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np ACTY-H b EN 1992-3:201X
HALIOHANBHUA BCTYN

Llen ctangapT € ToTOXHUM nepekrnag EN 1992-3:2006 Eurocode 2 —
Design of concrete structures — Part 3: Liquid retaining and containment
structures (€Bpokog 2. [lpoekTyBaHHSA 3ani30beTOHHUX KOHCTPYKLiN.
YacTtuHa 3. KOoHCTpyKUiT A4na 30epiraHHA | yTPUMaHHS pignHn).

EN 1992-3:2006 nigrotoBneHo TexHiyHuM komiteTom CENITC 250
«Structural Eurocodes» (byaiBenbHi €Bpokoan), cekpeTapiatoM sIKOro Kepye
BSI (BpuTaHCbKWi IHCTUTYT cTaH4apTIB).

[lo HauioHanbHOro ctaHaapTy OOMYYEHO aHIMOMOBHUN TEKCT.

Ha TepuTtopil YKpaiHu K HauioHanbHWM CTaHgapT gie niBa KONIOHKa TEKCTY
ACTY-H B EN 1992-3:201X «€EBpokoa 2. [NpoekTyBaHHSA 3ani3obeTOHHUX
KOHCTpyKUin. YactuHa 3. KOHCTpyKuil Ans 36epiraHHAa i yTpUMaHHA pigvHn
(EN 1992-3:2006, IDT)», BMknageHa ykpalHCbKOK MOBOIO.

BignosiaHo go ABH A.1.1-1-2009 «OCHOBHI NONOXEHHAY» Len cTaHaapT
BIQHOCUTBLCSA A0 KOMMSIEKCY HOPMAaTUBHUX OOKYMEHTIB Yy ranysi 0yaisHuuTBa
B.2.6 «KoHcTpyKuil 6yanHkKiB i cnopya».

CtangapT MICTUTb BUMOrUW, AKi BiAMOBigalOTb YMHHOMY 3aKOHOOABCTBY
YKpaiHu.

TexHiYHUM KomiTeT, BianosiganbHUM 3a uen ctaHgapT — TK 304 «3axuct
ByaiBens i cnopyay.

[lo cTaHOoapTy BHeCeHO Taki peAaKkuinHi 3MiHu:

- cnoBa «LUen MibXXHapoaHUW CTaH4apT» 3aMiHEHO Ha «LUen ctaHaapT»;

- CTPYKTYPHi enemeHTn ctaHgapty. «ObknaguHkay», «lepeamoBay,
«HauioHanbHWn BCTYN», «3MICT» - 0CPOPMIIEHO 3riAHO 3 BUMOramu HaLioOHanbHOI
cTaHpapTm3sauil YkpaiHu.

[Mepenik HauioHanbHUx ctaHgapTie Ykpainu (QCTY), ineHtnyHmux MC,
nocunaHHs Ha ski € B EN 1992-3:2006, HaBegeHo y [logaTtky HA.

Konii MC, He NpUNHATUX SIK HaUiOHanNbHI CTaHOAPTKU, Ha K € NOCUNAaHHS
EN 1992-3:2006, moxHa oTpumatn B [onoBHOMYy oHAOI HOPMaTUBHUX
pokymeHnTis O «YkpHOHL».

\v



Bctyn

Llen €sponencekuin ctaHgapT (EN 1992-3:2006)
nigrotoeneHun TexHiyHMm komitetom CEN/TC
250 «bypiBenbHi €Bpokoguy», cekpeTapiat
AKoro 3Haxoautbes B BSI (BpuTaHis).

Libomy €BponencbkoMy cTaHgapty mae OyTu
HagaHO CcTaTyC HauioHanbHOro craHgapTy
Wwnsxom nyb6nikauii igeHTu4Horo TekcTty abo
yxBaneHHAM He nisHiwe rpyaHa 2006 p., a
HauioHanbHi cTaHOapTW, SKi  NpoTUpiYaThb,
NOBUWHHI OyTW BigKOPUroBaHi He Mi3Hilwe KBiTHS
2010 p.

Llen €spokoa 3amiHioe ENV 1992-4,

CEN/TC 250 e BignosiganbHum 3a byaiBenbHi
€Bpokoaun.

3rigHo no MiKHapOOHUX npasun
CEN/CENELEC HauioHanbHi  opraHu i3
CcTaHgapTu3auii HacTynHUX KpaiH 06’egHanuChb,
wob BnpoBampKyBaTM LEW EBPOMNENCHKNI
ctangapt: Asctpil, bBbenbrii, Yexii, [OaHi,
QiHnangii, Ppanuii, HimewyunHn, [peuil,
IcnaHgii, lpnaHgii, Itanii, Jltokcembypry,
Manbtn, Higepnangis, Hopserii, MNopTtyranii,
Icnanii, LWeeuii, LWeenuapii Ta Benukoi
BpuTaHir.

MepepnymoBa eBponencbLKOI nporpamu
Jus. EN 1992-1-1.

Mporpama €Bpokoais
Ove. EN 1992-1-1.

CraTyc i cchepa 3acTocyBaHHA €EBpoKoAiB
Oue. EN 1992-1-1.

HauioHanbHi cTaHgapTy, Wo 3abe3nevyoTb
BUKOHaHHA €EBpokoaiB
Oue. EN 1992-1-1.

3B'A30Kk MK €BpokogamMu | rapMoHi-
30BaHUMM TeXHiYHUMK ymoBamm (ENamu Ta
ETAMKM) ons npoaykuii

Owue. EN 1992-1-1.

HopatkoBa iHthopmauis, Wwo BiAHOCUTLCSA
no EN 1992-3 i 3B’asky 3 EN 1992-1-1

O6nacTb 3acTocyBaHHs €Bpokoay 2 Bu3Ha-
yeHa y 1.1.1 EN 1992-1-1, a cdepa 3acTo-
CYBaHH4 Lji€i YaCcTMHU €BpoKoay 2 BU3HAYEHO B
1.1.2 iHWKMX goOaTKOBUX YacTUH €Bpokoay 2,
AKi nnaHyTbed i BkasaHi B 1.1.3 EN 1992-1-1;
BOHM OXOMNIATb AodaTKoBi TexHosnorii abo
BMKOPUCTaHHA | OyayTb [OOMOBHIOBATM i
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Foreword

This European Standard (EN 1992-3:2006) has
been prepared by Technical Committee
CEN/TC 250 "Structural Eurocodes", the
secretariat of which is held by BSI.

This European Standard shall be given the
status of a national standard, either by
publication of an identical text or by
endorsement, at the latest by December 2006,
and conflicting national standards shall be
withdrawn at the latest by March 2010.

This Eurocode supersedes ENV 1992-4.

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, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands,
Norway, Poland, Portugal, Romania, Slovakia,
Slovenia, Spain, Sweden, Switzerland and the
United Kingdom.

Background of the Eurocode programme
See EN 1992-1-1.

Eurocode programme
See EN 1992-1-1.

Status and Field of application of Eurocodes
See EN 1992-1-1.

National Standards implementing Eurcodes
See EN 1992-1-1.

Links between Eurocodes and harmonized
technical specifications (ENs and ETASs) for
products

See EN 1992-1-1.

Additional information specific to EN 1992-3
and link to EN 1992-1-1

The scope of Eurocode 2 is defined in 1.1.1 of
EN 1992-1-1 and the scope of this Part of
Eurocode 2 is defined in 1.1.2. Other Additional
Parts of Eurocode 2 which are planned are
indicated in 1.1.3 of EN 1992-1-1; these will
cover additional technologies or applications,
and will complement and supplement this Part.

\Y
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MOMOBHIOBATU L YacTuHy. byno HeobxigHo
BBecTn B EN 1992-3 kinbka ctaTten, siki He €
cneundivyHmMm - ans KOHCTPYKUin  Ons
30epexeHHst i yTpUMyBaHHA PianHK i CTPOro
HanexaTtb YacTtuHi 1-1. BOHM € Takummu
NOSAACHEHHAMW YacTuHM 1-1, WO MawTb
PUANYHY CURY i NPOEKTHO NigNOPSAKOBYOTLCS
Bumoram  EN 1992-3, i y3rogxylTbca 3
npuHuunamm EN 1992-1-1.

HeobxigHO  3ayBaxuTw, wo  Oyab-gka
npoaykuia, Taka aK OeToHHi Tpybu, wWwo
BUrOTOBNAOTHCS | BUKOPUCTOBYHOTLCS 3rigHO 3i
cTaHgapTamm Ha BOAOHENPOHMKITNBY
npogykuito, 6yge BBaxaTUCb Takow, LWO
BigMnoBigae BMMOram, BKIloYaoum getanisadito,
Lboro craHgapTy 6e3 noaanbLLOro po3paxyHkKy.

€ neBHi NnpaBuna ans NoBEPXOHb KOHCTPYKLi
CXOBMLU, $Ki NpU3HA4YeHi AOns PO3MilLEHHS
Xap4yoBMX NpogykTiB abo nuTHOI BoAW. BoHM
NOBWMHHI ByTM BKasaHi sK HeobXigHi i X
BUKOHAHHS HE OXOMMETLCSA UMM CTaHOapTOM.

Mpn BMKOPUCTAHHI LbOrO0 [AOKYMEHTY Ha
npaktnui ocobnuea ysara nosuvHHa 6yt 0o
NpunyLLEeHb, LLO nexaTb B OCHOBI, Ta 0 YMOB,
HaBegeHux B 1.3 EN 1992-1-1.

[eB’siTb rnae LubOoro JOKYMEHTY CynpOBOLKEHO
yoTupma iHopmaTuBHumKM pgopatkamu. Lli
JoaaTkn BBeAeHO Ans noAaHHsA 3aranbHol
iHbopMaLii Woao maTepiany Ta NOBOOKEHHS
KOHCTPYKLUIii, SKi MOXyTb OYyTM BMKOPUCTaHi y
Bi4CyTHOCTI iHdbopMmaLii cneumndivyHo noB’sa3aHol
3 CcyyYyacHMMM MaTepianamu, WO BUKOPUC-
TOBYHOTbCH, abo peanbHMMKW  yMOBaMU
ekcnnyaTauii.

Ak BkasaHo Buule, B HauioHanbHOMY gogaTky
Mae OyTn nocunanHs, ke byae getanisysatn
iHLWi BUKOPUCTaHI NigTpuMytodi ctaHgapTy. Anga
uiei yactmHn €spokogy 2 ocobnvea yeara
npugineHa EN 206-1 (beToH — ekcnnyaTauinHi
SIKOCTi, BUPOOHULTBO, (DOPMYBaHHS Ta KpUTEPI|
BiQMOBIQHOCTI).

Ona EN 1992-3 3acTtocoBylOTbCA HACTYMHI
JoOaTKOBI Nia-cTaTTi.

LUa vactmHa 3 €Bpokogy 2 OOMNOBHIE
EN 1992-1-1 cTocoBHO cneumdivHnX acnekxTis
KOHCTPYKUiT Ana 36epiraHHa i yTpMMaHHS
piavHK | cnuny4mnx maTtepianis.

Pamku i cTpykTypa uiei YactuHu 3 Bignosigae
EN 1992-1-1. OpgHak, 4actMHa 3 MICTUTb

VI

It has been necessary to introduce into
EN 1992-3 a few clauses which are not specific
to liquid retaining or containment structures and
which strictly belong to Part 1-1. These are
deemed valid interpretations of Part 1-1 and
design complying with the requirements of
EN 1992-3 are deemed to comply with the
principles of EN 1992-1-1.

It should be noted that any product, such as
concrete pipes, which are manufactured and
used in accordance with a product standard for
a watertight product, will be deemed to satisfy
the requirements, including detailing, of this
code without further calculation.

There are specific regulations for the surfaces
of storage structures which are designed to
contain foodstuffs or potable water. These
should be referred to as necessary and their
provisions are not covered in this code.

In using this document in practice, particular
regard should be paid to the underlying
assumptions and conditions given in 1.3 of
EN 1992-1-1.

The nine chapters of this document are
complemented by four Informative Annexes.
These Annexes have been introduced to
provide general information on material and
structural behaviour which may be used in the
absence of information specifically related to
the actual materials used or actual conditions of
service.

As indicated above, reference should be made
to National annexes which will give details of
compatible supporting standards to be used.
For this Part of Eurocode 2, particular attention
is drawn to EN 206-1 (Concrete - performance,
production, placing and compliance criteria).

For EN 1992-3, the following additional sub-
clauses apply.

This Part 3 of Eurocode 2 complements
EN 1992-1-1 for the particular aspects of liquid
retaining structures and structures for the
containment of granular solids.

The framework and structure of this Part 3
correspond to EN 1992-1-1. However, Part 3
contains Principles and Application Rules which



NPUHUMNKX | npaBuna 3acTOCyBaHHSA, SKi
crneumndiyHi ansa KOHCTPYKUii Ansa 36epiraHHs i
YTPUMaHHS pianHun.

Tam, ge cneuundpivyHa nig-ctarta EN 1992-1-1
He 3ragyetbcs B uboMy EN 1992-3, ua nig-
ctatTa EN 1992-1-1 3acTOCOBYETLCS, OCKINbKM
BBaXaeTbCA NPUAATHOI A0 LIbOro BUNAaKy.

Y BuMNagKy, Konm 3MiHIOETLCS YM 3aMiHIOETLCA
npuHuun abo npaBuno BUKOpUCTaHHA B EN
1992-1-1 - nNpUCBOKETLCA HOBUW HOMEpP
wnsaxom gogasaHHsa 100 pgo nepsicHoro
HomMepa. Konu gogaetbca HOBUIA NPUHLMN abo
npasvna BUKOPUCTAHHS, LE MO3HAYaeTbCA
HOMEpPOM, SIKMA NAae 3a OCTaHHIM HOMEPOM Yy
BignosigHin ctatti EN 1992-1-1, 3 nogaBaHHSA
100 po Hboro.

NutaHHa, He oxonneHe EN  1992-1-1,
BBOANTLCH B L0 YACTMHY HOBOW MigcTaTTelo.
Howmep nig-ctaTtTi 4ns uboro nge 3a HanbinbL
nigxogawmum Homepom ctatTti B EN 1992-1-1.

Hymepauisa piBHSAHb, diryp, doTo i Tabnuub B
i YacTuHI ge 3a TUM XXe CaMuUM NPUHLUNOM,
SIK HyMepavuiqa BULLIEBKa3aHNX CTaTeMN.

HauioHanbHun gopatok no EN 1992-3

Llen ctTaHgapT A4ae 3HA4YEHHA 3 NPUMITKaMMU, LLLO
nokasyloTb — € MOXXHa pobUTU HaLioHaNbHUIA
Bnbip. Tomy HauioHanbHU CcTaHdapT, WO
BnpoBagkye EN 1992-3, noBuHeH wmatu
HauioHanbHM [ogaToKk, AKMAM MICTUTb  YCi
HauioHaneHO BM3Ha4yeHi napameTpu, WO
BUKOPUCTOBYBATUMYTbCSl ANS MNPOEKTYBaHHS
KOHCTPYKUil Ons 306epiraHHs | yTpUMaHHSA
pioviHM y OaHin KpaiHi.

HauioHanbHun BuGip nepenbadaeTbca B
EN 1992-3 Taknmu ctattamu:

7.3.1 (111)

7.3.1 (112)

7.3.3

8.10.3.3(102) i (103)

9.11.1 (102)
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are specific to liquid retaining and containment
structures.

Where a particular sub-clause of EN 1992-1-1
is not mentioned in this EN 1992-3, that sub-
clause of EN 1992-1-1 applies as far as
deemed appropriate in each case.

Where a Principle or Application Rule in
EN 1992-1-1 is modified or replaced, the new
number is identified by the addition of 100 to
the original number. Where a new Principle or
Application Rule is added, it is identified by a
number which follows the last number in the
appropriate clause in EN 1992-1-1 with 100
added to it.

A subject not covered by EN 1992-1-1 is
introduced in this Part by a new sub-clause.
The sub-clause number for this follows the
most  appropriate  clause number in
EN 1992-1-1.

The numbering of equations, figures, footnotes
and tables in this Part follow the same
principles as the clause numbering as
described above.

National annex for EN 1992-3

This standard gives values with notes indicating
where national choices may have to be made.
Therefore the national Standard implementing
EN 1992-3 should have a National annex
containing  all Nationally Determined
Parameters to be used for the design of liquid
retaining and containment structures to be
constructed in the relevant country.

National choice is allowed in EN 1992-3
through the following clauses:

7.3.1 (111)

7.3.1 (112)

7.3.3

8.10.3.3 (102) and (103)

9.11.1 (102)

VIl



np ACTY-H b EN 1992-3:201X

VIl



Mp. ACTY-H B EN 1992-3:201X

HALIOHAINIbHUIA CTAHOAPT YKPAIHU

€BPOKO[ 2.
NMPOEKTYBAHHSA 3ANIBOBETOHHUX KOHCTPYKLIA
YACTUHA 3. KOHCTPYKUII AN 36EPIFTAHHSA
| YTPUMAHHA PIOUHU

EBPOKO[ 2.
NMPOEKTUPOBAHWE XENE3OBETOHHbIX KOHCTPYKLM
YACTb 3. KOHCTPYKLUMM O XPAHEHUSA
N YOEPXVBAHWA XNOKOCTU

EUROCODE 2
DESIGN OF CONCRETE STRUCTURES
PART 3. LIQUID RETAINING AND CONTAINMENT STRUCTURES

Po3pnin 1 3aranbHi nonoXxeHHA
1.1Many3b 3acToCyBaHHS

3amiHa ctaTtTi 1.1.2 B EN 1992-1-1 Takum
YUHOM:

1.1.2 Tany3b 3acTocyBaHHsA €Bpokoay 2

(101)P YactmHa 3 EN 1992 oxonntoe ooaaTKoBi
npaeuna pJo npasun YactmHm 1 gnsd
NPOEKTYBAHHA  KOHCTPYKLUiN, 3BeOeHUX 3
HeapMOBaHOro,ManoapMoBaHoro 6eToHy,
3anizobeToHy abo nonepeaHbLO HaMnpyXeHoro
3anisobetoHy ans 36epexeHHs pigkux abo
cUny4mx martepianis.

(102)P MpuHumMnn i npaBuna 3acTOCYBaHHSA
[alTbCA B LM YaCTUHI Ans MpOeKTyBaHHS
€erleMEeHTIB KOHCTPYKLji, ski ©e3nocepeaHbo
YTPMMYIOTb HaKoMMYeHi pianHyn abo maTtepianu
(TobTo ©6e3nocepenHbO HaBAHTaXEHi CTiHW
OyHKepiB, pe3epByapiB 4M cunociB). |HLWiI
enemMeHT, Sk NigTpUMyoTb Ui NEePBUHHI
ernemMeHTH (Hanpwuknag, OyaisenbHa
KOHCTPYKLUiSl, 9Ka NiATPUMYE EMHICTb y GawuTi
BEXi CMCTEeMW BOOOrOHY), MOBWUHHI ByTn
CMNpoeKTOBaHI 3rigHO OO0 NOMOXEHb YaCcTUHN 1-

YnnHamn Big 201 X-XX-XX

Section 1 General

1.1Scope

Replacement of clause 1.1.2 in EN 1992-1-1
by:

1.1.2 Scope of Eurocode 2

(101)P Part 3 of EN 1992 covers additional
rules to those in Part 1 for the design of
structures constructed from plain or lightly
reinforced concrete, reinforced concrete or
prestressed concrete for the containment of
liquids or granular solids.

(102)P Principles and Application Rules are
given in this Part for the design of those
elements of structure which directly support the
stored liquids or materials (i.e. the directly
loaded walls of tanks, reservoirs or silos).
Other elements which support these primary
elements (for example, the tower structure
which supports the tank in a water tower)
should be designed according to the provisions
of Part 1-1.
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1.
(103)P Lis yacTmMHa He CTOCYETbCS:

— KoHCTpyKUin ana cxosuw, MmaTtepianis npwu
OyXXe HU3bKIN | Oy»Xe BUCOKIin TemnepaTypi

— KoHcTpykuin gna cxosuw, HebesneyHux
MaTepianis, NPOTiKaHHA SKUX MOXe MPUBECTU
[0 3arpos3v 300POB'f0 YW A0 HebesneyHoro
pU3nKy

— Bwnbopy i NpoekTyBaHHSA NULIOBaHHA 4K
NOKpUTTIB i Hacnigkis uboro BuOOpy Ha
NPOEKTYBaHHSA KOHCTPYKLUIT

— Cocyais nig TUCKOM
— KoHcTpykKuin, LWo nnasatTb
— Benuknx npamb

— [a30HENPOHWUKHICTI

(104) Len pokymMeHT nMOWMPKETBCA Ha
mMaTtepianu, ski 36epiraloTbCa NpU NOCTINHIN
Temnepartypi B AianasoHi - 40°C i +200°C.

(105) Bubip i NpOeKTyBaHHA NULIOBAHHA 4
NOKpUTTIB  MNOBUHHE OyTM 3pobneHe 3
NOCUIIaHHSM Ha BiANOBIAHI JOKYMEHTH.

(106) BusHaeTtbcs, WO xo4va Uen OOKYMEHT
cneumeiyHO NOB'A3aHMI 3 KOHCTPYKUIAMU Ans
BMICTY pPiauvHM i cunyymx martepianis, NyHKTH,
sIKi pO3rNsgalTb NPOEKTYBAHHS 3 ypaxyBaHHAM
BOOOHENPOHUKHOCTI, MOXYTb ByTn NnpuaaTHi o
iHWKWX TuWMiB KOHCTPYKUiN, Ae HeobxigHa
BOLOHENPOHUKHICTb.

(107) B cTtaTTaX, LLO CTOCYOTHCA NPOTIKaHHS Ta
JOBroBiYHOCTI, Len DOKYMEHT
PO3MNOBCIOKYETLCH, B OCHOBHOMY, Ha BOAHI
pianHn. Tam, ge iHWi piguHu 306epiratoTbes B
NPSIMOMY KOHTAaKTi i3 OyagiBenbHUM GeToHOM,
noBMHHO OyTn 3pobrneHe nocunaHHa Ha
cneuianbHy nitepartypy.

1.2 HopmaTuBHi NOCUNaHHA

HacTynHi HOpMaTUBHI [OOKYMEHTW MICTATb
MOMNOXEHHS, Ha $Ki € MOCUIMaHHA B LbOMY
€BponericbkoMy cTangapTi. [ns aaTtoBaHuUx
nocunaHb, HaCTyNHi nonpaskn abo nepernaan
umnx nybnikauin He NpUAHATHI. OaHaK, y4acHWUKN

(103)P This part does not cover:

— Structures for the storage of materials at very
low or very high temperatures

— Structures for the storage of hazardous
materials the leakage of which could constitute
a major health or safety risk

— The selection and design of liners or coatings
and the consequences of the choice of these
on the design of the structure

— Pressurised vessels
— Floating structures
— Large dams

— Gas tightness

(104) This code is valid for stored materials
which are permanently at a temperature
between — 40 °C and +200 °C.

(105) For the selection and design of liners or
coatings, reference should be made to
appropriate documents.

(106) It is recognised that, while this code is
specifically concerned with structures for the
containment of liquids and granular materials,
the clauses covering design for liquid tightness
may also be relevant to other types of structure
where liquid tightness is required.

(107) In clauses relating to leakage and
durability, this code mainly covers aqueous
liquids. Where other liquids are stored in direct
contact with structural concrete, reference
should be made to specialist literature.

1.2 Normative references

The following normative documents contain
provisions that, though referenced in this text,
constitute provisions of this European
Standard. For dated references, subsequent
amendments to, or revisions of, any of these



yroau Wwoao Luboro €sponencbkoro cTaHgapTy
nependavaloTb  OOCHIMKEHHST  MOXMMBOCTI
BUKOPUCTaHHSA HanbinbL Ba>KINMBUX
dopMyrioBaHb  HOPMATUBHUX  [OKYMEHTIB,
BKasaHuX Hxk4e. [1nsg HegaToBaHUX NocurnaHb
NPUAHATA ON9  BWKOPUCTAHHSA  OCTaHHS
peaakuis HOpMaTUBHOIO AOKYMEHTY.

EN 1990 €epokod. OcHo8U rpoeKkmyeaHHs
KOHCMpYyKUiU

EN 1991-1-5 €8pokod 1. il Ha KOHCMPYKUi.
YacmuHa 1-5. 3azanbHi dii. Tennosi Oii

EN 1991-4 €epokod 1. [ii Ha KOHCMpPyKUji.
Yacmuna 4. byHkepu i pesepsgyapu

EN 1992-1-1 €gpokod 2. [NpoekmyeaHHs
3anizobemoHHUX KOHcmpykuyit. YacmuHa 1.1.
BaezarnbHi npasuna i npasusia 515 criopyd

EN 1992-1-2 €8pokod 2. [lpoekmysaHHs
3anizobemoHHUX KOHcmpyKuit. YacmuHa 1.2.
3azarnbHi MOJI0XKEHHS. Po3spaxyHok
KOHCMpYKUilU Ha 8o2HecmiliKicmb

EN 1997, €epokod 7. [eomexHidyHe rpo-
€eKMmyB8aHHS.

1.6 MNo3HauyeHHA

JJonoBHeHHs nicna 1.6

1.7 CneuianbHi cMMBONN, BAKOPUCTaHI B
yacTuHi 3 EBpokoay 2

JlamuHcbKi 3a207108HIi cUMBOTU

Rax MNOKa3HMK, WO BW3HA4Ya€e CTyMiHb
OOMEXEHHSI OCbOBOIMO MEpPEMILLEHHS,

3abesneyeHoro B’'A39MMU,
NPUKPINIEHUMM OO0 enemeHTa, Lo
pPO3rnsiaaeTbes

Rm  MOKasHWK, WO BW3HA4ae CTyMiHb
0OMEXEHHS KyTOBOIO NEpPEMILLEHHS, 3a-
©e3neyeHoro B’3aMu, NpPUKpINNeHnMm
[0 eNeMeHTa, Lo po3rnsaaaeTbes

np ACTY-H b EN 1992-3:201X

publications do not apply. However, parties to
agreements based on this European Standard
are encouraged to investigate the possibility of
applying the most recent editions of the
normative documents indicated below. For
undated references, the latest edition of the
normative document referred to applies.

EN 1990, Eurocode, Basis of structural
design

EN 1991-1-5, Eurocode 1, Actions on
structures — Part 1-5: General Actions -
Thermal actions

EN 1991-4, Eurocode 1, Actions on structures
— Part 4: Silos and tanks

EN 1992-1-1, Eurocode 2, Design of concrete
structures — Part 1.1: General rules and rules
for buildings

EN 1992-1-2, Eurocode 2, Design of concrete
structures — Part 1.2: General rules — Structural
fire design

EN 1997, Eurocode 7: Geotechnical design

1.6 Symbols
Addition after 1.6

1.7 Special symbols used in Part 3 of
Eurocode 2

Latin upper case symbols

Rax factor defining the degree of external
axial restraint provided by elements
attached to the element considered

Rm  factor defining the degree of moment
restraint provided by elements attached
to the element considered
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JlamuHchbKi npornucHi nimepu

foix NPUAHATE 3HAYEHHS MiLLHOCTi 6eTOHY Ha
po3sTar

foacr  XapaKTepUCTUYHE 3HAYEHHSI MILHOCTI
GEeToOHy Ha CTUCK 3 BpaxyBaHHSAM
TemnepaTypHOro BrnnBy

peubki cumsonu

Eav cepenHs BigHOCHa aedopmalis
enemeHTa

Eaz Jitoya BigHOCHa gedopmalia Ha piBHI
z

iz BHYTPIiLWHA gedopmMallis Ha piBHi z,
CrpuYMHEHa 3aKpinneHHaM

ETr TMMYacoBa TemnepaTtypHa
Aedopmadis

ETh BiNbHa TemnepaTypHa gedopmadis
6eToHy

Po3pin 2 OcHOBM NpoeKTyBaHHA
2.1 Bumoru

2.1.1 OcHOBHi BUMoOrun
[onosHeHHs1, criigytoye nicnga (3):

(104) MpoekTHi cuTyalii, Wo po3rnagarTbes,
noBuHHI Bignosigatn EN 1990, EN 19914 Ta
EN 1991-1-5, posgin 3. Kpim Toro, ans
OETOHHMX | 3ani300eTOHHUX KOHCTPYKLIN,
npuaHadeHnx nnga 36epiraHHa | yTpUMaHHS
PiaVHN, MOXYTb OYyTM BaXXKNUBMMM HACTYMHI
cneuianbHi NPOEKTHI cuTyauii:

— YMoBM ekcnnyaradii, Wwo nependavarTb
3I1MB | HANOBHEHHS;

— Bubyxn nuny;
— Tennosi edekTn, 06yMoBnNeHi, Hanpukniag,

mMartepianamu, wWo 3bepiraotbes, abo
TemnepaTypor cepeaoBuLLa;

— Bumorun oo sunpobyBaHb pe3epByapiB Ha
BOOOHEMPOHUKHICTb.

Latin lower case symbols

fax  tensile strength, however defined

fektr  characteristic compressive strength of
the concrete modified to take account
of temperature

Greek symbols

Eav average strain in the element

Eaz actual strain at level z

Eiz imposed intrinsic strain at level z

ETr transitional thermal strain

ETh free thermal strain in the concrete

Section 2 Basis of design

2.1 Requirements

2.1.1 Basic requirements
Addition following (3):

(104) The design situations to be considered
should comply with EN 1990, EN 1991-4 and
EN 1991-1-5, chapter 3. In addition, for liquid
retaining and containment structures made
with concrete, the following special design
situations may be relevant:

— Operating conditions implying patterns of
discharge and filling;

— Dust explosions;

— Thermal effects caused, for example, by
stored materials or environmental

temperature;

— Requirements for testing of reservoirs for
watertightness.



2.3 OCHOBHi 3MiHHi

2.3.1 Bnnuewu Ta gji cepepoBuLla

2.3.1.1 3aranbHi BipoMocTi

[onosHeHHs nicnsa (1):

(102)P YactkoBi nokasHukn 6Gesnekn ans
BMMMBIB Ha KOHCTPYKUii Ana 36epiraHHs i
yTPUMaHHA pignHn HagalTbesa B HopmaTtus-
Homy gopatky B EN 1991-4.

(103) Bnnuem rpyHTY Ta rpyHTOBUX BOZ, MOBUHHI
OyTn BpaxosaHi 3rigHo 4o EN 1997.

2.3.2 BnactuBocTi MaTepiany Ta npoaykuii

2.3.2.3 BnactuBocrTi
repmMeTUYHOCTI

6eToHY wonao

(101) Axkwo BUKOPUCTOBYETLCA MiHIManbHa
TOBLUMHA enemeHTy, Bu3HayeHa B 9.11 (102),
TO MOXe oyTn noTpibHe HU3bKe
CMiBBIAHOLWEHHS BOAW/LUEMEHTY, Tak camMo
yBara noBuHHa 6yTu npugineHa obBMeXeHHHo
MaKCMMaribHOro po3mipy 3anoBHoBaya.

Pozain 3 Matepianu
3.1 beToH

3.1.1 3aranbHi nonoXxeHHs

(103) Mpu npoekTyBaHHI HeOGXigHO GpaTn A0
yBarn BMAfMB TemnepaTypyu Ha BNacTUBOCTI
OeToHy.

MPUMITKA  Mopanbwy iHdopMauilo MOXHa
3HanTu B lHdpopmaTmeHOMy goaatky K.

3.1.3 MNMpyxHa aecdopmauisn

3aMiHnTK (5) Ha Take:

(105) Axkwo He pocTynHa OinNbw To4YHA
iHdbopMauisi, NiHINHKUIN KoedilieHT TennoBoro
PO3LUMPEHHA MOXe ByTu piBHuM 10 x 10°° KL,
Cnig 3asHaunTn, Wwo koedilieHT TennoBoro
PO3LWKNPEHHS GETOHY CYTTEBO 3anexuTb Big
TUNY 3anoBHIOBa4a i YMOB BOJSIOrOCTi B 6ETOHI.

np ACTY-H b EN 1992-3:201X

2.3 Basic variables
2.3.1 Actions and environmental influences
2.3.1.1 General

Addition after (1):

(102)P The partial safety factors for the actions
for liquid retaining and containment structures
are set out in Normative Annex B of EN 1991-4.

(103) Actions resulting from soil or water within
the ground should be obtained in accordance
with EN 1997.

2.3.2 Material and product properties

2.3.2.3 Properties of concrete with respect
to watertightness

(101) If the minimum thicknesses of the
member given in 9.11 (102) are used then a
lower water-cement ratio may be required and,
consideration should be given to a limitation to
the maximum aggregate size.

Section 3 Materials
3.1 Concrete
3.1.1 General

(103) The effect of temperature on the
properties of concrete should be taken into
consideration in design.

NOTE Further information may be found in
informative Annex K.

3.1.3 Elastic deformation
replace (5) by:

(105) Unless more accurate information is
available, the linear coefficient of thermal
expansion may be taken as equal to
10 x 10°® K. It should be noted, however, that
coefficients of thermal expansion of concrete

vary considerably depending on the aggregate
type and the moisture conditions within the
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3.1.4 NoB3yuicTb i ycaaka

Ho6asuTtu nicns npasuna (5)

(106) Tam, ge enemeHTV Nignanu nig Tpueany
Aito Bucokoi Temnepatypu (> 50° C), BnnuB
NOB3Y4YOCTi3HAYHO 3MIHIOETBCA. Tam, ge ue
Ba)XXIIMBO, TO, K MPaBWNO, HEODXiaHO OTpMMAaTK
OaHHi, aKi nigxoaate Ans BignNoBigHMX YMOB
po0OTK ENEMEHTIB.

MPAMITKA HacTtaHoBa naeTbes B
iHdbopmaTueHoMy gogaTky K wodo ouiHkn edekTis
MoB3y4OCTi NpK BiANOBIAHIN TeMnepaTypi.

3.1.11 TennoBuAaineHHs i 3MiHa
TeMnepaTypu BHacnifok rigpartadii

(101) Tam, ge ymoBu Ha ctagii byaiBHUUTBa
BBaXalOTbCA  iICTOTHUMM,  XapaKTEPUCTUKK
TENMOBUAINEHHS ONs NEBHOrO LEMEHTY, K
npaBuIio, NOBWHHI By TN oTpUMaHi B pe3ynbTari
TecTiB. PakTUyHEe TennoBUAINEHHS MOBUHHO
OyTn BM3HAYEHO 3 ypaxyBaHHSM O4iKyBaHWUX
YMOB B NO4YaTKOBUA nepiog iCHyBaHHS
ernemMeHTy (Hanpwvknag, BATPUMYBaHHS, yMOBW
HaBKOJMMLLHLOIO cepenosuLla). MakcumansHum
nignoMm TemnepaTtypu i Yyac TBepAiHHA nicns
3anMBaHHA BM3HaA4YaloTb 3i CKragy Cymili,
Bnactmeocten onanybku, oOToudyluMx Ta
rPaHNYHNX YMOB.

3.2 Ctanb Ans apMyBaHHS
3.2.2 BnactmBoCTi

(107) Onsa apmaTypHMX cTanewn, LWwo nigaarTees
BNAMBY TemnepaTypu B mexax Big -40°C go
+100°C (9KWwWo He npoBOAATb cneuianbHe
OOCNIMKEHHS), NOCUNaHHA MNOBUHHE OyTu
3pobneHe y nyHkTi 3.2.2 EN 1992-1-1. Ons
Oinbw BuUCOKOI TemnepaTtypu iHdopmauis
paetbca B 3.2.3 EN 1992-1-2. Ulogo
penakcauii npu TemnepaTtypi Buwe 20°C,
amBucb 10.3.2.2 EN 1992-1-2.

3.3 HanpyxyBaHa apmaTypa
3.3.2 BnactuBocTi
(110) Ansa HanpyXyBaHX apMaTypHUX Npsiaen,

LLIO MigAaroThCs BMAMBY TEMMEPATYPU B MEXax
Big -40 ° C go +100 ° C (aKwo He npoBoAATb

concrete.

3.1.4 Creep and Shrinkage
Addition after application rule (5)

(106) Where the elements are exposed for
substantial periods to high temperature
(> 50 °C), creep behaviour is substantially
modified. Where this is likely to be significant,
appropriate data should generally be obtained
for the particular conditions of service
envisaged.

NOTE Guidance is given in Informative Annex K
on the estimation of creep effects at elevated
temperatures.

3.1.11 Heat evolution and temperature
development due to hydration

(101) Where conditions during the construction
phase are considered to be significant, the heat
evolution characteristics for a particular cement
should generally be obtained from tests. The
actual heat evolution should be determined
taking account of the expected conditions
during the early life of the member (e.g. curing,
ambient conditions). The maximum
temperature rise and the time of occurrence
after casting should be established from the mix
design, the nature of the formwork, the ambient
conditions and the boundary conditions.

3.2 Reinforcing steel
3.2.2 Properties

(107) For reinforcing steels subjected to
temperatures in the range -40 to +100 °C (if no
special investigation is made) reference should
be made to EN 1992-1-1, clause 3.2.2. For
higher temperature, information is givenin 3.2.3
of EN 1992-1-2. For relaxation at temperatures
above 20 °C, see 10.3.2.2 in EN 1992-1-2.

3.3 Prestressing steel
3.3.2 Properties
(110) For prestressing strands subjected to

temperatures in the range -40 to +100 °C (if no
special investigation is made) the same values



cneuyjianbHe AOCNIOKEeHHS), 3HAa4YEHHS MILHOCTI i
penakcauii npuAmalroTb Ti XK, WO i npu
«HOpManbHUX TemnepaTypax». [Ona 6inbw
BUCOKUX TeMNepaTyp iHhopmaLlis BCTaHOBNEHa
B 3.2.4 EN 1992-1-2.

Po3ain 4 [loBroBiYHiCTb Ta 3aXUCHUN
wap Aana apmatypu

4.3 Bumoru woao AoBroBiYHOCTI
Hopaetbea nicna 4.4.1.2(13)

(114) AGpasvBHE 3HOLUEHHSA BHYTPILWHbLOT
NMOBEPXHi CTIH CWUNOCIB MOXe BU3BaATU
3abpyagHeHHa maTtepianis, Wo 30epiraoTbes,
abo Bege OO0 3HAYHMX PYWMHYBaHb CXOBULLA.
MoxyTb MaTu Micue Tpu mexaHiamu abpasii:

— MEXaHiYHU BMAMB BHACMIAOK Mpoueccy
HaNOBHEHHS! i CNOPOXKHEHHS.

— Pi3vYHUI BNMB BHACNIAOK epo3ii Ta Koposil
npw 3MiHi TemnepaTypu Ta yMOB BOJSIOrOCTi.

— XiMiYHMA BNNMB BHACMIQOK peakuil Mix
©eToHOM Ta MaTepianom, o 36epiraeTbces.

(115) TMMoBWHHI OYTM NPUAHATI  BiQNOBIAHI
3axoau, abv rapaHTyBaTu, WO eNeMeHTH, SKi
nignagatoTb nig gito abpaasii, byayTe 36epiratu
ekcnnyatauinHy npuaaTHICTb Ha NPOEKTHUM
TEpPMiH poboTu.

Po3ain 5 KOHCTPYKTMBHUIA pO3paxyHOK
Jopaetbes nicna 5.11

5.12 BusHa4eHHS Ain Temnepatypum

5.12.1 3aranbHi BigoOMoOCTi

(101) To4Hum aHania NOB3Yy4OCTi Ta ycagku
Moxe OyTM BWKOHaHUA 3 BUKOPWUCTAHHAM
nonoxeHb 3.1.4 Ta pogaTtky B EN 1992-1-1.

(102) B KOHCTpyKUiAX, MpuU3Ha4YeHnx Aans
30epiraHHsa, MOXYTb  BUHWUKHYTWU  BUCOKI
TemnepaTypHi nepenagv y Bunagkax, SKLIO
Martepian, skun 30epiraeTbcs, € TakuMm, LWO
HarpiBaeTbcsi caM, abo AKLLO MOro yKnaaaTb B

np ACTY-H b EN 1992-3:201X

for strength and relaxation apply as for "normal
temperatures". For higher temperatures,
information is given in 3.2.4 of EN 1992-1-2.

Section 4 Durability and cover to
reinforcement

4.3 Requirements for durability
Addition after 4.4.1.2 (13)

(114) Abrasion of the inner face of the walls of
a silo may cause contamination of the stored
material or lead to significant loss of cover.
Three mechanisms of abrasion may occur:

— mechanical attack due to the filing and
discharging process.

— physical attack due to erosion and corrosion
with changing temperature and moisture
conditions.

— chemical attack due to reaction between
the concrete and the stored material.

(115) Appropriate measures should be taken to
ensure that the elements subject to abrasion
will remain serviceable for the design working
life.

Section 5 Structural analysis
Addition after 5.11

5.12 Determination of the effects of
temperature

5.12.1 General

(101) Rigorous analyses may be carried out
using the provisions of 3.1.4 and Annex B of
EN 1992-1-1 for creep and shrinkage.

(102) In storage structures, high temperature
gradients may occur where the stored material
is either self heating or is put into the structure
at high temperature. In such circumstances
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KOHCTPYKLitO NPy BUCOKI TemnepaTypi. Y Takux
BMNagkax  HeobxigHuM €  oBymcneHHs
pesynbTylouMx TemnepaTypHux nepenagis Ta
BiANOBIAHMX BHYTPILLHIX CMUM | MOMEHTIB.

5.13 O64mncneHHs [in BHYTPilWHbLOro
TUCKY

(101) BHyTpiwHiIM TUCK Big MaTepianis y
TBEPAOMY arperaTtHoMy cTaHi 6e3nocepeaHb0
Ai€  Ha BHYTPILWHIO MNOBEPXHIO  BeToHy.
BHyTpiLWHin TUCK Bif piavH, Y BiACYTHOCTI BinbLu
TOYHOrO aHarnisy, MoXxe NPUAMaTUCh TakUM, LLIO
Ai€ B LEHTPI yTPUMYHOYOro eNeMeHTy.

Po3pin 6 NpaHnyHi cTaHu
Hopaetbea nicna 6.2.3(8)

(109) MNMpun BNBOPI KyTa MiX BICCHO YMOBHOIO
CTUCHYTOro OETOHHOro efieMeHTa Ta BiCCto
ernemMeHTa, nepneHanKynsapHoro o
nonepeYHnx HanpyxeHby epMoBiii Mogeni no
6.2.3(2), ns po3paxyHKy onopy 3pidy NOBUHEH
npuiMaTmuca 4O yBaru BrfvMB MOBUX 3HaYHMX
npuknageHnx HanpyXeHb po3Tary.
KoHcepBaTuBHO, cot6 moxe npuimaTUCb 3a
1,0. Takox MOXe  BMKOPUCTOBYBATUCH
npouegypa, HasegeHa B pgogatky QQ
EN 1992-2.

JopaeTtbea nicnsa 6.8

6.9 BpaxyBaHHSI MOXNUBUX BUOYXiB
nuny

6.9.1 3aranbHi BigoMocCTi

(101)P Axkwo OyHkepn npuaHadeHi Ona
poO3MilleHHa  MaTtepianis, sKi  MOXYTb
CTaHOBMTM  Hebe3neky  BuOyxy  nuny,
KOHCTPYKLUiA noBnHHa OyTn abo po3paxoBaHa
Ha pe3ynbTyIUYMN OYiKyBaHUN MakCUManbHUN
TUck, abo  3abeaneyeHa  BignNOBigHOWO
BEHTUNALIEI0, SIKa A03BONNTb 3MEHLINTU TUCK
Jo NPUAHSTHOIO PiBHSI. BignosigHi
HaBaHTaXEHHS, WO BUHWUKAIOTb B pe3ynbTraTi
BMOyxy nuny, posrnsgatoteca B EN 1991-4,
3aranbHi MOMOXEHHSA CTOCOBHO NPOEKTYBaHHS
npn Bubyxax - B EN 1991-1-7, kpim TOrO,
MOBMHHI BpaxoByBaTUCb y nyHkTax (101) Ta
(105)B6.9.2.

(102)P BoroHb, WO BUKMOAETLCHA 4Yepes

calculation of the resulting temperature
gradients and the consequent internal forces
and moments will be necessary.

5.13 Calculation of the effects of internal
pressure

(101) The internal pressure from solid materials
acts directly upon the inner surface of the
concrete. In the absence of a more rigorous
analysis, internal pressure from liquids may be
assumed to act at the centre of the retaining
members.

Section 6 Ultimate limit states
Addition after 6.2.3 (8)

(109) The choice of strut angle in 6.2.3(2) for
shear resistance should take into account the
influence of any significant applied tension.
Conservatively, cotd may be taken as 1,0. The
procedure in Annex QQ of EN1992-2 may also
be used.

Addition after 6.8

6.9 Design for dust explosions

6.9.1 General

(101)P Where silos are designed to contain
materials which may pose a risk of dust
explosions, the structure shall either be
designed to withstand the resulting expected
maximum pressures or be provided with
suitable venting which will reduce the pressure
to a supportable level. The appropriate loads
resulting from dust explosions are dealt with in
EN 1991-4 and general considerations relating
to design for explosions in 1991-1-7 however,
the points in 6.9.2 (101) to (105) should be
noted.

(102)P Fire expelled through a venting outlet



BEHTUNALIMHNIA OTBIp, HE NOBMHEH 3aBAaBaTU
LWKOAN HAaBKOSMMLLUHBOMY CepedoBuLly i He
MOBMHEH MNPMU3BOANTU OO0 BMOYXiB B iHLIMX
yacTuHax OyHkepa. Pu3ukm, ki CTaHOBNSATH
ana nogen ckno abo iHWi  ynamku, LWo
po3niTatoTbCs, MOBUHHI OyTn 3BedeHi Ao
MiHIMyMY.

(103) BeHTURAUiNHI OTBOPW MOBMWHHI BeCcTU
npsaMo OO0  BiOKPUTOrO  MNOBITPA  Yepes
nependaveHi BeHTUNSALUINHI  BMXOAW, LWIO
3MEHLUYIOTb TUCK BUOYXY.

(104) BeHTuNAUiNWHI cuCTEMM MOBUHHI ByTK
BKMOYEHI HA HU3bKUMA TUCK i MaTU HU3bKY
iHepuito.

(105) Bnnueu Bnbyxis nuny cnig posrnsgatu
AK BUNagKoBi nogii.

6.9.2 NpoeKTyBaHHA eNneMeHTIiB
KOHCTPYKLUil

(101) MakcmanbHUM TUCK BHaCNiAOK BUDYXIB
Ma€e Micue B MOPOXHIX CUIOCHMX ByHKepax,
OfdHaK, TUCK B YacCTKOBO 3arOBHEHOMY
cunocHomy ByHKepi B NnoegHaHHI 3 BigMOBIgHNM
TMCKOM BiZ Macu matepiany MOXe npueectn oo
BinbLU KPUTUYHMX MPOEKTHMUX YMOB.

(102) TlpM BMHMKHEHHI iHEpUiHMX cun
BHACNIAOK LWBWAKOrO 3BifIbHEHHS rasy, 3a SKUM
BiAOYBAETLCA OXONOMKEHHSI rapsyoro Aumy,
MOX€ BUHUKHYTU TUCK HUXYe aTMOCKEepPHOro.
Lle HeobxigHO B3ATM 4O yBarM npu
NPOEKTYBaHHI  KOHCTPYKLUii-0BONOHKKM  Ta
erleMEeHTIB, WO 3HaxXoOATbCH Ha LMAXy pyxy
rasis.

(103) EnemeHTn, Lo YyTBOPHOOTb
BEHTUNALUIMHWIA  MPUCTPIN, MNOBUHHI  OyTK
HadiMHO 3aKpinmneHi i He MOBWHHI JogasaTtn
puU3MK, NOB'A3aHMMA 3  yrnaMkamu, Lo
posnitatoTbCs.

(104) Mpwn NPOEKTYBaHHI eNeMeHTIB
KOHCTPYKLUiT MOBMHHI OYTW NPUNHATI OO yBaru
CUNN peakuin, SKi BUHUKAOTbL NPU NagiHHI
TUCKY 3aBOSIKWM BEHTMRALI.

(105) Y BuMnagkax KOMMMEKCHOCTI YCTaHOBOK
abo BWCOKOr0O PU3NKY MOLWIKOAXEHb, SKi
BUHMKAOTb Npun BUbYXxy, Tpeba 3BepTaTmcs 3a
crneuiani3oBaHOO JOMOMOIOH0.

np ACTY-H b EN 1992-3:201X

shall not cause any impairment of the
surroundings nor cause explosions in other
sections of the silo. Risks to people due to
flying glass or other debris shall be minimised.

(103) Vent openings should lead directly to
open air through planned venting outlets,
which reduce the explosion pressure.

(104) Venting systems should be initiated at low
pressure and have low inertia.

(105) Actions due to dust explosions should be
treated as accidental actions.

6.9.2 Design of structural elements

(101) The maximum pressures due to
explosions occur in empty silo bins, however,
the pressures in a partly filled silo bin combined
with the corresponding pressures from the bulk
material may lead to a more critical design
condition.

(102) When inertia forces arise due to a rapid
discharge of gas followed by cooling of the hot
smoke, a pressure below atmospheric may
occur. This should be taken into account when
designing the encasing structure and members
in the flow path.

(103) The elements forming a venting device
should be secured against flying off and adding
to the risks from flying debris.

(104) As pressure relief due to venting occurs,
reaction forces are generated which should be
taken into account in the design of structural
members.

(105) Specialist assistance should be sought
where complex installations are contemplated
or where explosions might pose a high risk of
injury.
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Pospgin 7 TIpaHM4yHi cTaHMm 3a
npupaTHicTIO A0 eKcnnyaTtauil

7.3 PO3TPICKYBAHHA
7.3.1 3aranbHi NuTaHHA

Hopaetbea nicnga (9)

(110) MpunHaTo KnacudikyBaTU KOHCTPYKLUT,
wo 3bepiraloTb i YTPUMYIKOTb PiauHY, B
3anexHocTi  Bi4  CTyniHi  3axucty  Big
NPUNYCTUMOro npoTikaHHA. Y Tabnuui 7.105
HaBedeHo Knacudikadito. HeobxigHo
3ayBaxuTn, WO BCi OeToHM npunyckawTb
NPOXOAXEHHS Manoi KiNbKOCTI pignHn abo rasy
3a paxyHok amdysil.

Section 7 Serviceability limit states

7.3 CRACKING

7.3.1 General considerations
Addition after (9)

(110) Itis convenient to classify liquid retaining
structures in relation to the degree of protection
against leakage required. Table 7.105 gives the
classification. It should be noted that all
concrete will permit the passage of small
quantities of liquids and gasses by diffusion.

Tab6nuua 7.105 - Knacudikauiss npOHMKNUBOCTI

Table 7.105 - Classification of tightness

Knac npoHuknuBocTi
Tightness Class

Bumoru no npoTikaHHA
Requirements for leakage

MpurHATHa Byadb-Ska CTyniHb NPOTiKaHHA abo NPOTIKaHHA PianHW He

0 CcyTTEBE
Some degree of leakage acceptable, or leakage of liquids irrelevant
MpoTikaHHA 0BMEXYETLCS HEBENMKOIO KifbKiCTto. MpUnHATHE Byab-sike
3abapBneHHsa noBepxHi abo Bonori nsMm
1
Leakage to be limited to a small amount. Some surface staining or
damp patches acceptable
MpoTikaHHA MiHIManbHe. Hemae noripLeHHs 30BHILLHbOro BUrNaay
2
Leakage to be minimal. Appearance not to be impaired by staining
He ponyckaeTbcst NpoTiKaHHSA
3

No leakage permitted

(111) TlpurHATHI MeXi pO3TPiCKyBaHHS B
3anexHoCTi Big kKnacudgikauil enemeHTa, WO
po3rnsaacTbes, MOBUWHHI obupaTtuce,
BiANOBIOHO A0 BKa3aHO! PYHKLIT KOHCTPYKLUI.
Mpwn BigcyTHOCTI cneundivHNX BUMOr MOXHa
NPUAHATN HaCTYMNHe:

Knac nponuknmeocTi 0. — wMOXyTb O6yTn
NPUIAHATI nonoxeHHsa 7.3.1 EN 1992-1-1.

Knac npoHuknueocTi 1. — Gyab-Ki O4iKyBaHi
HACKpIi3Hi TPILLMHMNOBMHHI 0GMEXYBaTUCh Wii.
MonoxeHHs 7.3.1 EN 1992-1-1
3aCTOCOBYIOTbCA Tam, e TpiluMHM  He
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(111) Appropriate limits to cracking depending
on the classification of the element considered
should be selected, paying due regard to the
required function of the structure. In the
absence of more specific requirements, the
following may be adopted.

Tightness Class 0. — the provisions in 7.3.1 of
EN 1992-1-1 may be adopted.

Tightness Class 1. — any cracks which can be
expected to pass through the full thickness of
the section should be limited to wii. The
provisions in 7.3.1 of EN 1992-1-1 apply where



nponxoasaTb 4epe3 yBecb nepepis i ge
HaBefeHi Hwk4ye ymoBu (112) Ta (113)
BMKOHYIOTbCS.

Knac npoHUKNUBOCTI 2. — HACKPIi3HUX TPILLUH
HeobXxigHo 3anobiraTi, AKLWO BiANOBIOHI 3axoan
(Hanpuknaa, nNuuloBaHHS, BOAsHI bap’epn) He
BMNpOBamXeHO.

Knac npoHuknuBocTi 3. — 3a 3BM4an, cnewjanbHi
3axogn  (Hanpuknag,  npoknagkum  abo
nonepeaHe HanpyxeHHs ) byayTe HeobxiaHi abu
3a6e3nevnTn BOOOHENPOHUKIUBICTb.

MPUMITKA 3HaueHHs wk1 ANS BUKOPUCTaHHSA B
KpaiHi MOXXHa 3HaWTK B 1i HaUjoOHaNbLHOMY Jo4aTKy.
PekomeHaoBaHi 3Ha4yeHHA ANSA KOHCTPYKUIRN, WO
30epiraloTb i yTpUMyOTb BOAY, BU3HAYalOTbCS SIK
OYHKUIS BiQHOLLEHHS rigpocTaTu4Horo Tucky ho oo
TOBLUMHWU CTiHW YTPUMYIOYOI KOHCTPYKUii h. Mpwn
ho/h <5 maemo wii= 0,2 mm, a npu ho/h=35 maemo
Wk1= 0,05 Mm. [1nst npOMiDKHUX 3HAYEHb BiAHOLLEHHS
ho/h MOXe BMKOPUCTOBYBaTUCH niHinHa
iHTepronsuig. OBMeXeHHS LUMPUHW TPILLMH LMK
3HaYeHHsMU Npusege 0o ePeKTUBHOI repmeTumsail
Ha BIJHOCHO KOPOTKUI Yac.

(112) Abu 3abesneunTn agekBaTHY rapaHTito
O551 KOHCTPYKLUin knacie 2 abo 3, Wwo TpiLuHM
He NponayTb Kpisb YBeCb nepepis, NPOeKTHe
3Ha4YeHHA BMCOTU CTUCHYTOI 30HW MOBWHHO
OyTH K MiHIMYM Xmin, PO3paxoBaHNM 4115 KBa3i
- MocTinHOT KoMOiHauii BnnuBiB. Tam, pge
nepepis nignagae nig Ail0 3MiHHUX BNMBIB,
HeoOXigQHO PO3rMNAHYTM HACKPI3Hi  TPILUHWK,
AKLLO HEe MOXKHa nokasaTw, Lo Aeska YacTuHa
nepepizy 6yge  3aBxauM  3anuwiaTtucb
CTUCHYTOM. LI BUCOTa CTUCHYTOI 30HN GETOHY
Mae Byt 9K MiHIMYM Xmin NPV BCiX BignoBigHNX
KomOiHauisx BnnueiB. PesynbTat BMnuBeiB
MOXyTb OyTn o6umcrnieHi npu MNPUNYLLEHHI
NIHINHO-NPYXHOTO MOBOXKEHHA MaTepiany.
Pe3ynbTylodi Hanpy>KeHHs1 B Nepepisi NOBUHHI
OyTn oBUMNCIIEHI, HEXTYIOUN PO3TArOM OETOHY.

MPUMITKA 3HayeHHs Xmin ANS BUKOPUCTAHHSA B
KpaiHi MOXXHa 3HaMTK B Ti HaUioHanbHOMY AoAaTKy.
PekomeHgoBaHMM 3HA4YEHHSM Xmin € MeHWe 3 50
MM abo 0,2h, ge h — ToBWHNHA enemeHTy.

(113) Akwo 3acTOCOBYOTLCA NOMOXKEHHSA 7.3.1
(111) wopo knacy nponuknueocTi 1, Toai
OYIKYETbCHA, WO TPILWMHK, Kpisb SAKi Boda
npoTikae, MOXyTb OyTu 3awnapoBaHi B
ernieMeHTax, aKi He 3a3Hanu 3Ha4YHUX 3MiH 3-3a
HaBaHTaXeHHHA abo TemnepaTtypu npu poboTi.
Mpun BiQCYTHOCTI OinbLw [OCTOBIpPHOI
iHbopMaLUii, LWnapyBaHHA MOXe NpUNyckaTUCh

np ACTY-H b EN 1992-3:201X

the full thickness of the section is not cracked
and where the conditions in (112) and (113)
below are fulfilled.

Tightness Class 2. — cracks which may be
expected to pass through the full thickness of
the section should generally be avoided unless
appropriate measures (e.g. liners or water bars)
have been incorporated.

Tightness Class 3. — generally, special
measures (e.g. liners or prestress) will be
required to ensure watertightness.

NOTE The value of wk: for use in a country may be
found in its National Annex. The recommended
values for structures retaining water are defined as a
function of the ratio of the hydrostatic pressure, hp to
the wall thickness of the containing structure, h. For
ho/h < 5, wkt = 0,2 mm while for ho/h > 35,
wk1 = 0,05 mm. For intermediate values of hp/h,
linear interpolation between 0,2 and 0,05 may be
used. Limitation of the crack widths to these values
should result in the effective sealing of the cracks
within a relatively short time.

(112) To provide adequate assurance for
structures of classes 2 or 3 that cracks do not
pass through the full width of a section, the
design value of the depth of the compression
zone should be at least xmin calculated for the
quasi-permanent combination of actions.
Where a section is subjected to alternate
actions, cracks should be considered to pass
through the full thickness of the section unless
it can be shown that some part of the section
thickness will always remain in compression.
This thickness of concrete in compression
should normally be at least Xmin under all
appropriate combinations of actions. The action
effects may be calculated on the assumption of
linear elastic material behaviour. The resulting
stresses in a section should be calculated
assuming that concrete in tension is neglected

NOTE The values of xmin for use in a country may
be found in its National Annex. The recommended
value for Xmin is the lesser of 50 mm or 0,2h where h
is the element thickness.

(113) If the provisions of 7.3.1 (111) for
tightness class 1 are met then cracks through
which water flows may be expected to heal in
members which are not subjected to significant
changes of loading or temperature during
service. In the absence of more reliable
information, healing may be assumed where

11
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TaMm, Ae OYikyBaHMN fiana3OoH HamnpyXeHHs B
nepepisi B ymoBax ekcnnyaTtauii meHwe 150 x
10°C.

(114) Axwo camoLnapyBaHHA MarorMoBIpHe,
Oyab-Aka TpilwmHa, sika NPOXOAUTb KPi3b BCHO
BUCOTY Mepepidy, MOXe npu3BecTu [Jo
NPOTIKAHHA, He [AMBNAYMCbL Ha  LUMPUHY
TPILWMHN.

(115) ByHkep, WO MICTUTL Cyxi maTepianm,
Moxe ByTu cnpoeKkToBaHui 3a knacom 0, ogHak
AN HbOro MOXYTb nigxoanTh knacu 1, 2 abo 3,
SKLO MaTepianu, Wwo 3depiratoTbcd, 0cobnnBeo
YyTNuUBI 4O BOMOrK.

(116) Ocobnuey yBary cnig Npuainati Tam, ge
erneMeHTU 3a3HalTb Ail HanpyXXeHHs npu
po3TAry BHaAcnigok obmexeHHs ycagku abo
TemnepaTypHux gecopmadin.

(117) MpUAHATHWUI KpUTEPIN ONS KOHCTPYKLIN,
Wwo 36epiratoTb i YTPUMYIOTb PigUHY, MOXe
MaTu MakcumarbHy CTyNiHb MNPOTIKaHHS.

7.3.3 O6MmexeHHA TPIlWUHOYTBOPEHHA 6e3
NPAMUX PO3paxyHKiB

3aMiHNTM NpUMITKY B NpaBuii 3acToCyBaHHS
(2):

MPUMITKA Tam, ge 3acToCOBYETLCS MiHiMarbHe
apMyBaHHs, HaBefgeHe B 7.3.2, pucyHok 7.103N i
7.104N npuAmMaloTb 3HAYEHHS MaKCUMarbHUX
OiaMeTpiB  CTPWKHA Ta KPOKYy Ans  pisHoi
PO3paxyHKOBOI LUMPUHM TPILLMHMA ANS MOBHICTHO
PO3TArHEHNX Nepepisis.

MakcmanbHuin giameTp CTPWXKHSA, HaBeaeHUn
Ha pucyHky 7.103N, noBUHEH ByTn yTOYHEHUHA,
BUKOPUCTOBYHOUM Bupa3 7.122, HaBedeHwUmn
HWX4e 3aMicTb BUpasy 7.7, SKun BAKOPUCTOBYE

Tam ¢, po3paxoBaHuii AN YACTOTO 3TUHY:

the expected range of strain at a section under
service conditions is less than 150 x 1075,

(114) If self-healing is unlikely to occur, any
crack which passes through the full thickness of
the section may lead to leakage, regardless of
the crack width.

(115) Silos holding dry materials may generally
be designed as Class 0 however it may be
appropriate for Class 1, 2 or 3to be used where
the stored material is particularly sensitive to
moisture.

(116) Special care should be taken where
members are subject to tensile stresses due to
the restraint of shrinkage or thermal
movements.

(117) Acceptance criteria for liquid retaining
structures may include maximum level of
leakage.

7.3.3 Control of cracking without direct
calculation

Replace note in Application Rule (2):

NOTE Where the minimum reinforcement given by
7.3.2 is provided, Figures 7.103N and 7.104N give
values of maximum bar diameters and bar spacings
for various design crack widths for sections totally in
tension.

The maximum bar diameter given by
Figure 7.103N should be modified using
Expression 7.122 below rather than Expression
7.7 which applies where ¢ has been
calculated for pure flexure:

h

o f
Ps=9s 2,9

ne:

¢s 3afaHun giameTp CTPUXKHS

@ MakcumanbHun AiameTp
OTpUMaHui 3 pucyHky 7.103N

CTPUWXHS,

h noeHa TOBWWHa E€NeEMEHTY

d BiAcCTaHb OO 30BHILIHBLOrO Wapy apmaTypu
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"10(h—d)

[7.122]

where;

¢s is the adjusted maximum bar diameter

¢s"is the maximum bar diameter obtained from
Figure 7.103N

h is the overall thickness of the member

d is the depth to the centroid of the outer layer



BiA NpPOTMNEXHOi noBepxHi 6eToHy (auB.
pucyHok 7.1(c) B yacTtuHi 1)

feet NPUBEOEHe cepefHE 3HAYEHHA MILHOCTI
GeTOoHy Npu po3TAry, ik BU3HAYEHO B YaCTUHI 1,
e feer naHe B MlMa.

Y BuMnagKy BUHMKHEHHS TPILLMH, 00yMOBNEHMX
B OCHOBHOMY, OOMEXEHHAM nepeMilleHb,
pO3Mipu CTpWKHS, AaHi Ha pucyHky 7.103N, He
MalTb OyTn NepeBuLLEHi, KONN HanpyXeHHs
cTani € BENMMYMHOK, OTPMMAHOK MUTTEBO NiCnA
pO3TpicKyBaHHA (TOGTO Os y BMpasi 7.1).

Y Bunagky BUHUKHEHHS TPiLLMH, 06yMOBREHNX
B OCHOBHOMY HaBaHTaXXeHHSM, MaKcumarbHi
pO3Mipn  CTPWXKHS  BIONOBIAATb  PUCYHKY
7.103N abo mMakcMmanbHWn KPOK CTPUKHSA
Bignosigae pucyHky 7.104N. HanpyxeHHs B
ctani mae 6yTM po3paxoBaHe Ha OCHOBI
nepepisy 3 TpiWwMHaMn npu BiANOBIAHOMY
CroslyYeHHi HaBaHTaXeHb.

Ona  NpOMDKHMX 3Ha4YeHb PO3paxyHKOBOI
WVPUHU  TPIWMWHN BENUYMHU MOXYTb ByTn
iHTepnonboBaHi.

7.3.4 Po3paxyHOK LUMPUHU PO3KPUTTA
TPiWKH

[opaeTbca nicns npasuna 3acTtocyBaHHS (5)

(106) IHdbopmaLis Woao po3paxyHKy LUMPUHK
TPILLWMH B enemMeHTax, Lo 3as3Hanu aii
obmexeHux TennoBMX  HanpyxeHb abo
HanpyxeHb ycagku, AaeTbCA B iIHPOPMaTUBHMX

np ACTY-H b EN 1992-3:201X

of reinforcement from the opposite face of the
concrete (see Figure 7.1(c) in Part 1)

fererr IS the effective mean value of the tensile
strength of the concrete as defined in Part 1
where fererr IS In MPa.

For cracking caused dominantly by restraint,
the bar sizes given in Figure 7.103N should not
be exceeded where the steel stress is the value
obtained immediately after cracking (i.e. os in
Expression 7.1)

For cracks caused dominantly by loading, either
the maximum bar sizes from Figure 7.103N or
the maximum bar spacings from Figure 7.104N
may be complied with. The steel stress should
be calculated on the basis of a cracked section
under the relevant combination of actions.

For intermediate values of design crack width,
values may be interpolated.

7.3.4 Calculation of crack widths

Addition after Application Rule (5)

(206) Information on the calculation of crack
widths in members subjected to restrained
thermal or shrinkage strains is given in
Informative Annexes L and M.
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Y MakcuMmanbHUIM giameTp CTPUXKHIB (MM)
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Key
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Y maximum bar diameter (mm)

PucyHok 7.103N — MakcumanbHi giameTpu CTPUKHIB ANsi KOHTPOSIO TPiLUMHM B eneMeHTax,
IO 3a3HaKTb Aii 0CbOBOro po3TAry

Figure 7.103N — Maximum bar diameters for crack control in members subjected to axial tension
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X reinforcement stress, gs (N/mm?)
Y maximum bar spacing (mm)

PucyHok 7.104N — MakcumanbHa BiACcTaHb MidXK CTPUXKHSIMU ANA KOHTPOMIO TPILLMHU B eneMeHTax,
IO 3a3HalTb Aii 0CbOBOro po3TAry

Figure 7.104N — Maximum bar spacings for crack control in members subjected to axial tension

Jopaetbea nicna 7.3.4

7.3.5 MiHimizauia PO3TPiCKyBaHHSA
BHacnigok oomexeHHsA aedopmadin

(101) Akwo 6axxaHo MiHiIMi3yBaTK hOpMYyBaHHS
TPILLWH, 0bymMoBREeHNX OOMEXEHHAM
pedopmadin, sKi BUHUKAOTb B pesynibTaTi
3MiHM TemnepaTtypu abo ycagku, To Ans Ang
KOHCTpYKUin knacy 1 (ame. Tabnuuio 7.105),
UbOro MOXHaA [OCArTM  He MNepeBULLIEHHAM
BiANOBIOHMX HaNPyXeHb PO3TAry 3Ha4YeHHs
MiUHOCTi  GeToHy Ha  po3Tar  fooos,
CKOPUroBaHy, SIKLLO Lie AOUiNbHO, ANS NOCKOro
HanpyeHoro ctaHy (aue. Jogatok QQ o EN
1992-2), a And KOHCTPYKLiN Knacy 2 abo knacy
3, Oe He BMKOPUCTOBYETbCA (OyTepyBaHHS,
LWISXOM  MepeBipkM  TOro, WO Nepepis
3HaxXoAUTbCS B CTUCHYTOMY cTaHi. Lle moxe
OyTM OOCArHYTO TaKUM YNHOM:

— O0oOMEXeHHsIM pOCTy Temnepatypu npwu
rigpatauii LeMeHTy

— YCYHEHHAM abo 3MeHLWeHHAM obmexyBadiB
— 3MEeHLUEeHHsIM ycaakn 6eToHy

— BUKOPUCTaHHAM GETOHY 3 HU3bKMM Koeddi-
LiEHTOM TENIOBOr0 PO3LLMPEHHS

— BWKOPUCTAHHAM 6GeTOHy 3  BWCOKOM
3gaTHicTio ao gedopmauii npyu posTary
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Addition after 7.3.4

7.3.5 Minimising cracking due to restrained
imposed deformations

(101) Where it is desirable to minimise the
formation of cracks due to restrained imposed
deformations resulting from temperature
change or shrinkage, this may be achieved for
Class 1 structures (see Table 7.105) by
ensuring that the resulting tensile stresses do
not exceed the available tensile strength fei0.05
of the concrete, adjusted, if appropriate, for the
two-dimensional state of stress (see Annex QQ
of EN 1992-2) and, for Class 2 or Class 3
structures where a liner is not used, by
ensuring that the whole section remains in
compression. This may be achieved by:

— limiting the temperature rise due to
hydration of the cement

— removing or reducing restraints
— reducing the shrinkage of the concrete

— using concrete with a low coefficient of
thermal expansion

— using concrete with a high tensile strain
capacity (Class 1 structures only)



(TinbKn KOHCTPYKUIT knacy 1)
— 3aCTOCYBaHHAM NonepeaHbLOro HanpyXXeHHs.

(102) Ak npasuno, 4OCTaTHLO BUCOKY TOYHICTb
pO3paxyHKy HarnpyXeHb Ja€ NPUNYLLEHHS, WO

GEeTOH nNpYyXHWA i, BpaxoByl4n, edekT
NOB3y4YOCTi, BUKOPUCTOBYKOTb  PaKTUYHUN
Moayrnb NPY>XHOCTI ans GeToHy.

IHbopmaTuBHUM [ogaTok L gae cnpolueHun
MEeTOZ OLiHIOBaHHS HanpyXeHHs i aedpopmallin
B OETOHHMX enemMeHTax npu OBOMEXEHHI
aedopmadin, sk Moxe ByTM BUKOPUCTaHWIA
npw BiACYTHOCTI BinbLl TOYHOrO PO3PaxXyHKY.

Po3pin 8 KOHCTPYKTMBHI BUMOTHM

8.10.1 Po3sTawyBaHHA nonepegHLo
Hanpy>XeHUX apMaTypHuUX enemMeHTIiB i
KaHaniB

8.10.1.3 Kananum pgnsa
Hanpy>XXeHHs1 Ha 6eToH

nonepegHbLoOro

HopaeTbea nicna npasuna 3actocyBaHHA (1)

(102) B pasi kpyrnnx eMHOCTEWN i3 BHYTPILLHIM
nonepegHiM HanpyxeHHsm Tpeba 3anobiratn
MOXIUNBOCTI MiCLEBUX pYyHHYBaHb OETOHY
BHYTPILWHBbOT MNOBEPXHI apMaTypHUMKU efe-
MeHTamn. B3zarani, uboro MOXHa YHUKHYTW,
AKWO TEeopeTUYHUM LeHTp Barnm ropwu-
30HTalbHMX NYYKIB NIEXUTb B 30BHILUHINA TPETI
CTiHW. HFKWO BUKOHAHHA Uiel BUMOIHU
HEMOXINKNBE, BOHA MOXe 6yTu nocnabneHa npu
YMOBI, WO KaHan Hanpy>eHoro apmaTypHOro
€NeMeHTY 3HaxXoANTbCS Y 30BHILLHIA NONOBUHI
CTiHW.

(103) [LiameTp kaHany BcepenuHi CTiHW He
NMOBUWHEH, SK NpaBwusio, nepesuLyBaTn B K pasis
TOBLUMHY CTiHW.

MPUMITKA 3HauveHHs k ansa BUKOPUCTaHHS B KpaiHi
MOXHa 3HaWTM B ii HauioHanbHOMY [JoAaTkKy.
PekomenpoBaHe 3HayeHHs k = 0,25.

(104) Cunu nonepeaHbOro HanpPy>XeHHs Ha
CTiHY NOBMHHI By TV po3nogineHi No MOXMMBOCTI
piBHOMIpHO. AKWO cheujanbHi 3axoan He
npunMaroTbcsi, aHkepu abo KoHTpdopcu
MOBMHHI Oypn posTawoBaHi TaK, LWob6
3MEHLLNTH MOXIMBICTb  HEPIBHOMIPHOIo
posnoainy cunu .

(105) TMpwn ekcnnyaTauii KOHCTPYKUINA, SKi
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— application of prestressing

(202) It will generally be sufficiently accurate to
calculate the stresses assuming the concrete to
be elastic and to allow for the effects of creep
by use of an effective modulus of elasticity for
the concrete. Informative Annex L provides a
simplified method of assessing stresses and
strains in restrained concrete members which
may be used in the absence of more rigorous
calculation.

Section 8 Detailing provisions

8.10.1 Arrangement of prestressing tendons
and ducts

8.10.1.3 Post-tension ducts

Addition after Application Rule (1)

(102) In the case of circular tanks with internal
prestressing, care needs to be taken to avoid
the possibility of local failures due to the
tendons breaking out through the inside cover.
In general, this will be avoided if the theoretical
centroid of the horizontal cables lies in the
outer third of the wall. Where the cover
provisions make this impossible, this
requirement may be relaxed provided the
tendon duct remains within the outer half of the
wall.

(103) The diameter of a duct within a wall
should generally not exceed k times the wall
thickness.

NOTE The value of k for use in a country may be
found in its National Annex. The recommended
value is k = 0,25.

(104) The prestressing force on a wall should
be distributed as evenly as possible.
Anchorages or buttresses should be so
arranged as to reduce the possibilities of
uneven force distribution unless specific
measures are taken to take the effects into
account.
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3a3HaloTb Ailo NiaBuLLEHMX TemnepaTyp, i, sKi
MICTATb BepTUKanbHi nonepeaHbL0 HanpyXeHi
apMaTypHi enemeHtn 6e3 34enneHHa 3
GeToHOM, Oyno BUSIBNEHO, WO 3axuCHe
MacTUNoO B KaHanax 3gaTHe BuTikaTtu. Abu
3anobirtn Lboro, Kpalle YHUKHY TN
BUKOPUCTaAHHA  MOMEpPedHbO  HanpyXeHunx
apMaTypHUX enemeHTiB 0e3 34yenneHHs 3
GEeTOHOM B SIKOCTi BEPTUKASIbHOrO HaNPY>KEHHS.
AKWO X BOHM  BMKOPUCTOBYKTLCS, TO
HeobOXigHO  3abe3nevynTun 3acobun ans
nepeBipkN HasiIBHOCTI 3aXMCHOro mactumna Ta
npu HeobXiaHOCTI MOro NOHOBMOBATMW.

8.10.4 AHKepHi nNpucTpoi Ta 3'€eAHYyBanbHi
efleMeHT™M AnA nonepeaHbo HanpyXeHux
apMaTypHUX efieMeHTIB

[opaeTbca nicns npasuna 3acTtocyBaHHS (5)

(106) Akwo aHkepu pO3TALUOBYHOTLCA Ha
BHYTPILLHIA CTOPOHI pe3epByapiB, ocobnuey
yBary cnig npuaginsati 3axucTy iX Big MOXNUBOI
KOpoail.

Po3ain 9 KoHcTpyloBaHHA
enemMeHTiB i ocob6nuei npaBuna

9.6 3ani3obeToHHiI CTiHK
JopaeTtbea nicnsa 9.6.4
9.6.5 KyToBi 3'eqHaHHA MiX cTiHaMKu

(101) Tam, ge CTiHM 3'€QHYOTBCHA MOHOJSTITHO B
KyTi, i 3a3HalOTb [Jii MOMEHTIB Ta 3CyBIB, SKi
BeOyTb OO PO3KpUTTA KyTa (TOGTO BHYTPILLHI
NMOBEPXHi CTiH B HAMNpPYy>XeHHi), yBara noTpibHa
npu getanisauii apmaTypu, Wwob rapaHTyBaTy,
O AdiaroHarbHi CUn po3TSaryBaHHsS agekBaTHO
NPUIAHATI go yBaru. lNigxogawmm nNpoeKTHUM
pilLEHHAM SBMNAETLCA MOAENb «PO3MipPoK Ta
TAXKIiB», SIK BKa3aHo B 5.6.4 EN 1992-1-1.

9.6.6 OechopmauinHi wBM

(101) Axwo edekTUBHI Ta EKOHOMIYHI 3axoam
He MOXYTb OyTWU NpUAHATI AN OOMEeXeHHs
PO3TPICKyBaHHA, KOHCTPYKLii 30EepexeHHs i
YyTPUMaHHA  piauMHW  NOBUHHI  pPO3ainNATUCA
aedopmadinHumm weamu. Ctparteria Bubopy
Oyoe 3anexaTu Big4 YMOB ekcnnyaTauil
KOHCTPYKUIT i CTyrneHs pusnky npoTikaHHA. B
Pi3HNX KpaiHax Bynu po3pobneHi pi3HOMaHiTHi
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(105) Where structures subjected to elevated
temperatures containing vertical unbonded
tendons are used, it has been found that the
protective grease is liable to run out. To avoid
this, it is better to avoid the use of unbonded
prestressing tendons as vertical prestress. If
they are used, means should be provided to
enable the presence of protective grease to be
checked and renewed if necessary.

8.10.4 Anchorages and couplers for
prestressing tendons

Addition after Application Rule (5)

(106) If anchorages are located on the inside of
tanks, particular care should be taken to
protect them against possible corrosion.

Section 9 Detailing of members and
particular rules

9.6 Reinforced concrete walls
Addition after 9.6.4
9.6.5 Corner connections between walls

(101) Where walls are connected monolithically
at a corner and are subjected to moments and
shears which tend to open the corner (i.e. the
inner faces of the walls are in tension), care is
required in detailing the reinforcement to
ensure that the diagonal tension forces are
adequately catered for. A strut and tie system
as covered in 5.6.4 of EN 1992-1-1 is an
appropriate design approach.

9.6.6 Provision of movement joints

(101) If effective and economic means cannot
otherwise be taken to limit cracking, liquid
retaining structures should be provided with
movement joints. The strategy to be adopted
will depend on the conditions of the structure in
service and the degree of risk of leakage which
is acceptable. Different procedures for the
satisfactory design and construction of joints



KOHCTPYKUiT WBiB  Ans 3afoBiflbHOro npo-
eKkTyBaHHs. HeobxigHO 3ayBaxutu, WO 3a-
AoBinbHa poboTa 3'egHaHb noTpebye, wWob
BOHW dhopMyBanucs KopekTHo. binbw Toro,
MaTtepian ang ywinbHeHHs B 3’€AHaHHAX 4acTo
Ma€ TePMiH CryXbu MEHLUWIN, HdX NPOEKTHUA
CTPOK pOBOTWN KOHCTPYKLIi i, B Takux BMNagkax,
3'eQHaHHA NOBMHHI BYTM CKOHCTPYMOBaHI TakK,
o6 BOHU Mornm iHCMEeKTyBaTUCh,
PEMOHTYBATUCh Y1 BigHOB-NOBATUCH. binbLue
iHpopmauii woao 3abes3-neyeHHss PyXoMmx
3’egHaHb gaHo B iHopmaTusHomy JoaaTtky N.
Takox HeobXigHO rapaHTyBaTH, WO MaTepian
YLUWiNbHIOBa4a CyMilLaeTbCs 3 MaTepianom ym
piavHoto, dka 36epiraeTbca.

9.11 lMNonepeAHbLO HanpyXeHi  3ani-
300€eTOHHI CTiHK

9.11.1 MiHimanbHa nnowa KOHCTPYKTUBHOIO
apMyBaHHA Ta poO3MipM nonepeyHoro
nepepisy

(101) Tam, pf[e Hemae BepPTMKANbHOMO
nornepegHLOro  HanpyxeHHs (abo Hemae
MOXWMOro  MONepeaHbOro  HamnpyXeHHs B
NOXMNnNxX CTiHax), BepTUKanbHe (Y1 noxwmne)
apMyBaHHsS MOBWHHO OyTWM nepegbaveHo Ha
OCHOBI NpaBuIT apMyBaHHs1 6eToHa.

(102) ToBwwuHa CTiH, dopmyrounx BGokn
pesepByapiB 44 LUMCTEPH, MOBMHHA OyTU He
MeHLWwa 3a t; MM gns knacy 0 abo t; mm gns
knacie 1 abo 2. CcdopmoaHa 3a LwabrnoHom
CTiHa He NoBMHHA ByTK TOHWA HiXX t; MM ana
noboro knacy, a OTBOPMW, $Ki 3anueHi
NiANOMHUMM  CTPWKHAMM, TMOBUHHI  OyTwn
3anoBHEHI BigNnoBigAHUM PO3YNHOM.

MNMPUMITKA 3HayeHHs t1 i t2 ANA BUKOPUCTaHHSA B
OaHin KpaiHi MOoXHa 3HanTK B i HauioHarbHOMY
goaartky. PekomeHOoBaHUM 3HaYeHHAM t1 € 120 mm,
at2— 150 mm.

np ACTY-H b EN 1992-3:201X

have been developed in different countries. It
should be noted that the satisfactory
performance of joints requires that they are
formed correctly. Furthermore, the sealants to
joints frequently have a life considerably
shorter than the design working life of the
structure and therefore in such cases joints
should be constructed so that they are
inspectable and repairable or renewable.
Further information on the provision of
movement joints is given in Informative
Annex N. It is also necessary to ensure that the
sealant material is appropriate for the material
or liquid to be retained.

9.11 Prestressed walls

9.11.1 Minimum area of passive
reinforcement and cross-sectional
dimensions

(101) Where there is no vertical prestressing (or
no inclined prestressing in inclined walls),
vertical (or inclined) reinforcement should be
provided on the basis of reinforced concrete
design.

(102) The thickness of walls forming the sides
of reservoirs or tanks should generally not be
less than t; mm for class 0 or t, mm for classes
1 or 2. Slipformed walls should not be thinner
than t; mm whatever the class and the holes
left by the lifting rods should be filled with a
suitable grout.

NOTE The values of t1 and t2 for use in a country
may be found in its National Annex. The
recommended value for t1 is 120 mm and for t2 is
150 mm.
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HopaTtok K
(iHdbopmaTuBHUI)

[isa TemnepaTypu Ha BNacTMBOCTi 6eTOHY

K.1 3aranbHi NONOXeHHSA

(101) Uen popaTtok cToCcyeTbCA 3MiH QisnKo-
MexaHi4HMX  BnactuBocTen 6GeToHy npu
Temneparypax B AianasoHi 3 -25°C go +200°C.
Linmn BNactTMBOCTAMM €: MILIHICTb i XKOPCTKICTb,
noB3ydicTb i KOpOTKOYacHa  TepMidHa

nedopmaldis.

(102) Y Bcix BUNagkax 3miH BNacTtnBocten mae
MicLe YiTKa 3anexHiCTb Big 0cobnmBoro Tuny
BUKOPUCTAHOrO OEeTOHYy i uern [oJaTok He
NOBWMHEH BBa)KaTUCb TakuM, LLO Aae binbLly 3a
3aranbHy iHhopmaLito.

K.2 BnactmBocTi maTepina npu temnepa-
TYpi HUXKYe Hyns

(101) Konn 6eTOH OXONOKEHUIN HUXKYE HYIS,
MOro MILHICTb i XXOPCTKICTb NigBuLLyoTbes. Lie
NiABULLEHHS 3aNEXNTb B OCHOBHOMY BiJ, BMICTY
BONOMN GETOHY: BiNblU BUCOKMI BMICT BOSOM
Aae Ginbluy MiLHICTb i )opcTkicTb. HeobxigHo
3ayBaXxvTu, WO NiOBULLEHHSA BracTUBOCTEN
NPUAHATHE NULLE B KOHCTPYKLiAX, Wo 6yayTb
MOCTIHO HmKYe piBHSA — 25°C.

(102) OxonomxkeHHa 6eToHy ao -25°C seae Ao
NiABULLEHHS MILHOCTI NPW CTUCKY:

— npunbnmsHo 5 Mla ans 4acTkoBO CyXOro
6eToHy

— npubnmsHo 30 MlMa ansa Bonororo 6eToHy.

(103) Bupasu, HaBegeHi y Tabnuui 3.1 gns
3HAYEHHSA MILUHOCTI Ha pO3puB, MOXYTb OyTK
3MiHeHi, wob BpaxyBaTu fil0 TemnepaTypu
TaknM YMHOM:

_ 2/3
fctx =a fckT

ae:

fctx — MILHICTb Ha pO3THr, sIka BU3HA4YaeTbCA (OMB.
Tabnmuo K.1).

0. — KoeqiUieHT, O BpaxoByeE BMICT BONoOrn B
OeToHi. 3HavyeHHs a gaHi B Tabnuui K.1.

for — xapakrepuctuuna minHicTb GeToHy npu
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Annex K
(informative)

Effect of temperature on the properties of
concrete

K.1 General

(101) This Annex covers the effects on the
material properties of concrete of temperatures
in the range -25 °C to +200 °C. Properties
covered are: strength and stiffness, creep and
transitional thermal strain.

(102) In all cases the changes in properties are
strongly dependant on the particular type of
concrete used and the Annex should not be
considered to provide more than general
guidance.

K.2 Material properties at sub-zero
temperatures

(101) When concrete is cooled to below zero,
its strength and stiffness increase. This
increase depends mainly on the moisture
content of the concrete: the higher the moisture
content, the greater is the increase in strength
and stiffness. It should be noted that the
enhancement in properties would apply only to
structures, which would be permanently below -
25° C.

(102) Cooling concrete to -25 °C leads to
increases in the compressive strength of:

— around 5 MPa for partially dry concrete

— around 30 MPa for saturated concrete.

(103) The expressions given in Table 3.1 for
tensile strength may be modified to give the
effect of temperature as follows:

[K.1]
where:
fctx — tensile strength, however defined (see Table
K.1).
o — a coefficient taking account of the moisture

content of the concrete. Values of a are
given in Table K.1.

fckT — the characteristic compressive strength of



CTUCKY 3 BpaxXyBaHHSM TeMnepaTypu 3rigHo
0o (102) suue.
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the concrete modified to take account of
temperature according to (102) above.

Tabnuusa K.1 — 3HayYeHHs a AN HACUYEHOrOo i Cyxoro 6eToHy

Table K.1 — Values of a for saturated and dry concrete

BuaHauyeHHs1 MiyHOCTI Ha po3Tar (few)
Definition of tensile strength (fei)

Bonorui 6eToH
Saturated concrete

Cyxui 6eToH
Dry concrete

fctm 0 ,47 0,30
fetk 0,05 0,27 0,21
fetk 0,95 0,95 0,39

(104) OxonomxeHHa 6eToHy ao -25°C sege Ao
30inbLIEeHHs MOAYNSA MPYXHOCTI:

— npubnnsHo 2 000 Mlla gna 4acTkoBoO
cyxoro 6eToHy

— npubnunsHo 8 000 MIMNa ans HacuyeHoro
BOJIOrOH0 BETOHY.

(105) MoB3yuicTb Npy TEMMepaTypi HUXKYe Hyns
MOXHa npunmaTu Big 60 % 8o 80 % noB3y4ocTi
npu HOpMarnbHin Temneparypi. Mpw
Temnepatypi Hk4e -20°C NoB3y4iCTIO MOXHA
HexTyBaTwu.

K.3 BnactmBocrTi maTepiany npu
nigBULWEHNX TeMnepaTypax

(101) IHdopmauis Npo MiUHICTE 6eTOHY npu
CTUCKY | MiLYHICTb Ha pO3TAr Npu TemnepaTypax
BULLIE HOPMaTIbHOT MOXe ByTn oTpmaHa 3 3.2.2
EN 1992-1-2.

(102) Moayni npyXHocCTi 6eTOHY MOXYTb OyTH
npuinHATi 6e3 amiHn go Temnepatypu 50 °C.
[Ons OGinbw BUCOKOI TemnepaTypu fiHiNHe
3MeHLWeHHs MmoayniB npyXHocTi 4o 20 % moxe
ByTn npuiHaTe npu TemnepaTypi 200 °C.

(103) Onsa 6eToHy, Harpitoro o
HaBaHTaXeHHs!, KoedilieHT NOB3Y4OCTi MOXe
OyTV NPUNHATUI 36iNbLUEHNM NPK TeMNepaTypi
BULLIN 3a HopmanbHy (20 °C) 3a paxyHoK
BignoBigHoro nokasHuka 3 Tabnuui K.2.

(104) Cooling concrete to -25 °C leads to
increases in the modulus of elasticity of:

— around 2 000 MPa for partially dry
concrete
— around 8 000 MPa for saturated concrete.

(105) Creep at sub-zero temperatures may be
taken to be 60 % to 80 % of the creep at normal
temperatures. Below -20 °C creep may be
assumed to be negligible.

K.3 Material properties at elevated
temperatures

(101) Information on the compressive strength
and tensile strength of concrete at
temperatures above normal may be obtained
from 3.2.2 of EN 1992-1-2.

(102) The modulus of elasticity of concrete may
be assumed to be unaffected by temperature
up to 50 °C. For higher temperatures, a linear
reduction in modulus of elasticity may be
assumed up to a reduction of 20 % at a
temperature of 200 °C.

(103) For concrete heated prior to loading, the
creep coefficient may be assumed to increase
with increase in temperature above normal
(assumed as 20 °C) by the appropriate factor
from Table K.2
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Tabnuusa K.2 — MHOXHUKM KoedilieHTa NOB3y4OoCTi ANA BpaxyBaHHA TeMnepaTypu, Konum
6eToH HarpiBaeTbCs nepen HaBaHTaXX@HHAM

Table K.2 - Creep coefficient multipliers to take account of temperature where the
concrete is heated prior to loading

TemnepaTypa (°C)
Temperature (°C)

MHOXHUK KoediLieHTa NoB3y4OCTi
Creep coefficient multiplier

20 1,00
50 1,35
100 1,96
150 2,58
200 3,20

MPUMITKA 3HaveHHs B Tabnuui B3aTi 3 BroneteHio Ne 208 CEB i nobpe y3rogxytoTbCst 3 MHOXHUKaMWU,
oB4McneHMMmM Ha OCHOBI eHepril akTuBauii Ans noe3y4ocTi 8 kx/morn.

NOTE The values in the table have been deduced from CEB Bulletin 208 and are in good agreement with
multipliers calculated on the basis of an activation energy for creep of 8 kJ/maol.

(104) B pasi, konv HaBaHTaXXeHHs1 Mae Micue
npu HarpiBaHHi GeToHy, BUHWUKHYTb
aedopmalii, ki nepesuwaTb gedopmallii, WO
Oynu po3paxoBaHi 3 BUKOPUCTAHHAM MHOXHUKIB
KoedpiuieHTa nos3y4yocTi, HagaHi B (103). Lga
nepesuLLieHa KopoTKoYacHa TemnepaTypHa
aedopmadia € HEO6OPOTHOLD, HE3ANEXHOH B,
Yyacy gedopmadieto, aKka Mae Micle B Harpitomy
OeToHi B HanpyxeHnx ymosax. MakcumarnbHa
KopoTkoyacHa TemnepaTtypHa aedopmadis
Moxe ©OyTm pospaxoBaHa npubnmMsHO 3a
BMpPas3oMm:

(104) In cases where the load is present during
the heating of the concrete, deformations will
occur in excess of those calculated using the
creep coefficient multipliers given in (103)
above. This excess deformation, the transitional
thermal strain, is an irrecoverable, time-
independent strain which occurs in concrete
heated while in a stressed condition. The
maximum transitional thermal strain may be
calculated approximately from the expression:

£Tr = ko-chh / fcm [K2]

ae:

k = noctinHa, oTpumaHa 3 BuNpoOyBaHb.
3HayeHHa K nexuTb B Aianas3oHi:
1,8<k=<2,35

fem = cepenHsa KomnpecivHa MilHICTb 6eToHY

Err = KOpOTKOYacHa TemnepaTypHa gedopm-
auis

&th = BiflbHA TemnepaTypHa gedopmauia B
OGeToHi (3MiHa Temnepatypy X Ha

KoedilieHT pOo3LWNPEHHS)

Oc = Hanpy>XeHHs CTUCKY.
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where:

k = a constant obtained from tests. The value of
k will be within the range 1,8 <k <2,35

fom = the mean compressive strength of the
concrete

&1 = the transitional thermal strain

ern = the free thermal strain in the concrete
(= temperature change x the coefficient of
expansion)

o¢ = the applied compressive stress.



HopaTtok L
(iHdbopmaTnBHUI)

O6uuncneHHsa aedopmauin i HaNpyXxeHb B
0eTOHHUX Nepepisax, Wo nignanu nig girvo
o6MeXxeHUX HaknageHux gedopmadin

L.1 Bupasu gna o6uncneHHs gecopmadii i
HanpyXeHHs B nepepisax 6e3 TpiwmH

(101) Oedbopmalis Ha niobomy piBHI B nepepisi
BM3HA4Ya€ETLCS BUPA3OM:

np ACTY-H b EN 1992-3:201X

Annex L
(informative)

Calculation of strains and stresses in
concrete sections subjected to restrained
imposed deformations

L.1 Expressions for the calculation of stress
and strain in an uncracked section

(101) The strain at any level in a section is
given by:

€az = (1 — Ray) €iav +(1 — Rm) (1/N)(z - 2) [L.1]

a HanpyXeHHsi B 6ETOHI — BUPa3oM:

and the stress in the concrete may be
calculated from:

o; = Ec,eff (eiz - eaz) [L2]

ne:

Rax = MNOKasHWK, WO BWU3HaA4Yae CTyNiHb
30BHILLIHLOIO obmexeHHs OCbOBOIO
nepeMilleHHs B’'a3aMK, MpUKpinneHuMun  go
erieMeHTa, WO po3rnsagaeTbca

Rm = nMOKasHWK, WO BM3HA4yae CTyniHb
oBMeXeHHs KyTOBOrIO nepeMiLLeHHs,
3abesneyeHy B’A3AMM, NPUKPINSIEHMMN [0
enemeHTa, WO po3rnsgaeTbes. B 3aranbHoMy
pasi Rm Mmoxe 6ytn npunHatim 1,0

Ec et = aKTUYHMIN MOLYNb NPY>KHOCTi 6ETOHY 3
BpaxyBaHHAM YMOB NOB3Yy4OCTi

&iav = YCepeaHeHa gedopmauia B efieMeHTi,
cnpuyMHeHa 3akpinneHHamM (TobTo cepeaHsi
gedopmadia, sika byge maTtu micue, SIKWO
enemeHT GyB NOBHICTIO HE OOMEXEHUM)

&; = Aedhopmauia Ha piBHI z, cCApUYMHEHa
3aKpinneHHsam
&az = fOitova gedbopmadis Ha piBHi z
Z = BUCOTa nepepiay
_Z = BMWCOTAa OO LUEHTPY Baru nepepisy
1/r = KpnBM3Ha

L.2 OuiHKka oOMeXeHHA

(101) lNokasHUKM OOMEXEHHS MOXyTb ByTn
obuucneHi, nNpo BMXOOSYM 3  XKOPCTKOCTI
efneMeHTa, WO pOo3rNagaeTbCs, i efIEMEHTIB,
NPUKPINNeHMX OO  HbOrO. B  sakocrTi
anbTepHaTuBM, NpakTU4Hi MOKa3HMKN
0BMeXeHHS NPOTM NPOJOSILHOIO NEPEMILLEHHS
ANA 3aranbHUX cuUTyauii MOXyTb OyTy B3ATI 3
pucynky L.1 i Tabnumui L.1. B 6araTbox
BMNagkax (Hanpuknag, 3pa3ok CTiHW Ha TOBCTIN

where:

Rax = factor defining the degree of external axial
restraint provided by elements attached to the
element considered

Rm = factor defining the degree of moment
restraint provided by elements attached to the
element considered. In most common cases R
may be taken as 1,0

Ecet = effective modulus of elasticity of the
concrete allowing for creep as appropriate

&iay = average imposed strain in the element
(i.e. the average strain which would occur if
the member was completely unrestrained)

&, = imposed strain at level z

&az = actual strain at level z

Zz = height to section

Zz = height to section centroid
1/r = curvature

L.2 Assessment of restraint

(101) The restraint factors may be calculated
from a knowledge of the stiffnesses of the
element considered and the members attached
to it. Alternatively, practical axial restraint
factors for common situations may be taken
from Figure L.1 and Table L.1. In many cases
(e.g. awall cast onto a heavy preexisting base)
it will be clear that no significant curvature could
occur and a moment restraint factor of 1,0 will
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nonepeaHbO nNigBeaeHi OCHOBI) HeMae 3HAYHOI
KPVMBU3HW, i MOKA3HMK OOMEXEHHS KyTOBOro

nepemilleHHs moxe 6yTn npuiHaTum 3a 1,0.
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(c) CtiHoBa KOHCTPYKLUIist 3 MOCNIAOBHUM
3aKpPINMEeHHAM (3 KOHCTPYKTUBHUMU 3'€QHAHHSAMM)

(c) Sequential bay wall construction (with construction
joints)

Mo3HayeHHA

1 lMoka3HuKM BEPTUKANbHOrO 0BMEXEHHS

2 Tloka3HUK rOpuU3OHTanbHOro OBMeXeHHs
(otpymanum 3 Tabnuui L1 gns  uiei
LeHTpanbHOT 30HK)

3 Po3wunpeHHs abo 3BY>KEHHS CTUKIB

4 (ouiHKa 3a MaKkCUMyMOM)

5 noTeHuianbHi NEPBUHHI TPILLNHK

be appropriate.
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Oe H <L, uen nokasHuk = 0,5(1- H/L).
Where H < L, This factor = 0,5(1- H/L).

(b) Fropur3oHTanbHa NnTa 3 >XOPCTKUMU
3aKpinneHHaMn
(b) Horizontal slab between rigid restraints

2,4

o
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H
o o
o o
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Oe L< 2H, uein nokasHuk = 0,5(1- L/2H).
Where L< 2H, These restraint factors = 0,5(1- L/2H).
MPUMITKA 3HayeHHs R, 4ki BMKOpUCTaHi npu
NPOEKTYBaHHi, MOBWMHHI OyTn 3B’'A3aHi 3 MpaKkTUYHUM
posnoainom apmarypu

NOTE Values of R used in the design should be related
to the practical distribution of reinforcement

(d) AnbTepHaTMBHa KOHCTPYKLIA CTiHK (3
KOHCTPYKTUBHUMM 3'€QHAHHAMM )

(d) Alternate bay wall construction (with construction
joints)

Key

1 Vertical restraint factors

2 Horizontal restraint factor (obtain from table

L.1 for this central zone)

3 Expansion or free contraction joints;
4 (whichever is the greater)
5 Potential primary cracks

PucyHok L.1 — lNoka3HMKN oO6MeXxeHHA AnA TMNOBUX CUTyauUin
Figure L.1 — Restraint factors for typical situations
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Tabnuusa L.1 — Noka3Hukn o6mexeHHs ANns LeHTpanbHOI 30HU CTiH, MOKa3aHMX Ha PUCYHKY L.1
Table L.1 — Restraint factors for central zone of walls shown in Figure L.1

BinHoweHHsa L/H (gus. puc. L.1)

MNokasHMK obMeXeHHS

lMoka3HMK 0OMeXXeHHs Haropi

NpwW OCHOBI
Ratio L/H (see Fig. L.1) Restraint factor at base Restraint factor at top
1 0,5 0
2 0,5 0
3 0,5 0,05
4 0,5 0,3
>8 0,5 0,5

23



np ACTY-H b EN 1992-3:201X

HopnaTtok M
(iHdbopmaTnBHUI)

O6YMCNEeHHA WUPUHU TPIWMUHN Yepes
obMeXeHHA HaknageHux aecdopmadin

M.1 3aranbHi BigomocTi

(101) Bugamn HaknageHnx gedopmadin, LWo
po3rnagalTbCs B UbOMY JoAaTKY, € ycaaka i
no4aTkoBi TemMnepaTypHi gedopmaliil, Bu3BaHi
OXOMNOOXEHHAM enemeHTiB 6e3nocepeaHLO
nicnsa )opmyBaHHS.

€ OBi OCHOBHi Npobnemu, Ha ki HeOOXiaHO
3BepHyTM yBary. Lle noB’sisaHO 3 pisHUMMU
TUNamm obMeXeHHs i CXxemMaTUYHO NoKa3aHo
HUXYe.

Annex M
(informative)

Calculation of crack widths due to
restraint of imposed deformations;j

M.1 General

(101) The forms of imposed deformation
covered in this Annex are shrinkage and early
thermal movements due to cooling of members
during the days immediately after casting.

There are two basic practical problems which
need to be addressed. These relate to different
forms of restraint and are as sketched below.

(a) obmexkeHHs enemMeHTy Ha MOro KiHLAX
(a) restraint of a member at its ends

(b) obmerxeHHs B3OOBXK OOHIET rpaHi
(b) restraint along one edge

PucyHok M.1 — Tunu obmexeHHs B CTiHaxX
Figure M.1 — Types of restraint to walls

dakTopu, WO NpM3BOAATb OO0 TPILWMH Y LMX
OBOX BUNagkax ICTOTHO BIAPI3HAOTLCA; |
obuaBa MaloTb pearibHe NpakTUYHE 3HAYEHHS.
(a) mae micue, konuM HoBUK nepepi3 6eToHy
3anMBaETbCsd MK [OBOMa  iCHYH4YUMU
nepepiszamu. (b) € GinbLl BaXXNMBUM | BUHWKAE,
KOInKn CTiHa 3anMBaETbCS Ha iICHYKOYY XXOPCTKY
OCHOBY. (@) IHTEHCMBHO [OCnigXyBaBcs
JeKinbka OCTaHHIX AecATUniTb | JOCTaTHLO
BnBYeHUN. (b) He QoOCTaTHLO OOCHIMKEHUN i
iCHye mano ony6rikoBaHNX MNOCIOHUKIB.

M.2 OOmexxeHHA eneMeHTy
(a) O6bmMexxeHHs1 eneMeHTy Ha MOoro KiHLsAX
MakcumanbHa WnpuHa TPILWMHU MoXe ByTu

obumcneHa 3 BMKOPUCTaHHAM Bupasy 7.8 B
EN 1992-1-1, e (&sm— &m) 0BYUMCNIOETLCA 3a
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The factors controlling the cracking in these
two cases are rather different; and both are of
real practical significance. (a) occurs when a
new section of concrete is cast between two
pre-existing sections. (b) is particularly
common and arises where a wall is cast onto a
pre-existing stiff base. (a) has been
researched extensively over the past few
decades years and is reasonably well
understood. (b) has not been studied so
systematically and there appears to be little
published guidance.

M.2 Restraint of a member
(a) Restraint of member at its end
The maximum crack width may be calculated

using Expression 7.8 in EN 1992-1-1 where
(&sm— &cm) Is calculated from expression M.1:




Bupasom M.1:

np ACTY-H b EN 1992-3:201X

(gsm— gcm) = 0,5(1e kc k fct,eff (1+1/(aep))/Es [Ml]

Mpn KOHTpOMi pO3TpickyBaHHA 6e3 npsiMoro
pO3paxyHKy - Os Moxe OyTu 3HangeHa 3a
Bupasom M.2 i gani BukopuctaHa pasom i3
pucyHkamm 7.103N i 7.104N anst 3HaxogKeHHs
HeobXigHOro po3TallyBaHHSA apMaTypu:

For checking cracking without direct
calculation, os may be calculated from
Expression M.2 which may then be used with
Figures 7.103N and 7.104N to obtain a
suitable arrangement of reinforcement.

os = kc k fct’eff/p [M2]

Oe p popiBHE As/Act, @ Act — 30Ha po3TAry
©eTOHY, 9K BU3Ha4eHo B 7.3.2.

(b) OoBra cTiHa, o6MeXXeHa B3[OBX OAHI€ET
rpaHi

Ha BigmiHy Big HaBegeHoi Buwe cuTyauil,
OpMyBaHHS TPIWUHAN B LbOMY BUNAAKYy
3anexuTb nuvwe Bi4 po3noainy nokarbHUX
HanpyXeHb, i WNPUHA TPIWUHN € dYHKUIED
obmexeHol gedpopmadil B 6inbLuii Mipi, HdX
3[0aTHOCTI [0 TMPYXHOro po3Ttary 6eToHy.
O6rpyHTOBaHa OUjiHKa LUMPUHN TPILLMHK MOXe
OyTn 3pobneHa 6epyun oo yBarm (&sm — Em),
ska gaetbca dopmynoo M.3 y Bupasi 7.8
EN 1992-1-1:

Where pis As/Act and A is the area of
concrete in tension as defined in 7.3.2.

(b) A long wall restrained along one edge

Unlike the end restrained situation, the
formation of a crack in this case only
influences the distribution of stresses locally
and the crack width is a function of the
restrained strain rather than the tensile strain
capacity of the concrete. A reasonable
estimate of the crack width can be made by
taking the value of (&sm — &m) given by
expression M.3 in expression 7.8 in
EN 1992-1-1:

(€sm— &m) = Rax Eiree [M.3]

ae:

Rax = nokasHuk onopy. Lle posrnsgaeTscs B
iHdbopmaTnBHOMY JoaaTky L.

Eree = PO3TAN, KM Oyge maTn Mmicue, SKWo

ernemeHT OyB NMOBHICTIO HE3aKpPiNNeHNM.

PucyHok M.2 intoCTpye pisHULIO MK pO3-
TPiCKyBaHHSAM B OBOX CUTyaLisiX OOMEXEHHS.

where:

Rax = the restraint factor. This is considered in
Informative Annex L.

&iee = the strain which would occur if the
member was completely unrestrained.

Figure M.2 illustrates the difference between
the cracking in the two restraint situations.
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Y |
1

NMo3HayeHHA Key X
X [Oedopmauis,
CrpUYMHEHa 3aKpinneHHaM X Imposed deformation
Y LWwupuHa TpiwmHn Y Crack width
1 Bwupas M.1 1 Expression M.1
2 PosTpickyBaHHS Yepe3 0OMexeHHs KiHUiB 2 Cracking due to end restraint

3 PosTtpickyBaHHs Yepe3 obmexeHHa rpaHi (Bupa3 [M.3]) 3 Cracking due to edge restraint (expression [M.3])

PucyHok M.2 - B3aeMO3B’ 30K MiXK LUMUPUHOIO TPILLMHMU i HANPYXXEHHAM, CIPUYMHEHUM
OOMeXeHHAM nepemMilweHb, ANA ABOX TUNIB 3aKpPinfeHHA CTiH

Figure M.2 - Relation between crack width and imposed strain for edge and end restrained
walls
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Hopatok N
(iHdbopmaTnBHUI)

Bumoru go gedopmauinHux weiB
(101) MoxnuBi oBi OCHOBHI anbTepHaTMBK:

a) KOHCTPYKLiA NOBHICTHO 3akpinneHa. B ubomy
BUMNAKy BiACYTHI fecbopMauiiHi WBK, LWMPUHY
i OOBXWHY TPIWMHM OOMEXYIOTb LUMNAXOM
3abe3neyeHHst BiANOBIi4HOro apMyBaHHS 3rigHO
[0 MOJIOXeHb 7.3;

b) KOHCTpyKUis 3 BINbHUM NEepeMileHHsIM.
Po3TpickyBaHHA 0OMEXY€ETbCS BiACTAHHIO MK
wBamun. 3abesnevyeTbCa HasIBHICTb OEsKOT
KiNbKOCTi apmaTypu ana nepegadvi nodux
nepemilLieHb B HANPSMKY 40 NpUernoro Lwea.
Mi>x WwBamMn He NOBMHHO BMHMKATU 3HAYHOrO
po3TpickyBaHHA. Tam, ge obmexeHHs
3abe3nevyeTbca BETOHOM HUXYEe efnemMeHTa,
LLIO pO3rNsAaeTbCs, MOXE BUKOPUCTOBYBATUCH
KoB3He 3'egHaHHs Wob ycyHyTV abo 3MEHLLINTH
OOMEXEHHS.

Tabnmua N.1 nokasye pekomeHgauii ans
Bnbopy.

np ACTY-H b EN 1992-3:201X

Annex N
(informative)

Provision of movement joints
(101) There are two main options available:

a) design for full restraint. In this case, no
movement joints are provided and the crack
widths and spacings are controlled by the
provision of appropriate reinforcement
according to the provisions of 7.3;

b) design for free movement. Cracking is
controlled by the proximity of joints. A
moderate amount of reinforcement is provided
sufficient to transmit any movements to the
adjacent joint. Significant cracking between the
joints should not occur. Where restraint is
provided by concrete below the member
considered, a sliding joint may be used to
remove or reduce the restraint.

Table N.1 indicates the recommendations for
the options.

Ta6nuua N.1 — lNMpoekTyBaHHA 3'€AHaHb ANSA KOHTPONIO PO3TPiCKyBaHHA
Table N.1 — Design of joints for the control of cracking

BapiaHT | MeToA4 KOHTPOSIO BigcTtaHb mMix LwBamun ApMyBaHHS
Option Method of control Movement joint spacing Reinforcement
MocTiHMIA — noBHe | 3a 3BMYal LLBK BiACYTHI, xo4a Moxe OyTn | ApMyBaHHSA  3rigHo
obMexeHHs OaXxaHMMKM  HasIBHICTb  LUMPOKO pO3- | Ao po3ainiB6i7.3
CTaBfeHMX LWBIB TaM, A€ O4iKyloTbCs
BeNuki HaknageHi gedopmadii (temne-
paTypa abo ycagka)
(a)
continuous — full | Generally no joints, though some widely | Reinforcement in
restraint spaced joints may be desirable where a | accordance  with
substantial imposed deformation | Chapters 6 and 7.3
(temperature or shrinkage) is expected
HedopmauinHi weun | CyuinbHi WBM Ha BigcTaHi Ginbwe 5 m abo | ApMyBaHHS 3rigHo 3
6e3 npomixkiB — | 1,5 pasa BUCOTU CTiHU po3ginom 6, ane He
MiHiManbHe obOwme- MeHLue, Hi>K
KEHHS MiHIMYM, OaHun 3
9.6.2009.6.4
(b)
Close movement | Complete joints at greater of 5 m or 1.5 | Reinforcement in
joints — minimum | times wall height accordance  with
restraint Chapter 6 but not
less than minimum
given in 9.6.2 to
9.6.4
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JlonaTtoxk HA
(TOBIIKOBHIA)

[lepenik HarionansHux ctanAapTiB Ykpainu (ACTY), inentnunux MC, nocuianss
Ha ski € B EN 1992-3:2006

[To3HaveHHs Ta Ha3Ba Cryminb [To3HaueHHs Ta Ha3Ba HAI[IOHATLHOTO
€BPOINENUCHKOr0 CTAHAPTY | BIIMOBIIHOCTI cranaapty Ykpainu (JICTY)
3rigHo 3 Hakazom Minperiony Ne 649
Bim21.12.12
EN 1990 Eurocode, Basis of IDT JCTVY-H B EN 1990:2008 «€Bpoko.
structural design OCHOBHM TPOCKTYBaHHS KOHCTPYKIIIi
(EN 1990:2002, IDT)»
EN 1991-1-5, Eurocode 1, IDT JACTY EN 1991-1-5:20XX
Actions on structures — Part 1- «E€Bpokon 1. Jlii Ha KOHCTPYKIIII.
5: General Actions — Thermal Yactuua 1-5. 3araneai aii. Terwiosi
actions mii»

EN 1992-1-1, Eurocode 2, IDT JOCTY-H B EN 1992-1-1:2010
Design of concrete structures «€Bpokon 2. [IpoexkTyBaHHs 3ai1i300€-
— Part 1.1: General rules and TOHHUX KOHCTpyKIid. Yactuna 1-1.
rules for buildings 3aranpHi MpaBWIa 1 MpaBWia IS

cnopy (EN 1992-1-1:2004, IDT)»

EN 1992-1-2, Eurocode 2, IDT JCTY-H B EN 1992-1-2:20XX
Design of concrete structures «EBPOKOJ 2. [TpoexTyBaHHS
— Part 1.2: General rules — 3aJ11300€ TOHHUX KOHCTPYKIITiH.
Structural fire design Yactuna 1-2. 3araibHi OJOKEHHS.

Po3paxyHok KOHCTpyKIIiii Ha BOTHE-
crivikicts (EN 1992-1-2:2005, IDT)»
EN 1997, Eurocode 7: IDT JCTY-H B EN 1997-1:2010 «€Bpokon

Geotechnical design

7. TeorexHiuHEe  TPOCKTYBaHHS.
Yactuna 1. 3arambHi  1paBuia

(EN 1997-1:2004, IDT)»

JICTY-H b EN 1997-2:2010
«EBpokon 7. 'eoTexHiIuHE TPOCKTY-
BaHHsA. YactuHa 2. JlocmmKeHHS 1

BUIIPOOYBaHHS TPYHTY
(EN 1997-2:2007, IDT)
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Koxg YKH/I 91.010.30; 91.080.40

Kno4yoBi cnoBa: KOHCTPYKLUiT OETOHHi, KOHCTPyKUil 3ani3o0eToHHi,
KOHCTPYKLiT nonepeaHb0 HanpyXeHi 3anisobeTOHHI, KOHCTPYKLUiT 4ns 36epiraHHs i

YTPUMaHHSA PIOVUHU, TPILLMHOYTBOPEHHS.

3actynnuk agupexropa JAIT HIIBK
3 HAYKOBO1 pOoOOTH B. Tapacrok

3aBigyBau BiIILTY HATIHHOCTI
OyIiBeIbHUX KOHCTPYKIIIH,

A. bam0Oypa

BiamoBigansHNU BUKOHABELD,
CTapIIuii HAYKOBUH CHIBPOOITHUK B. IlommBau
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