àðìàòóðîþ, òàáëèö³

ìîæóòü çàñòîñîâóâàòèñü ³ç íàïðóæåííÿìè ó ö³é àð-

ìàòóð³, âèçíà÷åíèìè ç óðàõóâàííÿì âïëèâó ïîïå-

ðåäíüîãî íàïðóæåííÿ.

For pre-tensioned concrete, where crack control is

mainly provided by tendons with direct bond, Tab-

les 7.2N and 7.3N may be used with a stress equal to

the total stress minus prestress. For post-tensioned

concrete, where crack control is provided mainly by

ordinary reinforcement, the tables may be used with

the stress in this reinforcement calculated with the

effect of prestressing forces included.

Òàáëèöÿ 7.2N – Ìàêñèìàëüíèé ä³àìåòð ñòðèæíÿ � s
* äëÿ îáìåæåííÿ òð³ùèíîóòâîðåííÿ

1

Table 7.2N – Maximum bar diameters � s
* for crack control

1

Íàïðóæåííÿ â àðìàòóð³
2
, ÌÏà

Steel stress
2

[MPa]

Ìàêñèìàëüíèé ðîçì³ð ñòðèæíÿ, ìì

Maximum bar size [mm]

wk = 0,4 ìì (mm) wk = 0,3 ìì (mm) wk = 0,2 ìì (mm)

160 40 32 25

200 32 25 16

240 20 16 12

280 16 12 8

320 12 10 6

360 10 8 5

400 8 6 4

450 6 5 –

Ïðèì³òêà 1. Çíà÷åííÿ ó òàáëèö³ ´ðóíòóþòüñÿ çà íàñòóïíèõ óìîâ: c = 25 ìì; fct,eff = 2,9 ÌÏà; hcr = 0,5; (h-d) =

= 0,1h; k1 = 0,8; k2 = 0,5; kc = 0,4; k = 1,0; kt = 0,4; k' = 1,0.

Note 1: The values in the table are based on the following assumptions: c = 25 mm; fct,eff = 2,9 ÌPà; hcr = 0,5; (h-d) =

= 0,1h; k1 = 0,8; k2 = 0,5; kc = 0,4; k = 1,0; kt = 0,4; k' = 1,0.

Ïðèì³òêà 2. Ïðè â³äïîâ³äíîìó ñïîëó÷åíí³ íàâàíòàæåíü.

Note 2: Under the relevant combinations of actions
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Òàáëèöÿ 7.3N – Ìàêñèìàëüíèé êðîê ñòðèæí³â äëÿ îáìåæåííÿ òð³ùèíîóòâîðåííÿ
1

Table 7.3N – Maximum bar spacing for crack control
1

Íàïðóæåííÿ â àðìàòóð³
2
, ÌÏà

Steel stress
2

[MPa]

Ìàêñèìàëüíèé ðîçì³ð ñòðèæíÿ, ìì

Maximum bar size [mm]

wk = 0,4 ìì (mm) wk = 0,3 ìì (mm) wk = 0,2 ìì (mm)

160 300 300 200

200 300 250 150

240 250 200 100

280 200 150 50

320 150 100 –

360 100 50 –
1

Ïðèì³òêè äèâ. ó òàáëèö³ 7.2N
1

For Notes see table 7.2N

Ìàêñèìàëüíèé ä³àìåòð ñòðèæíÿ íåîáõ³äíî êî-

ðèãóâàòè ó íàñòóïíèõ âèïàäêàõ:

The maximum bar diameter should be modified

as follows:

ïðè çãèí³ (êîëè ÷àñòèíà ïåðåð³çó ñòèñíóòà): Bending (at least part of section in compression):

� �
� �

� �s s ct eff
c crf

k h

h d
�

�
*

, / ,2 9
2

; (7.6N)

Ïðè ðîçòÿãó (ð³âíîì³ðíèé îñüîâèé ðîçòÿã): Tension (uniform axial tension)

� � � �� �� �s s ct eff crf h h d� �*
, / , /2 9 8 , (7.7N)

äå: where:

�s – çàäàíèé ä³àìåòð ñòðèæíÿ; �s is the adjusted maximum bar diameter;

� s
* – ìàêñèìàëüíèé ä³àìåòð ñòðèæíÿ çà òàáëè-

öåþ 7.2N;

� s
* is the maximum bar size given in the Table

7.2N;

h – çàãàëüíà âèñîòà ïåðåð³çó; h is the overall depth of the section;

hcr – âèñîòà ðîçòÿãíóòî¿ çîíè ï³ñëÿ óòâîðåííÿ

òð³ùèí ç óðàõóâàííÿì âåëè÷èí ñèë ïîïåðåä-

íüîãî íàïðóæåííÿ ³ îñüîâèõ ñèë ïðè êâàç³ïîñ-

ò³éíîìó ñïîëó÷åíí³ âïëèâ³â;

hcr is the depth of the tensile zone immediately

prior to cracking, considering the characteristic

values of prestress and axial forces under the

quasi-permanent combination of actions;

d – ôàêòè÷íà âèñîòà äî öåíòðà âàãè çîâí³øíüî-

ãî øàðó àðìàòóðè.

d is the effective depth to the centroid of the outer

layer of reinforcement.

ßêùî âåñü ïåðåð³ç ðîçòÿãíóòèé, òî h-d º ì³í³-

ìàëüíîþ â³äñòàííþ â³ä öåíòðà âàãè øàðó àð-

ìàòóðè äî ãðàí³ áåòîíó (âðàõîâóºòüñÿ êîæíà

ãðàíü ïðè íåñèìåòðè÷í³é àðìàòóð³).

Where all the section is under tension h-d is the

minimum distance from the centroid of the layer of

reinforcement to the face of the concrete (consi-

der each face where the bar is not placed sym-

metrically).

(3) Áàëêè ³ç çàãàëüíîþ âèñîòîþ 1000 ìì ³ á³ëü-

øå, êîëè îñíîâíà àðìàòóðà ñêîíöåíòðîâàíà

ò³ëüêè íà íåâåëèê³é ÷àñòèí³ ïî âèñîò³, ïîâèíí³

çàáåçïå÷óâàòèñü äîäàòêîâèì ïîâåðõíåâèì àð-

ìóâàííÿì äëÿ çàïîá³ãàííÿ òð³ùèíàì íà ëèöüî-

â³é ïîâåðõí³ áàëêè. Öå àðìóâàííÿ ïîâèííî

ð³âíîì³ðíî ðîçïîä³ëÿòèñü ì³æ ð³âíåì ðîçòÿãíóòî¿

(3) Beams with a total depth of 1000 mm or more,

where the main reinforcement is concentrated in

only a small proportion of the depth, should be

provided with additional skin reinforcement to

control cracking on the side faces of the beam.

This reinforcement should be evenly distributed

between the level of the tension steel and the
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àðìàòóðè ³ íåéòðàëüíîþ â³ññþ òà ðîçòàøîâó-

âàòèñü ì³æ ç'ºäíàííÿìè. Ïëîùà ïåðåð³çó ïî-

âåðõíåâî¿ àðìàòóðè ïîâèííà áóòè íå ìåíøîþ

í³æ âèçíà÷åíà çà 7.3.2 (2), ïðèéìàþ÷è k = 0,5, à

�s = fyk. Êðîê ³ ä³àìåòð íåîáõ³äíèõ ñòðèæí³â

ìîæíà âèçíà÷èòè çà 7.3.4 àáî ïðè â³äïîâ³äíîìó

ñïðîùåíí³ (äèâ. 7.3.3 (2)), ïðèïóñêàþ÷è, ùî

÷èñòèé ðîçòÿã òà íàïðóæåííÿ ó àðìàòóð³ äîð³â-

íþº ïîëîâèí³ âèçíà÷åíîãî äëÿ îñíîâíî¿ àðìà-

òóðè çíà÷åííÿ.

neutral axis and should be located within the links.

The area of the skin reinforcement should not be

less than the amount obtained from 7.3.2 (2)

taking k as 0,5 and �s as fyk . The spacing and

size of suitable bars may be obtained from 7.3.4

or a suitable simplification (see 7.3.3 (2)) assu-

ming pure tension and a steel stress of half the

value assessed for the main tension reinforce-

ment.

(4) Íåîáõ³äíî çâàæàòè, ùî ³ñíóº ïåâíà íåáåç-

ïåêà âèíèêíåííÿ âåëèêèõ òð³ùèí ó ïåðåð³ç³, äå

ìàº ì³ñöå ð³çêà çì³íà íàïðóæåíü, íàïðèêëàä:

(4) It should be noted that there are particular

risks of large cracks occurring in sections where

there are sudden changes of stress, e.g.

– ïðè çì³íàõ ïåðåð³çó; – at changes of section;

– ïîáëèçó çîñåðåäæåíèõ íàâàíòàæåíü; – near concentrated loads;

– ó ì³ñöÿõ, äå ñòðèæí³ îáðèâàþòüñÿ; – positions where bars are curtailed;

– ó çîíàõ âèñîêèõ íàïðóæåíü ç÷åïëåííÿ,

îñîáëèâî íà ê³íöÿõ ç'ºäíàíü âíàïóñê.

– areas of high bond stress, particularly at the

ends of laps.

Íà òàê³ ì³ñöÿ ñë³ä çâåðíóòè îñîáëèâó óâàãó,

ùîá ì³í³ì³çóâàòè çì³íó íàïðóæåíü, íàñê³ëüêè

öå ìîæëèâî. Îäíàê, âèùåíàâåäåí³ ïðàâèëà çà-

ïîá³ãàííÿ óòâîðåííþ òð³ùèí, çàçâè÷àé, áóäóòü

äîñòàòí³ìè äëÿ çàáåçïå÷åííÿ êîíòðîëþ âêà-

çàíèõ ì³ñöü çà óìîâè çàñòîñóâàííÿ íàâåäåíèõ ó

ðîçä³ëàõ 8 ³ 9 ïðàâèë êîíñòðóþâàííÿ àðìóâàííÿ.

Care should be taken at such areas to minimise

the stress changes wherever possible. However,

the rules for crack control given above will nor-

mally ensure adequate control at these points

provided that the rules for detailing reinforcement

given in Sections 8 and 9 are applied.

(5) Ìîæíà ââàæàòè, ùî òð³ùèíîóòâîðåííÿ

âíàñë³äîê âïëèâó äîòè÷íèõ íàâàíòàæåíü äîñ-

òàòíüî îáìåæóºòüñÿ, ÿêùî âðàõîâàí³ ïðàâèëà

êîíñòðóþâàííÿ, íàäàí³ ó 9.2.2, 9.2.3, 9.3.2 ³

9.4.4.3.

(5) Cracking due to tangential action effects may

be assumed to be adequately controlled if the

detailing rules given in 9.2.2, 9.2.3, 9.3.2 and

9.4.4.3 are observed.

7.3.4 Ðîçðàõóíîê øèðèíè ðîçêðèòòÿ òð³-

ùèí

7.3.4 Calculation of crack widths

(1) Øèðèíà òð³ùèí wk ìîæå âèçíà÷àòèñü çà âè-

ðàçîì:

(1) The crack width, wk, may be calculated from

Expression (7.8):

� �w sk r sm cm� �,max ( ( , (7.8)

äå: where

sr,max – ìàêñèìàëüíèé êðîê òð³ùèí; sr,max is the maximum crack spacing;

(sm – ñåðåäí³ äåôîðìàö³¿ â àðìàòóð³ ïðè

â³äïîâ³äíîìó ñïîëó÷åíí³ íàâàíòàæåíü, âêëþ÷-

íî ç âïëèâîì ïðèêëàäåíèõ äåôîðìàö³é òà ïðè

âðàõóâàíí³ âïëèâó æîðñòêîñò³ ïðè ðîçòÿãó.

Âðàõîâóþòüñÿ ò³ëüêè äîäàòêîâ³ äåôîðìàö³¿

ðîçòÿãó, ùî ìàþòü ì³ñöå ïðè äåôîðìàö³¿ áåòî-

íó íà òîìó æ ð³âí³ âèùå íóëÿ;

(sm is the mean strain in the reinforcement under

the relevant combination of loads, including the

effect of imposed deformations and taking into

account the effects of tension stiffening. Only the

additional tensile strain beyond the state of zero

strain of the concrete at the same level is

considered;

(cm – ñåðåäíÿ äåôîðìàö³ÿ áåòîíó ì³æ òð³ùèíà-

ìè.

(cm is the mean strain in the concrete between

cracks.

(2) (sm – (cm ìîæå âèçíà÷àòèñü çà íàñòóïíèì

âèðàçîì:

(2) (sm – (cm may be calculated from the expres-

sion:
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� �
( (

�
)

* )
�

sm cm

s t
ct eff

p eff
e p eff

s

s

s

k
f

E E
� �

� �




,

,
,

,

1

0 6 , (7.9)

äå: where:

�s – íàïðóæåííÿ ó ðîçòÿãíóò³é àðìàòóð³ ïðè ïå-

ðåð³ç³ ç òð³ùèíàìè. Äëÿ åëåìåíò³â, íàïðóæåíèõ

íà óïîðè, �s ìîæíà çàì³íèòè íà çì³íó íàïðó-

æåíü ��p ó ïîïåðåäíüî íàïðóæåí³é àðìàòóð³

â³ä ñòàíó íóëüîâî¿ äåôîðìàö³¿ áåòîíó íà òîìó

æ ð³âí³.

�s is the stress in the tension reinforcement

assuming a cracked section. For pretensioned

members, �s may be replaced by ��p the stress

variation in prestressing tendons from the state of

zero strain of the concrete at the same level.

*å – â³äíîøåííÿ Es /Ecm; *å is the ratio Es /Ecm

� �) �p eff s p c effA A A, ,/� � +
1
2 (7.10)

+Ap ³ Àc,eff âèçíà÷àþòüñÿ çà 7.3.2 (3); +Ap and Ac,eff are as defined in 7.3.2 (3);

�1 – çã³äíî ç âèðàçîì (7.5); �1 according to Expression (7.5);

kt – êîåô³ö³ºíò, ùî çàëåæèòü â³ä òðèâàëîñò³ íà-

âàíòàæåííÿ;

kt is a factor dependent on the duration of the

load;

kt = 0,6 äëÿ êîðîòêîòðèâàëîãî íàâàíòàæåííÿ; kt = 0,6 for short term loading;

kt = 0,4 äëÿ äîâãîòðèâàëîãî íàâàíòàæåííÿ. kt = 0,4 for long term loading.

(3) Ó âèïàäêàõ, êîëè ç÷åïëåíà àðìàòóðà íà

äîñòàòíüî áëèçüêèõ öåíòðàõ ó ìåæàõ ðîçòÿãíó-

òî¿ çîíè (êðîê 	 5(ñ + �/2), ìàêñèìàëüíèé ê³íöå-

âèé êðîê òð³ùèí ìîæíà âèçíà÷èòè çà âèðàçîì

(7.11), ðèñóíîê 7.2.

(3) In situations where bonded reinforcement is

fixed at reasonably close centres within the ten-

sion zone (spacing 	 5(ñ + �/2) the maximum final

crack spacing may be calculated from Expression

(7.11) (see Figure 7.2)

s k c k k kr p eff,max ,/� �3 1 2 4� ) , (7.11)

äå: where:

� – ä³àìåòð ñòðèæíÿ. ßêùî ó ïåðåð³ç³ âèêî-

ðèñòîâóþòüñÿ ñòðèæí³ ð³çíèõ ä³àìåòð³â, òî íåîá-

õ³äíî âèçíà÷èòè åêâ³âàëåíòíèé ä³àìåòð �eq. Äëÿ

ïåðåð³çó ç³ ñòðèæíÿìè n1 ä³àìåòðîì �1 ³ n2 ä³àìåò-

ðîì �2 ìîæíà çàñòîñîâóâàòè íàñòóïíèé âèðàç:

� is the bar diameter. Where a mixture of bar

diameters is used in a section, an equivalent dia-

meter, �eq, should be used. For a section with n1

bars of diameter �1 and n2 bars of diameter �2, the

following expression should be used

�
� �

� �eq

n n

n n
�

�

�
1 1

2
2 2

2

1 1 2 2

, (7.12)

ñ – çàõèñíèé øàð áåòîíó äëÿ ïîçäîâæíüî¿ àð-

ìàòóðè;

c is the cover to the longitudinal reinforcement;

k1 – êîåô³ö³ºíò, ùî âðàõîâóº õàðàêòåðèñòèêè

ç÷åïëåííÿ àðìàòóðè:

k1 is a coefficient which takes account of the bond

properties of the bonded reinforcement:

= 0,8 äëÿ ñòðèæí³â ³ç âèñîêèì ç÷åïëåííÿì; = 0,8 for high bond bars

= 1,6 äëÿ ñòðèæí³â ³ç ôàêòè÷íî ãëàäêîþ ïî-

âåðõíåþ (íàïðèêëàä, íàïðóæåí³ ïó÷êè);

= 1,6 for bars with an effectively plain surface

(e.g. prestressing tendons)

k2 – êîåô³ö³ºíò, ùî âðàõîâóº ðîçïîä³ë äåôîð-

ìàö³é:

k2 is a coefficient which takes account of the dist-

ribution of strain:

= 0,5 äëÿ çãèíó; = 0,5 for bending;

= 1,05 äëÿ ÷èñòîãî ðîçòÿãó. = 1,0 for pure tension.
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Ó âèïàäêó ðîçòÿãó ç åêñöåíòðèñèòåòîì àáî äëÿ

ëîêàëüíèõ çîí íåîáõ³äíî çàñòîñîâóâàòè ïðî-

ì³æí³ çíà÷åííÿ k2, ÿê³ ìîæíà âèçíà÷èòè ³ç â³ä-

íîøåííÿ:

For cases of eccentric tension or for local areas,

intermediate values of k2 should be used which

may be calculated from the relation:

� �k 2 1 2 12� �( ( (/ , (7.13)

äå (1 – íàéá³ëüøà, à (2 – íàéìåíøà äåôîðìà-

ö³ÿ íà ìåæàõ ïåðåð³çó, ÿêèé ðîçãëÿäàºòüñÿ,

âèçíà÷åí³ äëÿ ïåðåð³çó ç òð³ùèíàìè.

where (1 is the greater and (2 is the lesser tensile

strain at the boundaries of the section considered,

assessed on the basis of a cracked section

Ïðèì³òêà. Âåëè÷èíè k3 ³ k4 äëÿ âèêîðèñòàííÿ ó êîíê-

ðåòí³é êðà¿í³ ìîæóòü âêàçóâàòèñü ó íàö³îíàëüíîìó

äîäàòêó. Ðåêîìåíäîâàíèìè º âåëè÷èíè 3,4 òà 0,425,

â³äïîâ³äíî.

Note: The values of k3 and k4 for use in a Country may

be found in its National Annex. The recommended

values are 3,4 and 0,425 respectively.

ßêùî êðîê ç÷åïëåíî¿ àðìàòóðè ïåðåâèùóº

5(ñ + �/2) (ðèñóíîê 7.2) àáî ÿêùî ç÷åïëåíà àð-

ìàòóðà ó ðîçòÿãíóò³é çîí³ â³äñóòíÿ, òî ìîæíà

çíàéòè âåðõíþ ìåæó øèðèíè òð³ùèíè çà óìîâè

ìàêñèìàëüíîãî êðîêó òð³ùèí:

Where the spacing of the bonded reinforcement

exceeds 5(ñ + �/2) (see Figure 7.2) or where there

is no bonded reinforcement within the tension

zone, an upper bound to the crack width may be

found by assuming a maximum crack spacing:

� �s h xr ,max ,� �1 3 , (7.14)

(4) ßêùî êóò ì³æ â³ññþ ãîëîâíèõ íàïðóæåíü ³

íàïðÿìêîì àðìàòóðè äëÿ åëåìåíò³â, àðìîâà-

íèõ ó äâîõ îðòîãîíàëüíèõ íàïðÿìàõ, º ñóò-

òºâèì (>15°), òî êðîê òð³ùèí sr,max ìîæå

âèçíà÷àòèñü çà íàñòóïíèì âèðàçîì:

(4) Where the angle between the axes of principal

stress and the direction of the reinforcement, for

members reinforced in two orthogonal directions,

is significant (>15°), then the crack spacing sr,max

may be calculated from the following expression:

s

s s

r

r y r z

,max

,max, ,max,

cos sin
�

�

1

� �
, (7.15)
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äå: where:

� – êóò ì³æ àðìàòóðîþ â íàïðÿìêó îñ³ y ³ íàïðÿ-

ìîì ãîëîâíèõ íàïðóæåíü ðîçòÿãó;

� is the angle between the reinforcement in the y

direction and the direction of the principal tensile

stress;

sr,max,y sr,max,z – êðîê òð³ùèí, âèçíà÷åíèé çã³äíî

7.3.4 (3) ó íàïðÿìêàõ y ³ z â³äïîâ³äíî.

sr,max,y sr,max,z are the crack spacings calculated

in the y and z directions respectively, according to

7.3.4 (3).

(5) Äëÿ ñò³í, ùî çàçíàþòü ðàííüî¿ òåðì³÷íî¿

óñàäêè, à ïëîùà ïåðåð³çó ãîðèçîíòàëüíî¿ àð-

ìàòóðè As íå â³äïîâ³äàº âèìîãàì 7.3.2 ³ ÿêùî

íèç ñò³íè îáìåæåíèé ïîïåðåäíüî âèêîíàíîþ

îñíîâîþ, òî ìîæíà ïðèïóñêàòè, ùî sr,max äîð³â-

íþº 1,3 âèñîòè ñò³íè.

(5) For walls subjected to early thermal contrac-

tion where the horizontal steel area, As does not

fulfil the requirements of 7.3.2 and where the

bottom of the wall is restrained by a previously

cast base, sr,max may be assumed to be equal to

1,3 times the height of the wall.

Ïðèì³òêà. Ïðè âèêîðèñòàíí³ ñïðîùåíèõ ìåòîä³â îá-

÷èñëåííÿ øèðèíè ðîçêðèòòÿ òð³ùèí âîíè ïîâèíí³

´ðóíòóâàòèñü íà õàðàêòåðèñòèêàõ, íàâåäåíèõ ó öüîìó

ñòàíäàðò³, àáî îá´ðóíòîâóâàòèñü âèïðîáóâàííÿìè.

Note: Where simplified methods of calculating crack

width are used they should be based on the properties

given in this Standard or substantiated by tests.

7.4 Îáìåæåííÿ ïðîãèí³â 7.4 Deflection control

7.4.1 Çàãàëüí³ ïåðåäóìîâè 7.4.1 General considerations

(1)Ð Äåôîðìàö³¿ åëåìåíòà àáî êîíñòðóêö³¿ íå

ïîâèíí³ âïëèâàòè íåñïðèÿòëèâî íà ¿õ íàëåæíå

ôóíêö³îíóâàííÿ ³ çîâí³øí³é âèãëÿä.

(1)P The deformation of a member or structure

shall not be such that it adversely affects its

proper functioning or appearance.

(2) Íåîáõ³äíî âñòàíîâëþâàòè â³äïîâ³äí³ ãðà-

íè÷í³ âåëè÷èíè ïðîãèí³â ç óðàõóâàííÿì õàðàê-

òåðó êîíñòðóêö³¿, îçäîáëåííÿ, ïåðåãîðîäîê ³

çàêð³ïëåíü, à òàêîæ ôóíêö³îíàëüíîãî ïðèçíà-

÷åííÿ.

(2) Appropriate limiting values of deflection taking

into account the nature of the structure, of the

finishes, partitions and fixings and upon the

function of the structure should be established.

(3) Äåôîðìàö³¿ íå ïîâèíí³ ïåðåâèùóâàòè òèõ,

ÿê³ ìîæóòü ñïðèéíÿòè ³íø³ çàêð³ïëåí³ åëåìåí-

òè, òàê³ ÿê ïåðåãîðîäêè, ñêë³ííÿ, ëèöþâàííÿ,

êîìóí³êàö³¿ àáî îçäîáëåííÿ. Â îêðåìèõ âèïàä-

êàõ îáìåæåííÿ íåîáõ³äí³ äëÿ çàáåçïå÷åííÿ íà-

ëåæíîãî ôóíêö³îíóâàííÿ îáëàäíàííÿ àáî

àïàðàòóðè, ùî îáïèðàþòüñÿ íà êîíñòðóêö³þ,

àáî äëÿ çàïîá³ãàííÿ äåôîðìàö³ÿì â³ä çàòîï-

ëåííÿ ïëîñêèõ ïîêð³âåëü.

(3) Deformations should not exceed those that

can be accommodated by other connected

elements such as partitions, glazing, cladding,

services or finishes. In some cases limitation may

be required to ensure the proper functioning of

machinery or apparatus supported by the

structure, or to avoid ponding on flat roofs.

Ïðèì³òêà. Ãðàíè÷í³ ïðîãèíè, íàâåäåí³ íèæ÷å ó (4) ³

(5), âçÿò³ ç ISO 4356 ³, çàçâè÷àé, ïîâèíí³ çàáåçïå÷ó-

âàòè ïðèéíÿòí³ õàðàêòåðèñòèêè áóä³âåëü, òàêèõ ÿê

æèòëîâ³ áóäèíêè, îô³ñè, ãðîìàäñüê³ áóä³âë³ àáî ï³ä-

ïðèºìñòâà. Ñë³ä çâåðíóòè óâàãó, ùî äîïóñòèì³ ïðî-

ãèíè â³äïîâ³äàþòü êîíêðåòíèì êîíñòðóêö³ÿì, ÿê³

ðîçãëÿäàþòüñÿ, ³ ùî íåìàº ñïåö³àëüíèõ âèìîã. Ïî-

äàëüøó ³íôîðìàö³þ ñòîñîâíî ïðîãèí³â ³ ãðàíè÷íèõ

âåëè÷èí ìîæíà îòðèìàòè ç ISO 4356.

Note: The limiting deflections given in (4) and (5) below

are derived from ISO 4356 and should generally result

in satisfactory performance of buildings such as

dwellings, offices, public buildings or factories. Care

should be taken to ensure that the limits are

appropriate for the particular structure considered and

that that there are no special requirements. Further

information on deflections and limiting values may be

obtained from ISO 4356.
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(4) Çîâí³øí³é âèä òà çàãàëüíå âèêîðèñòàííÿ êî-

íñòðóêö³¿ ìîæå ïîã³ðøóâàòèñü, ÿêùî âèçíà÷å-

íèé ïðîãèí áàëêè, ïëèòè àáî êîíñîë³ ïðè êâà-

ç³ïîñò³éíèõ íàâàíòàæåííÿõ ïåðåâèùóº 1/250

ïðîëüîòó. Ïðîãèí îá÷èñëþºòüñÿ â³äíîñíî îïîð.

Äëÿ êîìïåíñàö³¿ ïåâíî¿ ÷àñòèíè àáî âñüîãî

ïðîãèíó ìîæå çàñòîñîâóâàòèñü "áóä³âåëüíèé

ï³äéîì", àëå çâîðîòí³é âèãèí, ñôîðìîâàíèé

îïàëóáêîþ, çàçâè÷àé íå ïîâèíåí ïåðåâèùóâà-

òè 1/250 ïðîëüîòó.

(4) The appearance and general utility of the

structure could be impaired when the calculated

sag of a beam, slab or cantilever subjected to

quasi-permanent loads exceeds span/250. The

sag is assessed relative to the supports. Pre-

camber may be used to compensate for some or

all of the deflection but any upward deflection

incorporated in the formwork should not generally

exceed span/250.

(5) Íåîáõ³äíî îáìåæóâàòè ïðîãèíè, ÿê³ ìîæóòü

ñïðè÷èíèòè ïîøêîäæåííÿ ïðèëåãëèõ ÷àñòèí

êîíñòðóêö³¿. Çàçâè÷àé, ï³ñëÿ çàâåðøåííÿ áóä³â-

íèöòâà ïðèéíÿòíèì º ãðàíè÷íèé ïðîãèí 1/500

ïðîëüîòó ïðè êâàç³ïîñò³éíèõ íàâàíòàæåííÿõ. Ó

çàëåæíîñò³ â³ä ÷óòëèâîñò³ ïðèëåãëèõ ÷àñòèí

ìîæóòü ðîçãëÿäàòèñü ³íø³ äîïóñòèì³ çíà÷åííÿ.

(5) Deflections that could damage adjacent parts

of the structure should be limited. For the deflec-

tion after construction, span/500 is normally an

appropriate limit for quasi-permanent loads.

Other limits may be considered, depending on the

sensitivity of adjacent parts.

(6) Ãðàíè÷íèé ñòàí çà äåôîðìàö³ºþ ìîæå ïå-

ðåâ³ðÿòèñü òàê:

(6) The limit state of deformation may be checked

by either:

– øëÿõîì îáìåæåííÿ ñï³ââ³äíîøåííÿ ïðîë³ò/

âèñîòà, çã³äíî ç 7.4.2 àáî

– by limiting the span/depth ratio, according to

7.4.2 or

– ïîð³âíÿííÿì ïðîãèíó, âèçíà÷åíîãî çã³äíî ç

7.4.3 ç ãðàíè÷íî-äîïóñòèìèì.

– by comparing a calculated deflection, accor-

ding to 7.4.3, with a limit value.

Ïðèì³òêà. Ôàêòè÷í³ äåôîðìàö³¿ ìîæóòü â³äð³çíÿ-

òèñü â³ä îá÷èñëåíèõ, îñîáëèâî êîëè ïðèêëàäåí³ ìî-

ìåíòè, áëèçüê³ äî ìîìåíò³â òð³ùèíîóòâîðåííÿ.

Â³äõèëåííÿ çàëåæàòü â³ä äèñïåðñ³¿ õàðàêòåðèñòèê

ìàòåð³àë³â, óìîâ íàâêîëèøíüîãî ñåðåäîâèùà,

ïîñë³äîâíîñò³ íàâàíòàæåííÿ, çàêð³ïëåííÿ íà îïî-

ðàõ, ´ðóíòîâèõ óìîâ òîùî.

Note: The actual deformations may differ from the

estimated values, particularly if the values of applied

moments are close to the cracking moment. The diffe-

rences will depend on the dispersion of the material

properties, on the environmental conditions, on the

load history, on the restraints at the supports, ground

conditions, etc.

7.4.2 Âèïàäêè, êîëè îá÷èñëåííÿ ìîæíà íå

âèêîíóâàòè

7.4.2 Cases where calculations may be omit-

ted

(1)Ð ßê ïðàâèëî, íåìàº íåîáõ³äíîñò³ îá÷èñëþ-

âàòè ïðîãèíè äåòàëüíî çà ïðîñòîþ ïðîöåäó-

ðîþ, íàïðèêëàä, îáìåæåííÿ ñï³ââ³äíîøåííÿ

ïðîë³ò/âèñîòà ìîæíà ñôîðìóëþâàòè òàê, ùî

âîíî áóäå äîñòàòí³ì äëÿ çàïîá³ãàííÿ íåäîïóñ-

òèìèì ïðîãèíàì ó íîðìàëüíèõ óìîâàõ. Á³ëüø

ñóâîðà ïåðåâ³ðêà íåîáõ³äíà äëÿ åëåìåíò³â, ùî

íå â³äïîâ³äàþòü òàêèì îáìåæåííÿì, àáî êîëè

ãðàíè÷í³ ïðîãèíè â³äð³çíÿþòüñÿ â³ä òèõ, ùî ïå-

ðåäáà÷åí³ ó ñïðîùåíèõ ìåòîäàõ.

(1)P Generally, it is not necessary to calculate the

deflections explicitly as simple rules, for example

limits to span/depth ratio may be formulated,

which will be adequate for avoiding deflection

problems in normal circumstances. More rigorous

checks are necessary for members which lie

outside such limits, or where deflection limits

other than those implicit in simplified methods are

appropriate.

(2) ßêùî ðîçì³ðè çàë³çîáåòîííèõ áàëîê ³ ïëèò ó

áóä³âëÿõ ïðèéíÿò³ òàê, ùî â³äíîøåííÿ ïðî-

ëüîò³â äî âèñîò â³äïîâ³äàþòü ãðàíè÷íèì, òî

ìîæíà ââàæàòè, ùî ¿õ ïðîãèíè íå ïåðåâèùó-

þòü äîïóñòèìèõ, âêàçàíèõ ó 7.4.1 (4) ³ (5). Ãðà-

íè÷íå ñï³ââ³äíîøåííÿ ïðîë³ò/âèñîòà ìîæíà

âèçíà÷èòè çà âèðàçàìè (7.16.à) ³ (7.16.b) ç íàñ-

òóïíèì ìíîæåííÿì íà ïîïðàâî÷í³ êîåô³ö³ºíòè

(2) Provided that reinforced concrete beams or

slabs in buildings are dimensioned so that they

comply with the limits of span to depth ratio given

in this clause, their deflections may be considered

as not exceeding the limits set out in 7.4.1 (4) and

(5). The limiting span/depth ratio may be estima-

ted using Expressions (7.16.a) and (7.16.b) and

multiplying this by correction factors to allow for
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äëÿ âðàõóâàííÿ òèïó àðìàòóðè òà ³íøèõ çì³í-

íèõ. Ïðè âèâåäåíí³ íèæ÷åíàâåäåíèõ âèðàç³â

"áóä³âåëüíèé ï³äéîì" í³ÿê íå âðàõîâóâàâñÿ.

the type of reinforcement used and other variab-

les. No allowance has been made for any pre-

camber in the derivation of these Expressions.

l

d
K f fck ck� � � �

�

�
��

�

�
��

"

#

$
$
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'
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/
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)
, ÿêùî (if) ) )	 0 , (7.16.à)
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0

0

,
)

) )
)
),

, ÿêùî (if) ) )� 0 , (7.16.b)

äå: where:

l/d – ãðàíè÷íå â³äíîøåííÿ ïðîë³ò/âèñîòà; l/d is the limit span/depth;

K – êîåô³ö³ºíò, ùî âðàõîâóº ð³çí³ êîíñòðóêòèâí³

ñèñòåìè;

K is the factor to take into account the different

structural systems;

)0 – äîâ³äêîâèé ïðîöåíò àðìóâàííÿ � �fck 10 3; )0 is the reference reinforcement ratio � �fck 10 3;

) – íåîáõ³äíèé ïðîöåíò àðìóâàííÿ ðîçòÿãíóòî¿

àðìàòóðè ó ñåðåäèí³ ïðîëüîòó äëÿ ñïðèéíÿòòÿ

ìîìåíòó â³ä ðîçðàõóíêîâèõ íàâàíòàæåíü (íà

îïîð³ äëÿ êîíñîëåé);

) is the required tension reinforcement ratio at

mid-span to resist the moment due to the design

loads (at support for cantilevers);

)+ – íåîáõ³äíèé ïðîöåíò àðìóâàííÿ ñòèñíóòî¿

àðìàòóðè ó ñåðåäèí³ ïðîëüîòó äëÿ ñïðèéíÿòòÿ

ìîìåíòó â³ä ðîçðàõóíêîâèõ íàâàíòàæåíü (íà

îïîð³ äëÿ êîíñîëåé);

)+ is the required compression reinforcement ratio

at mid-span to resist the moment due to design

loads (at support for cantilevers);

fck – â ÌÏà. fck is in MPa units.

Âèðàçè (7.16.à) ³ (7.16.b) áóëè îäåðæàí³ çà óìî-

âè, ùî íàïðóæåííÿ â àðìàòóð³ ïðè â³äïîâ³äíî-

ìó ðîçðàõóíêîâîìó íàâàíòàæåíí³ çà ²² ãðóïîþ

ãðàíè÷íèõ ñòàí³â ó ïåðåð³ç³ ç òð³ùèíàìè ó ñåðå-

äèí³ ïðîëüîòó áàëêè àáî íà îïîð³ êîíñîë³ ñòà-

íîâèòü 310 ÌÏà (ùî íàáëèæåíî â³äïîâ³äàº

fyk = 500 ÌÏà).

Expressions (7.16.a) and (7.16.b) have been

derived on the assumption that the steel stress,

under the appropriate design load at SLS at a

cracked section at the mid-span of a beam or slab

or at the support of a cantilever, is 310 MPa,

(corresponding roughly to fyk = 500 MPa).

ßêùî âðàõîâóþòüñÿ ³íø³ ð³âí³ íàïðóæåíü, òî

îòðèìàí³ çà âèðàçàìè (7.16) çíà÷åííÿ íåîáõ³ä-

íî ïîìíîæèòè íà 310/�s . Çàçâè÷àé, êîíñåðâà-

òèâíî ïðèéìàþòü, ùî:

Where other stress levels are used, the values

obtained using Expression (7.16) should be multi-

plied by 310/�s . It will normally be conservative to

assume that:

� �310 500/ / /, ,�s yk s req s provf A A� , (7.17)

äå: where:

�s – íàïðóæåííÿ ðîçòÿãó àðìàòóðè ó ñåðåäèí³

ïðîëüîòó (íà îïîð³ êîíñîë³) ïðè ðîçðàõóíêîâî-

ìó íàâàíòàæåíí³ çà ãðàíè÷íèìè ñòàíàìè SLS;

�s is the tensile steel stress at mid-span (at

support for cantilevers) under the design load at

SLS;

As,prov – ôàêòè÷íà ïëîùà àðìàòóðíî¿ ñòàë³ ó

öüîìó ïåðåð³ç³;

As,prov is the area of steel provided at this section;

As,req – íåîáõ³äíà ïëîùà àðìàòóðíî¿ ñòàë³ çà ²

ãðóïîþ ãðàíè÷íèõ ñòàí³â.

As,req is the area of steel required at this section

for ultimate limit state.

Äëÿ ïåðåð³ç³â ç ïîëèöÿìè, ÿêùî â³äíîøåííÿ

øèðèíè ïîëèö³ äî øèðèíè ðåáðà ïåðåâèùóº 3,

òî âåëè÷èíè l /d, âèçíà÷åí³ çà âèðàçàìè (7.16),

íåîáõ³äíî ïîìíîæèòè íà 0,8.

For flanged sections where the ratio of the flange

breadth to the rib breadth exceeds 3, the values of

l /d given by Expression (7.16) should be multipli-

ed by 0,8.
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Äëÿ áàëîê ³ ïëèò, îêð³ì ïëîñêèõ ïëèò ïðîëüîòîì

á³ëüøå í³æ 7 ì, ³ ó ÿêèõ ïðè íàäì³ðíèõ ïðîãèíàõ

ìîæóòü ïîøêîäæóâàòèñü îáïåðò³ ïåðåãîðîäêè,

âåëè÷èíè l /d, âèçíà÷åí³ çà âèðàçàìè (7.16), íå-

îáõ³äíî ïîìíîæèòè íà 7/leff (leff , ì, äèâ. 5.3.2.2 (1)).

For beams and slabs, other than flat slabs, with

spans exceeding 7 m, which support partitions

liable to be damaged by excessive deflections, the

values of l /d given by Expression (7.16) should be

multiplied by 7/leff (leff in meters, see 5.3.2.2 (1)).

Äëÿ ïëîñêèõ ïëèò, ÿêùî á³ëüøèé ïðîë³ò ïåðå-

âèùóº 8,5 ì, ³ ó ÿêèõ ïðè íàäì³ðíèõ ïðîãèíàõ

ìîæóòü ïîøêîäæóâàòèñü îáïåðò³ ïåðåãîðîäêè,

âåëè÷èíè l /d, âèçíà÷åí³ çà âèðàçàìè (7.16), íå-

îáõ³äíî ïîìíîæèòè íà 8,5/leff (leff , ì),

For flat slabs where the greater span exceeds

8,5 m, and which support partitions liable to be

damaged by excessive deflections, the values of

l /d given by Expression (7.16) should be multipli-

ed by 8,5/leff (leff in meters).

Ïðèì³òêà. Âåëè÷èíè K äëÿ âèêîðèñòàííÿ ó êîí-

êðåòí³é êðà¿í³ ìîæóòü âêàçóâàòèñü ó íàö³îíàëüíîìó

äîäàòêó. Ðåêîìåíäîâàí³ âåëè÷èíè K íàâåäåíî ó

òàáëèö³ 7.4N. Ö³ âåëè÷èíè îäåðæàíî çà âèðàçàìè

(7.16) äëÿ çâè÷àéíèõ âèïàäê³â (Ñ30, �s = 310 ÌÏà,

ð³çí³ êîíñòðóêòèâí³ ñèñòåìè ³ ïðîöåíò àðìóâàííÿ

) = 0,5 % ³ ) = 1,5 %), ùî òàêîæ âêàçàí³.

Note: Values of K for use in a Country may be found in

its National Annex. Recommended values of K are

given in Table 7.4N. Values obtained using Expression

(7.16) for common cases (C30, �s = 310 MPa, differen

structural systems and reinforcement ratios ) = 0,5 %

and ) = 1,5 %) are also given.

Òàáëèöÿ 7.4N – Îñíîâí³ ïîêàçíèêè ïðîë³ò/ ôàêòè÷íà âèñîòà äëÿ çàë³çîáåòîííèõ åëåìåíò³â

áåç îñüîâîãî ñòèñêó

Table 7.4N – Basic ratios of span/effective depth for reinforced concrete members without axial

compression

Êîíñòðóêòèâíà ñèñòåìà

Structural System
K

Áåòîí ïðè âèñîêîìó

ð³âí³ íàïðóæåíü

Concrete highly

stressed ) = 1,5 %

Áåòîí ïðè íåçíà÷íîìó

ð³âí³ íàïðóæåíü

Concrete lightly

stressed ) = 0,5 %

Øàðí³ðíî îáïåðòà áàëêà; øàðí³ðíî îáïåðòà â

îäíîìó àáî äâîõ íàïðÿìêàõ ïëèòà

Simply supported beam, one- or two-way spanning

simply supported slab

1,0 14 20

Êðàéí³é ïðîë³ò íåðîçð³çíî¿ áàëêè àáî íåðîçð³çíî¿

â îäíîìó íàïðÿìêó ïëèòè, àáî îáïåðòî¿ â äâîõ

íàïðÿìêàõ ³ íåðîçð³çíî¿ âäîâæ äîâøî¿ ñòîðîíè

End span of continuous beam or one-way

continuous slab or two-way spanning slab

continuous over one long side

1,3 18 26

Âíóòð³øí³é ïðîë³ò áàëêè àáî ïëèòè, îáïåðòî¿ â

îäíîìó ÷è äâîõ íàïðÿìêàõ

Interior span of beam or one-way or two-way

spanning slab

1,5 20 30

Ïëèòè, îáïåðò³ íà êîëîíè, áåç áàëîê (ïëîñê³

ïåðåêðèòòÿ) (íà îñíîâ³ äîâøîãî ïðîëüîòó)

Slab supported on columns without beams (flat slab)

(based on longer span)

1,2 17 24

Êîíñîë³

Cantilever
0,4 6 8
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Êîíñòðóêòèâíà ñèñòåìà

Structural System
K

Áåòîí ïðè âèñîêîìó

ð³âí³ íàïðóæåíü

Concrete highly

stressed ) = 1,5 %

Áåòîí ïðè íåçíà÷íîìó

ð³âí³ íàïðóæåíü

Concrete lightly

stressed ) = 0,5 %

Ïðèì³òêà 1. Íàâåäåí³ âåëè÷èíè âèçíà÷åí³, çàçâè÷àé, ÿê êîíñåðâàòèâí³ ³ îá÷èñëåííÿ ìîæóòü ÷àñòî ïîêàçóâà-

òè, ùî ìîæëèâî âèáèðàòè òîíø³ åëåìåíòè.

Note 1. The values given have been chosen to be generally conservative and calculation may frequently show that

thinner members are possible.

Ïðèì³òêà 2. Äëÿ ïëèò, îáïåðòèõ ó äâîõ íàïðÿìêàõ, ïåðåâ³ðêà ïîâèííà âèêîíóâàòèñü íà îñíîâ³ êîðîòøîãî ïðî-

ëüîòó. Äëÿ ïëîñêèõ ïëèò íåîáõ³äíî âðàõîâóâàòè äîâøèé ïðîëüîò.

Note 2. For 2-way spanning slabs, the check should be carried out on the basis of the shorter span. For flat slabs the

longer span should be taken.

Ïðèì³òêà 3. Ãðàíè÷í³ çíà÷åííÿ, íàâåäåí³ äëÿ ïëîñêèõ ïëèò, â³äïîâ³äàþòü ìåíø æîðñòêèì îáìåæåííÿì,

ïîð³âíÿíî ç ïðîãèíîì 1/250 ïðîëüîòó â³äíîñíî êîëîí. Ïðàêòèêà ïîêàçàëà, ùî öüîãî äîñòàòíüî.

Note 3. The limits given for flat slabs correspond to a less severe limitation than a mid-span deflection of span/250

relative to the columns. Experience has shown this to be satisfactory.

Âèçíà÷åí³ çà âèðàçàìè (7.16) ³ òàáëèöåþ 7.4N

âåëè÷èíè áóëè îäåðæàí³ çà ðåçóëüòàòàìè ïà-

ðàìåòðè÷íèõ äîñë³äæåíü, âèêîíàíèõ äëÿ ñåð³é

øàðí³ðíî îáïåðòèõ áàëîê àáî ïëèò ïðÿìîêóò-

íîãî ïåðåð³çó ïðè âèêîðèñòàíí³ íàâåäåíîãî ó

7.4.3 çàãàëüíîãî ï³äõîäó. Ðîçãëÿäàëèñü ð³çí³

êëàñè ì³öíîñò³ áåòîíó ïðè õàðàêòåðèñòè÷í³é

ì³öíîñò³ òåêó÷îñò³ 500 ÌÏà. Äëÿ çàäàíî¿ ïëîù³

ðîçòÿãíóòî¿ àðìàòóðè âèçíà÷àâñÿ ãðàíè÷íèé

ìîìåíò çà óìîâè, ùî êâàç³ïîñò³éíå íàâàíòà-

æåííÿ ñòàíîâèòü 50 % â³ä çàãàëüíîãî ðîçðà-

õóíêîâîãî íàâàíòàæåííÿ. Îäåðæàí³ ãðàíè÷í³

çíà÷åííÿ ïðîë³ò/âèñîòà çàäîâîëüíÿëè äîïóñ-

òèìèé ãðàíè÷íèé ïðîãèí, âêàçàíèé ó 7.4.1 (5).

The values given by Expression (7.16) and Table

7.4N have been derived from results of a para-

metric study made for a series of beams or slabs

simply supported with rectangular cross section,

using the general approach given in 7.4.3. Diffe-

rent values of concrete strength class and a

500 MPa characteristic yield strength were consi-

dered. For a given area of tension reinforcement

the ultimate moment was calculated and the

quasi-permanent load was assumed as 50 % of

the corresponding total design load. The span/

depth limits obtained satisfy the limiting deflection

given in 7.4.1 (5).

7.4.3 Ïåðåâ³ðêà ïðîãèí³â ðîçðàõóíêîì 7.4.3 Checking deflections by calculation

(1)Ð ßêùî ââàæàºòüñÿ, ùî ðîçðàõóíîê îáîâ'ÿç-

êîâèé, âèçíà÷åííÿ äåôîðìàö³é ïîâèííî çä³éñ-

íþâàòèñü çà óìîâ, ÿê³ â³äïîâ³äàþòü ïðèçíà÷åí-

íþ ïåðåâ³ðêè.

(1)P Where a calculation is deemed necessary,

the deformations shall be calculated under load

conditions which are appropriate to the purpose of

the check.

(2)Ð Âèáðàíèé ìåòîä ðîçðàõóíêó ïîâèíåí â³äî-

áðàæàòè ôàêòè÷íèé õàðàêòåð ðîáîòè êîíñò-

ðóêö³¿ ïðè â³äïîâ³äíèõ âïëèâàõ ç íåîáõ³äíîþ

äëÿ äîñÿãíåííÿ ìåòè ðîçðàõóíêó òî÷í³ñòþ.

(2)P The calculation method adopted shall repre-

sent the true behaviour of the structure under

relevant actions to an accuracy appropriate to the

objectives of the calculation.

(3) Áåç òð³ùèí ìîæóòü ââàæàòèñü åëåìåíòè,

íàâàíòàæåííÿ íà ÿê³ íå î÷³êóºòüñÿ âèùå ð³âíÿ,

çà ÿêîãî ìîæëèâå ïåðåâèùåííÿ ì³öíîñò³ áåòî-

íó íà ðîçòÿã áóäü-äå â åëåìåíò³. Åëåìåíòè, â

ÿêèõ î÷³êóþòüñÿ òð³ùèíè, àëå âîíè íå ïîâí³ñòþ

ðîçòð³ñêàí³, áóäóòü ïðàöþâàòè ó ïðîì³æí³é

ñòàä³¿ áåç òð³ùèí òà ïîâí³ñòþ ðîçòð³ñêàí³, à äëÿ

åëåìåíò³â, ÿê³ ïåðåâàæíî ïðàöþþòü íà çãèí,

ïåðåäáà÷åííÿ â³äïîâ³äíîãî õàðàêòåðó ðîáîòè

âèêîíóºòüñÿ çà âèðàçîì:

(3) Members which are not expected to be loaded

above the level which would cause the tensile

strength of the concrete to be exceeded any-

where within the member should be considered to

be uncracked. Members which are expected to

crack, but may not be fully cracked, will behave in

a manner intermediate between the uncracked

and fully cracked conditions and, for members

subjected mainly to flexure, an adequate predic-

tion of behaviour is given by Expression (7.18):
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� �* -* - *� � �.. .1 , (7.18)

äå: where:

* – äåôîðìàö³éíà õàðàêòåðèñòèêà, ÿêà ðîçãëÿ-

äàºòüñÿ, íàïðèêëàä, äåôîðìàö³ÿ, êðèâèçíà

àáî ïîâîðîò. (Äëÿ ñïðîùåííÿ, * òàêîæ ìîæíà

ïðèéìàòè ÿê ïðîãèí – äèâ. (6) íèæ÷å);

* is the deformation parameter considered which

may be, for example, a strain, a curvature, or a

rotation. (As a simplification, * may also be taken

as a deflection – see (6) below);

*
²
, *

²²
– ïàðàìåòðè, îá÷èñëåí³ äëÿ ñòàíó áåç

òð³ùèí òà ç òð³ùèíàìè â³äïîâ³äíî;

*
²
, *

²²
are the values of the parameter calculated

for the uncracked and fully cracked conditions

respectively;

� – êîåô³ö³ºíò ðîçïîä³ëó (âðàõîâóº ï³äâèùåííÿ

æîðñòêîñò³ ó ïåðåð³ç³ ïðè ðîçòÿãó), ùî âèçíà-

÷àºòüñÿ çà âèðàçîì:

� is a distribution coefficient (allowing for tensio-

ning stiffening at a section) given by Expression

(7.19):

- �
�

�
� �

�

�
��

�

�
��1

2
sr

s

, (7.19)

� = 0 äëÿ ïåðåð³çó áåç òð³ùèí; � = 0 for uncracked sections;

� – êîåô³ö³ºíò, ùî âðàõîâóº âïëèâ òðèâàëîñò³

íàâàíòàæåííÿ àáî ïîâòîðþâàíîãî íàâàíòà-

æåííÿ íà ñåðåäíþ äåôîðìàö³þ:

� is a coefficient taking account of the influence of

the duration of the loading or of repeated loading

on the average strain:

= 1,0 – äëÿ îäíîãî êîðîòêîòðèâàëîãî íàâàí-

òàæåííÿ;

= 1,0 for a single short-term loading;

= 0,5 – äëÿ ïîñò³éíèõ íàâàíòàæåíü àáî áà-

ãàòüîõ öèêë³â ïîâòîðåííÿ íàâàíòàæåííÿ;

= 0,5 for sustained loads or many cycles of

repeated loading;

�s – íàïðóæåííÿ ó ðîçòÿãíóò³é àðìàòóð³, âèçíà-

÷åí³ íà îñíîâ³ ïåðåð³çó ç òð³ùèíàìè;

�s is the stress in the tension reinforcement calcu-

lated on the basis of a cracked section;

�sr – íàïðóæåííÿ ó ðîçòÿãíóò³é àðìàòóð³, âèçíà÷åí³

íà îñíîâ³ ïåðåð³çó ç òð³ùèíàìè çà óìîâ íàâàíòà-

æåíü, ùî âèêëèêàþòü ïîÿâó ïåðøî¿ òð³ùèíè.

�sr is the stress in the tension reinforcement

calculated on the basis of a cracked section under

the loading conditions causing first cracking.

Ïðèì³òêà. �sr /�s ìîæíà çàì³íèòè íà Mcr /M äëÿ çãèíó,

àáî Ncr /N äëÿ ÷èñòîãî ðîçòÿãó, äå Mcr – ìîìåíò òð³ùè-

íîóòâîðåííÿ, à Ncr – çóñèëëÿ òð³ùèíîóòâîðåííÿ.

Note: �sr /�s may be replaced by Mcr /M for flexure or

Ncr /N for pure tension, where Mcr is the cracking mo-

ment and Ncr is the cracking force.

(4) Ñïðè÷èíåí³ íàâàíòàæåííÿì äåôîðìàö³¿

ìîæóòü âèçíà÷àòèñü ³ç çàñòîñóâàííÿì ì³öíîñò³

íà ðîçòÿã ³ ôàêòè÷íîãî ìîäóëÿ ïðóæíîñò³ áåòî-

íó (äèâ. (5)).

(4) Deformations due to loading may be assessed

using the tensile strength and the effective mo-

dulus of elasticity of the concrete (see (5)).

Ó òàáëèö³ 3.1 ïîêàçàíî ä³àïàçîíè ìîæëèâèõ

çíà÷åíü ì³öíîñò³ íà ðîçòÿã. Ó çàãàëüíîìó âè-

ïàäêó íàéêðàùèé ðåçóëüòàò ïðè îö³íö³ õàðàê-

òåðó ðîáîòè äàº âèêîðèñòàííÿ fctm. ßêùî

ìîæíà ïîêàçàòè, ùî çóñèëëÿ ðîçòÿãó â³äñóòí³

(íàïðèêëàä, íàïðóæåííÿ ñïðè÷èíåí³ óñàäêîþ

àáî òåìïåðàòóðíèìè âïëèâàìè), òî ìîæëèâî

çàñòîñîâóâàòè ì³öí³ñòü íà ðîçòÿã ïðè çãèí³ fctm,fl

(äèâ. 3.1.8).

Table 3.1 indicates the range of likely values for

tensile strength. In general, the best estimate of

the behaviour will be obtained if fctm is used.

Where it can be shown that there are no axial

tensile stresses (e.g. those caused by shrinkage

or thermal effects) the flexural tensile strength,

fctm,fl, (see 3.1.8) may be used.

168

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



(5) Äëÿ íàâàíòàæåíü ç òðèâàë³ñòþ, ùî âèêëè-

êàº ïîâçó÷³ñòü, çàãàëüíà äåôîðìàö³ÿ âêëþ÷íî

ç ïîâçó÷³ñòþ ìîæå âèçíà÷àòèñü ³ç çàñòîñóâàí-

íÿì ôàêòè÷íîãî ìîäóëÿ ïðóæíîñò³ áåòîíó çã³ä-

íî ç âèðàçîì:

(5) For loads with a duration causing creep, the

total deformation including creep may be calcu-

lated by using an effective modulus of elasticity

for concrete according to Expression (7.20):

� �
E

E

,t
c eff

cm
, �

� /1 00
, (7.20)

äå: where:

� �0 /,t0 – êîåô³ö³ºíò ïîâçó÷îñò³, ùî â³äïîâ³äàº

íàâàíòàæåííþ ³ ³íòåðâàëó ÷àñó (äèâ. 3.1.4).

� �0 /,t0 is the creep coefficient relevant for the

load and time interval (see 3.1.4).

(6) Êðèâèçíó â³ä óñàäêè ìîæíà îö³íèòè ç âèêî-

ðèñòàííÿì âèðàçó:

(6) Shrinkage curvatures may be assessed using

Expression (7.21):

1

r

S

Ics
cs e� ( * , (7.21)

äå: where:

1/rcs – êðèâèçíà, ñïðè÷èíåíà óñàäêîþ; 1/rcs is the curvature due to shrinkage;

(ñs – äåôîðìàö³ÿ â³ëüíî¿ óñàäêè (äèâ. 3.1.4); (ñs is the free shrinkage strain (see 3.1.4);

S – ñòàòè÷íèé ìîìåíò ïëîù³ àðìàòóðè â³äíîñ-

íî öåíòðà âàãè ïåðåð³çó;

S is the first moment of area of the reinforcement

about the centroid of the section;

² – ìîìåíò ³íåðö³¿ ïëîù³ ïåðåð³çó; ² is the second moment of area of the section;

*e – â³äíîøåííÿ ôàêòè÷íèõ ìîäóë³â; *e is the effective modular ratio;

* e s c effE E� / , ;

S ³ ² ïîâèíí³ âèçíà÷àòèñü äëÿ óìîâ áåç òð³ùèí ³

ïîâí³ñòþ ç òð³ùèíàìè, ïîâíà êðèâèçíà âèçíà-

÷àºòüñÿ çà âèðàçîì (7.18).

S and ² should be calculated for the uncracked

condition and the fully cracked condition, the final

curvature being assessed by use of Expression

(7.18).

(7) Íàéá³ëüø òî÷íèé ìåòîä âèçíà÷åííÿ ïðî-

ãèí³â äàº çàñòîñóâàííÿ ï³äõîäó, íàâåäåíîãî ó

(3), ÿêèé áàçóºòüñÿ íà êîìï'þòåðíîìó ðîçðà-

õóíêó êðèâèçíè â ÷àñòî âèáðàíèõ ïåðåð³çàõ

âäîâæ åëåìåíòà ³ ïîäàëüøîìó îá÷èñëåíí³

ïðîãèíó ³ç çàñòîñóâàííÿì ÷èñåëüíîãî ³íòåãðó-

âàííÿ. Ó á³ëüøîñò³ âèïàäê³â áóäå ïðèéíÿòíèì

îá÷èñëþâàòè ïðîãèíè äâ³÷³ çà óìîâè, ùî âåñü

åëåìåíò áåç òð³ùèí ³, íàâïàêè, ïîâí³ñòþ ç

òð³ùèíàìè, à ïîò³ì âèêîíàòè ³íòåðïîëÿö³þ ³ç

çàñòîñóâàííÿì âèðàçó (7.18).

(7) The most rigorous method of assessing

deflections using the method given in (3) above is

to compute the curvatures at frequent sections

along the member and then calculate the

deflection by numerical integration. In most cases

it will be acceptable to compute the deflection

twice, assuming the whole member to be in the

uncracked and fully cracked condition in turn, and

then interpolate using Expression (7.18).

Ïðèì³òêà. Ïðè âèêîðèñòàíí³ ñïðîùåíèõ ìåòîä³â îá-

÷èñëåííÿ ïðîãèí³â âîíè ïîâèíí³ áàçóâàòèñü íà õà-

ðàêòåðèñòèêàõ, íàâåäåíèõ ó öüîìó ñòàíäàðò³, òà

îá´ðóíòîâóâàòèñü âèïðîáóâàííÿìè.

Note: Where simplified methods of calculating deflec-

tions are used they should be based on the properties

given in this Standard and substantiated by tests.
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8 ÎÑÍÎÂÍ² ÏÐÀÂÈËÀ ÊÎÍÑÒÐÓÞÂÀÍÍß
ÇÂÈ×ÀÉÍÎ¯ ² ÏÎÏÅÐÅÄÍÜÎ ÍÀÏÐÓÆÅÍÎ¯
ÀÐÌÀÒÓÐÈ

8 DETAILING OF REINFORCEMENT AND
PRESTRESSING TENDONS – GENERAL

8.1 Çàãàëüí³ ïîëîæåííÿ 8.1 General

(1)Ð Íàâåäåí³ ó öüîìó ðîçä³ë³ ïðàâèëà çàñòî-

ñîâóþòüñÿ äëÿ àðìàòóðè ïåð³îäè÷íîãî ïðî-

ô³ëþ, àðìàòóðíèõ ñ³òîê ³ ïîïåðåäíüî íàïðó-

æåíî¿ àðìàòóðè, íà ÿêó ïåðåâàæíî ä³º ñòàòè÷-

íå íàâàíòàæåííÿ. Âîíè ìîæóòü çàñòîñîâóâà-

òèñü äëÿ çâè÷àéíèõ áóä³âåëü òà ìîñò³â. Ïðà-

âèëà ìîæóòü çàñòîñîâóâàòèñü äëÿ:

(1)P The rules given in this Section apply to ribbed

reinforcement, mesh and prestressing tendons

subjected predominantly to static loading. They

are applicable for normal buildings and bridges.

They may not be sufficient for:

– åëåìåíò³â, íà ÿê³ ä³º äèíàì³÷íå íàâàíòàæåí-

íÿ, âèêëèêàíå ñåéñì³÷íèìè âïëèâàìè àáî

â³áðàö³ºþ â³ä îáëàäíàííÿ, óäàðíèì íàâàí-

òàæåííÿì, ³

– elements subjected to dynamic loading cau-

sed by seismic effects or machine vibration,

impact loading and

– äëÿ åëåìåíò³â, ÿê³ ì³ñòÿòü ñòðèæí³ ³ç ñïå-

ö³àëüíèì ôàðáóâàííÿì, ïîêðèòèõ åïîêñèä-

íîþ ñìîëîþ ÷è îöèíêîâàíèõ.

– to elements incorporating specially painted,

epoxy or zinc coated bars.

Äëÿ ñòðèæí³â âåëèêèõ ä³àìåòð³â çàñòîñîâóþòü-

ñÿ äîäàòêîâ³ ïðàâèëà.

Additional rules are provided for large diameter

bars.

(2)Ð Ïîâèíí³ çàäîâîëüíÿòèñü âèìîãè ñòîñîâíî

ì³í³ìàëüíî¿ òîâùèíè çàõèñíîãî øàðó áåòîíó

(äèâ. 4.4.1.2).

(2)P The requirements concerning minimum con-

crete cover shall be satisfied (see 4.4.1.2).

(3) Äëÿ áåòîí³â íà ëåãêèõ çàïîâíþâà÷àõ ó ðîç-

ä³ë³ 11 íàâåäåíî äîäàòêîâ³ ïðàâèëà.

(3) For lightweight aggregate concrete, supple-

mentary rules are given in Section 11.

(4) Ïðàâèëà äëÿ êîíñòðóêö³é, íà ÿê³ ä³º íàâàí-

òàæåííÿ óòîìëåíîñò³, íàâåäåíî ó 6.8.

(4) Rules for structures subjected to fatigue loa-

ding are given in 6.8.

8.2 Ðîçòàøóâàííÿ ñòðèæí³â 8.2 Spacing of bars

(1)Ð Ðîçì³ùåííÿ ñòðèæí³â ïîâèííî áóòè òàêèì,

ùîá ìîæíà áóëî íàëåæíèì ÷èíîì óêëàñòè ³

óù³ëüíèòè áåòîí äëÿ íàáóòòÿ íåîáõ³äíîãî

ç÷åïëåííÿ.

(1)P The spacing of bars shall be such that the

concrete can be placed and compacted satisfac-

torily for the development of adequate bond.

(2) Â³äñòàíü ó ÷èñòîò³ (ãîðèçîíòàëüíà ³ âåðòè-

êàëüíà) ì³æ îêðåìèìè ïàðàëåëüíèìè ñòðèæíÿ-

ìè àáî ãîðèçîíòàëüíèìè ðÿäàìè ïàðàëåëüíèõ

ñòðèæí³â ïîâèííà áóòè íå ìåíøîþ í³æ ìàêñè-

ìàëüíèé ä³àìåòð ñòðèæíÿ k1, (dg + k2 ìì) àáî 20

ìì, äå dg – ìàêñèìàëüíèé ðîçì³ð çàïîâíþâà÷à.

(2) The clear distance (horizontal and vertical)

between individual parallel bars or horizontal la-

yers of parallel bars should be not less than the

maximum of k1, bar diameter, (dg + k2 mm) or

20 mm where dg is the maximum size of aggre-

gate.

Ïðèì³òêà. Âåëè÷èíè k1 ³ k2 äëÿ âèêîðèñòàííÿ ó êîíê-

ðåòí³é êðà¿í³ ìîæóòü âêàçóâàòèñü ó íàö³îíàëüíîìó

äîäàòêó. Ðåêîìåíäîâàíèìè º âåëè÷èíè 1 ³ 5 ìì â³ä-

ïîâ³äíî.

Note: The value of k1 and k2 for use in a Country may

be found in its National Annex. The recommended

values are 1 and 5 mm respectively.

(3) Ïðè ðîçì³ùåíí³ ñòðèæí³â ó ð³çíèõ ãîðèçîí-

òàëüíèõ ðÿäàõ ñòðèæí³ ó êîæíîìó ðÿäó ïîâèíí³

ðîçì³ùóâàòèñü âåðòèêàëüíî îäèí íàä îäíèì.

Ì³æ óòâîðåíèìè â ðåçóëüòàò³ êîëîíêàìè

ñòðèæí³â ïîâèííî áóòè äîñòàòíüî ïðîñòîðó

äëÿ ïðîõîäæåííÿ â³áðàòîð³â òà óù³ëüíåííÿ áå-

òîíó.

(3) Where bars are positioned in separate hori-

zontal layers, the bars in each layer should be

located vertically above each other. There should

be sufficient space between the resulting columns

of bars to allow access for vibrators and good

compaction of the concrete.
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(4) Ïðè ç'ºäíàíí³ âíàïóñòîê äîçâîëÿºòüñÿ, ùîá

ñòðèæí³ òîðêàëèñü îäèí îäíîãî íà äîâæèí³ íà-

ïóñòêà (äèâ. 8.7).

(4) Lapped bars may be allowed to touch one

another within the lap length. See 8.7 for more

details.

8.3 Ä³àìåòð ñåðäå÷íèêà äëÿ çãèíó ñòðèæí³â 8.3 Permissible mandrel diameters for bent bars

(1)Ð Ì³í³ìàëüíèé ä³àìåòð çãèíó ñòðèæí³â ïîâè-

íåí áóòè òàêèì, ùîá óíèêàòè ó ñòðèæíÿõ

òð³ùèí ïðè ãíóòò³ òà ðóéíóâàííÿ áåòîíó âñåðå-

äèí³ çãèíó ñòðèæíÿ.

(1)P The minimum diameter to which a bar is bent

shall be such as to avoid bending cracks in the

bar, and to avoid failure of the concrete inside the

bend of the bar.

(2) Äëÿ çàïîá³ãàííÿ óøêîäæåííþ àðìàòóðè

ä³àìåòð, íà ÿêîìó ñòðèæí³ ç³ãíóò³ (ä³àìåòð ñåð-

äå÷íèêà), ïîâèíåí áóòè íå ìåíøèì í³æ �m,min.

(2) In order to avoid damage to the reinforcement

the diameter to which the bar is bent (Mandrel

diameter) should not be less than �m,min.

Ïðèì³òêà. Âåëè÷èíè �m,min äëÿ âèêîðèñòàííÿ ó êîíê-

ðåòí³é êðà¿í³ ìîæóòü âêàçóâàòèñü ó íàö³îíàëüíîìó

äîäàòêó. Ðåêîìåíäîâàí³ âåëè÷èíè íàâåäåíî ó òàá-

ëèö³ 8.1N.

Note: The values of �m,min for use in a Country may be

found in its National Annex. The recommended values

are given in Table 8.1N.

Òàáëèöÿ 8.1N – Ì³í³ìàëüíèé ä³àìåòð çãèíó ñòðèæí³â äëÿ çàïîá³ãàííÿ óøêîäæåííþ àðìàòóðè

Table 8.1N – Minimum mandrel diameter to avoid damage to reinforcement

à) äëÿ ñòðèæí³â ³ äðîòó

for bars and wire

Ä³àìåòð ñòðèæíÿ

Bar diameter

Ì³í³ìàëüíèé ä³àìåòð çãèíó (ñåðäå÷íèêà) äëÿ çàãèíàííÿ,

ãà÷ê³â ³ ïåòåëü (ðèñóíîê 8.1)

Minimum mandrel diameter for bends,

hooks and loops (see Figure 8.1)

�1	 16 mm 4�

� > 16 mm 7�

b) äëÿ çâàðåíî¿ ç³ãíóòî¿ àðìàòóðè ³ ñ³òîê, ç³ãíóòèõ ï³ñëÿ çâàðþâàííÿ

for welded bent reinforcement and mesh bent after welding

Ì³í³ìàëüíèé ä³àìåòð çãèíó ñåðäå÷íèêà

Minimum mandrel diameter

5�

d 
 3� 5�

d > 3� àáî çâàðþâàííÿ â ìåæàõ çîíè çãèíó

or welding within the curved zone

20�

Ïðèì³òêà. Ðîçì³ð ñåðäå÷íèêà äëÿ çâàðþâàííÿ â ìåæàõ çîíè çãèíó ìîæíà çìåíøèòè äî 5�, ÿêùî çâàðþâàííÿ

âèêîíóºòüñÿ çã³äíî ç prEN ISO 17660, äîäàòîê Â.

Note: The mandrel size for welding within the curved zone may be reduced to 5� where the welding is carried out in

accordance with prEN ISO 17660 Annex B.

(3) Ä³àìåòð çãèíó äëÿ çàïîá³ãàííÿ ðóéíóâàííþ

áåòîíó íå ïîòð³áíî ïåðåâ³ðÿòè çà íàñòóïíèõ

óìîâ:

(3) The mandrel diameter need not be checked to

avoid concrete failure if the following conditions

exist:

– íåîáõ³äíà äîâæèíà çààíêåðóâàííÿ ñòðèæíÿ

íå ïåðåâèùóº 5� ï³ñëÿ ìåæ³ çãèíó;

– the anchorage of the bar does not require a

length more than 5� past the end of the bend;
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– ñòðèæåíü íå ðîçòàøîâàíèé íà ãðàí³ (ïëîùè-

íè çãèíó áëèçüêî äî ïîâåðõí³ áåòîíó) ³ ó ñå-

ðåäèí³ çãèíó íàÿâíèé ïîïåðå÷íèé ñòðèæåíü

ä³àìåòðîì 
 � ó ñåðåäèí³ çãèíó;

– the bar is not positioned at the edge (plane of

bend close to concrete face) and there is a

cross bar with a diameter 
 � inside the bend.

– ä³àìåòð çãèíó ùîíàéìåíø äîð³âíþº ðåêî-

ìåíäîâàíèì âåëè÷èíàì, íàâåäåíèì ó òàá-

ëèö³ 8.1N.

– the mandrel diameter is at least equal to the

recommended values given in Table 8.1N.

Â ³íøîìó ðàç³ �m,min íåîáõ³äíî çá³ëüøèòè â³ä-

ïîâ³äíî äî âèðàçó

Otherwise the mandrel diameter, �m,min, should

be increased in accordance with Expression (8.1)

� � � �� �m bt b cdF a f,min / /
 �1 1 2 , (8.1)

äå: where:

Fbt – ñèëà ðîçòÿãó â³ä ãðàíè÷íèõ íàâàíòàæåíü ó

ñòðèæí³ àáî ãðóï³ ñòðèæí³â ó êîíòàêò³ íà ïî÷àò-

êó çãèíó;

Fbt is the tensile force from ultimate loads in a bar

or group of bars in contact at the start of a bend;

ab – äëÿ äàíîãî ñòðèæíÿ (àáî ãðóïè ñòðèæí³â ó

êîíòàêò³) ïîëîâèíà â³äñòàí³ ì³æ öåíòðàìè

ñòðèæí³â (àáî ãðóï ñòðèæí³â) ïåðïåíäèêóëÿðíî

äî ïëîùèíè çãèíó. Äëÿ ñòðèæíÿ àáî ãðóïè

ñòðèæí³â, ÿê³ ïðèëÿãàþòü äî ïîâåðõí³ åëåìåí-

òà, ab íåîáõ³äíî ïðèéìàòè ÿê ñóìó çàõèñíîãî

øàðó ³ �/2.

ab for a given bar (or group of bars in contact) is

half of the centre-to-centre distance between bars

(or groups of bars) perpendicular to the plane of

the bend. For a bar or group of bars adjacent to

the face of the member, ab should be taken as the

cover plus �/2.

Âåëè÷èíó fcd íå ñë³ä ïðèéìàòè á³ëüøîþ í³æ äëÿ

áåòîíó êëàñó C55/67.

The value of fcd should not be taken greater than

that for concrete class C55/67.

8.4 Àíêåðóâàííÿ ïîçäîâæíüî¿ àðìàòóðè 8.4 Anchorage of longitudinal reinforcement

8.4.1 Çàãàëüí³ ïîëîæåííÿ 8.4.1 General

(1)Ð Àðìàòóðí³ ñòðèæí³, äðîòè àáî çâàðí³ ñ³òêè

ïîâèíí³ çààíêåðîâóâàòèñü òàê, ùîá ñèëà ç÷åï-

ëåííÿ ïåðåäàâàëàñü íà áåòîí áåçïå÷íî, óíè-

êàþ÷è ïîçäîâæí³õ òð³ùèí àáî ðîçòð³ñêóâàííÿ.

Ó ðàç³ íåîáõ³äíîñò³ íåîáõ³äíî ïåðåäáà÷èòè ïî-

ïåðå÷íå àðìóâàííÿ.

(1)P Reinforcing bars, wires or welded mesh fab-

rics shall be so anchored that the bond forces are

safely transmitted to the concrete avoiding longi-

tudinal cracking or spalling. Transverse reinfor-

cement shall be provided if necessary.

(2) Ìåòîäè çààíêåðóâàííÿ ïîêàçàí³ íà ðèñóí-

êó 8.1 (äèâ. òàêîæ 8.8 (3)).

(2) Methods of anchorage are shown in Figure 8.1

(see also 8.8 (3)).

(3) Çàãèíè ³ ãàêè íå çàñòîñîâóþòü äëÿ çààíêåðó-

âàííÿ ïðè ñòèñêàíí³.

(3) Bends and hooks do not contribute to comp-

ression anchorages.

(4) Ðóéíóâàííþ áåòîíó âñåðåäèí³ çãèí³â íå-

îáõ³äíî çàïîá³ãàòè âèêîíàííÿì âèìîã 8.3 (3).

(4) Concrete failure inside bends should be pre-

vented by complying with 8.3 (3).

(5) Ïðè çàñòîñóâàíí³ ìåõàí³÷íèõ ïðèñòðî¿â âè-

ìîãè ñòîñîâíî âèïðîáóâàíü ïîâèíí³ çàäîâîëü-

íÿòè â³äïîâ³äí³ ñïåöèô³êàö³¿ íà âèðîáè àáî

ªâðîïåéñüêå òåõí³÷íå óõâàëåííÿ.

(5) Where mechanical devices are used the test

requirements should be in accordance with the

relevant product standard or a European Techni-

cal Approval.

(6) Ñòîñîâíî ïåðåäà÷³ íà áåòîí çóñèëëÿ ïîïå-

ðåäíüîãî íàïðóæåííÿ äèâ. 8.10.

(6) For the transmission of prestressing forces to

the concrete, see 8.10.
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8.4.2 Ãðàíè÷í³ íàïðóæåííÿ ç÷åïëåííÿ 8.4.2 Ultimate bond stress

(1)Ð Ãðàíè÷í³ íàïðóæåííÿ ç÷åïëåííÿ ïîâèíí³

áóòè äîñòàòí³ìè äëÿ çàïîá³ãàííÿ ðóéíóâàííþ

ç÷åïëåííÿ.

(1)P The ultimate bond strength shall be sufficient

to prevent bond failure.

(2) Ðîçðàõóíêîâå çíà÷åííÿ ãðàíè÷íèõ íàïðóæåíü

ç÷åïëåííÿ fbd äëÿ ñòðèæí³â ïåð³îäè÷íîãî ïðîô³ëþ

ìîæå âèçíà÷àòèñü çà íàñòóïíèì âèðàçîì:

(2) The design value of the ultimate bond stress,

fbd, for ribbed bars may be taken as:

f fbn ctd� 2 25 1 2, � � , (8.2)

äå: where:

fctd – ðîçðàõóíêîâå çíà÷åííÿ ì³öíîñò³ áåòîíó

íà ðîçòÿã â³äïîâ³äíî äî 3.1.6 (2)Ð. Ó çâ'ÿçêó ç

ï³äâèùåíîþ êðèõê³ñòþ áåòîíó âèñîêî¿ ì³öíîñò³

fctk, 0,05 òóò íåîáõ³äíî îáìåæóâàòè äî âåëè÷èíè

Ñ60/75, ÿêùî ò³ëüêè íå ï³äòâåðäæåíî, ùî ñå-

ðåäíÿ ì³öí³ñòü ç÷åïëåííÿ çðîñòàº âèùå ö³º¿

ìåæ³;

fctd is the design value of concrete tensile strength

according to 3.1.6 (2)P. Due to the increasing

brittleness of higher strength concrete, fctk, 0,05

should be limited here to the value for C60/75,

unless it can be verified that the average bond

strength increases above this limit;

�1 – êîåô³ö³ºíò, ïîâ'ÿçàíèé ³ç ÿê³ñòþ ç÷åïëåííÿ

³ ðîçì³ùåííÿì ñòðèæíÿ ï³ä ÷àñ áåòîíóâàííÿ

(ðèñóíîê 8.2):

�1 is a coefficient related to the quality of the bond

condition and the position of the bar during conc-

reting (see Figure 8.2):

�1 = 1,0 – ÿêùî îäåðæàíî õîðîø³ óìîâè, ³ �1 = 1,0 when 'good' conditions are obtained and
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ñ – åêâ³âàëåíòíà äîâæèíà

àíêåðóâàííÿ äëÿ

ñòàíäàðòíîãî ãàêà

Equivalent anchorage length for

standard hook transverse bar

d – åêâ³âàëåíòíà äîâæèíà

àíêåðóâàííÿ äëÿ

ñòàíäàðòíî¿ ïåòë³

Equivalent anchorage length

for standard loop

ñ – åêâ³âàëåíòíà äîâæèíà

àíêåðóâàííÿ äëÿ ïðèâàðåíîãî

ïîïåðå÷íîãî ñòðèæíÿ

Equivalent anchorage length

for welded

Ðèñóíîê 8.1 – Ìåòîäè çààíêåðóâàííÿ äëÿ íåïðÿìîë³í³éíèõ ñòðèæí³â

Figure 8.1 – Methods of anchorage other than by a straight bar

à – îñíîâíà äîâæèíà àíêåðóâàííÿ lb

äëÿ áóäü-ÿêî¿ ôîðìè âäîâæ îñ³

Basic tension anchorage length, lb ,

for any shape measured along the centreline

b – åêâ³âàëåíòíà äîâæèíà àíêåðóâàííÿ

äëÿ ñòàíäàðòíîãî ãíóòîãî ñòðèæíÿ

Equivalent anchorage lengthfor

standard bend

arymarenko
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�1 = 0,7 – äëÿ âñ³õ ³íøèõ âèïàäê³â òà äëÿ

ñòðèæí³â ó êîíñòðóêòèâíèõ åëåìåíòàõ, çâå-

äåíèõ ó êîâçí³é îïàëóáö³, ÿêùî ò³ëüêè íå ïî-

êàçàíî, ùî ìàþòü ì³ñöå õîðîø³ óìîâè;

�1 = 0,7 for all other cases and for bars in

structural elements built with slip-forms, un-

less it can be shown that 'good' bond condi-

tions exist

�2 – ïîâ'ÿçàíèé ç ä³àìåòðîì ñòðèæíÿ: �2 is related to the bar diameter:

�2 = 1,0 äëÿ � 	 32 ìì �2 = 1,0 for � 	 32 mm

�2 = (132 – �) äëÿ � > 32 ìì �2 = (132 – �) for � > 32 mm

8.4.3 Îñíîâíà äîâæèíà çîíè àíêåðóâàííÿ 8.4.3 Basic anchorage length

(1)Ð Ïðè âèçíà÷åíí³ íåîáõ³äíî¿ äîâæèíè çîíè

àíêåðóâàííÿ íåîáõ³äíî âðàõîâóâàòè òèï àðìà-

òóðè ³ õàðàêòåðèñòèêè ç÷åïëåííÿ ñòðèæí³â.

(1)P The calculation of the required anchorage

length shall take into consideration the type of

steel and bond properties of the bars.

(2) Íåîáõ³äíà îñíîâíà äîâæèíà àíêåðóâàííÿ

lb,rqd äëÿ çààíêåðóâàííÿ çóñèëëÿ As�sd ó ïðÿ-

ìèõ ñòðèæíÿõ ïåðåäáà÷àº ïîñò³éíå ç÷åïëåííÿ,

ÿêå äîð³âíþº fbd, ùî âèçíà÷àºòüñÿ çà ôîðìó-

ëîþ:

(2) The basic required anchorage length, lb,rqd, for

anchoring the force As�sd in a straight bar assu-

ming constant bond stress equal to fbd, follows

from:

� �� �lb rqd sd bdf, / /� � �4 , (8.3)

äå �sd – ðîçðàõóíêîâ³ íàïðóæåííÿ ó ñòðèæí³ â

ì³ñö³, â³ä ÿêîãî âèçíà÷àºòüñÿ àíêåðóâàííÿ.

where �sd is the design stress of the bar at the

position from where the anchorage is measured

from.

Âåëè÷èíè fbd íàâåäåíî ó 8.4.2. Values for fbd are given in 8.4.2.
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b

h 	 250 ìì (mm)

c

h > 600 ìì (mm)

à, b – õîðîø³ óìîâè ç÷åïëåííÿ

äëÿ âñ³õ ñòðèæí³â

'good' bond conditions

for all bars

ñ, d – íå çàøòðèõîâàíà çîíà – õîðîø³ óìîâè ç÷åïëåííÿ,

çàøòðèõîâàíà çîíà – íåäîñòàòí³ óìîâè ç÷åïëåííÿ

unhatched zone – 'good' bond conditions

hatched zone – 'poor' bond conditions

Ðèñóíîê 8.2 – Õàðàêòåðèñòèêà óìîâ ç÷åïëåííÿ

Figure 8.2 – Description of bond conditions

à

45 902	 	 2*

ñ

h > 250 ìì (mm)

– Íàïðÿì áåòîíóâàííÿ

– Direction of concreting
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(3) Äëÿ ãíóòèõ ñòðèæí³â îñíîâíà äîâæèíà àíêå-

ðóâàííÿ lb ³ ðîçðàõóíêîâà äîâæèíà lbd ïîâèíí³

âèçíà÷àòèñü âäîâæ îñüîâî¿ ë³í³¿ ñòðèæíÿ (ðèñó-

íîê 8.1à).

(3) For bent bars the basic anchorage length, lb ,

and the design length, lbd , should be measured

along the centre-line of the bar (see Figure 8.1a).

(4) ßêùî ïàðè äðîò³â/ñòðèæí³â óòâîðþþòü çâàð-

íó ñ³òêó, ä³àìåòð � ó âèðàç³ (8.3) íåîáõ³äíî çà-

ì³íþâàòè íà åêâ³âàëåíòíèé ä³àìåòð � �n � 2.

(4) Where pairs of wires/bars form welded fabrics

the diameter �, in Expression (8.3) should be rep-

laced by the equivalent diameter � �n � 2.

8.4.4 Ðîçðàõóíêîâà äîâæèíà àíêåðóâàííÿ 8.4.4 Design anchorage length

(1) Ðîçðàõóíêîâà äîâæèíà àíêåðóâàííÿ lbd ÿâ-

ëÿº ñîáîþ:

(1) The design anchorage length, lbd , is:

l l lbd b rqd b� 
* * * * *1 2 3 4 5 , ,min , (8.4)

äå *1 *2 *3 *4 ³ *5 – êîåô³ö³ºíòè, íàâåäåí³ ó

òàáëèö³ 8.2:

where *1 *2 *3 *4 and *5 are coefficients given in

Table 8.2:

*1 – âïëèâ ôîðìè ñòðèæí³â çà óìîâè íåîáõ³ä-

íîãî çàõèñíîãî øàðó (ðèñóíîê 8.1);

*1 is for the effect of the form of the bars assu-

ming adequate cover (see Figure 8.1).

*2 – âïëèâ ì³í³ìàëüíîãî çàõèñíîãî øàðó áåòî-

íó (ðèñóíîê 8.3);

*2 is for the effect of concrete minimum cover

(see Figure 8.3)

*3 – óòðèìóþ÷èé âïëèâ â³ä ïîïåðå÷íî¿ àðìàòó-

ðè;

*3 is for the effect of confinement by transverse

reinforcement;

*4 – âïëèâ îäíîãî àáî á³ëüøå ïðèâàðåíèõ ïî-

ïåðå÷íèõ ñòðèæí³â (�t > 0,6�) âäîâæ ðîçðàõóí-

êîâî¿ äîâæèíè àíêåðóâàííÿ lbd (äèâ òàêîæ 8.6);

*4 is for the influence of one or more welded

transverse bars (�t > 0,6�) along the design

anchorage length lbd (see also 8.6);

*5 – âïëèâ ïîïåðå÷íîãî òèñêó íà ïëîùèíó

ðîçòð³ñêóâàííÿ âäîâæ ðîçðàõóíêîâî¿ äîâæèíè

àíêåðóâàííÿ.

*5 is for the effect of the pressure transverse to

the plane of splitting along the design anchorage

length

� �
Äîáóòîê

The product
* * *2 3 5 0 7
 , . (8.5)

lb,rqd – ïðèéìàºòüñÿ çà âèðàçîì (8.3); lb,rqd is taken from Expression (8.3);

lb,min – ì³í³ìàëüíà äîâæèíà àíêåðóâàííÿ, ÿêùî

íå çàñòîñîâóþòüñÿ ³íø³ îáìåæåííÿ:

lb,min is the minimum anchorage length if no other

limitation is applied:

– äëÿ àíêåðóâàííÿ ïðè ðîçòÿãó: – for anchorages in tension:

� 
l lb b rqd,min ,max , ; ;� 0 3 10 100� ìì / mm , (8.6)

– äëÿ àíêåðóâàííÿ ïðè ñòèñêó: – for anchorages in compression:
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à – ïðÿì³ ñòðèæí³

Stright bars

cd = min (a/2, c1, c)

b – ñòðèæí³ ç ãàêîì àáî çãèíîì

Bent or hooked bars

cd = min (a/2, c1)

ñ – ñòðèæí³ ç ïåòëåþ

Looped bars

cd = c

Ðèñóíîê 8.3 – Âåëè÷èíè ñd äëÿ áàëîê ³ ïëèò

Figure 8.3 – Values of cd for beams and slabs
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� 
l lb b rqd,min ,max , ; ;� 0 6 10 100� ìì / mm (8.7)

(2) Ó ÿêîñò³ ñïðîùåíî¿ àëüòåðíàòèâè äî 8.4.4

(1) ðîçòÿãíóò³ àíêåðóâàííÿ ïåâíèõ ôîðì, ïîêà-

çàíèõ íà ðèñóíêó 8.1, ìîæóòü âèðàæàòèñü ÷å-

ðåç åêâ³âàëåíòíó äîâæèíó çîíè àíêåðóâàííÿ

lb,eq . Íà ðèñóíêó 8.1 lb,eq âêàçàíà ³ âîíà ìîæå

ïðèéìàòèñü ÿê:

(2) As a simplified alternative to 8.4.4 (1) the ten-

sion anchorage of certain shapes shown in Figure

8.1 may be provided as an equivalent anchorage

length, lb,eq, lb,eq is defined in this figure and may

be taken as:

– *1 lb,eq äëÿ ôîðì, ïîêàçàíèõ íà ðèñóíêó

8.1b….8.1d (òàáëèöÿ 8.2 äëÿ âåëè÷èí *1);

– *1 lb,eq for shapes shown in Figure 8.1b to 8.1d

(see Table 8.2 for values of *1);

– *4 lb,rqd äëÿ ôîðì, ïîêàçàíèõ íà ðèñóíêó

8.1å (âåëè÷èíè *4 äèâ. ó òàáëèö³ 8.2),

– *4 lb,rqd for shapes shown in Figure 8.1e (see

Table 8.2 for values of *4),

äå: where

*1 ³ *4 – âèçíà÷åí³ â (1); *1 and *4 are defined in (1)

lb,rqd – îá÷èñëþºòüñÿ çà âèðàçîì (8.3). lb,rqd is calculated from Expression (8.3).

Òàáëèöÿ 8.2 – Âåëè÷èíè êîåô³ö³ºíò³â *1, *2, *3, *4 ³ *5

Table 8.2 – Values of *1, *2, *3, *4 and *5 coefficients

Ôàêòîð âïëèâó

Infuencing factor

Òèï

àíêåðóâàííÿ

Type of anchorage

Àðìàòóðíèé ñòðèæåíü

Reinforcement bar

ïðè ðîçòÿãó

In tension

ïðè ñòèñêó

In compression

Ôîðìà ñòðèæí³â

Shape of bars

Ïðÿìå

Straight
*1 = 1,0 *1 = 1,0

Â³äì³ííå â³ä ïðÿìîãî

(ðèñóíîê 8.1 b, ñ ³ d)

Other than straight

(see Figure 8.1 b, c

and d)

*1 = 0,7, ÿêùî ñd > 3�
ó ³íøîìó âèïàäêó *1 = 1,0

(âåëè÷èíè ñd äèâ. íà ðèñ.8.3)

*1 = 0,7 if ñd > 3� otherwise *1 = 1,0

(see Fiqure 8.3 for values of cd)

*1 = 1,0

Çàõèñíèé øàð áåòîíó

Concrete cover

Ïðÿìå

Straight
*2 = 1,0 – 0,15 (ñd – �)/�


 0,7

	 1,0

*2 = 1,0

Â³äì³ííå â³ä ïðÿìîãî

(ðèñóíîê 8.1 b, ñ ³ d)

Other than straight

(see Figure 8.1 b, c

and d)

*2 = 1,0 – 0,15 (ñd – �)/�

 0,7

	 1,0

(âåëè÷èíè ñd äèâ. íà ðèñ.8.3)

(see Fiqure 8.3 for values of cd)

*2 = 1,0

Íàÿâí³ñòü ïîïåðå÷íî¿ àð-

ìàòóðè, íå ïðèâàðåíî¿

äî îñíîâíî¿ àðìàòóðè

Confinement by transver-

se reinforcement not wel-

ded to main reinforcement

Âñ³ òèïè

All types
*3 = 1,0 – K3


 0,7

	 1,0

*3 = 1,0
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Íàÿâí³ñòü ïðèâàðåíî¿

ïîïåðå÷íî¿ àðìàòóðè
*

Confinement by welded

transverse reinforcement
*

Âñ³ òèïè, ðîçì³ùåííÿ

³ ðîçì³ðè âèçíà÷åíî

íà ðèñóíêó 8.1 å

All types, position and

size as specified in

Figure 8.1 e

*4 = 0,7 *4 = 0,7

Íàÿâí³ñòü ïîïåðå÷íîãî

òèñêó

Confinement by

transverse pressure

Âñ³ òèïè

All types
*3 = 1,0 – 0,04p


 0,7

	 1,0

–

äå: where:

� �3 � �4 4A A Ast st s,min /

4Àst – ïëîùà ïîïåðå÷íîãî ïåðåð³çó ïîïåðå÷íî¿ àð-

ìàòóðè âäîâæ ðîçðàõóíêîâî¿ äîâæèíè çîíè àíêå-

ðóâàííÿ lbd;

4Àst – cross-sectional area of the transverse reinfor-

cement along the design anchorage length lbd;

4Àst,min – ïëîùà ïîïåðå÷íîãî ïåðåð³çó ì³í³ìàëüíî¿

ïîïåðå÷íî¿ àðìàòóðè 0,25Às äëÿ áàëîê ³ 0 – äëÿ

ïëèò;

4Àst,min – cross-sectional area of the minimum trans-

verse reinforcement = 0,25 As for beams and 0 for

slabs;

Às – ïëîùà îäíîãî çààíêåðîâàíîãî ñòðèæíÿ ïðè

ìàêñèìàëüíîìó ä³àìåòð³ ñòðèæíÿ;

As – area of a single anchored bar with maximum bar

diameter;

K – âåëè÷èíè, ïîêàçàí³ íà ðèñóíêó 8.4 K – values shown in Figure 8.4;

ð – ïîïåðå÷íèé òèñê, ÌÏà ïðè ãðàíè÷íîìó ñòàí³

âäîâæ lbd.

p – transverse pressure [MPa] at ultimate limit state

alonq lbd.

*
Äèâ. òàêîæ 8.6. Ïðè áåçïîñåðåäíüîìó îáïèðàíí³ lbd ìîæå ïðèéìàòèñü ìåíøîþ í³æ lb, min çà óìîâè, ùî º, ùî-

íàéìåíø îäèí ïîïåðå÷íèé äð³ò, ïðèâàðåíèé ó ìåæàõ îïîðè. Àíêåðóâàííÿ ïîâèííî áóòè ùîíàéìåíøå 15 ìì

â³ä ãðàí³ îïîðè.
*
See also 8.6: For direct supports lbd may be taken less than lb, min provided that there is at least one transverse wire

welded within the support. This should be at least 15 mm from the face of the support.
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Ê³íåöü òàáë. 8.2

Ðèñóíîê 8.4 – Âåëè÷èíè K äëÿ áàëîê ³ ïëèò

Figure 8.4 – Values of K for beams and slabs
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8.5 Àíêåðóâàííÿ ç'ºäíàíü ³ ïîïåðå÷íî¿
àðìàòóðè

8.5 Anchorage of links and shear
reinforcement

(1) Àíêåðóâàííÿ ç'ºäíàíü ³ ïîïåðå÷íî¿ àðìàòó-

ðè ïîâèííî, ÿê ïðàâèëî, âèêîíóâàòèñü øëÿõîì

â³äãèí³â ³ ãàê³â àáî ÷åðåç ïðèâàðåíó ïîïåðå÷íó

àðìàòóðó. Â ñåðåäèí³ çàãèíó àáî ãàêà ïîâèíåí

ïîïàäàòè îäèí ñòðèæåíü.

(1) The anchorage of links and shear reinforce-

ment should normally be effected by means of

bends and hooks, or by welded transverse rein-

forcement. A bar should be provided inside a

hook or bend.

(2) Àíêåðóâàííÿ ïîâèííî â³äïîâ³äàòè ðèñóí-

êó 8.5. Çâàðþâàííÿ ïîâèííî âèêîíóâàòèñü â³ä-

ïîâ³äíî äî EN ISO 17660 ³ ìàòè íåñó÷ó çäàò-

í³ñòü çã³äíî ç 8.6(2).

(2) The anchorage should comply with Figure 8.5.

Welding should be carried out in accordance with

EN ISO 17660 and have a welding capacity in

accordance with 8.6 (2).

Ïðèì³òêà. Äëÿ âèçíà÷åííÿ êóò³â çàãèíó äèâ. ðèñó-

íîê 8.1.

Note: For definition of the bend angles see Figure 8.1.

8.6 Àíêåðóâàííÿ çà äîïîìîãîþ
ïðèâàðåíèõ ñòðèæí³â

8.6 Anchorage by welded bars

(1) Íà äîäàòîê äî 8.4 ³ 8.5 àíêåðóâàííÿ ìîæå

âèêîíóâàòèñü ïðèâàðþâàííÿì ïîïåðå÷íèõ

ñòðèæí³â (ðèñóíîê 8.6), ùî îáïèðàþòüñÿ ó áå-

òîí. Ïðèâàðþâàííÿ ç'ºäíàíü ïîâèííî âèêîíó-

âàòèñü ç â³äïîâ³äíîþ ÿê³ñòþ.

(1) Additional anchorage to that of 8.4 and 8.5

may be obtained by transverse welded bars (see

Figure 8.6) bearing on the concrete. The quality of

the welded joints should be shown to be ade-

quate.
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Ïðèì³òêà. Äëÿ ñ ³ d çàõèñíèé øàð ïîâèíåí áóòè 3�
àáî 50 ìì.

Note: For c and d the cover should not be less than

either 3� or 50 mm.

Ðèñóíîê 8.5 – Àíêåðóâàííÿ ç'ºäíàíü

Figure 8.5 – Anchorage of links

5�, àáî (but)


 50 ìì (mm)

10�, àáî (but)


 70 ìì (mm) 
 10 ìì (mm)


 2�

 20 ìì (mm)

	 50 ìì (mm)


 10 ìì (mm)

Ðèñóíîê 8.6 – Ïðèâàðåíèé ïîïåðå÷íèé ñòðèæåíü ó ÿêîñò³ àíêåðíîãî ïðèñòðîþ

Figure 8.6 – Welded transverse bar as anchoring device
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(2) Íåñó÷îþ çäàòí³ñòþ çààíêåðóâàííÿ îäíîãî

ïîïåðå÷íîãî ñòðèæíÿ (ä³àìåòð 14 ìì…32 ìì),

ïðèâàðåíîãî äî âíóòð³øíüî¿ ñòîðîíè îñíîâíî-

ãî ñòðèæíÿ, º Fbtd. �sd ó âèðàç³ (8.9), ³, òàêèì ÷è-

íîì, ìîæå çìåíøóâàòèñü ÷åðåç Fbtd /Às , äå Às –

ïëîùà ïåðåð³çó ñòðèæíÿ.

(2) The anchorage capacity of one welded trans-

verse bar (diameter 14 mm – 32 mm), welded on

the inside of the main bar, is Fbtd. �sd in Expres-

sion (8.9) may then be reduced by Fbtd /Às where

As is the area of the bar.

Ïðèì³òêà. Âåëè÷èíà Fbtd äëÿ âèêîðèñòàííÿ ó êîí-

êðåòí³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó

äîäàòêó. Ðåêîìåíäîâàíà âåëè÷èíà âèçíà÷àºòüñÿ çà

âèðàçîì:

Note: The value of Fbtd for use in a Country may be

found in its National Annex. The recommended value is

determined from:

F
F

F
btd td t td

wd

wd

� l � �
àëå íå á³ëüøå í³æ

but not greater than
(8.8N)

äå: where:

Fwd – ðîçðàõóíêîâà ì³öí³ñòü çâàðíîãî øâà íà

çñóâ (âèçíà÷àºòüñÿ ÿê ìíîæíèê äëÿ Às fyd; íà-

ïðèêëàä, 0,5 Às fyd, äå Às – ïëîùà ïåðåð³çó çà-

àíêåðîâàíîãî ñòðèæíÿ, à fyd – ðîçðàõóíêîâà

ì³ö- í³ñòü íà ãðàíèö³ òåêó÷îñò³);

Fwd is the design shear strength of weld (specified

as a factor times Às fyd; say 0.5 Às fyd where As is

the cross-section of the anchored bar and fyd is its

design yield strength)

ltd – ðîçðàõóíêîâà äîâæèíà ïîïåðå÷íîãî ñòðèæ-

íÿ: ltd = 1,16 �t(fyd /�td)0,5 	 lt ;

ltd is the design length of transverse bar ltd =

= 1,16 �t(fyd /�td)0,5 	 lt ;

lt – äîâæèíà ïîïåðå÷íîãî ñòðèæíÿ, íå á³ëüøà çà

êðîê ñòðèæí³â, ùî ïîâèíí³ çààíêåðîâóâàòèñü;

lt is the length of transverse bar, but not more than

the spacing of bars to be anchored;

�t – ä³àìåòð ïîïåðå÷íîãî ñòðèæíÿ �t is the diameter of transverse bar;

�td – íàïðóæåííÿ ó áåòîí³:�td = (fctd +�cm)/ó 	3 fcd; �td is the concrete stress �td = (fctd+�cm)/ó 	 3 fcd;

�cm – ñòèñê ó áåòîí³ ïåðïåíäèêóëÿðíî äî îáîõ

ñòðèæí³â (ñåðåäíÿ âåëè÷èíà, äîäàòíà ïðè

ñòèñêó);

�cm is the compression in the concrete perpendi-

cular to both bars (mean value, positive for comp-

ression)

ó – ôóíêö³ÿ: ó = 0,015 + 0,14å(–0,18õ); ó is a function: ó = 0,015 + 0,14å(–0,18õ);

õ – ôóíêö³ÿ, ùî âðàõîâóº ãåîìåòð³þ: õ = 2(ñ/�t) +

+ 1;

õ is a function accounting for the geometry õ =

= 2(ñ/�t) + 1;

ñ – çàõèñíèé øàð áåòîíó ïåðïåíäèêóëÿðíî äî

îáîõ ñòðèæí³â.

ñ is the concrete cover perpendicular to both bars

(3) ßêùî äâà îäíàêîâ³ ñòðèæí³ ïðèâàðåí³ íà

ïðîòèëåæíèõ ñòîðîíàõ ñòðèæíÿ, ùî çààíêåðî-

âóºòüñÿ, íåñó÷à çäàòí³ñòü, âèçíà÷åíà çà 8.6 (2),

ìîæå çá³ëüøóâàòèñü ó äâà ðàçè çà óìîâè çàáåç-

ïå÷åííÿ çàõèñíîãî øàðó äëÿ íàéáëèæ÷îãî äî

ïîâåðõí³ ñòðèæíÿ çã³äíî ç âèìîãàìè ðîçä³ëó 4.

(3) If two bars of the same size are welded on

opposite sides of the bar to be anchored, the

capacity calculated from 8.6 (2) may be doubled

provided that the cover to the outer bar is in

accordance with Section 4.

(4) ßêùî äâà ñòðèæí³ ïðèâàðåí³ ç îäí³º¿ ñòîðîíè

ç ì³í³ìàëüíèì êðîêîì 3�, òî íåñó÷à çäàòí³ñòü

ïîâèííà çá³ëüøóâàòèñü íà êîåô³ö³ºíò 1,41.

(4) If two bars are welded to the same side with a

minimum spacing of 3�, the capacity should be

multiplied by a factor of 1,41.

(5) Äëÿ ñòðèæí³â íîì³íàëüíèì ä³àìåòðîì 12 ìì

³ ìåíøå íåñó÷à çäàòí³ñòü çààíêåðóâàííÿ ïðè-

âàðåíîãî ïîïåðå÷íîãî ñòðèæíÿ â îñíîâíîìó

çàëåæèòü â³ä ðîçðàõóíêîâî¿ ì³öíîñò³ çâàðíîãî

ç'ºäíàííÿ. Âîíà ìîæå îá÷èñëþâàòèñü çà íàñ-

òóïíèì âèðàçîì:

(5) For nominal bar diameters of 12 mm and less,

the anchorage capacity of a welded cross bar is

mainly dependent on the design strength of the

welded joint. It may be calculated as follows:
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F F A fbtd wd s cd t� 	 16 � �/ l , (8.9)

äå: where:

Fwd – ðîçðàõóíêîâà ì³öí³ñòü íà çñóâ çâàðíîãî

øâà (äèâ. 8.6(2));

Fwd design shear strength of weld (see 8.6 (2));

�t – íîì³íàëüíèé ä³àìåòð ïîïåðå÷íîãî ñòðèæíÿ

�t 	 12 ìì;

�t nominal diameter of transverse bar: �t 	 12 mm;

�
l
– íîì³íàëüíèé ä³àìåòð ñòðèæíÿ, ùî çààíêå-

ðîâóºòüñÿ: �t 	 12 ìì.

�
l
nominal diameter of bar to anchor: �t 	 12 mm.

ßêùî çàñòîñîâóþòüñÿ äâà çâàðåí³ ñòðèæí³, ùî

ïåðåñ³êàþòüñÿ ç ì³í³ìàëüíèì êðîêîì �t, äîâ-

æèíà çîíè àíêåðóâàííÿ, âèçíà÷åíà çà âèðàçîì

(8.9), ïîâèííà çá³ëüøóâàòèñü íà êîåô³ö³ºíò 1,41.

If two welded cross bars with a minimum spacing

of �t are used, the anchorage length given by

Expression (8.9) should be multiplied by a factor

of 1,41.

8.7 Íàïóñêè òà ìåõàí³÷í³ ç'ºäíàííÿ 8.7 Laps and mechanical couplers

8.7.1 Çàãàëüí³ ïîëîæåííÿ 8.7.1 General

(1)Ð Çóñèëëÿ ç îäíîãî ñòðèæíÿ íà ³íøèé ïåðå-

äàþòüñÿ çà äîïîìîãîþ:

(1)P Forces are transmitted from one bar to ano-

ther by:

– íàïóñêó ñòðèæí³â ³ç çàãèíàìè àáî ãàêàìè,

àáî áåç òàêèõ;

– lapping of bars, with or without bends or hooks;

– çâàðþâàííÿì; – welding;

– ìåõàí³÷íèìè ïðèñòðîÿìè, ùî çàáåçïå÷óþòü

ïåðåäà÷ó íàâàíòàæåííÿ ïðè ðîçòÿãó-ñòèñêó

àáî ò³ëüêè ïðè ñòèñêó.

– mechanical devices assuring load transfer in

tension-compression or in compression only.

8.7.2 Íàïóñêè 8.7.2 Laps

(1)Ð Êîíñòðóþâàííÿ íàïóñê³â ïîâèííî çä³éñíþ-

âàòèñü òàê, ùîá çàáåçïå÷óâàòè:

(1)P The detailing of laps between bars shall be

such that:

– ïåðåäà÷ó çóñèëü â³ä îäíîãî ñòðèæíÿ äî ³í-

øîãî;

– the transmission of the forces from one bar to

the next is assured;

– â³äñóòí³ñòü ðîçòð³ñêóâàííÿ áåòîíó ïîáëèçó

ç'ºäíàíü;

– spalling of the concrete in the neighbourhood

of the joints does not occur;

– â³äñóòí³ñòü çíà÷íèõ òð³ùèí, ùî âïëèâàþòü

íà õàðàêòåðèñòèêè êîíñòðóêö³¿.

– large cracks which affect the performance of

the structure do not occur.

(2) Íàïóñêè: (2) Laps:

– ì³æ ñòðèæíÿìè ïîâèíí³, çàçâè÷àé, ïåðåäáà-

÷àòèñü ó ð³çíèõ ïåðåð³çàõ ³ íå ðîçì³ùàòèñü ó

çîíàõ çíà÷íèõ ìîìåíò³â/ñèë (íàïðèêëàä,

ïëàñòè÷íèõ øàðí³ð³â). Âèíÿòêè íàâåäåíî ó

(4) íèæ÷å:

– between bars should normally be staggered

and not located in areas of high moments/

forces (e.g. plastic hinges). Exceptions are

given in (4) below;

– ó áóäü-ÿêîìó ïåðåð³ç³, ÿê ïðàâèëî, ïîâèíí³

ðîçì³ùàòèñü ñèìåòðè÷íî.

– at any section should normally be arranged

symmetrically.

(3) Ðîçòàøóâàííÿ ñòðèæí³â ç íàïóñêîì ïîâèí-

íî â³äïîâ³äàòè ðèñóíêó 8.7:

(3) The arrangement of lapped bars should

comply with Figure 8.7:

– â³äñòàíü ó ÷èñòîò³ ì³æ ñòðèæíÿìè ç íàïóñ-

êîì ïîâèííà áóòè íå á³ëüøå í³æ 4� àáî

50 ìì, ó ³íøîìó ðàç³ äîâæèíà íàïóñêó ïî-

âèííà çá³ëüøóâàòèñü íà âåëè÷èíó ïåðåâè-

ùåííÿ â³äñòàí³ 4� àáî 50 ìì ó ÷èñòîò³;

– the clear distance between lapped bars should

not be greater than 4� or 50 mm, otherwise the

lap length should be increased by a length

equal to the clear space where it exceeds 4� or

50 mm;
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– ïîçäîâæíÿ â³äñòàíü ì³æ äâîìà ïðèëåãëèìè

ì³ñöÿìè íàïóñêó ïîâèííà áóòè íå ìåíøå í³æ

0,3 â³ä äîâæèíè íàïóñêó, l0;

– the longitudinal distance between two adjacent

laps should not be less than 0,3 times the lap

length, l0;

– ó âèïàäêó ïðèëÿãàííÿ íàïóñê³â â³äñòàíü ó

÷èñòîò³ ì³æ ïðèëåãëèìè ñòðèæíÿìè ïîâèííà

áóòè íå ìåíøå í³æ 2� àáî 20 ìì.

– In case of adjacent laps, the clear distance

between adjacent bars should not be less than

2� or 20 mm.

(4) ßêùî óìîâè â³äïîâ³äàþòü âèùåíàâåäåíèì

ó (3), äîïóñêàºòüñÿ çàñòîñîâóâàòè ñòðèæí³ ç íà-

ïóñêîì äî 100%, ÿêùî âñ³ ñòðèæí³ ðîçì³ùåí³

îäíèì øàðîì. ßêùî ñòðèæí³ ðîçòàøîâàí³ ó

äåê³ëüêà øàð³â, òî ïðîöåíò íåîáõ³äíî çìåíøè-

òè äî 50%.

(4) When the provisions comply with (3) above,

the permissible percentage of lapped bars in

tension may be 100% where the bars are all in

one layer. Where the bars are in several layers

the percentage should be reduced to 50%.

Âñ³ ñòèñíóò³ ñòðèæí³ òà äîïîì³æíà àðìàòóðà

(ðîçïîä³ëüíà) ìîæóòü íàïóñêàòèñü ó îäíîìó

ïåðåð³ç³.

All bars in compression and secondary (distribu-

tion) reinforcement may be lapped in one section.

8.7.3 Äîâæèíà íàïóñêó 8.7.3 Lap length

(1) Ðîçðàõóíêîâà äîâæèíà íàïóñêó âèçíà÷àºòü-

ñÿ çà âèðàçîì:

(1) The design lap length is:

l l l0 1 2 3 5 6 0� 
* * * * * b rqd, ,min , (8.10)

äå: where:

lb,rqd – âèçíà÷àºòüñÿ çà âèðàçîì (8.3); lb,rqd is calculated from Expression (8.3)

� 
l l0 60 3 15 200,min ,max , ; ;� * �b rqd ìì / mm . (8.11)

Âåëè÷èíè *1, *2, *3 ³ *5 ìîæíà ïðèéíÿòè çà òàá-

ëèöåþ 8.2; îäíàê, äëÿ îá÷èñëåííÿ *3, 4Àst,min

íåîáõ³äíî ïðèéìàòè ÿê 1,0Às(�sd /fyd), ïðè Às =

ïëîù³ îäíîãî ñòðèæíÿ âíàïóñê.

Values of *1, *2, *3 and *5 may be taken from

Table 8.2; however, for the calculation of *3,

4Àst,min should be taken as 1,0Às(�sd /fyd) with

As = area of one lapped bar.

*6 = ()1/25)0,5, àëå íå ïåðåâèùóº 1,5 ³ íå ìåíø

í³æ 1,0, äå )1 – â³äñîòîê àðìàòóðè âíàïóñê ó

ìåæàõ 0,65 l0 â³ä öåíòðà äîâæèíè íàïóñêó, ùî

ðîçãëÿäàºòüñÿ (ðèñóíîê 8.8). Âåëè÷èíè *6 íà-

âåäåí³ ó òàáëèö³ 8.3.

*6 = ()1/25)0,5 but not exceeding 1,5 nor less than

1,0, where )1 is the percentage of reinforcement

lapped within 0,65 l0 from the centre of the lap

length considered (see Figure 8.8). Values of *6

are given in Table 8.3.
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Ðèñóíîê 8.7 – Ïðèëåãë³ íàïóñêè

Figure 8.7 – Adjacent laps
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Òàáëèöÿ 8.3 – Âåëè÷èíè êîåô³ö³ºíòà *6

Table 8.3 – Values of the coefficient *6

Â³äñîòîê ñòðèæí³â óíàïóñê â³äíîñíî çàãàëüíî¿ ïëîù³ ïîïåðå÷íîãî ïåðåð³çó

Percentage of lapped bars relative to the total cross-section area
< 25% 33% 50% > 50%

*6 1 1,15 1,4 1,5

Ïðèì³òêà. Ïðîì³æí³ çíà÷åííÿ ìîæóòü âèçíà÷àòèñü ³íòåðïîëÿö³ºþ.

Note: Intermediate values may be determined by interpolation.

8.7.4 Ïîïåðå÷íà àðìàòóðà ó çîí³ íàïóñêó 8.7.4 Transverse reinforcement in the lap zone

8.7.4.1 Ïîïåðå÷íà àðìàòóðà äëÿ ðîçòÿãíó-

òèõ ñòðèæí³â

8.7.4.1 Transverse reinforcement for bars in ten-

sion

(1) Ïîïåðå÷íà àðìàòóðà ó çîí³ íàïóñêó íå-

îáõ³äíà äëÿ ñïðèéíÿòòÿ ïîïåðå÷íèõ çóñèëü

ðîçòÿãó.

(1) Transverse reinforcement is required in the lap

zone to resist transverse tension forces.

(2) ßêùî ä³àìåòð � ñòðèæí³â, ùî íàïóñêàþòüñÿ,

ìåíøèé í³æ 20 ìì, àáî ïðîöåíò ñòðèæí³â âíà-

ïóñê ó áóäü-ÿêîìó ïåðåð³ç³ ìåíøå í³æ 25%, òî

áóäü-ÿêå íàÿâíå ïîïåðå÷íå àðìóâàííÿ àáî

ç'ºäíàííÿ, ùî íåîáõ³äíå ç ³íøèõ ïðè÷èí, ìîæå

ðîçãëÿäàòèñü ÿê äîñòàòíº äëÿ ñïðèéíÿòòÿ ïî-

ïåðå÷íèõ çóñèëü ðîçòÿãó áåç ïîäàëüøîãî

îá´ðóíòóâàííÿ.

(2) Where the diameter, �, of the lapped bars is

less than 20 mm, or the percentage of lapped bars

in any section is less than 25%, then any

transverse reinforcement or links necessary for

other reasons may be assumed sufficient for the

transverse tensile forces without further justi-

fication.
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Ïðèêëàä. Ñòðèæí³ ²² ³ ²²² – çà ìåæàìè ïåðåð³çó, ùî ðîçãëÿäàºòüñÿ: % = 50, à *6 = 1,4

Example: Bars II and III are outside the section being considered: % = 50 and *6 =1,4

Ðèñóíîê 8.8 – Â³äñîòîê ñòðèæí³â óíàïóñê â îäíîìó ïåðåð³ç³ íàïóñêó

Figure 8.8 – Percentage of lapped bars in one lapped section
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(3) ßêùî ä³àìåòð ñòðèæí³â óíàïóñê á³ëüøèé

àáî äîð³âíþº 20 ìì, òî çàãàëüíà ïëîùà ïîïå-

ðå÷íî¿ àðìàòóðè ïîâèííà ñòàíîâèòè Ast (ñóìà

âñ³õ õîìóò³â, ïàðàëåëüíèõ øàðó â'ÿçàíî¿ àðìà-

òóðè) íå ìåíøå í³æ ïëîùà As îäíîãî ñòðèæíÿ

âíàïóñê (4Ast 
 1,0 As). Ïîïåðå÷íèé ñòðèæåíü

ïîâèíåí ðîçì³ùóâàòèñü ïåðïåíäèêóëÿðíî äî

íàïðÿìêó àðìàòóðè, âíàïóñê ³ ì³æ ö³ºþ àðìàòó-

ðîþ òà ïîâåðõíåþ áåòîíó.

(3) Where the diameter, of the lapped bars is

greater than or equal to 20 mm, the transverse

reinforcement should have a total area, Ast (sum

of all legs parallel to the layer of the spliced

reinforcement) of not less than the area As of one

lapped bar (4Ast 
 1,0 As). The transverse bar

should be placed perpendicular to the direction of

the lapped reinforcement and between that and

the surface of the concrete.

ßêùî â îäíîìó ì³ñö³ íàïóñêàºòüñÿ á³ëüøå í³æ

50% àðìàòóðè, ³ ÿêùî â³äñòàíü à ì³æ ïðèëåãëè-

ìè íàïóñêàìè â ïåðåð³ç³ â ìåæàõ 	 10� (ðèñó-

íîê 8.7), ïîïåðå÷íà àðìàòóðà ïîâèííà îá'ºä-

íóâàòèñü ç'ºäíàííÿì àáî ñòðèæíÿìè U-ïîä³áíî¿

ôîðìè, çààíêåðîâàíèìè ó ò³ëî ïåðåð³çó.

If more than 50% of the reinforcement is lapped at

one point and the distance, a, between adjacent

laps at a section is 	 10� (see Figure 8.7) trans-

verse reinforcement should be formed by links or

U bars anchored into the body of the section.

(4) Ïîïåðå÷íå àðìóâàííÿ, ùî âñòàíîâëþºòüñÿ

çã³äíî ç (3), ïîâèííî ðîçì³ùóâàòèñü âäîâæ çîâ-

í³øíüîãî êîíòóðó ïåðåð³ç³â íàïóñêó, ÿê ïîêàçà-

íî íà ðèñóíêó 8.9à.

(4) The transverse reinforcement provided for (3)

above should be positioned at the outer sections

of the lap as shown in Figure 8.9(a).
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b – ñòèñíóò³ ñòðèæí³

bars in compression

Ðèñóíîê 8.9 – Ïîïåðå÷íå àðìóâàííÿ äëÿ ç'ºäíàíü óíàïóñê

Figure 8.9 – Transverse reinforcement for lapped splices
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8.7.4.2 Ïîïåðå÷íà àðìàòóðà äëÿ ïîñò³éíî

ñòèñíóòèõ ñòðèæí³â

8.7.4.2 Transverse reinforcement for bars perma-

nently in compression

(1) Íà äîäàòîê äî ïðàâèë äëÿ ðîçòÿãíóòèõ

ñòðèæí³â íåîáõ³äíî âñòàíîâëþâàòè îäèí ïîïå-

ðå÷íèé ñòðèæåíü íà â³äñòàí³ d íàçîâí³ ó ïî-

âçäîâæíüîìó íàïðÿì³ â³ä ê³íöÿ íàïóñêó ³ â

ìåæàõ 4� â³ä ê³íöÿ íàïóñêó (ðèñóíîê 8.9b).

(1) In addition to the rules for bars in tension one

bar of the transverse reinforcement should be

placed outside each end of the lap length and

within 4� of the ends of the lap length (Figu-

re 8.9b).

8.7.5 Íàïóñêè äëÿ çâàðíèõ ñ³òîê ³ç äðîò³â

ïåð³îäè÷íîãî ïðîô³ëþ

8.7.5 Laps for welded mesh fabrics made of

ribbed wires

8.7.5.1 Íàïóñêè äëÿ îñíîâíî¿ àðìàòóðè 8.7.5.1 Laps of the main reinforcement

(1) Íàïóñêè ìîæóòü âèêîíóâàòèñü øëÿõîì ïå-

ðåõ³äíîãî àðìóâàííÿ ÷àðóíîê àáî íàøàðóâàí-

íÿì ñ³òîê (ðèñóíîê 8.10).

(1) Laps may be made either by intermeshing or

by layering of the fabrics (Figure 8.10).

(2) Çà íàÿâíîñò³ íàâàíòàæåíü óòîìëåíîñò³ íå-

îáõ³äíî ïðèéìàòè ïåðåõ³äíå àðìóâàííÿ.

(2) Where fatigue loads occur, intermeshing sho-

uld be adopted

(3) Ïðè ïåðåõ³äíîìó àðìóâàíí³ ðîçòàøóâàííÿ

íàïóñê³â äëÿ ñòðèæí³â îñíîâíî¿ àðìàòóðè ïî-

âèííî â³äïîâ³äàòè 8.7.2. Áóäü-ÿê³ ñïðèÿòëèâ³

âïëèâè ïîïåðå÷íèõ ñòðèæí³â íå ïîâèíí³ âðàõî-

âóâàòèñü; òîìó ïðèéìàºòüñÿ *3 = 1,0.

(3) For intermeshed fabric, the lapping arran-

gements for the main longitudinal bars should

conform with 8.7.2. Any favourable effects of the

transverse bars should be ignored: thus taking

*3 = 1,0.

(4) Äëÿ ðîçì³ùåíèõ ðÿäàìè ñ³òîê íàïóñê îñíîâ-

íî¿ àðìàòóðè, ÿê ïðàâèëî, íåîáõ³äíî ðîçòàøî-

âóâàòè ó çîíàõ, äå îá÷èñëåí³ íàïðóæåííÿ â

àðìàòóð³ çà ãðàíè÷íèì ñòàíîì ² ãðóïè íå ïåðå-

âèùóþòü 80% ðîçðàõóíêîâî¿ ì³öíîñò³.

(4) For layered fabric, the laps of the main

reinforcement should generally be situated in

zones where the calculated stress in the

reinforcement at ultimate limit state is not more

than 80% of the design strength.
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b – íàøàðóâàííÿ ñ³òîê

layered fabric (longitudinal section)

Ðèñóíîê 8.10 – Íàïóñêè çâàðíèõ ñ³òîê

Figure 8.10 – Lapping of welded fabric

à – ïåðåõ³äíå àðìóâàííÿ (ïîçäîâæí³é ïåðåð³ç)

intermeshed fabric (longitudinal section)
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(5) ßêùî âèùåçãàäàíà óìîâà (4) íå âèêîíóºòü-

ñÿ, òî ôàêòè÷íà âèñîòà àðìàòóðè äëÿ âèçíà-

÷åííÿ îïîðó ïðè çãèí³ çã³äíî ç 6.1 ïîâèííà

çàñòîñîâóâàòèñü äëÿ ðÿäó, íàñòóïíîãî çà â³ä-

äàëåí³ñòþ â³ä ðîçòÿãíóòî¿ ãðàí³. Äîäàòêîâî, ó

ðàç³ âèêîíàííÿ ïåðåâ³ðêè íà ðîçêðèòòÿ òð³ùèí

ó ïåðåð³çàõ, ùî ñë³äóþòü çà ê³íöåì íàïóñêó, íà-

âåäåí³ ó òàáëèöÿõ 7.2 ³ 7.3 íàïðóæåííÿ â àðìà-

òóð³ ïîâèíí³ çá³ëüøóâàòèñü íà 25% ó çâ'ÿçêó ç

íàÿâí³ñòþ ðîçðèâíîñò³ íà ê³íöÿõ íàïóñê³â.

(5) Where condition (4) above is not fulfilled, the

effective depth of the steel for the calculation of

bending resistance in accordance with 6.1 should

apply to the layer furthest from the tension face. In

addition, when carrying out a crack-verification

next to the end of the lap, the steel stress used in

Tables 7.2 and 7.3 should be increased by 25%

due to the discontinuity at the ends of the laps.

(6) Ïðîöåíò îñíîâíî¿ àðìàòóðè, ÿêà ìîæå íà-

ïóñêàòèñü ó áóäü-ÿêîìó ïåðåð³ç³, ïîâèíåí â³ä-

ïîâ³äàòè íàñòóïíîìó.

(6) The percentage of the main reinforcement,

which may be lapped in any one section, should

comply with the following:

Äëÿ ñ³òîê ç ïåðåõ³äíèì àðìóâàííÿì çàñòîñîâó-

þòüñÿ âåëè÷èíè, íàâåäåí³ ó òàáëèö³ 8.3.

For intermeshed fabric, the values given in Table

8.3 are applicable.

Äëÿ ñ³òîê, ðîçòàøîâàíèõ ðÿäàìè, äîïóñòèìèé

â³äñîòîê ç'ºäíàííÿ îñíîâíî¿ àðìàòóðè íàïóñ-

êîì ó áóäü-ÿêîìó ïåðåð³ç³ çàëåæèòü â³ä êîíê-

ðåòíî¿ ïëîù³ ïîïåðå÷íîãî ïåðåð³çó çâàðíî¿

ñ³òêè ïðè çàáåçïå÷åíí³ (As /s)prov, äå s – êðîê

äðîò³â:

For layered fabric the permissible percentage of

the main reinforcement that may be spliced by

lapping in any section, depends on the specific

cross-section area of the welded fabric provided

(As /s)prov, where s is the spacing of the wires:

– 100%, ÿêùî (As /s)prov 	 1200 ìì2/ì; – 100%, if (As /s)prov 	 1200 mm2/m;

– 60%, ÿêùî (As /s)prov > 1200 ìì2/ì. – 60%, if (As /s)prov > 1200 mm2/m.

Ç'ºäíàííÿ ïðè áàãàòüîõ ðÿäàõ ïîâèíí³ ðîçïî-

ä³ëÿòèñü ùîíàéìåíøå ÷åðåç 1,3 l0 (l0 âèçíà-

÷àºòüñÿ çà 8.7.3 ).

The joints of the multiple layers should be stag-

gered by at least 1,3 l0 (l0 is determined from

8.7.3).

(7) Äîäàòêîâå ïîïåðå÷íå àðìóâàííÿ íå îáî-

â'ÿçêîâå ó çîí³ íàïóñêó.

(7) Additional transverse reinforcement is not ne-

cessary in the lapping zone.

8.7.5.2 Íàïóñêè äîïîì³æíî¿ àáî ðîçïîä³ëüíî¿

àðìàòóðè

8.7.5.2 Laps of secondary or distribution reinfor-

cement

(1) Âñÿ äîïîì³æíà àðìàòóðà ìîæå ç'ºäíóâà-

òèñü íàïóñêîì ó îäíîìó ì³ñö³.

(1) All secondary reinforcement may be lapped at

the same location.

Ì³í³ìàëüí³ âåëè÷èíè äîâæèíè íàïóñêó l0 íàâå-

äåí³ ó òàáëèö³ 8.4; äîâæèíà íàïóñêó äâîõ äî-

ïîì³æíèõ ñòðèæí³â ïîâèííà ïåðåêðèâàòè äâà

ñòðèæí³ îñíîâíî¿ àðìàòóðè.

The minimum values of the lap length l0 are given

in Table 8.4; the lap length of two secondary bars

should cover two main bars.

Òàáëèöÿ 8.4 – Íåîáõ³äíà äîâæèíà íàïóñêó äëÿ äîïîì³æíèõ äðîò³â ñ³òîê

Table 8.4 – Required lap lengths for secondary wires of fabrics

Ä³àìåòð äîïîì³æíèõ äðîò³â, ìì

Diameter of secondary wires (mm)

Äîâæèíà íàïóñê³â

Lap lengths

� 	 6

 150 ìì; íå ìåíøå 1 êðîêó äðîòó íà äîâæèí³ íàïóñêó


 150 mm; at least 1 wire pitch within the lap length

6 8 5� 	� ,

 250 ìì; ùîíàéìåíøå 2 êðîêè äðîòó


 250 mm; at least 2 wire pitches

8 5 12, � 	� 
 350 ìì; ùîíàéìåíøå 2 êðîêè äðîòó


 350 mm; at least 2 wire pitches

185

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



8.8 Äîäàòêîâ³ ïðàâèëà äëÿ ñòðèæí³â
âåëèêèõ ä³àìåòð³â

8.8 Additional rules for large diameter bars

(1) Äëÿ ñòðèæí³â ä³àìåòðîì á³ëüøå í³æ �large

íåîáõ³äíî äîòðèìóâàòèñü äîäàòêîâèõ ïðàâèë,

íàâåäåíèõ ó 8.4 ³ 8.7.

(1) For bars with a diameter larger than �large the

following rules supplement those given in 8.4 and

8.7.

Ïðèì³òêà. Âåëè÷èíà �large äëÿ âèêîðèñòàííÿ ó êîí-

êðåòí³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó

äîäàòêó. Ðåêîìåíäóºòüñÿ âåëè÷èíà 32 ìì.

Note: The value of �large for use in a Country may be

found in its National Annex. The recommended value is

32 mm.

(2) Ïðè çàñòîñóâàíí³ ñòðèæí³â òàêîãî âåëèêîãî

ä³àìåòðà îáìåæåííÿ òð³ùèíîóòâîðåííÿ ìîæå

äîñÿãàòèñü àáî âèêîðèñòàííÿì ïîâåðõíåâîãî

àðìóâàííÿ (9.2.4), àáî ÷åðåç ðîçðàõóíêè (7.3.4).

(2) When such large diameter bars are used,

crack control may be achieved either by using

surface reinforcement (see 9.2.4) or by calcula-

tion (see 7.3.4).

(3) Ïðè çàñòîñóâàíí³ ñòðèæí³â âåëèêîãî ä³àìåò-

ðà çóñèëëÿ ðîçòð³ñêóâàííÿ âèù³ ³ íàãåëüíèé

åôåêò º á³ëüøèì. Òàê³ ñòðèæí³ ïîâèíí³ çààí-

êåðîâóâàòèñü çà äîïîìîãîþ ìåõàí³÷íèõ ïðè-

ñòðî¿â. Ó ÿêîñò³ àëüòåðíàòèâè âîíè ìîæóòü

çààíêåðîâóâàòèñü ÿê ïðÿì³ ñòðèæí³, àëå ïðè

öüîìó ïîâèíí³ çàáåçïå÷óâàòèñü ç'ºäíàííÿ, ùî

ïðàöþþòü ÿê ðîçïîä³ëüíà àðìàòóðà.

(3) Splitting forces are higher and dowel action is

greater with the use of large diameter bars. Such

bars should be anchored with mechanical

devices. As an alternative they may be anchored

as straight bars, but links should be provided as

confining reinforcement.

(4) Çàçâè÷àé, ñòðèæí³ âåëèêîãî ä³àìåòðà íå ïî-

âèíí³ ç'ºäíóâàòèñü íàïóñêîì. Âèíÿòêîì º ïå-

ðåð³çè ç ì³í³ìàëüíèì ðîçì³ðîì 1,0 ì, àáî ÿêùî

íàïðóæåííÿ íå ïåðåâèùóþòü 80% ðîçðàõóíêî-

âî¿ ãðàíè÷íî¿ ì³öíîñò³.

(4) Generally large diameter bars should not be

lapped. Exceptions include sections with a mini-

mum dimension 1,0 m or where the stress is not

greater than 80% of the design ultimate strength.

(5) Ïîïåðå÷íà àðìàòóðà, íà äîäàòîê äî àðìó-

âàííÿ íà çñóâ ïîâèííà çàáåçïå÷óâàòèñü ó çîíàõ

àíêåðóâàííÿ, äå â³äñóòí³é ïîïåðå÷íèé ñòèñê.

(5) Transverse reinforcement, additional to that for

shear, should be provided in the anchorage zones

where transverse compression is not present.

(6) Ïðè ïðÿìîë³í³éí³é äîâæèí³ çààíêåðóâàííÿ

(ðèñóíîê 8.11 ñòîñîâíî ïîçíà÷åíü) äîäàòêîâà

àðìàòóðà â³äïîâ³äíî äî âèùåçàçíà÷åíîãî ó (5)

ïîâèííà áóòè íå ìåíøîþ í³æ:

(6) For straight anchorage lengths (see Figu-

re 8.11 for the notation used) the additional rein-

forcement referred to in (5) above should not be

less than the following:

– ó íàïðÿì³, ïàðàëåëüíîìó ðîçòÿãíóò³é ãðàí³: – in the direction parallel to the tension face:

A A nsh s� 0 25 1, , (8.12)

– ó íàïðÿì³, ïåðïåíäèêóëÿðíîìó äî ðîçòÿã-

íóòî¿ ãðàí³:

– in the direction perpendicular to the tension

face:

A A nsv s� 0 25 2, , (8.13)

äå: where:

Às – ïëîùà ïîïåðå÷íîãî ïåðåð³çó çààíêåðîâà-

íîãî ñòðèæíÿ;

As is the cross sectional area of an anchored bar;

n1 – ê³ëüê³ñòü ðÿä³â çààíêåðîâàíèõ ñòðèæí³â ó

îäí³é òî÷ö³ åëåìåíòà;

n1 is the number of layers with bars anchored at

the same point in the member;

n2 – ê³ëüê³ñòü ñòðèæí³â, çààíêåðîâàíèõ â îäíî-

ìó ðÿä³.

n2 is the number of bars anchored in each layer.

(7) Äîäàòêîâà ïîïåðå÷íà àðìàòóðà ïîâèííà

ð³âíîì³ðíî ðîçïîä³ëÿòèñü ó çîí³ çààíêåðóâàí-

íÿ, à êðîê ñòðèæí³â íå ïîâèíåí ïåðåâèùóâàòè

5 ä³àìåòð³â ïîçäîâæíüî¿ àðìàòóðè.

(7) The additional transverse reinforcement sho-

uld be uniformly distributed in the anchorage zone

and the spacing of bars should not exceed 5 times

the diameter of the longitudinal reinforcement.
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(8) Äëÿ âèçíà÷åííÿ ïîâåðõíåâîãî àðìóâàííÿ

çàñòîñîâóºòüñÿ 9.2.4, àëå ïëîùà ïîâåðõíåâî¿

àðìàòóðè íå ïîâèííà áóòè ìåíøîþ í³æ 0,01

Àct,ext ó íàïðÿì³, ïåðïåíäèêóëÿðíîìó äî ñòðèæ-

í³â âåëèêîãî ä³àìåòðà, ³ 0,02 Àct,ext ïàðàëåëüíî

öèì ñòðèæíÿì.

(8) For surface reinforcement, 9.2.4 applies, but

the area of surface reinforcement should not be

less than 0,01 Àct,ext in the direction perpendicular

to large diameter bars, and 0,02 Àct,ext parallel to

those bars.

8.9 Ïó÷êè ñòðèæí³â 8.9 Bundled bars

8.9.1 Çàãàëüí³ ïîëîæåííÿ 8.9.1 General

(1) ßêùî íå îá´ðóíòîâàíî ³íøå, òî ïðàâèëà äëÿ

îêðåìèõ ñòðèæí³â çàñòîñîâóþòüñÿ òàêîæ äëÿ

ïó÷ê³â ñòðèæí³â. Ó îäíîìó ïó÷êó âñ³ ñòðèæí³ ïî-

âèíí³ ìàòè îäíàêîâ³ õàðàêòåðèñòèêè (òèï ³

êëàñ). Ñòðèæí³ ð³çíèõ ðîçì³ð³â ìîæóòü îá'ºäíó-

âàòèñü ó ïó÷îê çà óìîâè, ùî â³äíîøåííÿ

ä³àìåòð³â íå ïåðåâèùóº 1,7.

(1) Unless otherwise stated, the rules for individu-

al bars also apply for bundles of bars. In a bundle,

all the bars should be of the same characteristics

(type and grade). Bars of different sizes may be

bundled provided that the ratio of diameters does

not exceed 1.7.

(2) Ó ðîçðàõóíêó ïó÷îê çàì³íþºòüñÿ óìîâíèì

ñòðèæíåì ò³º¿ æ ïëîù³ ïåðåð³çó ³ ç òèì æå öåí-

òðîì âàãè, ùî ³ ó ïó÷êà. Åêâ³âàëåíòíèé ä³àìåòð

�n öüîãî óìîâíîãî ñòðèæíÿ íàñòóïíèé:

(2) In design, the bundle is replaced by a notional

bar having the same sectional area and the same

centre of gravity as the bundle. The equivalent

diameter, �n of this notional bar is such that:

� �n bn� 	 55 ìì / (mm) , (8.14)

äå: where:

nb – ê³ëüê³ñòü ñòðèæí³â ó ïó÷êó, ÿêà îáìå-

æóºòüñÿ:

nb is the number of bars in the bundle, which is

limited to:

nb 	 4 – äëÿ âåðòèêàëüíèõ ñòðèæí³â ïðè ñòèñêó ³

äëÿ ñòðèæí³â, ç'ºäíàíèõ â íàïóñê;

nb 	 4 for vertical bars in compression and for bars

in a lapped joint,

nb 	 3 – äëÿ âñ³õ ³íøèõ âèïàäê³â. nb 	 3for all other cases.

(3) Äëÿ âèçíà÷åííÿ êðîêó ïó÷ê³â çàñòîñîâóþòü-

ñÿ íàâåäåí³ ó 8.2 ïðàâèëà. Åêâ³âàëåíòíèé ä³à-

ìåòð �n ïîâèíåí çàñòîñîâóâàòèñü, àëå â³ä-

ñòàíü ó ÷èñòîò³ ì³æ ïó÷êàìè ïîâèííà âèì³ðþâà-

òèñü â³ä çîâí³øíüîãî êîíòóðó àðìàòóðíîãî ïó÷-

êà. Çàõèñíèé øàð áåòîíó ïîâèíåí âèì³ðþ-

âàòèñü â³ä ôàêòè÷íîãî çîâí³øíüîãî êîíòóðó

ïó÷êà ³ áóòè íå ìåíøå í³æ �n.

(3) For a bundle, the rules given in 8.2 for spacing

of bars apply. The equivalent diameter, �n should

be used but the clear distance between bundles

should be measured from the actual external

contour of the bundle of bars. The concrete cover

should be measured from the actual external

contour of the bundles and should not be less

than �n.
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Ïðèêëàä. Ó âèïàäêó çë³âà n1 = 1, n2 = 2, à ó âèïàäêó ñïðàâà n1 = 2, n2 = 2

Example: In the left hand case n1 = 1, n2 = 2 and in the right hand case n1 = 2, n2 = 2

Ðèñóíîê 8.11 – Äîäàòêîâà àðìàòóðà ó çààíêåðóâàíí³ äëÿ ñòðèæí³â âåëèêîãî ä³àìåòðà

çà â³äñóòíîñò³ ïîïåðå÷íîãî ñòèñêó

Figure 8.11 – Additional reinforcement in an anchorage for large diameter bars where there is

no transverse compression
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(4) Ïðè òîðêàíí³ äâîõ ñòðèæí³â, ùî ðîçòàøî-

âàí³ îäèí íàä äðóãèì, ³ çà õîðîøèõ óìîâ ç÷åï-

ëåííÿ òàê³ ñòðèæí³ íå ïîâèíí³ ðîçãëÿäàòèñü ÿê

ïó÷îê.

(4) Where two touching bars are positioned one

above the other, and where the bond conditions

are good, such bars need not be treated as a

bundle.

8.9.2 Àíêåðóâàííÿ àðìàòóðíèõ ïó÷ê³â 8.9.2 Anchorage of bundles of bars

(1) Ïó÷êè ñòðèæí³â ïðè ðîçòÿãó ìîæóòü îáð³çà-

òèñü íà ê³íöåâèõ ³ ïðîì³æíèõ îïîðàõ. Ïó÷êè ç

åêâ³âàëåíòíèì ä³àìåòðîì < 32 ìì ìîæóòü îá-

ð³çàòèñü á³ëÿ îïîð áåç íåîáõ³äíîñò³ çì³ùåííÿ

ñòðèæí³â â³äíîñíî ïåðåð³çó. Ïó÷êè ç åêâ³âàëåí-

òíèì ä³àìåòðîì > 32 ìì, ÿê³ àíêåðóþòüñÿ ïî-

áëèçó îïîð, íåîáõ³äíî çì³ùóâàòè ó ïîçäîâæ-

íüîìó íàïðÿì³, ÿê ïîêàçàíî íà ðèñóíêó 8.12.

(1) Bundles of bars in tension may be curtailed

over end and intermediate supports. Bundles with

an equivalent diameter < 32 mm may be curtailed

near a support without the need for staggering bars.

Bundles with an equivalent diameter > 32 mm

which are anchored near a support should be

staggered in the longitudinal direction as shown in

Figure 8.12.

(2) ßêùî îêðåì³ ñòðèæí³ àíêåðóþòüñÿ ïðè â³ä-

ñòàí³ çì³ùåííÿ á³ëüøå í³æ 1,3 lb,rqd (äå lb,rqd

´ðóíòóºòüñÿ íà ä³àìåòð³ ñòðèæíÿ), ä³àìåòð

ñòðèæíÿ ìîæå âèêîðèñòîâóâàòèñü äëÿ îö³íêè lbd

(äèâ. 8.12). ²íøèìè ñëîâàìè, ïîâèíåí âèêîðèñ-

òîâóâàòèñü åêâ³âàëåíòíèé ä³àìåòð ïó÷êà �n.

(2) Where individual bars are anchored with a

staggered distance greater than 1,3 lb,rqd (where

lb,rqd is based on the bar diameter), the diameter

of the bar may be used in assessing lbd (see

Figure 8.12). Otherwise the equivalent diameter

of the bundle, �n, should be used.

(3) Ïðè ñòèñêó çààíêåðîâàí³ ñòðèæí³ ó ïó÷êó íå

ïîòð³áíî çì³ùóâàòè. Äëÿ ïó÷ê³â ç åêâ³âàëåíò-

íèì ä³àìåòðîì 
 32 ìì ïîâèíí³ çàáåçïå÷óâà-

òèñü ùîíàéìåíøå ÷îòèðè ç'ºäíàííÿ íà ê³íöÿõ

ïó÷êà, ùî ìàþòü ä³àìåòð 
 12 ìì. Íàñòóïíå

ç'ºäíàííÿ ïîâèííî ðîçòàøîâóâàòèñü çðàçó íàä

ê³íöåì îáð³çàíîãî ñòðèæíÿ.

(3) For compression anchorages bundled bars

need not be staggered. For bundles with an

equivalent diameter 
 32 mm, at least four links

having a diameter 
 12 mm should be provided at

the ends of the bundle. A further link should be

provided just beyond the end of the curtailed bar.

8.9.3 Íàïóñê àðìàòóðíèõ ïó÷ê³â 8.9.3 Lapping bundles of bars

(1) Äîâæèíó íàïóñêó íåîáõ³äíî âèçíà÷àòè çã³ä-

íî ç 8.7.3 ç âèêîðèñòàííÿì �n (ç 8.9.1 (2)), ÿê

åêâ³âàëåíòíîãî ä³àìåòðà ñòðèæíÿ.

(1) The lap length should be calculated in accor-

dance with 8.7.3 using �n (from 8.9.1 (2)) as the

equivalent diameter of bar.

(2) Äëÿ ïó÷ê³â, ùî ñêëàäàþòüñÿ ç äâîõ ñòðèæí³â

åêâ³âàëåíòíèì ä³àìåòðîì < 32 ìì, ñòðèæí³ ìî-

æóòü íàïóñêàòèñü áåç çì³ùåííÿ îêðåìèõ

ñòðèæí³â. Ó öüîìó âèïàäêó äëÿ îá÷èñëåííÿ l0

íåîáõ³äíî âèêîðèñòîâóâàòè ðîçì³ð åêâ³âàëåí-

òíîãî ñòðèæíÿ.

(2) For bundles which consist of two bars with an

equivalent diameter < 32 mm the bars may be

lapped without staggering individual bars. In this

case the equivalent bar size should be used to

calculate l0.
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(3) Äëÿ ïó÷ê³â, ùî ñêëàäàþòüñÿ ç äâîõ ñòðèæí³â

åêâ³âàëåíòíèì ä³àìåòðîì 
 32 ìì, àáî òðüîõ

ñòðèæí³â îêðåì³ ñòðèæí³ ïîâèíí³ çì³ùóâàòèñü ó

ïîäîâæíüîìó íàïðÿì³ ùîíàéìåíøå íà 1,3 l0,

ÿê ïîêàçàíî íà ðèñóíêó 8,13, äå l0 – âèçíà÷åíå

äëÿ îêðåìîãî ñòðèæíÿ. Ó âêàçàíîìó âèïàäêó

ñòðèæåíü ¹ 4 âèêîðèñòîâóºòüñÿ ó ÿêîñò³ ñòðèæ-

íÿ âíàïóñê. Íåîáõ³äíî çàáåçïå÷óâàòè óìîâó,

ùî ó áóäü-ÿêîìó ïåðåð³ç³ ç íàïóñêîì íå ïîâèí-

íî áóòè á³ëüøå í³æ ÷îòèðè ñòðèæí³.

(3) For bundles which consist of two bars with an

equivalent diameter 
 32 mm or of three bars,

individual bars should be staggered in the

longitudinal direction by at least 1,3 l0 as shown in

Figure 8.13, where l0 is based on a single bar. For

this case bar No. 4 is used as the lapping bar.

Care should be taken to ensure that there are not

more than four bars in any lap cross section.

Bundles of more than three bars should not be

lapped.

8.10 Ïîïåðåäíüî íàïðóæåí³ ïó÷êè 8.10 Prestressing tendons

8.10.1 Ðîçòàøóâàííÿ íàïðóæåíèõ ïó÷ê³â ³

êàíàë³â

8.10.1 Arrangement of prestressing tendons

and ducts

8.10.1.1 Çàãàëüí³ ïîëîæåííÿ 8.10.1.1 General

(1)Ð Êðîê êàíàë³â àáî ïîïåðåäíüî íàïðóæåíèõ

íà óïîðè ïó÷ê³â ïîâèíåí áóòè òàêèì, ùîá íàäà-

âàòè ìîæëèâ³ñòü âèêîíóâàòè íàëåæíèì ÷èíîì

óêëàäàííÿ òà óù³ëüíåííÿ áåòîíó ³ ùîá äîñÿãòè

íåîáõ³äíîãî ç÷åïëåííÿ ì³æ áåòîíîì ³ ïó÷êàìè.

(1)P The spacing of ducts or of pre-tensioned ten-

dons shall be such as to ensure that placing and

compacting of the concrete can be carried out

satisfactorily and that sufficient bond can be attai-

ned between the concrete and the tendons.

8.10.1.2 Ïó÷êè, ùî íàïðóæóþòüñÿ íà óïîðè 8.10.1.2 Pre-tensioned tendons

(1) Ì³í³ìàëüí³ ãîðèçîíòàëüí³ ³ âåðòèêàëüí³ â³ä-

ñòàí³ ó ÷èñòîò³ ì³æ îêðåìèìè íàïðóæåíèìè íà

óïîðè ïó÷êàìè ïîâèíí³ â³äïîâ³äàòè ïîêàçàíèì

íà ðèñóíêó 8.14. ²íøå ðîçòàøóâàííÿ äîïóñêà-

ºòüñÿ âèêîðèñòîâóâàòè çà óìîâè, ùî ðåçóëüòà-

òè âèïðîáóâàíü ïîêàçóþòü çàäîâ³ëüíèé õàðàê-

òåð ðîáîòè ó ãðàíè÷íîìó ñòàí³ â³äíîñíî:

(1) The minimum clear horizontal and vertical

spacing of individual pre-tensioned tendons should

be in accordance with that shown in Figure 8.14.

Other layouts may be used provided that test

results show satisfactory ultimate behaviour with

respect to:

– áåòîíó â çîí³ àíêåðóâàííÿ; – the concrete in compression at the anchorage;

– ðîçòð³ñêóâàííÿ áåòîíó; – the spalling of concrete;

– çààíêåðóâàííÿ ïîïåðåäíüî íàïðóæåíèõ ïó÷ê³â; – the anchorage of pre-tensioned tendons;

– óêëàäàííÿ áåòîíó ì³æ ïó÷êàìè. – the placing of the concrete between the tendons.

Ñë³ä òàêîæ âðàõîâóâàòè ïèòàííÿ äîâãîâ³÷íîñò³

òà çàãðîçè êîðîç³¿ ïó÷ê³â íà ê³íöÿõ åëåìåíò³â.

Consideration should also be given to durability

and the danger of corrosion of the tendon at the

end of elements.

(2) Çâ'ÿçóâàííÿ ïó÷ê³â íå ïîâèííî çä³éñíþâà-

òèñü ó çîí³ çààíêåðóâàííÿ, îêð³ì âèïàäê³â, êîëè

çàáåçïå÷óºòüñÿ íàëåæíå óêëàäàííÿ òà óù³ëü-

íåííÿ áåòîíó, ³ ìîæëèâå äîñÿãíåííÿ íåîáõ³ä-

íîãî ç÷åïëåííÿ ì³æ áåòîíîì ³ àðìàòóðîþ.

(2) Bundling of tendons should not occur in the

anchorage zones, unless placing and compacting

of the concrete can be carried out satisfactorily

and sufficient bond can be attained between the

concrete and the tendons.
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Ðèñóíîê 8.13 – Ç'ºäíàííÿ íàïóñêîì, ùî âêëþ÷àº ÷îòèðè ñòðèæí³ ïðè ðîçòÿãó

Figure 8.13 – Lap joint in tension including a fourth bar
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8.10.1.3 Êàíàëè äëÿ íàïðóæåííÿ íà áåòîí 8.10.1.3 Post-tension ducts

(1)Ð Êàíàëè äëÿ íàïðóæåííÿ íà áåòîí íåîá-

õ³äíî ðîçòàøîâóâàòè ³ êîíñòðóþâàòè òàê, ùîá:

(1)P The ducts for post-tensioned tendons shall

be located and constructed so that:

– ìîæíà áåçïå÷íî óêëàäàòè áåòîí áåç çàãðî-

çè ïîøêîäæåííÿ êàíàë³â;

– the concrete can be safely placed without da-

maging the ducts;

– áåòîí ì³ã ñïðèéìàòè çóñèëëÿ â³ä êàíàë³â ó

ì³ñöÿõ ¿õ ñêðèâëåííÿ ï³ä ÷àñ ³ ï³ñëÿ ïîïå-

ðåäíüîãî íàïðóæåííÿ;

– the concrete can resist the forces from the

ducts in the curved parts during and after

stressing;

– ðîç÷èí ïðè çàïîâíåíí³ îäíîãî êàíàëó íå

ïðîíèêàâ ó ³íø³ êàíàëè.

– no grout will leak into other ducts during grou-

ting process.

(2) Êàíàëè äëÿ íàïðóæåíèõ íà áåòîí åëåìåíò³â

íå ñë³ä ðîçì³ùóâàòè ïó÷êàìè, çà âèíÿòêîì âè-

ïàäêó, êîëè êàíàëè ó ïàð³ ðîçì³ùóþòüñÿ îäèí

íàä îäíèì.

(2) Ducts for post-tensioned members, should not

normally be bundled except in the case of a pair of

ducts placed vertically one above the other.

(3) Ì³í³ìàëüí³ â³äñòàí³ ó ÷èñòîò³ ì³æ êàíàëàìè

ïîâèíí³ áóòè ó â³äïîâ³äíîñò³ ç ïîêàçàíèìè íà

ðèñóíêó 8.15.

(3) The minimum clear spacing between ducts

should be in accordance with that shown in Figu-

re 8.15.
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� – ä³àìåòð ïó÷êà, ïîïåðåäíüî íàïðóæåíîãî íà óïîðè, à dg – ìàêñèìàëüíèé ðîçì³ð çàïîâíþâà÷à

� is the diameter of pre-tensioned tendon and dg is the maximum size of aggregate.

Ðèñóíîê 8.14 – Ì³í³ìàëüíà â³äñòàíü ó ÷èñòîò³ ì³æ íàïðóæåíèìè íà óïîðè ïó÷êàìè

Figure 8.14 – Minimum clear spacing between pre-tensioned tendons

� – ä³àìåòð êàíàëó äëÿ íàïðóæåííÿ íà áåòîí, à dg – ìàêñèìàëüíèé ðîçì³ð çàïîâíþâà÷à

� is the diameter of post-tension duct and dg is the maximum size of aggregate.

Ðèñóíîê 8.15 – Ì³í³ìàëüíà â³äñòàíü ó ÷èñòîò³ ì³æ íàïðóæåíèìè íà óïîðè ïó÷êàìè

Figure 8.15 – Minimum clear spacing between ducts
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8.10.2 Àíêåðóâàííÿ ïó÷ê³â àðìàòóðè, íà-

ïðóæåíèõ íà óïîðè

8.10.2 Anchorage of pre-tensioned tendons

8.10.2.1 Çàãàëüí³ ïîëîæåííÿ 8.10.2.1 General

(1) Ó çîíàõ àíêåðóâàííÿ íàïðóæåíî¿ íà áåòîí

àðìàòóðè íåîáõ³äíî âðàõîâóâàòè íàñòóïí³ õà-

ðàêòåðèñòèêè äîâæèíè (ðèñóíîê 8.16):

(1) In anchorage regions for pre-tensioned ten-

dons, the following length parameters should be

considered, see Figure 8.16:

a) äîâæèíà çîíè ïåðåäà÷³ lpt, íà ÿê³é ñèëà ïîïå-

ðåäíüîãî íàïðóæåííÿ Ð0 ïîâí³ñòþ ïåðåäàºòü-

ñÿ íà áåòîí, äèâ 8.10.2.2 (2);

à) Transmission length, lpt, over which the prest-

ressing force (P0) is fully transmitted to the conc-

rete; see 8.10.2.2 (2);

b) äîâæèíà çîíè ðîçñ³þâàííÿ ldisp, íà ÿê³é íà-

ïðóæåííÿ ó áåòîí³ ïîñòóïîâî ë³í³éíî ðîçñ³þ-

þòüñÿ ïî áåòîííîìó ïåðåð³çó, äèâ. 8.10.2.2 (4);

b) Dispersion length, ldisp over which the concrete

stresses gradually disperse to a linear distribution

across the concrete section; see 8.10.2.2 (4);

ñ) äîâæèíà çîíè çààíêåðóâàííÿ lbpd, íà ÿê³é çó-

ñèëëÿ Fpd ó àðìàòóð³ ïîâí³ñòþ ñïðèéìàþòüñÿ

çààíêåðóâàííÿì ïðè äîñÿãíåíí³ ãðàíè÷íîãî

ñòàíó, äèâ. 8.10.2.3 (4) ³ (5).

ñ) Anchorage length, lbpd, over which the tendon

force Fpd in the ultimate limit state is fully ancho-

red in the concrete; see 8.10.2.3 (4) and (5).

8.10.2.2 Ïåðåäà÷à ïîïåðåäíüîãî íàïðóæåííÿ 8.10.2.2 Transfer of prestress

(1) Ïðè â³äïóñêàíí³ íàïðóæåíî¿ àðìàòóðè äî-

ïóñêàºòüñÿ, ùî ïîïåðåäíº íàïðóæåííÿ ïåðå-

äàºòüñÿ íà áåòîí ÷åðåç ïîñò³éíå íàïðóæåííÿ

ç÷åïëåííÿ fbpt, êîëè:

(1) At release of tendons, the prestress may be

assumed to be transferred to the concrete by a

constant bond stress fbpt, where:

f f tbpt p ctd� � �1 1 ,( ) , (8.15)

äå: where:

�p1 – êîåô³ö³ºíò, ùî âðàõîâóº òèï àðìàòóðè ³

óìîâè ç÷åïëåííÿ ïðè â³äïóñêàíí³;

�p1 is a coefficient that takes into account the type

of tendon and the bond situation at release;

�p1 = 2,7 – äëÿ äðîò³â ïåð³îäè÷íîãî ïðîô³ëþ; �p1 = 2,7 for indented wires;

�p1 = 3,2 – äëÿ 3- ³ 7-äðîòîâèõ êàíàò³â; �p1 = 3,2 for 3 and 7-wire strands;

�1 = 1,0 ïðè õîðîøèõ óìîâàõ ç÷åïëåííÿ (äèâ.

8.4.2);

�1 = 1,0 for good bond conditions (see 8.4.2);
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Ðèñóíîê 16 – Ïåðåäà÷à ïîïåðåäíüîãî íàïðóæåííÿ ó íàïðóæåíèõ åëåìåíòàõ; õàðàêòåðèñòèêè äîâæèíè

Figure 8.16 – Transfer of prestress in pretensioned elements; length parameters

Ë³í³éíèé ðîçïîä³ë íàïðóæåííÿ ó ïåðåð³ç³ åëåìåíòà

Linear stress distribution in member cross-section
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= 0,7 äëÿ ³íøèõ óìîâ, îêð³ì âèïàäê³â, êîëè á³ëü-

øå çíà÷åííÿ îá´ðóíòîâàíî â³äïîâ³äíî äî óìîâ

âèêîíàííÿ;

= 0,7 otherwise, unless a higher value can be

justified with regard to special circumstances in

execution;

fctd,(t) – ðîçðàõóíêîâà âåëè÷èíà ì³öíîñò³ íà

ðîçòÿã ó ìîìåíò â³äïóñêàííÿ: fctd,(t) = *ct 5

5 0,7·fctm,(t) / �c, (äèâ. òàêîæ 3.1.2 (8) ³ 3.1.6 (2)Ð).

fctd,(t) is the design tensile value of strength at

time of release: fctd,(t) = *ct 0,7·fctm,(t) / �c (see

also 3.1.2 (8) and 3.1.6 (2)P).

Ïðèì³òêà. Âåëè÷èíè �p1 äëÿ òèï³â ïó÷ê³â, ùî â³äð³ç-

íÿþòüñÿ â³ä âèùåçàçíà÷åíèõ, ìîæóòü âèêîðèñòîâó-

âàòèñü â³äïîâ³äíî äî ªâðîïåéñüêîãî òåõí³÷íîãî

óõâàëåííÿ.

Note: Values of �p1 for types of tendons other than

those given above may be used subject to a European

Technical Approval.

(2) Îñíîâíà âåëè÷èíà äîâæèíè çîíè ïåðåäà÷³

lpt âèçíà÷àºòüñÿ:

(2) The basic value of the transmission length, lpt,

is given by:

lpt pm bptf� * * � �1 2 0 / , (8.16)

äå: where:

*1 = 1,0 äëÿ ïîñòóïîâîãî âèâ³ëüíåííÿ; *1 = 1,0 for gradual release;

= 1,25 äëÿ ìîìåíòàëüíîãî âèâ³ëüíåííÿ; = 1,25 for sudden release;

*2 = 0,25 äëÿ àðìàòóðè êðóãëîãî ïîïåðå÷íîãî

ïåðåð³çó;

*2 = 0,25 for tendons with circular cross section;

= 0,19 äëÿ 3- ³ 7-äðîòîâèõ êàíàò³â; = 0,19 for 3 and 7-wire strands

� – íîì³íàëüíèé ä³àìåòð àðìàòóðè; � is the nominal diameter of tendon;

�pm0 – íàïðóæåííÿ â àðìàòóð³ â³äðàçó ï³ñëÿ

âèâ³ëüíåííÿ.

�pm0 is the tendon stress just after release.

(3) Ðîçðàõóíêîâà âåëè÷èíà äîâæèíè çîíè ïå-

ðåäà÷³ ïîâèííà ïðèçíà÷àòèñü ÿê ìåíø ñïðèÿò-

ëèâà ³ç äâîõ çíà÷åíü, ó çàëåæíîñò³ â³ä ðîçðà-

õóíêîâî¿ ñèòóàö³¿:

(3) The design value of the transmission length

should be taken as the less favourable of two

values, depending on the design situation:

l lpt pt1 0 8� , (8.17)

àáî or

l lpt pt2 1 2� , . (8.18)

Ïðèì³òêà. Çàçâè÷àé, äëÿ ïåðåâ³ðêè ì³ñöåâèõ íàïðó-

æåíü ïðè â³äïóñêàíí³ âèêîðèñòîâóºòüñÿ ìåíøå çíà-

÷åííÿ, à á³ëüøå – ïðè ïåðåâ³ðö³ çà ãðàíè÷íèìè

ñòàíàìè ² ãðóïè (çñóâ, àíêåðóâàííÿ òîùî).

Note: Normally the lower value is used for verifications

of local stresses at release, the higher value for ultima-

te limit states (shear, anchorage etc.).

(4) Ìîæíà ââàæàòè, ùî çà ìåæàìè äîâæèíè

çîíè ðîçñ³þâàííÿ íàïðóæåííÿ ó áåòîí³ ìàþòü

ë³í³éíèé ðîçïîä³ë (ðèñóíîê 8.17):

(4) Concrete stresses may be assumed to have a

linear distribution outside the dispersion length,

see Figure 8.17:

l ldisp pt
d� �2 2 . (8.19)

(5) Àëüòåðíàòèâíèé ðîçïîä³ë ïîïåðåäíüîãî íà-

ïðóæåííÿ ìîæëèâèé ïðè â³äïîâ³äíîìó ï³äòâåð-

äæåíí³ òà ïðè â³äïîâ³äíèõ çì³íàõ ó äîâæèí³

çîíè ïåðåäà÷³.

(5) Alternative build-up of prestress may be assu-

med, if adequately justified and if the transmission

length is modified accordingly.
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8.10.2.3 Àíêåðóâàííÿ çóñèëü ðîçòÿãó ïðè ãðà-

íè÷íîìó ñòàí³ ² ãðóïè

8.10.2.3 Anchorage of tensile force for the ultima-

te limit state

(1) Àíêåðóâàííÿ íàïðóæåíèõ ïó÷ê³â àðìàòóðè

íåîáõ³äíî ïåðåâ³ðÿòè ó ïåðåð³çàõ, äå íàïðó-

æåííÿ ðîçòÿãó ó áåòîí³ ïåðåâèùóþòü fctk, 0,05.

Çóñèëëÿ ó ïó÷êàõ íåîáõ³äíî âèçíà÷àòè äëÿ ïå-

ðåð³çó ç òð³ùèíàìè, âðàõîâóþ÷è âïëèâ çñóâó

çã³äíî ç 6.2.3 (6); äèâ. òàêîæ 9.2.1.3. ßêùî íà-

ïðóæåííÿ ðîçòÿãó ó áåòîí³ ìåíø³ í³æ fctk, 0,05, òî

ïåðåâ³ðêà àíêåðóâàííÿ íå âèìàãàºòüñÿ.

(1) The anchorage of tendons should be checked

in sections where the concrete tensile stress

exceeds fctk, 0,05. The tendon force should be cal-

culated for a cracked section, including the effect

of shear according to 6.2.3 (6); see also 9.2.1.3.

Where the concrete tensile stress is less than

fctk, 0,05, no anchorage check is necessary.

(2) Ì³öí³ñòü ç÷åïëåííÿ ïðè çààíêåðóâàíí³ ó

ãðàíè÷íîìó ñòàí³ ² ãðóïè âèçíà÷àºòüñÿ ÿê:

(2) The bond strength for anchorage in the ultima-

te limit state is:

lbpd p ctdf� � �2 1 , (8.20)

äå: where:

�p2 – êîåô³ö³ºíò, ùî âðàõóº òèï ïó÷ê³â àðìàòó-

ðè ³ óìîâè ç÷åïëåííÿ ïðè çààíêåðóâàíí³;

�p2 is a coefficient that takes into account the type

of tendon and the bond situation at anchorage;

�p2 = 1,4 äëÿ äðîò³â ïåð³îäè÷íîãî ïðîô³ëþ àáî; �p2 = 1,4 for indented wires or;

�p2 = 1,2 äëÿ 7-äðîòîâèõ êàíàò³â; �p2 =1,2 for 7-wire strands;

�1 – âèçíà÷àºòüñÿ ÿê ó 8.10.2.2 (1). �1 is as defined in 8.10.2.2 (1).

Ïðèì³òêà. Âåëè÷èíè �p2 äëÿ òèï³â ïó÷ê³â, ùî â³äð³ç-

íÿþòüñÿ â³ä âèùåçàçíà÷åíèõ, ìîæóòü âèêîðèñòîâó-

âàòèñü â³äïîâ³äíî äî ªâðîïåéñüêîãî òåõí³÷íîãî

óõâàëåííÿ.

Note: Values of �p2 for types of tendons other than tho-

se given above may be used subject to a European

Technical Approval.

(3) Ó çâ'ÿçêó ³ç çðîñòàííÿì êðèõêîñò³ áåòîíó ç

ðîñòîì éîãî ì³öíîñò³, fctk, 0,05, ó äàíîìó âèïàä-

êó, íåîáõ³äíî îáìåæóâàòè âåëè÷èíîþ Ñ60/75,

ÿêùî ò³ëüêè íå îá´ðóíòîâàíî, ùî ñåðåäíÿ ì³ö-

í³ñòü ç÷åïëåííÿ çðîñòàº âèùå ö³º¿ ìåæ³.

(3) Due to increasing brittleness with higher

concrete strength, fctk, 0,05, should here be limited

to the value for C60/75, unless it can be verified

that the average bond strength increases above

this limit.

(4) Çàãàëüíà äîâæèíà çîíè àíêåðóâàííÿ äëÿ

ïó÷ê³â ïðè íàïðóæåííÿõ �pd ñòàíîâèòü:

(4) The total anchorage length for anchoring a

tendon with stress �pd is:

� �l lbpd pt pd pm ctdf� � � /2 2* � � � / , (8.21)

äå: where:

lpt2 – íàéá³ëüøà ðîçðàõóíêîâà âåëè÷èíà äîâ-

æèíè çîíè ïåðåäà÷³ (äèâ. 8.10.2.2(3));

lpt2 is the upper design value of transmission

length, see 8.10.2.2 (3);

*2 – âèçíà÷àºòüñÿ ÿê ó 8.10.2.2(2); *2 as defined in 8.10.2.2 (2);

�pd – íàïðóæåííÿ ó ïó÷êó â³äïîâ³äíî äî çóñèë-

ëÿ, îïèñàíîãî ó (1);

�pd is the tendon stress corresponding to the for-

ce described in (1);

�pm – ïîïåðåäíº íàïðóæåííÿ ï³ñëÿ âñ³õ âòðàò. �pm is the prestress after all losses.

(5) Íàïðóæåííÿ ó ïó÷êàõ ó çîí³ çààíêåðóâàííÿ

ïîêàçàí³ íà ðèñóíêó 8.17.

(5) Tendon stresses in the anchorage zone are

illustrated in Figure 8.17.

(6) Ó âèïàäêó çì³øàíîãî çâè÷àéíîãî òà ïîïå-

ðåäíüî íàïðóæåíîãî íà óïîðè àðìóâàííÿ íåñó-

÷ó çäàòí³ñòü êîæíîãî âèäó ìîæíà ñóìóâàòè.

(6) In case of combined ordinary and pre-tensio-

ned reinforcement, the anchorage capacities of

each may be summed.
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8.10.3 Çîíè àíêåðóâàííÿ äëÿ åëåìåíò³â,

ùî íàïðóæóþòüñÿ íà áåòîí

8.10.3 Anchorage zones of post-tensioned

members

(1) Ïðîåêòóâàííÿ çîí çààíêåðóâàííÿ ïîâèííî

çä³éñíþâàòèñü çã³äíî ç ïðàâèëàìè çàñòîñóâàí-

íÿ, íàâåäåíèìè íèæ÷å, òà ó 6.5.3.

(1) The design of anchorage zones should be in

accordance with the application rules given in this

clause and those in 6.5.3.

(2) Ïðè ðîçãëÿä³ âïëèâó ïîïåðåäíüîãî íàïðó-

æåííÿ ÿê çîñåðåäæåíî¿ ñèëè ó çîí³ çààíêåðó-

âàííÿ ðîçðàõóíêîâà âåëè÷èíà ïîïåðåäíüî

íàïðóæåíî¿ àðìàòóðè ïîâèííà áóòè ó â³äïîâ³ä-

íîñò³ ç 2.4.2.2(3) ³ ïîâèííà âèêîðèñòîâóâàòèñü

íàéìåíøà õàðàêòåðèñòè÷íà ì³öí³ñòü áåòîíó.

(2) When considering the effects of the prestress

as a concentrated force on the anchorage zone,

the design value of the prestressing tendons sho-

uld be in accordance with 2.4.2.2 (3) and the lo-

wer characteristic tensile strength of the concrete

should be used.

(3) Îïîðí³ íàïðóæåííÿ ï³ä àíêåðíèìè ïëàñòè-

íàìè ïîâèíí³ ïåðåâ³ðÿòèñü çã³äíî ç â³äïîâ³ä-

íèì ªâðîïåéñüêèì òåõí³÷íèì óõâàëåííÿì.

(3) The bearing stress behind anchorage plates

should be checked in accordance with the rele-

vant European Technical Approval.

(4) Çóñèëëÿ ðîçòÿãó, ÿê³ ñïðè÷èíåí³ çîñåðåäæå-

íèìè ñèëàìè, ïîâèíí³ âèçíà÷àòèñü çà äîïîìî-

ãîþ ñòèñíóòî-ðîçòÿãíóòèõ ìîäåëåé àáî ÷åðåç

³íø³ ïðèéíÿòí³ ìîäåë³ (äèâ. 6.5). Êîíñòðóþ-

âàííÿ àðìàòóðè ïîâèííî çä³éñíþâàòèñü çà

óìîâè, ùî çóñèëëÿ â í³é äîñÿãàþòü ¿¿ ðîçðàõóí-

êîâî¿ ì³öíîñò³. ßêùî íàïðóæåííÿ ó ö³é àðìà-

òóð³ îáìåæåí³ âåëè÷èíîþ 300 ÌÏà, òî ïåðå-

â³ðêà íà ðîçêðèòòÿ òð³ùèí íå îáîâ'ÿçêîâà.

(4) Tensile forces due to concentrated forces sho-

uld be assessed by a strut and tie model, or other

appropriate representation (see 6.5). Reinforce-

ment should be detailed assuming that it acts at

its design strength. If the stress in this reinforce-

ment is limited to 300 MPa no check of crack-

widths is necessary.

(5) Ó ÿêîñò³ ñïðîùåííÿ ìîæíà äîïóñêàòè, ùî çó-

ñèëëÿ ïîïåðåäíüîãî íàïðóæåííÿ ðîçñ³þþòüñÿ

ï³ä êóòîì ðîçïîâñþäæåííÿ 2� (ðèñóíîê 8.18),

ïî÷èíàþ÷è ç ê³íöÿ àíêåðíîãî ïðèñòðîþ, äå �
ìîæíà ïðèéìàòè 2/3.

(5) As a simplification the prestressing force may

be assumed to disperse at an angle of spread 2�
(see Figure 8.18), starting at the end of the

anchorage device, where � may be assumed to

be arc tan 2/3.
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Ðèñóíîê 8.17 – Íàïðóæåííÿ ó çîí³ çààíêåðóâàííÿ íàïðóæåíèõ íà óïîðè åëåìåíò³â:

(1) ïðè â³äïóñêàíí³ ïó÷ê³â, (2) ó ãðàíè÷íîìó ñòàí³ ² ãðóïè

Figure 8.17 – Stresses in the anchorage zone of pre-tensioned members:

(1) at release of tendons, (2) at ultimate limit state
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8.10.4 Àíêåðè ³ ç'ºäíàííÿ äëÿ ïîïåðåäíüî

íàïðóæåíî¿ àðìàòóðè

8.10.4 Anchorages and couplers for prestres-

sing tendons

(1)Ð Àíêåðí³ ïðèñòðî¿, ùî çàñòîñîâóþòüñÿ äëÿ

íàòÿãóâàííÿ àðìàòóðè íà áåòîí, ïîâèíí³ â³äïî-

â³äàòè àíêåðàì, âèçíà÷åíèì äëÿ ñèñòåì ïîïå-

ðåäíüîãî íàïðóæåííÿ, à äîâæèíà çîíè çààíêå-

ðóâàííÿ äëÿ àðìàòóðè, ùî íàòÿãóºòüñÿ íà áå-

òîí, ïîâèííà çàáåçïå÷óâàòè äîñÿãíåííÿ ïîâ-

íîãî ðîçðàõóíêîâîãî îïîðó â àðìàòóð³ ç óðà-

õóâàííÿì ä³¿ áóäü-ÿêèõ ïîâòîðþâàíèõ òà øâèä-

êîïëèííèõ âïëèâ³â.

(1)P The anchorage devices used for post-ten-

sioned tendons shall be in accordance with those

specified for the prestressing system, and the

anchorage lengths in the case of pre-tensioned

tendons shall be such as to enable the full design

strength of the tendons to be developed, taking

account of any repeated, rapidly changing action

effects.

(2)Ð Ïðè çàñòîñóâàíí³ ç'ºäíóâàëüíèõ ïðèñòðî¿â

âîíè ïîâèíí³ â³äïîâ³äàòè ç'ºäíàííÿì, âèçíà÷å-

íèì äëÿ ñèñòåì ïîïåðåäíüîãî íàïðóæåííÿ ³

ðîçì³ùóâàòèñü ç óðàõóâàííÿì ìîæëèâèõ ïåðå-

øêîä ³ âïëèâó, ùî ìîæóòü ñïðè÷èíèòè ö³ ïðè-

ñòðî¿, íà íåñó÷ó çäàòí³ñòü åëåìåíòà, òà

ìîæëèâ³ñòü âñòàíîâëåííÿ ó â³äïîâ³äíèé ñïîñ³á

äîäàòêîâèõ ïðèñòðî¿â, ÿê³ ìîæóòü çíàäîáèòèñü

ïðè çâåäåíí³.

(2)P Where couplers are used they shall be in

accordance with those specified for the prestres-

sing system and shall be so placed – taking

account of the interference caused by these

devices – that they do not affect the bearing

capacity of the member and that any temporary

anchorage which may be needed during const-

ruction can be introduced in a satisfactory

manner.

(3) Îá÷èñëåííÿ ì³ñöåâèõ âïëèâ³â ó áåòîí³ òà

ïîïåðå÷íî¿ àðìàòóðè ïîâèíí³ âèêîíóâàòèñü ó

â³äïîâ³äíîñò³ ç 6.5 ³ 8.10.3.

(3) Calculations for local effects in the concrete

and for the transverse reinforcement should be

made in accordance with 6.5 and 8.10.3.

(4) Çàçâè÷àé, ç'ºäíóâàëüí³ ïðèñòðî¿ ïîâèíí³

ðîçòàøîâóâàòèñü çà ìåæàìè ïðîì³æíèõ îïîð.

(4) In general, couplers should be located away

from intermediate supports.

(5) Íåîáõ³äíî óíèêàòè ðîçì³ùåííÿ 50% ³

á³ëüøå ç'ºäíàíü ó îäíîìó ïîïåðå÷íîìó ïå-

ðåð³ç³, îêð³ì âèïàäê³â, êîëè ïîêàçàíî, ùî âè-

ùèé ïðîöåíò íå ñïðè÷èíèòü çá³ëüøåííÿ ðèçèêó

áåçïåêè êîíñòðóêö³¿.

(5) The placing of couplers on 50% or more of the

tendons at one cross-section should be avoided

unless it can be shown that a higher percentage

will not cause more risk to the safety of the

structure.
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Ðèñóíîê 8.18 – Ðîçñ³þâàííÿ ïîïåðåäíüîãî íàïðóæåííÿ
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8.10.5 Ïðèñòðî¿ äëÿ â³äõèëåííÿ 8.10.5 Deviators

(1)Ð Ïðèñòð³é äëÿ â³äõèëåííÿ ïîâèíåí çàäî-

âîëüíÿòè íàñòóïí³ âèìîãè:

(1)P A deviator shall satisfy the following require-

ments:

– ñïðèéìàòè ïîçäîâæí³ ³ ïîïåðå÷í³ çóñèëëÿ

íà íüîãî â³ä íàïðóæåíî¿ àðìàòóðè òà ïåðå-

äàâàòè ö³ çóñèëëÿ íà êîíñòðóêö³þ;

– withstand both longitudinal and transverse

forces that the tendon applies to it and transmit

these forces to the structure;

– ãàðàíòóâàòè, ùî ðàä³óñ êðèâèçíè ïîïåðåä-

íüî íàïðóæåíî¿ àðìàòóðè íå âèêëè÷å ¿¿ ïå-

ðåíàïðóæåííÿ àáî ïîøêîäæåííÿ.

– ensure that the radius of curvature of the

prestressing tendon does not cause any

overstressing or damage to it.

(2)P Ó çîíàõ â³äõèëåííÿ òðóáêè, ÿê³ ôîðìóþòü

îáîëîíêó êàíàë³â, ïîâèíí³ ñïðèéìàòè ðàä³àëü-

íèé òèñê ³ ïîçäîâæí³é ðóõ ïîïåðåäíüî íàïðóæå-

íî¿ àðìàòóðè áåç ïîøêîäæåíü ³ ïîã³ðøåííÿ ¿õ

íàëåæíîãî ôóíêö³îíóâàííÿ.

(2)P In the deviation zones the tubes forming the

sheaths shall be able to sustain the radial

pressure and longitudinal movement of the

prestressing tendon, without damage and without

impairing its proper functioning.

(3)Ð Ðàä³óñ êðèâèçíè íàïðóæåíî¿ àðìàòóðè ó

çîí³ ïðèñòðîþ äëÿ â³äõèëåííÿ ïîâèíåí â³äïî-

â³äàòè EN 10138 ³ â³äïîâ³äíîìó ªâðîïåéñüêîìó

òåõí³÷íîìó óõâàëåííþ.

(3)P The radius of curvature of the tendon in a

deviation zone shall be in accordance with

EN 10138 and appropriate European Technical

Approvals.

(4) Ïðîåêòí³ â³äõèëåííÿ íàïðóæåíî¿ àðìàòóðè

íà êóò äî 0,01 ðàä³óñà ìîæóòü âèêîíóâàòèñü

áåç çàñòîñóâàííÿ ïðèñòðî¿â. Çóñèëëÿ, ùî âè-

íèêàþòü ïðè çì³í³ êóòà ³ç çàñòîñóâàííÿì ïðè-

ñòðî¿â â³äïîâ³äíî äî ªâðîïåéñüêîãî òåõí³÷íîãî

óõâàëåííÿ, ïîâèíí³ âðàõîâóâàòèñü ó ïðîåêòíèõ

ðîçðàõóíêàõ.

(4) Designed tendon deviations up to an angle of

0,01 radians may be permitted without using a

deviator. The forces developed by the change of

angle using a deviator in accordance with the

relevant European Technical Approval should be

taken into account in the design calculations.
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9 ÊÎÍÑÒÐÓÞÂÀÍÍß ÅËÅÌÅÍÒ²Â ²
ÎÑÎÁËÈÂ² ÏÐÀÂÈËÀ

9 DETAILING OF MEMBERS AND
PARTICULAR RULES

9.1 Çàãàëüí³ ïîëîæåííÿ 9.1 General

(1)Ð Âèìîãè ñòîñîâíî áåçïåêè, ïðèäàòíîñò³ äî

åêñïëóàòàö³¿ òà íàä³éíîñò³ çàäîâîëüíÿþòüñÿ

äîòðèìàííÿì íàâåäåíèõ ó öüîìó ðîçä³ë³ ïðà-

âèë, íà äîäàòîê äî çàãàëüíèõ ïðàâèë ó ³íøèõ

ì³ñöÿõ.

(1)P The requirements for safety, serviceability

and durability are satisfied by following the rules

given in this section in addition to the general

rules given elsewhere.

(2) Êîíñòðóþâàííÿ åëåìåíò³â ïîâèííî ñóïðî-

âîäæóâàòèñü â³äïîâ³äíèìè ïðèéíÿòíèìè ðîç-

ðàõóíêîâèìè ìîäåëÿìè.

(2) The detailing of members should be consistent

with the design models adopted.

(3) Äëÿ ïîïåðåäæåííÿ êðèõêîãî ðóéíóâàííÿ, íå-

äîïóñòèìîãî ðîçêðèòòÿ òð³ùèí, à òàêîæ ñïðèé-

íÿòòÿ çóñèëü, ùî âèíèêàþòü ó çàêð³ïëåííÿõ,

âñòàíîâëþþòüñÿ ì³í³ìàëüí³ ïëîù³ àðìàòóðè.

(3) Minimum areas of reinforcement are given in

order to prevent a brittle failure, wide cracks and

also to resist forces arising from restrained

actions.

Ïðèì³òêà. Ïðàâèëà, íàâåäåí³ ó öüîìó ðîçä³ë³, çà-

ñòîñîâóþòüñÿ ïåðåâàæíî äî áóä³âåëü ³ç çàë³çîáå-

òîííèõ êîíñòðóêö³é.

Note: The rules given in this section are mainly appli-

cable to reinforced concrete buildings.

9.2 Áàëêè 9.2 Beams

9.2.1 Ïîçäîâæíÿ àðìàòóðà 9.2.1 Longitudinal reinforcement

9.2.1.1 Ì³í³ìàëüíà òà ìàêñèìàëüíà ïëîù³ àð-

ìàòóðè

9.2.1.1 Minimum and maximum reinforcement

areas

(1) Ïëîùà ïîçäîâæíüî¿ ðîçòÿãíóòî¿ àðìàòóðè

ïîâèííà ïðèéìàòèñü íå ìåíøå í³æ Às,min.

(1) The area of longitudinal tension reinforcement

should not be taken as less than Às,min.

Ïðèì³òêà 1. Äèâ. òàêîæ 7.3 ñòîñîâíî ïëîù³ ïîçäîâæ-

íüî¿ ðîçòÿãíóòî¿ àðìàòóðè äëÿ îáìåæåííÿ óòâîðåí-

íÿ òð³ùèí.

Note 1: See also 7.3 for area of longitudinal tension

reinforcement to control cracking.

Ïðèì³òêà 2. Äëÿ áàëîê âåëè÷èíà Às,min ìîæå âñòà-

íîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêîìåíäî-

âàíîþ º âåëè÷èíà, ùî âèçíà÷àºòüñÿ çà ôîðìóëîþ:

Note 2: The value of Às,min for beams for use in a

Country may be found in its National Annex. The

recommended value is given in the following:

A
f

f
b d

b d
s

ctm

yk
t

t
,min , ,

,
� 0 26

0 0013àëå íå ìåíøå í³æ

but not less than 0 0013, b dt

, (9.1N)

äå: where:

bt – îçíà÷àº ñåðåäíþ øèðèíó ðîçòÿãíóòî¿ çîíè;

äëÿ Ò-ïîä³áíèõ áàëîê ³ç ñòèñíóòèìè ïîëèöÿìè

ïðè âèçíà÷åíí³ bt âðàõîâóºòüñÿ ò³ëüêè øèðèíà

ñò³íêè;

bt denotes the mean width of the tension zone; for

a T-beam with the flange in compression, only the

width of the web is taken into account in calcu-

lating the value of bt;

fctm – ïîâèííà âèçíà÷àòèñü â³äíîñíî â³äïîâ³ä-

íîãî êëàñó ì³öíîñò³ çã³äíî ç òàáëèöåþ 3.1.

fctm should be determined with respect to the

relevant strength class according to Table 3.1.

ßê àëüòåðíàòèâà äëÿ äîïîì³æíèõ åëåìåíò³â,

äå äîïóñêàºòüñÿ ïåâíèé ðèçèê êðèõêîãî ðóéíó-

âàííÿ, Às,min ìîæå äîð³âíþâàòè 1,2 âåëè÷èíè

ïëîù³, âèçíà÷åíî¿ ïðè ïåðåâ³ðö³ çà ãðàíè÷íèì

ñòàíîì ULS.

Alternatively, for secondary elements, where so-

me risk of brittle failure may be accepted, Às,min

may be taken as 1,2 times the area required in

ULS verification.

(2) Ïåðåð³çè ç ìåíøèì àðìóâàííÿì í³æ Às,min

ïîâèíí³ ðîçãëÿäàòèñü ÿê íåàðìîâàí³ (ðîçä³ë 12).

(2) Sections containing less reinforcement than Às,min

should be considered as unreinforced (see Section 12).
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(3) Ïëîùà ïîïåðå÷íîãî ïåðåð³çó ðîçòÿãíóòî¿ òà

ñòèñíóòî¿ àðìàòóðè íå ïîâèííà ïåðåâèùóâàòè

Às,max çà ìåæàìè íàïóñêó.

(3) The cross-sectional area of tension or comp-

ression reinforcement should not exceed Às,max

outside lap locations.

Ïðèì³òêà. Äëÿ áàëîê âåëè÷èíà Às,max ìîæå âñòàíîâ-

ëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêîìåíäîâà-

íîþ º âåëè÷èíà 0,04 Àñ.

Note: The value of Às,max for beams for use in a Country

may be found in its National Annex. The recommended

value is 0,04 Àñ.

(4) Äëÿ åëåìåíò³â, ïîïåðåäíüî íàïðóæåíèõ

ïó÷êàìè áåç ïîñò³éíîãî ç÷åïëåííÿ àáî êàíàòà-

ìè ³ç çîâí³øí³ì ðîçòàøóâàííÿì, íåîáõ³äíî ïå-

ðåâ³ðÿòè, ùîá ãðàíè÷íà íåñó÷à çäàòí³ñòü íà

çãèí áóëà á³ëüøà í³æ çãèíàëüíèé ìîìåíò

òð³ùèíîóòâîðåííÿ. Íåñó÷à çäàòí³ñòü, ùî ïåðå-

âèùóº ìîìåíò òð³ùèíîóòâîðåííÿ â 1,15 ðàçà, º

äîñòàòíüîþ.

(4) For members prestressed with permanently

unbonded tendons or with external prestressing

cables, it should be verified that the ultimate ben-

ding capacity is larger than the flexural cracking

moment. A capacity of 1,15 times the cracking

moment is sufficient.

9.2.1.2 ²íø³ àñïåêòè êîíñòðóþâàííÿ 9.2.1.2 Other detailing arrangements

(1) Ó ìîíîë³òíèõ êîíñòðóêö³ÿõ íàâ³òü çà óìîâè

øàðí³ðíèõ îïîð ïðè ðîçðàõóíêó ïåðåð³çè íàä

îïîðàìè ïîâèíí³ ðîçðàõîâóâàòèñü íà çãèíàëü-

íèé ìîìåíò, ùî âèíèêàº â³ä ÷àñòêîâîãî çàùåì-

ëåííÿ, ÿêèé äîð³âíþº �1 â³ä ìàêñèìàëüíîãî

çãèíàëüíîãî ìîìåíòó ó ïðîëüîò³.

(1) In monolithic construction, even when simple

supports have been assumed in design, the

section at supports should be designed for a

bending moment arising from partial fixity of at

least �1 of the maximum bending moment in the

span.

Ïðèì³òêà 1. Äëÿ áàëîê âåëè÷èíà �1 ìîæå âñòàíîâ-

ëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêîìåíäîâà-

íîþ º âåëè÷èíà 0,15.

Note 1: The value of �1 for beams for use in a Country

may be found in its National Annex. The recommended

value is 0,15.

Ïðèì³òêà 2. Âèêîðèñòîâóºòüñÿ ì³í³ìàëüíà ïëîùà ïîç-

äîâæíüî¿ àðìàòóðè ó ïåðåð³ç³, âèçíà÷åíà ó 9.2.1.1 (1).

Note 2: The minimum area of longitudinal reinforce-

ment section defined in 9.2.1.1 (1) applies.

(2) Íà ïðîì³æíèõ îïîðàõ íåðîçð³çíèõ áàëîê çà-

ãàëüíà ïëîùà ðîçòÿãíóòî¿ àðìàòóðè Às ó ïåðå-

ð³ç³ ç ïîëèöåþ ïîâèííà ïîøèðþâàòèñü íà

ðîáî÷ó øèðèíó ïîëèö³ (äèâ. 5.3.2). ×àñòèíà àð-

ìàòóðè ìîæå çîñåðåäæóâàòèñü íà øèðèí³ ñò³í-

êè (ðèñóíîê 9.1).

(2) At intermediate supports of continuous be-

ams, the total area of tension reinforcement Às of

a flanged cross-section should be spread over the

effective width of flange (see 5.3.2). Part of it may

be concentrated over the web width (See Figu-

re 9.1).
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Ðèñóíîê 9.1 – Ðîçòàøóâàííÿ ðîçòÿãíóòî¿ àðìàòóðè ó ïåðåð³ç³ ç ïîëèöÿìè

Figure 9.1 – Placing of tension reinforcement in flanged cross-section
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(3) Áóäü-ÿêà ïîçäîâæíÿ ñòèñíóòà àðìàòóðà

(ä³àìåòðîì �), ÿêà âðàõîâóºòüñÿ ïðè âèçíà÷åí-

í³ íåñó÷î¿ çäàòíîñò³, ïîâèííà îõîïëþâàòèñü

ïîïåðå÷íîþ àðìàòóðîþ ç êðîêîì íå á³ëüøå í³æ

15 �.

(3) Any compression longitudinal reinforcement

(diameter �) which is included in the resistance

calculation should be held by transverse reinfor-

cement with spacing not greater than 15 �.

9.2.1.3 Îáðèâàííÿ ïîçäîâæíüî¿ ðîçòÿãíóòî¿

àðìàòóðè

9.2.1.3 Curtailment of longitudinal tension reinfor-

cement

(1) Äëÿ ñïðèéíÿòòÿ îãèíàþ÷î¿ ä³þ÷èõ çóñèëü

ðîçòÿãó, âêëþ÷íî ³ç âïëèâîì ïîõèëèõ òð³ùèí ó

ñò³íêàõ ³ ïîëèöÿõ, ó âñ³õ ïåðåð³çàõ íåîáõ³äíî

çàáåçïå÷èòè â³äïîâ³äíå àðìóâàííÿ.

(1) Sufficient reinforcement should be provided at

all sections to resist the envelope of the acting

tensile force, including the effect of inclined

cracks in webs and flanges.

(2) Äëÿ åëåìåíò³â ç ïîïåðå÷íîþ àðìàòóðîþ

íåîáõ³äíî âèçíà÷àòè äîäàòêîâå çóñèëëÿ ðîç-

òÿãó �Ftd â³äïîâ³äíî äî 6.2.3 (7). Äëÿ åëåìåíò³â

áåç ïîïåðå÷íî¿ àðìàòóðè �Ftd ìîæíà âèçíà÷à-

òè øëÿõîì çì³ùåííÿ åïþðè ìîìåíò³â íà

â³äñòàíü àt = d çã³äíî ç 6.2.2 (5). Öå "ïðàâèëî

çì³ùåííÿ" ìîæå òàêîæ âèêîðèñòîâóâàòèñü ó

ÿêîñò³ àëüòåðíàòèâè äëÿ åëåìåíò³â ç ïîïåðå÷-

íîþ àðìàòóðîþ, ÿêùî:

(2) For members with shear reinforcement the

additional tensile force, �Ftd, should be calculated

according to 6.2.3 (7). For members without shear

reinforcement �Ftd may be estimated by shifting

the moment curve a distance àt = d according to

6.2.2 (5). This "shift rule" may also be used as an

alternative for members with shear reinforcement,

where:

� �a zl � �cot cot /� * 2 (ïîçíà÷åííÿ âèçíà÷åíî ó 6.2.3)

(symbols defined in 6.2.3)

(9.2)

Äîäàòêîâå çóñèëëÿ ðîçòÿãó ïîêàçàíî íà ðèñóí-

êó 9.2.

The additional tensile force is illustrated in Figure

9.2.

(3) Ì³öí³ñòü ñòðèæí³â ó ìåæàõ äîâæèíè çîíè àí-

êåðóâàííÿ ìîæå âðàõîâóâàòèñü çà óìîâè ë³í³é-

íî¿ çì³íè çóñèëü (ðèñóíîê 9.2). Ïðè êîíñåð-

âàòèâíîìó ï³äõîä³ öåé âíåñîê ìîæíà íå âðàõî-

âóâàòè.

(3) The resistance of bars within their anchorage

lengths may be taken into account, assuming a

linear variation of force, see Figure 9.2. As a con-

servative simplification this contribution may be

ignored.

(4) Äîâæèíà çîíè àíêåðóâàííÿ çàãíóòîãî

ñòðèæíÿ, âíåñîê ÿêîãî ó îï³ð çñóâó âðàõîâóºòü-

ñÿ, ïîâèííà áóòè íå ìåíøîþ í³æ 1,3 lbd ó çîí³

ðîçòÿãó ³ 0,7 lbd ó çîí³ ñòèñêó. Âîíà âèì³ðþºòüñÿ

â³ä òî÷êè ïåðåòèíó îñåé çàãíóòîãî ñòðèæíÿ òà

ïîçäîâæíüî¿ àðìàòóðè.

(4) The anchorage length of a bent-up bar which

contributes to the resistance to shear should be

not less than 1,3 lbd in the tension zone and 0,7 lbd

in the compression zone. It is measured from the

point of intersection of the axes of the bent-up bar

and the longitudinal reinforcement.
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9.2.1.4 Àíêåðóâàííÿ íèæíüî¿ àðìàòóðè íà

êðàéí³õ îïîðàõ

9.2.1.4 Anchorage of bottom reinforcement at an

end supports

(1) Ïëîùà íèæíüî¿ àðìàòóðè, âñòàíîâëåíî¿ íà

îïîðàõ, ïðèéìàºòüñÿ ó ðîçðàõóíêó ç íåçíà÷-

íèì çàêð³ïëåííÿì àáî áåç çàêð³ïëåííÿ ê³íö³â, ³

ïîâèííà ñòàíîâèòè ùîíàéìåíøå �2 â³ä ïëîù³

àðìàòóðè, âñòàíîâëåíî¿ ó ïðîëüîò³.

(1) The area of bottom reinforcement provided at

supports with little or no end fixity assumed in

design, should be at least �2 of the area of steel

provided in the span.

Ïðèì³òêà. Äëÿ áàëîê âåëè÷èíà �2 ìîæå âñòàíîâëþ-

âàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêîìåíäîâàíîþ

º âåëè÷èíà 0,25.

Note: The value of �2 for beams for use in a Country

may be found in its National Annex. The recommended

value is 0,25.

(2) Çóñèëëÿ ðîçòÿãó, ÿê³ ïîâèíí³ çààíêåðîâóâà-

òèñü, ìîæíà âèçíà÷àòè çã³äíî ç 6.2.3 (7) (åëå-

ìåíòè ç ïîïåðå÷íèì àðìóâàííÿì) ç óðàõóâàí-

íÿì âíåñêó îñüîâî¿ ñèëè, çà íàÿâíîñò³, àáî

â³äïîâ³äíî äî ïðàâèëà çì³ùåííÿ:

(2) The tensile force to be anchored may be

determined according to 6.2.3 (7) (members with

shear reinforcement) including the contribution of

the axial force if any, or according to the shift rule:

F V a z NE Ed Ed� � �1 / , (9.3)

äå NEd – îñüîâà ñèëà, ÿêó íåîáõ³äíî äîäàâàòè

àáî â³äí³ìàòè â³ä çóñèëëÿ ðîçòÿãó; a1 – äèâ.

9.2.1.3 (2).

where NEd is the axial force, to be added to or

subtracted from the tensile force; a1 see 9.2.1.3

(2).
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Ðèñóíîê 9.2 – ²ëþñòðàö³ÿ îáð³çàííÿ ïîçäîâæíüî¿ àðìàòóðè ç óðàõóâàííÿì âïëèâó ïîõèëèõ òð³ùèí

³ îïîðó àðìàòóðè â ìåæàõ äîâæèí çîí àíêåðóâàíü

Figure 9.2 – Illustration of the curtailment of longitudinal reinforcement, taking into account the effect

of inclined cracks and the resistance of reinforcement within anchorage lengths

arymarenko
Прямоугольник



(3) Äîâæèíà çîíè çààíêåðóâàííÿ lbd – çã³äíî ç

8.4.4, âèì³ðÿíà â³ä ë³í³¿ êîíòàêòó ì³æ áàëêîþ ³

îïîðîþ. Ïîïåðå÷íèé òèñê ìîæå âðàõîâóâàòèñü

ïðè áåçïîñåðåäíüîìó îáïèðàíí³ (ðèñóíîê 9.3).

(3) The anchorage length is lbd according to 8.4.4,

measured from the line of contact between beam

and support. Transverse pressure may be taken

into account for direct support. See Figure 9.3.

9.2.1.5 Àíêåðóâàííÿ íèæíüî¿ àðìàòóðè íà

ïðîì³æíèõ îïîðàõ

9.2.1.5 Anchorage of bottom reinforcement at

intermediate supports

(1) Çàñòîñîâóºòüñÿ ïëîùà àðìàòóðè â³äïîâ³ä-

íî äî 9.2.1.4 (1).

(1) The area of reinforcement given in 9.2.1.4 (1)

applies.

(2) Äîâæèíà çîíè çààíêåðóâàííÿ ïîâèííà áóòè

íå ìåíøå í³æ 10� (äëÿ ïðÿìèõ ñòðèæí³â) àáî íå

ìåíøå í³æ ä³àìåòð ñåðäå÷íèêà (äëÿ ãàê³â ³ çà-

ãèí³â ïðè ä³àìåòð³ ñòðèæíÿ ùîíàéìåíøå 16 ìì

àáî ïîäâ³éíîìó ä³àìåòð³ ñåðäå÷íèêà äëÿ âñ³õ

³íøèõ âèïàäê³â) (ðèñóíîê 9.4 à). Òàê³ ì³í³ìàëüí³

çíà÷åííÿ, ÿê ïðàâèëî, º äîñòàòí³ìè, àëå á³ëüø

äåòàëüíå âèçíà÷åííÿ ìîæíà âèêîíàòè çã³äíî

ç 6.6.

(2) The anchorage length should not be less than

10� (for straight bars) or not less than the dia-

meter of the mandrel (for hooks and bends with

bar diameters at least equal to 16 mm) or twice

the diameter of the mandrel (in other cases) (see

Figure 9.4 (a)). These minimum values are nor-

mally valid but a more refined analysis may be

carried out in accordance with 6.6.

(3) Íåîáõ³äí³ñòü àðìàòóðè äëÿ ñïðèéíÿòòÿ

ìîæëèâèõ ïîçèòèâíèõ ìîìåíò³â (íàïðèêëàä,

ïðè îñ³äàíí³ îïîð, âèáóõó òîùî) ïîâèííà âèç-

íà÷àòèñü ó äîêóìåíòàö³¿ äî êîíòðàêòó. Öÿ àð-

ìàòóðà ïîâèííà áóòè íåðîçð³çíîþ, ùî

äîñÿãàºòüñÿ øëÿõîì íàïóñêó ñòðèæí³â (ðèñó-

íîê 9.4 b àáî ñ).

(3) The reinforcement required to resist possible

positive moments (e.g. settlement of the support,

explosion, etc.) should be specified in contract

documents. This reinforcement should be conti-

nuous which may be achieved by means of

lapped bars (see Figure 9.4 (b) or (c)).
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à – áåçïîñåðåäíº îáïèðàííÿ:

áàëêà îáïèðàºòüñÿ íà ñò³íó àáî êîëîíó

Direct support:

Beam supported by by wall or column

b – íåïðÿìå îáïèðàííÿ: áàëêà ïåðåñ³êàºòüñÿ

³íøîþ ï³äòðèìóþ÷îþ áàëêîþ

Indirect support:

Beam intersecting another supporting beam

Ðèñóíîê 9.3 – Àíêåðóâàííÿ íèæíüî¿ àðìàòóðè íà êðàéí³õ îïîðàõ

Figure 9.3 – Anchorage of bottom reinforcement at end supports

arymarenko
Прямоугольник



9.2.2 Ïîïåðå÷íå àðìóâàííÿ 9.2.2 Shear reinforcement

(1) Ïîïåðå÷íà àðìàòóðà ïîâèííà ôîðìóâàòè

êóò * ì³æ 45° ³ 90° äî ïîçäîâæíüî¿ îñ³ êîíñòðóê-

òèâíîãî åëåìåíòà.

(1) The shear reinforcement should form an angle

* of between 45° and 90° to the longitudinal axis

of the structural element.

(2) Ïîïåðå÷íå àðìóâàííÿ ìîæå ñêëàäàòèñü ³ç: (2) The shear reinforcement may consist of a

combination of:

– ç'ºäíàíü, ùî îõîïëþþòü ïîçäîâæíþ ðîçòÿã-

íóòó àðìàòóðó ³ ñòèñíóòó çîíó (ðèñóíîê 9.5);

– links enclosing the longitudinal tension reinforce-

ment and the compression zone (see Figure 9.5);

– çàãíóòèõ ñòðèæí³â; – bent-up bars;

– ñ³òîê, êàðêàñ³â òîùî, ÿê³ çàìîíîë³÷óþòüñÿ

áåç ç'ºäíàííÿ ç ïîçäîâæíüîþ àðìàòóðîþ,

àëå íàëåæíèì ÷èíîì çààíêåðîâàíèõ ó çî-

íàõ ñòèñêó ³ ðîçòÿãó.

– cages, ladders, etc. which are cast in without

enclosing the longitudinal reinforcement but

are properly anchored in the compression and

tension zones.

(3) Â'ÿç³ ïîâèíí³ íàëåæíèì ÷èíîì çààíêåðîâó-

âàòèñü. Ç'ºäíàííÿ íàïóñêîì ïî âåðòèêàë³

áëèçüêî äî ïîâåðõí³ ñò³íêè äîçâîëÿºòüñÿ çà

óìîâè, ùî â'ÿç³ íå âñòàíîâëþþòüñÿ çà âèìîãà-

ìè ñïðèéíÿòòÿ êðó÷åííÿ.

(3) Links should be effectively anchored. A lap

joint on the leg near the surface of the web is

permitted provided that the link is not required to

resist torsion.
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Ðèñóíîê 9.4 – Çààíêåðóâàííÿ íà ïðîì³æíèõ îïîðàõ

Figure 9.4 – Anchorage at intermediate supports

Ðèñóíîê 9.5 – Ïðèêëàäè ïîïåðå÷íîãî àðìóâàííÿ

Figure 9.5 – Examples of shear reinforcement
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(4) ßê ì³í³ìóì �3 â³ä íåîáõ³äíî¿ ïîïåðå÷íî¿ àðìà-

òóðè ïîâèííî âñòàíîâëþâàòèñü ó ôîðì³ â'ÿçåé.

(4) At least �3 of the necessary shear reinforce-

ment should be in the form of links.

Ïðèì³òêà. Âåëè÷èíà �3 äëÿ êîíêðåòíî¿ êðà¿íè ìîæå

âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêî-

ìåíäîâàíîþ º âåëè÷èíà 0,5.

Note: The value of �3 for use in a Country may be found

in its National Annex. The recommended value is 0,5.

(5) Ïðîöåíò ïîïåðå÷íîãî àðìóâàííÿ âèçíà-

÷àºòüñÿ çà âèðàçîì:

(5) The ratio of shear reinforcement is given by

Expression (9.4):

� �) *w sw wA s b� � �/ sin , (9.4)

äå: where:

)w – ïðîöåíò ïîïåðå÷íîãî àðìóâàííÿ, )w íå

ïîâèíåí áóòè ìåíøèì í³æ )w,min;

)w is the shear reinforcement ratio )w should not

be less than )w,min;

Àsw – ïëîùà ïîïåðå÷íî¿ àðìàòóðè íà äîâæèí³ s; Àsw is the area of shear reinforcement within

length s;

s – êðîê ïîïåðå÷íî¿ àðìàòóðè ó íàïðÿìêó ïîç-

äîâæíüî¿ îñ³ åëåìåíòà;

s is the spacing of the shear reinforcement mea-

sured along the longitudinal axis of the member;

bw – øèðèíà ñò³íêè åëåìåíòà; bw is the breadth of the web of the member;

* – êóò ì³æ ïîïåðå÷íîþ àðìàòóðîþ ³ ïîçäî-

âæíüîþ â³ññþ (äèâ. 9.2.2 (1)).

* is the angle between shear reinforcement and

the longitudinal axis (see 9.2.2 (1))

Ïðèì³òêà. Âåëè÷èíà )w,min äëÿ êîíêðåòíî¿ êðà¿íè ìî-

æå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðå-

êîìåíäîâàíà âåëè÷èíà âèçíà÷àºòüñÿ çà âèðàçîì.

Note: The value of )w,min for beams for use in a Country

may be found in its National Annex. The recommended

value is given Expression (9.5N)

� �)w ck ykf f,min , /� 0 08 . (9.5N)

(6) Ìàêñèìàëüíèé ïîçäîâæí³é êðîê ì³æ åëå-

ìåíòàìè, ùî ïðàöþþòü íà çñóâ, íå ïîâèíåí ïå-

ðåâèùóâàòè s
l,max.

(6) The maximum longitudinal spacing between

shear assemblies should not exceed s
l,max.

Ïðèì³òêà. Âåëè÷èíà sl,max äëÿ êîíêðåòíî¿ êðà¿íè ìî-

æå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðå-

êîìåíäîâàíà âåëè÷èíà âèçíà÷àºòüñÿ çà âèðàçîì.

Note: The value of sl,max for use in a Country may be

found in its National Annex. The recommended value is

given by Expression (9.6N)

� �s dl,max , cot� �0 75 1 * , (9.6N)

äå * – íàõèë ïîïåðå÷íî¿ àðìàòóðè äî ïîçäî-

âæíüî¿ îñ³ áàëêè.

where * is the inclination of the shear reinforce-

ment to the longitudinal axis of the beam.

(7) Ìàêñèìàëüíèé ïîçäîâæí³é êðîê çàãíóòèõ

ñòðèæí³â íå ïîâèíåí ïåðåâèùóâàòè sb,max.

(7) The maximum longitudinal spacing of bent-up

bars should not exceed sb,max.

Ïðèì³òêà. Âåëè÷èíà sb,max äëÿ êîíêðåòíî¿ êðà¿íè ìî-

æå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðå-

êîìåíäîâàíà âåëè÷èíà âèçíà÷àºòüñÿ çà âèðàçîì.

Note: The value of sb,max for use in a Country may be

found in its National Annex. The recommended value is

b,max given by Expression (9.7N)

� �s db,max , cot� �0 6 1 * . (9.7N)

(8) Ïîïåðå÷íèé êðîê ñòîÿê³â ó ïåâí³é ê³ëüêîñò³

ïîïåðå÷íèõ â'ÿçåé íå ïîâèíåí ïåðåâèùóâàòè

st,max.

(8) The transverse spacing of the legs in a series

of shear links should not exceed st,max.

Ïðèì³òêà. Âåëè÷èíà st,max äëÿ êîíêðåòíî¿ êðà¿íè ìî-

æå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðå-

êîìåíäîâàíà âåëè÷èíà âèçíà÷àºòüñÿ çà âèðàçîì.

Note: The value of st,max for use in a Country may be

found in its National Annex. The recommended value is

given by Expression (9.8N)

s dt ,max ,� 	075 600 ìì (mm) . (9.8N)
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9.2.3 Àðìàòóðà íà êðó÷åííÿ 9.2.3 Torsion reinforcement

(1) Õîìóòè íà êðó÷åííÿ ïîâèíí³ áóòè çàìêíåíè-

ìè òà çààíêåðîâàíèìè çà äîïîìîãîþ íàïóñê³â

àáî ãàê³â (ðèñóíîê 9.6), ³ ïîâèíí³ óòâîðþâàòè

êóò 90° ç â³ññþ êîíñòðóêòèâíîãî åëåìåíòà.

(1) The torsion links should be closed and be

anchored by means of laps or hooked ends, see

Figure 9.6, and should form an angle of 90° with

the axis of the structural element.

(2) Äîòðèìàííÿ ïîëîæåíü 9.2.2 (5) ³ (6) çàçâè-

÷àé º äîñòàòí³ì äëÿ çàáåçïå÷åííÿ ì³í³ìàëüíî

íåîáõ³äíèõ â'ÿçåé íà êðó÷åííÿ.

(2) The provisions of 9.2.2 (5) and (6) are general-

ly sufficient to provide the minimum torsion links

required.

(3) Ïîçäîâæí³é êðîê õîìóò³â íà êðó÷åííÿ íå ïî-

âèíåí ïåðåâèùóâàòè u/8 (6.3.2, ðèñóíîê 6.11)

àáî âèìîãó 9.2.2 (6), àáî ìåíøèé ðîçì³ð ïîïå-

ðå÷íîãî ïåðåð³çó áàëêè.

(3) The longitudinal spacing of the torsion links

should not exceed u/8 (see 6.3.2, Figure 6.11, for

the notation), or the requirement in 9.2.2 (6) or the

lesser dimension of the beam cross-section.

(4) Ïîçäîâæí³ ñòðèæí³ ïîâèíí³ ðîçòàøîâóâà-

òèñü òàê, ùîá ó êîæíîìó êóò³ áóâ, ÿê ì³í³ìóì,

îäèí ñòðèæåíü, à ³íø³ ð³âíîì³ðíî ðîçïîä³ëÿ-

ëèñü âäîâæ âíóòð³øíüîãî êîíòóðó õîìóò³â ç

êðîêîì, ùî íå ïåðåâèùóº 350 ìì.

(4) The longitudinal bars should be so arranged

that there is at least one bar at each corner, the

others being distributed uniformly around the

inner periphery of the links, with a spacing not

greater than 350 mm.

9.2.4 Ïîâåðõíåâå àðìóâàííÿ 9.2.4 Surface reinforcement

(1) Âñòàíîâëåííÿ ïîâåðõíåâî¿ àðìàòóðè ìîæå

çíàäîáèòèñü äëÿ îáìåæåííÿ ðîçêðèòòÿ òð³ùèí

àáî äëÿ çàáåçïå÷åííÿ íåîáõ³äíîãî îïîðó

ðîçòð³ñêóâàííþ çàõèñíîãî øàðó áåòîíó.

(1) It may be necessary to provide surface rein-

forcement either to control cracking or to ensure

adequate resistance to spalling of the cover.

Ïðèì³òêà. Ïðàâèëà êîíñòðóþâàííÿ ïîâåðõíåâî¿ àð-

ìàòóðè íàâåäåíî â äîäàòêó J.

Note: Detailing rules for surface reinforcement are

given in Informative Annex J.

9.2.5 Îïîñåðåäêîâàí³ îïîðè 9.2.5 Indirect supports

(1) Ïðè îáïèðàíí³ áàëêè íà ³íøó áàëêó, à íå íà

ñò³íó àáî êîëîíó íåîáõ³äíî ïåðåäáà÷àòè òà

ðîçðàõîâóâàòè àðìóâàííÿ äëÿ ñïðèéíÿòòÿ

âçàºìíî¿ ðåàêö³¿. Òàêå àðìóâàííÿ ïîâèííî

áóòè äîäàòêîâèì äî íåîáõ³äíîãî â³ä ³íøèõ íà-

âàíòàæåíü. Öå ïðàâèëî çàñòîñîâóºòüñÿ äëÿ

ïëèò, ùî íå îáïèðàþòüñÿ íà âåðõ áàëîê.

(1) Where a beam is supported by a beam instead

of a wall or column, reinforcement should be

provided and designed to resist the mutual

reaction. This reinforcement is in addition to that

required for other reasons. This rule also applies

to a slab not supported at the top of a beam.
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à – ðåêîìåíäîâàí³ ôîðìè

recommended shapes

b – ôîðìà íå ðåêîìåíäóºòüñÿ

not recommended shape

Ïðèì³òêà. Äðóãèé àëüòåðíàòèâíèé âàð³àíò äëÿ à2 (íèæí³é åñê³ç) ïîâèíåí ìàòè ïîâíèé íàïóñê âäîâæ

âåðõíüî¿ ãðàí³

Note: The second alternative for a2 (lower sketch) should have a full lap length along the top

Ðèñóíîê 9.6 – Ïðèêëàäè ôîðì õîìóò³â íà êðó÷åííÿ

Figure 9.6 – Examples of shapes for torsion links
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(2) Îïîðíà àðìàòóðà ì³æ äâîìà áàëêàìè ïî-

âèííà âêëþ÷àòè ç'ºäíóâàëüíó, ùî îõîïëþº

îñíîâíó àðìàòóðó îïîðíîãî åëåìåíòà. Äåÿê³ ³ç

ç'ºäíàíü ìîæóòü ïîøèðþâàòèñü çà ìåæ³ îá'ºìó

áåòîíó, ÿêèé º ñï³ëüíèì äëÿ äâîõ áàëîê (ðèñó-

íîê 9.7).

(2) The supporting reinforcement between two

beams should consist of links surrounding the

principal reinforcement of the supporting mem-

ber. Some of these links may be distributed out-

side the volume of the concrete, which is common

to the two beams, (see Figure 9.7).

9.3 Ñóö³ëüí³ ïëèòè 9.3 Solid slabs

(1) Öåé ðîçä³ë çàñòîñîâóºòüñÿ äî ïëèò, ñóö³ëü-

íèõ ó îäíîìó àáî äâîõ íàïðÿìêàõ, ó ÿêèõ b ³ leff

ñòàíîâëÿòü íå ìåíøå í³æ 5h (ðèñóíîê 5.3.1).

(1) This section applies to one-way and two-way

solid slabs for which b and leff are not less than 5h

(see 5.3.1).

9.3.1 Àðìóâàííÿ íà çãèí 9.3.1 Flexural reinforcement

9.3.1.1 Çàãàëüí³ ïîëîæåííÿ 9.3.1.1 General

(1) Ó ãîëîâíèõ íàïðÿìêàõ çàñòîñîâóþòüñÿ ì³-

í³ìàëüí³ òà ìàêñèìàëüí³ ïðîöåíòè àðìóâàííÿ

çã³äíî ç 9.2.1.1 (1) ³ (3).

(1) For the minimum and the maximum steel

percentages in the main direction 9.2.1.1 (1) and

(3) apply.

Ïðèì³òêà. Íà äîäàòîê äî ïðèì³òêè 2 ó 9.2.1.1 (1) äëÿ

ïëèò, ó ÿêèõ ðèçèê êðèõêîãî ðóéíóâàííÿ íåçíà÷íèé,

As,min ìîæíà ïðèéìàòè 1,2 â³ä ïëîù³ àðìàòóðè, íåîá-

õ³äíî¿ çã³äíî ç ïåðåâ³ðêîþ çà ãðàíè÷íèì ñòàíîì ULS.

Note: In addition to Note 2 of 9.2.1.1 (1), for slabs

where the risk of brittle failure is small, As,min may be

taken as 1,2 times the area required in ULS verifica-

tion.

(2) Ó ñóö³ëüíèõ â îäíîìó íàïðÿì³ ïëèòàõ äî-

ïîì³æíà ïîïåðå÷íà àðìàòóðà ïîâèííà ñòàíî-

âèòè íå ìåíøå í³æ 20% â³ä ê³ëüêîñò³ îñíîâíî¿

àðìàòóðè. Â îïîðíèõ çîíàõ ïîïåðå÷íà äî

âåðõí³õ îñíîâíèõ ñòðèæí³â àðìàòóðà íå âèìà-

ãàºòüñÿ, ÿêùî â³äñóòí³ ïîïåðå÷í³ çãèíàëüí³ ìî-

ìåíòè.

(2) Secondary transverse reinforcement of not

less than 20% of the principal reinforcement

should be provided in one way slabs. In areas

near supports transverse reinforcement to prin-

cipal top bars is not necessary where there is no

transverse bending moment.

(3) Êðîê ñòðèæí³â íå ïîâèíåí ïåðåâèùóâàòè

smax,slabs.

(3) The spacing of bars should not exceed

smax,slabs.

205

ÄÑÒÓ-Í Á EN 1992-1-1:2010

Ðèñóíîê 9.7 – Ðîçì³ùåííÿ îïîðíî¿ àðìàòóðè ó çîí³ ïåðåòèíó äâîõ áàëîê (âèä ó ïëàí³)

Figure 9.7 – Placing of supporting reinforcement in the intersection zone of two beams (plan view)
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Ïðèì³òêà. Âåëè÷èíà smax,slabs äëÿ êîíêðåòíî¿ êðà¿íè

ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.

Ðåêîìåíäóþòüñÿ íàñòóïí³ âåëè÷èíè:

Note: The value of smax,slabs for use in a Country may be

found in its National Annex. The recommended value

is:

– äëÿ îñíîâíî¿ àðìàòóðè 3h 	 400 ìì, äå h – çà-

ãàëüíà òîâùèíà ïëèòè;

– for the principal reinforcement, 3h 	 400 mm, where

h is the total depth of the slab;

– äëÿ äîäàòêîâî¿ àðìàòóðè 3h 	 450 ìì. – for the secondary reinforcement, 3h 	 450 mm.

Ó çîíàõ çîñåðåäæåíèõ íàâàíòàæåíü àáî ìàêñèìàëü-

íèõ ìîìåíò³â ðåêîìåíäóþòüñÿ íàñòóïí³ âåëè÷èíè:

In areas with concentrated loads or areas of maximum

moment those provisions become respectively:

– äëÿ îñíîâíî¿ àðìàòóðè 2h 	 250 ìì; – for the principal reinforcement, 2h 	 250 mm

– äëÿ äîäàòêîâî¿ àðìàòóðè, 3h 	 400 ìì. – for the secondary reinforcement, 3h 	 400 mm.

(4) Òàêîæ çàñòîñîâóþòüñÿ ïðàâèëà, íàâåäåí³ ó

9.2.1.3 (1)…(3), 9.2.1.4 (1)…(3) òà 9.2.1.5 (1)-(2),

àëå ïðè a1 = d.

(4) The rules given in 9.2.1.3 (1) to (3), 9.2.1.4 (1)

to (3) and 9.2.1.5 (1) to (2) also apply but with

a1 = d.

9.3.1.2 Àðìóâàííÿ ïëèò â îïîðíèõ çîíàõ 9.3.1.2 Reinforcement in slabs near supports

(1) Ó øàðí³ðíî îáïåðòèõ ïëèòàõ ïîëîâèíà âèç-

íà÷åíî¿ äëÿ ïðîëüîòó àðìàòóðè ïîâèííà ïðî-

äîâæóâàòèñü àæ äî îïîðè ³ çààíêåðîâóâàòèñü ó

í³é çã³äíî ç 8.4.4.

(1) In simply supported slabs, half the calculated

span reinforcement should continue up to the

support and be anchored therein in accordance

with 8.4.4.

Ïðèì³òêà. Îáðèâàííÿ ³ çààíêåðóâàííÿ àðìàòóðè

âèêîíóºòüñÿ â³äïîâ³äíî äî 9.2.1.3, 9.2.1.4 ³ 9.2.1.5.

Note: Curtailment and anchorage of reinforcement may

be carried out according to 9.2.1.3, 9.2.1.4 and 9.2.1.5.

(2) Çà íàÿâíîñò³ ÷àñòêîâîãî çàùåìëåííÿ âäîâæ

ãðàí³ ïëèòè, àëå íå âðàõóâàíí³ éîãî ó ðîçðàõóí-

êó âåðõíÿ àðìàòóðà ïîâèííà ðîçðàõîâóâàòèñü

íà ñïðèéíÿòòÿ ùîíàéìåíøå 25% ìàêñèìàëü-

íîãî ìîìåíòó ó ïðèëåãëîìó ïðîëüîò³. Öÿ àðìà-

òóðà ïîâèííà ïðîäîâæóâàòèñü íà â³äñòàíü íå

ìåíøå í³æ 0,2 â³ä âåëè÷èíè ïðèëåãëîãî ïðî-

ëüîòó, âèì³ðÿíîãî â³ä ãðàí³ îïîðè. Âîíà ïîâèí-

íà áóòè íåðîçðèâíîþ íà ïðîì³æíèõ îïîðàõ ³

çààíêåðîâóâàòèñü íà êðàéí³õ îïîðàõ. Íà êðàé-

í³é îïîð³ âåëè÷èíó ìîìåíòó, ÿêèé ïîâèíåí

ñïðèéìàòèñü, ìîæíà çìåíøèòè äî 15% â³ä ìàê-

ñèìàëüíîãî ó ïðèëåãëîìó ïðîëüîò³.

(2) Where partial fixity occurs along an edge of a

slab, but is not taken into account in the analysis,

the top reinforcement should be capable of

resisting at least 25% of the maximum moment in

the adjacent span. This reinforcement should

extend at least 0,2 times the length of the adjacent

span, measured from the face of the support. It

should be continuous across internal supports

and anchored at end supports. At an end support

the moment to be resisted may be reduced to

15% of the maximum moment in the adjacent

span.

9.3.1.3 Àðìóâàííÿ ó êóòàõ 9.3.1.3 Corner reinforcement

(1) ßêùî êîíñòðóþâàííÿ îïîðè ïåðåäáà÷åíî

òàê, ùî ïëèòà ïîâèííà çàêð³ïëþâàòèñü â³ä

ï³äí³ìàííÿ ó êóò³, òî íåîáõ³äíî çàáåçïå÷óâàòè

â³äïîâ³äíå àðìóâàííÿ.

(1) If the detailing arrangements at a support are

such that lifting of the slab at a corner is restrai-

ned, suitable reinforcement should be provided.

9.3.1.4 Àðìóâàííÿ â³ëüíèõ ãðàíåé 9.3.1.4 Reinforcement at the free edges

(1) Âäîâæ â³ëüíèõ (áåç îáïèðàííÿ) ãðàíåé ïëè-

òà, ÿê ïðàâèëî, ïîâèííà ìàòè ïîçäîâæíº ³ ïî-

ïåðå÷íå àðìóâàííÿ, â îñíîâíîìó ðîçì³ùåíå,

ÿê ïîêàçàíî íà ðèñóíêó 9.8.

(1) Along a free (unsupported) edge, a slab sho-

uld normally contain longitudinal and transverse

reinforcement, generally arranged as shown in

Figure 9.8.
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Ðèñóíîê 9.8 – Àðìóâàííÿ ãðàí³ ïëèòè

Figure 9.8 – Edge reinforcement for a slab
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(2) Çâè÷àéíå àðìóâàííÿ ïëèò ìîæå ïðàöþâàòè

ó ÿêîñò³ àðìàòóðè ãðàíåé.

(2) The normal reinforcement provided for a slab

may act as edge reinforcement.

9.3.2 Ïîïåðå÷íå àðìóâàííÿ 9.3.2 Shear reinforcement

(1) Ïëèòà, ó ÿê³é ïåðåäáà÷àºòüñÿ ïîïåðå÷íå

àðìóâàííÿ, ïîâèííà ìàòè òîâùèíó ùîíàéìåí-

øå 200 ìì.

(1) A slab in which shear reinforcement is provi-

ded should have a depth of at least 200 mm.

(2) Ïðè êîíñòðóþâàíí³ ïîïåðå÷íî¿ àðìàòóðè

çàñòîñîâóºòüñÿ âèçíà÷åííÿ ì³í³ìàëüíî¿ âåëè-

÷èíè ³ ïðîöåíòà àðìóâàííÿ çà 9.2.2, ÿêùî íè-

æ÷åíàâåäåíå íå çì³íþº ö³ ïîëîæåííÿ.

(2) In detailing the shear reinforcement, the

minimum value and definition of reinforcement

ratio in 9.2.2 apply, unless modified by the

following.

(3) Ó ïëèòàõ, ÿêùî V VEd Rd	 1 3/ ,max (äèâ. 6.2),

ïîïåðå÷íà àðìàòóðà ìîæå ïîâí³ñòþ ñêëàäà-

òèñü ³ç çàãíóòèõ ñòðèæí³â àáî âèðîá³â äëÿ ïîïå-

ðå÷íîãî àðìóâàííÿ (êàðêàñ³â).

(3) In slabs, if V VEd Rd	 1 3/ ,max (see 6.2), the

shear reinforcement may consist entirely of bent-

up bars or of shear reinforcement assemblies.

(4) Ìàêñèìàëüíèé êðîê ó ïîçäîâæíüîìó íà-

ïðÿì³ ç'ºäíàíü îäèí çà îäíèì ñòàíîâèòü:

(4) The maximum longitudinal spacing of succes-

sive series of links is given by:

� �s dmax , cot� �0 75 1 * , (9.9)

äå * – íàõèë ïîïåðå÷íî¿ àðìàòóðè. where * is the inclination of the shear reinforce-

ment.

Ìàêñèìàëüíèé êðîê ó ïîçäîâæíüîìó íàïðÿì³

çàãíóòèõ ñòðèæí³â ñòàíîâèòü:

The maximum longitudinal spacing of bent-up

bars is given by:

s dmax � . (9.10)

(5) Ìàêñèìàëüíèé êðîê ïîïåðå÷íî¿ àðìàòóðè

íå ïîâèíåí ïåðåâèùóâàòè 1,5d.

(5) The maximum transverse spacing of shear

reinforcement should not exceed 1,5d.

9.4 Ïëîñê³ ïëèòè 9.4 Flat slabs

9.4.1 Ïëèòà á³ëÿ ñåðåäí³õ êîëîí 9.4.1 Slab at internal columns

(1) Ðîçì³ùåííÿ àðìàòóðè ó ïëèòàõ ïëîñêî¿ êîíñò-

ðóêö³¿ ïîâèííî â³äîáðàæàòè õàðàêòåð ðîáîòè â

óìîâàõ åêñïëóàòàö³¿. ßê ïðàâèëî, öå ïðèçâî-

äèòü äî êîíöåíòðàö³¿ àðìàòóðè íàâêîëî êîëîí.

(1) The arrangement of reinforcement in flat slab

construction should reflect the behaviour under

working conditions. In general this will result in a

concentration of reinforcement over the columns.

(2) Á³ëÿ ñåðåäí³õ êîëîí, ÿêùî íå âèêîíóºòüñÿ

òî÷íà ïåðåâ³ðêà çà ãðàíè÷íèìè ñòàíàìè ²² ãðó-

ïè, âåðõíÿ àðìàòóðà ïëîùåþ 0,5 Àt ïîâèííà

ðîçòàøîâóâàòèñü íà øèðèí³, ÿêà äîð³âíþº

0,125 â³ä ñóìàðíî¿ øèðèíè ïëèòè àáî ñòîðîíè

êîëîíè. Àt âèðàæàº ïëîùó àðìàòóðè, ÿêà íå-

îáõ³äíà äëÿ ñïðèéíÿòòÿ ïîâíîãî íåãàòèâíîãî

ìîìåíòó ÿê ñóìàðíîãî ç äâîõ ïîëîâèí ïðîëüî-

òó ïëèò ïî îáèäâ³ ñòîðîíè êîëîíè.

(2) At internal columns, unless rigorous service-

ability calculations are carried out, top reinfor-

cement of area 0,5 Àt should be placed in a width

equal to the sum of 0,125 times the panel width on

either side of the column. At represents the area

of reinforcement required to resist the full

negative moment from the sum of the two half

panels each side of the column.

(3) Á³ëÿ ñåðåäí³õ êîëîí íèæíþ àðìàòóðó (
 2

ñòðèæí³) íåîáõ³äíî âñòàíîâëþâàòè ó êîæíîìó

îðòîãîíàëüíîìó íàïðÿìêó ³ öÿ àðìàòóðà ïî-

âèííà ïðîõîäèòè ÷åðåç êîëîíó.

(3) Bottom reinforcement (
 2 bars) in each ortho-

gonal direction should be provided at internal

columns and this reinforcement should pass

through the column.
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9.4.2 Ïëèòà á³ëÿ êðàéí³õ ³ êóòîâèõ êîëîí 9.4.2 Slab at edge and corner columns

(1) Àðìàòóðà, ïåðïåíäèêóëÿðíà äî â³äêðèòî¿

ãðàí³, íåîáõ³äíà äëÿ ïåðåäà÷³ çãèíàëüíèõ ìî-

ìåíò³â â³ä ïëèòè íà êðàéíþ àáî êóòîâó êîëîíó, ³

ïîâèííà ðîçì³ùóâàòèñü â ìåæàõ ðîáî÷î¿ øè-

ðèíè be, ïîêàçàíî¿ íà ðèñóíêó 9.9.

(1) Reinforcement perpendicular to a free edge

required to transmit bending moments from the

slab to an edge or corner column should be placed

within the effective width be shown in Figure 9.9.

9.4.3 Ïîïåðå÷íå àðìóâàííÿ íà çñóâ ïðè

ïðîäàâëþâàíí³

9.4.3 Punching shear reinforcement

(1) ßêùî íåîáõ³äíî âñòàíîâëþâàòè ïîïåðå÷íó

àðìàòóðó íà ïðîäàâëþâàííÿ (äèâ. 6.4), âîíà

ïîâèííà ðîçì³ùóâàòèñü ì³æ ïëîùåþ íàâàíòà-

æåííÿ/êîëîíè ³ kd âñåðåäèí³ êîíòðîëüíîãî ïå-

ðèìåòðà, ç ÿêîãî ïîïåðå÷íà àðìàòóðà âæå íå

âèìàãàºòüñÿ. Àðìàòóðà ïîâèííà âñòàíîâëþâà-

òèñü ùîíàéìåíøå ïî äâîõ ïåðèìåòðàõ ó âèã-

ëÿä³ âåðòèêàëüíèõ åëåìåíò³â (õîìóò³â) (ðè-

ñóíîê 9.10). Êðîê ç'ºäíóâàëüíèõ õîìóò³â ì³æ ïå-

ðèìåòðàìè íå ïîâèíåí ïåðåâèùóâàòè 0,75d.

(1) Where punching shear reinforcement is

required (see 6.4) it should be placed between the

loaded area/column and kd inside the control

perimeter at which shear reinforcement is no

longer required. It should be provided in at least

two perimeters of link legs (see Figure 9.10). The

spacing of the link leg perimeters should not

exceed 0,75d.

Êðîê õîìóò³â ïî ïåðèìåòðó íå ïîâèíåí ïåðåâè-

ùóâàòè 1,5d ó ïåðøîìó êîíòðîëüíîìó ïåðè-

ìåòð³ (2d â³ä ïëîù³ íàâàíòàæåííÿ) ³ 2d – äëÿ

ïåðèìåòð³â çà ìåæàìè ïåðøîãî êîíòðîëüíîãî

ïåðèìåòðà, ÿêùî äîïóñêàºòüñÿ, ùî òà ÷àñòèíà

ïåðèìåòðà âíîñèòü âêëàä ó íåñó÷ó çäàòí³ñòü

íà çñóâ (ðèñóíîê 6.22).

The spacing of link legs around a perimeter

should not exceed 1,5d within the first control

perimeter (2d from loaded area), and should not

exceed 2d for perimeters outside the first control

perimeter where that part of the perimeter is

assumed to contribute to the shear capacity (see

Figure 6.22).
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à – êðàéíÿ êîëîíà

Edge column

ó ìîæå áóòè > ñó

y can be > cy

b – êóòîâà êîëîíà

Corner column

z ìîæå áóòè > ñz, à ó ìîæå áóòè > cy

z can be > cz and y can be > cy

ó – â³äñòàíü â³ä ãðàí³ ïëèòè äî íàéá³ëüø â³ääàëåíî¿ âíóòð³øíüî¿ ãðàí³ êîëîíè

y is the distance from the edge of the slab to the innermost face of the column

Ðèñóíîê 9.9 – Ðîáî÷à øèðèíà be ïëîñêî¿ ïëèòè

Figure 9.9 – Effective width, be, of a flat slab
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Äëÿ â³ä³ãíóòèõ âíèç ñòðèæí³â, ÿê ïîêàçàíî íà

ðèñóíêó 9.10 b, îäèí ïåðèìåòð ç'ºäíóâàëüíèõ

åëåìåíò³â (õîìóò³â) ìîæå ââàæàòèñü äîñòàòí³ì.

For bent down bars as arranged in Figure 9.10 b)

one perimeter of link legs may be considered

sufficient.

Ïðèì³òêà. Äèâ.6.4.5 (4) ùîäî âåëè÷èíè k. Note: See 6.4.5 (4) for the value of k.

(2) ßêùî âèìàãàºòüñÿ ïîïåðå÷íå àðìóâàííÿ,

òî ïëîùà õîìóò³â (àáî ¿õ åêâ³âàëåíò) Àsw,min

âèçíà÷àºòüñÿ çà âèðàçîì.

(2) Where shear reinforcement is required the

area of a link leg (or equivalent), Àsw,min, is given

by Expression (9.11)

� � � � � �A s s f fsw r t ck yk,min , sin cos / , /� � � � 
 �1 5 0 08* * , (9.11)

äå: where:

* – êóò ì³æ ïîïåðå÷íîþ àðìàòóðîþ ³ îñíîâíîþ

àðìàòóðîþ (íàïðèêëàä, äëÿ âåðòèêàëüíèõ õî-

ìóò³â * = 90°, à sin * = 1);

* is the angle between the shear reinforcement

and the main steel (i.e. for vertical links * = 90°

and sin * = 1);

sr – êðîê õîìóò³â ó ðàä³àëüíîìó íàïðÿì³; sr is the spacing of shear links in the radial direc-

tion;

st – êðîê õîìóò³â ó òàíãåíö³àëüíîìó íàïðÿì³; st is the spacing of shear links in the tangential

direction;

fck – ó ÌÏà. fck is in MPa.

Ó ðîçðàõóíêó ìîæóòü âðàõîâóâàòèñü ò³ëüêè ò³

âåðòèêàëüí³ êîìïîíåíòè ïîïåðåäíüî íàïðóæå-

íî¿ àðìàòóðè, ÿê³ ïðîõîäÿòü íà â³äñòàí³ 0,5d â³ä

êîëîíè.

The vertical component of only those prestressing

tendons passing within a distance of 0,5d of the

column may be included in the shear calculation.
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à – êðîê ç'ºäíóâàëüíèõ õîìóò³â

Spacing of links

b – êðîê â³ä³ãíóòèõ ñòðèæí³â

Spacing of bent-up bars

Ðèñóíîê 9.10 – Ïîïåðå÷íå àðìóâàííÿ íà ïðîäàâëþâàííÿ

Figure 9.10 – Punching shear reinforcement

Çîâí³øí³é êîíòðîëüíèé ïåðèìåòð íåîáõ³äíî¿ ïîïå-

ðå÷íî¿ àðìàòóðè

Outer control perimeter requiring shear

Ïåðøèé êîíòðîëüíèé ïåðèìåòð, äå ïîïåðå÷íà àðìàòóðà

íå âèìàãàºòüñÿ

First control perimeter not requiring shear reinforcement
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(3) Â³ä³ãíóò³ ñòðèæí³, ùî ïðîõîäÿòü ÷åðåç ïëî-

ùó íàâàíòàæåííÿ àáî íà â³äñòàí³, ùî íå ïåðå-

âèùóº 0,25d â³ä ö³º¿ ïëîù³, ìîæóòü âèêîðèñ-

òîâóâàòèñü ÿê ïîïåðå÷íà àðìàòóðà íà ïðîäàâ-

ëþâàííÿ (ðèñóíîê 9.10 b, çâåðõó).

(3) Bent-up bars passing through the loaded area

or at a distance not exceeding 0,25d from this

area may be used as punching shear reinforce-

ment (see Figure 9.10 b), top).

(4) Â³äñòàíü ì³æ ãðàííþ êîëîíè àáî êîíòóðîì

ïëîù³ íàâàíòàæåííÿ òà íàéáëèæ÷îþ ïîïåðå÷-

íîþ àðìàòóðîþ, ùî âðàõîâóºòüñÿ ïðè ðîçðà-

õóíêó, íå ïîâèííà ïåðåâèùóâàòè d/2. Öÿ â³ä-

ñòàíü ïîâèííà âèì³ðþâàòèñü íà ð³âí³ ðîçòÿãíó-

òî¿ àðìàòóðè. ßêùî ïåðåäáà÷àºòüñÿ ò³ëüêè

îäèí êîíòóð â³ä³ãíóòèõ ñòðèæí³â, ¿õ íàõèë ìîæ-

íà çìåíøóâàòè äî 30°.

(4) The distance between the face of a support, or

the circumference of a loaded area, and the

nearest shear reinforcement taken into account in

the design should not exceed d/2. This distance

should be taken at the level of the tensile

reinforcement. If only a single line of bent-up bars

is provided, their slope may be reduced to 30°.

9.5 Êîëîíè 9.5 Columns

9.5.1 Çàãàëüí³ ïîëîæåííÿ 9.5.1 General

(1) Öå ïîëîæåííÿ â³äíîñèòüñÿ äî êîëîí, ó ÿêèõ

á³ëüøèé ðîçì³ð h íå ïåðåâèùóº á³ëüøå í³æ ó 4

ðàçè ìåíøèé ðîçì³ð b.

(1) This clause deals with columns for which the

larger dimension h is not greater than 4 times the

smaller dimension b.

9.5.2 Ïîçäîâæíº àðìóâàííÿ 9.5.2 Longitudinal reinforcement

(1) Ïîçäîâæí³ ñòðèæí³ ïîâèíí³ áóòè ä³àìåòðîì

íå ìåíøå í³æ �min.

(1) Longitudinal bars should have a diameter of

not less than �min.

Ïðèì³òêà. Âåëè÷èíà �min äëÿ êîíêðåòíî¿ êðà¿íè ìî-

æå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðå-

êîìåíäóºòüñÿ âåëè÷èíà 8 ìì.

Note: The value of �min for use in a Country may be

found in its National Annex. The recommended value is

8 mm.

(2) Çàãàëüíà ê³ëüê³ñòü ïîçäîâæíüî¿ àðìàòóðè

ïîâèííà áóòè íå ìåíøå í³æ As,min.

(2) The total amount of longitudinal reinforcement

should not be less than As,min.

Ïðèì³òêà. Âåëè÷èíà As,min äëÿ êîíêðåòíî¿ êðà¿íè

ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.

Ðåêîìåíäóºòüñÿ âèçíà÷àòè âåëè÷èíó çà âèðàçîì

Note: The value of As,min for use in a Country may be

found in its National Annex. The recommended value is

given by Expression (9.12N)

A
N

f
s

Ed

yd
,min

,
�

0 10
àáî/but 0,002Ac

– ÿêà ç âåëè÷èí á³ëüøà,

whichever is the greater (9.12N)

äå: where:

fyd – ãðàíèöÿ òåêó÷îñò³ àðìàòóðè; fyd is the design yield strength of the reinforce-

ment;

NEd – ðîçðàõóíêîâà îñüîâà ñèëà ñòèñêó. NEd is the design axial compression force

(3) Ïëîùà ïîïåðå÷íîãî ïåðåð³çó ïîçäîâæíüî¿

àðìàòóðè íå ïîâèííà ïåðåâèùóâàòè As,max.

(3) The area of longitudinal reinforcement should

not exceed As,max.

Ïðèì³òêà: Âåëè÷èíà As,max äëÿ êîíêðåòíî¿ êðà¿íè

ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.

Ðåêîìåíäóºòüñÿ âåëè÷èíà 0,04 Ac çà ìåæàìè íà-

ïóñê³â, ÿêùî ò³ëüêè íå ïîêàçàíî, ùî ö³ë³ñí³ñòü áåòî-

íó íå ïîðóøóºòüñÿ, ³ ùî ïîâíà ì³öí³ñòü äîñÿãàºòüñÿ

ó ãðàíè÷íîìó ñòàí³ ² ãðóïè. Öÿ ìåæà ïîâèííà ï³äâè-

ùóâàòèñü äî 0,08 Ac â íàïóñêàõ.

Note: The value of As,max for use in a Country may be

found in its National Annex. The recommended value is

As,max 0,04 Ac outside lap locations unless it can be

shown that the integrity of concrete is not affected, and

that the full strength is achieved at ULS. This limit

should be increased to 0,08 Ac at laps.

(4) Äëÿ êîëîí ïîë³ãîíàëüíîãî ïîïåðå÷íîãî ïå-

ðåð³çó ÿê ì³í³ìóì îäèí ñòðèæåíü ïîâèíåí ðîç-

ì³ùóâàòèñü ó êîæíîìó êóò³. Ê³ëüê³ñòü ïîçäîâæ-

í³õ ñòðèæí³â ó êðóãë³é êîëîí³ ïîâèííà áóòè íå

ìåíøå í³æ ÷îòèðè.

(4) For columns having a polygonal cross-section,

at least one bar should be placed at each corner.

The number of longitudinal bars in a circular

column should not be less than four.
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9.5.3 Ïîïåðå÷íå àðìóâàííÿ 9.5.3 Transverse reinforcement

(1) Ä³àìåòð ïîïåðå÷íî¿ àðìàòóðè (õîìóò³â, ïå-
òåëü àáî ñï³ðàëüíî¿ àðìàòóðè) ïîâèíåí áóòè
íå ìåíøå í³æ 6 ìì àáî ÷âåðòü â³ä ìàêñèìàëü-
íîãî ä³àìåòðà ïîçäîâæí³õ ñòðèæí³â, çàëåæíî
â³ä òîãî, ÿêà ³ç âåëè÷èí á³ëüøà. Ä³àìåòð äðîò³â
çâàðíèõ ñ³òîê äëÿ ïîïåðå÷íîãî àðìóâàííÿ ïî-
âèíåí áóòè íå ìåíøå í³æ 5 ìì.

(1) The diameter of the transverse reinforcement
(links, loops or helical spiral reinforcement) sho-
uld not be less than 6 mm or one quarter of the
maximum diameter of the longitudinal bars, whi-
chever is the greater. The diameter of the wires of
welded mesh fabric for transverse reinforcement
should not be less than 5 mm.

(2) Ïîïåðå÷íà àðìàòóðà ïîâèííà çààíêåðîâó-
âàòèñü â³äïîâ³äíèì ÷èíîì.

(2) The transverse reinforcement should be an-
chored adequately.

(3) Êðîê ïîïåðå÷íî¿ àðìàòóðè âäîâæ êîëîíè íå
ïîâèíåí ïåðåâèùóâàòè scl,tmax.

(3) The spacing of the transverse reinforcement
along the column should not exceed scl,tmax.

Ïðèì³òêà. Âåëè÷èíà scl,tmax äëÿ êîíêðåòíî¿ êðà¿íè
ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.
Ðåêîìåíäóºòüñÿ íàéìåíøà âåëè÷èíà ³ç íàñòóïíèõ
òðüîõ â³äñòàíåé:

Note: The value of scl,tmax for use in a Country may be
found in its National Annex. The recommended value is
the least of the following three distances:

– 20-êðàòíèé ì³í³ìàëüíèé ä³àìåòð ïîçäîâæíüî¿
àðìàòóðè;

– 20 times the minimum diameter of the longitudinal
bars;

– íàéìåíøèé ðîçì³ð êîëîíè; – the lesser dimension of the column;

– 400 ìì. – 400 mm.

(4) Ìàêñèìàëüíèé êðîê, âèçíà÷åíèé çà (3), íå-
îáõ³äíî çìåíøóâàòè çàñòîñóâàííÿì êîåô³ö³ºí-
òà 0,6:

(4) The maximum spacing required in (3) should
be reduced by a factor 0,6:

(³) ó ïåðåð³çàõ, ðîçòàøîâàíèõ íà â³äñòàí³, ùî
äîð³âíþº á³ëüøîìó ðîçì³ðó ïåðåð³çó êîëîíè,
âèùå àáî íèæ÷å áàëêè ÷è ïëèòè;

(i) in sections within a distance equal to the larger
dimension of the column cross-section above or
below a beam or slab;

(³³) á³ëÿ ç'ºäíàíü íàïóñêîì, ÿêùî ìàêñèìàëü-
íèé ä³àìåòð ïîçäîâæí³õ ñòðèæí³â á³ëüøèé í³æ
14 ìì. Íåîáõ³äíî âñòàíîâëþâàòè ì³í³ìóì òðè
ð³âíîì³ðíî ðîçì³ùåíèõ ñòðèæí³.

(ii) near lapped joints, if the maximum diameter of
the longitudinal bars is greater than 14 mm. A
minimum of 3 bars evenly placed in the lap length
is required.

(5) ßêùî íàïðÿì ïîçäîâæí³õ ñòðèæí³â çì³íþ-
ºòüñÿ (íàïðèêëàä, ïðè çì³í³ ðîçì³ðó êîëîíè),
êðîê ïîïåðå÷íî¿ àðìàòóðè íåîáõ³äíî âèçíà÷à-
òè ç óðàõóâàííÿì áîêîâèõ çóñèëü, ùî âèíèêà-
þòü. Ö³ âïëèâè ìîæíà íå âðàõîâóâàòè, ÿêùî
çì³íà íàïðÿìó ìåíøà àáî äîð³âíþº 1/12.

(5) Where the direction of the longitudinal bars
changes, (e.g. at changes in column size), the
spacing of transverse reinforcement should be
calculated, taking account of the lateral forces
involved. These effects may be ignored if the
change of direction is less than or equal to 1 in 12.

(6) Êîæíèé ïîçäîâæí³é ñòðèæåíü àáî ïó÷îê, ùî
ðîçòàøîâàíèé ó êóò³, ïîâèíåí óòðèìóâàòèñü
ïîïåðå÷íîþ àðìàòóðîþ. Æîäåí ³ç ñòðèæí³â ó
ìåæàõ ñòèñíóòî¿ çîíè íå ïîâèíåí áóòè äàë³ í³æ
150 ìì â³ä ñòðèæíÿ, ÿêèé çàêð³ïëþºòüñÿ.

(6) Every longitudinal bar or bundle of bars placed
in a corner should be held by transverse reinfor-
cement. No bar within a compression zone should
be further than 150 mm from a restrained bar.
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9.6 Ñò³íè 9.6 Walls

9.6.1 Çàãàëüí³ ïîëîæåííÿ 9.6.1 General

(1) Öå ïîëîæåííÿ ïîøèðþºòüñÿ íà çàë³çîáå-
òîíí³ ñò³íè ³ç ñï³ââ³äíîøåííÿì äîâæèíè äî òîâ-
ùèíè 4 àáî á³ëüøå ³ â ÿêèõ àðìàòóðà âðàõî-
âóºòüñÿ ïðè ðîçðàõóíêó çà íåñó÷îþ çäàòí³ñòþ.
Ê³ëüê³ñòü ³ íàëåæíå êîíñòðóþâàííÿ àðìàòóðè
ìîæíà îòðèìóâàòè çà äîïîìîãîþ "ñòèñíóòî-
ðîçòÿãíóòèõ" ìîäåëåé (äèâ. 6.5). Äëÿ ñò³í, ùî
ïåðåâàæíî çàçíàþòü çãèíó ³ç ïëîùèíè, çàñòî-
ñîâóþòüñÿ ïðàâèëà, ÿê äëÿ ïëèò (äèâ. 9.3).

(1) This clause refers to reinforced concrete walls
with a length to thickness ratio of 4 or more and in
which the reinforcement is taken into account in
the strength analysis. The amount and proper
detailing of reinforcement may be derived from a
strut-and-tie model (see 6.5). For walls subjected
predominantly to out-of-plane bending the rules
for slabs apply (see 9.3).

9.6.2 Âåðòèêàëüíå àðìóâàííÿ 9.6.2 Vertical reinforcement

(1) Ïëîùó âåðòèêàëüíî¿ àðìàòóðè íåîáõ³äíî
ïðèçíà÷àòè ì³æ As,vmin ³ As,vmax.

(1) The area of the vertical reinforcement should
lie between As,vmin and As,vmax.

Ïðèì³òêà 1. Âåëè÷èíà As,vmin äëÿ êîíêðåòíî¿ êðà¿íè
ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.
Ðåêîìåíäóºòüñÿ âåëè÷èíà 0,002 Ac.

Note 1: The value of As,vmin for use in a Country may be
found in its National Annex. The recommended value is
0,002 Ac.

Ïðèì³òêà 2. Âåëè÷èíà As,vmax äëÿ êîíêðåòíî¿ êðà¿íè
ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.
Ðåêîìåíäóºòüñÿ âåëè÷èíà 0,04Ac çà ìåæàìè íà-
ïóñê³â, ÿêùî ò³ëüêè íå ïîêàçàíî, ùî ö³ë³ñí³ñòü áåòî-
íó íå ïîðóøóºòüñÿ, ³ ùî ïîâíà ì³öí³ñòü äîñÿãàºòüñÿ
ó ãðàíè÷íîìó ñòàí³ ULS. Öÿ ìåæà ìîæå ïîäâîþâà-
òèñü äëÿ íàïóñê³â.

Note 2: The value of As,vmax for use in a Country may be
found in its National Annex. The recommended value is
0,04Ac outside lap locations unless it can be shown
that the concrete integrity is not affected and that the
full strength is achieved at ULS. This limit may be
doubled at laps.

(2) ßêùî ì³í³ìàëüíà ïëîùà àðìàòóðè As,vmin º
êîíòðîëüíîþ ïðè ðîçðàõóíêó, òî ïîëîâèíà ö³º¿
ïëîù³ ïîâèííà ðîçì³ùóâàòèñü íà êîæí³é ãðàí³.

(2) Where the minimum area of reinforcement,
As,vmin, controls in design, half of this area should
be located at each face.

(3) Â³äñòàíü ì³æ äâîìà ïðèëåãëèìè âåðòèêàëü-
íèìè ñòðèæíÿìè íå ïîâèííà ïåðåâèùóâàòè
á³ëüøå í³æ ó 3 ðàçè òîâùèíó ñò³íè àáî 400 ìì ó
çàëåæíîñò³, ÿêà ³ç âåëè÷èí ìåíøà.

(3) The distance between two adjacent vertical
bars shall not exceed 3 times the wall thickness or
400 mm whichever is the lesser.

9.6.3 Ãîðèçîíòàëüíå àðìóâàííÿ 9.6.3 Horizontal reinforcement

(1) Ãîðèçîíòàëüíà àðìàòóðà, ùî ïðîõîäèòü ïà-
ðàëåëüíî ãðàíÿì ñò³íè (³ â³ëüíèì ãðàíÿì), ïî-
âèííà âñòàíîâëþâàòèñü íà êîæí³é ãðàí³. Âîíà
ïîâèííà áóòè íå ìåíøå í³æ As,hmin.

(1) Horizontal reinforcement running parallel to
the faces of the wall (and to the free edges) sho-
uld be provided at each surface. It should not be
less than As,hmin.

Ïðèì³òêà. Âåëè÷èíà As,hmin äëÿ êîíêðåòíî¿ êðà¿íè
ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.
Ðåêîìåíäóºòüñÿ âåëè÷èíà àáî 25% â³ä âåðòèêàëü-
íî¿ àðìàòóðè, àáî 0,001 Ac, ó çàëåæíîñò³, ÿêà ³ç âå-
ëè÷èí á³ëüøà.

Note: The value of As,hmin for use in a Country may be
found in its National Annex. The recommended value is
either 25% of the vertical reinforcement or 0,001 Ac,
whichever is greater.

(2) Â³äñòàíü ì³æ äâîìà ïðèëåãëèìè ãîðèçîí-
òàëüíèìè ñòðèæíÿìè íå ïîâèííà áóòè á³ëüøå
í³æ 400 ìì.

(2) The spacing between two adjacent horizontal
bars should not be greater than 400 mm.

212

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



9.6.4 Ïîïåðå÷íå àðìóâàííÿ 9.6.4 Transverse reinforcement

(1) Ó áóäü-ÿê³é ÷àñòèí³ ñò³íè, äå çàãàëüíà ïëî-
ùà âåðòèêàëüíî¿ àðìàòóðè íà äâîõ ãðàíÿõ ïå-
ðåâèùóº 0,02 Ac, íåîáõ³äíî ïåðåäáà÷àòè ïîïå-
ðå÷íó àðìàòóðó ó âèãëÿä³ õîìóò³â â³äïîâ³äíî äî
âèìîã äëÿ êîëîí (äèâ. 9.5.3). Á³ëüøèé ðîçì³ð,
ùî çãàäóºòüñÿ ó 9.5.3 (4) (³), íå ïîòð³áíî ïðèé-
ìàòè á³ëüøèì í³æ 4 òîâùèíè ñò³íè.

(1) In any part of a wall where the total area of the
vertical reinforcement in the two faces exceeds
0,02 Ac, transverse reinforcement in the form of
links should be provided in accordance with the
requirements for columns (see 9.5.3). The large
dimension referred to in 9.5.3 (4) (i) need not be

taken greater than 4 � thickness of wall.

(2) ßêùî îñíîâíà àðìàòóðà âñòàíîâëþºòüñÿ
áëèçüêî äî ãðàí³ ñò³íè, ïîïåðå÷íó àðìàòóðó òà-
êîæ íåîáõ³äíî ïåðåäáà÷àòè ó âèãëÿä³ õîìóò³â ó
ê³ëüêîñò³ ùîíàéìåíøå 4 íà ì2 ïëîù³ ñò³íè.

(2) Where the main reinforcement is placed nea-
rest to the wall faces, transverse reinforcement
should also be provided in the form of links with at
least of 4 per m2 of wall area.

Ïðèì³òêà. Ïîïåðå÷íó àðìàòóðó íå ïîòð³áíî ïåðå-
äáà÷àòè ó ðàç³, ÿêùî âèêîðèñòîâóþòüñÿ çâàðí³ ñ³òêè

³ç äðîòó ³ ñòðèæí³â ä³àìåòðîì � � 16 ìì òà çàõèñíîìó

øàð³ áåòîíó á³ëüø í³æ 2�.

Note: Transverse reinforcement need not be provided
where welded wire mesh and bars of diameter

� � 16 mm are used with concrete cover larger than 2�.

9.7 Áàëêè-ñò³íêè 9.7 Deep beams

(1) Áàëêè-ñò³íêè (äèâ. 5.3.1 (3)) íåîáõ³äíî, çà-
çâè÷àé, àðìóâàòè îðòîãîíàëüíîþ àðìàòóðíîþ
ñ³òêîþ á³ëÿ êîæíî¿ ãðàí³ ïðè ì³í³ìóì³ As,dbmin.

(1) Deep beams (for definition see 5.3.1 (3)) sho-
uld normally be provided with an orthogonal rein-
forcement mesh near each face, with a minimum
of As,dbmin.

Ïðèì³òêà. Âåëè÷èíà As,dbmin äëÿ êîíêðåòíî¿ êðà¿íè
ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.
Ðåêîìåíäóºòüñÿ âåëè÷èíà 0,1%, àëå íå ìåíøå í³æ
150 ìì2/ì íà êîæí³é ãðàí³ òà â êîæíîìó íàïðÿì³.

Note: The value of As,dbmin for use in a Country may
be found in its National Annex. The recommended
value is 0,1% but not less than 150 mm2/m in each face
and each direction.

(2) Â³äñòàíü ì³æ äâîìà ïðèëåãëèìè ñòðèæíÿìè
ñ³òêè íå ïîâèííà ïåðåâèùóâàòè ìåíøå çíà÷åííÿ
³ç ïîäâ³éíî¿ òîâùèíè áàëêè-ñò³íêè àáî 300 ìì.

(2) The distance between two adjacent bars of the
mesh should not exceed the lesser of twice the
deep beam thickness or 300 mm.

(3) Àðìàòóðà, ùî â³äïîâ³äàº óìîâíîìó ðîçòÿã-
íóòîìó åëåìåíòó ó ðîçðàõóíêîâ³é ìîäåë³, ïî-
âèííà ïîâí³ñòþ çààíêåðîâóâàòèñü äëÿ ð³âíî-
âàãè ó âóçë³ (äèâ. 6.5.4), çàñòîñóâàííÿì çàãè-
íàííÿ ñòðèæí³â, âèêîðèñòàííÿì U-ïîä³áíèõ ïå-
òåëü àáî àíêåðíèõ ïðèñòðî¿â, îêð³ì âèïàäê³â,
êîëè çàáåçïå÷óºòüñÿ íàëåæíà äîâæèíà ì³æ
âóçëîì òà ê³íöåì áàëêè, ÿêà äîçâîëÿº âèêîðèñ-
òàòè äîâæèíó çîíè àíêåðóâàííÿ lbd.

(3) Reinforcement, corresponding to the ties con-
sidered in the design model, should be fully
anchored for equilibrium in the node, see 6.5.4, by
bending the bars, by using U-hoops or by ancho-
rage devices, unless a sufficient length is avai-
lable between the node and the end of the beam
permitting an anchorage length of lbd.

9.8 Ôóíäàìåíòè 9.8 Foundations

9.8.1 Ïàëüîâ³ ðîñòâåðêè 9.8.1 Pile caps

(1) Â³äñòàíü â³ä çîâí³øíüî¿ ãðàí³ ïàë³ äî ãðàí³
ïàëüîâîãî ðîñòâåðêà ïîâèííà áóòè òàêîþ, ùîá
çóñèëëÿ ðîçòÿãó óìîâíèõ åëåìåíò³â íàëåæíèì
÷èíîì çààíêåðîâóâàëèñü ó ðîñòâåðêó. Íåîá-
õ³äíî âðàõîâóâàòè î÷³êóâàíå â³äõèëåííÿ ïàëü
íà ìàéäàí÷èêó.

(1) The distance from the outer edge of the pile to
the edge of the pile cap should be such that the tie
forces in the pile cap can be properly anchored.
The expected deviation of the pile on site should
be taken into account.

(2) Ó â³äïîâ³äíèõ âèïàäêàõ àðìàòóðó ïàëüîâîãî
ðîñòâåðêà íåîáõ³äíî âèçíà÷àòè ³ç çàñòîñóâàí-
íÿì ìåòîäó ñòèñíóòî-ðîçòÿãíóòèõ åëåìåíò³â
àáî ìåòîä³â çãèíàëüíèõ åëåìåíò³â.

(2) Reinforcement in a pile cap should be calcula-
ted either by using strut-and-tie or flexural me-
thods as appropriate.
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(3) Îñíîâíà ðîçòÿãíóòà àðìàòóðà, ùî ñïðèé-
ìàº âïëèâè â³ä íàâàíòàæåíü, ïîâèííà êîíöåí-
òðóâàòèñü ó íàïðóæåíèõ çîíàõ ì³æ îãîëîâêàìè
ïàëü. Íåîáõ³äíî äîòðèìóâàòèñü âèìîã ùîäî

ì³í³ìàëüíîãî ä³àìåòðà ñòðèæíÿ �min. ßêùî
ïëîùà ö³º¿ àðìàòóðè äîð³âíþº ì³í³ìàëüí³é, òî
ð³âíîì³ðíî ðîçïîä³ëåí³ ñòðèæí³ âäîâæ íèæíüî¿
ãðàí³ åëåìåíòà ìîæíà íå âñòàíîâëþâàòè. Òà-
êîæ ìîæíà íå àðìóâàòè âåðõí³ ä³ëÿíêè åëåìåí-
òà, ÿêùî íåìàº ðèçèêó âèíèêíåííÿ ðîçòÿãó ó
öèõ ÷àñòèíàõ åëåìåíòà.

(3) The main tensile reinforcement to resist the
action effects should be concentrated in the
stress zones between the tops of the piles. A

minimum bar diameter �min should be provided. If
the area of this reinforcement is at least equal to
the minimum reinforcement, evenly distributed
bars along the bottom surface of the member may
be omitted. Also the sides and the top surface of
the member may be unreinforced if there is no risk
of tension developing in these parts of the
member.

Ïðèì³òêà. Âåëè÷èíà �min äëÿ êîíêðåòíî¿ êðà¿íè ìî-
æå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðå-
êîìåíäóºòüñÿ âåëè÷èíà 8 ìì.

Note: The value of �min for use in a Country may be
found in its National Annex. The recommended value is
8 mm.

(4) Äëÿ çààíêåðóâàííÿ ðîçòÿãíóòî¿ àðìàòóðè
ìîæíà çàñòîñîâóâàòè ïðèâàðåí³ ïîïåðå÷í³
ñòðèæí³. Ó öüîìó âèïàäêó ïîïåðå÷íèé ñòðè-
æåíü ìîæå ðîçãëÿäàòèñü ÿê ÷àñòèíà ïîïåðå÷-
íî¿ àðìàòóðè ó çîí³ çààíêåðóâàííÿ àðìàòóð-
íîãî ñòðèæíÿ, ùî ðîçãëÿäàºòüñÿ.

(4) Welded transverse bars may be used for the
anchorage of the tension reinforcement. In this
case the transverse bar may be considered to be
part of the transverse reinforcement in the ancho-
rage zone of the reinforcement bar considered.

(5) Äîïóñêàºòüñÿ ïðèéìàòè, ùî ñòèñê, ñïðè÷è-
íåíèé îïîðíîþ ðåàêö³ºþ â³ä ïàë³, ðîçïîä³ëÿ-
ºòüñÿ ï³ä êóòàìè 45° â³ä ãðàí³ ïàë³ (ðèñó-
íîê 9.11). Ïðè ðîçðàõóíêó äîâæèíè çîíè çààí-
êåðóâàííÿ öåé ñòèñê ìîæíà âðàõîâóâàòè.

(5) The compression caused by the support
reaction from the pile may be assumed to spread
at 45 degree angles from the edge of the pile (see
Figure 9.11). This compression may be taken into
account when calculating the anchorage length.

9.8.2 Ôóíäàìåíòè êîëîí ³ ñò³í 9.8.2 Column and wall footings

9.8.2.1 Çàãàëüí³ ïîëîæåííÿ 9.8.2.1 General

(1) Îñíîâíà àðìàòóðà ïîâèííà çààíêåðîâóâà-
òèñü çã³äíî ç âèìîãàìè 8.4 ³ 8.5. Íåîáõ³äíî çà-
áåçïå÷óâàòè ì³í³ìàëüíèé ä³àìåòð ñòðèæíÿ,

�min. Äëÿ ôóíäàìåíò³â ìîæå çàñòîñîâóâàòèñü
ðîçðàõóíêîâà ìîäåëü, ïîêàçàíà ó 9.8.2.1.

(1) The main reinforcement should be anchored in
accordance with the requirements of 8.4 and 8.5.

A minimum bar diameter �min should be provided.
In footings the design model shown in 9.8.2.1 may
be used.

Ïðèì³òêà. Âåëè÷èíà �min äëÿ êîíêðåòíî¿ êðà¿íè ìî-
æå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðå-
êîìåíäóºòüñÿ âåëè÷èíà 8 ìì.

Note: The value of �min for use in a Country may be
found in its National Annex. The recommended value is
8 mm.
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(2) Îñíîâíà àðìàòóðà êðóãëèõ ôóíäàìåíò³â
ìîæå áóòè îðòîãîíàëüíîþ ³ çîñåðåäæóâàòèñü ó

ñåðåäèí³ ôóíäàìåíòó íà øèðèí³ 50% � 10%
ä³àìåòðà ôóíäàìåíòó (ðèñóíîê 9.12). Ó öüîìó
âèïàäêó íåàðìîâàíà ÷àñòèíà åëåìåíòà ïîâèí-
íà ðîçãëÿäàòèñü ÿê çâè÷àéíèé áåòîí äëÿ ö³ëåé
ïðîåêòóâàííÿ.

(2) The main reinforcement of circular footings
may be orthogonal and concentrated in the mid-

dle of the footing for a width of 50% � 10% of the
diameter of the footing, see Figure 9.12. In this
case the unreinforced parts of the element should
be considered as plain concrete for design pur-
poses.

(3) ßêùî íàâàíòàæåííÿ âèêëèêàþòü ðîçòÿã ó
âåðõí³é ãðàí³ ôóíäàìåíòó, òî íåîáõ³äíî ïåðå-
â³ðèòè ðåçóëüòóþ÷³ íàïðóæåííÿ ðîçòÿãó òà ïå-
ðåäáà÷èòè íåîáõ³äíå àðìóâàííÿ.

(3) If the action effects cause tension at the upper
surface of the footing, the resulting tensile
stresses should be checked and reinforced as
necessary.

9.8.2.2 Àíêåðóâàííÿ ñòðèæí³â 9.8.2.2 Anchorage of bars

(1) Çóñèëëÿ ðîçòÿãó â àðìàòóð³ âèçíà÷àºòüñÿ ç
óìîâ ð³âíîâàãè ç óðàõóâàííÿì ïîõèëèõ òð³-
ùèí (ðèñóíîê 9.13). Çóñèëëÿ ðîçòÿãó Fs íà â³ä-
ñòàí³ õ ïîâèííî çààíêåðîâóâàòèñü ó áåòîí³ â
ìåæàõ òàêî¿ æ â³äñòàí³ õ â³ä ãðàí³ ôóíäàìåíòó.

(1) The tensile force in the reinforcement is deter-
mined from equilibrium conditions, taking into acco-
unt the effect of inclined cracks, see Figure 9.13. The
tensile force Fs at a location x should be anchored
in the concrete within the same distance x from
the edge of the footing.

(2) Ñèëà ðîçòÿãó, ÿêà ïîâèííà çààíêåðîâóâà-
òèñü, âèçíà÷àºòüñÿ çà âèðàçîì:

(2) The tensile force to be anchored is given by:

F R z zs e i� � / , (9.13)

äå: where:

R – ðåçóëüòóþ÷à òèñêó ´ðóíòó â ìåæàõ â³äñòàí³ õ; R is the resultant of ground pressure within dis-
tance õ;

ze – çîâí³øíº ïëå÷å ïàðè, òîáòî â³äñòàíü ì³æ R

³ âåðòèêàëüíîþ ñèëîþ NEd;
ze is the external lever arm, i.e. distance between
R and the vertical force NEd;

NEd – âåðòèêàëüíà ñèëà, ùî â³äïîâ³äàº çàãàëü-
íîìó òèñêó ´ðóíòó ì³æ ïåðåð³çàìè À ³ Â;

NEd is the vertical force corresponding to total
ground pressure between sections A and B;

zi – ïëå÷å âíóòð³øíüî¿ ïàðè, òîáòî â³äñòàíü ì³æ
àðìàòóðîþ ³ ãîðèçîíòàëüíèì çóñèëëÿì Fñ;

zi is the internal lever arm, i.e. distance between
the reinforcement and the horizontal force Fc;
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Fñ – çóñèëëÿ ñòèñêó, ùî â³äïîâ³äàº ìàêñèìàëü-
íîìó çóñèëëþ ðîçòÿãó Fs,max.

Fñ is the compressive force corresponding to
maximum tensile force Fs,max.

(3) Ïëå÷³ ïàð ze ³ zi ìîæóòü âèçíà÷àòèñü â³äíîñ-
íî íåîáõ³äíèõ ñòèñíóòèõ çîí äëÿ NEd ³ Fñ â³äïî-
â³äíî. Äëÿ ñïðîùåííÿ ze ìîæíà âèçíà÷àòè çà
óìîâè å = 0,15b (ðèñóíîê 9.13), à zi ìîæíà ïðèé-
ìàòè 0,9d.

(3) Lever arms ze and zi may be determined with
regard to the necessary compression zones for
NEd and Fc respectively. As simplifications, ze

may be determined assuming e = 0,15b, see Fi-
gure 9.13 and zi may be taken as 0,9d.

(4) Ìîæëèâà çîíà çààíêåðóâàííÿ äëÿ ïðÿìèõ
ñòðèæí³â íà ðèñóíêó 9.13 ïîçíà÷åíà ÿê lb. ßêùî
öÿ äîâæèíà íåäîñòàòíÿ äëÿ çààíêåðóâàííÿ Fs,
ñòðèæí³ ìîæóòü çàãèíàòèñü äëÿ çá³ëüøåííÿ
äîâæèíè àáî çàáåçïå÷óâàòèñü àíêåðíèìè ïðè-
ñòðîÿìè íà ê³íöÿõ.

(4) The available anchorage length for straight
bars is denoted lb in Figure 9.13. If this length is
not sufficient to anchor Fs, bars may either be
bent up to increase the available length or be
provided with end anchorage devices.

(5) Äëÿ ïðÿìèõ ñòðèæí³â áåç àíêåðóâàííÿ íà
ê³íöÿõ ì³í³ìàëüíå çíà÷åííÿ õ º íàéá³ëüø êðè-
òè÷íèì. Äëÿ ñïðîùåííÿ ìîæíà ïðèéìàòè
õmin = h/2. Äëÿ ³íøèõ òèï³â çààíêåðóâàííÿ âèùå
çíà÷åííÿ õ ìîæå áóòè á³ëüø êðèòè÷íèì.

(5) For straight bars without end anchorage the
minimum value of x is the most critical. As a
simplification õmin = h/2 may be assumed. For
other types of anchorage, higher values of x may
be more critical.

9.8.3 Ðîçïîä³ëüí³ ôóíäàìåíòí³ áàëêè 9.8.3 Tie beams

(1) Ðîçïîä³ëüí³ áàëêè ìîæóòü çàñòîñîâóâàòèñü
äëÿ çàïîá³ãàííÿ íàâàíòàæåííþ ôóíäàìåíò³â ç
åêñöåíòðèñèòåòîì. Áàëêè íåîáõ³äíî ðîçðàõî-
âóâàòè íà ñïðèéíÿòòÿ ðåçóëüòóþ÷èõ çãèíàëü-
íèõ ìîìåíò³â ³ ïîïåðå÷íèõ ñèë. Íåîáõ³äíî
äîòðèìóâàòèñü ì³í³ìàëüíî äîïóñòèìîãî ä³à-

ìåòðà ñòðèæíÿ �min äëÿ àðìàòóðè, ÿêà ñïðèé-
ìàº çãèíàëüí³ ìîìåíòè.

(1) Tie beams may be used to eliminate the
eccentricity of loading of the foundations. The
beams should be designed to resist the resulting
bending moments and shear forces. A minimum

bar diameter �min for the reinforcement resisting
bending moments should be provided.

Ïðèì³òêà. Âåëè÷èíà �min äëÿ êîíêðåòíî¿ êðà¿íè ìî-
æå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðå-
êîìåíäóºòüñÿ âåëè÷èíà 8 ìì.

Note: The value of �min for use in a Country may be
found in its National Annex. The recommended value is
8 mm.
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Ðèñóíîê 9.13 – Ìîäåëü ñèëè ðîçòÿãó ç óðàõóâàííÿì ïîõèëèõ òð³ùèí

Figure 9.13 – Model for tensile force with regard to inclined cracks
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(2) Ðîçïîä³ëüí³ áàëêè òàêîæ ïîâèíí³ ðîçðàõî-
âóâàòèñü íà ì³í³ìàëüíå íàâàíòàæåííÿ q1, ùî
ä³º âíèç , ÿêùî ä³ÿ îáëàäíàííÿ äëÿ óù³ëüíåííÿ
ìîæå âïëèâàòè íà ðîçïîä³ëüí³ áàëêè.

(2) Tie beams should also be designed for a mi-
nimum downward load of q1 if the action of com-
paction machinery can cause effects to the tie
beams.

Ïðèì³òêà. Âåëè÷èíà q1 äëÿ êîíêðåòíî¿ êðà¿íè ìîæå
âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêî-
ìåíäóºòüñÿ âåëè÷èíà 10 êÍ/ì.

Note: The value of q1 for use in a Country may be found
in its National Annex. The recommended value is
10 kN/m.

9.8.4 Ôóíäàìåíòè êîëîí íà ñêåëüíèõ ´ðóíòàõ 9.8.4 Column footing on rock

(1) Ïîòð³áíî çàáåçïå÷óâàòè â³äïîâ³äíå ïîïå-
ðå÷íå àðìóâàííÿ äëÿ ñïðèéíÿòòÿ çóñèëü ðîç-
êîëþâàííÿ ó ôóíäàìåíòàõ, ÿêùî òèñê ´ðóíòó ó
ãðàíè÷íîìó ñòàí³ ïåðåâèùóº q2. Öÿ àðìàòóðà
ìîæå ðîçïîä³ëÿòèñü ð³âíîì³ðíî ó íàïðÿìêó çó-
ñèëëÿ ðîçêîëþâàííÿ íà âèñîòó h (ðèñóíîê 9.14).
Íåîáõ³äíî äîòðèìóâàòèñü ì³í³ìàëüíîãî ä³à-

ìåòðà ñòðèæíÿ �min.

(1) Adequate transverse reinforcement should be
provided to resist the splitting forces in the footing,
when the ground pressure in the ultimate states
exceeds q2. This reinforcement may be distribu-
ted uniformly in the direction of the splitting force
over the height h (see Figure 9.14). A minimum

bar diameter, �min, should be provided.

Ïðèì³òêà. Âåëè÷èíè q2 ³ �min äëÿ êîíêðåòíî¿ êðà¿íè
ìîæóòü âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.

Ðåêîìåíäóþòüñÿ âåëè÷èíè: q2 = 5 ÌÏà, à �min – 8 ìì.

Note: The values of q2 and of �min for use in a Country
may be found in its National Annex. The recommended

values of q2 is 5 MPa and of �min is 8 mm.

(2) Çóñèëëÿ ðîçêîëþâàííÿ Fs ìîæíà âèçíà÷àòè
çà íàâåäåíîþ ôîðìóëîþ (ðèñóíîê 9.14):

(2) The splitting force, Fs, may be calculated as
follows (see Figure 9.14) :

� 	F c h Ns Ed� 
0 25 1, / , (9.14)

äå h – ìåíøà ç âåëè÷èí b ³ H. where h is the lesser of b and H.
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a – ôóíäàìåíò ç h � H

footing with h � H

b – ðîçð³ç
section

c – ôóíäàìåíò ç h < H

footing with h < H

Ðèñóíîê 9.14 – Àðìàòóðà äëÿ çóñèëëÿ ðîçêîëþâàííÿ äëÿ ôóíäàìåíò³â íà ñêåëüíèõ ´ðóíòàõ

Figure 9.14 – Splitting reinforcement in footing on rock
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9.8.5 Áóðîíàáèâí³ ïàë³ 9.8.5 Bored piles

(1) Íèæ÷åíàâåäåí³ ïîëîæåííÿ â³äíîñÿòüñÿ äî
àðìîâàíèõ áóðîíàáèâíèõ ïàëü. Äëÿ íåàðìîâà-
íèõ áóðîíàáèâíèõ ïàëü äèâ ðîçä³ë 12.

(1) The following clauses apply for reinforced
bored piles. For unreinforced bored piles see Sec-
tion 12.

(2) Äëÿ çàáåçïå÷åííÿ â³ëüíîãî çàïîâíåííÿ áå-
òîíîì ïðîñòîðó íàâêîëî àðìàòóðè, â ïåðøó
÷åðãó, âàæëèâî, ùîá àðìàòóðà, àðìàòóðí³ ñ³òêè
òà áóäü-ÿê³ çàêëàäí³ âèðîáè êîíñòðóþâàëèñü
òàê, ùîá íå ñòâîðþâàëèñü ïåðåøêîäè äëÿ
ïðîò³êàííÿ áåòîíó.

(2) In order to allow the free flow of concrete aro-
und the reinforcement it is of primary importance
that reinforcement, reinforcement cages and any
attached inserts are detailed such that the flow of
concrete is not adversely affected.

(3) Áóðîíàáèâí³ ïàë³ ä³àìåòðîì, ùî íå ïåðåâè-
ùóº h1, ïîâèíí³ çàáåçïå÷óâàòèñü ì³í³ìàëüíîþ
ïîçäîâæíüîþ àðìàòóðîþ ïëîùåþ Às,bpmin.

(3) Bored piles with diameters not exceeding h1

should be provided with a minimum longitudinal
reinforcement area Às,bpmin.

Ïðèì³òêà. Âåëè÷èíè h1 ³ Às,bpmin äëÿ êîíêðåòíî¿ êðà¿-
íè ìîæóòü âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äî-
äàòêó. Ðåêîìåíäóþòüñÿ âåëè÷èíè: h1 = 600 ìì, à
Às,bpmin íàâåäåíî ó òàáëèö³ 9.6N. Öÿ àðìàòóðà ïî-
âèííà ðîçïîä³ëÿòèñü âäîâæ ïåðèìåòðà ïåðåð³çó.

Note: The values of h1 and Às,bpmin for use in a Country
may be found in its National Annex. The recommended
value of h1 is 600 mm and of Às,bpmin is given in Table
9.6N. This reinforcement should be distributed along
the periphery of the section.

Òàáëèöÿ 9.6N – Ðåêîìåíäîâàíà ì³í³ìàëüíà ïëîùà ïîçäîâæíüî¿ àðìàòóðè ó ìîíîë³òíèõ
áóðîíàáèâíèõ ïàëÿõ

Table 9.6N – Recommended minimum longitu- dinal reinforcement area in cast-in-place bored piles

Ïîïåðå÷íèé ïåðåð³ç ïàë³ Àñ

Pile cross-section Àñ

Ì³í³ìàëüíà ïëîùà ïîçäîâæíüî¿ àðìàòóðè Às,bpmin

Minimal area of longitudinal reinforcement Às,bpmin

Ac � 0 5, ì2 (m2) A As c� �0 005,

0,5 ì2 (m2) < Àñ � 1,0 ì2 (m2) As � 0 25, ñì2 (ñm2)

Àñ > 1,0 ì2/ (m2) A As c� �0 0025,

Ì³í³ìàëüíèé ä³àìåòð ïîçäîâæí³õ ñòðèæí³â ïîâè-
íåí ñòàíîâèòè íå ìåíøå í³æ 16 ìì. Ïàë³ ïî-
âèíí³ ìàòè ùîíàéìåíøå 6 ïîçäîâæí³õ ñòðèæí³â.
Â³äñòàíü ó ÷èñòîò³ ì³æ ñòðèæíÿìè íå ïîâèííà
ïåðåâèùóâàòè 200 ìì âäîâæ ïåðèìåòðà ïàë³.

The minimum diameter for the longitudinal bars
should not be less than 16 mm. Piles should have
at least 6 longitudinal bars. The clear distance
between bars should not exceed 200 mm measu-
red along the periphery of the pile.

(4) Êîíñòðóþâàííÿ ïîçäîâæíüî¿ ³ ïîïåðå÷íî¿
àðìàòóðè ó áóðîíàáèâíèõ ïàëÿõ äèâ. EN 1536.

(4) For the detailing of longitudinal and transverse
reinforcement in bored piles, see EN 1536.

9.9 Çîíè íåïîñò³éíîñò³ ó ãåîìåòð³¿ àáî
âïëèâàõ

9.9 Regions with discontinuity in geometry
or action

(1) D-çîíè, çàçâè÷àé, ïîâèíí³ ðîçðàõîâóâàòèñü
çà óìîâíèìè ìîäåëÿìè ñòèñíóòî-ðîçòÿãíóòèõ
åëåìåíò³â â³äïîâ³äíî äî ðîçä³ëó 6.5 ³ êîíñòðóþ-
âàòèñü çã³äíî ç ïðàâèëàìè, íàâåäåíèìè ó ðîç-
ä³ë³ 8.

(1) D-regions should normally be designed with
strut-and-tie models according to section 6.5 and
detailed according to the rules given in Section 8.

Ïðèì³òêà. Äîäàòêîâà ³íôîðìàö³ÿ ì³ñòèòüñÿ ó äî-
äàòêó J.

Note: Further information is given in Annex J.

(2)Ð Àðìàòóðà, ùî â³äïîâ³äàº ðîçòÿãíóòèì
óìîâíèì åëåìåíòàì, ïîâèííà ïîâí³ñòþ çààí-
êåðîâóâàòèñü íà äîâæèíó lbd çã³äíî ç 8.4.

(2)P The reinforcement, corresponding to the ties,
shall be fully anchored by an anchorage of lbd

according to 8.4.

218

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



9.10 Ñèñòåìè â'ÿçåé 9.10 Tying systems

9.10.1 Çàãàëüí³ ïîëîæåííÿ 9.10.1 General

(1)Ð Êîíñòðóêö³¿, ùî íå ðîçðàõîâóþòüñÿ íà
àâàð³éí³ âïëèâè, ïîâèíí³ ìàòè â³äïîâ³äíó ñèñ-
òåìó â'ÿçåé, ÿêà çàïîá³ãàº ðîçâèòêó ïðîãðåñóþ-
÷îãî ðóéíóâàííÿ ÷åðåç àëüòåðíàòèâíèé ðîçïî-
ä³ë ï³ñëÿ ì³ñöåâîãî ïîøêîäæåííÿ. Ââàæàºòüñÿ,
ùî öÿ âèìîãà çàäîâîëüíÿºòüñÿ äîòðèìàííÿì
ïðîñòèõ íèæ÷åíàâåäåíèõ ïðàâèë.

(1)P Structures which are not designed to with-
stand accidental actions shall have a suitable
tying system, to prevent progressive collapse by
providing alternative load paths after local da-
mage. The following simple rules are deemed to
satisfy this requirement.

(2) Íåîáõ³äíî çàáåçïå÷óâàòè íàñòóïí³ â'ÿç³: (2) The following ties should be provided:

à) êðàéí³ â'ÿç³; a) peripheral ties;

b) ñåðåäí³ â'ÿç³; b) internal ties;

ñ) ãîðèçîíòàëüí³ â'ÿç³ êîëîíè àáî ñò³íè; c) horizontal column or wall ties;

d) çà íåîáõ³äíîñò³ âåðòèêàëüí³ â'ÿç³, îñîáëèâî ó
ïàíåëüíèõ áóä³âëÿõ.

d) where required, vertical ties, particularly in pa-
nel buildings.

(3) ßêùî áóä³âëÿ ðîçä³ëÿºòüñÿ òåìïåðàòóðíè-
ìè øâàìè íà êîíñòðóêòèâíî íåçàëåæí³ áëîêè,
êîæíèé áëîê ïîâèíåí ìàòè íåçàëåæíó ñèñòåìó
â'ÿçåé.

(3) Where a building is divided by expansion joints
into structurally independent sections, each sec-
tion should have an independent tying system.

(4) Ïðè ðîçðàõóíêó â'ÿçåé ìîæíà ââàæàòè, ùî
àðìàòóðà ïðàöþº ïðè ¿¿ õàðàêòåðèñòè÷í³é ì³ö-
íîñò³ ³ çäàòíà ñïðèéìàòè çóñèëëÿ ðîçòÿãó, âèç-
íà÷åí³ ó íàñòóïíèõ ïîëîæåííÿõ.

(4) In the design of the ties the reinforcement may
be assumed to be acting at its characteristic
strength and capable of carrying tensile forces
defined in the following clauses.

(5) Àðìàòóðà, ùî âñòàíîâëþºòüñÿ ç ³íøîþ ìåòîþ
ó êîëîíè, ñò³íè, áàëêè ³ ïåðåêðèòòÿ, ìîæå ââàæà-
òèñü ÷àñòêîâî àáî ïîâí³ñòþ òàêèìè â'ÿçÿìè.

(5) Reinforcement provided for other purposes in
columns, walls, beams and floors may be regar-
ded as providing part of or the whole of these ties.

9.10.2 Ï³äá³ð â'ÿçåé 9.10.2 Proportioning of ties

9.10.2.1 Çàãàëüí³ ïîëîæåííÿ 9.10.2.1 General

(1) Â'ÿç³ ïðèçíà÷àþòüñÿ ÿê ì³í³ìàëüíå, à íå ÿê
äîäàòêîâå àðìóâàííÿ äî íåîáõ³äíîãî çà êîíñò-
ðóêòèâíèì ðîçðàõóíêîì.

(1) Ties are intended as a minimum and not as an
additional reinforcement to that required by struc-
tural analysis.

9.10.2.2 Êðàéí³ â'ÿç³ 9.10.2.2 Peripheral ties

(1) Ó ð³âí³ êîæíîãî ïåðåêðèòòÿ ³ ïîêðèòòÿ íåîá-
õ³äíî çàáåçïå÷óâàòè íàëåæíèì ÷èíîì íåðîç-
ðèâí³ êðàéí³ â'ÿç³ â ìåæàõ 1,2 ì â³ä êðàþ. Â'ÿçü
ìîæå âêëþ÷àòè àðìàòóðó, ùî âèêîðèñòîâóºòü-
ñÿ ÿê ÷àñòèíà âíóòð³øíüî¿ â'ÿç³.

(1) At each floor and roof level an effectively conti-
nuous peripheral tie within 1,2 m from the edge
should be provided. The tie may include reinforce-
ment used as part of the internal tie.

(2) Êðàéíÿ â'ÿçü ïîâèííà áóòè çäàòíîþ ñïðèé-
ìàòè çóñèëëÿ ðîçòÿãó:

(2) The peripheral tie should be capable of resis-
ting a tensile force:

F q qtie per i, � � �l 1 2 , (9.15)

äå: where:

Ftie,per – çóñèëëÿ ó â'ÿç³ (ðîçòÿã); Ftie,per tie force (here: tension);

li – äîâæèíà êðàéíüîãî ïðîëüîòó. li length of the end-span.

Ïðèì³òêà. Âåëè÷èíè q1 ³ q2 äëÿ êîíêðåòíî¿ êðà¿íè ìî-
æóòü âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðå-
êîìåíäóþòüñÿ âåëè÷èíè: q1 = 10 êÍ/ì, à q2 = 70 êÍ.

Note: Values of q1 and q2 for use in a Country may be
found in its National Annex. The recommended value
of q1 is 10 kN/m and of q2 is 70 kN.
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(3) Ñïîðóäè ç âíóòð³øí³ìè êðàÿìè (íàïðèêëàä,
àòð³óìè, âíóòð³øí³ äâîðè òîùî) ïîâèíí³ çàáåç-
ïå÷óâàòèñü êðàéí³ìè â'ÿçÿìè òàêèì æå ñïîñî-
áîì, ÿê ³ çîâí³øí³ êðà¿, ÿê³ ïîâèíí³ ïîâí³ñòþ
çààíêåðîâóâàòèñü.

(3) Structures with internal edges (e.g. atriums,
courtyards, etc.) should have peripheral ties in the
same way as external edges which shall be fully
anchored.

9.10.2.3 Âíóòð³øí³ â'ÿç³ 9.10.2.3 Internal ties

(1) Ö³ â'ÿç³ ïîâèíí³ áóòè ó ð³âí³ êîæíîãî ïåðå-
êðèòòÿ ³ ïîêðèòòÿ ó äâîõ íàïðÿìàõ ïðèáëèçíî
ï³ä ïðÿìèìè êóòàìè. Âîíè ïîâèíí³ áóòè ôàê-
òè÷íî íåðîçðèâíèìè ïî âñ³é ñâî¿é äîâæèí³ òà
çààíêåðîâóâàòèñü äî êðàéí³õ â'ÿçåé íà êîæíî-
ìó ê³íö³, çà âèíÿòêîì ïðîäîâæåííÿ ó ÿêîñò³ ãî-
ðèçîíòàëüíèõ â'ÿçåé äî êîëîí àáî ñò³í.

(1) These ties should be at each floor and roof
level in two directions approximately at right ang-
les. They should be effectively continuous throu-
ghout their length and should be anchored to the
peripheral ties at each end, unless continuing as
horizontal ties to columns or walls.

(2) Âíóòð³øí³ â'ÿç³ ìîæóòü ÷àñòêîâî àáî ïîâí³ñ-
òþ ðîçïîä³ëÿòèñü ð³âíîì³ðíî ó ïëèòàõ àáî ãðó-
ïóâàòèñü ó áàëêàõ, ñò³íàõ àáî ³íøèõ â³äïîâ³ä-
íèõ ì³ñöÿõ. Ó ñò³íàõ âîíè ïîâèíí³ áóòè â ìåæàõ
0,5 ì â³ä âåðõó àáî íèçó ïëèò ïåðåêðèòò³â (ðè-
ñóíîê 9.15).

(2) The internal ties may, in whole or in part, be
spread evenly in the slabs or may be grouped at
or in beams, walls or other appropriate positions.
In walls they should be within 0,5 m from the top or
bottom of floor slabs, see Figure 9.15.

(3) Ó êîæíîìó íàïðÿì³ âíóòð³øí³ â'ÿç³ ïîâèíí³
ñïðèéìàòè ðîçðàõóíêîâó âåëè÷èíó çóñèëëÿ
ðîçòÿãó Ftie,int (êÍ íà ìåòð äîâæèíè).

(3) In each direction, internal ties should be ca-
pable of resisting a design value of tensile force
Ftie,int (in kN per metre width):

Ïðèì³òêà. Âåëè÷èíà Ftie,int äëÿ êîíêðåòíî¿ êðà¿íè
ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.
Ðåêîìåíäóºòüñÿ âåëè÷èíà 20 êÍ/ì.

Note: Values of Ftie,int for use in a Country may be found
in its National Annex. The recommended value is
20 kN/m.

(4) Ó ïåðåêðèòòÿõ áåç ñòÿæîê, äå â'ÿç³ íå ìî-
æóòü ðîçïîä³ëÿòèñü â íàïðÿìêó äîâæèíè ïðî-
ëüîòó, ïîïåðå÷í³ â'ÿç³ ìîæóòü ãðóïóâàòèñü
âäîâæ îñåé áàëîê. Ó öüîìó âèïàäêó ì³í³ìàëüíå
çóñèëëÿ ó íàïðÿì³ âíóòð³øíüî¿ îñ³ áàëêè ñòàíî-
âèòü:

(4) In floors without screeds where ties cannot be
distributed across the span direction, the trans-
verse ties may be grouped along the beam lines.
In this case the minimum force on an internal
beam line is:

� 	F q qtie � � � �l l1 2 3 42/ , (9.16)

äå: where:

l1, l2 – äîâæèíè ïðîëüîò³â, ì, ïëèò ïåðåêðèòòÿ
àáî ñòîðîíè áàëêè (ðèñóíîê 9.15).

l1, l2 – are the span lengths (in m) of the floor slabs
on either side of the beam (see Figure 9.15).

Ïðèì³òêà. Âåëè÷èíè q3 ³ q4 äëÿ êîíêðåòíî¿ êðà¿íè ìî-
æóòü âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðå-
êîìåíäóþòüñÿ âåëè÷èíè: q3 = 20 êÍ/ì, à q4 = 70 êÍ.

Note: Values of q3 and q4 for use in a Country may be
found in its National Annex. The recommended value
of q3 is 20 kN/m and of q4 is 70 kN.

(5) Âíóòð³øí³ â'ÿç³ ïîâèíí³ ç'ºäíóâàòèñü ç êðàé-
í³ìè â'ÿçÿìè òàê, ùîá çàáåçïå÷óâàëàñü ïåðå-
äà÷à çóñèëü.

(5) Internal ties should be connected to peripheral
ties such that the transfer of forces is assured.
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9.10.2.4 Ãîðèçîíòàëüí³ â'ÿç³ äî êîëîí ³/àáî ñò³í 9.10.2.4 Horizontal ties to columns and/or walls

(1) Êðàéí³ êîëîíè ³ ñò³íè ïîâèíí³ ðîçâ'ÿçóâà-
òèñü ãîðèçîíòàëüíî äî ñïîðóäè ó ð³âí³ êîæíîãî
ïåðåêðèòòÿ ³ ïîêðèòòÿ.

(1) Edge columns and walls should be tied hori-
zontally to the structure at each floor and roof
level.

(2) Â'ÿç³ ïîâèíí³ ñïðèéìàòè çóñèëëÿ ðîçòÿãó
ftie,fac íà ìåòð ôàñàäó. Äëÿ êîëîí äîñòàòíº çó-
ñèëëÿ äî Ftie,col.

(2) The ties should be capable of resisting a
tensile force ftie,fac per metre of the facade. For
columns the force need not exceed Ftie,col.

Ïðèì³òêà. Âåëè÷èíè ftie,fac ³ Ftie,col äëÿ êîíêðåòíî¿
êðà¿íè ìîæóòü âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó
äîäàòêó. Ðåêîìåíäóþòüñÿ âåëè÷èíè: ftie,fac = 20 êÍ/ì,
à Ftie,col = 150 êÍ.

Note: Values of ftie,fac and Ftie,col for use in a Country
may be found in its National Annex. The recommended
value of ftie,fac is 20 kN/m and of Ftie,col is 150 kN.

(3) Êóòîâ³ êîëîíè ïîâèíí³ ðîçâ'ÿçóâàòèñü ó äâîõ
íàïðÿìàõ. Ó öüîìó âèïàäêó àðìàòóðà, ùî çà-
áåçïå÷óºòüñÿ äëÿ êðàéí³õ â'ÿçåé, ìîæå âèêî-
ðèñòîâóâàòèñü ÿê ãîðèçîíòàëüíà â'ÿçü.

(3) Corner columns should be tied in two direc-
tions. Steel provided for the peripheral tie may be
used as the horizontal tie in this case.

9.10.2.5 Âåðòèêàëüí³ â'ÿç³ 9.10.2.5 Vertical ties

(1) Ó ïàíåëüíèõ áóä³âëÿõ âèñîòîþ 5 ³ á³ëüøå
ïîâåðõ³â íåîáõ³äíî çàáåçïå÷óâàòè âåðòèêàëüí³
â'ÿç³ ó êîëîíàõ ³/àáî ñò³íàõ äëÿ îáìåæåííÿ ïî-
øêîäæåíü ïåðåêðèòòÿ ó ðàç³ àâàð³éíîãî ðóéíó-
âàííÿ ðîçòàøîâàíî¿ íèæ÷å êîëîíè àáî ñò³íè.
Ö³ â'ÿç³ ïîâèíí³ ôîðìóâàòè ÷àñòèíó ïðîëüîòíî¿
ñèñòåìè äëÿ ïåðåêðèâàííÿ óøêîäæåíî¿ çîíè.

(1) In panel buildings of 5 storeys or more, vertical
ties should be provided in columns and/or walls to
limit the damage of collapse of a floor in the case
of accidental loss of the column or wall below.
These ties should form part of a bridging system
to span over the damaged area.

(2) Çàçâè÷àé, íåðîçðèâí³ âåðòèêàëüí³ â'ÿç³ ïî-
âèíí³ çàáåçïå÷óâàòèñü â³ä íàéíèæ÷îãî äî íàé-
âèùîãî ð³âíÿ, áóòè çäàòíèìè ñïðèéìàòè
íàâàíòàæåííÿ â³ä ïðîåêòíî¿ àâàð³¿ íà ïåðå-
êðèòòÿ íàä çðóéíîâàíîþ êîëîíîþ/ñò³íîþ. ²íø³

(2) Normally, continuous vertical ties should be
provided from the lowest to the highest level,
capable of carrying the load in the accidental
design situation, acting on the floor above the
column/wall accidentally lost. Other solutions e.g.
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ð³øåííÿ, íàïðèêëàä, íà îñíîâ³ ðîáîòè ä³àôðàã-
ìè ³ç óö³ë³ëèõ ñò³í ³/àáî äèñê³â ïåðåêðèòò³â, ìî-
æóòü çàñòîñîâóâàòèñü, ÿêùî ìîæíà ï³äòâåð-
äèòè ñòàòè÷íó ð³âíîâàãó ³ â³äïîâ³äíó äåôîðìà-
òèâí³ñòü.

based on the diaphragm action of remaining wall
elements and/or on membrane action in floors,
may be used if equilibrium and sufficient deforma-
tion capacity can be verified.

(3) ßêùî êîëîíà àáî ñò³íà îáïèðàºòüñÿ íà
ñâî¿é íàéíèæ÷³é â³äì³òö³ íà åëåìåíò, â³äì³ííèé
â³ä ôóíäàìåíòó (íàïðèêëàä, áàëêó àáî ïëèòó),
àâàð³éíó âòðàòó öüîãî åëåìåíòà íåîáõ³äíî
âðàõîâóâàòè ïðè ðîçðàõóíêó ³ çàáåçïå÷óâàòè
ïðèéíÿòíèé àëüòåðíàòèâíèé ðîçïîä³ë íàâàí-
òàæåííÿ.

(3) Where a column or wall is supported at its
lowest level by an element other than a founda-
tion (e.g. beam or flat slab) accidental loss of this
element should be considered in the design and a
suitable alternative load path should be provided.

9.10.3 Íåðîçðèâí³ñòü ³ çààíêåðóâàííÿ â'ÿçåé 9.10.3 Continuity and anchorage of ties

(1)Ð Â'ÿç³ ó äâîõ ãîðèçîíòàëüíèõ íàïðÿìêàõ ïî-
âèíí³ áóòè íàëåæíèì ÷èíîì íåðîçðèâí³ òà çà-
àíêåðîâàí³ âäîâæ ïåðèìåòðà ñïîðóäè.

(1)P Ties in two horizontal directions shall be
effectively continuous and anchored at the peri-
meter of the structure.

(2) Â'ÿç³ ìîæóòü ïîâí³ñòþ çàáåçïå÷óâàòèñü ó
ìîíîë³òíîìó áåòîí³ àáî ç'ºäíàííÿìè çá³ðíèõ
åëåìåíò³â. ßêùî â'ÿç³ ðîçðèâàþòüñÿ ó îäí³é
ïëîùèí³, òî íåîáõ³äíî âðàõîâóâàòè âïëèâè
çãèí³â, ùî âèíèêàþòü âíàñë³äîê åêñöåíòðèñè-
òåò³â.

(2) Ties may be provided wholly within the insitu
concrete topping or at connections of precast
members. Where ties are not continuous in one
plane, the bending effects resulting from the
eccentricities should be considered.

(3) Â'ÿç³, çàçâè÷àé, íå ïîâèíí³ ç'ºäíóâàòèñü íà-
ïóñêîì ó âóçüêèõ øâàõ ì³æ çá³ðíèìè åëåìåíòà-
ìè. Ó òàêèõ âèïàäêàõ íåîáõ³äíî çàñòîñîâóâàòè
ìåõàí³÷í³ àíêåðè.

(3) Ties should not normally be lapped in narrow
joints between precast units. Mechanical ancho-
rage should be used in these cases.

10 ÄÎÄÀÒÊÎÂ² ÏÐÀÂÈËÀ ÄËß ÇÁ²ÐÍÈÕ
ÇÀË²ÇÎÁÅÒÎÍÍÈÕ ÅËÅÌÅÍÒ²Â ²
ÊÎÍÑÒÐÓÊÖ²É

10 ADDITIONAL RULES FOR PRECAST
CONCRETE ELEMENTS AND
STRUCTURES

10.1 Çàãàëüí³ ïîëîæåííÿ 10.1 General

(1)Ð Ïðàâèëà öüîãî ðîçä³ëó çàñòîñîâóþòüñÿ äî
áóä³âåëü, ÷àñòêîâî àáî ïîâí³ñòþ âèêîíàíèõ ³ç
çá³ðíèõ åëåìåíò³â, ³ º äîäàòêîâèìè äî ïðàâèë ó
³íøèõ ðîçä³ëàõ. Äîäàòêîâ³ ïèòàííÿ, ïîâ'ÿçàí³ ç
êîíñòðóþâàííÿì, âèãîòîâëåííÿì ³ ìîíòàæåì,
ðîçãëÿäàþòüñÿ îêðåìèìè ñòàíäàðòàìè íà âè-
ðîáè.

(1)P The rules in this section apply to buildings
made partly or entirely of precast concrete ele-
ments, and are supplementary to the rules in
other sections. Additional matters related to detai-
ling, production and assembly are covered by
specific product standards.

Ïðèì³òêà. Çàãîëîâêè íóìåðóþòüñÿ öèôðîþ 10, çà
ÿêîþ éäóþòü â³äïîâ³äí³ íîìåðè îñíîâíîãî ðîçä³ëó.
Çàãîëîâêè íèæ÷îãî ð³âíÿ íóìåðóþòüñÿ ïîñë³äîâíî,
áåç âçàºìîçâ'ÿçêó ç ï³äçàãîëîâêàìè ïîïåðåäí³õ ðîç-
ä³ë³â.

Note: Headings are numbered 10 followed by the num-
ber of the corresponding main section. Headings of lo-
wer level are numbered consecutively, without con-
nection to sub-headings in previous sections.

10.1.1 Ñïåö³àëüí³ òåðì³íè, âèêîðèñòàí³ ó

ðîçä³ë³

10.1.1 Special terms used in this section

Çá³ðíèé åëåìåíò: åëåìåíò, âèãîòîâëåíèé íà
çàâîä³ àáî ³íøîìó çàõèùåíîìó â³ä íåñïðèÿò-
ëèâèõ ïîãîäíèõ óìîâ ì³ñö³, çà ìåæàìè ñïî-
ðóäè.

Precast element: element manufactured in a fac-
tory or a place other than the final position in the
structure, protected from adverse weather condi-
tions.
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Çá³ðíèé âèð³á: çá³ðíèé åëåìåíò, âèãîòîâëå-
íèé çã³äíî ç êîíêðåòíèì ñòàíäàðòîì ÑÅN.

Precast product: precast element manufactured
in compliance with a specific CEN standard.

Êîìïëåêñíèé åëåìåíò: åëåìåíò, ùî âêëþ-
÷àº ìîíîë³òíèé ³ çá³ðíèé áåòîí ç àðìàòóðíèìè
ç'ºäíàííÿìè àáî áåç íèõ.

Composite element: element comprising in-situ
and precast concrete with or without reinforce-
ment connectors

Ðåáðèñò³ òà çàïîâíåí³ ³ç áëîê³â ïåðåêðèò-

òÿ: ñêëàäàþòüñÿ ³ç çá³ðíèõ ðåáåð (àáî áàëîê)
³ç çàïîâíåííÿì ì³æ íèìè, âèêîíàíèì ³ç áëîê³â,
ïîðîæíèñòèõ êåðàì³÷íèõ áëîê³â àáî ³íøèõ ïîñ-
ò³éíèõ ôîðì ç îçäîáëåííÿì íà ìàéäàí÷èêó àáî
áåç íüîãî.

Rib and block floor: consists of precast ribs (or
beams) with an infill between them, made of
blocks, hollow clay pots or other forms of perma-
nent shuttering, with or without an in-situ topping.

Ä³àôðàãìè: ïëîñê³ åëåìåíòè, ùî ñïðèéìàþòü
çóñèëëÿ ó ñâî¿é ïëîùèí³; ìîæóòü ñêëàäàòèñü ³ç
äåê³ëüêîõ ç'ºäíàíèõ ì³æ ñîáîþ çá³ðíèõ åëå-
ìåíò³â.

Diaphragm: plane member which is subjected to
in-plane forces; may consist of several precast
units connected together.

Â'ÿçåâèé åëåìåíò: ó êîíòåêñò³ çá³ðíèõ êîíñò-
ðóêö³é öå ðîçòÿãíóò³ åëåìåíòè, ùî º ôàêòè÷íî
íåðîçð³çíèìè ³ âñòàíîâëåíèìè íà ïåðåêðèòòÿ,
ñò³íó àáî êîëîíó.

Tie: in the context of precast structures, a ties is a
tensile member, effectively continuous, placed in
a floor, wall or column.

²çîëüîâàíèé çá³ðíèé åëåìåíò: åëåìåíò, íà
ÿêèé ó âèïàäêó ðóéíóâàííÿ íå ïåðåäàºòüñÿ íà-
âàíòàæåííÿ æîäíèì âòîðèííèì ñïîñîáîì.

Isolated precast member: member for which, in
case of failure, no secondary means of load
transfer is available.

Ïåðåõ³äíèé ñòàí: äëÿ çá³ðíèõ êîíñòðóêö³é
âêëþ÷àº

Transient situation in precast concrete const-
ruction includes

– âèéìàííÿ ³ç ôîðìè, – demoulding,
– òðàíñïîðòóâàííÿ íà ñêëàä, – transport to the storage yard,
– ñêëàäóâàííÿ (îáïèðàííÿ ³ óìîâè íàâàíòà-

æåííÿ),
– storage (support and load conditions),

– òðàíñïîðòóâàííÿ íà áóäìàéäàí÷èê, – transport to site,
– ðîçâàíòàæåííÿ (ï³äéîì), – erection (hoisting),
– áóä³âíèöòâî (ìîíòàæ). – construction (assembly).

10.2 Îñíîâè ðîçðàõóíêó, îñíîâí³ âèìîãè 10.2 Basis of design, fundamental requirements

(1)Ð Ïðè ðîçðàõóíêó ³ êîíñòðóþâàíí³ çá³ðíèõ
çàë³çîáåòîííèõ åëåìåíò³â íàëåæèòü îêðåìî
ðîçãëÿäàòè íàñòóïí³ ïèòàííÿ:

(1)P In design and detailing of precast concrete
elements and structures, the following shall be
considered specifically:

– ïåðåõ³äí³ ñòàíè (äèâ. 10.1.1); – transient situations (see 10.1.1);
– îáïèðàííÿ; òèì÷àñîâå ³ ïîñò³éíå; – bearings; temporary and permanent;
– â'ÿç³ ³ ç'ºäíàííÿ ì³æ åëåìåíòàìè. – connections and joints between elements.

(2) Ó â³äïîâ³äíèõ âèïàäêàõ íåîáõ³äíî âðàõîâó-
âàòè äèíàì³÷í³ âïëèâè ó ïåðåõ³äíèõ ñòàíàõ. Çà
â³äñóòíîñò³ òî÷íîãî ðîçðàõóíêó ñòàòè÷í³ âïëè-
âè ìîæíà çá³ëüøèòè ³ç çàñòîñóâàííÿì â³äïî-
â³äíîãî êîåô³ö³ºíòà (äèâ. òàêîæ ñòàíäàðòè íà
âèðîáè äëÿ îêðåìèõ òèï³â çá³ðíèõ âèðîá³â).

(2) Where relevant, dynamic effects in transient
situations should be taken into account. In the
absence of an accurate analysis, static effects
may be multiplied by an appropriate factor (see
also product standards for specific types of pre-
cast products).

(3) Äëÿ çàáåçïå÷åííÿ ìîæëèâîñò³ ëåãêîãî ìîí-
òàæó, ïåðåâ³ðêè ³ çàì³íè ó íåîáõ³äíèõ âèïàäêàõ
ïîòð³áíî êîíñòðóþâàòè ìåõàí³÷í³ ïðèñòðî¿.

(3) Where required, mechanical devices should
be detailed in order to allow ease of assembly,
inspection and replacement.

223

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



10.3 Ìàòåð³àëè 10.3 Materials

10.3.1 Áåòîí 10.3.1 Concrete

10.3.1.1 Ì³öí³ñòü 10.3.1.1 Strength

(1) Äëÿ çá³ðíèõ âèðîá³â ïðè áåçïåðåðâíîìó
ïðîöåñ³ âèðîáíèöòâà, çä³éñíåíí³ íàëåæíîãî
êîíòðîëþ ÿêîñò³ â³äïîâ³äíî äî òåõí³÷íèõ ñïå-
öèô³êàö³é òà âèïðîáóâàííÿ áåòîíó íà ðîçòÿã ÿê
àëüòåðíàòèâó òàáëèö³ 3.1 ìîæíà çàñòîñîâó-
âàòè ñòàòèñòè÷íèé àíàë³ç ðåçóëüòàò³â âèïðîáó-
âàíü ó ÿêîñò³ áàçè äëÿ îö³íêè ì³öíîñò³ íà ðîçòÿã,
ÿêà âèêîðèñòîâóºòüñÿ ïðè ïåðåâ³ðö³ ãðàíè÷íîãî
ñòàíó çà ïðèäàòí³ñòþ äëÿ åêñïëóàòàö³¿.

(1) For precast products in continuous production,
subjected to an appropriate quality control system
according to the product standards, with the conc-
rete tensile strength tested, a statistical analysis
of test results may be used as a basis for the
evaluation of the tensile strength that is used for
serviceability limit states verifications, as an alter-
native to Table 3.1.

(2) Ìîæíà âèêîðèñòîâóâàòè ïðîì³æí³ êëàñè
ì³öíîñò³ â ðàìêàõ òàáëèö³ 3.1.

(2) Intermediate strength classes within Table 3.1
may be used.

(3) Ó ðàç³ òåïëîâî¿ îáðîáêè çá³ðíèõ çàë³çîáå-
òîííèõ åëåìåíò³â ì³öí³ñòü áåòîíó íà ñòèñê ó
â³ö³ t äî 28 ä³á, fcm(t) ìîæå îö³íþâàòèñü çà âèðà-
çîì (3.4), ó ÿêîìó â³ê áåòîíó t çàì³íþºòüñÿ íà
òåìïåðàòóðó áåòîíó çàäàíîãî â³êó, ùî âèçíà-
÷åíà çà âèðàçîì (Â.10) äîäàòêà Â.

(3) In the case of heat curing of precast concrete
elements, the compressive strength of concrete
at an age t before 28 days, fcm(t), may be estima-
ted from Expression (3.4) in which the concrete
age t is substituted by the temperature adjusted
concrete age obtained by Expression (B.10) of
Annex B.

Ïðèì³òêà. Êîåô³ö³ºíò 
ññ(t) ïîâèíåí îáìåæóâàòèñü
çíà÷åííÿì 1.

Note: The coefficient 
ññ(t) should be limited to 1.

Äëÿ âèçíà÷åííÿ âïëèâó òåïëîâî¿ îáðîáêè ìîæ-
íà âèêîðèñòîâóâàòè âèðàç:

For the effect of heat curing Expression (10.1)
may be used:
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1 (10.1)

äå fcmp – ñåðåäíÿ ì³öí³ñòü íà ñòèñê ï³ñëÿ òåïëî-
âî¿ îáðîáêè (òîáòî ïðè â³äïóñêàíí³ ïîïåðåä-
íüîãî íàïðóæåííÿ), âèçíà÷åíà çà âèïðîáóâàí-
íÿìè çðàçê³â ó ÷àñ tp (tp < t), ÿê³ ï³ääàëèñÿ òàê³é
æå îáðîáö³, ÿê ³ çá³ðí³ åëåìåíòè.

where fcmp is the mean compressive strength
after the heat curing (i.e. at the release of the
prestress), measured by testing of samples at the
time tp (tp < t), that went through the same heat
treatment with the precast elements.

10.3.1.2 Ïîâçó÷³ñòü ³ óñàäêà 10.3.1.2 Creep and shrinkage

(1) Ó ðàç³ òåïëîâî¿ îáðîáêè çá³ðíèõ çàë³çîáå-
òîííèõ åëåìåíò³â äîïóñêàºòüñÿ îö³íþâàòè âå-
ëè÷èíè äåôîðìàö³é ïîâçó÷îñò³ çã³äíî ç ôóíê-
ö³ºþ äîçð³âàííÿ; âèðàç (Â.10) äîäàòêà Â.

(1) In the case of a heat curing of the precast
concrete elements, it is permitted to estimate the
values of creep deformations according to the
maturity function, Expression (B.10) of Annex B.

(2) Äëÿ âèçíà÷åííÿ äåôîðìàö³é ïîâçó÷îñò³ â³ê
áåòîíó ïðè íàâàíòàæåíí³ t0 (ä³á) ó âèðàç³ (Â.5)
ïîòð³áíî çàì³íèòè åêâ³âàëåíòíèì â³êîì áåòîíó,
îòðèìàíèì çà âèðàçàìè (Â.9) ³ (Â.10) äîäàòêà Â.

(2) In order to calculate the creep deformations,
the age of concrete at loading t0 (in days) in Exp-
ression (B.5) should be replaced by the equiva-
lent concrete age obtained by Expressions (B.9)
and (B.10) of Annex B.

(3) Äëÿ çá³ðíèõ åëåìåíò³â, ÿê³ ï³ääàí³ òåïëîâ³é
îáðîáö³, ìîæíà ïðèïóñêàòè, ùî:

(3) In precast elements subjected to heat curing it
may be assumed that:

à) äåôîðìàö³¿ óñàäêè ï³ä ÷àñ òåïëîâî¿ îáðîáêè
º íåçíà÷íèìè, ³

a) the shrinkage strain is not significant during
heat curing and

b) âíóòð³øí³ìè äåôîðìàö³ÿìè óñàäêè ìîæíà
çíåõòóâàòè.

b) autogenous shrinkage strain is negligible.
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10.3.2 Ïîïåðåäíüî íàïðóæåíà àðìàòóðà 10.3.2 Prestressing steel

10.3.2.2 Òåõíîëîã³÷í³ õàðàêòåðèñòèêè ïîïå-

ðåäíüî íàïðóæåíî¿ àðìàòóðè

10.3.2.2 Technological properties of prestressing

steel

(1)Ð Äëÿ åëåìåíò³â ³ç íàïðóæåííÿì íà óïîðè
íåîáõ³äíî âðàõîâóâàòè âïëèâ âòðàò â³ä ðåëàê-
ñàö³¿ çà ï³äâèùåíî¿ òåìïåðàòóðè ï³ä ÷àñ òåïëî-
âî¿ îáðîáêè.

(1)P For pre-tensioned members, the effect on
the relaxation losses of increasing the tempera-
ture while curing the concrete, shall be conside-
red.

Ïðèì³òêà. Ðåëàêñàö³ÿ ïðèñêîðþºòüñÿ ïðè çàñòîñó-
âàíí³ òåïëîâî¿ îáðîáêè, êîëè îäíî÷àñíî ïðîÿâëÿþòü-
ñÿ òåìïåðàòóðí³ äåôîðìàö³¿. Â ðåçóëüòàò³ ñòóï³íü
ðåëàêñàö³¿ çíèæóºòüñÿ ï³ä ê³íåöü ïðîöåñó îáðîáêè.

Note: The relaxation is accelerated during the appli-
cation of a thermal curing when a thermal strain is
introduced at the same time. Finally, the relaxation rate
is reduced at the end of the treatment.

(2) Äî ÷àñó t ï³ñëÿ íàòÿãó â ôóíêö³¿ ÷àñó ðåëàê-
ñàö³¿, íàâåäåí³é ó 3.3.2(7), íåîáõ³äíî äîäàòè
åêâ³âàëåíòíèé ÷àñ teq äëÿ âðàõóâàííÿ âïëèâ³â
òåïëîâî¿ îáðîêè íà âòðàòè ïîïåðåäíüîãî íà-
ïðóæåííÿ âíàñë³äîê ðåëàêñàö³¿ àðìàòóðè. Åêâ³-
âàëåíòíèé ÷àñ ìîæíà âèçíà÷èòè çà âèðàçîì:

(2) An equivalent time teq should be added to the
time after tensioning t in the relaxation time func-
tions, given in 3.3.2(7), to cater for the effects of
the heat treatment on the prestress loss due to
the relaxation Expression (10.2):

� 	t
T

T teq

T

t i
i

n

i
�









�
�1 14

20
20

20

1

, max

max
( )� � , (10.2)

äå: where:

teq – åêâ³âàëåíòíèé ÷àñ, ãîä; teq is the equivalent time (in hours);

T ti( )� – òåìïåðàòóðà, °Ñ, ïðîòÿãîì ³íòåðâàëó

÷àñó �ti;

T ti( )� is the temperature (in °C) during the time

interval �ti;

Tmax – ìàêñèìàëüíà òåìïåðàòóðà °Ñ ïðîòÿãîì
òåïëîâî¿ îáðîáêè.

Tmax is the maximum temperature (in °C) during
the heat treatment.

10.5 Êîíñòðóêòèâíèé ðîçðàõóíîê 10.5 Structural analysis

10.5.1 Çàãàëüí³ ïîëîæåííÿ 10.5.1 General

(1)Ð Ðîçðàõóíîê ïîâèíåí âðàõîâóâàòè: (1)P The analysis shall account for:
– õàðàêòåð ðîáîòè êîíñòðóêòèâíèõ åëåìåíò³â

íà âñ³õ ñòàä³ÿõ áóä³âíèöòâà ç âèêîðèñòàí-
íÿì â³äïîâ³äíî¿ ãåîìåòð³¿ ³ õàðàêòåðèñòèê íà
êîæí³é ñòàä³¿, à òàêîæ ¿õ âçàºìîä³þ ç ³íøèìè
åëåìåíòàìè (íàïðèêëàä, ñï³ëüíà ðîáîòà ³ç
ìîíîë³òíèì áåòîíîì, ³íøèìè çá³ðíèìè åëå-
ìåíòàìè);

– the behaviour of the structural units at all sta-
ges of construction using the appropriate
geometry and properties for 3ach stage, and
their interaction with other elements (e.g. com-
posite action with in-situ concrete, other pre-
cast units);

– îñîáëèâîñò³ ðîáîòè êîíñòðóêòèâíî¿ ñèñòåìè
ï³ä âïëèâîì õàðàêòåðó ðîáîòè ç'ºäíàíü ì³æ
åëåìåíòàìè ïðè îñîáëèâ³é óâàç³ äî ôàêòè÷-
íèõ äåôîðìàö³é ³ ì³öíîñò³ ç'ºäíàíü;

– the behaviour of the structural system influen-
ced by the behaviour of the connections bet-
ween elements, with particular regard to actual
deformations and strength of connections;

– íåâèçíà÷åíîñò³, íà ÿê³ âïëèâàþòü çàêð³ï-
ëåííÿ òà ðîçïîä³ë çóñèëü ì³æ åëåìåíòàìè, ³
ÿê³ âèíèêàþòü âíàñë³äîê íåòî÷íîñòåé ãåî-
ìåòðè÷íèõ ðîçì³ð³â, ìîíòàæó òà îáïèðàíü.

– the uncertainties influencing restraints and
force transmission between elements arising
from deviations in geometry and in the positio-
ning of units and bearings.

(2) Ñïðèÿòëèâ³ âïëèâè ãîðèçîíòàëüíèõ ðåàêö³é,
âèêëèêàíèõ òåðòÿì â³ä âëàñíî¿ âàãè åëåìåíòà
íà îïîðàõ, ìîæóòü âðàõîâóâàòèñü ò³ëüêè ó íå-

ñåéñì³÷íèõ çîíàõ (çàñòîñîâóþ÷è �G,inf) ³ ÿêùî:

(2) Beneficial effects of horizontal restraint cau-
sed by friction due to the weight of any supported
element may only be used in non seismic zones

(using �G,inf) and where:
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– òåðòÿ íå º âèêëþ÷íèì ôàêòîðîì íàä³éíîñò³
äëÿ çàãàëüíî¿ ñò³éêîñò³ êîíñòðóêö³¿;

– the friction is not solely relied upon for overall
stability of the structure;

– êîíñòðóêö³ÿ îïîð âèêëþ÷àº ìîæëèâ³ñòü íà-
êîïè÷åííÿ îäíîñòîðîííüîãî êîâçàííÿ åëå-
ìåíò³â, òàêîãî ÿê íåð³âíîì³ðíèé õàðàêòåð
ðîáîòè ïðè ïîâòîðþâàíèõ ä³ÿõ (íàïðèêëàä,
öèêë³÷íèõ òåìïåðàòóðíèõ âïëèâ³â íà ãðàíÿõ
êîíòàêòó øàðí³ðíî îáïåðòèõ åëåìåíò³â);

– the bearing arrangements preclude the possi-
bility of accumulation of irreversible sliding of
the elements, such as caused by uneven
behaviour under alternate actions (e.g. cyclic
thermal effects on the contact edges of simply
supported elements);

– âèêëþ÷åíà ìîæëèâ³ñòü çíà÷íèõ óäàðíèõ íà-
âàíòàæåíü.

– the possibility of significant impact loading is
eliminated.

(3) Âïëèâè ãîðèçîíòàëüíèõ çðóøåíü íà íåñó÷ó
çäàòí³ñòü êîíñòðóêö³¿ ³ ö³ëüí³ñòü ç'ºäíàíü ïî-
âèíí³ âðàõîâóâàòèñü ïðè ðîçðàõóíêó ç óðàõó-
âàííÿì íåñó÷î¿ çäàòíîñò³ êîíñòðóêö³¿ òà ö³ë³ñ-
íîñò³ ç'ºäíàíü.

(3) The effects of horizontal movements should
be considered in design with respect to the resis-
tance of the structure and the integrity of the
connections.

10.5.2 Âòðàòè ïîïåðåäíüîãî íàïðóæåííÿ 10.5.2 Losses of prestress

(1) Ó âèïàäêó òåïëîâî¿ îáðîáêè çá³ðíèõ çàë³çî-
áåòîííèõ åëåìåíò³â, çìåíøåííÿ íàòÿãó ó àð-
ìàòóð³ òà îáìåæåííÿ ðîçøèðåííÿ áåòîíó â³ä
òåìïåðàòóðè âèíèêàþòü îñîáëèâ³ òåìïåðàòóð-

í³ âòðàòè �P�. Ö³ âòðàòè ìîæíà âèçíà÷àòè çà
âèðàçîì:

(1) In the case of heat curing of precast concrete
elements, the lessening of the tension in the ten-
dons and the restrained dilatation of the concrete
due to the temperature, induce a specific thermal

loss �P�. This loss may be estimated by the Exp-
ression (10.3):

� 	�P A E T TP P c� �� 
0 5 0, max , (10.3)

äå: where:

ÀÐ – ïîïåðå÷íèé ïåðåð³ç íàïðóæåíî¿ àðìàòóðè; ÀÐ is the cross-section of tendons;

ÅÐ – ìîäóëü ïðóæíîñò³ íàïðóæåíî¿ àðìàòóðè; ÅÐ is the elasticity modulus of tendons;

�ñ – êîåô³ö³ºíò ë³í³éíîãî òåìïåðàòóðíîãî ðîç-
øèðåííÿ áåòîíó (äèâ. 3.1.2; 3.1.3(5));

�ñ is the linear coefficient of thermal expansion for
concrete (see 3.1.2; 3.1.3(5));

Òmax – T0 – ð³çíèöÿ ì³æ ìàêñèìàëüíîþ ³ ïî÷àò-
êîâîþ òåìïåðàòóðàìè áåòîíó ïîáëèçó íàïðó-
æåíî¿ àðìàòóðè, °C.

Òmax – T0 is the difference between the maximum
and initial temperature in the concrete near the
tendons, in °C.

Ïðèì³òêà. Áóäü-ÿê³ âòðàòè ïîïåðåäíüîãî íàïðóæåí-

íÿ �P� â³ä âèäîâæåííÿ àðìàòóðè ïðè òåïëîâ³é îá-
ðîáö³ ìîæíà íå âðàõîâóâàòè ó ðàç³ çàñòîñóâàííÿ
ïîïåðåäíüî¿ òåðì³÷íî¿ îáðîáêè àðìàòóðè.

Note: Any loss of prestress, �P� caused by elongation
due to heat curing may be ignored if preheating of the
tendons is applied.

10.9 Îñîáëèâ³ ïðàâèëà äëÿ ðîçðàõóíêó ³
êîíñòðóþâàííÿ

10.9 Particular rules for design and detailing

10.9.1 Ìîìåíòè çàùåìëåííÿ ó ïëèòàõ 10.9.1 Restraining moments in slabs

(1) Ìîìåíòè â³ä çàùåìëåííÿ ìîæóòü ñïðèéìà-
òèñü âåðõíüîþ àðìàòóðîþ, ðîçì³ùåíîþ ó
âåðõí³é ÷àñòèí³ àáî âñòàâëåíîþ ó â³äêðèò³ ïî-
ðîæíèíè åëåìåíò³â. Ó ïåðøîìó âèïàäêó ãîðè-
çîíòàëüíèé çñóâ ó ç'ºäíàíí³ íåîáõ³äíî ïåðå-
â³ðÿòè çã³äíî ç 6.2.5. Ó íàñòóïíîìó âèïàäêó ïå-
ðåäà÷ó çóñèëü ì³æ ìîíîë³òíèì áåòîíîì ³ ïî-
ðîæíèíàìè åëåìåíò³â íåîáõ³äíî ïåðåâ³ðÿòè
â³äïîâ³äíî äî 6.2.5. Äîâæèíà âåðõíüî¿ àðìàòó-
ðè ïîâèííà ïðèéìàòèñü â³äïîâ³äíî äî 9.2.1.3.

(1) Restraining moments may be resisted by top
reinforcement placed in the topping or in plugs in
open cores of hollow core units. In the former
case the horizontal shear in the connection
should be checked according to 6.2.5. In the latter
case the transfer of force between the in situ
concrete plug and the hollow core unit should be
verified according to 6.2.5. The length of the top
reinforcement should be in accordance with
9.2.1.3.
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(2) Âïëèâè íåïåðåäáà÷åíîãî çàùåìëåííÿ øàð-
í³ðíî îáïåðòèõ ïëèò ïîâèíí³ âðàõîâóâàòèñü
ñïåö³àëüíîþ àðìàòóðîþ ³/àáî êîíñòðóþâàííÿì.

(2) Unintended restraining effects at the supports
of simply supported slabs should be considered
by special reinforcement and/or detailing.

10.9.2 Ç'ºäíàííÿ ñò³í ³ ïåðåêðèòò³â 10.9.2 Wall to floor connections

(1) Äëÿ åëåìåíò³â ñò³í, âñòàíîâëåíèõ íà ïëèòè
ïåðåêðèòòÿ, íåîáõ³äíî ïåðåäáà÷àòè àðìóâàí-
íÿ äëÿ ñïðèéíÿòòÿ ìîæëèâèõ åêñöåíòðèñèòåò³â
³ çîñåðåäæåíèõ íàâàíòàæåíü íà ê³íö³ ñò³íè.
Ñòîñîâíî ïëèò ïåðåêðèòòÿ äèâ. 10.9.1(2).

(1) In wall elements installed over floor slabs,
reinforcement should normally be provided for
possible eccentricities and concentrations of the
vertical load at the end of the wall. For floor
elements see 10.9.1 (2).

(2) ßêùî âåðòèêàëüíå íàâàíòàæåííÿ � 0,5h·fcd,
äå h – òîâùèíà ñò³íè (ðèñóíîê 10.1), òî çàáåç-
ïå÷óâàòè îêðåìå àðìóâàííÿ íå âèìàãàºòüñÿ.
Çà óìîâè àðìóâàííÿ çã³äíî ç ðèñóíêîì 10.1 òà

çàáåçïå÷åíí³ ä³àìåòðà � � 6 ìì, à êðîêó íå
á³ëüø í³æ ìåíøå çíà÷åííÿ ³ç h ³ 200 ìì, íà-
âàíòàæåííÿ ìîæíà çá³ëüøóâàòè äî 0,6h·fcd. Äëÿ
âèùèõ ð³âí³â íàâàíòàæåííÿ àðìóâàííÿ ñë³ä âèç-
íà÷àòè çã³äíî ç (1). Îêðåìó ïåðåâ³ðêó íåîáõ³äíî
âèêîíóâàòè äëÿ íèæ÷å ðîçòàøîâàíî¿ ñò³íè.

(2) No specific reinforcement is required provided

the vertical load per unit length is � 0,5h·fcd where
h is the wall thickness, see Figure 10.1. The load
may be increased to 0,6h·fcd with reinforcement
according to Figure 10.1, having diameter

� � 6 mm and spacing s not greater than the lesser
of h and 200 mm. For higher loads, reinforcement
should be designed according to (1). A separate
check should be made for the lower wall.

10.9.3 Ñèñòåìè ïåðåêðèòò³â 10.9.3 Floor systems

(1)Ð Êîíñòðóþâàííÿ ñèñòåì ïåðåêðèòò³â ïî-
âèííî óçãîäæóâàòèñü ç óìîâàìè ó ðîçðàõóíêó
òà ïðîåêòóâàíí³. Ïîâèíí³ âðàõîâóâàòèñü òåõ-
í³÷í³ ñïåöèô³êàö³¿ íà âèðîáè.

(1)P The detailing of floor systems shall be con-
sistent with assumptions in analysis and design.
Relevant product standards shall be considered.

(2)Ð ßêùî âðàõîâóºòüñÿ ðîçïîä³ë ïîïåðå÷íîãî
íàâàíòàæåííÿ ì³æ ïðèëåãëèìè åëåìåíòàìè, òî
íåîáõ³äíî çàáåçïå÷óâàòè â³äïîâ³äíå ïîïåðå÷-
íå àðìóâàííÿ.

(2)P Where transverse load distribution between
adjacent units has been taken into account,
appropriate shear connection shall be provided.

(3)Ð Ìîæëèâèé âïëèâ çàùåìëåíü çá³ðíèõ åëå-
ìåíò³â ïîâèíåí âðàõîâóâàòèñü íàâ³òü ó âèïàä-
êó, êîëè äîïóñêàºòüñÿ øàðí³ðíå îáïèðàííÿ ïðè
ðîçðàõóíêó.

(3)P The effects of possible restraints of precast
units shall be considered, even if simple supports
have been assumed in design.
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(4) Ïåðåäà÷à çóñèëü çñóâó ó ç'ºäíàííÿõ ìîæå
äîñÿãàòèñü ð³çíèìè ñïîñîáàìè. Òðè îñíîâíèõ
òèïè ç'ºäíàíü ïîêàçàíî íà ðèñóíêó 10.2.

(4) Shear transfer in connections may be achie-
ved in different ways. Three main types of con-
nections shown in Figure 10.2.

(5) Ðîçïîä³ë ïîïåðå÷íèõ íàâàíòàæåíü ïîâèíåí
áàçóâàòèñü íà ðîçðàõóíêó àáî âèïðîáóâàííÿõ
ç óðàõóâàííÿì ìîæëèâî¿ ¿õ çì³íè ì³æ çá³ðíèìè
åëåìåíòàìè. Ñóìàðí³ ïîïåðå÷í³ çóñèëëÿ ì³æ
åëåìåíòàìè ïåðåêðèòòÿ ïîâèíí³ âðàõîâóâà-
òèñü ïðè ðîçðàõóíêó ç'ºäíàíü ³ ïðèëåãëèõ ÷àñ-
òèí åëåìåíò³â (íàïðèêëàä, çà ìåæàìè ðåáåð ³
ñò³íîê).

(5) Transverse distribution of loads should be
based on analysis or tests, taking into account
possible load variations between precast ele-
ments. The resulting shear force between floor
units should be considered in the design of
connections and adjacent parts of elements (e.g.
outside ribs or webs).

Äëÿ ïåðåêðèòò³â ç ð³âíîì³ðíî ðîçïîä³ëåíèì íà-
âàíòàæåííÿì, çà â³äñóòíîñò³ á³ëüø òî÷íîãî
ðîçðàõóíêó, öå ïîïåðå÷íå çóñèëëÿ íà îäèíèöþ
äîâæèíè ìîæå ïðèéìàòèñü ÿê:

For floors with uniformly distributed load, and in
the absence of a more accurate analysis, this
shear force per unit length may be taken as:

V q bEd Ed e� � / 3 , (10.4)

äå: where:

qEd – ðîçðàõóíêîâå çíà÷åííÿ çì³ííîãî íàâàí-
òàæåííÿ, êÍ/ì2;

qEd is the design value of variable load (kN/m2);

be – øèðèíà åëåìåíòà. be is the width of the element.

(6) ßêùî ïåðåäáà÷àºòüñÿ, ùî çá³ðí³ ïåðåêðèò-
òÿ óòâîðþþòü æîðñòê³ äèñêè äëÿ ïåðåäà÷³ ãîðè-
çîíòàëüíèõ íàâàíòàæåíü íà ñèñòåìè â'ÿçåé,
íåîáõ³äíî âðàõîâóâàòè íàñòóïíå:

(6) Where precast floors are assumed to act as
diaphragms to transfer horizontal loads to bracing
units, the following should be considered:

– äèñêè ïîâèíí³ áóòè ÷àñòèíîþ ðåàëüíî¿ êîíñò-
ðóêòèâíî¿ ìîäåë³ ç óðàõóâàííÿì ñóì³ñíîñò³
äåôîðìàö³é ³ç ñèñòåìîþ â'ÿçåé;

– the diaphragm should form part of a realistic
structural model, taking into account the defor-
mation compatibility with bracing units;

– äëÿ âñ³õ ÷àñòèí ñïîðóäè, íà ÿê³ ïåðåäàþòü-
ñÿ ãîðèçîíòàëüí³ íàâàíòàæåííÿ, ïîâèíí³
âðàõîâóâàòèñü âïëèâè ãîðèçîíòàëüíèõ äå-
ôîðìàö³é;

– the effects of horizontal deformations should
be taken into account for all parts of the struc-
ture involved in the transfer of horizontal loads;
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à – çàáåòîíîâàí³ àáî
çàïîâíåí³ ðîç÷èíîì
concreted or grouted

b – çâàðþâàí³ àáî íà áîëòàõ
(ÿê ïðèêëàä ïîêàçàíî îäèí
òèï çâàðþâàíîãî ç'ºäíàííÿ)
welded or bolted connections

(this shows one type of welded
connection as an example)

ñ – àðìîâàíîþ íàáåòîíêîþ
(âåðòèêàëüíà àðìàòóðà ìîæå

çíàäîáèòèñü äëÿ ïåðåäà÷³
çñóâó ó ãðàíè÷íîìó ñòàí³ ULS)

reinforced topping
(vertical reinforcement connectors

to topping may be required to
ensure shear transfer at ULS)

Ðèñóíîê 10.2 – Ïðèêëàäè ç'ºäíàíü äëÿ ïåðåäà÷³ çñóâó

Figure 10.2 – Examples of connections for shear transfer
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– äèñêè ïîâèíí³ àðìóâàòèñü äëÿ ñïðèéíÿòòÿ
çóñèëü ðîçòÿãó, ÿê³ ïåðåäáà÷åí³ êîíñòðóê-
òèâíîþ ìîäåëëþ;

– the diaphragm should be reinforced for the
tensile forces assumed in the structural model

– ïðè êîíñòðóþâàíí³ àðìàòóðè ïîâèíí³ âðàõî-
âóâàòèñü êîíöåíòðàö³¿ íàïðóæåíü á³ëÿ ïðî-
ð³ç³â ³ ó ç'ºäíàííÿõ.

– stress concentrations at openings and con-
nections should be taken into account in the
detailing of reinforcement.

(7) Ïîïåðå÷íà àðìàòóðà äëÿ ïåðåäà÷³ çóñèëü
çñóâó ó ç'ºäíàííÿõ äèñê³â ìîæå çîñåðåäæóâà-
òèñü âäîâæ îïîð, ôîðìóþ÷è óìîâí³ ðîçòÿãíóò³
åëåìåíòè, ùî â³äïîâ³äàþòü êîíñòðóêòèâí³é ìî-
äåë³. Öÿ àðìàòóðà ìîæå ðîçòàøîâóâàòèñü ó íà-
áåòîíö³ çà ¿¿ íàÿâíîñò³.

(7) Transverse reinforcement for shear transfer
across connections in the diaphragm may be
concentrated along supports, forming ties consis-
tent with the structural model. This reinforcement
may be placed in the topping, if it exists.

(8) Çá³ðí³ åëåìåíòè ç íàáåòîíêîþ ùîíàéìåí-
øå 40 ìì ìîæóòü ðîçðàõîâóâàòèñü ÿê ñêëàäåí³
åëåìåíòè çà óìîâè, ùî ¿õ âçàºìîä³ÿ ïåðå-
â³ðåíà íà çñóâ çã³äíî ç 6.2.5. Çá³ðí³ åëåìåíòè
íåîáõ³äíî ïåðåâ³ðÿòè íà âñ³õ ñòàä³ÿõ áóä³âíèö-
òâà, äî ³ ï³ñëÿ äîñÿãíåííÿ ñï³ëüíîãî õàðàêòåðó
ðîáîòè.

(8) Precast units with a topping of at least 40 mm
may be designed as composite members, if shear
in the interface is verified according to 6.2.5. The
precast unit should be checked at all stages of
construction, before and after composite action
has become effective.

(9) Ïîïåðå÷íà àðìàòóðà ïðè çãèíàíí³ òà ³íøèõ
âïëèâàõ ìîæå ïîâí³ñòþ ðîçì³ùóâàòèñü ó íàáå-
òîíö³. Êîíñòðóþâàííÿ ïîâèííî â³äïîâ³äàòè ìî-
äåë³ êîíñòðóêö³¿, íàïðèêëàä, ÿêùî çàïðîåêòî-
âàíî îáïèðàííÿ ïî êîíòóðó.

(9) Transverse reinforcement for bending and
other action effects may lie entirely within the
topping. The detailing should be consistent with
the structural model, e.g. if two-way spanning is
assumed.

(10) Ñò³íêè àáî ðåáðà ó â³äîêðåìëåíèõ åëåìåí-
òàõ ïëèò (òîáòî åëåìåíòàõ, ùî íå ïåðåäàþòü
çñóâ ÷åðåç ç'ºäíàííÿ) ïîâèíí³ çàáåçïå÷óâàòèñü
ïîïåðå÷íèì àðìóâàííÿì ÿê áàëêè.

(10) Webs or ribs in isolated slab units (i.e. units
which are not connected for shear transfer)
should be provided with shear reinforcement as
for beams.

(11) Ïåðåêðèòòÿ ³ç çá³ðíèõ áàëîê ³ áëîê³â áåç
íàáåòîíêè ìîæóòü ðîçðàõîâóâàòèñü ÿê ìîíî-
ë³òí³ ïëèòè, ÿêùî ìîíîë³òí³ ïîïåðå÷í³ ðåáðà
çàáåçïå÷åíî áåçïåðåðâíîþ àðìàòóðîþ, ÿêà
ïðîõîäèòü ÷åðåç çá³ðí³ ïîçäîâæí³ ðåáðà ³ç êðî-
êîì sT çã³äíî ç òàáëèöåþ 10.1.

(11) Floors with precast ribs and blocks without
topping may be analysed as solid slabs, if the
insitu transverse ribs are provided with continu-
ous reinforcement through the precast longitu-
dinal ribs and at a spacing sT according to
Table 10.1.

(12) Ñåðåäí³ ïîçäîâæí³ íàïðóæåííÿ çñóâó VRdi,
ùî ä³þòü ó äèñêàõ ïëèò ïåðåêðèòò³â ³ç çàïîâíå-
íèìè áåòîíîì àáî ðîç÷èíîì ç'ºäíàííÿìè, íå-
îáõ³äíî îáìåæóâàòè çíà÷åííÿì 0,1 ÌÏà äëÿ
äóæå ãëàäêèõ ïîâåðõîíü ³ 0,15 ÌÏà – äëÿ ãëàä-
êèõ ³ øîðñòêèõ. Äèâ. 6.2.5 äëÿ âèçíà÷åííÿ õà-
ðàêòåðó ïîâåðõí³.

(12) In diaphragm action between precast slab
elements with concreted or grouted connections,
the average longitudinal shear stress VRdi, should
be limited to 0,1 MPa for very smooth surfaces,
and to 0,15 MPa for smooth and rough surfaces.
See 6.2.5 for definition of surfaces.
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Òàáëèöÿ 10.1– Ìàêñèìàëüíèé êðîê ïîïåðå÷íèõ ðåáåð sT ïðè ðîçðàõóíêó ïåðåêðèòò³â ³ç ðåáðàìè ³

áëîêàìè ÿê ìîíîë³òíèõ; sL äîð³âíþº êðîêó ïîçäîâæí³õ ðåáåð, lL – äîâæèí³ (ïðîë³ò)

ïîçäîâæí³õ ðåáåð, h – òîâùèí³ ðåáðèñòîãî ïåðåêðèòòÿ

Table 10.1 – Maximum spacing of transverse ribs, ST for the analysis of floors with ribs and block

as solid slabs. sL = spacing of longitudinal ribs, lL = length (span) of longitudinal ribs,

h = thickness of ribbed floor

Òèï ïðèêëàäåíîãî íàâàíòàæåííÿ
Type of imposed loading

sL L� l / 8 sL L� l / 8

Êîðèñíå, ñí³ã
Residential, snow

Íå âèìàãàºòüñÿ
Not required

s hT � 12

²íøå
Other

s hT � 10 s hT � 8

10.9.4 Ç'ºäíàííÿ ³ îáïèðàííÿ äëÿ çá³ðíèõ

åëåìåíò³â

10.9.4 Connections and supports for precast

elements

10.9.4.1 Ìàòåð³àëè 10.9.4.1 Materials

(1)Ð Ìàòåð³àëè, ùî âèêîðèñòîâóþòüñÿ äëÿ
ç'ºäíàíü, ïîâèíí³ áóòè:

(1)P Materials used for connections shall be:

– ñòàá³ëüíèìè ³ äîâãîâ³÷íèìè ïðîòÿãîì ïðîåêò-
íîãî ñòðîêó åêñïëóàòàö³¿ êîíñòðóêö³¿;

– stable and durable for the design working life
of the structure;

– õ³ì³÷íî ³ ô³çè÷íî ñóì³ñíèìè; – chemically and physically compatible;
– çàõèùåíèìè â³ä íåñïðèÿòëèâèõ õ³ì³÷íèõ ³

ô³çè÷íèõ âïëèâ³â;
– protected against adverse chemical and phy-

sical influences;
– âîãíåòðèâêèìè, ùîá â³äïîâ³äàòè âîãíåòðèâ-

êîñò³ êîíñòðóêö³¿.
– fire resistant to match the fire resistance of the

structure.

(2)Ð Îïîðí³ ïîäóøêè ïîâèíí³ ìàòè õàðàêòåðèñ-
òèêè ì³öíîñò³ òà äåôîðìàòèâíîñò³ â³äïîâ³äíî
äî ðîçðàõóíêîâèõ ïðèïóùåíü.

(2)P Supporting pads shall have strength and
deformation properties in accordance with the
design assumptions.

(3)Ð Ìåòàëåâ³ êð³ïëåííÿ îáëè÷êóâàííÿ äëÿ âñ³õ
êëàñ³â âïëèâ³â, îêð³ì Õ0 òà ÕÑ1 (òàáëèöÿ 4.1), ³
ÿê³ íå çàõèùåí³ â³ä çîâí³øíüîãî ñåðåäîâèùà,
ïîâèíí³ âèãîòîâëÿòèñü ³ç êîðîç³éíîñò³éêîãî ìà-
òåð³àëó. Çà ìîæëèâîñò³ ïåðåâ³ðîê äîïóñêàºòüñÿ
âèêîðèñòîâóâàòè çàõèñí³ ïîêðèòòÿ.

(3)P Metal fastenings for claddings, other than in
environmental classes X0 and XC1 (Table 4.1)
and not protected against the environment, shall
be of corrosion resistant material. If inspection is
possible, coated material may also be used.

(4)Ð Äî âèêîíàííÿ çâàðþâàííÿ íåîáõ³äíî ïå-
ðåâ³ðèòè äîïóñòèì³ñòü â³äïóñêó àáî õîëîäíîãî
ôîðìóâàííÿ.

(4)P Before undertaking welding, annealing or
cold forming the suitability of the material shall be
verified.

10.9.4.2 Çàãàëüí³ ïðàâèëà ðîçðàõóíêó ³ êîíñò-

ðóþâàííÿ ç'ºäíàíü

10.9.4.2 General rules for design and detailing of

connections

(1)Ð Ç'ºäíàííÿ ïîâèííî ñïðèéìàòè âïëèâè, ÿê³
â³äïîâ³äàþòü ðîçðàõóíêîâèì ïðèïóùåííÿì,
ìàòè íåîáõ³äíó äåôîðìàòèâí³ñòü òà çàáåçïå-
÷óâàòè ñò³éêó ðîáîòó êîíñòðóêö³¿.

(1)P Connections shall be able to resist action
effects consistent with design assumptions, to
accommodate the necessary deformations and
ensure robust behaviour of the structure.

(2)Ð Íåîáõ³äíî çàïîá³ãàòè ñêîëþâàííþ àáî
â³äøàðóâàííþ áåòîíó íà ãðàíÿõ åëåìåíò³â äî
ê³íöåâîãî ìîíòàæó ç óðàõóâàííÿì íàñòóïíèõ
àñïåêò³â:

(2)P Premature splitting or spalling of concrete at
the ends of elements shall be prevented, taking
into account:

– â³äíîñíèõ ïåðåì³ùåíü ì³æ åëåìåíòàìè; – relative movements between elements;
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– â³äõèëåíü; – deviations;
– âèìîã ñòîñîâíî ìîíòàæó; – assembly requirements;
– ïðîñòîòè âèêîíàííÿ; – ease of execution;
– ïðîñòîòè ïåðåâ³ðêè. – ease of inspection.

(3) Ïåðåâ³ðêà íåñó÷î¿ çäàòíîñò³ ³ æîðñòêîñò³
ç'ºäíàíü ìîæå ´ðóíòóâàòèñü íà ðîçðàõóíêó ç
ìîæëèâèì âèïðîáóâàííÿì (äëÿ ïðîåêòóâàííÿ
íà áàç³ âèïðîáóâàíü äèâ. EN 1990, äîäàòîê D).
Íåîáõ³äíî âðàõîâóâàòè íåòî÷íîñò³ âèêîíàííÿ.
Ðîçðàõóíêîâ³ âåëè÷èíè, âèçíà÷åí³ íà îñíîâ³
âèïðîáóâàíü, ïîâèíí³ âêëþ÷àòè íåñïðèÿòëèâ³
â³äõèëåííÿ ôàêòè÷íèõ óìîâ ðîáîòè â³ä óìîâ
âèïðîáóâàíü.

(3) Verification of resistance and stiffness of
connections may be based on analysis, possibly
assisted by testing (for design assisted by testing,
see EN 1990, Annex D). Imperfections should be
taken into account. Design values based on tests
should allow for unfavourable deviations from
testing conditions.

10.9.4.3 Ç'ºäíàííÿ, ùî ïåðåäàþòü çóñèëëÿ

ñòèñêó

10.9.4.3 Connections transmitting compressive

forces

(1) Ó ñòèñíóòèõ ç'ºäíàííÿõ çóñèëëÿìè çñóâó
ìîæíà çíåõòóâàòè, ÿêùî âîíè ñòàíîâëÿòü ìåí-
øå 10% â³ä çóñèëëÿ ñòèñêó.

(1) Shear forces may be ignored in compression
connections if they are less than 10% of the
compressive force.

(2) Äëÿ ç'ºäíàíü íà âèð³âíþâàëüíèõ òà óù³ëü-
íþâàëüíèõ ìàòåð³àëàõ (ðîç÷èí, áåòîí àáî ïî-
ë³ìåðè) íåîáõ³äíî âèêëþ÷àòè ìîæëèâ³ñòü â³ä-
íîñíèõ çðóøåíü ì³æ ïîâåðõíÿìè, ÿê³ ç'ºäíó-
þòüñÿ, ï³ä ÷àñ òâåðä³ííÿ ìàòåð³àëó.

(2) For connections with bedding materials like
mortar, concrete or polymers, relative movement
between the connected surfaces should be pre-
vented during hardening of the material.

(3) Ç'ºäíàííÿ áåç âèð³âíþâàëüíèõ òà óù³ëüíþ-
âàëüíèõ ìàòåð³àë³â (ñóõå ç'ºäíàííÿ) ïîâèííî
âèêîðèñòîâóâàòèñü ò³ëüêè ó âèïàäêàõ, êîëè
ìîæëèâî äîñÿãòè íåîáõ³äíî¿ ÿêîñò³ âèêîíàííÿ.
Ñåðåäí³ íàïðóæåííÿ íà îïîð³ ì³æ ïëîñêèìè ïî-
âåðõíÿìè íå ïîâèíí³ ïåðåâèùóâàòè 0,3 fcd.
Ñóõ³ ç'ºäíàííÿ, ùî âêëþ÷àþòü êðèâ³ (âèïóêë³)
ïîâåðõí³, ïîâèíí³ ðîçðàõîâóâàòèñü ïðè îáîâ'ÿç-
êîâîìó âðàõóâàíí³ ãåîìåòð³¿.

(3) Connections without bedding material (dry
connections) should only be used where an ap-
propriate quality of workmanship can be achie-
ved. The average bearing stress between plane
surfaces should not exceed 0,3 fcd. Dry connec-
tions including curved (convex) surfaces should
be designed with due consideration of the geo-
metry.

(4) Íåîáõ³äíî âðàõîâóâàòè íàïðóæåííÿ ðîçòÿ-
ãó ó ïðèëåãëèõ åëåìåíòàõ. Âîíè ìîæóòü âèíè-
êàòè âíàñë³äîê çîñåðåäæåíîãî ñòèñêó â³äïî-
â³äíî äî ðèñóíêà 10.3à, àáî ðîçøèðåííÿ ì'ÿêî-
ãî âèð³âíþâàëüíîãî ìàòåð³àëó â³äïîâ³äíî äî
ðèñóíêà 10.3b. Àðìàòóðó ó âèïàäêó à) ìîæíà
ðîçðàõóâàòè ³ ðîçì³ñòèòè çã³äíî ç 6.5. Ó âèïàäêó
b) àðìàòóðó íåîáõ³äíî ðîçòàøóâàòè áëèçüêî
äî ïîâåðõîíü ïðèëåãëèõ åëåìåíò³â.

(4) Transverse tensile stresses in adjacent ele-
ments should be considered. They may be due to
concentrated compression according to Figu-
re 10.3a, or to the expansion of soft padding
according to Figure 10.3b. Reinforcement in case
a) may be designed and located according to 6.5.
Reinforcement in case b) should be placed close
to the surfaces of the adjacent elements.

(5) Çà â³äñóòíîñò³ á³ëüø òî÷íèõ ìîäåëåé, àðìà-
òóðó ó âèïàäêó b) ìîæíà âèçíà÷àòè çà âèðàçîì:

(5) In the absence of more accurate models, rein-
forcement in case b) may be calculated in accor-
dance with Expression (10.5):

� 	A t h F fs Ed yd� 0 25, / / , (10.5)

äå: where:

As – ïëîùà àðìàòóðè á³ëÿ êîæíî¿ ïîâåðõí³; As is the reinforcement area in each surface;

t – òîâùèíà âèð³âíþâàëüíîãî øàðó; t is the thickness of padding;
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h – ðîçì³ð âèð³âíþâàëüíîãî øàðó ó íàïðÿì³ àð-
ìàòóðè;

h is the dimension of padding in direction of
reinforcement;

FEd – çóñèëëÿ ñòèñêó ó ç'ºäíàíí³. FEd is the compressive force in connection.

(6) Ìàêñèìàëüíó íåñó÷ó çäàòí³ñòü ñòèñíóòèõ
ç'ºäíàíü ìîæíà âèçíà÷èòè çã³äíî ç 6.7 àáî íà
îñíîâ³ ðîçðàõóíêó, ïåðåâ³ðåíîìó âèïðîáóâàí-
íÿìè (äëÿ ïðîåêòóâàííÿ íà áàç³ âèïðîáóâàíü
äèâ. EN 1990).

(6) The maximum capacity of compression con-
nections can be determined according to 6.7, or
can be based on analysis, possibly assisted by
testing (for design assisted testing, see EN 1990).

10.9.4.4 Ç'ºäíàííÿ, ùî ïåðåäàþòü çóñèëëÿ çñóâó 10.9.4.4 Connections transmitting shear forces

(1) Ïðè ïåðåäà÷³ çñóâó ïî êîíòàêòó ì³æ äâîìà
áåòîííèìè ïîâåðõíÿìè, íàïðèêëàä, çá³ðíîãî
åëåìåíòà ³ ìîíîë³òíîãî áåòîíó, äèâ 6.2.5.

(1) For shear transfer in interfaces between two
concretes, e.g. a precast element and in situ
concrete, see 6.2.5.

10.9.4.5 Ç'ºäíàííÿ, ùî ïåðåäàþòü çãèíàëüí³

ìîìåíòè àáî çóñèëëÿ ðîçòÿãó

10.9.4.5 Connections transmitting bending mo-

ments or tensile forces

(1)Ð Àðìàòóðà ïîâèííà áóòè íåðîçðèâíîþ â
ìåæàõ ç'ºäíàííÿ ³ çààíêåðîâóâàòèñü ó ïðèëåã-
ëèõ åëåìåíòàõ.

(1)P Reinforcement shall be continuous across
the connection and anchored in the adjacent ele-
ments.

(2) Áåçïåðåðâí³ñòü ìîæå äîñÿãàòèñü øëÿõîì: (2) Continuity may be obtained by, for example
– íàïóñêó ñòðèæí³â; – lapping of bars;
– çàìîíîë³÷óâàííÿì àðìàòóðè ó ïîðîæíèíè; – grouting of reinforcement into holes;
– ïåðåïóñêîì àðìàòóðíèõ ïåòåëü; – overlapping reinforcement loops;
– çâàðþâàííÿì ñòðèæí³â àáî ñòàëåâèõ ïëàñ-

òèí;
– welding of bars or steel plates;

– ïîïåðåäí³ì íàïðóæåííÿì; – prestressing;
– ìåõàí³÷íèìè ïðèñòðîÿìè (ãâèíòîâ³ àáî çà-

ïîâíåí³ ìóôòè);
– mechanical devices (threaded or filled slee-

ves);
– ç'ºäíàííÿ îáòèñêîì (ñòèñêàëüí³ ìóôòè). – swaged connectors (compressed sleeves).
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à – çîñåðåäæåíå îáïèðàííÿ
concentrated bearing

b – ðîçøèðåííÿ ì'ÿêîãî ïðîøàðêó
expansion of soft padding

Ðèñóíîê 10.3 – Ïîïåðå÷í³ íàïðóæåííÿ ðîçòÿãó ó ñòèñíóòèõ ç'ºäíàííÿõ

Figure 10.3 – Transverse tensile stresses at compression connections
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10.9.4.6 Ç'ºäíàííÿ ç ï³äð³çêîþ 10.9.4.6 Half joints

(1) Ç'ºäíàííÿ ç ï³äð³çêîþ ìîæíà ðîçðàõîâóâàòè
³ç çàñòîñóâàííÿì ñòèñíóòî-ðîçòÿãíóòèõ ìîäå-
ëåé çã³äíî ç 6.5. Äâ³ àëüòåðíàòèâí³ ìîäåë³ òà
àðìóâàííÿ ïîêàçàí³ íà ðèñóíêó 10.4. Ö³ äâ³ ìî-
äåë³ ìîæóòü êîìá³íóâàòèñü.

(1) Half joints may be designed using strut-and-tie
models according to 6.5. Two alternative models
and reinforcements are indicated in Figure 10.4.
The two models may be combined.

Ïðèì³òêà. Íà ðèñóíêó ïîêàçàíî ò³ëüêè îñíîâí³ åëå-
ìåíòè ñòèñíóòî-ðîçòÿãíóòî¿ ìîäåë³

Note: The figure shows only the main features of strut-
and-tie models.

10.9.4.7 Çààíêåðóâàííÿ àðìàòóðè íà îïîðàõ 10.9.4.7 Anchorage of reinforcement at supports

(1) Àðìàòóðà â îïîðíèõ åëåìåíòàõ ³ òèõ, ùî îá-
ïèðàþòüñÿ, ïîâèííà êîíñòðóþâàòèñü òàê, ùîá
çàáåçïå÷èòè àíêåðóâàííÿ ó â³äïîâ³äíîìó âóçë³
ç óðàõóâàííÿì â³äõèëåíü. Ïðèêëàä ïîêàçàíî
íà ðèñóíêó 10.5.

(1) Reinforcement in supporting and supported
members should be detailed to ensure anchorage
in the respective node, allowing for deviations. An
example is shown in Figure 10.5.

Ôàêòè÷íà äîâæèíà îáïèðàííÿ a1 êîíòðîëþºòü-
ñÿ ÷åðåç â³äñòàíü d (ðèñóíîê 10.5) â³ä ãðàí³
â³äïîâ³äíèõ åëåìåíò³â, äå:

The effective bearing length a1 is controlled by a
distance d (see Figure 10.5) from the edge of the
respective elements where:

di = ci + �ai ïðè ãîðèçîíòàëüíèõ ïåòëÿõ àáî ³í-
øîìó çààíêåðóâàíí³ ñòðèæí³â;

di = ci + �ai with horizontal loops or otherwise end
anchored bars;

di = ci + �ai + ri ïðè âåðòèêàëüíîìó çàãèíàíí³
ñòðèæí³â,

di = ci + �ai + ri with vertically bent bars,

äå: where:

ci – çàõèñíèé øàð áåòîíó; ci is concrete cover;

�ai – â³äõèëåííÿ (äèâ. 10.9.5.2 (1); �ai is a deviation (see 10.9.5.2 (1);

ri – ðàä³óñ çãèíó. ri is the bend radius.

Äëÿ âèçíà÷åííÿ �a2 ³ �a3 äèâ. ðèñóíîê 10.5 òà
10.9.5.2 (1).

See Figure 10.5 and 10.9.5.2 (1) for definitions of

�a2 or �a3.
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10.9.5 Îïîðè 10.9.5 Bearings

10.9.5.1 Çàãàëüí³ ïîëîæåííÿ 10.9.5.1 General

(1)Ð Íàëåæíå ôóíêö³îíóâàííÿ îïîð ïîâèííî
çàáåçïå÷óâàòèñü àðìóâàííÿì ïðèëåãëèõ åëå-
ìåíò³â, îáìåæåííÿì íàïðóæåíü â îáïèðàíí³ òà
çàõîäàìè, ùî âðàõîâóþòü çðóøåííÿ àáî çà-
êð³ïëåííÿ.

(1)P The proper functioning of bearings shall be
ensured by reinforcement in adjacent members,
limitation of bearing stress and measures to
account for movement or restraint.

(2)Ð Ïðè îáïèðàííÿõ, ÿê³ íå äîçâîëÿþòü êîâ-
çàííÿ àáî ïîâîðîò áåç çíà÷íèõ çàùåìëåíü,
âïëèâè, ñïðè÷èíåí³ ïîâçó÷³ñòþ, óñàäêîþ, òåì-
ïåðàòóðîþ, â³äõèëåííÿìè â³ä îñ³, âåðòèêàë³
òîùî, ïîâèíí³ âðàõîâóâàòèñü ó ðîçðàõóíêó
ïðèëåãëèõ åëåìåíò³â.

(2)P For bearings which do not permit sliding or
rotation without significant restraint, actions due
to creep, shrinkage, temperature, misalignment,
lack of plumb etc. shall be taken into account in
the design of adjacent members.

(3) Âïëèâè ôàêòîð³â (2)Ð ìîæóòü âèìàãàòè ïî-
ïåðå÷íîãî àðìóâàííÿ â îïîðíèõ åëåìåíòàõ ³
òèõ, ùî îáïèðàþòüñÿ, òà/àáî íåðîçð³çíå àðìó-
âàííÿ äëÿ çâ'ÿçóâàííÿ åëåìåíò³â ì³æ ñîáîþ.
Âîíè òàêîæ ìîæóòü âïëèâàòè íà ðîçðàõóíîê
îñíîâíî¿ àðìàòóðè ó òàêèõ åëåìåíòàõ.

(3) The effects of (2)P may require transverse
reinforcement in supporting and supported mem-
bers, and/or continuity reinforcement for tying
elements together. They may also influence the
design of main reinforcement in such members.

(4)Ð Îïîðè ïîâèíí³ ðîçðàõîâóâàòèñü ³ êîíñòðóþ-
âàòèñü òàê, ùîá çàáåçïå÷óâàòè ïðàâèëüíå
âñòàíîâëåííÿ ç óðàõóâàííÿì äîïóñê³â ïðè âè-
ãîòîâëåíí³ ³ ìîíòàæ³.

(4)P Bearings shall be designed and detailed to
ensure correct positioning, taking into account
production and assembling deviations.

(5)Ð Íåîáõ³äíî âðàõîâóâàòè ìîæëèâ³ âïëèâè
çààíêåðóâàííÿ ïðè ïîïåðåäíüîìó íàïðóæåíí³.

(5)P Possible effects of prestressing anchorages
and their recesses shall be taken into account.

10.9.5.2 Îïîðè äëÿ ç'ºäíàíèõ (íå³çîëüîâàíèõ)

åëåìåíò³â

10.9.5.2 Bearings for connected (non-isolated)

members

(1) Íîì³íàëüíó äîâæèíó à øàðí³ðíî¿ îïîðè, ïî-
êàçàíî¿ íà ðèñóíêó 10.6, ìîæíà âèçíà÷èòè ÿê:

(1) The nominal length a of a simple bearing as
shown in Figure 10.6 may be calculated as:
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a a a a a a� � � � �1 2 3 2
2

3
2� � , (10.6)

äå: where:

à1 – äîâæèíà íåòòî îïîðè â³äíîñíî íàïðóæåíü
íà îïîð³, à1 = FEd/(b1fRd), àëå íå ìåíøå í³æ ì³í³-
ìàëüí³ âåëè÷èíè çà òàáëèöåþ 10.2;

à1 is the net bearing length with regard to bearing
stress, à1 = FEd/(b1fRd), but not less than mini-
mum values in Table 10.2;

FEd – ðîçðàõóíêîâå çíà÷åííÿ îïîðíî¿ ðåàêö³¿; FEd is the design value of support reaction;

b1 – øèðèíà íåòòî îïîðè (ðèñóíîê 10.6); b1 is the net bearing width, see Figure 10.6;

fRd – ðîçðàõóíêîâå çíà÷åííÿ ì³öíîñò³ îïîðè,
äèâ. (2);

fRd is the design value of bearing strength, see
(2);

à2 – â³äñòàíü, ùî ââàæàºòüñÿ íåðîáî÷îþ çà
ìåæàìè çîâí³øíüîãî ê³íöÿ åëåìåíòà, ÿêèé îá-
ïèðàºòüñÿ (ðèñóíîê 10.6 ³ òàáëèöÿ 10.3);

à2 is the distance assumed ineffective beyond
outer end of supporting member, see Figure 10.6
and Table 10.3;

à3 – öÿ æ â³äñòàíü äëÿ îïîðíîãî åëåìåíòà (ðè-
ñóíîê 10.6 ³ òàáëèöÿ 10.4);

à3 is the similar distance for supported member,
see Figure 10.6 and Table 10.4;

�à2 – äîïóñòèì³ â³äõèëåííÿ â³äñòàí³ ì³æ îïîð-
íèìè åëåìåíòàìè (òàáëèöÿ 10.5);

�à2 is an allowance for deviations for the distance
between supporting members, see Table 10.5;

�à3 – äîïóñòèì³ â³äõèëåííÿ äîâæèíè åëåìåí-

òà, ùî îáïèðàºòüñÿ, �à3 = ln/2500, ln – äîâæèíà
åëåìåíòà.

�à3 is an allowance for deviations for the length of

the supported member, �à3 = ln/2500, ln is length
of member.

Òàáëèöÿ 10.2 – Ì³í³ìàëüíå çíà÷åííÿ à1, ìì

Table 10.2 – Minimum value of a1 in mm

Â³äíîñí³ íàïðóæåííÿ íà îïîð³ �Ed /fcd

Relative bearing stress �Ed /fcd

� 0,15 0,15 – 0,4 > 0,4

Ë³í³éíå îáïèðàííÿ (ïåðåêðèòòÿ, ïîêðèòòÿ)
Line support (floors, roofs)

25 30 40

Ðåáðèñò³ ïåðåêðèòòÿ ³ ïðîãîíè
Ribbed floors and purlins

55 70 80

Çîñåðåäæåíå îáïèðàííÿ (áàëêè)
Concentrated supports (beams)

90 110 140
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Figure 10.6 – Example of bearing with definitions
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Òàáëèöÿ 10.3 – Â³äñòàíü à2, ìì, ùî ââàæàºòüñÿ íåðîáî÷îþ â³ä çîâí³øíüîãî ê³íöÿ îïîðíîãî
åëåìåíòà. Ïðè ïîçíà÷åíí³ (-) íåîáõ³äíî çàñòîñîâóâàòè áåòîííó ïîäóøêó

Table 10.3 – Distance a2 (mm) assumed ineffective from outer end of supporting member.
Concrete padstone should be used in cases (-)

Ìàòåð³àë îïîðè
Support material

Òèï îáïèðàííÿ

Type support �Ed /fcd

� 0,15 0,15 – 0,4 > 0,4

Ñòàëü
Steel

ë³í³éíå
line

0 0 10

çîñåðåäæåíå
concentrated

5 10 15

Çàë³çîáåòîí � Ñ30

Reinforced concrete � Ñ30

ë³í³éíå
line

5 10 15

çîñåðåäæåíå
concentrated

10 15 25

Çâè÷àéíèé áåòîí òà çàë³çîáåòîí < Ñ30
Plain concrete and rein. concrete < Ñ30

ë³í³éíå
line

10 15 25

çîñåðåäæåíå
concentrated

20 25 35

Êàì'ÿíà êëàäêà
Brickwork

ë³í³éíå
line

10 15 (-)

çîñåðåäæåíå
concentrated

20 25 (-)

Òàáëèöÿ 10.4 – Â³äñòàíü à3, ìì, ùî ââàæàºòüñÿ íåðîáî÷îþ çà çîâí³øí³ì ê³íöåì åëåìåíòà,
ùî îáïèðàºòüñÿ

Table 10.4 – Distance a3 (mm) assumed ineffective beyond outer end of supported member

Êîíñòðóþâàííÿ àðìàòóðè

Îáïèðàííÿ
Support

Ë³í³éíå
Line

Çîñåðåäæåíå
Concentrated

Íåðîçðèâí³ ñòðèæí³ çà îïîðó (çàùåìëåí³ àáî áåç)
Continuous bars over support (restrained or not)

0 0

Ïðÿì³ ñòðèæí³, ãîðèçîíòàëüíî çàãíóò³ ïåòë³, áëèçüêî
äî ê³íöÿ åëåìåíòà
Straight bars, horizontal loops, close to end of member

5
15, àëå íå ìåíøå í³æ
çàõèñíèé øàð íà ê³íö³

15, but not less than end cover

Ïó÷êè àáî ïðÿì³ ñòðèæí³ âèâåäåí³ íà ê³íö³ åëåìåíòà
Tendons or straight bars exposed at end of member

5 15

Àðìàòóðà ç âåðòèêàëüíî çàãíóòîþ ïåòëåþ
Vertical loop reinforcement

15

Çàõèñíèé øàð íà ê³íö³ +
ðàä³óñ çàãèíàííÿ

End cover + inner radius
of bending
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Òàáëèöÿ 10.5 – Äîïóñê �à2 íà â³äõèëåííÿ â³äñòàí³ ó ÷èñòîò³ ì³æ ãðàíÿìè îïîð, l = äîâæèí³ ïðîëüîòó

Table 10.5 – Allowance �a2 for deviations for the clear distance between the faces of the supports.
l = span length

Ìàòåð³àë îïîðè
Support material

�à2

Ñòàëü àáî çá³ðíèé çàë³çîáåòîí
Steel or precast concrete

10 1200 30� �l / ìì (mm)

Êàì'ÿíà êëàäêà àáî ìîíîë³òíèé áåòîí
Brickwork or cast in-situ concrete

15 1200 5 40� � �l / ìì (mm)

(2) Çà â³äñóòíîñò³ ³íøèõ ñïåöèô³êàö³é ìîæíà âè-
êîðèñòîâóâàòè íàñòóïí³ âåëè÷èíè ì³öíîñò³ îïîð:

(2) In the absence of other specifications, the follo-
wing values can be used for the bearing strength:

f fRd cd� 0 4, ïðè ç'ºäíàíí³ íàñóõî (äèâ. 10.9.4.3
(3) äëÿ âèçíà÷åíü);

f fRd cd� 0 4, for dry connections (see 10.9.4.3 (3)
for definition)

f f fRd bed cd� � 0 85, äëÿ âñ³õ ³íøèõ âèïàäê³â, f f fRd bed cd� � 0 85, for all other cases,

äå: where:

fñd – íàéìåíøà ³ç ðîçðàõóíêîâî¿ íåñó÷î¿ çäàò-
íîñò³ îïîðíîãî åëåìåíòà òà åëåìåíòà, ùî îá-
ïèðàºòüñÿ;

fñd is the lower of the design strengths for suppor-
ted and supporting member;

fbed – ðîçðàõóíêîâà ì³öí³ñòü ìàòåð³àëó âèð³â-
íþâàëüíîãî øàðó.

fbed is the design strength of bedding material.

(3) ßêùî âèêîíóþòüñÿ çàõîäè äëÿ îòðèìàííÿ
ð³âíîì³ðíîãî ðîçïîä³ëó îïîðíîãî òèñêó, íà-
ïðèêëàä, ðîç÷èíîì, ï³äêëàäêîþ ³ç íåîïðåíó
àáî ñõîæîãî ìàòåð³àëó, ðîçðàõóíêîâó øèðèíó
b1 ìîæíà ïðèéìàòè òàêîþ, ùî äîð³âíþº ôàê-
òè÷í³é øèðèí³ îáïèðàííÿ. Â ³íøîìó ðàç³, çà
â³äñóòíîñò³ á³ëüø òî÷íîãî âèçíà÷åííÿ b1 íå ïî-
âèííà ïåðåâèùóâàòè 600 ìì.

(3) If measures are taken to obtain a uniform
distribution of the bearing pressure, e.g. with mor-
tar, neoprene or similar pads, the design bearing
width b1 may be taken as the actual width of the
bearing. Otherwise, and in the absence of a more
accurate analysis, b1 should not be greater than
to 600 mm.

10.9.5.3 Îïîðè äëÿ ³çîëüîâàíèõ åëåìåíò³â 10.9.5.3 Bearings for isolated members

(1)Ð Äëÿ ³çîëüîâàíèõ åëåìåíò³â íîì³íàëüíà
äîâæèíà ïîâèííà áóòè á³ëüøîþ íà 20 ìì í³æ
äëÿ íå³çîëüîâàíèõ.

(1)P The nominal length shall be 20 mm greater
than for non-isolated members.

(2)Ð ßêùî îïîðè äîïóñêàþòü ïåðåì³ùåííÿ â
îáïèðàííÿõ, òî äîâæèíà îáïèðàííÿ íåòòî ïî-
âèííà çá³ëüøóâàòèñü äëÿ ïåðåêðèâàííÿ ïå-
ðåì³ùåíü.

(2)P If the bearing allows movements in the sup-
port, the net bearing length shall be increased to
cover possible movements.

(3)Ð ßêùî åëåìåíò çàêð³ïëåíî ³íøèì ÷èíîì,
îêð³ì ÿê íà ð³âí³ îïîð, òî äîâæèíó îáïèðàííÿ
íåòòî à1 íåîáõ³äíî çá³ëüøóâàòè äëÿ ïåðåêðè-
âàííÿ âïëèâó ìîæëèâîãî ïîâîðîòó íàâêîëî
çàêð³ïëåííÿ.

(3)P If a member is tied other than at the level of
its bearing, the net bearing length a1 shall be
increased to cover the effect of possible rotation
around the tie.
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10.9.6 Ôóíäàìåíòè ñòàêàííîãî òèïó 10.9.6 Pocket foundations

10.9.6.1 Çàãàëüí³ ïîëîæåííÿ 10.9.6.1 General

(1)Ð Çàë³çîáåòîíí³ ñòàêàíè ïîâèíí³ ïåðåäàâà-
òè âåðòèêàëüí³ âïëèâè, çãèíàëüí³ ìîìåíòè ³ ãî-
ðèçîíòàëüí³ çñóâè â³ä êîëîí íà ãðóíò. Ñòàêàíè
ïîâèíí³ áóòè äîñòàòí³ìè äëÿ íàëåæíîãî çàïîâ-
íåííÿ áåòîíîì îá'ºìó ï³ä ³ íàâêîëî êîëîíè.

(1)P Concrete pockets shall be capable of trans-
ferring vertical actions, bending moments and
horizontal shears from columns to the soil. The
pocket shall be large enough to enable a good
concrete filling below and around the column.

10.9.6.2 Ñòàêàíè ç³ ç'ºäíàííÿì íà øïîíêàõ 10.9.6.2 Pockets with keyed surfaces

(1) Ìîæíà ââàæàòè, ùî ñòàêàíè ç óëàøòîâàíè-
ìè íåð³âíèìè çàãëèáëåííÿìè àáî øïîíêàìè
ïðàöþþòü ç êîëîíîþ ÿê îäíå ö³ëå.

(1) Pockets expressly wrought with indentations
or keys may be considered to act monolithically
with the column.

(2) Çà íàÿâíîñò³ âåðòèêàëüíîãî ðîçòÿãó âíàñ-
ë³äîê ïåðåäà÷³ ìîìåíòó íåîáõ³äíî îñîáëèâî
ðåòåëüíî êîíñòðóþâàòè íàïóñêè àðìàòóðè êî-
ëîí ³ ôóíäàìåíò³â ç³ øïîíêàìè, âðàõîâóþ÷è
ðîçä³ëåííÿ ñòðèæí³â ç íàïóñêîì. Äîâæèíó íà-
ïóñêó çã³äíî ç 8.7 íåîáõ³äíî çá³ëüøóâàòè ùî-
íàéìåíøå íà âåëè÷èíó ãîðèçîíòàëüíî¿ â³äñòà-
í³ ì³æ ñòðèæíÿìè ó êîëîí³ ³ ôóíäàìåíò³ (ðèñó-
íîê 10.7 à). Ïîòð³áíî ïåðåäáà÷àòè â³äïîâ³äíå
ãîðèçîíòàëüíå àðìóâàííÿ äëÿ ç'ºäíàííÿ íà-
ïóñêîì.

(2) Where vertical tension due to moment transfer
occurs careful detailing of the overlap reinfor-
cement of the similarly wrought column and the
foundation is needed, allowing for the separation
of the lapped bars. The lap length according to 8.7
should be increased by at least the horizontal
distance between bars in the column and in the
foundation (see Figure 10.7 (a)) Adequate hori-
zontal reinforcement for the lapped splice should
be provided.

(3) Ðîçðàõóíîê íà çñóâ ïðè ïðîäàâëþâàíí³ íå-
îáõ³äíî âèêîíóâàòè ÿê äëÿ ìîíîë³òíèõ ç'ºäíàíü
êîëîíà/ôóíäàìåíò çã³äíî ç 6.4, ÿê ïîêàçàíî íà
ðèñóíêó 10.7à ïðè çä³éñíåíí³ ïåðåâ³ðêè íà ïå-
ðåäà÷ó çñóâó ì³æ êîëîíîþ ³ ôóíäàìåíòîì. Â
³íøîìó âèïàäêó ðîçðàõóíîê íà çñóâ ïðè ïðî-
äàâëþâàíí³ íåîáõ³äíî âèêîíóâàòè ÿê äëÿ ñòà-
êàí³â ç ãëàäêèìè ïîâåðõíÿìè.

(3) The punching shear design should be as for
monolithic column/foundation connections accor-
ding to 6.4, as shown in Figure 10.7 (a), provided
the shear transfer between the column and fo-
oting is verified. Otherwise the punching shear
design should be as for pockets with smooth
surfaces.

10.9.6.3 Ñòàêàíè ³ç ãëàäêèìè ïîâåðõíÿìè 10.9.6.3 Pockets with smooth surfaces

(1) Äîïóñêàºòüñÿ, ùî ñèëè ³ ìîìåíòè ïåðåäà-
þòüñÿ â³ä êîëîíè íà ôóíäàìåíò ÷åðåç çóñèëëÿ
ñòèñêó F1, F2 òà F3 ÷åðåç áåòîí çàìîíîë³÷óâàí-
íÿ ³ â³äïîâ³äí³ ñèëè òåðòÿ, ÿê ïîêàçàíî íà ðè-
ñóíêó 10.7 b. Äëÿ ö³º¿ ìîäåë³ íåîáõ³äíî, ùîá

l � 1,2h.

(1) The forces and the moment may be assumed
to be transferred from column to foundation by
compressive forces F1, F2 and F3 through the
concrete filling and corresponding friction forces,
as shown in Figure 10.7 (b). This model requires

l � 1,2h.

(2) Êîåô³ö³ºíò òåðòÿ íå ïîâèíåí ïðèéìàòèñü

á³ëüøå í³æ � = 0,3.

(2) The coefficient of friction should not be taken

greater than � = 0,3.

(3) Îñîáëèâó óâàãó ñë³ä çâåðíóòè íà: (3) Special attention should be paid to:
– êîíñòðóþâàííÿ àðìàòóðè äëÿ F1 ó âåðõí³é

÷àñòèí³ ñò³íîê ñòàêàíà;
– detailing of reinforcement for F1 in top of poc-

ket walls;
– ïåðåäà÷ó F1 âäîâæ áîêîâèõ ñò³íîê íà ôóí-

äàìåíòè;
– transfer of F1 along the lateral walls to the

footing;
– àíêåðóâàííÿ îñíîâíî¿ àðìàòóðè ó êîëîí³ òà

ñò³íêàõ ñòàêàíà;
– anchorage of main reinforcement in the co-

lumn and pocket walls;
– íåñó÷ó çäàòí³ñòü êîëîíè íà çñóâ ó ìåæàõ

ñòàêàíà;
– shear resistance of column within the pocket;
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– îï³ð ïðîäàâëþâàííþ ïëèòè ôóíäàìåíòó â³ä
ä³¿ çóñèëü ó êîëîí³, ïðè ðîçðàõóíêó ÿêîãî
äîö³ëüíî âðàõîâóâàòè ôàêòîð íàÿâíîñò³ ìî-
íîë³òíîãî áåòîíó, çàïîâíåíîãî ï³ä çá³ðíèì
åëåìåíòîì íà ìàéäàí÷èêó.

– punching resistance of the footing slab under
the column force, the calculation for which may
take into account the insitu structural concrete
placed under the precast element.

10.9.7 Ñèñòåìà â'ÿçåé 10.9.7 Tying systems

(1) Äëÿ ïëîñêèõ åëåìåíò³â, íàâàíòàæåíèõ ó
âëàñí³é ïëîùèí³, íàïðèêëàä, ñò³íîâèõ ä³àô-
ðàãì àáî äèñê³â ïåðåêðèòò³â, íåîáõ³äíó ñï³ëüíó
ðîáîòó ìîæíà çàáåçïå÷èòè øëÿõîì ç'ºäíàííÿ
êîíñòðóêö³é ì³æ ñîáîþ ñèñòåìîþ êðàéí³õ
òà/àáî âíóòð³øí³õ â'ÿçåé.

(1) For plate elements loaded in their own plane,
e.g. in walls and floor diaphragms, the necessary
interaction may be obtained by tying the structure
together with peripheral and/or internal ties.

Ö³ æ â'ÿç³ ìîæóòü ñïðèéìàòè ìîæëèâå ïðîãðå-
ñóþ÷å ðóéíóâàííÿ â³äïîâ³äíî äî 9.10.

The same ties may also act to prevent progres-
sive collapse according to 9.10
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11 ÊÎÍÑÒÐÓÊÖ²¯ Ç ÁÅÒÎÍÓ ÍÀ ËÅÃÊÈÕ
ÇÀÏÎÂÍÞÂÀ×ÀÕ

11 LIGHTWEIGHT AGGREGATE CONCRETE
STRUCTURES

11.1 Çàãàëüí³ ïîëîæåííÿ 11.1 General

(1) Ó öüîìó ðîçä³ë³ íàäàþòüñÿ äîäàòêîâ³ âèìî-
ãè äëÿ áåòîíó íà ëåãêèõ çàïîâíþâà÷àõ (LWAC).
Òàêîæ äàþòüñÿ ïîñèëàííÿ íà ïîëîæåííÿ ³íøèõ
ðîçä³ë³â (1 äî 10 ³ 12) öüîãî äîêóìåíòà òà äî-
äàòê³â.

(1)P This section provides additional requirements
for lightweight aggregate concrete (LWAC). Refe-
rence is made to the other Sections (1 to 10 and
12) of this document and the Annexes.

Ïðèì³òêà. Çàãîëîâêè íóìåðóþòüñÿ öèôðîþ 11, çà
ÿêîþ éäóòü â³äïîâ³äí³ íîìåðè îñíîâíîãî ðîçä³ëó.
Çàãîëîâêè íèæ÷îãî ð³âíÿ íóìåðóþòüñÿ ïîñë³äîâíî,
áåç âçàºìîçâ'ÿçêó ç ï³äçàãîëîâêàìè ïîïåðåäí³õ
ðîçä³ë³â. ßêùî íàâîäÿòüñÿ àëüòåðíàòèâè äëÿ âè-
ðàç³â, ðèñóíê³â ³ òàáëèöü ç ³íøèõ ðîçä³ë³â, íóìåðàö³ÿ
ïîñèëàíü òàêîæ ïî÷èíàºòüñÿ ç 11.

Note: Headings are numbered 11 followed by the
number of the corresponding main section. Headings
of lower level are numbered consecutively, without
connection to sub-headings in previous sections. If
alternatives are given for Expressions, Figures or
Tables in the other sections, the original reference
numbers are also prefixed by 11.

11.1.1 Ñôåðà çàñòîñóâàííÿ 11.1.1 Scope

(1)Ð ßê ïðàâèëî, çàñòîñîâóþòüñÿ âñ³ ïîëîæåí-
íÿ ðîçä³ë³â â³ä 1 äî 10 òà 12, ÿêùî ò³ëüêè âîíè
íå çàì³íþþòüñÿ ñïåö³àëüíèìè ïîëîæåííÿìè,
íàâåäåíèìè ó öüîìó ðîçä³ë³. ßê ïðàâèëî, êîëè
ó âèðàçàõ âèêîðèñòîâóþòüñÿ âåëè÷èíè ì³öíîñ-
ò³, âñòàíîâëåí³ ó òàáëèö³ 3.1, ö³ âåëè÷èíè çà-
ì³íþþòüñÿ â³äïîâ³äíèìè çíà÷åííÿìè äëÿ
ëåãêîãî áåòîíó, ùî íàâåäåí³ ó òàáëèö³ 11.3.1
öüîãî ðîçä³ëó.

(1)P All clauses of the Sections 1 to 10 and 12 are
generally applicable, unless they are substituted
by special clauses given in this section. In
general, where strength values originating from
Table 3.1 are used in Expressions, those values
have to be replaced by the corresponding values
for lightweight concrete, given in this section in
Table 11.3.1.

(2)Ð Ðîçä³ë 11 çàñòîñîâóºòüñÿ äî âñ³õ áåòîí³â
çàìêíåíî¿ ñòðóêòóðè, âèãîòîâëåíèõ íà ëåãêèõ
çàïîâíþâà÷àõ ³ç ïðèðîäíèõ àáî øòó÷íèõ ìà-
òåð³àë³â, îêð³ì âèïàäê³â, êîëè ïðàêòèêà íàä³éíî
ï³äòâåðäæóº, ùî ìîæëèâî áåçïå÷íå çàñòîñó-
âàííÿ ³íøèõ ïîëîæåíü.

(2)P Section 11 applies to all concretes with clo-
sed structure made with natural or artificial mine-
ral lightweight aggregates, unless reliable
experience indicates that provisions different from
those given can be adopted safely.

(3) Öåé ðîçä³ë íå ïîøèðþºòüñÿ íà í³çäðþâàòèé
áåòîí (ï³íîáåòîí, ãàçîáåòîí), ÿê àâòîêëàâíèé,
òàê ³ çâè÷àéíîãî òâåðä³ííÿ, à òàêîæ íà áåòîíè
íà ëåãêèõ çàïîâíþâà÷àõ â³äêðèòî¿ ñòðóêòóðè.

(3) This section does not apply to aerated conc-
rete either autoclaved or normally cured nor
lightweight aggregate concrete with an open
structure.

(4)Ð Áåòîí íà ëåãêèõ çàïîâíþâà÷àõ ìàº çàìê-
íåíó ñòðóêòóðó ³ ãóñòèíó íå á³ëüøå í³æ
2200 êã/ì3, ùî ñêëàäàºòüñÿ àáî âêëþ÷àº ïðî-
ïîðö³þ øòó÷íèõ àáî ïðèðîäíèõ ëåãêèõ çàïîâ-
íþâà÷³â, ãóñòèíà ôðàêö³é ÿêèõ ìåíøà í³æ
2000 êã/ì3.

(4)P Lightweight aggregate concrete is concrete
having a closed structure and a density of not
more than 2200 kg/m3 consisting of or containing
a proportion of artificial or natural lightweight
aggregates having a particle density of less than
2000 kg/m3.

11.1.2 Ñïåö³àëüí³ ñèìâîëè 11.1.2 Special symbols

(1)Ð Äëÿ ëåãêîãî áåòîíó çàñòîñîâóþòüñÿ íà-
ñòóïí³ ñïåö³àëüí³ ñèìâîëè:

1(P) The following symbols are used specially for
lightweight concrete:

LC – êëàñè ì³öíîñò³ ëåãêîãî áåòîíó, ÿêèì ïåðå-
äóº ïîçíàêà LC;

LC the strength classes of lightweight aggregate
concrete are preceded by the symbol LC;

�E – ïåðåõ³äíèé êîåô³ö³ºíò äëÿ âèçíà÷åííÿ
ìîäóëÿ ïðóæíîñò³;

�E is a conversion factor for calculating the mo-
dulus of elasticity;
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�1 – êîåô³ö³ºíò äëÿ âèçíà÷åííÿ ì³öíîñò³ íà
ðîçòÿã;

�1 is a coefficient for determining tensile strength

�2 – êîåô³ö³ºíò äëÿ âèçíà÷åííÿ ïîêàçíèêà ïîâ-
çó÷îñò³;

�2 is a coefficient for determining creep coefficient

�3 – êîåô³ö³ºíò äëÿ âèçíà÷åííÿ óñàäêè ïðè âè-
ñèõàíí³;

�3 is a coefficient for determining drying shrin-
kage;

� – ãóñòèíà ëåãêîãî áåòîíó ó âèñóøåíîìó ñòàí³
êã/ì3.

� is the oven-dry density of lightweight aggregate
concrete in kg/m3.

Äëÿ ìåõàí³÷íèõ õàðàêòåðèñòèê çàñòîñîâóþòü-
ñÿ äîäàòêîâ³ íèæí³ ³íäåêñè /(ëåãêèé).

For the mechanical properties an additional sub-
script / (lightweight) is used.

11.2 Îñíîâè ïðîåêòóâàííÿ 11.2 Basis of design

(1)Ð Ðîçä³ë 2 ïîøèðþºòüñÿ íà ëåãêèé áåòîí
áåç ìîäèô³êàö³é.

1(P) Section 2 is valid for lightweight concrete
without modifications.

11.3 Ìàòåð³àëè 11.3 Materials

11.3.1 Áåòîí 11.3.1 Concrete

(1)Ð Ó EN 206-1 ëåãêèé áåòîí êëàñèô³êóºòüñÿ
â³äïîâ³äíî äî ãóñòèíè, ÿê ïîêàçàíî ó òàáëè-
ö³ 11.1. Äîäàòêîâî â òàáëèö³ íàäàíî â³äïîâ³äíó
ãóñòèíó äëÿ àðìîâàíîãî ³ íåàðìîâàíîãî áåòîíó
ïðè çâè÷àéíèõ ïðîöåíòàõ àðìóâàííÿ, ÿê³ ìî-
æóòü âèêîðèñòîâóâàòèñü ïðè ïðîåêòóâàíí³ äëÿ
îá÷èñëåííÿ âëàñíî¿ âàãè àáî ïðèêëàäåíîãî
ïîñò³éíîãî íàâàíòàæåííÿ. Ó ÿêîñò³ àëüòåðíà-
òèâè ãóñòèíó ìîæíà âñòàíîâëþâàòè ÿê çàäàíó
âåëè÷èíó.

(1)P In EN 206-1 lightweight aggregate is classi-
fied according to its density as shown in Tab-
le 11.1. In addition this table gives corresponding
densities for plain and reinforced concrete with
normal percentages of reinforcement which may
be used for design purposes in calculating self-
weight or imposed permanent loading. Alterna-
tively, the density may be specified as a target
value.

(2) Ñêëàäîâó àðìàòóðè ó ãóñòèí³ áåòîíó àëü-
òåðíàòèâíî òàêîæ ìîæíà âèçíà÷àòè îá÷èñëåí-
íÿì.

(2) Alternatively the contribution of the reinforce-
ment to the density may be determined by calcu-
lation.

Òàáëèöÿ 11.1 – Êëàñè ãóñòèíè ³ â³äïîâ³äí³ ðîçðàõóíêîâ³ ãóñòèíè LWAC çã³äíî ç EN 206-1

Table 11.1 – Density classes and corresponding design densities of LWAC according to EN 206-1

Êëàñ ãóñòèíè
Density class

1,0 1,2 1,4 1,6 1,8 2,0

Ãóñòèíà, êã/ì3

Density (kg/m3)
801-1000 1001-1200 1201-1400 1401-1600 1601-1800 1801-2000

Ãóñòèíà, êã/ì3

Density (kg/m3)

Íåàðìîâàíèé áåòîí
Plain concrete

1050 1250 1450 1650 1850 2050

Àðìîâàíèé áåòîí
Reinforced concrete

1150 1350 1550 1750 1950 2150

(3) Ì³öí³ñòü íà ðîçòÿã ëåãêîãî áåòîíó ìîæíà
âèçíà÷àòè øëÿõîì ìíîæåííÿ âåëè÷èí fct ó òàá-
ëèö³ 3.1 íà êîåô³ö³ºíò:

(3) The tensile strength of lightweight aggregate
concrete may be obtained by multiplying the fct

values given in Table 3.1 by a coefficient:

� �1 0 40 0 60 2200� �, , / . (11.1)

äå � – âåðõíº ãðàíè÷íå çíà÷åííÿ ãóñòèíè äëÿ
â³äïîâ³äíîãî êëàñó çã³äíî ç òàáëèöåþ 11.1.

where � is the upper limit of the density for the
relevant class in accordance with Table 11.1
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11.3.2 Ïðóæíà äåôîðìàö³ÿ 11.3.2 Elastic deformation

(1) Îö³íî÷í³ ñåðåäí³ çíà÷åííÿ ñ³÷íîãî ìîäóëÿ
Ålcm äëÿ LWAC ìîæíà îòðèìàòè ìíîæåííÿì
âåëè÷èí ó òàáëèö³ 3.1 äëÿ áåòîíó çâè÷àéíî¿
ãóñòèíè íà êîåô³ö³ºíò:

(1) An estimate of the mean values of the secant
modulus Ålcm, for LWAC may be obtained by mul-
tiplying the values in Table 3.1, for normal density
concrete, by the following coefficient:

� 	� �E � / 2200
2

, (11.2)

äå � – ãóñòèíà ó âèñóøåíîìó ñòàí³ çã³äíî ç ðîç-
ä³ëîì 4 EN 206-1 (òàáëèöÿ 11.1).

where � denotes the oven-dry density in accor-
dance with EN 206-1 Section 4 (see Table 11.1).

ßêùî íåîáõ³äí³ á³ëüø òî÷í³ äàí³, íàïðèêëàä,
êîëè ïðîãèíè ìàþòü âàæëèâå çíà÷åííÿ Ålcm,
íåîáõ³äíî âèêîíóâàòè âèïðîáóâàííÿ äëÿ âèç-
íà÷åííÿ âåëè÷èí â³äïîâ³äíî äî ISO 6784.

Where accurate data are needed, e.g. where
deflections are of great importance, tests should
be carried out in order to determine the Elcm

values in accordance with ISO 6784.

Ïðèì³òêà. Ó íàö³îíàëüíèõ äîäàòêàõ êðà¿í ìîæóòü
áóòè ïîñèëàííÿ íà äîäàòêîâó ³íôîðìàö³þ, ùî íå
ñóïåðå÷èòü íàäàí³é.

Note: A Country's National Annex may refer to non-
contradictory complementary information.

(2) Êîåô³ö³ºíò òåìïåðàòóðíîãî ðîçøèðåííÿ
LWAC çàëåæèòü ãîëîâíèì ÷èíîì â³ä òèïó âèêî-
ðèñòàíîãî çàïîâíþâà÷à ³ çì³íþºòüñÿ ó øèðîêî-
ìó ä³àïàçîí³ çíà÷åíü â³ä 4·10–6 äî 14·10–6/Ê.

(2) The coefficient of thermal expansion of LWAC
depends mainly on the type of aggregate used
and varies over a wide range between about
4·10–6 and 14·10–6/Ê.

Äëÿ ïîòðåá ðîçðàõóíêó, êîëè òåìïåðàòóðíå
ðîçøèðåííÿ íå ìàº âàæëèâîãî çíà÷åííÿ, êîå-
ô³ö³ºíò òåìïåðàòóðíîãî ðîçøèðåííÿ ìîæå
ïðèéìàòèñü 8·10–6/Ê.

For design purposes where thermal expansion is
of no great importance, the coefficient of thermal
expansion may be taken as 8·10–6/Ê.

Ð³çíèöÿ ì³æ êîåô³ö³ºíòàìè òåìïåðàòóðíîãî
ðîçøèðåííÿ àðìàòóðè ³ ëåãêèõ çàïîâíþâà÷³â
áåòîíó íå ïîòðåáóº âðàõóâàííÿ ïðè ïðîåêòó-
âàíí³.

The differences between the coefficients of ther-
mal expansion of steel and lightweight aggregate
concrete need not be considered in design.

Òàáëèöÿ 11.3.1 – Õàðàêòåðèñòèêè íàïðóæåíü ³ äåôîðìàö³é äëÿ ëåãêîãî áåòîíó

Table 11.3.1 – Stress and deformation characte- ristics for lightweight concrete

Êëàñè ì³öíîñò³ ëåãêîãî áåòîíó
Strength classes for light weight concrete

Àíàë³òè÷íà
çàëåæí³ñòü/
ïîÿñíåííÿ

Analytical relation/
explanation

flck, ÌÏà
(MPa)

12 16 20 25 30 35 40 45 50 55 60 70 80

f²ck,cube, ÌÏà
(MPa)

13 18 22 28 33 38 44 50 55 60 66 77 88

f²cm, ÌÏà
(MPa)

17 22 28 33 38 43 48 53 58 63 68 78 88

Ïðè (for) flck �
�20 ÌÏà (MPa)

flcm = flck + 8
ÌÏà (MPa)

f²ctm, ÌÏà
(MPa)

f fIctm ctm� � �1
�1 = 0,40 +

+ 0,60 ð/2200

f²ctk,0,05, ÌÏà
(MPa)

f fIctk ctk, , , ,0 05 0 05 1� � � 5 % – ôðàêö³ÿ
5 % – fractile
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Êëàñè ì³öíîñò³ ëåãêîãî áåòîíó
Strength classes for light weight concrete

Àíàë³òè÷íà
çàëåæí³ñòü/
ïîÿñíåííÿ

Analytical relation/
explanation

f²ctk,0,95, ÌÏà
(MPa)

f fIctk ctk, , , ,0 95 0 95 1� � � 95 % – ôðàêö³ÿ
95 % – fractile

E²cm, ÃÏà
(GPa)

E EIcm cm E� � � �Å = (ð/2200)2

� 	�Ic1
0

00 � 	kf E

k

Icm Ici E/

,

�

�

�

1 1 äëÿ ëåãêîãî áåòîíó ç ï³ñêîì

for sanded lightweight aggregate concrete

k �1 0, äëÿ âñ³õ ëåãêèõ áåòîí³â

for all lightweight aggregate concrete

�

�
�
�

�
�
�

Ðèñ. (figure) 3.2

� 	�Icu1
0

00 �Ic1 Ðèñ. (figure) 3.2

� 	�Ic2
0

00 2,0 2,2 2,3 2,4 2,5 Ðèñ. (figure) 3.3

� 	�Icu2
0

00 3,5�1 3,1�1 2,9�1 2,7�1 2,6�1
Ðèñ. (figure) 3.3
� �Icu u Ic2 2�

n 2,0 1,75 1,6 1,45 1,4

� 	�Ic3
0

00 1,75 1,8 1,9 2,0 2,2 Ðèñ. (figure) 3.4

� 	�Icu3
0

00 3,5�1 3,1�1 2,9�1 2,7�1 2,6�1
Ðèñ. (figure) 3.4

� �Icu Ic3 3�

11.3.3 Ïîâçó÷³ñòü ³ óñàäêà 11.3.3 Creep and shrinkage

(1) Êîåô³ö³ºíò ïîâçó÷îñò³ ëåãêîãî áåòîíó ìîæ-
íà ïðèéìàòè òàêèì, ùî äîð³âíþº âåëè÷èí³ äëÿ
çâè÷àéíîãî âàæêîãî áåòîíó, ïîìíîæåí³é íà

êîåô³ö³ºíò (�/2200)2.

(1) For lightweight aggregate concrete the creep
coefficient cp may be assumed equal to the value
of normal density concrete multiplied by a factor

(�/2200)2.

Òàêèì ÷èíîì, îäåðæàí³ äåôîðìàö³¿ ïîâçó÷îñò³

ïîâèíí³ ìíîæèòèñü íà êîåô³ö³ºíò �2:

The creep strains so derived should be multiplied

by a factor, �2, given by

�2 = 1,3 äëÿ flck � LC16/18, �2 = 1,3 for flck � LC16/18,

= 1,0 äëÿ flck � LC20/22. = 1,0 for flck � LC20/22.

(2) Ïîâí³ âåëè÷èíè óñàäîê ëåãêîãî áåòîíó ó ñó-
õîìó ñòàí³ ìîæíà îòðèìàòè ìíîæåííÿì âåëè-
÷èí äëÿ çâè÷àéíîãî áåòîíó çà òàáëèöåþ 3.2 íà

êîåô³ö³ºíò �3:

(2) The final drying shrinkage values for light-
weight concrete can be obtained by multiplying
the values for normal density concrete in Tab-

le 3.2 by a factor, �3, given by

�3 = 1,5 äëÿ flck � LC16/18, �3 = 1,5 for flck � LC16/18,

= 1,2 äëÿ flck � LC20/22 = 1,2 for flck � LC20/22.

(3) Âèðàçè (3.11), (3.12) ³ (3.13), ÿê³ âèçíà÷àþòü
äàí³ ùîäî âíóòð³øíüî¿ óñàäêè, äàþòü ìàêñè-
ìàëüí³ çíà÷åííÿ äëÿ ëåãêèõ áåòîí³â, êîëè âèê-
ëþ÷åíà ìîæëèâ³ñòü íàäõîäæåííÿ âîäè â³ä
çàïîâíþâà÷³â äî ì³êðîñòðóêòóðè. Âèêîðèñòàí-
íÿ çàïîâíþâà÷³â ó âîäîíàñè÷åíîìó ñòàí³ àáî
íàâ³òü ÷àñòêîâî íàñè÷åíèõ âîäîþ çíà÷íî çìåí-
øóº âåëè÷èíè âíóòð³øíüî¿ óñàäêè.

(3) The Expressions (3.11), (3.12) and (3.13),
which provide information for autogenous shrin-
kage, give maximum values for lightweight aggre-
gate concretes, where no supply of water from the
aggregate to the drying microstructure is possib-
le. If water-saturated, or even partially saturated
lightweight aggregate is used, the autogenous
shrinkage values will be considerably reduced.
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11.3.4 Çàëåæíîñò³ "íàïðóæåííÿ-äåôîðìà-

ö³¿" äëÿ íåë³í³éíîãî êîíñòðóêòèâíîãî ðîç-

ðàõóíêó

11.3.4 Stress-strain relations for non-linear

structural analysis

(1) Âåëè÷èíè �ñ1 ³ �ñu1, íàâåäåí³ íà ðèñóíêó 3.2,

äëÿ ëåãêîãî áåòîíó ñë³ä çàì³íèòè íà �lñ1 ³ �lñu1,
íàäàí³ ó òàáëèö³ 11.3.1.

(1) For lightweight aggregate concrete the values

�ñ1 and �ñu1 given in Figure 3.2 should be substi-

tuted by �lñ1 and �lñu1 given in Table 11.3.1.

11.3.5 Ðîçðàõóíêîâ³ ì³öíîñò³ íà ñòèñê ³ ðîç-

òÿã

11.3.5 Design compressive and tensile

strengths

(1) Âåëè÷èíà ðîçðàõóíêîâî¿ ì³öíîñò³ íà ñòèñê
âèçíà÷àºòüñÿ ÿê:

(1)P The value of the design compressive strength
is defined as

f flcd lcc lck C� � �/ , (11.3.15)

äå �C – êîåô³ö³ºíò íàä³éíîñò³ äëÿ áåòîíó

(2.4.2.4), à �lcc – êîåô³ö³ºíò, ùî âèçíà÷àºòüñÿ
çã³äíî ç 3.1.6 (1)Ð.

where �C is the partial safety factor for concrete,

see 2.4.2.4, and �lcc is a coefficient according to
3.1.6 (1)P.

Ïðèì³òêà. Âåëè÷èíà �lcc, ùî çàñòîñîâóºòüñÿ ó êîíê-
ðåòíèõ êðà¿íàõ, ïîâèííà âñòàíîâëþâàòèñü ó íàö³î-
íàëüíîìó äîäàòêó. Ðåêîìåíäîâàíîþ º âåëè÷èíà 0,85.

Note: The value of �lcc for use in a Country may be
found in its National Annex. The recommended value is
0,85.

(2)Ð Âåëè÷èíà ðîçðàõóíêîâîãî îïîðó íà ðîçòÿã
flctd âèçíà÷àºòüñÿ ÿê:

(2)P The value of the design tensile strength is
defined as

f flctd lct ctk C� � �/ / , (11.3.16)

äå �C – êîåô³ö³ºíò íàä³éíîñò³ äëÿ áåòîíó, äèâ.

2.4.2.4, à �lct – êîåô³ö³ºíò, ùî âèçíà÷àºòüñÿ
çã³äíî ç 3.1.6 (2)Ð.

where �C is the partial safety factor for concrete,

see 2.4.2.4 and �lct is a coefficient according to
3.1.6 (2)P.

Ïðèì³òêà. Âåëè÷èíà �lct, ùî çàñòîñîâóºòüñÿ ó êîíêðåò-
íèõ êðà¿íàõ, ïîâèííà âñòàíîâëþâàòèñü ó íàö³îíàëüíî-
ìó äîäàòêó. Ðåêîìåíäîâàíèì º çíà÷åííÿ 0,85.

Note: The value of �lct for use in a Country may be
found in its National Annex. The recommended value is
0,85.

11.3.6 Çàëåæíîñò³ "íàïðóæåííÿ-äåôîðìàö³¿"

äëÿ ðîçðàõóíêó ïîïåðå÷íèõ ïåðåð³ç³â

11.3.6 Stress-strain relations for the design of

sections

(1) Âåëè÷èíè �ñ2 ³ �ñu2, íàâåäåí³ íà ðèñóíêó 3.3,
äëÿ ëåãêîãî áåòîíó ñë³ä çàì³íèòè íà �lñ2 ³ �lñu2,
íàäàí³ ó òàáëèö³ 11.3.1.

(1) For lightweight aggregate concrete the values �ñ2

and �ñu2 given in Figure 3.3 should be replaced with
the values of �lñ2 and �lñu2 given in Table 11.3.1.

(2) Âåëè÷èíè �ñ3 ³ �ñu3, íàâåäåí³ íà ðèñóíêó 3.4,
äëÿ ëåãêîãî áåòîíó ñë³ä çàì³íèòè íà �lñ3 ³ �lñu3,
íàäàí³ ó òàáëèö³ 11.3.1.

(2) For lightweight aggregate concrete the values �ñ3

and �ñu3 given in Figure 3.4 should be replaced with
the values of �lñ3 and �lñu3, given in Table 11.3.1.

11.3.7 Áåòîí ïðè òðèâ³ñíîìó ñòèñêó 11.3.7 Confined concrete

(1) Çà â³äñóòíîñò³ á³ëüø òî÷íèõ äàíèõ ìîæíà
âèêîðèñòîâóâàòè çàëåæí³ñòü, ïîêàçàíó íà ðè-
ñóíêó 3.6, ç³ çá³ëüøåííÿì íîðìàòèâíèõ çíà-
÷åíü ì³öíîñò³ òà äåôîðìàö³é çã³äíî ç:

(1) If more precise data are not available, the
stress-strain relation shown in Figure 3.6 may be
used, with increased characteristic strength and
strains according to:

� 	f f k flck c lck lck, , /� �1 0 2� . (11.3.24)

Ïðèì³òêà. Âåëè÷èíà k, ùî çàñòîñîâóºòüñÿ ó êîíêðåò-
íèõ êðà¿íàõ, ïîâèííà âñòàíîâëþâàòèñü ó íàö³îíàëü-
íîìó äîäàòêó. Ðåêîìåíäîâàíèìè º çíà÷åííÿ:

Note: The value of k for use in a Country may be found
in its National Annex. The recommended value is:

1,1 – äëÿ ëåãêîãî áåòîíó ç ï³ñêîì ó ÿêîñò³ äð³á-
íîãî çàïîâíþâà÷à;

1,1 for lightweight aggregate concrete with sand
as the fine aggregate;

1,0 – äëÿ ëåãêèõ çàïîâíþâà÷³â (äð³áíîãî ³ êðóï-
íîãî) áåòîíó.

1,0 for lightweight aggregate (both fine and coar-
se aggregate) concrete.
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� 	� �lc c lc lck c lckf f2 2
2

� , / , (11.3.26)

� � �lcu c lcu lckf2 2 20 2� � , / , (11.3.27)

äå �lñ2ñ ³ �lñu2 ïðèéìàþòüñÿ çã³äíî ç òàáëèöåþ 11.3.1. where �lñ2ñ and �lñu2 follow from Table 11.3.1.

11.4 Äîâãîâ³÷í³ñòü ³ çàõèñíèé øàð äëÿ
àðìàòóðè

11.4 Durability and cover to reinforcement

11.4.1 Óìîâè íàâêîëèøíüîãî ñåðåäîâèùà 11.4.1 Environmental conditions

(1) Äëÿ ëåãêîãî áåòîíó ìîæóòü çàñòîñîâóâà-
òèñü òàê³ æ ðåêîìåíäîâàí³ êëàñè âïëèâó, âêà-
çàí³ ó òàáëèö³ 4.1, ÿê ³ äëÿ çâè÷àéíîãî âàæêîãî
áåòîíó.

(1) For lightweight aggregate concrete in Table
4.1 the same indicative exposure classes can be
used as for normal density concrete.

11.4.2 Çàõèñíèé øàð áåòîíó ³ õàðàêòåðèñ-

òèêè áåòîíó

11.4.2 Concrete cover and properties of conc-

rete

(1)Ð Äëÿ ëåãêîãî áåòîíó ì³í³ìàëüí³ âåëè÷èíè
çàõèñíîãî øàðó áåòîíó, íàâåäåí³ ó òàáëèö³ 4.2,
íåîáõ³äíî çá³ëüøóâàòè íà 5 ìì.

(1)P For lightweight aggregate concrete the
values of minimum concrete cover given in Table
4.2 shall be increased by 5 mm.

11.5 Êîíñòðóêòèâíèé ðîçðàõóíîê 11.5 Structural analysis

11.5.1 Ãðàíè÷íèé ïîâîðîò ïåðåð³çó 11.5.1 Rotational capacity

Ïðèì³òêà. Äëÿ ëåãêîãî áåòîíó âåëè÷èíó �plast, ÿê ïî-
êàçàíî íà ðèñóíêó 5.6N, ñë³ä ïîìíîæèòè íà êîå-

ô³ö³ºíò �lñu2/�ñu2.

Note: For light weight concrete the value of �plast as
shown in Figure 5.6N, should be multiplied by a factor

�lñu2/�ñu2.

11.6 Ãðàíè÷í³ ñòàíè çà ì³öí³ñòþ ³ ñò³éê³ñòþ 11.6 Ultimate limit states

11.6.1 Åëåìåíòè, ùî íå ïîòðåáóþòü ðîç-

ðàõóíêîâîãî ïîïåðå÷íîãî àðìóâàííÿ

11.6.1 Members not requiring design shear

reinforcement

(1) Ðîçðàõóíêîâà âåëè÷èíà íåñó÷î¿ çäàòíîñò³
íà çñóâ åëåìåíòà ³ç ëåãêîãî áåòîíó áåç ïîïå-
ðå÷íî¿ àðìàòóðè VlRd,ñ âèçíà÷àºòüñÿ çà:

(1) The design value of the shear resistance of a
lightweight concrete member without shear rein-
forcement VlRd,ñ follows from:

� 	V C k f k b d VRd c Rd c ck cp w1 1 1 1 1
1 3

1 1100, ,
/

,min� ��
��

 
!"

�� � � � 	� k b dcp w1� , (11.6.2)

äå �1 – âèçíà÷àºòüñÿ çà âèðàçîì (11.1), flck –

ïðèéìàºòüñÿ çà òàáëèöåþ 11.3.1, à �cp – ñå-
ðåäí³ íàïðóæåííÿ ñòèñêó, ñïðè÷èíåí³ îñüîâîþ
ñèëîþ òà ïîïåðåäí³ì íàïðóæåííÿì.

where �1 is defined in Expression (11.1), flck is

taken from Table 11.3.1 and �cp is the mean
compressive stress in the section due to axial
force and prestress.

Ïðèì³òêà. Âåëè÷èíè ClRd,ñ, Vl,min ³ k1, ÿê³ çàñòîñîâó-
þòüñÿ ó êîíêðåòí³é êðà¿í³, ìîæóòü âñòàíîâëþâàòèñü
íàö³îíàëüíèì äîäàòêîì. Ðåêîìåíäîâàíèìè º âåëè-

÷èíè: ClRd,ñ = 0,15/�ñ; Vl,min – 0,30 k3/2
flck

1/2 ³ k1 = 0,15.

Note: The values of ClRd,ñ, Vl,min and k1 for use in a
Country may be found in its National Annex. The re-

commended value for ClRd,ñ is 0,15/�ñ; for Vl,min is
0,30 k

3/2
flck

1/2 and that k1 is 0,15.

(2) Çóñèëëÿ çñóâó VEd, âèçíà÷åí³ áåç çíèæåííÿ 

(6.2.2(6)), çàâæäè ïîâèíí³ çàäîâîëüíÿòè óìîâó:

(2) The shear force, VEd, calculated without re-

duction 
 (see 6.2.2 (6) should always satisfy the
condition:

V b dv fEd w cd� 0 5 1 1, � l , (11.6.5)

äå: where:

�1 – ïðèéìàºòüñÿ çã³äíî ç 11.6.1(1); �1 is in accordance with 11.6.1 (1);

v
l
– ïðèéìàºòüñÿ çã³äíî ç 11.6.2(1). v

l
is in accordance with 11.6.2 (1).
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Òàáëèöÿ 11.6.1N – Âåëè÷èíè Vl,min äëÿ íàâåäåíèõ çíà÷åíü d ³ fck

Table 11.6.1N – Values of Vl,min for given values of d and fck

d, ìì/(mm)

vl,min, ÌÏà/(MPa)

fck, ÌÏà/(MPa)

20 30 40 50 60 70 80

200 0,36 0,44 0,50 0,56 0,61 0,65 0,70

400 0,29 0,35 0,39 0,44 0,48 0,52 0,55

600 0,25 0,31 0,35 0,39 0,42 0,46 0,49

800 0,40 0,28 0,32 0,36 0,39 0,42 0,45

� 1000 0,22 0,27 0,31 0,34 0,37 0,40 0,43

11.6.2 Åëåìåíòè, ùî ïîòðåáóþòü ïîïå-

ðå÷íî¿ àðìàòóðè çà ðîçðàõóíêîì

11.6.2 Members requiring design shear rein-

forcement

(1) Êîåô³ö³ºíò v1 – çíèæåííÿ ì³öíîñò³ óìîâíîãî
áåòîííîãî åëåìåíòà ç òð³ùèíàìè.

(1) The reduction factor for the crushing resis-
tance of the concrete struts is v1.

Ïðèì³òêà. Âåëè÷èíà v1 äëÿ çàñòîñóâàííÿ ó êîíêðåòí³é
êðà¿í³ ìîæå âñòàíîâëþâàòèñü íàö³îíàëüíèì äîäàò-
êîì. Ðåêîìåíäîâàíó âåëè÷èíó îòðèìàºìî ç âèðàçó:

Note: The value of v1 for use in a Country may be found
in its National Annex. The recommended value follows
from:

� 	v flcd1 10 5 1 250� 
, /� . (11.6.6N).

11.6.3 Êðó÷åííÿ 11.6.3 Torsion

11.6.3.1 Ìåòîäèêà ðîçðàõóíêó 11.6.3.1 Design procedure

(1) Ó âèðàç³ (6.30) äëÿ ëåãêîãî áåòîíó v ïðèé-
ìàºòüñÿ òàêèì, ùî äîð³âíþº v1 â³äïîâ³äíî äî
11.6.2 (1).

(1) In Expression (6.30) for lightweight concrete v

is taken equal to v1 according to 11.6.2 (1).

11.6.4 Ïðîäàâëþâàííÿ 11.6.4 Punching

11.6.4.1 Íåñó÷à çäàòí³ñòü íà çñóâ ïðè ïðîäàâ-

ëþâàíí³ îñíîâ ïëèò ³ êîëîí áåç ïîïåðå÷íîãî

àðìóâàííÿ

11.6.4.1 Punching shear resistance of slabs or

column bases without shear reinforcement

(1) Ðîçðàõóíêîâà íåñó÷à çäàòí³ñòü íà çñóâ ïðè
ïðîäàâëþâàíí³ íà îäèíèöþ ïëîù³ äëÿ ïëèòè ç
ëåãêîãî áåòîíó âèçíà÷àºòüñÿ ÿê:

(1) The punching shear resistance per unit area of
a lightweight concrete slab follows from

� 	 � 	V C k f k V kRd c Rd c ck cp cp1 1 1 1 1
1 3

2 1 1 2100, ,
/

,min� � � �� � � � � , (11.6.47)

äå: where:

�1 – âèçíà÷àºòüñÿ çà âèðàçîì (11.1); �1 is defined in Expression (11.1);

ClRd,c – çã³äíî ç 11.6.1 (1); ClRd,c see 11.6.1 (1);

Vl,min – çã³äíî ç 11.6.1 (1). Vl,min see 11.6.1 (1).

Ïðèì³òêà. Âåëè÷èíà k2 äëÿ âèêîðèñòàííÿ ó êîíêðåò-
í³é êðà¿í³ ìîæå âêàçóâàòèñü ó íàö³îíàëüíîìó äîäàò-
êó. Ðåêîìåíäîâàíîþ º âåëè÷èíà k2 = 0,08.

Note: The value k2 for use in a Country may be found in
its National Annex. The recommended value is 0,08

(2) Íåñó÷à çäàòí³ñòü íà ïðîäàâëþâàííÿ VlRd

îñíîâè êîëîíè ç ëåãêîãî áåòîíó âèçíà÷àºòüñÿ
çà âèðàçîì:

(2) The punching shear resistance, VlRd of light-
weight concrete column bases follows from

� 	V C k f d a V d aRd c Rd c ck1 1 1 1
1 3

1 1100 2 2, ,
/

,min/ /� � � �� � , (11.6.50)
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äå: where:

�1 – âèçíà÷àºòüñÿ çà âèðàçîì (11.1); �1 is defined in Expression (11.1);

�1 � 0,005; �1 � 0,005;

ClRd,c – äèâ. 11.6.1(1); ClRd,c see 11.6.1 (1);

Vl,min – äèâ. 11.6.1(1). Vl,min see 11.6.1 (1).

11.6.4.2 Íåñó÷à çäàòí³ñòü íà çñóâ ïðè ïðîäàâ-

ëþâàíí³ îñíîâ ïëèò ³ êîëîí ç ïîïåðå÷íèì àð-

ìóâàííÿì

11.6.4.2 Punching shear resistance of slabs or

column bases with shear reinforcement

(1) ßêùî ïîïåðå÷íà àðìàòóðà íåîáõ³äíà, íåñó-
÷ó çäàòí³ñòü íà çñóâ ïðè ïðîäàâëþâàíí³ âèçíà-
÷àþòü ÿê:

(1) Where shear reinforcement is required the
punching shear resistance is given by:

V V
d

s u d
A fRd cs Rd c

r
sw y1 1

1
0 75 1 5

1
, ,, ,� �

#

$
%%

&

'
((
#

$
%%

&

'
(( wd eff, sin� , (11.6.52)

äå VlRd,c – âèçíà÷àºòüñÿ çà âèðàçîì (11.6.47)
àáî (11.6.50), çàëåæíî â³ä âèïàäêó.

where VlRd,c is defined in Expression (11.6.47) or
(11.6.50) whichever is relevant.

(2) Ó ïðèëåãë³é äî êîëîíè çîí³ íåñó÷à çäàòí³ñòü
íà çñóâ ïðè ïðîäàâëþâàíí³ îáìåæåíà ìàêñè-
ìàëüíîþ âåëè÷èíîþ:

(2) Adjacent to the column the punching shear
capacity is limited to a maximum of

V
V

u d
V vfEd

Ed
Rd cd� � �

0
1 10 5,max , , (11.6.53)

äå v ïðèéìàºòüñÿ ÿê v1, ùî âèçíà÷àºòüñÿ ó
11.6.2 (1).

where v is taken equal to v1 defined in 11.6.2 (1).

11.6.5 ×àñòêîâî íàâàíòàæåí³ çîíè 11.6.5 Partially loaded areas

(1) Ïðè ð³âíîì³ðíî ðîçïîä³ëåíîìó íàâàíòà-
æåíí³ íà ïåâíó ïëîùó Àñ0 (ðèñóíîê 6.29) çîñå-
ðåäæåíó ðåàêö³þ îïîðó ìîæíà âèçíà÷èòè òàê:

(1) For a uniform distribution of load on an area
Ac0 (see Figure 6.29) the concentrated resistance
force may be determined as follows:

) *F A f A A f ARdu c cd c c cd c� � � � � � #

$
%

&

'
(0 1 1 0 1 04400 3 0

2200
/ ,

� �
. (11.6.63)

11.6.6 Âòîìà 11.6.6 Fatigue

(1) Äëÿ ïåðåâ³ðêè íà âòîìó åëåìåíò³â, âèãîòîâ-
ëåíèõ ç ëåãêîãî áåòîíó, íåîáõ³äíî âèêîíóâàòè
îêðåìèé àíàë³ç. Îñíîâîþ àíàë³çó ïîâèííî
áóòè ªâðîïåéñüêå òåõí³÷íå óõâàëåííÿ.

(1) For fatigue verification of elements made with
lightweight aggregated concrete special conside-
ration is required. Reference should be made to a
European Technical Approval.

11.7 Ãðàíè÷í³ ñòàíè çà ïðèäàòí³ñòþ äî
åêñïëóàòàö³¿

11.7 Serviceability limit states

(1)P Îñíîâí³ ñï³ââ³äíîøåííÿ çàë³çîáåòîííîãî
åëåìåíòà ïðîë³ò/ôàêòè÷íà âèñîòà çà â³äñóò-
íîñò³ îñüîâîãî ñòèñêó íàâåäåí³ ó 7.4.2, äëÿ
LWAC íåîáõ³äíî çìåíøóâàòè çàñòîñóâàííÿì

êîåô³ö³ºíòà �
E
0 15, .

(1)P The basic ratios of span/effective depth for
reinforced concrete members without axial comp-
ression, given in 7.4.2, should be reduced by a

factor �
E
0 15, when applied to LWAC.

247

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



11.8 Êîíñòðóþâàííÿ àðìàòóðè – çàãàëüí³
ïîëîæåííÿ

11.8 Detailing of reinforcement – general

11.8.1 Äîïóñòèì³ ðàä³óñè ãíóòòÿ ñòðèæ-

í³â

11.8.1 Permissible mandrel diameters for bent

bars

(1) Äëÿ ëåãêîãî áåòîíó ç ìåòîþ çàïîá³ãàííÿ
ðîçêîëþâàííþ áåòîíó ó ì³ñöÿõ çãèí³â, ãàê³â òà
ïåòåëü âåëè÷èíó ì³í³ìàëüíîãî ðàä³óñà çãèíó
ñòðèæí³â íåîáõ³äíî çá³ëüøóâàòè íà 50% ó
ïîð³âíÿíí³ ç íàâåäåíèìè ó 8.4.4 äëÿ çâè÷àéíî-
ãî âàæêîãî áåòîíó.

(1) For lightweight aggregate concrete the mand-
rel sizes for normal density concrete given in 8.4.4
to avoid splitting of the concrete at bends, hoops
and loops, should be increased by 50%.

11.8.2 Ãðàíè÷í³ íàïðóæåííÿ ç÷åïëåííÿ 11.8.2 Ultimate bond stress

(1) Ðîçðàõóíêîâå çíà÷åííÿ ãðàíè÷íèõ íàïðó-
æåíü ç÷åïëåííÿ äëÿ ñòðèæí³â ó ëåãêîìó áåòîí³
ìîæå âèçíà÷àòèñü çà âèðàçîì (8.2) øëÿõîì
ï³äñòàíîâêè âåëè÷èíè flctd çàì³ñòü fctd , ïðè çíà-

÷åíí³ flctd = flctk,0,05/�ñ. Çíà÷åííÿ flctk,0,05 íàâå-
äåí³ ó òàáëèö³ 11.3.1.

(1) The design value of the ultimate bond stress
for bars in lightweight concrete may be calculated
using Expression 8.2, by substituting the value

flctd for fctd with flctd = flctk,0,05/�ñ. The values for
flctk,0,05 are found in Table 11.3.1.

11.9 Êîíñòðóþâàííÿ åëåìåíò³â ³ îñîáëèâ³
ïðàâèëà

11.9 Detailing of members and particular
rules

(1) Ä³àìåòð ñòðèæí³â, çààíêåðîâàíèõ ó LWAC,
çàçâè÷àé, íå ïîâèíåí ïåðåâèùóâàòè 32 ìì.
Ïó÷êè ñòðèæí³â ó LWAC íå ïîâèíí³ âêëþ÷àòè
á³ëüø í³æ äâà ç åêâ³âàëåíòíèì ä³àìåòðîì íå
á³ëüøå 45 ìì.

(1) The diameter of bars embedded in LWAC
should not normally exceed 32 mm. For LWAC
bundles of bars should not consist of more than
two bars and the equivalent diameter should not
exceed 45 mm.

11.10 Äîäàòêîâ³ ïðàâèëà äëÿ çá³ðíèõ
åëåìåíò³â ³ êîíñòðóêö³é

11.10 Additional rules for precast concrete
elements and structures

(1) Ðîçä³ë 10 ìîæíà çàñòîñîâóâàòè äëÿ ëåãêîãî
áåòîíó áåç çì³í.

(1) Section 10 may be applied to lightweight ag-
gregate concrete without modifications.

11.11 Êîíñòðóêö³¿ òà åëåìåíòè ç íåàðìîâàíîãî
òà ìàëîàðìîâàíîãî áåòîíó

11.11 Plain and lightly reinforced concrete
structures

(1) Ðîçä³ë 12 ìîæíà çàñòîñîâóâàòè äëÿ ëåãêîãî
áåòîíó áåç çì³í.

(1) Section 12 may be applied to lightweight
aggregate concrete without modifications.
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12 ÍÅÀÐÌÎÂÀÍ² ÒÀ ÌÀËÎÀÐÌÎÂÀÍ²
ÁÅÒÎÍÍ² ÊÎÍÑÒÐÓÊÖ²¯

12 PLAIN AND LIGHTLY REINFORCED
CONCRETE STRUCTURES

12.1 Çàãàëüí³ ïîëîæåííÿ 12.1 General

(1)Ð Ó öüîìó ðîçä³ë³ íàäàþòüñÿ äîäàòêîâ³ ïðà-
âèëà äëÿ íåàðìîâàíîãî áåòîíó àáî ç àðìàòó-
ðîþ, ìåíøîþ í³æ ì³í³ìàëüíî íåîáõ³äíà äëÿ
çàë³çîáåòîíó.

(1)P This section provides additional rules for
plain concrete structures or where the reinforce-
ment provided is less than the minimum required
for reinforced concrete.

Ïðèì³òêà. Çàãîëîâêè íóìåðóþòüñÿ öèôðîþ 12, çà
ÿêîþ éäóòü â³äïîâ³äí³ íîìåðè îñíîâíîãî ðîçä³ëó.
Çàãîëîâêè íèæ÷îãî ð³âíÿ íóìåðóþòüñÿ ïîñë³äîâíî,
áåç âçàºìîçâ'ÿçêó ç ï³äçàãîëîâêàìè ïîïåðåäí³õ
ðîçä³ë³â.

Note: Headings are numbered 12 followed by the num-
ber of the corresponding main section. Headings of
lower level are numbered consecutively, without refe-
rence to subheadings in previous sections.

(2) Öåé ðîçä³ë çàñòîñîâóºòüñÿ äî åëåìåíò³â,
äëÿ ÿêèõ âïëèâîì äèíàì³÷íèõ íàâàíòàæåíü
ìîæíà çíåõòóâàòè. Ðîçä³ë íå çàñòîñîâóºòüñÿ
ïðè âïëèâàõ â³ä äèíàì³÷íîãî îáëàäíàííÿ òà
ðóõó òðàíñïîðòó. Ïðèêëàäàìè òàêèõ åëåìåíò³â
ìîæóòü ñëóãóâàòè:

(2) This section applies to members, for which the
effect of dynamic actions may be ignored. It does
not apply to the effects such as those from rota-
ting machines and traffic loads. Examples of such
members include:

– åëåìåíòè, ùî ïåðåâàæíî çàçíàþòü âïëèâó,
ñòèñêó, îêð³ì ïîïåðåäíüîãî íàïðóæåííÿ, íà-
ïðèêëàä, ñò³íè, êîëîíè, àðêè, ñêëåï³ííÿ òà
òóíåë³;

– members mainly subjected to compression
other than that due to prestressing, e.g. walls,
columns, arches, vaults, and tunnels;

– ñòð³÷êîâ³ òà îêðåì³ ôóíäàìåíòè; – strip and pad footings for foundations;
– ï³äï³ðí³ ñò³íè; – retaining walls;

– ïàë³ ä³àìåòðîì � 600 ìì òà ÿêùî NEd /Ac �

� 0,3fck.

– piles whose diameter is � 600 mm and where

NEd /Ac � 0,3fck.

(3) Äëÿ åëåìåíò³â, âèãîòîâëåíèõ ç ëåãêîãî áå-
òîíó ³ç çàìêíåíîþ ñòðóêòóðîþ â³äïîâ³äíî äî
ðîçä³ëó 11, àáî äëÿ çá³ðíèõ áåòîííèõ åëåìåí-
ò³â òà êîíñòðóêö³é, ùî îõîïëþþòüñÿ ïîëîæåí-
íÿìè öüîãî ñòàíäàðòó, ïðàâèëà ïðîåêòóâàííÿ
íåîáõ³äíî ìîäèô³êóâàòè â³äïîâ³äíèì ÷èíîì.

(3) Where members are made with lightweight
aggregate concrete with closed structure accor-
ding to Section 11 or for precast concrete ele-
ments and structures covered by this Eurocode,
the design rules should be modified accordingly.

(4) Åëåìåíòè ç âàæêîãî áåòîíó íå âèêëþ÷àþòü
çàñòîñóâàííÿ ïîëîæåíü ñòîñîâíî íåîáõ³äíî¿
ñòàëåâî¿ àðìàòóðè äëÿ äîòðèìàííÿ âèìîã ïðè-
äàòíîñò³ äî åêñïëóàòàö³¿ ³/àáî äîâãîâ³÷íîñò³, à
òàêîæ àðìóâàííÿ ïåâíèõ ÷àñòèí åëåìåíò³â. Öþ
àðìàòóðó ìîæíà âðàõîâóâàòè ïðè ïåðåâ³ðö³
ëîêàëüíèõ ãðàíè÷íèõ ñòàí³â çà ² òà ²² ãðóïàìè.

(4) Members using plain concrete do not preclude
the provision of steel reinforcement needed to
satisfy serviceability and/or durability require-
ments, nor reinforcement in certain parts of the
members. This reinforcement may be taken into
account for the verification of local ultimate limit
states as well as for the checks of the serviceabi-
lity limit states.
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12.3 Ìàòåð³àëè 12.3 Materials

12.3.1 Áåòîí: äîäàòêîâ³ ðîçðàõóíêîâ³ ïå-

ðåäóìîâè

12.3.1 Concrete: additional design assump-

tions

(1) Âíàñë³äîê íèæ÷èõ õàðàêòåðèñòèê ïîäàòëè-

âîñò³ âàæêîãî áåòîíó âåëè÷èíè �cc,pl ³ �ct,pl íå-

îáõ³äíî ïðèéìàòè ìåíøèìè í³æ �cc ³ �ct äëÿ
çàë³çîáåòîíó.

(1) Due to the less ductile properties of plain

concrete the values for �cc,pl and �ct,pl should be

taken to be less than �cc and �ct for reinforced
concrete.

Ïðèì³òêà. Âåëè÷èíè �cc,pl ³ �ct,pl äëÿ âèêîðèñòàííÿ ó
êîíêðåòí³é êðà¿í³ ìîæóòü âêàçóâàòèñü ó íàö³îíàëü-
íîìó äîäàòêó. Ðåêîìåíäîâàíèì çíà÷åííÿì äëÿ
îáîõ âåëè÷èí º 0,8.

Note: The values of �cc,pl and �ct,pl for use in a Country
may be found in its National Annex. The recommended
value for both is 0,8.

(2) Ó ðàç³ âðàõóâàííÿ íàïðóæåíü ðîçòÿãó ïðè
âèçíà÷åíí³ ðîçðàõóíêîâî¿ ì³öíîñò³ (3.1.7) åëå-
ìåíò³â ç âàæêîãî áåòîíó åïþðó "íàïðóæåííÿ-
äåôîðìàö³¿" ìîæíà ïðîäîâæèòè àæ äî ðîçðà-
õóíêîâî¿ ì³öíîñò³ íà ðîçòÿã çà äîïîìîãîþ âèðà-
çó (3.16) àáî çà ë³í³éíîþ çàëåæí³ñòþ.

(2) When tensile stresses are considered for the
design resistance of plain concrete members, the
stress strain diagram (see 3.1.7) may be exten-
ded up to the tensile design strength using Ex-
pression (3.16) or a linear relationship.

f fctd ct ctk C� � �, , /0 05 . (12.1)

(3) ßêùî ïîêàçàíî, ùî ìåòîäè ìåõàí³êè ðóéíó-
âàííÿ çàáåçïå÷óþòü íåîáõ³äíèé ð³âåíü áåçïå-
êè, òî ¿õ ìîæíà çàñòîñîâóâàòè.

(3) Fracture mechanic methods may be used
provided it can be shown that they lead to the
required level of safety.

12.5 Êîíñòðóêòèâíèé ðîçðàõóíîê: ãðàíè÷í³
ñòàíè çà íåñó÷îþ çäàòí³ñòþ ³ ñò³éê³ñòþ

12.5 Structural analysis: ultimate limit states

(1) Îñê³ëüêè åëåìåíòè ç³ çâè÷àéíîãî áåòîíó ìà-
þòü îáìåæåíó ïîäàòëèâ³ñòü, òî äëÿ íèõ íå çà-
ñòîñîâóºòüñÿ ë³í³éíèé ðîçðàõóíîê ç ïåðåðîç-
ïîä³ëîì àáî ïëàñòè÷íèé ðîçðàõóíîê, íàïðèê-
ëàä, ìåòîäè, ùî íå âêëþ÷àþòü ïîâíî¿ ïåðåâ³ð-
êè äåôîðìàòèâíîñò³, îêð³ì âèïàäê³â, êîëè ï³ä-
òâåðäæåíà ìîæëèâ³ñòü çàñòîñóâàííÿ çãàäàíèõ
ìåòîä³â.

(1) Since plain concrete members have limited
ductility, linear analysis with redistribution or ap-
lastic approach to analysis, e.g. methods without
an explicit check of the deformation capacity,
should not be used unless their application can be
justified.

(2) Êîíñòðóêòèâíèé ðîçðàõóíîê ìîæå áàçóâà-
òèñü íà íåë³í³éí³é àáî ë³í³éíî-ïëàñòè÷í³é òåî-
ð³¿. Ó âèïàäêó íåë³í³éíîãî ðîçðàõóíêó (íàïðèê-
ëàä, ìåõàí³êè ðóéíóâàííÿ) íåîáõ³äíî âèêîíàòè
ïåðåâ³ðêó äåôîðìàòèâíîñò³.

(2) Structural analysis may be based on the
non-linear or the linear elastic theory. In the case
of a non-linear analysis (e.g. fracture mechanics)
a check of the deformation capacity should be
carried out.

12.6 Ãðàíè÷í³ ñòàíè çà íåñó÷îþ çäàòí³ñòþ ³
ñò³éê³ñòþ

12.6 Ultimate limit states

12.6.1 Ðîçðàõóíêîâèé îï³ð çãèíó òà îñüîâ³é

ñèë³

12.6.1 Design resistance to bending and axial

force

(1) Ó âèïàäêó ñò³í, âèêîíàíèõ ç äîòðèìàííÿì
â³äïîâ³äíèõ ïîëîæåíü ñòîñîâíî êîíñòðóþâàí-
íÿ òà äîãëÿäó, íàâåäåíèìè äåôîðìàö³ÿìè â³ä
òåìïåðàòóðè òà óñàäêè ìîæíà çíåõòóâàòè.

(1) In the case of walls, subject to the provision of
adequate construction details and curing, the im-
posed deformations due to temperature or shrin-
kage may be ignored.

(2) Çàëåæíîñò³ "íàïðóæåííÿ-äåôîðìàö³¿" íå-
îáõ³äíî ïðèéìàòè ç 3.1.7.

(2) The stress-strain relations for plain concrete
should be taken from 3.1.7.
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(3) Îï³ð ïðÿìîêóòíîãî ïîïåðå÷íîãî ïåðåð³çó ä³¿
îñüîâî¿ ñèëè NRd ç åêñöåíòðèñèòåòîì å ó íà-
ïðÿì³ hw âèçíà÷àºòüñÿ çà âèðàçîì:

(3) The axial resistance, NRd, of a rectangular
cross-section with a uniaxial eccentricity, e, in the
direction of hw, may be taken as:

� 	N f b h e hRd cd w w� � � � 
� 1 2 / , (12.2)

äå: where:

fcd – ðîçðàõóíêîâà ôàêòè÷íà ì³öí³ñòü íà ñòèñê
(3.1.7(3);

fcd is the design effective compressive strength
(see 3.1.7 (3);

b – çàãàëüíà øèðèíà ïîïåðå÷íîãî ïåðåð³çó (ðè-
ñóíîê 12.1);

b is the overall width of the cross-section (see
Figure 12.1);

hw – çàãàëüíà âèñîòà ïîïåðå÷íîãî ïåðåð³çó; hw is the overall depth of the cross-section;

å – åêñöåíòðèñèòåò NEd ó íàïðÿìêó hw. e is the eccentricity of NEd in the direction hw.

Ïðèì³òêà. Ïðè çàñòîñóâàíí³ ñïðîùåíèõ ìåòîä³â âî-
íè íå ïîâèíí³ áóòè ìåíø êîíñåðâàòèâíèìè í³æ òî÷-
íèé ìåòîä, ùî âèêîðèñòîâóº çàëåæí³ñòü "íàïðóæåí-
íÿ äåôîðìàö³¿", íàâåäåíó ó 3.1.7.

Note: Where other simplified methods are used they
should not be less conservative than a rigorous met-
hod using a stress-strain relationship given in 3.1.7.

12.6.2 Ì³ñöåâå ðóéíóâàííÿ 12.6.2 Local failure

(1)Ð Çà â³äñóòíîñò³ çàõîä³â ³ç çàïîá³ãàííÿ ðóé-
íóâàííþ â³ä ðîçòÿãó ïîïåðå÷íîãî ïåðåð³çó íå-
îáõ³äíî îáìåæóâàòè ìàêñèìàëüíèé åêñöåíò-
ðèñèòåò îñüîâî¿ ñèëè NEd ó ïåðåð³ç³ äëÿ çàïî-
á³ãàííÿ óòâîðåííþ âåëèêèõ òð³ùèí.

(1)P Unless measures to avoid local tensile failure
of the cross-section have been taken, the maxi-
mum eccentricity of the axial force NEd in a cross-
section shall be limited to avoid large cracks.

12.6.3 Çñóâ 12.6.3 Shear

(1) Ó ïëîñêèõ áåòîííèõ åëåìåíòàõ ìîæíà âðà-
õîâóâàòè ì³öí³ñòü áåòîíó íà ðîçòÿã ó ãðàíè÷íî-
ìó ñòàí³ íà çñóâ çà óìîâè ï³äòâåðäæåííÿ
ðîçðàõóíêàìè àáî ïðàêòèêîþ íåìîæëèâîñò³
êðèõêîãî ðóéíóâàííÿ òà çàáåçïå÷åííÿ â³äïî-
â³äíî¿ ì³öíîñò³.

(1) In plain concrete members account may be
taken of the concrete tensile strength in the
ultimate limit state for shear, provided that either
by calculations or by experience brittle failure can
be excluded and adequate resistance can be
ensured.
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(2) Äëÿ ïåðåð³çó, ó ÿêîìó ä³º çóñèëëÿ çñóâó VEd ³
íîðìàëüíà ñèëà NEd íà ñòèñíóò³é ïëîù³ Acc,
àáñîëþòíå çíà÷åííÿ êîìïîíåíò ðîçðàõóíêî-
âèõ íàïðóæåíü íåîáõ³äíî âèçíà÷àòè ÿê:

(2) For a section subject to a shear force VEd and
a normal force NEd acting over a compressive
area Acc, the absolute value of the components of
design stress should be taken as:

�cp Ed ccN A� / , (12.3)

+cp Ed cck V A� � / . (12.4)

Ïðèì³òêà. Âåëè÷èíà k äëÿ çàñòîñóâàííÿ ó êîíêðåò-
í³é êðà¿í³ ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó
äîäàòêó. Ðåêîìåíäóºòüñÿ âåëè÷èíà 1,5.

Note: the value of k for use in a Country may be found
in its National Annex. The recommended value is 1,5.

Ïðè öüîìó íåîáõ³äíî ïåðåâ³ðÿòè óìîâó: and the following should be checked:

+cp cvdf� ,

äå: where:

ÿêùî (if) � �cp c� , lim , f f fcvd ctd cp ctd� �2 � (12.5)

àáî or

ÿêùî (if) � �cp c� , lim , f f fcvd ctd cp ctd
cp c� � 



#

$
%
%

&

'
(
(

2
2

2
�

� � , lim
, (12.6)

� 	�c cd ctd ctd cdf f f f, lim � 
 �2 , (12.7)

äå: where:

fcvd – ðîçðàõóíêîâà ì³öí³ñòü áåòîíó íà çñóâ ³
ñòèñê;

fcvd is the concrete design strength in shear and
compression;

fcd – ðîçðàõóíêîâà ì³öí³ñòü áåòîíó íà ñòèñê; fcd is the concrete design strength in compression;

fctd – ðîçðàõóíêîâà ì³öí³ñòü áåòîíó íà ðîçòÿã. fctd is concrete design strength in tension

(3) Áåòîííèé åëåìåíò ìîæå ââàæàòèñü áåç
òð³ùèí ó ãðàíè÷íîìó ñòàí³ çà íåñó÷îþ çäàò-
í³ñòþ ³ ñò³éê³ñòþ, ÿêùî â³í ïîâí³ñòþ ñòèñíóòèé,
àáî ÿêùî ãîëîâí³ íàïðóæåííÿ ðîçòÿãó ó áåòîí³

�ct1 çà àáñîëþòíîþ âåëè÷èíîþ íå ïåðåâèùó-
þòü fctd.

(3) A concrete member may be considered to be
uncracked in the ultimate limit state if either it
remains completely under compression or if the
absolute value of the principal concrete tensile

stress �ct1 does not exceed fctd.

12.6.4 Êðó÷åííÿ 12.6.4 Torsion

(1) Åëåìåíòè ç òð³ùèíàìè çàçâè÷àé íå ðîçðà-
õîâóþòüñÿ íà íåñó÷ó çäàòí³ñòü çà êðóòíèìè ìî-
ìåíòàìè, ÿêùî ò³ëüêè â³äïîâ³äíèì ÷èíîì íå
ï³äòâåðäæåíî ³íøå.

(1) Cracked members should not normally be
designed to resist torsional moments unless it can
be justified otherwise.

12.6.5 Ãðàíè÷í³ ñòàíè, ñïðè÷èíåí³ äåôîð-

ìàö³ºþ êîíñòðóêö³¿ (âòðàòà ñò³éêîñò³)

12.6.5 Ultimate limit states induced by struc-

tural deformation (buckling)

12.6.5.1 Ãíó÷ê³ñòü êîëîí ³ ñò³í 12.6.5.1 Slenderness of columns and walls

(1) Ãíó÷ê³ñòü êîëîíè àáî ñò³íè âèçíà÷àºòüñÿ ÿê: (1) The slenderness of a column or wall is given by

, � l0 / i , (12.8)

äå: where:

³ – ì³í³ìàëüíèé ðàä³óñ ³íåðö³¿; ³ is the minimum radius of gyration;

l0 – ïðèâåäåíà äîâæèíà åëåìåíòà, ÿêó ìîæíà
ïðèéìàòè ÿê:

l0 is the effective length of the member which can
be assumed to be:
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l l0 � 
 w , (12.9)

äå: where:

lw – âèñîòà åëåìåíòà ó ÷èñòîò³; lw clear height of the member;


 – êîåô³ö³ºíò, ùî çàëåæèòü â³ä óìîâ îáïèðàí-
íÿ:


 coefficient which depends on the support condi-
tions:

– äëÿ êîëîí, çàçâè÷àé, ïðèéìàºòüñÿ 
 = 1; – for columns 
 = 1 should in general be assu-
med;

– äëÿ êîíñîëüíèõ êîëîí àáî ñò³í 
 = 2; – for cantilever columns or walls 
 = 2;

– äëÿ ³íøèõ ñò³í çíà÷åííÿ 
 íàâåäåí³ ó òàá-
ëèö³ 12.1.

– for other walls 
-values are given in Table 12.1.

Òàáëèöÿ 12.1 – Çíà÷åííÿ 
 äëÿ ð³çíèõ ãðàíè÷íèõ óìîâ

Table 12.1 – Values of 
 for different edge conditions

Çàêð³ïëåííÿ ³ç ïëîùèíè
Lateral restraint

Åñê³ç
Sketch

Âèðàç
Expression

Êîåô³ö³ºíò 

Factor 


Âçäîâæ äâîõ ãðàíåé
Along two edges


 = 1,0 äëÿ
áóäü-ÿêîãî
â³äíîøåííÿ

lw /b


 = 1,0 for any
ratio of lw /b

Âçäîâæ òðüîõ ãðàíåé
Along three edges


 �

�
#

$
%

&

'
(

1

1
3

2
lw

b

lw /b 


0,2 0,26

0,4 0,59

0,6 0,76

0,8 0,85

1,0 0,90

1,5 0,95

2,0 0,97

5,0 1,00

Âçäîâæ ÷îòèðüîõ ãðàíåé
Along four edges

ßêùî (if) b � lw


 �

�
#

$
%

&

'
(

1

1
2

lw

b

ßêùî (if) b < lw


 �
b

w2l

lw /b 


0,2 0,10

0,4 0,20

0,6 0,30

0,8 0,40

1,0 0,50

1,5 0,69

2,0 0,80

5,0 0,96

– ïëèòè ïåðåêðèòòÿ
Floor slab

– â³äêðèòà ãðàíü
Free edge

– ïîïåðå÷íà ñò³íà
Transverse wall
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Ïðèì³òêà. Äàí³ òàáëèö³ 12.1 ïðèéíÿò³ çà óìîâè â³ä-
ñóòíîñò³ ó ñò³í³ ïðîð³ç³â á³ëüø í³æ 1/3 âèñîòè ñò³íè lw

àáî ïëîùåþ, ùî ïåðåâèùóº 1/10 ïëîù³ ñò³íè. ßêùî
ó ñò³íàõ, çàêð³ïëåíèõ âäîâæ òðüîõ àáî ÷îòèðüîõ
ñòîð³í, ïðîð³çè ïåðåâèùóþòü âêàçàí³ îáìåæåííÿ,
çîíè ì³æ ïðîð³çàìè íåîáõ³äíî ðîçãëÿäàòè ÿê çà-
êð³ïëåí³ ó ïîïåðå÷íîìó íàïðÿì³ ò³ëüêè âäîâæ äâîõ
ñòîð³í òà ðîçðàõîâóâàòè ¿õ â³äïîâ³äíèì ÷èíîì.

Note: The information in Table 12.1 assumes that the
wall has no openings with a height exceeding 1/3 of the
wall height lw or with an area exceeding 1/10 of the wall
area. In walls laterally restrained along 3 or 4 sides with
openings exceeding these limits, the parts between the
openings should be considered as laterally restrained
along 2 sides only and be designed accordingly.

(2) ßêùî íà íåñó÷ó çäàòí³ñòü ³ç ïëîùèíè âïëè-

âàþòü ïàçè àáî çàãëèáëåííÿ, òî çíà÷åííÿ 
 íå-
îáõ³äíî â³äïîâ³äíî çá³ëüøóâàòè.

(2) The 
-values should be increased appropria-
tely if the transverse bearing capacity is affected
by chases or recesses.

(3) Ïîïåðå÷íó ñò³íó ìîæíà ðîçãëÿäàòè ÿê ä³à-
ôðàãìó, ÿêùî:

(3) A transverse wall may be considered as a
bracing wall if:

– ¿¿ çàãàëüíà òîâùèíà ñòàíîâèòü íå ìåíøå
í³æ 0,5 hw, äå hw – çàãàëüíà òîâùèíà ñò³íè,
ÿêà ðîçêð³ïëþºòüñÿ;

– its total depth is not less than 0,5 hw, where hw

is the overall depth of the braced wall;

– âîíà ìàº òó æ âèñîòó lw, ùî ³ ñò³íà, ÿêà ðîç-
êð³ïëþºòüñÿ;

– it has the same height lw as the braced wall
under consideration;

– ¿¿ äîâæèíà lht ñòàíîâèòü ùîíàéìåíøå, lw/5,
äå lw ïîçíà÷àº ÷èñòó âèñîòó ñò³íè, ÿêà
ðîçêð³ïëþºòüñÿ;

– its length lht is at least equal to lw/5, where lw

denotes the clear height of the braced wall

– â ìåæàõ äîâæèíè lht ïîïåðå÷íà ñò³íà íå ìàº
í³ÿêèõ ïðîð³ç³â.

– within the length lht the transverse wall has no
openings.

(4) Ó âèïàäêó, ÿêùî ñò³íà ç'ºäíàíà ïî äîâæèí³
çíèçó äî âåðõó æîðñòêèì ïðîòè çãèíó ñïîñîáîì
øëÿõîì çàìîíîë³÷óâàííÿ áåòîíîì òà àðìóâàí-
íÿì ³ êîëè ç'ºäíàííÿ ïîâí³ñòþ ñïðèéìàº ìî-

ìåíòè íà ãðàíÿõ, òî âåëè÷èíè 
, íàâåäåí³ ó
òàáëèö³ 12.1, ìîæíà ìíîæèòè íà 0,85.

(4) In the case of a wall connected along the top
and bottom in flexurally rigid manner by insitu
concrete and reinforcement, so that the edge

moments can be fully resisted, the values for 

given in Table 12.1 may be factored by 0,85

(5) Ãíó÷ê³ñòü ñò³í ³ç çâè÷àéíîãî ìîíîë³òíîãî áåòî-

íó, çàçâè÷àé, íå ïîâèííà ïåðåâèùóâàòè , = 86
(òîáòî l0/hw = 25).

(5) The slenderness of walls in plain concrete cast

insitu should generally not exceed , = 86 (i.e.
l0/hw = 25).

12.6.5.2 Ñïðîùåíèé ìåòîä ðîçðàõóíêó ñò³í

òà êîëîí

12.6.5.2 Simplified design method for walls and

columns

(1) Çà â³äñóòíîñò³ á³ëüø òî÷íîãî ï³äõîäó ðîçðà-
õóíêîâó íåñó÷ó çäàòí³ñòü íà ä³þ êðèòè÷íî¿ ïî-
çäîâæíüî¿ ñèëè äëÿ ãíó÷êî¿ ñò³íè àáî êîëîíè ç³
çâè÷àéíîãî áåòîíó ìîæíà âèçíà÷àòè ÿê:

(1) In absence of a more rigorous approach, the
design resistance in terms of axial force fora
slender wall or column in plain concrete may be
calculated as follows:

N b h fRd w cd� � � - , (12.10)

äå: where:

NRd – íåñó÷à çäàòí³ñòü çà îñüîâîþ ñèëîþ; NRd is the axial resistance;

b – çàãàëüíà øèðèíà ïîïåðå÷íîãî ïåðåð³çó; b is the overall width of the cross-section;

hw – çàãàëüíà âèñîòà ïîïåðå÷íîãî ïåðåð³çó; hw is the overall depth of the cross-section;

- – êîåô³ö³ºíò, ùî âðàõîâóº åêñöåíòðèñèòåò, ç
óðàõóâàííÿì íåòî÷íîñòåé ³ äåôåêò³â òà âïëè-
â³â ïîâçó÷îñò³.

- factor taking into account eccentricity, including
second order effects and normal effects of creep;
see below.

Äëÿ åëåìåíò³â ³ç â'ÿçÿìè êîåô³ö³ºíò - ìîæíà
ïðèéìàòè ÿê:

For braced members, the factor - may be taken
as:
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� 	� 	 � 	- � � 
 
 � � 
1 14 1 2 0 02 1 20, / , / /e h h e htot w w tot wl , (12.11)

äå: where:

e e etot i� �0 , (12.12)

å0 – åêñöåíòðèñèòåò ïåðøîãî ïîðÿäêó ç óðàõó-
âàííÿì ó â³äïîâ³äíèõ âèïàäêàõ âïëèâ³â ïåðå-
êðèòò³â (íàïðèêëàä, ìîæëèâ³ ìîìåíòè ó çàêð³ï-
ëåííÿõ, ùî ïåðåäàþòüñÿ íà ñò³íó â³ä ïëèò) òà
ãîðèçîíòàëüíèõ ä³é;

å0 is the first order eccentricity including, where
relevant, the effects of floors (e.g. possible clam-
ping moments transmitted to the wall from a slab)
and horizontal actions;

å³ – äîäàòêîâèé åêñöåíòðèñèòåò, ùî îõîïëþº
âïëèâè ãåîìåòðè÷íèõ íåòî÷íîñòåé, äèâ. 5.2.

å³ is the additional eccentricity covering the ef-
fects of geometrical imperfections, see 5.2.

(2) Ìîæëèâî çàñòîñîâóâàòè ³íø³ ñïðîùåí³ ìå-
òîäè çà óìîâè, ùî âîíè º íå ìåíø êîíñåðâà-
òèâíèìè í³æ òî÷íèé ìåòîä çã³äíî ç 5.8.

(2) Other simplified methods may be used provi-
ded that they are not less conservative than a
rigorous method in accordance with 5.8.

12.7 Ãðàíè÷í³ ñòàíè çà ïðèäàòí³ñòþ äî
åêñïëóàòàö³¿

12.7 Serviceability limit states

(1) Ó ðàç³ ìîæëèâîñò³ êîíñòðóêòèâíèõ çàùåìëåíü
íåîáõ³äíî âèêîíóâàòè ïåðåâ³ðêó íàïðóæåíü.

(1) Stresses should be checked where structural
restraint is expected to occur.

(2) Äëÿ çàáåçïå÷åííÿ â³äïîâ³äíîãî ð³âíÿ åêñ-
ïëóàòàö³éíî¿ ïðèäàòíîñò³ íåîáõ³äíî ïåðåäáà-
÷àòè íàñòóïí³ çàõîäè:

(2) The following measures to ensure adequate
serviceability should be considered:

à) â³äíîñíî óòâîðåííÿ òð³ùèí: a) with regard to crack formation:
– îáìåæåííÿ íàïðóæåíü ðîçòÿãó ó áåòîí³ äî

ïðèéíÿòíîãî ð³âíÿ;
– limitation of concrete tensile stresses to ac-

ceptable values;
– çàáåçïå÷åííÿ äîäàòêîâî¿ êîíñòðóêòèâíî¿

àðìàòóðè (ïîâåðõíåâà àðìàòóðà, ñèòåìè
â'ÿçåé, çà íåîáõ³äíîñò³);

– provision of subsidiary structural reinforce-
ment (surface reinforcement, tying system
where necessary);

– çàáåçïå÷åííÿ ç'ºäíàíü; – provision of joints;
– ïèòàííÿ òåõíîëîã³¿ áåòîíó (íàïðèêëàä, â³ä-

ïîâ³äíèé ñêëàä áåòîíó, äîãëÿä);
– choice of concrete technology (e.g. appropria-

te concrete composition, curing);
– âèá³ð â³äïîâ³äíî¿ òåõíîëîã³¿ áóä³âíèöòâà; – choice of appropriate method of construction.

b) â³äíîñíî îáìåæåííÿ äåôîðìàö³é: b) with regard to limitation of deformations:
– ì³í³ìàëüíèé ðîçì³ð ïåðåð³çó (äèâ. 12.9); – a minimum section size (see 12.9 below);
– îáìåæåííÿ ãíó÷êîñò³ ó âèïàäêó ñòèñíóòèõ

åëåìåíò³â.
– limitation of slenderness in the case of comp-

ression members.

(3) Áóäü-ÿêà àðìàòóðà, ùî ïåðåäáà÷åíà ó ïëîñ-
êèõ åëåìåíòàõ, áåç óðàõóâàííÿ íåñó÷î¿ àðìàòó-
ðè ïîâèííà â³äïîâ³äàòè ïîëîæåííÿì 4.4.1.

(3) Any reinforcement provided in plain concrete
members, although not taken into account for
load bearing purposes, should comply with 4.4.1.

12.9 Êîíñòðóþâàííÿ åëåìåíò³â ³ îñîáëèâ³
ïðàâèëà

12.9 Detailing of members and particular
rules

12.9.1 Êîíñòðóêòèâí³ åëåìåíòè 12.9.1 Structural members

(1) Çàãàëüíà òîâùèíà ñò³íè hw äëÿ ìîíîë³òíèõ
áåòîííèõ ñò³í ïîâèííà áóòè íå ìåíø í³æ 120 ìì.

(1) The overall depth hw of a wall should not be
smaller than 120 mm for cast in-situ concrete walls.

(2) Çà íàÿâíîñò³ ïàç³â ³ êàíàë³â íåîáõ³äíî âèêî-
íóâàòè ïåðåâ³ðêè ñòîñîâíî çàáåçïå÷åííÿ íåñó-
÷î¿ çäàòíîñò³ òà ñò³éêîñò³ åëåìåíòà.

(2) Where chases and recesses are included
checks should be carried out to assure the
adequate strength and stability of the member.
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12.9.2 Êîíñòðóêòèâí³ ç'ºäíàííÿ 12.9.2 Construction joints

(1) ßêùî ìîæëèâå âèíèêíåííÿ íàïðóæåíü ðîç-
òÿãó ó êîíñòðóêòèâíèõ ç'ºäíàííÿõ, íåîáõ³äíî
ïåðåäáà÷àòè â³äïîâ³äíå àðìóâàííÿ äëÿ çàïî-
á³ãàííÿ ðîçâèòêó òð³ùèí.

(1) Where tensile stresses in the concrete occur in
construction joints are expected to occur, reinfor-
cement should be detailed to control cracking.

12.9.3 Ñòð³÷êîâ³ òà îêðåì³ ôóíäàìåíòè 12.9.3 Strip and pad footings

(1) Çà â³äñóòíîñò³ á³ëüø òî÷íî¿ ³íôîðìàö³¿
ñòð³÷êîâ³ òà îêðåì³ ôóíäàìåíòè ïðè îñüîâîìó
íàâàíòàæåíí³ ìîæóòü ðîçðàõîâóâàòèñü ³ êîíñò-
ðóþâàòèñü ÿê êîíñòðóêö³¿ ³ç çâè÷àéíîãî âàæêîãî
áåòîíó çà óìîâè, ùî:

(1) In the absence of more detailed data, axially
loaded strip and pad footings may be designed
and constructed as plain concrete provided that:

� 	0 85
9

,
/

�
�

h

a
fF

gd ctd� , (12.13)

äå: where:

hF – âèñîòà ôóíäàìåíòó; hF is the foundation depth;

à – ïðîåêö³ÿ â³ä ãðàí³ êîëîíè (ðèñóíîê 12.2); à is the projection from the column face (see
Figure 12.2);

�gd – ðîçðàõóíêîâà âåëè÷èíà òèñêó ãðóíòó; �gd is the design value of the ground pressure;

fctd – ðîçðàõóíêîâà âåëè÷èíà ì³öíîñò³ áåòîíó

íà ðîçòÿã (â îäèíèöÿõ �gd).

fctd is the design value of the concrete tensile

strength (in the same unit as �gd).

Äëÿ ñïðîùåííÿ ìîæíà çàñòîñîâóâàòè â³äíî-

øåííÿ hF /à � 2.
As a simplification the relation hF /à � 2 may be
used.
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ÄÎÄÀÒÎÊ À
(³íôîðìàö³éíèé)

ANNEX A
(informative)

ÓÒÎ×ÍÅÍÍß ÊÎÅÔ²Ö²ªÍÒ²Â ÁÅÇÏÅÊÈ
ÄËß ÌÀÒÅÐ²ÀË²Â

MODIFICATION OF PARTIAL FACTORS
FOR MATERIALS

À.1 Çàãàëüí³ ïîëîæåííÿ A.1 General

(1) Êîåô³ö³ºíòè áåçïåêè äëÿ ìàòåð³àë³â, íàâå-
äåí³ ó 2.4.2.4, â³äïîâ³äàþòü ãåîìåòðè÷íèì äî-
ïóñêàì êëàñó 1 çà ENV 13670-1 òà ñòàíäàðò-
íîìó ð³âíþ êâàë³ô³êàö³¿ òà êîíòðîëþ (íàïðèê-
ëàä, êëàñ êîíòðîëþ 2 çà ENV 13670-1).

(1) The partial factors for materials given in 2.4.2.4
correspond to geometrical deviations of Class 1 in
ENV 13670-1 and normal level of workmanship
and inspection (e.g. Inspection Class 2 in
ENV 13670-1).

(2) Ó öüîìó ³íôîðìàö³éíîìó äîäàòêó íàäàþòü-
ñÿ ðåêîìåíäàö³¿ ùîäî çíèæåíèõ êîåô³ö³ºíò³â
íàä³éíîñò³. Á³ëüø äåòàëüí³ ïðàâèëà ñòîñîâíî
ìåòîäèê êîíòðîëþ ìîæóòü íàäàâàòèñü ó òåõ-
í³÷íèõ ñïåöèô³êàö³ÿõ íà çá³ðí³ åëåìåíòè.

(2) Recommendations for reduced partial factors
for materials are given in this Informative Annex.
More detailed rules on control procedures may be
given in product standards for precast elements.

Ïðèì³òêà. Äîäàòêîâó ³íôîðìàö³þ äèâ. ó äîäàòêó Â
EN 1990.

Note: For more information see Annex B of EN 1990.

À.2 Ìîíîë³òí³ áåòîíí³ êîíñòðóêö³¿ A.2 In situ concrete structures

À.2.1 Çíèæåííÿ, ùî ´ðóíòóþòüñÿ íà êîíò-

ðîë³ ÿêîñò³ òà çìåíøåíí³ â³äõèëåíü

A.2.1 Reduction based on quality control and

reduced deviations

(1) ßêùî âèêîíàííÿ ï³äòðèìóºòüñÿ ñèñòåìîþ
êîíòðîëþ ÿêîñò³, ÿêà ãàðàíòóº, ùî íåñïðèÿò-
ëèâ³ â³äõèëåííÿ ðîçì³ð³â ïîïåðå÷íîãî ïåðåð³çó
º ó ìåæàõ çìåíøåíèõ äîïóñê³â, íàâåäåíèõ ó
òàáëèö³ À.1, êîåô³ö³ºíò áåçïåêè äëÿ àðìàòóðè

ìîæíà çíèçèòè äî �s,red1.

(1) If execution is subjected to a quality control
system, which ensures that unfavourable devia-
tions of cross-section dimensions are within the
reduced deviations given in Table A.1, the partial
safety factor for reinforcement may be reduced to

�s,red1.

Òàáëèöÿ À.1 – Çìåíøåí³ äîïóñêè

Table A.1 – Reduced deviations

h àáî (or) b (ìì)/(mm)

Çìåíøåí³ äîïóñêè, ìì
Reduced deviations (mm)

Ðîçì³ðè ïîïåðå÷íîãî

ïåðåð³çó �.�h, �b (ìì)
Cross-section dimension (mm)

Ðîçòàøóâàííÿ àðìàòóðè +�ñ, ìì
Position of reinforcement (mm)

� 150 5 5

400 10 10

� 2500 30 20

Ïðèì³òêà 1. Äëÿ ïðîì³æíèõ çíà÷åíü ìîæíà çàñòîñîâóâàòè ³íòåðïîëÿö³þ.

Note 1. Linear interpolation may be used for intermediate values.

Ïðèì³òêà 2. +�ñ â³äíîñèòüñÿ äî ñåðåäíüîãî çíà÷åííÿ àðìàòóðíèõ ñòðèæí³â àáî íàïðóæåíèõ ïó÷ê³â ó ïîïåðå÷-
íîìó ïåðåð³ç³ àáî íà äîâæèí³ îäíîãî ìåòðà (íàïðèêëàä, ïëèòè àáî ñò³íè).

Note 2. +�ñ refers to the mean value of reinforcing bars or prestressing tendons in the cross-section or over a width
of one metre (e/g/ slabs and walls).

Ïðèì³òêà. Âåëè÷èíà �s,red1 äëÿ çàñòîñóâàííÿ ó êîíê-
ðåòí³é êðà¿í³ ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíî-
ìó äîäàòêó. Ðåêîìåíäóºòüñÿ âåëè÷èíà 1,1.

Note: The value of �s,red1 for use in a Country may be
found in its National Annex. The recommended value
is 1,1.
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(2) Ó ðàç³ âèêîíàííÿ óìîâè À.2.1 (1) òà êîëè ïî-
êàçàíî, ùî êîåô³ö³ºíò âàð³àö³¿ ì³öíîñò³ áåòîíó
íå ïåðåâèùóº 10 %, êîåô³ö³ºíò áåçïåêè äëÿ

áåòîíó ìîæíà çíèçèòè äî �ñ,red1.

(2) Under the condition given in A.2.1 (1), and if
the coefficient of variation of the concrete strength
is shown not to exceed 10 %, the partial safety

factor for concrete may be reduced to �ñ,red1.

Ïðèì³òêà. Âåëè÷èíà �ñ,red1 äëÿ çàñòîñóâàííÿ ó êîíê-
ðåòí³é êðà¿í³ ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíî-
ìó äîäàòêó. Ðåêîìåíäóºòüñÿ âåëè÷èíà 1,4.

Note: The value of �ñ,red1for use in a Country may be
found in its National Annex. The recommended value is
1,4.

À.2.2 Çíèæåííÿ, ùî ´ðóíòóþòüñÿ íà âèêî-

ðèñòàíí³ ó ðîçðàõóíêó çìåíøåíèõ àáî

âèì³ðÿíèõ ãåîìåòðè÷íèõ ðîçì³ð³â

A.2.2 Reduction based on using reduced or

measured geometrical data in design

(1) ßêùî âèçíà÷åííÿ ðîçðàõóíêîâîãî îïîðó
´ðóíòóºòüñÿ íà êðèòè÷íèõ ãåîìåòðè÷íèõ ðîç-
ì³ðàõ âêëþ÷íî ç ôàêòè÷íîþ âèñîòîþ ïåðåð³çó
(ðèñóíîê À.1), êîòð³ îòðèìàí³ øëÿõîì:

(1) If the calculation of design resistance is based
on critical geometrical data, including effective
depth (see Figure A.1), which are either:

– çìåíøåííÿ ÷åðåç äîïóñêè, àáî – reduced by deviations, or
– âèì³ðÿí³ ó çàâåðøåí³é êîíñòðóêö³¿, – measured in the finished structure,

êîåô³ö³ºíòè áåçïåêè ìîæíà çíèæóâàòè äî

�s,red2 òà �ñ,red2.
the partial safety factors may be reduced to �s,red2

and �ñ,red2.

Ïðèì³òêà. Âåëè÷èíè �s,red2 òà �ñ,red2 äëÿ çàñòîñóâàí-
íÿ ó êîíêðåòí³é êðà¿í³ ìîæóòü âñòàíîâëþâàòèñü ó
íàö³îíàëüíîìó äîäàòêó. Ðåêîìåíäóþòüñÿ âåëè÷è-

íè: �s,red2 = 1,05 ³ �ñ,red2 = 1,45

Note: The values of �s,red2 and �ñ,red2 for use in a Country
may be found in its National Annex. The recommended

value of �s,red2 is 1,05 and of �ñ,red2 is 1,45.

(2) Ó ðàç³ âèêîíàííÿ óìîâè À.2.2(1) òà êîëè ïî-
êàçàíî, ùî êîåô³ö³ºíò âàð³àö³¿ ì³öíîñò³ áåòîíó
íå ïåðåâèùóº 10%, êîåô³ö³ºíò áåçïåêè äëÿ áå-

òîíó ìîæíà çíèçèòè äî �ñ,red3.

(2) Under the conditions given in A.2.2 (1) and
provided that the coefficient of variation of the
concrete strength is shown not to exceed 10%, the

partial factor for concrete may be reduced to �ñ,red3.

Ïðèì³òêà. Âåëè÷èíà �ñ,red3 äëÿ çàñòîñóâàííÿ ó êîíê-
ðåòí³é êðà¿í³ ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíî-
ìó äîäàòêó. Ðåêîìåíäóºòüñÿ âåëè÷èíà 1,35.

Note: The value of �ñ,red3 for use in a Country may be
found in its National Annex. The recommended value is
1,35.
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à – ïîïåðå÷íèé ïåðåð³ç
cross section

b – ðîçòàøóâàííÿ àðìàòóðè
(íåñïðèÿòëèâèé íàïðÿì äëÿ ðîáî÷î¿ âèñîòè)

position of reinforcement
(unfavourable direction for effective depth)

Ðèñóíîê À.1 – Äîïóñêè ïîïåðå÷íîãî ïåðåð³çó

Figure A.1 – Cross-section deviations
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À.2.3 Çíèæåííÿ, ùî ´ðóíòóþòüñÿ íà îö³íö³

ì³öíîñò³ áåòîíó ó çàâåðøåí³é êîíñòðóêö³¿

A.2.3 Reduction based on assessment of con-

crete strength in finished structure

(1) Äëÿ âåëè÷èí ì³öíîñò³ áåòîíó, îòðèìàíèõ íà
îñíîâ³ âèïðîáóâàíü ó çàâåðøåí³é êîíñòðóêö³¿
àáî åëåìåíò³ (äèâ. EN 137911, EN 206-1 òà â³ä-

ïîâ³äí³ ñòàíäàðòè íà âèðîáè), �ñ ìîæíà çíèæó-

âàòè çàñòîñóâàííÿì ïåðåõ³äíîãî êîåô³ö³ºíòà �.

(1) For concrete strength values based on testing
in a finished structure or element, see EN 137911,

EN 206-1 and relevant product standards, �ñ may

be reduced by the conversion factor �.

Ïðèì³òêà. Âåëè÷èíà � äëÿ çàñòîñóâàííÿ ó êîíêðåò-
í³é êðà¿í³ ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó
äîäàòêó. Ðåêîìåíäóºòüñÿ âåëè÷èíà 0,85.

Note: The value of � for use in a Country may be found
in its National Annex. The recommended value is 0,85.

Âåëè÷èíà �ñ, äî ÿêî¿ çàñòîñîâóºòüñÿ öå çíè-
æåííÿ, ìîæå âæå áóòè çíèæåíà çã³äíî ç À.2.1
àáî À.2.2. Îäíàê, çàãàëüíà âåëè÷èíà êîåô³-
ö³ºíòà áåçïåêè ïîâèííà ïðèéìàòèñü íå ìåí-

øîþ í³æ �ñ,red4.

The value of �ñ to which this reduction is applied
may already be reduced according to A.2.1 or
A.2.2. However, the resulting value of the partial

factor should not be taken less than �ñ,red4.

Ïðèì³òêà. Âåëè÷èíà �ñ,red4 äëÿ çàñòîñóâàííÿ ó êîíê-
ðåòí³é êðà¿í³ ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíî-
ìó äîäàòêó. Ðåêîìåíäóºòüñÿ âåëè÷èíà 1,3.

Note: The value of �ñ,red4 for use in a Country may be
found in its National Annex. The recommended value is
1,3.

À.3 Çá³ðí³ âèðîáè A.3 Precast products

À.3.1 Çàãàëüí³ ïîëîæåííÿ A.3.1 General

(1) Ö³ ïîëîæåííÿ çàñòîñîâóþòüñÿ äî çá³ðíèõ
âèðîá³â, ÿê âèçíà÷åíî ó ðîçä³ë³ 10, ó ïîºäíàíí³
ç ñèñòåìîþ çàáåçïå÷åííÿ ÿêîñò³ òà âèçíà÷å-
íîþ àòåñòàö³ºþ â³äïîâ³äíîñò³.

(1) These provisions apply to precast products as
described in Section 10, linked to quality assu-
rance systems and given attestation of confor-
mity.

Ïðèì³òêà. Êîíòðîëü çà âèðîáíèöòâîì çá³ðíèõ âèðî-
á³â íà ðèíêó ªÑ ñåðòèô³êóºòüñÿ îðãàíîì ðåºñòðàö³¿
(àòåñòàö³éíèé ð³âåíü 2+).

Note: Factory production control of CE-marked pre-
cast products is certified by notified body (Attestation
level 2+).

À.3.2 Êîåô³ö³ºíòè íàä³éíîñò³ äëÿ ìàòå-

ð³àë³â

A.3.2 Partial factors for materials

(1) Çíèæåí³ êîåô³ö³ºíòè íàä³éíîñò³ äëÿ ìàòå-

ð³àë³â �ñ,pcred òà �s,pcred ìîæóòü çàñòîñîâóâà-
òèñü çã³äíî ç ïðàâèëàìè ó À.2, ÿêùî öå ï³ä-
òâåðäæóºòüñÿ â³äïîâ³äíèìè ìåòîäèêàìè êîíò-
ðîëþ.

(1) Reduced partial factors for materials, �c,pcred

and �s,pcred may be used in accordance with the
rules in A.2, if justified by adequate control pro-
cedures.

(2) Ðåêîìåíäàö³¿ ñòîñîâíî íåîáõ³äíîãî êîíòðî-
ëþ çà âèðîáíèöòâîì, ÿêèé äîçâîëÿº çàñòîñó-
âàííÿ çíèæåíèõ êîåô³ö³ºíò³â íàä³éíîñò³ äëÿ
ìàòåð³àë³â, íàâåäåíî ó ñòàíäàðòàõ íà âèðîáè.
Çàãàëüí³ ðåêîìåíäàö³¿ íàâåäåíî ó EN 13369.

(2) Recommendations for factory production cont-
rol required to allow the use of reduced partial
factors for materials are given in product stan-
dards. General recommendations are given in
EN 13369.

À.4 Çá³ðí³ åëåìåíòè A.4 Precast elements

(1) Ïðàâèëà, íàäàí³ ó À.2 äëÿ êîíñòðóêö³é ³ ìî-
íîë³òíîãî áåòîíó, òàêîæ çàñòîñîâóþòüñÿ äëÿ
çá³ðíèõ áåòîííèõ åëåìåíò³â, ÿê âèçíà÷åíî ó
10.1.1.

(1) The rules given in A.2 for insitu concrete struc-
tures also apply to precast concrete elements as
defined in 10.1.1.
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ÄÎÄÀÒÎÊ Â
(³íôîðìàö³éíèé)

ANNEX B
(informative)

ÄÅÔÎÐÌÀÖ²¯ ÏÎÂÇÓ×ÎÑÒ² ÒÀ ÓÑÀÄÊÈ CREEP AND SHRINKAGE STRAIN

Â.1 Îñíîâí³ çàëåæíîñò³ äëÿ âèçíà÷åííÿ
êîåô³ö³ºíòà ïîâçó÷îñò³

B.1 Basic equations for determining the
creep coefficient

(1) Êîåô³ö³ºíò ïîâçó÷îñò³ /(t, t0) ìîæíà âèçíà-
÷èòè çà âèðàçîì:

(1) The creep coefficient /(t, t0) may be calculated
from:

/ / 
( , ) ( , )t t t tc0 0 0� � , (Â.1)

äå: where:

/0 – íîì³íàëüíèé êîåô³ö³ºíò ïîâçó÷îñò³, ÿêèé
ìîæíà âèçíà÷èòè çà âèðàçîì:

/0 is the notional creep coefficient and may be
estimated from:

/ / 
 
0 0� � �RH cmf t( ) ( ) , (B.2)

/RH – êîåô³ö³ºíò, ùî âðàõîâóº âïëèâ â³äíîñíî¿
âîëîãîñò³ íà íîì³íàëüíèé êîåô³ö³ºíò ïîâçó-
÷îñò³:

/RH is a factor to allow for the effect of relative
humidity on the notional creep:

/RH
RH
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for fcm � 35 MPa ,
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(Â.3b)
for fcm > 35 MPa ,

RH – â³äíîñíà âîëîã³ñòü íàâêîëèøíüîãî ñåðå-
äîâèùà, %;

RH is the relative humidity of the ambient environ-
ment in %;


(fcm) – êîåô³ö³ºíò, ùî âðàõîâóº âïëèâ ì³öíîñò³
áåòîíó íà íîì³íàëüíèé êîåô³ö³ºíò ïîâçó÷îñò³:


(fcm) is a factor to allow for the effect of concrete
strength on the notional creep coefficient:

� 	
 f
f

cm

cm

�
16 8,

, (Â.4)

fcm – ñåðåäíÿ ì³öí³ñòü íà ñòèñê áåòîíó, ÌÏà, ó
â³ö³ 28 ä³á;

fcm is the mean compressive strength of concrete
in MPa at the age of 28 days;


(t0) – êîåô³ö³ºíò, ùî âðàõîâóº âïëèâ â³êó áåòî-
íó ïðè íàâàíòàæåíí³ íà íîì³íàëüíèé êîåô³ö³-
ºíò ïîâçó÷îñò³:


(t0) is a factor to allow for the effect of concrete
age at loading on the notional creep coefficient:

� 	
� 	


 t
t
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0
0 20

1

0 1
�

�, ,
, (Â.5)

h0 – íîì³íàëüíèé ðîçì³ð åëåìåíòà, ìì, äå h0 is the notional size of the member in mm where:

h
A

u

c
0

2
� , (Â.6)

Àñ – ïëîùà ïîïåðå÷íîãî ïåðåð³çó; Àñ is the cross-sectional area;

u – ïåðèìåòð åëåìåíòà, ùî êîíòàêòóº ç àòìîñ-
ôåðîþ;

u is the perimeter of the member in contact with
the atmosphere;
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ñ (t, t0) – êîåô³ö³ºíò, ùî îïèñóº ðîçâèòîê ïîâ-
çó÷îñò³ ó ÷àñ³ ï³ñëÿ íàâàíòàæåííÿ ³ ìîæå âèçíà-
÷àòèñü ³ç çàñòîñóâàííÿì íàñòóïíîãî âèðàçó:


ñ (t, t0) is a coefficient to describe the develop-
ment of creep with time after loading and may be
estimated using the following Expression:

� 	
� 	

� 	





c

H

t t
t t

t t
,

,

0
0

0

0 3

�



� 


�

�
�
�

 

!
"
"

, (Â.7)

t – â³ê áåòîíó íà ïîòî÷íèé ìîìåíò, ä³á; t is the age of concrete in days at the moment
considered;

t0 – â³ê áåòîíó ó äåíü íàâàíòàæåííÿ, ä³á; t0 is the age of concrete at loading in days;

t – t0 – íåïðèâåäåíà òðèâàë³ñòü íàâàíòàæåííÿ, ä³á; t – t0 is the non-adjusted duration of loading in days;


Í – êîåô³ö³ºíò, ùî çàëåæèòü â³ä â³äíîñíî¿ âî-
ëîãîñò³ (RH, %) ³ íîì³íàëüíîãî ðîçì³ðó åëåìåí-
òà (h0, ìì). Éîãî ìîæíà âèçíà÷èòè ç:


Í is a coefficient depending on the relative humi-
dity (RH in %) and the notional member size (h0 in
mm). It may be estimated from:
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(Â.8à)
for fcm � 35 ,
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(Â.8b)
for fcm � 35 ,

�1/2/3 – êîåô³ö³ºíòè, ùî âðàõîâóþòü âïëèâ ì³ö-
íîñò³ áåòîíó:

�1/2/3 are coefficients to consider the influence of
the concrete strength:
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(2) Âïëèâ òèïó öåìåíòó (äèâ. 3.1.2 (6)) íà êîå-
ô³ö³ºíò ïîâçó÷îñò³ áåòîíó ìîæå âðàõîâóâàòèñü
øëÿõîì ìîäèô³êàö³¿ â³êó íàâàíòàæåííÿ t0 ó âè-
ðàç³ (Â.5) â³äïîâ³äíî ç âèðàçîì:

(2) The effect of type of cement (see 3.1.2 (6)) on
the creep coefficient of concrete may be taken in-
to account by modifying the age of loading t0 in
Expression (B.5) according to the following Ex-
pression:
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, (Â.9)

äå: where:

t
T0, 0 – ïðèâåäåíèé â³äïîâ³äíî äî òåìïåðàòóðè

â³ê áåòîíó ïðè íàâàíòàæåíí³, ä³á, çã³äíî ç âèðà-
çîì (Â.10);

t
T0, 0 is the temperature adjusted age of concrete

at loading in days adjusted according to Expres-
sion (B.10);

�–ïîêàçíèêñòóïåíÿ,ùîçàëåæèòüâ³äòèïóöåìåíòó: � is a power which depends on type of cement:
= -1 äëÿ öåìåíòó êëàñó S; = -1 for cement Class S;
= 0 äëÿ öåìåíòó êëàñó N; = 0 for cement Class N;
= 1 äëÿ öåìåíòó êëàñó R. = 1 for cement Class R.

(3) Âïëèâ çíèæåíèõ àáî ï³äâèùåíèõ òåìïåðà-
òóð â ìåæàõ 0–80°Ñ íà äîçð³âàííÿ áåòîíó ìîæå
âðàõîâóâàòèñü øëÿõîì óòî÷íåííÿ â³êó áåòîíó
çã³äíî ç íàñòóïíèì âèðàçîì:

(3) The effect of elevated or reduced temperatu-
res within the range 0–80°C on the maturity of
concrete may be taken into account by adjusting
the concrete age according to the following Exp-
ression:
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äå: where:

tÒ – â³ê áåòîíó, ïðèâåäåíèé äî òåìïåðàòóðè, íà
ÿêèé çàì³íþºòüñÿ t ó â³äïîâ³äíèõ âèðàçàõ;

tÒ is the temperature adjusted concrete age which
replaces t in the corresponding equations;

Ò(�ti) – òåìïåðàòóðà, °Ñ, ïðîòÿãîì ïåð³îäó �ti; Ò(�ti) is the temperature in °C during the time pe-

riod �ti;

�ti – ê³ëüê³ñòü äí³â, êîëè ïåðåâàæàº òåìïåðàòó-
ðà T.

�ti is the number of days where a temperature T

prevails.

Ñåðåäí³é êîåô³ö³ºíò âàð³àö³¿ âèùå ïðîãíîçîâà-
íèõ äàíèõ ñòîñîâíî ïîâçó÷îñò³ çìåíøåíèé
â³äïîâ³äíî äî êîìï'þòåðíî¿ áàçè äàíèõ ðåçóëü-
òàò³â âèïðîáóâàíü ó ëàáîðàòîð³¿, ÿêèé ñòàíî-
âèòü áëèçüêî 20%.

The mean coefficient of variation of the above
predicted creep data, deduced from a computeri-
sed data bank of laboratory test results, is of the
order of 20%.

Âåëè÷èíè /(t, t0), ùî íàâåäåí³ âèùå, ïîâèíí³
ïîâ'ÿçóâàòèñü ç òàíãåíö³àëüíèì ìîäóëåì Åñ. Ó
ðàç³ äîñòàòíîñò³ ìåíø òî÷íèõ ðîçðàõóíê³â âåëè-
÷èíè, íàâåäåí³ íà ðèñóíêó 3.1 ó 3.1.4, ìîæóòü ïðèé-
ìàòèñü äëÿ ïîâçó÷îñò³ áåòîíó ó â³ö³ äî 70 ðîê³â.

The values of /(t, t0) given above should be asso-
ciated with the tangent modulus Ec. When a less
accurate estimate is considered satisfactory, the
values given in Figure 3.1 of 3.1.4 may be adop-
ted for creep of concrete at 70 years.

Â.2 Îñíîâí³ çàëåæíîñò³ äëÿ âèçíà÷åííÿ
äåôîðìàö³é óñàäêè ïðè âèñèõàíí³

B.2 Basic equations for determining the
drying shrinkage strain

(1) Îñíîâíà äåôîðìàö³ÿ óñàäêè ïðè âèñèõàíí³

�cd,0 âèçíà÷àºòüñÿ çà âèðàçîì:
(1) The basic drying shrinkage strain �cd,0 is cal-
culated from

� 	� � �cd ds ds
cm

cmo
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f
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äå: where:

fcm – ñåðåäíÿ ì³öí³ñòü íà ñòèñê, ÌÏà; fcm is the mean compressive strength (MPa);

fcmo = 10 ÌÏà; fcmo = 10 MPa;

�ds1 – êîåô³ö³ºíò, ùî çàëåæèòü â³ä òèïó öåìåí-
òó (äèâ. 3.1.2 (6)):

�ds1 is a coefficient which depends on the type of
cement (see 3.1.2 (6)):

= 3 äëÿ öåìåíòó êëàñó S; = 3 for cement Class S;
= 4 äëÿ öåìåíòó êëàñó N; = 4 for cement Class N;
= 6 äëÿ öåìåíòó êëàñó R; = 6 for cement Class R;

�ds2 – êîåô³ö³ºíò, ùî çàëåæèòü â³ä òèïó öåìåí-
òó (äèâ. 3.1.2(6)):

�ds2 is a coefficient which depends on the type of
cement:

= 0,13 äëÿ öåìåíòó êëàñó S; = 0,13 for cement Class S;
= 0,12 äëÿ öåìåíòó êëàñó N; = 0,12 for cement Class N;
= 0,11 äëÿ öåìåíòó êëàñó R; = 0,11 for cement Class R;

RH – â³äíîñíà âîëîã³ñòü íàâêîëèøíüîãî ñåðå-
äîâèùà, %;

RH is the ambient relative humidity (%);

RH0 = 100%. RH0 = 100%.

Ïðèì³òêà. exp{ } çíà÷èòü òå ñàìå, ùî ³ å( ). Note: exp{ } has the same meaning as e( ).
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ÄÎÄÀÒÎÊ Ñ
(îáîâ'ÿçêîâèé)

ANNEX C
(normative)

ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÀÐÌÀÒÓÐÈ, ÙÎ
ÇÀÑÒÎÑÎÂÓÞÒÜÑß Ç ÖÈÌ ªÂÐÎÊÎÄÎÌ

PROPERTIES OF REINFORCEMENT
SUITABLE FOR USE WITH THIS EUROCODE

Ñ.1 Çàãàëüí³ ïîëîæåííÿ C.1 General

(1) Ó òàáëèö³ Ñ.1 íàâåäåíî õàðàêòåðèñòèêè àð-
ìàòóðè, ùî çàñòîñîâóþòüñÿ ç öèì ªâðîêîäîì.
Õàðàêòåðèñòèêè ä³éñí³ ó ä³àïàçîí³ òåìïåðàòóð
-40 °Ñ…100 °Ñ äëÿ àðìàòóðè ó çàâåðøåí³é
êîíñòðóêö³¿. Áóäü-ÿêå ãíóòòÿ òà çâàðþâàííÿ
àðìàòóðè, ùî çä³éñíþºòüñÿ íà ìàéäàí÷èêó â
ïîäàëüøîìó, ïîâèííî îáìåæóâàòèñü ä³àïàçî-
íîì òåìïåðàòóð, äîïóñòèìèì çà EN 13670.

(1) Table C.1 gives the properties of reinforce-
ment suitable for use with this Eurocode. The
properties are valid for temperatures between
-40 ° and 100 °C for the reinforcement in the fini-
shed structure. Any bending and welding of rein-
forcement carried out on site should be further
restricted to the temperature range as permitted
by EN 13670.

Òàáëèöÿ Ñ.1 – Õàðàêòåðèñòèêè àðìàòóðè

Table C.1 – Properties of reinforcement

Âèä âèðîáó
Product form

Ñòðèæí³ òà
ðîçìîòàíà êàòàíêà
Bars and de-coiled

rods

Ñ³òêè ³ç äðîòó
Wire Fabrics

Âèìîãà àáî
âåëè÷èíà âàð³àö³¿, %

Requirement or
quantile value (%)

Êëàñ
Class

À Â Ñ À Â Ñ –

Õàðàêòåðèñòè÷íà ì³öí³ñòü òåêó÷îñò³
fyk àáî f0,2k, ÌÏà
Characteristic yield strength fyk or f0,2k

(ÌPà)

400…600 5,0

Ì³í³ìàëüíå çíà÷åííÿ k = (ft /fy)k

Minimum value �1,05 �1,08
�1,15
<1,35

�1,05 �1,08
�1,15
<1,35

10,0

Õàðàêòåðèñòè÷íà äåôîðìàö³ÿ ïðè

ìàêñèìàëüíîìó çóñèëë³ �uk, %
Characteristic strain at maximum

force �uk (%)

�2,5 �5,0 �7,5 �2,5 �5,0 �7,5 10,0

Ïëàñòè÷í³ñòü
Bendability

Âèïðîáóâàííÿ íà
çãèí/âèïðÿìëåííÿ
Bend/Rebend test

–

Ì³öí³ñòü íà çñóâ
Shear strength

–
0,3À fyk

(A – ïëîùà äðîòó)
(A – is area of wire)

Ì³í³ìóì
Minimum

Ìàêñèìàëüíå â³äõè-
ëåííÿ â³ä íîì³íà-
ëüíî¿ ìàñè
(îêðåìîãî ñòðèæíÿ
àáî äðîòó), %
Maximum deviation
from nominal mass
(individual bar or
wire) (%)

Íîì³íàëüíèé
ðîçì³ð
ñòðèæíÿ, ìì
Nominal bar
size (mm)

� 8
> 8

� 6,0

� 4,5

5,0
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Ïðèì³òêà. Âåëè÷èíè ð³âí³â íàïðóæåíü óòîìè ç âåðõ-

íüîþ ãðàíèöåþ 
fyk òà ì³í³ìàëüíà â³äíîñíà ïëîùà
ðåáðà äëÿ êîíêðåòíî¿ êðà¿íè ìîæå âñòàíîâëþâà-
òèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêîìåíäîâàí³ âå-

ëè÷èíè íàâåäåíî ó òàáëèö³ Ñ.2N. Âåëè÷èíà 
 äëÿ
êîíêðåòíî¿ êðà¿íè ìîæå âñòàíîâëþâàòèñü ó íàö³î-
íàëüíîìó äîäàòêó. Ðåêîìåíäóºòüñÿ âåëè÷èíà 0,6.

Note: The values for the fatigue stress range with an

upper limit of 
fyk and for the Minimum relative rib area
for use in a Country may be found in its National Annex.
The recommended values are given in Table C.2N.

The value of 
 for use in a Country may be found in its
National Annex. The recommended value is 0,6.

Òàáëèöÿ Ñ.2N – Õàðàêòåðèñòèêè àðìàòóðè

Table C.2N – Properties of reinforcement

Âèä âèðîáó
Product form

Ñòðèæí³ òà
ðîçìîòàíà êàòàíêà
Bars and de-coiled

rods

Ñ³òêè ³ç äðîòó
Wire Fabrics

Âèìîãà àáî
âåëè÷èíà âàð³àö³¿, %

Requirement or
quantile value (%)

Êëàñ
Class

À Â Ñ À Â Ñ –

Ð³âåíü íàïðóæåíü óòîìè, ÌÏà (äëÿ N � 2�106

öèêë³â) ïðè âåðõí³é ãðàíèö³ 
fyk

Fatigue stress range (MPa) (for N � 2�106

cycles) with an upper limit of 
fyk

�150 �100 10,0

Ç÷åïëåííÿ:
ì³í³ìàëüíà â³äíîñ-
íà ïëîùà ðåáðà,
fR,min

Bond: Minimum
relative rib area, fR,min

Íîì³íàëüíèé ðîçì³ð
ñòðèæíÿ, ìì
Nominal bar size (mm)
5–6
6,5...12
> 12

0,035
0,040
0,056

5,0

Âòîìà. Âèíÿòêè äëÿ ïðàâèë ñòîñîâíî âòîìè äëÿ
êîíêðåòíî¿ êðà¿íè ìîæóòü âñòàíîâëþâàòèñü ó íàö³î-
íàëüíîìó äîäàòêó. Âèíÿòêè ðåêîìåíäóþòüñÿ äëÿ
âèïàäê³â, êîëè àðìàòóðà ïåðåâàæíî ñòàòè÷íî íà-
âàíòàæåíà, àáî ÿêùî âèïðîáóâàííÿìè ïîêàçàíà
ìîæëèâ³ñòü âñòàíîâëåííÿ âèùèõ ð³âí³â íàïðóæåíü
óòîìè òà/àáî ê³ëüêîñò³ öèêë³â. Â îñòàííüîìó âèïàäêó
âåëè÷èíè â òàáëèö³ 6.3 ìîæóòü çì³íþâàòèñü â³äïî-
â³äíî. Çãàäàí³ âèïðîáóâàííÿ ïîâèíí³ âèêîíóâàòèñü
çã³äíî ç EN 10080.

Fatigue: Exceptions to the fatigue rules for use in a
Country may be found in its National Annex. The
recommended exceptions are if the reinforcement is
for predominantly static loading or higher values of the
fatigue stress range and/or the number of cycles are
shown to apply by testing. In the latter case the values
in Table 6.3 may be modified accordingly. Such testing
should be in accordance with EN 10080.

Ç÷åïëåííÿ. ßêùî ìîæíà ïîêàçàòè, ùî íåîáõ³äíà
ì³öí³ñòü ç÷åïëåííÿ äîñÿãàºòüñÿ ïðè âåëè÷èíàõ fR

ìåíøèõ í³æ âèçíà÷åíî âèùå, âèìîãè äî âåëè÷èí
ìîæóòü ïîñëàáëþâàòèñü. Äëÿ ï³äòâåðäæåííÿ ìîæ-
ëèâîñò³ äîñÿãíåííÿ íåîáõ³äíî¿ ì³öíîñò³ ç÷åïëåííÿ
íàïðóæåííÿ ç÷åïëåííÿ ïîâèíí³ çàäîâîëüíÿòè ðåêî-
ìåíäîâàí³ âèðàçè (Ñ.1N) òà (Ñ.2N), ÿêùî çàñòîñîâó-
þòüñÿ ìåòîäèêè âèïðîáóâàííÿ CEB/RILEM íà áàëêàõ:

Bond: Where it can be shown that sufficient bond
strength is achievable with fR values less than specified
above, the values may be relaxed. In order to ensure
that sufficient bond strength is achieved, the bond
stresses shall satisfy the recommended Expressions
(C.1N) and (C.2N) when tested using the CEB/RILEM
beam test:

� 	+ �m � 
0 098 80 1 2, , , (Ñ.1N)

� 	+ �r � 
0 098 130 1 9, , , (Ñ.2N)

äå: where:

� – íîì³íàëüíèé ðîçì³ð ñòðèæíÿ; � is the nominal bar size (mm);

+m – ñåðåäíº çíà÷åííÿ íàïðóæåíü ç÷åïëåííÿ,
ÌÏà, ïðè êîâçàíí³ 0,01, 0,1 òà 1ìì;

+m is the mean value of bond stress (MPa) at 0,01,
0,1 and 1 mm slip;
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+r – íàïðóæåííÿ ç÷åïëåííÿ ïðè ðóéíóâàíí³
âíàñë³äîê êîâçàííÿ.

+r is the bond stress at failure by slipping.

(2) Âåëè÷èíè fyk, k ³ �uk ó òàáëèö³ Ñ.1 º õàðàêòå-
ðèñòè÷íèìè çíà÷åííÿìè. Ìàêñèìàëüíèé ïðî-
öåíò ðåçóëüòàò³â âèïðîáóâàíü íèæ÷å õàðàê-
òåðèñòè÷íîãî çíà÷åííÿ íàâåäåíî äëÿ êîæíîãî
ç õàðàêòåðèñòè÷íèõ çíà÷åíü ó ïðàâ³é êîëîíö³
òàáëèö³ Ñ.1.

(2) The values of fyk, k and �uk fyk, in Table C.1 are
characteristic values. The maximum % of test re-
sults falling below the characteristic value is given
for each of the characteristic values in the right
hand column of Table C.1.

(3) EN 10080 íå íàäàº çíà÷åííÿ âàð³àö³¿ äëÿ
õàðàêòåðèñòè÷íèõ âåëè÷èí òà îö³íêó ðåçóëü-
òàò³â âèïðîáóâàíü äëÿ îêðåìèõ âèïðîáóâàëü-
íèõ çðàçê³â.

(3) EN10080 does not specify the quantile value
for characteristic values, for the evaluation of test
results for individual test units.

Äëÿ ìîæëèâîñò³ ñòàëî¿ â³äïîâ³äíîñò³ ð³âíþ
ÿêîñò³ çà òàáëèöåþ Ñ.1 íåîáõ³äíî çàñòîñîâóâà-
òè íàñòóïí³ îáìåæåííÿ:

In order to be deemed to comply with the long
term quality levels in Table C.1, the following
limits on test results should be applied:

– ÿêùî âñ³ îêðåì³ ðåçóëüòàòè âèïðîáóâàíü ïå-
ðåâèùóþòü õàðàêòåðèñòè÷íå çíà÷åííÿ (àáî
íèæ÷³ í³æ õàðàêòåðèñòè÷íå çíà÷åííÿ ó âè-
ïàäêó ìàêñèìàëüíî¿ âåëè÷èíè fyk àáî k), òî
âèïðîáîâóâàíèé çðàçîê ìîæå ââàæàòèñü òà-
êèì, ùî â³äïîâ³äàº âèìîãàì;

– where all individual test results of a test unit
exceed the characteristic value, (or are below
the characteristic value in the case the maxi-
mum value of fyk or k) the test unit may be
assumed to comply.

– îêðåì³ âåëè÷èíè ì³öíîñò³ íà ãðàíèö³ òåêó-

÷îñò³ fyk, k ³ �uk ïîâèíí³ ïåðåâèùóâàòè ì³í³-
ìàëüí³ çíà÷åííÿ ³ áóòè ìåíøèìè í³æ ìàêñè-
ìàëüí³ âåëè÷èíè. Îêð³ì òîãî, ñåðåäíº çíà-
÷åííÿ Ì äëÿ âèïðîáîâóâàíèõ çðàçê³â ïîâèí-
íî çàäîâîëüíÿòè âèðàç:

– the individual values of yield strength fyk, k and

�uk should be greater than the minimum values
and less than the maximum values. In addi-
tion, the mean value, M, of a test unit should
satisfy the equation:

M C a� �1 , (C.3)

äå: where:

Ñ� – äîâãîòðèâàëå õàðàêòåðèñòè÷íå çíà÷åííÿ; Ñ� is the long term characteristic value;

a – êîåô³ö³ºíò, ùî çàëåæèòü â³ä õàðàêòåðèñòè-
êè, ÿêà ðîçãëÿäàºòüñÿ.

a is a coefficient which depends on the parameter
considered.

Ïðèì³òêà 1. Âåëè÷èíà à äëÿ êîíêðåòíî¿ êðà¿íè ìîæå
âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêî-

ìåíäîâàí³ âåëè÷èíè: fyk = 10ÌÏà, à äëÿ k ³ �uk – 0.

Note 1: The value of a for use in a Country may be
found in its National Annex. The recommended value

for fyk is 10 MPa and for both k and �uk is 0.

Ïðèì³òêà 2. Ìàêñèìàëüí³ òà ì³í³ìàëüí³ âåëè÷èíè

fyk, k ³ �uk äëÿ êîíêðåòíî¿ êðà¿íè ìîæóòü âñòàíîâëþ-
âàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêîìåíäîâàí³
âåëè÷èíè íàâåäåíî ó òàáëèö³ Ñ.3N.

Note 2: The minimum and maximum values of fyk, k

and �uk for use in a Country may be found in its National
Annex. The recommended values are given in Table
C.3N.

Òàáëèöÿ Ñ.3N – Àáñîëþòí³ ãðàíèö³ ðåçóëüòàò³â âèïðîáóâàíü

Table C.3N – Absolute limits on test results

Ðîáî÷à õàðàêòåðèñòèêà
Performance characteristic

Ì³í³ìàëüíå çíà÷åííÿ
Minimum value

Ìàêñèìàëüíå çíà÷åííÿ
Maximum value

Ì³öí³ñòü íà ãðàíèö³ òåêó÷îñò³ fyk

Yield strength fyk

0,97 � ì³í³ìóì (minimum) Ñ� 1,03 � ìàêñèìóì (maximum) Ñ�

k 0,98 � ì³í³ìóì (minimum) Ñ� 1,02 � ìàêñèìóì (maximum) Ñ�

�uk 0,8 � ì³í³ìóì (minimum) Ñ�
Íå çàñòîñîâóºòüñÿ

Not applicable
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Ñ.2 Ì³öí³ñòü C.2 Strength

(1)Ð Ìàêñèìàëüí³ ôàêòè÷í³ íàïðóæåííÿ fy,max

íå ïîâèíí³ ïåðåâèùóâàòè 1,3fyk.
(1)P The maximum actual yield stress fy,max shall
not exceed 1,3fyk.

Ñ.3 Ïëàñòè÷í³ñòü C.3 Bendability

(1)Ð Ïëàñòè÷í³ñòü ïîâèííà ïåðåâ³ðÿòèñü âèï-
ðîáóâàííÿìè íà çãèí-âèïðÿìëåííÿ çã³äíî ç
EN 10080 òà EN ISO 15630-1. Ó âèïàäêàõ, êîëè
ïåðåâ³ðêà çä³éñíþºòüñÿ ò³ëüêè ç âèêîðèñòàí-
íÿì âèïðîáóâàíü íà âèïðÿìëåííÿ, ðîçì³ð ñåð-
äå÷íèêà ïîâèíåí áóòè íå ìåíøèì í³æ âñòà-
íîâëåíèé äëÿ çãèíó ó òàáëèö³ 8.1 öüîãî ªâðî-
êîäó. Äëÿ òîãî, ùîá çàáåçïå÷óâàëàñü ïëàñ-
òè÷í³ñòü, ï³ñëÿ ïåðøîãî çãèíó íå ïîâèííî áóòè
âèäèìèõ òð³ùèí.

(1)P Bendability shall be verified by the bend and
rebend tests in accordance with EN 10080 and
EN ISO 15630-1. In situations where verification
is carried out just using a rebend test the mandrel
size shall be no greater than that specified for
bending in Table 8.1 of this Eurocode. In order to
ensure bendability no cracking shall be visible
after the first bend.
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ÄÎÄÀÒÎÊ D
(³íôîðìàö³éíèé)

ANNEX D
(informative)

ÓÒÎ×ÍÅÍÈÉ ÌÅÒÎÄ ÎÁ×ÈÑËÅÍÍß
ÂÒÐÀÒ ÏÎÏÅÐÅÄÍÜÎÃÎ ÍÀÏÐÓÆÅÍÍß

ÀÐÌÀÒÓÐÈ ÂÍÀÑË²ÄÎÊ ÐÅËÀÊÑÀÖ²¯

DETAILED CALCULATION METHOD
FOR PRESTRESSING STEEL

RELAXATION LOSSES

D.1 Çàãàëüí³ ïîëîæåííÿ D.1 General

(1) Ó âèïàäêó âèçíà÷åííÿ âòðàò â³ä ðåëàêñàö³¿
äëÿ ð³çíèõ ïðîì³æê³â ÷àñó (ñòàä³é), êîëè íàïðó-
æåííÿ â àðìàòóð³ íå º ïîñò³éíèì, íàïðèêëàä,
âíàñë³äîê ïðóæíîãî ñêîðî÷åííÿ áåòîíó, íå-
îáõ³äíî çàñòîñîâóâàòè ìåòîä åêâ³âàëåíòíîãî
÷àñó.

(1) In the case that the relaxation losses are
calculated for different time intervals (stages)
where the stress in the prestressing tendon is not
constant, for example due to the elastic shorte-
ning of the concrete, an equivalent time method
should be adopted.

(2) Êîíöåïö³ÿ ìåòîäó åêâ³âàëåíòíîãî ÷àñó ïî-
êàçàíà íà ðèñóíêó D.1, êîëè ó ìîìåíò ÷àñó ti
ìàº ì³ñöå ìèòòºâà äåôîðìàö³ÿ ïîïåðåäíüî
íàïðóæåíî¿ àðìàòóðè, äå:

(2) The concept of the equivalent time method is
presented in the Figure D.1, where at time ti there
is an instantaneous deformation of the prestres-
sing tendon, with:

� p i,

 – íàïðóæåííÿ ðîçòÿãó â àðìàòóð³ áåçïîñå-

ðåäíüî ïåðåä ti;

� p i,

 is the tensile stress in the tendon just before

ti;

�
p i,
� – íàïðóæåííÿ ðîçòÿãó â àðìàòóð³ áåçïîñå-

ðåäíüî ï³ñëÿ ti;

�
p i,
� is the tensile stress in the tendon just after ti;

�
p i, 

�

1 – íàïðóæåííÿ ðîçòÿãó â àðìàòóð³ íà ïî-

ïåðåäí³é ñòàä³¿ ti;

�
p i, 

�

1 is the tensile stress in the tendon at the

preceding stage;

��
pr i, 

�

1 – àáñîëþòíå çíà÷åííÿ âòðàò â³ä ðå-

ëàêñàö³¿ ïðîòÿãîì ïîïåðåäíüî¿ ñòàä³¿;

��
pr i, 

�

1 is the absolute value of the relaxation

loss during the preceding stage;

��
pr i, – àáñîëþòíå çíà÷åííÿ âòðàò â³ä ðåëàê-

ñàö³¿ íà ñòàä³¿, ùî ðîçãëÿäàºòüñÿ.

��
pr i, is the absolute value of the relaxation loss

of the stage considered.
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(3) Íåõàé �� pr j

i

,
1

1


� – ñóìà âñ³õ âòðàò âíàñë³äîê

ðåëàêñàö³¿ íà ïîïåðåäí³é ñòàä³¿, à tå âèçíà-
÷àºòüñÿ ÿê åêâ³âàëåíòíèé ÷àñ (ó ãîäèíàõ), íå-
îáõ³äíèé äëÿ îòðèìàííÿ öèõ ñóìàðíèõ âòðàò, ³
êîòðèé çì³íþºòüñÿ çà ôóíêö³ÿìè ÷àñó ðåëàê-
ñàö³¿ ó 3.3.2 (7) ïðè ïî÷àòêîâîìó íàïðóæåíí³,
ÿêå äîð³âíþº

(3) Let �� pr j

i

,
1

1


� be the sum of all the relaxation

losses of the preceding stages and te is defined as
the equivalent time (in hours) necessary to obtain
this sum of relaxation losses that verifies the
relaxation time functions in 3.3.2 (7) with an initial
stress equal to

� �
p i pr j

i

, ,
�




��
1

1
òà ïðè (and with) �

� �

�

�



�p i pr j

i

pkf

, ,�
1

1

.

(4) Íàïðèêëàä, äëÿ êëàñó 2 ïîïåðåäíüî íàïðó-
æåíèõ ïó÷ê³â tå, íàâåäåíèé ó âèðàç³ (3.29), ñòà-
íîâèòü:

(4) For example, for a Class 2 prestressing ten-
don te, given by Expression (3.29), becomes:

� 	
�� � ��

�

pr j

i
e

p i
e

t
,

,
,

,,�
#

$
%

&

'
(


 


� 0 66
1000

1000
1

1
9 09

0 75 1
�




�

�
�
�

2
3
4

��� pr j

i

,
1

1
510 . (D.1)

(5) Ï³ñëÿ ðîçâ'ÿçàííÿ íàâåäåíîãî âèùå ð³âíÿí-
íÿ äëÿ te öþ æ ôîðìóëó ìîæíà çàñòîñóâàòè
äëÿ îá÷èñëåííÿ âòðàò âíàñë³äîê ðåëàêñàö³¿ íà

ñòàä³¿, ùî ðîçãëÿäàºòüñÿ, ��ðr,³ (ÿêùî åêâ³âà-
ëåíòíèé ÷àñ äîäàºòüñÿ äî ³íòåðâàëó ÷àñó te,
ùî ðîçãëÿäàºòüñÿ ):

(5) After resolving the above equation for te the
same formula can be applied in order to estimate

the relaxation loss of the stage considered, ��ðr,³ ,
(where the equivalent time te is added to the inter-
val of time considered):

� 	
�

�
� � ��

�

pr i
e i

p i
e

t t
,

,
,

,,�
�#

$
%

&

'
(



�0 66

1000
1000

9 09
0 75 1

�
�
�
�

2
3
4











� �� �� �pr j

i

pr j

i

, ,
1

1
5

1

1
10 . (D.2)

(6) Òàêèé ñàìèé ïðèíöèï çàñòîñîâóºòüñÿ äëÿ
âñ³õ òðüîõ êëàñ³â ïîïåðåäíüî íàïðóæåíî¿ àð-
ìàòóðè.

(6) The same principle applies for all three clas-
ses of prestressing tendons
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ÄÎÄÀÒÎÊ Å
(³íôîðìàö³éíèé)

ANNEX E
(informative)

ÐÅÊÎÌÅÍÄÎÂÀÍ² ÊËÀÑÈ Ì²ÖÍÎÑÒ²
ÄËß ÄÎÂÃÎÂ²×ÍÎÑÒ²

INDICATIVE STRENGTH CLASSES
FOR DURABILITY

Å.1 Çàãàëüí³ ïîëîæåííÿ E.1 General

(1) Âèá³ð íåîáõ³äíî¿ äîâãîâ³÷íîñò³ áåòîíó äëÿ
çàõèñòó àðìàòóðè â³ä êîðîç³¿ òà ñò³éêîñò³ ïðîòè
êîðîç³¿ áåòîíó âèìàãàº ï³äáîðó ñêëàäó áåòîíó.
Âíàñë³äîê öüîãî áåòîí ìîæå ìàòè âèùó ì³ö-
í³ñòü íà ñòèñê í³æ íåîáõ³äíà çà êîíñòðóêòèâíèì
ðîçðàõóíêîì. Çâ'ÿçîê ì³æ êëàñàìè ì³öíîñò³ áå-
òîíó òà êëàñàìè âïëèâó ñåðåäîâèùà (òàáëè-
öÿ 4.1) ìîæå âèðàæàòèñü ÷åðåç ðåêîìåíäîâàí³
êëàñè ì³öíîñò³.

(1) The choice of adequately durable concrete for
corrosion protection of reinforcement and protec-
tion of concrete attack, requires consideration of
the composition of concrete. This may result in a
higher compressive strength of the concrete than
is required for structural design. The relationship
between concrete strength classes and exposure
classes (see Table 4.1) may be described by
indicative strength classes.

(2) ßêùî âèáðàíèé êëàñ ì³öíîñò³ âèùå í³æ íå-
îáõ³äíèé çà êîíñòðóêòèâíèì ðîçðàõóíêîì, çíà-
÷åííÿ fctm ïîâèííî â³äíîñèòèñü äî âèùîãî
êëàñó ì³öíîñò³ ïðè âèçíà÷åíí³ ì³í³ìàëüíîãî àð-
ìóâàííÿ çã³äíî ç 7.3.2 ³ 9.1 òà çàïîá³ãàííÿ ðîç-
êðèòòþ òð³ùèí çã³äíî ç 7.3.3 ³ 7.3.4.

(2) When the chosen strength is higher than that
required for structural design the value of fctm

should be associated with the higher strength in
the calculation of minimum reinforcement accor-
ding to 7.3.2 and 9.1 and crack width control ac-
cording to 7.3.3 and 7.3.4.

Ïðèì³òêà. Âåëè÷èíè ðåêîìåíäîâàíèõ êëàñ³â ì³ö-
íîñò³ äëÿ êîíêðåòíî¿ êðà¿íè ìîæóòü âñòàíîâëþâà-
òèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêîìåíäîâàí³ âå-
ëè÷èíè íàâåäåíî ó òàáëèö³ Å.1N.

Note: Values of indicative strength classes for use in a
Country may be found in its National Annex. The re-
commended values are given in Table E.1N.

Òàáëèöÿ Å.1N – Ðåêîìåíäîâàí³ êëàñè ì³öíîñò³

Table E.1N – Indicative strength classes

Êëàñè âïëèâó â³äïîâ³äíî äî òàáëèö³ 4.1
Exposure Classes according to Table 4.1

Êîðîç³ÿ
Corrosion

Êîðîç³ÿ ñïðè÷èíåíà
êàðáîí³çàö³ºþ

Carbonation-induced
corrosion

Êîðîç³ÿ ñïðè÷èíåíà
õëîðèäàìè

Chlorid-induced
corrosion

Êîðîç³ÿ ñïðè÷èíåíà õëî-
ðèäàìè â³ä ìîðñüêî¿ âîäè

Chloride-induced
corrosion from sea-water

ÕÑ1 ÕÑ2 ÕÑ3 ÕÑ4 XD1 XD2 XD3 XS1 XS2 XS3

Ðåêîìåíäîâàíèé êëàñ
ì³öíîñò³
Indicative Strength Class

Ñ20/25 Ñ25/30 Ñ30/37 Ñ30/37 Ñ35/43 Ñ30/37 Ñ35/43

Óøêîäæåííÿ áåòîíó
Damage to Concrete

Ðèçèê â³äñóòí³é
No risk

Âïëèâ
çàìåðçàííÿ/òàíåííÿ
Freeze/Thaw Attack

Àãðåñèâíèé õ³ì³÷íèé âïëèâ
Chemical Attack

Õ0 XF1 XF2 XF3 XA1 XA2 XA3

Ðåêîìåíäîâàíèé êëàñ
ì³öíîñò³
Indicative Strength Class

Ñ12/15 Ñ30/37 Ñ25/30 Ñ30/37 Ñ30/37 Ñ35/45
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ÄÎÄÀÒÎÊ F
(³íôîðìàö³éíèé)

ANNEX F
(informative)

ÏÎËÎÆÅÍÍß ÄËß ÐÎÇÒßÃÍÓÒÎ¯
ÀÐÌÀÒÓÐÈ Â ÓÌÎÂÀÕ ÏËÎÑÊÎÃÎ

ÍÀÏÐÓÆÅÍÎÃÎ ÑÒÀÍÓ

TENSION REINFORCEMENT
EXPRESSIONS FOR IN-PLANE

STRESS CONDITIONS

F.1 Çàãàëüí³ ïîëîæåííÿ F.1 General

(1) Öåé äîäàòîê íå ì³ñòèòü ïîëîæåíü äëÿ ñòèñ-
íóòî¿ àðìàòóðè.

(1) This annex does not include expressions for
compression reinforcement.

(2) Ðîçòÿãíóòó àðìàòóðó â åëåìåíò³, ùî ïåðå-
áóâàº ï³ä ä³ºþ ó ïëîùèí³ îðòîãîíàëüíèõ íàïðó-

æåíü �Edx, �Edy òà +Edxy, ìîæíà ðîçðàõóâàòè çà
äîïîìîãîþ íàâåäåíî¿ íèæ÷å ìåòîäèêè. Íàïðó-
æåííÿ ñòèñêó ïîâèííî ïðèéìàòèñü ïîçèòèâíèì

ïðè �Edx > �Edy ³ íàïðÿì àðìàòóðè ïîâèíåí
çá³ãàòèñÿ ç îñÿìè õ òà y.

(2) The tension reinforcement in an element sub-

ject to in-plane orthogonal stresses sEdx, �Edy and

+Edxy may be calculated using the procedure set
out below. Compressive stresses should be taken

as positive, with �Edx > �Edy and the direction of
reinforcement should coincide with the x and y

axes.

Ì³öí³ñòü íà ðîçòÿã, ùî çàáåçïå÷óºòüñÿ àðìàòó-
ðîþ, íåîáõ³äíî âèçíà÷àòè ÿê:

The tensile strengths provided by reinforcement
should be determined from:

f ftdx x yd� � òà (and) f ftdy y yd� � , (F.1)

äå �x òà �y – ãåîìåòðè÷í³ ïðîöåíòè àðìóâàííÿ
âäîâæ îñåé x òà y â³äïîâ³äíî.

where �x and �y are the geometric reinforcement
ratios, along the x and y axes respectively.

(3) Ó ì³ñöÿõ, äå �Edx ³ �Edy ñòèñêàëüí³ íàïðó-

æåííÿ òà çà óìîâè �Edx � �Edy > +
Edxy
2 , ðîçðàõóí-

êîâà àðìàòóðà íå âèìàãàºòüñÿ. Îäíàê, ìàêñè-
ìàëüíå íàïðóæåííÿ ñòèñêó íå ïîâèííî ïåðåâè-
ùóâàòè fcd (äèâ.3.1.6).

(3) In locations where �Edx and �Edy are both

compressive and �Edx � �Edy > +
Edxy
2 , design rein-

forcement is not required. However the maximum
compressive stress should not exceed fcd (See
3.1.6)

(4) Ó ì³ñöÿõ, äå �Edy íàïðóæåííÿ ðîçòÿãó àáî

�Edx, �Edy � +
Edxy
2 , ðîçðàõóíêîâà àðìàòóðà íå-

îáõ³äíà.

(4) In locations where �Edy is tensile or �Edx,

�Edy � +
Edxy
2 , reinforcement is required.

Îïòèìàëüíà àðìàòóðà, ïîçíà÷åíà âåðõí³ì ³í-

äåêñîì 5, òà â³äïîâ³äí³ íàïðóæåííÿ áåòîíó âèç-
íà÷àþòüñÿ âèðàçàìè:

The optimum reinforcement, indicated by super-

script 5, and related concrete stress are determi-
ned by:

Äëÿ � +Edx Edxy� For � +Edx Edxy�

5 � 
ftdx Edyx Edx+ � , (F.2)

5 � 
ftdy Edyx Edy+ � , (F.3)

� +cd Edy� 2 ; (F.4)

Äëÿ � +Edx Edxy� For � +Edx Edxy�

5 �ftdx 0 , (F.5)

5 � 
ftdy
Edxy

Edx
Edy

+

�
�

2

, (F.6)

� �
+

�
cd Edx

Edxy

Edx

� �
#

$
%
%

&

'
(
(

�

�

�
�

 

!

"
"

1

2

. (F.7)
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Íàïðóæåííÿ ó áåòîí³ �cd íåîáõ³äíî ïåðåâ³ðÿòè
ç âèêîðèñòàííÿì ðåàë³ñòè÷íèõ ìîäåëåé ïåðå-
ð³ç³â ç òð³ùèíàìè (äèâ. EN 1992-2), àëå âîíè íå
ïîâèíí³, çàçâè÷àé, ïåðåâèùóâàòè vfcd (v ìîæíà
îòðèìàòè ç âèðàçó (6.5).

The concrete stress, �cd, should be checked with
a realistic model of cracked sections (see
EN 1992-2), but should not generally exceed vfcd

(v may be obtained from Expression (6.5).

Ïðèì³òêà. Ì³í³ìàëüíà àðìàòóðà âèçíà÷àºòüñÿ, ÿêùî
íàïðÿì àðìàòóðè çá³ãàºòüñÿ ç íàïðÿìîì ãîëîâíèõ
íàïðóæåíü.

Note: The minimum reinforcement is obtained if the
directions of reinforcement are identical to the direc-
tions of the principal stresses.

ßê àëüòåðíàòèâà äëÿ çàãàëüíîãî âèïàäêó íå-
îáõ³äíó àðìàòóðó òà íàïðóæåííÿ ó áåòîí³ ìîæ-
íà âèçíà÷àòè çà âèðàçàìè:

Alternatively, for the general case the necessary
reinforcement and the concrete stress may be

ftdx Edy Edx� 
+ � �cot , (F.8)

ftdy Edy Edy� 
+ � �cot , (F.9)

� + �
�

cd Edxy� �#

$
%

&

'
(cot

cot

1
, (F.10)

äå � – êóò ì³æ ãîëîâíèìè íàïðóæåííÿìè ñòèñêó
áåòîíó òà íàïðÿìîì îñ³ õ.

where � is the angle of the principal concrete
compressive stress to the x-axis.

Ïðèì³òêà. Çíà÷åííÿ cot � íåîáõ³äíî âèáèðàòè òàê,
ùîá óíèêàòè âåëè÷èí ñòèñêó ftd.

Note: The value of cot � should be chosen to avoid
compression values of ftd.

Äëÿ çàïîá³ãàííÿ ïîÿâ³ íåïðèéíÿòíèõ òð³ùèí çà
ãðàíè÷íèì ñòàíîì åêñïëóàòàö³éíî¿ ïðèäàòíîñ-
ò³ òà çàáåçïå÷åííÿ íåîáõ³äíî¿ äåôîðìàö³éíî¿
çäàòíîñò³ çà ² ãðóïîþ ãðàíè÷íèõ ñòàí³â àðìàòó-
ðà, âèçíà÷åíà çà âèðàçàìè (F.8) òà (F.9) äëÿ
êîæíîãî íàïðÿìó, íå ïîâèííà âäâ³÷³ ïåðåâèùó-
âàòè àáî ñòàíîâèòè ìåíøå í³æ ïîëîâèíó àðìà-
òóðè, âèçíà÷åíî¿ çà âèðàçàìè (F.2) ³ (F.3) àáî
(F.5) ³ (F.6).

In order to avoid unacceptable cracks for the ser-
viceability limit state, and to ensure the required
deformation capacity for the ultimate limit state,
the reinforcement derived from Expressions (F.8)
and (F.9) for each direction should not be more
than twice and not less than half the reinforce-
ment determined by expressions (F2) and (F3) or
(F5) and (F6).

Ö³ îáìåæåííÿ âèðàæàþòüñÿ íàñòóïíèì ÷èíîì:
1
2 25 � � 5f f ftdx tdx tdx òà 1

2 25 � � 5f f ftdy tdy tdy .
These limitations are expressed by 1

2
5 � �f ftdx tdx

� 52ftdx and 1
2 25 � � 5f f ftdy tdy tdy .

(5) Àðìàòóðà ïîâèííà ïîâí³ñòþ çààíêåðîâóâà-
òèñü íà âñ³õ â³äêðèòèõ ãðàíÿõ, íàïðèêëàä, U-ïî-
ä³áíèìè ñòðèæíÿìè àáî àíàëîã³÷íèìè.

(5) The reinforcement should be fully anchored at
all free edges, e.g. by U-bars or similar.
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ÄÎÄÀÒÎÊ G
(³íôîðìàö³éíèé)

ANNEX G
(informative)

ÂÇÀªÌÎÄ²ß ÑÈÑÒÅÌÈ
"ÎÑÍÎÂÀ-ÑÏÎÐÓÄÀ"

SOIL STRUCTURE
INTERACTION

G.1 Ôóíäàìåíòè íåãëèáîêîãî çàêëàäàííÿ G.1 shallow foundations

G.1.1 Çàãàëüí³ ïîëîæåííÿ G.1.1 General

(1) Íåîáõ³äíî âðàõîâóâàòè âçàºìîä³þ ì³æ
´ðóíòîì, ôóíäàìåíòîì ³ âåðõíüîþ ñïîðóäîþ.
ßê ðîçïîä³ë êîíòàêòíèõ íàïðóæåíü ó ôóíäà-
ìåíò³, òàê ³ çóñèëëÿ â êîëîíàõ çàëåæàòü â³ä
â³äíîñíèõ îñ³äàíü.

(1) The interaction between the ground, the
foundation and the superstructure should be
considered. The contact pressure distribution on
the foundations and the column forces are both
dependent on the relative settlements.

(2) ßê ïðàâèëî, çàäà÷ó ìîæíà ðîçâ'ÿçàòè øëÿ-
õîì çàáåçïå÷åííÿ ñóì³ñíîñò³ äåôîðìàö³é òà
â³äïîâ³äíèõ ðåàêö³é ´ðóíòó ³ ñïîðóäè.

(2) In general the problem may be solved by ensu-
ring that the displacements and associated reac-
tions of the soil and the structure are compatible.

(3) Õî÷à âèùåíàâåäåíà ìåòîäèêà º îá´ðóíòî-
âàíîþ, äåÿê³ íåâèçíà÷åíîñò³ âñå ùå ìàþòü
ì³ñöå, ùî ñïðè÷èíåíî ïîñë³äîâí³ñòþ íàâàíòà-
æåííÿ òà âïëèâàìè ïîâçó÷îñò³. Òîìó â çàëåæ-
íîñò³ â³ä ñòóïåíÿ ³äåàë³çàö³¿ ìåõàí³÷íèõ ìîäå-
ëåé âèçíà÷àþòüñÿ ð³çí³ ð³âí³ ðîçðàõóíê³â.

(3) Although the above general procedure is
adequate, many uncertainties still exist, due to the
load sequence and creep effects. For this reason
different levels of analysis, depending on the
degree of idealisation of the mechanical models,
are usually defined.

(4) ßêùî âåðõíÿ ñïîðóäà ðîçãëÿäàºòüñÿ ÿê
ãíó÷êà, òî íàâàíòàæåííÿ, ÿê³ ïåðåäàþòüñÿ, íå
çàëåæàòü â³ä îñ³äàíü òîìó, ùî ñïîðóäà íå ìàº
æîðñòêîñò³. Ó öüîìó âèïàäêó íàâàíòàæåííÿ íå
º íåâ³äîìèìè ³ çàäà÷à çâîäèòüñÿ äî âèçíà÷åí-
íÿ ôóíäàìåíò³â íà îñíîâ³, ùî äåôîðìóºòüñÿ.

(4) If the superstructure is considered as flexible,
then the transmitted loads do not depend on the
relative settlements, because the structure has no
rigidity. In this case the loads are no longer
unknown, and the problem is reduced to the
analysis of a foundation on a deforming ground.

(5) ßêùî âåðõíÿ ñïîðóäà ðîçãëÿäàºòüñÿ ÿê æî-
ðñòêà, òî íåâ³äîì³ íàâàíòàæåííÿ íà ôóíäà-
ìåíò ìîæíà îòðèìàòè ç óìîâè, ùî îñ³äàííÿ
ïîâèíí³ áóòè â îäí³é ïëîùèí³. Íåîáõ³äíî ïå-
ðåâ³ðÿòè, ùî æîðñòê³ñòü çáåð³ãàºòüñÿ äî íà-
ñòàííÿ ãðàíè÷íîãî ñòàíó çà ² ãðóïîþ.

(5) If the superstructure is considered as rigid,
then the unknown foundation loads can be
obtained by the condition that settlements should
lie on a plane. It should be checked that this
rigidity exists until the ultimate limit state is
reached.

(6) Íèæ÷åíàâåäåíà ñïðîùåíà ñõåìà ìàº ì³ñöå,
ÿêùî ôóíäàìåíòíó ñèñòåìó ìîæíà ââàæàòè æî-
ðñòêîþ, àáî îñíîâà º äóæå æîðñòêîþ. Â îáîõ âè-
ïàäêàõ â³äíîñíèìè îñ³äàííÿìè ìîæíà çíåõ-
òóâàòè ³ íå ïîòð³áíî âðàõîâóâàòè çì³íè íàâàíòà-
æåíü ïðè ¿õ ïåðåäà÷³ â³ä âåðõíüî¿ ñïîðóäè.

(6) A further simplifying scheme arises if the
foundation system can be assumed to be rigid or
the supporting ground is very stiff. In either case
the relative settlements may be ignored and no
modification of the loads transmitted from the
superstructure is required.

(7) Äëÿ âèçíà÷åííÿ ïðèáëèçíî¿ æîðñòêîñò³ êî-
íñòðóêòèâíî¿ ñèñòåìè ìîæíà âèêîíàòè ðîçðà-
õóíîê, ïîð³âíþþ÷è ñï³ëüíó æîðñòê³ñòü ôóíäà-
ìåíòó, íåñó÷èõ åëåìåíò³â âåðõíüî¿ ñïîðóäè òà
ä³àôðàãì æîðñòêîñò³ ç æîðñòê³ñòþ îñíîâè. Öÿ
â³äíîñíà æîðñòê³ñòü ÊR áóäå âèçíà÷èòèñü ó çà-
ëåæíîñò³ â³ä òîãî, ÿê íåîáõ³äíî ðîçãëÿäàòè
ôóíäàìåíò àáî êîíñòðóêòèâíó ñèñòåìó – æîðñò-
êèìè àáî ãíó÷êèìè. Äëÿ êîíñòðóêö³é áóä³âåëü
ìîæíà çàñòîñîâóâàòè íàñòóïíèé âèðàç:

(7) To determine the approximate rigidity of the
structural system, an analysis may be made com-
paring the combined stiffness of the foundation,
superstructure framing members and shear walls,
with the stiffness of the ground. This relative stif-
fness KR will determine whether the foundation or
the structural system should be considered rigid
or flexible. The following expression may be used
for building structures:
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3 , (G.1)

äå: where:

(EI)S – ïðèáëèçíà âåëè÷èíà çãèíàëüíî¿ æîðñò-
êîñò³ íà îäèíèöþ äîâæèíè áóä³âåëüíî¿ ñïîðóäè,
ùî ðîçãëÿäàºòüñÿ, îòðèìàíà øëÿõîì ñóìóâàííÿ
çãèíàëüíèõ æîðñòêîñòåé ôóíäàìåíòó êîæíîãî
íåñó÷îãî åëåìåíòà ³ ä³àôðàãìè æîðñòêîñò³;

(EI)S is the approximate value of the flexural
rigidity per unit width of the building structure
under consideration, obtained by summing the
flexural rigidity of the foundation, of each framed
member and any shear wall;

E – ìîäóëü äåôîðìàö³é ´ðóíòó îñíîâè; E is the deformation modulus of the ground;

l – äîâæèíà ôóíäàìåíòó. l is the length of the foundation.

Â³äíîñíà æîðñòê³ñòü, á³ëüøà í³æ 0,5, îçíà÷àº,
ùî êîíñòðóêö³ÿ æîðñòêà.

Relative stiffnesses higher than 0,5 indicate rigid
structural systems

G.1.2 Ð³âí³ ðîçðàõóíê³â G.1.2 Levels of analysis

(1) Äëÿ ïîòðåá ïðîåêòóâàííÿ äîïóñêàþòüñÿ íà-
ñòóïí³ ð³âí³ ðîçðàõóíê³â.

(1) For design purposes, the following levels of
analysis are permitted.

Ð³âåíü 0. Ð³âåíü, íà ÿêîìó äîïóñêàºòüñÿ ïðèé-
ìàòè ë³í³éíèé ðîçïîä³ë êîíòàêòíîãî òèñêó.

Level 0: In this level, linear distribution of the con-
tact pressure may be assumed.

Ïîâèíí³ âèêîíóâàòèñü íàñòóïí³ ïîïåðåäí³ óìîâè: The following preconditions should be fulfilled:
– êîíòàêòíèé òèñê íå ïåðåâèùóº ðîçðàõóíêî-

âèõ âåëè÷èí äëÿ îáîõ ãðóï ãðàíè÷íèõ ñòà-
í³â;

– the contact pressure does not exceed the
design values for both the serviceability and
the ultimate limit states;

– äëÿ ²² ãðóïè ãðàíè÷íèõ ñòàí³â êîíñòðóêòèâíà
ñèñòåìà íå çàçíàº îñ³äàíü àáî î÷³êóâàíà
ð³çíèöÿ îñ³äàíü º íåçíà÷íîþ;

– at the serviceability limit state, the structural sys-
tem is not affected by settlements, or the expected
differential settlements are not significant;

– äëÿ ² ãðóïè ãðàíè÷íèõ ñòàí³â êîíñòðóêòèâíà
ñèñòåìà ìàº íåîáõ³äíó ïëàñòè÷í³ñòü, ³, òàêèì
÷èíîì, ð³çíèöÿ îñ³äàíü íå âïëèíå íà ñïîðóäó.

– at the ultimate limit state, the structural system has
sufficient plastic deformation capacity so that
differences in settlements do not affect the design.

Ð³âåíü 1. Êîíòàêòíèé òèñê ìîæíà âèçíà÷àòè ç
óðàõóâàííÿì â³äíîñíî¿ æîðñòêîñò³ ôóíäàìåí-
òó ³ ´ðóíòó, à ïîâí³ äåôîðìàö³¿ îö³íþþòüñÿ äëÿ
ïåðåâ³ðêè, ùî âîíè çíàõîäÿòüñÿ â äîïóñòèìèõ
ìåæàõ.

Level 1: The contact pressure may be determined
taking into account the relative stiffness of the
foundation and the soil and the resulting deforma-
tions evaluated to check that they are within
acceptable limits.

Ïîâèíí³ âèêîíóâàòèñü íàñòóïí³ ïîïåðåäí³ óìîâè: The following preconditions should be fulfilled:
– ³ñíóº äîñòàòíÿ ïðàêòèêà, ÿêà ï³äòâåðäæóº,

ùî åêñïëóàòàö³éíà ïðèäàòí³ñòü âåðõíüî¿
ñïîðóäè íå ïîðóøèòüñÿ âíàñë³äîê äåôîð-
ìàö³¿ îñíîâè;

– sufficient experience exists to show that the
serviceability of the superstructure is not likely
to be affected by the soil deformation;

– ïðè ãðàíè÷íîìó ñòàí³ çà íåñó÷îþ çäàòí³ñòþ ³
ñò³éê³ñòþ êîíñòðóêòèâíà ñèñòåìà ìàº â³äïî-
â³äíèé åëàñòè÷íèé õàðàêòåð ðîáîòè.

– at the ultimate limit state, the structural system
has adequate ductile behaviour.

Ð³âåíü 2. Íà öüîìó ð³âí³ ïðè çä³éñíåíí³ ðîç-
ðàõóíêó âðàõîâóºòüñÿ âïëèâ äåôîðìàö³é íà
âåðõíþ ñïîðóäó. Ñïîðóäà ðîçðàõîâóºòüñÿ ç
ïðèêëàäåíîþ äåôîðìàö³ºþ ôóíäàìåíò³â äëÿ
âèçíà÷åííÿ êîðèãóâàíü íàâàíòàæåíü, ùî ïðè-
êëàäàþòüñÿ íà ôóíäàìåíòè. ßêùî ê³íöåâ³ êî-
ðèãóâàííÿ º çíà÷íèìè (òîáòî > |10| %), òî
íåîáõ³äíî çä³éñíþâàòè ðîçðàõóíîê çà ð³âíåì 3.

Level 2: At this level of analysis the influence of
ground deformations on the superstructure is
considered. The structure is analysed under the
imposed deformation of the foundation to deter-
mine the adjustments to the loads applied to the
foundations. If the resulting adjustments are signi-
ficant (i.e. > |10| %), then Level 3 analysis should
be adopted.
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Ð³âåíü 3. ª ìåòîäèêîþ, ùî ïîâí³ñòþ âðàõîâóº
âçàºìîä³þ ñïîðóäè, ¿¿ ôóíäàìåíò³â òà îñíîâè.

Level 3: This is a complete interactive procedure
taking into account the structure, its foundations
and the ground.

G.2 Ïàëüîâ³ ôóíäàìåíòè G.2 Piled foundations

(1) ßêùî îãîëîâîê ïàë³ º æîðñòêèì, òî ìîæíà
äîïóñêàòè ë³í³éíó çì³íó îñ³äàíü äëÿ îêðåìèõ
ïàëü, ÿêà çàëåæèòü â³ä ïîâîðîòó îãîëîâêà ïàë³.
ßêùî ïîâîðîò äîð³âíþº íóëþ, àáî íèì ìîæíà
çíåõòóâàòè, òî ìîæíà äîïóñêàòè, ùî îñ³äàííÿ
âñ³õ ïàëü îäíàêîâå. Ç ð³âíÿíü ð³âíîâàãè ìîæíà
âèçíà÷èòè íåâ³äîì³ íàâàíòàæåííÿ íà ïàëþ òà
îñ³äàííÿ ãðóïè (êóùà ïàëü).

(1) If the pile cap is rigid, a linear variation of the
settlements of the individual piles may be
assumed which depends on the rotation of the
pile cap. If this rotation is zero or may be ignored,
equal settlement of all piles may be assumed.
From equilibrium equations, the unknown pile
loads and the settlement of the group can be
calculated.

(2) Îäíàê, ïðè êîíñòðóþâàíí³ ïàëüîâîãî ðîñò-
âåðêà ìàº ì³ñöå âçàºìîä³ÿ íå ò³ëüêè ì³æ îêðå-
ìèìè ïàëÿìè, àëå òàêîæ ì³æ ðîñòâåðêîì òà
ïàëÿìè, ³ íåìà ïðîñòîãî ï³äõîäó äëÿ ðîçâ'ÿçàí-
íÿ ö³º¿ çàäà÷³.

(2) However, when dealing with a piled raft,
interaction occurs not only between individual
piles but also between the raft and the piles, and
no simple approach to analyse this problem is
available.

(3) Ðåàêö³ÿ êóùà ïàëü íà ãîðèçîíòàëüí³ íàâàí-
òàæåííÿ, çàçâè÷àé, îõîïëþº íå ò³ëüêè ïîïå-
ðå÷íó æîðñòê³ñòü îòî÷óþ÷îãî ´ðóíòó ³ ïàëü, àëå
òàêîæ ¿õ îñüîâó æîðñòê³ñòü (íàïðèêëàä, áîêîâå
íàâàíòàæåííÿ íà êóù ïàëü ñïðè÷èíÿº ðîçòÿã ³
ñòèñê ó êðàéí³õ ïàëÿõ).

(3) The response of a pile group to horizontal
loads generally involves not only the lateral
stiffness of the surrounding soil and of the piles,
but also their axial stiffness (e.g. lateral load on a
pile group causes tension and compression on
edge piles).
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ÄÎÄÀÒÎÊ Í
(³íôîðìàö³éíèé)

ANNEX H
(informative)

ÇÀÃÀËÜÍ² ÂÏËÈÂÈ ÄÐÓÃÎÃÎ ÏÎÐßÄÊÓ
Ó ÊÎÍÑÒÐÓÊÖ²ßÕ

GLOBAL SECOND ORDER EFFECTS
IN STRUCTURES

Í.1 Êðèòåð³¿ äëÿ íåõòóâàííÿ çàãàëüíèìè
âïëèâàìè äðóãîãî ïîðÿäêó

H.1 Criteria for neglecting global second
order effects

Í.1.1 Çàãàëüí³ ïîëîæåííÿ H.1.1 General

(1) Ïîëîæåííÿ Í.1 íàäàº êðèòåð³¿ äëÿ ñïîðóä, ó
ÿêèõ íå âèêîíóþòüñÿ óìîâè ó 5.8.3.3 (1). Êðè-
òåð³¿ ´ðóíòóþòüñÿ íà 5.8.2 (6) ³ âðàõîâóþòü çà-
ãàëüí³ äåôîðìàö³¿ çãèíó òà çñóâó, ÿê ïîêàçàíî
íà ðèñóíêó Í.1.

(1) Clause H.1 gives criteria for structures where
the conditions in 5.8.3.3 (1) are not met. The crite-
ria are based on 5.8.2 (6) and take into account
global bending and shear deformations, as defi-
ned in Figure H.1.

Í.1.2 Ñèñòåìà â'ÿçåé áåç çíà÷íèõ äåôîð-

ìàö³é

H.1.2 Bracing system without significant she-

ar deformations

(1) Äëÿ ñèñòåìè â'ÿçåé áåç çíà÷íèõ äåôîðìà-
ö³é (íàïðèêëàä, ä³àôðàãìè æîðñòêîñò³ áåç ïðî-
ð³ç³â) ìîæíà íå âðàõîâóâàòè çàãàëüí³ âïëèâè
äðóãîãî ïîðÿäêó, ÿêùî:

(1) For a bracing system without significant shear
deformations (e.g. shear walls without openings),
global second order effects may be ignored if:

F FV Ed V BB, ,,� �0 1 , (H.1)

äå: where:

FV,Ed – çàãàëüíå âåðòèêàëüíå íàâàíòàæåííÿ
(íà åëåìåíòè, ùî ðîçâ'ÿçóþòüñÿ ³ â'ÿçåâ³ åëå-
ìåíòè);

FV,Ed is the total vertical load (on braced and
bracing members);

FV,BB – íîì³íàëüíå çàãàëüíå êðèòè÷íå íàâàí-
òàæåííÿ ïðè çàãàëüíîìó çãèí³, äèâ. (2).

FV,BB is the nominal global buckling load for global
bending, see (2).
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(2) Íîì³íàëüíå çàãàëüíå êðèòè÷íå íàâàíòàæåí-
íÿ ïðè çàãàëüíîìó çãèí³ ìîæíà âèçíà÷èòè ÿê:

(2) The nominal global buckling load for global
bending may be taken as

F EI LV BB, /� 67 2 , (H.2)

äå: where:

6 – êîåô³ö³ºíò, ùî çàëåæèòü â³ä ê³ëüêîñò³ ïî-
âåðõ³â, çì³íè æîðñòêîñòåé, äåôîðìàòèâíîñò³
îñíîâè òà ðîçïîä³ëó íàâàíòàæåííÿ; äèâ. (4)

6 is a coefficient depending on number of storeys,
variation of stiffness, rigidity of base restraint and
load distribution; see (4)

7Å² – ñóìàðíà æîðñòê³ñòü íà çãèí â'ÿçåâèõ åëå-
ìåíò³â ó íàïðÿìêó, ùî ðîçãëÿäàºòüñÿ, âêëþ÷íî
ç ìîæëèâèìè âïëèâàìè òð³ùèí; äèâ. (3)

7Å² is the sum of bending stiffnesses of bracing
members in direction considered, including pos-
sible effects of cracking; see (3)

L – çàãàëüíà âèñîòà áóä³âë³ âèùå ð³âíÿ çàùåì-
ëåííÿ.

L is the total height of building above level of mo-
ment restraint.

(3) Çà â³äñóòíîñò³ á³ëüø òî÷íî¿ îö³íêè æîðñò-
êîñò³ äëÿ îêðåìîãî åëåìåíòà â'ÿç³ ç òð³ùèíàìè
ó ïåðåð³ç³ ìîæíà âèêîðèñòîâóâàòè âèðàç:

(3) In the absence of a more accurate evaluation
of the stiffness, the following may be used for a
bracing member with cracked section:

EI E Icd c8 0 4, , (Í.3)

äå: where:

Åcd = Åcd /�ñÅ – ðîçðàõóíêîâà âåëè÷èíà ìîäóëÿ
ïðóæíîñò³ áåòîíó, äèâ. 5.8.6 (3);

Åcd = Åcd /�ñÅ , design value of concrete modulus,
see 5.8.6 (3);

²ñ – ìîìåíò ³íåðö³¿ ïåðåð³çó â'ÿçåâîãî åëåìåíòà. ²ñ second moment of area of bracing member.

ßêùî ïîêàçàíî, ùî ïåðåð³ç ìîæå ïðàöþâàòè
áåç òð³ùèí ó ãðàíè÷íîìó ñòàí³ ² ãðóïè, êîíñòàí-
òó 0,4 ó âèðàç³ (Í.3) ìîæíà çàì³íèòè íà 0,8.

If the cross-section is shown to be uncracked in
the ultimate limit state, constant 0,4 in Expression
(H.3) may be replaced by 0,8.

(4) ßêùî â'ÿçåâ³ åëåìåíòè ìàþòü ïîñò³éíó
æîðñòê³ñòü ïî âèñîò³ ³ çàãàëüíå âåðòèêàëüíå íà-
âàíòàæåííÿ çá³ëüøóºòüñÿ íà îäíàêîâó âåëè÷è-

íó íà êîæíîìó ïîâåðñ³, òî 6 ìîæíà âèçíà÷àòè ÿê:

(4) If bracing members have constant stiffness
along the height and the total vertical load in-

creases with the same amount per storey, then 6
may be taken as

6 � �
�

�
� �

7 8
1 6

1

1 0 7
,

, ,

n

n k

S

S

, (Í.4)

äå: where:

nS – ê³ëüê³ñòü ïîâåðõ³â; nS is the number of storeys;

k – â³äíîñíà ïðóæí³ñòü ìîìåíòó çàùåìëåííÿ;
äèâ. (5).

k is the relative flexibility of moment restraint; see
(5).

(5) Â³äíîñíà ïðóæí³ñòü çàùåìëåííÿ â îñíîâ³
âèçíà÷àºòüñÿ ÿê:

(5) The relative flexibility of moment restraint at
the base is defined as:

� 	 � 	k M EI L� �� / / , (Í.5)

äå: where:

� – ïîâîðîò â³ä çãèíàëüíîãî ìîìåíòó Ì; � is the rotation for bending moment M;

Å² – æîðñòê³ñòü çã³äíî ç (3); Å² is the stiffness according to (3);

L – çàãàëüíà âèñîòà â'ÿçåâîãî áëîêà. L is the total height of bracing unit.

Ïðèì³òêà. Ïðè k = 0, òîáòî æîðñòêå çàùåìëåííÿ, âè-
ðàçè (Í.1) – (Í.4) ìîæíà ïîºäíóâàòè ç âèðàçîì (5.18),

äå êîåô³ö³ºíò 0,31 îòðèìóºìî ç 0,1·0,4·7.8 8 0,31.

Note: For k = 0, i.e. rigid restraint, Expressions
(H.1) – (H.4) can be combined into Expression (5.18),

where the coefficient 0,31 follows from 0,1·0,4·7,8 80,31.
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Í.1.3 Â'ÿçåâà ñèñòåìà ³ç çíà÷íèìè äåôîð-

ìàö³ÿìè çñóâó

H.1.3 Bracing system with significant global

shear deformations

(1) Çàãàëüíèìè âïëèâàìè äðóãîãî ïîðÿäêó ìîæíà
çíåõòóâàòè, ÿêùî âèêîíóºòüñÿ íàñòóïíà óìîâà:

(1) Global second order effects may be ignored if
the following condition is fulfilled:

F F
F

F F
Ed V B

V BB

V BB V BS

� � � �
�

0 1 0 1
1

, ,
/

,
,

, ,
, (H.6)

äå: where:

FV,B – çàãàëüíå êðèòè÷íå íàâàíòàæåííÿ ç óðà-
õóâàííÿì çàãàëüíîãî çãèíó ³ çñóâó;

FV,B is the global buckling load taking into account
global bending and shear;

FV,BB – çàãàëüíå êðèòè÷íå íàâàíòàæåííÿ äëÿ
÷èñòîãî çãèíó, äèâ. Í.1.2(2);

FV,BB is the global buckling load for pure bending,
see H.1.2 (2);

FV,BS – çàãàëüíå êðèòè÷íå íàâàíòàæåííÿ äëÿ

÷èñòîãî çñóâó, FV,BS = 7S;

FV,BS is the global buckling load for pure shear,

FV,BS = 7S;

7S – çàãàëüíà æîðñòê³ñòü íà çñóâ (çóñèëëÿ íà
êóò çñóâó) â'ÿçåâîãî áëîêà (ðèñóíîê Í.1).

7S is the total shear stiffness (force per shear
angle) of bracing units (see Figure H.1)

Ïðèì³òêà. Çàãàëüíà äåôîðìàö³ÿ çñóâó â'ÿçåâîãî
áëîêà â îñíîâíîìó âèçíà÷àºòüñÿ ëîêàëüíèìè äå-
ôîðìàö³ÿìè çãèíó (ðèñóíîê Í.1). Îäíàê, çà â³äñóò-
íîñò³ á³ëüø òî÷íîãî ðîçðàõóíêó äëÿ S ìîæíà âðà-
õîâóâàòè óòâîðåííÿ òð³ùèí òàêèì æå ñïîñîáîì, ÿê ³
äëÿ Å², äèâ. Í.1.2 (3).

Note: The global shear deformation of a bracing unit is
normally governed mainly by local bending deforma-
tions (Figure H.1). Therefore, in the absence of a more
refined analysis, cracking may be taken into account
for S in the same way as for EI, see H.1.2 (3).

Í.2 Ìåòîäè âèçíà÷åííÿ çàãàëüíèõ âïëèâ³â
äðóãîãî ïîðÿäêó

H.2 Methods for calculation of global second
order effects

(1) Öå ïîëîæåííÿ ´ðóíòóºòüñÿ íà ë³í³éíîìó ðîç-
ðàõóíêó âïëèâ³â äðóãîãî ïîðÿäêó çã³äíî ç 5.8.7.
Òàêèì ÷èíîì, âïëèâè äðóãîãî ïîðÿäêó ìîæóòü
âðàõîâóâàòèñü ÷åðåç ðîçðàõóíîê ñïîðóäè íà
çá³ëüøåí³ ãîðèçîíòàëüí³ ô³êòèâí³ ñèëè FH,Ed:

(1) This clause is based on linear second order
analysis according to 5.8.7. Global second order
effects may then be taken into account by analy-
sing the structure for fictitious, magnified horizon-
tal forces FH,Ed:

F
F

F F
H Ed

H Ed

V Ed V B
,

,

, ,/
�



0

1
, (Í.7)

äå: where:

FH,0Ed – ãîðèçîíòàëüíà ñèëà ïåðøîãî ïîðÿäêó
â³ä â³òðó, íåòî÷íîñòåé òîùî;

FH,0Ed is the first order horizontal force due to
wind, imperfections etc.;

FV,Ed – çàãàëüíå âåðòèêàëüíå íàâàíòàæåííÿ íà
åëåìåíòè â'ÿçåé òà åëåìåíòè, ùî ðîçêð³ïëÿ-
þòüñÿ â'ÿçÿìè;

FV,Ed is the total vertical load on bracing and
braced members;

FV,B – íîì³íàëüíå çàãàëüíå êðèòè÷íå íàâàíòà-
æåííÿ, äèâ. (2).

FV,B is the nominal global buckling load, see (2).

(2) Ïîçäîâæíº êðèòè÷íå íàâàíòàæåííÿ FV,B

ìîæíà âèçíà÷àòè â³äïîâ³äíî äî Í.1.3 (àáî
Í.1.2, ÿêùî çàãàëüíèìè äåôîðìàö³ÿìè çñóâó
ìîæíà çíåõòóâàòè). Îäíàê, ó öüîìó âèïàäêó íå-
îáõ³äíî âèêîðèñòîâóâàòè íîì³íàëüí³ çíà÷åííÿ
æîðñòêîñòåé çã³äíî ç 5.8.7.2, âêëþ÷íî ³ç âïëè-
âîì ïîâçó÷îñò³.

(2) The buckling load FV,B may be determined
according to H.1.3 (or H.1.2 if global shear de-
formations are negligible). However, in this case
nominal stiffness values according to 5.8.7.2
should be used, including the effect of creep.
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(3) Ó âèïàäêàõ, êîëè çàãàëüíå ïîçäîâæíº íà-
âàíòàæåííÿ FV,B íå âèçíà÷àºòüñÿ, ìîæíà çà-
ñòîñîâóâàòè âèðàç:

(3) In cases where the global buckling load FV,B is
not defined, the following expression may be used
instead:

F
F

F F
H Ed

H Ed

H Ed H Ed
,

,

, ,/
�



0

1 01
, (H.8)

äå: where:

FH,1Ed – ô³êòèâíà ãîðèçîíòàëüíà ñèëà, ÿêà äàº
îäíàêîâ³ çãèíàëüí³ ìîìåíòè, ÿê ³ âåðòèêàëüíå
íàâàíòàæåííÿ NV,Ed, ÿêå ä³º íà äåôîðìîâàíó
êîíñòðóêö³þ ç äåôîðìàö³ºþ, âèêëèêàíîþ FH,0Ed

(äåôîðìàö³ÿ ïåðøîãî ïîðÿäêó), îá÷èñëåíîþ
ïðè íîì³íàëüíèõ âåëè÷èíàõ æîðñòêîñòåé çã³ä-
íî ç 5.8.7.2.

FH,1Ed fictitious horizontal force, giving the same
bending moments as vertical load NV,Ed acting on
the deformed structure, with deformation caused
by FH,0Ed (first order deformation), and calculated
with nominal stiffness values according to 5.8.7.2

Ïðèì³òêà. Âèðàç (Í.8) ñóïðîâîäæóºòüñÿ ïîêðîêî-
âèì ÷èñåëüíèì ðîçðàõóíêîì, äå âïëèâ âåðòèêàëü-
íîãî íàâàíòàæåííÿ ³ ïðèðîñòó äåôîðìàö³é, âèðà-
æåíèé ÷åðåç åêâ³âàëåíòí³ ãîðèçîíòàëüí³ ñèëè, äî-
äàºòüñÿ íà íàñòóïíèõ êðîêàõ. Ïðèðîñòè áóäóòü
óòâîðþâàòè ãåîìåòðè÷íó ïðîãðåñ³þ ï³ñëÿ ïåâíî¿
ê³ëüêîñò³ êðîê³â. Äîïóñêàþ÷è, ùî öå ìàº ì³ñöå íàâ³òü

íà ïåðøîìó êðîö³ (ùî àíàëîã³÷íî ïðèéíÿòòþ 
 = 1 ó
5.8.7.3 (3)), ñóìó ìîæíà âèðàçèòè ÿê (Í.8). Öÿ óìîâà
âèìàãàº, ùîá âåëè÷èíè æîðñòêîñòåé, ÿê³ âèðàæàþòü
ê³íöåâó ñòàä³þ äåôîðìàö³é, âèêîðèñòîâóâàëèñü íà
âñ³õ êðîêàõ (ñë³ä ìàòè íà óâàç³, ùî öå º òàêîæ áàçî-
âîþ óìîâîþ íàñòóïíîãî ðîçðàõóíêó íà îñíîâ³ íî-
ì³íàëüíèõ âåëè÷èí æîðñòêîñòåé).

Note: Expression (H.8) follows from a step-by-step
numerical calculation, where the effect of vertical load
and deformation increments, expressed as equivalent
horizontal forces, are added in consecutive steps. The
increments will form a geometric series after a few
steps. Assuming that this occurs even at the first step,

(which is analogous to assuming 
 =1 in 5.8.7.3 (3)),
the sum can be expressed as in Expression (H.8). This
assumption requires that the stiffness values repre-
senting the final stage of deformations are used in all
steps (note that this is also the basic assumption be-
hind the analysis based on nominal stiffness values).

Â ³íøèõ âèïàäêàõ, íàïðèêëàä, ÿêùî äîïóñêàºòüñÿ
ðîáîòà ïåðåð³ç³â áåç òð³ùèí íà ïåðøîìó êðîö³ ³ ç
òð³ùèíàìè, ÿê³ ïðîÿâëÿþòüñÿ íà íàñòóïíèõ êðîêàõ,
àëå ÿêùî ðîçïîä³ë åêâ³âàëåíòíèõ ãîðèçîíòàëüíèõ
ñèë çíà÷íî çì³íþºòüñÿ ì³æ ïåðøèìè êðîêàìè, òî ó
ðîçðàõóíîê ñë³ä âêëþ÷àòè á³ëüøå êðîê³â, ïîêè óìî-
âà ñòîñîâíî ãåîìåòðè÷íî¿ ïðîãðåñ³¿ íå áóäå âèêîíó-
âàòèñü. Ïðèêëàä ³ç á³ëüøå í³æ äâîìà êðîêàìè íàâå-
äåíî íèæ÷å:

In other cases, e.g. if uncracked sections are assumed
in the first step and cracking is found to occur in later
steps, or if the distribution of equivalent horizontal
forces changes significantly between the first steps,
then more steps have to be included in the analysis,
until the assumption of a geometric series is met.
Example with two more steps than in Expression (H.8):

� 	F F F F F FH d H Ed H Ed H Ed H Ed H Ed, , , , , ,/ /� � � 
0 1 2 3 21 .

278

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



ÄÎÄÀÒÎÊ ²
(³íôîðìàö³éíèé)

ANNEX I
(informative)

ÐÎÇÐÀÕÓÍÎÊ ÏËÎÑÊÈÕ ÏËÈÒ
² Ä²ÀÔÐÀÃÌ ÆÎÐÑÒÊÎÑÒ²

ANALYSIS OF FLAT SLABS
AND SHEAR WALLS

².1 Ïëîñê³ ïëèòè I.1 Flat Slabs

².1.1 Çàãàëüí³ ïîëîæåííÿ I.1.1 General

(1) Ó öüîìó ðîçä³ë³ ðîçãëÿäàþòüñÿ ïëîñê³ ïëèòè
ïîñò³éíî¿ òîâùèíè àáî ç âêëþ÷åííÿì êàï³òåëåé
(ïîòîâùåííÿì íàä êîëîíàìè).

(1) For the purpose of this section flat slabs may
be of uniform thickness or they may incorporate
drops (thickenings over columns).

(2) Ïëîñê³ ïëèòè ïîâèíí³ ðîçðàõîâóâàòèñü ³ç çà-
ñòîñóâàííÿì ïåðåâ³ðåíèõ ìåòîä³â ðîçðàõóíêó,
òàêèõ ÿê ñ³òîê (ó ÿêîìó ïëèòà ìîäåëþºòüñÿ íà-
áîðîì äèñêðåòíèõ ç'ºäíàíèõ ì³æ ñîáîþ åëå-
ìåíò³â), ñê³í÷åííèõ åëåìåíò³â, êðèâî¿ ðóéíó-
âàííÿ àáî åêâ³âàëåíòíî¿ ðàìè. Íåîáõ³äíî âè-
êîðèñòîâóâàòè â³äïîâ³äí³ ãåîìåòðè÷í³ õàðàêòå-
ðèñòèêè òà ìåõàí³÷í³ õàðàêòåðèñòèêè ìàòå-
ð³àë³â.

(2) Flat slabs should be analysed using a proven
method of analysis, such as grillage (in which the
plate is idealised as a set of interconnected dis-
crete members), finite element, yield line or equi-
valent frame. Appropriate geometric and material
properties should be employed.

².1.2 Ðîçðàõóíîê åêâ³âàëåíòíî¿ ðàìè I.1.2 Equivalent frame analysis

(1) Êîíñòðóêö³þ ïîòð³áíî ðîçä³ëèòè ó ïîçäî-
âæíüîìó ³ ïîïåðå÷íîìó íàïðÿìêàõ íà ðàìè, ÿê³
ñêëàäàþòüñÿ ç êîëîí ³ ïåðåð³ç³â ïëèò, ùî ì³ñ-
òÿòüñÿ ì³æ îñüîâèìè ë³í³ÿìè ïðèëåãëèõ ÷àðó-
íîê (çîíàìè, îáìåæåíèìè ÷îòèðìà ïðèëåãëè-
ìè îïîðàìè). Æîðñòê³ñòü åëåìåíò³â ìîæíà îá-
÷èñëèòè çà ¿õ áðóòòî ïîïåðå÷íèìè ïåðåð³çàìè.
Äëÿ âåðòèêàëüíîãî íàâàíòàæåííÿ æîðñòê³ñòü
ìîæå ´ðóíòóâàòèñü íà ïîâí³é øèðèí³ ÷àðóíêè.
Äëÿ ãîðèçîíòàëüíîãî íàâàíòàæåííÿ íåîáõ³äíî
âèêîðèñòîâóâàòè 40% ö³º¿ âåëè÷èíè äëÿ âðàõó-
âàííÿ ï³äâèùåíî¿ ãíó÷êîñò³ âóçë³â êîëîí/ïëèò ó
êîíñòðóêö³ÿõ ³ç ïëîñêèìè ïëèòàìè ó ïîð³âíÿíí³
ç âóçëàìè êîëîí/ðèãåë³â. Äëÿ ðîçðàõóíêó ó êîæ-
íîìó íàïðÿì³ ïîâèííî âèêîðèñòîâóâàòèñü ïîâ-
íå íàâàíòàæåííÿ íà ÷àðóíêó.

(1) The structure should be divided longitudinally
and transversely into frames consisting of co-
lumns and sections of slabs contained between
the centre lines of adjacent panels (area bounded
by four adjacent supports). The stiffness of mem-
bers may be calculated from their gross cross-
sections. For vertical loading the stiffness may be
based on the full width of the panels. For hori-
zontal loading 40% of this value should be used to
reflect the increased flexibility of the column/slab
joints in flat slab structures compared to that of
column/beam joints. Total load on the panel sho-
uld be used for the analysis in each direction.

(2) Çàãàëüí³ çãèíàëüí³ ìîìåíòè, îòðèìàí³ çà
ðîçðàõóíêîì, ïîâèíí³ ðîçïîä³ëÿòèñü ïî øèðèí³
ïëèòè. Ïðè ïðóæíîìó ðîçðàõóíêó ìîìåíòè ç
â³ä'ºìíèìè çíà÷åííÿìè íàìàãàþòüñÿ çîñåðå-
äèòè â íàïðÿì³ îñåé êîëîí.

(2) The total bending moments obtained from
analysis should be distributed across the width of
the slab. In elastic analysis negative moments
tend to concentrate towards the centre lines of the
columns.

(3) Íåîáõ³äíî ïåðåäáà÷àòè ðîçïîä³ë ÷àðóíîê íà
ñåðåäí³ ñòð³÷êè òà ì³æ êîëîíàìè (ðèñóíîê ².1), à
çãèíàëüí³ ìîìåíòè ïîâèíí³ â³äïîâ³äàòè ðîç-
ïîä³ëó, íàâåäåíîìó ó òàáëèö³ ².1.

(3) The panels should be assumed to be divided
into column and middle strips (see Figure I.1) and
the bending moments should be apportioned as
given in Table I.1.
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Ïðèì³òêà. Ïðè çàñòîñóâàíí³ êàï³òåëåé øèðèíîþ
> (ly /3) ñòð³÷êè ì³æ êîëîíàìè ìîæíà ïðèéìàòè òàêè-
ìè, ùî çà øèðèíîþ äîð³âíþþòü êàï³òåëÿì. Ó òàêîìó
âèïàäêó øèðèíà ñåðåäíüî¿ ñòð³÷êè ïîâèííà âèçíà-
÷àòèñü â³äïîâ³äíî.

Note: When drops of width > (ly /3) are used the column
strips may be taken to be the width of drops. The width
of middle strips should then be adjusted accordingly.

Òàáëèöÿ ².1 – Ñïðîùåíèé ðîçïîä³ë çãèíàëüíîãî ìîìåíòó äëÿ ïëîñêèõ ïëèò

Table I.1 – Simplified apportionment of bending moment for a flat slab

Â³ä'ºìí³ ìîìåíòè
Negative moments

Äîäàòí³ ìîìåíòè
Positive moments

Ñòð³÷êà ì³æ êîëîíàìè
Column Strip

60% – 80% 50% – 70%

Ñåðåäíÿ ñòð³÷êà
Middle Strip

40% – 20% 50% – 30%

Ïðèì³òêà. Çàãàëüí³ â³ä'ºìí³ òà äîäàòí³ ìîìåíòè, ùî ïîâèíí³ ñïðèéìàòèñü ì³æ êîëîíàìè òà ñåðåäíüîþ
ñòð³÷êîþ, ïîâèíí³ çàâæäè ñòàíîâèòè 100%.

Note: Total negative and positive moments to be resisted by the column and middle strips together should always
add up to 100%.

(4) ßêùî øèðèíà ñòð³÷êè ì³æ êîëîíàìè â³äð³ç-
íÿºòüñÿ â³ä 0,5lx, ÿê ïîêàçàíî íà ðèñóíêó ².1, òà âèá-
ðàíà òàêîþ, ùî äîð³âíþº êàï³òåë³, òî øèðèíó
ñåðåäíüî¿ ñòð³÷êè íåîáõ³äíî âèçíà÷àòè â³äïîâ³äíî.

(4) Where the width of the column strip is different
from 0,5lx shown in Figure I.1 (e.g.) and made
equal to width of drop the width of middle strip
should be adjusted accordingly.

(5) Çà âèíÿòêîì âèïàäê³â íàÿâíîñò³ êîíòóðíèõ
áàëîê, ÿê³ íàëåæíèì ÷èíîì ðîçðàõîâàí³ íà
çñóâ, ìîìåíòè, ùî ïåðåäàþòüñÿ íà êðàéí³ àáî
êóòîâ³ êîëîíè, ïîâèíí³ îáìåæóâàòèñü ìîìåí-
òîì äëÿ ïðÿìîêóòíîãî ïåðåð³çó, ùî äîð³âíþº
0,17bå·d2·fck (ðèñóíîê 9.9 äëÿ âèçíà÷åííÿ bå).
Äîäàòí³é ìîìåíò ó êðàéíüîìó ïðîëüîò³ ïîâè-
íåí âèçíà÷àòèñü â³äïîâ³äíî.

(5) Unless there are perimeter beams, which are
adequately designed for torsion, moments trans-
ferred to edge or corner columns should be limi-
ted to the moment of resistance of a rectangular
section equal to 0,17bå·d2·fck (see Figure 9.9 for
the definition of bå). The positive moment in the
end span should be adjusted accordingly.
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ñòð³÷êà ì³æ êîëîíàìè

column strip

ñåðåäíÿ ñòð³÷êà

middle strip

Ðèñóíîê ².1 – Ðîçïîä³ë ÷àðóíîê ó ïëîñêèõ ïëèòàõ

Figure I.1 – Division of panels in flat slabs
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².1.3 Íåðåãóëÿðíå ðîçòàøóâàííÿ êîëîí I.1.3 Irregular column layout

(1) Ó âèïàäêàõ, êîëè âíàñë³äîê íåðåãóëÿðíîãî
ðîçòàøóâàííÿ êîëîí ïëèòó íå ìîæíà ðàö³î-
íàëüíî ðîçðàõóâàòè ³ç çàñòîñóâàííÿì åêâ³âà-
ëåíòíî¿ ðàìè, ìîæíà âèêîðèñòîâóâàòè ìåòîä
ñ³òîê àáî ³íø³ ïðóæí³ ìåòîäè. Ó òàêîìó ðàç³, çà-
çâè÷àé, áóäå äîñòàòí³ì íàñòóïíèé ñïðîùåíèé
ï³äõ³ä:

(1) Where, due to the irregular layout of columns,
a flat slab can not be sensibly analysed using the
equivalent frame method, a grillage or other
elastic method may be used. In such a case the
following simplified approach will normally be
sufficient:

³) ðîçðàõóíîê ïëèòè íà ïîâíå íàâàíòàæåííÿ

�QQk + �GGk íà âñ³ ïðîëüîòè;
i) analyse the slab with the full load, �QQk + �GGk ,
on all bays;

³³) ìîìåíòè ó ïðîëüîò³ òà êîëîíàõ ïîâèíí³
çá³ëüøóâàòèñü äëÿ ìîæëèâîñò³ âðàõóâàííÿ
âïëèâ³â ñõåì íàâàíòàæåíü. Öüîãî ìîæíà äîñÿã-
òè øëÿõîì íàâàíòàæåííÿ êðèòè÷íîãî ïðîëüîòó

(àáî ïðîëüîò³â) �QQk + �GGk, à ðåøòè ïëèòè

�GGk. ßêùî ìîæëèâà çíà÷íà çì³íà ïîñò³éíîãî

íàâàíòàæåííÿ ì³æ ïðîëüîòàìè, �G ïîâèíåí ïðè-
éìàòèñü çà 1 äëÿ íåíàâàíòàæåíèõ ïðîëüîò³â;

ii) the midspan and column moments should then
be increased to allow for the effects of pattern
loads. This may be achieved by loading a critical

bay (or bays) with �QQk + �GGk and the rest of the

slab with �GGk. Where there may be significant

variation in the permanent load between bays, �G

should be taken as 1 for the unloaded bays;

³³³) âïëèâè öüîãî êîíêðåòíîãî íàâàíòàæåííÿ
ìîæóòü çàñòîñîâóâàòèñü äëÿ ³íøèõ êðèòè÷íèõ
ïðîëüîò³â òà îïîð ñõîæèì ñïîñîáîì.

iii) the effects of this particular loading may then
be applied to other critical bays and supports in a
similar way.

(2) Ïîâèíí³ çàñòîñîâóâàòèñü îáìåæåííÿ ùîäî
ïåðåäà÷³ ìîìåíò³â íà êðàéí³ êîëîíè, íàäàí³ ó
5.11.2.

(2) The restrictions with regard to the transfer of
moments to edge columns given in 5.11.2 should
be applied.

².2 Ä³àôðàãìè æîðñòêîñò³ I.2 Shear Walls

(1) Ä³àôðàãìè æîðñòêîñò³ – öå ñò³íè ³ç çâè÷àé-
íîãî áåòîíó àáî çàë³çîáåòîíó, ÿê³ çàáåçïå÷ó-
þòü ïîïåðå÷íó ñò³éê³ñòü ñïîðóäè.

(1) Shear walls are plain or reinforced concrete
walls which contribute to the lateral stability of the
structure.

(2) Ïîïåðå÷íå íàâàíòàæåííÿ, ÿêå ñïðèéìàºòü-
ñÿ êîæíîþ ä³àôðàãìîþ ñïîðóäè, íåîáõ³äíî îò-
ðèìóâàòè ³ç çàãàëüíîãî ðîçðàõóíêó ñïîðóäè ç
óðàõóâàííÿì ïðèêëàäåíèõ íàâàíòàæåíü, åêñ-
öåíòðèñèòåò³â íàâàíòàæåíü â³äíîñíî öåíòðà
çñóâó ñïîðóäè òà âçàºìîä³¿ ì³æ ñò³íàìè ð³çíî¿
êîíñòðóêö³¿.

(2) Lateral load resisted by each shear wall in a
structure should be obtained from a global analy-
sis of the structure, taking into account the applied
loads, the eccentricities of the loads with respect
to the shear centre of the structure and the inter-
action between the different structural walls.

(3) Íåîáõ³äíî ïðîàíàë³çóâàòè âïëèâè íåñèìåòðè÷-
íîãî â³òðîâîãî íàâàíòàæåííÿ (äèâ. EN 1991-1-4).

(3) The effects of asymmetry of wind loading sho-
uld be considered (see EN 1991-1-4).

(4) Ñï³ëüí³ âïëèâè îñüîâîãî íàâàíòàæåííÿ òà
çñóâó òàêîæ ïîâèíí³ âðàõîâóâàòèñü.

(4) The combined effects of axial loading and
shear should be taken into account.

(5) Íà äîäàòîê äî ³íøèõ êðèòåð³¿â åêñïëóàòà-
ö³éíî¿ ïðèäàòíîñò³ ó öèõ íîðìàõ âïëèâ áîêîâî-
ãî êîëèâàííÿ ä³àôðàãì íà ìåøêàíö³â ñïîðóäè
òåæ ïîâèíåí âðàõîâóâàòèñü (äèâ. EN 1990).

(5) In addition to other serviceability criteria in this
code, the effect of sway of shear walls on the oc-
cupants of the structure should also be conside-
red, (see EN 1990).

(6) ßêùî áóä³âëÿ íå ïåðåâèùóº 25 ïîâåðõ³â,
êîëè ðîçì³ùåííÿ ó ïëàí³ ñò³í â îñíîâíîìó ñè-
ìåòðè÷íå òà ó ñò³íàõ â³äñóòí³ ïðîð³çè, ùî ìî-
æóòü ñïðè÷èíèòè çàãàëüí³ äåôîðìàö³¿ çñóâó,
ïîïåðå÷íå íàâàíòàæåííÿ íà ä³àôðàãìó ìîæíà
îòðèìàòè çà âèðàçîì:

(6) In the case of building structures not exce-
eding 25 storeys, where the plan layout of the
walls is reasonably symmetrical, and the walls do
not have openings causing significant global
shear deformations, the lateral load resisted by a
shear wall may be obtained as follows:
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äå: where:

Ðn – ïîïåðå÷íå íàâàíòàæåííÿ íà ñò³íó n; Ðn is the lateral load on wall n;

(EI)n – æîðñòê³ñòü ñò³íè n; (EI)n is the stiffness of wall n;

Ð – ïðèêëàäåíå íàâàíòàæåííÿ; Ð is the applied load;

å – åêñöåíòðèñèòåò ñèëè Ð â³äíîñíî öåíòðà æî-
ðñòêîñòåé (ðèñóíîê ².3);

å is the eccentricity of P with respect to the cent-
roid of the stiffnesses (see Figure I.3);

ón – â³äñòàíü ñò³íè n â³ä öåíòðà æîðñòêîñòåé. ón is the distance of wall n from the centroid of
stiffnesses.

(7) ßêùî åëåìåíòè ç³ çíà÷íèìè äåôîðìàö³ÿìè
çñóâó ³ áåç íèõ ç'ºäíàí³ ñèñòåìîþ â'ÿçåé, òî ïðè
ðîçðàõóíêó íåîáõ³äíî âðàõîâóâàòè äåôîðìà-
ö³þ çñóâó ³ çãèíó.

(7) If members with and without significant shear
deformations are combined in the bracing sys-
tem, the analysis should take into account both
shear and flexural deformation.
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Ðèñóíîê ².3 – Åêñöåíòðèñèòåò íàâàíòàæåííÿ â³äíîñíî öåíòðà âàãè ä³àôðàãì

Figure I.3 – Eccentricity of load from centroid of shear walls

Öåíòð âàãè ãðóïè ä³àôðàãì

Centroid of shear wall group
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ÄÎÄÀÒÎÊ J
(³íôîðìàö³éíèé)

ANNEX J
(informative)

ÏÐÀÂÈËÀ ÊÎÍÑÒÐÓÞÂÀÍÍß
ÄËß ÊÎÍÊÐÅÒÍÈÕ ÂÈÏÀÄÊ²Â

DETAILING RULES FOR
PARTICULAR SITUATIONS

J.1 Ïîâåðõíåâå àðìóâàííÿ J.1 Surface reinforcement

(1) Ïîâåðõíåâå àðìóâàííÿ äëÿ îïîðó ðîçòð³ñ-
êóâàííþ íåîáõ³äíî çàñòîñîâóâàòè ó âèïàäêó,
êîëè îñíîâíà àðìàòóðà âèãîòîâëåíà ³ç:

(1) Surface reinforcement to resist spalling should
be used where the main reinforcement is made up
of:

– ñòðèæí³â ä³àìåòðîì á³ëüøå í³æ 32 ìì àáî – bars with diameter greater than 32 mm or
– ïó÷ê³â ñòðèæí³â ç åêâ³âàëåíòíèì ä³àìåòðîì

á³ëüøå í³æ 32 ìì (äèâ. 8.8).
– bundled bars with equivalent diameter greater

than 32 mm (see 8.8).

Ïîâåðõíåâå àðìóâàííÿ ïîâèííî ñêëàäàòèñü ³ç
ñ³òîê ç äðîòó àáî ñòðèæí³â ìàëîãî ä³àìåòðà,
ðîçì³ùåíèõ çà õîìóòàìè, ÿê ïîêàçàíî íà ðè-
ñóíêó J.1.

The surface reinforcement should consist of wire
mesh or small diameter bars, and be placed out-
side the links as indicated in Figure J.1.

(2) Ïëîùà ïîâåðõíåâî¿ àðìàòóðè Às,surf ïîâèí-
íà áóòè íå ìåíøîþ í³æ Às,surf min ó äâîõ íàïðÿ-
ìàõ ïàðàëåëüíî ³ ïåðïåíäèêóëÿðíî äî ðîçòÿã-
íóòî¿ àðìàòóðè ó áàëö³.

(2) The area of surface reinforcement As,surf sho-
uld be not less than As,surf min in the two directions
parallel and orthogonal to the tension reinfor-
cement in the beam.

Ïðèì³òêà. Âåëè÷èíà Às,surf min äëÿ êîíêðåòíî¿ êðà¿íè
ìîæå âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó.
Ðåêîìåíäîâàíîþ º âåëè÷èíà 0,01 Àct,ext, äå Àct,ext –
ïëîùà ðîçòÿãíóòîãî áåòîíó ççîâí³ â³ä õîìóò³â (ðèñó-
íîê J.1).

Note: The value of Às,surf min for use in a Country may be
found in its National Annex. The recommended value is
0,01 Àct,ext, where Àct,ext is the area of the tensile conc-
rete external to the links (see Figure J.1).

(3) ßêùî çàõèñíèé øàð àðìàòóðè á³ëüøèé í³æ
70 ìì, äëÿ ï³äâèùåíî¿ äîâãîâ³÷íîñò³ íåîáõ³äíî
çàñòîñîâóâàòè ñõîæå ïîâåðõíåâå àðìóâàííÿ
ïëîùåþ 0,005 Àct,ext ó êîæíîìó íàïðÿì³.

(3) Where the cover to reinforcement is greater
than 70 mm, for enhanced durability similar surfa-
ce reinforcement should be used, with an area of
0,005 Àct,ext in each direction.

(4) Ì³í³ìàëüíèé çàõèñíèé øàð, íåîáõ³äíèé äëÿ
ïîâåðõíåâî¿ àðìàòóðè, íàâåäåíî ó 4.4.1.2.

(4) The minimum cover needed for the surface
reinforcement is given in 4.4.1.2.
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õ – âèñîòà íåéòðàëüíî¿ îñ³ ïðè ãðàíè÷íîìó ñòàí³ ² ãðóïè
the depth of the neutral axis at ULS

Ðèñóíîê J.1 – Ïðèêëàä ïîâåðõíåâîãî àðìóâàííÿ

Figure J.1 – Example of surface reinforcement
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(5) Ïîçäîâæí³ ñòðèæí³ ïîâåðõíåâî¿ àðìàòóðè
ìîæóòü âðàõîâóâàòèñü ó ÿêîñò³ ïîçäîâæíüî¿
àðìàòóðè, ùî ïðàöþº íà çãèí, à ïîïåðå÷í³
ñòðèæí³ ÿê ïîïåðå÷íà àðìàòóðà çà óìîâè, ùî
âîíè â³äïîâ³äàþòü âèìîãàì ñòîñîâíî ðîçòàøó-
âàííÿ òà àíêåðóâàííÿ òàêèõ òèï³â àðìàòóðè.

(5) The longitudinal bars of the surface reinfor-
cement may be taken into account as longitudinal
bending reinforcement and the transverse bars as
shear reinforcement provided that they meet the
requirements for the arrangement and anchorage
of these types of reinforcement.

J.2 Êóòè ðàì J.2 Frame corners

J.2.1 Çàãàëüí³ ïîëîæåííÿ J.2.1 General

(1) Ì³öí³ñòü áåòîíó �Rd,max ïîâèííà âèçíà÷à-
òèñü â³äïîâ³äíî äî 6.5.2 (ñòèñíóò³ çîíè ç ïîïå-
ðå÷íîþ àðìàòóðîþ àáî áåç íå¿).

(1) The concrete strength �Rd,max should be de-
termined with respect to 6.5.2 (compression zo-
nes with or without transverse reinforcement).

J.2.2 Êóòè ðàì ³ç çàìêíóòèìè ìîìåíòàìè J.2.2 Frame corners with closing moments

(1) ßêùî âèñîòè ïåðåð³ç³â êîëîí ³ áàëîê áëèçüê³
(2/3 < h2/h1 < 3/2) (ðèñóíîê J.2à) ïåðåâ³ðêà
ç'ºäíàííÿ àðìàòóðè àáî äîâæèíè çîíè çààíêå-
ðóâàííÿ â ìåæàõ âóçëà êîëîíè ç áàëêîþ íå âè-
ìàãàºòüñÿ çà óìîâè, ùî âñÿ ðîçòÿãíóòà àðìà-
òóðà áàëêè ç³ãíóòà âäîâæ êóòà.

(1) For approximately equal depths of column and
beam (2/3 < h2/h1 < 3/2) (see Figure J.2 (a)) no
check of link reinforcement or anchorage lengths
within the beam column joint is required, provided
that all the tension reinforcement of the beam is
bent around the corner.

(2) Ðèñóíîê J.2b ïîêàçóº ñòèñíóòî-ðîçòÿãíóòó
óìîâíó ìîäåëü ïðè h2/h1 < 2/3 äëÿ îáìåæåíîãî

ä³àïàçîíó tan�.

(2) Figure J.2 (b) shows a strut and tie model for

h2/h1 < 2/3 for a limited range of tan�.

Ïðèì³òêà. Âåëè÷èíè îáìåæåííÿ tan� äëÿ êîíêðåò-
íî¿ êðà¿íè ìîæóòü âñòàíîâëþâàòèñü ó íàö³îíàëüíî-
ìó äîäàòêó. Ðåêîìåíäîâàíîþ äëÿ íèæíüî¿ ìåæ³ º
âåëè÷èíà 0,4, à äëÿ âåðõíüî¿ ìåæ³ 1.

Note: The values of the limits of tan� for use in a Count-
ry may be found in its National Annex. The recommen-
ded value of the lower limit is 0,4 and the recommen-
ded value of the upper limit is 1.

(3) Äîâæèíà çîíè àíêåðóâàííÿ lbd ïîâèííà âèç-

íà÷àòèñü äëÿ çóñèëëÿ �Ftd = Ftd2 – Ftd1.

(3) The anchorage length lbd should be determi-

ned for the force �Ftd = Ftd2 – Ftd1.

(4) Íåîáõ³äíî çàáåçïå÷óâàòè àðìàòóðó äëÿ
ñïðèéíÿòòÿ ïîïåðå÷íèõ çóñèëü ðîçòÿãó, ïåð-
ïåíäèêóëÿðíèõ äî ïëîùèíè âóçëà.

(4) Reinforcement should be provided for trans-
verse tensile forces perpendicular to an in-plane
node.
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J.2.3 Êóòè ðàì ç â³äêðèòèìè ìîìåíòàìè J.2.3 Frame corners with opening moments

(1) Äëÿ ïðèáëèçíî ð³âíèõ âèñîò ïåðåð³ç³â êîëî-
íè ³ áàëêè ìîæíà çàñòîñîâóâàòè ñòèñíóòî-ðîç-
òÿãíóò³ óìîâí³ ìîäåë³, íàâåäåí³ íà ðèñóíêó J.3à
³ J.4à. Àðìàòóðó íåîáõ³äíî çàáåçïå÷óâàòè ó
âèãëÿä³ äâîõ ïåòåëü â çîí³ âóçëà àáî ÿê äâà
U-ïîä³áíèõ ñòðèæí³ ç íàïóñêîì â êîìá³íàö³¿ ç
ïîõèëèìè õîìóòàìè, ÿê ïîêàçàíî íà ðèñóíêó
J.3b òà ñ ³ íà ðèñóíêó J.4b òà ñ.

(1) For approximately equal depths of column and
beam the strut and tie models given in Figures J.3
(a) and J.4 (a) may be used. Reinforcement sho-
uld be provided as a loop in the corner region or
as two overlapping U bars in combination with
inclined links as shown in Figures J.3 (b) and (c)
and Figures J.4 (b) and (c).
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b – çíà÷íà ð³çíèöÿ ó âèñîòàõ ïåðåð³ç³â áàëêè ³ êîëîíè
very different depth of beam and column

Ðèñóíîê J.2 – Êóò ðàìè ³ç çàìêíóòèì ìîìåíòîì. Ìîäåëü ³ àðìóâàííÿ

Figure J.2 – Frame Corner with closing moment. Model and reinforcement

à – ïðèáëèçíî ð³âí³ âèñîòè ïåðåð³ç³â áàëêè ³ êîëîíè
almost equal depth of beam and column
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(2) Ïðè âåëèêèõ â³äêðèòèõ ìîìåíòàõ íåîáõ³äíî
ïåðåäáà÷àòè ä³àãîíàëüí³ ñòðèæí³ ³ õîìóòè, ùî
çàïîá³ãàþòü ðîçêîëþâàííþ, ÿê ïîêàçàíî íà ðè-
ñóíêó J.4.

(2) For large opening moments a diagonal bar and
links to prevent splitting should be considered as
shown in Figure J.4.
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à – ñòèñíóòî-ðîçòÿãíóòà ìîäåëü
strut and tie model

b and ñ – êîíñòðóþâàííÿ àðìàòóðè
detailing of reinforcement

Ðèñóíîê J.3 – Êóò ðàìè ç ïîì³ðíèì â³äêðèòèì

ìîìåíòîì (íàïðèêëàä, Às /bh � 2%)

Figure J.3 – Frame corner with moderate ope-

ning moment (e.g. Às /bh � 2%)

à – ñòèñíóòî-ðîçòÿãíóòà ìîäåëü
strut and tie model

b and ñ – êîíñòðóþâàííÿ àðìàòóðè
detailing of reinforcement

Ðèñóíîê J.4 – Êóò ðàìè ³ç çíà÷íèì â³äêðèòèì ìîìåíòîì (íàïðèêëàä, Às /bh > 2%)

Figure J.4 – Frame corner with large opening moment (e.g. Às /bh > 2%)
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J.3 Êîíñîë³ J.3 Corbels

(1) Êîíñîë³ (àñ < z0) ìîæíà ðîçðàõîâóâàòè ç âè-
êîðèñòàííÿì ñòèñíóòî-ðîçòÿãíóòèõ ìîäåëåé,
ÿê îïèñàíî ó 6.5 (ðèñóíîê J.5). Íàõèë ñòèñíóòîãî

åëåìåíòà íåîáõ³äíî îáìåæóâàòè: 1,0� tan�� 2,5.

(1) Corbels (ac < z0) may be designed using strut-
and-tie models as described in 6.5 (see Figure

J.5). The inclination of the strut is limited by 1,0 �

� tan� � 2,5.

(2) ßêùî àñ < 0,5 hc, íåîáõ³äíî çàáåçïå÷èòè çà-
ìêíóò³ ãîðèçîíòàëüí³ àáî ïîõèë³ õîìóòè ïëî-
ùåþ ïåðåð³çó As,lnk � k1 Às,main äîäàòêîâî äî
îñíîâíî¿ ðîçòÿãíóòî¿ àðìàòóðè (ðèñóíîê J.6à).

(2) If àñ < 0,5 hc closed horizontal or inclined links
with As,lnk � k1 Às,main should be provided in ad-
dition to the main tension reinforcement (see
Figure J.6 (a)).

Ïðèì³òêà. Âåëè÷èíà k1 äëÿ êîíêðåòíî¿ êðà¿íè ìîæå
âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêî-
ìåíäîâàíîþ º âåëè÷èíà 0,25.

Note: The value of k1 for use in a Country may be found
in its National Annex. The recommended value is 0,25.

(3) ßêùî àñ > 0,5 hc ³ FEd > VRd,c (äèâ. 6.2.2), íå-
îáõ³äíî çàáåçïå÷èòè çàìêíóò³ âåðòèêàëüí³ õî-
ìóòè As,lnk � k2 FEd /fyd äîäàòêîâî äî îñíîâíî¿
ðîçòÿãíóòî¿ àðìàòóðè (ðèñóíîê J.6b).

(3) If àñ > 0,5 hc and FEd > VRd,c (see 6.2.2),
closed vertical links As,lnk � k2 FEd /fyd should be
provided in addition to the main tension reinforce-
ment (see Figure J.6 (b)).

Ïðèì³òêà. Âåëè÷èíà k2 äëÿ êîíêðåòíî¿ êðà¿íè ìîæå
âñòàíîâëþâàòèñü ó íàö³îíàëüíîìó äîäàòêó. Ðåêî-
ìåíäîâàíîþ º âåëè÷èíà 0,5.

Note: The value of k2 for use in a Country may be found
in its National Annex. The recommended value is 0,5.

(4) Îñíîâíà ðîçòÿãíóòà àðìàòóðà ïîâèííà çà-
àíêåðîâóâàòèñü íà îáîõ ê³íöÿõ. Âîíà ïîâèííà
çààíêåðîâóâàòèñü ó îïîðíîìó åëåìåíò³ íà
äàëüí³é ãðàí³, à äîâæèíó çîíè çààíêåðóâàííÿ
íåîáõ³äíî â³äì³ðÿòè â³ä ðîçòàøóâàííÿ âåðòè-
êàëüíî¿ àðìàòóðè íà áëèæí³é ãðàí³. Àðìàòóðà
ïîâèííà çààíêåðîâóâàòèñü ó êîíñîë³, à äîâæè-
íó çîíè çààíêåðóâàííÿ íåîáõ³äíî â³äì³ðÿòè â³ä
âíóòð³øíüî¿ ãðàí³ ïëàñòèíè äëÿ ïåðåäà÷³ íà-
âàíòàæåííÿ.

(4) The main tension reinforcement should be
anchored at both ends. It should be anchored in
the supporting element on the far face and the
anchorage length should be measured from the
location of the vertical reinforcement in the near
face. The reinforcement should be anchored in
the corbel and the anchorage length should be
measured from the inner face of the loading plate.
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Ðèñóíîê J.5 – Ñòèñíóòî-ðîçòÿãíóòà ìîäåëü êîíñîë³

Figure J.5 – Corbel strut-and-tie model
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(5) ßêùî ³ñíóþòü ñïåö³àëüí³ âèìîãè ñòîñîâíî
îáìåæåííÿ òð³ùèí, åôåêòèâíî çàñòîñîâóâàòè
ïîõèë³ õîìóòè U-ïîä³áíî¿ ôîðìè.

(5) If there are special requirements for crack limi-
tation, inclined stirrups at the re-entrant opening
will be effective.
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à – àðìóâàííÿ ïðè àñ � 0,5 hc

reinforcement for ac � 0,5 hc

b – àðìóâàííÿ ïðè àñ > 0,5 hc

reinforcement for ac > 0,5 hc

Ðèñóíîê J.6 – Êîíñòðóþâàííÿ êîíñîë³

Figure J.6 – Corbel detailing

àíêåðí³ ïðèñòðî¿ àáî ïåòë³

anchorage devices or loops

õîìóòè
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ÄÎÄÀÒÎÊ ÍÀ
(äîâ³äêîâèé)

ÏÅÐÅË²Ê ÍÀÖ²ÎÍÀËÜÍÈÕ ÑÒÀÍÄÀÐÒ²Â ÓÊÐÀ¯ÍÈ (ÄÑÒÓ),
²ÄÅÍÒÈ×ÍÈÕ ÌÑ, ÏÎÑÈËÀÍÍß ÍÀ ßÊ² ª Â EN 1992-1-1:2004

Ïîçíà÷åííÿ
ºâðîïåéñüêîãî ñòàíäàðòó

Ñòóï³íü
â³äïîâ³äíîñò³

Ïîçíà÷åííÿ òà íàçâà íàö³îíàëüíîãî
ñòàíäàðòó Óêðà¿íè (ÄÑÒÓ)

EN 1990:2002 ªâðîêîä:
Îñíîâè ïðîåêòóâàííÿ êîí-
ñòðóêö³é

IDT
ÄÑÒÓ-Í Á Â.1.2-13:2008 Ñèñòåìà íàä³éíîñò³ òà áåçïå-
êè ó áóä³âíèöòâ³. Íàñòàíîâà. Îñíîâè ïðîåêòóâàííÿ
êîíñòðóêö³é (EN 1990:2002, IDT)

EN 1997 ªâðîêîä 7:
Ãåîòåõí³÷íå ïðîåêòóâàííÿ IDT

ÄÑÒÓ-Í Á EN 1997-1:2010 Ãåîòåõí³÷íå ïðîåêòóâàííÿ
(ïðîåêòóâàííÿ îñíîâ). Çàãàëüí³ ïðàâèëà
(EN 1997-1:2004, IDT)

EN 10080 Àðìàòóðà äëÿ
àðìóâàííÿ áåòîíó

IDT

ÄÑÒÓ ENV 10080:2005 Ñòàëü äëÿ àðìóâàííÿ áåòîíó.
Çâàðþâàíà ðèôëåíà àðìàòóðíà ñòàëü Â-500. Òåõí³÷í³
óìîâè íà ïîñòà÷àííÿ ïðóòê³â, ìîòê³â ³ çâàðíî¿ ñ³òêè
(ENV 10080:1995, IDT) (çàì³íþºòüñÿ íà
ÄÑÒÓ EN 10080:2009 ç 2012-01-01)

EN 197-1 Öåìåíò. Ñêëàä,
òåõí³÷í³ âèìîãè ³ êðèòåð³¿
â³äïîâ³äíîñò³ äëÿ çâè÷àé-
íèõ öåìåíò³â

IDT

ÄÑÒÓ Á EN 197-1:2008 Öåìåíò. ×àñòèíà 1. Ñêëàä,
òåõí³÷í³ óìîâè òà êðèòåð³¿ â³äïîâ³äíîñò³ äëÿ çâè÷àé-
íèõ öåìåíò³â (EN 197-1:2000, IDT)
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Íàö³îíàëüíèé äîäàòîê äî EN 1992-1-1 National annex for EN 1992-1-1

Ñòîð³íêà 6. Çàì³íèòè: Page 6 – replace:

"6.8.6 (2)" "6.8.6 (2)"

íà with the following:

"6.8.6 (3)". "6.8.6 (3)".

Ñòîð³íêà 6. Çàì³íèòè: Page 6 – replace:

"J.1(3)" "J.1(3)"

íà with the following:

"J.1(2)" "J.1(2)".

1 ÇÀÃÀËÜÍ² ÏÎËÎÆÅÍÍß 1 GENERAL

Ó 1.2.2, ²íø³ íîðìàòèâí³ ïîñèëàííÿ. Çàì³íèòè: Under 1.2.2, Other reference standards, replace:

"EN ISO 17760: Äîïóñòèì³ ìåòîäè çâàðþâàííÿ

àðìàòóðè"

"EN ISO 17760: Permitted welding process for

reinforcement"

íà with the following:

"EN ISO 17660 Çâàðþâàííÿ – Çâàðþâàííÿ àð-

ìàòóðíî¿ ñòàë³"

"EN ISO 17660 (all parts): Welding – Welding of

reinforcing steel"

3 ÌÀÒÅÐ²ÀËÈ 3 MATERIALS

Ó òàáëèö³ 3.1, 9-é ðÿä, îñòàííÿ êîëîíêà. Çà-

ì³íèòè:

In Table 3.1, 9th row, last column replace:

" � ��ñ cmf1
0

00
0 310 7 2 8� �, ,, "

íà with the following:

" � ��ñ cmf1
0

00
0 310 7 2 8� �, ,, "

Ó 3.1.4 (4). Çàì³íèòè: In 3.1.4 (4) replace:

" � ��k t	, 0 "

íà with the following:

" � ��nl t	, 0 "

Ó 3.1.4 (4). Çàì³íèòè: In 3.1.4 (4) replace:

"k
 – ñï³ââ³äíîøåííÿ "íàïðóæåííÿ-ì³öí³ñòü"


ñ /fcm(t0)…"

"k
 is the stress-strength ratio 
ñ /fcm(t0)…"

íà with the following:

"k
 – ñï³ââ³äíîøåííÿ "íàïðóæåííÿ-ì³öí³ñòü"


ñ /fck(t0), äå 
ñ – íàïðóæåííÿ ñòèñêó, à fck(t0) –

õàðàêòåðèñòè÷íà ì³öí³ñòü áåòîíó…"

"k
 is the stress-strength ratio 
ñ /fck(t0), where 
ñ

is the compressive stress and fck(t0) is the charac-

teristic concrete…"

Ó 3.2.4 (2). Çàì³íèòè ó ïðèì³òö³: In 3.2.4 (2) replace in the Note:

"Çíà÷åííÿ (ft /fy)k ³…" "Values of (ft /fy)k and…"

íà with the following:

"Çíà÷åííÿ k = (ft /fy)k ³…" "Values of k = (ft /fy)k and…"

Ó 3.2.5 (2Ð). Çàì³íèòè ó ïðèì³òö³: In 3.2.5 (2)P replace:

"… ç EN ISO 17760." "…with EN ISO 17760."

íà with the following:
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"… ç EN ISO 17660." "…with EN ISO 17660."

Ó 3.2.7 (2). Çàì³íèòè ó ï³äïóíêò³ à): In 3.2.7 (2) replace in point a):

"�s" "�s"

íà with the following:

"�S". "�S".

Íà ðèñóíêó 3.8. Çàì³íèòè: In Figure 3.8 replace:

"�s" "�s"

íà with the following:

"�S". "�S".

Ó 3.3.2 (9). Çàì³íèòè: In 3.3.2 (9) replace

"…âèêîðèñòîâóºòüñÿ 10.3.2.2." "…10.3.2.2 applies."

íà with the following:

"…âèêîðèñòîâóºòüñÿ 10.3.2.1.". "…10.3.2.1 applies.".

Íà ðèñóíêó 3.10. Çàì³íèòè: In Figure 3.10 replace:

"�s" "�s"

íà with the following:

"�S". "�S".

4 ÄÎÂÃÎÂ²×Í²ÑÒÜ ÒÀ ÇÀÕÈÑÍÈÉ ØÀÐ
ÄËß ÀÐÌÀÒÓÐÈ

4 DURABILITY AND COVER TO
REINFORCEMENT

Ó 4.4.1.3 (4). Çàì³íèòè: In 4.4.1.3 (4) replace:

"ì³í³ìàëüíèé çàõèñíèé øàð". "minimum cover".

íà with the following:

"íîì³íàëüíèé çàõèñíèé øàð". "nominal cover".

5 ÊÎÍÑÒÐÓÊÒÈÂÍÈÉ ÐÎÇÐÀÕÓÍÎÊ 5 STRUCTURAL ANALYSIS

Ó 5.1.1 Çàãàëüí³ âèìîãè. Âèäàëèòè ï³äïóíêò

(5) ³ ïåðåíóìåðóâàòè íàñòóïí³ ï³äïóíêòè:

Under 5.1.1 General requirements delete Clause

(5) and renumber the subsequent clauses as

follows:

"(6)P" íà "(5)P,". "(6)P" into "(5)P,".

"(7)" íà "(6) ³". "(7)" into "(6) and".

"(8)" íà "(7)". "(8)" into "(7)".

Ó 5.2 (5). Çàì³íèòè: In 5.2 (5) replace:

"l – äîâæèíà àáî âèñîòà [ì], (äèâ. (4)". "l is the length or height [m], see (4)".

íà with the following:

"l – äîâæèíà àáî âèñîòà [ì], (äèâ. (6)". "l is the length or height [m], see (6)".
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Â³äêîðèãóâàòè ðèñóíîê 5.1 à2) íàñòóïíèì ÷èíîì: Correct Figure 5.1 a2) as follows:

Ó 5.6.3 (2). Çàì³íèòè: In 5.6.3 (2) replace:

"Ó çîíàõ ïëàñòè÷íèõ øàðí³ð³â, xu /d íå ïîâèí-

íî…"

"In regions of yield hinges, xu /d shall not…"

íà with the following:

"Ó çîíàõ ïëàñòè÷íèõ øàðí³ð³â, xu /d íå ñë³ä…" "In regions of yield hinges, xu /d should not…"

Ó 5.8.6 (3). Çàì³íèòè: In 5.8.6 (3) replace:

"… íàäàí³ ó 3.1.5, âèðàçè (3.14) ³ 3.2.3 (ðèñóíîê 3.8)." "…given in 3.1.5 Expression (3.14) and 3.2.3 (Fi-

gure 3.8) …"

íà with the following:

"… íàäàí³ ó 3.1.5, âèðàçè (3.14) ³ 3.2.7 (ðèñóíîê 3.8)." "…given in 3.1.5 Expression (3.14) and 3.2.7 (Fi-

gure 3.8) …"

Ó 5.8.6 (3). Çàì³íèòè â âèðàç³ (5.20) òà â ïðè-

ì³òö³:

In 5.8.6 (3) replace in Expression (5.20) and in the

Note:

"�cE" "�cE"

íà with the following:

"�CE" "�CE"

Ó 5.8.7.1 (2). Çàì³íèòè: In 5.8.7.1 (2) replace:

"…ÿê ïîð³âíÿííÿ ç 5.8.6 (2)." "…as compared with 5.8.6 (2)."

íà with the following:

"…ÿê ïîð³âíÿííÿ ç 5.8.5 (1).". "…as compared with 5.8.5 (1).".

Ó ïóíêò³ 5.8.7.3 (1). Çàì³íèòè: In 5.8.7.3 (1) replace:

"…ìîìåíò³â, âèçíà÷åíèõ ïðè ë³í³éíîìó ðîçðà-

õóíêó, òîáòî:"

"…moments resulting from a linear analysis, na-

mely:"

íà with the following:

"…ìîìåíò³â, âèçíà÷åíèõ ïðè ë³í³éíîìó ðîçðà-

õóíêó ïåðøîãî ïîðÿäêó, òîáòî:".

"…moments resulting from a first order analysis,

namely:".

Ó 5.8.8.1 (1). Çàì³íèòè: In 5.8.8.1(1) replace:

"…(äèâ. òàêîæ 5.8.5 (4))" "…(see also 5.8.5 (4))"

íà with the following:
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"…(äèâ. òàêîæ 5.8.5 (3))" "…(see also 5.8.5 (3))"

Ó 5.8.8.2 (2). Çàì³íèòè: In 5.8.8.2 (2) replace:

"Çì³íí³ ìîìåíòè ïåðøîãî ïîðÿäêó M01 ³ M02 ìî-

æóòü …"

"Differing first order end moments M01 and M02

may be…"

íà with the following:

"Äëÿ åëåìåíò³â áåç ïðèêëàäåíèõ ì³æ ¿õ ê³íöÿìè

íàâàíòàæåíü çì³íí³ ìîìåíòè ïåðøîãî ïîðÿäêó

M01 ³ M02 ìîæóòü …"

"For members without loads applied between

their ends, differing first order end moments M01

and M02 may…"

Ó 5.8.9 (3). Çàì³íèòè: In 5.8.9 (3) replace:

"…òà, ÿêùî â³äíîñí³ åêñöåíòðèñèòåòè ey /h ³

ez /b (äèâ. ðèñóíîê 5.7) çàäîâîëüíÿþòü…"

"…and if the relative eccentricities ey /h and ez /b

(see Figure 5.7) satisfy…"

íà with the following:

"…òà, ÿêùî â³äíîñí³ åêñöåíòðèñèòåòè ey /heq ³

ez /beq (äèâ. ðèñóíîê 5.8) çàäîâîëüíÿþòü…".

"…and if the relative eccentricities ey /heq and

ez /beq (see Figure 5.8) satisfy…".

Ó 5.10.2.1 (2). Çàì³íèòè: In 5.10.2.1 (2) replace:

"…ìàêñèìàëüíà ñèëà íàïðóæåííÿ Pmax ìîæå

çá³ëüøóâàòèñü äî k3�fp0,1k (íàïðèêëàä, ÿêùî…"

"…the maximum prestressing force Pmax may be

increased to k3�fp0,1k (e.g. for…"

íà with the following:

"…ìàêñèìàëüíà ñèëà íàïðóæåííÿ Pmax ìîæå

çá³ëüøóâàòèñü äî k3�fp0,1k �Ap (íàïðèêëàä, ÿêùî…"

"…the maximum prestressing force Pmax may be

increased to k3�fp0,1k �Ap (e.g. for…"

Ó 5.10.4 (1). Çàì³íèòè ó ïðèì³òö³: In 5.10.4 (1) replace in the Note:

"…(äèâ. äîäàòîê D)" "…(see Annex D)"

íà with the following:

"…(äèâ. 10.3.2.1 òà äîäàòîê D)". "…(see 10.3.2.1 and Annex D)".

Ó 5.10.5.2 (4). Çàì³íèòè ó ïðèì³òö³: In 5.10.5.2 (4) replace in the Note:

"HPDE" "HPDE"

íà with the following:

"HDPE" "HDPE"

Ó 5.10.6 (2). Ó âèðàç³ (5.46) Çàì³íèòè: In 5.10.6 (2) in Expression (5.46) replace:

"lc" "lc"

íà with the following:

"Ic" "Ic"

Ó 5.10.6 (2). Çàì³íèòè: In 5.10.6 (2) replace:

"Ep – ìîäóëü ïðóæíîñò³ íàïðóæåíî¿ àðìàòóðè,

äèâ 3.3.3(9)"

"Ep is the modulus of elasticity for the prestressing

steel, see 3.3.3 (9)"

íà with the following:

"Ep – ìîäóëü ïðóæíîñò³ íàïðóæåíî¿ àðìàòóðè,

äèâ 3.3.6 (2)"

"Ep is the modulus of elasticity for the prestressing

steel, see 3.3.6 (2)"

6 ÃÐÀÍÈ×Í² ÑÒÀÍÈ (ULS) 6 ULTIMATE LIMIT STATES (ULS)

Ó 6.1 (5). Çàì³íèòè: In 6.1 (5) replace:

"…ñèìåòðè÷íîãî (e/h < 0,1), òàêèõ…" "…concentric loading (e/h < 0,1), such…"

íà with the following:

"…ñèìåòðè÷íîãî (ed /h < 0,1), òàêèõ…" "…concentric loading (ed /h < 0,1), such…"
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Ó 6.2.1 (5). Çàì³íèòè: In 6.2.1 (5) replace:

"…(äèâ. âèðàç (6.8)) ". "…(see Expression (6.8)) ".

íà with the following:

"…(äèâ. âèðàç (6.1)) ". "…(see Expression (6.1)) ".

Ó 6.2.2 (1). Çàì³íèòè: In 6.2.2 (1) replace:

"NEd – îñüîâà… ïðè ñòèñêó). Âïëèâîì ïðèêëà-

äåíèõ äåôîðìàö³é íà NE ìîæíà çíåõòóâàòè".

"NEd is the axial… for compression). The influ-

ence of imposed deformations on NE may be ig-

nored".

íà with the following:

"NEd – îñüîâà…ïðè ñòèñêó. Âïëèâîì ïðèêëàäå-

íèõ äåôîðìàö³é íà NEd ìîæíà çíåõòóâàòè".

"NEd is the axial… for compression). The influ-

ence of imposed deformations on NEd may be

ignored".

Ó 6.2.3 (1). Çàì³íèòè: In 6.2.3 (1) replace:

"…ïîçäîâæíº çóñèëëÿ ðîçòÿãó âíàñë³äîê çñóâó,

âèçíà÷åíîãî ó (3)."

"…the longitudinal tensile force due to shear

defined in (3)."

íà with the following:

"…ïîçäîâæíº çóñèëëÿ ðîçòÿãó âíàñë³äîê çñóâó,

âèçíà÷åíîãî ó (7) ".

"…the longitudinal tensile force due to shear

defined in (7)".

Ó 6.2.3 (5). Çàì³íèòè: In 6.2.3 (5) replace:

"…(íàïðèêëàä, ïðè ð³âíîì³ðíî ðîçïîä³ëåíîìó

íàâàíòàæåíí³), ïîïåðå÷íà àðìàòóðà áóäü-ÿêî-

ãî êðîêó ïî äîâæèí³ l = z(cot
 + cot�), ìîæå …"

"…(e.g. for uniformly distributed loading) the

shear reinforcement in any length increment l =

= z(cot
 + cot�) may be…"

íà with the following:

"…(íàïðèêëàä, ïðè ð³âíîðîçïîä³ëåíîìó íàâàí-

òàæåíí³), ïîïåðå÷íà àðìàòóðà áóäü-ÿêîãî êðî-

êó ïî äîâæèí³ l = z(cot
), ìîæå …"

"…(e.g. for uniformly distributed loading) the

shear reinforcement in any length increment l =

= z(cot
) may be…"

Ó 6.2.3 (6). Çàì³íèòè: In 6.2.3 (6) replace:

"ßêùî ó ñò³íö³ çíàõîäÿòüñÿ çàïîâíåí³ êàíàëè…" "Where the web contains grouted ducts…"

íà with the following:

"ßêùî ó ñò³íö³ çíàõîäÿòüñÿ çàïîâíåí³ ìåòàëåâ³

êàíàëè…"

"Where the web contains grouted metal ducts…"

Ó 6.2.3 (8). Çàì³íèòè: In 6.2.3 (8) replace:

"Âåëè÷èíà VEd, îá÷èñëåíà áåç çíèæåííÿ ÷åðåç

�, âñå îäíî ïîâèííà çàäîâîëüíÿòè óìîâó (6.5)".

"The value VEd calculated without reduction by �,

should however always satisfy Expression (6.5)".

íà with the following:

" Âåëè÷èíà VEd, îá÷èñëåíà áåç çíèæåííÿ ÷åðåç

�, âñå îäíî ïîâèííà çàäîâîëüíÿòè óìîâó (6.9)".

"The value VEd calculated without reduction by �,

should however always satisfy Expression (6.9)".

Çàì³íèòè íàçâó ïóíêòó 6.2.4 Replace the title of paragraph 6.2.4

"6.2.4 Çñóâ ì³æ ñò³íêîþ ³ ïîëêàìè "Ò"-ïîä³áíèõ

ïåðåð³ç³â"

"6.2.4 Shear between web and flanges of T-sec-

tions".

íà with the following:

"6.2.4 Çñóâ ì³æ ñò³íêîþ ³ ïîëèöÿìè" "6.2.4 Shear between web and flanges".

Ó 6.2.5 (2). Çàì³íèòè: In 6.2.5 (2) replace:

"…íàïðèêëàä: "…following examples:
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– Äóæå ãëàäêà – öå ïîâåðõíÿ ïðè óêëàäàíí³

áåòîíó íà ñòàëüíó, ïëàñòèêîâó àáî ñïå-

ö³àëüíî ï³äãîòîâëåíó äåðåâ'ÿíó îïàëóáêó:

c = 0,25, ³ � = 0,5

– Very smooth: a surface cast against steel,

plastic or specially prepared wooden moulds:

c = 0,25 and � = 0,5

– Ãëàäêà – ïîâåðõí³ ñôîðìîâàí³ "êîâçàþ÷îþ"

îïàëóáêîþ àáî âèäàâëþâàííÿì, à òàêîæ ï³ñëÿ

â³áðàö³¿, áåç ïîäàëüøî¿ îáðîáêè: c = 0,35, ³

� = 0,6

– Smooth: a slipformed or extruded surface, or a

free surface left without further treatment after

vibration: c = 0,35 and � = 0,6

– øîðñòêà – ïîâåðõíÿ ç íåð³âíîñòÿìè, ùîíàé-

ìåíøèì ïåðåïàäîì 3 ìì ³ êðîêîì áëèçüêî

40 ìì, ÿêà äîñÿãàºòüñÿ çãð³áàííÿì çàïîâ-

íþâà÷³â àáî ³íøèìè ìåòîäàìè, ÿê³ íàäàþòü

ïîä³áíèé õàðàêòåð ïîâåðõí³: c = 0,45, � =0,7"

– Rough: a surface with at least 3 mm roughness

at about 40 mm spacing, achieved by raking,

exposing of aggregate or other methods giving

an equivalent behaviour: c = 0,45, � =0,7"

íà with the following:

"…íàïðèêëàä: "…following examples:

– Äóæå ãëàäêà – öå ïîâåðõíÿ ïðè óêëàäàíí³

áåòîíó íà ñòàëåâó, ïëàñòèêîâó àáî ñïå-

ö³àëüíî ï³äãîòîâëåíó äåðåâ'ÿíó îïàëóáêó:

c = 0,025 äî 0,10 ³ � =0,5

– Very smooth: a surface cast against steel,

plastic or specially prepared wooden moulds:

c = 0,025 to 0,10 and � = 0,5

– Ãëàäêà – ïîâåðõí³ ñôîðìîâàí³ "êîâçíîþ"

îïàëóáêîþ àáî âèäàâëþâàííÿì, à òàêîæ

ï³ñëÿ â³áðàö³¿, áåç ïîäàëüøî¿ îáðîáêè:

c = 0,20, � =0,6

– Smooth: a slipformed or extruded surface, or a

free surface left without further treatment after

vibration: c = 0,20 and � = 0,6

– Øîðñòêà – ïîâåðõíÿ ç íåð³âíîñòÿìè, ùîíàé-

ìåíøèì ïåðåïàäîì 3 ìì ³ êðîêîì áëèçüêî

40 ìì, ÿêà äîñÿãàºòüñÿ çãð³áàííÿì çàïîâ-

íþâà÷³â àáî ³íøèìè ìåòîäàìè, ÿê³ íàäàþòü

ïîä³áíîãî õàðàêòåðó ïîâåðõí³: c = 0,40,

� = 0,7".

– Rough: a surface with at least 3 mm roughness

at about 40 mm spacing, achieved by raking,

exposing of aggregate or other methods giving

an equivalent behaviour: c = 0,40, � =0,7".

Ó ïóíêò³ 6.3.2 (4). Çàì³íèòè: In 6.3.2 (4) replace:

"äå v – îòðèìóºìî ç 6.2.2 (6), à �c – ³ç âèðàçó

(6.9) "

"where v follows from 6.2.2 (6) and �c from Exp-

ression (6.9) "

íà with the following:

"äå v – îòðèìóºìî ç 6.2.2 (6), à �cw – ³ç âèðàçó

(6.9) "

"where v follows from 6.2.2 (6) and �cw from Exp-

ression (6.9) "
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Ó ïóíêò³ 6.4.2 (11). Âèïðàâèòè ðèñóíîê 6.18: In 6.4.2 (11) correct Figure 6.18 as follows:

Ó 6.4.3 (2). Çàì³íèòè: In 6.4.3 (2) replace:

"VEd < VRd,max" "VEd < VRd,max"

íà with the following:

"VEd � VRd,max" "VEd � VRd,max"

³ and

"VEd < VRd,c" "VEd < VRd,c"

íà with the following:

"VEd � VRd,c". "VEd � VRd,c".

Ó 6.4.3 (3). Çàì³íèòè ð³âíÿííÿ (6.40): In 6.4.3 (3) replace Equation (6.40):

"W e d

u

1

0

1

� � l" "W e d

u

1

0

1

� � l"

íà with the following:

"W e di

u

� � l

0

1

". "W e di

u

� � l

0

1

".

Ó 6.4.3 (3). Ï³ñëÿ ð³âíÿííÿ (6.42) çàì³íèòè: In 6.4.3 (3) replace after Equation (6.42):

"äå D – ä³àìåòð êðóãëî¿ êîëîíè" "where D is the diameter of the circular column"

íà with the following:

"äå D – ä³àìåòð êðóãëî¿ êîëîíè, å – åêñöåíòðèñè-

òåò ïðèêëàäåíîãî íàâàíòàæåííÿ e = MEd /VEd".

"where D is the diameter of the circular column e is

the eccentricity of the applied load e = MEd /VEd".

Ó 6.4.3 (4). Ï³ñëÿ ð³âíÿííÿ (6.45) çàì³íèòè: In 6.4.3 (4) replace after Equation (6.45):

"…åêñöåíòðèñèòåò å ïîâèíåí â³äðàõîâóâàòèñü

â³ä öåíòðà âàãè êîíòðîëüíîãî ïåðèìåòðà."

"… the eccentricity e should be measured from

the centroid of the control perimeter."

íà with the following:

"…â³äñòàíü å ïîâèííà áóòè âèì³ðÿíà â³ä öåíò-

ðàëüíî¿ îñ³ êîíòðîëüíîãî ïåðèìåòðà.".

"… the distance e should be measured from the

centroid axis of the control perimeter.".
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Ó 6.4.4 (2). Ó ð³âíÿíí³ (6.50) çàì³íèòè: In 6.4.4 (2) replace in Equation (6.50):

"�" "�"

íà with the following:

"�i". "�i".

Ó 6.5.4 (6). Çàì³íèòè: In 6.5.4 (6) replace:

"…³ (3.25) ïðè 
Rd,max � k4vfcd, ÿêùî ðîçïîä³ë

íàâàíòàæåííÿ â³äîìèé äëÿ âñ³õ òðüîõ íàïðÿì-

ê³â…"

"…and (3.25) with 
Rd,max � k4vfcd, if for all three

directions…"

íà with the following:

"…³ (3.25) âåðõíüîþ ìåæåþ 
Rd,max � k4vfcd,

ÿêùî ðîçïîä³ë íàâàíòàæåííÿ â³äîìèé äëÿ âñ³õ

òðüîõ íàïðÿìê³â…".

"…and (3.25) with an upper limit 
Rd,max � k4vfcd,

if for all three directions…".

Ó 6.5.4 (9). Çàì³íèòè: In 6.5.4 (9) replace:

"…çã³äíî ç 8.4. " "…in accordance with 8.4."

íà with the following:

"…çã³äíî ç 8.3.". "…in accordance with 8.3."

Ó 6.8.5 (3). Ó âèðàç³ (6.71) çàì³íèòè: In 6.8.5 (3) replace in Expression (6.71):

"�s,fat" "�s,fat"

íà with the following:

"�S,fat". "�S,fat".

Ó 6.8.6(1). Çàì³íèòè: In 6.8.6 (1) replace:

"Äëÿ çâàðþâàíèõ àðìàòóðíèõ ñòðèæí³â … ïðè

ïîâòîðþâàíîìó íàâàíòàæåíí³ ó ñïîëó÷åíí³ ç

îñíîâíîþ…"

"For welded reinforcing bars … under frequent

load combined with the basic…"

íà with the following:

"Äëÿ çâàðþâàíèõ àðìàòóðíèõ ñòðèæí³â … ïðè

ïîâòîðþâàíîìó öèêë³÷íîìó íàâàíòàæåíí³ ó

ñïîëó÷åíí³ ç îñíîâíîþ…".

"For welded reinforcing bars … under frequent

cyclic load combined with the basic…".

Ó 6.8.6(2). Çàì³íèòè: In 6.8.6 (2) replace:

"…ïåðåâ³ðêà ìîæå âèêîíóâàòèñü ³ç âèêîðèñ-

òàííÿì ÷àñòî ïîâòîðþâàíîãî ñïîëó÷åííÿ íà-

âàíòàæåíü…".

"…above verification may be carried out using the

Frequent load…"

íà with the following:

"…ïåðåâ³ðêà ìîæå âèêîíóâàòèñü ³ç âèêîðèñ-

òàííÿì ÷àñòî ïîâòîðþâàíîãî ñïîëó÷åííÿ íà-

âàíòàæåíü…".

"…above verification may be carried out using the

frequent load…".

7 ÃÐÀÍÈ×Í² ÑÒÀÍÈ ÇÀ ÏÐÈÄÀÒÍ²ÑÒÞ ÄÎ
ÅÊÑÏËÓÀÒÀÖ²¯ (SLS)

7 SERVICEABILITY LIMIT STATES (SLS)

Ó 7.2 (5). Çàì³íèòè: In 7.2 (5) replace:

"…íåïðèéíÿòíå óòâîðåííÿ òð³ùèí àáî äåôîð-

ìóâàííÿ…"

"Unacceptable cracking or deformation…"

íà with the following:

"…ïðîÿâëåííÿ íåïðèéíÿòíîãî óòâîðåííÿ òð³ùèí

àáî äåôîðìóâàííÿ…".

"For the appearance unacceptable cracking or

deformation…".
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Ó 7.3.1 (5). Çàì³íèòè: In 7.3.1 (5) replace:

"Ïîâèííî âñòàíîâëþâàòèñü îáìåæåííÿ îá÷èñ-

ëåíî¿ øèðèíè ðîçêðèòòÿ òð³ùèí, wmax, ç óðàõó-

âàííÿì…"

"A limiting calculated crack width, wmax, taking

into account…"

íà with the following:

"Ïîâèííà âñòàíîâëþâàòèñü âåëè÷èíà îáìå-

æåííÿ wmax îá÷èñëåíî¿ øèðèíè ðîçêðèòòÿ

òð³ùèí wk ç óðàõóâàííÿì…".

"A limiting value, wmax, for the calculated crack

width, wk taking into account…".

Ó 7.3.1 (5). Ó ïðèì³òö³ 1 òàáëèö³ 7.1N çàì³íèòè: In 7.3.1 (5) in Note 1 of Table 7.1N replace:

"…¿õ îáìåæåííÿ âñòàíîâëþºòüñÿ äëÿ ãàðàíòó-

âàííÿ ïðèéíÿòíîãî âèãëÿäó. ßêùî óìîâè çîâ-

í³øíüîãî âèãëÿäó â³äñóòí³…"

"…this limit is set to guarantee acceptable appea-

rance. In the absence…"

íà with the following:

"…¿õ îáìåæåííÿ âñòàíîâëþºòüñÿ äëÿ ãàðàíòó-

âàííÿ, ÿê ïðàâèëî, ïðèéíÿòíîãî âèãëÿäó. ßêùî

óìîâè çîâí³øíüîãî âèãëÿäó â³äñóòí³…"

"…this limit is set to give generally acceptable

appearance. In the absence…"

Ó 7.3.3 (2). Ó ïðèì³òö³ 1 òàáëèö³ 7.2N çàì³íèòè: In 7.3.3 (2) in Note 1 of Table 7.2N replace:

"…hcr = 0,5; ( )h d� � = …" "…hcr = 0,5; ( )h d� � = …"

íà with the following:

"…hcr = 0,5h; ( )h d� � = …". "…hcr = 0,5h; ( )h d� � = …".

Ó 7.3.3 (2). Ó ïðèì³òö³ 1 òàáëèö³ 7.2N çàì³íèòè: In 7.3.3 (2) in Note 1 of Table 7.2N replace:

"… �k = 1,0" "… �k = 1,0"

íà with the following:

"…k4 = 1,0" "…k4 = 1,0"

Ó 7.3.3 (3). Çàì³íèòè: In 7.3.3 (3) replace:

"…àáî ïðè â³äïîâ³äíîìó ñïðîùåíí³ (äèâ. 7.3.3

(2)), ïðèïóñêàþ÷è ÷èñòèé ðîçòÿã…"

"…or a suitable simplification (see 7.3.3 (2)) assu-

ming pure tension…"

íà with the following:

"…àáî ïðè â³äïîâ³äíîìó ñïðîùåíí³, äîïóñêàþ-

÷è ÷èñòèé ðîçòÿã…"

"…or a suitable simplification assuming pure ten-

sion…"

Ó 7.3.3 (5). Çàì³íèòè: In 7.3.3 (5) replace:

"…ïðàâèëà êîíñòðóþâàííÿ, íàäàí³ ó 9.2.2,

9.2.3, 9.3.2 ³ 9.4.4.3."

"…detailing rules given in 9.2.2, 9.2.3, 9.3.2 and

9.4.4.3 are observed".

íà with the following:

"…ïðàâèëà êîíñòðóþâàííÿ, íàäàí³ ó 9.2.2,

9.2.3, 9.3.2 ³ 9.4.3.".

"…detailing rules given in 9.2.2, 9.2.3, 9.3.2 and

9.4.3 are observed.".

Ó 7.3.4 (3). Çàì³íèòè ð³âíÿííÿ (7.13): In 7.3.4 (3) replace Equation (7.13):

" � �k 2 1 2 12� �� � �/ " " � �k 2 1 2 12� �� � �/ "

íà with the following:

" � � � �k 2 1 2 12� �� � �/ ". " � � � �k 2 1 2 12� �� � �/ ".

Ó 7.4.2 (2). Çàì³íèòè: In 7.4.2 (2) replace:

"�0 – äîâ³äêîâèé ïðîöåíò àðìóâàííÿ

� �fck 10 3"

"�0 is the reference reinforcement ratio

� �fck 10 3"

íà with the following:
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"�0 – äîâ³äêîâèé ïðîöåíò àðìóâàííÿ

� �10 3 fck ".

"�0 is the reference reinforcement ratio

� �10 3 fck ".

Ó 7.4.3 (5). Çàì³íèòè: In 7.4.3 (5) replace:

"�(	, t0) – êîåô³ö³ºíò ïîâçó÷îñò³, ùî â³äïîâ³äàº

íàâàíòàæåííþ ³ ³íòåðâàëó ÷àñó (äèâ. 3.1.3) "

"�(	, t0) is the creep coefficient relevant for the

load and time interval (see 3.1.3) "

íà with the following:

"�(	, t0) – êîåô³ö³ºíò ïîâçó÷îñò³, ùî â³äïîâ³äàº

íàâàíòàæåííþ ³ ³íòåðâàëó ÷àñó (äèâ. 3.1.4)".

"�(	, t0) is the creep coefficient relevant for the

load and time interval (see 3.1.4)".

8 ÎÑÍÎÂÍ² ÏÐÀÂÈËÀ ÊÎÍÑÒÐÓÞÂÀÍÍß
ÇÂÈ×ÀÉÍÎ¯ ² ÏÎÏÅÐÅÄÍÜÎ ÍÀÏÐÓÆÅÍÎ¯
ÀÐÌÀÒÓÐÈ

8 DETAILING OF REINFORCEMENT AND
PRESTRESSING TENDONS – GENERAL

Ó 8.3 (2). Ó ïðèì³òö³ òàáëèö³ 8.1N çàì³íèòè: In 8.3 (2) in the Note of Table 8.1N replace:

"…çã³äíî ç prEN ISO 17660, äîäàòîê Â" "...in accordance with prEN ISO 17660 Annex B"

íà with the following:

"…çã³äíî ç EN ISO 17660 äîäàòîê Â". "...in accordance with EN ISO 17660 Annex B".

Ó 8.4.1 (2). Â³äêîðèãóâàòè ðèñóíîê 8.1 a) íàñ-

òóïíèì ÷èíîì:

In 8.4.1 (2) correct figure 8.1 a) as follows:

Ó 8.4.3 (3). Çàì³íèòè: In 8.4.3 (3) replace:

"… îñíîâíà äîâæèíà àíêåðóâàííÿ lb ³ ðîçðà-

õóíêîâà…"

"...the basic anchorage length, lb, and the de-

sign..."

íà with the following:

"… îñíîâíà íåîáõ³äíà äîâæèíà àíêåðóâàííÿ

lb,rqd ³ ðîçðàõóíêîâà…"

"...the basic required anchorage length, lb,rqd, and

the design...".

Ó 8.4.4 (1). Ó ð³âíÿíí³ (8.6) çàì³íèòè: In 8.4.4 (1) in Equation (8.6) replace:

" � �l lb b rqd,min ,max , ; ;� 0 3 10 100� ìì " " � �l lb b rqd,min ,max , ; ;� 0 3 10 100� mm "

íà with the following:

" � �l lb b rqd,min ,max , ; ;� 0 3 10 100� ìì ". " � �l lb b rqd,min ,max , ; ;� 0 3 10 100� mm "

Ó 8.4.4 (1). Ó ð³âíÿíí³ (8.7) çàì³íèòè: In 8.4.4 (1) in Equation (8.7) replace:

" � �l lb b rqd,min ,max , ; ;� 0 6 10 100� ìì " " � �l lb b rqd,min ,max , ; ;� 0 6 10 100� mm ".

íà with the following:

" � �l lb b rqd,min ,max , ; ;� 0 6 10 100� ìì ". " � �l lb b rqd,min ,max , ; ;� 0 6 10 100� mm ".
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Ó 8.6 (5). Çàì³íèòè: In 8.6 (5) replace:

"ßêùî çàñòîñîâóþòüñÿ äâà çâàðåí³ ñòðèæí³, ùî

ïåðåñ³êàþòüñÿ ç ì³í³ìàëüíèì êðîêîì �t, äîâæè-

íà çîíè àíêåðóâàííÿ âèçíà÷åíà çà…"

"If two welded cross bars with a minimum spacing

of �t are used, the anchorage length given by..."

íà with the following:

"ßêùî çàñòîñîâóþòüñÿ äâà çâàðåí³ ñòðèæí³, ùî

ïåðåñ³êàþòüñÿ ç ì³í³ìàëüíèì êðîêîì �t, íåñó÷à

çäàòí³ñòü çàíêåðóâàííÿ âèçíà÷åíà çà…"

"If two welded cross bars with a minimum spacing

of �t are used, the anchorage capacity given

by...".

Ó 8.7.3 (1). Ó ð³âíÿíí³ (8.11) çàì³íèòè: In 8.7.3 (1) in Equation (8.11) replace:

" � �l l0 60 3 15 200,min ,max , ; ;� � �b rqd ìì " " � �l l0 60 3 15 200,min ,max , ; ;� � �b rqd mm "

íà with the following:

" � �l l0 60 3 15 200,min ,max , ; ;� � �b rqd ìì " " � �l l0 60 3 15 200,min ,max , ; ;� � �b rqd mm "

Ó 8.7.4.1 (3). Çàì³íèòè: In 8.7.4.1 (3) replace:

"ßêùî ä³àìåòð � ñòðèæí³â ó íàïóñê á³ëüøèé í³æ,

àáî ð³âíèé 20 ìì, òî çàãàëüíà ïëîùà ïîïåðå÷-

íî¿ àðìàòóðè ïîâèííà ñòàíîâèòè Ast (ñóìà âñ³õ

õîìóò³â …"

"Where the diameter, �, of the lapped bars is

greater than or equal to 20 mm, the transverse

reinforcement should have a total area, Ast (sum

of all legs..."

íà with the following:

"ßêùî ä³àìåòð � ñòðèæí³â ó íàïóñê á³ëüøèé àáî

äîð³âíþº 20 ìì, òî çàãàëüíà ïëîùà ïîïåðå÷-

íî¿ àðìàòóðè ïîâèííà ñòàíîâèòè �Ast (ñóìà

âñ³õ õîìóò³â …".

"Where the diameter, �, of the lapped bars is

greater than or equal to 20 mm, the transverse

reinforcement should have a total area, �Ast (sum

of all legs...".

Ó 8.8 (4). Çàì³íèòè: In 8.8 (4) replace:

"…àáî ÿêùî íàïðóæåííÿ íå ïåðåâèùóþòü 80% …" "...or where the stress is not greater than 80% ..."

íà with the following:

"…àáî ÿêùî íàïðóæåííÿ â àðìàòóð³ íå ïåðåâè-

ùóþòü 80 % …".

"...or where the reinforcement stress is not

greater than 80 % ...".

Ó 8.9.2 (2). Â³äêîðèãóâàòè ðèñóíîê 8.12: In 8.9.2 (2) correct Figure 8.12 as follows:

Ó 8.10.2.2 (1). Çàì³íèòè: In 8.10.2.2 (1) replace:

"fctd(t) – ðîçðàõóíêîâà âåëè÷èíà ì³öíîñò³ íà ðîç-

òÿã ó ìîìåíò â³äïóñêàííÿ: fctd(t) = �ct 0,7·fctm(t)/�c

(äèâ. òàêîæ 3.1.2 (8) ³ 3.1.6 (2)Ð)"

"fctd(t) is the design tensile value of strength at

time of release; fctd(t) = �ct 0,7·fctm(t)/�c (see also

3.1.2 (8) and 3.1.6 (2)P)"

íà with the following:

"fctd(t) – ðîçðàõóíêîâà âåëè÷èíà ì³öíîñò³ íà ðîç-

òÿã ó ìîìåíò â³äïóñêàííÿ: fctd(t) = �ct 0,7·fctm(t)/�C

(äèâ. òàêîæ 3.1.2 (9) ³ 3.1.6 (2)Ð)".

"fctd(t) is the design tensile value of strength at

time of release; fctd(t) = �ct 0,7·fctm(t)/�C (see also

3.1.2 (9) and 3.1.6 (2)P)".
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Ó 8.10.2.2 (4). Çàì³íèòè: In 8.10.2.2 (4) replace:

"…äèâ. ðèñóíîê 8.17:" "...see Figure 8.17:"

íà with the following:

"äèâ. ðèñóíîê 8.16:" "...see Figure 8.16:".

Çàì³íèòè íàçâó çàãîëîâêà 8.10.2.3 Replace the title of 8.10.2.3

"Àíêåðóâàííÿ çóñèëü ðîçòÿãó ïðè ãðàíè÷íîìó

ñòàí³ ²-¿ ãðóïè"

"Anchorage of tensile force for the ultimate limit

state"

íà with the following:

"Àíêåðóâàííÿ àðìàòóðè ïðè ãðàíè÷íîìó ñòàí³ ²

ãðóïè"

"Anchorage of tendons for the ultimate limit state".

Ó 8.10.2.3 (1). Çàì³íèòè: In 8.10.2.3(1) replace:

"…âïëèâ çñóâó çã³äíî ç 6.2.3 (6); äèâ. òàêîæ…" "...the effect of shear according to 6.2.3 (6); see

also..."

íà with the following:

"âïëèâ çñóâó çã³äíî ç 6.2.3 (7); äèâ. òàêîæ…". "...the effect of shear according to 6.2.3 (7); see

also...".

9 ÊÎÍÑÒÐÓÞÂÀÍÍß ÅËÅÌÅÍÒ²Â ²
ÎÑÎÁËÈÂ² ÏÐÀÂÈËÀ

9 DETAILING OF MEMBERS AND
PARTICULAR RULES

Ó 9.2.1.4 (1). Çàì³íèòè: In 9.2.1.4 (1) replace:

"Ïëîùà íèæíüî¿ àðìàòóðè, âñòàíîâëåíî¿ íà

îïîðàõ, ïðèéìàºòüñÿ ó ðîçðàõóíêó ç íåçíà÷-

íèì …"

"The area of bottom reinforcement provided at

supports with little..."

íà with the following:

"Ïëîùà íèæíüî¿ àðìàòóðè, âñòàíîâëåíî¿ íà

êðàéí³õ îïîðàõ, ïðèéìàºòüñÿ ó ðîçðàõóíêó ç

íåçíà÷íèì…"

"The area of bottom reinforcement provided at

end supports with little...".

Ó 9.2.1.4 (2). Çàì³íèòè: In 9.2.1.4 (2) replace:

"Çóñèëëÿ ðîçòÿãó, ÿê³ ïîâèíí³ çààíêåðþâàòèñü,

ìîæíà âèçíà÷àòè çã³äíî ç 6.2.3 (6) (åëåìåíòè …"

"The tensile force to be anchored may be deter-

mined according to 6.2.3 (6) (members..."

íà with the following:

"Çóñèëëÿ ðîçòÿãó, ÿê³ ïîâèíí³ çààíêåðîâóâà-

òèñü, ìîæíà âèçíà÷àòè çã³äíî ç 6.2.3 (7) (åëå-

ìåíòè …"

"The tensile force to be anchored may be deter-

mined according to 6.2.3 (7) (members...".

Ó 9.2.1.4 (2). Çàì³íèòè ð³âíÿííÿ (9.3): In 9.2.1.4 (2) replace Equation (9.3):

"F V a z NE Ed Ed� � �1 / " "F V a z NE Ed Ed� � �1 / "

íà with the following:

"F V a z NEd Ed Ed� � �1 / ". "F V a z NEd Ed Ed� � �1 / ".

Ó 9.8.2.1 (1). Çàì³íèòè: In 9.8.2.1 (1) replace:

"…ìîæå çàñòîñîâóâàòèñü ðîçðàõóíêîâà ìî-

äåëü, ïîêàçàíà ó 9.8.2.1."

"...the design model shown in 9.8.2.1 may be

used."

íà with the following:

"…ìîæå çàñòîñîâóâàòèñü ðîçðàõóíêîâà ìî-

äåëü, ïîêàçàíà ó 9.8.2.2.".

"...the design model shown in 9.8.2.2 may be

used.".
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Ó 9.8.5 (3). Çàì³íèòè: In 9.8.5 (3) replace:

"Áóðîíàáèâí³ ïàë³ ä³àìåòðîì, ùî íå ïåðåâè-

ùóº h1 ïîâèíí³ çàáåçïå÷óâàòèñü ì³í³ìàëüíîþ

ïîçäîâæíüîþ àðìàòóðîþ ïëîùåþ Às,bpmin.."

"Bored piles with diameters not exceeding h1

should be provided with a minimum longitudinal

reinforcement area Às,bpmin."

íà with the following:

"Áóðîíàáèâí³ ïàë³ ïîâèíí³ çàáåçïå÷óâàòèñü

ì³í³ìàëüíîþ ïîçäîâæíüîþ àðìàòóðîþ ïëî-

ùåþ Às,bpmin â³äíîñíî ïëîù³ ïîïåðå÷íîãî ïå-

ðåð³çó ïàë³ Àc.

"Bored piles should be provided with a minimum

longitudinal reinforcement Às,bpmin related to pile

cross section Àc.

Ïðèì³òêà. Âåëè÷èíè Às,bpmin ³ â³äïîâ³äí³ Ac äëÿ çà-

ñòîñóâàííÿ ó êîíêðåòí³é êðà¿í³ ìîæóòü âêàçóâàòèñü

ó íàö³îíàëüíîìó äîäàòêó. Ðåêîìåíäîâàí³ âåëè÷èíè

íàâåäåíî ó òàáëèö³ 9.6N. Öÿ àðìàòóðà ïîâèííà ðîç-

ïîä³ëÿòèñü âäîâæ ïåðèìåòðà ïåðåð³çó.".

NOTE The values of Às,bpmin and the associated Ac for

use in a country may be found in its national annex.

The recommended values are given in Table 9.6N.

This reinforcement should be distributed along the

periphery of the section.".

Ó 9.10.2.2 (2). Çàì³íèòè ð³âíÿííÿ (9.15): In 9.10.2.2 (2) replace Equation (9.15):

"F q qtie per i, � � �l 1 2" "F q qtie per i, � � �l 1 2"

íà with the following:

"F q Qtie per i, � � �l 1 2". "F q Qtie per i, � � �l 1 2".

Ó 9.10.2.2 (2). Çàì³íèòè ó ïðèì³òö³: In 9.10.2.2 (2) replace in the Note:

"q2" "q2"

íà with the following:

"Q2". "Q2".

Ó 9.10.2.3 (4). Çàì³íèòè ð³âíÿííÿ (9.16): In 9.10.2.3 (4) replace Equation (9.16):

" � �F q qtie � � � �l l1 2 3 42/ " " � �F q qtie � � � �l l1 2 3 42/ "

íà with the following:

" � �F q qtie � � � �3 1 2 42l l / " " � �F q qtie � � � �3 1 2 42l l / "

10 ÄÎÄÀÒÊÎÂ² ÏÐÀÂÈËÀ ÄËß ÇÁ²ÐÍÈÕ
ÇÀË²ÇÎÁÅÒÎÍÍÈÕ ÅËÅÌÅÍÒ²Â ²
ÊÎÍÑÒÐÓÊÖ²É

10 ADDITIONAL RULES FOR PRECAST
CONCRETE ELEMENTS AND
STRUCTURES

Ó 10.3.1.1(3). Çàì³íèòè: In 10.3.1.1 (3) replace:

"…fcm(t), ìîæå îö³íþâàòèñü çà âèðàçîì (3.3), ó

ÿêîìó…"

"...fcm(t), may be estimated from Expression (3.3)

in which..."

íà with the following:

"…fcm(t), ìîæå îö³íþâàòèñü çà âèðàçîì (3.1), ó

ÿêîìó…".

"...fcm(t), may be estimated from Expression (3.1)

in which...".

Ó 10.3.2. Ïîïåðåäíüî íàïðóæåíà àðìàòóðà.

Âèïðàâèòè íóìåðàö³þ çàãîëîâêà:

Under 10.3.2 Prestressing Steel correct the num-

bering of heading:

"10.3.2.2 Òåõíîëîã³÷í³ õàðàêòåðèñòèêè ïîïå-

ðåäíüî íàïðóæåíî¿ àðìàòóðè…"

"10.3.2.2 Technological properties of prestres-

sing steel"

íà with the following:

"…10.3.2.1 Òåõíîëîã³÷í³ õàðàêòåðèñòèêè ïîïå-

ðåäíüî íàïðóæåíî¿ àðìàòóðè…"

"10.3.2.1 Technological properties of prestres-

sing steel".

Ó 10.5.2 (1). Çàì³íèòè: In 10.5.2 (1) replace:

"�Ñ – êîåô³ö³ºíò ë³í³éíîãî òåìïåðàòóðíîãî ðîç-

øèðåííÿ áåòîíó (äèâ. 3.1.2)"

"�Ñ is the linear coefficient of thermal expansion

for concrete (see 3.1.2)"
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íà with the following:

"�Ñ – êîåô³ö³ºíò ë³í³éíîãî òåìïåðàòóðíîãî ðîç-

øèðåííÿ áåòîíó (äèâ. 3.1.3 (5))".

"�Ñ is the linear coefficient of thermal expansion

for concrete (see 3.1.3 (5))".

Ó 10.9.6.2 (2). Çàì³íèòè: In 10.9.6.2 (2) replace:

"…Äîâæèíó íàïóñêó, çã³äíî ç 8.6, íåîáõ³äíî

çá³ëüøóâàòè…"

"...The lap length according to 8.6 should be inc-

reased..."

íà with the following:

"…Äîâæèíó íàïóñêó çã³äíî ç 8.7 íåîáõ³äíî

çá³ëüøóâàòè…".

"...The lap length according to 8.7 should be

increased...".

11 ÊÎÍÑÒÐÓÊÖ²¯ Ç ÁÅÒÎÍÓ ÍÀ ËÅÃÊÈÕ
ÇÀÏÎÂÍÞÂÀ×ÀÕ

11 LIGHTWEIGHT AGGREGATE CONCRETE
STRUCTURES

Ó 11.3.1 (1P). Çàì³íèòè: In 11.3.1 (1P) replace:

"Ó EN 206-1 ëåãêèé áåòîí êëàñèô³êóºòüñÿ …" "In EN 206-1 lightweight aggregate is classified..."

íà with the following:

"Ó EN 206-1 áåòîí íà ëåãêèõ çàïîâíþâà÷àõ

êëàñèô³êóºòüñÿ…".

"In EN 206-1 lightweight aggregate concrete is

classified...".

Ó òàáëèö³ 11.3.1, 12-é ðÿäîê îñòàííüî¿ êîëîíêè.

Çàì³íèòè:

In Table 11.3.1, 12th row, last column replace:

"� �Icu u Ic2 2� " "� �Icu u Ic2 2� "

íà with the following:

"� �Icu Ic2 2� " "� �Icu Ic2 2� "

Ó 11.3.5 (1)P. Çàì³íèòè (ó äâîõ ì³ñöÿõ): In 11.3.5 (1)P replace (2 occurrences):

"�c" "�c"

íà with the following:

"�C" (âåëèêà áóêâà "C"). "�C" (uppercase "C".)

Ó 11.3.5 (1)P. Çàì³íèòè: In 11.3.5 (1)P replace:

"äå �c – êîåô³ö³ºíò íàä³éíîñò³ äëÿ áåòîíó, äèâ.

2.4.1.4, à…"

"where �c is the partial safety factor for concrete,

see 2.4.1.4, and..."

íà with the following:

"äå �Ñ – êîåô³ö³ºíò íàä³éíîñò³ äëÿ áåòîíó, äèâ.

2.4.2.4, à…".

"where �C is the partial safety factor for concrete,

see 2.4.2.4, and...".

Ó 11.3.5 (2P) çàì³íèòè (ó äâîõ ì³ñöÿõ): In 11.3.5 (2P) replace (2 occurrences):

"�c" "�c"

íà with the following:

"�C" (âåëèêà "C"). "�C" (uppercase "C".)

Ó 11.5.1. Çàì³íèòè ó ïðèì³òö³: In 11.5.1 replace in the Note:

"Äëÿ ëåãêîãî áåòîíó âåëè÷èíó 
plast, ÿê ïîêàçà-

íî íà ðèñóíêó 5.6N, ñë³ä ïîìíîæèòè íà êîå-

ô³ö³ºíò �lñu2u/�ñ2u."

"For light weight concrete the value of 
plast as

shown in Figure 5.6N, should be multiplied by a

factor �lñu2u/�ñ2u."

íà with the following:

"Äëÿ ëåãêîãî áåòîíó âåëè÷èíó 
pl,d, ÿê ïîêàçàíî

íà ðèñóíêó 5.6N, ñë³ä ïîìíîæèòè íà êîåô³ö³ºíò

�lñu2/�ñu2.".

"For light weight concrete the value of 
pl,d as

shown in Figure 5.6N, should be multiplied by a

factor �lñu2/�ñu2.".
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Ó 11.6.1 (1). Çàì³íèòè âèðàç (11.6.2): In 11.6.1 (1) replace Equation (11.6.2):

" � � � �V V k b dRd c cp w1 1 1, ,min...� � � 
 " " � � � �V V k b dRd c cp w1 1 1, ,min...� � � 
 "

íà with the following:

" � � � �V V k b dRd c cp w1 1 1 1, ,min...� � �� 
 ". " � � � �V V k b dRd c cp w1 1 1 1, ,min...� � �� 
 ".

Ó 11.6.1 (1). Çàì³íèòè ó ïðèì³òö³: In 11.6.1 (1) replace in the Note:

"...0,15/�ñ ..." "...0,15/�ñ ..."

íà with the following:

"...0,15/�Ñ ..." (âåëèêà "C"). "...0,15/�Ñ ..." (uppercase "C").

Ó 11.6.1 (1). Çàì³íèòè ó ïðèì³òö³: In 11.6.1 (1) replace in the Note:

"...vl,min = 0,30 k3/2fck
1/2..." "...vl,min = 0,30 k3/2fck

1/2..."

íà with the following:

"... vl,min = 0,028 k3/2fck
1/2...". "... vl,min = 0,028 k3/2fck

1/2...".

Ó 11.6.1 (1). Çàì³íèòè ó ïðèì³òö³: In 11.6.1 (1) replace in the Note:

"...³ öå k1 = 0,15..." "...and that k1 is 0.15..."

íà with the following:

"...³ öå äëÿ k1 = 0,15...". "...and that for k1 is 0,15...".

Ó 11.6.1 (1). Çàì³íèòè çàãîëîâîê òàáëèö³

11.6.1N:

In 11.6.1 (1) replace caption of Table 11.6.1N:

"Òàáëèöÿ 11.6.1N: Âåëè÷èíè Vl,min äëÿ äàíèõ

çíà÷åíü d ³ fck"

"Table 11.6.1N: Values of Vl,min for given values

of d and fck"

íà with the following:

"Òàáëèöÿ 11.6.1N: Âåëè÷èíè Vl,min äëÿ äàíèõ

çíà÷åíü d ³ flck".

"Table 11.6.1N: Values of Vl,min for given values

of d and flck".

Ó 11.6.1 (1). Çàì³íèòè çàãîëîâîê òàáëèö³

11.6.1N (2-é ðÿä):

In 11.6.1 (1) replace in Table 11.6.1N (2nd row):

"fck (MÏa)" "fck (MPa)"

íà with the following:

"flck (MÏa)". "flck (MPa)".

Ó 11.6.1 (1). Çàì³íèòè çàãîëîâîê òàáëèö³

11.6.1N (6-é ðÿä 2-à êîëîíêà):

In 11.6.1 (1) replace in Table 11.6.1N (6th row

2nd column):

"0.40" "0.40"

íà with the following:

"0.23". "0.23".

Ó 11.6.2 (1). Çàì³íèòè âèðàç (11.6.6N): In 11.6.2 (1) replace Equation (11.6.6N):

" � �v flcd1 10 5 1 250� �, /� " " � �v flcd1 10 5 1 250� �, /� "

íà with the following:

" � �v flcd1 0 5 1 250� �, / ". " � �v flcd1 0 5 1 250� �, / ".

Ó 11.6.4.1 (2). Çàì³íèòè: In 11.6.4.1 (2) replace:

"�1" "�1"

íà with the following:

"�
l
" "�

l
"
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Ó 11.8.1 (1). Çàì³íèòè: In 11.8.1 (1) replace:

"…ó ïîð³âíÿíí³ ç íàâåäåíèìè ó 8.4.4 äëÿ …" "...for normal density concrete given in 8.4.4 to

avoid..."

íà with the following:

"…ó ïîð³âíÿíí³ ç íàâåäåíèìè ó 8.3 äëÿ …". "...for normal density concrete given in 8.3 to

avoid...".

Ó 11.8.2 (1). Çàì³íèòè: In 11.8.2(1) replace:

"… ïðè çíà÷åíí³ flctd = flctk,0.05 /�ñ." "...with flctd = flctk,0.05 /�ñ."

íà with the following:

"… ïðè çíà÷åíí³ flctd = flctk,0.05 /�Ñ.". "...with flctd = flctk,0.05 /�Ñ.".

12 ÍÅÀÐÌÎÂÀÍ² ÒÀ ÌÀËÎÀÐÌÎÂÀÍ²
ÁÅÒÎÍÍ² ÊÎÍÑÒÐÓÊÖ²¯

12 PLAIN AND LIGHTLY REINFORCED
CONCRETE STRUCTURES

Ó 12.3.1 (2). Çàì³íèòè ó âèðàç³ (12.1): In 12.3.1 (2) replace in Equation (12.1):

"f fctd ct ctk c� � �, , /0 05 " "f fctd ct ctk c� � �, , /0 05 "

íà with the following:

"f fctd pl ct pl ctk C, , , , /� � �0 05 " "f fctd pl ct pl ctk C, , , , /� � �0 05 "

Ó 12.6.1 (3). Çàì³íèòè ó âèðàç³ (12.2): In 12.6.1 (3) replace in Equation (12.2):

"fcd" "fcd"

íà with the following:

"fcd,pl" "fcd,pl"

Ó 12.6.1 (3). Çàì³íèòè: In 12.6.1 (3) replace:

äå: "where:

"�fcd – ðîçðàõóíêîâà ôàêòè÷íà ì³öí³ñòü íà

ñòèñê…;"

�fcd is the design effective compressive..."

íà with the following:

äå: "where:

"�fcd,pl – ðîçðàõóíêîâà ôàêòè÷íà ì³öí³ñòü íà

ñòèñê…;"

�fcd,pl is the design effective compressive...".

Ó 12.6.3 (2). Çàì³íèòè ó âèðàç³ (12.7): In 12.6.3 (2) and in Equation (12.7) replace:

"fcd" "fcd"

íà with the following:

"fcd,pl" (ó òðüîõ ì³ñöÿõ). "fcd,pl" (3 occurrences).

Ó 12.6.3 (2) ³ ó âèðàçàõ (12.5), (12.6), (12.7).

Çàì³íèòè:

In 12.6.3 (2) and in Equations (12.5), (12.6),

(12.7), replace:

"fctd" "fctd"

íà with the following:

"fctd,pl" (ó ñåìè ì³ñöÿõ). "fctd,pl" (7 occurrences).

Ó 12.6.3 (3). Çàì³íèòè: In 12.6.3 (3) replace:

"fctd" "fctd"

íà with the following:

"fctd,pl". "fctd,pl".
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Ó 12.6.5.2 (1). Çàì³íèòè ó âèðàç³ (12.10): In 12.6.5.2 (1) replace in Equation (12.10):

"fcd" "fcd"

íà with the following:

"fcd,pl". "fcd,pl".

Ó 12.6.5.2 (1) çàì³íèòè âèðàç (12.11): In 12.6.5.2 (1) replace Equation (12.11):

� �� � � �� � � � � � � �1 14 1 2 0 02 1 20, / , / /e h h e htot w w tot wl

íà with the following:

� � � �� � � � � � � �1 14 1 2 0 02 1 20, / , / /e h h e htot w w tot wl

Ó 12.9.3 (1) çàì³íèòè âèðàç (12.13): In 12.9.3 (1) replace Equation (12.13):

� �0 85
9

,
/

�
�

h

a
fF

gd ctd


íà with the following:

� �0 85
3

,
/

�
�

h

a
fF

gd ctd


Ó 12.9.3 (1) çàì³íèòè: In 12.9.3 (1) replace:

"fctd" "fctd"

íà with the following:

"fctd,pl". "fctd,pl".

ÄÎÄÀÒÎÊ À ANNEX A

ÓÒÎ×ÍÅÍÍß ÊÎÅÔ²Ö²ªÍÒ²Â ÁÅÇÏÅÊÈ
ÄËß ÌÀÒÅÐ²ÀË²Â

MODIFICATION OF PARTIAL FACTORS
FOR MATERIALS

Ó À.2.1 (1). Çàì³íèòè: In A.2.1 (1) replace:

"�s,red1" "�s,red1"

íà with the following:

"�S,red1" (âåëèêà áóêâà "S"). "�S,red1" (upper case "S").

Ó À.2.1 (1). Ó ïðèì³òö³ òàáëèö³ À.1 çàì³íèòè: In A.2.1 (1) in the Note of Table A. 1 replace:

"�s,red1" "�s,red1"

íà with the following:

"�S,red1" (âåëèêà áóêâà "S"). "�S,red1" (upper case "S").

Ó À.2.1 (2) ³ ó ïðèì³òö³. Çàì³íèòè: In A.2.1 (2) and in the Note replace:

"�ñ,red1" "�ñ,red1"

íà with the following:

"�Ñ,red1" (âåëèêà áóêâà "Ñ"). "�Ñ,red1" (upper case "C").

Ó À.2.2 (1) ³ ó ïðèì³òö³. Çàì³íèòè: In A.2.2 (1) and in the Note replace:

"�s,red2" "�s,red2"

íà with the following:

"�S,red2" (âåëèêà áóêâà "S"). "�S,red2" (upper case "S").

308

ÄÑÒÓ-Í Á EN 1992-1-1:2010

arymarenko
Прямоугольник



Ó À.2.2 (1) ³ ó ïðèì³òö³. Çàì³íèòè: In A.2.2 (1) and in the Note replace:

"�ñ,red2" "�ñ,red2"

íà with the following:

"�Ñ,red2" (âåëèêà áóêâà "Ñ"). "�Ñ,red2" (upper case "Ñ").

Ó À.2.2 (2) ³ ó ïðèì³òö³. Çàì³íèòè: In A.2.2 (2) and in the Note replace:

"�ñ,red3" "�ñ,red3"

íà with the following:

"�Ñ,red3" (âåëèêà áóêâà "Ñ"). "�Ñ,red3" (upper case "Ñ").

Ó À.2.3 (1). Çàì³íèòè: In A.2.3 (1) replace:

"�ñ" "�ñ"

íà with the following:

"�Ñ" (âåëèêà áóêâà "Ñ"). "�C" (upper case "C").

Ó À.2.3 (1) ³ ó ïðèì³òö³. Çàì³íèòè: In A.2.3 (1) and in the Note replace:

"�ñ,red4" "�ñ,red4"

íà with the following:

"�Ñ,red4" (âåëèêà áóêâà "Ñ"). "�Ñ,red4" (upper case "Ñ").

Ó À.3.2 (1). Çàì³íèòè: In A.3.2 (1) replace:

"�s,pcred", "�s,pcred",

íà with the following:

"�S,pcred", (âåëèêà áóêâà "S"). "�S,pcred", (upper case "S").

Ó À.3.2 (1). Çàì³íèòè: In A.3.2 (1) replace:

"�ñ,pcred", "�ñ,pcred",

íà with the following:

"�Ñ,pcred", (âåëèêà áóêâà "Ñ"). "�Ñ,pcred", (upper case "Ñ").

ÄÎÄÀÒÎÊ Ñ ANNEX C

ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÀÐÌÀÒÓÐÈ, ÙÎ
ÇÀÑÒÎÑÎÂÓÞÒÜÑß Ç ÖÈÌ ªÂÐÎÊÎÄÎÌ

PROPERTIES OF REINFORCEMENT
SUITABLE FOR USE WITH THIS EUROCODE

Ó Ñ.1 (1) ó òåêñò³ ï³ñëÿ òàáëèö³ Ñ.2N. Çàì³íèòè: In C. 1 (1) in the text after Table C.2N replace:

"…íàïðóæåííÿ ç÷åïëåííÿ ïîâèíí³ çàäîâîëü-

íÿòè ðåêîìåíäîâàí³… ",

"...the bond stresses shall satisfy the recommen-

ded..."

íà with the following:

"…íàïðóæåííÿ ç÷åïëåííÿ ïîâèíí³ çàäîâîëü-

íÿòè ðåêîìåíäîâàí³…".

"...the bond stresses should satisfy the recom-

mended...".

Ó Ñ.1 (3). Çàì³íèòè: In C. 1 (3) replace:

"…îêðåì³ âåëè÷èíè ì³öíîñò³ íà ãðàíèö³ òåêó-

÷îñò³ fyk,… ³ �uk ïîâèíí³ ïåðåâèùóâàòè…"

"– the individual values of yield strength fyk and �uk

should be greater than..."

íà with the following:

"…îêðåì³ âåëè÷èíè ì³öíîñò³ íà ãðàíèö³ òåêó-

÷îñò³ fy,… ³ �u ïîâèíí³ ïåðåâèùóâàòè…".

"– the individual values of yield strength fy and �u

should be greater than...".
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Ó Ñ.1 (3) ó òàáëèö³ Ñ.3N 3-é ðÿä, 1-à êîëîíêà.

Çàì³íèòè:

In C.1 (3) in Table C.3N 3rd row, 1st column

replace:

"K" "K"

íà with the following:

"k". "k".

Ó Ñ.3 (1Ð). Çàì³íèòè: In C.3 (1P) replace:

"…âñòàíîâëåíèé äëÿ çãèíàííÿ ó òàáëèö³ 8.1

öüîãî ªâðîêîäó…"

"...specified for bending in Table 8.1 of this

Eurocode."

íà with the following:

"…âñòàíîâëåíèé äëÿ çãèíàííÿ ó òàáëèö³ 8.1N

öüîãî ªâðîêîäó…".

"...specified for bending in Table 8.1N of this

Eurocode.".

ÄÎÄÀÒÎÊ D ANNEX D

ÓÒÎ×ÍÅÍÈÉ ÌÅÒÎÄ ÎÁ×ÈÑËÅÍÍß ÂÒÐÀÒ
ÏÎÏÅÐÅÄÍÜÎÃÎ ÍÀÏÐÓÆÅÍÍß

ÀÐÌÀÒÓÐÈ ÂÍÀÑË²ÄÎÊ ÐÅËÀÊÑÀÖ²¯

DETAILED CALCULATION METHOD FOR
PRESTRESSING STEEL RELAXATION

LOSSES

Ó D.1 (4). Çàì³íèòè: In D. 1 (4) replace:

"…íàâåäåíèé ó âèðàç³ (3.31), ñòàíîâèòü:" "...given by Expression (3.31), becomes:"

íà with the following:

"…íàâåäåíèé ó âèðàç³ (3.29), ñòàíîâèòü:". "...given by Expression (3.29), becomes:".

ÄÎÄÀÒÎÊ Å ANNEX E

ÐÅÊÎÌÅÍÄÎÂÀÍ² ÊËÀÑÈ Ì²ÖÍÎÑÒ²
ÄËß ÄÎÂÃÎÂ²×ÍÎÑÒ²

INDICATIVE STRENGTH CLASSES
FOR DURABILITY

Ó Å.1 (2). Çàì³íèòè: In E.1 (2) replace:

"…âèçíà÷åíí³ ì³í³ìàëüíîãî àðìóâàííÿ çã³äíî ç

7.3.2 ³ 9.1.1.1 òà çàïîá³ãàííÿ…"

"...calculation of minimum reinforcement accor-

ding to 7.3.2 and 9.1.1.1 and crack..."

íà with the following:

"…âèçíà÷åíí³ ì³í³ìàëüíîãî àðìóâàííÿ çã³äíî ç

7.3.2 ³ 9.2.1.1 òà çàïîá³ãàííÿ…".

"...calculation of minimum reinforcement accor-

ding to 7.3.2 and 9.2.1.1 and crack...".

ÄÎÄÀÒÎÊ ² ANNEX I

ÐÎÇÐÀÕÓÍÎÊ ÏËÎÑÊÈÕ ÏËÈÒ
² Ä²ÀÔÐÀÃÌ ÆÎÐÑÒÊÎÑÒ²

ANALYSIS OF FLAT SLABS
AND SHEAR WALLS

Ó ².1.3 (2). Çàì³íèòè: In I.1.3 (2) replace:

"…íà êðàéí³ êîëîíè, íàäàí³ ó 5.11.2." "...to edge of columns given in 5.11.2 should be

applied."

íà with the following:

"…íà êðàéí³ êîëîíè, íàäàí³ ó ².1.2 (5)." "...to edge of columns given in I.1.2 (5) should be

applied.".
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ÄÎÄÀÒÎÊ J ANNEX J

ÏÐÀÂÈËÀ ÊÎÍÑÒÐÓÞÂÀÍÍß ÄËß
ÎÊÐÅÌÈÕ ÂÈÏÀÄÊ²Â

DETAILING RULES FOR PARTICULAR
SITUATIONS

Ó J.1 (2) ó ïðèì³òö³. Çàì³íèòè: In J.1 (2) in the Note replace:

"…(äèâ. ðèñóíîê 9.7)." "...(see figure 9.7)."

íà with the following:

"…(äèâ. ðèñóíîê J.1).". "...(see Figure J.1).".
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Êîä ÓÊÍÄ 91.080.40; 91.010.30

Êëþ÷îâ³ ñëîâà: àðìàòóðà, áåòîí, çàë³çîáåòîí, êîíñòðóêö³¿ áåòîíí³; êîíñòðóêö³¿ çàë³çîáåòîíí³;

êîíñòðóêö³¿ ïîïåðåäíüî íàïðóæåí³ çàë³çîáåòîíí³; ìàðêà áåòîíó; ìîäåëü ðîçðàõóíêîâà;

íàä³éí³ñòü êîíñòðóêö³é; ñòàí ãðàíè÷íèé; ñïîëó÷åííÿ íàâàíòàæåíü.
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