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Beryn

HNauuit  pgoxkyment (EN  1992:2005) Oys
migroroBiuenuii Texuiunum Komiterom CEN/TC
250 “byniBensHi €BpoKoOAM”’, CEKpeTapiaT SKOTO
niarpumyetbest BSI.

Hanwmii €Bpokon 3aminroe ENV 1992-2.

CEN/TC250 e BianoBinaiapHuM 3a Bci BymiBesnbHi
€BpOKOIH.

VY BIINOBIAHOCTI 3 BHYTPIMIHIMU IOCTAaHOBaMH
CEN/CENELEC  mHamionanbHi  opranu  3i
CTaHIapTHU3alii Takux KpaiH  3000B’s3aHi
3MIACHUTH IMITJIEMEHTAIIII0 1IbOT0 €BPONENCHKOro
crannapty: ABctpis, benbrisa, Benuka bpuranis,
I'epmanis, [Dpemist, Hania, Icnmanagis, Icmanis,
Ipnanpia,  Iramia,  JliokcemOypr,  Manbra,
Hinepnannu, Hopgeris, [opryranis, ®innsHmid,
Opanris, Yecbka PecmyOmika, IlIBemis Ta
[Beitmapis.

JCTY-H b EN 1992-2: 2012

Foreword

This document (EN1992:2005) has been prepared
by Technical Committee CEN/TC 250 “Structural
Eurocodes”, the secretariat of wich is held by BSI.

This Eurocode supersedes ENV 1992-2.

CEN/TC 250 is responsible for all Structural
Eurocodes.

According to the CEN/CENELEC Internal
Regulations, the national standards organizations
of the following countries are bound to implement
this European Standard: Austria, Belgium, Czech
Republic, Denmark, Finland, France, Germany,
Greece, Iceland, Ireland, Luxembourg, Malta,
Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom.
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HALIOHAJILHUI CTAHJAPT YKPATHU

HacranoBa
IIpoexTyBaHH$ 32/1i300eTOHHUX KOHCTPYKLil. 3axizo0eTonni moctu. IIpaBuia
NPOCKTYBAHHA

PykoBoacTBo
IIpoexkTHpOBaHMeE Kej1e300eTOHHBIX KOHCTPYKIUi. 7Kej1e300eTOHHbIe MOCTHI.
IIpaBuia npoeKTHPOBAHUSA

EN 1992-2

Eurocode 2- Design of concrete structures - Concrete bridges - Design and detailing

rules

OcHoBHu nporpamu €Bpoxoan

Jus. EN 1992-1-1.

Crartyc Ta cepa 3acTocyBaHHS
€Bpoxoais

Jus. EN 1992-1-1.

HauionajabHi cTangapTu, 1o
iMIIeMeHTY 0T €BpoOKOIHN

Hus. EN 1992-1-1.

3B’A3KH MixK €Bpoxogamu Ta
rapMOHI30BAHUMHU TeXHIYHUMHU
cnenudikanismu (ENs and ETAs) nas
BUPOOIB

Jus. EN 1992-1-1.

JNonaTkoBa ingopmanis moxo EN 1992-
2 iiioro 3B'a3ku 3 EN 1992-1-1

EN 1992-2 BcraHOBNIOE TPUHIMUIN 1 BUMOTH
CTOCOBHO Oe3rnekuy, eKCIUTyaTaliiHo1
MPUAATHOCTI 1 HAAIMHOCTI  3ali300€TOHHHX
KOHCTPYKI[i, a TaKOX CIEeHialbHI MMOJOKEHHS
CTOCOBHO MocCTiB. CTaHIapT TPYHTYEThCS Ha
KOHIIEMIIil TPaHUYHHUX CTaHIB, 3aCTOCOBYBAaHMI B

Yuuauid Big

Background of the Eurocode
programme

See EN 1992-1-1.

Status and field of application of
Eurocodes

See EN 1992-1-1.

National Standards implementing
Eurocodes

See EN 1992-1-1.

Links  between  Eurocodes and
harmonised technical specifications
(ENs and ETAS) for products

Jus. EN 1992-1-1.

Additional information specific to EN
1992-2 and link to EN 1992-1-1

EN 1992-2 describes the principles and
requirements for safety, serviceability and
durability of concrete structures, together with
specific provisions for bridges. It is based on the
limit state concept used in conjunction with a
partial factor method.



MOEJHAHHI 3 METOJOM YacTKOBUX KOE(Qilli€HTIB
Oe3IeKu.

B EN 1992-2 nHaBoaAThCS HPUHIMIM 1 MpaBUIia
MPOEKTYBAaHHS MOCTIB Ha JIOJATOK JI0 MPUHITUITIB
i mpaBun, npuBeaeHux B EN 1992-1-1. Bci
nynktd  EN  1992-1-1, mo BimHOCATBCS 10
BIITOBIAHAX BUIIAJIKIB, 3aCTOCOBHI bi o)
MPOCKTYBAaHHS MOCTIB 32 BHUHSITKOM ITYHKTIB,
BHUKJIFOUCHUX a00 3MiHEHHX BignoBimHO 10 EN
1992-2. Kpim Toro, nieBHi BifoMocTi 101aH0 B EN
1992-2 y Burisni HOBUX MYHKTIB a00 y BUTIISAIL
3miH geskux myHkTiB EN 1992-1-1, mo He €
CHCIIATbHUMHU TIOJIOKCHHSIMH 3 TIPOSKTYBaHHS
MOCTIB 1 IO CTOCYIOThCs BUKI0UHO EN 1992-1-
1. Taki TOTOBHEHHS 1 3MIHM PO3IISIIAIOTHCS SIK
toyHa iHTepnperanis EN 1992-1-1, 1 mpoekrty,
BianoBinHi BuMoram EN 1992-2, posrasgaroTecs
SIK BIMOBIAHI IpUHIUTAM, TTojganuM B EN 1992-
1-1.

I[Myuxktn EN 1992-2 mnpu BHECeHHI 3MIHH B
nyHktd EN 1992-1-1 HymepyroThCcsl LUISIXOM
nomaBaHHs yucia 100 10 BIAMOBIIHOTO HOMEpa
nyHkTy B EN 1992-1-1.

Axo B EN 1992-2 BHOCSTBCS TOAATKOBI MMyHKTH
ab0  MIANYHKTH, TO BOHU  HYMEPYIOTbCA
nomasaHHaM uyuciaa 101 Ogo  oCTaHHBOTO
BIJIMOBIIHOTO HOMEpPa MYHKTY ab0 MIAMYHKTY B
EN 1992-1-1.

[Ipu mpoexTyBaHHI HOBUX KOHCTPYKIIiii TOBUHEH
oe3mocepenHbo 3actocoByBaTucs EN 1992-2 B
Moe€aHAHHI 3 iHmMKMMU dJacTuHamMu EN 1992, a
Takoxk 3 €Bpoxomamu EN 1990, EN 1991, EN
1997, EN 1998.

EN 1992-2 € Takoxx JOBIAKOBUM JTOKYMEHTOM
I 1HmuX TexHigaux komiretis CEN i3 muTaHb,
MOB's3aHUX 3 OYAIBETbHUMH KOHCTPYKIIISIMH.

EN 1992-2 npusHavueHwil a1 BHKOPHUCTAHHS
HaCTYIMHUMHU 0CO0aMH 1 OpraHizaIlisiMu:

— OpraHi3aiissMu, 110 Po3pOoOIAIOTh IHIIT
CTaHJIapPTU B 00JIACTI MPOEKTYBAaHHA OyIIBEIbHHUX
KOHCTPYKIi# 1 MOB'SI3aHUX 3 HUMU BUPOOIB, a
TaKoX B 00JIacTi BUIPOOYBaHb 1 BUKOHAHHS
OyaiBeNbHUX POOIT;

— 3aMOBHUKaMU (HampuKiIaa, A GopMyTtoBaHHS
KOHKPETHUX BUMOT BiTHOCHO PIBHIB HAJ[IHHOCTI 1
JIOBTOBIYHOCTI);

— MPOEKTYBAJIbHUKAMHU 1 KOHCTPYKTOPAMU;

— BIINOBITHUMH OpraHaMy YIpaBJIiHHS.

HaBeneni B lboMy cTaHAApTI YMCIIOBI 3HAYEHHS
YacTKOBUX KOeQIiIieHTIB Oe3meku 1 I1HIIHX
napameTpiB Ha/IHHOCTI PEKOMEHAYETHCS
BUKOPUCTOBYBaTH sK 0a30Bi BEIWYUHH, IO
3a0e3neuyioTh NPUHHATHUN piBEHb HAMIHHOCTI.

2

EN 1992-2 gives Principles and Application
Rules for the design of bridges in addition to
those stated in EN 1992-1-1. All relevant clauses
of EN 1992-1-1 are applicable to the design of
bridges unless specifically deleted or varied by
EN 1992-2. It has been appropriate to introduce in
EN 1992-2 some material, in the form of new
clauses or amplifications of clauses in EN 1992-1-
1, which is not bridge specific and which strictly
belongs to EN 1992-1-1. These new clauses and
amplifications are deemed valid interpretations of
EN 1992-1-1 and designs complying with the
requirements of EN 1992-2 are deemed to comply
with the Principles of EN 1992-1-1.

Clauses in EN 1992-2 that modify those in EN
1992-1-1 are numbered by adding ‘100’ to the
corresponding clause number in EN 1992-1-1.

When additional clauses or sub-clauses are
introduced in EN 1992-2, these are numbered by
adding ‘101’ to the last relevant clause or sub-
clause in EN 1992-1-1.

For the design of new structures, EN 1992-2 is
intended to be wused, for direct application,
together with other parts of EN 1992, Eurocodes
EN 1990, 1991, 1997 and 1998.

EN 1992-2 also serves as a reference document
for other CEN/TCs concerning structural matters.

EN 1992-2 is intended for use by:

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

— clients (e.g. for the formulation of their specific
requirements on reliability levels and durability);
— designers and constructors;

— relevant authorities.

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



[Tpu BuOOPI UX BENWYMH BBaXkaylocs, 110 Oyne
3a0e3eueHo HaJIe)KHUN PiBEHb BUKOHAHHS POOIT
i ynpaBminHa skictio. Skmo EN  1992-2
BUKOPUCTOBYEThCSI K 0a30BUH  JOKYMEHT
IHmuMu TexHiyauMu komiretamu CEN, To mi
KOMITETH MOBHHHI BUKOPHCTOBYBAaTH BEIIMYMHH,
HaBEJICHI B IIbOMY CTaHAAPTI.

Hamionaasuuii lonatox 10 EN 1992-2

B eBpormelicbkkoMy cTaHmapTi JAESKi 3HAYCHHS
CYIPOBOJIKYIOTHCS PUMITKaMH, 110 BKA3yIOTh Ha
T€, IO 111 3HAYE€HHS MOXYTh BCTAHOBJIIOBATUCS 3a
BUOOPOM KOHKpETHOI KpaiHu. ToMmy HalllOHaJIbHI
crangaptu, peanizoByroun EN 1992-2, moBunHI
MicTUTH  HamioHaidpbHUW  gomatok  (National
Annex), 1110 MICTUTh BC1 BCTAaHOBJIIOBAaHI Ha PiBHI
KpaiHu mapaMeTpH, sIK1 TIOBUHHI 3aCTOCOBYBATHUCS
IpU MPOEKTYBaHHI MOCTIB, MNpPHU3HAYEHUX IS
OyIIBHUIITBA y BIAMOBIIHIN KpaiHi.

Bulip Ha piBHI KpaiHM HPUITYCKAETHCS B TaKUX

enemenTax EN 1992-2:
3.1.2 5.3.2.2

oop o 6.81(102) 9.1 (103)
fl'é'f)P 55(104) 687 (101) 9.2.2 (101)
?i%)f)P 57(105)  7.2(102)  9.5.3 (101)
?i%f)P 6.1(109)  7.3.1(105) 9.7 (102)
42(105)  61(110)  7.33(101) 9.8.1(103)
42(106)  622(101) 7.34(101) 119 (101)
21:‘18:9:)'2 6.23(103)  8.9.1 (101) i:j;loz)
Conp 623(107) 8104 (105) 153
52(105)  6.23(109) 8.10.4 (107)

SIKIIIO B IBOMY CTaH/AApPTI € TIOCUJIaHHS Ha
HaI[IOHAJIbHI JXKepenia, TO TepPMiH Mae OyTu
BHU3Ha4YeHO B HarioHanpHOMY T0J1aTKy
BIJITOBIIHOT KpaiHHU.
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quality management applies. When EN 1992-2 is
used as a base document by other CEN/TCs the
same values need to be taken.

National Annex for EN 1992-2

This standard gives values with notes indicating
where national choices may have to be made.
Therefore the National Standard implementing
EN 1992-2 should have a WNational Annex
containing all Nationally Determined Parameters
to be used for the design of bridges to be
constructed in the relevant country.

National choice is allowed in EN 1992-2 through

the following clauses:
5.3.2.2

312(102P o8 6.81(102) 9.1 (103)
316 (101)P 55(104)  6.87(101) 9.2.2 (101)
316(102)P 57(105  7.2(102)  9.53(101)
324 (100)P 61(109)  7.31(105) 9.7 (102)
42(105)  61(110)  7.33(101) 9.8.1(103)
42(106)  622(101) 7.34(101) 119 (101)
?i‘(‘)él)'z 6.23(103) 89.1(101) 113.2 (102)
513 (101)P 6.23(107)  8.10.4 (105) (11133‘;’2

52(105)  6.23(109)  8.10.4 (107)

Where references to National Authorities is made
in this standard, the term should be defined in a
Country's National Annex.



Po3aia 1 3arajapHi mojoxeHHs

3actocoByroThcs Taki enementu EN 1992-1-1:

1L11(L)P  112@P 122 1521
111(P  112@4P  13(1P 1522
111GB)P  1.2(1P 1.4 (1)P 15.2.3
111@)P 121 151 ()P 1524

1.1 Cdepa 3acrocyBanHs

1.1.2 O6aacTh 3acTOCYBAHHS YACTHHH 2
€Bpokony 2

(101)P Yactuna 2 €Bpokoay 2 BCTAHOBIIIOE
OCHOBHI 3acaJi B 00JIacTi MPOEKTYBaHHSI MOCTIB
1 KOHCTPYKIIM 3 OeToHy, 3ami300eToHy 1
MOTIEPEAHRO HANPY)KEHOTO OETOHY 3 BaXXKUMHU 1
JIETKAMU 3aTI0BHIOBAYaMHU.

(102)P B wactmrHi 2 pO3TIAmAlOTBCS  Taki
MMUTaHHS:

Po3ain 1 3aranpHi mosoxeHHS

Po3znin 2 OcHOBU NTpOEKTyBaHHS

Po3ain 3 Marepianu

Po3nin 4 JIoBroBiuHiCTh. 3aXUCHUH 11AP

Po3ain 5 Po3paxyHOK KOHCTPYKITiit

Po3ain 6 'pannuHi cTaHM 32 HECYYOIO 3/IaTHICTIO
(ULS)

Po3pin 7 I'panuuni cTaHu 3a TMPUIATHICTIO 0
excrutyararii (SLS)

Po3ain 8 KoHCTpyKTHBHI BUMOTH 10 apMaTypH i
MOTNIEPETHBO HANIPYKEHUX apMaTypHUX
€JIeMEHTIB. 3arajibHi MOJI0KEHHS

Po3nin 9 KoncTpyroBaHHS eleMEHTIB
KOHCTPYKIIIH 1 CIIeliaabHi IpaBuiia

Po3ain 10 JlomaTkoBi mpaBuiia ajisi €JIEMEHTIB 1
KOHCTPYKIIi 13 30ipHOTO 3a11300€TOHY

Posznin 11 Konerpykitii 3 1erkoro 6eTony

Posznin 12 beronHi i cnaboapMoBaHi KOHCTPYKITii

Posnin 13 IlpoekryBaHHS 3 ypaxyBaHHSIM
TEXHOJIOT1] Oy/1iIBHUIITBA.

1.106 CumBon

B 1ipoMy cTanzapTi 3aCTOCOBYIOTHCS TaKi YMOBHI
MO3HAYCHHS.

[TPUMITKA: Cucremy BHKOPHUCTOBYBaHHUX
YMOBHMX IIO3Hau€Hb cTBOpeHOo Ha [ISO
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Section 1 General

The following clauses of EN 1992-1-1 apply.

1.1.1 ()P 1.1.2 3)P 1.2.2 1.5.2.1

1.1.1 (2P 1.1.2 (4)P 1.3 ()P 1.5.2.2

1.1.1(3)P 1.2 (1)P 1.4 ()P 1.5.2.3

1.1.1 (4P 1.2.1 1.51 ()P 1.5.2.4.
1.1 Scope

1.1.2 Scope of Part 2 of Eurocode 2

(101)P Part 2 of Eurocode 2 gives a basis for the
design of bridges and parts of bridges in plain,
reinforced and prestressed concrete made with
normal and light weight aggregates.

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

Section 1 General

Section 2 Basis of design

Section 3 Materials

Section 4 Durability and cover to reinforcement
Section 5 Structural analysis

Section 6 Ultimate limit states

Section 7 Serviceability limit states

Section 8 Detailing of reinforcement and
prestressing tendons. General

Section 9 Detailing of members and particular
rules

Section 10 Additional rules for precast concrete
elements and structures

Section 11 Lightweight aggregate concrete
structures

Section 12 Plain and lightly reinforced concrete
structures

Section 13 Design for the execution stages

1.106 Symbols

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

NOTE The notation used is based on ISO
3898:1987. Symbols with unique meanings have



3898:1987. Hackinbku e MOJKJIMBO,
BI/IKOpI/ICTOBYIOTBCSI CHUMBOJIH, IIIO MAarOTh €IHUHC
3HAYCHH/. HpOTe B JACJIAKHUX BUIIAAKaX CHUMBOJI
MOXE€ MaTH JEKUIbKa 3Ha4YeHb 3aJeKHO BIJ
KOHTEKCTY.

Ilponucni nimepu ramuncovrkoeo anghagimy
A Bunangxosuii BILIUB
A [Tnoma momepeyHoro mepepizy

A, [Tnomra nonepeyHoro nepepizy 6eTony

A,  Ilnoma GeToHy B 30HI pO3TATYBaHHS

A,  Ilmoma nepepisy omHOro abo JACKUTbKOX
MOTIEPETHBO HANPYKEHUX CTEPKHIB

A, [lnoma  mepepidy  HEHaNpyXyBaHOI
apMarypu
A, nin MinimansHa IoIIa nepepisy

HEHAIPY)KYBAaHO1 apMaTypH

A,, Ilmoma nepepizy nomnepeuHoi apMaTypu
D JliameTp omnpaBKu

D, KoeoimieHT BTOMHOrO yHIKOJKEHHS

E Pesynprar BIunBy
E, -Ec(zs) Moyinb

MPYXHOCTI  BaXKKOTO

OeToHy npu HanpyxeHH1 o. =0 Ha 28 neHb

E .t EdextuBHuii MOIynbp NpyXHOCTI OETOHY

E.y, Pospaxynkose 3HAaYCHHS MOYIIS
MPY>KHOCTI OETOHY

E.,, Ciunuil Mogynp npyKHOCTI OETOHY

E. (t) Mozaynb npyXHOCTi BaXKKOTO OCTOHY IIpU
HanpyxkeHHl o =0 Ha MOMEHT uacy t

E, Po3paxynkose
MPYKHOCTI IOTIEPEAHBO HANPY>KEHOT apMaTypu

3HA4YCHHA MOIYJIA

E, Po3paxynkose 3HA4YEeHHS MOTYJISI
IIPY)KHOCTI HEHAIIPY)KYBaHO1 apMaTypu

El KopcTkicTh 1ipu 3ruHi

EQU Crarnyna piBHOBara

F Cua, BIIUB

F, Po3paxyHkoBe 3HaU€HHS BIJIUBY

= XapakTepucTu4yHe (HOpMaTHBHE)
3HA4YeHH$ BIUIUBY

G, XapakTepuCcTU4HE (HOpMaTHBHE)

3HAa4YeHHs MOCTIMHOTO BIUIUBY

I MowmeHT iHepi1ii 0eTOHHOTO Mepepizy

J @DyHKIis TOB3Y4OCTi

K.  KoedimieHT TpiIMHOCTIMKOCTI 1 HOB3Y4OCTI
K

s  Koediient apmyBaHHs
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been used as far as possible. However, in some
instances a symbol may have more than one
meaning depending on the context.

Latin upper case letters
A Accidental action
A Cross sectional area

A Cross sectional area of concrete

C

A, Areaof concrete in tensile zone

A,  Areaofa prestressing tendon or tendons

A Cross sectional area of reinforcement

S

A, ., minimum cross sectional area of
reinforcement

A,, Cross sectional area of shear reinforcement
D Diameter of mandrel

D,y Fatigue damage factor

E Effect of action

E.-E.2s  Tangent modulus of elasticity of
normal weight concrete at a stress of o. =0 and
at 28 days

E Effective modulus of elasticity of concrete
E.,,  Design value of modulus of elasticity of

concrete
E Secant modulus of elasticity of concrete

cm

E. (t) Tangent modulus of elasticity of normal
weight concrete at a stress of . =0and at time t

c,eff

E, Design value of modulus of elasticity of
prestressing steel
E, Design value of modulus of elasticity of

reinforcing steel

El Bending stiffness

EQU Static equilibrium

F Action

F, Design value of an action

F, Characteristic value of an action
G,  Characteristic permanent action

Second moment of area of concrete section
Creep function
Factor for cracking and creep effects

s  Factor for reinforcement contribution



L JoBxuna
M 3ru"HaabHUA MOMEHT
M, Po3spaxyHkoBe 3HaueHHS BHYTPIIIHLOTO

3rMHaJIbHOI'0O MOMCHTY

M., MoMeHT TpiliMHOYTBOPEHHS

N Ilo3moBxus cuia abo KUIBKICTB
[UKIIIYHUX HABAaHTAKEHb MTPU BTOMJICHOCTI

Ng, PospaxyHkoBe 3Ha4eHHS MO3I0BKHbBOI
cuiu (po3TAr abo CTUCK)

P 3ycuuIsl TOTIEPETHHOTO HAIPYKCHHS

P, [TowatkoBe  3yCWJUIA  IOMEPEIHBOTO
Halpy)XeHHs Ha KIHI[I apMaTypHOIO €JleMeHTa
0e31ocepeIHbO MICIIs HAPYKEHHS

Q, XapakTepuCTUYHE (HOpMaTHUBHE)
3HAYEHHS 3MIHHOTO BIUIMBY
Q:x XapakrepucTuuHe (HOpMaTHBHE)

3HAY€HHS 3MIHHOTO BIUIMBY IPU PO3PAaXyHKY Ha

BUTPHUBAIICTD

R Omip abo dyHKITis penakcarii
S BuyTpimiHi 3ycusuist 1 MOMEHTH
S CratuyHuii MOMEHT

SLS [TI'pannuHwmii cTaH 3a TPHUAATHICTIO [0
HOPMaJIbHOI eKCILTyaTallii

T KpyTHuit MOMEHT;

Tey  Po3paxyHkoBuil KpyTHUI MOMEHT

ULS [I'paHuuHuMii cTaH 32 HECYYOIO 3/IaTHICTIO
Vv [Tonepeuna cuna

Vs  Po3paxyHkoBe 3HaueHHs MONEpPEYHOI
CHIIH

Vol  IHTeHCHBHICTB PyXy

X PekomeHnmoBana  TpaHMIl  BiICOTKa
apMyBaHHS MOTIePEHBO HaAIPY>KEHUX

apMaTypHHUX €JIEMEHTIB B Iepepisi

Psokoei nimepu namuncovrozo angasimy
a Bincrans

a I'eomeTpuuni gani
Aa  BinxuieHHsS reOMETPHUYHHUX MTapaMeTpiB
b 3aranpHa MHUPUHA MOTIEPEYHOTO MEpepi3zy

a00 mupuHA TOJIMII TaBpoBoi abo L-momiObHoi
Oanku;
by,

a00 L-mtomiGHOT Oanku

HIupuna peOpa TaBpoBOi, IBOTABPOBOI

Cmin  MiHIMaIBbHUI 3aXUCHUH 1IAp

d JliameTp, BucoTa nepepizy

d EdextuBHa BUCOTA MOTIEPEYHOTO
nepepizy

d, MakcumanbHuil  pO3MIp KPYITHOTO

L Length

M Bending moment

M., Design value of the applied internal
bending moment

M Cracking bending moment

rep
N Axial force or number of cyclic loads in
fatigue

N, Design value of the applied axial force
(tension or compression)

P Prestressing force

P, Initial force at the active end of the tendon

immediately after stressing

Q,  Characteristic variable action

Q.t Characteristic fatigue load

Resistance or relaxation function
Internal forces and moments
First moment of area

LS Serviceability limit state

N wmwm o

T Torsional moment

Tey Design value of the applied torsional
moment

ULS Ultimate limit state

Vv Shear force

Vg,  Design value of the applied shear force

Vol  Volume of traffic
X Advisory limit on percentage of coupled
tendons at a section

Latin lower case letters

a Distance

a Geometrical data

Aa  Deviation for geometrical data

b Overall width of a cross-section, or actual

flange width ina T or L beam

b,  Width ofthewebon T, | or L beams

Cnin  Minimum cover

d Diameter; Depth

d Effective depth of a cross-section

d, Largest nominal maximum aggregate size



3aIll0BHIOBA4a
e Excuenrpucurer
f Yacrora

f, ['panunsg mMinHOCTI OETOHY IPU OCHOBOMY

CTUCHEHHI

f,  Po3paxyHkoBe 3HAYCHHS rpaHuIl
MIITHOCTI OETOHY IIPU OCBOBOMY CTHCHEHHI

f,  XapaxrepucruuHa (HOpMaTHUBHA)
WITIHAPOBA MIIHICTh OETOHY Ha CTHCK Yy BiIli 28
70

f., CepenHe 3Ha4YeHHS MIIHOCTI GETOHHOTO

IUAJITHPA HA CTUCK

f.  PospaxyHkose 3HA4YEeHHs rpaHMIl
MIIHOCT1 OETOHY NMPU OCbOBOMY PO3TITYBaHH1

f.  XapakrepucTuuHa (HOpMAaTHBHA)
TPaHMILI MIITHOCTI OETOHY IMPU OCHOBOMY
PO3TATYBaHHI1

f CepenHe 3HauY€HHS MIIHOCTI OETOHY Ha
OCBOBE PO3TATYBaHHS

fo  I'pannms minHOCTi 6eTOHY pn
PO3TATYBaHHI IPU PO3PAXYHKY MOMEHTY
TPILIMHOYTBOPEHHS

f, ['panuIs MIHOCTI MOTIEPETHBO

HaTPY)KEHOT apMaTypH MIPH PO3TATYBaHHI

fpk XapakTepucTuIHa (HOpMaTHUBHA)
TPAHMILI MIITHOCTI MOTIEPETHBO HAIIPYKEHOT
apMaTypu TIpH pO3TATYBaHHI

f01°01%  YMoBHa rpanHuIs TEKy4OCTi
MOTIEPEIHBO HANPYKEHOT apMaTypH;

f 01 Xapaxrepuctuuna (Hopmatusna) 0,1 %

ctm

YMOBHAa  I'DaHHIA
HalnpyXeHoi apMaTypu
f,,« Xapakrepuctuuna (HopmatusHa) 0,2 %

TEKy4OCTl  MONEPETHBO

YMOBHA IPaHUIIS TEKY4OCT1 apMaTypH

f, I'panuns  MiHOCTI  apMaTypd  Ha
PO3TSTyBaHHS

fo XapakTepucTuyHa (HOpMaTHBHA)
TPaHUIISI MIITHOCTI apMaTypy Ha PO3TATYBaHHS

f, ['panuIs TEKYy4OCTi apMaTypu

f ya  PO3paxyHKoBa TpaHuls TEKYy4OCTI1
apMaTypu

f,  Xapakrepuctuuna (HOpMaTHBHA)
IPaHULA TEKY4OCT1 apMaTypH

fde PospaxynkoBa TpaHuls TEKYy4OCTI1
MOTIEPEYHOT apMaTypu

h Bucora

JCTY-H b EN 1992-2: 2012

e Eccentricity
f Frequency
f, Compressive strength of concrete

f,  Design value of concrete compressive
strength

f,  Characteristic ~ compressive  cylinder
strength of concrete at 28 days
f.,, Mean value of concrete cylinder

compressive strength
f,  Tensile strength prior to cracking in biaxial

state of stress
fu  Characteristic axial tensile strength of

concrete

fun Mean value of axial tensile strength of

concrete
f.  Appropriate tensile strength for evaluation

of cracking bending moment

f, Tensile strength of prestressing steel

fu  Characteristic tensile strength of
prestressing steel

f01°01%  proof-stress of prestressing steel
f 01 Characteristic 0,1 % proof-stress of
prestressing steel

fo.«  Characteristic 0,2 % proof-stress of

reinforcement
f, Tensile strength of reinforcement

f,  Characteristic tensile strength of
reinforcement
f Yield strength of reinforcement

y
f,.  Design yield strength of reinforcement
f,  Characteristic yield strength of

reinforcement

fw  Design yield of shear reinforcement

h Height



h [ToBHa BUCOTa TIEpEpi3y

i Paniyc inepuii

k KoedimienT, 4nHHUK

I JloBxu1Ha, IPOTiH a00 BUCOTA
m Maca, IINTHI €JIEMEHTH

n [TnacTuHYaTI eEMEHTH

0,  MakcuManbHe 3HaYeHHS KOMOIHaIi,

JOCSATHYTE B HENIIHIHHOMY aHami31

r Paniyc abo kopuryBanbHui KoedirieHT
IUTSL TIOTIEPETHBOTO HAIPYKEHHS

I/r  KpuBusHa oci B nepepisi

S Biacranp Mk TpimuHaMu

t ToBmuHa

t Yac

t, Bik 6eTOHY Ha MOMEHT HaBaHTaKEHHS

u [Tepumerp nepepizy OeTOHHOT
KOHCTPYKIIIT TIOMIEIO A

u CxitajioBa nepeMireHHs: TOYKA

v CximamoBa mepeMilieHHs TOYKH — a0o
TorepevyHa cusia

w CximamoBa mepeMileHHs TOYKH — abo
IITUPHUHA PO3KPUTTS TPIIIHHH

X Bucora meirpansHOi oci

X;¥;z Koopaunatu

X, Bucora meliTpanpHOi OCi B TpaHUYHOMY
cTaHl 3a HECY40I0 3/IaTHICTIO icis
Mepepo3noaLTy

z [Tnede BHYTPIITHBOT TAPH CHIT

Ilponucui nimepu epeyvkoeco anrgagimy
() Juuamiuyauii  koedinienT (3rimao EN
1991-2).

Psoxkosi 6ykeu epeyvroco anghagimy

a Kyt, BimHOmeHHS, KOe]ili€HT TpuUBaioi
1ii a00 BiTHOIIEHHS TOJIOBHUX HAIPYXEHb
Binnomenns E /E,

a, 3HMXKYBaJIbHUHN Koe]ilieHT 15 6,

Jij Kyt, BinHOIIeHHS, KOE(Dilli€HT

y YacTroBuii KoedimieHT O0e3neKu

VA YacTtkoBuii KoedimieHT Oe3meku  is
BUITAJKOBHUX BIUIMBIB A

Ve YactkoBuil KoedillieHT Oe3meKu Uit
OeToHy

Ve YactkoBuil KoedillieHT Oe3meKu Uit
BIIUBIB F

Ve ta JacTKOBHMH Koe(dilieHT Oe3neku npu
0araTomoBTOPIOBAHMX BILJIUBAX

Vet JacTKOBHMH Koe(dilieHT Oe3neku IpH
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h Overall depth of a cross-section

i Radius of gyration

k Coefficient; Factor

I Length, span or height

m Mass or slab components

n Plate components

0  Maximum value of combination reached in

non linear analysis
r Radius or correcting factor for prestress

I/r  Curvature at a particular section

S Spacing between cracks

t Thickness

t Time being considered

t, The age of concrete at the time of loading

u Perimeter of concrete cross-section, having
area 4.

u Component of the displacement of a point
Vv Component of the displacement of a point

or transverse shear

W Component of the displacement of a point
or crack width

X Neutral axis depth

X;y;z Coordinates
X Neutral axis depth at ULS after

u

redistribution
z Lever arm of internal forces

Greek upper case letters
@ Dynamic factor according to EN 1991-2

Greek lower case letters

a Angle; Ratio; Long term effects coefficient
or ratio between principal stresses

E, /E,,ratio

a,  Reduction factor for 6,

Jij Angle ; Ratio; Coefficient

y Partial factor

VA Partial factor for accidental actions A

Ve Partial factor for concrete
Ve Partial factor for actions, F

Ve e Partial factor for fatigue actions

Ve Partial factor for fatigue of concrete



0araTonoBTOPIOBAHUX BIUIMBAX Il OETOHY
7o 3aranbHU KoegilieHT
Vs YactkoBuii KoeQillieHT Oe3neKu IS

MOCTIHHUX BIUUBIB G
Y  dacTkoBuil KoedimieHT Oe3meku I

BJIACTUBOCTI Marepiany, 101(0) BpPaxoBYeE
HEBU3HAYEHOCTI BJIACTUBOCTEH CaMoro
MaTepialy, = T€OMETPUYHY  HEJOCKOHAIICTh,

BUKOPHCTOBYBaHI B PO3paxyHKOBIl Moeni

Ve YactkoBuii  KoedimieHT Oe3meKu  Juis
BIUIMBIB, IOB'I3aHUX 3
HanpyxeHHsMm P

70 YactkoBuil koedilieHT Oe3meku s

HOTICPETHIM

3MIHHHUX BIUIMBIB Q
Vs YactkoBuil koedilieHT Oe3meku s

HEHANpY)XyBaHOi a00 MONepeaHbO HANpPYKEHOT
apMarypu
Vs ta JaCTKOBHH KOE(INIEHT Oe3MeKu s

HEHANpPY)XyBaHOi ab0 MONepeaHbO HAMpPYKEHOT
apMatypu npu 0aratopa3oBHX BIUIMBaX
Vs YactkoBuil koedilieHT Oe3meku A

BIUIUBIB, M0 NpuUiiMaeThcsi 0€3 ypaxyBaHHA
HEBU3HAYCHOCTEH B PO3PaXyHKOBIN MOEII
74 YacTtkoBuii KoediieHT OE3MeKu  JIst

MOCTIMHUX BIUIMBIB, IO TpUHAMaeThcs 0e3
ypaxyBaHHsS HEBH3HAY€HOCTI B PO3pPaxyHKOBIi
Moenl

Vm YacTtkoBuii KoediieHT OE3MeKu  JIst

BJIACTUBOCTEH Matepiaily, 10 BPaXxOBYE TLIBKH
HEBU3HAYCHOCTI BJIACTUBOCTEH camoro
Marepiany;

o [Ipupict, KoedilieHT IEePEPO3MOILTY

4 DyHKIISA Tepepo3noAlTy TOB3Y40CTi abo
KOe]IIiEHT MIITHOCTI 3YECTUICHHS

& 3HIDKYBAJIbHUN KOE(IieHT, KOoeilieHT
po3noainy

&, BinnocHa nedopmariii CTUCHEHHS B

OeToHI

& Bunacna ycaaka

ca

& Binnocna nedopmaiiis moB3y4ocTi

cc

Eq Ycanka nmpu BUCHXaHHI
Ea BinnocHa nedopmariisi CTUCHEHHS B

0eTOHI IpY MIKOBOMY HaBaHTaXKeHHI fc

Ea I'pannuna BIIHOCHA nedopMaitis

CTHCHEHHsI B OETOHI
&, BigHocHa nedopmariiss HeHaNpyKyBaHOT

a00 TmomepeAHbO HANPYXKEHOI apMaTypu IpH

JCTY-H b EN 1992-2: 2012

7o Overall factor
7s Partial factor for permanent actions, G

vw  Partial factor for a material property, taking

account of uncertainties in the material property
itself, in geometric deviation and in the design
model used

Ve Partial factor for actions associated with
prestressing, P

7o Partial factor for variable actions, Q

Vs Partial factor for reinforcing or prestressing
steel

Vs Partial factor for reinforcing or prestressing
steel under fatigue loading

Vs Partial factor for actions without taking
account of model uncertainties

74 Partial factor for permanent actions without
taking account of model uncertainties

Vi Partial factors for a material property,

taking account only of uncertainties in the material
property

) Increment/redistribution ratio

& Creep redistribution function or bond
strength ratio

& Reduction factor/distribution coefficient

g, Compressive strain in the concrete

£ Autogeneous shrinkage

«  Creepstrain

&4  Desiccation shrinkage

&,  Compressive strain in the concrete at the

peak stress fc
£ Ultimate compressive strain in the concrete

ca

&

cu

&, Strain of reinforcement or prestressing

steel at maximum load



MaKCHUMaJTbHOMY HaBaHTaKEHHI
Ex  XapaKTepUCTHYHA (HOpMaTHUBHA)

BiqHOCHA jaedopmarliss HeHampyxKyBaHOi a0o

MOTIEPEeIHBO  HANPYXKEHOi  apMaTypd  IpH
MaKCUMaJIbHOMY HaBaHTAXKCHHI

0 Kyt

0, Kyt nHaxumy aj1st reoMeTpuyHHX 1eeKTiB

A KoedimienT THYYKOCTI1 abo
€KBIBAJICHTHHUH KOE(IIIiIEHT PU BTOMJICHOCTI

U KoedimienT TepTss MDK TONEpPEeIHBO
HamNpy)KEHIMH apMaTypHHUMH €JeMEHTaMH 1
KaHaJIaM1

1% Koedimient ITyaccona

1% KoedirienT 3HMKEHHS TpaHUIll MITHOCTI
Ha CTHUCHEHHS Ui OETOHY 3 TPIIMHAMHU

P I'yctuHa cyxoro 6eToHy, Kr/m>

Py BEIUYMHA BTpaTH Bij penakcanii %,

yepe3 1000 romuH micis HATATHEHHS MIpH
cepenHiit Temmeparypi 20 °C

o) KoedimienT apmyBaHHS U1l TO3A0BXKHbBOT
apMaTypu

pw  KoeodinieHT apMmyBaHHS A MONEPEYHOT
apMaTypu

o, CruckanpHe Hanpy)XeHHs B O€TOHI1

o, CruckanpHe HampyXeHHs B O€TOHI TpH

cp
OCLOBOMY HaBaHT@)XEHHI abo0 mMoNepeaHbLOMY
HaIpy>KeHH1

o, CruckanpHe HampyXeHHs B OETOHI TpH

cu

I'PaHUYHIN BITHOCHIHN fedopMallii CTUCHEHHS &,

T JloTuyHe HanpyKeHHs

D HiameTrp apMaTypHOTO CTepxHS abo
HaIPY)KyBaHOTO ITy4Ka

a, ExBiBasieHTHUI JiaMeTp mydKa

apMaTypHUX CTEP)KHIB
(p(t, t, ) KoedirienT
BH3HAYae MOB3YUICTh B IHTEpBaJi yacy Bix t, 1o

MOB3YUOCTi, 10

t mpuBeaeHuit 10 NpyxHUX nedopmarid Ha 28
no0y

@y JuHAMIYHUN eKBiBaJeHTHUH KoedilieHT
IIPH BTOMJICHOCTI

o(o0,1,) I'pannyHe 3Ha4YeHHA KoedillieHTa
MOB3YUYOCTI

7 Koedirientu,
penpe3eHTaTuBHI
TUMYAaCOBHUX BIIJIUBIB:
¥, I7I1 KOMOIHOBAHUX BEJTHYUH

BU3HAYaAJIbHI

(xapakTepHi) BEJIMYHMHHU

v, UL BESJIMYUH, IO YaCTO IMMOBTOPIOOTHCA

10

gy,  Characteristic strain of reinforcement or
prestressing steel at maximum load

0 Angle

0, Inclination for geometric imperfections

A Slenderness ratio or damage equivalent
factors in fatigue

u Coefficient of friction between the tendons
and their ducts

1% Poisson's ratio

1% Strength reduction factor for concrete
cracked in shear

Yo, Oven-dry density of concrete in kg/m?

Piooe Value of relaxation loss (in %), at 1 000
hours after tensioning and at a mean temperature
of 20 °C

o) Reinforcement ratio for
reinforcement

pw  Reinforcement ratio for shear

reinforcement
o, Compressive stress in the concrete

c

o, Compressive stress in the concrete from

axial load or prestressing

longitudinal

o, Compressive stress in the concrete at the

cu

ultimate compressive strain ¢,

T Torsional shear stress

7 Diameter of a reinforcing bar or of a
prestressing duct

@,  Equivalent diameter of a bundle of
reinforcing bars

olt,t,) Creep coefficient, defining creep

between times t and t,, related to elastic
deformation at 28 days

@, Damage equivalent impact factor in fatigue

p(o0,t,) Final value of creep coefficient

W Factors defining representative values of
variable actions:

v,  for combination values
v, for frequent values



v, JUTS TPUBAJIO JIFOUUX BEITUIHH
X Koe(illieHT 3HOCY (CTapiHHS)

Po3ain 2 OcHOBHM NIPOEKTYBaHHSA

3acrocoByroThes Bei ennementd EN 1992-1-1.

Po3nin 3 Marepiaimn

3acTocoBylOThCS HacTymHi enemeHTH EN 1992-
1-1:

311()P  3.18(1) 331(P  3.34(5)
3.1.1(2) 319(1) 331(P  335()P
312(1)P 3192  331(3) 3.35 (2P
3.1.2 (3) 321 ()P  3.31(4) 3.3.6 (1)P
3.1.2 (4) 321(P 331(BP  336(2
3.1.2 (5) 321 (3P 3.3.1(6) 3.3.6 (3)
3.1.2 (6) 321(4)P 331(7P  336(4)
312(7)P 321() 331(8P  3.36(5
3.1.2 (8) 322(1)P 331(0Q)P  3.3.6(6)
3.1.2 (9) 322(2P 331(10P 3.3.6(7)
3.1.3(1) 322@)P 331(11)P 337()P
3.1.3(2) 3.22(@)P 332(1)P  337(P
3.1.3(3) 322() 332(2P  3411(1)P
3.1.3 (4) 322(6)P 332@3P  3411(2P
3.1.3 (5) 323(1)P 332(@P  3411(Q3)P
314 )P 3.24() 3.32(5) 3.4.1.2.1 (1)P
3.1.4 (2) 3.25(1)P  3.3.2(6) 3.4.1.2.1(2)
3.1.4 (3) 325QP 3.32(7) 3.4.1.2.2 ()P
3.1.4 (4) 325@B)P 3.32(8) 3.4.2.1 (1)P
3.1.4 (5) 325(@)  3.32(9) 3.4.2.1(2)P
3.1.4 (6) 326 (1P  333(1)P  3.4.2.1(3)
3.15(1) 3.27(1) 334 ()P  3.4.22(1)
3.1.7(1) 3.2.7(2) 3.34(2)
3.1.7(2) 327(3)  3.34(3)
317@3)  327(4)  334()

3.1 Beron

3.1.2 MiuHicth

(102)P Knacu wminuocti (C) B mmx HopMmax
3a/1AI0ThCS HOPMATHBHOIO MJTIHIPOBO O

MilHiCTIO Ha cTucHeHHs f,, BU3HauyBaHOIO Ha

28-i1 nenp, 3 MiHiManbHUM C, ;1 MaKCUMaJIbHUM

n

C . 3HAYCHHSIMH.

[MIPUMITKA 3uauenns C 1 C
BUKOPUCTaHHS B KOHKPETHIN KpalHi HaBOJSATHCS
B HAIlIOHAJBHOMY JOJATKy. PekoMeHIoBaHi
3Hayends-C30/37 i1 C70/85 simmoBimHO.

min max A

3.1.6 Po3paxyHkoBi 3Ha4YeHHSI MIil[HOCTI
0eTOHY HA CTUCHEHHS i HA PO3TATYBAHHSA

(101)P Po3paxyHkoBa MILHICTh Ha CTUCHEHHS

JCTY-H b EN 1992-2: 2012

w,  for quasi-permanent values
b4 Ageing coefficient

Section 2 Basis of Design

All the clauses of EN 1992-1-1 apply.

Section 3 Materials

The following clauses of EN 1992-1-1 apply.

311(1)P 3.18(1)  331(QP  3.34(5)
3112  319(1) 331(QP  335(1)P
312(1)P 3192  3.31() 3.35 (2)P
312@3)  321(1)P 3.31(4) 3.3.6 (1)P
312(@4)  321QP 331(GBP  3.36(2)
312() 3213B)P 3.3.1(6) 3.3.6 (3)
312(6) 321@)P 331(7)P  3.3.6(4)
312(7)P 321() 331(B8P  3.36(5)
312(8)  322(1)P 331(QP  3.3.6(6)
312(9)  322(P 331(10P 3.3.6(7)
313(1)  322@)P 331(11P 3.3.7(1)P
313(2)  322(@)P 332(1P  337(P
313@3) 322() 332QP  3411(1)P
313(@4) 32206 332@Q3P  3411(QP
313()  323(1)P 332(4)P  3411(3)P
314 (1P 324(2) 3325 3.4.1.2.1 (1)P
314(2)  325(1)P 3.3.2(6) 3.4.1.2.1(2)
314@3)  325QP 3.3.2(7) 3.4.1.2.2 (1)P
314(4)  325Q@P 3.3.2(8) 3.4.2.1 (1P
314(5) 325(@)  3.3.2(9) 3.4.2.1(2)P
314(6) 326(1)P 333(1)P 34213
315(1)  327()  334(1)P  34.22(1)
317(1)  327(Q) 334

3172  327(Q3) 3.34(3)

317@3) 327(4)  3.34(4)

3.1 Concrete
3.1.2 Strength

(102)P The strength classes (C) in this code are
denoted by the characteristic cylinder strength f,

determined at 28 days with a minimum value of
C..» and a maximum value of C__, .

NOTE The values of C_,, and C,, for use in a

Country may be found in its National Annex. The
recommended values are C30/37 and C70/85
respectively.

3.1.6 Design compressive and tensile strengths

(101)P The value of the design compressive
11



BHU3HAYAETHCS 32 (POPMYIIOIO

f _ acc fck
cd
Ve
ae:
7 JacTKOBUH  Koe(imieHT Oe3meku s

oerony, nuB. 2.4.2.4.
o,  Koe(iIieHT, 0 BPaXOBYE JOBIOCTPOKOBI
i, 110 BIUIMBAIOTHh Ha MINHICTH HAa CTUCHEHHS, a
TaKOX HECHPHUATIMBI Ail, MOB'I3aH1 13 c1ocodbomM

IMpUKIagaHHA HaBaHTaXXCHHS.

IMTPUMITKA 3naueHHd @ A7 BUKOPUCTAHHS
B KOHKpETHIM KpaiHi NMOBUHHE CTAHOBUTH BIJ
0,80 no 1,00 BoHo HaBoauThCAd B
HaI[lOHAJIBHOMY  JIOJATKy.  3HAuY€HHs, 110
pekoMmeHnyeTbed o, = 0,85.

(102)P Po3paxyHkoBa MIIIHICTb Ha PO3TATYBaHHS
f.q BU3HaUaeThes 3a GopmysIoro:

fo_ Aot f k005
ctd —
Ve
Ie.
e i KoetiienT 6
YaCTKOBHUH KOCPIIEHT OC3MEKH s

oetony, nuB. 2.4.2.4.

a, KOoe(]iIieHT, BIH BPaXOBY€E JOBIOCTPOKOBI
JIii, 1110 BIUIMBAIOTh HA MIIHICTh HA
PO3TATYBaHHS, a TAKOXK HECIIPUATIIMBI i,
MOB's13aH1 13 CITOCOOOM MPHUKIIATaHHS
HaBaHTaKEHHS.

I[TPUMITKA 3naueHHs « A1 BUKOPHCTaHHS B
KOHKPETHIM KpaiHi moOBUHHE cTaHOBHUTH Bix 0,80
no 1,00. BoHo HaBOIUTHCS B HAIIOHAIBHOMY
NONATKy. 3HAueHHs, MI0 PEKOMEHIYEThCS
o, =1.00

3.2 ApmarypHa crajib
3.2.4 XapakTepucTuka 1e()opMaTUBHOCTI

(101)P Apmarypa mNOBMHHa MaTH JOCTATHIO
ne(opMaTUBHICT, BU3HAUYBAaHY BiIHOIIEHHIM
MII[HOCT] Ha PO3TATyBaHHS A0 I'PaHMI TEKYy4OCTi
(ft/ fy)k 1 BIJHOCHHUM TMOJOBXKEHHSIM TpHU

MaKCHMAJIbHOMY 3yCHIUIL &,

IMPUMITKA Knacu apmarypu, 110 MiIAraTh
BUKOPUCTaHHIO Ha OyIIBHHUIITBI MOCTIB B

12

strength is defined as

(3.15)

where:
7. Is the partial safety factor for concrete, see
2.4.2.4,
a, Is the coefficient taking account of long
term effects on the compressive strength and of

unfavourable effects resulting from the way the
load is applied.

NOTE The value of «, for use in a Country
should lie between 0,80 and 1,00 and may be
found in its National Annex. The recommended
value of «, is 0,85.

(102)P The value of the design tensile strength,
f.q, IS defined as:

fo = Ayt F o005
70
where:
Ve is the partial safety factor for concrete, see
2.4.2.4.

a, isa coefficient taking account of long term

effects on the tensile strength and of unfavourable
effects, resulting from the way the load is applied.

NOTE The value of «, for use in a Country

should lie between 0,80 and 1,00 and may be
found in its National Annex. The recommended

value of ¢« is 1,0.

3.2 Reinforcing steel
3.2.4 Ductility characteristics

(101)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, ¢, .

NOTE The classes of reinforcement to be used in
bridges in a Country may be found in its National



KOHKpPETHIH KpaiHi,
HaI[IOHAJILHOMY JIOJATKY.
pexoMmenaytoThes, - B i C.

HaBOIATHCA B
Kmacn, (o]

Po3gin 4 JloBroBiunicTh. 3axucHUM

map

3acTocoByroTbes Taki enementd EN 1992-1-1:

41()P  4.2(3) 44124) 4.412(13)
41(2P 43 (P 4412(5) 4413(1)P
41(3P  43(2P 44.126) 4.413(2)
41(4)  4411QP  4412(7) 4413(3)
41() 4411(QP 4412(8) 4.4.13(4).
41(6)  4412Q)P  4.4.1.2(10)

41()P  4412QP  4412(11)

42(2)  44.1.2(03) 4.4.1.2 (12)

4.2 YMOBH HABKOJHUIIHBOI0 CepeI0BHUINA

(104) [Ipu MPOEKTYBaHHI1 HEoOX11HO
BpaxoBYBaTH MOJKJIMBICTh (uIbTpalLlili BOIU 3
MOCTOBOTO TMOJIOTHa BCEPENUHY MOPOKHUCTUX
KOHCTPYKIIIH.

(105) Jns  OCTOHHMX  TOBEPXOHb, IO
3aXUIIAIOTHCS T1APOI30JIAIIEI0, KTaC 30BHIMIHBOT
BIUITMBY TIOBUHCH OyTH  TNpPUBEICHUN B
HaIllOHAJLHOMY JIOJIaTKY.

[TPUMITKA [lsis moBEpXOHb, IO 3aXUIIAKOTHCS
T1APOI30JIAIIETO, BUKOPHCTOBYBAHOIO B
KOHKPETHIM KpaiHi, KJIaC 30BHIIIHBOTO BIUIMBY
BKa3yeThCs B HAIllOHAIBHOMY J1oAaTKy. Kiac, mo
pexkomenayerbes, XC3.

(106) SIkm0 BUKOPUCTOBYETHCS IMPOTHOXKENIEIHA
CUTb, TO BCl BIAKPHUTI OETOHHI MOBEPXHI B MEXkax
X M BiJ IpOi3HOI YaCTHHU IO TOPHU30HTaIl abo B
Mexax Y M MiJl HOpOi3HOK YaCTHHOIO TOBHHHI
po3rnsgatucs K Taki, 10  3a3HAIOTh
Oe3mocepenHpoi il miei coni. Kpim toro, BepxHi
MOBEPXHiI omop Mmia JaedopManiiHUMKM I[IBaAMH
TaKOX IIOBUHHI pO3TIsAgaTHCS $K Taki, M0
3a3HaI0Th 0e3MocepeHbol NI MPOTHOXKENIeTHOT
COJIi.

ITPUMITKA 1
BUKOPHUCTAHHS B KOHKPETHIN KpaiHi HaBOISATHCS
B HalllOHAIBHOMY JOJAaTKy. 3HA4eHHS, IO
PEKOMEHAYIOThCS: X =6M, Y =06M.

Bigcrami X 1y s

I[TPUMITKA 2 JIns noBepXoHb, LIO 3a3HAIOTH

JCTY-H b EN 1992-2: 2012

Annex. The recommended classes are Class B and
Class C.

Section 4 Durability and cover to
reinforcement

The following clauses of EN 1992-1-1 apply.

41 ()P 4.2(3) 44.1.2(4)  4.4.1.2(13)
41(2P 43(1)P 4412(5) 4413(Q)P
41(3P 43(2P 44.12(6) 4.413(2)
41(4)  4411QP  4412(7) 4413(3)
41()  4411(QP 4412(8) 4.4.13(4).
41(6)  4412Q)P  4.4.12(10)

41()P  4412(QP  4412(11)

422)  4412(3) 4.4.1.2 (12)

4.2 Environmental conditions

(104) Water penetration or the possibility of
leakage from the carriageway into the inside of
voided structures should be considered in the
design.

(105) For a concrete surface protected by
waterproofing the exposure class should be given
in a Country’s National Annex.

NOTE For surfaces protected by waterproofing the
exposure class for use in a Country may be found
in its National Annex. The recommended exposure
class for surfaces protected by waterproofing is
XC3.

(106) Where de-icing salt is used, all exposed
concrete surfaces within x m of the carriageway
horizontally or within y m above the carriageway
should be considered as being directly affected by
de-icing salts. Top surfaces of supports under
expansion joints should also be considered as
being directly affected by de-icing salts.

NOTE 1 The distances x and y for use in a

Country may be found in its National Annex. The
recommended value for x is 6 m and the
recommended value for y is 6 m.

NOTE 2 The exposure classes for surfaces directly
13



Oe3mocepeiHbOi  Jii  MPOTHOXKENETHOI  COi,
BUKOPHUCTOBYBaHOI B KOHKpETHIM KpaiHi, Kiac
30BHIIIHBOTO BIUIUBY BKa3Y€TbCS B
HaI[lOHATBHOMY J0AaTKy. Kilacm 30BHIIIHBOTO
BIUIMBY, W0 pPEKOMEHIYIOThCS, B  IIbOMY
Bumaaky: XD3 1 XF2 a6o XF4 3anexHo Bix
XapaKTepUCTUK Imapy OETOHy, HaBEICHHX B
tabmuisix 4.4N 1 4.5N EN 1992-1-1 nns xnacis
XD.

4.3 Bumoru 10 10BroBiuHoOCTI

(103) 3oBHIIHI  TOMNEpPEAHBO  HAMpYyXKEH1
apMaTypHi €JIEMEHTH TIOBHHHI BIANOBIIATH
BUMOT'aM HallIOHAJILHUX OPraHiB yIpaBIiHHS.

4.4 MeTtoau nepeBipox BiAnoBigHOCTI
4.4.1 3axucHmii mwap
4.4.1.2 Minimaabuuii wap, C..

(109) Sxmo OeToH, 1O YKIAMAEThCA Ha
OynMalaHYNKy, YKJIAJa€ThCd HAa  ICHYIOUY
0eToHHY MOBEpXHIO (30ipHY ab0 yKiIaJeHy Ha
OynMaiaHYMKy), TO BHMOTH JI0 3aXHCHOTO
mapy OCTOHY BiJ TOBEPXHI 10 apMaTypy MOXYTh
OyTH 3MIHEHO.

[TPUMITKA Bumorun [0 3axuCHOro miapy
OCTOHY HJIs1 KOHKPETHOI KpaiHH HAaBOIATHCSA B
HalioHaabHOMY naojaTky. [lms 3abe3nmedeHHs
3UCIUICHHS TOKPUTTS, 10 VYKIIAJA€ThCs, 3
ICHYIOYOI0 OETOHHOIO TOBEPXHEI IMOBUHHI
BHKOHYBATHCS TaKi BHMOTH, PEKOMEHIOBaHI
(EN 1992-1-1, 4.4.1.2 (3)):

- HasBHa OCTOHHA TIIOBEPXHsS HE IIOBHHHA
3a3HaBaTH Jil HABKOJMIIHBOTO CEpeIOBHUIIA
MPOTATOM OUTBII HIX 28 THIB.

- HasBHa OCTOHHA TMOBEpPXHS IOBUHHA OyTH
IIOPCTKOIO.

- KJac MIIHOCTI HasABHOi OETOHHOI IMOBEPXHI
noBuHeH OyTu He HiwkunM Big C25/30.

(114) Binkputi O€TOHHI TOKPUTTS i310BOTO
MOJIOTHA HA aBTOJIOPOKHIX MOCTaX, Kl HE MalOTh
rigpoizosnsuii abo IHIITUX MOKPUTTIB,
KIacU(DIKYIOTbCS K Takl, 10 BITHOCATHCS 0
kiacy teptsa XM2.

(115) Sxmo OeToHHa TOBEPXHS  3a3HAE
CTUpaHHs, IO BHKIUKAETbCA JbOAOM  abo
TBEPAUMH  YaCTHHKaMM, IO TEPEHOCATHCS
BOJOIO, TO MiHIMaJbHy TOBIIUHY 3aXHUCHOTO
nrapy 6eToHy He0OXiJJHO 30UIbIITYBAaTH HE MEHIIIE

14

affected by de-icing salts for use in a Country may
be found in its National Annex. The recommended
classes for surfaces directly affected by de-icing
salts are XD3 and XF2 or XF4, as appropriate,
with covers given in Tables 4.4N and 4.5N for XD
classes.

4.3 Requirements for durability

(103) External prestressing tendons should comply
with the requirements of National Authorities.

4.4 Methods of verifications
4.4.1 Concrete cover
4.4.1.2 Minimum cover, C,;,

(109) Where in-situ concrete is placed against an
existing concrete surface (precast or in-situ) the
requirements for cover to the reinforcement from
the interface may be modified.

NOTE The requirements for use in a Country may
be found in its National Annex.

The recommended requirement is that, provided
the following conditions are met, the cover needs
only satisfy the requirements for bond (see 4.4.1.2
(3) of EN 1992-1-1):

- the existing concrete surface has not been subject
to an outdoor environment for more than 28 days.

- the existing concrete surface is rough.

- the strength class of the existing concrete is at
least C25/30.

(114) Bare concrete decks of road bridges, without
waterproofing or surfacing, should be classified as
Abrasion Class XM2.

(115) Where a concrete surface is subject to
abrasion caused by ice or solid transportation in
running water the cover should be increased by a
minimum of 10 mm.



HiK Ha 10 MM.

Po3ain 5 Po3paxyHok KOHCTPYKLii

3actrocoByroThcs Taki enementd EN 1992-1-1:

5.1.1 (1)P
5.1.1(2)
5.1.1 (3)
5.1.1 (4)P
5.1.1 (5)
5.1.1 (6)P
5.1.1(7)
5.1.2 (1)P
5.1.2 (2)
5.1.2 (3)
5.1.2 (4)
5.1.2 (5)
5.1.4 (1)P
5.1.4 (2)
5.1.4 (3)
5.2 (1)P
5.2 (2)P
5.2 (3)
5.2 (7)
5.3.1 (1)P
53.1(3)
53.1(4)
5.3.1 (5)
5.3.1(7)
53.2.1
(1P
53.2.1(2)
53.2.1(3)
5.3.2.1(4)
5.3.2.2 (1)
53.2.2(2)
53.2.2 (3)
5.4 (1)
5.4 (2)
5.4 (3)
5.5 (1)P
55 (2)
5.5 (3)
5.5 (6)
5.6.1 (2)P

5.6.1 (3)P
5.6.1 (4)
5.6.2 (1)P
5.6.2 (3)
5.6.2 (4)
5.6.2 (5)
5.6.3 (1)
5.6.3 (3)
5.6.3 (4)
5.6.4 (1)
5.6.4 (2)
5.6.4 (3)
5.6.4 (4)
5.6.4 (5)
5.7 (1)
5.7 (2)
5.7 3)
5.7 (4)P
5.8.1
5.8.2 (1)P
5.8.2 (2)P
5.8.2 (3)P
5.8.2 (4)P
5.8.2 (5)P

5.8.2 (6)

5.8.3.1 (1)
5.8.3.1(2)
5.8.3.2 (1)
5.8.3.2 (2)
5.8.3.2 (3)
5.8.3.2 (4)
5.8.3.2 (5)
5.8.3.2 (6)
5.8.3.2(7)
5.8.4 (1)P
5.8.4 (2)

5.8.4 (3)

5.8.4 (4)

5.85 (1)

5.85 (2)
5.8.5 (3)

5.8.5 (4)

5.8.6 (1)P
5.8.6 (2)P
5.8.6 (3)

5.8.6 (4)

5.8.6 (5)

5.8.6 (6)

5.8.7.1 (1)
5.8.7.1(2)
5.8.7.2 (1)
5.8.7.2(2)
5.8.7.2 (3)
5.8.7.2 (4)
5.8.7.3 (1)
5.8.7.3(2)
5.8.7.3(3)
5.8.7.3 (4)
5.8.8.1 (1)
5.8.8.1(2)
5.8.8.2 (1)
5.8.8.2(2)
5.8.8.2 (3)

5.8.8.2 (4)

5.8.8.3 (1)
5.8.8.3 (2)
5.8.8.3 (3)
5.8.8.3 (4)
5.8.9 (1)
5.8.9 (2)
5.8.9 (3)
5.8.9 (4)
5.9 (1)P
5.9 (2)
5.9 (3)
5.9 (4)
5.10.1 (1)P
5.10.1 (2)

5.1 3arajapHi HOJIOKEeHHSHA

5.1.1 3araanHi BUMOrn

(108) Hns aHanizy 3alexHHUX BiJ 4acy BIUIMBIB
Ha MOCTH 3aCTOCOBYIOTBCS BHM3HaHI METOAU

MIPOEKTYBaHHS 1 pO3PaXyHKY.

5.10.1 (3)
5.10.1 (4)
5.10.1 (5)P
5.10.2.1 (1)P
5.10.2.1 (2)
5.10.2.2 (1)P
5.10.2.2 (2)P
5.10.2.2 (3)P
5.10.2.2 (4)
5.10.2.2 (5)
5.10.2.3 (1)P
5.10.3 (1)P
5.10.3 (2)
5.10.3 (3)
5.10.3 (4)
5.10.4 (1)
5.10.5.1 (1)
5.10.5.1 (2)
5.10.5.2 (1)
5.10.5.2 (2)
5.10.5.2 (3)
5.10.5.2 (4)
5.10.5.3 (1)
5.10.5.3 (2)

5.10.6 (1)

5.10.6 (2)
5.10.6 (3)
5.10.7 (1)
5.10.7 (2)
5.10.7 (3)
5.10.7 (4)
5.10.7 (5)
5.10.7 (6)
5.10.8 (1)
5.10.8 (2)
5.10.9 (1)P
5.11 ()P
5.11 (2)P.

I[MTPUMITKA Iloapo6urii tuB. B nogatky KK.

Section 5 Structural analysis

JCTY-H b EN 1992-2: 2012

The following clauses of EN 1992-1-1 apply.

5.1.1 (1)P
5.1.1(2)
5.1.1(3)
5.1.1 (4)P
5.1.1 (5)
5.1.1 (6)P
5.1.1(7)
5.1.2 (1)P
5.1.2 (2)
5.1.2 (3)
5.1.2 (4)
5.1.2 (5)
5.1.4 (1)P
5.1.4 (2)
5.1.4 (3)
5.2 (1)P
5.2 (2)P
5.2 (3)
5.2 (7)
5.3.1 (1)P
53.1(3)
53.1(4)
5.3.1 (5)
5.3.1(7)
53.2.1
(1P
53.2.1(2)
5.3.2.1(3)
5.3.2.1 (4)
5.3.2.2 (1)
5.3.2.2 (2)
5.3.2.2 (3)
5.4 (1)
5.4 (2)
5.4 (3)
5.5 (1)P
55 (2)
55 (3)
5.5 (6)
5.6.1 (2)P

5.1 General

5.6.1 (3)P
5.6.1 (4)
5.6.2 (1)P
5.6.2 (3)
5.6.2 (4)
5.6.2 (5)
5.6.3 (1)
5.6.3 (3)
5.6.3 (4)
5.6.4 (1)
5.6.4 (2)
5.6.4 (3)
5.6.4 (4)
5.6.4 (5)
5.7 (1)
5.7 (2)
5.7 (3)
5.7 (4)P
5.8.1
5.8.2 (1)P
5.8.2 (2)P
5.8.2 (3)P
5.8.2 (4)P
5.8.2 (5)P

5.8.2 (6)

5.8.3.1 (1)
5.8.3.1(2)
5.8.3.2 (1)
5.8.3.2 (2)
5.8.3.2 (3)
5.8.3.2 (4)
5.8.3.2 (5)
5.8.3.2 (6)
5.8.3.2 (7)
5.8.4 (1)P
5.8.4 (2)

5.8.4 (3)

5.8.4 (4)

5.85 (1)

5.85 (2)
5.8.5 (3)

5.8.5 (4)

5.8.6 (1)P
5.8.6 (2)P
5.8.6 (3)

5.8.6 (4)

5.8.6 (5)

5.8.6 (6)

5.8.7.1 (1)
5.8.7.1(2)
5.8.7.2 (1)
5.8.7.2(2)
5.8.7.2 (3)
5.8.7.2 (4)
5.8.7.3 (1)
5.8.7.3 (2)
5.8.7.3 (3)
5.8.7.3 (4)
5.8.8.1 (1)
5.8.8.1(2)
5.8.8.2 (1)
5.8.8.2(2)
5.8.8.2 (3)

5.8.8.2 (4)

5.8.8.3 (1)
5.8.8.3 (2)
5.8.8.3 (3)
5.8.8.3 (4)
5.8.9 (1)
5.8.9 (2)
5.8.9 (3)
5.8.9 (4)
5.9 (1)P
5.9 (2)
5.9 (3)
5.9 (4)
5.10.1 (1)P
5.10.1 (2)

5.1.1 General requirements

5.10.1 (3)
5.10.1 (4)
5.10.1 (5)P
5.10.2.1 (1)P
5.10.2.1 (2)
5.10.2.2 (1)P
5.10.2.2 (2)P
5.10.2.2 (3)P
5.10.2.2 (4)
5.10.2.2 (5)
5.10.2.3 (1)P
5.10.3 (1)P
5.10.3 (2)
5.10.3 (3)
5.10.3 (4)
5.10.4 (1)
5.10.5.1 (1)
5.10.5.1 (2)
5.10.5.2 (1)
5.10.5.2 (2)
5.10.5.2 (3)
5.10.5.2 (4)
5.10.5.3 (1)
5.10.5.3 (2)

5.10.6 (1)

5.10.6 (2)
5.10.6 (3)
5.10.7 (1)
5.10.7 (2)
5.10.7 (3)
5.10.7 (4)
5.10.7 (5)
5.10.7 (6)
5.10.8 (1)
5.10.8 (2)
5.10.9 (1)P
5.11 (1)P
5.11 (2)P.

(108) For the analysis of time dependent effects in

bridges,
applied.

recognised design methods may be

NOTE Further information may be found in

Annex KK.
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5.1.3 Bunajaku i cnosiy4eHHs HABAHTaKeHb

(101)P Ilpu posrnsai crojgy4eHb HaBaHTAXKEHb
(EN 1990, po3nit 6 i gogatrok A2) HEOOXiTHO
pO3rIIAIaTH BIAMOBIMHI BUIIAIKKA HABAHTAXKCHHS
Tak, mo0 3a0e3MeYnT PO3PAXyHKOM KPUTHUHI

YMOBH Ui BCiX JUITHOK  IPOEKTOBAaHOI
KOHCTPYKIii abo 11 yacTuH.
I[MPUMITKA ChpomeHHs B  po3TallyBaHHi

HaBaHTA)XCHb, MPU3HAYEHUX JUISI BUKOPUCTAHHS
B KOHKPETHMX  KpaiHaxX, HaBOJATHCS B
HaLIOHAILHUX JoJaTKax. Pexomenpgarii
BIIHOCHO IIUX CIPOIICHh B €BPOINEUCHKOMY
CTaHJapT1 HE HABOAATHCS.

5.2 'eomeTpryHA HETOCKOHATICTH

(104) IMonoxxennss myHkTiB (105) 1 (106) wiel
YaCTMHU HACTaHOB, a Takox NyHKTy (7) EN
1992-1-1 crocyroThCSI LEHTPAIBHO CTUCHYTHX
€JIEMEHTIB 1 KOHCTPYKII 3 BEPTUKAIBLHUM
HaBaHTaXCHHSIM. UMCIIOBI 3HAYCHHS y BKa3aHHX
ITYHKTax B1/IOBIIAIOTh CTaHIAPTHUM
BIIXWICHHSM BHKOHaHHS (xmac 1 3rimHo EN
13670). SAxmio 3acTOCOBYIOTHCS 1HII BIAXUIICHHS
BUKOHAHHS, TO 4YHCJIOBI BEIHYMHU HEOOXIIHO
CKOPHUTYBATH BIAMOBIIHUM YHHOM.

(105) BinxuneHHs MOXYTh OyTH TIPEACTABICHO

KyTOM  Haxuiny 6, oOuucioBaHMUM  3a
hopmyroro
0, = Oy,
ne:
0, 0a30Ba BeJIMYMHA.

a, 3HKYBAJIbHUM KOCQIIIEHT I TOBXKUHU

abo0 BUCOTH: ¢, = 2/xﬁ; a, <1 tyr | - noxuHa
a0bo BHCOTa, M.

[TPUMITKA 3nauenHs 6, s BUKOPUCTaHHS B

KOHKPETHI KpaiHi BKa3yeThCs B HallIOHAILHOMY
JI0JaTKy. 3HAa4YeHHsd, 10  PEKOMEHIYEThCsS
6, =1/200 .

(106) [Ins apkoBUX MOCTIB HEJIOCKOHATICTH B
TOPU3OHTAIBHIM 1 BEpPTUKAIBHIM IUIOMIMHAX
NOBHHHA BHM3HAYaTHCA Ha OCHOBI MEpPUIMX
TOPU30HTAIBHOI 1 BEPTHKaIbHOI (OpM BTpaTH
criikocti BinmosinHo. KokHa ¢opma BTpatn
CTIAKOCTI MOXe iJeaji3yBaTucs y BHIJIAI
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5.1.3 Load cases and combinations

(101)P In considering the combinations of actions
(see Section 6 and Annex A2 of EN 1990) the
relevant load cases shall be considered to enable
the critical design conditions to be established at
all sections, within the structure or part of the
structure considered.

NOTE Simplifications to the load arrangements
for use in a Country may be found in its National
Annex. Recommendations on simplifications are
not given in this standard.

5.2 Geometric imperfections

(104) The provisions of (105) and (106) of this
Part and (7) of EN 1992-1-1 apply to members
with axial compression and structures with vertical
load. Numerical values are related to normal
execution deviations

(Class 1 in EN 13670). Where other execution
deviations apply numerical values should be
adjusted accordingly.

(105) Imperfections may be represented by an
inclination, 6,, given by

(5.101)
where:
6, is the basic value.

a, is the reduction factor for length or height:
a, =211 ; a, <11 is the length or height [m].

NOTE The value of g, to use in a Country may be

found in its National Annex. The recommended
value is 1/200.

(106) For arch bridges, the shape of imperfections
in the horizontal and vertical planes should be
based on the shape of the first horizontal and
vertical buckling mode shape respectively. Each
mode shape may be

idealised by a sinusoidal profile. The amplitude



CHHYCOIIaJIbHOTO npodiito. Ammityna
NPUAMAETBCSL PIBHOIO a=a,-1/12 , 0e | -
MOJIOBUHA JIOBKUHH XBHIII.

Myaxkrn (8) 1 (9) EN  1992-1-1 =He
3aCTOCOBYIOTHCS.

5.3 Ineanizanis KOHCTPYKIUil
5.3.1 Po3paxyHkoBi Mojesi Ajisi 3arajibHOro
PO3pPaxyHKYy

Mynxkrn  (2) i (6) EN  1992-1-1 ne
3aCTOCOBYIOTBCSI.

5.3.2 'eomeTpu4Hi XapaKTepUCTUKHU
5.3.2.2 Po3paxyHnkoBuii nporin 0ajok i miur

[MPUMITKA Ilynktu (1), (2) 1 (3) EN 1992-1-1
3aCTOCOBYIOTBCS TIOTIPH T€, IO 3aroJIOBOK
BIJIMTOBITHOTO MYHKTY BITHOCUTHCS JI0 OYIMHKIB.

(104) Sxmo Oanka abo TIUTA PO3TANIOBYETHCS
sK 0araTornporoHoBa KOHCTPYKIIiSl Ha OTOpI, SIKY
MOXKHAa BB@)XaTH TaKOK, IO HE CTBOPIOE
MEpemKo] JUIsl TMOBOPOTY (HAmpuKIam, Ha
CTiHAX), 1 B pO3paxyHKy TnepeadadaeThcs
BUKOPUCTAHHS TOYKOBOT OTIOpH, TO
pPO3paxyHKOBUI OTNOPHUH MOMEHT,
00UYMCITIOBaHMI HAa OCHOBI TPOTOHY, PIBHOTO
MDKIEHTPOBIN BIJCTaHI MDK OIOpaMH, MOKHA
3MEHUINTH Ha BeluuuHy AM ., BU3HauyBaHy 3a

hopmysoro:

AM Ed — I:Ed,sup%
Ie.

Fegsup PO3PaXyHKOBE 3HAUEHHS OTIOPHOT

peaxirii.

[TPUMITKA 3naueHHs t 1yisi BAKOPUCTAHHS B
KOHKpETHII KpaiHi BKa3yeTbCs B HallIOHAILHOMY
J0JaTKy. 3HAUeHHs, 1110 PEKOMEHYEThCS, -
LIMpPUHA OTIOPHOT MOBEPXHI.

5.5  JlimiiHO-py>KHMH  PpO3pPaxyHOK 3
00Me’KeHHM Nepepo3NoAiIomM

(104) B GaraTonporoHOBHUX HEPO3pi3HUX Oankax
1 mIUTax, M0 BIANOBITAIOTH TAKUM YMOBaM:

a) KOHCTPYKIIi 3a3HAIOTh, TOJOBHUM YHHOM,
3THHY;

b) BigHOIIEHHS JOBXKHH CYCIHIX IPOTOHIB
craHoBuTh Bix 0,5 10 2, mnepepo3noain

JACTY-H b EN 1992-2: 2012
should be taken as
a=a,-1/2,where | is the half wavelength.

(8) and (9) of EN 1992-1-1 do not apply.

5.3 Idealisation of the structure
5.3.1 Structural models for overall analysis

(2) and (6) of EN 1992-1-1 do not apply

5.3.2 Geometric data
5.3.2.2 Effective span of beams and slabs

NOTE (1), (2) and (3) of EN 1992-1-1 apply
despite the fact that the title of the clause refers to
buildings.

(104) Where a beam or slab is continuous over a
support which may be considered to provide no
restraint to rotation (e.g. over walls) and the
analysis assumes point support, the design support
moment, calculated on the basis of a span equal to
the centre-centre distance between supports, may
be reduced by an amount AM_, as follows:

(5.9)

where:

F is the design support reaction.

Ed,sup

NOTE The value of t for use in a Country may be
found in its National Annex. The recommended
value is the breadth of the bearing.

5.5 Linear elastic analysis with limited
redistribution

(104) In continuous beams or slabs which:
a) are predominantly subject to flexure and

b) have the ratio of the lengths of adjacent spans
in the range of 0,5 to 2 redistribution of bending
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3TUHAJIBHUX MOMEHTIB MOK€ HpPOBOJHUTHUCS 0e3
PO3paxyHKy KYTiB IIOBOPOTY, SIKIIO
JTOTPUMYIOTBCS TaKi YMOBH:

o> Ky ; ky , sxkmo f, <50 Mlla;

5Zk3+kx

02>K,, SKII0O BHKOPHCTOBYEThCS apmaTypa
kiacy B i kimacy C (momatox C).

Jlyis apmaTypHOT cTaii Kiacy A mepepo3mnoiil He
JOTYCKA€eThCs (I0AaTOK 3).

ne:

o BIIHOIIIEHHS MePEPO3MNOIICHOTO
MOMEHTY JI0 MOMEHTY TPYXHOTO 3THHY.

X, BHCOTa CTHUCHYTOI 30HH B TPAHUIHOMY
CTaHI 32  HECY4YOH  3JaTHICTIO  TICTs
MepepO3NOLTy.

d eeKTUBHA BUCOTA Mepepizy.

[TPUMITKA1 3nauenns k,, k,, k;, K,, ko mus
BUKOPHUCTAHHS B KOHKPETHIA KpaiHi BKa3yIOThCS
B HAI[IOHAIGHOMY JOJAaTKy. 3HAYeHHS, IO
pekoMmeHnyroThesi, HactynHi: Kk, = 0,44; k, =
1,25 (0,6 + 0,0014/¢_.); k, = 0,54; k, = 1,25

(0,6 +0,0014/¢_, ); k, = 0,85.

ITPUMITKA 2 OOmexenHs, BcTaHOBJIeHI B EN
1992-1-1, MOXyTh BHUKOPHUCTOBYBATHCS IpH
MPOEKTYBaHHI IUTUT CYIUILHOTO Tepepizy.

(105) Ilepeposmomin HE JOMYCKA€ETbCA Y
BUIAQJIKAX, SKIIO HEMOXIHUBO 3 JOCTaTHHOIO
HQIIAHICTIO ~ BCTAHOBUTH  TI'PaHUYHUH  KyT
MOBOPOTY  TeEpeTHHY  (HampUKIag, Ut
KPUBOJIHIMHUX a00 pO3TallOBaHUX MiA KyTOM
MOCTIB).

5.6 IlnacTuuHuMil pO3paxyHoK
5.6.1 3araabHi BimoMocTi

(101)P Meroaqu Ha OCHOBI IUIACTUYHOTO
PO3paxyHKy JONYCKAa€TbCS BHUKOPHCTOBYBATH
TUIBKU /7Sl NEPEeBIPKM B TPAaHMYHHUX CTaHax 3a
HECY4OI0  3/aTHICTIO TUIBKM 3  JI03BOJIY
HAaI[IOHAJIBHUX OPTaHiB yIpaBIIiHHS.

5.6.2 IlnacTu4HUil po3paxyHOK 0aJIOK, paM i
MJIMT

18

% , ko fy >50 Mlla;

moments may be carried out without explicit
check on the rotation capacity, provided
that:

(5.10a)

(5.10b)

0 2k, where Class B and Class C reinforcement

is used (see Annex C)

No redistribution is allowed for Class A steel (see
Annex C).

where:

) is the ratio of the redistributed moment to
the elastic bending moment.

X, is the depth of the neutral axis at the

ultimate limit state after redistribution.
d is the effective depth of the section.

NOTE 1 The values of k;, k,, k;, k, and k; for
use in a Country may be found in its National
Annex. The recommended value for k; is 0,44, for
k, is 1,25(0,6+0,0014/¢_. ), for k; is 0,54, for k,

is 1,25(0,6+0,0014/¢_. ) and for k; is 0,85.

NOTE 2 The limits of EN 1992-1-1 may be used
for the design of solid slabs.

(105) Redistribution should not be carried out in
circumstances where the rotation capacity cannot
be defined with confidence (e.g. in curved and or
skewed bridges).

5.6 Plastic analysis
5.6.1 General

(101)P Methods based on plastic analysis should
only be used for the check at ULS and only when
permitted by National Authorities

5.6.2 Plastic analysis for beams, frames and
slabs



(102) Bumorm [0 IUIACTHYHOCTI MOXHA
BBAKATH BHUKOHAHMMHM, SIKIIO JOTPHUMYIOTHCS
TaKi yMOBH:

1) II0IIIa PO3TATHYTOT apMaTypu 0OMEKeHa Tak,
mo B Oyab-iKOMy ii mepepi3i BUKOHYIOTHCS
HACTYITHI YMOBHU:

X,/d <015 mma xmaciB  MimHOCTI  OeTOHY

C50/60 1 auxue;
X,/d <010 mns knaciB MinHOCTI  OETOHY

C55/67 i Bu1LE;

i) apmaTtypHa craib - kiacy B ado C;

1i1) BIJHOIIEHHS MOMEHTIB Ha HPOMDKHHMX
OTIOpax JI0 MOMEHTIB B NMPOTOHI CTAHOBUTH BIJI
0,5 mo 2.

IIPUMITKA OOmexenHs, BcraHoBlieHI B EN
1992-1-1, MOXyTh BHKOPHCTOBYBATHCS NpHU
MPOEKTYBaHHI IUTUT CYLUIHLHOTO Mepepizy.

5.6.3 'panuvHMii KYT OBOPOTY TNepepiszy

(102) B oOnactax IIacTUYHUX MIAPHIPIB IS
oeroniB kimacy wmirHOCTI C50/60 1 HmKue
BenuunHa X, /d TOBHHHA CTAHOBHTH HeE

oiuteme 0,30, a g O6ETOHIB KIJacy MIITHOCTI
Cb5/67 i Bume - He Oinpie 0,23.

5.7 HeniniiiHuid po3paxyHoOK

(105) Heniniliamii PO3paxyHOK MOXe
3aCTOCOBYBATHCSI 32 YMOBH, IIO MOJETb MOXKE
HAJIGKHHUM YHHOM OXOIUTIOBATH BCI PEXHUMHU
pyiHYBaHHS (HanpuKiaa, pYWHYBaHHS IIpH
3TUHI,  OCBOBHX  HABAaHTAXCHHSIX,  3CYBI,
CTUCHEHHI NPHU 3HIKEHIM MIITHOCTI OETOHY 1 T.
1H.), 1 IpU I[LOMY OITip OCTOHY PO3TATYBAHHIO
JOPIBHIOE HYIIIO.

SIkmo skui-HeOyIb pPO3PaxXyHOK HEIOCTaTHIN
JUIS TIEPEBIPKU BCIX MEXaHi3MIB pyWHYBaHHS, TO
HEOOXiJJHO BUKOHATH JIOIATKOBHIA PO3PaXyHOK.

[MPUMITKA 1 TIlogpoOumi mpo 3acTOCOBHI
METOIM  HENIHIHOro po3paxyHKy 1 piBHI

3a0€3MeUeHHsT  HAMIMHOCTI,  fAKI  IOBHWHHI
BUKOPHUCTOBYBATHCSI B  KOHKPETHIH  KpaiHi,
HAaBOJATHCS B HAIIOHATHHOMY  JOJATKYy.

PekoMenpmariii i3 1[pbOTO TPHUBOAY HABEICHO

Hwkuye. Ilpm  BUKOpUCTaHHI  HeNiHIHHOTO
PO3paxyHKy JOMYCKAIOThCS HACTYIHI
MIPUITYLICHHS:

- JUId apMaTypu BHUKOPHCTOBYEThCS Jiarpama

JCTY-H b EN 1992-2: 2012

(102) The required ductility may be deemed to be
satisfied if all the following are fulfilled:

1) the area of tensile reinforcement is limited such
that, at any section:

X,/d <015 for concrete strength classes
< C50/60
X,/d <010 for concrete strength classes
> C55/67

ii) reinforcing steel is either Class B or C

iii) the ratio of the moments at intermediate
supports to the moments in the span is between
0,5 and 2.

NOTE The limits of EN 1992-1-1 may be used for
the design of solid slabs.

5.6.3 Rotation capacity

(102) In regions of yield hinges, x,/d should not

exceed 0,30 for concrete strength classes less than
or equal to C50/60, and 0,23 for concrete strength
classes greater than or equal to C55/67.

5.7 Non-linear analysis

(105) Non-linear analysis may be used provided
that the model can appropriately cover all failure
modes (e.g. bending, axial force, shear,
compression failure affected by reduced effective
concrete strength, etc.) and that the concrete
tensile strength is not utilised as a primary load
resisting mechanism.

If one analysis is not sufficient to verify all the
failure mechanisms, separate additional analyses
should be carried out.

NOTE 1 The details of acceptable methods for
non-linear analysis and safety format to be used in
a Country may be found in its National Annex.
The recommended details are as follows:

When using non-linear analysis the following
assumptions should be made:

- for reinforcing steel, the stress-strain diagram to
19



«HATIpYy)KeHHs - Jedopmaiis» Ha  OCHOBI
Mamonka 3.8 (kpuBa A), NpPUUOMY 3aMicTh
senmumn f, 1 kf, na wili giarpami mosuHHi

BuKopucToByBatucs Benuumun 1,1 f, i 1,1kf,

BIAIIOBIAHO;
- JUI TIONEPeHbO HANPYKYBaHOT apMaTypu
BUKOPHUCTOBYETBCSl  1meami3oBaHa  Jiarpama

«HaTpyKeHHs - nedopmartis», HaBeneHa B 3.3.6
(mamonok 3.10, xpuBa A), mpudoMy Ha i

. . . f
miarpami  3amicTh BenmuumHM P
BHKOPUCTOBYBaTHCs Bemumnna 1,1 f ), ;

ITIOBHMHHA

- qus OeToHy BHUKOPUCTOBYETbCS Jllarpama
HaMpyXeHHs - jAedopmailisi» Ha  OCHOBI
dbopmynu (3.14), HaBenenoi B 3.1.5, nmpuuomy B
il opMyIi, a TAaKOX JUISI BEIMYMHA K 3amicTh

BCINYNHU fcm IIOBUHHA BHWKOPHUCTOBYBATHUCH

BermmunHa ¥y o, me yy =11y /..

[loBuHEH  BHUKOPUCTOBYBATHUCS
MOPSZIOK PO3PAXYHKY:

- BHUKOHATH OIIHKY OMOpY A PI3HUX pPIBHIB
BIAIOBITHMX  HAaBaHTa)XE€Hb, SIKI  IOBHHHI
MiZIBUIIIYBATUCS, TOYMHAIOYA 3 HOPMATHUBHUX
BEJTUYMH. Lle M1IBUILIEHHS MMOBUHHE
BUKOHYBATHUCSI Y BUTJIAMI MPUPOCTIB, MPUUOMY
TaK, o0 Benmunnn ¥;G, i 7,Q, nocaramics Ha

HAaCTYIHUHI

omHOMy 1 Tomy 3 Kpoii. [Ipomec mpupocty
MOBHHEH MPOJOBXKYBATUCS O TOTO Yacy, MOKH
OJIHA 3 AUITHOK KOHCTPYKIIii HE JOCSTHE TPaHMII
MIIIHOCTI,  pO3paxoBaHOi 3  ypaxyBaHHSIM
BEIMYMHU «, ab0 moku He Oyne AOCITHyTe

MOBHE pYWHYBaHHS KOHCTpYyKIii. Bimmosimxe
HABAHTAXKCHHS TTO3HAYAETHCA AK U ;

- 3aCTOCYBaBIIW 3arajlbHUM KOEQIIiEHT 3aracy
MIHOCTI ¥,, OTPUMAaTH BIANOBIOHY MIIHICTb

R(qud /7/0)1

- IEPCKOHATHUCA B TOMY, IO JOTPUMYETBCS OOHA
3 HACTYITHHUX HepiBHOCTeﬁI
u

Ely.G <R
<}/ +7QQ)< [7Rd7/0j

7RdE(7GG "'7/QQ)S R(qu
Yo
Qug

To6TO (i.€.) R[qﬂJ

abo
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be used should be based on Figure 3.8, curve A. In
this diagram, f, and kf, should be replaced by

1,1 fyk and 1,1 k1“yk X

- for prestressing steel, the idealised stress-strain
diagram given in 3.3.6 (Figure 3.10, curve A)
should be used. In this diagram f, should be

replaced with 1.1 f, ;

- for concrete, the stress-strain diagram should be
based on expression (3.14) in 3.1.5. In this
expression, and in the k-value, f, should be

replaced by y, f, with y, =11y /.

The following design format should be used:

- the resistance should be evaluated for different
levels of appropriate actions which should be
increased from their serviceability values by
incremental steps, such that the value of .G, and

70Qc are reached in the same step. The

incrementing process should be continued until
one region of the structure attains the ultimate
strength, evaluated taking account of ¢, or there

is global failure of the structure. The
corresponding load is referred to as q,, ;

- apply an overall safety factor y, and obtain the
corresponding strength R(q,, / 75 );

- one of the following inequalities should be
satisfied:

(5.102 aN)

(5.102 bN)

Yo
or



7Rd75dE(7/GG + 7/QQ)S R(j/ud]
o

ae:
Vrg  HAaCTKOBUH KO€(DIIiEHT HEBU3HAYEHOCTI

MoJieni Ui onopy 7y = 1,06.

Ay YacTKOBUH KoOe(IIieHT HEBH3HAYEHOCTI
mozeni s aii Ay = 1,15.

7o 3araibHUM KOCQIIIEHT 3aracy MIIHOCTI
7o = 1,20.

[MoapoOwurri 1uB. B nonatky PP.

SIKIIO XapaKTepUCTUKH HEBH3HAYEHOCTI MOJIETi
Vra¢ 1 Asg B SBHOMY BHIVIAII B IpPOLEC]
pO3paxyHKy HE BPAaXOBYIOThCS (ToOTO
OPUUMAETBCA  Jpy = Ay = 1), TO cmin

BUKOPHCTOBYBATH 3HaueHHS A, = 1,27.

[MIPUMITKA 2 Skmo mis  HEJIHIHHOTO
PO3paxyHKy BHUKOPHCTOBYIOTBCS PO3PaXyHKOBI
BJIACTHBOCTI MartepiaiiB (HampuKIal, 3TIAHO
5.8.6 EN 1992-1-1), To HeoOXimHO 3BepTaTu
0COOJIMBY yBary BpaxyBaHHS BIUTUBY HETPSIMHX
T (HampuKiIaa, HaKJIaaeHuX aedopMmartii).

5.8 Po3paxyHok e(eKTiB Apyroro nopsiaKy
MPH 0CHOBOMY HABAHTAKEHHI

5.8.3 Cnpomieni kpurepii epexriB Apyroro
NOPSIAKY

5.8.3.3 3aranbHi edexTH APYroro nopsiaAKy B
crnopyaax

[leit myHKT HE 3aCTOCOBYETHCA.

5.8.4 IloB3yuicTh

(105) Moxe 3acTocoBYBaTUCS OUIBIIT TOYHUI
MIAXiJ 10 OI[IHKH MOB3y4OCTI.

[MPUMITKA TIlonmpo6umi nus. B nogatky KK.

5.10 IlonepeAHbO HANIPY KEHI eJIEMEHTH i
KOHCTPYKIII

5.10.1 3araabHi BizomocTi

(106) Cnig yHMKaTHM KpPUXKOTO pyHHYBaHHS,
BUKOPHUCTOBYIOUU MeTOA, onucanuii B 6.1 (109).

5.10.8 BnuinB nonepeaHbOr0 HANMPYKEHHS HA

JCTY-H b EN 1992-2: 2012
(5.102 cN)

where:
Va¢ IS the partial factor for model uncertainty

for resistance, y,, = 1,06.

Asq is the partial factor for model uncertainty
for action/action effort, A, = 1,15.

Yo Is the overall safety factor, y, = 1,20.

Refer to Annex PP for further details.
When model uncertainties y,, and Ay, are not

considered  explicitly in  the  analysis
(.. ypqg = Ay = 1), 4y = 1,27 should beused.

NOTE 2 If design properties of materials (e.g. as
5.8.6 of EN 1992-1-1) are used for non-linear
analysis particular care should be exercised to
allow for the effects of indirect actions (e.g.
imposed deformations).

5.8 Analysis of second order effects with axial
load

5.8.3 Simplified criteria for second order effects

5.8.3.3 Global second order effects in buildings

This clause does not apply
5.8.4 Creep

(105) A more refined approach to the evaluation
of creep may be applied.

NOTE Further information may be found in

Annex KK
5.10 Prestressed members and structures

5.10.1 General

(106) Brittle failure should be avoided using the
method described in 6.1 (109).

5.10.8 Effects of prestressing at ultimate limit
21



TPAHUYHMI CTAH 32 HECYYOI0 31aTHICTIO

(103) Sxmo HapocTaHHS  Halpy)KEHb B
30BHIIIHIX [OTIEPEHBO HaIpyKyBaHUX
apMaTypHHX €JIEMEHTaX pO3PaxOBYETHCS 3
BUKODUCTAHHAM  jgedopmamii eJeMeHra B
[UIOMY, TO CIIiJi 3aCTOCOBYBAaTH HENIHIHHMA
po3paxyHok (5.7).

Po3aii 6 I'paHu4Hi CTAaHM 32 HECY4 010
3naTHicTio (ULS)

3acTOCOBYIOThCS HAcTymHI enemeHTn EN 1992-
1-1:

6.1 (1)P 6.2.4 (6) 6.43 ()P  6.5.4(9)
6.1 (2)P 6.2.4 (7) 6.4.3 (2) 6.6 (1)P
6.1 (3)P 6.2.5 (1) 6.4.3 (3) 6.6 (2)

6.1(4) 6.25 (2) 6.4.3 (4) 6.6 (3)

6.1 (5) 6.2.5 (3) 6.4.3 (5) 6.7 (1)P
6.1 (6) 6.2.5 (4) 6.4.3 (6) 6.7 (2)

6.1(7) 631 (1P  6.43(7) 6.7 (3)

621(1P 6312 6.4.3 (8) 6.7 (4)

6.2.1(2) 6.3.1(3) 6.4.3 (9) 6.8.1 (1)P
6.2.1 (3) 6.3.1 (4) 6.4.4 (1) 6.8.2 (1)P
6.2.1 (4) 6.3.1 (5) 6.4.4 (2) 6.8.2 (2)P
6.2.1 (5) 6.3.2 (1) 6.4.5 (1) 6.8.2 (3)
6.2.1 (6) 6.3.2 (5) 6.45 (2) 6.8.3 (1)P
6.2.1(7) 6.3.3 (1) 6.4.5 (3) 6.8.3 (2)P
6.2.1(8) 6.33(2) 6.4.5 (4) 6.8.3 (3)P
6.2.1 (9) 6.41(1)P  6.45(5) 6.8.4 (1)
6.22 (2) 641(P 651(1)P  6.84(2)
6.22 (3) 6.4.1(3) 6.5.2 (1) 6.8.4 (3)P
6.2.2 (4) 6.4.1 (4) 6.5.2 (2) 6.8.4 (4)
6.22 (5) 6.4.1 (5) 6.5.2 (3) 6.8.4 (5)
6.2.2 (6) 6.4.2 (1) 6.5.3 (1) 6.8.4 (6)P
6.22 (7) 6.42 (2) 6.5.3(2) 6.8.5 (1)P
6.23 (1) 6.4.2 (3) 6.5.3 (3) 6.8.5(2)
6.23(2) 6.4.2 (4) 654 (1P  6.85(3)
6.2.3 (4) 6.4.2 (5) 654(P  6.86(1)
6.23 (5) 6.4.2 (6) 6.5.4 (3) 6.8.6 (2)
6.2.3 (6) 6.4.2 (7) 6.5.4 (4) 6.8.7 (2)
6.2.3 (8) 6.4.2 (8) 6.5.4 (5) 6.8.7 (3)
6.24 (1) 6.4.2 (9) 6.5.4 (6) 6.8.7 (4)
6.24 (2) 6.42(10)  6.5.4(7)

6.2.4 (4) 6.42(11)  6.5.4(8)

6.1 3ruH 3 0CLOBMM HABAHTAKEHHAM a00 0e3
HBOI'0

(108) [nst 30BHINIHIX TOTEPEAHBO HAMPYKEHHUX
apMaTypHHUX  €JIEMEHTIB, 10 HE MaloTh
34yerieHHs: 3 OE€TOHOM, BiJHOCHI aedopmarlii B
MOTIepeIHBO HAIpPYXKEHIM apmaTypi MK JBOMa

MOCIIIZOBHO 3aKPIICHUMH TOYKAMU
BBaXXAIOThCS MOCTIHHUMU. BinHocH1 nedopmartii
B MIOTIEPEHBO HanpyxeHin apMartypi
JOPIBHIOIOTH 3aJIMIITKOBUM BIIHOCHHMM

nedopmariisiM miclis MpOsBY BTPAT, 30UIbIIEHUX
Ha BEJINYHHY BIZIHOCHOI nedopmartii,

22

state

(103) If the stress increase in external tendons is
calculated using the deformation state of the
overall member non-linear analysis should be
used. See 5.7.

Section 6 Ultimate Limit States (ULS)

The following clauses of EN 1992-1-1 apply.

6.1 (1)P 6.2.4 (6) 6.43 ()P  6.5.4(9)
6.1 (2)P 6.2.4 (7) 6.4.3 (2) 6.6 (1)P
6.1 (3)P 6.2.5 (1) 6.4.3 (3) 6.6 (2)
6.1(4) 6.25 (2) 6.4.3 (4) 6.6 (3)
6.1 (5) 6.2.5 (3) 6.4.3 (5) 6.7 (1)P
6.1(6) 6.2.5 (4) 6.4.3 (6) 6.7 (2)
6.1(7) 63.1(1)P  6.43(7) 6.7 (3)
621 (1P  63.1(2 6.4.3 (8) 6.7 (4)
6.2.1(2) 6.3.1 (3) 6.4.3 (9) 6.8.1 (1)P
6.2.1 (3) 6.3.1 (4) 6.4.4 (1) 6.8.2 (1)P
6.2.1 (4) 6.3.1 (5) 6.4.4 (2) 6.8.2 (2)P
6.2.1 (5) 6.3.2 (1) 6.4.5 (1) 6.8.2 (3)
6.2.1 (6) 6.3.2 (5) 6.4.5 (2) 6.8.3 (1)P
6.2.1(7) 6.3.3 (1) 6.4.5 (3) 6.8.3 (2)P
6.2.1 (8) 6.3.3 (2) 6.4.5 (4) 6.8.3 (3)P
6.2.1(9) 6.41(1)P  6.45(5) 6.8.4 (1)
6.2.2 (2) 641(2P 651(1)P  6.84(2)
6.2.2 (3) 6.4.1 (3) 6.5.2 (1) 6.8.4 (3)P
6.2.2 (4) 6.4.1 (4) 6.5.2 (2) 6.8.4 (4)
6.2.2 (5) 6.4.1 (5) 6.5.2 (3) 6.8.4 (5)
6.2.2 (6) 6.4.2 (1) 6.5.3 (1) 6.8.4 (6)P
6.2.2 (7) 6.4.2 (2) 6.5.3 (2) 6.8.5 (1)P
6.2.3 (1) 6.4.2 (3) 6.5.3 (3) 6.85 (2)
6.2.3 (2) 6.4.2 (4) 654 (1)P  6.85(3)
6.2.3 (4) 6.4.2 (5) 654 (2P  6.86 (1)
6.2.3 (5) 6.4.2 (6) 6.5.4 (3) 6.8.6 (2)
6.2.3 (6) 6.4.2 (7) 6.5.4 (4) 6.8.7 (2)
6.2.3 (8) 6.4.2 (8) 6.5.4 (5) 6.8.7 (3)
6.2.4 (1) 6.4.2 (9) 6.5.4 (6) 6.8.7 (4)
6.2.4 (2) 6.42(10) 6.5.4(7)

6.2.4 (4) 6.42(11) 6.5.4(8)

6.1 Bending with or without axial force

(108) For external prestressing tendons the strain
in the prestressing steel between two consecutive
fixed points is assumed to be constant. The strain
in the prestressing steel is then equal to the
remaining strain, after losses, increased by the
strain resulting from the structural deformation
between the fixed points considered.



BUKIMKAHOI jaedopmMariero KOHCTPYKIT MK
JAHUMU 3aKPIUICHUMHU TOYKAMH.

(109) st MOTIEPETHBO HaIpy>KEHUX
koHCcTpykiiid Bumora 5(P) (5.10.1) moxe Oyru
BHUKOHAHA Oy/Ib-sSKUM 3 HACTYITHUX CHOCOOIB:

a) mepeBipka  Hecy4oi  3JaTHOCTI 3
BUKOPHUCTAHHSIM 3MEHIIICHOT TUIOIII MOMEePEIHBO

HaTpPYy>KyBaHOT apMaTypHu. [TepeBipka
BHUKOHYETHCSI B HACTYITHOMY TTOPSIIIKY:
i)  oOumcnutu 3TUHAJIbHUM ~ MOMEHT,

BHUKJIMKAHAI KOMOIHAIIICI0 HaBaHTaXXEHb, IO
4acTo 3yCTPIYA€ThCS;

11) BU3HAUUTHU 3MEHIIEHY IUIOLLYy MONEpPEaHbO
Hanpy)XKyBaHO1 apMaTypH Tak, 11100 Mpu COUTbHIN
Iii TONEepeHbOr0 HAMpPYKEHHS 1 3TMHAJIbHOTO
MOMEHTY, OOYMCIEHOro 3riHO NEepemiKy 1),
HampyKeHHs Ha KpailHix @iOpax csaramu

BemmunHn )

i)  BUKOPHCTOBYIOUM  3MEHIIEHY  IUIOIILY
MOTePEAHBO HaIpy>XyBaHO1 apMaTypH,
OOYMCIIUTH TPAaHUYHUN 3TUHAIBHUNA MOMEHT.
HeoOximHo mnepexkoHaTHUCSs B TOMY, IO MW
MOMEHT TIEPEBHINYE 3THHAILHUH  MOMEHT,
BUKJIMKAHAH KOMOIHAIIEI0 HaBaHTAXXEHb, IO
4gacTo 3ycTpivyaerbes. [lpu 1ili mepeBipii Moxe
BpaxOBYBAaTHCS  TEPEPO3IMOJUT  BHYTPINIHIX
3yCWJIb B MEKax KOHCTPYKIIii; B TAKOMY BUTIQAKY
rpaHUYHUN 3TUHAJILHUN MOMEHT CIIig
pO3paxoByBaTH 3 BUKOPHUCTAHHSM YaCTKOBUX
KoedimieHTIB ~ Oe3meku  3amacy  MIIHOCTI
Matepiajay A BHUNAJKOBHX IMPOEKTHUX YMOB,
BKaszaHuXx B Tabnwuii 2.1N (2.4.2.4);

b) 3abe3neueHHss MiHIMAJIBHOI TUIOMII TIEpepi3y
apmatypu 3a dopmynoro (6.101a). Ilnoma
nepepizy apMarypu, MOpH3HAuYe€Ha Ui 1HIIOL
METH, MO)Ke OyTH BKJIIOYEHA B PO3PAXYHOK

As,min :

Ag _ M rep -
,min
Zs fyk
ne:
M, MOMEHT TPIlIMHOYTBOPEHH:, OOUHCICHUM

3 BUKOPUCTAaHHSAM BiAMOBIIHOI MIIIHOCTI Ha
postsryBanHs f,, Ha KpaiiHii pO3TATHYTI#
¢i6pi, nTpU [BOMY BIUIMB  IONEPEIHHOTO
HampyKeHHs He BpaxoByeTbcd. Ilo cTukax
30ipHHX eneMeHTiB i npuiivaty M, = 0.

ctx

Z IIe4ue

. BHYTpPIIHBOI Tapu BiTHOCHO

apMaTypd B TPAHUYHOMY CTaHI 3a HECY4YOlO
3JIaTHICTIO.

JCTY-H b EN 1992-2: 2012

(109) For prestressed structures, 5(P) of 5.10.1
may be satisfied by any of the following methods:

a) Verifying the load capacity using a reduced
area of prestress. This verification should be
undertaken as follows:

i) Calculate the applied bending moment due to
the frequent combination of actions.

i) Determine the reduced area of prestress that
results in the tensile stress reaching f,, at the

extreme tension fibre when the section is subject
to the bending moment calculated in i) above.

iii) Using this reduced area of prestress, calculate
the ultimate flexural capacity. It should be ensured
that this exceeds the bending moment due to the
frequent combination. Redistribution of internal
actions within the structure may be taken into
account for this verification and the ultimate
bending resistance should be calculated using the
material partial safety factors for accidental design
situations given in Table 2.1N of 2.4.2.4.

b) Providing a minimum reinforcing steel area
according to the Expression (6.101a). Reinforcing
steel provided for other purposes may be included

in As,min '

(6.101a)

where:
M is the cracking bending moment calculated

rep
using an appropriate tensile strength, f, at the

extreme tension fibre of the section, ignoring any
effect of prestressing. At the joint of segmental

precast elements M should be assumed to be

Zero.
Z is the lever arm at the ultimate limit state

S

related to the reinforcing steel.
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[TPUMITKA 3nauenns f,, mis BukopucranHs

B KOHKpPETHIH  KpalHi  BKa3zyeTrbcsi B
HAI[lOHATBHOMY  J0JaTKy.  PekomeHmoBaHe
sHayenns: f,, = f, .

c) 3a0e3NeueHHs  JIETKOTO  JOCTyIy 10

MOTIEPETHBO HANPYXKEHUX OCTOHHUX EIEMEHTIB
ISl TOTO, OO MEPEBIPATH 1 KOHTPOJIIOBATH CTaH
Halpy)XyBaHHUX €JEMEHTIB 3a  JIONIOMOIOIO
HEpYHHIBHUX METOIB 00 MOHITOPUHTY.

[MPUMITKA Omun abo aexuibka 3 METOJIB a),
b), ¢) yka3yroTbcs SIK 3aCTOCOBHI JUIsl KOHKPETHOT
KpaiH B HAI[IOHAJTbHOMY JI0JIaTKY.

(110) Axmo B mynkTti (109) BuGpano merox b),
TO 3aCTOCOBYIOTHCS TaKi IpaBUIIa:

1) HEeoOXimHO 3a0€3MeYUTH MIHIMAIBHY IUIONLY
nepepizy apMarypu Ha JUISTHKaX, /¢ B OETOHI
BHHHUKAIOTh HANPYXEHHS PO3TATYBAHHSA TIpU
KOMOiHaIl1l HOpMaTUBHUX HaBaHTaxeHb. [Ipu miit
nepeBipLl CiiJl BpaxoBYBAaTU IMapa3uTHI e(deKTu
MOTNIEPETHHOIO HANPY)KEHHS, a MePBUHHI e(eKTH
CIiJ ITHOPYBATH;

1) 19 TOMepeaHhO HANPYKEHUX EJIEMEHTIB
3aCTOCOBYETHCS dbopmyna (6.101a) 3
BUKOPUCTAHHSIM OJHOTO 3 JBOX HACTYIMHHX
ANbTEPHATUBHUX T1IXO/IIB:

a) TUIOIIa MOTMEPEHbO HAMPY)KEHUX apMaTypHHUX
€JIEeMEHTIB 13 3aXHCHHM IIapoM OETOHY, IO HE
MeHIIe HDK B K, pa3 mepeBuilye 3angaHy B
4.4.1.2 MiHIMaIBHY BEIIMYWHY, PO3TIISIIAETHCS K
mioma A i Y Gopmyni BUKOPUCTOBYEThCS

BENMYMHA Z, Ul apMATypHHX I1aCOM; 3aMiCTh
semuuunn f, BukopucroByerbes f o, ;

b) momepenHp0 HaNpyXeHi apMaTypHi €JIEeMEHTH
3 HanpyxeHHamu Hwkde 0,6 f, micis mpossy
BTpaT Tpd Jdii KoMOiHaIii HOPMATHBHUX
HABAaHTAXEHb  PO3TJIIAIOTHCS  SIK  TTOBHICTIO
aKkTuBHI. B 1mpomy Bumaaky 3amicte (Gopmynu
(6.101a) BUKOPUCTOBY€ETHCS Taka (hopmyna:

M
A min fy +AAC, 2 Z'ep

Ac:
AO'p BU3HAYAETHCA JAK MCHIIA 3 BCJIMYHH

0,4 f, 1500 MITa.

[TPUMITKA 3nauenns K, A1 BUKOPUCTAHHS
24

NOTE The value of f_ for use in a Country may

be found in its National Annex. The recommended
value for f, is f,. .

c) Agreeing an appropriate inspection regime with
the relevant National Authority on the basis of
satisfactory evidence.

NOTE The applicable method or methods
(selected from a, b and c) for use in a Country
may be given in its National Annex.

(110) In cases where method b) in (109) above is
chosen, the following rules apply:

i) The minimum reinforcement steel area should
be provided in regions where tensile stresses occur
in the concrete under the characteristic
combination of actions. In this check the parasitic
effects of prestressing should be considered and
the primary effects should be ignored.

ii) For pretensioned members Expression (6.101a)
should be applied using one of the alternative
approaches a) or b) described below:

a) Tendons with concrete cover at least k_, times

the minimum specified in 4.4.1.2 are considered
as effective in A ;, A value of z, based on the

effective strands is used in the expression and f,,
is replaced with f ., .

b) Tendons subject to stresses lower than 0,6 f,

after losses under the characteristic combination
of actions are considered as fully active. In this
case Expression (6.101a) is replaced by:

(6.101b)

where:
Ao, isthe smaller of 0,4fptk and 500 MPa.

p

NOTE The value of Kam for use in a Country may



B KOHKpEeTHIl  KpalHi  BKa3zyeTrbcsi B
HaI[lOHAIBHOMY  J0JaTKy.  PexkomeHmoBaHe
3nauenHs k, =2,0.

1i1) st 3a0e3reyeHHs IOCTAaTHLOT
neopMaTtuBHOCTI apMarypy 3 MiHIMaJIbHOIO
mjiomero  nepepisy A ., OTPUMaHOI 32

dopmymoro  (6.101), nams GararonmporoHOBHX
HEpO3pI3HUX  OaJOK  CIix  JAOBOJUTH  JO
MPOMDKHOT OTIOPH B JAHOMY TPOTOHI.

Take 30UTbIICHHS, TPOTE, HE € HEOOXITHUM,
SKIIO B TPAaHUYHOMY CTaHl 3a HECY4Oro
3/IaTHICTIO OIIp PO3TATYBaHHIO, 3a0e31euyBaHnui
HEHANpPY)KyBAaHOIO 1 MOMEPEAHBO HANPYKEHOIO
apMaTyporo (pO3TalIOBaHOIO HAJX OMOpPaMu),
pO3paxoBaHWii Ui HOPMAaTHBHUX 3HAYCHb

minpocti f, w f,,  BusBIAETHCS MeHIIMM,

HDK OIIp CTUCHEHHIO CTHCHYTOI 30HH, 3 4OTO
BUXOJIUTh, 110  pYHHYBaHHS  OCTaHHBOI
MaJIOBIPOTIAHO:

Aty +K AT o <tieboa f

inf cc 'ck
Ie:

Gt . % BimmoBigHO TOBIMHKHA i IUPHHA TIepepizy
CTHCHYTOI 30HU. Jlns TaBpoBUX mpoduniB t, =
b,y A, A, - BIOBiIHO, TIOMA TNEPEpPi3y
HEHANPY)KYBaHOI 1 TONMEpPEeHBO HaAIpPYKEHOT
apMaTypu B 30HI PO3TATYBaHHS B TPAaHUYHOMY
CTaH1 32 HECYYOI0 3JIaTHICTIO.

TTPUMITKA 3uauennsa kp JUIsl BUKOPUCTAHHS B

KOHKPETHIM KpaiHi BKa3y€EThCS B HAIlIOHATBHOMY
JOJIaTKy. 3HA4YEHHs, MO PEKOMEHIyeTbes K, =

1,0.
6.2 Ilonepeuna cuia

6.2.2 EnemeHnTH, 110 HE OTPEOYIOTH
NoNnepevYHoro apMyBaHHs

(101) Po3paxyHkoBe
nonepeunii  cum Vg, .

3Ha4YCHHA OIIopy
BU3HAYAETHCA 3a

¢bopmynoro:

VRd,c = [CRdck(loopl fck )1/3 + klacp })Wd
3 MIHIMAJIbHUM 3HAYEHHSIM:

VRd,c = (Vmin + klo-cp bwd

JCTY-H b EN 1992-2: 2012
be found in its National Annex. The recommended

value for Kem is 2,0.

Iii) To ensure adequate ductility the minimum
reinforcing steel area A ., defined in

Expressions (6.101), in continuous beams should
extend to the intermediate support of the span
considered.

However, this extension is not necessary if, at the
ultimate limit state, the resisting tensile capacity
provided by reinforcing and prestressing steel
above the supports, calculated with the
characteristic strength f, and f,, respectively,

is less than the resisting compressive capacity of
the bottom flange, which means that the failure of
the compressive zone is not likely to occur:

(6.102)

where:
te, by are, respectively, the thickness and

the width of the bottom flange of the section. In
case of T sections, t,, is taken as equal to b,.

A, A, denote respectively the area of reinforced

and prestressing steel in the tensile zone at the
ultimate limit state.

NOTE The value of k, for use in a Country may

be found in it's National Annex. The
recommended value for kp is 1,0.

6.2 Shear

6.2.2 Members not requiring design shear
reinforcement

(101) The design value for the shear resistance
Vig.o 1S given by:

(6.2.a)
with a minimum of:

(6.2.b)
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ne:
f, B MIla.

kK=1+ 2(2)0S2,0,£Le d - B MiTiMeTpax.

plztf%'go,oz

wd

TyT Ay
apMarypH, sika 3aBeJIcHa Ha BIJCTaHb > (Ibd + d)

wiom@a Tmepepi3y  pO3TATHYTOi

3a naHui nepepiz (MamoHok 6.3). B po3paxyHok
A, MOXe BKJIIOYATHCS IUIOIIA Hepepi3y
MOTIEPEIHBO HANPYXKEHOI apMaTypu, IO Mae
34eryieHHs 3 0€TOHOM; B I[bOMY BHUIIaJIKy MOJXKE
BHUKOPHCTOBYBATHCS CepeHbO3BAKEHE
3HaueHHs d .

b, HallMEHIIA IIMPHUHA TIONEPEYHOTo
nepepizy po3TArHyTO1 30HU, MM.

0y =Ngg /A <02f,, MIla

TyT Ng, OChOBE 3yCWJUISI B TIOTIEPEUYHOMY

nepepi3i BiJl HaBaHTaKEHHsS a0 TMOTEPEIHHOTO
HanmpyXXeHHs, B HbIOTOHax (mpu CTHCKY
Ngy >0). BB Bumymenux aedopmamiii Bix

w

Ng, MO’XHa HE BPaxOBYBAaTH.

A, IJI0IIAa TIOTIEPEYHOTO TIepepidy OeToHy,

MM?;

Rdc B HBIOTOHAX.

[TIPUMITKA 3nauenns Cgy., Vy, 1 K s

BUKOPHUCTAHHS B KOHKPETHIM KpaiHi BKa3ylOThCs
B HAI[lOHAJBHOMY JOJATKy. 3HA4YeHHS, UIO

PEKOMEHIYIOThCS: Croc = 0,18/7c, Vmin - 33
dhopmyioro (6.3N); k = 0,15.

v =035k 2f,

26

where:

f,  isin MPa.
k=1+ 4/2(2)0 <2,0 with d inmm.
) =bA5'g 0,02

wd

A, is the area of the tensile reinforcement, which
extends > (I,, +d) beyond the section considered

(see Figure 6.3); the area of bonded prestressing
steel may be included in the calculation of A, . In

this case a weighted mean value of d may be
used.

b is the smallest width of the cross-section in

w

the tensile area mm.
oy =Ngg /A <02f,, MPa
Ngy IS the axial force in the cross-section due to

loading or to the acting effect of prestressing in
Newtons (N, >0 for compression). The

influence of imposed deformations on N_, may be

ignored.
A is the area of concrete cross section mm?

Vag.c is Newtons.

NOTE The values of C., ., Vi,

a Country may be found in its National Annex.
The recommended value for C, . is 0,18/, that

and k, for use in

for v, is given by Expression (6.3N) and that for
k, is 0,15.

(6.3N)
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PucyHok 6.3 - BusHaueHHst Betnuunu A, B ¢opmy.ii (6.2)
Figure 6.3 - Definition of A, in Expression (6.2)

6.2.3 Po3paxyHOK nonepe4yHoro apMyBaHHA
eJICMEHTIB

(103) JIns  emeMeHTIB 3  BEPTHKAJIbHOIO
MOTIEPEYHOI0 apMaTypor0 OIip MOMEpeuHiid cuili
Vs BU3HAUYAEThCA SK MIHIMAJAbHA 3 BEJIMYHH,

obuncnenux 3a popmymnamu (6.8)1(6.9):

Vigs = &zfywd cotd
s

Vv _a,bzv f

Rd, max (cotd +tang)
ne:
A,  muoLa nepepizy MonepedHoi apMaTypH.
S KPOK apMaTypHUX CTEP)KHIB.
fde PO3paxyHKOBa T'PaHMIIA TEeKYy4OCT1
MONEPEeYHOi apMaTypHu.
v, Koe(illieHT 3HIKEHHS MIITHOCT1 OETOHY 3
TPIIIUHAMU TIPH il MTOTIEPEYHOT CHIIH.
o,  Koe(ilmieHT, 10 BpaxoBye  BIUIUB
HanpyXeHb B CTUCHYTOMY IOSCI.
[MPUMITKA 1 Skmo  BHUKOPHUCTOBYETHCSA

dopmyna (6.10), To B popmymni (6.8) BenuuuHy
fywd caig sMeHuTa 10 0,8 fywk )
I[MPUMITKA 2 3nauenHs Vv, 1 «

BUKOPUCTAHHS B KOHKPETHIN KpaiHi BKa3yHOTbCs
B HAI[IOHAJIBHOMY JOJATKy. 3HAYeHHs, IO
peKOMeHayeTbes: V; = V (nuB. popmymy (6.6N)).

v AL

6.2.3 Members requiring design shear
reinforcement

shear
is the

(103) For members with vertical
reinforcement, the shear resistance, Vg,

smaller value of;

(6.8)
(6.9)
where:
A,, is the cross-sectional area of the shear

reinforcement.
S is the spacing of the stirrups.

faa is the design yield strength of the shear
reinforcement.

v, is a strength reduction factor for concrete
cracked in shear.

a,, Isa coefficient taking account of the state of
the stress in the compression chord.

NOTE 1 If Expression (6.10) is used the value of
f.wa should be reduced to 0,8 f,, in Expression

(6.8)

NOTE 2 The value of v, and «,, for use in a
Country may be found in its National Annex. The
recommended value of v, is v (See Expression

(6.6N)).
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I[MPUMITKA 3 ko po3paxyHKOBE 3HA4YECHHS
HaNpYyKEHHs B MONEPEYHii apMaTypi CTaHOBHUTH
meHme 80 % Big HOPMATUBHOI TpaHUI
Tekygocti  f,, To V, BU3HayaeTbcs TakuM

YUHOM:

v, =0,6 ms (for) f, <60 Mlla

_ f.
Vi=09-"%500

I[MPUMITKA 4 pekoMeHIOBaHE 3HA4YEHHS

BU3HAYAETHCA B TAKUI CII0CiO:

> 0,5 s (for) f, >60 Mlla

NOTE 3 If the design stress of the shear
reinforcement is below 80% of the characteristic

yield stress f, , v, may be taken as:

(6.10.aN)
(6.10.bN)

NOTE 4 The recommended value of ¢, is as
follows:

1 s KOHCTpYKHid  0e3  TomepeaHbOro 1 for non-prestressed structures
HampyKeHHS,

(1+ Oep dej nns (for) 0< o, <0,25f (6.11.aN)

1,25 pns (for) 0,25f, <o, <0,5f, (6.11.bN)

O
2,5(1— %J mns (for) 0,5f, <o, <1,0f, (6.11.cN)

me: where:
O, CEpelHe CTHCKaJlbHE HANPYXEHHA B o, Is the mean compressive stress, measured

OCTOHI, 10 MPUUMAETHCS AOJATHUM, BUKIUKAHE
TI€I0 PO3paXyHKOBHX OChOBHX cHJl. Ll BenmunHa
BU3HAYAETHCS SIK YycepenHeHa B OCTOHHOMY
nepepizi 3 ypaxyBaHHsSM apMarypu. Ha Bimcrani
menm 0,5dctgé Bim kparo omopu 0OUYHCITIOBATH

3HAYEHHS O, HE MOTPIOHO.

Ko po3TArHyTHi 00 CTUCHYTHH MOSICH 0aoK
MOXYTb BUTPUMYBATU BCE 3YCHILIS
MONEPETHBOIO HAMPYXKEHHS 1 MO Kpasx Oaliok €
PO3MIMPEHHST U1 PO3MOJAULY LBOrO 3yCHIUIS
(manroHok 6.101), To Mpy BUKOPUCTAHHI IPSAMUX
MONIEPETHBO HAIPY>KEHUX apMaTypHUX
€JIeMEHTIB 3 BHCOKHM pIBHEM IIONEPEIHIX
HAIPYKCHb (O'Cp [ fy > 0,5) B OaJIKaxX 3 TOHKUMHU

CTIHKaMH TIPHITYCKAETHCA PO3MOAUIATH 3YCHILIS
MOMEPEHROIO HAMpPYXKEHHS MDK mosicamu. B
OMX yMOBax JUIs CTIHKH CIIiJI BpPaxOBYBaTH
TUIBKM CTHUCHECHHS, BHKIHMKAaHE IIONEPEYHOIO
cwioio (e, =1).

28

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 o, need not be

calculated at a distance less than 0,5d cotd from

the edge of the support.
In the case of straight tendons, a high level of
prestress (ch/fcd >0,5) and thin webs, if the

tension and the compression chords are able to
carry the whole prestressing force and blocks are
provided at the extremity of beams to disperse the
prestressing force (see fig. 6.101), it may be
assumed that the prestressing force is distributed
between the chords. In these circumstances, the
compression field due to shear only should be
considered in the web («,, =1).
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Pucynok 6.101 — Po3noaisl nonepeaHboro Hanpy:keHHs TOPUOBUMH YIIMPEHHSIMH 10 NMosicax
Figure 6.101 - Dispersion of prestressing by end blocks within the chords

[MPUMITKA 5 MakcumasnibHa eQeKTUBHA
IJIOIIA HEPEPI3y MONEPEYHOi apMarypu A, .

st CtgO =1 Bu3HAYaeThCs 3a (HOPMYIIOIO

(107) JonarkoBe po3rsarysanbHe 3ycuinist AR, B
MO3/I0BKHIN apMaTypi, BUKJIUKaHE TIOTIEPEUHOI0
cuioro Vg, , MOJKHA OOUUCIUTH 32 (POPMYIIOIO

AF, =0,5V,(ctgé - ctgar)

M. /z+AF, =He
nepeBuIyBaTu Mg, /7.

I[Ipu upomy MMOBUHHE

I[TPUMITKA HacTtaHoBu 3 TO€IHAHHS PI3HUX
MoJiener pepM ik BAKOPUCTAHHS B KOHKPETHIN
KpaiHi IMOJAlOThCS B HAIIOHAIBHOMY J0JIATKY.
HactaHoBHM, IO pPEKOMECHIYIOTHCS, HABEICHO
HUK4Ye. SIKIIO BUKOPHCTOBYETHCS 3YCIUICHA 3
0CTOHOM IOTIEPEHHO HAIPY)KEHA apmarypa,
po3TaloBaHa BCEPEIUHI PO3TATHYTOrO TIO0sCa,
TO CTBOPIOBAHMU TMOMEPEAHIM HANPYKCHHIM
OIp MOKHa BpPaxOBYBAaTH SIK CKIAJOBY JUIs
CHPHUHHSATTS ITIOBHOT'O [103/I0B)KHBOT'O
PO3TAryBabHOTO 3ycWiUIs. [Ipu BUKOPUCTAHHI
MOXWIKX MONEPEHBO HANPYKCHUX apMaTypPHUX
€JIEMEHTIB, 3UEIUIEHNX 3 OETOHOM, B ITO€IHAHHI
3 IHIIOI TO3J0BXKHBOI apMmaryporo abo
MOTIEPEIHBO  HANPY)KEHUMH  apMaTypHUMH
€JIeMEHTaMH, MII[HICTh Ha JIif0 TOTEePEYHOI CHUITH
MO>KHA PO3PaxoOBYBaTH B CIIPOILIEHOMY BHTJISAL
IUISXOM TO€IHAHHS JBOX PI3HUX MoOJIenei
0amnoK 3 pi3HOIO TeoMeTpieto (ManmoHOK 6.102N);
JUIi  TepeBIpKM  HampyXeHb  OETOHY 3
BUKOPHUCTAHHSM bopmynu (6.9)
BUKOPUCTOBYETHCS CEPETHHO3BAKEHE 3HAYCHHS
Mix O, 16,.

NOTE 5 The maximum effective cross-sectional
area of the shear reinforcement A, . for

cotd =1 is given by:

(6.12)

(107) The additional tensile force, AF, , in the
longitudinal reinforcement due to shear Vg, may
be calculated from:

(6.18)

M ,/z+AF, should be taken not greater than
M /z.

Ed,max

NOTE Guidance on the superposition of different
truss models for use in a Country may be found in
its National Annex. The recommended guidance is
as follows:

In the case of bonded prestressing, located within
the tensile chord, the resisting effect of
prestressing may be taken into account for
carrying the total longitudinal tensile force. In the
case of inclined bonded prestressing tendons in
combination with other longitudinal
reinforcement/tendons the shear strength may be
evaluated, by a simplification, superimposing two
different truss models with different geometry
(Figure. 6.102N); a weighted mean value between
6, and 6, may be used for concrete stress field

verification with Expression (6.9).
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Pucynok 6.102N - Ckaaaena Mojaeb ONopy nomnepevyHiii cuii

Figure 6.102N: Superimposed resisting model for shear

(109) [nst cxknaneHUX KOHCTPYKIIN 13 30ipHUMU
3a1i300€TOHHUMU €JIEeMEHTaMH 1 13 ONePeHbO
HATPY)KEHOI0 apMaryporo 0e3 3YeryieHHS 3
OETOHOM  BCEpeIUHI PO3TATHYTOro  THosca
HEOOXIZIHO BpPAaxOBYBAaTH BIUIMB PO3KPUTTS
CTHKIB. 3a OUX YMOB, SKIIO HE BHUKOHYETHCA
JIeTalbHUH  PO3paxyHOK, TO 3yCWIIS B
PO3TATHYTOMY TIOSIC1 TICHSI PO3KPUTTS CTHKY
CITiIy€e BBOXXKAaTH HE3MIHHUM. ToMy, y Mipy TOTO,
SK TPUKJIaJaHe HABAaHTAKEHHS 3POCTa€ 1 CTUK
po3kpuBaeThcs (ManmoHOK 6.103), Haxui mosst
HalNpy>KeHHsI OETOHY B CTiHII 3pocTtae. Bucora
nepepizy CTIHKH, AOCTYMHOI Il CTHCHEHHS,
3MEHIIYeTbCsT 10 BenmwuuHU N . Jomyctime

HAaBAaHTAXXCHHS 3a TOINEPEYHOI0 CHJIOK MOXKHA
OIIIHUTH 3a (GopMyIoro (6.8), BUKOPHCTOBYIOUH
B Hill 3HAYCHHS @, OTpUMaHEe JJI1 MIHIMAJIBHOTO
3HAYCHHS 3aJIMIIKOBOT BUCOTH N, .
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(109) In the case of segmental construction with
precast elements and no bonded prestressing in the
tension chord, the effect of opening of the joint
should be considered. In these conditions, in the
absence of a detailed analysis, the force in the
tension chord should be assumed to remain
unchanged after the joints have opened. In
consequence, as the applied load increases and the
joints open (Figure 6.103), the concrete stress field
inclination within the web increases. The depth of
concrete section available for the flow of the web

compression field decreases to a value of h.,. The

shear capacity can be evaluated in accordance with
Expression 6.8 by assuming a value of & derived
from the minimum value of residual depth h,, .
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E -
A - 0C1 TEOPETUYHOTO PO3TATHYTOTO €JIEMEHTa; B - 0Cl TEOpETUYHUX CTUCHYTHX €JIEMEHTIB;
C - po3TsarHyTHH TTOsIC OAJIKH (30BHINIHIN OTIEPETHHO HAMPY>KCHUH apMaTypHHI €JIEMEHT);
D - none A: po3rauryBaHHs XOMYTiB 3 0, . (Ctg@ = 1,0) ;
E - mosie B: po3TtamryBanHs XxoMyTiB 3 6, (Ctg0 = 2,5)
Pucynok 6.103 - IToJsis giaroHaJIbHUX HANIPYKEHb MO CTHKY CTIHKH 0AJIKH
A Axes of theoretical tension tie
B Axes of theoretical compression struts
C Tension chord of truss (external tendon)
D Field A : arrangement of stirrups with 6, (ctgé =1,0)
E Field B : arrangement of stirrups with 6., (ctgd = 2,5)
Figure 6.103 - Diagonal stress fields across the joint in the web
Ny = Ve (ctgd +tg6) (6.103)
hNVfcd
[Torepeuna apmaTypa 3 IUIOIICIO TMEpepidy Ha Shear reinforcement stirrups, having the following
OJIMHUIIO JIOBXXHHH, BH3HAYyBaHOi 3a area per unit length:
bopmynoro:
\Y
A = Ed (6.104)
s hgfectgd
NoBMHHA OyTH rependayeHa B MeXax BIICTaHI should be provided within a distance h,,coté,
heCl96, ame He Ol HOK HA JOBXUHY but not greater than the segment length, from both
eJIeMeHTa B 0OUJIBI CTOPOHU BiJl CTUKY. edges of the joint.
3ycuiuls  TMONEpPEeHBOTO  HANpyXEeHHA 32 The prestressing force should be increased if
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HeoOXigHOCTI cCiaig 30UIBIIMTH Tak, MmI00 B
TPaHUYHOMY CTaHI 32 HECYYOI 3JAaTHICTIO TpH
MOEHAHHI 3TUHAJIBHOTO MOMEHTY 1 3CYyBY
PO3KPUTTSI CTHKY OyJl0 OOMEKEHO BEIMYHUHOIO
h—h.y (po3paxyHOK IHB. BHILE).

[TPUMITKA Minimaneee 3HaueHHs h, 1o
BUKOPUCTaHHS B KOHKPETHIH KpaiHi yKa3yeTbcs B
HaI[lOHATBHOMY  J0JaTtky.  PexkomeHmoBaHe
3HayeHHs: h,=0,5h.

6.2.4 3cyB Mixk peOpoM i mosiuIel0 TABPOBUX
nepepisis

(103) loTn4He HanpyXeHHS 3CYBY Vg, IO CTHKY
HOJUIl 1 CTIHKM BH3HAYAcThCAd  3MIHOIO
HOPMaJIBHOTO  (MO3JIOBXKHBOTO)  3yCWUIS Yy
BIJIOBIIHINA YacTHHI ITOJUII 1 OOUYMCIIIOETHCS 3a
HACTYIMHOIO (POPMYIIOIO:

Veq = AF, /(thx)

ae :
h, TOBIIMHA MOJIMLI B MiCIli KOHTAKTY.

AX JOBKHHA TJISTHKH
(pucynok 6.7).

AE, 3MiHa HOPMAJBHOIO 3yCHJLIA B IOJIHIL

PO3paxyHKOBOI

Ha BiIPi3KY 3aBIOBKKH AX .

necessary such that, at the ultimate limit state,
under the combination of bending moment and
shear, the joint opening is limited to the value
h—h,, as calculated above.

NOTE The absolute minimum value of h., to be
used in a Country may be found in its National
Annex. The recommended absolute minimum
value for h., 10,5 h.

6.2.4 Shear between web and flanges of T-
sections

(103) The longitudinal shear stress, v., at the

junction between one side of a flange and the web
is determined by the change of the normal
(longitudinal) force in the part of the flange
considered, according to:

(6.20)
where:
h, is the thickness of flange at the
junctions.

AXx is the length under consideration, see
Figure 6.7.
AE, is the change of the normal force in the

flange over the length Ax.

A - cTHCHYTI cMyTH; B - IO3I0BXKHIl cTEp)KEHb, 3aKPITICHUH 32 PO3PaxyHKOBO TouKo (6.2.4 (7))

Pucynoxk 6.7 - Ilo3HaueHHsA A1 CTHKA MiXK CTIHKOIO i oJIMIIer0
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A — compressive struts B — longitudinal bar anchored beyond this projected point (see 6.2.4 (7))
Figure 6.7 - Notations for the connection between flange and web

MaxkcumanbHe 3HA4Y€HHS Ui BEJIUYMHU  AX
CTaHOBHUTH TOJIOBUHY BIJICTaHI MDK Iepepizamu,
7€ MOMEHT JOpIBHIOE HYIIO 1 J€ MOMEHT
MaKCUMaJIbHUH. SIKIIO NPUKIANAlOTHCS TOYKOBI
HAaBAaHTAXEHHs, TO BIAPI30K AX HE MOBHHEH
MePEBUIILYBATH BiJCTaHl MDK AMH
HABaHTaXCHHSIMH.

SIK anbTepHATUBHUHN BapiaHT, SIKIIO PO3TISAATH
JOBXUHY Oanku AX, 3CyB, INepeJaBaHHid Bix
CTIHKM JO NOJNHWI|, CTaHOBUTH V  AX/Z i

TUTMTBCS HA TPU YACTUHU: OJHA 3aJIMIIAETHCS B
MEXKax ITUPUHU CTIHKH, a JIB1 1HII1 JOXOJATH 10
BEPXHbOI TIpaHi MOJAULII. 3BUYAWHO  CIiJ
MPUITYCKAaTH, M0  YacTKa 3YyCWDIsA, 110
3QJIMIIAETHCS B MEKaX CTIHKH, BU3HAYAETHCS K
b, /by Bin 3arampHOrO 3ycmnra. Lo wactky

CITI TIPUNYCKAaTH OUIBIIOIO, SIKIIO TIOBHA
edeKTUBHA WIIMpPHUHA MOJUII HE MOTpiOHA s
TOTO, 11100 YUHUTH OIIp 3TMHAJILHOMY MOMEHTY.
B unpomy Bumaaky mnoTpiOHa mepeBipka Ha
PO3KpUTTSI TPILMHU B TPAaHUYHOMY CTaHI 3a
MPUIATHICTIO 0 €KCIUTyaTaIlii.

(105) Ilpm coutbHOMY 3CyBI MDK TOJHUIECHO 1
CTIHKOIO 1 TIOMIEPEYHOMY 3THHI TUIOIIA Tepepizy
apMaTypH TIOBHHHA MPHUMATHCS MaKCUMAILHOO
3 HACTYITHUX BEJMYWH: BEIIMYMHU, BU3HAYYBAHOI
3a ¢dopmyrnoro (6.21), 1 TOJIOBUHHM BEIUYHHH,
BU3HauyBaHoi 3a  ¢opmynorw  (6.21) 3
JOJJABaHHSM BEJIMYMHY, BH3HAYyBaHOI Bia Iii
MOTIEPEYHOTO BUTHHY.

Jlnst  mepeBipKM  HaAMpy)KeHb OETOHY  TpH
crucHeHHi 3a Qopmymoro (6.22) EN 1992-1-1

BCIIMYNHY hf HaAJIC)KUTb 3MCHIIUTHU Ha BUCOTY

CTHCHYTOI 30HH, III0 BpaxoOByBalacs MPU OILIHII
3TUHY.

[MPUMITKA Sxmio 3a pe3ynbTataMu MepeBipKu
3a/laHa YyMOBAa HE BHUKOHYETbCSA, TO MOXKE
3aCTOCOBYBATHUCS YTOUHEHUU METOJ,
NpUBEAEHUN B 101aTKy MM.

6.2.5 3cyB no KOHTaKTHIil MOBepXHi 0€TOHHUX
€JIeMEHTIB, BUTOTOBJICHUX B Pi3HMI Yac

(105) Mnsa mnepeBipkd Ha BTOMJCHICTH a0o0
nuHaMiKy 3HaueHHs 3 B 6.2.5 (1) EN 1992-1-1
NPUEMAIOTHCS PIBHUMH HYITIO.

The maximum value that may be assumed for Ax
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 Ax should not exceed the distance between
point loads.

Alternatively, considering a length Ax of the
beam, the shear transmitted from the web to the
flange is V,Ax/z and is divided into three parts:

one remaining within the web breadth and the
other two going out to the flange outstands. It
should be generally assumed that the proportion of
the force remaining within the web is the fraction
b, /by of the total force. A greater proportion

may be assumed if the full effective flange breadth
is not required to resist the bending moment. In
this case a check for cracks opening at SLS may be
necessary.

(105) In the case of combined shear between the
flange and the web, and transverse bending, the
area of steel should be the greater of that given by
Expression (6.21) or half that given by Expression
(6.21) plus that required for transverse bending.

For the wverification of concrete compression
crushing according to Expression (6.22) of EN
1992-1-1 h, should be reduced by the depth of

compression  considered in  the  bending
assessment.

NOTE If this verification is not satisfied the
refined method given in Annex MM may be used.

6.2.5 Shear at the interface between concrete
cast at different times

(105) For fatigue or dynamic verifications, the

values for ¢ in 6.2.5 (1) in EN 1992-1-1 should be
taken as zero.
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6.2.106 3cyB 1o CTUKY  0eTOHHMX
KOHCTPYKiii, BUTOTOBJIEHUX B pi3HMii yac

(101) Yepe3 nasBHICTH HANpyXCHHS CTUCHEHHS,
0 BUHHMKAE€ BHACIIOK TIOMEPEYHOi CHUIH 1
3THHY, pu IIPOEKTYBaHHI1 HEOOXiZTHO
BpPaxOBYBaTH B3a€EMHY [0 TIO3/I0BXXHBOTO 3CYBY
1 TIOMEpeYHoro 3rMHy B CTIHKaX KopoO4acToi
Oanku.

Sxmo Ve MVegma <0,2 abo
Mey /Mg max <01, TO MM MOXKHA HEXTyBaTH;
TYT Vg max 1 Mgy max € MAKCHMAJIBHO JOITyCTUMI

3yCHJUISI B CTIHIIl KOpoOuyacToi Oalku TpHu
MO3JI0B)KHBOMY 3CYBI 1 TIONEPEYHOMY 3THHI
B1JITOB1JTHO.

I[MPUMITKA JlonaTkoBi BiTOMOCTI PO B3aEMHY
JII0 MDK 3CYBOM 1 IIONEPEYHUM BUTHHOM
HaBOJATHCS B 1ogaTky MM.

6.3 Kpyuenns
6.3.2 Ilopsigok po3paxyHKy

(102) BmmB kpydyeHHS 1 3CyBy SK Ha
MOPOXKHMCTI, TAaK 1 HA CYILUIbHI €IEMEHTH MOKHA
po3rnsgaTH SK Taki, L0 HaKIaJaloThCs, 3a
YMOBH OJHAKOBOTO KyTa Haxuny 6. ['panununi
3HAUEeHHs 111 BeJIW4YuHM 6 , HaBeaeHi B 6.2.3
(2), TakoX TOBHICTIO 3aCTOCOBHI JI0 BHITQJIKy
MO€THAHHS 3CYBY 1 KpYUEHHSI.

MaxkcumanbHa Hecyda 3/1aTHICTh €JIEMEHTa, IO
3a3Hae Iii  3ycuiib  3CyBY 1 KpY4YCHHS,
BU3HavaeThecsl 3a 6.3.2 (4). s xopoOuacTtux
nepepiziB KOJKHY CTIHKY HEOOXIIHO MepeBipATH
OKPEMO Ha CHUIbHY JiI0 BHYTPIINIHIX 3yCHJIb
3CYBY, OTPHUMaHHX MpH il 3CYBY 1 Kpy4eHHs
(pucyHok 6.104).

6.2.106 Shear and transverse bending

(101) Due to the presence of compressive stress
fields arising from shear and bending, the
interaction between longitudinal shear and
transverse bending in the webs of box girder
sections should be considered in the design.

When Vg, /V <02 or Mg /Mgqm <01

this interaction can be disregarded; where V
and Mg, .. represent respectively the maximum

web capacity for longitudinal shear and transverse
bending.

Rd,max

Rd,max

NOTE Further information on the interaction
between shear and transverse bending may be
found in Annex MM.

6.3 Torsion
6.3.2 Design procedure

(102) The effects of torsion and shear for both
hollow and solid members may be superimposed,
assuming the same value for the strut inclination
6. The limits for 6 given in 6.2.3 (2) are also
fully applicable for the case of combined shear and
torsion.

The maximum bearing capacity of a member
loaded in shear and torsion follows from 6.3.2 (4).
For box sections, each wall should be verified
separately, for the combination of shear forces
derived from shear and torsion (Figure 6.104).

=

=

i 1 + [

=

=

A

C

A - kpydenHs; B- 3cyB; C - crionyueHHs Kpy4eHHs 1 3CyBY
Pucynok 6.104 - CnostyyeHHs1 BHYTPIillIHiX 3yCHJIb B Pi3HHUX CTIHKaX KOP0o04acToro nepepisy

A Torsion Kpy4yenns
B Shear 3cys
C Combination CrinbHa J1ist Kpy4YeHHS 31 3CyBOM

Figure 6.104 - Internal actions combination within the different walls of a box section
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(103) HeoOximHy 1utomnny mepepizy mo3I0BKHBOT
apMaTypH BiJl BIUIUBY KPYYCHHS Z A, MoXxHa

obuucoBatu 3a Gpopmyoro (6.28):

2A 0 _ Te. cotd
2A

uk
ae:
u, nepuMeTp  mepepisy  KOHCTpYyKmii i
wiouiero A, .
fs  pospaxyHkosa rpaHuLs TEKYy4OCTI1
M03/10BXKHBOT apMaTypu A, .
0 KyT  Haxujgy  CTUCHYTHX  PO3KOCIB

(pucyHok 6.5).
B crucHyrux mnosicax mepepi3 MO30BXKHBOI

apMaTypu Mo)ke OyTH 3MEHIIEHUI MPOMOPIIIHO
0  HAsBHONO  3yCWUIS  CTHUCHEHHS. B
PO3TATHYTHX TOsICaX TO3OBKHS apMarypa JUis
CTIPUHHATTS KpydeHHsI TOBUHHA OyTH J0JaHa 10
pemrtu  apmatypu. [lo3momxHs — apMmarypa
MOBMHHA PO3TAlIOBYBAaTUCS PIBHOMIPHO IO
JOBXHUHI zj, IPOTE JJIsi MaJuX TEepepi3iB BOHA
MOXe OYTH 30Cepe/PKeHa Ha KIHITIX.

[TontepeapO HaNPy)XKyBaH1 apMaTypHIi €JIEMEHTH,
0 MaroTh 3YEIUIEHHA 3 OETOHOM, MOXYTh
BpaxoByBaTHcs 3 OOMEXEHHSIM CTBOPIOBAHOIO
HuMu HanpyxkenHs Ao, <500 MIla. B upomy

BHUIMAJKy BHpa3 ZAS, fa vy Gdopmyni (6.28)

HEOOX1IHO 3aMIHUTH Ha Z Aty +AAT,.

(104) MakcumalIbHH# OTIip €JIEMEHTa, 1110 3a3Ha€
Jii Kpy4YeHHS 1 3CYyBY, OOMEXKYEThCS HECYYOHO
3mMaTHICTIO OeToHHHMX po3kociB. II[o6 He
JNOMYCTUTH  TEPEBUIICHHS  I[OTO  OIODY,
HEOOXiJJTHE JOTPUMAHHS HACTYITHHX YMOB:

- IS CYIIUTBHUX TOTIEPEYHUX Mepepi3iB

TE/ +VE% <10
TRd,max Rd,max

T . .
Ed  po3paxyHKOBUH KPYTHHIl MOMEHT.

Je.

V
Bl po3paxyHKOBE MOTEPEYHE 3YCHILIS.

TRd max A :
’ PO3PaXyHKOBHUH OIIP KPYUCHHIO,
BI/IBHa‘-IyBaHI/Iﬁ 3a (I)OpMy.IIOIO:

JCTY-H b EN 1992-2: 2012

(103) The required area of the longitudinal
reinforcement for torsion Z A, may be calculated

from Expression (6.28):

(6.28)
where:
Uy Is the perimeter of the area A, .
f,q  isthe design yield stress of the longitudinal
reinforcement A, .
1% is the angle of compression struts (see
Figure 6.5).

In compressive chords, the longitudinal
reinforcement 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 longitudinal
reinforcement should generally be distributed over
the length of side, zi, but for smaller sections it
may be concentrated at the ends of this length.

Bonded prestressing tendons can be taken into
account limiting their stress increase to

Ao, <500 MPa. In that case, > Af, in
Expression (6.28) is replaced by

ZAS, fo+AAc,.

(104) The maximum resistance of a member
subjected 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 satisfied:

- for solid cross-sections:

(6.29)

where:
Te,  isthe design torsional moment.

Vs IS the design transverse force.
Tra.max 1S the design torsional resistance moment
according to
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T =2va,, f At sindcosd

Rd,max

Ie:
v BU3Havaerwes 3riggo EN 1992-1-1, 6.2.2
(popmymna (6.6)), a a, - 3a popmynoro (6.9).

\

3CYBY, BU3HaUyBaHUH 3a (opmyoro (6.9)
abo (6.14). B cynubHEX Tepepizax s
BHU3HAYCHHS V MO’K€ BUKOPHUCTOBYBATHUCS

Rd.max MAKCUMaIbHMH  PO3PaxXyHKOBHMH  Omip

Rd,max
[IOBHA IIMPUHA CTIHKU OaJIKU:

- IUI1 KopoOYacTux nepepisis.

Po3paxyHOK  KOXHO1 CTIHKM  BUKOHYETHCS
OKpPeMO Ha I[O€HAaHHSA 3yCWUJb BIJ 3CYBY 1
KpydeHHs. ['paHMYHHMI CTaH 3a HECY4OH
3MATHICTIO JJii O€TOHY CIi MEepeBIpsITH 3
ypaxyBaHHSM pPO3PAaxyHKOBOIO OIOPY 3CYBY
V

(106) [dnst cknaneHUX KOHCTPYKIIHN 13 30ipHUMU
OJIOKOBUMH  €JIEeMEHTaMH 1 13 TONepeaHbO
Hanpy>XeHOI0 apMaTypolo, 1110 HE Ma€ 34YETJIEHHS
3 OETOHOM, PO3KPUTTS CTHKY Ha BCIO BHUCOTY
BIJIOBIIHOT TOJIMLI TATHE 3a CO0OI0 ICTOTHY
3MIHY MEXaHI3BMYy OINOpYy KpPYYEHHIO, SKIIO
BIIMTOBI/IHI IITOHKH, IO MPaIoTh Ha 3pi3,

Rd,max *

BUSBIISIIOTBCSI ~ HE  3JaTHUMH  CIPHAMATH
JOKATbHUW 3pI3 Yepe3 KPYdYeHHs. 3aMicTh
KpYTOBOTO Kpy4YCHHSI bpenra (Bredt)

CIIOCTEPIra€EThCSl MOEAHAHHS AePOPMYBaIHLHOTO
kpydeHHs 1 kpydeHHs Cen-Benana (De Saint
Venant), mpudomMy Nepuinii MEXaHi3M MepeBakae
Hag npyruM (MamoHOK 6.105). B pesymbrari
3CYB  CTIHKHM,  BHKIUKAaHUA  KPYYCHHSM,
MPAaKTUYHO TOJIBOIOETHCS, 1 CIOCTEPIraeThest
3HaYHEe BWKpPUBJICHHsA T1epepidy. B  mpomy
BUIAJKy TICPEBIPSIEThCS HECy4a 3/aTHICTh B
TPAaHUYHOMY CTaHI HaWHAMPY)KCHINIOT CTIHKU;
nepeBipka  BUKOHYETHCS  3TIHO  METO.Y,
HaBeJICHOMY B noJ1atky MM, 3 ypaxXyBaHHSM
KOMOiHaIli1 3TUHY, 3CYBY 1 KPYUECHHSI.
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(6.30)

where:
v follows from 6.2.2 (6.6) of EN 1992-1-1
and «, from Expression (6.9)

Voo max 1S the maximum design shear resistance

according to Expressions (6.9) or (6.14). In solid
crosssections the full width of the web may be
used to determine V

Rd,max *

- for box sections.

Each wall should be designed separately for
combined effects of shear and torsion. The
ultimate limit state for concrete should be checked
with reference to the design shear resistance
V

Rd,max *

(106) In the case of segmental construction with
precast box elements and no internal bonded
prestressing in the tension region, the opening of a
joint to an extension greater than the thickness of
the corresponding flange entails a substantial
modification of the torsional resisting mechanism
if the relevant shear keys are not able to transfer
the local shear due to torsion. It changes from
Bredt circulatory torsion to a combination of
warping torsion and De Saint Venant torsion, with
the first mechanism prevailing over the second
(Figure 6.105). As a consequence, the web shear
due to torsion is practically doubled and
significant distortion of the section takes place. In
these circumstances, the capacity at the ultimate
limit state should be verified in the most heavily
stressed web according to the procedure in Annex
MM taking into account the combination of
bending, shear and torsion.
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A - xpyuenns bpenra; B - camoBpiBHOBakeHe KpyueHHs ; C - kpyueHHs1 CeH-Benana;
D - nedbopmyBanbHe KpydeHHS
Pucynok 6.105 - 3miHa xapakTepucTHK KPy4YeHHs Yy BiIKPpUTOMY 3'€IHAHHI B MOPiBHSIHHI i3
3aKPUTUM

A Bredt Bpear

B Self balanced CamospiBHOBa)keHE
C De Saint Venant Cen-Benan

D Warping BukpuiieHHs

Figure 6.105 - Variation in torsional behaviour from closed to opened joint

6.7 MicueBa Iist HABAHTAKEeHHS

(105) TlpoekTyBaHHS 1 PO3PaXyHOK OIOPHHX
NUITHOK MOCTIB IIOBUHHI 3IIACHIOBATUCS 3
BUKOPUCTAHHIM BU3HAHUX METO/IIB.

I[TPUMITKA JlomaTkoBi BiZIOMOCTI HaBOJSAThHCS
B JI0JIATKYy J.

6.8 Bromuenictb

6.8.1 YmoBHu nepeBipkn

(102) IlepeBipka Ha BTOMJIEHICTH ITOBHHHA
BUKOHYBAaTHCA JJIsl KOHCTPYKLIHN 1 1X eJeMeHTIB
10 3a3Hal0Th 0araropasoBO MOBTOPIOBAHUX
BIUIMBIB.

6.7 Partially loaded areas

(105) The design of bearing zones for bridges
should be carried out using recognised methods.

NOTE Further information may be found in
Annex J.

6.8 Fatigue

6.8.1 Verification conditions

(102) A fatigue verification should be carried

out for structures and structural components
which aresubjected to regular load cycles.
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[IPUMITKA IlepeBipka Ha BTOMJICHICTh
3BHYAITHO HE MOTPiOHA VI TaKMX KOHCTPYKIIiH
1 €JIEeMEHTIB:

a) MIMOXigHI MOCTH, OKpIM €JEeMEHTIB
KOHCTPYKI[i, OCOOJMBO YYyTIMBHX MO0 Mii
BITPOBOTO HAaBAaHTAKEHHS,

b) anst aBTOMOOUTBPHUX 1 3aTI3HUYHUX MOCTIB -
apKoBi 1 paMHI KOHCTPYKIii 3 TOBIIMHOIO
3acunku He meriie 1,001 1,50 M BiAmoBiaHO;

¢) hyHIaMeHTH;

d) mutoHM 1 KOJOHHM, HE 3'€IHAHI KOPCTKO 3
BUILEPO3MIIIEHUMH KOHCTPYKIIISIMH;

€) WIAMIpHI CTIHU JOPOXKHIX 1 3aTi3HUYHHUX
HACUIIIB;

f) omopu mOpokHIX 1 3aTI3HUYHUX MOCTIB, HE
3'eqHaHI  JKOPCTKO 3  BUIIEPO3MILIEHUMU
KOHCTPYKLIIMU OKpIM CTIHOK THOPOYKHUCTHX
orop;

g) HeHampyXyBaHa 1 MONEPEIHbO HANpYyXKeHa
apMaTypa - B 00JIaCTsIX, JIe TIPH il TIO€AHAHHS
PO3paxyHKOBHX HABaHTAXEHb 1 MOMEPEIHBOTO
HanpyXeHHs B, B KpaliHIX OETOHHHMX BOJIOKHAX

BHUHUKAIOTh TUTBKH CTHUCKAJIbH1 HAMIPY>KEHHS.
B HamioHalbHOMY JOJaTKy MOXYTh OyTH
HaBeJICH1 101aTKOBI TIpaBuJIa.

6.8.4 Iopsinok nepeBipku st
HEHANPYKYBAHOI i MonepeaHb0 HANPYKEHOI
apMaTypu

(107) [Jns 30BHINIHIX 1 pO3TAIIOBaHHUX
ycepenruHi OETOHHOTO Tmepepidy IMOoNepeaHbO
HANPY)KEHUX apMaTypHUX EJIEMEHTIB, IO HE
MaloTh 3YeIUieHHs 3 OETOHOM, TepeBipka Ha
BTOMJICHICTh HE TTOTpiOHA.

6.8.7 IlepeBipka OeToHy Ha cTHCK a0o
NnonepeyHy CHIy

(101) TIlepeBipka MOBHHHA BHMKOHYBAaTHCS 3
BUKOPHCTAaHHAM JaHUX IPO JOPOXHIA pyX,
miarpam  BromsieHocTi  (S-N) 1 TumiB
HaBaHTAXEHb, BCTAHOBJICHUX HALIOHAJLHUMHU
OpraHamu yIIpaBIIiHHS. [epeBipounmuii
PO3paxyHOK [UIs 3alli3HUYHUX MOCTIB MOXKe
BUKOHYBAaTHCS Ha OCHOBI CIIPOLIEHOTO MiAXOTy
3 BUKOPHUCTaHHAM A - BenuuuH (gogatok NN).
Jns  mepeBipkd  OETOHY  3aCTOCOBYETHCS
npaBuio Maitnepa (Miner’s rule); BiamoBiaHO
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NOTE A fatigue verification is generally not
necessary for the following structures and
structural elements:

a) footbridges, with the exception of structural
components very sensitive to wind action;

b) buried arch and frame structures with a
minimum earth cover of 1.00 m and 1.50 m
respectively for road and railway bridges;

c¢) foundations;

d) piers and columns which are not rigidly
connected to superstructures;

e) retaining walls of embankments for roads and
railways;

f) abutments of road and railway bridges which
are not rigidly connected to superstructures,
except the slabs of hollow abutments;

g) prestressing and reinforcing steel, in regions
where, under the frequent combination of
actions and P, , only compressive stresses occur

at the extreme concrete fibres.

The National Annex may define additional rules.

6.8.4 Verification procedure for reinforcing
and prestressing steel

(107) Fatigue verification for external and
unbonded tendons, lying within the depth of the
concrete section, is not necessary.

6.8.7 Verification of concrete under
compression or shear

(101) The verification should be carried out
using traffic data, S-N curves and load models
specified by the National Authorities. A
simplified approach based on 4 values may be
used for the verification for railway bridges; see
Annex NN.

Miner’s rule should be applied for the
verification of concrete; accordingly



m
yzi<l
iz N,
Ie.
m KUIBKICTh IHTEpBAIIB 3 MOCTIHHOIO
aMILTITY/I010.
n; (dakTHYHa KUIBKICTh MHKIIB TMOCTIHHOT

aMILTITYJM B | — My 1HTEpBaJIi.

N, IpaHUYHA KUTBKICTh IUKIIIB TMOCTIHHOT

aMILTITyM B I-My IHTepBali, sKa MOXe OyTu
BUTpUMaHa /10 pyliHyBaHHs. Benuununa Nj Mmoxe
3aaBaTUCs HaI[lOHATbHUMU opraHamu
YIpaBIiHHS (miarpamu S-N) abo
Oo0YMCITIOBAaTHCSA ~ CHpPOIIEHHM  METOJIOM 32
dopmymoro (6.72) EN 1992-1-1 i3 3amiHOO
koe¢imienra 0,43 Ha BenmumHy (logN,)/14 i

MIEPETBOPEHHIM HEPIBHOCTI1 B PIBHICTb.
BTOMHY MILHICTh CTHCHYTOTO OETOHY MO>KHa
BB@XATU MPHUIHATHOIO, SIKIIO BHUKOHYETHCS
HaCTyIHa yMOBa!

m nl
ZNisl

i=1

ae.
Ecd,max,i
N, =10exp| 14| 1-
1-R,
E.
_ —cd,min,i
R = E
cd, max,i
E _ ch,min,i
cd,min,i — f
cd, fat
E _ O-cd,max,i
cd,max,i — f
cd, fat
R, Koe(illieHT HAMpYy>KEHHS.
E mini MIHIMaJIbH1 CTUCKaJIbHI
Hampy>KEHHsL.
Eet maxi MaKCHMaJIbH1 CTUCKaJIbH1
Hampy>KEHHsL.
Oy maxi MakCUMaJlbHI ~ Hampy)XeHHS B
LIUKJII.
Ot mini MIHIMaJIbH1 HAIIPYXXEHHS B IIUKJIL.
fg fat pO3paxyHKOBHM  omip  OeTOHY

CTHCHEHHIO TIPY PO3paxyHKy Ha BTOMJICHICTb 3a
dbopmymnoro (6.76):

JCTY-H b EN 1992-2: 2012

yzm:i<l
i N,
where:
m number of intervals with constant
amplitude.
n, actual number of constant amplitude

13kl
1.

cycles in interval
N. ultimate number of constant amplitude

cycles in interval “i” that can be carried before
failure. Ni maybe given by National Authorities
(S-N curves) or calculated on a simplified basis
using Expression 6.72 of EN 1992-1-1
substituting  the  coefficient 0,43  with
(log N, )/14 and transforming the inequality in

the expression.

Then a satisfactory fatigue resistance may be
assumed for concrete under compression, if the
following condition is fulfilled:

(6.105)
where:
(6.106)
(6.107)
(6.108)
(6.109)
R is the stress ratio.
Ecd mini is the minimum compressive
stress level.
Ecd maxi is the maximum compressive
stress level.
O cq max.i is the upper stress in a cycle.
O mini is the lower stress in a cycle.
fg fat is the design fatigue strength of

concrete according to (6.76):
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f
fcd, fat — kl cc (tO {l_ ng())
ac:

B.(t,) xoediuienT wmimmocTi Geromy mpwm

NepuioMy MPUKIAJAaHHI HABaHTAXXECHHA (IMB.
EN 1992-1-13.1.2 (6)).
t qac MI0YaTKy pisil UKJTIYHOTO

HaBaHTa)KEHHS Ha OETOH, IHI.

[TPUMITKA 1 3nauenns K, Juisi BAKOPUCTAHHS
B KOHKpETHIH  KpaiHi
HalllOHAJIbLHOMY  JIOJIaTKY.
3nayenHs ki = 0,85.

BKa3y€TI>C$I B
PexomengoBane

I[MPUMITKA 2 JlonaTkoBi BigOMOCTI HaBEJICHO
B no1atky NN.

6.109 MemOpaHHi eleMeHTH

(101) MemOpanHi €JIEMEHTH MOXYTh
BHKOPHUCTOBYBATHCS JUTS MIPOCKTYBAHHS
JBOBUMIPDHUX OETOHHHUX €JIEMEHTIB, B SKHX
BUHUKAIOTh PI3HI BHYTPIIHI 3yCcWlIf; IIi
3yCHILIS PO3paxoBYIOThCA MeTO/1aMu
CKIHUEHHHUX  eJeMeHTiB. B  memOpaHHHMX
eleMeHTaxX 3yCWIIs, IO MiF0Th B IUIONIMHI, -

Ocgx Okdy Teay AK TOKA3aHO HA MAIIOHKY
6.106.

GEdy

T
-eE

(6.76)

where:

B.(t,) s a coefficient for concrete strength at
first load application (see 3.1.2 (6) of EN 1992-
1-1).

t, is the time of the start of the cyclic
loading on concrete in days.

NOTE 1 The value of k, for use in a Country

may be found in its National Annex. The
recommended value is 0,85.

NOTE 2 See also Annex NN for further
information.

6.109 Membrane elements

(101) Membrane elements may be used for the
design of two-dimensional concrete elements
subject to a

combination of internal forces evaluated by
means of a linear finite element analysis.
Membrane elements are subjected only to in
plane forces, namely oy, , Oy, r Teqy @S Shown

in Figure 6.106.

dxy

Edx

Edxy

0.de

Edxy

%

Edxy

Pucynok 6.106 - MemOpanHuii eJ1eMeHT
Figure 6.106 - Membrane element

(102)  MemOpaHHi ~ eneMEHTH  MOXYTh
MIPOEKTYBATHCS Ha OCHOBI 3aCTOCYBaHHS Teopii
IUTACTUYHOCTI 3  BHUKOPHCTAaHHSIM  HIDKHBOL
OLIIHKY TPaHMIll HECY4Oi 31aTHOCTI.
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(102) Membrane elements may be designed by
application of the theory of plasticity using a
lower bound solution.



(103) MakcumanbHe 3HAYEHHS CTUCKAJIBHHUX
HAmNpyKEHb MOXHAa BHM3HAYUTH SAK (PYHKIIIIO
OCHOBHHX 3Hau€Hb HAIPY>KEHb:

1) sKkmo oOuaBa OCHOBHI  HampYKEHHS
CTHCKaJbHI, TO MAaKCHUMaJbHE CTHCHEHHS B
0eTOH1 BU3HAYAETHCSA 32 (opMyIIoro

1+3,80x
O-cd max — 0’85 fcd 2
1+a)
pi(GH
a<l Bi[[HOIHeHHSI OIBOX OCHOBHHUX
HAIIpYy>XCHb,

11) SIKIIO TUTACTUYHUI pO3paXyHOK BUKOHYBABCS

npu 6 =06, , 1 1pu 1bOMY IOHAWMEHILIE OJHE 3

TOJIOBHUX HamNpyKeHb PO3TATYBalbHE, 1 B
apMaTypl HE€  BHUHHUKA€E  TEKYYICTh, TO
MaKCHMaJbHE CTUCHEHHS B 0eToHi1
BH3HAYAETHCS 32 (POPMYIIOIO:

oy =T, {0,85— f (0,85—v)}

yd
ae .
O

MaKCUMaJIbHE PO3TATYBAJIBHE

S
HaTPY)KEHHSI apMaTypH.

Vv BU3HAYAETHCS 3rigHo 6.2.2 (6) EN 1992-
1-1.

111) SKIIO BUKOHAHO TUTACTHYHHUN PO3PAXyHOK 1
JeCh B apMaTypi BHHHKAa€ TEKYYiCTh, TO
MaKCUMaJbHe CTHUCHEHHS B OeToHi
BHU3HAYAETHCS 32 POPMYIIOH0:

O-cd max

=vf,,(1-0,032/0 - 6,)
Ie .

0,

x KYT HaXWJTY TOJIOBHUX CTHCKAJIbLHUX
HaNPYXKEHb B IJIACTUMHOMY PO3PaXyHKY 10 OCi

X, TPaayCH.

0 KyT Haxuily TOJIOBHUX CTHCKAJIbHUX
HaNpy)KeHb B I'PaHUYHOMY CTaHi 32 HECYYOIO
3JIaTHICTIO JI0 OC1 X, TPalyCH.

VY dopmyni (6.112) kyroBa BeauyMHA ‘H—HE,‘

NoBHHHA OyTH oOMexeHa 15 rpagycamu.

JCTY-H b EN 1992-2: 2012

(103) The maximum value for compressive
stress field strength should be defined as a
function of the principal stress values:

1) if the principal stresses are both compressive,
the maximum compression in the concrete stress
field is:

(6.110)

where:

a <1 is the ratio between the two principal
stresses;

i) Where a plastic analysis has been carried out
with € = 6,, and at least one principal stress is in
tension and no reinforcement yields, the

maximum compression in the concrete stress
field is given by:

(6.111)

where;

o, is the maximum tensile stress in the

reinforcement.
Vv is defined in 6.2.2 (6) of EN 1992-1-1.

iii) Where a plastic analysis has been carried out
and there is yielding of any reinforcement, the
maximum compression in the concrete stress
field is:

(6.112)

where:

o, (in degrees) is the inclination to the x

axis of the principal compression stress in the
elastic analysis.

0 (in degrees) is the angle of the plastic
compression field (principal compressive stress)
at ULS, to the x axis.

In Expression (6.112) @ —6,| should be limited
to 15 degrees.
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Pospgin 7 TI'panmyni cramm 3a
NPUIATHICTIO 10 ekciuryaraunii (SLS)

3actocoByroThcs Taki enementd EN 1992-1-1:

7.1 (1)P 731(4) 733@3) 743(P
7.1(2) 731(6) 7334  743(3)
7.2 (1)P 731(7) 7342  743()
7.2(3) 731(8) 734@3) 7.43(5)
7.2 (4)P 731(09)  734(4)  7.43(6)
7.2 (5) 732()P 734() 7.43(7)

731(1)P 732(3)  741(1)P
731(QP 732()  741(2
731(3) 7332  743()P

7.2 O0Me:KeHHSI HATIPYKeHb

(102) Tlo3moBKHI TPIIMHA MOXYTh BHHHUKATH,
SIKIIIO HaIPYKCHHS pH MO€THAHH1
HOPMAaTHBHUX HaBaHTAXXCHb MIEPEBHUIILYE
KpUTHYHE 3Ha4yeHHs. Taki TPIIMHU MOXKYTh
MPUBECTH JO 3HIKECHHS JOBTOBIYHOCTL 3a
BIICYTHOCTI IHINIUX CMOCOOIB, HAMpPHUKIA,
30UTBIIIEHHST 3aXHUCHOTO Imapy OeToHy abo
MOCHJICHHSI ~ TIOTIEPEYHOI ~ apMaTypd  MOXKe
BUSBUTHCSA IOLUIBHUM OOMEXHUTH CTHCKAIbHI
HanpyxXeHHs 3HadeHHsM K, f,, Ha nminsHkax,

MiIgaHuX BIIMBaM HaBKOIHUIIHBOTO
cepenouma knacie XD, XF, XS (EN 1992-1-1,
Tabmuis 4.1).

I[MTPUMITKA 3nauenns K, s BUKOpUCTaHHS B

KOHKPETHIH KpaiHi BKa3Y€ThCS B
HAI[IOHAJIBHOMY  JOJAaTKy. 3Ha4eHHs, IO
pekomenayetbes:k, = 0,6,  30uIbIICHHS

CTUCKAIBbHUX HampyxeHb 3ropu K, f., mpu

HENpsSIMOMY apMyBaHHI TaKOX BKa3yeTbCs B
HAI[IOHAJIBHOMY  JI0JIaTKy. PekomeHmoBaHe
3gaueHHs - 10 %.

7.3 KoHTpOJIb TPilLMH
7.3.1 3arajanHi HoJI0KeHHHA

(105) I'pannuHe 3HAYeHHS IIUPUHU PO3KPHUTTS
TPIMHA W, TPU3HAYAETHCS BiIMNOBIIHO 10

HEOOXITHUX (YHKIIM, BUAY KOHCTPYKIii, a

TaKOX BUTpaTaMH Ha 0OMeXeHHs
TPILLIUHOYTBOPEHHSL. Yepes BUIIAJKOBUI
XapaxkTep TPILIMHOYTBOPEHHS bakTHuHy

IIMPUHY PO3KPUTTS TPILMH MepeadaunTa
HeMOXJuBO. IIpoTe sKIO mUpUHA PO3KPUTTS
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Section 7 Serviceability Limit States
(SLS)

The following clauses of EN 1992-1-1 apply.

7.1 (1)P 731(@4)  733@) T743(P
7.1(2) 731(6) 733(@) 74303
7.2 (1)P 731(7) 7342  743()
7.2(3) 731(8) 734@3)  743(5)
7.2 (4)P 731(09)  734(4)  743(6)
7.2 (5) 732(1)P 734()  7.43(7)

731(1)P 732@3)  741(1)P
731(QP 732(4)  74.1(2)
731(3) 7332  7.43()P

7.2 Stresses

(102) 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 k, f,, in areas

exposed to environments of exposure classes
XD, XF and XS (see Table 4.1 of EN1992-1-1).

NOTE The value of k, for use in a Country may

be found in its National Annex. The
recommended value is 0,6. The maximum
increase in the stress limit above k,f,, in the

presence of confinement may also be found in a
country's National Annex. The recommended
maximum increase is 10 %.

7.3 Crack control
7.3.1 General considerations

(105) A limiting calculated crack width w,_,,

taking account of the proposed function and
nature of the structure and the costs of limiting
cracking, should be established. Due to the
random nature of the cracking phenomenon,
actual crack widths cannot be predicted.
However, if the crack widths calculated in
accordance with the models given in this



TPIIMHM,  pO3paxoBaHa  BIAMOBIAHO 10O
NPUBEICHUX B LMX HACTAHOBAaX MOJeENeH, He
MEePEeBUIIYE BEIWYHMH, BKa3aHUX B TaOIUIl

7.10IN, To moOpymeHHS eKCIUTyaTamiiHo1
NPUJATHOCTI KOHCTPYKIiI 4epe3 TPIlIMHU
MaJIOBIPOTiTHO.

I[NPUMITKA  3nauenHs W,_,, a Takox
BU3HAYCHHS MIHIMAJIBHHX CTUCKAJIbHUX
HampyXeHb 1 iX BHKOPUCTOBYBAaHHS IS
KOHKPETHOI KpaiHu BKa3yIOTbCS B
HaI[lOHATBHOMY  JIOJaTKy. PexomeHmoBaHi

3HAUCHHS W, 1 34aCTOCYBAHHA 3MCHIICHHA

max >

cTucKy BKazaH1 B Ta0iuii 7.101N. Busnauenus

JCTY-H b EN 1992-2: 2012

Standard are limited to the values given in Table
7.101N, the performance of the structure is
unlikely to be impaired.

NOTE The value of w,_, and the definition of

decompression and its application for use in a
country may be found in its National Annex.
The recommended value for wmax and the
application of the decompression limit are given
in Table 7.101N. The recommended definition
of decompression is noted in the text under the
Table.

PEKOMCHIOBAHOTO

SMCHIIICHHA CTHCKaJIbHUX

HanpyXeHb HaBE/IEHO B TEKCTI M1J] TAOJIUIIEIO.

Ta6auus 7.101N - 3HayeHHss W, i BiANOBiIHi peKOMeH10BaHi NpaBHJIa /I CIIOJY4eHb

HABAHTAaXKECHb

Kuac BiiuBy

3aizo0eToHHi e1eMeHTH i
eJleMeHTH i3 nmonepeaHbO
HANPYKYBAHOK) apMAaTypPOI0
0€3 3uenieHHs 3 0eTOHOM

3a/1i300€TOHHI eJleMeHTH i eJieMeHTH
i3 monepeaHbO HANPY’KYBAHOIO
apMartypoio, 1o MalTh
34YenjieHHs 3 0eTOHOM

IlceBmocTaTnuHa KOMOIHAIIA

Komo0inanisn HaBaHTaKeHb, 1110

XS2, XS3

HABAHTAXKeHb YacTo 3yCcTpivaeTbes
X0, XC1 0,3 0,2
XC2, XC3, XC4 0,2°
0,3
XD1, XD2, XD3, XS1, .
Hexommpecis

CTUCKAJIbHUX HAIIPYKCHb

a) s xnaciB aii X0 1 XC1 mupuHa po3KpHUTTS TPITUH HE BIUIMBAE HA JIOBIOBIYHICTD 1 0OMEXYEThCS
BHMOTOO /IO 30BHINIHBOTO BHUIIALY. SIKIIO BUMOTH BIIHOCHO 30BHINIHBOIO BHIJISIY BIJICYTHI, i€
00MEKXEeHHsI MOYKE OyTH TTOM'SKIIICHO.
b) Jlns nux KiaciB Al mpu MCeBAOCTaTUYHIN KOMOIHAIlIT HABaHTaXE€Hb HEOOXiHA TAaKOXK MEpPeBIpKa

Table 7.101N - Recommended values of w, ., and relevant combination rules

Exposure Class

Reinforced members and
prestressed members without
bonded tendons

Prestressed members with bonded
tendons

Quasi-permanent load

Frequent load combination

XD1, XD2, XD3, XS1,
XS2, XS3

combination
X0, XC1 0,32 0.2
XC2, XC3, XC4 0,2"
0,3

Decompression
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combination of loads

& 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.
b For these exposure classes, in addition, decompression should be checked under the quasi-permanent

I'panuIii 3MEHINGHHS CTHCKAJIBLHUX HANpPYyKEHb
BHMararoTh, 100 Bech OETOH Ha IEBHIN BiICTaHI
BiJl TIOTNICPEAHBO HANPYKYBAaHUX apMaTypPHHUX
€JIEMEHTIB, 110 MAIOTh 3YEIIEHHS 3 OeTOHOM, a00
iX KaHaJiB 3ajUINABCS B CTUCHYTOMY CTaHi Iix
3a7aHUM HaBaHTAKEHHSIM.

[MPUMITKA Binctane 111 BUKOPUCTaHHS B
KOHKPETHIM KpaiHi BKa3y€eThCsl B HallIOHAIIbHOMY
JOJaTKy. 3HAaYeHHs, MO pekoMeHayeTbes, - 100
MM.

(110) B peskux BuUINAAKaX MOXE BHUSBUTHUCS
HEOOXIZIHUM  TepeBIpATH 1  KOHTPOJIIOBATH
TPIIUHU BiJ il TOMEPEYHUX CHUJI B CTIHKAX
0ajoK.

TTPUMITKA Honarkora
HaBOAUTHCA B Aoaatky QQ.

iHpopMaris

7.3.2 MiniMasIbHi muiomi apMaTypu

(102) HeoOximHi MiHIMaJBHI TUIONI TIEpepizy
apMaTypyd MOXYTh OOUMCITIOBATHUCS, K MTOKa3aHO
HUKYe (32 BHUHATKOM BUIAAKIB, KOJHU 3a
pe3ynbTaTaMu pO3paxyHKiB, BAKOHAHUX 3a OLIBII
CTPOTUMHU METOJMKAMH, BUSIBIISIFOTBCS
JOCTAaTHIMHM MEHIII1 TTOIIT):

A%,mino-s = kckfct,eff Act

e:

A i» MIHIMaJbHA IUIOIIA IIEPEPi3y apMaTypH B
PO3TATHYTII 30HI.

A, moma mnepepidy OETOHY PpO3TATHYTOI
30HH. 30HOI0 pO3TSATYBaHHSA TYT € 4YacTHUHA
nepepizy, fKka 3a po3paxyHKaMHU 3HAXOAUTHCS B

CTaHl pO3TATyBaHHSA Oe3MOcepeHbO  Iepen
YTBOPEHHSM MEPILOI TPILUHH;
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The decompression limit requires that all
concrete within a certain distance of bonded
tendons or their ducts should remain in
compression under the specified loading.

NOTE The value of the distance considered to
be used in a Country may be found in its
National Annex. The recommended value is
100 mm.

(110) In some cases it may be necessary to
check and control shear cracking in webs.

NOTE Further information may be found in
Annex QQ.

7.3.2 Minimum reinforcement areas

(102) Unless a more rigorous calculation shows
lesser 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).

(7.1)

where:
A .in s the minimum area of reinforcing steel

within the tensile zone.
A, 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 In flanged cross
sections such as T-beams and box girders the
division into parts should be as indicated in
Figure 7.101.
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A C D

Po3noaisi HanpyskeHb U1 MJIOCKOT0 3rMHY: HANPYKEHHA B MONEPeYHOMY nepepisi
A - mepepi3 aerani «mmoauis»; B - mepepi3 gerani «ctinka»; C - crinka; D - moymns

Pucynok 7.101 - IIpukJjiaa po3aijieHHsI TABPOBOT0 MOMEPEYHOr0 Mepepizy
JJIS1 PO3PAXYHKY TPilIMHOYTBOPEHHS

A Component section “Flange”
B Component section “Web”
C “Web”

D “Flange”

Figure 7.101 - Example for a division of a flanged cross-section for analysis of cracking

o abCoJIIOTHE MaKCHMaJlbHE HaNpyKEeHHS,

S
JOTIyCTUME B apmaTypi, Oe3mocepemHbo IiCIs
YTBOPEHHSI TPIMIMHU. SIK Taka BEIMYMHA MOXKE
BHUKOPHUCTOBYBATHCS TpaHUIlL TEKY4OCTI
apmarypu f, . IIpote mns BuKOHaHHS OOMEKEHD

3a MIAPUHOIO PO3KPHUTTS TPIIIMHM BiAMOBIIHO 10
MaKCHMaJbHOTO  JiamMeTrpa  apMaTypu  abo
MakcuMaibHOI BincTani Mk Humu (EN 1992-1-1,
7.3.3 (2)) Moxe Oyru TOTPIOHOI MEHIIA
BEJIMYMHA.

fir CepeaHe 3Ha4YeHHA MIIHOCTI GETOHY IpH

pOSTHFYBaHHi Ha MOMCHT YTBOPCHHHA nepmo'l'

tpimunn:  fy o = fy, abo mmxue, (fg,(1)),

SKIIIO YTBOPEHHS TPILIUH OYIKY€ETHCS paHillie HbK
yepe3 28 1i0.

k KoeirieHT, 110 BpaxoBy€e  BIUIMB
HEPIBHOMIPHUX CaMOBPIBHOBXYBAJIbHUX
HampyXeHb, [0 TMPHU3BOAATH JI0 3HUKEHHS
00MeXyBaTbHUX 3yCHIIb.

k =1,0 g ctiHok 3 h < 300 MM abo
MOJMIs BIIUPIIKK MeHIIe 300 MM.

k =0,65 msg ctiHok 3 h > 800 MM abo
MOJMIs BIIMPIIKK ToHa 800 MM.

MPOMDKHI ~ BEIMYMHH  MOXYTh  BU3Ha4YaTHUCA
HUIAXOM 1HTEPIOJIALII.

K. Koe(illieHT, [0 J03BOJISIE BPAaXOBYBATH

o, 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, f,. A lower value may,

however, be needed to satisfy the crack width
limits according to the maximum bar size or the
maximum bar spacing (see 7.3.3 (2) of EN
1992-1-1).

fi e« 1S the mean value of the tensile strength

of the concrete effective at the time when the
cracks may first be expected to occur:
foar = fam OF lower, (f . (t)), if cracking is

expected earlier than 28 days.

k is the coefficient which allows for the
effect of non-uniform self-equilibrating
stresses, which lead to a reduction of restraint
forces.

k=1,0 forwebswith h <300 mm or flanges
with widths less than 300 mm.

k=0,65 for webs with h >800 mm or
flanges with widths greater than 800 mm.
intermediate values may be interpolated.

K. is a coefficient which takes account of
45



pO3MOALT HAapYKEHb B Iepepi3i Oe3mocepeHbo
nepes; yTBOPEHHSM TPIMMH 1 3MiHy piBHSA
apMyBaHHSI.

Jnst uncroro posrsryBanns k, = 1,0.

Jlnist 3ruHy, y TOMY YUCII Ui 3TUHY B [TO€THAHHI
3 OCBOBUMH 3YCUIIISIMH:

- g OpAMOKYTHHX — Tepepi3iB,  CTIHOK
KOpoOUacTux mnepepisiB i TABPOBUX MEpePi3iB:

k,=04{1- ﬁ" <1
kl %* fct,eff

- 1S TIOJIMIIb KOpOoOYacTUX 1 TABPOBUX MEPEPI3iB:

F
k.=09-——>—->05
A\:t fct,eff
ne:
o, CepelIHE HaANpPY)KCHHsS OCTOHY, IO JIi€ Ha
JaHy YaCTUHY Tepepizy:
N
o, = K
bh

Ng, OcCbhOBE 3yCHJUIsI B TPaHMYHOMY CTaHl 3a
MPUAATHICTIO JIO €KCIUTyaTallii, mo i€ Ha JaHy
YaCTUHY TOMEPEeYHOTO  mepepizy  (3ycuiuis
CTHCHEHHSI BB)KAE€ThCS JOJATHUM). Benmumny
Ng, HeoOXiJHO BH3HAYaTH INPH HOPMATHUBHHUX
3HAYCHHSX MMOTIEPETHHOTO HATIPYKEHHS 1 0CBOBUX
3yCHJIb npu BIIMIOBITHOMY [MO€THAHHI
HABaHTAXKEHb.

h" =h, sxmo h <10 m.

h" =10 m, skmo h>10 wm.

k, KOoe(]iIiEHT, 10 BPaXxOBY€E BIUITMB OChOBHUX
3YCHJIb Ha PO3IIOJIUT HAIPY)KEHb:

k, =15 , sikio N, - 3ycHIUIS CTHCHEHHS,

k,=2h"/3h, axmo N.,- s3ycuuins
PO3TATYBaHHS;

Fcr a0COJIFOTHA BEIMYMHA SYCUJLIIA PO3TATYBAHHSA

B IOJIUII O€3MOCepeHbO MEepea YTBOPEHHIM
TpIlIKH, BUKJIMKaHa MOMEHTOM
TPIIMHOYTBOPEHHH, BU3HAUCHUM 3
BUKOpHCTaHHAM f,

(105) [l MocCTiB HpH pO3paxyHKy MIHIMAJIBHOTO
nepepisy apMarypu 3 ypaxyBaHHAM  YCaJKH
BemmunHa  fy ¢y dopmyni (7.1) EN 1992-1-1
MOBMHHA NPHIAMATUCS MAaKCHMaJIbHOK 3 JIBOX
BermynH: 2,9 MIa a6o f, . (t).
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the stress distribution within the section
immediately prior to cracking and of the
change of the lever arm.
For pure tension k, = 1,0

For bending or bending combined with axial
forces:

- for rectangular sections and webs of box
sections and T-sections:

(7.2)

- for flanges of box sections and T-sections:

(7.3)

where:
o, Is the mean stress of the concrete acting
on the part of the section under consideration:

(7.4)

Ngy Is the axial force at the serviceability

limit state acting on the part of the cross-
section under consideration (compressive force

positive). N, should be determined

considering the characteristic values of
prestress and axial forces under the relevant
combination of actions.

h"=h for h<1,0 m.
h* =10 mfor h>10 m.

k, is a coefficient considering the effects
of axial forces on the stress distribution:
k, =15if N, isacompressive force;

k, =2h"/3h if N, is a tensile force;

F, is the absolute value of the tensile force

within the flange immediately prior to cracking
due to the cracking moment calculated with
f

ct.eff *
(105) For bridges, in calculating the minimum
reinforcement to cater for shrinkage, f . in

Expression (7.1) of EN 1992-1-1 should be
taken as the greater of 2,9 MPaor f . (t).



7.3.3 Konrpoab
NPSIMOr0 PO3pPaxyHKy

TpilMHoOCTIlKOCTI  0e3

(101) Kontpomns TpimuHOCTIHKOCTI 63 MmpsiMOro
PO3paxyHKy MOE BHKOHYBATHCS CHPOILIEHUMH
METOJaMH.

[MPUMITKA Binemn gokIaaHI BIAOMOCTI PO
CTIPOIIEHUI METO]] KOHTPOJIO TPIIMHOCTIHKOCT1
0e3 po3paxyHKIB HABOJSATHCS B HAIIOHAITBHOMY
n0JaTKy. PekoMeH0BaHUIT METO/I HAaBOJIUTHCS B
7.3.3(2)-(4) EN 1992-1-1.

7.3.4  Po3paxyHox
TPilMHU

IIMPUHU  PO3KPHUTTHA

(101) Po3paxyHOK HIMPUHU PO3KPUTTS TPILIMHU
BUKOHYETbCS 3  BHUKOPHUCTAaHHSM  BHU3HaHUX
METO/IIB.

[MPUMITKA Binem gokiagHi BiIOMOCTI PO
BU3HAHI METOIU KOHTPOJIO IIUPUHU TPIHMHU
HaBOJATHCS B HAIlOHAJBHOMY  JOJATKYy.

PexomenpoBanuii metoq HaBoauTthes B 7.3.4 EN
1992-1-1.

7.4 KoHTPOJIb NPOTMHY
7.4.1 3arajbHi moJ10KeHHA

[Mynaxtn (3), (4), (5), (6) EN 1992-1-1 =ne
3aCTOCOBYIOTHCSL.

7.4.2 Bumaakm, mo  He
PO3PaxyHKy

NnoTpedyTh

[leit myHKT HE 3aCTOCOBYETHCS.

Po3ain 8 KoHCTpyKTHBHI BHMOrHW /10
apMaTypu i nomnepeaHbO HANPYKEHUX
3arajabHi

apMaTypHHX  eJIEMEHTIB.

MMOJIOZKECHHA
3acTocoByroThCs Taki enemenTd EN 1992-1-1:

8.1 (1)P 8.7.1 (1)P 8.9.2 (3)
8.1(2)P 8.7.2 (1)P 8.9.3 (1)
8.1(3) 8.7.2(2) 8.9.3(2)
8.1(4) 8.7.2 (3) 8.9.3 (3)

8.2 (1)P 8.7.2 (4) 8.10.1.1 (1)P
8.2(2) 8.7.3 (1) 8.10.1.2 (1)
8.2 (3) 8.7.4.1(1) 8.10.1.2 (2)
8.2 (4) 8.7.4.1(2) 8.10.1.3 (1)P
8.3 (1)P 8.7.4.1(3) 8.10.1.3 (2)
8.3(2) 8.7.4.1(4) 8.10.1.3 (3)
8.3(3) 8.7.4.2 (1) 8.10.2.1 (1)

JCTY-H b EN 1992-2: 2012

7.3.3 Control of cracking without direct
calculation

(101) The control of cracking without direct
calculation may be performed by means of
simplified methods.

NOTE Details of a simplified method for
control of cracking without calculation may be
found in a Country’s National Annex. The
recommended method is given in EN 1992-1-1
7.3.3(2) to (4).

7.3.4 Calculation of crack widths

(101) The evaluation of crack width may be
performed using recognised methods.

NOTE Details of recognised methods for crack
width control may be found in a Country’s
National Annex. The recommended method is
that in EN 1992-1-1, 7.3.4.

7.4 Deflection control

7.4.1 General considerations

(3), (4), (5) and (6) of EN 1992-1-1 do not
apply.

7.4.2 Cases where calculations may be
omitted

This clause does not apply.

Section 8 Detailing of reinforcement and
prestressing tendons. General

The following clauses of EN 1992-1-1 apply.

8.1 (1)P 8.7.1 (1)P 8.9.2 (3)

8.1 (2)P 8.7.2 (1)P 8.9.3 (1)
8.1(3) 8.7.2(2) 8.9.3(2)
8.1(4) 8.7.2 (3) 8.9.3 (3)

8.2 (1)P 8.7.2 (4) 8.10.1.1 (1)P
8.2(2) 8.7.3 (1) 8.10.1.2 (1)
8.2(3) 8.7.4.1 (1) 8.10.1.2 (2)
8.2 (4) 8.7.4.1(2) 8.10.1.3 (1)P
8.3 (1)P 8.7.4.1(3) 8.10.1.3 (2)
8.3(2) 8.7.4.1 (4) 8.10.1.3 (3)
8.3(3) 8.7.4.2 (1) 8.10.2.1 (1)
8.4.1 (1)P 8.7.5.1 (1) 8.10.2.2 (1)
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8.4.1 (1)P 8.7.5.1 (1) 8.10.2.2 (1)
8.4.1(2) 8.7.5.1(2) 8.10.2.2 (2)
8.4.1(3) 8.75.1(3) 8.10.2.2 (3)
8.4.1 (4) 8.7.5.1 (4) 8.10.2.2 (4)
8.4.1 (5) 8.7.5.1 (5) 8.10.2.2 (5)
8.4.1 (6) 8.7.5.1 (6) 8.10.2.3 (1)
8.4.2 (1)P 8.7.5.1(7) 8.10.2.3 (2)
8.4.2 (2) 8.7.5.2 (1) 8.10.2.3 (3)
8.4.3 (1)P 8.8 (1) 8.10.2.3 (4)
8.4.3 () 8.8(2) 8.10.2.3 (5)
8.43(3) 8.8 (3) 8.10.2.3 (6)
8.4.3 (4) 8.8 (4) 8.10.3 (1)
8.4.4 (1) 8.8 (5) 8.10.3 (2)
8.4.4 (2) 8.8 (6) 8.10.3 (3)
8.5 (1) 8.8 (7) 8.10.3 (5)
8.5(2) 8.8 (8) 8.10.4 (1)P
8.6 (1) 8.9.1(2) 8.10.4 (2)P
8.6 (2) 8.9.1(3) 8.10.4 (3)
8.6 (3) 8.9.1 (4) 8.10.4 (4)
8.6 (4) 8.9.2 (1) 8.10.5 (1)P
8.6 (5) 8.9.2 (2) 8.10.5(2) P

8.10.5 (3)P

8.10.5 (4).

8.9 Ilyuyku apMaTypHHX CTEPKHIB
8.9.1 3ara/bHi noJ1oKeHHs

(101) Sxmo He BKa3aHO IHIIE, MpaBWiIa IS
OKpPEMHX CTEp:KHIB 3aCTOCOBYIOTHCS 1 JI0 MYYKIB
CTEPIKHIB.

Bci crepxHiI B My4dKy MOBUHHI MaTH OJHAKOBI
XapaKTEPUCTHKU (TOOTO OJHAKOBUW THI 1 COPT).
CrepxHi pi3HUX pO3MIpIB MOXHa 00'€JHYBaTH B
OJIMH TYYOK 32 YMOBH, SIKIIO BIJHOLIEHHS iX
niaMeTpiB He mepeBuirye 1,7.

[TPUMITKA Binem gokiaaHi BiOMOCTI PO
0OME)XCHHsI Ha BUKOPUCTAHHS Iy4YKIB CTEPXKHIB
JUIS ~ KOHKPETHOI  KpaiHM  HaBOJATHCA B
HalllOHAJTLHOMY JO0JaTKy. SIKi-HeOyab J0JaTKOBI
PEKOMEH/IalIIi 3 IBOTO MIPHBOJY B €BPOTICHCHKOMY
CTaHJIAPT1 HE HABOAATHCSL.

8.10 Ilomepeanno
eJleMeHTH
8.10.3 AmHkepyBaHHsI 1IpM HATATHEHHi Ha

ynopu

HAINIPY’KeHi  apMaTypHi

(104)  PostaryBanpHi  3yCWJUIS,  BHUKJIHMKaHI
KOHIIEHTPALIIEI0 3yCUITb, HEOOXITHO OI[IHIOBATH 3a
JOMIOMOTO0  MOJEJ TSXKIB 1 PO3MIPOK ab0 IHIIOT
oOrpyHtoBanoi wmogmeni (auB. 6.5). Apmarypa
MOBUHHA OyTH CKOHCTpYHOBaHa 3 JOMYIIEHHSM,
10 B Hill gocsraeThes ii po3paxyHKOBa MILHICTb.
Skio HanpyXeHHS, CTBOpIOBaHE M€K0
apMmaryporo, He mnepesumye 250 Mlla, ToO
nepeBipka Ha MIMPUHY PO3KPHUTTA TPIIMH HE
notpidHa.
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8.4.1(2) 8.75.1(2) 8.10.2.2 (2)
8.4.1(3) 8.75.1(3) 8.10.2.2 (3)
8.4.1 (4) 8.7.5.1 (4) 8.10.2.2 (4)
8.4.1 (5) 8.7.5.1 (5) 8.10.2.2 (5)
8.4.1 (6) 8.7.5.1 (6) 8.10.2.3 (1)
8.4.2 (1)P 8.7.5.1(7) 8.10.2.3 (2)
8.4.2 (2) 8.7.5.2 (1) 8.10.2.3 (3)
8.4.3 (1)P 8.8 (1) 8.10.2.3 (4)
8.43(2) 8.8(2) 8.10.2.3 (5)
8.4.3 (3) 8.8 (3) 8.10.2.3 (6)
8.4.3 (4) 8.8 (4) 8.10.3 (1)
8.4.4 (1) 8.8 (5) 8.10.3 (2)
8.4.4 (2) 8.8 (6) 8.10.3 (3)
8.5 (1) 8.8 (7) 8.10.3 (5)
85(2) 8.8 (8) 8.10.4 (1)P
8.6 (1) 8.9.1(2) 8.10.4 (2)P
8.6 (2) 8.9.1 (3) 8.10.4 (3)
8.6 (3) 8.9.1 (4) 8.10.4 (4)
8.6 (4) 8.9.2 (1) 8.10.5 (1)P
8.6 (5) 8.9.2 (2) 8.10.5(2) P

8.10.5 (3)P

8.10.5 (4).

8.9 Bundled bars
8.9.1 General

(101) Unless otherwise stated, the rules for
individual 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.

NOTE Details of restrictions on the use of
bundled bars for use in a Country may be found in
its National Annex. No additional restrictions are
recommended in this standard.

8.10 Prestressing tendons
8.10.3 Anchorage zones of post-tensioned
members

(104) Tensile forces due to concentrated forces
should be assessed by a strut and tie model, or
other appropriate representation (see 6.5).
Reinforcement should be detailed assuming that it
acts at its design strength. If the stress in this
reinforcement is limited to 250 MPa no check of
crackwidths is necessary.



(106) OcobnuBy yBary HaJICKUTh MNPUALUISTH
PO3paxyHKy 30H aHKEpYBaHHS, JI€ 3aKPIIUTIOIOTHCS
nBa 1 Oulplle  TIOMEPETHBO  HANPYKEHHX
apMaTypHUX €JICMEHTIB.

I[MPUMITKA JonatkoBa iHGOpMAaIlis HABOIUTHCS
B JI0JIaTKYy J.

8.10.4 Auxepu i mypTH ANA TNONEPEIHBO
HaNpY:KeHUX apMATYPHHUX eJIeMeHTiB

(105) He JIOTTYCKAETHCS PO3MIIIIEHHS
3’efHyBabHUX My(pT Oubmr HDK Ha X %
MONEPETHBO HANPYKEHUX apMATYpPHUX €JIEMEHTIB
B 0/IHOMY MOIIEPEUYHOMY Tepepi3i B OyAb-sIKOMY 3
HACTYITHUX BUIAJIKIB:

- 3a0e3meueHo IMOCTIHHY MIHIMAJIbHY ILIOILY
nepepidy apmarypu 3a (opmymnorw (7.1) (EN
1992-1-1, 7.3.2);

- Bl BIUIMBY [O€JIHAHHSA HOPMAaTUBHHUX
HaBaHTAXCHb B MIONIEPEYHOMY nepepizi
BUHUKAIOTh MIHIMaJbHI 3aJMILIKOBI HampYKEHHS
ctucHeHHs 3 Mlla.

[IPUMITKA 3pavenns X 1 MakKcHMaJbHUH
BIJICOTOK TIOTIEPEAHBO HAMPYKEHUX apMaTYPHUX
€IeMEHTIB, M0 CIOJIy4aloThcss My(pTO B
nepepizi, BKa3yrOThCA IS KOHKPETHOI KpaiHu B
HalllOHAJTLHOMY JIOJATKY. PexomMennoBani
BEJIMYUHHU - BigmoBinHo 50 % 167 %.

SIKIIO TeBHY YacCTHHY TOIEPEIHbO HAIMPYKEHHX
apMaTypHHX  €JIEMEHTIB B  KOHKPETHOMY
MOMEPEYHOMY TIepepi3i crmojiyueHo My(Tor, TO
pemTa TONepeIHbO HANPYKEHHX apMaTypHHUX
€JIEMEHTIB HE TIOBMHHA 3'€IHYBATHUCS MYy(PTaMu B
MEXKax BIACTaHI a BiJ TaKOTO IONEPEYHOTO

nepepizy.

I[TPUMITKA Bincranb a st KOHKPETHOI KpaiHu
BKa3yeThCs B HAI[IOHAJILHOMY JOJIaTKY.
PexomenpnoBani 3HaueHHs auB. B Ta0mmmi 8. 101N.
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(106) Particular consideration should be given to
the design of anchorage zones where two or more
tendons are anchored.

NOTE Further information may be found in
Annex J.

8.10.4 Anchorages and couplers for
prestressing tendons

(105) The placing of couplers on more than X %
of the tendons at one cross-section should be
avoided unless:

- continuous minimum reinforcement according to
Expression 7.1 of EN 1992-1-1 (Section 7.3.2);

- is provided, or there is a minimum residual
compressive stress of 3 MPa at the cross-section
under the characteristic combination of actions.

NOTE The value of X and the maximum
percentage of tendons to be coupled at a section in
a Country may be found in its National Annex.
The recommended values are 50 % and 67 %
respectively.

Where a proportion of tendons are joined with
couplers at a particular cross section, remaining
tendons may not be joined with couplers within
distance ‘ a’ of the that cross section.

NOTE The distance “a” to be used in a Country
may be found in its National Annex. The
recommended value of a is

given in Table 8.101N.

Taommua 8.101N - MiniMagbHa BIACTaHb MiX Iepepi3aMu sl 3'€IHAHHS NONEPEIHBO HANPYKEHHUX

apMaTypHHMX eJIeMeHTiB My(pTamMu

Bucota koHcTpykitii h, m Bigcrans a, M
<1,5 15
15<h<30 a=h
>3,0 3,0
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Table 8.101N - Minimum distance between sections at which tendons are joined with couplers

Construction depth h Distance a
<15m 1,5m
15m < h < 3,0m a=h
>3,0m 3,0m
(106)  Slkmo  mauMTa  MPOI3HOT  YACTHHHM (106) If slabs are transversely prestressed, special
OOTHCKYETbCS ~ MONEPEYHUMH  IMy4KaMH, TO consideration should be given to the arrangement

HEOOXITHO 3BepHYTH OCOOJIMBY yBary Ha Te, 1100
HaTpYyXKEHHs B Hil Bi MonepeaHboi Hanpy>KeHHs
OyJ1 1OCTaTHBO PIBHOMIPHUMHU.

(107) HeoOx11HO yHHMKaTH BJIAIUTYBaHHS OTBOPIB
1 KWIIEHb, HEOOXIAHMX JUIsl  3aKpIIUICHHS
MONEPETHBO HaIPYKEHUX apMaTypHUX
€JIEMEHTIB, Ha BEpPXHIX CTOpPOHAX IUIUT, IO
3a3HAIOTh BIUIMBY arpeCHUBHUX cepeloBHUIl. Ko
y BHUHATKOBUX BHUIAJKaX TaKe pPO3MILIEHHS
OTBOPIB 1 KUIIIEHb HEOOXIHE, TO HAIEKUTD BXKUTH

3axoniB i1 3al0e3ledyeHHs  JOBIOBIYHOCTI
KOHCTPYKIIIH.
TTPUMITKA JlonaTkoBi HAacTaHOBHU I

KOHKpPETHUX KpaiH, M0 CTOCYIOTHCS PO3MILICHHS
OTBOPIB 1 KHIIIEHh HA BEPXHIX CTOPOHAX ILIUTH
MPOI3HOT YACTUHU, HABOIITHCS B HaIlIOHATHLHOMY
noaatky. B eBporneiichkoMy cTaHIapTi sSKi-HEOY b
JOJTaTKOBI PEKOMEHAIll 13 I[bOr0 IMPUBOIY HE
HaBOJSTHCS.

(108) Axmo momepeaHBO HANPYXEHI apMaTypHi
CJIIEMEHTH 33aaHKEPOBAaHO B CTHKAaX KOHCTPYKIIil
a00 Ha 30BHIIMIHIX peOpax, KUIIEHSX, TMOBHICTIO
ycepennHi OCTOHHOro eJeMeHTa 1 T. M., TO
HEOOXIJJTHO TEePeKOHATHCSI B TOMY, MO TIpH
BIUIMBI IMO€THAHHS PO3PaXyHKOBUX HaBaHTAKEHb
B MICISIX ~aHKEPHUX  KpIilUICHb  BUHHKAE
MiHIMaJIbHE 3TUIIKOBE CTHCKAJIbHE HATIPYXKCHHS
He MeHie 3 MIla, mo aie B HANPsAMKY 3yCHILIS
MOTIEPEIHBOTO HAINPY)KEHHs. SIKIo MiHIManbHe
3aJIUIIKOBE HAMpPY>KEHHS BIICYTHE, TO HEOOX1THO
nepeA0auuTH  HEmpsiME  apMyBaHHSA  JUIs
CIPUMHATTSA JOKAJIBHUX HAMPYKEHb 32 aHKEPHUM
kpimeHHsM.  [lepeBipka  Ha  3ajMIIKOBE
Hampy)XeHHsT HE TMOTpiOHA, SKIIO TMOMEPETHBO
Hampy)XeHU apMaTypHUN €JEeMEHT CHOJIy4eHO
My(}TOI0 3 BIAMOBIIHUM aHKEPHUM KPITJICHHSM.
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of prestressing, to achieve a reasonably uniform
distribution of prestress.

(107) In an aggressive environment openings and
pockets which are necessary to apply the prestress
to the tendons should be avoided on the upper side
of carriageway slabs. Where, in exceptional
circumstances, openings and pockets are provided
on the upper side of carriageway slabs appropriate
precautions should be taken to ensure durability.

NOTE Additional rules relating to the provision of
openings and pockets on the upper side of
carriageway slabs for use in a Country may be
found in its National Annex. No additional rules
are recommended in this standard.

(108) If tendons are anchored at a construction
joint or within a concrete member (whether on an
external rib, within a pocket or entirely inside the
member), it should be checked that a minimum
residual compressive stress of at least 3 MPa is
present in the direction of the anchored
prestressing force, under the frequent load
combination. If the minimum residual stress is not
present, reinforcement should be provided to cater
for the local tension behind the anchor. The check
for residual stress is not required if the tendon is
coupled at the anchorage considered.



Pozain 9 KoncTpyroBaHHS ejleMeHTIB
KOHCTPYKUIIH i cieniajibHi npaBuiia

3acTocoByroThCs HAacTynHi enemMeHTH EN 1992-1-
1.

9.1 (1)P 9.23 (1) 9.4.2 (1) 9.8.1 (1)
9.1(2) 9.23(2) 9.4.3 (1) 9.8.1(2)
9211(1) 9.23(3) 9.43 (2) 9.8.1 (4)
9211(2) 9.23(4) 9.43 (3) 9.8.1 (5)
9.21.1(3) 9.24(1) 9.4.3 (4) 9.8.2.1 (1)
9.21.1(4) 9.25(1) 9.5.1 (1) 9.8.2.1(2)
9.212(1) 9.25(2 9.5.2 (1) 9.8.2.1(3)
9212(2) 93(1) 9.5.2 (2) 9.8.2.2 (1)
921.2(3) 9311(1) 952(3) 9.8.2.2 (2)
9.213(1) 9311(2) 952(4) 9.8.2.2 (3)
9213(2) 9311(3) 953(2 9.8.2.2 (4)
9213(3) 9311(4) 953(3) 9.8.2.2 (5)
9.21.3(4) 9312(1) 953(4) 9.8.3 (1)
9214 (1) 9312(2 953(5) 9.83(2)
9.21.4(2) 9313(1) 953(6) 9.8.4 (1)
9.21.4(3) 9314(1) 96.1(1) 9.8.4 (2)
9.215(1) 9314(2) 962(1) 9.8.5 (1)
9.215(2) 9.32(1) 9.6.2 (2) 9.85(2)
9.215(3) 9.32(2 9.6.2 (3) 9.85 (3)
9.22 (3) 9.3.2 (3) 9.6.3 (1) 9.8.5 (4)
9.2.2 (4) 9.3.2 (4) 9.6.3(2) 9.9 (1)

9.2.2 (5) 9.3.2 (5) 9.6.4 (1) 9.9 (2)P.
9.2.2 (6) 9.4.1 (1) 9.6.4 (2)

9.2.2 (7) 9.41(2) 9.7 (1)

9.2.2 (8) 9.4.1(3) 9.7 (3)
9.1 3araabHi BizomocTi

(103) MinimManpHI IUIONII apMaTypud TOBUHHI
3a0be3neuyyBaTd  OE3MEKy  MPOTH  KPUXKOTO
pyHHYBaHHS, HETPUITYCTHMOTO PO3KPHUTTS
TPIIUH, a TaKoX BUTPUMYBATH  3YCHILIA,
CTBOPIOBaHI MiCIICBUMH HaBAaHTAXKCHHSIMHU.

[TPUMITKA binemn gokiagHi mNpaBuia, IO
CTOCYIOTHCSI MIHIMabHOT TOBUIMHH €JEMEHTIB
KOHCTPYKIIi 1 iX MIHIMAaTbHOTO apMyBaHHS, Yy
TOMY 4YHCI MIHIMQIbHUN JiaMeTp CTEP>KHIB 1
MakKCHMajbHa  BIJCTaHb  MDK  CTEPXKHSIMH,
HAaBOJATHCS  JIII  KOHKPETHOI  KpailHM B
HaI[IOHAJILHOMY J0JaTKy. SKi-HeOyab J0JaTKOBi
HACTaHOBH 13 I[OTO TMPHUBOJY B €BPOMEHCHKOMY
CTaHJIapT1 HE HABOAATHCA.

9.2 baiaku
9.2.2 Ilonepeyne apMyBaHHSs

(101) Ilonepeuna apMarypa IIOBUHHA
po3TamoByBatucs Migq KyromM « Big 45° mo 90°
70 TIO3JI0BXKHBOI OCi eleMeHTa OyiBelIbHOI
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Section 9 Detailing of members and
particular rules

The following clauses of EN 1992-1-1 apply.

9.1 ()P 9.23(1) 9.4.2 (1) 9.8.1 (1)
9.1(2) 9.23(2) 9.43 (1) 9.8.1 (2)
9.211(1) 9.23(Q3) 9.4.3 (2) 9.8.1 (4)
9.211(2) 9.23(4) 9.4.3 (3) 9.8.1 (5)
9.211(3) 9.24() 9.4.3 (4) 9.8.2.1 (1)
9.21.1(4) 9.25() 9.5.1 (1) 9.8.2.1(2)
9.212(1) 9.25(2) 9.5.2 (1) 9.8.2.1 (3)
9.212(2) 9.3(1) 9.5.2 (2) 9.8.2.2 (1)
9.212(3) 9311() 952(@1) 9.8.2.2 (2)
9.213(1) 9311(2) 952(@) 9.8.2.2 (3)
9.213(2) 9311(3) 953( 9.8.2.2 (4)
9.213(3) 9311(4) 953(d 9.8.2.2 (5)
9.21.3(4) 9.3.12(1) 9.5.3 (4) 9.8.3 (1)
9.214(1) 9312(2) 953(5 9.8.3(2)
9.214(2) 9313(1) 953(6) 9.8.4 (1)
9.214(3) 9314() 961(1) 9.8.4 (2)
9.215(1) 9314(2) 96.2(1) 9.8.5 (1)
9.215(2) 9.32(1) 9.6.2 (2) 9.8.5 (2)
9.215(3) 9.32(2) 9.6.2 (3) 9.8.5 (3)
9.2.2 (3) 9.3.2 (3) 9.6.3 (1) 9.8.5 (4)
9.2.2 (4) 9.3.2 (4) 9.6.3 (2) 9.9 (1)
9.2.2 (5) 9.3.2 (5) 9.6.4 (1) 9.9 (2)P.
9.2.2 (6) 9.4.1(1) 9.6.4 (2)
9.2.2(7) 9.4.1(2) 9.7 (1)
9.2.2 (8) 9.4.1 (3) 9.7 (3)

9.1 General

(103) Minimum areas of reinforcement are given
in order to prevent a brittle failure, wide cracks
and also to resist forces arising from restrained
actions.

NOTE Additional rules concerning the minimum
thickness of structural elements and the minimum
reinforcement for all surfaces of members in
bridges, with minimum bar diameter and
maximum bar spacing for use in a Country may be
found in its National Annex. No additional rules
are recommended in this standard.

9.2 Beams
9.2.2 Shear reinforcement

(101) The shear reinforcement should form an
angle «a of between 45° and 90° to the
longitudinal axis of the structural element.
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KOHCTPYKIIii.

[MPUMITKA  bineln  JOKIaJHI  HACTAaHOBU
CTOCOBHO  (OpMH  TIONEPEYHOI  apMmaTypH,
JOIYCTUMOI /Il 3aCTOCYBaHHS B KOHKPETHIH
KpaiHi, HABOAATHCS B HAI[IOHATHBHOMY JIOJIATKY.

PexomenytoThCst HAaCTYINHI OpMU:

- XOMYyTH, 10 OXOIUIIOIOTH  IO3/J0BXHIO
PO3TIATHYTY apMaTypy i ctucHyty 30HYy (EN 1992-
1-1, mamonoxk 9.5);

- BiOruHu;

- KOMOIHAIIis 3 BUIIE3raIaHNX BapiaHTIB.

[TynxT (2) EN 1992-1-1 He 3acTOCOBYETHCH.

9.5 KoJionn
9.5.3 [lonepeyne apMyBaHHs

(101) Hiamerp momepe4yHOl apMatypu (XOMYTH,
KUTbIIsl, TBUHTOBA CITipajibHA apMaTypa) MOBUHEH
Oyt He MeHIIe Dmin MaKCUMaJIbHOTO 3 JBOX
BenmuuuH: Omin 1 1/4 MakcUManbHOTO diameTrpa
MO3/7I0BXKHBO1 apmaTypu. Jliamerp IpoTy 3BapHOT
JIPOTSHOI CITKH IS TOMEPEYHOr0 apMyBaHHS
MMOBUHEH CTAHOBHUTU HE MEHIIE Dmin mesh.

[TPUMITKA MiHiMansHUN JlaMeTp MOMepedHoT
apMaTtypu Ui BHUKOPHUCTAHHS B KOHKPETHIN
KpaiHi BKa3yeThCS B HAI[IOHAIBHOMY JOJATKYy.
3Ha4YeHHs, 10 PEKOMEHAYIOTHCSI: Omin = 6 MM
Ominmesh = 5 MM.

9.7 BajkHu-cTIHKHA
(102) Biacramp MDK  ABOMA

apMaTypHUMU CTEpXKHSIMU  HE
MepPEeBUILYBaTH S

CyCiTHIMH
[IOBHHHA

mesh *

[IPUMITKA MakcumanpHa BIiACTaHb MIDK
CYCITHIMH CTepKHSMHU JJIsi BUKOPUCTAHHSA B
KOHKPETHII KpaiHi BKa3yeThCs B HAIIOHATBHOMY

I0AaTKy. PekoMeHIOBaHE 3HAYEHHS: S,

MPUHAMAETHCA PIBHUM TOBIIWHI CTIHKH, aje HE
oinpire 300 M.

52

NOTE Details of the form of shear reinforcement
permitted for use in a Country may be found in its
National Annex.

The recommended forms are:

- links enclosing the longitudinal tension
reinforcement and the compression zone (see
Figure 9.5 of EN 1992-1-1);

- bent-up bars;

- or a combination of the two.

(2) of EN 1992-1-1 does not apply.

9.5 Columns
9.5.3 Transverse reinforcement

(101) The diameter of the transverse
reinforcement (links, loops or helical spiral
reinforcement) should not be less than @min Or one
quarter of the maximum diameter of the
longitudinal bars, whichever is the greater.

The diameter of the wires of welded mesh fabric
for transverse reinforcement should not be less
than Gmin,mesh.

NOTE The minimum diameter of transverse
reinforcement for use in a Country may be found
in its National Annex.

The recommended values are @min = 6 mm and
Omin,mesh = 5 MM,

9.7 Deep beams

(102) The distance between two adjacent bars of
the mesh should not exceed s

mesh *

NOTE The maximum spacing of adjacent bars for
use in a Country may be found in its National
Annex. The recommended value of s is the

lesser of the web thickness or 300 mm.

mesh



9.8 dynpamenTn
9.8.1 ITaaboBi pocTBepKH

(103) OcHoBHa po3TArHYyTa apMarypa IJis Onopy
30BHIIIHIM JiIM MOBHHHA OYyTH 30Cepe/kKeHa B
30HaX MK TojoBamu najib. [loBuHeH npuitmarucs
MiHIMQJILHUI JiameTp cTepkHiB d . .

SIkmo r1wioma mepepisy apMmarypu NpU3HAYCHA
MIHIMaJIBbHOI, apMaTypy CIiIl pO3TallOBYBaTH

no0nu3y  HWKHBOI MOBEPXHI eJIeMEHTa
KOHCTPYKIIii.
I[MTPUMITKA 3HaveHHS din TSt

BUKOPUCTaHHSI B KOHKPETHIA  KpaiHi
BKa3yeTbCs B  HAI[IOHAJIbHOMY JOJATKYy.
3HaueHHs, 1110 PEKOMEHAYEThCS, - 12 MM.

9.10 Cucremnu B's3ei
[{e myHKT HE 3aCTOCOBYETHCS.
Po3gin 10 JlomaTtkoBi mnpaBujaa IJs

eJIeMeHTIB | KOHCTpPYyKUiii i3 30ipHOrO
3aJ1i300€ TOHY

3acTocoByroTbes Taki enemenTd EN 1992-1-1:

10.1.1 1092 (1)  10.9.4.2 10.9.5.1
(1)P (5)P
102 (1)P  1092(2)  10.9.4.2 10.9.5.2 (1)
(2)P
10.2 (2) 1093 (1)P 10942 (3) 10.952(2)
10.2 (3) 1093 (2P 10943 (1) 10.952(3)
1031.1(1) 1093(3)P 109.43(2) 10953
(1)P
1031.1(2) 1093(4)  109.43(3) 10953
(2)P
10.3.1.1(3) 10.93(5) 10.9.43(4) 10953
(3)P
10312 (1) 10.93(6)  10.9.43(5) 10.96.1
(1)P

10312 (2) 10.9.3(7)
10.3.12 (3) 10.9.3(8)
10.3.2.2 10.93(9)  10.9.45
(1)P (1)P

10.322(2) 10.9.3(10) 10.9.45(2) 10.9.63 (1)
1051 (1)P  10.93(11) 10.9.46(1) 10.9.63(2)

10.9.43(6) 10.9.6.2 (1)
10.9.44 (1) 10.9.62(2)
10.9.6.2 (3)

1051(2) 1093(12) 10.9.47(1) 10.963(3)
1051(3)  10.9.4.1 10.95.1
(P (P
1052(1)  10.9.4.1 10.95.1
(2P (2P
109.1(1)  10.9.4.1 10.9.5.1 (3)
(3P
109.1(2)  10.9.4.1 10.95.1
(4P (4P
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9.8 Foundations
9.8.1 Pile caps

(103) 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 d .. . 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.

NOTE The value of d . . for use in a Country

may be found in its National Annex. The
recommended value is 12 mm.

9.10 Tying systems

This clause does not apply.

Section 10 Additional rules for precast
concrete elements and structures

The following clauses of EN 1992-1-1 apply.

10.1.1 1092 (1)  10.9.4.2 10.9.5.1 (5)P
(1)P

102 (1)P  1092(2)  10.9.4.2 10.9.5.2 (1)
(2)P

10.2 (2) 1093 (1)P  10.9.42(3) 10.95.2(2)
10.2 (3) 1093 (2P 10943 (1) 10.95.2(3)
10.3.1.1(1) 1093 (3)P 10.9.43(2) 10.953 (1)P
10.3.1.1(2) 10.9.3(4) 10.9.43(3) 10.953 (2P
10.3.1.1(3) 10.9.3(5) 10.9.43(4) 10.953 (3)P
10.3.12 (1) 10.9.3(6) 10.9.43(5 10.9.6.1 (1P
10312 (2) 10.93(7) 10.9.43(6) 10.9.6.2(1)
10312 (3) 10.9.3(8) 10.9.44 (1) 10.9.62(2)
10.3.2.2 10.9.3(9)  10.9.45 10.9.6.2 (3)
(1)P 1)P

10.322(2) 10.9.3(10) 10.9.45(2) 10.9.63 (1)
1051 (1)P 10.9.3(11) 10946 (1) 10.9.63(2)

1051(2) 10.9.3(12) 10.9.47(1) 10.9.63(3)
1051(3)  10.9.4.1 10.9.5.1
(P (1P
1052(1) 10941 10.9.5.1
(2P (2)P
109.1(1) 10941 10.9.5.1 (3)
(3P
1091(2) 10941 10.9.5.1
(4P (4P
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10.1 3araasHi BinomMocTi

(101)P ITomoskeHHS IILOTO PO3ILTY CTOCYIOTHCS
KOHCTPYKIIIH, MOBHICTIO abo 4acTKOBO
BUTOTOBJICHHX 13 30IpHUX  3aJ1i300€TOHHHUX
CJIEMEHTIB, 1 € J0JaTKOBUMHU JI0 TIOJI0KEHb 1HIINX
po3aimiB. Jlo#gaTKOBI BIiOMOCTI 3 PO3pPaxyHKY,
BUTOTOBJICHHIO 1 MOHTaXy TaKMX KOHCTPYKIIif
HABOJITHCS y BINNOBIAHUX CTaHIapTax Ha
KOHKPETHI BUPOOU.

10.9 CrnenianbHi npaBm/ja KOHCTPYIOBAHHS |
PO3PaxyHKy

10.9.7 Cuctemu B's3eit

[leit myHKT HE 3aCTOCOBYETHCA.

Po3pgin 11 KoHeTrpykuii 3  Jerkoro
0eToHy

3acTocoByroTbes Taki enemenTd EN 1992-1-1:

111 ()P 11.32(1)  11.3.7(1)  11.64.2(1)
1111 ()P  11.32(2)  1141(1)  11.64.2(2)
1111 (2P 11.33(1) 1142(1)P 11.65(1)
11.11(3)  11.33() 1151 11.6.6 (1)
1111 (4P 11.33(3) 11.61(1)  1L7(P
11.12 ()P  11.34(1) 1161(2)  11.8.1(1)
112()P  11.35(1)P 11.62(1)  11.8.2(1)
1131 ()P 11.35()P 11.631(1) 11.10 (1)P.
1131(2) 11.36(1)  11.64.1(1)

1131(3) 11.36() 11.64.1(2)

11.9 CneniajibHi npaBuU/Ia KOHCTPYIOBAHHA i
PO3PaxyHKy

(101) Hiamerp apMaTypHUX CTEpXKHIB, IO
BUKOPDUCTOBYIOTBCS B JITKMX OETOHAX, SK
MPaBUJIO, HE TIOBUHEH repeBuiyBatu 32 mm s
JEerKUX OETOHIB KUIBKICTh CTEP)KHIB B IYYKY HE
MOBUHHA OyTH OuIblle MBOX, 1 iX €KBiBaJIEHTHUMN
JiaMeTp He TIOBUHEH MEPEBHUIILYBATH 45 MM.

I[TPUMITKA BukopucranHs Ipyn apMaTypHHX
CTepXKHIB MOXe OyTH OOMEXEHO MOJOXKEHHSIMHU
HaI[IOHAJILHOTO JI0/IaTKY.

Po3gin 12 beronni i ciaaboapmoBani
KOHCTPYKIIl
3actocoByrOThCs Bei osioxkeHHst EN 1992-1-1.
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10.1 General

(101)P The rules in this section apply to structures
made partly or entirely of precast concrete
elements, and are supplementary to the rules in
other sections. Additional matters related to
detailing, production and assembly are covered by
specific product standards.

10.9 Particular rules for design and detailing
10.9.7 Tying systems

This clause does not apply.

Section 11 Lightweight aggregate
concrete structures

The following clauses of EN 1992-1-1 apply.

111 ()P 11.32(1)  11.37(1)  11.64.2(1)
1111 ()P  11.32(2)  11.41(1)  11.64.2(2)
1111 (2P 11.33(1) 1142(1)P 11.65(1)
11.11(3)  11.33(2) 1151 11.6.6 (1)
1111 (4P 11.33(3)  11.61(1) 11L.7()P
1112 ()P  11.34(1) 11.61(2)  11.8.1(1)
112()P  11.35(1)P 11.62(1)  11.8.2(1)
1131 ()P 11.35(2P 11.63.1(1) 11.10 (1)P.
1131(2) 11.36(1)  11.64.1(1)

1131(3) 11.36(2)  11.64.1(2)

11.9 Detailing of members and particular rules

(101) 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.

NOTE The use of bundled bars may be restricted
by the National Annex.

Section 12 Plain and lightly reinforced

concrete structures
All the clauses of EN 1992-1-1 apply.



Po3ain 113 IIpoexkTyBaHHA 3
YPaxXyBaHHSIM TEXHOJIOIil OyAiBHUIITBA

113.1 3arajapHi HOJI0KEeHHH

(101)  Hns  mocTiB, OyHIBHUIITBO  SIKUX
BUKOHYETBCS B JICKUTbKA CTaflid, TEXHOJIOTIS
CIIOPY/DKCHHST TIOBHHHA BPAaXOBYBATHCS TIPH
MPOCKTYBaHHI B HACTYITHUX BUIIAKAX:

a) B mporeci OymiBHUIITBA B mepepizax
KOHCTPYKI[ii YTBOPIOIOTBCSI 3YCHJUISI, BiAMIHHI
BiJI TAKUX, 1[0 BUHUKAIOTh B TOTOBIA KOHCTPYKIIIi
(HampuKiaA, TpU  TO3J0BXKHBOMY HacyBaHHI
MIPOroHOBUX Oy/0B MOCTa, IpU OYIIBHULITBI OTIOP

MOCTa 3 BHKOPHUCTaHHSM  ypiBHOBa)KEHOTO
HaBICHOTO MOHTaXYy);
b) Tepepo3Mo it cuI, 00yMOBIIEHUX

TJTACTUYHUMU SIBUIIIAMH, B1IOYBAETHCSI BHACTIIOK
3MIHIOBaHb PO3MOJUTY KOHCTPYKLIA B mpoleci
OyIIBHUIITBA (HATTPHUKJIIAI, ISl 6araTomporoHOBUX
MOCTIB HEPO3pPI3HOT CHCTEMH, IO OYIYIOThCS
MPOTiH 32 TPOTOHOM 3  BUKOPHCTAHHSIM
OyaiBeNbHUX JICIB ab0 y BUIJISAAI KOHCOJBHHX
KOHCTPYKIIIH);

C) Tepepo3MNOojail HaNpyKeHb, OOYMOBICHHUX
IJTACTUYHUMU SIBUIIIAMU, BIIOYBAETHCSI BHACIIIOK
3MIHIOBaHb TIEPEPi3iB KOHCTPYKIII B MpoIeci
OyIIBHUIITBA (HAIIPHUKIIAI, TPOTOHOBA OyI0Ba

110 CKJIAJA€ThCs 13 30IpHUX OATOK 1 MOHOJITHUX
TLJTUT);

d) mocnioBHICTh CIOPYKEHHS 00 OETOHYBaHHS
MOX€ BIUIMBATH Ha CTIMKICTh KOHCTPYKIIH B
mporeci  OyIiBHHMITBA, 3YCHJUII B TOTOBIH
KOHCTPYKIIii a0o i reoMeTpiro.

(102) [nst KOHCTpPYKI[i, BiANOBIIHUX yMOBam
(101), nmepenixu a) — d), B mporeci OyAiBHUIITBA,
Ha PI3HUX HOTO erarnax, HeOOXiIHO MEepeBIpATH
IpaHUYHI CTaHH 32 MPUIATHICTIO O eKCIUTyaTallil
1 rpaHUYHI1 CTaHU 32 HECYYOIO 3/IaTHICTIO.

(103) Jlns KOHCTpPYKIlif, BIACTHBOCTI SKHX
omucano B posmgimax (101) b) abo ),
JIOBrOTPHBAJI 3yCHIUIS 200 HAMPYXEHHS MOXHa
BU3HAYaTH 3 aHaiidy e(dekTiB mepepo3moaiTy.
Jnst TaKuX PO3paxyHKiB MOXYTb
3aCTOCOBYBATHCS MMOKPOKOBHUI a00 HaOIMKCHUI
METO/I.

(104) Jns KOHCTPYKIH, BiOMOBIIHUX yMOBaMm
(101), mepemixk d), TexHOJOTiA 3BEACHHS 1

JCTY-H b EN 1992-2: 2012

Section 113 Design for the execution
stages

113.1 General

(101) For bridges built in stages, the design
should take account of the construction
procedure in the following circumstances:

a) Where forces, other than those produced on
the completed structure, occur in any structural
section during the phases of construction (e.g.
deck erection by incremental launching, piers of
bridges built by balanced cantilever);

b) Where redistribution of forces due to
rheological effects is originated by changes to the
structural arrangement during the construction
process (e.g. continuous bridges built span by
span on falsework or by cantilever);

c) Where redistribution of stresses due to
rheological effects is originated by changes to
structural sections during the construction
process (e.g. decks consisting of precast beams
and an insitu slab);

d) Where the erection or casting sequence may
have an influence on: the stability of the structure
during construction, the forces in the completed
structure, or the geometry of the completed
structure.

(102) For structures in which any of the
circumstances described in paragraphs (101) a) to
d) apply, the serviceability limit states and
ultimate limit states should be verified at
construction stages.

(103) For structures in which the circumstances
described in paragraphs (101) b) or c) apply, long
term values of forces or stresses should
determined from an analysis of redistribution
effects. Step by step or approximate methods
may be used in these calculations.

(104) For structures in which the circumstances
described in paragraph (101) d) apply, erection
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OeTOHyBaHHA TIOBMHHAa OyTH BKa3aHa Ha
KpecleHHsX abo  JeTalbHO  OIMcaHa B
JOKYMEHTaX 32 TEXHOJIOTI€I0 Oy IBHUIITBA

113.2 HaBaHTa:XeHHsi i BIUIMBM B Hpolueci
OyaiBHUIITBA

(101) BrumBu, siki HEOOXimTHO BpaxOBYBAaTH B
mporeci OyaiBHUITBA, ortucaHo B EN 1991-1-6.

(102) Ilpm mepeBipii piBHOBarm KOHCTPYKIii B
TPaHUYHOMY CTaHI 32 HECY4YOI0 3IAaTHICTIO IS
MOCTIB 13 30IpHHX KopoOuacTux OJOKIB, IO
OyIyl0TbCS METOJOM YPIBHOBa)XEHOTO HABICHOTO
MOHTa)Xy, CJiJi BpaxoByBaTH HEBPIBHOBa)KEHE
BITpOBE HaBaHTaXeHHs. BpaxoByBaTHCs TOBUHEH
MiIHOMHUNA a00 TOPU3OHTATBLHUN TUCK HE MEHIIE

x H/mM?, mo zie Ha 0HY 3 KOHCOJIEH.

TTPUMITKA 3Ha4yeHH X IS
BUKOPUCTOBYBaHHS B  KOHKpETHIH  KpaiHi
BKa3yeThCs B HAL[IOHAJILHOMY JI0JaTKy. 3HaUEHHS,
o pekoMerayeThest: X = 200H /m?.

(103) Ilpu mepeBipui TpaHUYHHUX CTaHIB 3a
HECY4YOI0 3/IaTHICTIO JJIsi MOCTIB, IO OYIYIOThCS
METOJIOM yPIBHOBa)XEHOTO HABICHOT'O MOHTaXY 3
MOHOJIITHUX KOHCTPYKIIIM, CJiJ BpaxoBYyBaTH
BUIMAJAKOBUHN BIUIMB, III0 BUHHUKAE y pa3i MaiHHS
onanyoku. lleil BIJIMB MOBHHEH BKJIIOYATHCS B
JTUHAMIYHUN PO3paxyHOK. Heo0ximHO
BpaxoBYBaTH, WO TMaJiHHSI OMNAIYOKH MOXKe
BimOyTHCcsT Ha Oyab-skid cramii OyaiBHHUIITBA
(mepemimieHHsT pyXxOMHUX JiiciB, O€TOHYyBaHHS 1 T.
).

(104) [Tpu OyIIBHUIITBI METOIOM
YPIBHOBaKEHOTO HABICHOTO MOHTaXYy 13 30ipHUX
ONOKIB HEOOXIZIHO BpPaxOBYBaTH MO>KJIHMBICTb
BHUITAKOBOTO ITaIIHHS OQHOIO 3 OJIOKIB.

(105) IIpu OymiBHUITBI MPOTOHIB MOCTA METO/IOM

M03/I0BXKHBOTO HACYBaHHS HEOOXiTHO
BpaxoByBaTH  jAedopmallii  MOPOroHiB,  WIO
BUHUKAIOTh B TIPOIIECi HACYBAHHS.

113.3 Kpwurepii nepeBipku

113.3.1 TI'paHuyHi CcTaHM 32  HeECy40H
30aTHICTIO

(101) Jiue. EN 1992-2, possir 6.
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and casting sequences/procedures should be
indicated on drawings or detailed in a
construction procedure document.

113.2 Actions during execution

(101) The actions to be taken into account during
execution are given in EN 1991-1-6 and annexes.

(102) For the ultimate limit state verification of
structural equilibrium for segmental bridges built
by balanced cantilever, unbalanced wind pressure
should be considered. An uplift or horizontal
pressure of at least x N/m? acting on one of the
cantilevers should be considered.

NOTE The x value to be used in a Country may
be found in its National Annex. The

recommended value of X is 200 N/m?.

(103) For verification of ultimate limit states in
bridges built by in-situ balanced cantilever, an
accidental action arising from a fall of formwork
should be considered. The action should include
for dynamic effects. The fall may occur in any
construction stage. (traveller movement, casting,
etc.)

(104) For balanced cantilever construction with
precast segments, an accidental fall of one
segment should be taken into account.

(105) For incrementally launched decks imposed
deformations should be taken into account.

113.3 Verification criteria
113.3.1 Ultimate limit states

(101) See EN 1992-2 section 6.



113.3.2 I'panuyHi cTaHW 3a NPUAATHICTIO 10
eKcIuTyaTanil

(101) TIlepeBipka Ha  Oya;p-sKid  cramil
Oy/IiBHUIITBA MOBHMHHA BHUKOHYBATHUCS TaK caMmo,
SK 1 HA cTajil eKCIulyaTamii, 3a HaCTyIMHUMH
BUKJIFOUEHHSMU.

(102) Ha mpomikHUX cTamisx OyIiBHUIITBA HE
noTtpiOHa TmepeBipka 3a MPUAATHICTIO IO
eKCIUTyaTallii, Ko B iX MpoIieci He BiIOYBaEThC
3HIDKEHHS ~ JIOBTOBIYHOCTI 1 TOTIpIIEHHS
OCTAaTOYHOTO 30BHIMIHBOTO BHIJIALY TOTOBOI
KOHCTPYKUII (HAalpUKIaJ, MOsIBa HEMPUITYCTUMHUX
nedopmarriii).

(103) Hdmst MmocTiB a0 X €IeMEHTIB, JUIS SIKUX Ha
CTajli eKcIulyaTalii CTUCKaIbH1 HAPYKEHHs IpU
nepeBipLil TPIIMHOCTINKOCT1 PO3PaxOBYIOThCS Ha
JII0 TICEBIOCTATUYHUX a00 HaBaHTaXEHb, 1110
4acTo 3yCTPI1YaroThCs, Ha CTajli OyIIBHULITBA MpU
Ii1 KBa31CTaTUYHUX HAaBAaHTa)XEHb NPUITYCKAIOTHCS
PO3TATYBaJIbHI HANPY>KEHHS HE OUIbIIEe BEIUUYMHU

kfctm (t) '

I[MPUMITKA 3navenHs K I BUKOPHUCTaHHS B
KOHKPETHIM KpaiHi BKa3yeThCs B HAI[IOHAIBHOMY

JOMATKy. 3Ha4YeHHs, 10 PEKOMEHIYEThCS:
k=10.

(104) dns mocTiB a0 iX €IeMEHTIB, JUIS SIKHX Ha
crazil eKcIuTyaTarii TPIMIMHOCTIMKICTh
nepeBipsIEThCS Ha BILUTHBH NO€THAHHS
HABaHTAXEHb, 10 YaCTO 3yCTPIYArOThCA, Ha CTamil
OYIIBHUIITBA TPIMIIHOCTIMKICTh CIiJ TEPEBIPATH
Ha BIUIMBY KBA3IiCTATUYHUX HABAHTA)KCHb.

JCTY-H b EN 1992-2: 2012

113.3.2 Serviceability limit states

(101) The verifications for the execution stage
should be the same as those for the completed
structure, with the following exceptions.

(102) Serviceability criteria for the completed
structure need not be applied to intermediate
execution stages, provided that durability and
final appearance of the completed structure are
not affected (e.g. deformations).

(103) Even for bridges or elements of bridges in
which the limit-state of decompression is checked
under the quasi-permanent or  frequent
combination of actions on the completed
structure, tensile stresses less than ki, (t) under

the quasi-permanent combination of actions
during execution are permitted.

NOTE The value of k to be used in a Country
may be found in its National Annex. The
recommended value of k is 1,0.

(104) For bridges or elements of bridges in which
the limit-state of cracking is checked under
frequent combination on the completed structure,
the limit state of cracking should be verified
under the quasipermanent combination of actions
during execution.
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JlonaTtok A
(ToBigKOBHMIA)
YacrrkoBi koedinieHTH 0e3mexku As
MarepiaJiB

3actocoBytoTbes Bei enemeHTH EN 1992-1-1.

JlomaTox B
(moBinkoBHiA)
Binnocui nedopmanii moB3y4ocri i ycaakmu

Hacrymni €JIEMEHTH EN 1992-1-1
3aCTOCOBYIOTBCS JJISl 3BUUAHOTO OETOHY, OKpIM
nepepiziB 0COOJMBO BEJIMKOT TOBIIUHU (IUB.
HIDKYE):

B.1(1);

B.1(2);

B.1(3);

B.2(1).

Posmin B.103 BIJHOCHUTHCS 1o
BUCOKOE(EKTUBHOTO OETOHY, BUTOTOBJIEHOTO 3
IIEMEHTIB KJacy R 3 MIIHICTIO HAa CTUCHEHHS
BHIIIE C50/60, 3 BHUKOPHUCTAHHSIM
MIKpOKpeMHe3eMy abo 0e3 Hboro. Metomau,
HaBeneHi B po3aun B.103, 6inbm nepeBaxHi (B
MOPIBHSHHI 3 MeTojamu, HaBeneHuMu B EN
1992-1-1) nns Bume3a3HadyeHUX OETOHIB, a
TaKOX JUISl €JEMEHTIB BEJIMKOi TOBIIMHHU, JI€
KIHETMKa OCHOBHOI IOB3YYOCTi JOCTAaTHHO
BUIPI3HAETHCS BiA TMOB3Y4YOCTI NMPH BUCHUXAHHI
Cnig 3a3HauMTH, [0 HACTAHOBHM, HAaBENEHI B
IbOMY  JOJaTKy, TIEpeBipeHi B  Mpolieci
BUNPOOYBaHb 1 BHUMIPIOBaHb Ha OYIIBEIbHUX
MaiijaHuuKkax. SIK JAOBIIKOBY JiTepaTtypy 3 LHX
MUTaHb MOKHA BKa3aTHU HACTYIHI JpKepena:

Jle Poii, P., lle Jlappapn, ®@., ITonc, Jx. (1996)
[Iporpama AFREM - tunosa mojenb nMoB3y4ocCTi
1 ycaaKu a7l BUCOKOS(EKTUBHUX OCTOHIB.
Tyrtnmonn, @., e Jlappap, ®., bpazinsep, .
(2002) 3acTocyBaHHA  BUCOKOC(PEKTUBHUX
OeToHIB B  OYHIBHUITBL: OTJS[ — HOBITHIX
nociikeHs y Opaniiii.

Jle Poit, P., Kbtoccak, .M., Maprtin, O. (1999)
KoHcTpykilii, dYymiMBI 10 NOB3Yy4OCTi: BIJ
1a00paTOPHUX JIOCHAIKEHb /10 OyaiBEIbHOTIO
IIPOEKTYBaHH: (Ha MPUKIAIi
BHCOKOIIBHUIKICHOTO 3aTI3HUYHOTO
HUIIXONPOBOY B ABIHBOHI).
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Annex A
(informative)
Modification of partial factors for materials

All the clauses of EN 1992-1-1 apply.

Annex B
(informative)
Creep and shrinkage strain

The following clauses of EN 1992-1-1 apply for
ordinary concrete, except for particular thick
sections (see below):

B.1(1)

B.1(2)

B.1(3)

B.2(1)

Section B.103 specifically applies to high
performance concrete, made with Class R cements,
of strength greater than C50/60 with or without
silica fume. In general, the methods given in
Section B.103 are preferred to those given in EN
1992-1-1 for the concretes referred to above and
for thick members, in which the kinetics of basic
creep and drying creep are quite different. It should
be noted that the guidance in this Annex has been
verified by site trials and measurements. For
background information reference can be made to
the following:

Le Roy, R., De Larrard, F., Pons, G. (1996) The
AFREM code type model for creep and shrinkage
of high performance concrete.

Toutlemonde, F., De Larrard, F., Brazillier, D.
(2002) Structural application of HPC: a survey of
recent research in France.

Le Roy, R., Cussac, J. M., Martin, O. (1999)
Structures sensitive to creep :from laboratory
experimentation to structural design - The case of
the Avignon high-speed rail viaduct.



B.100 3araabHi BizoMocTi

(101) JaruM nOmaTKOM CITiJ KOPUCTYBATHUCS IS
PO3paxyHKy TOB3YUYOCTi 1 YCaJlKH, BKJIFOUAIOYU
PO3BUTOK BKa3zaHUX mpoueciB B uaci. Ilpote B
TUTIOBHX EKCHEPUMEHTAJIBHUX BEIMYMHAX MOXKE
cnocrepiratiucst BigxwienHs +30 % 1momo
BEJIMYMH TOB3Y4OCTI 1 YCaJKH, IPOTHO30BAHOI
3TiJHO I[BOTO J0JATKy. SIKIIO dYepe3 0coOIuBY
YYTIUBICTh KOHCTPYKIIii 10 MOB3ydocTi i/abo
ycaJKku MOTpiOHa OLIBII BHCOKA TOYHICTH, TO
CIIiZl BUKOHATH E€KCIIEPUMEHTAIBHE JIOCIIHKCHHS
LUX SIBUI 1 pO3BUTKY BIAMOBIIHUX Aedopmartiii
B yaci. B po3auni B.104 HaBoAsTHCS HACTAHOBH 3
€KCIIEPUMEHTAJIbHOTO BU3HAYEHHSI KOE(]ILlI€HTIB
MTOB3YUOCTI 1 YCAJIKH.

(102) st BHCOKOMIITHOTO OeTOHY
(f, >50MIla ) moxnMBHH IHIIMHA MiAXIT 10

OIIHKY TIOB3YYOCTI 1 ycaJku; quB. po3ainr B.103.
B bOMY aTbTEPHATUBHOMY MIIX0 a1
BPaxOBY€THCSA BILJIUB JIOJTaBaHHS
MIKpDOKpPEMHE3€MY 1 TOYHICTh INPOTHO3YBAHHS
ICTOTHO IiIBUIIYETHCS.

(103) Kpim Toro, opmymnu Ajis MOB3Y4OCTiI B
posnutax B.1 1 B.103 mpaBwiibHi, K0 cepeaHs
IUAJITHAPOBA MIIHICTh HA MOMEHT HaBaHTa)KCHHS
f., (t,) mepeBumye 0,6f_ , TOOTO BUKOHYETBCS

ymosa f_, (t,) >0,6f,.

Skmo OeToH  mijjaBaTH HaBaHTAXXEHHIO Ha
OUTBIII paHHIX CTAIIAX 3 ICTOTHUM HapOCTAHHIM
MIIIHOCTI Ha MOYaTKy Mepiogy HaBaHTaXEHHS, TO
CTiI  CHemiaJIbHO  BU3HAYUTH  KoeimieHT
noB3ydocti. Moro HanexuTh BH3HAYATH HA
OCHOBI €KCIIEPUMEHTIB; MaTeMaTHUYH1 BUPA3U ISt
MOB3YYOCTI CJIiJi BH3HAYaTH 3a HACTAaHOBAMH,
HaBeJICHUMH B po3aiai B.104.

(104) SIx Gopmynu, MO0 OMUCYIOTH MOB3YUICTH 1
ycaJKy, TaK 1 eKCIIepHUMEHTaJIbHI METOIH
BU3HAUEHHS [MX BEJIMYUH TPYHTYIOTBCS Ha
JaHUX, 310paHuX B OOMEXKEHOMY IHTEpBall yacy.
ExcTpanonsimis Takux pe3yabTaTiB Ha Jyxe
TpuBaii mnepiogu (Hampukian, Ha 100 pokiB)
NPU3BOIUTH JI0 JOJATKOBHUX IOTpPILIHOCTEH,
NOB'I3aHUX 3 MaTeMaTUYHUMM BHpa3aMH, IO
BUKOPHUCTOBYIOTbCS ISl eKCTpamofsmii . ko
noTpiOHe MiABMIEHHS Oe3NeKH 3a pPaxyHOK
NEepeoliHKU edopMalliif, 10 3aMi3HIOIThCS, 1 11e
JIOLUUIBHO 33 YMOB TMPOEKTY, TO BEIHMYMHHU
MOB3y4YOCTI 1 YyCaaKd CIi MHOXHUTH Ha

JCTY-H b EN 1992-2: 2012
B.100 General

(101) This Annex may be used for calculating
creep and shrinkage, including development with
time. However, typical experimental values can
exhibit a scatter of +30 % around the values of
creep and shrinkage predicted in accordance with
this Annex. Where greater accuracy is required due
to the structural sensitivity to creep and/or
shrinkage, an experimental assessment of these
effects and of the development of delayed strains
with time should be undertaken. Section B.104
includes guidelines for the experimental
determination of creep and shrinkage coefficients.

(102) For High Strength Concrete ( f, >50MPa )

an alternative approach to the evaluation of creep
and shrinkage is given in Section B.103. The
alternative approach takes account of the effect of
adding silica fume and significantly improves the
precision of the prediction.

(103) Furthermore, the expressions for creep in
Sections B.1 and B.103 are valid when the the
mean value of the concrete cylinder strength at the
time of loading f(t,) s greater that

f_(t,)>06f, .

When concrete is to be loaded at earlier ages, with
significant strength development at the beginning
of the loading period, specific determination of the
creep coefficient should be undertaken. This
should be based on an experimental approach and
the determination of a mathematical expression for
creep should be based on the guidelines included in
Section B.104.

(104) Creep and shrinkage formulae and
experimental determinations are based on data
collected over limited time periods. Extrapolating
such results for very long-term evaluations (e.g.
one hundred years) results in the introduction of
additional errors associated with the mathematical
expressions used for the extrapolation. When
safety would be increased by overestimation of
delayed strains, and when it is relevant in the
project, the creep and shrinkage predicted on the
basis of the formulae or experimental
determinations should be multiplied by a safety
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KoedilienTH 3amnacy, HaBeeH1 B po3aini B.105.

B.103 Bucoxominauii 6eTon

(101) Ilpm BHUKOpPHUCTaHHI BHCOKOMIIIHOTO
0eToHy, IKUM € OETOH KJ1acy MIITHOCTI

Ha ctucHeHHs C55/67 1 Buiue, /Uit OTPUMAaHHS
JaHWX, [0  Kpame  Y3TOMKYIThCS 3
eKCTIEPUMEHTAIBHUMH, ~ CIiJI  KOPUCTYBATHCA
ONHCAHOI0 B LIbOMY ITYHKTi MOJEIUIIO (32 YMOBHU
HasBHOCTI 1HQopmarii, HeoOXimHOl It i
BUKOpUCTaHHA). {151 BUCOKOMIIIHOTO OeToHY 0€3
NOJIaBaHHs ~ MIKPOKpPEMHE3eMY  IOB3YYICTb
3BHYAIHO BUSIBJISIETHCS BHIOIO, HDK BUXOJUTH 3
BHUpA3iB Ui CEpPEeAHIX BEJIMYMH, HABEICHUX B
po3aini B.l. ®opmynu, HaBeaeHI B ILbOMY
po3nuTi, HE CIiA  BUKOPUCTOBYBaTH  0Oe€3
MEPEBIPKH, SKIIO YaCTKa 3allOBHIOBAaYa CKJIA/IA€
MeHme 67 %, 1O MOXe CHOCTEepIraThcs
JOCTaTHBO YacTO U CaMOYIIUTbHIOBAJIHHOTO
OeToHYy.

(102) B moneni BupizHseTbes Aedopmartisi, 1o
BUHHMKA€E B TUIPOU30JIbOBAHOMY O€TOHI, 1
JI0JTaTKOBA nedopmartis, 00yMOBJIIEHa
BHUCUXaHHSIM. TOMY B IIbOMY ITyHKTi1 HABOJSTHCS
JIBa BUPA3W JUIsl YCAIKA 1 IBa - JJIS TIOB3YYOCTI.
Hacrynni cxmamoBi medopmarii 3amexarb Bif
qacy:

- BJIACHA yCaJIKa;

- ycajiKa Mpu BUCUXaHHI;

- OCHOBHA ITOB3YYICTb;

- TIOB3YYiCTh NPH BUCHXaHHI.

Ile - piBHI sABUINA, PETYIbOBaHI pPI3HUMU
¢biBuYHMMH  MexaHi3MamH. BracHa  ycaaka
MOB's3aHa 3 MPOIECOM TiapaTarlii, TOIl K ycaaka
Npyd  BHCHXaHHI, oO0yMOBIIeHa  3MIHaMH
BOJIOTOCTI, MOB'SI3aHA 3 CEPEIOBUIIEM, B SIKOMY
nepe0yBae KOHCTPYKIIIS.

(103) CreuianbHi  GopMynaH HaBeIeHO IS
O6eroHy 3 Jgo0aBkamMHu MIKpokpeMmHe3emy. B
bOMY MYHKTI 0OeTroHoM 3  j1oOaBKamu
MIKPOKPEMHE3EMYy BBAXKA€ThCSA OCTOH, 110
MICTUTh MIKPOKPEMHE3EM B KUIBKOCTI HE MEHIIIE
5 % Bix Baru LEMEHTY.

B.103.1 Baacuna ycaaka

(101) Kinetnka BIacHOI yCaJIKH PETYIIOETHCS
HIBUKICTIO TifpaTailii. ToMy po3BHTOK BJIAacHOT
yCaJlKi 3aJIeKUTh Bil MIBUIKOCTI TBEPIHEHHSI.
Cuieeignomennst f ., (t)/ f, , Bimome sik 3pinicth
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factor, as indicated in Section B.105.

B.103 High Strength Concrete

(101) In the case of high strength concrete (HSC),
namely for concrete strength classes greater than or
equal to C55/67, the model described in this clause
should be used to obtain better consistency with
experimental data when the information required to
utilise the model is available. For HSC without
silica fume creep is generally greater than
predicted in the average expressions of Section
B.1. Formulae proposed in this section should not
be used without verification when the aggregate
fraction is lower than 67 %, which may be more
frequently the case for self-consolidating concrete.

(102) The model makes a distinction between
strains occurring in sealed concrete and additional
deformation due to drying. Two expressions for
shrinkage and two for creep, are given in this
clause.

The time-dependant strain components are:

- autogeneous shrinkage;

- drying shrinkage;

- basic creep;

- drying creep.

This distinguishes phenomena which are governed
by different  physical mechanisms. The
autogeneous shrinkage is related to the hydration
process whereas the drying shrinkage, due to
humidity exchanges, is associated with the
structure’s environment.

(103) Specific formulae are given for silica-fume
concrete (SFC). For the purpose of this clause,
SFC is considered as concrete containing an
amount of silica fume of at least 5 % of the
cementitious content by weight.

B.103.1 Autogeneous shrinkage

(101) The hydration rate governs the kinetics of
autogeneous shrinkage. Therefore the hardening
rate controls the progress of the phenomenon. The
ratio f,(t)/ f,, known as the maturity of young



MOJIOJIOTO OETOHY, MPUIUMAETHCS A0 3aKiHUYCHHS
28 nHiB sK ocHOBHa 3MiHHa. Ilpm 3pimocTi
menme 0,1 ycaaky moxxHa HextyBatu. [licist
3aKiHYeHHs 28 OHIB OCHOBHOIO 3MIHHOIO, Bl
SKOI 3aJIEKUTh PO3BUTOK BJIACHOI YCAJKH, CTa€
yac.

Mogenbs myis  OIIHKM BJACHOI YCaaKd Mae€
HACTYITHUI BUTJISIA:

- s t < 28 nwiB:

AKITO
funlt) <0l (t)=0
ck
SAKITO
funlt) <01, (t)=(f, - 20){2,2
ck
Ie:
Eca BJIaCHa YycajKa, IO BiOYyBaEThCI B

Mepiog MDK TYKaBHICTIO O€TOHY 1 MOMEHTOM
vacy t. Skmo wminmicte f_, (t) HeBimoma, TO il

MO>KHa Bu3HaunTH 3rigHo EN 1992-1-1
3.1.2 (6);
- t > 28 mHIB:

£ (t)=(f, —20)28 —l,lexp(—%G)J

Otxe, 3rigHO Hi€i Mmoneni, 97 % MmoBHOI BIacHOI
ycaJKu OCTOHY BiIOYBa€ETHCS 3a 3 MiC.
B.103.2 Ycaaka npu BUCHXAHHI

®opmymu B posaimi 103.2 3acTocoBHI TpH
BigHOCHIH Boiorocti 10 80 %.

(101) dopmyna ycaaku TpU BHCHXaHHI Mae
BUTJIST

e(t)= K(fy [72exp(- 0,046 f, )+ 75RH |t —t J10°
cd -

JCTY-H b EN 1992-2: 2012

concrete, is taken as the main variable before 28
days. Shrinkage appears to be negligible for
maturity less than 0,1. For ages beyond 28 days,
the variable governing the evolution of
autogeneous shrinkage is time.

The model for evaluation of autogeneous shrinkage
is as follows:
- for t < 28 days,

ck

if
(B.113)
if
2;”&)—0,2}106 (B.114)
where:
&, Is the autogeneous shrinkage occurring

between setting and time t. In cases where this
strength f_, (t) is not known, it can be evaluated in

accordance with 3.1.2(6) of EN 1992-1-1.

- for t > 28 days,

(B.115)

Therefore, according to this model, 97 % of total
autogeneous shrinkage has occurred after 3
months.

B.103.2 Drying shrinkage

The formulae in 103.2 apply to RH values of up to
80 %.

(101) The expression for drying shrinkage is as
follows:

(B.116)

(t —1 )+ B ho2

c.
I[K(fck):18 , ko fy, 55 MITa.
K(f,)=30-0,21f,, sxmo f, > 55 MITa.

By = 0007 - nmna Oerony 3 nmoGaBkamu
MIKPOKpEMHE3EMY.

By = 0021 - nmna Oerony ©Oe3 n06aBoK

with:

K(f,)=18 if f, 55 MPa.
K(f,)=30-0,21f, if f, >55MPa.
B4 =0,007 for silica fumeconcrete.

B4 = 0,021 for nonsilica fumeconcrete.
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MIKPOKPEMHE3EMY.

B.103.3 IIoB3yuicTh

@opmynu B posaumi 103.3 3acTocoBHI TpH
BiTHOCHII BorkocTi 70 80 %.

(101) Hedopmarisi, mo 3ami3HIOETHCS 1 3aJIeKHA
Bin Hanpyxkenns £, (t,t,), T06T0 cyma ocHOBHOT

MOB3yYOCTI 1 TIOB3y4OCTI MPU BHCHUXaHHI MOXKE
00YHNCITIOBATHCS 32 TAKOO (OPMYJIOLO:

pect) = 8 () + 0.,

c
B.103.4 OcHoBHA NMOB3y4icTh

(101) BcranoBieHo, 1Mo 0CTaTOYHUM KOE(IIIiEHT
OCHOBHOI TMOB3Y4OCTi /i1 O€TOHY 3 T0OaBKaMH
MIKpOKpPEMHE3EMY 3aJI€KHUTh Bl MIHOCTI MpH
napantaxenni  f(t,) KpiM Toro, mo

«MOJIOJINM» OETOH TNpU HABaHTAXKEHHI, TO
mBuae BimOyBaeThes aedopmarist. [Ipote s
TEHJICHIIII HE CIOCTEepiraeThcs s OeToHy 0e3
n00aBoK  MiKpokpemHezemy.  [[ims  Takoro
Marepiary  KOeQIiIi€eHT IOB3Y4OCTI  MOJKHA
BBa)KaTH TIOCTIMHHUM 3 CEpeHIM 3Ha4YeHHsM 1,4.
TakuMm 4yMHOM, KIHETHYHA CKJIaZl0Ba BUSBIISETHCS
(GYHKIIEIO 3pUTOCTI, BHUPAKECHOI BEITUYHMHOIO
f.,(t)/ f, Ddopmyna mias OCHOBHOI MOB3Y4OCTi

Ma€ BUI'TIA .

ae.

3,6
P =—F—ga - i1 OeroHy 3 poOaBKamMu

fcm (tO )0'37

MIKpOKpPEMHE3EMY.

®po=14 - nana Oetony 06e3 100aBOK

MikpokpemHezemy; (B.119).

,BbC:O,37exp[2,8f°’:c(t°)j - nans OertoHy 3

ck
n00aBKaMH MIKPOKPEMHE3EMY.

,BbC:O,4eXp(3,1f°'F(t°)] - nus OeroHy 0e3

ck
106aBoK MikpokpemHesemy (B.120).
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B.103.3 Creep

The formulae in 103.3 apply to RH values of up to
80%.

(101) The delayed stress dependent strain,
g.(t,t,), i.e. the sum of basic and drying creep,

can becalculated by the following expression:

(B.117)

B.103.4 Basic creep

(101) The final basic creep coefficient of silica fume
concrete has been found to depend on the strength at
loading f,,(t,). Furthermore, the younger the
concrete at loading, the faster the deformation.
However this tendency has not been observed for
non silica-fume concrete. For this material, the
creep coefficient is assumed to remain constant at a
mean value of 1,4. The Kinetics term is therefore a
function of the maturity, expressed by the
quantity f_, (t)/ f, . The equation is:

(B.118)

where:

Do = L - for silica fumeconcrete.

Fan (6"

®,, =14 - for nonsilica fumeconcrete (B.119).

B =037 exp(2,8fc’;(t°)J - for silica
ck
fumeconcrete.

Boc = O,4exp(3,1f°?(t°)] - fornonsilica
ck
fumeconcrete (B.120).



B.103.5 IIoB3y4icTh NpH BUCHXAHHI

@opmynu B posaumi 103.5 3acTocoBHI mpH
BiTHOCHIIi BostorocTi 10 80 %.

(101) TIloB3ywicTh mTpW BHUCHXaHHI, IyXe
He3HayHa  Juisi  OeToHy 3 J00aBKamu
MIKPOKPEMHE3EMY, OIIHIOETHCS MIOAO0 YCAJKH
IpU BUCHXaHHI, IO BiIOYBaeTbcs 3a TOH Ke
nepioa. KoedimieHT moB3y4oCcTi mpu BUCHXaHHI
MOKHa OOYMCIIOBAaTH 3a TAKOKO CIIPOLICHOIO
hopmyroro:

Py (t'to) = (/’do[gcd (t)_ Eed (to)]

e

@4 =1000  mma  OGerony 3  moOaBKamMH
MIKpOKpPEMHE3EMY.

P40 =3200 s OeroHy 06e3  100aBOK
MIKpOKpPEMHE3EMY.

B.104 Hopsaok €KCIIePUMEHTAJIbHOI

inenTudikaumii

(101) Jlst OUThI TOYHOT OIIHKHU AedopMariii,
0 3ami3HIOKTHCSA, MOXKE OYTH MOTPIOHOIO
igeHTudIKaIiss  mapamMeTpiB MOJENEH, 10
OTHUCYIOTh TMOB3YYICTh 1 YCAAKy 3a HaCTiIKaMu
BHUMIPIOBAaHb B €KCIIepUMEHTaX. J{Jisl IIbOro MOXKe
3aCTOCOBYBATHCS PO3TJISHYTHH HIKYE METOJI,
3aCHOBaHUM Ha EKCIICPUMECHTATBHOMY
BH3HAYEHHI KOE(]IIi€EHTIB, 10 KOPHUTYIOTh
dhopmynu pozainy B.103.

(102) ExcnepuMeHTanbHI JaHI MOXYTh OyTH
OTpMMaHI 3a  pe3yJbTaTaMHU  BIANOBITHUX
BUNPOOYBaHb Ha YCAAKy 1 IMOB3YYICTh SK B
yMOBaxX BJAacHOi ycaaku (MOB3yYiCTh), TaK 1 B
yMOBax  IUX  SBHIOI  0OpU  BHCHUXaHHI
BumiproBanHs ~ TOBMHHI ~ BHKOHYBaTHCS B
KOHTPOJIbOBAHUX YMOBaX 1 PEECTPyBaTUCS
IPOTSTOM HE MEHIIEe 6 Mic.

B.104.1 Baacuna ycanka

(101) Mopens BnacHOi ycaaku HEOOXiTHO
PO3IUTUTH Ha JIB1 YaCTUHHU:

- t < 28 mHIB:

SIKIIIO

JCTY-H b EN 1992-2: 2012

B.103.5 Drying creep

The formulae in 103.5 apply to RH values of up to
80%.

(101) The drying creep, which is very low for silica
fume concrete, is evaluated with reference to the
drying shrinkage occurring during the same period.
The drying creep coefficient may be expressed by
the following simplified equation:

(B.121)

where:
@4, =1000 for silica- fume concrete.

@40 =3200 for non silica- fume concrete.
B.104 Experimental identification procedure

(101) In order to evaluate delayed strains with
greater precision, it may be necessary to identify
the parameters included in the models describing
creep and shrinkage from  experimental
measurements. The following procedure, based on
the experimental determination of coefficients
altering the formulae of Section B.103, may be
used.

(102) Experimental data may be obtained from
appropriate shrinkage and creep tests both in
autogeneous and drying conditions. The
measurements should be obtained under controlled
conditions and recorded for at least 6 months.

B.104.1 Autogeneous shrinkage

(101) The autogeneous shrinkage model has to be
separated in to two parts:

- for t < 28 days,

if
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fck

ITapametrp /., HEOOXinTHO BHOMpATH Tak, 1100

MIHIMI3yBaTH CyMy KBaJpaTiB pPI3HHUIb MDK
MOJCITFHUMH OLIHKAMHU 1 €KCIIEPUMEHTAILHUMU
pe3ysbTaTaMu 3a TepioJ 3 MOYATKy BUMIPIOBAHb
J0 28-ro nHs;

- s t > 28 guis

Eea (t) = ﬂcal
ﬂcaz ’ ﬂcaS i ﬂca4

0OUparoThCs Ialli B TaKUil camuil crocio.

Pemrra mapamerpis

B.104.2 Ycaaka npu BUCMXaHHI

®opmymu B posaimi 104.2 3acTocoBHI TpH
BiTHOCHII BoJiorocti 1o 80 %.

(101) dopmyna ycaaxku 0OpU BHCHXaHHI Mae
BUTJISIL:

K(f, )[72exp(-0,046f, )+ 75— RH |t -t 10

fn®) > 01 ¢ (t)= g (. - 20)[2

20)[%2 ,Bca3exp( /ﬂmﬂlo 6

(B.122)

2 fc};"( ) 2)106

ck

The parameter S, has to be chosen in order to

minimise the sum of the squares of the differences
between the model estimation and the experimental
results from the beginning of the measurement to
28 days.

- for t > 28 days,

(B.123)

The other parameters S..,, S..s, Pws arethen
chosen using the same method.

B.104.2 Drying shrinkage

The formulae in 104.2 apply to RH values of up to
80%.

(101) The expression for drying shrinkage is as
follows,

(B.124)

gcd (t) = ﬂcdl (t

ITapamerpu S, B4, HEOOXiAHO BUOMpATH TaK,

00 MIHIMI3yBaTH CyMy KBaJIpaTiB PI3HUIb MK
MOJIETPHUMHU OIIHKaAaMHU 1 €KCTICpUMEHTATBHUMU
pe3yJibTaTaMu.

B.104.3 OcHoBHA NOB3YyYiCcTh

(101) Hanexxuth BHU3HAYMTH JBa IapaMeTpPH:
rino0anbHul [y, 1O cTOCyeThCsl  (HOpMyIH

OCHOBHOT IMOB3Yy4OCTi B [[IOMY:

(t ty, fa fcm(O)):

1 B, , 10 BXOAUTE B S !

B = Boca €XP 2,8f°';(t°)J aast  GetoHy 3
ck

no6aBKaMH MIKpOKpEMHE3EMY;

B = Boco €Xp| 31 fc’; (t )j 115t 6eToHy 6€3

ck
100aBOK MIKPOKPEMHE3EMY. (B.126)
Ili nBa mapameTpu HEOOXiTHO BHU3HAYUTH Ha
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_tS)+ﬂcd2h02

it
Bea1Poo m

The parameters S.,,, S.4, have to be chosen in

order to minimise the sum of the squares of the
differences between the model estimation and the
experimental results.

B.104.3 Basic creep

(101) Two parameters have to be identified, a
global one g, which is applied to the entire

expression for basic creep,

(B.125)

and f,., which is included in £, :

Boe = Boco €XP| 2,8 fch(t )J forsilica fumeconcrete

ck

Do = Boca €XP| 3.1 fc?(t )j fornonsilica

ck
fumeconcrete (B.126)
These two parameters have to be determined by



OCHOBI MiHIMi3aIlil CyMU KBaJpaTiB Pi3HUIb MDK
eKCTIIEPUMEHTAIbHUMU pe3yJbTaTaMu i
MO/ICTIbHUMH OI[IHKAMHU.

B.104.4 IloB3y4icTh NpH BUCHXAHHI

@opmynun B posauri 104.4 3acTocoBHI TpH
BiTHOCHIIA BostorocTi 10 80 %.

(101) Hamexwutp  imeHTH(]IKYBAaTH  TUIBKH
rIo0aIbHAN MapaMeTp @y, -

Py (t) = (/’do[gcd (t)_ €ed (to )]

[eit mapameTrp HEOOX1THO BHM3HAYATH HAa OCHOBI
MIHIMI3alli CyMH KBajpaTiB pI3HUIL MDK
eKCIePUMEHTaIbHUMU pe3yabTaTaMu 1
MOJEIBHUMU OLIHKaMU.

B.105 Ouinka noBrocrpokosoi aegopmaiii,
10 3aIi3HIOETHCHA

(101) Sx dbopmynu, MO0 OMUCYIOTh MOB3YYICTh 1
ycagKy, TakK 1 eKCIepUMEHTalIbHI METOIU
BH3HAUCHHS IIUX BEIMYMH TPYHTYIOTHCS Ha
naHuX, 310paHUX B 0OMEXKEHOMY IHTEpBaJIi Yacy.
Exkcrpamonsiiss Takux pe3ysnbTaTiB Ha JIyXe
TpuBasi mnepioan (Hampukian, Ha 100 pokis)
OpU3BOAUTH A0  JOAATKOBUX  IOXHOOK,
MOB'I3aHUX 3  BUKOPUCTOBYBAHMMHU  JUIS
€KCTPAIOoJISALil MaTeMaTHYHUMH BHPA3aMHU.

(102) ®opmynu, HaBeaeHi B po3aiiax B.1, B.2 i
B.103 uporo mponarky, 3a06e3me4yrOTh OTPUMaHHS
32JI0BUTBHUX CEPEJHIX OIIHOK 3aI3HIOBAIbBHUMHU
nedopmarlisiMi,  eKCTParoJIbOBAaHUMH Ha
TpuBasi TepmiHu. Ilpore skmo moTpiOHE
MIBUIIECHHS OE3MEeKH 3a PaXyHOK IEPEOIIHKH
3ami3HIOBAIBHUX nedopMaliid 1 1e JOIUIBHO 3a
YMOB TMPOEKTY, TO BEIUYMHU TOB3Y4YOCTi 1
ycaJlky, 110 MPOTHO30BaHi 3a Gopmynamu abo 3a
pe3ynbTaTaMi €KCIePUMEHTAIBHUX JOCIIIKEHb,
HAJIEKUTh MHOYKUTHU Ha Koe(DillieHT 3amacy.

(103) Illo6 BpaxyBaTH  HEBU3HAUYEHICTb,
MOB'SI3aHY 3 peanbHO ICHYIOUUMU
JOBTOCTPOKOBUMU 3aMi3HIOBAIbHUMHU

nedopmariisiMu B 6eToH1 (TOOTO HEBHU3HAUEHICTD,
0 CTOCYEThCS TMPABHIBHOCTI MaTeMaTUYHHUX
dbopMyn ekcTpamomsiii, MoOyJOBaHUX MUIIXOM
MIATOHKH 3a HaCJIIKaMU BHUMIPIOBAaHb
MOB3YUOCTi 1 YCaJKd 3a BIJHOCHO KOPOTKUH
nepion), MOXXKHa BUKOPUCTOBYBATH KOEQILIEHTH
3anacy y, 3 Tabmuui B.101.

JCTY-H b EN 1992-2: 2012

minimising the sum of the square of the difference
between  experimental results and model
estimation.

B.104.4 Drying creep

The formulae in 104.4 apply to RH values of up to
80%.

(101) Only the global parameter ¢,, has to be
identified.

(B.127)

This parameter has to be determined by
minimising the sum of the squares of the
differences between experimental results and
model estimation.

B.105 Long term delayed strain estimation

(101) Creep and shrinkage formulae and
experimental determinations are based on data
collected over limited periods of time.
Extrapolating such results for very long-term
evaluations (e.g. one hundred years) results in the
introduction of additional errors associated with
the mathematical expressions used for the
extrapolation.

(102) The formulae given in Sections B.1, B.2 and
B.103 of this Annex provide a satisfactory average
estimation of delayed strains extrapolated to the
long-term. However, when safety would be
increased by overestimation of delayed strains, and
when it is relevant in the project, the creep and
shrinkage predicted on the basis of the formulae or
experimental determinations should be multiplied
by a safety factor.

(103) In order to take into account uncertainty
regarding the real long term delayed strains in
concrete (ie. uncertainty related to the validity of
extrapolating mathematical formulae fitting creep
and shrinkage measurements on a relatively short
period), the following safety factor y, can be

included. Values for y, are given in Table B.101
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Tabumus B.101 - KoedinienTn 3anacy a/1s1 J0BroCTpOKOBOI €KCTPANOJsLil 3alli3HIOBAJIbLHUX
nedopmaniii (1151 JOpeYHUX BUNA/IKIB)

Bik OeToHy A5 OLIHKH 7
3aIi3HIOBATILHUX JIeopMaIliid, poKiB

t<1 1

t=5 1,07

t=10 1,1

t =50 1,17

t =100 1,20

t =300 1,25

Table B.101 - Safety factor for long-term extrapolation of delayed strains, when relevant

t (age of concrete for estimating the delayed

- Vit
strains)

t <1 year 1
t =5 years 1,07
t =10 years 11
t =50 years 1,17
t =100 years 1,20
t =300 years 1,25

Ile BinmoBimae TakuM MaTEMaTHIHUM BHUPa3aM:

t<1pik y, =1

t>1 pik y, =1+ O,llog(tj t, =1 pix (B.128)

ref
Jlnst 6erony BikoM MeHme 1 poky dopmynu Bl,
B2 1 B103 MOXyTb BHUKOPHUCTOBYBATHCS
0e31ocepeIHbO, OCKUIBKM BOHH BiJITOBIIAIOTH
TPUBAJIOCTI €KCIIEPUMEHTIB, Ha OCHOB1 SIKMX IIi
hopmyau OyJI0 OTPUMAHO.

Jlnst 6erony BikoM 1 pik i OuibiIe, 1 0COOIUBO -
JUTSI TOBTOCTPOKOBOI €KCTparoJsiii aedopmariiit
3Ha4YeHHS, OTpuMaHi 3a ¢opmynamu (B.1) i1
(B.11) EN 1991-1-1, a Takox 3a opmyaamu
(B.16) i (B.118) EN 1991-2 (ammuiryaa
3ami3HIOBAIbHOI  gedopmanii s dvacy t),
HEOOXIJJTHO MHOXKHTH Ha ), .
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Which corresponds to the following mathematical
expression:

t<1year y, =1

t

t>1year y, =1+ O,llog( ] with t,, =1(B.128)

ref
For concrete aged less than one year the Bl, B2
and B103 expressions can be used directly, since
they correspond to the duration of the experiments
used for formulae calibration.

For concrete aged 1 year or more, and thus
especially  for  long-term  evaluations  of
deformations, the values given in by Expressions
(B.1) and (B.11) of EN 1991-1-1 and by
Expressions (B.16) and (B.118) of EN 1991- 2
(amplitude of delayed strains at time t) have to be
multiplied by y, .



JonaTok C
(0o60B's13K0BHIN)
BaacruBocti apmaTypHoi cTadi,
NPHUIATHOI 1151 BAKOPUCTAHHS i3 UM
€Bpokoaom

3acTtocoBytoTbes Bei enemeHTdH EN 1992-1-1.

Honatok D
(moBinKOBMIN)
Biabm TouHni MeTo pO3paxyHKy BTpPAT
3yCHJIb HANPY:KeHb Yepe3 pesakcauiio

3acTtocoByroTbes Bei enemeHTH EN 1992-1-1.

Honatok E
(moBinkoBwHit)
IHauKaTHUBHI KJIacu MIiIHOCTI 1J1A
3a0e31edyeHHs] JOBroBiYHOCTI

3acTtocoByroTbes Bei enemenTdH EN 1992-1-1.

JCTY-H b EN 1992-2: 2012

Annex C
(normative)
Properties of reinforcement suitable for use
with this Eurocode

All the clauses of EN 1992-1-1 apply.

Annex D
(informative)
Detailed calculation method for
prestressing steel relaxation losses

All the clauses of EN 1992-1-1 apply.

Annex E
(informative)
Indicative strength classes for durability

All the clauses of EN 1992-1-1 apply.
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Jlonatok F
(moBigKOBUIA)
PiBHSIHHS /151 BU3HAYEHHSI HATIPYKEHb B
apMaTypi NpH MJIOCKOMY HANPYKEHOMY CTaHi

[NPUMITKA IlpaBuna BKa3aHHS 3HAKIB, IO
BHUKOPUCTOBYIOTBCS B I[BOMY  JIOJATKY,
BimnoBigaroTh EN 1992-1-1 1 BiIpi3HAIOTHCS Bij
THUX, IO BHKOPHCTOBYIOTHCS B po3aim 6.9,
nonatkax LL i MM 1soro cranmapry.
3acTocoByroTbes Taki enementd EN 1992-1-1:
F.1(1);

F.1(2);

F.1(3);

F.1(5).

F.1 3araanui Bizomocri

(104) ApmyBanHa mnOTpiOHE B MICISX, J€
BUHHKAIOTh PO3TATYBAIbHI HAMPYKEHHS Oy,

2
ab0 BUKOHYETBCS YMOBA Oy, - Opqy < Tegy, -

OnTuManbHe apMyBaHHs, BimmoBimHe 6 =45",
MMO3HAYAETHCS BEPXHIM THICKCOM IITPUX.
BiamoBinHi HampyXeHHs1 OETOHY BHU3HAYAIOTHCS
3a HaBEJCHUMU HIK4YE PopmMymamu.

HHH Jde < ‘Tdey

fx = ‘rEde — Oggy
fiax = ‘rEde — Ogqy
ch = 2‘Z-dey
Anst Ogg, > ‘Tdey‘ :
f tdx = 0
;2
Ed
f tdx — al _O-Edy
O'de

2
T
_ Edxy
O = Okux 1+ ( ]
O-de

HanpyxeHnHst 6eToHy o,, HE0OXiTHO MEepeBipsATH
3 BHUKOPDHCTaHHSAM  peaslicTHYHOi  Mojeni
nepepiziB 3 TpimumHamu (EN 1992-2, po3sain
6.109).

[TPUMITKA MiHiMalIbHE
JOCATAETHCS,  AKIIO  HAMPSMKH
68

apMyBaHHS
apMaTypu

Annex F
(Informative)
Tension reinforcement expressions for in-plane
stress conditions

NOTE The sign convention used in this Annex
follows that in EN 1992-1-1 and is different to that
used in Section 6.9, Annex LL and Annex MM of
this standard.

The following clauses of EN 1992-1-1 apply.
F.1(2)
F.1(2)
F.1(3)
F.1(5)

F.1 General

(104) In locations where o, is tensile or

Cregn Orcay < Teay » reinforcement is required.

The optimum reinforcement, corresponding to
0 =45, is indicated by superscript ', and related
concrete stress are determined by:

For o¢y, < ‘rdey‘ :

(F.2)
(F.3)

(F.4)

For oy, > ‘rEde

(F.5)
(F.6)

(F.7)

The concrete stress, o, should be checked with a

realistic model of cracked sections (see Section
6.109 ‘Membrane elements’ in EN 1992-2).

NOTE The minimum reinforcement is obtained if
the directions of reinforcement are identical to the



IJICHTUYHI HaMPsSIMKaM TOJIOBHUX HAIPYKCHb.

B 3aranpHOMY BHNajKy HEOOXinHE apMyBaHHS i
HamlpyKeHHsT B OETOHI MOXYTb OyTH TaKOX
BU3HAYCHI B 1HIIMH crocio:

fx = ‘Tdey Ctgl — ogq,
ftdy = ‘Tdey /Ctg@ - JEdy
1
o =|T ctgd + ——
cd ‘ dey( g COt@J

e
€ XyT, 10 YTBOPIOIOTH TOJIOBHI CTHUCKaJIbHI1
HanpyXeHHs B OETOHI 3 BICCIO X .

[TPUMITKA

BHOMpATH Tak, MO0 HE JOMYyCKAaTH BEJIMYUH
cTucHeHHs f .

3HaueHHs  cfgf  HeoOX1IHO

{06 HE nOMyCTUTH HENPUWHATHUX TPIMIMH B
TpaHUYHOMY CTaHI 3a TNPUAATHICTIO 10
eKcIuTyaTarlli, a Tako)X 3a0e3MeuYnTH HEeOoOXiTHI
negopmMariii B TPaHUYHOMY CTaHi 3a HECYYOIO
3IATHICTIO XapaKTepUCTHKH  apMaTypH,
Bu3HauyBaHi 3a dopmynamu (F.8) 1 (F.9) mnsa
KO>KHOTO HamnpsIMKy, TOBUHHI HE OUTbIIIE HIX B 2
pa3u MepeBUIIYBAaTH XapaKTEPUCTUKU apMaTypH,
Bu3HauyBaHi 3a ¢opmynamu (F.2) 1 (F.3) a6o
(F.5) 1 (F.6), 1 cTaHOBUTH HE MEHIIIE MOJIOBUHH
OUX  BEJHYHH: 1/2f, < f, <2f, i

1/2f, <f <2f

tdy tdy — tdy -

JCTY-H b EN 1992-2: 2012
directions of the principal stresses.
Alternatively, for the general case the necessary
reinforcement and the concrete stress may be
determined by:

(F.8)
(F.9)

(F.10)

where:
6 is the angle of the principal concrete compressive
stress to the x axis.

NOTE The value of coté@ should be chosen to avoid
compression values of f .

In order to avoid unacceptable cracks for the
serviceability 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 reinforcement
determined by expressions (F.2) and (F.3) or (F.5)
and (F.6). These limitations are expressed by

1/2ftdeSftdx32ftdxl and 1/2f. < f. <2f

tdy — ‘tdy — tdy *
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Hoaatok G
(moBigKOBUIA)
B3aemonisi KOHCTPYKLiH 3 0CHOBOIO

3actocoBytoTbes Bei enemeHTdH EN 1992-1-1.

Homaroxk H
(moBigKOBUIN)
3araJjbHi epeKTH APYTrOro NOPsAAKY B
KOHCTPYKUIIfIX

JlaHui1 10JaTOK HE 3aCTOCOBYETHCA.

Honarok I
(moBigKOBUIN)
Po3paxyHoK mIuT nepekpurTiB i giagpparm

3acTocoByIOThCS HacTymnHi enemeHTH EN 1992-
1-1:

1.1.1 (1)

1.1.1 (2)

1.1.2 (1)

1.1.2 (2)

1.1.2 (3)

I.1.2 Po3paxyHOK MeTOIOM eKBiBaJEeHTHOL
pamMu

[lyaxkru  (4) 1 (5) EN 1992-1-1 wme
3aCTOCOBYIOTHCS.

1.1.3 Heperyasipue po3mMinieHHs1 KOJIOH

Lleit nyHKT HE 3aCTOCOBYETHCA.
1.2 dia¢gparmm

Lleit myHKT HE 3aCTOCOBYETHCA.
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Annex G
(informative)
Soil structure interaction

All the clauses of EN 1992-1-1 apply.

Annex H
(informative)
Global second order effects in structures

This Annex does not apply.

Annex |
(informative)
Analysis of flat slabs and shear walls

The following clauses of EN 1992-1-1 apply.

1.1.1 (1)
1.1.1(2)
1.1.2 (1)
1.1.2 (2)
1.1.2 (3)

1.1.2 Equivalent frame analysis

(4) and (5) of EN 1992-1-1 do not apply

1.1.3 Irregular column layout

This clause does not apply

1.2 Shear walls

This clause does not apply



Hoxarok J
(oBinKOBHIN)
Oxkpemi npaBuJia po3paxyHKky i
KOHCTPYIOBAaHHS

3acTocoByroTbes Taki enementd EN 1992-1-1:

11(1) 12.1(1) 123(1) 13@)
11(3) 12.2(1) 1232  13(5)
11 (4) 12.2(2) 13 (1)
11 (5) 12.2(3) 13(2)
11 (6) 12.2(4) 13(3)

J.104 MicueBe npuk/IaJaHHs HABAHTAKEHHS
J.104.1 OnopHi 30Hu MocCTiB

(101) IIpoexkryBaHHS ONOpPHUX 30H MOCTIB
MPOBOJUTHCS BinoBiAHO 10 6.5 1 6.7 EN 1992-
1-1 a Tako’ J10 IILOTO IMMYHKTY, 11O JOTIOBHIOE iX.

(102) Bincranp Big Kparo 30HW MPUKIATaHHS
OTIOPHOTO HABAaHTAXCHHS JI0 BUIBHOTO Kparo
OETOHHOTO TIepepidy TOBWUHHA CTAHOBUTH HE
MeHme 1/6  Big  BIAMOBIAHOTO  PO3MIPY
IJIOIIAIKK OOMUpPaHHS, BUMIPSIHOTO B TOMY XK
HarnpsiMi. [Ipu boMy y BCiX BHITaKax BiJCTaHb
0 BUIBHOTO Kpal0 TIOBUHHA CTAaHOBUTU HE
MeHme 50 M.

(103) Jns xnaciB O6erony C55/67 i Buie y
dbopmyii (6.63) EN 1992-1-1 3amicTh BEIMUUHA

2
0,46 f %
" led -
1+01- f,
(104) 1106 yYHUKHYTH Kpa€eBOTO KOB3aHHS,
apmarypa MMOBHHHA Oyt PIBHOMIPHO
po3nojiicHa napajieibHO HaBaHTaXCHIN

IIOBEPXHI JI0 TOYKU PO3CISIHHSA JIOKAJIbHUX
HanpyKeHb CTUCHEHH:. L1 Touka BU3HAYa€THCS
TakKUM YHHOM: JIHIS TiJ KyTOM 9(30°) bi (o)
HaNpsMKY IIPUKIIAIaHHS HaBaHTAKEHHS
IIPOBOJIUTHCS BJI Kpalo IJIOLIAJAKU OONUpaHHS,
MPOTHIICKHOTO 10 HaOmmxk4o1 619HOT MOBEpXHi
nepepisy, 10 mepepizy 3 OIYHOI0 MOBEPXHEI0, SK
nokazano Ha puc. J.107. Apmarypa, 1m0
nepeadavaeTbcst Uil HEJOMYIIEHHS KpPaeBOTO
KOB3aHHS, TNOBHHHa OYTH HAaJEXHUM YHHOM
3aaHKEpOBaHa.

f.4 HEoOXigHO mincTaBUTH

JCTY-H b EN 1992-2: 2012

Annex J
(informative)
Detailing rules for particular situations

The following clauses of EN 1992-1-1 apply.

31() 32.1(1) 3.2.3(1) 1.3 (4)
11(3) 3.2.2 (1) 12.3(2) 135
11 (4) 12.2(2) 13 (1)
115 12.2(3) 1302
3.1(6) 1.2.2 (4) 133

J.104 Partially loaded areas
J.104.1 Bearing zones of bridges

(101) The design of bearing zones of bridges
should be in accordance with the rules given in this
clause in addition to those in 6.5 and 6.7 of EN
1992-1-1.

(102) The distance from the edge of the loaded area
to the free edge of the concrete section should not
be less than 1/6 of the corresponding dimension of
the loaded area measured in the same direction. In
no case should the distance to the free edge be
taken as less than 50 mm.

(103) For concrete classes equal to or higher than
C55/67, f, in formula (6.63) of EN 1992-1-1

0,46 f

1+01-f, 7

(104) In order to avoid edge sliding, uniformly
distributed reinforcement parallel to the loaded face
should be provided to the point at which local
compressive stresses are dispersed. This point is
determined as follows: A line inclined at an angle
0(30°) to the direction of load application is drawn
from the edge of the section to intersect with the
opposite edge of the loaded surface, as shown in
Figure J.107. The reinforcement provided to avoid
edge sliding shall be adequately anchored.

should be substituted by
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Pucynok J.107 - MexaHi3M Kpa€BOro KOB3aHHS
Figure J.107 - Edge sliding mechanism

(105) Apwmarypa, mo mepeadavdaeTbCcs s
HCOOMYIICHHA Kpa€eBoro KOB3aHHS ('A‘r) y
PO3pPaxoOBYETHCS 3a bopmynor
A fy 2 Feg /2

J.104.2 30Hm aHKepyBaHHSI MONEpPeIHbLO
HaNpYy:KeHHUX eJIeMEeHTIB

(101) TIlpaBuma, HaBeAeHI B I[bOMY ITYHKTI,
3aCTOCOBYIOTBCS Ha JoAaTok 1o mpaBwmia 8.10.3
EN  1992-1-1 njana  mpoekTyBaHHS  30H
aQHKEpYBaHHs, M0 BUKOPUCTOBYIOTBCS IS
3aKpIIUICHHS JIBOX 1 OUIBII  IOTMEPEIHBO
HaIpy>KCHUX apMaTypHUX CJICMCHTIB.

(102) HanpyxenHss 3M’ATTS 3a aHKCPHUMH
IJTUTAMU TIEPEBIPSIETHCS B TAKHH CHOCIO:

- MiHIMaJIbHA BiACTaHP MK OCBOBOKO JIIHIEKO
AHKEPHOTO KpIIUIGHHA 1 KpaeM OeTOHy He
MOBMHHA OyTHM MEHILE BEJIWYMHH, BKAa3aHOI Y
BIIMOBIAHOMY  €BpOMNEHCHKOMY  TEXHIUHOMY
ceimontBi (European Technical Approval). Ilsa
MIHIMaJIbHA BEJIWYHHA 3aJIEKUTHh Bl MIHOCTI
0eTOHY HAa MOMEHT HATSATHEHHS,

- apMarypa, BCTaHOBJIIOBaHa Jis 3amoOiraHHs
PO3pUBY 1 PO3KOJIIOBaHHS B 30HAaX aHKEPYBaHHS
PO3MILLYEThCS B MPSMOKYTHIM OETOHHINM NpHU3Mi,
3BaHId «IPU3MOIO TEPBUHHOI peryispu3arii»
(primary regularization prism) i po3TalIoBaHOi
3a KOXKHHUM aHKepHUM KPITJICHHSIM.
[lonepeununii mnepepi3 HpuU3MH, MOB'I3aHUN 3
KOKHUM aHKEPHHUM KpIIJICHHSIM, Ha3MBa€ThCS
«IIPUETHAHUM TMPSAMOKYTHHUKOM». A
[Tpuennanuii NpSIMOKYTHUK Ma€ TOM e LEHTp i
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(105) The reinforcement provided in order to avoid
edge sliding (A ) should be calculated in

accordance with the expression A - f , > Fg, /2.

J.104.2 Anchorage zones of post-tensioned
members

(101) The following rules apply in addition to those
in 8.10.3 of EN 1992-1-1 for the design of
anchorage zones where two or more tendons are
anchored.

(102) The bearing stress behind anchorage plates
should be checked as follows:

- the minimum distance between the centreline of
the anchorage and the edge of the concrete should
not be less than that specified in the appropriate
European Technical Approval. This minimum
value depends on the strength of the concrete at the
time of tensioning;

- the reinforcement required to prevent bursting and
spalling in anchorage zones is determined in
relation to a rectangular prism of concrete, known
as the primary regularisation prism, located behind
each anchorage. The cross section of the prism
associated with each anchorage is known as the
associate rectangle. The associate rectangle has the
same centre and the same axes of symmetry as the
anchorage plate (which should have two axes of
symmetry) and should satisfy:



Ti K OCl CUMeTpii, 10 1 aHKepHa TUTa (B AKOi
MOBHHHI OyTH IIBi OCi cUMeTpii), 1 MpH IbOMY
HOro po3Mipu MOBHUHHI 33JI0BOJIBHITH HACTYIHY
YMOBY:

P
—mx <0,6- f,(t
c-C ck()

ae:

P« MakCHUMalbHE 3YyCHIUIA, NPHUKIALCHE MO0

MOTIEPETHBO HAIPY>KEHOTO apMaTypHOTO
enemenra 3rigHo 5.10.2.1 EN 1992-1-1.

C,C PO3MIpH MPUETHAHAHOTO MPSIMOKYTHHUKA.

foy (t) MIITHICTh 0€TOHY HA MOMEHT HATATHEHHS.

[Ipyennanuii OPSAMOKYTHUK IIOBHHEH MaTH
MPUOJIM3HO TaKe K CIIBBITHOIICHHS PO3MIpIB,
SK 1 aHKepHa ruMTa. Ll BUMoOra BUKOHYETHCH,
SIKIIIO BeJTMYMHU C/a i ¢'/a’ He mepeBHIYIOTH

125 ¢°¢
a-a

ne.
aia po3Mipu aHKepHOI ILITHTH;

- TMpUEAHAHI TNPSIMOKYTHUKH, TIOB'A3aHi 3
pO3TAallIOBaHUMH B OJHOMY  IOTIEPEUHOMY
nepepizi  aHKepHUMH KPIMUICHHSIMH, TTOBHHHI
3HAXOJUTHUCS YyCepeanHi OSTOHHOTO Tepepizy i1
HE TIOBUHHI IEPEKPUBATHUCS;

- mpu3Ma TIEPBUHHOI peryispusaiii ayxe
MPUOJIU3HO TIPEACTABIISIE 00'eM OETOHY, B IKOMY
HATPY)KEHHsI 3MIHIOIOTBCS BiJI MaKCHMaJIbHHX
3Ha4YeHb (O€3MocCepeIHbO 3a AaHKEPHOIO TIITUTOXO)
10 JIOMYCTUMHUX 3HAueHb Uil OETOHY, IO
3HAXOIMUTHCS il OJTHOOCHUM CTHCHEHHSIM.

SIK BiCh MpU3MHU MPUKHMAETHCS BICh MOMEPETHBO
HAIPY»KEHOI0  apMarypHOIrO  €JleMeHTa, il
OCHOBA; a il BHCOTa 32 aHKEPHUM KPIIJICHHSIM

npuiiMaeThcs AK BenmumHa 1,2.max(c, C).
[Mpu3mu, moOB'I3aHI 3 PIBHUMH aHKEPHUMH
KPIIUICHHSIMH, MOXYTh IepekpuBaTucs (1ie
MOXKe  BimOyBaTHucs,  SIKIIO  TOMEPEeIHBO
HanpyKeH1 apMaTypHi eJIeMEHTH HenapajenbHi),
MpoTe  TMOBMHHI  3allUIIaTHCS  yCEepeaMHIl
OETOHHOTO Tepepizy.

(103) Apmatypa, HeoOXximHa Uil 3amoOiraHHs
pO3pUBY 1 PpO3KOTIOBaHHS OETOHY B KOXHIM
npusmi perymspusanii (auB. (102)), moBuHHa
OyTU HE MEHIIIe

JCTY-H b EN 1992-2: 2012

(J.101)

where:
P .. is the maximum force applied to the tendon

max

according to 5.10.2.1 of EN 1992-1-1.

c,c are the dimensions of the associate rectangle.
f,(t) is the concrete strength at the time of
tensioning.

The associate rectangle should have approximately
the same aspect ratio as the anchorage plate. This
requirement is satisfied if c/a and c'/a"are not

greater than 1,25, ec
a-a

where:

a and a are the dimensions of the smallest
rectangle including the anchorage plate.

- rectangles associated with anchorages located in
the same cross section should remain inside the
concrete and should not overlap;

- the “primary regularisation prism” represents very
approximately the volume of concrete in which the
stresses change from very high values just behind
the anchorage plate to a reasonable value for
concrete under uniaxial compression;

- the axis of the prism is taken as the axis of the
tendon, its base is the associate rectangle and its
depth behind the anchorage is taken as 1,2.max(c,
c).

The prisms associated with different anchorages
may overlap (this can occur when the tendons are
not parallel) but should remain inside the concrete.

(103) Reinforcement to prevent bursting and
spalling of the concrete, in each regularisation
prism (as defined in rule (102) above) should not
be less than:
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P
A% = 0’15 fmax 7p,unfav1 7p,unfav 21’20
yd

ae:

P, MaKCHMaJbHE 3YCHJUIA IIONEPEIHBOrO

Hanpyxkenas 3rimao 5.10.2.1 EN 1992-1-1
(popmyna (5.41)).

fl PO3paxyHKOBa
apMaTypH.

s apmarypa mnoBHHHa OyTH pIBHOMIPHO
po3moAiieHa B KOXKHOMY HampsiMi 10 Tepepizy
npusmu. [lnoma mepepisy apmarypu Ha
MaKCHMaJIbHO HAaBaHTa)KEHIN MOBEPXH1 NOBHUHHA

TpaHUIs  TEKyd4oCTi

p
craHoBuTd He MeHme 0,03 B

yd

7/p,unfav

KOXXHOMY HaIlpsiM1.

(104) TlounaHi OyTH 3a0e3medeHi MiHIMaIbHI
napaMeTpud apMaTypHd, BH3HadyBaHI 3TIHO 3
BIIIIOBIIHUM €BponenchbKuM TEXHIYHUM
cBigouTBOM. Po3nozin apmMatypu noBuHEH OyTH
CKOPHUIOBaHO, SIKII0O BOHA MOBUHHA CIIpUIIMaTH

pO3TATYBAJIbHI ~ 3yCWIJIS, OOYHCIICHI 3TiTHO
8.10.3(4) EN 1992-1-1.
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(3.102)

where
P__. is the maximum force applied to the tendon

according to 5.10.2.1 expression (5.41) of EN
1992-1-1.
f,s is the design strength of the reinforcing steel.

This reinforcement should be distributed in each
direction over the length of the prism. The area of
the surface reinforcement at the loaded face should

not be less than 0,03 Prax
fq

¥puntav IN €ach direction.

(104) The minimum reinforcement derived from
the appropriate European Technical Approval for
the prestressing system should be provided. The
arrangement of the reinforcement should be
modified if it is utilised to withstand the tensile
forces calculated according to 8.10.3 (4) of EN
1992-1-1.



Jonatoxk KK
(oBinKOBHIN)
3asie:kHi Bii Yacy XapaKTepHMCTHKHU 0eTOHY

KK.1 Beenenns

B nanomy nonaTky po3riSIaeThesl ps METOMIB
OLIHKK SIBUILI, IO pPO3BUBAIOTHCS B 4Yaci,
00yMOBJIEHUX BJIACTUBOCTSMHU OCTOHY.

KK.2 3arajnHi mo/io:xeHHs

(101) KoHCTpyKTHBHI BIUIMBH 3aJ€KHUX BIJ
yacy BIJIACTUBOCTEH O€TOHY, HANpUKJIaa 3MIHU
negopmariiii 1/abo BHYTpIIIHIX 3yCHJIb, TOBUHHI
pO3TIsIIATHCS, SK TPABWIO, TPH PO3paxyHKax
MPUIATHOCTI JI0 €KCILTyaTallii.

[TPUMITKA B okpemux Bunajakax (Harmpukias,
JUTsT KOHCTPYKITIA a00 iX €JIeMEHTIB, JUIsl SKUX
po3paxyHOK e(deKTiB Apyroro MOpsSAKY €
MPIOPUTETHUM, a00 ISl KOHCTPYKIIH, B SIKUX
3yCHIUIS HEMOKJIUBO NEePEePO3NOIUTUTH)
BIUIMBH, 3QJICKHI BiJ] Yacy, MO)KHa BPaXxOBYBaTH
P pO3paxyHKax 3a HECY4OI0 3JaTHICTIO.

(102) Skmo cTucCKambHI HANPYKEHHS B OCTOHI
npu bigil KBa3iCTaTUYHUX HAaBaHTAXEHb
ckmamarore  Menm  0,45f, (t), To MoxyTh

3aCTOCOBYBATHUCS JIHIAHANA CTPYKTYpHUI
pO3paxyHOK 1 JIHIMHA B’SA3KONpPYXHA MOJIEIh
CTapiHHS. 3alieXHI Bl Yacy XapaKTEePUCTHKH
OCTOHY OINMHUCYIOTHCA KOe(DIlIEHTOM MOB3Y4OCTi

(p(t’t‘)) a00 (YHKIIIEIO TOB3y4YOCTI ‘](t’tO),
a00, SK anbTepHATUBHUU BapiaHT, (QYHKIIIEO

. R(tt,) :
penaxcartii . Ilpm Oimpm BUCOKHX
CTUCKAJIHUX HaIpyXEHHSIX NOBHHHI
BpaxoByBaTHCA [Iii HENMHIKHOT MOB3y4YOCTI.

(103) Buznauenns pnedopmariii i BHYTpPIIIHIX
3yCHJIb  JKOPCTKHX  3aTUCHEHHX  OETOHHHX
KOHCTPYKLIA  (apMOBaHUX 1  TONEPEAHBO
HamlpyKeHUX) 3 YpaxyBaHHSAM 4Yacy MOXKe
BUKOHYBaTHCSd B  NPUIYIIEHHI HOpo  iX
OJTHOPIIHICTh; OOMEXEeH1 Bapiallii BIaCTUBOCTEH
0ETOHY B PI3HMX YaCTUHAX KOHCTPYKIIii MOXKYTh
Ipu LbOMY HE BpaxoByBatucs. B mporeci
pO3paxyHKy HEOOXilHO  BpaxoByBaTH  BCl
BapiaHTH  3aTUCHEHEHHS Ha PI3HUX eTamax
OymiBHUIITBA 1 Wi  4Yac  eKCIUTyararii

JCTY-H b EN 1992-2: 2012

Annex KK
(informative)
Structural effects of time dependent behaviour
of concrete
KK.1 Introduction

This  Annex describes different methods of
evaluating the time dependent effects of concrete
behaviour.

KK.2 General considerations

(101) Structural effects of time dependent
behaviour of concrete, such as variation of
deformation and/or of internal actions, shall be
considered, in general, in serviceability conditions.

NOTE In particular cases (e.g. structures or
structural elements sensitive to second order effects
or structures, in which action effects cannot be
redistributed) time dependent effects may also have
an influence at ULS.

(102) When the compressive stresses in concrete
are less than 0,45f,(t) under the quasi permanent

combination, a linear structural analysis and a
linear ageing viscoelastic model is appropriate. The
time dependent behaviour of concrete should be
described by the creep coefficient oft,t,) or the

creep function J(t,t,) or, alternatively, by the
relaxation function R(t,t,). For higher compressive

stresses, non-linear creep effects should be
considered.

(103) Time dependent analysis for the evaluation of
deformation and internal actions of rigid restrained
reinforced and prestressed concrete structures may
be carried out assuming them to be homogeneous
and the limited variability of concrete properties in
different regions of the structure may be ignored.
Any variation in restraint conditions during the
construction stages or the lifetime of the structure
should be taken into account in the evaluation.
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KOHCTPYKIIii.

(104) Pi3Hi BuaM pO3paxyHKIB 1 iX THIIOBE
3actocyBaHHs Mmokazano B Tabmmmi KK.101.

(104) Different types of analysis and their typical
applications are shown in Table KK 101.

Tabumus KK.101 - Tunu po3paxyHkis

Tunu po3paxyHkis

IlosicHeHHd i THUIIOBE 3aCTOCYBAaHHSA

3arajapHU 1 TOCTITOBHUI MTOKPOKOBHI METOIH

€ 3araJbHIMH 1 3aCTOCOBHI JI0 BCiX KOHCTPYKITii.
Bonu o0coOnMBO KOpHCHI JUIs  TIEpeBIpKH  Ha
NPOMDKHUX CTaaisX OyAiBHHULTBA B KOHCTPYKIIfAX, /€
BJIACTUBOCTI 3MIHIOIOTHCS 32 JOBKUHOIO (HAIPUKIAI, B
KOHCOJT1)

Metonu, 3acHOBaHI Ha TeopeMax JIHIHHOT

B’SI3KONPYKHOCTI

3aCTOCOBHI /10 OJTHOPIAHUX KOHCTPYKIIIHM 3 )KOPCTKUMHU
3aTUCHCHHIAMHA

Merton koeilieHTa cTapiHHA

Meron KOPUCHMM, SKIIO CHJIM 1 HalpyXeHHS
3MIHIOIOTBCS 3 YacOM. BUKOPHCTOBY€ETHCS B MOCTaX 31
CKJIQTHUMH nepepizamu (301pHO-MOHOJIITH1

KOHCTPYKIIii)

Crpouienuit Mmetos kKoedilieHTa cTapiHHS

3aCTOCOBHMM /10 KOHCTPYKI[IH, B SIKHX 3MIHIOIOTHCS
YMOBHM 0ONMpaHHs (HApPUKIA, «IIPOTIH B MPOTOHI»
a00 BUIbHA KOHCOJIb)

Table KK.1

01 - Type of analysis

Type of analysis

Comment and typical application

General and incremental step-by-step method

These are general methods and are applicable to all
structures. Particularly useful for verification at
intermediate stages of construction in structures where
properties vary along the length (e.g. cantilever
construction).

Methods based on the theorems of linear
viscoelasticity

Applicable to homogeneous structures with rigid
restraints.

The ageing coefficient method

This method will be useful when only the long —term
distribution of forces and stresses are required.
Applicable to bridges with composite sections (precast
beams and in-situ concrete slabs).

Simplified ageing coefficient method

Applicable to structures that undergo changes in
support conditions (e.g. span-to-span or free cantilever
construction).

Hactynui  mpumymieHHs BCIX
METO/IIB, OTIMCAHUX BUIIIE:

- MOB3YYICTh 1 yCaJKy BBaXKAIOTh HE3aJICKHUMHU
OJIHA BIJI OJHOT;

- JUIsl BCIX TUIIB OETOHHOIO Mepepi3y cepeaHs
MOB3YYiCTh 1 BIACTUBOCTI YCAJKU NMPUHHATO O€3
BpaxyBaHHS OyIb-SIKUX HE3HAYHHUX
BIIMIHHOCTEH B PI3HUX 30HaX KOHCTPYKILIi;
MOPUHIMI  CYNEPHO3UIil  JifcHMIA
pO3paxyHKy NOBHUX Aedopmariiii B yaci.
Kopotky  pmeramizamito  MEBHHX  METOJIB
HaBE/IEHO B HACTYIHUX pO3ALIax.

CTOCYIOTBHCA

JJIA
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The following assumptions are made in all the
methods noted above:

- greep and shrinkage are considered independent of
each other.

- for each type of concrete in a section, average
creep and shrinkage properties are adopted ignoring
any minor differences at different locations.

- the principle of superposition is valid for the
assessment of total deformation due to actions
applied at various ages.

Brief outline details of some of the methods are
given in the following sections.




KK.3 3araanuuii MmeTox

(101) IIpwiiHATI TaKi IPUITYLICHHS:
a) OCHOBHE PIBHSHHA s nedopMarii OeTony 3
ypaxyBaHHSM 4acy:

=}

JCTY-H b EN 1992-2: 2012
KK.3 General method

(101) The following assumptions are made:
a) The fundamental equation for time dependent
concrete strain is:

3C(t)=o-0)+go(t,t0) - 1[E

0
Ec (tO Ec(28) i
B upomy piBHAHHI TepmHiA JOJAHOK €
nedopmanii Bii HaIpyXeHb B MOMEHT 4acy 1.

Jpyruii  1OJaHOK € TIOB3YYICTh Bif IUX
HampyXeHb. Tperii 1OOJaHOK € CyMOIO
MHUTTEBUX nedopmarriit 1 nedopmartin
MOB3YUYOCT1 B/l HAaPYXEHb Yy MOMEHT 4acy t,.

YerBepTuit

nedopmarisiMu;
b) BBaxkaerbcs, MmO apMaTypa IOBOIHUTHCS
JIHIHHO NI MHUTTEBUMH HaBaHTaKEHHSIMH.
SIKmo HampyXeHHS B MOMEpPEIHbO HANpPYKEH1i
apmatypi Oinbrie, Hibk 0,5f TO HEOOXITHO

JO0JaHOK € yCaAKOBHUMHU

p max ?
BpPaxOBYBaTH peJlakcallito 1 3MiHy Jedopmaltiii;
C) apMarypa Ma€ HaJiiHEe 34ETUICHHS 3 OETOHOM;

d) B ycix JiHIHHEX e€JeMEHTaxX Iepepizu
3JIMIIAIOTCS TUIOCKUMU Tics nedopmartii;

€) 30epiratoThCsi YMOBU PIBHOBArd i CIUIBHOCTI
nehopMITIi.

(102) IToB3yuicTe OETOHY B KOXKHOMY Iepepisi
3QJIEKUTH BiJ TEepeAiCTOpii HOTO HampyKEHHS.

I[Ipu oMy mnepenbavaeTbcss  MMOCTAIMHUN
nporiec.  Po3paxyHOK  BUKOHYETBCS  JUIS
MTOCIIOBHUX IHTEpBaJIIB qacy, 110

3a0e31evyloTh J0JIEp)KaHHS YMOB PIBHOBaru 1
CIUTPHOCTI; TPU IBOMY BHUKOPUCTOBYHOTHCS
0a30Bi1 BJACTUBOCTI MaTepiary, 0 BIIHOCATHCS
70 BIIMOBIAHOTO MOMEHTY uacy. Jledopmaris
PO3paxoBYEThCS ISl MOCIIOBHUX IHTEPBATIB
Yacy 3 BpaxyBaHHSIM 3MiHH HaNpy>KEeHHs OCTOHY
B MOTIEPE/IHIN 1HTEpBAJI Yacy.

KK.4 IocaizoBHuii MeTox

(101) Ons momeHTy yacy t, KOTU TpUKIAJCHE
HamnpyXeHHs  CTaHOBUTb o, 31  Bciel
nepenicTopii ~ HaBaHTaXEHHS TEOPETUYHO
BUBOJUTHCS JAedopmaliis MOB3Y4OCTI Scc(t),

noTeHmiitna nedopmaiis moBsydocti £, (t)

(Tobro nedopmariis moB3ydocti, ska O Oyna
JOCATHYTA JUIsl 4acy t=o00, sKOM HAmpyKeHHs,
NpUKIaJeHe y MOMEHT dacy 1, 30epiranocs

)

olt.t)
+ Aot )+ e (Tt KK.101
£ gy o) ealtt) (kK0D
In this equation, the first term represents the
instantaneous deformations due to a stress applied at

t, . The second term represents the creep due to this

stress. The third term represents the sum of the
instantaneous and creep deformations due to the

variation in stresses occurring at instant t,. The
fourth term represents the shrinkage deformation.

b) Reinforcing steel is assumed to behave linearly
under instantaneous loads. When the stress in

prestressing steel is greater than 0,5 f relaxation

p max
and a variable state of deformation should be taken
into account.

c) Perfect bond exists between concrete and the
bonded steel.

d) In the case of linear elements, sections are
assumed to be plane before and after deformation.

e) Equilibrium and compatibility are maintained.

(102) Concrete creep at each section depends on its
stress history. This is accounted for by a step-by-
step process. Structural analysis is carried out at
successive time intervals maintaining conditions of
equilibrium and compatibility and using the basic
properties of materials relevant at the time under
consideration. The deformation is computed at
successive time intervals using the variation of
concrete stress in the previous time interval.

KK.4 Incremental method

(101) At time t where the applied stress is o, the
creep strain &, (t), the potential creep strain ¢, (t)
(ie. The creep strain that would be reached at time
t =0, if the stress applied at time t were kept
constant) and the creep rate are theoretically derived
from the whole loading history.
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MOCTIMHUM) 1 IBUAKICTH MOB3Y4OCTI.

(102)  Omiaky moTeHuiiHoi  aedopmarnii
MOB3YYOCT1 Y MOMEHT 4acy t MokHa 00UYUCIIUTH,
BUKOPDHUCTOBYIOUM  NPUHIUN  CYNEPIO3UI]
(mo3HaueHHsT HaBEACHO B omuci GopMyln
(KK.101), a takox B nogatky B EN 1992-1-1):

de,.(t) _ do g(eo,t)
d dt E

c

(103) Jlns momeHTy yacy t MokHA OOUYHCIUTH
eKBIBAJIGHTHUI uac t,, Takuil, mo y pasi
MPUKIAJIaHHS ~ TIOCTIHHOTO  HANpPYKEHHS Y
MOMEHT dYacy t, Oyae JOCSITHYTO OJHAaKOBI
nedopmariii  MOB3Y4OCTI 1 MOTEHINHHOT
nedopmarii moe3ydocti. Hac t, oOunciroeTses 3

PIBHSIHHSA:

£ae () A1) =2 (1)

OTxe, WBUAKICTH IOB3Y4OCTI y MOMEHT 1
MOKHA OOYHUCIIUTH, BUKOPHUCTOBYIOUH KpPHUBY
MOB3Yy4OCT1 BIAMIOBIIHY €KBIBaJICHTHOMY 4acy:

dgcc(t) —¢ (t)aﬂc(t’te)
dt e ot

(104) SIKwo |64 (t) > |6, (t)

30KpeMa, y pa3l TMOB3y4oCTi TPH 3HATTI
HABaHTAXXCHHS, Yac le BU3HAYAETHCS HA TAHOMY
eTami 3  ypaxyBaHHAM  3MIiHM  3HaKa
MPUKIIAJICHOTO HATIPYKCHHS:

, K 1l Ma€ MicIie,

(102) The potential creep strain at time t may be
evaluated using the principle of superposition (for
notations, see formula (KK.101) and EN 1992-1-1
Annex B):

(KK.102)

(103) At time t, it is possible to define an
equivalent time t, such that, under a constant stress

applied from time t,, the same creep strain and the
same potential creep strain are obtained; t, fulfils
the equation:

(KK.103)

The creep rate at time t can thus be calculated using
the creep curve corresponding to the equivalent
time:

(KK.104)

(104) When e, (t)>|e,,(t), which particularly

applies to the case of creep unloading, te is defined
relative to the current phase and accounts for the
sign change of the applied stress. It reads:

EeeMax (t)_ Eec (t) = (gchax (t) ~Eoec (t)) : ch (t’te) (KK105)
d (gchax (t) ~ & (t )) — (gchax (t) —&,. (t)) ()/Bc (t’ te) (KK 106)
dt ot
ne: where:
Emm(t) OCTAaHHE MaKCHMalbHE 3HAUYCHHS E.(t) is the last extreme creep strain reached

nedopmMariii ToB3y4OCTi, TOCSITHYTE 10 MOMEHTY
gacy t.

KK.5 3acrocyBanHsi Teopem  JIiHIHHOI
B’AI3KONPYKHOCTI
(101) B KOHCTPYKLiIX 3  OPCTKHUMH

3aTUCHEHHSMU HampyXeHHs 1 Jedopmarii
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before time t.

KK.5 Application of theorems of linear
viscoelasticity

(101) In structures with rigid restraints, stresses and
deformations may initially be evaluated by means of



MOKHA OI[IHIOBATH METOJAMHU  IIJIACTUYHUX
pPO3paxyHKiB, MPHUIIYCKalO4HM, M0  MOJAYJIb
MPYKHOCTI € CTaJIUM.

(102) 3anexHi Big yacy BJIACTHBOCTI OETOHY
MOBHICTIO OIMUCYIOTHCS (PYHKIIEIO TTOB3Y4OCTi
J(t,to) 1 pyHKITiErO penmakcarii R(t,to),

ae:

J(t,to) IIPEJCTABJISIE IIOBHE HAIIPY>KCHHS, SKE
3aJOKUTh  Big  Jgedopmariid, BUKIMKaAHHX
OIMHUYHUMH HANpPYXEHHAMH, TOOTO peaKIis
nedopmartiii y MOMEHT 4acy “t” € BHUCIIIHOIO
BIJI MOCTIMHUX TMPUKIAJCHUX OJUHHUYHHUX
HampyKeHb Y MOMEHT Jacy‘t;”.

R(t,to) MIPEJICTABIISIE PE3YNbTaTUBHY PEAKIII0
HaNpyKEHHs y MOMEHT 4acy “t;”, 3anexHy Bin
MOCTIHHUX MPUKIIAIEHUX OJIMHUYHUX

HampyXXeHb, BUKIUKaHUX JAepopMmalisiMd B
MOMEHT 4acy “t;”.

(103) [Tpn Oe3nocepeHix BILJIUBaX
HAaBaHTaXXeHb  NPY)KHI  HalpyKeHHsS  He
3MIHIOIOTBCS i Ji€0 moB3ydocTi. Jdedopmarii
D(t) y MoMeHT Yacy t MOXYyTh OyTH OOUYHCIIEHI
IUITXOM IHTETpYBaHHS TPHUPOCTY MPYKHUX
nedopmariii, TMOMHOXEHUX Ha Koe]imieHT
noB3y4ocTi J (t,r)- E.:

S(t)= S (t)

Dt)= E, [ 3(t, 04D, (¢)

(104) ITpu Henpsamux BruBax (aedopmaitii, 1o
HaKJIaJAI0ThCsI)  OpyxkHI  gedopmarii  He
3MIHIOIOTBCS i €O MOB3YUYOCTiI.
Hanpyxennst y MOMeHT dacy “t” MOXyTh OyTH
OTpUMAaHI LUIIXOM IHTErpyBaHHS MPUPOCTY
npyxkHUX  Jaedopmailiid, MOMHOXKEHUX  Ha
koediuient penaxcauii R(t, z')/ (=

D(t)= D, (t,)

s<t>=E1CiR<t,rbse. (©)

(105) B KOHCTpyKLIsiX, IO 3a3HAIOTh il
MOCTIHHUX HaBaHTaXXEHb, JJIS SKUX [MOYATKOBA
cratuyHa cxema (101) mneperBoproeThCsl B
octatouHy cxemy (102) nuisixom BBeIEHHSA

JCTY-H b EN 1992-2: 2012

an elastic analysis of the structure in which the
elastic modulus is assumed to be constant.

(102) Time dependent properties of concrete are
fully characterised by the creep function J(t,t,) and
the relaxation function R(t,t,),

where:

J(t,t,) represents the total stress dependent strain
per unit stress, i.e. the strain response at time “t”

resulting from a sustained and constant imposed unit
stress applied at time “t; ”.

R(t,t,) represents the stress response at time “t,”

resulting from a sustained and constant imposed unit
stress-dependent strain applied at time “t, .

(103) Under direct actions (imposed loads) the
elastic stresses are not modified by creep. The
deformations D(t) may be evaluated at time “t” by
integration of elastic strain increments factored by
the creep factor J(t,7)- E.

(KK.107)

(KK.108)

(104) Under indirect actions (imposed deformations)
the elastic deformations are not modified by creep.
The stresses may be evaluated at time “t” by
integration of the elastic stress increments factored
by the relaxation factor R(t,z)/E.

(KK.109)

(KK.110)

(105) In a structure subjected to imposed constant
loads, whose initial static scheme (101) is modified
into a final scheme (102) by the introduction of

additional restraint at time t, >t, t, being the
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J0JaTKOBOTO OOMEXEHHS y MOMEHT vacy t; >t

(re  t,- BIK KOHCTPYKWii Ha MOMEHT
MIPUKIIAJaHHA HABaHTAXXCHHS), PO3MOLT
HaBaHTaXeHb IpH t > 1, TOCTYNOBO 3MIHIOETHCS

1 HAOMMKAETHCA IO PO3MOJLTY, IO BIANOBiIaE
MPUKIAJIaHHIO HABaHTAXCHHS B OCTATOYHIMH
CTaTHYHIN CXeMi:

Sz(t) =Sy1+ é:(t’tO'tl)ASel,l

e

Sz(t) po3monin HampyxeHp aat t>t B
KOHCTPYKIUII 13 3MIHEHUMH OOMEKEHHAMU;

Sqi PO3NOMIT TPYKHHX HaINPyXeHb B
MOYaTKOBIN CTaTMUYHIN CXEMI.

AS,, mompaBKa, BXMBaHa 10 OTPUMAaHOIO 3a
OPY/KHOIO ~ MOJE/II0  PO3B’A3KYy Sy, A

3a0e3MneyeHHs BIMOBIIHOCTI MIPYXHOMY
pO3B’S3KYy, TOB'SI3aHOMY 3  TPHUKIAJACHHIM
HaBaHTA)KEHHS B OCTATOYHIN CTATHYHIA CXEMi;

&(t,t,,1,) - dynkuis mepeposmosiny:

t

f(t’to'tl): J. R(t,z'):U (T'to)

4
Tyt 0<&(t,t,,t,)<1;
i

A4 Rt)
et t, )=1-

0740 E (t)

Cc\*0
(106) Skmo mepexim Bix IMOYATKOBOI 10
OCTaTOYHOI CTATUYHOI CXEMH BHUKOHYETHCS
NUIIXOM JCKUIBKOX 3MIH PI3HUX OOMEXKEHb,
NpUYOMy 111 3MIHM TPOBOIATBCS B  PIi3HI
MOMeHTH vacy G, >t;, Ta BUKIHMKaHA
MOB3YUICTIO 3MiHA HANpPYKEHHS MiA  Ji€l0
MPUKIAIEHHS TPYNU JOJATKOBUX OOMEXEHb

An; 'y MOMeHT uacy ; He 3aleKuTh Bil

MOMEPEeAHIX  JOJATKOBUX  OOMEXEHb, IO
HaKiajamucss B MOMeHTH dacy ¢ <t;, a
3aNeXUTh TUIBKM BiJ BpaxyBaHHS OOMEXEHb
AN; Ha MOMEHT 4acy , Tot; !

J

Si+1 = Sel,l +Z‘§(t’to'ti )Aseu

i=1
KK.6 MeToa koedinienTa cTapiHHA

(101) Meton xoedimieHTa CTapiHHA T03BOJSE
PO3paxoByBaTH 3MIHH HAIIPYXEHb, Aeopmartiii,
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structure age at loading), the stress distribution
evolves for t >t, and approaches that corresponding
to the load application in the final static scheme

(KK.111)

where:

S,(t) is the stress distribution for t>t, in the
structure with modified restraints.

Sa1 Is the elastic stress distribution in the initial
static scheme.

AS, ; is the correction to be applied to the elastic
solution S, , to comply with the elastic solution

related to the load application in the final static
scheme.

&(t,t,,1,) is the redistribution function

(KK.112)

with 0< &(t,t,,1,)<1
and

(KK.113)

(106) In cases in which the transition from the initial
static scheme to the final scheme is reached by
means of several different restraint modifications

applied at different times t, > t,, the stress variation

induced by creep, by the effect of applying a group

An;, of additional restraints at time t,, s

independent of the history of previous additional
restraints introduced at times t; <t; and depends

only on the time t; of application of An; restraints

(KK.114)

KK.6 Ageing coefficient method

(101) The ageing coefficient method enables
variations in stress, deformation, forces and



3yCWJIb 1  BIONOBIAHUX  TEpeMillleHb  3a
HECKIHYEHHHUH Yac, BUKIHKAHNX 3aJIEXKHUMH Bi
4acy BJACTHBOCTAMU OCTOHY 1 MONEPETHBO
Hampy)XyBaHOi apMarypu, HE BUKOHYIOUHU IS
I[OTO PO3PaxyHKY, MOB'SI3aHOTO 3 JUCKPETHUM
gacoM. 30KpeMa, Ha pIiBHI NEpPEeTHHY 3MiHU
0ChOBOi Jedopmariii 1 KpUBU3HU, BUKIUKaHI
MOB3YUICTIO, YCAJKOIO 1 pelIaKcaIli€ro, MOXYTh
OyTH BU3HAYCHI BITHOCHO MPOCTO.

(102) [edopmariis, cTBOpIOBaHA 3MiHAMH
Hampy)kKeHb B OETOHI 3  4YacoMm, MOXKe
po3risgatucs sk aedopMallis, ska BUHUKIA O B
pe3ynbrarti MIJBUIICHHS HaIlpy>KEHH,
MPUKIAJIEHOTO 1 MIATPUMYBAHOTO 3 IPOMIXHOTO
BIKYy O€TOHY:

t

J @+ plt.0)Ho(r)= 0+ 2Lt Jolt.t,)Ac,

t=t,
ne:

¥ Koe(ilieHT cTapiHHS. 3HAYeHHS ) MOJXKHa
BU3HAUUTHU 17151 OyJIb-SKOTO 33aJ]aHOTO MOMEHTY
Yyacy LUISIXOM IOKPOKOBOTO PO3pPaxyHKYy; IS
t = o0 #oro MoxHa npuiimMaru piBHuM 0,80.
Penakcamist mpu 3MinHIA nedopmariii Moxe
pO3paxoByBaTUCs [Js HECKIHUEHHOTO Yacy
CHPOIICHUM METOAOM, SIK pellakcalis Mpu
MOCTIMHIN JIOBYKHHI, [IOMHOK€E€HA Ha
3HWKYBaTbHUM KoedirieHT 0,80.

KK.7 Cnpoueni ¢popmyin

(101) [ns KOHCTPYKIIIM, CXWIBHUX IO 3MIH
oOnupaHHs (KOHCTPYKIIii «IIPOTIH B MPOTOHI» 3
YPIBHOBXEHUM MOHTa)XEM, 3 NEePEeMIIICHHSIMHU
OTIOPHUX BY3JIB 1 T. J.), 3yCHJUIS I 4acy t
MOXYTb pO3paxoByBaTUCS CIPOLICHUM
MeTrosoM. B 1mux Bumaakax B IMeEpHIOMY
HaOMMKEHH] PO3MOALUT BHYTPIMIHIX 3YCHIIb IS
yacy t, MOXHa IpUMMAaTHU TAKUM:

JCTY-H b EN 1992-2: 2012

movements due to the time-dependent behaviour of
the concrete and the prestressing steel at infinite
time to be calculated without discrete time related
analysis. In particular, on a section level, the
changes in axial deformation and curvature due to
creep, shrinkage and relaxation may be determined
using a relatively simple procedure.

(102) The deformation produced by stress variations
with time in the concrete may be taken as that which
would result from an increase in stress applied and
maintained from an intermediate age.

(KK.118)

where:

x is the ageing coefficient. The value of y may be
determined at any given moment, by means of a
step-by-step calculation or may be taken as being
equal to 0,80 for t = .

Relaxation at variable deformation may be
evaluated in a simplified manner at infinite time as
being the relaxation at constant length, multiplied by
a reduction factor of 0,80.

KK.7 Simplified formulae

(101) Forces at time t, may be calculated for those
structures that undergo changes in support
conditions  (span-to-span  construction,  free
cantilever construction, movements at supports, etc.)
using a simplified approach. In these cases, as a first
approximation, the internal force distribution at t_

may be taken as

Soo _ So +(Sc _ SO)¢(w’t0)_¢(tc’tO)

1+ yol(o,t,)

ze:

S, BHYTpILIHI 3yCHJUIA HA MOMEHT 3aKiHYCHHS
nporecy OyiBHUIITBA.

S, BHYTpilIHI 3ycCWUIs, OTpHMaHi y BHUIAKY,
SIKIIIO KOHCTPYKILiSL CIIOPY/KYETHCS HA ONATYOLII.

t, Bik OETOHY ITpH MPUKJIAAaHH1 HABAHTAKEHHS.

t, Bik O€TOHY IpH 3MiH1 CXeMHU OOMHUpPaHHSL.

(KK.119)

where:
S, represents the internal forces at the end of the

construction process.
S, represents the internal forces that are obtained if

the structure is constructed on centering.
t, is the concrete age on application of the load.

t. is the age of the concrete when the support
conditions are changed.
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Jlopatoxk LL
(oBinKOBUIA)
EnxeMeHTH 0€TOHHOI 0007 I0HKH

(101) B nanomy po3aiii po3riissaaroThCs €JIEeMEHTH
00OJIOHKM, B SKHX 3BHYAfilHO €  BICIM
BHU3HAYAJIbHUX BHYTpImHIX 3ycuib. Lli ckimamosi
nepepaxoBaHi HIKYE, a TaKOoX IIOKa3aHi Ha
mamtonky LL.1 g1 enemeHta OJMHUYHHUX
pO3MipiB:

- Tp¥ MEMOpPaHHI CKIANOBL: Ny Negy s Negey = Negy s
- TPH TUIUTHI CKIAI0BI © Mgy, Mgy, Mege = Mey, 5

- JIBa MOTIEPEYHI 3YCHIUIA 3CYBY: Ve, Veg, -

Annex LL
(informative)
Concrete shell elements

(101) This section applies to shell elements, in
which there are generally eight components of
internal forces. The eight components of internal
forces are listed below and shown in Figure LL.1
for an element of unit dimensions:

- 3 plate components Ny, Ney, s Negy = Negy s
- 3 slab components mg,,, Mgy, Megy = Mey, s
- 2 transverse shear forces Ve, Ve, -

Pucynok LL.1 - EsiemeHT 000,10HKH

Figure LL.1 - Shell element

(102) Ilepmuii etan mepeBipKd MOJSITae B TOMY,
mo0 3'ICyBaTH, YU HE BUHHUKAIOTh TPIIIUHU B
€JIEMEHT1 000JIOHKH.
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(102) The first stage in the verification procedure
is to establish if the shell element is uncracked or
cracked.
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Pucynok LL.2 - [llapyBaTa moae/ib

Figure LL.2 - The sandwich model

(103) Hns enmemeHnta 6€3 TpimMH TOTpiOHA
TUTBKH 0JTHa nepeBipKa: HE0OXITHO
MEPEeKOHATUCS B TOMY, 1110 MIHIMaJlbHE TOJIOBHE
HaIpy>KCHHsI MEHIIIE 3a PO3PaXyHKOBY MIITHICTh

f . f
O0etoHy Ha ctucHeHHs <. [Ipu Bu3HayeHHi o
JOIJILBHO  BpaxyBaTW CTaH  0araTOBICHOTO
CTHCHEHHSI.

(104) 3a HasgIBHOCTI TPIMIMH IJIs1 MTPOCKTYyBaHHS
abo MepEeBIPKU CJIEMEHTIB 000JIOHKH
3aCTOCOBYETHCS OaraToniapoBa MOJIEIb.

(105) B OararomrapoBiii MoOeNl BHAUISIOTHCS
Tpu mapu (MamoHok LL.2): nBa 30BHINIHI MIapH
CIpUIIMalOTh MEMOpPaHHI 1 3THHAJIBbHI 3yCHILISA
nde’ nEdy’ r\dey ’ mde’ mEdy' mdey » @ BHYTPIHIA

wap copuiimMae 3yCHIUISL  3CYBY Vg, Veg -

ToBmmHa 1IapiB BU3HAYAETHCSA ITEpaI[liHUM
meTo oM (mpasuia (113) — (115)).

(106) BayTpimHii map po3paxoBYeTbCs 3T1AHO
6.2 3 ypaxyBaHHSM TOJIOBHOTO 3CyBY, MHOIO
OCHOBHOTO HAIPSIMKY 1 TMO3JI0BXKHBOI apMaTypu
B 1[bOMY Harmpsmi (mpasuna (113) — (115)).

(107) 106 BU3HAYMUTH, YU BUHUKAIOTH TPIIIMHH
B €JeMEHTaxX 000JIOHOK, HEOOXITHO MepeBipUTH
TOJOBHI HamnpyXeHHsS Ha PI3HUX PIBHAX IO

(103) In uncracked elements the only verification
required is to check that the minimum principal
stress is smaller than the design compressive
strength f_,. It may be appropriate to take into

account the multiaxial compression state in the
definition of f_,.

(104) In cracked elements a sandwich model
should be used for design or verification of the
shell element.

(105) In the sandwich model three layers are
identified (Figure LL.2): the two outer layers resist
the membrane actions arising from ngg,, Nggy s Negy »

Meges Megys Megy > @nd the inner layer carries the
shear forces Vgg,,Vey. The thickness of the

different layers should be established by means of
an iterative procedure (see rules (113) to (115)).

(106) The inner layer should be designed
according to 6.2, taking into account the principal
shear, its principal direction and the longitudinal
reinforcement components in that direction (see
rules (113) to (115)).

(107) In order to establish whether shell elements
are cracked, the principal stresses at different
levels within the thickness of the element should
be checked. In practice the following inequality
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TOBIIMHI eleMeHTa. Ha mpakTuili nepeBipsieTbes
HACTYITHA HEPIBHICTb:

J
d=qa f‘]22+l§+ﬂ 1

ae:

“ g

should be verified:

1<0 (LL.101)

(LL.102)

(LL.103)
(LL.104)

(LL.105)

(LL.106)

l=¢ COSE ar cos(C, 00530)} ms (for)  cos36>0

A=¢ cos{z — ;ar cos(— C, cos3¢9)} s (for) cos360 <0 (LL.107)

1
Y
cos3¢9:ﬂ Jg

2 Jzé
oo 1
b7k

c,=1-6.8(k 0,07y

o fon
f
Sxmo uepiBHicTh (LL.101) BHKOHYETHCS, TO
CIIEMEHT  TpUAMaeThcss  0e3  TpiUMH, B
MPOTHJIC)KHOMY BHITAJKy CJiJl BBaXKaTH, IO B
€JIEMEHT1 BUHUKAIOTh TPIIIUHU.
(108) Skmo B enemeHTi 00O0JIOHKH BHHUKAIOThH
TPILKMHUA, TO 3YCWUISI B 30BHINIHIX IIapax
OaratomrapoBoi  MoOJeENi  BU3HAYAKOTBCSA 32
takumu opmynamu (puc. LL.3a, LL.3b):

cm

Z, -7 m

— X XS Edx
rldes - nde +
Zx Zx
zZ, -y, m
— X Xi Edx
Negyi = Neax 7 - 7

X X
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(LL.108)

(LL.109)

(LL.110)

(LL.111)

(LL.112)

If inequality (LL.101) is satisfied, then the element
is considered to be uncracked; otherwise it should
beconsidered as cracked.

(108) If the shell element is considered to be
cracked, the forces within the outer layers of the
sandwich model should be determined according
to the following equations (figures LL.3a and
LL.3b)

(LL.113)

(LL.114)



Zy - yys + mEdy
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Neays = Ney . . (LL.115)
Z,—Y, I
Negyi = Negy LYy Mey (LL.116)
Zy Zy
Z,—Y Mgy
r"Edyxs = nEdyx ’ 7~ & (LL.117)
Z, Z,,
Z, — .M
Neayi = Nea — Yo + (LL.118)
Zyx ZVX
Z.,— m
Neays = Neay — Yos _ Moy (LL.119)
yA z
Xy Xy
Z,—VY.i M
Neayi = Neay — Yo Meay (LL.120)
ZXV ny

ae:

Z,,2

x1 <y
MOMEHTIB 1 MEMOpPaHHHUX OCbOBUX 3yCHUJIb.
Yassr Yxis Yyso Yyi BUICTaHi BIL LEHTPY TSOKIHHS
apMaTypy JI0 CEPEIHBOI TUIOIINHUA E€JIEMEHTA B
HampsiMax X 1 Yy BIAHOCHO 3THHAJIBHOTO 1
OCbOBOTO MEMOPAHHOTO 3YCHJUISI; TAKUM YHMHOM,
Zx:yxs+yxi; Zy :yys+yyi'
yyxs’ yyxi' yxys ’ yxyi
TSOKIHHS apMaTypd [0 CepeAHbOi IJIOIIUHU
eJIeMeHTa B HalpsAMax X 1 y KPyTHOTO MOMEHTY 1
MEMOpPaHHOTO 3YCHIIS 3CYBY, ; TaKUM UYHHOM,

Zyx = yyxs + yyxi 1 ny = yxys + yxyi )

IJIeYl BHYTPINIHBOI Hapu 3TUHAIbHUX

BiICTaH1 BiJ ULEHTPY

=
<
n

=

where:

z, and z, are the lever arms for bending moments
and membrane axial forces.

Yss Yair Yyso Yy are the distances from the centre
of gravity of the reinforcement to mid-plane of the

element in the x and y directions, in relation to
bending and axial membrane forces; therefore

Z,=YstYsand z, =y, +Y,.
Vst Yyir Yuss Yo are the distances from the

centre of gravity of the reinforcement to the mid-
plane of the element, in relation to torque moment
and shear membrane  forces; therefore

Zyx = yyxs + yyxi and ny = yxys + yxyi '

Pucynok LL.3a - OcboBi cuin i 3ruHaIbHI MOMEHTH B 30BHIIIHBOMY IIAPi
Figure LL.3a - Axial actions and bending moments in the outer layer
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Pucynox LL.3b - MemGpanHi 3ycusiis 3cyBy i KpyTHi MOMEHTH B 30BHIIIHbOMY HIApPi
Figure LL.3b - Membrane shear actions and twisting moments in the outer layer

3ycUILIsl O3/I0BKHBOTO 3CYBY Vgg 1 Vgg, TIHOTH

Ha BHYTPIIIHIN [Iap 3 MJe4eM BHYTPIINIHbOI Hapu

Z_, BU3HAUyBaHUM BIIHOCHO LIEHTPIB TSKIHHS

co
BIJIMOBITHUX IIapiB apMaTypH.

(109) Jlns po3paxyHKy BHYTPINIHBOTO IIapy
BU3HAYAETbCS TOJIOBHUM 3CYB Vg4, 1 HOro

HampsM @, 3a TaKUMH (popMyIaMu:

2 2
Vedo = /Veax T Veay

\Y
tang, = Y

Edx

(110) V nHanpsiMi TOJOBHOTO 3CYBY TMOBEIIHKA
eJlIeMeHTa OOOJIOHKM aHaJIoOTIyHa ITOBEIIHII
OallkK, TOMY 3aCTOCOBYIOTHCS  BiJIOBiJIHI
MpaBWJIa PO3paxyHKy. 30Kpema, AJisi eJIEeMEHTIB,
JUId SKUX He MOTpiOHa MoIepeyHa apMmarypa,
CJIiJI BUKOPUCTOBYBATH IpaBUia MyHKTY 6.2.2, a
JUIS €JIEMEHTIB, JJI SKUX IOIepeyHa apMaTypa
noTpibHa, - 6.2.3. YV ¢opmymni (6.2a) BenuunHa
£, IpUHAMAETHCS TAKOIO:

pl :px COSZ ¢0 +pySin2¢o

(111) Sxmo nmotpibHa momepeyHa apMmaTypa, TO
MO3/I0BXKHE 3YCHJUIA, CTBOPIOBAHE MOJEILIIO
JiaroHanbHOl B'si31 Vi, COtH, mpuBOAUTH M0
MOSIBM B HampsMax X 1 Y Takux MeMOpaHHHX
3YCUJIb:
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Out of plane shear forces v, and vg,, are applied

to the inner layer with the lever arm z_, determined
with reference to the centroid of the appropriate
layers of reinforcement.

(109) For the design of the inner layer the principal
shear v, and its direction ¢, should be evaluated

as follows:

(LL.121)

(LL.122)

(110) In the direction of principal shear the shell
element behaves like a beam and the appropriate
design rules should therefore be applied. In
particular clause 6.2.2 should be applied for
members not requiring shear reinforcement and
clause 6.2.3 should be applied for members
requiring shear reinforcement. In expression (6.2.a)
p, should be taken as:

(LL.123)

(111) When shear reinforcement is necessary, the
longitudinal force resulting from the truss model

Vg CcOt6 gives rise to the following membrane
forces in x and y directions:



vV
_ " Edx

Negye = cotéd
Edo

n

= Negyye = Yeadew cotg
VEdo

(112) 3oBHilmHI niapu  IPOEKTYIOTBbCS  SK

MeMOpaHHI €JIEMEHTU 3 BUKOPUCTAHHSIM MPaBUI

nyHkTy 6 (109) 1 nonatky F.

Edyxc

(113) [Inst KOHCTpPYyKLIH, HaBEJEHUX Ha pHC.

LL.3a 1 LL.3b, 3BUYANHO MOKE
3aCTOCOBYBATUCS HaCTyITHUU CIPOILECHUN
X1

yns = yxs = yys

yni = yxi = yyi

yts = yxys = yyxs
yti = yxyi = yyxi

z

X Zy:Zn:yns+yni
ny :Zyx :Zt :yts+yti

BigminHicTIO MDK Z, 1 Z, 3BHYallHO MO’KHA
HEXTYBaTH, MPHUIYCKAOUM, 10  TOBIIMHA
30BHIIIHIX IIapiB JOPIBHIOE MOJIBOEHIN TOBIIHHI
3axXUCHOro mapy 6etony. Tomy

yns:yts:ys
Yo =Y = Yi
1. =71 =1

n t

(114) Ha ocHOBiI BHIIE3raflaHUX MPUITYILIECHb
3yCWILJIS, IO JAiFOTh B 30BHINIHIX ITapax, MOXHA
PO3paxoByBaTH B TaKUii cHoCiO:

a) y BUNQIKaX, KOJH JUTsl CIPUAHSATTS CKJIaI0BUX

Vege 1 Veg TIOTIEPEYHA apMaTypa He NOTpiOHA:

Z-Y, | Mgy,
Y4 Z

ndes = nde

JCTY-H b EN 1992-2: 2012

(LL.124)
(LL.125)

(LL.126)

(LL.127)

(112) The outer layers should be designed as
membrane elements, using the design rules of
clause 6 (109) and Annex F.

(113) The following simplified approach may

generally be adopted with respect to figures LL.3a
and LL.3b:

(LL.128)
(LL.129)
(LL.130)
(LL.131)
(LL.132)

(LL.133)

The difference between zn and zt may generally be
ignored, assuming the thickness of the outer layers
to be twice the concrete cover, therefore:

(LL.134)
(LL.135)
(LL.136)

(114) Based on the above assumptions the forces in
the outer layers can be evaluated as follows:

a) in the case for which no shear reinforcement is
required to resist Vg, and Vg,

(LL.137)
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Z_yl

de

Neagi = Neg
Xi X 7 7
B ys Edy
Negys = Ne
dys dy 7 7
- yl Edy
Negvi = Ne
dyi dy 7 7
_ Z—Y; mEde
ndeys - ndey 7 + 7
Z— y. dey
ndeyi = r’|Ed><y 7 7

b) y Bumaakax, Ko JJisi CIPUUHSITTS CKJIaJI0BUX
Vegx 1 Vegy TIOTPIOHA MOTIEpEYHA apMaTypa:

2

(LL.138)
(LL.139)
(LL.140)
(LL.141)

(LL.142)

b) in the case for which shear reinforcement is
required to resist vg,, and vgy,

Moy = Moy, - _Zys + msdx + 1\\//de cotd (LL.143)
Edo
Moy = Ney, - . iy m;dx 1 ‘\’/de coté (LL.144)
Edo
2
Z— m 1V
Nedys = Neay Zys + ;"y += VE"V cotd (LL.145)
Edo
2
Z—y. M 1V
Negyi = Negy Zy' + ;"V + VE“V cotd (LL.146)
Edo
Z—Y, Mg 1 VeqVeq
Nedxys = Neaxy >+ Y+ ———>cotd (LL.147)
z z VEdo
—y. m V
N, =n, 2=V Meow | 1 VeoVew o g (LL.148)

Edxyi Edxy

yA yA

(115) Axmo ymoBa, 3amana B myHkTi (112), He
BUKOHYETBCS, TO CJIiI TPUAHATH OJUH 3
HACTYITHHUX 3aXO/IiB:

a) 30UIBIIMTH TOBIIMHY 3aXUCHOTO IIapy
OeToHy, BHACJIIZIOK 4qoro, BiIMOBIIHO,
3MEHIIUTKCS TUIeYe BHYTPIIIHBOT MapH;

b) BUKOpPHCTOBYBaTH pi3HI 3HaueHHI Z, 1 Z,,
OpU [bOMY T[IOBUHHA BHKOHYBAaTHCS yYMOBa
Z, > Z,. BHyTpimHiI HanpyxeHHs OeTOHY miciis

[[LOTO HAJIC)KUTH JI0/IaBATH SIK BEKTOPH;
C) 30UTPIINTH TOBIIMHY LIApY, 100 3a0e3neunTu
BUKOHAHHSI YMOBH TEPEBIPKHU JJ1s1 OETOHY, 1 IpH
[[OMY 3QHIIUTH PO3TallyBaHHS apMaTypu Oe3
3MiH. B pe3ynbpTaTi po3ranryBaHHS apMaTypu B
mapi BUSBUTHCS EKCIEHTPUYHUM; BHACIIAOK
[OTO JIBa BHYTPIIIHI 3TUHAIbHI MOMEHTH
30UIBIIATHCS, 1 BOHUM OBMHHI OyTH B pIBHOBa31 B
Mexax eneMeHTa OOOJOHKH. 3a ILHUX YMOB
dbopmynu uis 0OUUCICHHS BHYTPILIHIX 3yCHIIb B
apMarypi Ha0yBarOTh HACTYITHOTO BUTJISTY:
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VEdo

(115) If the verification in (112) above is not
satisfied, one of the following procedures should be
followed:

a) increase the concrete cover and consequently
reduce the internal lever arm;

b) use different values for z, and z, with z, > z,;

internal concrete stresses should then be added
vectorially;

c) increase the layer thickness to satisfy the
concrete verification and leave the reinforcement
position unchanged. This will cause the
reinforcement to become eccentric in the layer; as a
consequence two internal bending moments arise,
and these should be in equilibrium within the shell
element. In these circumstances, the internal forces
in the reinforcement become:



* ts .
Negs = |:nEds(h - E - bi ) + nEdi( 2

*

Negi = Negs + Negi — Negs

pi (O
t

HI>KHBOTO LIApY.

., ' TOBImMHA BIONOBIAHO BEPXHHOTO 1

b, BixcTaHb BiI 30BHIIIHBOT MOBEPXHI MIAPY 10

OCi apMaTypu ycepeuHi mapy.

BayTpimHiii map HeoOXigHO TepeBipuTH Ha

JOJITATKOBUM TO3/J0BXKHIM 3CyB, BIINOBIAHUM
3yCWJUTIO,  TIEpelaBaHOMY  MDK  IIapamu
apMarypu.

t

JCTY-H b EN 1992-2: 2012

b bi'ﬂ/(h “b'-b)  (LL.149)

(LL.150)

where:
t, and t, are the thickness of top and bottom layers,
respectively.

b., is the distance from the external surface of the

layer to the axis of the reinforcement within the
layer.

The internal layer should be checked for an
additional out of plane shear corresponding to the
force transferred between the layers of
reinforcement.
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JlogaTok MM
(oBinKOBHIN)
3cyB i nonepe4Huii 3ruH

(101) B  crinkax  kopoOuacTux  Oanok
B3a€MO3B'SI30K MDK TO3J0BXHIM 3CYBOM 1
MOTIEPEYHUM 3THHOM MOKHA pPO3PaxOBYBAaTH 3a
JOTIOMOTO10  OararomapoBoi Mozemi (10JaToK
LL). Jns 1mporo B 3arajibHy MOJEIb MOXHA
BBECTH Taki cripoieHHs (puc. MM.1):

- TO3/J0BXHIA 3CyB Ha OJWHUIIO JTOBXKUHU
pO3MIISIAAEThCS K TaKWUH, Ma€ CTaje 3HAUYCHHS
B3JIOBX Bifipizka AX Vg, =Vg, /AY;

- IONEPEYHUN 3TMHAIBHUIA MOMEHT Ha OJUHUILIIO
JIOBXKUHU BBAXAEThCS TaKUM, IO Ma€ CTale
3HAYCHHS B3JIOBXK Bipi3ka Ay :mgy = M, /AX;

- TIO37I0BKHE 3YCHJUISA BBAXKAETHCS MOCTIMHUM Ha
BIIP3KY AY : Pgy = Py /AX;

- TOMEpeYHHUd 3CyB B CTIHLI, BHUKJIUKaHHUH
3MIHOIO BIAMOBITHOTO 3TMHAJLHOTO MOMEHTY B
MeXax Bifjpi3ka AY, HE BpaXOBY€ThHCA.

AVE“ A
Peg ‘

Annex MM
(informative)
Shear and transverse bending

(101) Within the webs of box girders the
interaction  between longitudinal shear and
transverse bending may be considered by means of
the sandwich model (see Annex LL). The
following simplifications to the general model may
be introduced for the purpose of this application
(Figure MM.1):

- the longitudinal shear per unit length should be
considered as having a constant value along
AX Vg =Veq /AY;

- the transverse bending moment per unit length
should be considered as having a constant value
along Ay :mgy =M, /AX;

- the longitudinal force is assumed to have a
constant value within the length Ay : pg, = P, /AX;

- the transverse shear within the web, due to
variation in the corresponding bending moment,
should be neglected within the length Ay .

y
b w

Ay

i
Q

X

Pucynok MM.1 - BuyTpiumHi aii B eJieMeHTi cTiHKH
Figure MM.1 - Internal actions in a web element
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(102) Ha ocHOBiI BHIIEHAa3BaHHX JOMYIICHb
OararoiapoBa MOJENb CKIaJaTUMETHCS TUIBKHU 3
JIBOX ILTUT, B IKUX JIIOTh TaKi HaIlpYyXeHHs (puc.

MM.2):

Teqr =V b, —2,
Ed1 Ed (wa —7,-1, )Zl
Tego =V, b, ~2,
e = (wa —4, -7 )Zz
— Meq,
e (b, — (21 +1, )/ 2)21
_ Megy
T (0, - (24 2,)/ 20,
Cequ =P bw )
= ’ (wa —4, -7 )21
o =p bw -4
e i (wa —1,—1 )Zz

- .
ol R ’

A

OEdx2 Ocsal 1.2 ¥

JCTY-H b EN 1992-2: 2012

(102) On the basis of the above assumptions, the
sandwich model comprises only two plates in
which the following stresses are acting (Figure
MM.2)

(MM.101)

(MM.102)

(MM.103)

(MM.104)

(MM.105)

(MM.106)

Pucynok MM.2 - MoaudgikoBana 6araromapoBa Mojelb
Figure MM.2 - Modified sandwich model

(103) Po3paxyHOK ABOX TUIUT 3[A1MCHIOETHCS Ha
OCHOB1  ITepaliifHOr0  MWiAXOAy B  LUIAX
ontuMmizanii TOBIIMHM Z; 1 Z,; U1 IbOTO
BUKOPUCTOBYETbCS  METOJMKA, HaBeleHAa B
po3aini 6.109 i B noxatky F.

3HayeHHs KyTiB 0, 1 € a1 IBOX IUIUT MOXYTh

(103) The design of two plates should be based on
an iterative approach, in order to optimise the
thickness z, and z,, using the procedure given in

Section 6.109 and Annex F.

Different values for the 4

el

angle and the & angle

91



BBAYKATHCS PI3HUMH, MPOTE IS KOXKHOT TUIUTH 11l
KyTd TOBHHHI OyTH mocTiiHUMH. SIKIIo
apMaTypa B LUX JBOX IUIUTaxX BUSBIAETHCS
PO3TAIIOBAHOIO 3 €KCLIEHTPUCUTETOM, TO TOBUHHI
3actocoByBaTucs popmynu (LL.149) i (LL.150).
(104) Skmo po3paxyHKOBE TMO3I0BXKHE 3yCHUIUIS
BUSIBIISIETBCS  3YCHJUIAM ~ PO3TSATYBAaHHS, BOHO
MOJKE€ PO3TIISIaTHCS SIK CIpUIIMaHe apMaTyporo,
PO3MOJIUICHOI0 B3JIOBX CTIHKH, a00, SK IHIIAN
BapiaHT sIK pO3MOAUICHE HAa pPO3TATHYTHH 1
CTUCHYTHI mosic (TIOJIOBUHA - Ha PO3TATHYTUH,
[I0JIOBMHA - HA CTUCHYTUH).

(105) SAxmo no310BKHE 3yCUIUIS BICYTHE, TO SIK
CHPOIIEHUH MIAX1 MOXYTh BUKOPHCTOBYBATHUCS
npaBuiia po3auty 6.24, mpoTe 10 TOMNEPEeyHOi
apMarypH, siKa Ipalloe Ha 3pi3yBaHHs, HAJIEXKUTD
J0JIaTH apMaTypy, 1110 IPALIOE HA PO3TAT.

92

may be assumed for the two plates, but they should
have a constant value in each plate. If the resulting
reinforcement is eccentric within the two plates,
the Expressions (LL.149) and (LL.150) of Annex
LL should be applied.

(104) If the calculated longitudinal force is tensile,
this may be carried by reinforcement distributed
along the web or alternatively, may be considered
to be transferred to the tensile and compression
chords; half to the tensile chord and half to the
compression chord.

(105) In the case of there being no longitudinal
force, the rules of 6.24 may be used as a
simplification, but the shear reinforcement should
be added to the bending reinforcement.



Jlonatoxk NN
(oBinKOBHIN)
YmkoaKyBaJbHi eKBiBaJeHTHI HANPY/KEHHSA
JJIs1 NepeBipKM HA BTOMHY MilIHiCTh

NN.1 3araabHi Bizomocti

(101) B upomy pgomarky  IpHUBOJAUTHCSA
crpoIieHa METOIMKA PO3paxyHKy
VIIKO/KYBAJbHUX EKBIBAJICHTHHX HAINpPyXEeHb
IUTSL TIEPEBIPKH HA BTOMHY MIIHICTh TPOTOHOBHX
OynoB aBTOJIOPOKHIX 1 3TIBHUIHUX
3a1300€TOHHMX MOCTIB. MeToauka 3acHOBaHa
Ha MOJEJISIX BTOMHUX HABaHTa)XKCHb, HABEJCHUX
B EN 1991-2.

NN.2 ABTOI0pPO:KHI MOCTH
NN.2.1 HenanpyxyBaHa i
HaNpy’KeHa apMaTypa

nonepeIHbo

(101) Bennuunu, HaBeACHI B MbOMY ITIIITYHKTI,
3aCTOCOBHI TUIBKM JIO CKOPHUIOBaHOi MOJENi
BTOMHUX HaBaHTakeHb 3 EN 1991-2.

Po3paxyHok  Jiama3oHIiB  YIIKOKYBaJIbHHX
€KBIBAJICHTHUX HANpPYXXEHb JJIs  TEpPEeBIpKH
apMaTypd BHUKOHYETbCS LIISIXOM MHOKEHHS
OCbOBHX HaBaHTaXEHb, OTPUMAHHX 32 MOJEILIIO

BTOMHHMX HaBaHTaXeHb 3, Ha HACTYIHI
Koe]iIieHTH:

1,75 nns  mepeBipkM  MPOMDKHHX — OTIOP
0araTonporoHOBUX MOCTIB HEpO3pi3HOi
KOHCTPYKIIIi;

1,40 nns mepeBipKU IHITUX TUISTHOK.

(102) Hiamazon VIIKOKYBaTbHUX

€KBIBAJICHTHUX HANpPYXEeHb [UIsl TEpPEBIPKU
apMaTypu 00UYHCIIIOETHCSA 32 (POPMYIIOI0

Ao, o0y = A0, g A

s,equ

ne:

Ao . Jiana3’oH HanpyXKeHb, BUKIMKAHHX
MOJICJUTI0O BTOMHHMX HaBaHTaxeHb 3 (3rimHo EN
1991-2) 3  OChOBUMH  HaBaHTaXCHHSIMH,

30UTBIIIEHUMH BIANOBIAHO 10 nyHKTY (101) Ha
OCHOBI KOMOIHAIlIl HaBaHTa)X€Hb, HABEIEHOI B
6.8.3 EN 1992-1-1.

A, eKBIBAJICHTHUI

MOILIKO/KEHb, 1II0 BPaXOBYE KOHKPETHI MiclLIeBi
YMOBH, Y TOMY YHCJi IHTEHCHBHICTh PyXy IO
MOCTY,  PO3PaxyHKOBHH  TEpMIH  CIyXOH,
KOHCTPYKIIi}O TPOTOHY.

Koe(illieHT  BTOMHHX

JCTY-H b EN 1992-2: 2012

Annex NN
(informative)

Damage equivalent stresses for fatigue
verification

NN.1 General

(101) This Annex gives a simplified procedure for
calculating the damage equivalent stresses for
fatigue verification of superstructures of road and
railway bridges of concrete construction. The
procedure is based on the fatigue load models given
in EN 1991-2.

NN.2 Road bridges
NN.2.1 Reinforcing and prestressing steel

(101) The values given in this subclause are only
applicable to the modified fatigue load model 3 in
EN 1991-2.

For the calculation of damage equivalent stress
ranges for steel verification, the axle loads of
fatigue load model 3 shall be multiplied by the
following factors:

1,75 for verification at intermediate supports in
continuous bridges

1,40 for verification in other areas.

(102) The damage equivalent stress range for steel
verification shall be calculated according to:

(NN.101)

where:
Ao, is the stress range caused by fatigue load
model 3 (according to EN 1991-2) with the axle

loads increased in accordance with (101), based on
the load combination given in 6.8.3 of EN 1992-1-1

A Is the damage equivalent factor for fatigue which

takes account of site specific conditions including
traffic volume on the bridge, design life and the
span of the member.
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(103) KopuryBanbHuil koedilieHT A, BpaxoBye
BIUIMB KOHCTPYKIii TNPOTOHY, IHTEHCHBHICTh
pPyXy 1O MOCTY, pPO3pPaXxyHKOBHH TEpMiH
CIly’KOM, KUIBKICTb CMYT pPyXy, THI PYXY,
MIOPCTKICTh ~ ToBepxHi.  Lleid  koedimieHT
PO3paxoBYyeThCA 3a (HOPMYIIOIO

ﬂ’s = Ptar ﬂ’s,1 ’ ﬂ’s,z ’ ﬂ’s,S A 4

S

Ie.
A, KOe(illieHT [I0 BPAaxoBy€ THII €JIEMEHTa,

(Hampukiaa, HEpo3pi3HAa  OaraTomporoHoBa
0anka), a TaKOX YIIKOJDKYBaJlbHA i PyXy IO
MOCTY, 3aJIe)KHA BIJ KPUTHYHOI TOBXHUHH JIHIT
abo o0racTi BILTUBY.

A, KOe(DIieHT, MO BpaxoBye IHTEHCHBHICTH

PYXY IO MOCTY.
A3 KOEQILIEHT, O BPaxOBYE PO3PaxXyHKOBHMMI
TEPMIH CITY>KOM MOcCTa.

As 4 KOC(DIIEHT, BXKMBAHUK Yy BHIIANKaX, KOJIH

€JIEMEHT KOHCTPYKII{ HaBaHTaXEHUHN
NEeKLIbKOMa CMYTaMHU PyXYy.

@ JOVHAMIYHHN €KBIBAJICHTHUI Koe(Ili€HT

TIOIITKOIKEHHS,
MTOBEPXHI.

3QJIGKHUA  Bi  IIOPCTKOCTI

(104) Koedinient A, (puc. NN.1, NN.2)

BpaxOBy€ KPUTHUYHY JOBXHUHY JIiHII BIUIMBY 1
bopmy kpuBoi BTomieHocTi (S-N).

(103) The correction factor A, includes the

influence of span, annual traffic volume, design life,
multiple lanes, traffic type and surface roughness
and can be calculated by

(NN.102)

where:
4, Is a factor accounting for element type (eg.
continuous beam) and takes into account the

damaging effect of traffic depending on the critical
length of the influence line or area.

A, is a factor that takes into account the traffic

volume.
45 1s a factor that takes into account the design life

S

of the bridge.
A4 1s a factor to be applied when the structural

S

element is loaded by more than one lane.

@ IS the damage equivalent impact factor

controlled by the surface roughness.

(104) The A, value given in Figures NN.1 and

NN.2 takes account of the critical length of the
influence line and the shape of S-N-curve

2.0
1.8
/ 1)
1.6
As1 14 ——— // 2) |
_————_______/ /
/ .
1.2 //,/
//
/
1.0 ///
L
0.8 — " " — —
0 10 20 30 40 50 60 70 80 90 100
A

94




JCTY-H b EN 1992-2: 2012
A - KpUTHYHA JIOBKWHA JIiHI] BIUTUBY, M
A - Critical length of influence line [m]

IlepeBipka 30H Ha/l TPOMI:KHMMH OIIOPAMH
1) cTuKyBaJIbHI TPUCTPOT,
2) moJiiroHajbHa MOTEPeIHRO HANpY)KyBaHa apMaTypa B CTaJEBUX KaHAJIOYTOPIOBAYAX;
3) momnepeaHbO HANPYXKYBaHA apMaTypa 3 HATSTHEHHSIM:
- Ha ynopH (Bcs);
- Ha OETOH:
- Iy4OK B IJIACTMACOBUX KaHAJIOYTOPIOBAYaX;
- IPSIMI ITYYKHU B CTAJICBUX KaHAJIOYTOPIOBadax

Verification in the intermediate support area
1) splicing devices
2) curved tendons in steel ducts
3) reinforcing steel
- pre-tensioning (all)
- post-tensioning:
- strand in plastic ducts
- straight tendons in steel ducts

Pucynox NN.1 - Besimuunu A, 171 nepeBipKu 30H HA/l IPOMIKHMMH OIIOPAMH HA BTOMHY

MilHIiCTh
Figure NN.1 - 4, value for fatigue verification in the intermediate support area

2.0 T ‘

1.8

/ 1b)
16 | | |

1a) |

B
}»51 1.4 // C) e 2a) |
P 2b)
/
L I
o // / //"T// 3a)+4a)+4b)
/

1.0

0.8 g ‘ g
0246 810 20 30 40 50 60 70 80 90 100

A - KpUTHYHA JOBXKMHA JiHIi BIUIUBY, M
A - Critical length of influence line [m]

IlepeBipka nporony i NIMT NPOI3HOI YaCTHHH

1) cTUKyBaJIbHI IPUCTPOT;

2) noJiiroHajgbHa MOTMepeIHbO HANpy)KyBaHa apMaTypa B CTaJeBHX KaHAJIOYTOPIOBAYax;
3) nmomnepeaHbO HAMPY)KyBaHa apMaTypa 3 HaTATHEHHSIM:
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- Ha ynopu (Bcs);
- Ha OETOH:

- My4OK B IJTACTMACOBUX KaHAJIOYTOPIOBAYaX;
- IPSIMi ITYYKHU B CTAJICBUX KaHAJIOYTOPIOBayax;

4) nonepeyHa apMarypa:

a) 6araromporoHOBa HEPO3pi3HA OaITKa,
b) onHomporonosa Oanka;

C) IJIUTH MPOI3HOT YACTUHU

Verification span and for carriageway slab

1) splicing devices
2) curved tendons in steel ducts
3) reinforcing steel
-pre-tensioning (all)
-post-tensioning:
-strand in plastic ducts
-straight tendons in steel ducts
4) shear reinforcement
a) continuous beam
b) single span beam
c) carriageway slab

Pucynox NN.2 - Bernuunu A, 1Jisl nepeBipKH MPOroHiB i JIOKAJLHUX eJleMeHTiBHA BTOMHY

MilHIiCTh

Figure NN.2 - 4, value for fatigue verification in span and for local elements

(105) Koedimient A, BpaxoBye BIUIMB PIYHOTO

00'eMy HOpOXHBOTO pyxy 1 Horo Tumy. Ilro
BEJIMYMHY MOKHA OOYHMCITIOBATH 3a (HOpMYsIor0
(NN.103)

Ia) Nobs
ﬂ’s,Z = Q < 2,0

Ie.
Nobs

BH3HauyBaHa 3a Tadsmiero 4.5 EN 1991-2.
K, Haxwi1 BiAMOBiAHOT KPHBOI BTOMIICHOCTI,

KUIBKICTh BaHTQXKHUX aBTOMOOLTIB Ha pIK,

BHU3HauyBaHMii 3a Tabmuusimu 6.3N 1 6.4N
EN 1992-1-1.

Q Koe(illieHT, 3aJeKHUU Bl TUMY PyXy 1

BHU3HauyBaHMi 3a Tabnuiero NN.1.
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(105) The A,, value denotes the influence of the

annual traffic volume and traffic type. It can be
calculated by Equation (NN.103)

(NN.103)

where:
N, is the number of lorries per year according to

EN 1991-2, Table 4.5.
k, is the slope of the appropriate S-N-Line to be
taken from Tables 6.3N and 6.4N of EN 1992-1-1.

(_2 is a factor for traffic type according to Table
NN.1



JCTY-H b EN 1992-2: 2012
Tabanus NN.1 - KoedinienTn Tumy pyxy

Tun pyxy (auB. EN 1991-2, tabnuus 4.7)

Q JlanbHi iepeBe3eHHs CepenHi nepeBe3eHHS MicneBi nepeBe3eHHs
k, =5 1,0 0,90 0,73
k, =7 1,0 0,92 0,78
k, =9 1,0 0,94 0,82

Table NN.1 - Factors for traffic type

Q Traffic type (see EN 1991-2 Table 4.7)

Long distance Medium distance Local traffic
k, =5 1,0 0,90 0,73
k, =7 1,0 0,92 0,78
k, =9 1,0 0,94 0,82

(106) KoedimienT A, ; BpaxoBye BIUIMB TEPMIHY

cyx6wu. [{ro BenmnumHy MOKHaA OOYMCITIOBATH 32
dopmynoro (NN.104)

/’L :kz NYears
=31/ 100
Ie.

Nyears PO3PAaXyHKOBMH TEPMIH CIykO0HU MocCTa, p.

(107)

JEKLTBKOX CcMyr pyxy. Lo BeawymHy MOXHA
obunciroBaru 3a popmyinoro (NN.105)

A = k, ZNobs,i
> Nobs,l

Koedinienr A, BpaxoBye BILIMB

ze:

Nopsi ~ OYIKyBaHA  KUIBKICTb ~ BaHTaXKHHUX
aBTOMOOLTIB Ha i-1/ cMy3i B piK.

Nos1 ~ OYIKyBaHA  KUIBKICTb — BaHTaXKHHUX

aBTOMOO1IIB B MPaBOMY psiJii B PiK.

(108) JluHamiuyHW{ EKBIBaJCGHTHHH KOCQIIIIEHT
HNOUIKOJKEHHSL (0, , BU3HauyBaHui 3rimHo EN

1991-2 (momarok B).
NN.3 3agizununi MocTH

NN.3.1 HenanpyxxyBaHa i mnomnepeaHbo
Hanpy:keHa apMaTypa
(101) Jiana3oH YLIKO/DKYBaJIbHUX

eKBIBAJIGHTHUX HANpyXeHb [UId MEpeBIpKU
HEHANpyXXyBaHOI 1 MOMNEPeIHbO HANPYXKEHOi

(106) The A, value denotes the influence of the

service life and can be calculated from Equation
(NN.104)

(NN.104)

where:
Nye.rs 1S the design life of the bridge.

(107) The A, value denotes the influence for

multiple lanes and can be calculated from Equation
(NN.105)

(NN.105)

where:
N

year.
Ny, is the number of lorries on the slow lane per

year.

is the number of lorries expected on lane i per

obs,i

(108) The ¢, value is a damage equivalent impact
factor according to EN 1991-2, Annex B.

NN.3 Railway bridges
NN.3.1 Reinforcing and prestressing steel

(101) The damage equivalent stress range for
reinforcing and prestressing steel shall be calculated
according to Equation (NN.106)
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apMaTtypu  OOYHCIIOETBCA 32  (POPMYIIOI0
(NN.106)

AO-s,equ = ﬂ’s O A0-5,71
me:

Aoy, ~ Jiama3’oH HanpyKeHb B  apMmarypi,

MOB'SI3aHUK 3 MOJIEJUII0 HaBaHTaxeHb 71 (a
TakoX, 3a  HeoOxigHocti, SW/0), aie
BUKIIOUaroun ¢, 3rimmo EN  1991-2, 3
PO3paxyHKy Ha HAWHECTIPUATIUBINIT YMOBHU JUIS
JaHoTo  enemeHTta. Jns  KOHCTPyKWid 3
JNEKUTbKOMa  PEHKOBHUMH  KOJISIMU ~ MOJEIb
HaBaHTaXEeHHS 71 cmig 3acTOCOBYBaTH HeE
OUTbIIIEe HIXK 70 IBOX PEUKOBUX KOJIIH.

A, KOPUT'yBallbHUN KOEQIIIEHT AJIs1 OOYMCICHHS
Jiama3oHy  YIIKO/DKYBaTbHUX CKBIBAJICHTHHX
Hampy)XeHb Ha OCHOBI Jllalla30Hy HAampy>KEHb,
MOB’S13aHOTO 31 CKJIQJIOBOI0, IO CTAaHOBHTH,
®- Ao, .

® nguaamivyHUN KoediieHT BigmoBigHO M0 EN
1991-2.

(102) KopuryBanbHuii koedilieHT A, BpaxoBye
BIUIMB KOHCTPYKIIii TPOTOHY, IHTCHCHUBHICTh
pyxXy MO MOCTy, pPO3PaxyHKOBUH TepMiH
CIyXOW, KUIBKICTh pelkoBuX Komid. Ile#
Koe(]iIieHT po3paxoByeThCS 3a HOPMYIIOIO:

ﬂ’s = ﬂ“s,l ’ 2’3,2 ’ 15,315,4

ae:
A, KOE(ILIEHT, O BPaxOBYe THUII €JIEMEHTA,
(HanpukiIaa,  HEpo3pidHa  OaraTomporoHoBa
Oasika), a TaKOX YIIKODKYBaJIbHA Oisl pyXy IO
MOCTY, 3aJIe)KHE BiJ] IOBXXHHHU JIiHIi a00 00JyacTi
BILIMIBY.

A, Koe(dilieHT, IO BpaxoBy€ IHTEHCHBHICTH

PYyXy 110 MOCTY.

A3 KOEQILIEHT, O BPaxOBYe PO3PaxXyHKOBMI

TEPMIH CITY>KOM MOcCTa.
As 4 KOC(ILIEHT, y)KMBaHUM Yy BHIANKax, KOJIH

€JIEMEHT KOHCTPYKLIi HaBaHTaXEeHO JEKUIbKOMa
PEMKOBUMU KOJIISIMH.

(103) Koedinient A, BpaxoBye KPUTHYHY
JOBXHUHY JIiHII BIUIMBY 1 XapakTep pyxy.
3Ha4yeHHs A, JUIA CTaHAAPTHOTO 1 BaXKOIO

CKJIaJly pPyXY MOXYTh BU3HAYaTUCS 3a TaOIMIIEIO
NN.2. 3HayeHHA PO3paxoBaHO JJIsl MOCTIHHOTO
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(NN.106)

where:
Ao, ., is the steel stress range due to load model 71

(and where required SW/0), but excluding «,
according to EN 1991.2, being placed in the most
unfavourable position for the element under
consideration. For structures carrying multiple
tracks, load model 71 shall be applied to a
maximum of two tracks.

A is a correction factor to calculate the damage

equivalent stress range from the stress range caused
by ®-Ac, ;.

® is a dynamic factor according to EN 1991-2

(102) The correction factor A, takes account of the

span, annual traffic volume, design life and multiple
tracks. It is calculated from the following formula:

(NN.107)

where:
4, Is a factor accounting for element type (eg.

S
continuous beam) and takes into account the
damaging effect of traffic depending on the length
of the influence line or area.

A, is a factor that takes into account the traffic

volume.
45 1s a factor that takes into account the design life

S

of the bridge.
4., 1s a factor to be applied when the structural

S

element is loaded by more than one track.

(103) The factor A, is a function of the critical

length of the influence line and the traffic. The
values of A , for standard traffic mix and heavy

traffic mix may be taken from Table NN.2 of this
Annex. The values have been calculated on the



BITHOIICHHS  3TUHAJIBHUX  MOMEHTIB  JIO
Jiara3oHiB HANPY)KeHb. 3HAUECHHS, HABEICH1 IS
3MIIAHOTO PYyXY, BIAMOBINAIOTE KOMOiHAILii

TUIIB TOTATIB, BKa3aHiii B noxatky F EN 1991-
2.

3HayeHHd A, I BHUINAAKY, KOJIM KPUTHUYHA

JOBKHMHA JIiHII BIUIMBY CTAaHOBUTH Bix 2 10 20 M,
MOXKYTh BU3HAYATHCS 32 TAKOIO (POPMYIIOLO:

A 1('—) = /1s,1(2m)+ [}L

S, S

Ji(H
L xpuTH4Ha TOBXKWHA JTIHIT BIUTUBY, M.

A1 (2 ™) 3HauenHs A, i L =2 m.
4,1 (20 m) 3navenns A, amsa L =20 m.

A1 (L) 3Hauenns A, ma 2 <L <20 wm.

(104) Koedimient A, BpaxoBye BIUIMB PIYHOIO

o0'eMy JOpPOXHBOTO pyxy 1 #Horo Tumy 1
obunciroerses 3a popmyioro (NN.109)

. Vol
*?25.10°
ae:
Vol  o0'em mnepeBe3eHb, T/TOJ HA PEHKOBHI
TIISIX.

k, Haxmin BiIMOBITHOT KPHUBOI BTOMIICHOCTI,

BU3HauyBaHui 1o Tabmumax 6.3N 1 6.4N EN
1992-1-1.

(105) KoeoimienT A, ; BpaxoBy€ BIUIMB TCPMIHY

ciry0u 1 o6uncroerses 3a popmynoro (NN.110)

ﬂ — ks, NYears
>3 100
e:.

N\ ears PO3PAaXyHKOBHI TEPMIH CIYXOU MOCTa, p.

k, Haxmin BiImoBiIHOT KPHBOI BTOMIICHOCTI,

BU3HauyBaHuil 3a Tabmuismu 6.3N 1 6.4N EN
1992-1-1.

(106) BILTHB

HaBaHTAXXEHHs,  CTBOPIOBAHOTO  JIEKUIbKOMA
peiikoBUMHU KoJisiMH. JIJI1 KOHCTPYKIiH, Ha SIKUX
PO3TAIOBYEThCSL  EKUIbKa PEMKOBHX  KOJIIi,
BTOMHE HAaBaHTaKEHHsI PO3TIIAIA€THCS He OuTble
HDK 11 [OBOX KOJIM, IO 3HaXOmdIThCSI B

Koedinient  A;, BpaxoBye

,(20m)-.,(2m)]- (log L - 0,3)

JCTY-H b EN 1992-2: 2012

basis of a constant ratio of bending moments to
stress ranges. The values given for mixed traffic
correspond to the combination of train types given
in Annex F of EN 1991-2.

Values of A, for a critical length of influence line

between 2 m and 20 m may be obtained from the
following equation:

(NN.108)

where:
L is the critical length of the influence line in m.
A1 (2 m) is the A, value for L=2m.

4,1 (20 m) is the A, value for L =20 m.
41 (L) isthe A, value for2m<L <20 m,

(104) The 4, , value denotes the influence of annual

traffic volume and can be calculated from Equation
(NN.109)

(NN.109)

where:
Vol is the volume of traffic (tonnes/year/track).

k, is the slope of the appropriate S-N line to be
taken from Tables 6.3N and 6.4N of EN 1992-1-1

(105) The A,,value denotes the influence of the

service life and can be calculated from Equation
(NN.110)

(NN.110)

where:
Ny IS the design life of the bridge.

k, is the slope of appropriate S-N line to be taken
from Tables 6.3N and 6.4N of EN 1992-1-1

(106) The 4,, value denotes the effect of loading

from more than one track. For structures carrying
multiple tracks, the fatigue loading shall be applied
to a maximum of two tracks in the most
unfavourable positions (see EN 1991-2). The effect
of loading from two tracks can be calculated from
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HaHECTIPUATAMBIINX TOJNOXKEHHsIX (muB. EN
1991-2). KoedimieHT BIIMBY HaBaHTAKEHHS,
CTBOPIOBAHOTO JBOMa DPEHKOBHUMH  KOJISIMH,
obuncioerses 3a hopmynoro (NN.111)

Aoy = kdnjt(l—n)-slkz +(1-n)-sk

S, =A0y/0y,,, S, =Ac,loy,

ae:

N YacTKa pyxy MO MOCTYy, LIO0 MPOXOIUTh IO
HbOMY OJIHOYAaCHO. PEKOMEHIy€eThCSl 3HAUEHHS

n =0,12.

Ao,, Ao, nlana3oH HalnpyXeHb, BUKJINKAHUN
MOJICJUTI0O HABaHTaXEHHSA 71, HA OJHY PEHKOBY
KOJIIIO Ha JUISHIL, 10 TEpPEeBIPAETHCS,
Ao, , Niana3oH HalpyKeHb Ha Till )K€ JUISHIL,
BUKJIMKaHUX MOJEJUII0 HaBaHTaXeHHs 71, Ha
OyIb-sIKI J1Ba PpEWKOB1 MIISXWU, BU3HAYYBAaHUU
srigao EN 1991-2.

k, Haxmn BiZMOBITHOT KPHBOI BTOMIICHOCTI,

BU3HauyBaHui 3a Tabmuisamu 6.3N 1 6.4N EN
1992-1-1.

SIKIIIO TIpW HABAHTAXEHHSX, 00YMOBJIICHUX PYXOM
10 PEHKOBOMY IIISAXY, BHHUKAIOTH TUTBKU
HaIpY>KCHHsI CTUCHEHHS, TO BIIMOBITHE
3HAYEHHA S; MpUAMAEThes piBHUM .

Equation (NN.111).

(NN.111)

where:
n is the proportion of traffic that crosses the bridge
simultaneously (the suggested value of n is 0,12).

Ao,, Ao, is the stress range due to load model 71
on one track at the section to be checked.

Ao, Iis the stress range at the same section due to

the load model 71 on any two tracks, according
to EN 1991-2.

k, is the slope of appropriate S-N line to be taken
from Tables 6.3N and 6.4N of EN 1992-1-1.

If only compressive stresses occur under traffic
loads on a track, set the corresponding value s; =

0.

Ta6auus NN.2 - 3navyennst A, 1js BiIbHO 00mepTHX i 6araToNporoHOBHX HEPO3PI3HUX OAIOK

Table NN.2 - A, , values for simply supported and continuous beams

L,m S * h
[1] <2 0,90 0,95
> 20 0,65 0,70
[2] <2 1,00 1,05
>20 0,70 0,70
[3] <2 125, 1,35
>20 0,75 0,75
[4] <2 0,80 0,85
> 20 0,40 0,40

BinbHO 00mepTi 6ayiku
Simply supported beams

L, M S * h *
[1] <2 0,95 1,05
> 20 0,50 0,55
[2] <2 1,00 1,15
> 20 0,55 0,55
[3] <2 1,25 1,40
> 20 0,55 0,55
[4] <2 0,75 0,90
>20 0,35 0,30
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BararonporonoBi Hepo3pi3Hi Oayiku (CepeiHii MPOTiH)

Continuous beams (mid span)

JCTY-H b EN 1992-2: 2012

L, M S * h
[1] <2 0,90 1,00
>20 0,65 0,65
[2] <2 1,00 1,15
>20 0,65 0,65
[3] <2 1,30 1,45
>20 0,65 0,70
[4] 0,80 0,90
0,35 0,35

BbaraTtonporonoBi Hepo3pi3Hi 6anku (KpaifHii MporiH)
Continuous beams (end span)

L,m S * h =
[1] <2 0,85 0,85
=20 0,70 0,75
[2] <2 0,90 0,95
=20 0,70 0,75
[3] <2 1,10 1,10
=20 0,75 0,80
[4] <2 0,70 0,70
=20 0,35 0,40

BararomporoHoBi Hepo3pizHi 0anKky (30HU HAJl TPOMDKHUMH OTIOPAMH)
Continuous beams (intermediate support area)
s * standard traffic mix;

S * CTaHIAPTHUM  CKIaag pyxy (ToOTo
CTaHIAPTHHUI CKJIAQJl MOTATIB, IO MPOXOJIATH IO
MOCTY);

h* Baxkwii cKIIa pyxy;

[1] manpyxyBaHa apmarypa: 3 HATATHEHHSIM Ha
ynopu (Bcs), 3 HATATHEHHSAM Ha OCTOH
(apmatypHi MTYYKH B MJIaCTMACOBUX
KaHAJIOYTOPIOBaYax, MpsSMI IMYyYKH B CTaJIEBUX
KaHAJIOyTOPIOBaYaXx);

[2] nanpyxyBaHa apmaTypa 3 HATATHEHHSM Ha
0eToH (MONIrOHaJIbHI MyYKH B  CTalleBUX
KaHAJI0yTOpIoBayax); Kpuei BromsieHoOCTi (S — N )
3k, =3, k, =7, N" =105

[3] crukoBi mpucTpoi (mMOmepeaHbO HampyKeHa
apmarypa); kpui BromieHocti (S —N) 3 k; =3,
k,=5i N" =105

[4] cTtukoBi  mpuCTpoi  (HEHampyXyBaHa
apMaTypa); 3BapHi CTEp)KHI, BKIIOYAIOUU 3BapKy
TUMYaCOBUMH  IIIBAMU 1 BCTHK, KpHBI
sromnenocti (S—N)3 k, =3, k, =5, N* =107,
MK BKa3aHMMH 3Ha4eHHsSMH L Jomyckaerbcs
iHTepnosLisa 3a popmynoro (NN.108).

h* heavy traffic mix

[1] reinforcing steel, pre-tensioning (all), post-
tensioning (strands in plastic ducts and straight

tendons in steel ducts);

[2] post-tensioning (curved tendons in steel ducts);
S—N curve with k, =3, k,=7and N* = 10°

[3] splice devices (prestressing steel); S— N curve
with k, =3, k, =5and N* = 105;

[4] splice devices (reinforcing steel); welded bars

including tack welding and butt joints; S— N curve
with k, =3, k,=5and N* = 10",

Interpolation between the given L-values according
to Expression NN.108 is allowed
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[MTPUMITKA B Tabmnumi NN.2 He HaBOIIThCS
3Ha4Y€HHA A, U JIETKOrO CKIaay pyXy IIO
MocTy. JlJis MOCTIB, MPOEKTOBAHKX 3 PO3PAXYHKY
Ha JIETKMH CKJIaJ] PyXy, 3HAYCHHA A, MOXKYTh
BCTAHOBJIIOBATHCS ~ HA  MIiACTaBl  BEJIMYMH,
HaBegeHux B Tab. NN.2 mns  crammapTHOrO
CKIamy pyxy  abo BH3HAUATHCS JOKJIAJHUM
PO3paxyHKOM.

NN.3.2 IlepeBipka cTHCHYTOr0 0€TOHY

(101) dnst ctucHyTOro OETOHY BTOMHA MIIHICTD
MOJK€ BBAKATHCS JOCTATHHOIO NPH BHKOHAHHI
TaKOl YMOBH:

1-E

14 cd ,max,equ > 6
\/1_ Requ
aec:
R _ Ecd,min,equ E _ O-cd,min,equ
equ ! cd,min,equ 7sd f
cd ,max,equ cd, fat
E O-cd,max,equ

cd ,max,equ = 7/sd f
cd, fat

o 1 Oy minequ BEPXHS 1 HIDKHS TPaHMIIL

cd,max,equ
CIICKTPY YIIKO/KYBaJIbHUX €KBIBaJIEHTHHUX

HaIpy>XeHb 151 KUTbKoCTi UKIiB N = 10°.

(102) Bepxus 1 HWXHSA TpaHUIl CHEKTPY
YIIKO/DKYBaJIbHUX CKBIBAJCHTHUX HAIPYKEHb

OOYHCIIIOIOTECS 32  TakUMH  (OpMyJIaMu
(NN.113):
O-cd,max,equ = O-c,perm + ﬂ’c (O-c,max,71 -
O-cd,min,equ =0, perm /1c (O-c, perm O-c,min,71)
Ie:
O¢pem  HANPYKEHHA  CTHCHEHHS  OeToHY,

BUKJIMKAHE [I€I0 CHOJYyYEHHS HOPMATUBHUX
HaBaHTA)KEHb, oe3 ypaxyBaHHs Mo el
HaBaHTa)XeHHs 71.

O max71 MAKCHMMAIIbHE HANPYXXEHHS CTHCHEHHS,

BUKIIUKAHE €0 CIHOJYYCHHsS HOPMAaTUBHUX
HaBaHTaXXEHb, BKJIIOYAI0YH MOJIETb
HaBaHTaxeHHs 71 1 auHamiuyHui KoedimieHT
(EN 1991-2).

O, min7i MIHIMAlbHE HANPYKEHHS CTHCHEHHS,

BUKIIMKAHEC ,[[i€IO CIIOJTYUYCHHA HOPMATHUBHHUX
HaBaHTa>XXCHb, BKJIIOYarO4Hn MOJECIIb
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O,

NOTE No values of A ,are given in Table NN.2
for a light traffic mix. For bridges designed to carry
a light traffic mix the values for A, to be used may

be based either on the values given in Table NN.2
for standard traffic mix or on values determined
from detailed calculations.

NN.3.2 Concrete subjected to compression

(101) For concrete subjected to compression
adequate fatigue resistance may be assumed if the
following expression is satisfied:

(NN.112)
where:
R . Ecd,min,equ E _ O-cd,min,equ
equ cd,min,equ — /sd f
cd,max,equ cd, fat
O-cd,max,equ
et maxequ = Vs — are the upper and lower
cd, fat

stresses of the damage equivalent stress spectrum
with a number of cycles N =10°

(102) The upper and lower stresses of the damage
equivalent stress spectrum shall be calculated
according to Equation (NN.113)

c, perm)

(NN.113)

where:
o is the compressive concrete stress caused by

c, perm
the characteristic combination of actions, without
load model 71.

o is the maximum compressive stress caused

c,max,71
by the characteristic combination including load
model 71 and the dynamic factor @ according to
EN 1991-2.

O mins1 1S the minimum compressive stress under

the characteristic combination including load model
71 and the dynamic factor ® according to EN 1991-



HaBaHTaxeHHS 71 1 quHaMivyHui KoedimieHT
(EN 1991-2).
A, TIOTIPaBOYHUN KOe(ILi€HT [yl OOYMCICHHS

BEPXHbOI 1 HIKHBOI TpPaHULb  CIEKTPY
YIIKO/DKYBAJIbHUX EKBIBAJIGHTHUX HAINpyXeHb,
00yMOBJIEHUX MOJEIUII0 HaBaHTaXEHHS 71.

[NPUMITKA HampyxeHus o, i

c, perm ? g

c,max,71

o HE pO3PaxOBYIOTh HA IHINI 3MIiHHI

c,min,71
BIUIMBH (BITPOBI, TEMIIEPAaTypHi HABAHTAXKECHHS 1
T. I.).

(103) IlompaBouHmii Koe(IIEHT A, BpaxoBye
MOCTIMHI HaBaHTa)XEHHs, BIUIMB KOHCTPYKIIil
MIPOrOHY, IHTEHCUBHICTH pyXy IO MOCTY,
pPO3paxyHKOBUH TEPMIH CIYyKOH, KUIBKICTh
PEUKOBHX KOJIIi. Leit KoedimieHT
PO3paxoByeThCs 3a HOPMYIIOIO:

ﬂ’c = lc,o ) ﬂ’c,l ) ﬂ’c,2,3 ) ﬂ’c,4

ae:
Ao  KOeQImIEHT, IO BPaxOBYE IOCTIlHE

Hanpy>KeHHHS.

A.; KOE]IIEHT IO BPaxoBye THI €JIEMEHTA,

(Hanmpukiaa,  HEpo3pidHa  OaraTomporoHoBa
Oasika), a TAaKOX YIIKODKYBAIBHY JII0 PyXy IO
MOCTY, 3QJICKHY BiJl KPUTUYHOT JOBXKHHH JIHIT
a00 00J1acTi BILUIMUBY.

Ac 3 KOE(DILIEHT, M0 BPaXOBy€ IHTCHCHBHICTH

PyXy IO MOCTYy 1 pO3paXyHKOBUH TEpPMiH
CITy0H MOCTa.
A, , Koe(dilieHT, BXKMBAaHUHM y BHUMAJKaX, KOJIU

€JIEMEHT KOHCTPYKLI{ HaBaHTaXEHUI

JEKUTbKOMa PEMKOBUMU KOJIISIMHU.

(104) Koedimient A,

MOCTIHOTO HampyxkeHnHs. Lleit koediuieHT
po3paxoByeThes 3a hopmynoro (NN.115)

BpaxoBy€  BIIJIMB

O perm o
A0=094+0,2—=2>1 mna CTUCHYTOI 30HH;
cd, fat

(NN.115)
Ao =1 nna po3TArHyroi 30HM (BKJIIOYAIOYH

edeKT momnepeHHOr0 HAMIPYKEHHS).

(105) KoedinieHT A, 3an€KHUTh BiJ KPUTHYHOI

JIOBXKUHH JIiHI{ BIUIUBY 1 XapakTepy pyxy.
3HayeHHs A, JUId CTaHJAPTHOTO 1 BaXXKOIO

JCTY-H b EN 1992-2: 2012
2.

A, Is a correction factor to calculate the upper and

lower stresses of the damage equivalent stress
spectrum from the stresses caused by load model
71.

NOTE o e » and o do not include

other variable actions (eg. wind, temperature etc.).

O

c,max,71 ¢, min,71

(103) The correction factor A, takes account of the

permanent stress, the span, annual traffic volume,
design life and multiple tracks. It is calculated from
he following formula:

(NN.114)

where:
4.0 1s a factor to take account of the permanent

C
stress.
4., 1s a factor accounting for element type (eg.

c

continuous beam) that takes into account the
damaging effect of traffic depending on the critical
length of the influence line or area.

4. 25 1S a factor to take account of the traffic

volume and the design life of the bridge.

4.+ 1s a factor to be applied when the structural

element is loaded by more than one track.

(104) The 4, value denotes the influence of the
permanent stress and can be calculated from
Equation (NN.115)

O .
Aco =0,94+0,2—P >1 for the compression zone
cd, fat

(NN.115)
4o=1 for the precompressed tensile zone

(including prestressing effect).

(105) The factor A, is a function of the critical

length of the influence line and the traffic. The
values of A , for standard traffic mix and heavy
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CKJIaJly PyXY MOXYTh BU3HAYATUCS 32 TaOJIHIICIO
NN.2.

3HayeHHd A, U1 BUIAJKy, KOJIU KPUTHYHA

JOB)KHMHA JTiHI1 BIUIUBY CTAHOBUTH Bix 2 110 20 M,
MOXXYTh BU3Ha4atucs 3a popmynoro (NN.108) i3
3aMiHOIO Ay, Ha, A ;.

(106) Koedimient A ,, Mae BH3HAYaTHCA 3
dbopmymoro (NN.116)

1 Vol 1 N
A..=1+=lo log| —Years
c,2,3 g|: i| g[ 100

6|t o
8 25-10 8
ae:
Vol o6'em mepeBe3eHb, T/TOA Ha pPEUKOBUI
TLISIX.

Nyears PO3PAaXyHKOBHH TEPMIH CIyK0M MOCTa, P.

(107)  Koedimienr A4,

HAaBaHTaXXCHHS, CTBOPIOBAHOTO  JEKUTbKOMaA
peiikoBUMU KoMisIMU. J1J11 KOHCTPYKIIH, Ha SIKUX
pPO3TaIIOBYETHCSA JIEKUIbKA PEMKOBHUX IIUISXIB,
BTOMHE HAaBaHTAXXEHHS  pO3IJIANAETHCS  HE
OLIbIIE HDK JUIS JBOX KOJiH, 110 3HAXOASATHCS B
HalHeCTIpUATIUBIIUX mojokeHHsx (EN 1991-
2). KoedimieHT BIUIMBY  HaBaHTa)KCHHS,
CTBOPIOBAaHOTO JIBOMa pEHKOBHMHU KOJIISIMHU,
obuncmoeTses 3a hopmyoro (NN.117):

BpaxoOBYy€  BILUIUB

Aea =1+;Iogn20,54 s a<0,8

Aoy =1nna a>08 (NN.117)

a= max(acl’ O-cz)

Gcl+2
Ie.
N dYacTka pyxy mno MocCTy, Iio HnpoxosiaThb II0

HLOMy OJHOYACHO. PeKOMeHI[yeTLC}I 3HAUYCHHI
n=012.

O, O, HaIpPyXECHHS CTHCHEHHS, 00YMOBJICHE
MOJEIUTI0 HaBaHTaXeHHS 71, HA OJHY pEeHKOBY
KOJII0, BKJIIOYAIOUM JUHAMIYHHE KoedilieHT
Ut Moenl HaBaHuTaxeHHs 71 3rigao EN 1991-2

O,, HAIPYXKEHHS CTUCHEHHS, OOYMOBJIEHE

MOJICJIII0O HaBaHTaXXeHHS 71, Ha 1Bl KoJIii,
BKJIIOUAIOYM  TUHAMIYHUKA  KOe(illieHT s
Mojeii HaBaHTakeHHs 71 3rigno EN 1991-2.
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traffic mix may be taken from Table NN.2 of this
Annex.
Values of 4., for critical lengths of influence lines

between 2 m and 20 m may be obtained by applying
Expression (NN.108) with A , replaced by 4, .

(106) The A4 ,, value denotes the influence of

annual traffic volume and service life and can be
calculated from Equation (NN.116)

(NN.116)

where:
Vol is the volume of traffic (tonnes/years/track).

N is the design life of the bridge.

Years

(107) The A, value denotes the effect of loading

from more than one track. For structures carrying
multiple tracks, the fatigue loading shall be applied
to a maximum of two tracks in the most
unfavourable positions (see EN 1991-2). The effect
of loading from two tracks may be calculated from
Equation (NN.117):

Aea =1+;Iogn20,54 for a<0,8

Joa=1a>08 (NN.117)

(NN.118)

where:
n is the proportion of traffic crossing the bridge
simultaneously (the recommended value of n is
0,12).
o.,, 0., Isthe compressive stress caused by load

model 71 on one track, including the dynamic factor
for load model 71 according to EN 1991-2.

0., IS the compressive stress caused by load

model 71 on two tracks, including the dynamic
factor for load model 71 according to EN 1991-2.
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Ta0mus NN.3 - 3nayenns A, 1151 BUIbHO 001IepTHX 0AJIOK i 0araTonporoHoBHX HEPO3Pi3HUX 0AJIOK

L,Mm S * h *
[1] <2 0,70 0,70

>20 0,75 0,75
[2] <2 0,95 1,00

>20 0,90 0,90

Simply supported beams
Banku , mo BUTbHO 00NUPAIOTHCS

L, M S * h
[1] <2 0,75 0,90

>20 0,55 0,55
[2] <2 1,05 1,15

>20 0,65 0,70

BaraTonporonosi Hepo3pi13Hi 6allku (cepenHii IPOriH)

Continuous beams (mid span)

L,Mm S * h
[1] <2 0,75 0,80

>20 0,70 0,70
[2] <2 1,10 1,20

=20 0,70 0,70

baraTonporoHoBi Hepo3pi3Hi Oanku (KpaiHii IPOTiH)

Continuous beams (end span)

L, M S * h *
[1] <2 0,70 0,75

>20 0,85 0,85
[2] <2 1,10 1,15

>20 0,80 0,85

BararonporoHoBi Hepo3pi3Hi Oaku (30Ha HaJ MPOMBKHIUMU OTIOPaMH)
Continuous beams (intermediate support area)
S* - CTAaHJAPTHHH CKJIAJ PyXy (TOOTO CTAaHIAPTHHI CKJIAJ MOTATIB, IO MPOXOAATH IO MOCTY);
h* - Bakkuii CKIIaJ] pyxy;
[1] - ctucHyTa 30Ha;
[2] - po3TsirayTa 30Ha (BKItOYar0un €PeKT MOMepeIHHOr0 HAPYKEHHS).
Mbix Bkazanumu 3HaYeHHAMH L nomyckaerbes inTepnossuis 3a Gopmynoro (NN.108) i3 3aminoo A,

Ha, A,
[TPUMITKA B tabmuui NN.3 He HaBOJATBCS 3HAYEHHS A, JUIA JIETKOTO CKJIaay pyXy 1o Mocry. s
MOCTIB, IPOCKTOBaHUX 3 PO3PAXyHKY Ha JIETKUH CKIaJ PyXy, 3HA4€HHS A ; MOXYTh BCTAHOBJIIOBATHCS

Ha OCHOBI BEJIMYUH, HaBeZeHUX B TaOmuii NN.3 1 cTaHIapTHOTO CKIIaay pyxy, abo BH3HAYaTHCA
IIAXOM ACTAJIBHOTO PO3PAXYHKY.

s = standard traffic mix

h* heavy traffic mix

[1] compression zone

[2] precompressed tensile zone

Interpolation between the given L -values according to Expression NN.108 is allowed, with A,

replaced by 4 ,.

NOTE No values of 4, are given in Table NN.3 for a light traffic mix. For bridges designed to carry a
light traffic mix the values for 4 , to be used may be based either on the values given in Table NN.3
for standard traffic mix or on values derived from detailed calculations.
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JoaaTrox OO
(oBinKOBUIA)
XapakTepHi 00J1aCTi CKJIaJHOI0 HANIPYKEHO-
ne¢opMOBAHOI0 CTAHY MOCTIB

00.1 Hiadpparmu B KOpPo04YacTuX
NpOroHoBux OyaoBax i3 cTiHKamMu, IO
0e3nocepeHbO0 OONMMPAKTHLCSI HA ONOPHI
YaCTHHH

(101)  Sxmo OIIOpY  PO3TAIIOBYIOTHCS
0e3rmocepelHbO MiJl CTIHKAaMU KOPOOYacTOro
nepepizy, TO miadparMu 3a3HAIOTh 3YCHJIb,
CTBOPIOBAaHHX nepeaayeto 3CYBY B
ropu3oHTaNbHIA  mionuHl  (puc. OO) abo
3YCHIUISAM, BUKITUKAaHIM MIEPETBOPCHHSIM
KPYTHOTO MOMEHTY B KOpoO4yacToMy Iepepisi B

napy cuj, fKIIO € Bl ONOpPHI YacTUHU (pHC.
00.2).

ANNEX OO
(informative)
Typical bridge discontinuity regions

0OO0.1 Diaphragms with direct support of box
section deck webs on bearings

(101) Diaphragms where the bearings are located
directly below the webs of the box section will be
subject to forces generated by the transmission of
shear in the horizontal plane (Figure OO.1), or
forces due to the transformation of the torsional
moment in the deck into a pair of forces in cases
where two bearings are present (Figure 00.2).

i
|
-v-i— = o R e— _l

o ~
\ LQ_Vy
A

|

A - niadparma
Pucynok OO.1 - I'opu3oHTAJBLHUI 3CYyB i peakuisi B 30HaX 00NUPaHHS
A Diaphragm
Figure OO.1 - Horizontal shear and reactions in bearings
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A - niaparma
Pucynok OO.2 - Kpyuyennsi B kopoouacTomy nepepisi i peakuisi B 30HaxX o0nupanHs

A Diaphragm

Figure OO.2 - Torsion in the deck and reactions in bearings

(102) B uutomy 3 puc. O0.1 1 O0O.2 BuHO, 1110
nepeaayda CUJl Bl HIDKHBOI MOJHIN 1 BiJl CTIHOK
BiIOyBaeThcss Oe3mocepenHbo 10 omop 0e3
CTBOPEHHSI SKMX-HEOy/Jb CHUJ B LEHTPaJbHIN
yacTuH1 Aiadpparmu. Cuau Big BEPXHBOI MOJHUITI
MPU3BOIATH JIO YTBOPSHHSI CHJI, TPHKIAICHUX
1o miadparmMu, Ha SIKi PO3pPaxoOBYETHCS €IIEMEHT.
Ha puc. O0.3 1 O00.4 moka3aHO MOXKJIMBI
MEXaHI3MH oTIOpY, K1 MOXYTb
BUKOPHUCTOBYBaTUCA i1 1000py HEOoOXimHOT
apMaTypu JJis €JIeMEHTIB JaHOTO THITY.

(103) Sk mpaBuio, He Tpeba MEPEBIPSITH BY3IH
a00 CTHUCHYTI €JIEMEHTH, SKIIO TOBIIWHA
niagparMd  HE  MEHIIE  PO3MIPY  OMOPHOL
MOBEPXHI B IMO3JI0OBKHBOMY HampsMKy mMocta. B
IbOMY BHUIIaJIKy HEOOXiJHO TEPEBIPUTH TUIBKH
BY3JIM OOTIMpPAHHS.

(102) In general, from Figures OO.1 and OO.2 it
can be seen that the flow of the forces from the
lower flange and from the webs is channelled
directly to the supports without any forces being
induced in the central part of the diaphragm. The
forces from the upper flange result in forces being
applied to the diaphragm and these determine the
design of the element. Figures 00.3 and OO.4
identify possible resistance mechanisms that can be
used to determine the necessary reinforcement for
elements of this type.

(103) Generally, it is not necessary to check nodes
or struts when the thickness of the diaphragm is
equal to or greater than the dimension of the support
area in the longitudinal direction of the bridge. In
these circumstances, it is then only necessary to
check the support nodes.
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Pucynok OO.3 - Mope/b CTUCHYTHX i PO3TATHYTHX eJIeMeHTIB A1 cylijabHOI aiajpparmu oe3
JIIOKA
Figure O0.3 - Strut and tie model for a solid type diaphragm without manhole
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Pucynox OO.4 - Mojae/ib CTUCHYTHX i PO3TATHYTHX eJIEeMEHTIB /ISl CyWiIbHOI Aiadpparmu 3
JIIOKOM
Figure O0.4 - Strut and tie model for a solid type diaphragm with manhole
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00.2 Jdiagpparmu B KOPoOYACTHX NPOTrOHOBUX
OynoBax 0e3 0Oe3mocepeJHHLOr0 OOMUPaAHHS
CTiHOK HA OMOPHi YaCTUHU

(101) B npomy Bumajgky Ha AOJATOK 10 3CYBY
B3JIOBX TOPU30HTAIBHOI OCi, @ TaKOX 10 e]eKTy
KpYy4eHHs (32 HasIBHOCTI OUTbII HIK OJHIET oTIopH),
niadparma IIOBUHHA nepegaBaTi CUIIH
BEPTUKAIBHOTO 3CYBY BiI CTIHOK [0 MicLs
oOnupaHHsL.

OnopHi BY3JIM TEPEBIPSIIOTHCSA 3 BUKOPHUCTAHHSIM
KpuTepiiB, HaBeaeHuX B 6.516.7 EN 1992-1-1.

JCTY-H b EN 1992-2: 2012

0OO0.2 Diaphragms for indirect support of deck
webs on bearings

(101) In this case, in addition to the shear along
the horizontal axis and, in the case of more than
one support, the effect of the torsion, the
diaphragm must transmit the vertical shear forces,
transferred from the webs, to the bearing or
bearings.

The nodes at the bearings must be checked using
the criteria given in 6.5 and 6.7 of EN 1992-1-1.

Pucynok OO.5 - [liapparmu no3a 3oHamu odonuparus. Mojaeab CTUCHYTHX i PO3TATHYTHX
eJICMEHTIB
Figure OO.5 - Diaphragms with indirect support. Strut and tie model

(102) PozpaxyHoxk apMaTypu MTOBUHEH
BHUKOHYBATHCS  HAa  3yCHJUISI  PO3TATHYTHUX
€JIeMEHTIB, sKi OynM OTpuMMaHi B pe3yJbTari il
BHUKOPHCTOBYBAaHUX  MEXaHI3MIB  OMOpy 3
ypaxyBaHHSIM 0OMEKECHb HATATHEHHS B apMaTypi,
BkazaHux B 6.5 EN 1992-1-1. B nanomy Bumnaaxy
- yepe3 cmocid nepenayi BEPTUKAIBHOTO 3CYBY
HeoOXiHO 3a0e3MeunTH apMmaTypHe MOCUJICHHS
MiABICKU. SIKIIO A 1€l METH 3aCTOCOBYIOTHCA
MTOXHJII CTEPKHI, TO HEOOX1THO HAJaTH 0COOIUBOT
yBaru crany ankepyBanus ( puc. 00.6).

(102) Reinforcement should be designed for the
tie forces obtained from the resistance
mechanisms  adopted, taking account of
limitations on tension in the reinforcement
indicated in 6.5 of EN 1992-1-1. In general, due
to the way in which vertical shear is transmitted,
it will be necessary to provide suspension
reinforcement. If inclined bars are used for this,
special attention should be paid to the anchorage
conditions (Figure OO.6).
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(103) Sxmmo
3aMKHYTHX apMaTypHHUX XOMYTIB,
MOBUHHI  OXOIUTIOBAaTH  apMarypy
noBepxHi kopoOyactoi 6anku (puc. O0.7).

TO

A - niaparma
Pucynok OO.6 - [liapparmu no3a 3oHaMu 00nUpaHHsA. AHKePYBaHHS apMaTypH MiABicKH
A Reinforcement
Figure OO0.6 - Diaphragms with indirect support. Anchorage of the suspension reinforcement

apMmaTtypa TIJIBICKH Ma€ BHJ
BOHH
BEPXHBOI

(103) If the suspension reinforcement is provided
in the form of closed stirrups, these must enclose
the reinforcement in the upper face of the box
girder (Figure OO.7).
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Pucynok OO.7 - liapparmu no3a 3oHamu odnupanHs. 3'€IHAHHSA, 11O
BHKOPHCTOBYIOTBCS IK apMaTypa MiABICKH
Figure OO.7 - Diaphragms with indirect support. Links as suspension reinforcement

(104) SIxkmo BHUKOPUCTOBYETHCS TMOIEpEIHE

Hanpy>KeHHs, HanpuKiaz, HOIEPETHBO

HampyKyBaHa apMaTypa 3 HaTATHEHHSIM Ha

O0eTOH, TO B TPOEKTI IMOBHHEH OYTH YITKO

BKa3aHUW TMOPAAOK HATATHEHHsS (IOTEpeaHe

HanpyXeHHs AiadparMu 3BUYaiHO BUKOHYETHCS
110

(104) In cases where prestressing is used, such as
post-tensioned tendons, the design will clearly
define the order in which these have to be tensioned
(diaphragm prestressing should generally be carried

out

before longitudinal prestressing). Special

attention should be paid to the losses in the



paHimie, HDK  TO3JOBXHE  HATATHEHHS).
Oco0nuBy yBary HeoOXiTHO 3BEpTaTH Ha BTPATU
NP TIONEPETHHOMY HAIIPY)KEHHI 3 ypaxyBaHHIM
HEBEJIMKOI JIOBKMHH TOIEPEIHBO HAIMPYKEHUX
apMaTypHUX €JICMEHTIB.

(105) Ha nmonatok 1o apMarypu, NpOEKTOBAaHO1
Ha OCHOBI BHIIE3raJaHUX MEXaHI3MIB OIODY,
HEoOXiJJHa TaKOX KOHCTPYKTHBHA apMaTypa,
CKOHIIGHTPOBaHA B 30HAaX, PO3TAIIOBAaHHUX Ha[
OIIOpaMu.

00.3 Jdia¢pparmu B MOHOJIITHUX 3'€IHAHHSAX
«HACTHJI - OTIOPA MOCTa»

(101) ¥V Bumaakax, Kojiu HporoHoBa OyaoBa i
ormopa MOCTa CIUIbHO 3aMOHOJIIYEHI, B OMNOPI
BUHHMKA€ MOMEHT, pIBHUH pI3HULII MOMEHTIB
MIPOrOHOBOT OYyJOBM B CYCIIHIX MPOTOHAX IO
o0uaBi croponu onopu. Ilepegaya MOMEHTY BiJ
IIPOTOHY JI0 ONOPU 1 CTBOPIOE CHIIM, JOJATKOBI
710 BKa3aHUX BHIILIE.

(102) Hns tpuxytHux miadpparm (puc. OO.8)
mepefadya BEPTUKAIBHOTO HABAaHTAXCHHS 1
3yCHJUIs, CTBOPEHOTO pPIZHHIICID MOMEHTIB,
3MIACHIOETBCS OE3MOCepeHhO JI0 TOTO dHacy,
MOKK  30epiraeTbcss  IUTICHICTh  CTHCHYTHX
eIeMEHTIB 1 TepekpuTTs (abo aHKepyBaHHS)
PO3TATHYTO1 apMaTypH.

(103) [Tpu BHUKOPHUCTAaHHI MOABINHOT
BEPTUKAIBHOT JiadparMu HaIpsM Mepeaadi CHUil
BiJI TIPOTOHIB 10 OMOp CKJIAAHIMUNA. B 1mpomy
BHUMNAJKy HEOOXIZHO PETENhbHO TMEpPeBIpUTH
0e3IepepBHICTh CTUCHEHHS.

JCTY-H b EN 1992-2: 2012
prestressing, given the short length of the tendons.

(105) In addition to the reinforcement obtained on
the basis of the resistance mechanisms identified
above, it will be necessary to have the load
reinforcement concentrated on the area located on
the supports.

00.3 Diaphragms in monolithic deck-pier joints

(101) In cases where the deck and pier are
monolithic, the difference in deck moments in
adjacent spans on either side of the pier must be
transmitted to the pier. This moment transmission
will generate additional forces to those identified in
the previous clauses.

(102) In the case of triangular diaphragms (Figure
00.8), transmission of the vertical load and the
force caused by the difference in moments is direct,
as long as the continuity of the compression struts
and overlapping (or anchorage) of the tension
reinforcement is provided.

(103) In the case of a double vertical diaphragm, the
flow of forces from the deck to the piers is more
complex. In this case, it is necessary to carefully
check the continuity of the compression flow.
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A - miadpparma; B - mo3goBxHil nepepi3; 3 - onopa MocTa
Pucynok OO.8 - Jliapparma B MoHoTiTHOMY 3'€IHAHHI 3 MoABiiTHOIO Aiadparmoro:
eKBIBAJIEHTHA CHCTEMA CTUCHYTHX i pO3TAATHYTHX eJIeMeHTiB
A Diaphragm
B Longitudinal section
C Pier
Figure O0.8 - Diaphragm in monolith joint with double diaphragm:
Equivalent system of struts and ties.

00.4 J[iagparMmu B mnpoOroHoBHx OymaoBax
ABOTABPOBOI0 mepepidy i CTIHKaMM Haj

onopamMu
(101) B 1mwpomy Bumanky  niadparmu
3a3HaBATUMYTh 3yCHIIb, CTBOPIOBAaHUX

nepeaaveto 3CyBy M0 TOPU30OHTAIBHIA OcCi (puc.
00.9), abo (y BUIAIKy, SKIIO € JIBi OMOPH)
3YCHIUISM, CTBOPEHHUM NIEPETBOPEHHSIM
KPYTHOTO MOMEHTY MPOTOHOBOI OYZ0BH B Tapy
cui (puc. 00.10).

(102) 3 puc. 00.9 i O0.10 BugHO, IO CHIIH Bif
CTIHOK MepeialThes 0e3MocepeJHbO Ha ONOPH
0e3 CTBOpPEHHSI NMPOMDKHUX CHJI B LIEHTPaIbHIN
yacTUHI JiapparMu. 3ycwiis  Bil  MOJMII
MPU3BOJATH JI0 MOSIBU CHJI, 1[0 NMPHUKIAJAI0ThCS
10 aiagparmuy, i 11e He0OX1AHO BpaxOBYBaTH MpH
MIPOEKTYBaHHI.
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00.4 Diaphragms in decks with double T
sections and bearings under the webs

(101) In this case, the diaphragms will be subject to
forces generated by the transmission of shear in the
horizontal axis (Figure O0.9), or forces due to the
transformation of the torsional moment in the deck
into a pair of forces in the case where two supports
are present(Figure 00.10).

(102) In general, from Figures 00.9 and O0.10, it
can be seen that the flow of forces from the webs is
channelled directly at the supports without any
forces being induced in the central part of the
diaphragm. The forces from the upper flange result
in forces being applied to the diaphragm and these
have to be considered in the design.
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A

Pucynok OO.9 - I'opusoHTaJBLHUI 3CyB i peakuii B onopax
Figure O0.9 - Horizontal shear and reactions in supports
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Pucynoxk. O0.10 - KpyuyeHnHsi B mosinui nporoHoBoi 0yJ10BH i peakuisi B onopax
Figure O0.10 - Torsion in the deck slab and reactions in the supports

Ha puc. OO.11 nokazaHo MOXJIMBUNA MEXaHI3M
orI0DY, 110 JI03BOJISIE BU3HAYUTH
XapaKTEPUCTHKN HEOOXITHOT apMaTypH.

SAxmo ToBmmHA giadparMu HE MEHIIE PO3MIPY
TISTHKA oOmupaHHsT B  MO3JIOBXXHBOMY
HampsIMKy MOCTa, TO HEOOXiIHO TMepeBIpUTH
TUTBKH OMopHi By3:u 3rigHo 6.5 EN 1992-1-1.

Figure 00.11 shows a possible resistance
mechanism that enables the required reinforcement
to be determined.

In general, if the thickness of the diaphragm is equal
to or greater than the dimension of the bearing area
in the longitudinal direction of the bridge, it will
only be necessary to check the support nodes in
accordance with 6.5 of EN 1992-1-1.
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Pucynok OO.11 - Moaeab CTHCHYTHX i PO3TSITHYTHX eJIeMeHTIiB B TUIOBI xiadpparmi
Figure O0.11 - Model of struts and ties for a typical diaphragm of a slab
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Joaarok PP Annex PP
(moBigKOBHIA) (informative)
®opmar 3a0e3nevyeHHs HAAiHHOCTI 1J1s1 Safety format for non linear analysis
HeJIIHIHHOT 0 pO3paxyHKY

PP.1 IIpakTHiHe 3acTOCyBaHH PP.1 Practical application
(101) [inst cransproi xomGinauii BHYTpilIHix (101) For the case of scalar combination of internal
aii Ha puc. PP.1 i PP.2 mokasano obepuene actions, reverse application of inequalities 5.102a
3acTocyBaHHs HepiBHOCTeH (5.102a) i (S5.102b) and 5.102b is shown diagramatically in Figures
JUIsl XapaKTEPUCTHK KOHCTPYKLL, BIAMIHHHX B PP.1 and PP.2, for underproportional and
NPOMOPLIHHKX BIJIOBIIHO B MCHINY i OLIbIIy overproportional structural behaviour respectively.
CTOpPOHY.
E.R
R qw/ | A
i VO I L= P D

R (‘qud ,./'/ y O)/ pmm—————- A s
Yra |F G’

B G
R(qud / y(y F
YRdVsd

e o - - .- - -
- =l —— - - - - - - - - - -

i f
P
{2 C B
(}/gG + }/qQ )m& ! qu QUd q
(/GG & yQQ)max ;/O

A - KiHIIeBa TOYKa HENIHIHHOTO aHaIli3y
Pucynok PP.1 - 3acrocyBanns ¢opmary 3a0e3nevyeHHs HAAiHHOCTI VISl CKATAPHOL
XapaKTepPUCTUKH, BIIMIHHOI Bi/l IPONOPUiifHOI B MEHIILY CTOPOHY
A Final point of N.L. Analysis
Figure PP.1 - Safety format application for scalar underproportional behaviour
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7,G +7,Q)

max

qud

/

(76G +7,Q ),

A - xiHIIeBa TOYKA HEJIIHIHHOTO aHAII3Y
Pucynok PP.2 - 3acTocyBannsi popmary 3a0e3neueHHsi HATIHOCTI 1JIA CKAJISIPHOT
XapaKTePUCTUKH, BIAMIHHOI Bil IPONOPUiiHOI y 0iJIbIIIY CTOPOHY
A Final point of N.L. Analysis
Figure PP.2 - Safety format application for scalar over proportional behaviour

(102) Hdns BexTtopHOi KOMOIHAII BHYTPIIIHIX
niit Ha puc. PP.3 1 PP.4 noka3zano 3acTocyBaHHs
HepiBHocTer  (5.102a) 1 (5.102b) s
XapaKTePUCTUK KOHCTPYKIII, BIAMIHHUX Bif
MPOMOPLIAHUX BIANOBIIHO B MEHIIY 1 OUIbIIY
cropony. KpuBa «a» - JiHiIs pyiHYBaHHS;
KpuBa «b» oTpuMaHa MacumITaOyBaHHSIM IIi€l
JiHi{ KoeQilieHTaMu 3a1acy Yy 1 7, -

(102) For the case of vectorial combination of
internal actions, the application of inequalities 5.102
a and b is illustrated in Figures PP.3 and PP.4, for
underproportional and overproportional structural
behaviour respectively. Curve a represents the
failure line, while curve b is obtained by scaling this
line by applying safety factors y,, and 7, .
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A - KiHIIeBa TOYKa HeNiHiHHOTO aHanizy; [AP - TpaekTopis BHYTpIlIHIX il
Pucynok PP.3 - 3acTtocyBanns ¢gopmary 3a6e3neuenHs HagiliHocTi 1iis1 BekTopHoi (M,N)
XapaKTepuCTHUKH, BIIMIHHOI Bi/l NPONOpLiliHOI B MEHIILy CTOPOHY
A Final point of N.L. Analysis, IAP Internal actions path
Figure PP.3 - Safety format application for vectorial (M,N) underproportional behaviour
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A - KiHIIeBa TOYKa HeNiHiltHOTrO aHai3y; [AP - TpaekTopis BHYTpILIHIX A1l
Pucynok PP.4 - 3acTtocyBanus ¢gopmary 3a6e3nedyeHHst HagiliHocTi 1151 BekTopHOi (M,N)
XaPaKTePUCTHUKH, BIIMiHHOI Bl IPONOPLiiHOI y 0inbIIy CTOPOHY
A Final point of N.L. Analysis, IAP Internal actions path
Figure PP.4 - Safety format application for vectorial (M,N) overproportional behaviour
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Ha o0ox mamonkax D - mepeTwH TpaekTopii
BHYTPIIIHIX BIUIMBIB 1 001acTi 3a0e3meyeHHs
HaAIHOCTI «by.

HeoOxigHo  mepeBipuTH, YU  TOYka 3
KoopauHatamMu M (;/GG + ;/QQ) 1 N (yGG + ;/QQ),
TOOTO TOYKA, BIANOBIAHA BHYTPINIHIM JisM
(edpexram BIIIMBIB, PO3KIIAJIEHUX 10 YHHHUKAX),
Oyne 3HaxoauTucs B 00OnacTi 3abe3meueHHs
HAIIMHOCTI «by.

AHamnoriyHa mporeaypa 3acTOCOBYETHCS, SKIIO
BBOJUTHCS ~ YACTKOBUH  Koe(ilieHT s

MOJIENIbHOT HEBM3HAYEHOCTI Jgy; NPH LBOMY
3aMICTh gy MIICTABISETHCS Ypg¥sy 1 Vor Vg
3aMICTh - ¥, 1 7,.

AHaJOTiyHI METOOU  3aCTOCOBYIOTHCS ISt
xomGinanit N/M, /M in,/n /n, .

[MPUMITKA  Skmo  po3risiHyTI  METOIu
3aCTOCOBYKOTBCS 3 g = sy =1 1 7, =127, 1O
yMOBa HAJIHOCTI BBAXAaE€ThCS BUKOHAHOIO,
SKIIO Megq < MRd(qud/7o/) i

Ngg < NRd(qud/70/)'

JCTY-H b EN 1992-2: 2012

In both figures, D represents the intersection
between the internal actions path and the safety
domain “b”.

It should be verified that the point with coordinates
M (;/GG + yQQ) and N (yGG + ;/QQ)

I.e. the point corresponding to the internal actions
(the effects of factored actions), should remain
within the safety domain “b”.

An equivalent procedure applies where the partial
factor for model uncertainty », is introduced, but

with  yp, substituted by yp7ss and yg, 7,
substituted by y,, 7,
The same procedures applies for the combination of

N/M,/M  orn./n /n, .

NOTE If the procedure with ., =y, =1 and
7o =127 is applied, the safety check is satisfied if

Mgy < MRd(qud/yo’)and Neg < NRd(q“d/yol)'
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JoaaToxk QQ

(moBigKOBHIA)

Po3paxyHok 3a TPilIMHOCTIHKICTIO CTIHOK
0ajok

B nmanwmii yac mporHo3yBaHHS 3CYBHHX TPILIHH B
CTIHKax CYNIPOBO/IKYETHCS 3HAYHOIO
MO/IENIbHOIO HEBU3HAUCHICTIO.

SIKIIO KOHTPOJIb 3CYBHUX TPIIIUH BHU3HAETHCS
HEOOXiTHUM, OCOOJIMBO JUISI  MOTEPEIHBO
HalpyXeHUX €JEMEHTIB, TO XapaKTepUCTUKU
apMyBaHHS, HEOOXITHOTO  JUIsl  KOHTPOJIIO
TPI[IHOYTBOPEHHS BHU3HAYAIOTHCS B TaKHil
crnocio:

1. 3anexHa BiJ HaNpsMKY MIIHICTh OETOHY Ha
PO3TATyBaHHS fe ycepenuHi  CTIHOK

PO3paxoBYEThCsS 328 POPMYJIOIO

f, = (1— 03?} f. ;0,05
ck
ne:
f,, MIIHICTE OETOHY Ha pO3TATYBaHHSA [0
YTBOPEHHS TPIIIMH B IBOBICHOMY HAIPY>KCHOMY
CTaHi.

(o MaKCUMaJIbHE T'OJIOBHE CTHUCKaJIbHE

HATPY)KEHHSI, y35Te K J0JaTHA BEJINIHHA
0,<0,6f,.

2. MakcumallbHE TOJIOBHE  PO3TATYBaJbHE
HalpyXEeHHs B CTIHII O, TOPIBHIOETHCS 3
BIJIIIOBITHOXO

BeNMYMHOO  MinHoCcTi,  fy

oTpuMaHoo 3a popmynor (QQ.101).
Skmo o, < fy , TO B O310BKHBOMY HAIPIMKY

NMOBUHHE Oyt  TmepenbadyeHo  MiHIMajbHE
apMyBaHHS 3rinHO 7.3.2.

Skwo o, 2 f,, TO WUPUHY TPILIMHA HEOOXITHO
KOHTpOJIFOBaTH  BigmoBigHO 10 7.3.3 abo
BUKOHATH PO3pPaxXyHOK 1 mepeBipKy 3rigHo 7.3.4 i
7.3.1, BpaxoByrOUM KyT MDK HampsMamu

T'OJIOBHOT'O HAIIPYKCHHS 1 apMarypu.
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Annex QQ
(informative)

Control of shear cracks within webs

At present, the prediction of shear cracking in webs
is accompanied by large model uncertainty.

Where it is considered necessary to check shear
cracking, particularly for prestressed members, the
reinforcement required for crack control can be
determined as follows:

1. The directionally dependent concrete tensile
strength f_, within the webs should be calculated

from;

(QQ.101)

where:
f., 1S the concrete tensile strength prior to cracking

in a biaxial state of stress.

o, is the larger compressive principal stress, taken
as positive

0,<0,6f,.

2. The larger tensile principal stress o, in the web
is compared with the corresponding strength f_,
obtained from expression (QQ 101).

If o,<f,, the minimum reinforcement in

accordance with 7.3.2 should be provided in the
longitudinal direction.
If o, > f,, the crack width should be controlled in

accordance with 7.3.3 or alternatively calculated
and verified in accordance with 7.3.4 and 7.3.1,
taking into account the angle of deviation between
the principal stress and reinforcement directions.
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