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HAIIOHAJIbHUAM BCTYII

Ileti cranmapt € ToToXKHUM TmepekiagoMm EN 1993-5:2007 Eurocode 3: Design of steel
structures — Part 5: Piling (€Bpokoz 3: IIpoekryBaHHs cTaieBuX KOHCTpyKuii. Yactuna 5: Ilami).

EN 1993-5:2007 miarotosineno Texuiuaum komitetom CEN/TC 250, cexperapiaToM sIKOTO
kepye BSL.

Jlo HaliOHANBHOTO CTaHJAPTY JOIYUYEHO aHIJIOMOBHHM TEKCT.

Ha Tepurtopii VYkpaiHum sK HaiOHAIBHUM CTaHZapT Jdi€ JliBa KOJOHKA TEKCTY
JACTY-H b EN 1993-5:2007 Eurocode 3: Design of steel structures — Part 5: Piling (€Bpokoxa 3:
[TpoexTyBaHHS cTaneBUX KOHCTpyKIii. Yactuna 5: [laini), BUKiIageHa yKpaiHCHbKOIO MOBOIO.

Bianosigao no JIBH A.1.1-1-2009 «Cuctema cranmapTu3aliii Ta HOpMyBaHHs B OyJIiBHHUIITBI.
OCHOBHI TOJIOKEHHS» Il CTaHgapT BiAHOCHUTHCS M0 Komiuiekcy B.1.2 «Cucrema HamiifHOCTI Ta
Oe3neky B OYIIBHUIITBIY.

CraHgapT MICTUTh BUMOTH, K1 BiJIIOBIIAaI0OTh YMHHOMY 3aKOHO/ABCTBY.

HaykoBo-TexHiuyHa oOpraizailisi, BiANOBiganbHa 3a Led craHaapt, — 1TOB «YkpaiHcbkuit
IHCTHTYT CTaJeBUX KOHCTPYKIiH iM. B.M. llluMaHOBCHEKOTOY.

Jlo ctanaapTy BHECEHO TakKi peAaKIliiiHi 3MiHU:

- CJIOBA «IIe¥ MDXXKHAPOTHHUHA CTAHIAPT» 3aMIHEHO Ha «IIeW CTaHIapT»;

- CTPYKTYpHi eneMeHTH cTaHaapTy: «OOxmamunky», «llepeamoBy», «HarmioHanpHHII BCTym»,
«Bu3nauenns moHsATH» Ta «bibmiorpadiuni maHi» oQoOpMIEHO 3TiAHO 3 BHUMOTaMHU
HalllOHAJIBHOT CTaHAapTU3aIlil YKpaiHu;

- 3 «llepeanmoBu no EN 1993-5» y neil «HamioHambHUHA BCTYI» B3ATE TE, IO 0€3MOCEPETHBO
CTOCYETHCS LIbOTO CTAHIAPTY;

Konii MC, HenpuiHATUX SK HalllOHANbHI CTaHAApTH, Ha sKl € nmocuyanHsg B EN 1993-5:2007,
MoOkHa oTpuMaty B ['ooBHOMY ¢oH1 HOpMaTUBHUX T0KyMeHTIB JAIT «YkpH/IHL».
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Beryn
Ile#t mokyment EN 1993-5:2007 miaro-
toBieHuid Texniynum komiterom CEN/TC
250 «byniBenbHI €BpOKOAW», CEKpeTapiar
SKOTO TiaTpuMyeThes BSI.
[{boMy €BporelicbkoMy cTaHmapTy Oyae Ha-
JaHWI CTaTyC HaIliOHAIBHOTO 3 MYyOJIiKaIli€elo
IICHTUYHOTO TEKCTy a0 CXBaJCHHSIM He
nizuime ceprua 2007 poky i mpu cKacyBaHHI
KOH(TIKTYIOUHMX HAI[lOHAIBHUX CTaHIApTIB HE
mi3Hime 6epesns 2010 poky.

VY BiAMOBIAHOCTI 3 BHYTPIIIHIMU TIOCTAHOBAMH
IHHEHTP/CENELEC HnamionanpHi oOpranua 3i
CTaHJapTH3alil Takux KpaiH 3000B's3aHi
301HCHATH IMILUIEMEHTALI0 LIBOT'O
€Bporeiicbkoro cranaapty: ABctpis, benbris,
bonrapis, Kinp, Yecbka PecnyOmika, Jlanis,
Ecronisa, ®iansunis, ®panmis, HimeuyunHa,
I'peuis, VYropmwunaa, Icmanmis, Ipnmanmis,
Itamis, Jlareis Jlutea, JltokcemOypr, Maiibra,
Hinepnannu, Hopgeris, [lonsmia, [lopTyranis,
Pywmynist, CioBauunna, CiioBeHis, Icmanis

[Bewis, [Beiinapis 1 O6'eqnaB KopoiBcTBo.

Hanuii  €Bponelchbkuil CcTaHIapT 3aMIHIOE
ENV 1993-5:1998.

CEN/TC 250 e BigmoBigjaJIbHUM 3a BCl
byniBenbHi €Bpokou.

VII

Foreword

This document EN 1993-5:2007 has been
prepared by Technical Committee CEN/TC
250 "Structural Eurocodes", the Secretariat for
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 August 2007, and
conflicting national standards shall be
withdrawn at the latest by March 2010.

According to the CEN/CENELEC Internal
Regulations, the national standards organiza-
tions of the following countries are bound to
implement this European Standard: Austria,
Belgium, Bulgaria, 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 United Kingdom.

This European Standard supersedes ENV
1993-5:1998.

CEN/TC 250 is responsible for all Structural
Eurocodes.


arymarenko
Прямоугольник


HALIOHAJILHUI CTAHJAPT YKPATHM

€BPOKO/I 3: TIPOEKTYBAHHS CTAJIEBUX KOHCTPYKIII
YACTHHA 5: TTAJII

EBPOKO/I 3: IPOEKTUPOBAHUE CTAJIbHBIX KOHCTPYKIIUI
YACTD 5: CBAU

EUROCODE 3: DESIGN OF STEEL STRUCTURES
PART 5: PILING

OcHoBu nporpamu €Bpoxkoay

Y 1975 poui Kowmicis €Bponeiicbkoi
CroinpbHOTH BUpIIIMIIA PO3MOYATH MPOrpamy
It y ramy3i OyIiBHHUIITBA Ha MiJACTaBl CTaTTi
95 JHoroBopy. Metow mnporpamu OyIio
YCYHEHHSI  TEXHIYHUX  TEpemKo]  JUIs
TOPTIBJ1 Ta Y3TOJKEHHS TEXHIYHUX YMOB.

VY pamkax wiei mporpamu aiit Komicis B3sna
Ha cebe I1HILIaTUBY BCTAHOBUTH CHUCTEMY
Y3TO/DKEHUX ~ TEXHIYHMX  TpaBWI IS
NPOEKTYBaHHS OyiiBeNlb 1 cropyad, SKi Ha
nepuii cTaii MaJu CIIyI'yBaTH
QIBTEPHATUBOIO YUMHHUM  HAI[lOHAIBHUM
NpaBUjIaM JepKaB-wIEHIB, a 3PEIITOI0 Mallid
3aMIHUTH iX.

VYnponosx m’stHaauaTH pokiB Kowmicig 3a
normoMororo PoGouoro xomiTery, A0 CKIIaLy
SKOTO  BXOJMJIM TPEJICTaBHUKH  JIepKaB-
YJICHIB, BeJia pO3pOOKY mporpamMu €BpOKOIIB,
fKa Tpu3Beda J0 MyOJiKamii KOMIUIEKTY
MEpPUIOro MOKOMIHHSA €BpONechbKUX KOJMIB Y
80-x pokax.

VYV 1989 poui Kowmicis ta nepxasu-uneHn EU
(EBpomeiicekoi  CmimpHOTH) Ta  EFTA
(Esporeticekoi Acormiamii BiapHoi Toprisimi)

1

YuuHuii Bijg

Background of the Eurocode
programme

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

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

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

In 1989, the Commission and the Member
States of the EU and EFTA decided, on the
basis of an agreement' between the
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Ha OCHOBI yromu' Mmix Kowmiciero ta CEN
(EBporneiicbkuM KOMITETOM 31
CTaH1apTU3arlii) BUPIIIAIIH nepeaaTu
MiAroTOBKY Ta myouikamiro €Bpokoaie CEN
3a JIOMOMOrOK cepii MaHAaTiB, M0 B
pesynbraTi  Hajgaso 0  €BpokomaMm y
Mail0yTHbOMYy  cratycy  €BpOINENHCHKOro
cragaapty (EN). Lle moB’s3ye €Bpokoau 3
nojoxxeHHsiMu  J{upextuB Paam 1 Pimens
Komicii mogo €Bpomneichbkux CTaHAApTIB
(robro dupexktuBu Pamu 89/106/EEC mono
oyniBenbHUX BUpoOiB — CPD — Ta Jlupektun
Pamu 93/37/EEC, 92/50/EEC ta 89/440/EEC
BIJTHOCHO CYCHUIBHUX pOOIT Ta MOCIyT i
€KBIBAJICHTHUX JIAPEKTUB EFTA,
3all0YaTKOBAHUX 3 METOI0  3aCHYBaHHS
BHYTPIIIHBOTO PUHKY).

CrpykTypHa nporpama €BpOKOJIB BKJIHOYAE
CTaHJAPTH, SIKi B OCHOBHOMY CKJIQJIAalOTHCH 3
JEK1IbKOX YaCTHH:

EN 1990 €Bpokoa: OCHOBH NpOEKTyBaHH:
KOHCTPYKIIIH

EN 1991 €Bpoxkon 1: [lii Ha KoHCTpYKIIii

EN 1992 €Bpokon 2: IlpoexkTyBaHHS
3aJ11300€TOHHUX KOHCTPYKIIN

EN 1993 €Bpokon 3: IlpoexkrtyBaHHA
CTaJIeBUX KOHCTPYKIIi

EN 1994 €Bpokon 4: IlpoexkTyBaHHA
CTaJIe3aJ1i300€TOHHUX KOHCTPYKIIIH

EN 1995 €Bpokon 5: IlpoexkTtyBaHHs
JepeB’SHUX KOHCTPYKIIi

EN 1996 €spokon 6: IlpoekTyBaHHS
KaM’sITHUX KOHCTPYKIIiH

EN 1997
IIPOEKTYBaHHS

€Bpokon  7: T'eorexHiuHe
EN 1998 €Bpokon 8&: IIpoekryBaHH:A
CeMCMOCTIHKUX KOHCTPYKIIiH

EN 1999 €Bpokon 9: IlpoexkTtyBaHHA
AIIOMIHIEBUX KOHCTPYKIIIH.

Crangaptu €BpOKO/IIB BU3HAIOTh
BIJIMOBIJAJIBHICTh ~ PETYJISATOPHUX  OpraHiB
JiepKaB-4JIeHIB Ta 3aXWIIAIOTh iX MpaBO Ha
NpU3HAYEHHS BENUYMH, $KI TIOB’S3aHi 3
peTyJIIOBaHHIM MTUTaHb OE3MEKH Ha

Commission and CEN, to transfer the
preparation and the publication of the
Eurocodes to the CEN through a series of
Mandates, in order to provide them with a
future status of European Standard (EN).
This links de facto the Eurocodes with the
provisions of all the Council’s Directives
and/or Commission’s Decisions dealing with
European standards (e.g. the Council
Directive  89/106/EEC  on construction
products — CPD — and Council Directives
93/37/EEC, 92/50/EEC and 89/440/EEC on
public works and services and equivalent
EFTA Directives initiated in pursuit of
setting up the internal market).

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

EN 1990 Eurocode 0: Basis of Structural
Design

EN 1991 Eurocode 1: Actions on structures
EN 1992 Eurocode 2: Design of concrete
structures

EN 1993 Eurocode 3: Design of steel
structures

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

EN 1995 Eurocode 5: Design of timber
structures

EN 1996 Eurocode 6: Design of masonry
structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures
for earthquake resistance

EN 1999 Eurocode 9: Design of aluminium
structures.

Eurocode standards ~ recognise  the
responsibility of regulatory authorities in
each Member State and have safeguarded
their right to determine values related to
regulatory safety matters at national level

'Vroma mix Komiciero €Bponeiichkoi CriinbHOTH Ta
€BporneiickkuM KomiTetoM 3i crangapruzaiii (CEN)
o0 poboTH Hajg €BpPOKOJAMHU JUIs IPOSKTYBaHHS
oyaisens i ciopyn (BC/CEN/03/89).

' Agreement between the Commission of the European
Communities and the European Committee for
Standardisation (CEN) concerning the work on
EUROCODES for the design of building and civil
engineering works (BC/CEN/03/89).
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HAI[IOHATLHOMY  pIiBHI TaMm, 1€ BOHHU
BIJIPI3HSIOTHCS.

Craryc Ta rajy3b 3aCTOCYBaHHS
€Bpokoais

HepxaBu-unenn EU ta EFTA BU3HaIOTB, 110
€BpOKOAM MIIOTh AK ETAJOHHI JOKYMEHTH
JUISA TaKUX LIei:

— gK 3aci0 JOBEOEHHS  BIAIOBIIHOCTI
OyaiBelb 1 CHOPYJ OCHOBHHM BHMOTaM
HupexktuBu Pamum  89/106/EEC, 30kpema
OCHOBHIM BHMO31 Nel — MexaHiyHa
CTIMKICTh Ta CTAOUIBHICTH — 1 OCHOBHIH
BHMO31 Ne 2 — [ToxkerkHa Oe3neka;

— SIK OCHOBA JIJISl YKJIQJIaHHSI KOHTPAKTIB JIJIst
OyniBenb 1 COpPYH Ta TMOB’S3aHUX 3 HUMHU
IH)KEHEPHHUX MTOCITYT;

— SK OCHOBa JUIs CKIJIQNAHHS Y3TOKCHUX
TEeXHIYHUX crenudikamiii s OymiBeIbHIX
BupoOiB (ENs Tta ETAs).

€BpOKO/IN, OCKUIBKM BOHHM 0€310CepeTHBO
BIJTHOCSATBCS 10 OYAiBENIbHUX CIOPYA, MatOTh
PSAMUAN 3B’SI30K 13 TIlyMa4HUMH
I[OKyMeHTaMI/I2 po3ainy 12 CPD,
HE3BAKAIOYM Ta T€, 1[0 BOHM MAIOTh DPI3HY
OpUPOJY 3 TapMOHI30BAHUMH CTaHIApTaMHU
Ha BupoOu . TakuM UYHMHOM, TEXHIYHI
aCIIEeKTH, SIK1 BUIUIMBAIOTH 3 €BPOKOJIIB IS

where these continue to vary from State to
State.

Status and field of application of
Eurocodes

The Member States of the EU and EFTA
recognise that Eurocodes serve as reference
documents for the following purposes:

— as a means to prove compliance of
building and civil engineering works with
the essential requirements of Council
Directive 89/106/ EEC, particularly Essential
Requirement Ne 1 — Mechanical resistance
and stability — and Essential Requirement
Ne 2 — Safety in case of fire;

— as a basis for specifying contracts for
construction works and related engineering
services;

— as a framework for drawing up harmonised
technical specifications for construction
products (ENs and ETAs)

The Eurocodes, as far as they concern the
construction works themselves, have a direct
relationship ~ with  the  Interpretative
Documents® referred to in Article 12 of the
CPD, although they are of a different nature
from harmonised product standards’.
Therefore, technical aspects arising from the
Eurocodes work need to be adequately

Bigmosizao 10 cr. 3.3 moxymenta CPD ocHOBHi
Bumorn (ER) orpumaiorh KoHKpeTHY ¢GopMmy Yy
TIYyMauyHUX JOKYMEHTax Ui CTBOPEHHS HEOOXiTHHX
3B’SI3KIB MIDK OCHOBHHMMH BHMOTraMHM Ta MaHJaTaMH
st rapmoHizoBanux EN ta ETAG/ETA.

3BiJmOBileo mo ct. 12 CPD Tnymauni JTOKyMEHTH
MAaroTh:

a) HAJaTH KOHKPETHOI (JOPMU OCHOBHHUM BHMOTaM,
Y3rOAMBINM TEPMIHOJIOTIFO 1 TEXHIYHI 3acamd 1
BKAa3aBIIU KJ1acu a0o0 piBHI sl KO)KHOI BUMOTH, JIe TIe
HEOOXIIHO;

b) Bka3aTM MeTOAW BCTAHOBJCHHS CIIBBIIHOIICHHS
MK IIMMH KJIacaMH a0o0 PIBHAMHU BHUMOT i3 TEXHid-
HUMH BHMOTaMH, HANPUKIAJ], METOIU PO3PAXYHKY i
NepeBipKH, TEXHIYHI IpaBHiIa MPOEKTYBAHHS 1 T. iH.;
C) CHyryBaTH PEKOMEHIAIIEI0 Il BCTAHOBICHHS
Y3rO/DKCHUX CTaHIAPTIB 1 HACTAHOB JJisi €BpOICiich-
KOTO TCXHIYHOTO YXBaJICHHSI.

€BpokoaH (PaKTUIHO BIMIrPaOTh MOMIOHY pOJb Y
ctepi ER 1 i gactuni ER 2.

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

*According to Art. 12 of the CPD the interpretative
documents shall :

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

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

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

The Eurocodes, de facto, play a similar role in the
field of the ER 1 and a part of ER 2.
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OyaiBenb 1 cropynl, MOBUHHI B MOBHIM Mipi
OoyTH PO3TIISIHYTUMH TexHiyHIMEU
komitetamu CEN Ta/uu pobouumu rpymnamu
EOTA, sxi po3poOJsOTh CTaHIApTH Ha
OyniBenbHI BUPOOH, 3 TO3WINN JOCATHCHHS
MOBHO1 CYMICHOCTI TEXHIYHHMX crerudikaIii
3 €BpoKOAAMH.

Cranmaptu  €BpOKOJIB  PErVIAMEHTYIOTh
3arajbHi  NpaBWIa  TNPOCKTYBaHHSA  JUIs
NPaKTUIHOTO BUKOPUCTAHHS BCIX

KOHCTPYKIIIHK Ta 11X KOMIIOHEHTIB SIK
TPauUIIHHOTO, TaKk 1  IHHOBAI[IHHOTO
xapaktepy. YHiKalbHI (OPMHU KOHCTPYKII{
a00 YMOBH IPOCKTYBaHHS HE OXOILTIOIOTHCS,
1 B TakuX BHUINAJAKaX HPOEKTYBAIbHUKY
MOTPIOCH TIOATKOBUN €KCIIEPTHHIA PO3TIISI.

HanionaabHi cTanaaprTu,

0 BIIPOBA/I’KYIOTH €BpOKO)II/I

HamionanbHi cranaapTh, Mo BOPOBAKYIOTh
€BpoKOAM, 3aBXIU BKIIOYAIOTh IOBHUH
TeKCT €BpOKOAY (BKJIIOYAIOUN BCl JOJIATKH),
Buganuii CEN, skoMy MOXyTh nepenyBaTH
Hamionaneuuii tutynpHUM Juct Ta Haro-
HaJIbHA NIEPEIMOBA, a TAKOX MOXKYThb CYIpO-
BO/KyBaTHCs HallloHanbHUM J10JTaTKOM.

Harmioganeanii  104ATOK MOXKE BKJIIOYATH
iH(popMallil0 BIIHOCHO THUX HapaMeTpiB, sKi
SIMIIAIUCS BIIKPUTHUMH B €BpOKOAaX ISt
HalllOHAIBHOTO BHOOpPY, BIZIOMI $IK HaIliO-
HAJIbHO  BHM3HAYeHI  MapaMeTpu s
BUKOPUCTAHHS TPH NPOEKTYBaHHI OyaiBelb
Ta 1HXEHEPHUX CIOPYH, 10 OyIAyTh 3BENEHI
y 3alikaBlieHil KkpaiHi, a came:

— 3HAYEHHS  YaCTKOBHX  KOEQiIi€HTIB
HaJIHHOCTI Ta/abo KiacuQikalio BHUMAIKIB,
JUId SIKUX €BPOKOJ| pEriaMeHTYy€e BHKOPHC-
TaHHS aJbTEPHATHUB;

— 3HAYEHHs, 5Kl CJJI BUKOPUCTOBYBATH TaM,
ne B €BPOKO/Ii HABEJICHO TIJIbKU CUMBOJT;

— cnenudiyHl AaHi kpaiHu (reorpadivi,
KJIIMaTU4HI TOIIO), HAPUKJIIAJ, KapTa BITPY;
— KOHKPETHI METOIUKU JUIsI THUX BHIIAJKIB,

Ko €BPOKOJI perjaMeHTye BUKOPUCTAHHS
aIbTEPHATHUB.

considered by CEN Technical Committees
and/or EOTA Working Groups working on
product standards with a view to achieving a
full compatibility of these technical
specifications with the Eurocodes.

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

National Standards implementing
Eurocodes

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

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

— values for partial factors and/or classes
where alternatives are given in the Eurocode,

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

— country specific data (geographical,
climatic, etc.), e.g. wind map,

— the procedure to be used where alternative
procedures are given in the Eurocode.
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BoHM MOXYTb TaKOX MICTUTH:

—  peKoMeHjamii  Ioa0
IIOBIIKOBHX OJATKIB;

3aCTOCYBaHHS

— TOCWJIAaHHS Ha JIOJATKOBY iHdopMaIlito,
sKa HE CYNEPEeYUTh HOPMATUBHUM BUMOTaM i
JIOTIOMAarae pu KOPUCTYBaHHI €BPOKOIaMHU.

3B’s3ku Mizk €BpokoaaMu Ta
rapMOHI30BAHUMM TE€XHIYHUMU
cnenudikanisvmu (ENs ta ETAs)
JJIsi BUPOOIB

HeoOxinna Y3TOKCHICTh Mix
rapMOHI30BaHUMU TEXHIYHUMU
cnenuikamisMu Uit OyIiBeIbHUX BHUPOOIB
Ta TEXHIYHUMHU NpaBuiamMu Ais OyniBenb i
cnopya Ta OyxiBenbHuX podit. Kpim Toro, y
noBHi 1H(popmalii, ska cymnpoBomkye CE
MapKyBaHHs OyniBeIbHHX BHUPOOIB 1 Mae
BiJTHOIIIEHHSI 1O €BPOKOIB, Ma€ OYTH YiTKO
3a3Ha4YE€HO, fAKI HaMlOHAJILHO BH3HAYEHI
napaMeTpu Oysu B3SITi IO YBaru.

HonarkoBa ingopmanisi om0
EN 1993-5

Buxknaneni y npboMy IOKyMEHTI Marepiaiu
He MoBTOPrOIOTECSA. EN 1993-5 po3pobiieHo
JUIsL BAKOPUCTAHHS:

- Tpymamu, IO pPO3pOOIIOI0Th ECKi3H1
IIPOEKTH CIIOPITHEHUX TOBApIB,
€KCIIEpPUMEHTH Ta BUPOOHMY1 CTaH/IapTH,

- 3aMOBHUKAMH (HammpukIa TUTST
dbopMyTtoBaHHS OCOOIMBUX BUMOT)

- IPOCKTYBAJIbHUKAMU Ta KOHCTPYKTOpaMU
- KOMIICTCHTHUMHA OpraHaMHu.

YucnoBi  3HAYEHHSA AN YAaCTKOBHX
KoeQILIeHTIB Ta  IHIIMX  [apaMeTpiB
PEKOMEHIYIOThCS SIK OCHOBHI 3HA4YE€HHS, 10
3a0e3MeuyoTh NPUHHATHUN piBeHb O€3MeKH.
Bonu ob6upatothcst 32 yMOBH 3a0e3NedeHHs
BIJIMOBITHOTO KBaTi(iKaI[iHHOTO PIBHA Ta

* lu. Cr. 3.3 Ta cr. 12 CPD, a Takox myHKTH 4.2,
43.1,4321a526 ID 1

It may also contain

— decisions on the wuse of informative
annexes, and

— references to non-contradictory
complementtary information to assist the
user to apply the Eurocode.

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

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

Additional information specific for
EN 1993-5

Matters that are already covered in those
documents are not repeated. EN 1993-5 is
intended for use by

- committees drafting design related product,
testing and execution standards,

- clients (e.g. for the formulation of their
specific requirements)

- designers and constructors
- relevant authorities.

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

* See Art. 3.3 and Art. 12 of the CPD, as well as
clauses 4.2, 4.3.1,4.3.2 and 5.2 of ID 1.
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3arajbHOT KOPUCHOCTI.

Honmatox A Ta nmomatox Biarorosani mo0
normoBHUTH naHi EN 1993-1-3 mis 4 knacy
CTaJICBUX IIMTYHTOBUX IaJIb.

Homatrok C Hamae KEpIBHUITBO IIOJ0
PO3paxyHKYy 3 ypaxyBaHHSM ILIACTHYHOCTI
JUIL  YyTPUMYIOUUX KOHCTPYKIIH CTaJIeBUX
[IMTYHTOBUX TaJb.

Jonatok D HaBOAWTH MOPSAIOK PO3PaXYHKY
OCHOBHUX €JIEMEHTIB KOMOIHOBAHUX CTIiH.
Oco06IMBOCTI T€OTEXHIYHOTO PO3PaXyHKYy HE

OXOTUTIOFOTHCS MM JIOKYMEHTOM 1 BUKJIQ/ICHI
y EN 1997.

HanionanasHui 101aTOK
10 EN 1993-5

Y 1upomy cTaHapTi HaBelEHI allbTepPHATHUBHI
METOJIM, OIIHKKM 1  peKOMeHmamii 3
NPUMITKaMH, SIKI BKa3ylOTbh, J1€¢ HEOOXIJHO
3pobuTH HalioHanbHI BUOIp. Takum 4yMHOM,
HalllOHAIBHUI CTaHIapT, SIKUM IMIUIEMEHTY€E
EN 1993-5, nosunen maru HarioHaabHUi
JOJIaTOK, /10  SIKOTO  BKIIOYEHO  YCi
HaI[lOHAJIbHO BM3HAuY€Hl NapaMeTpH, SKi
BUKOPHUCTOBYIOTbCS ~ IPU  HPOEKTYBaHHI
CTaJIeBUX  KOHCTPYKIIH, 1o  OyayTh
noOy/0BaH1 y BIAMOBIAHIN KpaiHi.

Hamionaneauii  Bubip
EN 1993-5 3a 1ormoMororo:

~3.7(1)
~3.9(1)P
—4.4(1)
~5.1.1(4)
~522(2)
~522(13)
~525(7)
~55.4(2)
~6.4(3)
~7.1(4)
~723(2)
~7.42(4)

JAO3BOJICHO I

and quality management applies.

Annex A and Annex B have been prepared
to complement the provisions of EN 1993-1-
3 for class 4 steel sheet piles.

Annex C gives guidance on the plastic
design of steel sheet pile retaining structures.

Annex D gives one possible set of design
rules for primary elements of combined
walls.

Reference should be made to EN 1997 for
geotechnical design which is not covered in
this document.

National annex for EN 1993-5

This standard gives alternative procedures,
values and recommendations with notes
indicating where

national choices may have to be made.
Therefore the National Standard
implementing EN 1993-5

should have a National Annex containing all
Nationally Determined Parameters to be
used for the design of steel structures to be
constructed in the relevant country.

National choice is allowed in EN 1993-5
through:

~3.7(1)
~3.9(1)P
—4.4(1)
~5.1.1(4)
~522(2)
~52.2(13)
~525(7)
~5.5.4(2)
~6.4(3)
~7.1(4)
~7.23(2)
~7.4.2(4)
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~A3.1(3)
oA ~B.5.4(1)
~B.5.4(1) hasw
~D.2.2(5)
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1. 3AT'AJIBHI ITOJIOKEHHSA

1.1 Cdepa 3acTocyBaHHA

(1) VY yactuni 5 EN 1993 Bu3znaueno
NPUHIMIIA Ta TpPaBUJIa 3aCTOCYBaHHS
JUIsL  TIPOCKTYBaHHA B  OYIBHHIITBI
HECYyYUuX TaJbh 1 IIIYHTOBUX T4k,
BUT'OTOBJIEHHX 31 CTaJICH.

(2) Kpim TOrO, B HHOMY HABOIATHCS
OPUKJIAAM  MIATOTOBKM  JE€TalbHUX
KpECJIEHb JUISL byHIamMeHTy i
KOHCTPYKUIN MiAMIPHUX CTIHOK.

(3) B wmexi obnacti 3acTOCyBaHHS
BXOJISATh:

— CTayeBi ManboBi (QYHAAMEHTH IS
CHOpYyJd UMBUIBHOTO OyIIBHHUIITBA Ha
3eMJIi 1 Ha BOJI;

— THUMYacoBl 1 MOCTIMHI KOHCTPYKIIi,
HEOOXiJHI i1 BHUKOHAHHS CTaJIEBUX
MaJIbOBUX CIIOPYI;

— THUMYacOBI 4YHM TIOCTIHHI MiAMIPHI
KOHCTPYKIIIi, 10 CKIagaroThCs 13
CTaJICBUX IIITYHTOBUX TaJlb, BKIIIOYAIOYH
BCl BUIU KOMOIHOBAHUX CTIHOK.

(4) B mexi obmacti 3acToCyBaHHS HE
BXOJISITh:

— raTOpMHU Ha Halsx;
— MaJbOBI KYIIIL;

%) VYV gactuni 5 EN 1993 naBeneni
TaKOoX TpaBUIia 3aCTOCYBAHHS CTAJIEBUX
aJIb-000JIOHOK, 3aIIOBHEHUX OCTOHOM.

(6) CrnemianpHi BHMOTH o
MPOEKTYBaHHIO CeCMOCTIHKHIX
KOHCTPYKIIIH HE BKIIOYEHI B JIaHUU
nokymeHT. Ommc BHIAIKIB, B SKHX
HACJI1JIKHU 3CYBY IPYHTY 4€pe3 3eMJIETPYC
€ 3HayHuMu, 1uB. y EN 1998.

(7) Takox TTOJIOYKEHHS 3
MPOEKTYBaHHS  CXBaTOK, 3B'I30K 1
AHKEPHUX KPITJICHb JUB. Y po3imi 7.

(8) IIpoekTyBaHHs CTJICBUX
IITYHTOBUX CTIHOK 3 BUKOPHUCTaHHSIM
norepeyHux mnepepizis kmacis 1, 2 1 3
BXOAWTH JO po3aumiB 5 1 6, a

1. GENERAL

1.1 Scope

()P art 5 of EN 1993 provides principles and
application rules for the structural design of bearing
piles and sheet piles made of steel.

(2) It also provides examples of detailing for
foundation and retaining wall structures.

(3)  The field of application includes:

— steel piled foundations for civil engineering works
on land and over water;

— temporary or permanent structures needed to carry
out steel piling work;

— temporary or permanent retaining structures
composed of steel sheet piles, including all kinds of
combined walls.

(4)  The field of application excludes:

— offshore platforms;
— dolphins.

(5)P art 5 of EN 1993 also includes application
rules for steel piles filled with concrete.

(6) Special requirements for seismic design are
not covered. Where the effects of ground movements
caused by earthquakes are relevant see EN 1998.

(7 Design provisions are also given for walings,
bracing and anchorages, see section 7.

(8)  The design of steel sheet piling using class 1,
2 and 3 cross-sections is covered in sections 5 and 6,
whereas the design of class 4 cross-sections is
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MIPOEKTYBAaHHS IONEPEUYHUX TepepisiB
KJ1acy 4 OmucaHo B JI0JATKy A.

Hpumirka. BumpobyBanHs
najp Kiacy 4 ommcaHo B IoaaTky B.

IIITYHTOBUX

(9) B meToaukax NpoeKTyBaHHS JUIS
U-nioniOHuxX majgs 3 OOTHCHEHHAM 1
NpSMHUX CTAJEBUX IIMYHTOBHX Iajh
BHUKOPUCTOBYETBhCS HECydYa 3JaTHICTb,

gKa OTpUMaHa Yy BHIPOOYBaHHSX.
[Hpopmaris L1010 METOMIB
BUIIPOOYBaHb HaBeJleHa y
EN 10248.

(10) TeorexniuHi aCIeKTH HE

YBIMIIIM /0 I[bOTO JOKyMEHTa. [x

MOKHa 3HAWTH B
EN 1997.

(11) IlonmoxkeHHs 3  BpaxyBaHHS
BIUTUBIB  KOpO3li B  NIPOEKTyBaHHI

MAIOBOTO PSITy HABOJSATHCS B PO3ILT 4.

(12) Homycku JUTSt 3arajJbHOI0
aHaJli3y IJIaCTUYHOCTI BIANOBITHO [0
543

EN 1993-1-1 naBoastecs B 5.2 maHOro
CTaHIIapTy.

Ipumirka BkaziBkH 10 TPOCKTYBaHHIO
CTIHOK 13 CTaJeBUX MITYHTOBUX Mailb, SKe
BpaxoOBYy€ 3arajbHU aHami3 IUIACTUYHOCTI,
HaBejeHi B nogatky C

(13) IlpoexkTyBaHHS  KOMOIHOBaHUX
CTIHOK TIPW TPAaHUYHHUX CTAHAX OIHCAHO
B pO3AUTI 5, BKIIOYAIOYM 3araibHi
TOJIOKCHHS 1o MIPOEKTYBAHHIO
MIEPBUHHKX €JIEMEHTIB.

Hpnmirka. BkaziBKkM 10 TIPOEKTYBaHHIO
TpyO4acTHX Mayib 1 JBOTABPOBUX INPOQUIIB, sAKi
BUKOPHCTOBYIOTBCSI B SIKOCTI  IEpPBUHHHUX
€JIEMEHTIB, HaBe/IEHO B 10AATKy D.

1.2  HopmaTuBHI NOCHJIAHHA

Janunit €BponenchKuii CTaHJIapT
BKJIIOYA€ Yy BUTISAAlI JaTOBaHUX 1
HEIAaTOBAHUX  IIOCHJIAHb  IOJIOKEHHS
iHmMx nyomikamid. LI HOpmaTuBHI
MTOCUJIAHHS HABOJATHCS Yy BIAMOBIAHHUX

9

covered in annex A.

NOTE: The testing of class 4 sheet piles is covered in annex
B.

(9)  The design procedures for crimped U-piles
and straight web steel sheet piles utilise design
resistances obtained by testing. Reference should be
made to EN 10248 for testing procedures.

(10)  Geotechnical aspects are not covered in this
document. Reference is made to EN 1997.

(11)P rovisions for taking into account the effects
of corrosion in the design of piling are given in
section 4.

(12) Allowance for plastic global analysis in
accordance with 5.4.3 of EN 1993-1-1 is given in
5.2.

NOTE: Guidance for the design of steel sheet pile walls
allowing for plastic global analysis is given in Annex C.

(13) The design of combined walls at ultimate
limit states is covered in section 5 including general
provisions for the design of primary elements.

NOTE: Guidance for the design of both tubular piles and I-
sections used as primary elements is given in Annex D.

1.2 Normative references

This European Standard incorporates by dated or
undated  reference, provisions from  other
publications. These normative references are cited at
the appropriate places in the text and the
publications are listed hereafter. For dated
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MICIIX y TEKCTi, a caMi myOumiKarii
nepepaxoBani Huxk4e. Il[o crocyeTbcs
JIaTOBAHUX IIOCHUJIAHb, MI3HIIINX
MONPaBOK abo0 pejakiii, s IbOro

€BpONENCHKOro  CTaHIAPTy  MOXKYTb
OyTh  3acTocoBaHi  Oynmb-AKi  Taki
myOiKartii, TIIBKHA SIKIIIO BOHH

BKJIIOYEH] B HBOIO 13 3a3HA4YEHHIM
MOTIPaBKH abo pemakiii. st

HE/IATOBaHUX MIOCUJIaHb MOXKe
3aCTOCOBYBAaTHCSI ~ OCTAaHHE  BHJIAHHS
nmyOJTikarii, Ha Ky Ja€ThCS TTOCHIIAHHS.

EN 1990 €BpOKOI: OcHoBu

MPOEKTYBAaHHS KOHCTPYKIIi
EN 1991 €Bpokon 1: [lii Ha KOHCTpYKIIii

EN 1992 €spokon 2: IIpoekTyBaHHs
3aJ11300€TOHHUX KOHCTPYKIIIH

EN 1993 €spokon 3: IIpoektyBaHHs
CTaJIEBUX KOHCTPYKIIIH

Yactuna 1.1. 3aranpHi  mpaBuia.
3aranpHi IpaBUIIa i IpaBUIIa s CIIOPY

Yactuna 1.2. 3aranbHi  mOpaBuia.
[IpoTunosxexue OyziBenbHe
IIPOEKTYBaHHs

Yactuna 1.3. 3aranpHi  mpaBuia.

JlogaTkoBi MpaBuiia A TOHKOCTIHHHMX
€JIEMEHTIB 1 JIMCTOBOIO  Marepiainy
XOJIOZHOTO IITaMITyBaHHS

Yactuna 1.5. 3aranpHi  mpaBuia.
[InacTuHYaCTI KOHCTPYKTHUBHI €IEMEHTH

Yactuna 1.6. 3aranpHi  mpaBuIia.
MILHICTE Ta CTIHKICTH 000IOHOK

Yactnaa 1.8.  3arambHi
[IpoexTyBaHHs 3'€1HAHB

MpaBuIa.

Yactuna 1.9. 3aranpai npasmia. Broma

Yactuna 1.10. 3aranbHi mpaBuia.
VY napHa B'SI3KICTh

Yactuna 1.11. 3aranbHi npaBuia.
[IpoexTyBaHHs KOHCTPYKIIH 3
HaTSKHUMHU KOMIIOHEHTaMHU,

BUTOTOBJIEHUMH 13 CTaJIEH

EN 1994 €spoxon 4: IlpoextyBaHHS
CTae3aai300€ TOHHNX KOHCTPYKITIH

EN 1997 €Bpokon 7: I'eorexniune
MPOEKTYBAaHHS

references, subsequent amendments to, or revisions
of, any of these publications apply to this European
Standard only when incorporated in it by amendment
or revision. For undated references the latest edition
of the publication referred to applies.

EN 1990 Eurocode: Basis of structural design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete structures

EN 1993 Eurocode 3: Design of steel structures

Part 1.1: General rules: General rules and rules for
buildings;

Part 1.2: General rules: Structural fire design;

Part 1.3: General rules: Supplementary rules for cold
formed thin gauge members and sheeting;

Part 1.5: General rules: Plated structural elements;

Part 1.6: General rules: Strength and stability of shell
structures

Part 1.8: General rules: Design of joints

Part 1.9: General rules: Fatigue

Part 1.10: General rules: Material toughness and
through-thickness properties

Part 1.11: General rules: Design of structures with
tension components made of steel

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

EN 1997 Eurocode 7: Geotechnical design
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EN 1998 €Bpokxon 8: IIpoekTyBaHHs
CeMCMOCTIHKUX KOHCTPYKITIH

EN 10002 Marepianu
BurnipoOyBaHHs Ha po3TST

MeTaJIeBl.

EN 10027 Cucremn xnacugikyBaHHS
craii

EN 10210  IIpodim  TpyOGuacTi
(OpOXXHUCTI) Tapsyoro (GOpMyBaHHS 3
HEJIETOBaHMX 1 JIPiIOHO3EPHUCTHX
KOHCTPYKLIWHUX CTasei

EN 10219 TlopoxxuaucTi 3BapHi mpodimi
XOJIOTHOTO (POPMYBAHHS 3 HEIIETOBAHUX
1 JOpiOHO3EPHUCTUX  KOHCTPYKIIHHUX
CTaJIeH

EN 10248 IllmyHTOBI CTIHKM Maib
raps4oi MPOKATKH 3  HEJIETOBAHUX
CTaJIel

EN 10249 IlmnyHTOBI CTIHKH Majb
XOJIOTHOTO IITAaMITyBaHHSI 3
HEJIETOBAaHUX CTaJICH

EN 1536 BukoHaHHS cHeLlaJIbHUAX
reOTeXHIYHUX crnopyd. bypoHabuBHI
naii

EN 1537 DBwukoHanHA cHOElaJIbHAX
reoTEXHIUHMX cropyd. I pyHTOBI aHKepU

EN 12063 BukoHaHHS cHemialbHHUX
reoTexHiunux  cnopya. CriHkum 3
IIITYHTOBUX MaJTb

EN 12699 BuxonanHs -cHoemiaabHUX
re0TeXHIUYHUX cropya. 3a0uBHI maii

EN 14199 BuxoHaHHsf -cHoemiaJgbHUX
reoTexHiuHuX cropy. I pyHTOLEMEHTHI
nasii

EN 10045 Marepianu  MeTanesi.
BurnpoOyBaHHs Ha yJapHMH BUTHH 3a
Maprmi.

EN 1090-2 BukoHaHHsI cCTalleBUX
KOHCTPYKITIH 1 ATFOMIHIEBUX
KoHCTpyKIid. Yactuna 2: TexuiuHi
BHMOTH JI0 CTAJICBUX KOHCTPYKITIH

1.3 JomymeHHs
(1) Ha pomatox mo 3arajabHHUX

nonymeHs EN 1990 3actocoByroTbes
TaKi JOMYIICHHS:
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EN 1998 Eurocode 8: Earthquake resistant design of
structures;

EN 10002 Metallic materials; tensile testing;

EN 10027 Designation systems for steel;

EN 10210 Hot finished structural hollow sections of
non-alloy fine grain structural steels;

EN 10219 Cold formed structural hollow sections of
non-alloy fine grain structural steels;

EN 10248 Hot rolled sheet piling of non alloy steels;

EN 10249 Cold formed sheet piling of non alloy
steels;

EN 1536 Execution of special geotechnical work -
Bored piles;

EN 1537 Execution of special geotechnical work -
Ground anchors;

EN 12063 Execution of special geotechnical work -
Sheet-pile walls;

EN 12699 Execution of special geotechnical work -
Displacement piles;

EN 14199 Execution of special geotechnical work -
Micro piles;

EN 10045 Metallic materials; Charpy impact test;

EN 1090-2 Execution of steel structures and
aluminium structures, Part 2: Technical requirements
for steel structures.

1.3  Assumptions

(D) In addition to the general assumptions in EN
1990 the following assumptions apply:
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BcTaHOBIICHHS 1 CITOPYIKEHHS CTAIEBHX
najgh 1 CTajJeBUX IIMMyHTOBHUX IMajb
BiamoBigae mojoxkeHHsaM EN 12699, EN
14199 1
EN 12063.

1.4 BinminHocTi Mik npuHIUIaMKU

Ta MpaBUJIaMHU 3aCTOCYBAHHSA

(1)P  Haeneno y 1.4, EN 1990.

1.5 Busnayenus

Lini maHoro craHmapry mnepeadadaroTh
BUKOPUCTAHHS TAaKUX BU3HAYCHb:

1.5.1 ¢ynoamenm

YactuHa OyniBenbHOI CHOpYAH, IO
BKJIIOYa€ B cebe mam 1, MOXKJIHUBO,
HAaroJIOBHUKH TaJIb.

1.5.2 nionipna koncmpyxuyisn

byniBenbHMI e€leMeHT, 10 BKJIIOYAE B
ceOe CTIHKH, $KI MigNHPAIOTh TPYHT,
noaiOHUM 10 HBHOrO MaTepian Ta/abo
BOAY 1 NMpU HEOOXITHOCTI — iX OMOpHI
cucTeMH (HalpuKJIaa, aHKepyBaHH).

1.5.3 e63aemodia tpynmy

B3aemnuii BimmB nedopmatiiii 'y rpyHTI
Ta  (QyHIamMeHTi  4M  TOiANOpHIH
KOHCTPYKLII.

1.6 Ilo3naueHHs
(1) OkpiM MO3Ha4Y€Hb, HABEJCHUX Y

EN 1993-1-1, 3acTocoByrOThCS Taki
MTO3HAYEHHS:

¢ — amodeMa TepeOdOpPKH 13 CTAJIEBUX
LIMYHTOBMX Nasb (AUB. puc. 5.1);
o — KyT Haxuity nepebopku (puc. 5.1);

2) OxkpiM 1HAEKCIB, HaBEJICHHUX Y
crannapti EN 1993-1-1, 3actocoByeTbes
HACTYMHUU MAPSAKOBUH 1HIIEKC!

red — 3MEHIIIEHUNA

3) Ha jgomarok 10  CHUMBOJIB,
HaBeneHnX B craHmapti EN 1993-1-1,
3aCTOCOBYIOTHCS TaKi BaXKJIMBI CUMBOJIH:

A, — TIoma MPOEeKTOBAHOI TUIOIII 3CYBY
(pucynok 5.1);

Installation and fabrication of steel piles and steel
sheet  piles are in accordance with
EN 12699, EN 14199 and EN 12063.

14 Distinction between

application rules

principles and

()P Reference shall be made to 1.4 of
EN 1990.

1.5  Definitions
For the purpose of this standard, the following
definitions apply:
1.5.1 foundation

Part of a construction work including piles and
possibly their pile cap.
1.5.2 retaining structure

A construction element including walls retaining
soil, similar material and/or water, and, where
relevant, their support systems (e.g. anchorages).

1.5.3 soil-structure interaction

The mutual influence of deformations on soil and a
foundation or a retaining structure.

1.6  Symbols

(1) In  addition to those given in
EN 1993-1-1, the following main symbols are used:

¢ — slant height of the web of steel sheet piles, see
Figure 5.1;

a — inclination of the web, see Figure 5.1.

(2) In  addition to those given in
EN 1993-1-1, the following subscripts are used:

red — reduced.

3) In addition to those given in

EN 1993-1-1, the following major symbols are used:

A, — projected shear area, see Figure 5.1;

12


arymarenko
Прямоугольник


Frs  —  po3paxyHKOBE
AHKEPHOI'0 3YCHJLIIS;

3HAYCHHA

Fora — HONATKOBE TOPU3OHTAIbHE
3YyCWJUIS, IO BHHHMKAE B Pe3yJbTaTi
3arajibHOTO  TO37I0BXXHHOTO  BHTHHY,
SKOMY YUHUTH OMIp T STa IIITYHTOBOT
najgi, TOpH  JOMYHIEHHI  PEXKHUMY
HEKOJIMBAJILHOTO MMO3/I0OBKHBOTO BUTHHY
(mmB. pucyHoK 5.4);

Fira — pPO3paxyHKOBUI orip
PO3TATYyBaHHIO aHKepa;
Figa  —  pDO3paxyHKOBE  3HA4YCHHs

OKPYXKHOTO PO3TATYIOYOTO 3yCHIUIS B
KoMipYacTiii mepeMuyIli;

Fisr — OCbOBE 3yCHIIII B aHKEpi Mpu
XapaKTePUCTHYHOMY HAaBaHTAKCHHI,

Froka — pO3paxyHKOBa cuiia
pO3TATYBaHHS B  JYroBiii  KOMipIi
KOMip4acToi MepeMuyKH;

Fierpa  — pO3paxyHKOBa cuna
pO3TATYBaHHS B 3aralpHId  CTIHII

KOMIPYacTOi MepEeMUYKHY;

Figra  — PO3paxyHKOBHH orip
PO3TATYBAaHHIO CTPUKHIB aHKEPIB;

Fonka — pO3paxyHKOBa cuia
pO3TATYBaHHS B TOJIOBHIM  KOMIpIIL
KOMIpYacToi MepeMUYKH;

Fira —  PpO3PaxyHKOBHIA omip
PO3TATYBAHHIO  HPOCTUX  HPAMHX
CTaJICBUX HIHyHTOBI/IX I1aj1b y
nepedopiii;

Furs —  PO3paxXyHKOBUMH orip

PO3TATYBaHHIO Pi3bOU aHKEPIB;

R ra — PO3PAXYHKOBUHN OIIP MITTYHTOBOL
naJti JJOKaJIbHINA NOMepeyHii cuii;

R ra — pPO3paxyHKOBHM orip
pPO3TATYBaHHIO IIEPErOPOIOK 3
LIITYHTOBUX najb MIPUKJIAJICHHIO

JIOKQJIBHOT TIOTIEPEYHOT CHJIL;

Ryjra — PO3paxyHKOBHH OIIp 3pYLIEHHIO
MOJIKK IIIYHTOBOI Maji MNPUKIAJECHHIO
JIOKAJIbHOI IIONIEPEYHOI CUIIH;

PmEd —  PO3paxyHKOBE  3HAYCHHS
BHYTPIIIHBOTO  THCKY, IO Jii€ B
TOJIOBHIN KOMIpITi KOMipyacToi
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Fgq— design value of the anchor force;

Fo s — additional horizontal force resulting from
global buckling to be resisted by the toe of a sheet
pile to allow for the assumption of a non-sway
buckling mode, see Figure 5.4;

F, ra— design tension resistance of an anchor;

F,gq — design value of the circumferential tensile
force in a cellular cofferdam;

F - — axial force in an anchor under characteristic
loading;

Fipq — design tensile force in the arc cell of a
cellular cofferdam;

Fi. ga— design tensile force in the common wall of a
cellular cofferdam;

Fig ra— design tensile resistance of shafts of anchors;

Funea — design tensile force in the main cell of a
cellular cofferdam,;

Fisra — design tensile resistance of simple straight
web steel sheet piles;

Fura — design tensile resistance of threads of
anchors;

R, ra — design resistance of a sheet pile to a local
transverse force;

Rura — design tensile resistance of the webs of a
sheet pile to the introduction of a local transverse
force;

Rysra — design shear resistance of the flange of a
sheet pile to the introduction of a local transverse
force;

pm.eqa— design value of the internal pressure acting in
the main cell of a cellular cofferdam;
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MIEPEMUYKH;

7, — TIOYaTKOBHH paaiyc IyroBoi
KOMIpKH B KOMipYacTiii HepeMHyIli;

Fm — TIOYAaTKOBUI pajaiyc OCHOBHOL
KOMIpKH B KOMipYacTiii HepeMHyIli;

{r — HOMIHAJbHA TOBIUMHA MOJMII
CTaJIeBOI IIITYHTOBOI MaJIi;

t, — HOMIHAJbHA TOBIIWHA CTIHKH 31
CTaJICBUX IIMTYHTOBUX TAJIb;

[z — KOoe(iIieHT, 0 BPaxOBY€E MOXKIUBE
3HIKEHHSI MOMEHTY oropy nepepizy U-
oai0HUX najb B pe3ynbTari
HEJ0CTaTHBOI TIepeaadl 3yCUilIs 3CyBYy B
3aMKOBI 3'€/IHaHHS;

Sp — KoedimieHT, 10 BPaxOBYE MOKIIHBE
3HIDKEHHSI KOPCTKOCTI mpu 3ruHi U-
MOTIOHUX najib B pe3ybTari
HEJIOCTAaTHBOI Mepeadi 3yCULIs 3CYBY B
3aMKOBI 3'€IHAHHS;

pr — KoedilieHT, 10 BpaxoBYye OIip
3aMKOBOTO 3'€THAHHS MPSMHUX CTAJIEBUX
LIMYHTOBUX NaJlb y CTIHIII;

pr — KoedilleHT, IO BPaXOBYE
MOBEJIHKY TaJli 31 3BapHUM 3'€IHAHHSAM
B TPAaHMYHUX CTaHAX;

Por — KOe]ilieHT, 10 BpPaxOBYE
3HIKEHHS JJPyroro MOMEHTY IUIOIIi
HAaBKOJIO OCi CTIHKH B Pe3yJIbTaTi BTpaTH
Kpyriaoi opmu (oBasizaiiii) Tpyou;

pp — KOEQILIEHT, 1110 BPaxOBY€E BIUIMBU
IUQEpeHLiaJbHOr0 THCKY BOJU Ha
MICIIeBHI MOTIEPEYHHI BUTHH TUIACTHHH.

(4) HonatkoBi CHMBOJIN
BU3HAYaAIOThCS TaM, ze
BHKOPHUCTOBYIOTHCSI B TIEPIIIUNA pa3.

1.7 Onyanui
cHUCTEeMHU

Mi2KHAPOTHOL

(1) OauHMI MDKHAPOJHOI CHCTEMHU
CIIiJI BUKOPHCTOBYBATH BIAMOBITHO [0
ISO 1000.

(2) st BHUKOPHUCTAHHS B
pO3paxyHKax PEKOMEHAYIOTHCS
HACTYIHI OJIMHHII BUMIPY:

— CWiIa 1 HABAHTAXKEHHS: KUIOHBIOTOH
(xH), xinmonproton Ha Metp (kH / ™M),

r, — initial radius of the arc cell in a cellular
cofferdam,;

rn — initial radius of the main cell in a cellular
cofferdam,;

t,—nominal flange thickness of a steel sheet pile;
t,, — nominal web thickness of steel sheet piles;

P — factor accounting for the possible reduction of
the section modulus of U-piles due to insufficient
shear force transmission in the interlocks;

Sp — factor accounting for the possible reduction of
the bending stiffness of U-piles due to insufficient
shear force transmission in the interlocks;

pr — factor accounting for the interlock resistance of
straight web steel sheet piles;

pr — factor accounting for the behaviour of a welded
junction pile at ultimate limit states;

Por — factor accounting for the reduction of the
second moment of area about the wall axis due to the
ovalisation of the tube;

pp — factor accounting for the effects of differential
water pressure on transverse local plate bending.

4) Further symbols are defined where they first
occur.

1.7 Units

(D) S.I. units should be used in accordance with
ISO 1000.

2) The following units are recommended for use
in calculations:

— forces and loads: kN, kN/m, kN/m?;
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KUTOHBIOTOH Ha MeTp KBaJpaTHUH

(xkH/M?);

— OOWHMIA MacH: KUJIorpaM Ha MeTp
KyOiuHHMil (Kr/M);

— MWATOMA Bara: KUIOHBIOTOH Ha METP
KyOiunuii - (kH/M);

— Hampyra 1 wminHicts: HploToH Ha
minimerp kBagparuuii - (H/mm?) (MH/M?
a0o MIla);

— 3TUHAJBHUM MOMEHT: KUIOHBIOTOH-
MmeTp - (kH m);

— KPYTUJIBHUN MOMEHT: KUIOHBIOTOH-
Mmetp - (kH m).

1.8  Tepminoaoris

ini manoro craHmapty nepeadadyaroTh
BUKOPUCTAHHA TaKUX BU3HAYCHD!
Hpumirka. Pucynku 1.1-1.10 noxa3yroThb
JMIIE TPHUKIAJH, BOHH NPEACTABICHI U TOTO,
mo0 TOJETHIUTH PO3YyMiHHA  (OPMYJIOBaHb
BUKOPHCTOBYBaHOI TepMiHoJIorii. [Ipuknany Hi B
SKOMY pa3l He € BHYEpPIHHUMH 1 He
BiZIOOpaaroTh yci HEOOXI1HI JeTati.

1.8.1 Ankepmue kpinnennsn

3aranpHUNR BUpA3, 10
BUKOPHUCTOBYETHCS JJISI ONUCY AHKEPHOI
CHCTEMH Ha 3BOPOTHOMY 0oLl HiAMIpHOT
CTIHKM, HaNpUKIaa, AaHKepHI OJIOKH,
aHKEepHI IUIMTH a00 aHKEpHI1 IIHTH,
IBUHTOBI aHKEpHI OOJTH, TIPYHTOBI
aHKepH, aHKEpHI Naji 1 pO3LIMPIOBaH1
gactuHu. [lpuknaam 3'enHanb Mk
aHKepaMH 1 CTIHKOIO IIIMYHTOBUX MaJb
noka3zaHi Ha pucyHky 1.1.

1.8.2 Cminka 3
KpinjieHHam

AHKEepHUM

CTiHKa, CTIHKICTh $KOI 3aIEKUTHh BiJ
[NIMOWHU  TIPOHWKHEHHS  IITYHTOBUX
nangb y IPyHT, @ TaKOX BiJl OJHOTO abo
O1sIb1IIE PIBHIB AHKEPIB.

1.8.3 Hecyui nani

KoHcTpykTHBHI eeMeHTH (TTOPOXKHHUCTI,
ITUPOKOTIONIOYHI JIBOTaBPOBI,
XpecTonoioHi abo XpecToBi monepeyHi
nepepisu), BOymoBaHI B (pyHIaAMEHTH
OymiBenb abo cmopyd UMBUIBHOTO
OyIIBHHIITBA, 1[0 BUKOPHUCTOBYIOTHCS
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— unit mass: kg/m3;
— unit weight: kN/m?;

— stresses and strengths: N/mm? (MN/m? or MPa);

— bending moments: kNm;
— torsional moments: kNm.

1.8  Terminology

For the purposes of this Standard, the following
terminology is used:

NOTE: Figure 1.1 to Figure 1.10 are only examples and are
provided in order to enhance the understanding of the wording

of the terminology used. The examples are by no means
exhaustive and they do not represent any preferred detailing.

1.8.1 Anchorage

The general expression used to describe the
anchoring system at the back of a retaining wall,
such as deadman anchors, anchor plates or anchor
screens, screw anchors, ground anchors, anchor piles
and expanded bodies. Examples of connections
between anchors and a sheet pile wall are shown in
Figure 1.1.

1.8.2 Anchored wall

A wall whose stability depends upon penetration of
the sheet piling into the ground and also upon one or
more anchor levels.

1.8.3 Bearing piles

Structural elements (hollow type, H-type, cruciform
or X-type cross-sections) incorporated into the
foundations of building or civil engineering works
and used for resisting axial compressive or tensile
forces, moments and transverse (shear) forces (see
Table 1.1). The bearing resistance is achieved by
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JUISL OTIOPY OCHOBHM CTHCKArOYMM abo
PO3TATYIOYMM 3YCHJUIAM, MOMEHTaM 1
MONEPEYHUM (3pYLIYIOUUM) 3YCHILISAM
(muB. Tabmumro 1.1). Hecyda 3maTHicTh
JIOCATAETHCS 3a JIOIMOMOIOK) CTIMKOCTI
OCHOBHM, CHJIM TEPTs CTEpKHS abo
KoMOiHaIi1 TOro ¥ iHIIoro.

1.8.4 36'azku scopcmxocmi

Posnopku, mneprieHauKyaspHI abo mia
KyTOM /10  TepeiHboi  TOBEpXHi
MiAMIpHOT CTIHKH, $AKI MATPUMYIOTH
CTIHKY 1, SK NpaBWJIO, CHOJYy4YeHI 3
3B A3YIOUHMHU eJIEMEHTaMHU (nuB.
pucyHok 1.2).

1.8.5 Konconvna cminka

CTiHKa, CTIMKICTH AKOi  3aJIEXKUTh
BHUKJIFOYHO BiJl TTMOMHUA TPOHUKHEHHS
IIMTYHTOBUX TaJIb B IPYHT.

1.8.6 Komipuacmi nepemuuxu

[lepeMuuKH, CKOHCTPYHOBaHI 3 MPSIMHUX
npodisiB CTIHKU 3 OJOKYBaHHSAM OIOPY
IpU  pO3TATYBaHHI, JOCTaTHIM  JJs
OIOpYy OKPY’KHOMY DPO3TATYBaHHIO, IO
BUHMKAa€ B KOMIpYACTid CTIHIII B
pe3yibTari paianbHOTO TUCKY
HaroBHEHHS  (AMB.  pucyHOoK  1.3).
CTilfiKicTh IIUX KOMIPOK JOCATA€THCS 3a
JIOIIOMOT'OK0 BJIACHOI Baru HAIllOBHEHHS.
IcnytoTh JIBA  OCHOBHHUX  THIIU
KOMIpPYaCTUX MEPEMHUUOK:

—  KoMmipyacTi  MepeMHYKH, 10
BKJIIOYAIOTh B ceOe KUIbIEBI KOMIPKHU:
TaKUil TUN TEPEMUYKH CKIIAJAETHCS 3
OKPEMHUX KOMIPOK BEJIMKOIO Jl1aMeTpy,
3'€JHAHUX MK COOOIO JyraMy MEHIIOTO
niaMerpa (IMB. pUCYHOK 1.4 a).

—  KoMmipyacTi  NEepeMHYKH, IO
BKJIIOYalOTh B cebe  miadparMoBi
KOMIpDKHM: TaKMi  THUI ~ MEPEMUYKH

CKJIQZIAEThCSI 3 JBOX PSAIB KIJTBIIEBUX
IyT, 3'eTHAHUX MK 00010
niadparmMamu, MEePHeHIUKYISIPHO 10 OCl
NepeMUYKH (IUB. pUCyHOK 1.4 b).

1.8.7 Komoinoeani cminku

[TinmipHi CTIHKH, IO CKIATAIOTHCS 3
NEPBUHHUX 1 BTOPUHHHUX E€JIEMEHTIB.
[lepBUHHUME eleMEHTaMH, SK MPAaBUIIO,

base resistance or shaft friction or a combination of
both.

1.8.4 Bracing

Struts perpendicular or at an angle to the front face
of a retaining wall, supporting the wall and usually
connected to the walings (see Figure 1.2).

1.8.5 Cantilever wall

Wall whose stability depends solely upon the
penetration of the sheet piling into the ground.

1.8.6 Cellular cofferdams

Cofferdams constructed of straight web profiles with
interlock tensile strength sufficient to resist the
circumferential tension developed in the cellular
walls due to the radial pressure of the contained fill
(see Figure 1.3). The stability of these cells is
obtained by the self-weight of the fill. Two basic
types of cellular cofferdams are:

— cellular cofferdams involving circular cells: this
type of cofferdam consists of individual cells of
large diameter connected together by arcs of smaller
diameter (see Figure 1.4a);

— cellular cofferdams involving diaphragm cells:
This type of cofferdam consists of two rows of
circular arcs connected together by diaphragms
perpendicular to the axis of the cofferdam (see
Figure 1.4b).

1.8.7 Combined walls

Retaining walls composed of primary and secondary
elements. The primary elements are normally steel
tubular piles, I-sections or built up box types, spaced
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€ cTajeBl TpyOuacTi maii, JBOTAaBPOBI
npodini abo 30ipHI KopoOUati mpodim 3
OJTHAKOBMMH IHTEpBaJaMH IO JOBXKHHI
CTiHKH. BTOpMHHMMH eleMEHTaMH, SK
NpaBUJIO, € CTaleBl MINMYyHTOBI mami
PI3HUX THIIIB, BCTAHOBIICHI B TPOMIDKKaX
MK  TEpBUHHUMH  €JIE€MEHTaMHu i
3'eHaHI 3 HUMH 3aMKOBUMH
3'€eIHaHHSIMU (IUB. pUCYHOK 1.5).

1.8.8 Iloogitna U- nodiona nansa

JIBi mooauHoKi meperuiereni U-momiOHi
IIITYHTOBI TaJli i3 3aralbHUM OOTHCKHUM
a00 3BapHMM 3aMKOM, 3 ypaxXyBaHHSIM
nepenadi 3CyBHOTO 3yCHILIS

1.8.9 3anyprosanicmo

31aTHICTh LINTYHTOBOI naii abo Hecyd4oi
naji  3aHypIOBATUCS  4Yepe3  IUIACTH
IPpYHTYy A0  HEOoOXiIHOI  TriIMOWHU
NIPOHUKHEHHs 0€3 HEraTUBHUX BIUIMBIB.

1.8.10 3anypenns

Meton yCTaHOBKM Majii B IPYHT Ha
HEOOX1AHY IIIOUHY, HaIlpUKJIAJ,
yIapHe 3aHypeHHs, BiOpo3aHypeHHH,
MpeCcyBaHHsS YW TBHHTOBE 3aHYpPEHHS,
a0o 3a J0MOMOrorw KOMOiHALIi UX 4H
IHIIUX METOMIB

1.8.11 Cminka 3 e6ucokorw medxcorw
Mmiynocmi

Bucokomirina MiJipHa CTIHKA,
chpopmoBaHa 3'€lHAHUMH B  3aMOK
CTaJIeBUMH €JIEMEHTaMH, IO MaroTh
OJTHAKOBY reoMeTpito. Enementu
MOXYTh  CKJajatucs 13 30IpHHX
npodimiB  (1uB. pucyHok 1.6) s
TOCSITHEHHSI BHCOKOTO MOMEHTY OIOpY
nepepizy.

1.8.12 3amkoee 3'conannsn

YactrHa cTaneBoi IIMyHTOBOI manii abo
HIIOT IIMYHTOBOi CTIHKH, IO 3'€/HY€E

CyCiIHI ~ €JeMEHTH 3a JIONOMOTOIO
Kpwibyatoi Tailku 1 [mTUpS  4H
aHAJIOTTYHOT KoH(piryparmii TUTS
BUKOHaHHA  O€3MepepBHOI  CTIHKU.

3aMKOB1 3'€qHAaHHS MOYKHA OIIMCATH
TaK1UM YNHOM:

— BUTBHI: Pi3b0OBI 3aMKOB1 3'€IHaHHS,
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uniformly along the length of the wall. The
secondary elements are generally steel sheet piles of
various types installed in the spaces between the
primary elements and connected to them by
interlocks (see Figure 1.5).

1.8.8 Double U-pile

Two threaded single U sheet piles with a crimped or
welded common interlock allowing for shear force
transmission.

1.8.9 Driveability

The ability of a sheet pile or bearing pile to be driven
through the ground strata to the required penetration
depth without detrimental effects.

1.8.10 Driving

Any method for installing a pile into the ground to
the required depth, such as impact driving, vibrating,
pressing or screwing or by a combination of these or
other methods.

1.8.11 High modulus wall

A high strength retaining wall formed by
interlocking steel elements that have the same
geometry. The elements may consist of fabricated
profiles, see Figure 1.6, to obtain a high section
modulus.

1.8.12 Interlock

The portion of a steel sheet pile or other sheeting
that connects adjacent elements by means of a thumb
and finger or similar configuration to make a
continuous wall. Interlocks may be described as:

— free: threaded interlocks that are neither crimped
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SIK1 HE CTUCKAIOThCS Ta HE 3BApPIOKOTHCA;

— CTHUCIHL: 3aMKOBI 3'eqHAHHSA
MMOOJMHOKUX TEPEIJICTCHUX TMallb, SIKi
3'€IHaHI MEXaHIYHO 3 TOYKaMHU OOTHCKY;

— 3BapHi: 3aMKOBI 3'e THAaHHS
MOOJMHOKUX TIEPEIUICTCHUX TMallb, SKi
3'€eqHAHI MEXaHIYHO 3a JIOTMIOMOTOIO
OesrepepBHOTO abo0  TEPEepHUBUACTOTO
3BapIOBAHHS.

1.8.13 3uczazonodiona cminka

Cnenudiuyna koHpirypamis HIITyHTOBOI
nami, TpU KM  MOOAMHOKI — maji
PO3TAIIOBYIOThCS 200 IS ITiJBUIICHHS
MOMEHTY 1HEpIii CTIHKH (AMB. pUCYHOK
1.7) abo myist y3roJKEHHS CHeliaIbHUX
3aCTOCYBaHb (UB. PUCYHOK 1.8).

1.8.14 3uennennsa nani

Mexaniuna (Qpukuiitna wmydra, sKa
BUKOPUCTOBYETBCST  JUISL  IOJOBKEHHS
ctaneBoi Tpybuacrtoi abo X-moaiOHOT
Taii.

1.8.15 Hlapnipno-onepma cminka

[ligmipua  cTiHKa,  CTIMKICTH  SIKOT
3QJIEKUTh Bl TIUOWHU TPOHHKHEHHS
IIMYHTOBUX Mallb y TPYHT, @ TaKOX BiJl
onHoro a0o Oinplie piBHA 3B'SI3KU
KOPCTKOCTI.

1.8.16 Cminka 3 nanv 020poodxcenns
ado HanpAMHUX NAJTb

CTiHKM OropojpkeHHs a00 HampaBiIsroul
NajaboBl CTIHKA 3 BEPTUKAIBHUX MaJlb
(HampsiMHI, TpoBiAHI maimi abo maui
OTOpPOJIKEHHS), SIKI 3aHYPIOIOThCA 3
IHTepBaJIaMH Ta MiATPUMYIOTh IPOMDKHI
TOPU30HTANIbHI ~ €NIeMeHTH  (AepeB'sHy
OOIIMBKY, TMJIaHKH ab0 3aTSKKU) (IUB.
pucynok  1.9). Hampsmaumu  abo
OPOBIIHUMHU TNaISIMH  MOXYTh OYyTH
mpokatHi  abo  3BapHI  JBOTaBpOBI
mpodini, Tpybdacti abo KopoOuarti
npoii.

1.8.17 Cmanesi kopoouami nani

[Tagi 3 HEKPYroBOIO MOPOKHHUCTOO
reoMeTpiero, 3po0jeHi 3 JBOX abo
OimpIIe  rapsyekaTaHux  HpoQiiiB,
Oe3repepBHO abo MePEPUBYACTO

nor welded;

— crimped: interlocks of threaded single piles that
have been mechanically connected by crimped
points;

— welded: interlocks of threaded single piles that
have been mechanically connected by continuous or
intermittent welding.

1.8.13 Jagged wall

Special sheet pile wall configuration in which the
single piles are arranged either to enhance the
moment of inertia of the wall (see example in Figure
1.7) or to suit special applications (see example in
Figure 1.8).

1.8.14 Pile coupler

A mechanical friction sleeve used to lengthen a steel
tubular or X shaped pile.

1.8.15 Propped wall

A retaining wall whose stability depends upon
penetration of the sheet piling into the ground and
also upon one or more levels of bracing.

1.8.16 Soldier or king pile wall

Soldier or king pile walls consist of vertical piles
(king, master or soldier piles) driven at intervals,
supporting  intermediate  horizontal  elements
(boarding, planks or lagging), see Figure 1.9. The
king or master piles may be rolled or welded I-
sections, tubular or box sections.

1.8.17 Steel box piles

Piles with a non-circular hollow shape formed from
two or more hot-rolled sections continuously or
intermittently welded together in longitudinal
direction (see Table 1.1).
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3BapCHUX OUH 3 OAHUM B
M0JIOBXKHbOMY HAIpPSIMKY (muB.
tabmuiio 1.1).

1.8.18 Cmanesi mpyouacmi nani

Mam 3 KpYyIJIUM [ONEPEYHUM
mepepizoM, CKIIaJeHl 13 3aCTOCYBaHHSIM
OE3III0BHOTO, IIO3I0BKHLEOI'0 abo
CHIpaJbHOTO 3BaprOBaHHS (nmuB.
tabmuiio 1.1).

1.8.19 Cmanesa wunynmoea nana

OkpeMi crajeBi €IEMEHTH, 3 SKHX
CKJIQJIA€ThCS IIITYHTOBA MAIbOBA CTIHKA.
Tunu craneBUx MIMYHTOBUX Mallb, SKi
OIlMCaHI B YaCTHHI 5, HaBEIEHO B
tabmumi 1.2: Z-noxi6bui, U-momiOHi 1
npsiMi ipodini nepedopku, i B TabIuIi
A.l pgonmatka A [ IIIYHTOBUX MaJlb
XOJIOJHOTO  IUTAaMIIyBaHHS.  3aMKOBI
3'eITHAHHSA Z-11ioai0HuX najb
pPO3TaIIOBYIOTECS B KpaiHIX Imapax
CTIHKH, a 3aMkoBi 3'emHanHs U-
nomioHMX 1 mpAMUX  1podiTiB
nepeOOpKH  PO3TAlIOBYIOTBCS Ha  OCi
MIiMTIPHOT CTIHKH.

1.8.20 Cmanesa wnynmosea nanvoea
cCmiHnKa

[UT 13 MIITYHTOBUX TaJb, SIKUWA CTBOPIOE
Oe3nepepBHY CTIHKY 3a JIOTIOMOT'OIO
p13b0M 3aMKOBHX 3'€IHAHD

1.8.21 Tpiiinuxoge 3'conannsn

CrenianpHuil e€neMeHT (AMB. PHUCYHOK
1.10) nns 3'eqHaHHS ABOX KOMIPYACTHX
MEePEMUYOK AYraMd MEHILIOro JiaMeTpa
(muB. pucyHoxk 1.3).

1.8.22 IHompiina U-nodiona nana
[[InynToBa mansd, MmO CKIAZAETHCA 3

TPhOX OJUMHUYHUX Tnepemierenux U-
MOAIOHNX MIMYHTOBUX Taldb 3 JBOMA

OOTUCHYTUMU abo 3BapHUMU
3araJbHIMM 3aMKOBHMH 3'€THAHHSIMH, 3
ypaxyBaHHSAM nepenadi 3CYBHOTO
3YCHILIA.

1.8.23 066 a3ka

lopuzonranpHa (mosicHa) Oanka, sIK
nmpaBujio, 31 crajgi abo apMOBaHOTO
OeToHy, CKpilieHa 3  MiAMIpHOIO
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1.8.18 Steel tubular piles

Piles of circular cross-section formed by the
seamless, longitudinal or helical welding processes
(see Table 1.1).

1.8.19 Steel sheet pile

The individual steel elements of which a sheet pile
wall is composed. The types of steel sheet piles
covered in this Part 5 are given in Table 1.2: Z-
shaped, U-shaped and straight web profiles, and in
Table A.1 of Annex A for cold formed sheet piling.
The interlocks of the Z-piles are located on the
extreme fibres of the wall, whereas the interlocks of
U-shaped and straight web profiles are located on
the axis of the retaining wall.

1.8.20 Steel sheet pile wall

The screen of sheet piles that forms a continuous
wall by threading of the interlocks.

1.8.21 T-connection

Special element, see Figure 1.10, to connect two
cellular cofferdams by arcs of smaller diameter, see
Figure 1.3.

1.8.22 Triple U-pile

A sheet pile consisting of three threaded single U
sheet piles with two crimped or welded common
interlocks allowing for shear force transmission.

1.8.23 Waling

Horizontal beam, usually of steel or reinforced
concrete, fixed to the retaining wall and used to
transmit the design support force for the wall into the
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CTIHKOIO, sIKA BUKOPUCTOBYETHCS IS tie rods or struts.
mepenadi  po3paxyHKOBOTO  OHOPHOTO

3YCHJUIA JUIS CTIHKH B CTSDKHI CTPHIKHI

abo miamopu.

Tabanns 1.1 - Ilpuxiaau nomnepeyHHX mepepiziB CTAIEBUX HECYUHX Malb
Table 1.1 - Examples of cross-sections of steel bearing piles
TwIl monepevHoro nepepisy 3o00pakeHHs
Type of cross-section Representation

[opoxaucTHit (TpUKIIAN), TUB. IPUMITKY
Hollow type (examples), see Note

II1pokonoJOYHUNA JBOTaBPOBHIA
H type

O

O
>

1

XpecronoaioHui
X type

Ipumirka. [npopmaniro nmpo Bukonanns nuB. y EN 12699 i EN 14199.

NOTE: Reference should be made to EN 12699 and EN 14199 for execution details.
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Taommus 1.2-  CrayieBi mImyHTOBI Taji

Table 1.2 -  Steel sheet piles

Tun monepeyHoro nepepisy

OnuHnYHA 1A

TToxBitina mamns

Z-noniOHi ripodimi

Z - profiles

U-mroxi6ni mpodii

U - profiles

\__/

[Mpsmi npodini nepeGopku

Straight web profiles

Hpumitka. [Hpopmariro mon0 3aMkoBuX 3'eqHanb 1uB. y EN 10248.

NOTE: Reference should be made to EN 10248 for details of the interlocks.

V-V

L]

A — cTsuKHEI cTpHIKeHDb; B — maii6a; C — mmyHToBa majs; D — 00B si3ka

A tie rod; B washer plate; C sheet pile; D waling

Pucynok 1.1 - Ilpuxiagm 3'eqHaHb MK aHKEPaMH 1 IIITYHTOBUMH MaJTbOBUMHU
CTIHKaMu
Figure 1.1 - Examples of connections between anchors and sheet pile walls
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A — cTHKOBe 3’ €qHaHHSA; B — po3mopka

A Waling; B Strut

Pucynok 1.2 - Ilpukinan 3B'a30K dKOPCTKOCTI
Figure 1.2 - Example of bracing

A — TpiiiHukoBe 3'¢qHaHHs; B — BHyTpilmHiii Tuck; C — KijibLieBe po3TsAryoye 3yCHJIIA

A T-junction; B internal pressure; C circumferential tensile force

Pucynox 1.3 — Komipuacti nepemuuku
Figure 1.3 — Cellular cofferdams
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a — KOHCTPYKUisi, cpopMOBaHa 3 KiIBLEBUX KOMIpPOK;

a) structure formed with circular cells

b — koHcTpYK1isA, chopMoBaHa 3 AiadpparMeHHUX KOMIpOK

b) structure formed with diaphragm cells

Pucynox 1.4 — [Ipukiaam komipyacTux KOHCTPYKIIN
Figure 1.4 — Examples of cellular structures

A— nepBHHHI eJieMeHTH; B— BTOpUHHI e1eMeHTH

A Primary Elements; B Secondary Elements

Pucynok 1.5 - [Ipuxmnagu koMOIHOBaHUX CTIHOK
Figure 1.5 - Examples of combined walls
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A

; T

e —  i— | —

o
o Zin Ga - @F . Zia
E o @ N 96 A% @ # b 56 o #

A — IINYHTOBA NaJjs, 3BapeHa 3 ABOTABPOBUM npodinem; B — nporaBposuii npodine; C — 3'ennyBay, 38apeHnii 3
ABOTABPOBHMM mpodiaem

A sheet pile welded to I-Section; B I-section; C connector welded to I-Section

Pucynok 1.6 — IIpuknaau CTIHOK 3 BUCOKOK MEXKOIO MIIIHOCTI
Figure 1.6 — Examples of high modulus walls

A —3'enHyBay, 3BapeHuii 3 O/IHi€I0 MO/ABiiiHOI0 MaJiel0; B — 00THCHEeHe 3aMKOBe 3'€ITHAHHS

A connector welded to one double pile; B crimped Interlock

Pucynok 1.7 — Ilpuxmnan 3urzarononiOHoi cTiHKH, ckiaaeHoi 3 U-noaioHux npodiais
Figure 1.7 - Example of a jagged wall formed from U-profiles
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Pucynok 1.8 — [lpuknan 3urzaromnofioHoi CTIHKH, CKJIaeHOT 3 Z-noAi0HIX MpodiiB
Figure 1.8 - Example of a jagged wall formed from Z-profiles

A —3aTsKKa, JepeB'siHa 00IIMBKA, NJIaHKKW; B — cTilika oropo:ki, Hanpsimua a6o Beay4a naJjis

A lagging, boarding, planks; B soldier, king or master pile

Pucynox 1.9 - Ilpuknan CTiHKH 3 1ajxb OTOPOJHKESHHS
Figure 1.9 - Example of a soldier pile wall

a — 00JITOBE 3'€IHAHHSA b — 3BapHe 3'eqHaAHHSA

a) bolted b) welded

Pucynok 1.10 — Ilpuknanu TpiiHUKOBUX 3'€THAHb
Figure 1.10 - Examples of T-connections
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1.9 YMOBHI MO3HAYEHHS OCHLOBUX JIiHIHA
IIMYHTOBUX NAJIb

(1) st IIITYHTOBUX najib
BUKOPHUCTOBYIOTBCS HACTYIHI YMOBHI
MO3HAYEHHS:

— y 3araJicHUX BUIIAAKaXx:

— X - X - IO3/IOBKHS BICh ITaJIi;

— y - y - TIOomepevyHa BiCh, MapaliejbHa
TPHIA CTIHITL;

— 7 - Z - Ipyra NOIepevHa BiCh;

— Yy pa3i HeOOXiTHOCTI;

— u - U - TOJIOBHA BIiCh, HaAMOIMK4Ya IO
IJIOIIMHMA TIAMIPHOI CTIHKH, SKIIO BOHA HE
CIIBIIAJA€ 3 BICCIO Y - V;

— V - V - Jpyra rojloBHa BiCh, SIKIIIO BOHA HE
30iraerscs 3 BICCIO Z - Z.

IIpumirka. Take mMO3HAYCHHS BIIPI3HIETHCS Bif
yMOBHOl"O IIO3HAYCHHA 006171, SAKE BI/IKOpI/ICTOBy€TBC$[ B

EN 1993-1-1. Tomy HeoOXimgHa YBaXKHICTh TIpH
HepexXpecHrX MOCHIIaHHX Ha 9acTuHy 1.1.

2 OCHOBU INPOEKTYBAHHHA
2.1 3arajbHi H0JI0KEeHHH

()P JIns mpoexkTyBaHHS HECydyux MNajib 1
HIMYHTOBUX MaJlb, BKIIOYAIOUN MPOECKTYBAHHS
OOB'SI30K, 3B'SI30K JKOPCTKOCTI 1 aHKEPHHUX
KpIIUIEHb 3aCTOCOBYIOThCS HOJIOKEHHS
EN 1990, 3a BHHSITKOM BWMNAIKIB, I SKHX
BKa3aHi 1HIII YMOBH B LIbOMY CTaHAAPTI.

(2) Hami HaBOJISITHCA crieriaabHi
MOJIOKEHHS 3 MPOEKTYBaHHS HECYYWX Malb 1
IITYHTOBHUX Tajb, IO BiJMOBIJAIOTh BUMOTaM
Oesnmekn 1 TpuBajoi cCTiMkocTi 1 AMsA

eKCIUTyaTarinHo1 HaJIAHOCTI, 1 hilae: ¢
TpaHUYHUX CTaHIB.
3) Hecyay 3pmaTtHICTE  TpPyHTY  CHif

BuU3HAa4aTu BianosigHo 10 EN 1997-1.

(4)P  HeoOxinHo nepeadayuTH BCl MPOEKTHI
cUTyalii, BKJIIOYAlOYM €Tall BHUKOHAHHS Ta
3actocyBaHHs, 1MB. EN 1990.

(5) [lpy  mpoekTyBaHHI  KOHCTPYKIIi
HEOOXITHO  BpPaxOBYBaTH  3aHYPIOBaHICTh
HECy4uX Iajb ¥ IyHTOBUX Najb, 1UB. 2.7.

6) YMoOBH, BU3HAYCHI B I[bOMY JOKYMEHTI1

1.9 Convention for sheet pile axes

(D) For sheet piling the following axis
convention is used:

— generally:

— X - X is the longitudinal axis of a pile;

—y -y is the cross-sectional axis parallel to the
retaining wall;

— 7 - z is the other cross-sectional axis;
— where necessary:

—u - u is the principal axis nearest to the plane
of the retaining wall if this does not coincide
with the y-y axis;

— v - v is the other principal axis if this does
not coincide with z-z.

NOTE: This differs from the axis convention used in
EN 1993-1-1. Care therefore needs to be taken when
cross-reference is made to Part 1.1

2 BASIS OF DESIGN
2.1 General

()P For the design of bearing piles and
sheet piling, including the design of walings,
bracing and anchorages, the provisions of
EN 1990 apply, except where different
provisions are given in this document.

(2)  In the following, specific provisions
are given for the design of bearing piles and
sheet piling to fulfil the safety and durability
requirements for both serviceability and
ultimate limit states.

3) The bearing resistance of the ground
should be determined according to EN 1997-1.

(4)P  All design situations, including each
stage of execution and use, shall be taken into
account, see EN 1990.

(5)  The driveability of bearing piles and
sheet piles should be taken into account in the
design of the structure, see 2.7.

(6) The provisions given in this document
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OJIHAKOBO 3aCTOCOBHI I TUMYAaCOBHUX 1 ITO-
MOCTIMHUX KOHCTPYKIIIM, SKIIO HE BKa3aHO
iHakmie, guB EN 1990.

(7) Jami, Tam, 1€ e BaXXJIMBO, HABOJAUTHCS
BIIMIHHICTh MK HECYYHMMH MaIsIMH  Ta
MM PHAMHA CTIHKaMH.

() YMOBH, IO CTOCYIOThCS OOBSI30K,
3B'I30K JKOPCTKOCTi, 3'€THaHb 1 aHKEpIB
BHU3HAUYCHI y po3auii 7.

2.2 Kpurepii rpaHMYHOIO CTaHy

(1)P  HeobOximHo BpaxoByBaTH HACTYIIHI
KpUTEpii TPaHUYHOTO CTaHY:

a) MOIIKO/DKEHHS ~ KOHCTPYKIIi — depes
pyHHYBaHHS B IPYHTI (TIEpEBHUILEHHS HECY4Oi
3J1aTHOCTI IPYHTY);

b) KOHCTPYKTUBHE ITOLIKO/KECHHSI;

c) KOMOiHaIlisl pyHHYBaHHS B TIPYHTI 1
KOHCTPYKTUBHOTO MOIIKOKCHHSI.

Ipumirka. PyiiHyBaHHA CyMDKHHX KOHCTPYKIIiH
Moxe OyTH BHKIMKAaHO JeopMalisMd B pe3yibTaTi
BUIMKH IPYHTY. SIKIIO CyMiXKHI KOHCTPYKII Yy TJIUBI 10
Takux aedopmaliiii, MOKHA HaJaBaTH PEKOMEHMAIl 10
MPOEKTY IOJO 3aXOJiB, SIKi BXHBAIOTHCS B TaKHUX
BHUIIaIKaX.

(2) HeoOxigHO BUKOHYBaTH NEpPEBIPKU
JOTPUMAHHS KPHUTEPIiB TI'PAaHUYHOTO CTaHY
BignosigHo no EN 1997-1.

3) B 3anexHOCTI BiJj MPOEKTHOI CHUTYaIlii
HEOOXIJTHO TIEPEBIPATH CTIUKICTH 10 OJIHOTO
a0o OuiblIe 3 TAKUX BUJIIB PYHHYBaHb:

— AJId HECYUHUX MaJlb:

— pyiiHYyBaHHS B pe3ynbTaTi il 3rMHAIBHOT
Ta/ab0o OCHOBOI CHIIN;

— pyHHYBaHHS B pe3yJbTaTi 3arajibHOi BTPAaTH
CTIMIKOCTI TpHU TO3J0BXHBOMY 3THHI, 3
ypaxyBaHHAM OOMEXEHHs, 3a0e3leuyBaHOro
IPYHTOM 1 MiATPUMYBAHOTO KOHCTPYKIII€IO B
3'eJHAHHSX;

—  JIOKaJbHE  pyWHYBaHHS B  TOYKax

MPUKJIAaHHS HABAHTAKCHHS;
— BTOMa;

— 7Sl MAMPHUX CTIHOK:

— pylHYBaHHS B pe3ynbTaTi il 3rMHAIBHOT
Ta/a00 0CHOBOI CHIIH;
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apply equally to temporary and permanent
structures, unless otherwise stated, see EN
1990.

(7 In the following distinction is made
between bearing piles and retaining walls
where relevant.

(8)  For provisions regarding walings,
bracing, connections and anchors, reference
should be made to section 7.

2.2 Ultimate limit state criteria

()P The following ultimate limit state
criteria shall be taken into account:

a) failure of the construction by failure in
the soil (the soil resistance is exceeded);

b) structural failure;

c) combination of failure in the soil and
structural failure.

NOTE: Failure of adjacent structures may be caused by
deformations resulting from excavation. If adjacent
structures are sensitive to such deformations,
recommendations for dealing with the situation can be
given for the project.

(2)  Verifications related to ultimate limit
state criteria should be carried out in
accordance with EN 1997-1.

(3)  Depending on the design situation the
resistance to one or more of the following
modes of structural failure should be verified:

— for bearing piles:

— failure due to bending and/or axial force;

— failure due to overall flexural buckling,
taking account of the restraint provided by the
ground and by the supported structure at the
connections to it;

— local failure at points of load application;
— fatigue;

— for retaining walls:
— failure due to bending and/or axial force;
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— pyiHYBaHHS B Pe3yJbTaTi 3araJibHOi BTPaTh
CTIMKOCTI TpW TO3IOBKHBOMY 3THHI, 3
ypaxyBaHHSIM OOMEKEHHS, 3a0e3ledyBaHOTrO

IPYHTOM;

—  JIOKaJbHAa  BTpaTa
M03/10B)KHbOMY 3T'HHI;

CTIMKOCTI  mpH

—  JIOKalbHE  pYyHHYBaHHS B  TOYKax
MPUKJIaIaHHs HaBaHTaXKEHHs  (HANpUKIA,
KPUTUYHE HABAHTAKCHHS MAMIPHUX CTIHOK);

— BTOMaA.

2.3 Kpurepii TPAHUYHOIO CTaHy
eKCIIyaTaniiiHoI HagiiiHOCTI

(1) SIkmo He BKa3saHO  IHINE, CIIX
BPAaxOBYBaTH HACTYIHI KpPHUTEpii TPaHUYHOTO
CTaHy eKCIUTyaTaliiHO1 HaIlifHOCTI:

— AJId HECYUYHX IMaJlb:

— MeXl BEpPTHKIbHUX  OCaZIoK  abo
TOPU3OHTAJILHUX 3MIlIeHb, HEOOXIIHI s
3aJIOBOJICHHS BHMOT' JI0  HiATPUMYBAHOI
KOHCTPYKIIIi;

— MeX1 KOJIMBaHb, HEOOXI1THI IS 3aI0BOJICHHS
BUMOT JI0 KOHCTPYKIIH, Oe3mocepeaHbo
3'eqHAaHNX a00 CYMDKHUX 3 HECYYHMH MaSIMHU;

— 7S MAMPHUX CTIHOK:

— Mexi gedopmariiii, HEOOXimHI I
3aJI0BOJIEHHS BHMOT [0 eKCIUTyaTarliitHoi
HaJ1IHOCTI caMOoi MINIPHOI CTIHKU;

- Mexi TOPU30HTATBHUX 3MIILIEHD,
BePTHKAIBHUX  OCaZOK  ab0  KOJHMBaHb,
HEOOXIigHI JUI1 3aJ0BOJICHHS BHUMOT IO
KOHCTPYKLIH, Oe3rmocepeHbo 3'€eqHaAHUX abo
CYMIKHHUX 13 CaMOIO MiMIPHOI CTIHKOIO.

(2) Jlns KOXHOTrO TPOEKTYy HEoOX1THO
BU3HAYaTH 3HAYEHHS MEX, 3a3HAYCHUX Y
yHKTI (1), BITHOCHO MO€IHAHHS BIUIUBIB, SIK1
MPUIMAalOThCSl B PO3PAaXyHOK BIAMOBIAHO 10
EN 1990.

3) Tam, ne me BaxJIUBO, A TMPOEKTY
HeO6XiI[HO BU3HaA4YaTHu 3Ha4YCHHA MCXK,
MOB'I3aHUX 13 CYMDKHUMH KOHCTPYKLISIMH.
BkasiBky 10 BU3HAUEHHIO TaKUX MEX HaJaHl
B EN 1997-1.

Hpnmirka. Kpurepii eKCIUTyaTaIifHol
HaJiHHOCTI MOXYTb OyTH BH3HAYaJIbHUMM KPHUTEPisIMH
JUISL IPOCKTYBaHHSI.

— failure due to overall flexural buckling,
taking account of the restraint provided by the
soil;

— local buckling due to overall bending;

— local failure at points of load application
(e.g. web crippling);

— fatigue.

2.3  Serviceability limit state criteria

(1)  Unless otherwise specified, the
following serviceability limit state criteria
should be taken into account:

— for bearing piles:

— limits to vertical settlements or horizontal
displacements necessary to suit the supported
structure;

— vibration limits necessary to suit structures
directly connected to, or adjacent to, the
bearing piles;

— for retaining walls:

— deformation limits necessary to suit the
serviceability of the retaining wall itself;

— limits to horizontal displacements, vertical
settlements or vibrations, necessary to suit
structures directly connected to, or adjacent to,
the retaining wall itself.

(2)  Values for the limits given in (1), in
relation to the combination of actions to be
taken into account according to EN 1990,
should be defined for each project.

3) Where relevant, values for limits
imposed by adjacent structures should be
defined for the project. Guidance for
determining such limits is given in EN 1997-1.

NOTE: Serviceability criteria may be the governing
criteria for the design.
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24 HocaigxeHns OyaiBeJIbHOTO
MaliJaHYUKA | XapaKTePUCTUKH IPYHTY

()P  XapakrepucTuku TPYHTY 1/abo
3BOPOTHOI 3aCHIIKH CIIiJ] BU3HAYATH HA OCHOBI
re0TEXHIYHOTO JOCIIIHKEHHS BIAMOBIIHO 10
EN 1997.

2.5 AHAaJI3

2.5.1 3aczanwvni nonosicenns

(1) 3aranpHui aHami3 HEOOX1THO
BUKOHYBAaTH JUIsl BU3SHAYCHHS Pe3yJIbTATIB il
(BHYTpIIIHI CHWJIM 1 MOMEHTH, HAIMpyrH,
pO3TATYBaHHS 1 TepeMilleHHs) Yy BCiid
KOHCTpyKLii abo B 11 wyactuHi. JlokanbHi

IIOJATKOBI1 IOCIIIKEHHS IMOBUHHI
BUKOHYBAaTHCS TaMm, J€ Iie HeoOXiJIHO,
HaIPHUKIIA], B TOYKaX MIPUKJIaICHHS
HaBaHTaXXEHHS, B 3'€IHAHHAX 1 T. II.

(2) Amamiz  MOXXHa  BHKOHYBAaTH 3
BHKOPHCTAHHAM igeamizanin reoMeTpii,

MOBETIHKU KOHCTPYKIIIi 1 MOBEHIHKU TPYHTY.
[neamizamii cmig BUOMpaTH B 3aJIeKHOCTI Bijl
MIPOEKTHOI CUTYaIlii.

3) 3a BUHATKOM BHMAJKiB, KOJH MPOEKT
YyTJIWBUMA 0 BIUIMBIB KOJIMBAaHb, OIIIHKY pe-
3yJIbTaTiB BIUIMBIB B MANbOBUX (pyHIaMEHTaX i
B CTiHKax 3 IIIIYHTOBHX TaJlb MOXHA
BUKOHYBAaTH Ha OCHOBI HOMIHAJbHUX 3HAYEHb
T€OMETPUYHUX JTAHUX.

4) ByniBernbHe MpOTUNIOAKEKHE MPOEKTYBAHHS
CIIiJ| IpUAMaTH B PO3PAXyHOK 3a JIOTIOMOIOIO
EN 1993-1-2 1 EN 1991-1-2.

2.5.2 Ouinka ennugis

(1) Tam, ne 1e TPUIHATHO, BIUIUBU CIiJ
posrsimatn Ha ocHOBI EN 1991, B iHmomy
BUIMAIKy BOHM TIOBMHHI BH3HAYaTHUCS s
MPOEKTY 1 Y3TOJKYBATHUCS 3 3AMOBHHKOM.

(2) [To CTOCY€EThCA
(GbyH1aMEHTIB, BIUIMBU B  pe3yjbTari
BePTHKAIbHUX a00 TMONEpeYyHUuX 3CYBIB
IPYHTIB (Hampukiaj, mociaabaeHHs 1.T..1.)
cIIij owiHoBaTH BianosigHo 1o EN 1997-1.

IIaJbOBHUX

3) Hii, mo mepenaroTbcsi B KOHCTPYKITIO
yepe3 IPYHT, CITi T OLIIHIOBaTH i3
3aCTOCYBaHHSIM MOJIEJIECH, SKI OOMPAIOThCS
srinno  EN  1997-1, abo Bu3HayaTth A
MPOEKTY Ta Y3TOKYBATH 3 KIIEHTOM.
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2.4  Site
parameters

investigation and  soil

(1)P  Parameters for soil and/or backfill
shall be determined from geotechnical
investigation in accordance with EN 1997.

2.5  Analysis

2.5.1 General

(D) Global analysis should be carried out
to determine the effects of actions (internal
forces and moments, stresses, strains and
displacements) over the whole or part of the
structure. Additional local analyses of the
structure should be carried out where
necessary, e.g. load application points,
connections etc.

(2)  Analyses may be carried out using
idealisations of the geometry, behaviour of the
structure and behaviour of the soil. The
idealisations should be selected with regard to
the design situation.

(3)  Except where the design is sensitive to
the effects of variations, assessment of the
effects of actions in piled foundations and in
sheet pile walls may be carried out on the
basis of nominal values of geometrical data.

4) Structural fire design should be taken

into account through the provisions of EN
1993-1-2 and EN 1991-1-2.

2.5.2 Assessment of actions

(1)  Where relevant, actions should be
taken from EN 1991, otherwise they should be
defined for the project and agreed with the
client.

(2) In the case of piled foundations,
actions due to vertical or transverse ground
movements (e.g. downdrag, etc.) should be
assessed in accordance with EN 1997-1.

3) The actions transmitted to the structure
through the soil should be assessed by using
models selected in accordance  with
EN 1997-1, or defined for the project and
agreed with the client.
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(4) Tam, ne 1e HeoOXimHO,  CIif
BpPaxOBYBaTH BIUIMBH B Pe3yJbTaTi KOJIWBAaHb
TEMIepaTypu TMpOTATOM dYacy abo B
pe3ynbTaTi  OCOONIMBHX HABaHTaXCHb, HE
Bu3zHaueHux y EN 1991.

Ipumitka 1.  Moxe BUHUKHYTH NOTpeba npuitMaTu
B PO3paxyHOK TEMIICpATypHI BIUIMBH, HANPUKIAJ, B
MIAMOPKAX, SKIIO MOXIMBI  BEIUKI  KOJUBAHHS
Temneparypu. Y  TPOCKTYBaHHI  MOXYTh  OyTH
3alpOIOHOBAHI 3aXOAU MO0 3MCHIICHHS BILUIUBY
TEMIEepPaTYPHUX KOJIUBAHb.

Mpumirka 2:  [Ipuknagy ocoONMMBUX HABAaHTAXKEHb:

— HaBaHTa)XXEHHS B pe3yNbTaTi MalgiHHA 00'ekTiB abo
PO3ToiIyBaHHs KOBIIIIB;

— HaBaHTa)KCHHSI BiJl EKCKaBaTOPIB i KPaHiB;

— THMY4acOBI HaBaHTa)XEHHSA, Takl SIK HACOCH, Hif'i3HI
[UIAXH, TIPOMDKHI MIiAMIPKH, CTeNaXi AN MaTepialiB
a0o ykiameHi B mraderi 3B'13KH CTalIeBOi apMaTypH.

(%) Sxmo HE  BKazaHoO  iHINE, IS
T PHUAX CTiHOK, 110 3a3HAIOTh
HaBaHTA)XCHHb BiJ II0oce a00 3alli3HUYHHX
IUISXiB, MOXXHa BHUKOPUCTOBYBATH CIIPOIICHI
MOJICNII TaKMX HaBaHTAXEHb (HAIPHUKIA,
OJIHOMIPDHO  PO3MOJIJIEHI  HABAaHTAKEHHS),
BUOpaHi 3 MoJenel, BU3HAUEHUX IJI1 MOCTIB,
muB. EN 1991 -2.

2.5.3 Cmpykmypnuii ananiz
2.5.3.1 3acanvni nonoxcenns

(1)  Amnaniz CTpyKTypH CIliJi BAKOHYBATH 13
3aCTOCYBAHHSAM BIJIOBIIHOI MOJENI IPYHTY -
KoHCTpyKLii 3rigHo EN 1997-1.

2) B 3anexxHOCTI Big IPOEKTHOI cUTyalii
aHKepU MOYKHA MOJIETIOBATH SIK TIPOCTI OMOPHI
KpIIJIEHHS a00 K MPY>KHOMIAIATINBI B'SI31.

3) Slkmo 3'emHaHHS MalOTh HAWMOUTBIINI
BIUIUB Ha pO3MOJLI BHYTPIIHIX CHT 1
MOMEHTIB, II€  CIiJl BpaxoByBaTHM B
CTPYKTYPHOMY aHai31.

2.5.3.2 I panuuni cmanu

(1) CrpykTypHHi aHani3 MaJIbOBUX
(GbyHIaMEeHTIB JUIsl TPAaHUYHUX CTaHIB MOXeE
0asyBaTucsd Ha 1IEHTUYHOMY THITI MOJENI,
TakoMy SIK MOJENb, IO BUKOPHUCTOBYETHCS
JUIS TPAaHUYHUX CTaHIB  eKCIUTyaTaliiftHoi
HaJIHHOCTI.

(2) Sxmo HeoOXimHO OpaTé [0 yBaru
BHUIMAJKOBl CHUTyallii, OIlIHKY pe3yJbTaTiB

4) Where necessary, the effects of actions
resulting from variations in temperature with
time, or from special loads not specified in
EN 1991, should be taken into account.

NOTE 1: It may be necessary to take into account
temperature effects, for example on struts, if there are
likely to be large variations in temperature. The design
may prescribe measures to reduce the influence of
temperature variations.

NOTE 2: Examples of special loads are:
— loads due to falling objects or swinging buckets;
— loads from excavators and cranes;

— imposed loads such as pumps, access ways,
intermediate struts, staging for materials or stacking of
bundles of steel reinforcement.

(5) Unless otherwise  specified, for
retaining walls subject to loads from a road or
a railway track, simplified models for such
loads (for example uniformly distributed
loads) derived from those defined for bridges
may be used, see EN 1991-2.

2.5.3 Structural analysis
2.5.3.1 General

(1)  The analysis of the structure should be
carried out using a suitable soil-structure
model in accordance with EN 1997-1.

(2)  Depending on the design situation,
anchors may be modelled either as simple
supports or as springs.

3) If connections have a major influence
on the distribution of internal forces and
moments, they should be taken into account in
the structural analysis.

2.5.3.2 Ultimate limit states

(1) The structural analysis of piled
foundations for ultimate limit states may be
based on the same type of model as used for
serviceability limit states.

(2)  Where accidental situations need to be
taken into account, the assessment of effects
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BIUIMBIB B HaIX (QYHAAMEHTY MOXHA
BUKOHYBaTH Ha OCHOBI MPYXHO-IJIACTUYHOL
Mojem 1 Jansd  Bci€i KOHCTpyKWii, 1 Jms
B3A€EMO/II1 ITPYHTY - KOHCTPYKIIi.

IIpumirka. [lpuknagoM  BHIAAKOBOI  CHUTYyaIlil
MOXKE CIIY)KUTU 3ITKHEHHS CyaHa 3 BiCCIO 06€pTaHHH
MoOCTa.

3) OuiHKy  pe3yabTaTiB  BIUIMBIB B
MIIIIPHAX CTIHKaX 3 IIMIYHTOBUX Mallb CIIiJI
BHUKOHYBaTH Ha OCHOBI BIAMOBITHOTO THITY
pyWHYBaHHS JUIsl TIEPEBIPOK TPAHUYHOTO
CTaHy 3 3aCTOCYBaHHSIM MOJEII B3aeMOJIii
IPYHTY - KOHCTPYKIIi BiZIIOBITHO O BKa3iBKH
2.5.3.1(1).

2.5.3.3 [Ipanuuni cmanu excniyamayitiHoi

HaolliHocmi

(1) Jis mianmipHUX CTIHOK 3 IIITYHTOBUX
nayib, a TaKOX I MAIbOBUX (DyHIAMEHTIB
3araJbHU aHali3 TIOBHHEH Oa3yBaTHCS Ha
THIAHIA Mozesl IPYKHOCTI KOHCTPYKIIi 1 Ha
MOJIeTI TPYHTY - KOHCTPYKIIii BiMTOBIIHO O
BKaziBku 2.5.3.1 (1).

(2) HeoOxigHo mpopeMoHCTpyBaTH, IO B
KOHCTPYKLIi HE  BUHMKAE  IJIACTUYHHUX
nedopmartliii B pe3ysbTari eKcruryaTaliiHoro
HaBaHTaXEHHS.

2.6  IlpoektyBanHs  3a
BUNIPOOYBaHb

A0OIMMOMOI' 010

2.6.1 3acanvni nonoscennsn

(1) Crig BUKOHYBATH 3arajibHi MOJOXKESHHS
1o MPOEKTYBAHHIO 3 JIOTIOMOT OO0
BUNpoOyBanb, Bu3zHaueHi B EN 1990,
EN 1993-1-1 ta EN 1997-1.

Ipumirka. BkasiBku 010 BU3HAYCHHS

PO3paxyHKOBOTO OIOPY Ha OCHOBI BHUIPOOYBaHB
HaBeqeHi B joaatky D, EN 1990.

2.6.2 Hecyui nani

(1)  BkaziBku 110710 BUNIPOOYBaHb HECYUHX
mane Hagani B EN 1997-1, EN 12699 i
EN 14199

2.6.3 Cmanegi wunynmoei nani

(1) JomnymeHHs, 3po0JIeHi npu
MPOEKTYBaHHI Psi/IiB IIMYHTOBUX Mallb, MOXKHA
MIITBEP/UKYBAaTH B poOOUYOMY TOPSAKY 3a
JIOTIOMOT0I0 BUMPOOYBaHb Ha Micli Mia Yac
BUKOHAHHS CHOPYIW (HANpHKIaA, Y BHIAAKY
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of actions in the piles in a foundation may be
carried out on the basis of a plastic model,
both for the whole structure and for the soil-
structure interaction.

NOTE: An example of an accidental situation is a ship
collision against a bridge pier.

3) Assessment of the effects of actions in
sheet pile retaining walls should be carried out
on the basis of the relevant failure mode for
ultimate limit state verifications, using a soil
structure interaction model as defined in
2.5.3.1(1).

2.5.3.3 Serviceability limit states

(D) For sheet pile retaining walls, and also
for piled foundations, the global analysis
should be based on a linear elastic model of
the structure, and a soil-structure model as
defined in 2.5.3.1(1).

(2) It should be shown that no plastic
deformations occur in the structure as a result
of serviceability loading.

2.6  Design assisted by testing

2.6.1 General

(1)  The general provisions for design
assisted by testing given in EN 1990,
EN 1993-1-1 and EN 1997-1 should be
satisfied.

NOTE: Guidance on the determination of design
resistance from tests is given in Annex D of EN 1990.

2.6.2 Bearing piles

(1)  For guidance on the testing of bearing
piles, reference should be made to EN 1997-1,
EN 12699 and EN 14199.

2.6.3 Steel sheet piling

(D) The assumptions made in the design of
sheet piling may be verified in stages by on-
site testing during execution of the work (for
instance in the case of an excavation
procedure).
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IIpoLeCy BUIMKH IPYHTY).

(2) [npopmamis momo  cucTemaTu3arii
MOJIeITi pO3paxyHKiB Ta MOAU(DIKaLil MPOEKTY
i yac BUKoHaHHs HagaHa B EN 1997-1.

2.6.4 Amnkepni Kpinnennsn

(1) s aHKepHUX KPITJIeHb HEOOX1THO 3a
JIOTIOMOTOI0 ~ BHNPOOYBaHb  JIOTPUMYBATHCA
3arajlbHUX TIOJIOXKECHD MIPOCKTYBaHHS,
Bu3Haduenux y EN 1997-1, EN 1537 i
EN 1993-1-11.

2.7  3anyproBaHicTh

(1) P Ilpm mpoexTyBaHHI BCiX BHIIB MaJb
(Hecyui mami abo MIMYHTOBI Maji) HEOOX1THO
BpPaxoBYBaTH MPaKTUYHI ACTIeKTH
BCTAQHOBJICHHS Tallb Ha HEOOXiJHY TIHOUHY
IIPOHUKHEHHS. HeoOxigna iHpopMaris
mictutees B EN 12063, EN 12699 i
EN 14199.

(2) Tum, po3Mip 1 JAeranizaiio majib, B
MOEHAHHI 3 €PEKTHBHICTIO OOJaTHAHHSA, IO
BUKOPUCTOBYETbCS  JUIsl  BCTaHOBJEHHA M
BUTSITHEHHS TAJIb, 1 3 MPOIEAYPOIO 3aHYPEHHS
(mapameTpu 3aHYpEHHs), CIliJi BUOMpATH MO
MOJKJIMBOCTI 3aCTOCYBaHHS JUIsi YMOB IPYHTY,
B SIKHI1 Maji HeOOXiTHO 3aHYPIOBATH.

3) SIKmo B SIKOCTI JOMOMIXHOTO 3aco0y
JUIS 3aHypeHHs abo N7 3MIIHEeHHS Malb Mij
qac BCTaHOBJICHHS BHKOPHCTOBYIOTBCS
KIHLIBHUKHA Tajib, pedpa >XOpCTKOCTI abo
pPEIyKTOpU TepTs, HEOOXITHO BPaXxOBYBATH iX
BITUB Ha pPOOOYl XapakTEpUCTUKH TMalb B
yMOBax eKCIUTyaTalli.

3 BJIACTUBOCTI MATEPIAJIIB
3.1 3araabHi MoJ10KeHHs
()P Hanmy wactuny 5, EN 1993, cuin

BUKOPUCTOBYBATH ]ISl MPOCKTYBAHHS Talb 1
MiIIIPHUX CTIHOK, BHTOTOBJIEHHX 31 cTajei,

o0  BIAMOBIZAIOTH YMOBaM  CTaHMAPTIB,
Ha3BaHUX B 3.2 - 3.9.
(2) Ile#i  mOKyMEHT  MOXHaA  TaKOX

3aCTOCOBYBAaTH JJsl 1HIIMX KOHCTPYKLIMHUX
CTaJiel TpW yMOBI, IO HAasSBHI BIAMOBIIHI
JaHi, SKi TIATBEPDKYIOTH  3aCTOCYBaHHS
NPUHHATHUX  TIPAaBHJ  MPOCKTYBaHHS  Ta
BUTOTOBJICHHs. MeTtoau BumpoOyBaHb Ta

2) Reference should be made to
EN 1997-1 for calibration of a calculation
model and modification of the design during
execution.

2.6.4 Anchorages

(D) The general provisions for design
assisted by testing given in EN 1997-1 ,
EN 1537 and EN 1993-1-11 should be
followed for anchorages.

2.7  Driveability

(1)P  In the design of all piles (bearing piles
or sheet piles), the practical aspects of
installing the piles to the required penetration
depth shall be taken into account. Reference
shall be made to EN 12063 and to EN 12699
and EN 14199.

2) The type, size and detailing of the piles
should be chosen, in combination with the
effectiveness of the piling plant used for
installation and extraction, and the driving
procedure (driving parameters), to be suitable
for the ground conditions through which the
piles have to be driven.

3) If pile points, stiffeners or friction
reducers are used as an aid to driving or to
strengthen the piles during installation, their
effects on the performance of the piles under
service conditions should be taken into
account.

3 MATERIAL PROPERTIES
3.1 General

()P This Part 5 of EN 1993 shall be used
for the design of piles and retaining walls
fabricated from steel conforming with the
standards referred to in 3.2 to 3.9.

2) This document may also be used for
other structural steels, provided that adequate
data exist to justify application of the relevant
design and fabrication rules. Test procedures
and test evaluation should conform with
section 2 of EN 1993-1-1 and EN 1990 and
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OIlIHKa BHUIPOOYBaHb MOBUHHI 3a/I0BOJILHSATH
BuMord po3airy 2 EN 1993-1-1 1 EN 1991, 1
BHMOTH JI0 BUNPOOYBaHHS TOBUHHI 30iraTucs
3 BHMOTaMH, 3a3HAYCHUMH Y BiAMOBITHUX
CTaHJapTax, nepepaxoBaHux y 3.2 - 3.9.

3) [ToBTOpHO BHUKOpPHUCTOBYBaHI mam 1
naji JApPYroro COpTy IOBHHHI, SIK MIHIMYM,

BIIMIOBIAATH  BUMOTraM, IO  CTOCYIOThCS
F€OMETPUYHUX XapaKTEPUCTHUK i
BJIACTMBOCTEH Marepialy, 3a3Hau€HUM Y

MPOEKTi, i HE TOBHHHI MaTH IOIIKO/KCHb 1
MICTUTH arpecHMBHI PEYOBHHH, SKI MOXYTh
HEraTWBHO BIUIMHYTH Ha MIIHICTh 1 TpUBAIY
CTIMKICTB.

3.2  Hecyui naui

(1) [adopmariss  MOAO0  BIIACTUBOCTEU
ctaneit mictutbest B EN 1993-1-1.

(2)  BmacruBocri CTaJIEBUX nab,

BUTOTOBJICHHX 31 CTAJEBHX IIMYHTOBUX IaJjb,
muB B 3.3 abo 3.4.

3.3 CrajxeBi mNyHTOBI mnaji raps4oi
NPOKATKHU
(1) P CraneBi wmnyHTOBI mNami raps4oi

MPOKAaTKX TOBWHHI BIJMOBIIATH BHMOTaM

EN 10248.

(2) HowminanbHi 3HaU€HHST MEX1 TEKy4OCTi
Jy 1 MeXi MIIHOCTI IIpH PO3TATYBaHHI f, 114
CTaJIeBHX IIMTYHTOBHX IajJb rapsvoi MPOKATKA
MO’KHa BH3HaAuaTH 3a Tabnuuero 3.1, BOHU €
MIHIMaJbHUMHU 3HAYEHHSIMH, 3a3HAYEHUMHU B
EN 10248-1.

3) [apopmanis  mono  BUMOr
1acTUYHOCTI MicTuThest y EN 1993-1-1.

Hpumirka. Coptin  cranmeif, mnepepaxoBaHi B
Tabmuii 3.1, IpUIAHATI SIK BIAMOBIIHI TAKMM BUMOTaM.
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Taomuua 3.1 -

the test requirements should align with those
given in the relevant standards mentioned in
3.2t03.9.

(3)P  Re-used and second quality piles shall
as a minimum comply with the requirements
concerning  geometrical and  material
properties specified in the design and shall be
free from damage and deleterious matters that
would affect strength and durability.

3.2  Bearing piles

(1)  Reference should be made to
EN 1993-1-1 for steel properties.

(2)  For the properties of steel piles

fabricated from steel sheet piles see 3.3 or 3.4.

3.3  Hot rolled steel sheet piles

(1)P  Hot rolled steel sheet piles shall be in
accordance with EN 10248.

(2)  Nominal values of the yield strength fy
and the ultimate tensile strength fu for hot
rolled steel sheet piles may be obtained from

Table 3.1, which are the minimum values
given in EN 10248-1.

3) Reference should be made to 3.2.2 of
EN 1993-1-1 for ductility requirements.

NOTE: The steel grades listed in Table 3.1
accepted as satisfying these requirements.

are

HominanbHi 3Ha4€HHS MEkK1 TEKYy4OCTI f, 1 M1 MIHOCTI IPU PO3TATYBaHHI f,

IJIg CTAJICBUX IIITYHTOBUX IAJIb Fapil‘-IOi. IMPOKAaTKH BiI[I'IOBi,[[HO

1o EN 10248-1

Table 3.1-

Nominal values of yield strength f, and ultimate tensile strength f, for hot

rolled steel sheet piles according to EN 10248-1

Hazssa crani BignosigHo 10 EN N fu

10027 H/wn’ H/ww’

Steel name to EN 10027 [N/mm?] [N/mm’]
S240 GP 240 340
S270 GP 270 410
S320 GP 320 440
S355 GP 355 480
S390 GP 390 490

33


arymarenko
Прямоугольник


| S430 GP 430 | 510

34 CraJieBi IINMYHTOBI NaJli XOJ0XHOIO 34 Cold formed steel sheet piles
ITAMITYBaHHS

()P CraseBi mIyHTOBI Maii XOJOIHOTO ()P Cold formed steel sheet piles shall be

IITAaMITyBaHHS TMOBUHHI BiJITOBIJIATH BHMOTaM
EN 10249.

(2) HominanpHi 3Ha4YeHHS JI1 OCHOBHOI
MEXI TEeKydoCTi fy» 1 MEXI MIIHOCTI IIpU
pPO3TATYBaHHI f, JUIS CTAJEBHUX IIIYHTOBUX
Majgh XOJOJHOTO IITAMITyBaHHS MOKHA B3ATH
3 Tabaumi 3.2, BOHU BiA-TIOBigar0OTh BHMOIaM
EN 10249-1.

Hpumirka. OcHOBHa Mexka TEKydoCTi fy, fABIsE
c000I0 HOMIHAJIbHY MEXKY TEKy4OCTi OCHOBHHX CTaJeH,
10 BUKOPUCTOBYIOTHCS ISl XOJIOJHOTO ITAMITyBaHHS.

3) 3a  iHdopmalier0  mpoO  BUMOTH
IJIACTUYHOCTI CJIify 3Bepratucs m0 A.3.1.

in accordance with EN 10249.

2) Nominal values for the basic yield
strength f» and the ultimate tensile strength f,
for cold formed steel sheet piles may be
obtained from Table 3.2 which is in
accordance with EN 10249-1.

NOTE: The basic yield strength f;; is the nominal yield
strength of the basic steel used for cold forming.

3) Reference should be made to A.3.1 for
ductility requirements.

Ta6auus 3.2-  HowmiHanpHi 3HaYE€HHS OCHOBHOTO MEXI1 TEKYUYOCTI fy5 1 MEXK1 MIITHOCTI
IIPU PO3TATYBAHHI f;, IJIs1 CTaJeBUX LIMYHTOBUX Majb XOJIOAHOIO IITAMITyBaHHS
BiamosigHo 10 EN 10249-1
Table 3.2- Nominal values of basic yield strength f,, and ultimate tensile strength f,, for
cold formed steel sheet piles according to EN 10249-1
Hazsgsa crani Bigmosigao 1o EN Sob Ju
10027 Himm® Himm®
Steel name to EN 10027 [N/mm?] [N/mm?]
S235 JRC 235 340
S275 JRC 275 410
S355J0C 355 490
3.5 Ilpodimi, sKi BHKOPHUCTOBYHThCS 3.5  Sections used for waling and bracing
AJis1 00B 130K i 3B'AI30K KOPCTKOCTI
(1)  Iadopmamis  momO  BIACTHBOCTEH (1)  Reference should be made to 3.1 and

CTaJIeH, sIKI BUKOPHUCTOBYIOTHCS NI OOB 30K
Ta 3B'A30K JKOPCTKOCTI, MicTuThes y 3.1 1 3.2
EN 1993-1-1.

3.6

(1) Indopmariss  momo  BIACTUBOCTEH
00:TiB, TalloOK 1 mAaib, a TakoX BUTPATHHUX
MaTepiasiB sl 3BaproBaHHS MicTHTbCs y EN
1993-1-8.

3'enHyBaJIbHI IPUCTPOL

3.7 Cranesi eJJleMeHTH, AKi

BHKOPHCTOBYIOThCS /IS AaHKEPiB

3.2 of EN 1993-1-1 for properties of steels
used for walings and bracing.

3.6

(1)  Reference should be made to
EN 1993-1-8 for properties of bolts, nuts and
washers and of welding consumables.

Connecting devices

3.7 Steel members used for anchors

34


arymarenko
Прямоугольник


(1) [adopmarris 1010 aHKepIB,
BHUTOTOBJIEHUX 3 BHCOKOMIIIHHUX CTajded 13
33/IaHOI0  MIHIMAQJIBHOIO MEXKOK TEKYYOCTI
Jyspecy AKa He IOBHHHAa OyTH BHIIE, HIK
Jy.spec,max, MicTUTbes y EN 1537.

IIpumirka. 3Ha4eHHS  f) pecmax MOXKE  OYTH

3a3HAYEHO B HAIIOHAJTBHOMY JIOJATKy. PeKOMEHIy€eThCs
2
3HAYEHHS f), spec max = 500 H/MM™.

(2) [adopmariss  MmMOAO0  BIIACTUBOCTEU
MaTepially aHKepiB, BUTOTOBJICHHUX HE 3
BHCOKOMIITHUX cTajei, mictutbes y 3.2.1,
3.2.2 EN 1993-1-113.9 EN 1993-5.

3.8 Cranesi eJieMeHTH, SAKi
BUKOPHUCTOBYIOTbCH JJIsi KOMOIHOBaHHX
CTiHOK

()P  BumactuBocTi  cranmeid  criemiaJibHHX
naib 3 JIBOTaBPOBOTO podiTo,
BUKOPHUCTOBYBaHHX SIK MEPBUHHUX CJICMCHTIB
KOMOIHOBAaHUX CTIHOK, IIOBHHHI BIIIIOBIZATH
Bumoram EN 10248.

(2)P  TpyOm, moO BHKOPHUCTOBYIOTHCS B
KOMOIHOBaHMX CTIHKaX B SIKOCTI NEPBHHHUX
€JIEMEHTIB, IOBUHHI BiIMOBigaTy BuUMoram EN
10210 yu EN 10219.

3) BnactuBocrti cTayien 301pHUX
KOpOoOYaTHUX mMalb, SIKi BUKOPUCTOBYIOTHCS B
SIKOCT1 TIEPBUHHUX €JIEMEHTIB KOMOIHOBaHMUX
CTIHOK, TIOBHHHI 3a/IOBOJILHATH BUMOTaM,
3a3HayeHuM y 3.2.

(4) BnactuBocTi  cTanmeid = BTOPUHHUX
CIIEMEHTIB, 110 BUKOPHCTOBYIOTBCS  JUIS
KOMOIHOBAaHHUX CTIHOK, TOBUHHI 3aJJ0BOJIBHATH
BUMOraM, »3a3HaueHuM B 3.3 abo 3.4
BiJIOBIIHO.

(5) 3'eAHyBaJbHI ~ MPUCTPOI  Taps4Oi
MPOKATKU JJig IIMYHTOBUX Tallb TOBHHHI
BigmoBigatu BumoraM EN 10248.

3.9 B'askicTb pyliHyBaHHA

(1)P Marepian mNOBHHEH MaTH JOCTaTHIO
yIapHy B'S3KICTh, LI00 3amo0irTH KpUXKe
pyHHYBaHHS TpU HaWMEHINIH TeMmmeparypi
eKCIuTyaTarii, OYiKyBaHO1 B Mexax
HaMIY€HOTO TEPMIiHY CIIYKOH KOHCTPYKIIIi.
Hpumirka. Haiiveria ~ Temmeparypa  eKcIDTyamarii
JUIL ypaxyBaHHs B IPOEKTI Moke OyTH BKazaHa B
HalllOHAJIbHOMY J0JAaTKYy.
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(1) Reference should be made to EN 1537 for
anchors made from high strength steel with a
specified minimum yield strength f; ;.. , which
should not be higher than £, spec max.

NOTE: The value f pecms may be given in the
National Annex. The value f; e mee = 500 N/mm? is
recommended.

(2)  Reference should be made to 3.2.1,
3.2.2 of EN 1993-1-1 and 3.9 of EN 1993-5
for the material properties of anchors made of
non-high strength steel.

3.8 Steel members used for combined
walls

(1)P  Steel properties of special I-section
piles used as the primary elements of
combined walls shall be in accordance with
EN 10248.

(2)P  Tubes used as the primary elements in
combined walls shall conform with EN 10210
or EN 10219.

3) Steel properties of built up box piles
used as the primary elements of combined
walls should satisfy the requirements given in
3.2

(4) Steel properties of the secondary
elements used for combined walls should
satisfy the requirements given in 3.3 or 3.4
respectively.

(5)P  Hot rolled connecting devices for
sheet piles shall be in accordance with EN
10248.

3.9  Fracture toughness

()P The material shall have sufficient
toughness to avoid brittle fracture at the lowest
service temperature expected to occur within
the intended life of the structure.

NOTE: The lowest service temperature to be taken into
account may be given in the National Annex.
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2) Jns mnyHTOBUX mnaib 3 TOBUIMHOIO
oMLl He Oumpmie 25 MM, MOXHA
BUKOPHUCTOBYBATH copTu cTanei 3i
sgaueHHsamu 127]) BigmosigHo mo tadimmi 3.3
3a yMOBH, IO HalMEHIIa TeMIeparypa

excruryaranii He Hkue Hix 30 C.
Hpumirka 1. Omnuc IHIIAX BUIIAAKIB 3HAXOIUTHECS B
EN 1993-1-10.

Ipumirka 2:  3HaucHHS Ty;;  sBISAE co00r0
TeMIepaTypy, NpH siKiii nmotpiOHa eHepris ymapy KV
(T)> 27 JIx., mo6 3pyiHyBaTH 3pa3ok 3 V-TomiOHIM
Hanpizom 3a Hlapmi. BunipoOyBanus aus. B EN 10045.

(2)  For sheet piling with a flange thickness
not more than 25mm, steels with values of
727) according to Table 3.3 may be used,
provided that the lowest service temperature is
not lower than -30EC.

NOTE 1:
to EN 1993-1-10.

For other cases reference can be made

NOTE 2: The T,7; value is the test temperature
at which an impact energy KV(7) > 27 Joule is required
to fracture a Charpy-V-notch specimen. For the test see
EN 10045.

Ta6ommusn 3.3-  Temneparypa BunipoOyBaHHs Tr7; 1715 yaapHOT B'SI3KOCTI CTaJIEBUX Mallb
Table 3.3- Test temperature 7,7y for fracture toughness of steel piles

Mexa Tekydocri fy, H/mm™ 240 | 270 | 320 | 355 | 390 | 430
Yield strength fy [N/mm2]

3HaYCHHS Jlist MiHIMaIbHOT TeMIepaTypu ekcrutyaramii — 15 | 35° | 35° | 35° | 15° | 15° | 15°
Ty C°
Values of 7,7 | for lowest service temperature of -15°C

Jlist MiHIMaIbHOT TeMIepaTypu ekcrutyaramii —30 | 20° | 20° [ 20° [ 0° | 0° |0°
CO
for lowest service temperature of -30°C

Hpumirku.

1 SIK1Io B MOJHII TTiJ HATIPYTOXO PO3TATHEHHS € OTBOPH (HATIPHUKIIA, Ul aHKEPiB), HEOOX1THO MpUIMATH IO yBaru
0CJIabJIeHHS OTIOpY MOIIEPEYHOT0 Mepepi3y, BUKOPUCTOBYIOUH 3HIDKEHY MEXY TEKyJOCTi Ui e()eKTHBHY IUIOILY
MIOTNIEPEYHOTO IIepepizy.

2 11i 3HaueHHs OyJIM pO3paxoBaHi JJisi HAMMEHIIOT TeMIIepaTypH eKCIuTyaTallii Ta TOBIIMHY MOJIKH He Oibiie 25 MM
0e3 ypaxyBaHHs IMHAMIYHUX BIUIUBIB. [l mouii ToBIuHOW0 25 <f,< 30 MM 3HaueHHs, BKa3aHi B TAOIHII 1
Temreparypu Tyy;, moBuHHI 6yTH 3HMKeH] HA 5 C° 1y1st HaliMeHIol Temneparypu ekcruryaranii 15 C°ina 10 C°
JUIsl HaWMEHIoi TeMneparypu ekciutyaranii 30 C°

3 Skuio nepeabavacThes 3aHyPEHHS Majlb B )OPCTKI IPYHTH py Temiiepatypax Hukue 10 C°, MOKyTh
3HAAOOUTHUCS OUTBIT BHCOKI BUMOTH JI0 YAAPHOI B'SI3KOCTI.

NOTES:

1. If there are holes (e.g. for anchors) in a flange stressed in tension, the reduction of the crosssectional resistance
should be taken into account by using a reduced yield strength or an effective cross-sectional area.

2. These values have been calculated for a lowest service temperature and a flange thickness of not more than 25mm
without taking into account dynamic effects. For a flange thickness 25 < ¢/ £ 30 mm the values given in the table for
727] should be reduced by 5° for lowest service temperature of —15° C and by 10° for lowest service temperature of
-30°C.

3. Higher toughness requirements may be necessary if driving of the piles is foreseen in hard soils at temperatures
below -10° C.

4 TPUBAJIA CTIMKICTD 4 DURABILITY

4.1 3aranbHi M0JI0KeHHSA 4.1 General

()P 3anexno BiJ arpecUBHOCTI (1)P  Dependant upon the aggressiveness of
HAaBKOJMIIHBOTO  CEPENOBUINA, B  SKOMY the media surrounding the steel member,

BUKOPHUCTOBYIOTHCS CTaJIeBi €JIEMEHTH, CIiJl
Opatu 10 YyBaru 3axoAM TPOTH BIUIMBIB
KOpO3ii, SKIIO OYIKYIOTHbCS CYTTEBI BTpaTH
TOBILUHHU CTAJII.

(2) ko B MPOEKTI
BpPaxoByBaTH  KOPO3il0 IO

HeOoOX1IHO
3MCHIIICHHKO

measures against corrosion effects shall be
taken into account if substantial losses of steel
thickness are to be expected.

2) If corrosion is to be taken into account
in the design by a reduction of thickness,
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TOBILMHHU, 1UB.4.4.

3) HeoOximHo mnepen0ayuT  HACTYIIHI
3aX0JH JJIS TPOJOBXKEHHS TEPMIHY CIyxKOu
KOHCTPYKIIIi:.

— BUKOPHUCTaHHS J0JATKOBOI TOBIIVMHHU CTaJICH
B SIKOCTI JIOITYCKY Ha KOPO3ito;

— CTaTUYHUH pe3epBHUN 3ar1ac;

— 3aCTOCYBaHHsS 3aXHUCHUX HOKPHUTTIB (fK
npaBuio, me ¢apbu, uemeHramis abo
OL[MHKOBYBaHHS);

— 3aCTOCYBaHHS KaTOIHOTO 3aXHCTY pa3oM i3
3aXMCHUMU TTOKPUTTAMH 200 0e3 HHX;

— 3a0e3neueHHd 3axXHCTy 3a JOIOMOTOI0
O6eroHy,  OyniBenbHOro  po3uMHy  abo
[EMEHTHOTO PpO3YMHY B 30HI ITiBUIICHOL
KOpo3ii

(4) Sxmo moTpiOHMIT  pPO3paXyHKOBHH
TEPMIH eKCIUlyaTalii TMepeBUIlye TpUBAILY
CTIMKICTh ~ 3aXWCHOi il  TMOKpUTTS, B
nepeBipkax rPaHUYHOTO CTaHY 1 TPAaHUYHOTO
CTaHy eKCIUTyaTaI[iiHOl HaiHHOCTI HEOOX1THO
BpaxoBYyBaTH BTpaTy TOBILMHU, 10
B1J10yBa€ThCS MIPOTITOM 3QJIMIIKOBOTO
PO3paxyHKOBOTO TEPMiHY €KCILTyaTalii.

Mpumirka 1. [Iis JOCATHEHHST BHCOKOTO TEPMiHY
eKCIUTyaTalii MpoeKTy Moxke OyTH  KOPHUCHHM
MOEJIHAHHS  PI3HMX 3aXMCHUX 3aXOJiB. 3aXUCHY
CUCTEMY B HUIOMY MOXHa BH3Ha4YaTU 3 YpaxXyBaHHAM

MPOEKTYBaHHS KOHCTPYKILII Ta 3aXUCHOTO MOKPUTTS, a
TaK0X MOJIMBOCTI 3IiICHEHHS ITepPEeBipOK.

Ipumitka 2:  HeoOxigHa ocoGnmBa akypaTHICTB y
30HaxX, Jle MOraHo i30JbOBaHi JKepeaa IOCTIHHOTO
CTPYMY MOXKYTh CTBOPIOBATH CTPYMH BUTOKY B IPYHTI.

5) Cnig B3dTH 10 yBaru HWMOBIPHICTD
TOTO, IO KOPO3isi MOKe OYTH HEPIBHOMIPHOIO
0 BCiA JOBXHHI ITaJli, 1€ JO3BOJIIE
JOMOTTHCS ~ €KOHOMIYHOTO  TIPOEKTY  3a
JIOTIOMOTOI0  BUOOpPY pO3MOJALTY MOMEHTIB,
aJIalTOBAaHUX [0 PO3MOJLTY KOpO3il (IuB.
pucyHok 4.1).

(6)  HeoOxiguuii po3paxyHKOBUH TepMiH
eKCIUTyaTalii Juisl psJiiB IIMYHTOBUX Majib 1
HECYYMX Majb MOBHUHEH OyTH BKa3aHUU s
KO>KHOT'O ITPOEKTY.

(7)  Brpary TOBIIMHH B pe3ynbTaTi KOpO3ii
MOXHa HE BpPaxOBYBaTH MJII HEOOXIIHOTO
PO3paxyHKOBOTO  TEpPMiHY  eKCIUTyaTarlii
MeHIme 4 pOKiB, SKIIO Ui HPOEKTy He
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reference should be made to 4.4.

3) Consideration should be given to the
following measures to prolong the life of the
structure:

— the use of additional steel thickness as a
corrosion allowance;

— statical reserve;

— the use of protective coatings (usually
paints, grouting or galvanizing);

— the use of cathodic protection, with or
without protective coatings;

— providing a concrete, mortar or grout
protection in the zone of high corrosion.

(4)  If the required design working life is
longer than the duration of the protective
effect of a coating, the loss of thickness
occurring during the remaining design
working life should be taken into account in
serviceability limit state and ultimate limit
state verifications.

NOTE 1: A combination of different protective
measures may be useful to obtain a high design working
life. The whole protective system can be defined taking
into account the design of the structure and of the
protective coating as well as the feasibility of
inspection.

NOTE 2: Special care is necessary in areas
where poorly isolated sources of direct current are
likely to produce stray currents in the soil.

%) The possibility that corrosion may not
be uniform over the whole length of a pile
may be taken into account, allowing an
economic design to be achieved by selection
of a moment distribution adapted to the
corrosion distribution, see Figure 4.1.

(6)  The required design working life for
sheet piling and bearing piles should be given
for each project.

(7) The loss of thickness due to corrosion
may be neglected for a required design
working life of less than 4 years, unless a
different period is given for the project
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3a3HAYCHUN 1HIIHIA TEePioS.

8) CucTtemMu 3axXUCTy BiJ KOpO3ii MOBUHHI (8) Corrosion protection systems should be
OyTH 3a3Ha4YeHi I KO)KHOTO MPOEKTY. defined for each project.

MHW A A WEANCANEANAN
AN R [ (N R . VO
= A . F
MLW B no
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Y B
A
D
Yy W
WEANEANCANCANCAN
E G
a) BeprukanbHuii po3noaiia b) Po3noais miBUAKOCTI KOPO3ii Ha ¢) TunoBuii po3moAia 3ruHATbLHUX
arpecUBHOCTi MOPCHKOI BOAM 1O CTOPOHI, KA 323HA€ BILJIUBY MOMEHTIB
oHax MOPCLKOL BOAM ¢) Typical bending moment
a) Vertical zoning of sea water b) Corrosion rate distribution at distribution
aggressivity side exposed to sea water
A — 30HAa BUCOKOI'0 KOPO3iiiHOr0 BILIUBY (30HA A — Zone of high attack (splash zone);
NnepioANYHOr0 3MOYyBAHHA);
B — npuansna soma; B — Intertidal zone;
C- i .
30HA BHCOKOT'0 KOPO3iiiHOr0 BILINBY (30HA C — Zone of high attack (Low water zone);
HU3BKHX BOJ);
D — 30Ha nocTiiiHOr0 3aHYpeHHSs;
D — Permanent immersion zone;
E — 30Ha 3aTomieHnnsn (3 00Ky Boan);
E — Buried zone (Water side);
F — ankep;
F — Anchor;
G — 30Ha 3aTONJIeHHS (3 O0KY IPYHTY);
e G — Buried zone (Soil side)
MHW — cepeaniii nigiiom Boau;
MHW — Mean high water;
MLW — cepeaHe 3HHKEHHS BOAU
MLW — Mean low water
Hpumirka. Posmopin mBuakocTi Kopo3ii 1 30HM arpeCHBHOCTI MOPCHKOI BOAW MOXYTh 3HAYHOIO MipOIO

BiJPI3HATHUCS BiJ NPUKIATy, TOKa3aHOTO HA PUCYHKY 4.1, 3aJI€)KHO BiJl yMOB, III0 IIEPEBAYKAIOTh B MICIli pO3TaNTyBaHHS
KOHCTPYKIIii.

NOTE: Corrosion rate distribution and zones of sea water aggressivity may vary considerably from the example shown
in Figure 4.1, dependant upon the conditions prevailing at the location of the structure.

Pucynok 4.1 - Ilpuknan po3noairy MIBUAKOCTI KOPO3il
Figure 4.1 - Example of corrosion rate distribution

4.2 Bumoru mo tpuBaJioi criiikocTi ast 4.2 Durability requirements for bearing
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HECyIHuX nmajab

(1)  Sxmo He BKa3aHO iHIIE, HEOOXiTHO
BHKOHYBATH IIEPEBIPKM MIIIHOCTI OKPEMHX
najb SK HAa HAa eKCIUTyaTaluiidHy HaAilHICTb,
TaK 1 Ha TPaHWYHUH CTaH, 3 ypaxyBaHHSAM
pPIBHOMIPHOI BTpaTd TOBIIMHHM CTali IO
BCHOMY IIEPHUMETPY MOMEPEYHOT0 Iepepisy.

(2) Sxmo  He  BKazaHO  iHIIE, B
eKCIUTyaTaliiHii HaJIHHOCTI 1 TPaHUYHHUX
CTaHaxX CIJiJ BPaxOBYBaTH  3MCHIICHHS
TOBIIMHM B PE3YJIbTaTi KOpO3ii mayib, IO
3HAXOMAThCS B KOHTAaKTI 3 BOJ0OK abo 3
IpyHTOM (3 MiA3eMHUMH Bojgamu abo 0e3
MiJ3eMHUX BOJ) 3TiAHO 3 po3auiom 4.4, B
3aJIe)KHOCTI B1I HEOOX1THOTO PO3PaxXyHKOBOIO
TEPMiHY eKCIUTyaTamii KOHCTPYKIIi.

3) Slkimo B TpOEKTI HE BKa3aHO IHIIE,
KOPO3iI0 yCepeIrHi MOPOKHUCTUX Tallb, SKi
HAa  KIHIAX  MamTh  BOJOHCIPOHHKHE
MEePEeKpUTTs, a00 3armoBHEHI OETOHOM, MOKHA
HE BpaXxOBYBaTH.

4.3 Bumoru a0 tpuBagoi criiikocti ais
PAiB HINMYHTOBUX NMAJIb

(1) Sk110 He BKa3aHO 1HIIE, y MepeBIpKax
IIMMYHTOBUX  Majb HA  eKCIUTyaTalilHy
HaJIAHICTh 1 HAa TPAaHUYHI CTaHU HEOOXITHO
BpaxoBYBaTH BTpPaTy TOBIUMHU MJs YaCTUH
IIITYHTOBUX TaJlb CTIHOK, II0 KOHTAKTYIOTH 3
BOZIOI0 200 3 TPYHTOM (3 MiJ3€MHUMHU BOJAMU
abo 0e3 HUX), 3riAHO 3 4.4, B 3aJ€KHOCTI BIJ
HEOOXITHOTO  pO3PaXyHKOBOTO  TEPMIHY
eKCIUTyaTalli KOHCTPYKIii. SIKIIOo MIMyHTOBI
najli KOHTAKTYIOTh 3 IPYHTOM a0o0 3 BOJOIO 3
000x CTOpIH, IIBUIKOCTI KOpOo3ii
3aCTOCOBYIOTBCS I KOXKHOI CTOPOHM.

(2) S0 arpecuBHICTh IPYHTY ab0 BOIU
pi3Ha Ha NPOTUIEKHUX CTOPOHAX CTIHKU 3
IIITYTOBUX TaJlb, TO MO’KHA 3aCTOCOBYBATH JIBi
Pi3HI MIBUIKOCTI KOPO3ii.

4.4  IIBuakocrti KOpo3ii A1 NMPOEKTHHUX
PO3paxyHKiB

(1) [IIBuIKOCTI KOPO3ii, 110 BU3HAYAIOTHCS
B JIaHOMY pO3AiJi, IMOBHHHI PO3TJISAAATUC
TUTBKH SIK PO3PaxXyHKOB1 3HAYCHHSI.

Hpnmirka. Binnosinui 3HAaYEeHHSA JuIs
MMBUAKOCTEU KOpPO31l MOKHA BU3HA4YaTH 3T1JHO 3

HaHiOHaﬂLHI/IM A0AAaTKOM, 3 ypaXyBaHHAM JIOKaJIbHUX
YMOB. 3Ha‘IeHH${, SKI  MOXHA BUKOPUCTOBYBATH,
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piles

(1)  Unless otherwise specified, the
strength verification of individual piles for
both serviceability and ultimate limit state
should be carried out taking into account a
uniform loss of steel thickness all around the
perimeter of the cross-section.

(2)  Unless otherwise specified, for
serviceability and ultimate limit states the
reduction of thickness due to corrosion of piles
in contact with water or with soil (with or
without groundwater) should be taken from
section 4.4, dependant upon the required
design working life of the structure.

3) Unless otherwise specified for the
project, corrosion inside hollow piles that have
watertight closed ends, or are filled with
concrete, may be neglected.

4.3  Durability requirements for sheet
piling

(1)  Unless otherwise specified, in the
strength verification of sheet piles for both
serviceability and ultimate limit states, the loss
of thickness for parts of sheet pile walls in
contact with water or with soil (with or
without groundwater) should be taken from
section 4.4, dependant upon the required
design working life of the structure. Where
sheet piles are in contact with soil or water on
both sides, the corrosion rates apply to each
side.

(2)  If the aggressiveness of the soil or
water is different on opposite sides of a sheet
pile wall, two different corrosion rates may be
applied.

4.4  Corrosion rates for design

(1) Corrosion rates given in this section
should be considered as for design only.

NOTE: Suitable values for corrosion rates may be
given in the National Annex, taking into account local
conditions. Values that may be used for guidance are
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3a3HayeHi B Tabauisax 4.1 14.2.

(2) Brpary ToBmMHM B  pe3ynbTari
aTMoc(epHOi KOpo3li MOXHa pO3MNIAIaTH SK
0,01 MM Ha pik B aTMocdepax KIIMaTHYHUX
HopMm 1 sk 0,02 MM Ha piK B perioHax, Je

YMOBH  MOPCBKOTO  KJIIMaTy  MOXYTb
HETaTUBHO BIUIMBAaTH Ha EKCIUTyaTariifHi
XapaKTePUCTHKU KOHCTPYKIIii.

Hpumirka. Haii0inpm cepiio3HWA BIUIMB Ha

IIBUIKICTH KOPO3ii B IPpyHTaX CHPUYHHSIOTH HACTYITHI
(axropu:

— THUII IPYHTY;
— KOJIMBAHHS PiBHS IMiI36MHUX BOJI;
— HasABHICTbH KUCHIO;

— HAsIBHICTb JIOMIIIIOK.

Taoauusa 4.1-

given in Table 4.1 and Table 4.2.

(2) The loss of thickness due to
atmospheric corrosion may be taken as 0,01
mm per year in normal atmospheres and as
0,02 mm per year in locations where marine
conditions may affect the performance of the
structure.

NOTE: The following have a major influence on the
corrosion rates in soils:

— the type of soil;
— the variation of the level of the groundwater table;
— the presence of oxygen;

— the presence of contaminants.

PGKOMCH,I[OBaHi 3HAYCHHA BTPAaTU TOBIOWMHU, MM, B pCSy'J'IBTaTi KOpOSﬁ JJI

HaJib i IMIMTYHTOBHX I1aJlb B IPYHTAX 3 IiI3eMHUMH BOJaMu a0o0 0e3 miI3eMHUX

BOJ

Table 4.1 -

Recommended value for the loss of thickness [mm] due to corrosion for piles

and sheet piles in soils, with or without groundwater

HeoOxigHuit po3paxyHKOBHUI TEpMiH eKCILTyaTarlii 5 25 50 75 100
Required design working life POKiB | pOKiB POKiB POKiB POKiB
5 25 50 75 100

years years years years years

[MpupoaHi Hemopy1IeHi IPyHTH (ITICOK, MY, TJIMHA,

KPUCTAIIYHUN CIIaHEIb, ...) 0,00 0,30 0,60 0,90 1,20

Undisturbed natural soils (sand, silt, clay, schist, ....)

[MpupoaHi 3a0pyaHEH] TPYHTH Ta IPOMHCIIOBI poboUi

MaliJaHYNKH 0,15 0,75 1,50 2,25 3,00

Polluted natural soils and industrial sites

ArpecuBHI TpUPOIHi IPYyHTH (OOIOTHCTHUH TPYHT,

6ooTo, TOpa, ...) 0,20 1,00 1,75 2,50 3,25

Aggressive natural soils (swamp, marsh, peat, ...)

HeymiineHeHi Ta HearpecuBHI HacHIU (TJIMHA,

KPUCTAIIIYHHIN CJIaHEIb, IMTCOK, MY, ...) 0,18 0,70 1,20 1,70 2,20

Non-compacted and non-aggressive fills (clay, schist,

sand, silt, ....)

HeymiineHeni i arpecuBHi Hacumy (3012, MUIAK, ...) 0,50 2,00 3,25 4,50 5,75

Non-compacted and aggressive fills (ashes, slag, ....)

Mpumirku. ! HIBuaKocTi KOpo3ii B yIIUIFPHEHUX HACUIIAX HIKYE, HIX MIBUIKOCTI KOPO3ii B HEYIIITBHEHUX

Hacumax. B yminsHeHnx Hacumnax nn¢poBi 3HaUeHH:, BKa3aHi B TaONHII, CIiI AUTUTH Ha JBa.

2 3HaveHHs, 3a3HaueHi A S 1 25 pokiB, 3aCHOBaHI Ha BUMIipax, iHIII 3HAYEHHS eKCTPAIoJIbOBaHi.

NOTES:

1) Corrosion rates in compacted fills are lower than those in non-compacted ones. In compacted fills the figures in

the table should be divided by two.

2) The values given for 5 and 25 years are based on measurements, whereas the other values are extrapolated.

Taomuna 4.2 -

PexomeH10BaH1 3HAYEHHS BTPATH TOBILMHH B Pe3YJIbTaTi KOPO3il A maib 1
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IIMTYHTOBHUX NHaJb y TPICHIM Boai a00 B MOPCHKiil BOA1, MM

Table 4.2 - Recommended value for the loss of thickness [mm] due to corrosion for piles
and sheet piles in fresh water or in sea water
Heobxiganii po3paxyHKOBHI TEPMiH €KCILTyaTaIlii 5 25 50 75 100
Required design working life POKiB | POKIB POKiB POKIB POKIB
5 25 50 75 100
years years years years years
3BHuuaiiHa mpicHa Boja (pika, CyTHOTUIAaBHUH KaHal,
) 0,15 0,55 0,90 1,15 1,40
Common fresh water (river, ship canal, ....) in the zone
of high attack (water line)
CunpHO 3a0pyAHEHa TpicHa Boja (CTIYHI BOAM,
MIPOMUCIIOBI CTiUHI BOJH, ...) B 30HI BUCOKOTO 0,30 1,30 2,30 3,30 4,30
KOpO3ii{HOT0 BILTHBY (BaTepIIiHis)
Very polluted fresh water (sewage, industrial effluent,
....) in the zone of high attack (water line)
Mopcbka BoJia B TOMIpHOMY KJIiMaTi B 30HI BUCOKOTO
KOPO31iHOT0 BIUIMBY (30HU MOHMKEHHS BOIH 1 0,55 1,90 3,75 5,60 7,50
MEPIOAMIHOTO 3MOUYBaHHS)
Sea water in temperate climate in the zone of high
attack (low water and splash zones)
Mopchka Bojia B TOMipHOMY KITiMaTi B 30Hi
MOCTIHHOTO 3aHYPEHHs a00 B MPWINBHIN 30H1 0,25 0,90 1,75 2,60 3,50
Sea water in temperate climate in the zone of
permanent immersion or in the intertidal zone
Hpumirku.
1 Haii0inpm BHCOKa IMBUAKICTh KOPO3ii 3HAXOAUTHCA, K MPABUIIO, B 30HI MEPiOAMIHOTO 3MOUYBaHH: a00 Ha piBHI
3HWKEHHS BOJY B MIPHIMBHUX BoAax. [IpoTe B OUIBIIOCTI BUTIAIKIB HAHCIIIBHIIII 3THHATBHI HAIPYTH BUHUKAIOThH B
30HaX IMOCTIHHOTO 3aHyPEeHHS (IUB. pUCYHOK 4.1).
2 3HaueHHs, 3a3HaueHi It 5 1 25 poKiB, 3aCHOBaHI HA BUMipaX, iHIII 3HAYCHHS €KCTPAINOIbOBaHI.
NOTES:
1) The highest corrosion rate is usually found in the splash zone or at the low water level in tidal waters.
However, in most cases, the highest bending stresses occur in the permanent immersion zone, see Figure 4.1.
2) The values given for 5 and 25 years are based on measurements, whereas the other values are
extrapolated.

5 I'PAHUYHI CTAHU

5.1 OCHOBHi NpUHIMIIH

5.1.1 3acanwvni nonosicennsn

()P  Tlami Ta iX KOMIIOHEHTH TIOBHMHHI
MPOEKTYBaTUCS Tak, 100 Oynu JoTpuMaHi
0a30Bl MPOEKTHI BUMOTM JO TPaHUYHHUX
CTaHiB, BU3HAYEHI B PO3ALIL 2.

(2) st mepeBipku  OmOpy TMOTEPEYHUX
nepepiziB 1 €IEeMEeHTIB BiIHOCHO TPaHUYHUX
CTaHIB TMOBUHHI 3aCTOCOBYBATHCSl 3a3HaudeH1
Jalli YMOBH.

3) [adopmarris 1010 YaCTKOBHX
Koe(illi€HTIB A BIUIMBIB Ta METOAY s
KOMOIHOBaHMX  3aCTOCOBYBAaHHMX  BIUIMBIB
mictutbes y EN 1990.
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5 ULTIMATE LIMIT STATES

5.1 Basis

5.1.1 General

()P Piles and their components shall be
designed such that the basic design
requirements for ultimate limit states given in
section 2 are satisfied.

(2)  The following provisions should be
applied for the verification of the resistances
of cross-sections and members with respect to
ultimate limit states.

3) Reference should be made to EN 1990
for the partial factors for actions and the
method for combining actions to be applied.


arymarenko
Прямоугольник


(4) YacTtkoBi KOCDIIIEHTH Ym0, YMI 1 VM2,
0 3aCTOCOBYIOTBCSL MJIsi ONOpPY, IUB Yy
EN 1993-1-1.

Hpumirka. YactkoBi KOe(DilliEHTH Yng, VM1 1 VM2
JUISL PSITIB MAJILOBUX MOXYTh OyTH BHM3HAuY€HI 3TiZHO 3
HalliOHAIBHUM J10JaTKOM. PEKOMEHAYIOThCS HacTyITHI
3Ha4YeHHA: Yvo = 1,00; vy = 1,10 and yyp = 1,25.

5.1.2 Ilpoexkmyeanns

(1) JUist mignipHUX CTIHOK 1 HECYYHMX Malb
HEOOX1IHO BUKOHYBATH TaKi BUMIPH:

— Omip TMONepeYHoro mepepizy 1 3araibHa
BTpaTa CTIMKOCTI IIMYHTOBUX TNalb PAJIiB
(muB. 5.2) 1 Hecyunx manb (auB. 5.3);

— OIp CTHKIB, 3B'I30K KOPCTKOCTI, 3'€THAHB 1
aHKepiB (IuB. po3aia 7);

— 3araJibHe pYyHHYBaHHSI KOHCTPYKLII B

pe3ynbTaTi  pyWHYBaHHS ~ IPyHTY  (OMB.
po3min 2).
5.1.3 Bmoma

(1) Axmo koHCTpykuisi abo il 4yacTuHa
YyTIMBa JI0 SIBUIIA BTOMH, HEOOXiTHO
BUKOHYBAaTH OILIHKY BTOMH BIJIIOBIAHO [0
EN 1993-1-9.

Hpumirka. Ha omip BTOMH 3HayHMH BIUIMB

YUHUTh KOPO3is, TOMY PEKOMEHJYETHCS BiIMOBIAHUM
3axX¥CT BiJ KOPO3ii

2) B  anamizi BTOMH MOXHa  HE
BpaxoOByBaTH yJapHI BIUIMBH a00 BIUIUBU
KOJIMBAHHS TiJ] Yac YCTAaHOBKM HECYy4YUX Mallb
a00 IIMyHTOBUX MaJlb.

5.2 lInyHToBMii psj

5.2.1 Knacugixauina nonepeunux nepepizie

)P SIKI10 MpOBOAMTHCS 3aralbHUNA aHai3
MPYXKHOCTI, HEOOXITHO MiATBEPKYBATH, IO
MakCUMajbHI  pe3ylbTaTH  BIUIMBIB  HE
NEPEBUILYIOTh BIMOBIIHUX OTOPIB.

(2) S0 MpOBOAMTHCS 3arajlbHUN aHali3
IJIACTUYHOCTI, HEOOXIJHO MiJTBEPAKYBaTH,
[0 MaKCHUMaJIbHI pPe3yJbTaTH BIUIUBIB HE
MEPEBUINYIOTh TUIACTUYHHUNA OIMip CTalleBOl
nami. Kpim Toro, HeoOXigHO TmepeBIpsATH
o0epTanpHy 3/1aTHICTh, TUB. TabmuUIo 5.1.

3) Merox  aHamizy IS PO3MOJALTY

4) For the partial factors ymo, ym1 and yme
to be applied to resistance see EN 1993-1-1.

NOTE: The partial factors yy, ym1 and yy, for piling
may be chosen in the National Annex. The following

values are recommended: yyo = 1,005 vy = 1,10 and o
=1,25.

5.1.2 Design

(1)  Retaining walls and bearing piles
should be checked for:

— resistance of the cross-section and overall
buckling of sheet piling (see 5.2) and of
bearing piles (see 5.3);

- the resistance of walings, bracing,
connections and anchors (see section 7);

— global failure of the structure as a result of
soil failure (see section 2).

5.1.3 Fatigue

(1) Where a structure or a part of it is sensitive
to fatigue phenomena, the fatigue assessment
should be carried out in accordance with EN
1993-1-9.

NOTE: The fatigue resistance is significantly

influenced by corrosion and a suitable corrosion
protection is recommended.

(2) The effects of impact or vibration
during installation of bearing piles or sheet
piles may be neglected in fatigue analysis.

5.2 Sheet piling

5.2.1 Classification of cross-sections

(1)P  If elastic global analysis is used, it
shall be verified that the maximum effects of
actions do not exceed the corresponding
resistances.

(2)P  If plastic global analysis is used, it
shall be verified that the maximum effects of
actions do not exceed the plastic resistance of
the steel pile. In addition, the rotation capacity
shall be checked, see Table 5.1.

3) The analysis method for the
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pe3yJbTaTiB BILUIMBIB TOBUHEH Y3T0JIKYBaTHCS
3 HYCTYIHOI KJIacH(IKAIIE IMONEPEUHUX
nepepisis:

— TIONepeYHi mepepizu kiacy 1, s SKUX
MOXHa BHUKOHYBaTH aHaJi3 IIACTHYHOCTI,
SIKMI CTOCYETHCS TIEPEPO3IOJIITy MOMEHTIB, 32
YMOBH, IO BOHH MAalOTh JOCTaTHBIO
o0epTanbHy 31aTHICTb;

— TIONEpeYHi mepepi3u Kiacy 2, s SKUX
000B'SI3KOBU 3arajlibHUI aHani3
IUTACTUYHOCTI,  aje  TepeBary  MOXHa
BiJUIaBaTH IUIACTUYHOMY OTOPY IMOMEPEYHOTrO
nepepisy;

— TIOTIepEYHI Iepepi3u Kiacy 3, sSKi MOBHUHHI
MIPOEKTYBATHUCS 13 3aCTOCYBAHHSAM 3arajlbHOTO
aHaJli3y eNacTHUYHOCTI 1 MPY>KHOTO PO3MOILTY
Hampy>KeHb 10 TIONEPEYHOMY Tmepepi3y, 3
JNOMYIICHHSAM  IUIACTMYHOI  jaedopmariii B
KpaifHix mapax;

— TIONEpeYHi mepepizu kiacy 4, s SKUX
JIOKaJIbHA  BTpaTa  CTIMKOCTI  HETaTHBHO
BIUIMBA€E HA OIIp MOMEPEYHOTO Mepepisy, JAMB.
JOJ1aTOK A.

(4) MoskHa 3acTOCOBYBaTH OOMEXYHOUi
Ipornopuii /uis MONepeyHuX Mepepi3iB KIaciB
1, 2 1 3 3 Ttabmumi 5.1 i crajeBux
HITYHTOBHX MaJlb, 3 YPaXyBaHHSIM MOXKJIHUBOTO
3MEHILIEHHS TOBIIMHU CTajdl B pe3yNbTari
KOpO3ii.

Hpumirka. Jomarkosi BKa3iBKH 1010

knacudikamii MOMEepeYHHX Tepepi3iB  HaBEACHO B
nonatky C.

(%) EneMeHT, 1mo He BIANOBiIae ymMOBaM
oOMexxeHb mIg knaciB 1, 2 1 3, MokHa
BiJIHOCHTH JI0 KJacy 4.

(6)P  Pesynmbrary nii B IHIIUX €JIeMEHTaX 1
3'€eIHaHHAX  KOHCTPYKIIi  HE  IOBHUHHI
MEePEBUIILYBATH OMOPIB ITUX EJIIEMEHTIB 1
3'€/IHaHb.

distribution of effects of actions should be
consistent with the following classification of
cross-sections:

— class 1 cross-sections for which a plastic
analysis involving moment redistribution may
be carried out, provided that they have
sufficient rotation capacity;

— class 2 cross-sections for which elastic
global analysis is necessary, but advantage can
be taken of the plastic resistance of the cross-
section;

— class 3 cross-sections which should be
designed using an elastic global analysis and
an elastic distribution of stresses over the
cross-section, allowing yielding at the extreme
fibres;

— class 4 cross-sections for which local
buckling affects the cross-sectional resistance,
see Annex A.

(4)  The limiting proportions for class 1, 2
and 3 cross-sections may be obtained from
Table 5.1 for steel sheet piles, taking into
account a possible reduction of steel thickness
due to corrosion.

NOTE: Further guidance on the classification of cross-
sections is given in Annex C.

%) An element which fails to satisfy the
limits for class 1, 2 or 3 should be taken as
class 4.

(6)P  The effects of actions in other
structural elements and connections shall not
exceed the resistances of those elements and
connections.

Tabmuus 5.1-  Krnacudikaris nonepedyHux nepepisis

Table 5.1-  Classification of cross-sections
Knacudikaris Z-nionnioani mpodisb U-nioniGHMiA ipodise
Classification Z-profile U-profile
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Knac 1 3acTOCOBYIOTHCS TakKi K OOMEXEHHS, SIK 1 IS Kiacy 2.
Class 1 HeoOxinHe BUKOHAHHS BUMipPIOBaHHS IOBOPOTY.
Tthe same boundaries as for class 2 apply
A rotation check has to be carried out
Kuac 2 blt, blt,
Class 2 <45 <37
£ £
Kiac 3 blt, blt,
Class 3 —<66 —<49
& &
235 |f» H/mm®” 240 270 320 355 390 430
= [— | f, [N/mm?]
1 € 0,99 0,93 0,86 0,81 0,78 0,74

Jy — MeXa TeKy4oCTi

f, — yield strength.

b — mmpuHA TIOCKOT YaCTHHY TOJIHII, KA BUMIPIOETHCA MIX pajiilycaMy 3a0KPYTIICHHS BEPILIUH, SIKIIO
CHIBBIJHOWIEHHS 7 / tyHe Oinbie 5,0; B IHIIOMY BUIAAKY CJiJl BAKOPUCTOBYBAaTH OLIbII TOYHUIH CIOCIO;
fy — TOBIIMHA TOJMII JJIs HOJIULB 3 HOCTII{HOIO TOBIIMHOIO;

7 — CEpeIHBONIHIMHUE pasliyc KyTOBUX BUTHHIB MiXK [IEPErOpOIKaMH 1 MOJHIISIMHU;

b — width of the flat portion of the flange, measured between the corner radii, provided that the ratio 7/#1s
not greater than 5,0; otherwise a more precise approach should be used;

t,— thickness of the flange for flanges with constant thickness;

r — midline radius of the corners between the webs and the flanges;

Ipumirka.

given in Annex C.

Jnist monepedHUX mepepisiB kiacy 1 HeoOXiTHO MiATBEPHKYBATH, 110 TUIACTUYHE 00epTaHHS,
00yMOBJIEHE MOTNIEPEUHIM TIepepi30M, CTAHOBUTH HE MEHIIE, HIX IUIACTUYHE 00epTaHHs, HeOOXiHe y (aKTHIHOMY
MPOEKTHOMY BUIAKy. BKa3iBKM 10 TakOMY MiATBEPIKCHHIO (BUMIpIOBaHHS 00epTaHHs) HaBeleH y qoaatky C.

NOTE: For class 1 cross-sections it should be verified that the plastic rotation provided by the cross-section is not
less than the plastic rotation required in the actual design case. Guidance for this verification (rotation check) is

5.2.2 IHInynmosuit nanvosuii pao npu
euzuni i 3cyei

(1) 3a BIJICYTHOCTI MONEPEUYHOT 0
(3CYBHOTO) 1 OCBOBOTO 3yCHJIJISI PO3PAaXyHKOBE

3HAYeHHs 3TUHAJIBHOIO MOMEHTY Mg, B
KO)KHOMY  TIONEPEYHOMY  TIepepi3i  Mae
3aJIOBOJIbHATH HACTYIHIN YMOBI:

Mpgq <M ga
e:

MEs — pO3paxyHKOBHUM 3THHAJIbHUN MOMEHT,
OTPUMAaHHWK Ha OCHOBI PO3paxyHKY 3TiTHO 3
BigmoBigauM BummagkoM EN 1997-1;

M. rqs — PpO3paxyHKOBHH OMip 3TUHAIBLHOTO
MOMEHTY TONEPEYHOTO Tepepi3y.

5.2.2 Sheet piling in bending and shear

(1) In the absence of shear and axial force,
the design value of the bending moment Mg, at
each crosssection should satisfy:

(5.1)

where:

Mg, 1s the design bending moment, derived
from a calculation according to the relevant
case of EN 1997-1;

M, rq 1s the design moment resistance of the
cross-section.
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(2) Po3paxyHkoBu#  omip  3THHAJIBLHOTO
MOMEHTY TONEePEeYHOro mnepepizy M rqs Clif
BU3HAYATH HA OCHOBI HACTYIIHUX PiBHSHB!

— ronepeyHi nepepizu kiacy 1 abo 2:
M ra= B Wy fy Amo

— IIOTIEPEYHI Mepepi3u Kiacy 3:
Mcri= B Werfy / Ymo

— MonepeyHi nepepizu kiacy 4:
auB. JlogaTok A.
He:

W, — Ipy>KHUII MOMEHT OIIOpPY THepepi3y, SIKui
BU3HAYAETHCS TS O€3MepEePBHOT CTIHKH;

W, — IIAaCTUYHUII MOMEHT OIOopy Hepepisy,
SIKUI BU3HAYAETHCSA 1)1 O€311epEepBHOI CTIHKH;

Yvo — YACTKOBUH  KoedilieHT Oe3IeKu
BiamoBiaHO 10 5.1.1 (4);

P — KOe]ilieHT, 10 BpaxoBye WMOBIpHY
BIJICYTHICTb I€pe/iadi 3CyBHOTO 3YCHILIS

B 3aMKOBI 3'€[JHaHHS, SKUH Ma€ HaCTYIHI
3HAYEHHS

Ps=1,0 nns Z-noniGHUX nanib
1 motpiitHux U-noaiOHUX nans;

P <1,0 nns oguHWUYHUX 1 mojaBiHMx U-
MOII0HUX I1aJIb.
Hpumirka 1.  Ha crymiae nepemadi 3cyBHOTO

3yCHIUIA B 3aMKOBI 3'eqHanHs U-01i0HAX mMajb
IHTEHCUBHO BIUTHBAIOTh HACTYIHI YMOBH:

— THUII IPYHTY, B SIKWl 3aHYPIOBAINCS TaJIi;
— THII BCTAHOBJICHOTO EJIEMEHTY;

— KUTBKICTB OMOPHUX PiBHIB Ta croci0 ix ¢ikcamii Ha
IJIOIIMHI CTIHKH,

— METOA YCTaAaHOBKMU,

— 00poOKa 3aMKOBHX 3'€THAHb, Pi3bOJICHHS STKUX
BUKOHYETHCSI Ha MicLli (3MaleHi abo 4acTKOBO
3aKpITUICHI 3a TOTIOMOTOI0 3BapIOBaHHS, O0OB'sI3Ka
TOIIIO.);

— BHCOTa KOHCOJIi CTiHKH (HAIPUKIIA], IKIIO CTiHKA
BUCTYIAE HA BEJIMKY BiJICTAHb HAJl HAWBUIIIOIO
00B's13K0F0 200 ITiJT HAWHMKYOK 00B'A3KOI0).

Mpumirka 2:  I[{udposi 3HAYCHHS Ps TUTST
OAMHUYHUX 1 mnonaBifiHux U-momgiOHMX manmb, sKi
BKJIIOYalOTh B cebe Il mapaMeTpd, MOXYTb OyTH
3a3Ha4YCHI B HaIiIOHAILHOMY JOJATKy Ha OCHOBI
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2) The design moment resistance of the
cross-section M, z; should be determined from
the following:

—class 1 or 2 cross-sections:
(5.2)

— class 3 cross-sections:
(5.3)

— class 4 cross-sections:
see Annex A.
where:

W, is the elastic section modulus determined
for a continuous wall;

Wiis the plastic section modulus determined for a
continuous wall;

o 1s the partial safety factor according to
5.1.1 (4);

s 1s a factor that takes account of a possible
lack of shear force transmission in the
interlocks and has the following values:

Ps = 1,0 for Z-piles and triple U-piles

Ps < 1,0 for single and double U-piles.

NOTE 1: The degree of shear force
transmission in the interlocks of U-piles is strongly
influenced by:

— the type of soil into which the piles have been driven;
— the type of element installed;

— the number of support levels and their way of fixation
in the plane of the wall;

— the method of installation;

— the treatment of the interlocks to be threaded on site
(lubricated or partly fixed by welding, a

capping beam etc.);

— the cantilever height of the wall (e.g. if the wall is
cantilevered to a substantial distance above

the highest waling or below the lowest waling)

NOTE 2: The numerical values for Sy for single
and double U-piles covering these parameters, based on
local design experience, may be given in the National
Annex.
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JOCBIZTY JIOKQJIBHOTO TIPOEKTY.

3) Hnst mepeboOpok 3 IIMYHTOBHX TMajb
CJIiJT BAKOHYBAaTH BUMIPIOBAHHS OIIOPY 3CYBY.

(4) Po3paxyHkoBe 3HAau€HHS  3CYBHOI'O
3ycwiii  Vg; B KOXKHOMY  TIONEPEUYHOMY
nepepisi Mae BiANOBIAATH YMOBI:

Via < Vpira

Ji(H

Voira — PO3PaxXyHKOBUH IIIACTUYHHMHA OIIp
3CYBY Ul KOXHOI 11epeOOpKHU, BU3HAYEHUI Ha
OCHOBI

4, f,

\/§7M0

Ay — myoma mpoeKTOBAHOTO 3CYBY IS KOKHOT
nepe0opKH, IO JIi€ B TOMY K HampsAMKY, IO 1
VEd.

[Tnoma mnpoekroBaHoro 3cyBy 4, MOXe
pPO3PaxOBYBATUCSA HACTYITHUM YHHOM JUIS
koxHOi mepebopku U-nonibnoro abo Z-
noAi6Horo nMpodiIto (AUB. pUCYHOK 5.1):

A,=t, (h—1t)
ae:
h — 3aranpHa BUCOTAa,
ty— TOBILMHA TOJINLI]
t, — TOBIIMHA mepebopku. Y pasi 3MiHU

TOBIIMHU TiepeboOpku ¢,; 1o amodemi c,
BUKJIIOUAIOYM 3aMKOB1 3'€IHaHHA, £, Y
dbopmyi (5.6) cii po3TIIAIaTH K MiHIMATbHE
3HAYEHHS 1y,

(3) The webs of sheet piles should be
verified for shear resistance.

(4)  The design value of the shear force Vg,
at each cross-section should satisfy:

(5.4)

where:

Vyira 18 the design plastic shear resistance for
each web given by

(5.5)

Ay is the projected shear area for each web,
acting in the same direction as Vg,.

®)] The projected shear area A4, may be
taken as follows for each web of a U-profile or
a Z-profile, see Figure 5.1:

(5.6)

where:
h is the overall height;
tr1s the flange thickness;

t,, 1s the web thickness. In the case of varying
web thicknesses #,; over the slant height c,
excluding the interlocks, ¢, in expression (5.6)
should be taken as the minimum value of ¢,,,;.
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h—t,

sinex
a— 7Z-noxiona maJjs

a) Z-pile

lv—r.

;
c=

2sin &
b— U-noaiona nmajas

b) U-pile

Pucynok 5.1 — BuzHaueHHs U101 3CyBY

Figure

(6) Kpim TOro, HeoOXigHO MiATBEPAUTH
BIJIMTOBIAHICTh OTIOPY JO BTPATH CTIHKOCTI BiJ
nepepizyrouoi CHIM y CTIHII 3 HIMTYHTOBUX
najb HACTYMHIN yMOBI:

5.1 — Definition of the shear area

(6) In addition the shear buckling
resistance of the webs of sheet piles should be
verified if

clt,>172 &

(7) Omip 10 BTpaTH CTIHKOCTI BiA
nepepi3yrouoi CHJIM  CIIJ BU3HA4YaTH Ha
OCHOBI:
Vira= (h_tf)twbbv
7/M0

1€ fp, — MIIHICTh B YMOBaxX BTPAaTHU CTIMKOCTI
mpu  3CyBl 3riiHo 3 Tabmuuero 6.1
EN 1993-1-3 nns nepebopku 6e3 eleMeHTIB
KOPCTKOCTI B OINOPHOMY KpIIJIEHHI 1 JyId
BI/IHOCHOI TOJATIMBOCTI MepebOpKu, sKa
BU3HAYAETHCS HA OCHOBI:

21=0,346< 5
‘. \/ E

(8)  Sxmo pO3paxyHKOBE 3HAYECHHS
nepepizyrouoi cuin Vg; He nepesuinye 50%
PO3paxyHKOBOTO IUIACTUYHOTO OIOPY 3CYBY
Vi ,rd, HE TIOTPIOHO BUKOHYBAaTH IOHMKEHHS B
PO3paxXyHKOBOMY OTIOpPi MOMEHTY M, g

9) Komu Vg; nepeumye 50% 3HaueHHS
Voira, ~ PO3PaxyHKOBMH  OHIp  MOMEHTa
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(7) The shear buckling resistance should
be obtained from:

(5.7)

where f5, 1s the shear buckling strength
according to Table 6.1 of EN 1993-1-3 for a
web without stiffening at the support and for a
relative web slenderness given by:

(5.8)

() Provided that the design value of the
shear force Vg; does not exceed 50% of the
design plastic shear resistance V,rs NO
reduction need be made in the design moment
resistance M, gy,

9 When Ves exceeds 50% of V), rq the
design moment resistance of the cross-section
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MOTIEPEYHOTO TMepepizy Mae OyTH 3MEHIICHUN

should be reduced to My g, the reduced design

bi o) 3HAYECHHSA My pa. 3MeHIIeHni plastic moment resistance allowing for the
PO3paxXyHKOBUH IJIACTUYHUN OIp MOMEHTY 3 shear force, obtained as follows:
ypaxyBaHHIM epepizyroyoro 3YCHILIA
PO3PaXOBYETHCS HACTYITHUM YUHOM:
A2 | f
My =| B, ——Lo— |2 ane (but) My gy <Mera (5.9)
’ 4t sina |y,
pu: with:
2
P =2V Vs 1) (5.10)
Ie: where:

Ay— moma 3cyBy 3rigHo (5.6);
t,,— TOBILIMHA TIEPEOOPKH;

@ — KyT Haxwily TnepeOOpKH 3TriiHO 3
pucyHkom 5.1;

fs — KoedilieHT, BU3HaYeHUi B 5.2.2 (2).

IIpumirka. Ay 1 t, BIAHOCATBCSA IO UIHUPUHHM, IO
PO3ITIANAETLCS AT Wy,

(10)  Sxmro craneBui MIMTYHTOBUH MaTbOBUN
psia, BurotoBneHuil 3 U-monibHux manb, OyB
3'€eIHaHMI 3a JOTIOMOTOI0 3BaprOBaHHS a00 3a
JIOTIOMOTOK0  OOTHUCKAaHHS i1 TOro, 1100
MIIBUIIATH TIepeady 3CYBHOTO 3YCHIUISA B IIi
3aMKOBI 3'€JHAHHS, TO 3'€JHAHHS HEOOXIIHO
MIEPEBIPUTH, JOMYCKAIOYH, IO 3CYBHE 3YCHILIS
MOJK€ TIepeIaBaTUCs TUIbKH B 3'€/IHaHI 3aMKH.
Ipumirka. e nonymenHs nependayae Ge3neyHe
IIPOCKTYBAaHHA 3'€HHaHB.

(11) TIlepesipka mepemadi 3CyBHOTO 3yCHILIS

B CTUKOBUX 3BapHMX IlBaxX IIOBHHHA
Bigmosigatu 4.7 EN 1993-1-8.
(12) PosrtamyBaHHS CTHMKOBUX  3BapHHX

IBIB TOBHHHO BiAmosimath BuMoram 4.3
EN 1993-1-8, 3 ypaxyBaHHsIM KOpo3ii Tam, Je
BOHA ICTOTHA.

(13) VYV pa3i mnepepuBYaCTUX CTUKOBHUX
3BapHUX MIBIB  HEOOXIJHO  CTBOPIOBATHU
Oe3nepepBHy TOBXHMHY / Ha KOXXHOMY KIHII
nasni, 106 YHUKHYTH MOXJIMBOTO
NEpeHanpy>KeHHsT MiJ Yac YCTaHOBJICHHS.
[Hpopmartiss 1OM0 TMPOEKTYBAaHHS 3BAPHUX
IBiB MicTUTBCS y 1993-1-8.

Mpumirka. 3HadeHHs [ Moxe OyTH 3a3HavYeHE B

HAIIOHALHOMY JIOJIATKy. PeKOMEHIYEThCS 3HAYEHHS
/=500 MMm.

Ay is the shear area according to (5.6);
t,, is the web thickness;

a is the inclination of the web according to
Figure 5.1;

s 1s the factor defined in 5.2.2(2).

NOTE: Ay and ¢, are related to the width considered
for Wpl~

(10) If steel sheet piling made of U-piles
has been connected by welding or by crimping
in order to enhancethe shear force
transmission in these interlocks, the
connections should be verified assuming that
the shear force can be transferred only in the
connected interlocks.

NOTE: This assumption allows for a safe-sided design
of the connections.

(11)  The verification of the butt welds for
the transmission of the shear force should be
in accordance with 4.7 of EN 1993-1-8.

(12)  The layout of the butt welds should be
in accordance with 4.3 of EN 1993-1-8 taking
into account corrosion if relevant.

(13) In the case of intermittent butt welds, a
length of not less than / should be made
continuous at each end of the pile in order to
avoid  possible overstressing during
installation. Reference should be made to
1993-1-8 for the design of the welds.

NOTE: The value / may be given in the National
Annex. A value of /=500 mm is recommended.
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(14) HeoOximHO MIATBEPAUTH, IO TOYKHU
OOTHCHEHHS 3aMKOBHX 3'€lHaHb OyNu 37aTHI
repeaaBaTH CTBOPIOBAaHI B PE3yJIbTaTi 3CyBHI
3yCHJUISI 3aMKOBOTO 3'€ THAHHSI.

(15) Sxmio BiacTaHb MiXK MTOOTMHOKHMH a00
MMOABIMHUMH  TOYKAMH  OOTHUCHEHHSA  HE
nepesumye 0,7 M, a BiICTaHb MiX
NOTPIfHMMU ~ TOYKamMM  OOTHUCHEHHS  He
nepesuirye 1,0 M, MOXHa NPHITYCKAaTH, IO
KOXXHa TOYKa OOTHCHEHHS Tepelac OJHAKOBE
3cyBHe 3ycumid Vig < R ymo, A€ Ri —
XapaKTePUCTHYHUN OIMip TOYKH CTUCHECHHSI,
BU3HAUEHUN 3a JIOMOMOIOI0 BUIPOOYBaHHS
BIJIMTOBIAHO 70 po3ainy 2.6.

Hpumirka. BusnauenHs  3HaueHHs R, 3a
JOTIOMOT 010 BUIIPOoOyBaHH: nuB. y EN 10248.

5.2.3 IHInynmoeuii nanvoeuit pao 3

32UHANBHUMU,  3CYSHUMU |  OCbOGUMU
3ycunnamu
(1) Hns  xomMOiHOBaHOTO 3THHAHHA 1

CTHCHEHHSI BTpaTy CTIMKOCTI HE MOTPiIOHO
BpPaxOBYBATH, SIKIIO:

hS0,04
N,

cr
Ac:

NEgq — po3paxyHKOBE 3HAUEHHS CTHUCKAKYOTo
3YCHILIS;

Ng, — TIpyXKHE KpPUTHYHE HaBaHTa)KEHHS
HITYHTOBOI Tadi, M0 pPO3pPaxOBYEThCA 3
BUKOPHUCTaHHSAM BIANOBIAHOT MOJENI IPYHTY,
K€ BpPaxoBye€ TUIbKM CTHCKAaIO4l 3yCHILIS B
HIIMTYHTOBOT Mai.

(2) B sxocTi anbTepHATUBHOTO BapiaHTy
N, MO’KHa PO3pax0OBYBaTH HACTYITHUM UYHHOM:

N, =EIp,n° /¢

Ie ¢ — JOBXHMHAa BTpaTH CTiHKOCTI,
BU3HAYA€THCS 3TIAHO 3 PUCYHKOM 5.2 s
HE3aKpIMJIeHOro ab0 YacTKOBO 3aKpIIJIEHOIO
OMOPHOTO KPIIJICHHS B IPYHTI abo 3rigHO 3
pucyHkoM 5.3 s (PiKCOBaHOTO OIOPHOTO

KpilUIeHHS B TIpyHTi;, fp — KoedimieHT
3MEHIIICHHS, TUB. 6.4.
3) Skmno BiJICYTHS BI/IMOBIIHICTh

KputepisMm TyHKTY (1), i mepeBipuTu ormip
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(14)P It shall be verified that the crimped
points of interlocks are able to transmit the
resulting interlock shear forces.

(15) Provided that the spacing of the single
or double crimped points does not exceed 0,7
m and the spacing of triple crimped points
does not exceed 1,0 m, each crimped point
may be assumed to transmit an equal shear
force Via < Ri/ymp where R; is the
characteristic resistance of the crimped point
determined by testing in accordance with
section 2.6.

NOTE: For the determination of R, by testing see EN
10248.

5.2.3 Sheet piling with bending, shear and
axial force

(1)  For combined bending and
compression, member buckling need not be
taken into account if:

(5.11)

where:

Ngq 1s the design value of the compression
force;

N, 1s the elastic critical load of the sheet pile,
calculated with an appropriate soil model,
taking into account only compression forces in
the sheet pile.

2) Alternatively N, may be taken as:

(5.12)

in which 7 is the buckling length, determined
according to Figure 5.2 for a free or partially
fixed earth support or according to Figure 5.3
for a fixed earth support and fp is a reduction
factor, see 6.4.

3) If the criterion given in (1) is not
satisfied, the buckling resistance should be
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710 BTpaTH CTIHKOCTI.

Hpumirka. [lepeBipky MOXXHa BHUKOHYBAaTH 3a
JIOTIOMOTOF0 TIPOLIeAypH, onrcaHoi B (4) - (7).

4) SIKIIO rpaHUYHI YMOBH BUKOHYIOTHCS
eJleMeHTaMu (aHKep, OINOpHE KpIIUIEHHS B
IpyHTi, O0OB'A3yBaibHAa Oanka TOIIO), SKi
3a0e31euyroTh OOMEXEHHs II0JIOKEHHS, SIKe
BIJTNIOBIJJa€ PEXHMMY BTpaTH CTIHKOCTI 0€3
OOKOBOI'O MEpEeMIlLIEHHsI, MOYKHA BUKOPUCTATH
TaKy CHpOILEHY NEPeBIpKy BTPATU CTIHKOCTI:

JUTs epepisiB kiacis 1, 2 1 3:
NEd MEd

+1,
ZNpl,Rd(7Mo/7M1)

Ie:

Npira — TUIACTUYHMH PO3PaxXyHKOBHUH oOIIip
nomnepedHoro nepepisy (4 £,/ yo);

M.rqs — PpO3paxXyHKOBUH OMIp MOMEHTY
MOTIEPEYHOr0 TIepepisy, auB. 5.2.2 (2);

Y1 —4acTKOBUH KoedimieHT 3rigHo 5.1.1 (4);
Ym0 — 4acTKoBHUM KoediuieHT 3rigHo 5.1.1 (4);

¥ — KoeQilieHT BTpaTH CTIHKOCTI 3TiAHO 3
6.3.1.2 EN 1993-1-1, 3 BHKOpPHCTaHHSAIM
0e3po3MIpHOI MOAATIMBOCTI KpuBoi d 1 a,
JTaHOI HA OCHOBI:

A

ne:

N, — TIpy)KHE KPUTUYIHEC HABAHTKCHHS, SIKE
MOXXHa BU3HAYHMTH Ha OCHOBI (5.12);

A — TUTOIIIa TTOTIEPEYHOTO TIepepi3y:

— 11010 Tiepepi3iB Kiacy 4, UB. JOJATOK A.
Hpumirka.

cebe nedopmarii 3anypenns 1o 0,5% 3uauenns £, sxi
BBQKAIOThCS MIPUIHHATHUMH.

KpuBa BTpatn CTIHKOCTI d BKIIIOYa€e B

%) VY cnpomiennii cnocid T0BXKUHY BTpaTH
CTifikoCcTi ¢ MOKHa BH3HAYaTH HACTYIHUM
YMHOM, JIOITYCKalO4M PeXXHUM BTPATH CTIMKOCTI
0e3 O0KOBOTO TIepeMitieHHs, 3riaHo (7):

— JUIS He3aKpPIIJICHOr0 ONOPHOTO KPIMJIeHHS B
IPYHTi, SKIIO ICHYE JIOCTaTHE OOMEXEHHS
3rigHO (6), TOBXKUHA ( MOXKE PO3TIISIIATUCS SK
BIICTAHb MDK TMEpeAHIM HIDKHIM pedpom 1
TOPU30HTAILHUM  OTMOPHUM  KPIIUICHHSAM

verified.

NOTE: This verification can be carried out using the
procedure given in (4) to (7).

(4) Provided that the boundary conditions
are supplied by elements (anchor, earth
support, capping beam etc.) that give
positional restraint corresponding to the non-
sway buckling mode, the following simplified
buckling check may be used:

for class 1, 2 and 3 sections:

<1,0 (5.13)
Mc,Rd(7M0/7M1)

where:

Nyira 1s the plastic design resistance of the
cross-section (4 f,/ yuo);

M, rq 1s the design moment resistance of the
cross-section, see 5.2.2 (2);

yu 18 the partial factor according to 5.1.1 (4);
o 18 the partial factor according to 5.1.1 (4);

x 1s the buckling coefficient from 6.3.1.2 of

EN 1993-1-1, using curve d and a non
dimensional slenderness given by:

Af,
N

cr

with:

N, 1s the elastic critical load, which may be
determined according to (5.12);

A 1s the cross-sectional area;

— for class 4-sections: see Annex A.

NOTE: Buckling curve d also covers driving

imperfections up to 0,5% of ¢ which is considered to
be good practice.

(5) For the simplified approach the
buckling length ¢ may be determined as
follows, assuming a non-sway buckling mode
according to (7):

— for a free earth support, provided that
sufficient restraint exists according to (6), ¢
may be taken as the distance between the toe
and the horizontal support (waling, anchor),
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(00OB's3Ka, aHKEP), IUB. PUCYHOK 5.2;

— s (IKCOBAHOTO OIOPHOTO KPITUICHHS B
IPYHTI JOBXHHAa { MOXE PO3TISAATUCS 5K
70% Bim BiACTaHI MDK TEPEIHIM HUXKHIM
pebpoM 1 TOPU3OHTAIBHUM  OTOPHUM
KpiruieHHSIM (0OB's13Ka, aHKep), IUB. PUCYHOK
5.3.

(6) MokHa IONYCTHTH, IO HE3aKpilieHe
OTIOpPHE KpIIJICHHS B TIPYHTI 3a0e3nedye
JIOCTaTHE OOMEXKEHHs JIIsl  CIPOIICHOTO
croco0y, SIKIIO MepeaHe HIKHE pedpo CTIHKU
3 MIIYHTOBHUX Tallb 3aKpilUieHe B KOPIHHUIA
mopoi, abo SKIIO TMEpeIHE HWXKHE pPedpo
CTIHKM 3  NIIYHTOBHX  NaJb  3JIaTHE
MIPOTUCTOSITH JOJATKOBOMY TOPHU30HTAITBHOMY
3ycuiumio  Fppg 3a JONOMOTOI0 MacHBHOTO
THCKY TIpyHTYy a0o 3a JO0MOMOIOI TepTs,
BIANOBIAHO 10 pUCYHKY 5.4. 3HaueHHS Fg gy
BH3HAYAETHCS 32 JIOIOMOTOI0 (DOPMYITH:

Fyp=7Ny, (% +0, 01)

ne d — MakCUMaJbHUM BITHOCHMHA HpPOTHUH
CTIHKM 3 IIMYHTOBMX Majb, [0 BUHUKAE MDK
OMOPHUMHU KPIIUIEHHSIMU 3T1ITHO 3 aHalli30M
HEpIIOro MHOPSAKy. 3ycuumo Fprps MOXHA
IPOTHCTOSITH 33 JONOMOTOK 3a0e3eUeHHs
J0JaTKOBOT JTOBXKMHM Tajli /1 3TiJHO PUCYHKY
5.4, AK1o omip IPYHTY HOBHICTIO 3aisHUN
IIPU BIJICYTHOCTI TEPTH.

(7) Sxuro JIOAATKOBHI 3CyB
TOPU30HTANILHOTO  OMOPHOTO  KPIIUICHHS
(ankep, 0OB 's13Ka) B pe3yJIbTaTi HABAHTAKECHHS
OMOpHOTO KpituieHHS Ngy /100 MeHie, Hix
¢/500, MoOXHa TPHUIYCTUTH, IO OIOPHE
KpIIJIeHHsT 3a0e3nedyye TOCTaTHE OOMEKEHHs
JUISL TOTIYIIEHHS PeKUMY BTpaTH CTiMKOCTI 0e3
OOKOBOTO TIEPEMIIIICHHSI.

(8) Skmo cucrema He  3abe3medye
JIOCTaTHE OOMEKEHHS, HEOOXiJHO BHKOHATH
JeTaNbHE JTOCHTI/DKCHHSI BTPATH CTIMKOCTI Ha
OCHOBI MeTO/1iB, BKa3aHux B EN 1993-1-1.
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see Figure 5.2;

— for a fixed earth support / may be taken as
70 % of the distance between the toe and the
horizontal support (waling, anchor), see Figure
5.3.

(6) It may be assumed that a free earth
support provides sufficient restraint for the
simplified approach if the toe of the sheet pile
wall is fixed in bedrock or if the toe of the
sheet pile wall is able to resist an additional
horizontal force Fp 4 by passive earth pressure
or by friction according to Figure 5.4. Fp g4 is
given by:

(5.14)

where d is the maximum relative deflection of
the sheet pile wall occurring between the
supports according to a first order analysis.
The force Fprs can be resisted by providing
an additional pile length / according to Figure
5.4 if the soil resistance is fully mobilised in
the absence of friction.

(7 If the supplementary displacement of a
horizontal support (anchor, waling) due to a
support load of Ngs/100 is less than //500, the
support may be assumed to provide enough
restraint for the assumption of a non-sway
buckling mode.

(8) If the system does not provide enough
restraint, a detailed buckling investigation
should be carried out, based on the methods
given in EN 1993-1-1.
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WEANCANCANCANNEAN

TNE-::

a — reoMeTpisi IPOrMHY B pe3yJbTaTi BTPaTH CTIHKOCTI; b — cpomena cucrema
a) deflected shape due to buckling; b) simplified system

PucyHnok 5.2 — MoxnuBe BU3HAUEHHSI IOB)KUHU BTPATH CTIMKOCTI /,
HE3aKpilieHe OMOPHE KPIIJIEHHs B IPYHTI
Possible determination of buckling length 7, free earth

Figure 5.2 support
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a — reoMeTpisi IPOrMHYy B pe3yJbTaTi BTPaTH cTiiikocTi; b — po3paxyHkoBa cxema

a) deflected shape due to buckling; b) simplified system

Pucynoxk 5.3 - MoxinBe BUBHAUEHHS JI0BXXUHU BTPATH CTIHKOCTI /,
3a(hikcoBaHe OMOPHE KPIMJICHHs B IPYHTI:
Possible determination of buckling length ¢, fixed earth

Figure 5.3- support
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A
Lh=F., /e,

o

€y, - TOPM30HTAJIBLHMIA, HACMBHUHN TUCK IPYHTY; A - 3yCHJLIA TEPTH

e,; Horizontal passive earth pressure; 4 Friction force

Pucynok 5.4 — BuzHaueHHs 104aTKOBOIO TOPU30HTAIBHOIO 3YCUILIA F'g £q

Figure

9) Jlns  eneMeHTiB, IO  IMIJAIOTHCS
OCBOBOMY 3YCHJLTIO, PO3PAaXyHKOBE 3HAUCHHS
OCbOBOTO  3ycuiuii Ngz; B KOXHOMY
MONEpEeYHOMY Tepepi3l Ma€ BIANOBIATH TaKii
YMOBI:

N, <N

Ed — pl,Rd

ne Npjrq — TUIACTUYHUI PO3PAXyHKOBUH OIIp

MOTMEPEeYHOro  Mepepisy 3 HACTYMHUM
BU3HAYCHHSIM:

Npl,Rd = Afy ! Yo
(10) Bmuus OCBOBOTO 3yCHILIA Ha

TUTACTUYHE OITip MOMEHTY MITYHTOBUX Iajb
norepeyHoro mnepepizy kmnacy 1, 2 i 3 moxkHa
HE BpPaXxOBYBAaTH, SIKIIO:

— 1t Z-noi0HuX npodiniB kiacy 11 2:

&301

pl.Rd
— nnst U-mogibuux npodimis kiacy 11 2:

Nea <0,25

pl,Rd

5.4 — Determination of supplementary horizontal force Fo g4

9 For members subject to axial force, the
design value of the axial force Ng; at each
cross-section should satisfy:

(5.15)

in which N, rq 1s the plastic design resistance
of the cross-section with:

(5.16)

(10)  The effects of axial force on the plastic
moment resistance of the cross-section of class
1, 2 and 3 sheet piles may be neglected if:

— for Z-profiles of class 1 and 2:

(5.17)

— for U-profiles of class 1 and 2:

(5.18)
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— i ipodiiB Kiacy 3:

&301

pl,Rd

(11) Sxmo ochOBe 3YyCWIUIS TIEPEBUIILYE
oOMexyroui 3HadyeHHs, BKazani B (10),
HEOOXI/THO BHKOHATH HACTYMHI KpUTepii mpu
BiJICYTHOCTI 3CYBHOT'O 3yCHILJIS:

— ToTiepeyHi nepepisu kinacy 11 2:

— nnsi Z-noaiOHuX mpodisiB:

— for class 3 profiles:

(5.19)

(11) If the axial force exceeds the limiting
values given in (10), the following criteria
should be satisfied in the absence of shear
force:

—class 1 and 2 cross-sections:

— for Z-profiles:

My gy =L1IM g, (1 ~Nigg /Ny pa )7 ane (but) My py <M, g, (5.20)

— s U -mogiOHuX mpodiis:

— for U-profiles:

My gy =1,33M g, (1 ~Nigg /Ny ra ) ,ame (but) My, <My, (5.21)

— MonepeyHi nepepizu Kiacy 3:

My rg =M, 4 (I_NEd /Npl,Rd )
— TomepeuHi mepepisu kiacy 4 — OuB.
J01aTOK A
ne:
Myprs — 3MEHILIEHUN pO3paxyHKOBHH OIip

MOMCHTY 3 YpaxXyBaHHSIM OCbOBOI'O 3YCUJLIIA;

(12) Sxmo ochOBE 3YyCWIUIS TIEPEBUIILYE
oOMexyroue 3HaueHHs, Bkazane B (10), cmix
B3STH JI0 YBarWm CyMapHy Ji0 3THHAILHOTO,
OCbOBOTO 1 3CYBHOTO 3YyCHUJUIS HACTYIHUM
YUHOM:

a) SKIIO PO3pPaxXyHKOBE 3HAYEHHSI 3CYBHOTO
3YCHILIS Ves  He MIEPEBHIILYE 50%
PO3PaxXyHKOBOTO IUIACTUYHOTO OMOPYy  JO
3¢yBY Vpirs, TO HE TOTPIOHO BHKOHYBATH
3HIDKEHHSI B CYKYITHOCTI 3YCHJIISI MOMEHTY 1
OChOBOTO  3YCWJUIS, sKI  BIATOBIAAIOTH
kputepism (11).

b) skmo Vg mepeBumye 50%  Vyira,
PO3PaxXyHKOBHI OIMip TOMEPEYHOro Mepepilzy
JUIL CYKYITHOCTI MOMEHTIB 1 OCbOBUX 3YCHIJIb
CIiT PO3paxoOByBaTH 3  BUKOPHCTAHHSIM
3MEHNIEHOI MeXI1 TeKY4OoCTi fy,ea = (1 - p) £,

111 1101l 3¢yBY, i€ P = (2 Vea! Vyira- 1)2.
5.2.4 Jlokanvni eniueu mucky 6oou

(1) VYV Bumanky, skmo audepeHIiaTbHui
(pi3HMIIEBHI) THCK BOAM TEPEBUIIYE 5 M
BHCOTH Hamopy Juisi Z-nomionux maib 1 20 M
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— Class 3 cross-sections:
(5.22)

— class 4 cross-sections: see Annex A.

where:

My rq1s the reduced design moment resistance
allowing for the axial force.

(12)  If the axial force exceeds the limiting
value given in (10), account should be taken of
the combined presence of bending, axial and
shear force as follows:

a) Provided that the design value of the
shear force Vg; does not exceed 50% of the
design plastic shear resistance ¥, zs no
reduction need be made in combinations of

moment and axial force that satisfy the criteria
in (11).

b) When Vis exceeds 50% of V), rq the
design resistance of the cross-section to
combinations of moment and axial force
should be calculated using a reduced yield
strength f,, .« = (1 - p) f, for the shear area,

where p =2 Vea/ Vorra- 1)
5.2.4 Local effects of water pressure

(D) In the case of differential water
pressure exceeding 5 m head for Z-piles and
20 m head for U-piles the effects of water
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mia  U-momiOHMX 1manb, I BU3HAYEHHS
3arajJibHOTO OINOPY BUTHHY CIIiJI MPUHAMATH B
PO3PaxyHOK BILTUB TUCKY BOJIU Ha JIOKaJIbHE
MOTICPEYHE 3TMHAHHS TUIATH.

(2) Y  cmpomenoMmy  BapiaHTI  TakKy
MEePEBIpKyY MO>KHA BHKOHYBaTH JUIST
Z-nofiOHUX Taih 3a JOMOMOIOI HACTYITHOI
MPOLIEYPH:

—  sAKImO AuQepeHliaTbHUi  THCK  BOJIH
CTaHOBUTH OiTbIIE 5 M BHCOTH HaIopy,
nepeBipKka IMONEPEeYHOro Iepepizy MOBHHHA
BUKOHYBAaTHCS B 30HaX MAaKCHUMaJIbHHX
3araJlbHUX MOMEHTIB 3TrHHAHHS;

BIUTUB JAuU(EpeHIlialbHOT0 THUCKY BOJAU CIiJ
BpPaxOBYBaTH 3a JOIIOMOTOI0 3MEHIIICHOT MEXKi
TEKY4OCT1

pressure on transverse local plate bending
should be taken into account to determine the
overall bending resistance.

(2)  As a simplification, this verification
may be carried out for Z-piles using the
following procedure:

— if the differential water pressure is more than
5 m head, the cross-sectional verification
should be carried out at the locations of the
maximum overall bending moments;

— the effect of differential water pressure
should be taken into account by using a
reduced yield strength

fy,red = pP-]ry

ne p, BUOpaHo 3 Tabnmii 5.2 11t BU3SHAYCHHS
OIOpPY HOIEPEYHOTO Iepepizy;

JUIs BU3HAUEHHS L, 3 Tabmuii 5.2 HeoOXinHO
BpaxoByBaTH AuQepeHIliaJbHIuil THUCK BOJH,
110 JIi€ Y BIAMOBIIHUX 30HaX MaKCUMAaJIbHOTO
MOMCHTY.

with p, taken from Table 5.2, for the
determination of the cross-sectional resistance;

from Table 5.2 the

differential water pressure acting at the
relevant locations of maximum moment
should be taken into account.

to determine p,

Tabamus  5.2-  KoedirieHTd 3MeHIICHHST p, 1Sl Z-TIOMIOHKUX Talb B PE3Y/IbTaTi BILUTUBY
JQepeHIiaTbHOr0 THCKY BOJH
Table 5.2~ Reduction factors p, for Z-piles due to differential water pressure
w (b/tin) € =20,0 (b/tyin) € =30,0 (b/tyin) € =40,0 (b/tuin) € =50,0
5,0 1,0 1,0 1,0 1,0
10,0 0,99 0,97 0,95 0,87
15,0 0,98 0,96 0,92 0,76
20,0 0,98 0,94 0,88 0,60
Ilo3navenns:

tmin ¢,,;, - CTAHOBHUTH MeHIIIe HiX tf a00 tw;
f;-TOBIIMHA TOJIMII;

t,, ~-TOBIIMHA MIEPETOPOJIKH;

W — TOKaJIbHUH AudepeHiiHni Harip, M;

235 . )
e= T , 1, - Mexa Texydocti, H/mm",
y

Key:

height of the web

twin 18 the lesser of ¢or ¢,

tr1s the flange thickness

t., 1s the web thickness

w is the differential head in m

b - mupuHa nonmLi, aje b He MOXKHA PO3IIIAJATH MEHII HiX ¢ / 2, 1ie ¢ - anodema nepedupaHHs;

b is the width of the flange, but b should not be taken as less than ¢ \/5 , where ¢ is the slant
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/235
€= T is the yield strength in N/mm?.
)

pumirku:

NOTES:

2) Intermediate values may be interpolated linearily.

1. pp = 1,0 MOXKHa BUKOPUCTOBYBATH, SKIIO 3aMKOBI 3'€/IHAHHS Z-TIOJI0HUX Majb 3BapIOIOTHCS.

2. IlpoMiXHI 3Ha4E€HHS JAOITYCKAa€ThCsl IHTEPIIOIIOBATH JIHIHHO

1) pp = 1,0 may be used if the interlocks of Z-piles are welded.

5.2.5 Ilpami cmaneei wnynmosi nani y
cminyi

(1)P  PesynbraTu BIUIMBIB MJI TMEPEBIPKU
MIITHOCTI MPSIMUX CTaJEBHX HITYHTOBUX Iajb
y  CTIHII, 10 BHUKOPUCTOBYIOTHCA B
KOMIpYacTUX KOHCTPYKIISIX, CIIiJi BH3HAYaTH
Ha OCHOBI MOJIEIi, sIKa BiIOOpaXkae MOBEAIHKY
MAIBOBOTO Py B TPAHUYHHUX CTaHaX.

(2) 3a i”dopmali€er0 Opo  YaCTKOBI
KOe(ILi€HTH, 110 3aCTOCOBYIOTbCS  JJIs
HarlOBHEHHS, 1 PO BIUIMBU CIiJ 3BEpTaTHUCS
10 EN 1997-1 1 EN 1990.

3) Mopnenb HAaIrOBHEHHS
BigmoBigatu BuMmoram EN 1997-1.

IIOBHMHHAa

4) Mopens mnanboBOro psiAy IOBHHHA
BignoBigatu BuMmoraMm EN 1993-1-1.
Hpumirka. Kopucuum Moxe cTaTu 3acTOCyBaHHS

MoOJieNel, IO BPAaXOBYIOTh BEIWKI 3MIIICHHS IS
MATEOBOTO PAY.

(5) MoskHa BHUKOPHCTOBYBAaTH JIBOMIpHUIA
aHaJli3 Ha  OCHOBHIH  TOpPU3OHTAJIbHIN
TUTOIIMHI.

(6) BHyTpimHIN THCK, IO BUHHUKAE BIif
HamoBHEHHs ~ a00  mepefaeTbecs — Yepes
HallOBHECHHs, TOBUHEH  BH3Ha4yaTUCS 3
BUKOPUCTAHHSM 3HA4YeHHS HE MEHIIOro, HiX
3QJINIIKOBE 3HAYEHHS TUCKY TPYHTY, IHUB.
EN 1997-1.

(7 Onip po3TaryBaHHIO Fjgps CTaJeBUX
HIMTYHTOBUX Majib y MPOCTil piBHIN mepebopii
(Takux, 10 BIJPI3HIIOTHCA Bija 3'€THYBAIbHUX
Najib) CIiJ PO3MJIANATH SIK MEHIIE 3 OIopy
3aMKOBOTO 3'€JHAHHSA 1 OMOpYy TMepedOpKH,
KOPHUCTYIOUHCH (POPMYIIOH0:
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5.2.5 Straight web steel sheet piles

()P The effects of actions for strength
verification of straight web steel sheet piles
used in cellular structures, shall be determined
from a model that describes the behaviour of
the piling at ultimate limit states.

2) Reference should be made to
EN 1997-1 and to EN 1990 for partial factors
to be applied to the fill and the actions.

3) The fill model should be in accordance
with EN 1997-1.

(4) The piling model should be in
accordance with EN 1993-1-1.

NOTE: It can be beneficial to use models taking into
account large displacements for the piling.

&) A two-dimensional analysis in the
governing horizontal plane may be used.

(6) The internal pressure resulting from or
transmitted through the fill should be
determined using a value not less than the at
rest value of the earth pressure, see EN 1997-
1.

(7 The tensile resistance Fi gy of plain
straight web steel sheet piles, (other than
junction piles) should be taken as the lesser of
the interlock resistance and the resistance of
the web, using:
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Fora = ﬂRRk,s ! V10 » ate (but) Fora S twfy 1Yo

ne:
Jy — MexXa TeKy4ocCTi;

Ris — XapakTepUCTHYHHH OIp 3aMKOBOI'O
3'e€ THAHHS;

t,, — TOBIIIMHA TIEPEOOPKH;

Pr — Koe(hilieHT 3MEHIICHHS IS OHOpY
3aMKOBOTI'O 3'€THAHHS.

Hpumirka. 3navyenHs R moxe Oyt 3a3HadeHO B
HalliOHAJIBHO NOJATKy. PexomeHnyeThcs 3HayeHHS R =
0,8.

(8) XapakTepUCTUYHUIA OIp 3aMKOBOTO
3'eqHaHHS Ry, 3aJ€XKUTh Bil MOMNEPEYHOTO

nepepizy 3aMKOBOTO 3'e THAaHHS i
BUKOPUCTOBYBaHHX COpTIB CTaJICH.
XapakTepUCTUIHUHN Omip Ry, CIiJl BH3HAYATH
3a JIOTTOMOT 010 BUIIPOOYBaHHSI y
BiamoBigHOCTI 3 2.6 EN 10248.
9) Jns  mpoctux — majgb  HEOOXiTHO
HiATBEPIKYBATH, LIO:

F;,EdSF;S,Rd
ne:

Fiyrs — pO3paxyHKOBUH OIip pPO3TIATYBaHHS
3ri1HO 3 hopmymoro (5.23);

Fipa — po3paxyHKOBE 3HAuU€HHs KIJIbLIEBOTO
PO3TATYIOYOIO 3yCHILIS.

(10) Skmo B OAHOMY CEKTOpi CTIHKHU
BUKOPHUCTOBYIOTBCS Al PI3HUX pPO3MIpIB, AJIs
MEePEeBIPKHU CIiJi BUKOPUCTOBYBATH HaliMEHIIE
3HAYEHHS OIOPY PO3TATYBAHHIO.

(11) Kyt Bigxunenns (180° MiHyc KyT Mix
JIBOMa  CYCIIHIMHU TpaHsIMH)  HEOOX1JHO
OoOMEXyBaTl J10 MaKCUMAaJbHOIO 3HAYEHHS,
3a3HaYE€HOTO BUPOOHHUKOM.

(12) Jlns 3BaproBaHUX 3'€IHYBaJIbHHUX IaJlb
MMOBUHHI BUKOPUCTOBYBATUCS COPTH CTaled 3
BIMOBIAHUMHA BIIACTUBOCTSIMMU.

(13) VYV mpoektyBaHHI 3'€IHYBJIbHHX IMalb
3TiIHO 3 PUCYHKOM 5.5 1 pucyHkoMm 5.6 crix
BpPaxoOBYBaTH HAlPyTH B PE3yJbTaTi 3rMHAHHS
TUTUTH.

(5.23)

where:
Jfy 1s the yield strength;

Ry s 1s the characteristic interlock resistance;

t,, is the web thickness;

P, 1s the reduction factor for interlock
resistance.
NOTE: The value S, may be given in the National

Annex. The value #, = 0,8 is recommended.

(8)  The characteristic resistance of the
interlock Ry, depends upon the cross-section
of the interlock and the steel grade adopted.
The characteristic interlock resistance Ry
should be determined by testing according to
2.6 and EN 10248.

9) Plain piles should be verified such that:
(5.24)

where:

F rq 1s the design tensile resistance according
to expression (5.23);

F, gq 1s the design value of the circumferential
tensile force.

(10)  When piles of different sizes are used
in the same segment of a wall, the lowest
tensile resistance should be used for the
verification.

(11) The deviation angle (180° minus the
angle between two adjacent faces) should be
limited to the maximum value given by the
manufacturer.

(12)  For welded junction piles, steel grades
with appropriate properties should be used.

(13) The design of junction piles according
to Figure 5.5 and Figure 5.6 should take
account of the stresses due to plate bending.
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Pucynok 5.5 - 3BaproBaHa crioyiydHa majs

Figure 5.5 - Welded junction pile
4
Fie Ed @ ®r’ Ftc £d
9 —— C —p
- D A -

)

+ Ffa,E d

Pucynox 5.6 — bontoBe TpiiHUKOBE 3'€THAHHSA 3 MAKJIAIKOO

Figure

(14) Sxmo  3BaproBaHHS  BUKOHYETHCS
BIAMOBIZIHO JI0 TPOIEAYPH, 3a3HAUYEHOI B
EN 12063, 3BaproBaHy 3€IHYB&JIbHY a0
MO>KHA MEPEBIPATH 3T1THO 3:

F;C,Ed < ﬂTF;S,Rd

ac:

Fisrs — PO3PaxyHKOBUH OMIp PO3TATYBaHHIO
naji 3rigHo 3 hopmyoro (5.23);

Fic. g — PO3paxyHKOBE PO3TATYIOUE 3yCHILIS B
OCHOBHIM KOMIpIli, IO BH3HAYAEThCA 32
dbopmyoro:

Ftc,Edzpm,Ed Fm

ac:

DPmEd - PO3paxyHKOBE 3HAYECHHA
BHYTPIIIHBOTO THCKY OCHOBHOI KOMIpKH Ha
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5.6 — Bolted T-connection with backing plate

(14) Provided that welding is carried out
according to the procedure given in EN 12063
the welded junction pile may be verified
using:

(5.25)

where:

Fis ra1s the design tensile resistance of the pile
according to expression (5.23);

Fi. ga1s the design tensile force in the main cell
given by:

(5.26)

with:

pmEed 18 the design value of the internal
pressure of the main cell in the governing
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IUIOIIMHI, B
BOIU i

OCHOBHIM  TOPH3OHTAJIBHIN
pe3ynbTari  BIUIMBY  THCKY
3aJIMIIKOBOTO THCKY HAIIOBHEHHS;

Fm — PaJlyc OCHOBHOT KOMIpKHU (IWB. PUCYHOK
5.7).

Pr — KoedillieHT 3MEHIIEHHS, B SKOMY
BpaxoBaHa MOBEIHKA 3BAPIOBAHOI CIIOTYyYHOT

naji B TPAHUYHUX CTaHAX, 1 AKUA Mae OyTH
PO3paxoBaHMi 32 HACTYITHOIO (HOPMYIIOI0:

Pr=09(1,3-08r,/ry) (10,3 tan @y

ne v, 1 r, — pamiycu 3'€IHYBaJIbHOI Iyru 1
OCHOBHOT KOMIpPKH 3TiIHO PUCYHKY 5.7, a ¢y —
PO3paxyHKOBE 3HAU€HHsI BHYTPILIHBOI'O KyTa
TEpTs MaTepiasy HallOBHEHHS.

MNpumitkal. B koediumienti  fr  BpaxoBaHa
MMOBOPOTHA 3JATHICTh (IUIACTHYHICTH) 3 €IHYBaJIbHOI
aJti, a TAKOXX MOBOPOTHA moTpeda (o 20°) BiAMOBIAHO
0 MOJewi, mo BimoOpakae MOBEIiHKY IEPEeMHUYKH B
IPaHUYHUX CTaHaX.

Ipumitka 2:  Dopmyna (5.27), He3BaXKalOYH Ha Te,
IO CKJIageHa JUIA KOMIpYacTUX IIEPErOpoOJIOK 3
CYMIIICHUMH 3'€IHYBAIBHUMHU IyraMu (IUB. PHCYHOK
5.7) nmae TPUAHATHI pe3yNbTaTH IS albTePHATHBHUX
koH(pirypamiii. Tam, ae moTpiOHI OiMBII BiXMOBITHI
3HAQUEHHsA, BOHM MOXYTh BH3Hauarucs abo 3a
JOTIOMOTOI0  TIOPIiBHSJIBHOTO ~ JIOCBimy, abo  3a
JIOIIOMOT'010 BUNIPOOYBAHHSI B TIOEJHAHHI 3 IT1IXO/ISIIO0
PO3paxyHKOBOIO Mozesutto 3riguo (1) P.

I

horizontal plane due to water pressure and the
at rest pressure of the fill;

rn 18 the radius of the main cell, see Figure
5.7.

Pris a reduction factor that takes into account
the behaviour of the welded junction pile at
ultimate limit states and should be calculated
as follows:

)(5.27)

in which 7», and r, are the radii of the
connecting arc and of the main cell according
to Figure 5.7 and ¢, is the design value of the
internal friction angle of the fill material.

NOTE 1: The factor fr takes into account the
rotation capacity (ductility) of the junction pile as well
as the rotation demand (up to 20°) according to a model
covering the behaviour of the cofferdam at ultimate
limit states.

NOTE 2: Expression (5.27) although developed
for cellular cofferdams with aligned connecting arcs,
see Figure 5.7, yields acceptable results for alternative
configurations. Where more appropriate values are
required, these values can be determined either by
comparable experience or by testing in combination
with a suitable design model in accordance with (1)P.

'm

e

Pucynok 5.7 — 'eomerpist KibII€BOI KOMIPKHU Ta 3'€IHYBAJIbHOI CIIOTYYHOI TyTU

Figure

5.7 - Geometry of circular cell and the aligned connecting arc
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(15) s 3'eanyBanbHOI Haji mig kyrom 90°
MOKHA BUKOPHUCTOBYBATH 0oaToBe
TPIHUKOBE 3'€THAHHS.

(16) [ns 3 enHyBaJIbHUX Ialib, 310paHUX B
00JITOBE TPIMHUKOBE 3'€THAHHS, TIOKa3aHE HA

PHUCYHKY 5.6, IepeBipKy MO>KHA BUKOHYBATH 3
BUKOPHUCTAHHSIM HACTYIHOI IPOLEAYPH.

(17) MinHICTh 3aMKOBOTO 3'€THAHHS CIIiJI
nepeBipsATH BiAMOBiAHO 10 (9).

(18)  IlepeBipku 3'€eHaHb HEOOXiTHO
BUKOHYBATH TaKUM YHHOM, JIUB. PUCYHOK 5.6:

— MepeBipKa OMopy 3pYLICHHIO 1 3CyBY OOJTIB
(1) 3rigno 3.6 EN 1993-1-8, mpumyckarouu,
IO PO3TATYIOYE 3yCHIUIs Fi, gy pO3MOIiIEHE
PIBHOMIPHO;

— mepeBipka iHTepBamiB Mk Oontamu (1)
srigHo 3.5 EN 1993-1-8;

— TepeBipKa IONEPEYHOro Iepepidy HETTO
nepebopkr 1 1 CyMDKHHUX CTOpiH KyTiB 3
3TIAHO 3 MOJIOKEHHIMH, BU3HAYEHUMH B 6.2.5
EN 1993-1-8;

— mepeBipka OontiB  (2) 3rigHo 3.11
EN 1993-1-8 Ha omip po3TAryBaHHIO, 3
BUKOPUCTAHHSIM MOJIENl TPIHHUKOBOI JeTal
3rigHo 6.2.4 (tum 3) EN 1993-1-8;

— TepeBipKa IUIACTUHU TMiAkmaaku 4 1
CYMDKHHMX CTOpIH KyTiB 3  3rigHO 3
MI0JIO)KEHHAMH, BU3HaYeHUMH B 6.2.4 (tum 1 1
an 2) EN  1993-1-8. Illo6 mgo3BonuTH
3aCTOCYBaHHS  PEKUMIB  PO3pPaxyHKOBOTO
pyHHYBaHHS, BU3HAUYEHUX y 6.2.4
EN 1993-1-8, mneperopoaky mami 2 (auB.
PUCYHOK 5.6) ciliJ pO3IJsiaTH SK IOJHUI0
€KBIBaJICHTHOT  TPIMHUKOBOI  JeTami st
pexumiB 112;

— mepeBipka repebopku mam 2 I
PO3TATYIOYOT0 3yCHILIS Fy. pg IOAO TEKYYOCTI
MONIEPEYHOT0 MepePi3y HETTO.

(19) Inmi TUOM CHOONYYHUX TMadh MOKHA
MEePEBIPSTH BiIMOBIIHIUM YHHOM.

53 Hecyui naJji

5.3.1 3acanwvni nonosicennsn

(1) [limcymkn BIUIMBIB B TaIsIX CIif
BH3HauaTd BigmoBimHo 1o EN 1997-1, 3
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(15) For a 90° junction pile a bolted T-
connection may be used.

(16)  For junction piles built up as a bolted
T-connection shown in Figure 5.6, the
verification may be carried out using the
following procedure.

(17) The interlock strength should be
verified according to (9).

(18)  The connections should be verified as
follows, see Figure 5.6:

— verification of the shear and bearing
resistance of the bolts (1) according to 3.6 of
EN 1993-1-8, assuming the tensile force Fy, zs
is equally distributed;

— verification of the bolt spacing (1) according
to 3.5 of EN 1993-1-8;

— verification of the net cross-section of the
web 1 and of the adjacent legs of the angles 3
according to the provisions given in 6.2.5 of
EN 1993-1-8;

— verification of the bolts (2) according to 3.11
of EN 1993-1-8 for their tensile resistance
using a T-stub model according to 6.2.4 (mode
3) of EN 1993-1-8;

— verification of the backing plate 4 and of the
adjacent legs of the angles 3 according to the
provisions given in 6.2.4 (mode 1 and mode 2)
of EN 1993-1-8. In order to permit the use of
the design failure modes given in 6.2.4 of
EN 1993-1-8, the web of the pile 2 (see Figure
5.6) should be taken as the flange of the
equivalent T-stub for modes 1 and 2;

— verification of the web of the pile 2 for the
tensile force F. s against yielding of the net
crosssection.

(19)  Other types of junction piles may be
verified accordingly.

53 Bearing piles
5.3.1 General

(D) The effects of actions in piles should
be determined in accordance with EN 1997-1,
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ypaxyBaHHSM PIBHOBAru i CyMiCHOCTI.

(2) [lepeBipku rpaHUYHUX CTaHIB MOBUHHI
BUKOHYBaTHCsS Ha PYHHYBaHHS B IPYHTI Ul
OKpeMHUX Majb 1 A TPYyI Majlb BiAMOBIIHO O
EN 1997, a takox Ha pyHHYBaHHS Majb 1 iX
3'€IHaHh B KOHCTPYKIIi BIAMOBIIHO JO
EN 1993-5, EN 1992 1 EN 1994.

5.3.2 Memoou npoexmyeanna ma ananiz

(1) Jlns manb, M0 MiaJarThCs OCHOBHM 1
MOTIEPEYHUM HABAHTAXKEHHSM, OIMIp TIPYHTY
ciin Buouparu 3 EN 1997-1.

(2) Pesynprati  BIIIMBIB  MOMEPEYHUX
3yCWJIb y TIaJi CIIiJi BpaXOBYBaTH B IMO€HAHHI
3 OChOBUMH 3YCWIISIMH 1 BKHBaHUMU
MOMEHTaMH. BOHHM TOBHMHHI BU3HAYaTHCS 3a
JIOTIOMOTOI0 HAaKJIAJICHHsSI PEe3yNbTaTiB Pi3HUX
pPO3paxyHKiB, B SKHX TIependadaeTsesi, IO
IPYHT B KOHTaKTI 3 OKPEMUMHU 4YacCTHUHAMU
JOBXHHHM TaJi YUHUTH OIIp PiI3HUM BILUIMBAM.
B sKkocTi anbTepHAaTUBH, OCbOBE 3YCHILIA,
3TUHAJIbHI MOMEHTH 1 TIOMEPEeYHl 3yCHILIS
MO’KHA PO3IJISIIATH SK 3YCHIUISL, SIKUM YUHUTb
omip IPyHT MO I1JEHTUYHIA MJOBXKHMHI THaIl,
SKILO TPYHT 3/1aTHUH MEPEHOCUTH X CYKYIHi
BIUIMIBH.

3) KoHncTpykTHBHE IIPOEKTYBaHHs
OKpEeMOl HaJi CiijJ] IepeBIpsATH BIMOBIAHO 0
posniny 5 EN 1993-1-1.

(4) Jnst ocbOBHX 3yCWJIb, IIO JIIOTH Ha
TOJIOBKY Tadi, PO3MOJUT Hampyrn MOKHA
3aBOawWIMBO  pO3IIsAgaTH K MOCTIHHY
BEJIMYMHY IO JOBXKHWHI Tasli JUIsi BU3HAYCHHS
pe3yibTaTiB BIUIMBIB, 32 BHHSATKOM BHITAJIKYy
HEraTUBHOI'O IOBEPXHEBOTO TEPTHL.

(5) [lepenauy KpyTHUX MOMEHTIB, WIO
JTIIOTh Ha TONIOBKY Tai, CIHiJ JOMYyCKaTH,
SKIO  TIIBKM ~ CIEMiaJbHI ~ YyMOBH  HE
JI03BOJISIIOTh BBEJCHHS KPYTHOTO MOMEHTY B
IpyHT. Po3monin KpyTHUX MOMEHTIB CIiJl
pO3TIsAgaTH SK TOCTIMHY BEIUYHUHY TIO
IOBXKWHI IaIl.

5.3.3 Cmanvni nani

(1) [lepeBipka TOMEPEYHOTO  MEpeEpizy
CTAJICBUX HECYUYHX Iajb MOBHUHHA BiJIOBIIaTH
EN 1993-1-1.

taking account of both equilibrium and
compatibility.

(2)  Ultimate limit state verifications
should be carried out for failure in the soil for
both individual piles and pile groups
according to EN 1997, and for failure of the
piles and their connections to the structure
according to EN 1993-5, EN 1992 and EN
1994.

5.3.2 Design
considerations

methods and  design

(1)  For piles subjected to axial and
transverse loading, the soil resistance should
be taken from EN 1997-1.

2) The effects of actions in the pile due to
transverse forces should be taken into account
in combination with those due to axial forces
and applied moments. They may be
determined by superimposing the results of
separate calculations in which the soil in
contact with separate portions of the pile
length is assumed to be resisting different
actions. Alternatively the axial force, bending
moments and transverse forces may be
considered as resisted by soil over the same
length of pile, provided that the soil is capable
of resisting their combined effects.

3) The structural design of an individual
pile should be verified in accordance with
section 5 of EN 1993-1-1.

(4)  For axial forces acting at the head of
the pile, the distribution of stress may be
conservatively taken as constant over the
length of the pile for the determination of the
effects of actions, except in the case of
negative skin friction.

%) The transmission of torsional moments
acting at the head of the pile should not be
assumed unless special provisions allow the
introduction of the torque into the soil. The
distribution of the torque should be taken as
constant over the pile length.

5.3.3 Steel piles

(1) Cross sectional verification of steel
bearing piles should be in accordance with
EN 1993-1-1.
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(2) [Hdopmariiss 1m070 BU3HAYEHHS YMOB
IPYHTY, TPU SKUX HEOOXITHO BPAXOBYBATU
3arajpHy BTPATy CTIMKOCTI MaJlb, MICTHTBCS y
po3aini 7.8 EN 1997.

3) Skmo rpyHT 3a0e3medye HEJO0CTaTHE
OOMEXKCHHSI ~ MOMEPEYHOr0  IMEPEMIIICHHS,
MOXXHAa TPUIYCTHTH, IO JOTPUMYETHCS
KpUTEpii  MAJATIMBOCTI IS 3arajibHOi
BTpAaTH CTIMKOCTI, KO Nggz /N, < 0,10, ne N,
— KPUTHYHE 3HAYCHHS OCHOBOTO 3YCHILIS Ngy..

(4) Skmo moTpiOHa mepeBipka 3arajbHOI
BTpaTH CTIUKOCTI, CITiJ{ 3BEPHYTHUCS A0 PO3ILITY
5 EN 1993-1-1. HeoOxigHo BpaxoByBaTH
HACTYIHI BILTUBH:

— OKpIM HEJOCKOHAJIOCTEH, epeaiyeHux B 5.3
EN 1993-1-1, HanexxHy yBary ciig IpUAUTATH
IOJAaTKOBUM MEePBICHUM nedekram
(Hampukiian, B pe3yinbTaTi 3'€aHaHb abo
ycTaHOBKM), BimmoBigHo 10 EN 12699 1
EN 14199.

— MOXHa MPUIAMATH B PO3PaXyHOK OivYHY
orIopYy, 3a0e3neuyBaHy OTOYYIOUNMH
IPYHTaMH, 3 BUKOPUCTAHHSM BiJIMOBIIHOT
Mozen (Hampukiaz, METOH p-y, MOJEIb
OTIOPY 3€MIITHOTO TOJIOTHA) HAa OCHOBI Teopii
JPYTOTo MOPSAKY.

(5)  HoBxuHY BTpaTH CTIMKOCTI MOXHa
OILIIHIOBaTH  HACTYIHUM  CIOCOOOM  (IUB.
PHUCYHOK 5.8):

lv=kH

VY 3HaueHHI k& BpaxoBaHO 3'€HAHHS MIX
TOJIBKOIO Talli 1 GETOHHUM POCTBEPKOM abo
CTAJICBOIO KOHCTPYKITIETO.

(6) binbir TOYHEe BH3HAYCHHS JOBXKUHHU
BTpaTH CTIMKOCTI, HANpUKIAI, IS MIKpO-
aJjib, MOKHa 3HaTH B 5.3.3 (4).

(7)P  BukoHaHHS TOBMHHO  BIJIIOBIJATH

suMmoraMm EN 12699 1 EN 14199.

63

(2) Reference to section 7.8 of EN 1997
may be made for indications of the soil
conditions under which overall buckling of
piles has to be taken into account.

3) If the soil provides insufficient lateral
restraint, the slenderness criterion for overall
buckling may be assumed to be satisfied if
Ngq /N, < 0,10, where N, is the critical value
of the axial force Ngy.

4) If overall buckling verification is
required reference should be made to section 5
of EN 1993-1-1. The following effects should
be taken into account:

— in addition to the imperfections given in 5.3
of EN 1993-1-1 due consideration should be
given to supplementary initial imperfections
(e.g. due to joints or installation) in
accordance with EN 12699 and EN 14199;

— lateral support due to the surrounding soils
may be taken into account using an
appropriate  model (e.g. p-y approach,
subgrade reaction model) based on second
order theory.

(5)  The buckling length may be estimated
using the following approach (see Figure 5.8):

(5.28)

The value £ takes into account the connection
between the pile head and the concrete deck or
the steel structure.

(6) For a more precise determination of the
buckling length, for instance for micro piles,
reference should be made to 5.3.3 (4).

(7)P  Execution shall be in accordance with
EN 12699 and EN 14199.
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ol

A — 0eTOH 200 cTa/1eBa KOHCTPYKUif; A concrete or steel structure

B —3'ennanns; B connection
C - Boaa a00 M'IKUIi IPYHT; C water or soft soil
D firm soil

l..;;=k H with k

1,0 connection B fixed and pinned

D — minbHui rpyHT

L,y =k H with k

1,0 3 ennanns B, 3adikcoBaHe Ta 3amrud)ToBaHe . .
’ a > 3¢ b =<0,7 connection B fixed and restrained

0,7 3"ennanns B, 3adikcoBane Ta 3aKkpiricHe . )
’ a > 380 p 2,0 connection B non fixed, but restrained

2,0 3’ eqnanns B, He 3adikcoBane, ajie 3aKpiruieH

Pucynoxk 5.8 - CrporieHa omiHKa JOBXWHU BTPATH MILTHOCTI JJIsl HECYUYHX Majb
Figure 5.8 - Simplified estimation of buckling length for bearing piles

5.3.4 Cmanesi nani, 3anosneni 6emonom 5.3.4 Steel piles filled with concrete

(1) [IpoekTyBaHHsA CTajleBUX Nalb, IO
3alOBHIOIOTHCSI OETOHOM, CHiJi BUKOHYBaTH
3rigHo 3 EN 1994.

(2)  IlepeBipku mOmEepeyHHX  MeEpepi3iB
CTaJIeBUX Mallb, 3a[IOBHEHUX OETOHOM MOBHUHHI
Bianosigatu BuMmoraM EN 1994-1-1.

3) 3a iHdopmali€er0 Mpo  TEPEBIPKY
3arajibHOi BTpATH CTIHKOCTI CIiJl 3BEpPTaTHUC

(1) Steel piles filled with concrete should
be designed in accordance with EN 1994.

(2) Cross sectional verifications of steel
piles filled with concrete should be in
accordance with EN 1994-1-1.

3) Reference should be made to 5.3.3 and
section 6.7 of EN 1994-1-1 for overall
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1o 5.3.3 i go posniny 6.7 EN 1994-1-1.

(4) beronyBaHHs cTayieBOi mMaji MOBHHHO
BUKOHYBAaTHCS BinoBiHO 0 BuMor EN 1536,

EN 12699 1 EN 14199.

5.4 CTiHKH 3 BHCOKOI0 MEK0I0 MIIlHOCTI

(1) [IpoekTyBaHHA CTIHOK 3 BHCOKOIO
MEXOI  MIIHOCTI ~ Ma€  BUKOHYBaTHCA
BIAIIOBIAHO [JO IIOJOXKEHBb [UIS CTIHOK 3
IIMYHTOBUX  Manb, Oepyuyd O  yBaru
crenudiuHy TEOMETpPil0 BHUKOPHUCTOBYBAHUX
npodiniB (auB. puCyHOK 1.6) 3 AOMyIIEHHSM
JIOKAJIbHUX BIUIMBIB THUCKY IPYHTY 1 BOIH, 1
BBEJICHHS 3YCHJIb aHKepa 1 00B S3KH.

(2) BusznauenHs omopy — MONEpeyHOro
mepepizy MOXHa BHKOHYBAaTH Ha OCHOBI
aHalli3y NPYKHOCTI TOMEPEYyHOro Imepepisy,
SIKIIIO:

— BTpaTa CTIHKOCTI €IeMEHTIB PO3PaXOBYEThCA
3a nonomMoror EN 1993-1-5;

— U1 IIUPOKUX CJIEMEHTIB  BpaxoBaHa
IHEPIIIHICTD 3CYBY.

5.5 Komo0inoBaHi cTiHkH

5.5.1 3acanvnui nonoscenns

(1) Jlani BU3HAU€HO YMOBHU MO FPAaHUYHUM
CTaHaM JIsl HACTYMHHUX THUIIB KOMOIHOBaHHX
CTIHOK (AUB. pUCyHOK 1.5):

— KOMOIHOBaH1 CTIHKM 3 TpyO 1 IIIMYHTOBHUX
aJib;

— KOMOIHOBaHI  cHoemiajibHl  CTIHKH 3
JIBOTaBPOBOTO NMPOQLII0 Ta MIMMYHTOBHUX allb;

— KOMOIHOBaHi CTIHKHM 31 30ipHUX HPOdiiB i
IIITYHTOBUX TaJTb.

(2) IIpoekTyBaHH IIEPBUHHUX 1
BTOPUHHHX €JIEMEHTIB TIOBUHHO TPYHTYBaTHCS
Ha 1X GYHKIIOHATILHOMY MPU3HAYECHHI:

— TEpBHHHI €JIEeMEHTH II0Th SK MiAMIpHI
€JIEMEHTH TPOTH THUCKY TIPYHTYy 1 BOIM 1
MOXYTh TISITU B SIKOCTI HECYy4yUX Maib JJif
BEPTUKAIbHUX HAaBAaHTA)KEHb;

— BTOPHMHHI €JEMEHTH TUIBKH 3allOBHIOIOTh
3a30p MDK NEpBUHHUMH €JIeMEHTaMH 1
nepenaloTh HAaBaHTAKCHHS, 110 BUHUKAIOTH B
pe3yabTaTi TUCKY IPYHTY 1 BOAM, B IEPBUHHI
eNIEMEHTH.
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buckling verification.

4) Concreting of a steel pile should be
carried out in accordance with EN 1536, EN
12699 and EN 14199.

5.4  High modulus walls

(D) The design of high modulus walls
should be carried out according to the
provision for sheet pile walls, taking into
account the specific geometry of the sections
used, see Figure 1.6, allowing for local effects
due to earth and water pressures and the
introduction of anchor and waling forces.

2) The determination of cross-section
resistance may be conservatively based on an
elastic analysis of the cross-section, provided
that:

— buckling of plate elements is checked using
EN 1993-1-5;

— the shear lag effect is taken into account for
wide elements.

5.5 Combined walls

5.5.1 General

(1) In the following provisions for the
ultimate limit state are given for the following
types of combined walls, see Figure 1.5:

— mixed tube and sheet pile walls;

— mixed special I-section and sheet pile walls;

— mixed built-up section and sheet pile walls.

(2)  The design of the primary and
secondary elements should be based on their
functionality:

— the primary elements act as retaining
elements against the earth and water pressures
and may act as bearing piles for vertical loads;

— the secondary elements only fill the gap
between the primary elements and transmit the
loads resulting from earth and water pressures
to the primary elements.
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3) J103BOJISIETHCS HE TPUMMATH 10 YBaru
nepegavy MO30BXKHIX 3yCUJIb B
HE3aKPIMUICHNX 3aMKOBHX 3'€THAHHAX MIiX
NEPpBUHHHUMU 1 BTOPUHHHUMU CIICMCHTAaMMU.

(4P [Ins KOXHOTO TIPOEKTY HEOOXiITHO
BCTAHOBUTH 1 Y3TOJUTH 3 3aMOBHUKOM, YU
Cmij BpaxoByBaTH JAchEKTH B pe3yJbTaTi
3aHypeHHs B MPOEKTYBaHHI KOMOIHOBaHMX
cTiHOK. Po3paxyHKkoBi 3HaueHHs U1l NeEKTiB
B pe3ylbTaTi 3aHypeHHS TOBHHHI OyTH
BKa3aHi y BiZICOTKaX BiJ JOBXHHHU IEPBHHHHUX
€JIEMEHTIB 3  JONYIIEHHSIM  JIIHIHHOTO
PO3MOILTY.

5.5.2 Bmopunni enemenmu

(1) [nyHToBi manmi B SKOCTI BTOPUHHHUX
€JIEMEHTIB U1 KOMOIHOBAHUX CTIHOK ITOBHHHI
Bignosigatu sumoraM EN 10248.

2P  Has IIPOCKTYBaHHSA BTOPUHHUX
€JIEMEHTIB HEOOXiJHO MiATBEPAKYBATH, IO
BOHHM 3/aTHI NepeaBaTi BHYTPIIIHI 3yCHILIA,
SKI BUHUKAIOTh B PE3yJbTaTli THUCKY IPYHTY 1

BOJMU, B HepBI/IHHi CJIICMCHTHU qcpes
3'€IHyBaJIbHI IPUCTPOI .
Hpumirka. KopucauMm wmoxe OyTH ypaxyBaHHS

e(eKTiB BWII SSUyBaHHA CXWIy, IO CIPHIHHSIOTH
JIOaTKOBE HABaHTAKCHHS y IEPBUHHUX €JIEMEHTax i
3MEHIIEHHS! THUCKY IPyHTy, IO Ji€ Ha BTOPHHHI
€JIEMEHTH.

3) [TepeBipky 3rimHo 3 myHKTOM (2)P
MOXHa BUKOHYBaTH 3  BHUKOPHCTAHHSIM
CHPOIIEHOT JABOMIPHOi KapKacHOI MOAeni AJis
BTOPDUHHUX €JIEMEHTIB. SIKimo HeoOXiaHO,
srizHo 3 5.5.1 (4), B TakoMy CHpOILEHOMY
aHaii3l CliJ BpPaxOBYBaTH HEIOCKOHAJICTh
3aHYpPEHHS 3a JIOMOMOTOI0  BUMYIIEHOTO
MepeMinieHHs o 3 BUKOPHUCTAHHIM
TpaHUYHUX YMOB, MOKA3aHUX Ha PUCYHKY 5.9,
JIe B SIKOCTI NPHUKJIay BTOPHHHOTO €JIEMEHTA
300paxkeHa nmozaBiitHa U-moaiOHa mass.
IMpumirka. MaeTbcss Ha yBasi, IO HETOCKOHATICTH
3aHYPCHH: NEPHCHAUKYJIAPHO  IUIOMIMHI  IMIAIIPHO1
CT1HKH AaMOPTHU3YETLCA TIOBOPOTOM B 3aMKOBHUX
3'€HHaHHHX (((KOJ'II/IBaHHH 3aMKOBOI'O 3’€,HHaHHFI))).

(3)  No transmission of longitudinal shear
forces may be taken into account in the free
interlocks between primary and secondary
elements.

(4P It should be stated for each project and
agreed with the client whether driving
imperfections need to be considered in the
design of the combined wall. The design
values of any driving imperfections shall be
given as percentages of the length of the
primary elements, assuming a linear
distribution.

5.5.2 Secondary elements

(1) Sheet piles used as secondary elements
for combined walls should be in accordance
with EN 10248.

(2)P  For the design of secondary elements,
it shall be wverified that they are able to
transmit the internal forces resulting from
earth and water pressures into the primary
elements via the connecting devices.

NOTE: It can be advantageous to take into account
arching effects leading to a supplementary loading on
the primary elements and a reduction of the earth
pressures acting on the secondary elements.

3) The verification according to (2)P may
be carried out using a simplified two
dimensional frame model for the secondary
elements. If required according 5.5.1 (4),
driving imperfections should be taken into
account in this simplified analysis via the
imposed displacement 6 using the boundary
conditions given in Figure 5.9, which shows a
double U-pile as an example of a secondary
element.

NOTE: The driving imperfection perpendicular to the
plane of the retaining wall is assumed to be absorbed by
rotation at the interlocks ("interlock swing").
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(3amMKoBi 3'€1HAHHS He NPUITMAIOTHCSA B PO3PAXYHOK)

(interlocks not to be taken into account)

Pucynok 5.9 — CrporieHa Mozesb JUIsl BTOPUHHHUX €JIEMEHTIB

Figure

(4)  us mepeBipKH MOMEPEYHOro mepepiszy
y CHpOIIEHIH KapKacHii MoJeli MOXXHa
BUKOPUCTOBYBATH aHAI3 IIACTHYHOCTI Pa3oM
3  BCIMKMMHM  TEpeMilleHHIMH.  SIKIIo

€IIEMEHTH  KapKacHOI  MoOJeNl  3a3HalTh
HAMpyTu NMpU CTUCHEHHI, OCOOIMBY yBary Ciij
MPUIUTATH MOKJIMBIHA HECTIHKOCTI,

HEepIBHOMIpHiil ocaii.

(5) B skocTti anpTepHaTHBH, IEpeBipKa
3TiIHO 3 MyHKTOM (2) P MoXe rpyHTyBaTHCH
Ha pe3yJbTaTax BUMPOOYBaHHS BIAMOBIIHO 10
pozniny 2.6.

Hpumirka. OrmiHiOBaHHSA BHIIPOOYBaHHS JAWB. Yy
nonatky D, EN 1990.

(6) BunpoOyBanpHUT  CTEHI  MOBUHEH

OyTH 3JaTHUI  MOJETIOBATH  TOBEIIHKY
MPOMIKHUX €JIEMEHTIB.
(7) Jls LIITYHTOBUX nab, K1

BUKOPUCTOBYIOTBCS B SIKOCTI BTOPHMHHHUX
€JIEMEHTIB, J0/JaTKOBY IEPEBIPKY MOXKHA HE
BUKOHYBATH, SIKIIO JOTPUMaH1 BCl HACTYIIHI
YMOBH:

— TOBIIMHA CTIHKH IIITYHTOBUX Majb: > 10MM;

— PpI3HUIM THUCKY, IO Ji€ Ha IIMyHTOBI
mami: <40xkH/M’, mo BimmoBimae 4Mm
IQepeHIiaTbHOr0 Haropy BOIH;

— MAaKCUMaJbHUM KPOK MIDK TEePBUHHUMH
eleMeHTamMu ckiamae: 1,8 M — gua  U-
nomioHux mamb 1 1,5 M — mig Z-moaiOHuX
maib.

(8) Kopucaum moxe OyTH BHKOPHCTaHHS
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5.9 — Simplified model for secondary elements

(4)  For the verification of the cross-section
in the simplified frame model, a plastic
analysis combined with large displacements
may be used. If members of the frame model
are stressed in compression, particular
attention should be paid to the possibility of
instability, such as "snap-through".

%) Alternatively the verification according
to (2)P may be based on the results of testing
in accordance with section 2.6.

NOTE: For test evaluation see Annex D of EN 1990

(6) The test set-up should be able to
simulate the behaviour of the intermediate
elements.

(7)  For sheet piles used as secondary
elements, further verification may be omitted
if all the following conditions are met:

— wall thickness of the sheet piles: >10mm;

— pressure difference acting on the sheet piles:
<40kN/m?, corresponding to 4 m differential
water head;

— maximum clearance between the primary
elements is 1,8m for U-piles and 1,5m for Z-
piles.

(8) It may be useful to have the secondary
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OUTBII KOPOTKUX BTOPUHHUX EJIEMEHTIB, HIXK
NEPBUHHI CIIEMEHTH. Y KOPOUCHHS BTOPUHHHUX

€JIEMEHTIB HEOOXiTHO KOHTpPOJIIOBAaTH
BigmoBigHo 1o EN 1997-1.
Hpumirka 1. Qs YKOPOUYEHHX BTOPUHHUX

€JIEMEHTIB HEOOXiTHO TPHIUIATH yBary 3aroOiraHHIo
MOTOKY MiJ3€MHUX BOJ Y pa3i BUCOKOTO THCKY BOIH
a0o TaM, Jie iCHy€ PU3HUK PO3MHBAHHSI.

Mpumirka 2:  [apopmanis 10710 posmoiny
MIACHBHOTO THUCKY TIpYHTy, IO Jii€ Ha TEpPBHHHI
eJIeMeHTH, MicTuThca y EN 1997-1.

5.5.3 3'eonyeanvni npucmpoi

(1)P 3'egmanHs MK  NEpBUHHUMHU 1
BTOPUHHUMH €JIEMEHTAMH CIIiJ] MPOCKTYBAaTH
Tax, o6 3a0e3eynTu nepenavy
pPO3PaxXyHKOBHX  3yCHJIb 3  BTOPHHHHUX
€JIEMEHTIB y MEPBUHHI €JIEMEHTH.

(2) Taka mepeBipka MOXKE IPYHTYBAaTHCS
Ha pe3ynbTaTax BHMIPOOYBaHHS 3rIAHO 3
po3aiiaom 2.6.

3) SIkmo mepeBipka BHKOHYETBHCS — 3a

JIOTIOMOT' OO PO3pPaxyHKIB, HeOoOX1IHO
MEePEKOHATHUCH, o 3'eIHAHHSA 37aTHI
nepeiaBaTu OTIOpHI peaxutii, AKi
BH3HAYaIOThCs 3riaHo 5.5.2 (3).

4) [Tpu nepesipi 3'€IHYBaJIbHUX

INPUCTPOIB Yy BHUIMHI IUIMTH  HEOOXIJHO
BpPaxoBYBAaTH IJIACTUYHICTb.

5.5.4 [Ilepsunni enemenmu

(1)P  3aranmpHi BIUIMBH B pe3yjibTaTi TUCKY
IPYHTY 1 BOJM TIOBMHHI BHU3HA4yaTucad 3
ypaxyBaHHSM HaBaHTaXXEHHs 1 Ha MEPBHUHHI, 1
Ha BTOPUHHI €JIEMEHTH 1 MOXJIHMBOIO
J0JJATKOBOTO HABaHTAXEHHS, CIPUYMHEHOTO
YTBOPEHHSIM CXUJIYy B IPYHTI, AuB. 5.5.2(2)P.

(2) HeoOxigHO BpaxoByBaTH 3MEHILEHHS
3arajibHOTO OIOpPY TEPBHHHUX EJIEMEHTIB B
pe3yabTari 3yCWib, MEPeJaHUX BTOPUHHUMH
€JIeMEHTaMH 3a JIOOMOTO0 3 €IHYBaJIbHUX
npuctpoiB. Llg BumMora Moxke BBa)KaTHCA
BUKOHAHOIO, SKIIO Nepeadavyaerses, MO TUCK
IPyHTY Jie Oe3nocepelHbO Ha TMEPBUHHI
€JIEMEHTH B pe3yjibTaTi YTBOPEHHS CXWIy, 1
SKIIO AuQepeHIiaTbHII TUCK BOJH, IO i€ HA
BTOPUHHI €JIEMEHTH, CTaHOBHUTH </ METpiB
Haropy.

Mpumirka 1.  3HadeHHs s Moke OyTH 3a3HA4YEHO B
HAI[IOHAILHOMY [TOJIATKy. PeKOMEHAyeThCs 3HAYCHHS

elements shorter than the primary elements.
Shortening of the secondary elements should
be checked according to EN1997-1.

NOTE 1: For shortened secondary elements,
care should be taken to avoid underflow in the case of
high differential water pressure, or where there is a
danger of scour.

NOTE 2: Reference should be made to
EN1997-1 for the distribution of passive earth pressure
acting on primary elements.

5.5.3 Connecting devices

(1)P  The connections between the primary
and secondary elements shall be designed to
allow the transmission of the design forces
from the secondary elements into the primary
elements.

(2)  This verification may be based on the
results of testing in accordance with section
2.6.

(3) If the verification is carried out by
calculation it should be wverified that the
connections are able to transfer the support
reactions determined according to 5.5.2(3).

(4)P lasticity should be taken into account
for the verification of the connecting devices
in plate bending.

5.5.4 Primary elements

(1)P  The overall effects of actions due to
earth and water pressures shall be determined
taking into account the loading on both
primary and secondary elements and possible
supplementary loading due to arching effects
in the ground, see 5.5.2(2)P.

(2)  Account should be taken of the
reduction of the overall resistance of the
primary elements due to the forces introduced
by the secondary elements via the connecting
devices. This requirement may be deemed to
be satisfied, if the earth pressure is supposed
to act on the primary elements directly, due to
the arching effect and if the differential water
pressure acting on the secondary elements is
< h m head.

NOTE: The value # may be given in the National
Annex. A value of # =5 m is recommended.
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h=5m.

3) [Ipu mepeBipii MIIHOCTI TMEPBHHHUX
eNEeMEHTIB,  SIKII0O HE  3aCTOCOBYETHCS
BJOCKOHAQJICHUH METOA, CIiJ BpaxOBYBaTH
pPO3paxyHKOBI ~ 3ycWiisi 3  BTOPHHHHUX
€JIEMEHTIB, 10 MEPEIAI0ThCS Yepe3 3'€AHaHHS,
3 BHUKOPHCTaHHSM OIOPHUX pEaKIii, sKi
BHM3HA4alOThCs 3riaHo 5.5.2 (3).

(4) 3aragpHUN OIip MOXKE BU3HAUATHCA 3a
JIOTIOMOTOF0 BUIIPOOYBAHHSI 3T1HO 3 PO3ILIIOM
2.6 abo 3a JOIOMOrOK  PO3PaxyHKIB,
OIMHMCAHUX JIaJi.

(%) [TepeBipka nBoTaBpoBHX MpOodiaiB abo
TpyOuacTMX Tajlb TIOBUHHA BIANOBiAATH
BUMoram po3ainy 5 EN 1993-1-1.

(6) 3rigHo EN 1993-1-1, CITi T
BpaxOByBaTu BIIJIUB Ha OHipHiCTL naiab 3
JIBOTaBpPOBOTO  MpOouUIF0 B pe3yibTari
nepenavyi 3ycusib 13 BTOPUHHUX €JIIEMEHTIB
yepes 3'€THaHHS.

Ipumirka. [Ipouenypy, onucany B pogatrky D.1,
MO’KHA BHKOPHUCTOBYBATH [UISI BU3HAYCHHS 3MCHILICHOI
3arajibHOi OMIPHOCTI Majib 3 JABOTaBPOBOTO MPOdiIIO,
BUKOPUCTOBYBaHUX SIK TNIEPBUHH1 CIICMCHTU B
KOMOIHOBaHMX CTiHKaxX, B pe3yJbTaTi 3acTOCYBaHHs
PO3paxyHKOBUX 3yCUJIb 3 BTOPUHHUX E€JIEMEHTIB.

(7) Bigmosimro mo EN  1993-1-1 1
EN 1993-1-6 cnmig BpaxoByBaTH BIUIMB Ha
OMIPHICT, TPYOUacCTUX Majlb B pE3yJbTarTl
nepenavyi 3ycwsib 13 BTOPUHHUX EIIEMEHTIB
yepes 3'€THaHHS.

Ipumirka. [Ipouenypy, onucany B aogatky D.2,
MOXHa BHUKOPHUCTOBYBATH JId BU3HAYCHHA 3MCHIICHO1
3aralpHOi  OMIpHOCTI  TpyOdYacTMX  mamb,  SKi
BUKOPUCTOBYIOTHCA B AKOCT1 IEPBUHHUX CJIIEMCHTIB B

KOMOIHOBaHMX CTiHKax, B pe3yJbTaTi 3acTOCYBaHHSI
PO3paxyHKOBUX HABaHTa)XE€Hb 3 BTOPHHHHX €JIEMEHTIB.

(8) [11(0) CTOCYEThCS MPUKJIAJECHHS
30Cepe/KEHNX HaBaHTa)KE€Hb 4epe3 OOB SI3KH,
aHKepu TOILIOo, TpyO4acTy maao HEoOXiTHO
a00 TEepeBIPUTH BIAMOBIIHUM UYHHOM, abo
OCHAaCTUTH  pebpamMH  KOPCTKOCTi,  abo
3allOBHUTH OETOHOM UYMW  BHCOKOSIKICHUM
YUIUIBHEHUM HE3B'SI3HUM MartepiajioM, 100
YHUKHYTH JIOKQJIbHOT BTPATH CTIHKOCTI.

9) SIkmo TpyOudacTa maus HaOBHIOETHCS
3TiIHO 3 YyMOBaMH MYHKTY (8), B 3amoOBHEHIN
YacTUHI TpyOM MOKHA BHUKOPHUCTOBYBATH
MOBHUM OMIp TOMEPEYHOTO TMepepi3y 3TiAHO
EN 1992 - EN 1994.
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(3)  For strength verification of primary
elements, unless a more advanced method is
used, the design forces from secondary
elements introduced via connections, should
be taken into account using support reactions
determined according to 5.5.2 (3).

4) The overall resistance may be
determined either by testing in accordance
with section 2.6 or by calculation as given
below.

®)] The verification of I-section or tubular
piles should be in accordance with section 5 of
EN 1993-1-1.

(6)  The effects on the resistance of I-
section piles due to the introduction of forces
from secondary elements via connections
should be taken into account in accordance
with EN 1993-1-1.

NOTE: The procedure given in Annex D.l may be
used to determine the reduced overall resistance of
Isection piles used as primary elements in combined
walls due to the application of the design forces from
the secondary elements.

(7 The effects on the resistance of tubular
piles due to the introduction of forces from
secondary elements via connections should be
taken into account in accordance with EN
1993-1-1 and EN 1993-1-6.

NOTE: The procedure given in Annex D.2 may be
used to determine the reduced overall resistance for
tubular piles used as primary elements in combined

walls due to the application of the design loads from the
secondary elements.

(8) For the application of concentrated
loads via walings, anchors etc. the tubular pile
should either be verified accordingly or be
provided with stiffeners or be filled with
concrete or with high grade compacted, non-
cohesive material in order to avoid local
buckling.

9) In the case of a tubular pile that is
filled according to (8) the full cross-sectional
resistance in accordance with EN 1992, EN
1993 and EN 1994 may be used in the filled
part of the tube.
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(10)  361pHi Tpodi, sSIKi BAKOPHUCTOBYIOTHCS SIK
NEPBUHHI €NEMEHTH, CJiJ TepeBipsATH Yy
BIIMOBIIHOCTI 10 po3auty 5.4 3a yMOBH, IO
Aii mporpaMu HaBaHTAKEHHS, OJIEP)KYBaHOI
BiJI BTOPUHHHUX

€JIEMEHTIB, IPUUIAETbCS HAJIEXKHA yBara.
(11)  Skumo BUKOPUCTOBYETHCS CHPOIIECHUMN

Meron 3rigHOo 5.4 (2), cmia BpaxoByBaTH
JIOKaJIbH1 BIUTUBU B Pe3yJbTaTi MPUKIIAJAAHHS

ONMOPHMX  pEakKIiii, 110  BHU3HAYAIOTHCSA
BiamoBiaHO 70 5.5.2 (3).
6 I'PAHUYHI CTAHU

EKCILTYATAIIMHOI HAJIMHOCTI
6.1 OCHOBHI NpUHUKMIIN

(1) Y  mnpoekti HEOOXiTHO BH3HAYUTH
3HAYMMICTh OCAJOK 1 KOJMBaHb, 1 TPaHUYHI
3HaYeHHs s HUX B KOXHOMY BHUIMAJKY,
MpUiiMao4y 10 yBaru MicLi€Bl YMOBH.

(2) ['pannyHi 3HAYEHHS TOBUHHI OyTH
i ITBEPKCHI CTaTUYHOIO MEePEBIPKOIO
TPaHUYHOTO CTaHy eKCIUTyaTaIiifHO1
HaJIHAHOCTI.

3) HaBiTh sKIIO HE HaJaHO TPAHUYHUX
3Ha4Y€Hb, HEOOXITHO TMIATBEPAUTH, IO HE
BUHUKAE€  ITUIACTUYHUX  JAedopmarriii, 3
BUKOPUCTAHHIM Mojieni 3riguo 2.5.3.3 (1).

4) [TpoekTyBaHHS HIMYHTOBUX Manb abo
HECy4YuX Majib CIiJ MEepeBIPSATH B IPAaHUYHUX
CTaHaX  eKCIUTyaTaliiiHoi  HafgifiHOCTI 3
BUKOPUCTAHHSM  BIAMOBIIHUX  MPOEKTHUX
cuTyamid 3rigHo BKasziBkam EN  1997-1,
BPaxOBYIOUH MOJKJIMBE 3MEHIICHHS TOBIIUHH
CTaJi B pe3yJbTaTi KOpo3ii.

6.2  3mimeHHs MiAMipHUX CTIHOK

(1) [Ipu OLIHIOBaHHI nepeMilieHb
MIMIPHAX CTIHOK HEOOXITHO TpHMaTH 10
yBaru EN 1997-1.

(2) Cnminm  BpaxoByBaTH  3MIIICHHS B
pe3yabTaTi MepeMillleHHs] OMOPHUX KPIIUIEHb
(Takux sIK OOB'S3KH, 3B'SI3KM KOPCTKOCTI,
aHKEpH).

3) ko HEOOXITHO, TO OKpIM
nedopmariii B pe3ynbTaTi HaBaHTaKEHb,
3aCHOBaHMX Ha JOMYCKax JJIs 3aHYpeHHS, SKi
3a3Hayeni B EN 12063, cnig BpaxoByBaTH
MMOYAaTKOBI HEJIOCKOHAJIOCTI B  pe3yJbTaTi

(10) Built-up sections used as primary
elements should be verified according to 5.4,
provided that due consideration is given to the
effect of load application resulting from the
secondary elements.

(11)  If the simplified approach of 5.4(2) is
used, the local effects due to the application of
the support reactions determined according to
5.5.2(3) should be taken into account.

6 SERVICEABILITY LIMIT
STATES
6.1 Basis

(D) The significance of settlements and
vibrations, and their limiting values in each
case, should be given for the project taking
into account local conditions.

2) The limiting values should be
confirmed by a serviceability limit state
verification.

(3)  Even if no limiting values are given, it
should be verified that plastic deformations do
not occur, using a model in accordance with
2.53.3(1).

(4)  The design of sheet piles or bearing
piles should be checked at serviceability limit
states using appropriate design situations as
specified in EN 1997-1, taking into account a
possible reduction of steel thickness due to
corrosion.

6.2  Displacements of retaining walls

(D) EN 1997-1 should be taken into
account when assessing the displacements of
retaining walls.

(2)  Displacements due to the movement of
supports  (such as  walings, bracing,
anchorages) should be taken into account.

3) If necessary, initial imperfections due
to driving should be taken into account in
addition to the deformations due to loading
based on the driving tolerances indicated in
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3aHypEHHS.

Hpumirka. e moxxe OyTH HEOOXigHHMM, SKIIO B
OTOPO’Ki KOTIOBaHY MOTPiOCH BUHATKOBHI 3a30P.

4) [lpy ouiHIOBaHHI 3CYBIB CTIHKH 3
IIITYHTOBHX IaJIb HEOOX1THO BPaXxOBYBaTH TOU
(dakT, Mo SKICTh BUTOTOBJICHHS 1 KOHTPOIIO
] Yac BUKOHAHHSA Ma€ BEIUWKHH BIUIMB Ha
BEJIMYHHY [MX TIEPEMIlCHb.

6.3 IlepemileHHs HeCyYHX NAJIb

(1) [Ipu Bu3HauYeHHI 3MIMIEHHS HECYYUX
nayib i MIKpO-IaJib CIIiJ| MPUHAMATH 10 yBaru
Bumoru EN 1997-1.

6.4 KoHcTpykTHBHI  acnmekTH  psiiiB
CTaJIeBUX LINYHTOBHX NAaJb

(1) [lpu po3paxyHKy 3MilIeHb MiAMiPHOI
KOHCTPYKLI{ HeoOXiaHO BpaxoByBaTH
MOJKJIMBI JTOJJATKOBI 3MIIIEHHS B pe3yJbTaTi
JOKaJbHOI JedopMaliii B TOUYKaX YCTaHOBKH
aHKepiB, OOB'S30YHMX TIOSICIB 1 3B'SI30K
KOPCTKOCTI B MICLISIX, JI€ X BIUIUB € 3HAYHHM.
Ipumirka. Taki mii MOXyTh OYTH IOLIIBHHUMHU,
SIKIO B 3WI3aromnofiOHi CTiHKM 0e3 eJeMEHTIB
KOPCTKOCT1 MEPCAAOTHECA BUCOK1 JIOKAJIbH1 MOIMCPCUH1
3ycriuis (IUB. PUCYHOK 1.7) depe3 NIMPOKOIOJIOYHY
0aJKy JIBOTaBPOBOTO IEPETHHY, SKa BHCTYNAE y PO
00B SI304HOTI0 osAcy.

(2)P  HeoOxigHO BpaxoByBaTH €(EKTUBHY
KOPCTKICTh IPH 3THHI.

3) EdexTuBHY JKOpPCTKICTh TpU 3THHI
HIMyHTOBOTO psAny 3 U-moJiOHMUX Manb MOXHa
BU3HAYaTH 3@  JIONOMOTOI  HACTYIHOI
¢dbopmynu, Oepydu 10 yBard CTYIiHb nepeaayi
3CYBHOTO 3yCHJUISI B 3aMKOBUX 3'€THAHHSAX, SKi
po3ramioBaHi OJM3bKO A0 LEHTPaIbHOI OCi
nepepizy CTIHKU:

(EI),, =B, (EI)

ac:

I — npyruii MOMEHT 1HepIil IUIouIl mepepizy
Oe3nepepBHOi CTIHKH;

Pp — koedimient i3 3HaveHHsM < 1,0, 3
YpaxyBaHHsAM MOXIJINBOT'O 3MCHIIICHHA B
pe3yibTaTi HEJOCTaTHHOIO TIEpeiadi 3CYBHOTO
3yCHJIIA B 3aMKOBUX 3'€[[HaHH}IX.

Mpumitka 1.  Benuuuna fp 3anexuts Big 6aratbox
JIOKQJIbHUX BIUTMBIB BiJMIOBIHO IO IPUMITKH | MyHKTY
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EN 12063.

NOTE: This may be necessary if a particular clearance
is required in a cofferdam.

(4)  When assessing the displacements of a
sheet pile wall account should be taken of the
fact that the quality of the workmanship and
supervision during execution has an important
influence on the magnitude of those
displacements.

6.3 Displacements of bearing piles

(D) EN 1997-1 should be taken into
account when determining the displacements
of bearing piles and micro piles.

6.4  Structural aspects of steel sheet
piling

(1)  When calculating the displacements of
the retaining structure, the possible
supplementary displacements due to local
deformation at the location of anchors,
walings and bracing should be taken into
account where their effect is significant.

NOTE: These effects may be relevant if high local
transverse forces are introduced into unstiffened jagged
walls, see Figure 1.7, through an H-beam used as
waling.

(2)P  The effective flexural stiffness shall be
taken into account.

3) The effective flexural stiffness of sheet
piling made of U-piles may be determined as
follows, taking into account the degree of
shear force transmission in interlocks that are
located close to the centroidal axis of the wall:

(6.1)

where:

I 1s the second moment of area of the
continuous wall;

Pp 1s a factor with a value < 1,0, accounting
for the possible reduction due to insufficient
shear force transmission in the interlocks.

NOTE 1: Pp depends on many local influences
as given in note 1 to 5.2.2(2). The numerical value for
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5.2.2 (2). Lludpose 3HaueHHS BENUYUHU fp MOXKE OyTH
BU3HAYCHO B HALlIOHAJIILHOMY JOJATKY.

Mpumirka 2:  Ilepemawa  3cyBHHUX  3ycWwib Yy
3aMKOBUX 3'eqHaHHAX U-mofiOHMX mnamb MoXe OyTH
MOCHJIEHA 3a JIOIOMOTOI0 3'€THAHHS 3aMKIB IUIIXOM
Oe3nepepBHOTrO abo MEpPEepUBYACTOTrO 3BApIOBaHHs, abo
OOTHCHEHHSI.

(4)P  OOTucHeHI TOYKU TOBUHHI OyTH 3/1aTHI
nepeAaBaTd  HEOOXiTHE 3CYBHE  3yCHILIS
3aMKOBHX 3'€/lHaHb. Pemnpe3eHTaTUBHE 3CYBHE
3yCHIUIS Ry, SIKE TEPENAETHCS OOTHUCHEHOIO
TOYKOIO B TPAHUYHOMY CTaHi eKCILTyaTaliiHol
HAOIHHOCTI, CTAHOBHUTH. R, 75 kH. V
Bigmosiguocti 3 EN 10248, wHeoOximHO
MEPEBIPUTHU 3a JIOTIOMOTOI0 BUIIPOOYBaHb , 10
KOPCTKICTh OOTHUCHEHOI TOYKH CTAHOBHTH HE
Menure, Hix 15 kH/MMm.

Ipumirkal. Taka  Bumora 10
BiZIMOBiae 3cyBHOMY 3ycmintio 75 kH npu 3mimieHHi 5

MM.

JKOPCTKOCTI

Hpumirka 2.  OOTHUCHEHI TOYKH MOXYTh OYyTH

OJMHAPHUMH, MOJBIITHUMH a00 MOTPIHHUMHU.

&) ko BiACTaHP MiX OJWHAPHUMH 200
NOJBIHHUMHM  OOTHCHYTUMH TOYKaMH  He
nepesuinye 0,7 M (muB. pucyHok 6.1), a
BIICTAaHb MDK TOTPIHHUMH OOTHCHYTHUMH
ToukamMu He mepeBuurye 1,0 M, MoxHa
NPUITYCKATH, IO KOXXKHA OOTHCHEHa TOYKa
nepeae 0JHAKOBE 3CYBHE 3YCHILTS Vg < Rier

Pp may be given in the National Annex.

NOTE 2: The transmission of shear forces in the
interlocks of U-piles may be enhanced by connecting
the interlocks by continuous or intermittent welding or

by crimping.

(4P Crimped points shall be able to
transmit the required interlock shear force.
The representative shear force Ry, transmitted
by a crimped point at serviceability limit state
is: Ry, = 75 kN. It shall be verified by testing,
in accordance with EN 10248, that the
stiffness of the crimped point is not less than
15 kN/mm.

NOTE 1: This stiffness requirement
corresponds to a shear force of 75 kN at a displacement
of 5 mm.

NOTE 2: Crimped points may be single, double
or triple crimped points.

(5) Provided that the spacing of the single
or double crimped points does not exceed 0,7
m (see Figure 6.1) and the spacing of triple
crimped point does not exceed 1,0 m, each
crimped point may be assumed to transmit an

equal shear force Ve, < Ry

[
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]
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; ............... ﬁ -
; : : : ]
.' - ? ? :
~ o S b >
a= 100 mm b < 700 mm

Pucynok 6.1 — Bincranb Mi>xk OOTHCHYTHUMHU TOYKaAMH

Figure

6.1 — Spacing of double crimped points
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7 AHKEPHU, CXBATKWH, 3B'SA3KU
KOPCTKOCTI TA 3'€JTHAHHA

7.1 3arajbHi H0JI0KeHH

(1)P  Pesynpratu aiii B aHKepax, CXBaTKax,
3B'SI3KaX JKOPCTKOCTI Ta 3'€HAHHSX MOBHUHHI
BH3HAYATUCS HA OCHOBI CTPYKTYPHOTO aHATI3y
3 ypaxyBaHHSIM B3a€EMOJIi MK TIPYHTOM Ta
KOHCTPYKIII€IO.

(2) 3a motpebu HEOOXiTHO BpPaxOBYBATH
pe3ysnbTaTd i, HaANpWKIAJ, BIUIMBY B
pe3ynbTaTi  TeMmIeparypHux — 3MiH  a0o
creruQiYHIX HaBaHTaXKEHb, AUB. 2.5.2 (4).

3) Mo>kHa BUKOPHUCTOBYBATH BiJIMOBiIHI
CTIPOIIEHI METO/IN aHai3y, B AKHX Y BIUIMBAX,
SKl JiI0Th Ha Pi3HI eNeMEHTH KOHCTPYKIIii,
BpPaxXxOBYETHCS MOBEAIHKA OKPEMHUX CIIEMEHTIB.

(4) YacTkoBi KOCQIIEHTH Y2 1 Wisrser, TIO
3aCTOCOBYIOTBCS  JUIA  3'€IHaHb, JHB Yy
EN 1993-1-8.

Hpumirka. YacTkoBi KOCIUIEHTH Y TA Yigrser
MOXYTh OYTH BHU3HA4YeHI B HAIIOHATFHOMY IOJATKY.
PexomenaytoTecs 3HaUCHHS V)0 = 1,25 1 Jpprse.= 1,10.

7.2  AHkepu

7.2.1 3azanvni nonosrcenns

(1)P  IlepeBipky mnomepeyHHX MepepisiB 1
3'€IHaHb MK CTaJIEBUMM JI€TAIIMU aHKEPHUX
OJIOKIB, B TOMY 4YHCI CTSIKHHMX CTEpPXHIB,
TOJIOBHUX €JIEMEHTIB aHKEpiB a00 3YIMOK, CJIi]T

BUKOHYBATU 3I‘iIIHO 3 HaCTyITHUMU
BKa31BKaMH.
Hpnmirka. YMOBH NpOEKTyBaHHA JJIl CTaJE€BHUX

JeTareid 3 aHKepaMH 3 TOIMEPeIHIM HAaIpyXESHHSIM
Bm3Haueni B EN 1537.

(2) ITpouenypu BUIIPOOYBaHHS i
BUKOPUCTAHHS pPE3yJbTaTiB BUIPOOYBaHHS
JUIs  BU3HAUYEHHA PO3PAaXyHKOBOIO  OINOPY
aHKepHUX OJOKIB 1 IIEMEHTOBAaHHUX aHKEpPIB
00 TMOWIKO/PKEHHS 3YEIUIEHHS aHKepa
(moBemiHKAa  TPYHTY-KOHCTPYKIIi) TIOBUHHI
BIJIMOBIAATH TPHUHIIMIIAM, BCTAHOBIICHUM B
EN 1997-1 1 EN 1537.

7.2.2 OcHo6HI yMOGU RPOEKMYBAHHA

(1)P  lns mpoekTyBaHHSI aHKEPiB HEOOXiTHO
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7 ANCHORS, WALINGS, BRACING
AND CONNECTIONS

7.1 General

(1)P  The effects of actions in anchors,
walings, bracing and connections shall be
determined from the structural analysis taking
into account the interaction between the soil
and the structure.

2) Where necessary, effects of actions
such as those due to temperature changes or to
specific loads should be taken into account,
see 2.5.2 (4).

3) Appropriate simplified methods of
analysis may be used in which the actions
applied to the various elements of the structure
take account of the behaviour of individual
members.

(4) For partial factor 7, and % to be
applied to connections see EN 1993-1-8.

NOTE: The partial factors  and 7. may be
defined in the National Annex. The values 7, = 1,25
and ;e = 1,10 are recommended.

7.2 Anchorages

7.2.1 General

(1)P  The verification of the cross-sections
and the connections between the steel parts of
dead-man anchors, including tie rods, anchor
heads or couplers, shall be carried out
according to the following.

NOTE: Design provisions for the steel parts of
prestressed anchors are given in EN 1537.

(2)  The testing procedure and the use of
test results for determining the design
resistance of dead-man anchors and grouted
anchors in respect of pull-out failure of the
anchor (soil-structure behaviour), should be in
accordance with the principles laid down in
EN 1997-1 and EN 1537.

7.2.2 Basic design provisions

(1)P  For anchor design, consideration shall
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OPUIUIATH  yBary sK  eKCIUTyaTalliifHii
HaJIHHOCTI, TaK 1 TPAHUYHUM CTaHaM.

(2) JoBxkuHa aHKepa MOBHHHA OyTH
Takoro, mo06 3amodiraTd pyWHYBaHHIO TPYHTY
a0 pylHYBaHHIO B pe3yiabTaTi BTpaTu
3UCTUICHHS Tepell MEepexoJoM y  CTaH
TEKYy4OCT1 MIHIMAQJIBHO HEOOX1THOIO
MOTIEPEYHOro  mepepizy aHkepa. JloBkuHy
AQHKEpHOTO KpIIJICHHS CJiJ pPO3paxoByBaTH
3rigao 3 EN 1997-1.

3) Hnst AHKEPHUX 0JIOKIB ciin
BUKOPUCTOBYBaTH  CTajb 13 3a3HAYCHOIO
MEXOK  TEKy4ocTi He  Oulblle,  HIX
800 H/mm’.,

(4) Y nOpoekTyBaHHI MIiAMIPHOT CTIHKH
HEOOXiZTHO BpPaxoBYBaTH OCbOBY OPCTKICTh
aHkepa. i MOYHA BU3HAUMTH 32 JOIIOMOTONO
MoTnepeHhOro BUMPOOyBaHHS ab0 HAa OCHOBI
MOPIBHSUTBHOTO JTOCBITY.

Ipumirka. KopucanM Moxke OyTH «3aKpiluieHHS
ckobaMm» [ii KOPCTKOCTI aHKepa B MPOCKTYBaHHI
MiAMPHOI CTIHKK 3  BHUKOPHUCTAHHAM  IPUHIAITY
MaKCUMYMY/MiHIMyMY IUIS dKOPCTKOCTI.

7.2.3 Ilepesipka cpanuunozo cmamny

(1)  Sx omip po3TiryBaHHIO F,r; aHKEpiB
Ma€ MPUUMATHCS HaWMEHIIIE 13 3HaYeHb Fypy 1
F, tg,Rd-

(2) SAxkmo He BKa3aHO IHIIE, OIMIp

pO3TATYBaHHIO Fjp; pPI3bOM  aHKepiB Mae
PO3paxOBYBATUCS HACTYITHUM YHHOM:

F :k fi‘/aAS

tt,Rd '
V2

ae:

A — TUIOIIa HaNpYXEHHS NPU PO3TATYBaHHI B
pi3b0I1;

fua — MeXa MIIHOCTI TpU PO3TATYBaHHI
CTaJIeBOTO aHKEPa,

Y2 — 9acTKOBHM KoedimieHT 3rigHo 7.1 (4).

Mpumirka 1.  Benuuuny k, MOXHa BHM3HAYaTH 3a
HaliOHAIBHUM JIOIaTKOM, PEKOMEHIYEThCS 3HaYeHHS K,
=0,9.

Ipumirka 2:  [lepeBa)kxHUM € BUKOPHCTAaHHS IUIOLII
HETTO Hapi3HOi YaCTMHM 3aMICTh ILIOLII HaNpyKEHHS
IIPU PO3TATYBaHHI.

3) Omip po3raryBaHHs [, s OCl aHKepa
Mae€ po3paxoByBATHCA HACTYITHUM YHHOM:

be given to both serviceability and ultimate
limit states.

(2)  The anchor length should be such as to
prevent failure of the soil or bond failure
before yielding of the minimum required
cross-section of the anchor. The anchorage
length should be calculated in accordance with
EN 1997-1.

(3)  For dead-man anchors steel with a
specified yield strength not greater than 800
N/mm? should be used.

(4)  The axial stiffness of the anchor should
be taken into account in the design of the
retaining wall. It may be assessed by
preliminary testing or from comparable
experience.

NOTE: It may be useful to “bracket” the effect of the
anchor stiffness on the design of the retaining wall by
using a maximum/minimum approach for the stiffness.

7.2.3 Ultimate limit state verification

(D) The tensile resistance F;rs of anchors
should be taken as the lesser of F; zs and Fig ra.

(2)  Unless otherwise specified, the tensile
resistance Fy, zs of threads of anchors should be
taken as:

(7.1)

where:

Ay 1s the tensile stress area at the threads;
fua 18 the tensile strength of the steel anchor;

a2 18 the partial factor according to 7.1 (4).

NOTE 1: k, may be given in the National
Annex, k,= 0,9 is a recommended value.

NOTE 2: Conservatively, the net area of the
threaded portion can be used instead of the tensile stress
area.

3) The tensile resistance Fg rq of the shaft
of an anchor should be taken as
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Figra=Agfy/ ym0

Ji(H

A, — mnoma OpyTTO MONEPEYHOro IEpepisy
CTEpIKHS aHKepa.

4) YMOBU MNPOEKTYBaHHS, BU3HAYCHI B
nyHktax (2) i (3) He mpuiimMaroTh 10 yBaru
BUHUKHCHHS 3TMHAHHS B Pi3b0i. Jleramizaitis
3'€IHaHHS, 110 HAJA€ JIOMYCKH Ha MOBOPOT i,
SKIIO 1€ TOTPiOHO, MpoIIeTypa YCTAHOBKH ISt
CTSDKHUX  CTEPXKHIB ~ MOXYTh  3amoOirtTu
BUHUKHECHHIO 3THHAHHS B Pi3b0i.

(%) SIkio aHKepM OCHAIEHI TOPIIMHU
Oe3rneky ado IHIIUMHU €JIEeMEHTaMHU PO3MOJILTY
HAaBaHTAKCHHSI Ha TOPIl, TO HE MOTPIOHO
BpaxOBYBaTH BIUIMB 3YCIUICHHS B3I0BXK OCI
aHkepa. Yce  3ycWUId  IUIKOM  Mae
MepelaBaTuCsl dYepe3 MPHCTPId  po3MOALTy
HaBaHTaXCHHSI.

(6) 3a po3paxyHKOBHI OITip PO3TATYBAHHIO
KOMIUIEKTa MIAKIaN0K B,rs CHIiI TpUAMaTu
MEHIITy BEJIMYMHY 31 3HAYEHb PO3PaXyHKOBOTO
OIOPY  PO3TATYOYOMY  3YCHIUIKO  Fig ra,
3a3HAUYEHOT0 B MYHKTI (3) Ta po3paxyHKOBOI'O
OTOpYy TPOJABIIOBAHHS TOJOBH aHKepa 1
raiiku B, rg,3 Tabmuui 3.4, EN 1993-1-8.

(7) [IpoekTyBaHHSI CTaleBUX EJIEMEHTIB
po3moIiTy HaBaHTAXCHHS MTOBUHHO
BianoBigatu BuMmoraM EN 1993-1-1.

(8) Skmio aHkep MOXWIMA, TO HEOOXIiTHE
HiATBEPXKEHHS TOTO, 1110 KOMIIOHEHT 3YCHJUIS
aHKepa, MIF0Y0T0 B HAIMPSIMKY TTO30BKHBOI
Ooci IIMYHTOBOI Mami, MoOXe Oe3MmeYHo
nepegaBaTUCS 3 aHKepa B OOB s3Ky abo
MOJIUIII0 UIMYHTOBOi mHayi 1 B TIPYHT, JUB.
EN 1997-1.

7.2.4 Ilepesipka 2PAHUYHO20
excnayamauinnoi nadiiinocmi

cmamny

(1)P Jlns mepeBipoK TpaHUYHOIO CTaHy
eKCIUTyaTallifHoi ~ HaAiHHOCTI  MONEepeYHHUH
mepepi3  aHKepa Ma€ TPOCKTyBaTHCA 3
ypaxyBaHHAM 3amno6iraHHs naedopmariii B
pe3yabTaTi MiIIATIHBOCTI CTSKHOTO CTEPXKHS
npu MO€THAHH1 XapaKTepUCTUYHUX
HaBaHTAXCHb.

2) [Mpunuun (1)P  moxxe  BBaxkatucs
BUKOHAHUM 32 YMOBH, IIO:
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(7.2)

where:

Ag 1s the gross cross-sectional area of the
anchor rod.

(4)  The design provisions given in (2) and
(3) do not cover the occurrence of bending in
the thread. Detailing of the connection
providing enough rotation tolerance and, if
relevant, the installation procedure for the tie
rods can avoid the occurrence of bending in
the threads.

®)] If the anchors are provided with a
dead-man end, or with other load distributing
members at their end, no account should be
taken of the contribution of bond along the
anchor shaft. The whole of the force should be
transferred through the load distributing
device.

(6)  The design tensile resistance of the
washer plate assembly B, s should be taken as
the lesser of the design tension resistance Fig rg
given in (3) and the design punching shear
resistance of the anchor head and the nut B, s
from Table 3.4 of EN 1993-1-8.

(7) The design of steel load-distributing
members should be in accordance with
EN 1993-1-1.

(8) In the case of an inclined anchor, it
should be demonstrated that the component of
the anchor force acting in the direction of the
longitudinal axis of the sheet pile can be safely
transferred from the anchor to the walings or
the flange of the sheet pile and into the
ground, see EN 1997-1.

7.2.4 Serviceability limit state verification

()P For  serviceability = limit  state
verifications, the cross-section of the anchor
shall be designed to prevent deformations due
to yielding of the tie rod under the
characteristic load combination.

(2)  The principle (1)P may be deemed to
be satisfied provided that
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Ji(H

Ay — moma HampyXeHHsT MpU PO3TATYyBaHHI
Hapi3HOi yacTuHH abo 1wIoma OpyTTO
MOTIEPEYHOT0 Tepepi3y OcCi, B 3aJEKHOCTI BiJl
TOTO, SIK€ 3 IIMX 3HAYECHb MCHIIIC;

F tser ~— OCBOBC 3YCHUJUIA aHKCpa 1pu
XapaKTCPUCTUYHOMY HaBaHTa}KeHHi;

YMt.ser — 9ACTKOBHH KoedimieHT 3rigao 7.1 (4).

7.2.5 Bumozu 00 mpusanoi miynocmi

(1) [Hdopmariis 11010 BUMOT 10 TPUBAIOL
MILHOCTI aHKeiB, BUT'OTOBJICHUX 3
BHUCOKOMIITHUX CTajeid, BiIMOBIAHO IO YMOB
3.7 (1), mictutbes y EN 1537.

(2) IHdopmariis mpo aHKEepH, BUTOTOBJICHI
3 IHIIMX COPTIB CTaJel, MiCTUThCS y 4.1.
Ipumirka. BuUHMKHEHHS ~ 3TMHAHHS ~ CTEPXKHS
aHKepa Ha 3'€JHAHHI 31 CTIHKOIO 3 ILIIYHTOBHUX Najb
MOKE€ YHHUTH HETATUBHUII BIUTMB HA TPHUBAIY CTIHKICTH
mianipHoi KoHeTpykii. LlboMy HEO0OXiTHO NPUILIUTH
HaJIe)KHY yBary, OCOOJMBO /sl MIiAMIPHUX CTIHOK,
CTIMKICTD SKUX 3aJICKUTH TIJIBKH BiJl aHKEPIB.

7.3  Mosicui
JKOPCTKOCTI

00B ' 13KH i 3B'I3KHU

(1) KoHCTpyKTHBHI BIIacTUBOCTI OOB SI30K
1 3B'SI30K JKOPCTKOCTI, 1110 BUKOPUCTOBYIOTBCS
B CTPYKTYPHOMY aHaisi, MMOBUHHI
BIJIMOBIAATH JeTali3allii MPOeKTY.

(2) Jns  mepeBipkM TpPaHUYHUX CTaHIB
pe3yNnbTaTd BIUIUBIB HAa TMOSCHI OOB SI3KH 1
3B'I3KM JKOPCTKOCTI MMOBUHHI BU3HAYATUCS JIJIS
BCIX 3HAYYIIMX MPOEKTHUX CUTYAIil.

Hpumirka. SIKmo pyHHYyeThCS MIiATIOpKa, Iie He
MIPOSIBIIIETBCSL  Yepe3 3aCTePeXHi SABUINA, Taki SK
IIOCTYTIOBE MEepeMillleHHs; TaKOXX BiJICYTHIN wac mms
MPUHHATTS 3aXOMIiB 10 YCYHEHHIO pyWHYBaHHS.
PylinyBanss aHKepa MOXe MIPUBECTH pile]
nmporpecytodoro  pyiHyBaHHSA. OCKIJIBKH — HACIHIiJIKH
pyWHYBaHHS IIMX €JIEMEHTIB MOXYTh OyTH Jyxke
CepUO3HNMH, NOUITBPHUM MOXE OYTH KOHCEPBATUBHUI
MIAX11 JO IPOCKTYBAHHS TaKUX EJIEMEHTIB 1 1X 3" €IHAHb

3) Omip MIOTIEPEYHOTO nepepizy
€JIEMEHTIB [IOBMHEH BIIIOBIAATH BHUMOTaM
EN 1993-1-1.

7.4 3Ba'3KH

(7.3)

where:

A, is the tensile stress area of the threaded
portion or the gross cross-sectional area of the
shaft, whichever is smaller;

Fi s is the axial force of the anchor under
characteristic loading;

Y ser 18 the partial factor according to 7.1 (4).

7.2.5 Durability requirements

(D) Reference should be made to EN 1537
for the durability requirements of anchors
made from high strength steel as defined in 3.7

(D).
2) Reference should be made to 4.1 for
anchors made from other steel grades.

NOTE: The occurrence of bending of the anchor rod at
the connection with the sheet pile wall may have a
detrimental effect on the durability of the retaining
structure. Due consideration needs to be given to this,
especially for retaining walls whose stability is reliant
solely on anchors.

7.3  Walings and bracing

(D) The structural properties of walings
and bracing used in structural analysis should
be in accordance with the design details.

2) For the verification of ultimate limit
states, the effects of actions on the walings and
bracing should be determined for all relevant
design situations.

NOTE: If a strut fails there is unlikely to be any
warning such as gradual movement, or any time to take
remedial measures. Failure of an anchor may lead to
progressive failure. As the consequences of these
members failing can be very serious, a conservative
approach to the design of such members and their
connections may be appropriate.

3) The cross-sectional resistance of the
members should be in accordance with
EN 1993-1-1.

7.4 Connections

76


arymarenko
Прямоугольник


7.4.1 3azanvni nonosicenns

(1) Omnip  3'enHaHb  TOBHHEH  OyTH
MEepeBipeHUd  BIAMOBITHO JI0  TOJIOKEHb
EN 1993-1-8.

7.4.2 Hecyui nani

(1) SIk1o He BKa3aHO 1HIIE, 3'€JHAHHA MDK
HECYYOK TaJCi0 1 OrOJIOBKOM Tayli MOKHA
npuitMaTu B PO3paxyHOK pi3HUMU
(KOHCEpPBAaTUBHHUMH ) crioco0aMu JUTS
NpPOEKTYBaHHS  CTaJeBoi  mami 1 Jajs
MMPOCKTYBaHHS OTOJIOBKA ITaJIl.

Ipumirka. CtyniHb 3aKpilyIeHHs B 3'€JHAHHI MiX
MaJICl0 1 OroJIOBKOM maii abo ¢yHaaMmeHTOM Oye

00yMOBJIIOBATH JIOKaJIbHI 3CYBHI 3yCHJUISL 1 MOMEHTH,
SIKI HEOOX1JTHO MPOEKTYBATH LISl IIUX EJIEMEHTIB.

(2) KoHCTpYKTHBHI BIacTUBOCTI 3'€HAHB
(3abuti abo 3adikcoBaHi 3'eAHAHHSA) MIXK
HaroJOBHHKaMH Tallb 1  HAaroJOBHUKOM
OKpeMOi Tmaui, Kl 3aJIe)aTh Bij iX )KOPCTKOCTI
Ta MIPOEKTHOT Ieraizariii, cIIip
BCTAHOBJIIOBAaTH  BIJMOBIIHO JO OOpaHOTo
crioco0y mepenadi HaBaHTAKEHHS, MPUKIAIN
SKUX MpeJcTaBleH] Ha pucyHkax 7.1 1 7.2, nuB
takoxx EN 1994.

Ipumirka. Takox MOXJIMBE MpsiME 3'€THAHHS
CTajeBoi KOHCTPYKIIi 3 HECYUOIO IMaJielo, K IOKa3aHO
Ha PUCYHKY 7.3.

3) [Ipu mnpoekTyBaHHI 3'€qHaHb MIX
NajlsiMM 1 OrOJIOBKOM Tallb  HEOOX1JHO
BpPaxoBYBAaTH aCHEKTH TPUBAJIOI MIITHOCTI.

(4) 3'enHaHHs MDK JIBOMa MaJIbOBUMH
€JIEMEHTaMU TTOBHHHI MIPOEKTYBATUCS
BiaAMOBiAHO 10 monoxeHs EN 1993-1-8.
Hpnmirka. Indopmaniro po METOH,
MPOCKTYBAaHHA JI IMaJIbOBUX 3B'I30K MOKE HajJgaBaTu
HallOHaJIbHUU JOO4aTOK.
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7.4.1 General

(D) The resistance of connections should
be verified according to EN 1993-1-8.

7.4.2 Bearing piles

(1)  Unless otherwise specified, the
connection between the bearing pile and the
pile cap may be taken into account in different
(conservative) ways for the design of the steel
pile and for the design of the pile cap.

NOTE: The degree of fixity at the connection between
a pile and the pile cap or foundation will dictate the
local shear forces and moments that have to be designed
for.

(2) The structural properties of
connections (pinned or fixed connections)
between the heads of the piles and the pile
cap, which depend on their rigidity and design
detailing, should be chosen in accordance with
the selected method of load transfer, examples
of which are provided in Figure 7.1 and Figure
7.2, see also EN 1994.

NOTE: Direct connection of a steel structure to a
bearing pile is also possible as illustrated in Figure 7.3.

(3)  Durability aspects should be taken into
account in the design of connections between
pile and pile cap.

4) Joints between two pile elements
should be designed in accordance with EN
1993-1-8.

NOTE: The National Annex may give information on
the design procedure for pile couplers.
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= = N
B[]
C ~ >
>~ D VN

A — 0eToHHA IUIUTA (POCTBEPK) / 0roJ10BOK naJi; B — nocuienns; C — 3anoBHeHHs1 apMoBaHUM OeToHoM; D —

CTajsieBa mnmajs

A Concrete slab / pile cap; B Reinforcement; C Reinforced concrete infill; D Steel pile

Pucynok 7.1 -

Figure

7.1-

Tpy0Ouacri i kopo6uarti mamni. [Ipuxnaau 3'eqHaHb 3

OrOJIOBKOM Iajii

Tubular and box type piles, examples of connections with the

pile cap
A
Y ™ "'-' '._1 &
B[]
C AE >
D ‘./"\-.
-

A — 0eToOHHA IUIUTA (POCTBEPK) / 0roJ10BoK naJi; B — nocuiennsi; C — 3anoBHeHHs apMoOBaHUM OeToHOM; D —

cTajieBa nmajas

A Concrete slab / pile cap; B Reinforcement; C Reinforced concrete infill; D Steel pile

Pucynok 7.2 — Tpy6uacTi 1 kopo6uaTi naini. [Tpuxmnanu 3'eqHans 3

Figure

7.2 -

OrOJIOBKOM Majii

Tubular and box type piles, examples of connections with the

pile cap
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A Pile cap; A —0roJI0BOK maJii;

B reinforcement designed to take into account the B — nocuiieHHs, ClIpoeKTOBaHe 3 yPaxXyBaHHAM
method of load transfer to the concrete slab cnoco0y nepeaavi HABAHTA’KEHHSI B 0€TOHHY ILTUTY
a) compressive loading a — CTHCKal0ye HABAHTAKEHHS
LY uy I"‘-.' -+ “- l“- ", "1. Cuy .f * » sy "
- T T, i) , Sy T, Y T, T, s

A Pile cap; A —0roJI0BOK maJii;
B reinforcement designed to take into account the B — nocuJieHHs1, CIPOEKTOBaHE 3 YPaXyBaHHAM
method of load transfer to the concrete slab cnocody nepeaayvi HaBaHTasKeHHs1 HA 0eTOHHI

C Rebar welded to piles poCTBEpKI;

D Shear studs or welded on angle C - apmatypruii npyToK, npHBapenuii 10 na;k;

D — 00pi3Hi mnuabkn 200 WNUJIbKH, TPUBapeHi mix

b) compressive and tensile loading KyToMm;
b

b — cTHCKal0Ye Ta PO3TATYIOYE HABAHTAKEHHS

[Tpuxnanu 3'eqHaHb HECYUHX Mallb 3 OETOHHUM OT'OJIOBKOM
naji
Figure 7.2 — Examples of bearing pile connections with a concrete pile cap

Pucynok 7.2 -
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[

il

Pucynok 7.3 - Ilpuknan 3'eHaHHs HECY4Oi nasi 31 CTIMKOIO CTaleBoi
KOHCTPYKIIi Hax QyHIaMEHTOM

Figure

7.3 — Example of a bearing pile connection to a column of a steel

structure above the foundation

7.4.3 Anxepysannus

(1)P  HeoOxiiHO BHKOHYBaTH NEPEBIPKY
OTOpy IIITYHTOBOI Maji /Ui Mepenadl 3yCusuis
aHkKepa B Horo QuiaHenp yepe3 MiAKIaIKy, 3
O0BSI3KOI0 10331y CTIHKU (JIUB. PUCYHOK 7.4)
abo 0e3 3actocyBaHHS OOB'SI3KM  (JIUB.
pHUCYHOK 7.5 a) .

Ipumirka. MosxnuBa MeTOAWKa  JJII  TaKoi
nepeBipKy BU3HAueHa B IyHKTI (3).

(2)P  HeoOxiTHO BHKOHYBaTH NEPEBIPKY
OTOpY LIITYHTOBOT MaJli JUIsl Mepeaadi 3yCHILIs
aHkepa abo0 3yCHWJUIS pO3MIpKU B NepebopKy
gyepe3 00B 3Ky (IUB. pUCYHOK 7.6) abo depes
MIIKJIAIKY (IUB. pUCYHOK 7.5 b).

Ipumirka. MoskauBa MeETOAWMKA JISI  TaKUX
NepeBipoK BU3HauyeHa B ImyHKTax (4) i (5).

7.4.3 Anchoring

(1)P  The resistance of the sheet pile to the
introduction of the anchor force into its flange
via a washer plate with a waling behind the
wall (see Figure 7.4), or without using a
waling (see Figure 7.5a), shall be verified.

NOTE: A possible procedure for this verification is
given in (3).

(2)P  The resistance of the sheet pile to the
introduction of the anchor force or strut force
into the webs via a waling (see Figure 7.6) or
via a washer plate (see Figure 7.5b) shall be
verified.

NOTE: Possible procedures for these verifications are
given in (4) and (5).
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A — BHIMKa IPYHTY; A Excavation;

B — ankep; B Anchor;
C — cTiHKA LIIYHTOBUX NAJIb; C Sheet pile wall;
D — rpyHnT; D Soil;
E - crsizkumii 6oar E Tie bolt

[puknan ankepyBaHHs 3 00B SI3KO0 033y CTIHKH

HIMTYHTOBHUX TaJTh

_ Example of anchoring with a waling behind the sheet pile
wall

Pucynok 7.4 -

Figure 7.4

A — BHIMKAa IPYHTY; A Excavation;
B — ankep; B Anchor;
C — IpyHT; C Soil;
D - cTiHKa IMYHTOBUX NaJIb D Sheet pile wall

a — aHKep, po3TalllOBaHUii y BHYTpiliHboMY 3'eiHaHHi  b) anchor located on an out-pan of the sheet pile wall of
CTiHKM HIMYHTOBHUX NAJIb; the sheet pile wall

a) anchor located in an in-pan b — ankep, po3TanmioBaHMii y 30BHIIIHbOMY 3'€/THAHHI
CTiHKHM IINMYHTOBHX NaJb

Pucynok 7.5 - Ilpuknaau ankepyBaHHs 0e3 00B sI3KH
Figure 7.5 - Examples of anchoring without a waling
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A — BHIMKa IPYHTY;
B - 00B's13Ka;

C — ankep;

D — rpyHnT;

E — cTiHka IINYHTOBUX NaJIb

A Excavation;

B Waling;

C Anchor;

D Soil;

E Sheet pile wall

Pucynok 7.6 — Ilpuknan oOB s13ku niepei CTIHKOO IIITYHTOBUX MaJlb
Figure 7.6 - Example of a waling in front of the sheet pile wall

3) Onip mmyHTOBOI Maji Ti 4YacTHHI
3YCHJUIS aHKepa, SKe MepelacTbes y (IiaHelb
Yyepe3 MiIKIaaKy, 3 CXBATKOK 10331y CTIHKH
(muB. pucyHok 7.4) abo 0e3 3acTocyBaHHs
CXBaTKM (AMB. pUCYHOK 7.5 a) MoOKHa
MEPEBIPATH 3TiHO 3 TAKUMU YMOBAMH:

a) orip 3CcyBYy GIaHIs:
Fra< Ryrra

ac:

Frs — po3paxyHKOBE 3HAYEHHS JIOKaJIbHOTO
MOTIEPEYHOr0  3YCWILIS,  3aCTOCOBYBAHOIO
yepe3 diaHelp;

Ryjra — pO3paxyHKOBE 3HAUEHHS OIOPY 3CYBY
bnaHug T MAKIAAKOK,  00yMOBIIEHE
HACTYITHUM YHHOM:

/s
370

Ry g =2,0(b, +h)t,

b,— mypHUHAa NIAKIA/IKH;
Jy— Mexka TeKy4ocCTi psifly HIITyHTOBUX Hallb;

h,— DoBXMHA miAaKIanky, ane < 1,5 b,;

ty— TOBILUHA (QIIAHLIS;

(3)  The resistance of the sheet pile to that
part of the anchor force to be introduced into
the flange via a washer plate with a waling
behind the wall (see Figure 7.4) or without
using a waling (see Figure 7.5a) may be
verified in accordance with the following:

a) Shear resistance of flange:
(7.4)

where:

Fg, 1s the design value of the local transverse
force applied through the flange;

Ryyrais the design value of the shear resistance
of the flange under the washer plate, given as

(7.5)

b, 1s the width of the washer plate;

Jfy1s the yield strength of the sheet piling;

h, is the length of the washer plate, but < 1,5
ba;

tr1s the flange thickness;
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b) omip po3TATYBaHHIO TIEPEOOPKHU:
Fra <Ry ra

Ji(H

Riwra — PO3PaxyHKOBE 3HAYCHHS OIOPY
PO3TATYBaHHIO ABOX HEpeOOPOK, 0OyMOBIEHE
HACTYITHUM YHHOM:

Rtw,Rd= 250 ha twjjz /7/M0

ne:
t,,— TOBIIMHA NIEPeOOPKH;

C) LIMPHUHA IPOKJIAIKU:
b, >0,8b

ne:
b, — MMpUHA IPOKIIAIIKH;

b — mmpuHa (raaHns (IUB. PUCYHOK B TaOIHIIi
5.1).

Hpnmirka. Sxmo NepeBIpsAETbCST  3TUHAHHS
(a1, MOXKHA IPUIMATH MEHIIIE 3HAYCHHS TS b.

d) ToBIIMHA TPOKIIAJIKH:

MPOKJIAJKY CJiJl IepeBIpUTH Ha 3TUHAHHA, 1 ii
TOBIIIMHA TTOBUHHA OyTH 27¢

4) [lepeBipky omopy HIMYHTOBOI Haii 10
YaCTUHM 3yCWJUIS aHKepa abo 3ycHuIsd
MiAMOPKH, SKE TIEpeNacTbesi B MEepedopKy
yepe3 OOB'SI3Ky (IMB. PUCYHOK 7.6), MOXHa
BUKOHYBATH TaKUM YHHOM:

Frgs <£0,5 R.ps: OODaTKOBa TeEpeBipKa HeE
noTpioOHa;

F M
Fra>0,5 Roga: —2+0,5
Ed  Rd R M

c,Rd

ac:

Fras — po3paxyHKOBE 3HAYEHHS JIOKAJIBHOTO
MOTMEPEYHOr0  3yCWUISL  JUIsl  TepeOopKH,
3aCTOCOBYBAHOTO 4epe3 00B S3KY;

R.rs — pO3paxXyHKOBUH OIip JIOKAJIBHOTO
MOTMIEPEYHOro 3ycwiis. 3a 3HaueHH R rg
MOBHHHA MPUMMATHUCS MiHIMaJIbHE 3HAYEHHS 3
Reri 1 RpRa, AN KOXHOI IEepeOOpKH, sKe
BHU3HAYAETHCS HACTYITHUM YHHOM:
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b) tensile resistance of webs:
(7.6)

where:

Ryra 1s the design value of the tensile
resistance of 2 webs, given as

(7.7)
with:
t,, is the web thickness;
c¢) width of washer plate:

(7.8)

where:
b, is the width of the washer plate;

b is the width of the flange, see figure in Table
5.1;

NOTE: A smaller value for b may be taken provided
flange bending is checked.

d) thickness of washer plate:

the washer plate should be verified for
bending and should have a minimum thickness
of 2¢.

(4)  The verification of the resistance of the
sheet pile to that part of the anchor force or
strut force to be introduced into the webs via a
waling (see Figure 7.6) may be carried out as
follows:

Fgg <05 R.rs: mno further verification
necessary

<1,0 (7.9)

where:

Fgq 1s the design value of the local transverse
force per web applied through the waling;

R rs 1s the design resistance to the local
transverse force. R.rs should be taken as the
minimum of R, s and R, . for each web, given
by:
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£ .
R, x4 :4—e(ss +4,0s, ) sina(t, +17) £,/ Vuo (7.10)

Rp,Rd: ZRpo/ﬂ/M()

ne:
;(=0,06+0’47 <L0
A= h
R

cr

3

R, =5, 42E&sin a
c

R, = \/ngytw sino (ss +1,

b — mmpuHa (ruaHns (IUB. PUCYHOK B TaOIHIIi
5.1);

¢ — BUCOTa Haxwily nepebOpKH, SIK MOKa3aHO
Ha PUCYHKY 5.1;

€ — EKCLUEHTPUCUTET 3yCUILIA, 110 NEPENAEThCS
B TepeOOpKy, SKUM BU3HAYAETHCA TaKUM
YUHOM:

2bsin o

(7.11)
with:

(7.12)

(7.13)

(7.14)

(7.15)

b is the width of the flange, see figure in Table
5.1;

¢ is the slant height of the web as shown in
Figure 5.1;

e is the eccentricity of the force introduced
into the web, given by

t
7, tan 2 *— ane He MeHIIe 5 MM (but not less than 5 mm); (7.16)
2) 2sina

Jy— MeXa TeKy4oCTi IIITyHTOBO naJi;

rp — 30BHIIIHIA paalyc KyTa MK (QuiaHueMm 1
HaXHUJIEHOI MepebOPKOI0;

fy 1s the yield strength of the sheet pile;

rp 18 the outside radius of the corner between
flange and web;

s, =2,0xr, L%J , Ie & BUMIpIOEThCS y rpagycax (with a in degrees); (7.17)

Ss — JOBXHHA J>KOPCTKOi OIOpH, IO
BU3HA4YacThcd Ha ocHOBiI 6.3, EN 1993-1-5.
S0 00B'A3Ka CKIAMAEThCS 3 JIBOX YacTHH,
HaIpUKIIAJ 3 TBOKAaHATHHOTO MPOQIITIO, TO § —
cyma 000X Jerajedl IUIFOC MiHIMalbHA
BIJICTaHBh MK JBOMa 4acTHHAMHU a00 JOBXKHHA

SEC;
ty— TOBILMHA (QIIAHIIS;
t,,— TOBIIMHA NIepeOOPKH;

Q@ — KyT Haxuwiy mnepe0opku (IMB. pUCYHOK
5.1);

sy is the length of stiff bearing, determined
from 6.3 of EN 1993-1-5. If the waling
consists of two parts, e.g. two channel-
sections, s; 1s the sum of both parts plus the
minimum of the distance between the two
parts or the length s..;

tr1s the flange thickness;
t,, 1s the web thickness;

a is the inclination of the web, see Figure 5.1;
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&= /%,Heﬁ,—BH/MMZ

MEs — pOo3paxyHKOBE 3HA4€HHS 3TMHAJIbHOTO
MOMEHTY B MiCLl MPHUKJIATAAHHA 3YCHIUIS
aHkKepa abo 3ycuiuist 00B 3KU;

M.rs — PpO3paxyHKOBUH  OIIip
IIITYHTOBOI Majxi Ha OCHOBI 5.2.2 (2).

BUTHHY

(%) Slkmio miakmanKa BHKOPHUCTOBYETHCS
JUIS Tiepefiadi 3yCHJUIS aHKepa B MepedopKy,
BIAMOBIIHO 10 pHUCYHKY 7.5b, MoOXHa
3aCTOCOBYBAaTH BHpa3, HABEJACHWHA B ITYHKTI
(4), KOO0 MUpPHHA MIKIAIKK OlIbINe, HIXK
IUpUHa bnanms, TUTSE 3ar00iranys
J0JIATKOBOTO EKCIICHTPUCUTETY e,
3a3HaYCHOTO B ITYHKTI (4).

8 BUKOHAHHS
8.1 3arajbHi H0JI0KeHHS

(1) PoGotn 1o
MOBUHHI  BUKOHYBATHUCS
BKa31BOK I10 MPOEKTY.

BCTAHOBJIEHHIO  MaJIb
BIAMOBIHO 10

(2) Skmo Mk OymiBHUIITBOM Ha MicCIll 1
BKa31BKaMH Jio) MPOEKTy  BUHUKAIOTH
BIIMIHHOCTI, = HEOOXIAHO  MpoaHaTi3yBaTH
MOCIIJIOBHICTh Omepariii 1 3a HeoOXiTHOCTI
BHECTH 3MIHH.

3) Bumorn 10 BUKOHAHHS IIOBHUHHI
BianoBigaTH mojokeHussM EN 1997-1.

(4) Jng KOXHOTO TMPOEKTy HEoOXiTHO
BHU3HAYaTH CrielU(iuHi BUMOTH.

8.2  VYcranoBka crajieBUX IIIYHTOBHX
najib

(1)P  YcraHoBKa HIMyHTOBUX MNallb MOBUHHA
BUKOHYBaTHCS  BIANOBIHO O  BUMOT
EN 12063.

(2) Jonmycku  Ha  po3TallyBaHHA 1
BEPTUKAIbHICTh HIMYHTOBUX Majib TMOBHUHHI
BIAMOBIZATH  BKasiBKaM B Tabmmig 2
EN 12063.

3) Hnst Toro, mo0 mMambOBUW P MIr
CTBOPIOBaTH HOMIHAJBHUNA OMIp 1 MPOSBIATH
BJIACTUBOCTI ~ YKOPCTKOCTI,  BUPIBHIOBAHHS
CTIHKA TIIOBUHHO BIJMNOBiZaTH  BHUMOTram
posniny 8.5, EN 12063.
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g = /% with f; in N/mm?;

MG, 1s the design value of the bending moment
at the location of the anchor force or strut
force;

M, rq 1s the design bending resistance of the
sheet pile from 5.2.2(2).

®)] If a washer plate is used for the
introduction of the anchor force into the webs
according to Figure 7.5b the expressions given
in (4) may be applied, provided that the width
of the washer plate is greater than the width of
the flange to prevent an additional eccentricity
e as given in (4).

8 EXECUTION
8.1 General

(D) The piling works should be carried out
as defined for the project.

(2)  If there are differences between what is
constructed on site and what has been defined
for the project. The consequences should be
investigated and modifications shall be
introduced if necessary.

(3) The execution requirements should
conform with EN 1997-1.

(4)  Any specific requirements should be
given for each project.

8.2  Steel sheet piling

()P Sheet piling shall be executed in
accordance with EN 12063.

(2) The tolerances for position and
verticality of sheet piles should be as specified
in Table 2 of EN 12063.

3) In order for the piling to develop its
nominal resistance and stiffness properties, the
wall alignment should be in accordance with
8.5 of EN 12063.
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8.3 Hecyui nmaJi

()P VYcraHoBka Hecy4yMx mMajlb ITOBHHHA
BiJlOBiAaTH BUMOram po3ainy 4 EN 1997-1.

(2)P  VYcraHoBka HecyuyMx mNajlb IOBHHHA
TakoX BiamoBigmaTu Bumoram EN 12699 i
EN 14199.

(3) [Homycku  Ha  po3TalmryBaHHsA 1
BEPTUKAIBHICTh HECYYMX Iajlb  TTOBUHHI
Bignosigatu BkasziBkam EN 12699 1 EN 14199.

8.4 AnkepHi kpinJieHHs

(1) BukoHnaHHs =~ aHKepHHX  KpiIUICHb
noBuHHe BigmoBimatd EN 1997-1 1 EN 153,
SIKIIIO BOHH MTPUAHSITHI.

8.5 OO0B's13KkH, 3B'A3KH KOPCTKOCTI Ta
3'caHAHHA

(1) [ndopmarris 1010 BHKOHAHHS
KOHCTPYKTUBHHUX KOMITOHCHTIB MICTUTBCS Yy
EN 1090-2.

8.3  Bearing piles

()P The installation of bearing piles shall
conform with 4 of EN 1997-1.

(2)P  The installation of bearing piles shall
also be in accordance with EN 12699 and
EN 14199.

(3) The tolerances for position and
verticality of bearing piles should be as
specified in EN 12699 and EN 14199.

8.4  Anchorages
(1)  The execution of anchorages should be

in accordance with EN 1997-1 and EN 1537 if
applicable.

8.5  Walings, bracings and connections

()P For the -execution of structural
components reference shall be made to
EN 1090-2.
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JOJATOK A (060B si3Kk0BHIA)

TOHKOCTIHHMH PSJ] CTAJTEBAX
HIIITYHTOBHUX ITAJIb

A.l 3arajbHi H0JI0KEeHH

A.1.1 Oéaacme 3acmocysannsn

(1) Lle#i momaTtok ciiJi BUKOPHUCTOBYBATH
JUI. BU3HAYEHHS ONOPY 1 MIIIHOCTI CTaJIeBOTO
IIITYHTOBOTO MAJBOBOTO PSAY 1 JJIS NESKUX
cienn(iYHUX aCHEeKTIB CTAJIEBUX IIMTYHTOBUX
MaJIb XOJIOHOTO IITAMITYBaHHS 3 MOIIEPSYHUM
nepepizoM kiacy 4. 3a iHpopMaIli€r o0
BU3HAUEHHS BIUIMBIB 1 pe3yibTaTiB [Iid
HEOOXI1THO 3BepTaTHCS JI0 PO3ALTY 2.

(2) 3a indopmaiiero moa0 Kiacudikarii
MOTIEPEYHHNX TMEepepi3iB Ciia 3BEpTaTHCA 10
5.2.

3) Hespaxkatoun Ha Te, 10 B LBOMY

TOJIATKY IpeICTaBJICHI criocoou
MPOEKTYBAHHS HA MPUKJIA/ IIIYHTOBUX Iasb
XOJOAHOTO mTaMIlyBaHHA, X MOXHa

3aCTOCOBYBAaTH TaKOX Ui TapsyeKaTaHUX
npodiniB kiacy 4.

4) [IpoexTyBaHHA 3a JIOTTOMOT' 00
pO3paxyHKy, OIKMCaHE B IbOMY JIOKYMEHTI,
nepeabavyae, MmO  MOMEpPeYHi  Hepepi3u
oOMeXeHl J0  MONEepeyHUuX  IMepepisis,
CKJIQJICHUX 3 €JEeMEHTIB 0e3 MpPOMIKHHUX
€JIEeMEHTIB KOpCTKOCTI. Take oOMexeHHsS He
NOTPIOHO 3aCTOCOBYBAaTH JUIsl MPOEKTYBaHHS
3a JIONOMOroK0 BUIpPOOyBaHb, TuB A.7. 3a
iHpopMmaliero mpo mpodimi, CKIAgeHI 3

€JIEMEHTIB 3 MNPOMDKHUMHU  €JIeMEHTaMHu
KOPCTKOCTI 1 MPOEKTOBAHUX 3 BUKOPHCTAHHIM
pO3paxyHKIiB, cimia 3BEPTATHUCS 10
EN 1993-1-3.

(%) Skmo nmepenbayeHi TOHKOCTIHHI PSIA
CTaJIeBUX IIMyHTOBUX Majb, TO MPOCKTYBAaHHS
3a JIOTIOMOTOI0 PO3PaxyHKIB HE 3aBXKIH A€ B
pe3ynbTaTi EKOHOMIYHI pillleHHs, 1 YacTo
KOpUCHUM OyBa€e NpPOBEACHHS BUIPOOYBaHb
U1 BU3HAUYEHHS OIopY.

IMpumirka. BkaziBku 010 BUNPOOYBaHb
MicTaTbes y Jonmatky B.
(6) OOMeXeHHS, 110 CTOCYIOTBCS

T€OMETPUYHUX BJIACTUBOCTEH a00 Marepialis,
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ANNEX A [normative]

THIN WALLED STEEL SHEET PILING

A.1  General

A.1.1 Scope

(D) This annex should be used for the
determination of the resistance and stiffness of
steel sheet piling and for some special aspects
of cold-formed steel sheet piling with class 4
cross-sections. For the determination of
actions and effects of actions, reference should
be made to section 2.

2) Reference should be made to 5.2 for
the classification of cross-sections.

(3)  Although the design methods in this
annex are presented in terms of cold-formed
sheet piling, they may also be applied to class
4 hot rolled profiles.

(4)  Design assisted by calculation included
in this document, assumes that the cross-
sections are limited to those made up of
elements without intermediate stiffeners. This
restriction need not be applied to the design
assisted by testing, see A.7. For profiles made
up of elements with intermediate stiffeners
and designed by calculation reference should
be made to EN 1993-1-3.

%) In the case of thin walled steel sheet
piling, design by calculation may not always
lead to economic solutions and it is often
useful to use tests for the determination of
resistance.

NOTE: Guidance for testing are given in Annex B.

(6)  Restrictions regarding geometrical
properties or materials only apply to design by
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3aCTOCOBYIOTHCS TUIBKM NIPU MPOEKTYBAHHI 3a
JOIIOMOT'0I0 PO3PaxXyHKIB.

A.1.2 @Dopma cmanesux winyHmosux naup
X0J100H020 WIMAMNY8AHHA

(1) CrasieBl IIMYHTOBI MaJli XOJIOJHOTO
MITaMOyBaHHS ~ SBJISIIOTH  c000I0  BHpOOH,
BUTOTOBJICHI 3 IUIOCKMX TapsueKaTaHUX
npodiniB 3rimo EN 10249. Jlo HUX Hanexartb
npssmMi 1 3akpyrieHi crigkd. [lo Bcid iX
JOBKMHI B MEXax JO3BOJICHUX JOIYCKiB BOHU
MalTh IIOCTIHHUM TIOMEpEYHUN mepepi3 1
TOBIIMHY HE MEHILIE 2 MM.

(2) Taki HITyHTOBI Majli BUTOTOBISIOTHCS
BUKIIIOYHO 33  JIOIOMOTOI  XOJIOJHOTO
ITaMITyBaHHs (TIpoKaTka abo mpecyBaHH).

3) Kpai MIOTIEPEYHOTO nepepizy
IIMTYHTOBOI TaJli MOXYTh CKJIQJaTUCS 3
3aMKOBUX 3'€/THAHb.

(4) Heski Tunu npodiIiB naibk XOJIOIHOTO
IITAMITYBaHHS, [0 OIHUCYIOTBCS B ILBOMY
JOJIaTKy, HaBeJeHO B Tabnuill A.1.

A1.3 Tepminonoczia

(1) BukopucToBy€eThCSl TEPMIHOJIOTISA IS
PO3MIipiB MOMEpPEeUHUX Mepepi3iB, BU3HAUCHA B
1.5.3, EN 1993-1-3.

(2) Jns  craneBMX IIMYHTOBUX Majb
XOJIOHOTO IITaMITyBaHHSI 3aCTOCOBYIOTHCS
YMOBHI IO3HaY€HHs Ocel, BU3HaveHi B 1.9.

Taomuna A.l1 -
Table A.l-

calculation.

A.1.2 Form of cold formed steel sheet piles

(D) Cold formed steel sheet piles are
products made from hot rolled flat products
according to EN 10249. They consist of
straight and rounded walls. Over their entire
length, within the permitted tolerances, they
have a constant cross-section and a thickness
not less than 2 mm.

2) These sheet piles are obtained solely
by cold forming (rolling or pressing).

(3)  The edges of the cross-section of a
sheet pile may consist of interlocks.

(4) Some examples of cold formed piling
sections covered in this annex are given in
Table A.1.

A.1.3 Terminology

(1)  The terminology for cross-section
dimensions given in 1.5.3 of EN 1993-1-3
applies.

(2)  For cold formed steel sheet piles the
axis convention given in 1.9 applies.

[Ipuknanu npo@iaiB nanb X0J0IHOTO IITAMIIyBaHHS
Examples of cold formed piling sections

[Mpukian nonepeyHoro nepepisy
Example of cross-section

Q-nioi6HMIA Ipodish
Q - profile

N

-

Z-nionioauii mpodinb
Z —profile
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[Ipodine nucra 3 KaHABKaMH
Trench sheet profile

A.2  OCHOBHI NPUHIUIIHA NPOEKTYBAHHS

A.2.1 TI'panuuni cmanu

(1) 3aranpHi TOJIOKCHHS, BU3HAYCH] B 2.2
1 5.1, MIOBHHHI TaKOX 3aCTOCOBYBATHCS s
npodisiB  XOJIIOAHOTO  IITaMITyBaHHS, 3a
BUHATKOM BUNAJKIB, IS SKHX Y IbOMY
JOJATKY MPEACTaBICH] 1HIII YMOBH.

A.2.2 Ipanuuni cmanu excniyamauyiiHoi
Haldiitnocmi

(1) 3aranbHi MOJIOXKEHHS, BU3Ha4YeHi B 2.3,
6.1 1 6.2, TOBHHHI TaKOX 3aCTOCOBYBATHCS
Ui Tpo(disiB XOJOAHOTO INTaMITyBaHHS, 3a
BUHATKOM BUNAJKIB, IS SKHX Y IbOMY
JOJATKY MPEACTaBICH] 1HII YMOBH.

(2) 3a iH(dopmali€l0 PO  NEPEeBIpKH
TPAaHUYHHX CTaHIB eKCIUTyaTaliiHo1
HAJIAHOCTI CIHIJ 3BepTaTUCi 10 po3aiury 7
EN 1993-1-3.

A.3  BuactuBocTi MmaTepiaJiB i monepeyHi
nepepisu

A.3.1 Baacmueocmi mamepianie

(1) 3a iHpoOpMaIli€l0 Mpo BIACTHUBOCTI
MaTepialiB, 10 ONHUCYIOTBCI B IbOMY
JOJIaTKy, CI1J 3BEPTATUCS 10 PO3LTY 3.

2) YMOBH, BU3HAUYEHI B I[LOMY JOJATKY,
3aCTOCOBYIOTBCS TSI CTaJ€BUX IIMYHTOBHUX
nanp kimacy 4 BignmoBimHo o EN 10248 i
EN 10249.

3) Taki crocobu MPOEKTYBaHHS MOXYTh
3aCTOCOBYBATHUCS TAKOXK TSt THIITAX
KOHCTPYKLIMHUX CTaJleil 3 aHaJOriuHUMH
SIKOCTSIMU MIITHOCTI 1 y/1apHOI B'SI3KOCTI, SIKIIO
BUKOHaHa BIAMOBIAHICTh YCIM 3a3HAYEHUM
Tl YMOBaM:

— CTaJlb BIJNOBiJa€ BUMOTaM MO XiMIYHOMY
aHajizy, MEXaHIYHUM BHUINPOOYBaHHS Ta
IHIIAM KOHTPOJBHUM TPOIEAypaM B TOMY
00cs131 1 B Taku# Croci0, K 1€ 3apOTOHOBAHO
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A.2  Basis of design

A.2.1 Ultimate limit states

(D) The general provisions given in 2.2 and
5.1 should also be applied to cold formed
profiles, except where different provisions are
given in this annex.

A.2.2 Serviceability limit states

(D) The general provisions given in 2.3,
6.1 and 6.2 should also be applied to cold
formed profiles, except where different
provisions are given in this annex.

(2)  Reference should be made to section 7
of EN 1993-1-3 for serviceability limit state
verifications.

A.3  Properties of materials and cross-
sections

A.3.1 Material properties

(1)  For the properties of the materials
covered in this annex reference should be
made to section 3.

(2)  The provisions given in this annex
apply to class 4 steel sheet piles according to
EN 10248 and EN 10249.

(3)  These design methods may also be
applied to other structural steels with similar
strength and toughness properties, provided
that all of the following conditions are
satisfied:

— the steel satisfies the requirements for
chemical analysis, mechanical tests and other
control procedures to the extent and in the
manner prescribed in EN 10248 or EN 10249;
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B EN 10248 yun EN 10249;

— noTpiOHi MiHIMaJIbH1 MMOKa3HUKH
IUTACTUYHOCTI, 110 MAalOTh OyTH BUpPaXKEHI B
HACTYITHUX OOMEKCHHSIX;

—ful £y

— MOJOBXCHHS NPU PYHHYBaHHI 1O JIOBXHHI
BUMIpY 5,65./4, , 1€ Ao - oA nepBicHoOro

MONIEPEYHOT0 Mepepizy);

— KpuTHuHA Jedopmalis &, e &,
BIJITTOB1/1a€ MEX1 MIIIHOCTI f,.
Hpnmirka. Ili oOMmexyroui 3HAa4YeHHS MOXYTh

OyTM  BH3HAYCHI B  HAI[IOHAJILHOMY  JOJAATKY.
PekoMeHTyIOThCST HACTYITHI 3HAUCHHS:

—ful 2 1,1

— MOIOBKEHHS TIpU pylHyBaHHI> 15 %);
—-&215¢;

— JI€ &, BIANIOB1JIa€ MEXK1 TEKYUOCTI fy;

— CTaJIb IOCTAYAETHCS 32 YMOBAMH:

— BIJIOBIAHO 10 IHINNX 3arajbHOBU3HAHUX
CTaHIApTIB JJi1 JUCTOBOTO Marepiany 3
KOHCTPYKLIHHUX CTaJel;

— 3 MEXaHIYHUMHU BJIACTHUBOCTAMH 1 XIMIUYHUM
CKJIAJIOM, MpUHANMHI, €KBIBaJICHTHUMU
OJTHOMY 3 COpPTIB CTajiel, sIKki mepepaxoBaHi B
Ta6numi 3.1 abo B Tabaumi 3.2 BIAMOBIIHO.

4) HowminaneHi 3HadeHHs 0a30BOi Mexi
TEKy4OCT1 f,5, HaBeaeHl B 3.1 1 B Tabmumi 3.2,
CIIiJl IPUIIMATH SIK XapaKTePUCTUYHI 3HAUCHHS
y TPOEKTHHX po3paxyHkax. Jlug iHIWX
CTallell XapaKTepUCTUYHI 3HAYEHHS MOBUHHI
IPYHTYBaTHCS Ha pe3yJbTaTaXx BUIPOOYBaHb
Ha pO3TAT, BUKOHAHUX BiANMOBiAHO a0 EN
10002-1.

®)) MoskHa JOMYyCTHTH, IO BIIACTHUBOCTI
CTaJIel TIPU CTUCHEHHI 3aJIMIIAIOTHCS TaKUMHU
K CAaMUMHU, SIK TIPH PO3TATYBAHHI.

(6) Hnst  cranmeit, ONMUCaHUX B IHOMY
J0JaTKy, 1HIII BJIACTMBOCTI Martepiany, 10
BUKOPHUCTOBYIOTHCSI B MPOEKTYBaHHI, IOBUHHI
PO3IIISLIATHCS HACTYITHUM YHHOM:

— MoyIb TIpysKHOCTI: E =210 000 H/Mm?;
— Moaynb 3¢yBy: G=E/[2(1 + v)] H/vm?;

— xoedimient [lyaccona: v=0,3;

— a minimum ductility is required that should
be expressed in terms of limits of:

—Jul 135
— the elongation at failure on a gauge length of
5,65 JAO (where Ay is the original cross

section area) ;

— the ultimate strain g,, where g, corresponds
to the ultimate strength f,.

NOTE: These limiting values may be given in the
National ~Annex. The following values are
recommended:

—ful 211

— elongation at failure > 15 %;

—&=215¢;

— where g, corresponds to the yield strength f,;
— the steel is supplied either:

— according to another recognized standard for
structural steel sheet, or

— with mechanical properties and chemical
composition at least equivalent to one of the
steel grades that are listed in Table 3.1 or
Table 3.2 respectively.

4) The nominal values of the basic yield
strength £, given in Table 3.1 and Table 3.2
should be adopted as characteristic values in
design calculations. For other steels the
characteristic values should be based on the
results of tensile tests carried out in
accordance with EN 10002-1.

(5) It may be assumed that the properties
of steel in compression are the same as those
in tension.

(6) For the steels covered by this annex,
the other material properties to be used in
design should be taken as follows:

— modulus of elasticity: £ =210 000 N/mm?;
— shear modulus: G = E/ [2(1 + v)] N/mm?;

— Poi i0: v=0,3;
Poisson's ratio: v=10,3;
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- KoedirieHT JIHIAHOTO
nmonoBxkenHs: =12 x 10® 1/K;

TEPMIYHOTO

— oauHu4Ha Maca: p= 7850 KI/M .

(7) PesynpTar 3011bIIEHOT MEXKI TEKYy4OCTi
B pe3yabTaTi XOJOJHOTO  IITaMITyBaHHS
MOXXHa NpUHAMATH B PO3PaXyHOK Ha OCHOBI
BUTIPOOYBaHb 3rigHO A.7

(8) SIkimo Meka TEeKydoCTi BHU3HAYAETHCS
3a JIONOMOTOI0 f, (y boMy JoaaTky abo B EN
1993-1-3), To cimijx BUKOPUCTOBYBaTH abo
0a30By MeXy TEKy4OCTi fy, 3 Tabuuui 3.2, abo
MeXy TeKydocTi 3 Tabmui 3.1.

Hpunmirka. Ile Bigpi3HAETBCA BiJ  YMOBHHUX
MI03HA4YeHb, 1110 BUKOPUCTOBYIOThCS B EN 1993-1-3.

) YMOBHM  ANd TPOEKTYBaHHSA  3a
JIOTIOMOTOF0 PO3pPaxXyHKIB, SIKi BU3HAYAIOTHCS B
IOMY JOJATKY, MOXYTh BHKOPHCTOBYBATHCS
TIIBKA JUISL CTaJe B MeXaxX HOMIHAJIbHOI
TOBIIUHY ¢ HACTYITHUM YHHOM:

2,0 MM < £ < 15,0 MM,

(10) Jlns mormepedHux Iepepi3iB CTAICBHX
LIMYHTOBUX Majb Kijacy 4 3 OUIbIIOK 4YH
MEHIIIOK TOBIIMHOIO JIONMYCTHMa Hecyd4a
3/IaTHICTh MOBMHHA BU3HAYaTUCS B MPOEKTI,

SIKUH BUKOHYETBCS 3a JOIIOMOT' 010
BUIIPOOYBaHb 3riqHO A.7.

A.3.2 Baacmueocmi nepepizy

(1) BnactuBocrti npodiiB ciiz

pO3paxoBYBaTH 3 YpaxyBaHHAM YYTIUBOCTI
BJIACTUBOCTEH  3arajJbHOTO  TONEPEYHOTO
nepepizy 10 Oyab-SKHMX BHUKOPHCTOBYBaHHUX
ampokcumarti, guB. 5.1 EN 1993-1-3, 1 ix
BILJTUBY Ha IPOTHO30BAHUH OTIp €JIEMEHTA.

(2) Cnig npuiiMaTd 710 yBard BIUIUB
JIOKAJIbHOI BTPATH CTIMKOCTI 3 BUKOPUCTAHHAM
KOPHUCHOI  TUIONI  Tepepidy  3TiAHO 3
BKa31BKaMU IMyHKTY A.4.

3) BrnactuBocTi momepedHoro mepepizy
OpyTTO cCii BH3HAYaTH 3 BHUKOPHUCTAHHIM
3a3HAQYEHUX  HOMIHAJBHUX  pO3MIpiB. Y
pO3paxyHKax BIIACTHMBOCTEH  IOINEPEYHOIo
nepepizy OpyTTo Malli OTBOPU MOXKHA HE
BpaxoByBaTH, aj€  HEOOXIAHO  poOUTH
MOTPaBKy Ha BEJIUKI OTBOPHU.

(4)  IInomy HETTO MONEPEYHOro Mepepizy
najgi abo eneMeHTa TOIMEePEeYHOTo Tepepizy
CIIiJ] pO3paxOBYBaTH SK HOro IUIONLy OpyTTO
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— coefficient of linear thermal elongation: o=
12 x 10° 1/K;

— unit mass: p= 7850 kg/m’.

(7)  The effect of an increased yield
strength due to cold forming may be taken into
account on the basis of tests in accordance
with A.7.

(8) Where the yield strength is specified
using the symbol f, either in this annex or in
EN 1993-1-3, either the basic yield strength £,
from Table 3.2 or the yield strength from
Table 3.1 should be used.

NOTE: This differs from the convention used in EN
1993-1-3.

9 The provisions for design by
calculation given in this annex may be used
only for steel within the range of nominal
thickness 7 as follows:

2,0mm <7< 15,0 mm.

(10)  or thicker or thinner class 4 steel sheet
pile cross-sections, the load bearing capacity
should be determined by design assisted by
testing in accordance with A.7.

A.3.2 Section properties

(1) Section  properties  should  be
calculated, taking due account of the
sensitivity of the properties of the overall
cross-section to any approximations used, see
5.1 of EN 1993-1-3, and their influence on the
predicted resistance of the member.

(2)  The eftects of local buckling should be
taken into account by using effective cross-
sections as specified in A.4.

3) The properties of the gross cross-
section should be determined using the
specified nominal dimensions. In calculating
gross cross-sectional properties, small holes
need not be deducted but allowance should be
made for large openings.

(4)  The net area of a pile cross-section, or
an element of a cross-section, should be taken
as its gross area minus appropriate deductions
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MIHyC BIAMOBIHI BipaxyBaHHS MJisi BCIX
OTBOPIB 1 3a30DiB.

(5) HeoOxigHO  BpaxoByBaTu  BIUIUB
3aKPYIJICHUX KYTIB Ha BJIACTUBOCTI MPOQILIIO
BiamoBiaHo 3 5.1.4 EN 1993-1-3.

Hpumirka. [puxknan izeanizoBaHOTO

MOTIEPEYHOT0 Iepepi3y IIMYHTOBOI Maji 3 TOCTPUMH
KyTaMU HaBEICHO Ha PUCYHKY A.1l.

(6) IIpu mpoekTyBaHHI 3a JIOTIOMOIOIO
pO3paxyHKIB CHIBBIAHOMIEHHS IIUPHHH [0
TOBIIHMHI HE IOBUHHO MEPEBUIIYBATH 3HAYCHbD,
HaBeJICHUX y Ta0muIl A.2.

(7) 3acToCyBaHHS CITIBBIHOIICHD IIUPUHH
710 TOBIIMHHM, 110 NMEPEBUILYIOTH Ii 3HAYCHHS,
HE BUKJIIOYAETHCS, ajie OIip HaJli B TPAHUYHHUX
CTaHax 1 il MOBENIHKY B TpaHUYHHX CTaHaX
eKCIUTyaTaIliifHOT HAJIMHOCTI CIIiJl IEpeBIpsATH
3a JIOIIOMOT OO0 BUIIPOOYBAHHS y
BIJIMOBIHOCTI 3 MyHKTOM A.7.

for all holes and openings.

(5)  The influence of rounded corners on
the profile properties should be taken into
account according to 5.1.4 of EN 1993-1-3.

NOTE: An example of an idealized sheet pile cross-
section with sharp corners is given in Figure A.1.

(6)  For design by calculation, the width-to-
thickness ratios should not exceed the values
given in Table A.2.

(7)  The use of width-to-thickness ratios
exceeding these values is not precluded, but
the resistance of the pile at ultimate limit
states and its behaviour at serviceability limit
states should be verified by testing in
accordance with A.7.

Pucynox A.1 -Ilpuknan izeanizoBaHOro mornepeyHoro nepepizy

A.1 -Example of an idealized cross-section

MaxkcuManbHi CHiBBiI[HOH_ICHH}I HIWPUHHU Ta TOBIHIUHU; MOACIIFOBAHHA

Maximum width-to-thickness ratios; modelling of statical behaviour

MoienfoBaHHS CTATUYHOI MMOBEAIHKH
Modelling of statical behaviour

Figure
Tadoauua A.2-
CTAaTHUYHOI ITOBEIIHKHU
Table A2 -
YacTrHa MonepeyHoro mnepepisy
Part of Cross section
b
- -
y
I Cint
t
e A
T -
d
A

b/t <90
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b/t <200

45° < $< 90°
¢/t <200

A4 JlokanbHa BTpaTa CTiHKOCTI

(1) [Ipn BH3HaAuUEHH1 OmoOpy 1 YKOPCTKOCTI
MIOTIEPEYHHUX MEepPEepi3iB CTANEeBUX LIMYHTOBUX
nanb kKiacy 4 cui BpaxoBYBAaTH BILUIUB
JIOKAJIbHOI BTpPaTH CTIMKOCTI BIAMOBIAHO [0
5.5, EN 1993-1-3 3a BUHATKOM BHIIAJKIB, JIS
SKHX Y IIbOMY JOJaTKY 3a3Ha4€H1 1HIIII YMOBH.

(2)  Ilmocki  e;memeHTH  0e3  pebdep
AKOPCTKOCTI MOTIEPEYHUX nepepisiB
IIMYHTOBUX  Najgb  omucaHi B 5.5.2,
EN 1993-1-3.

3) [lmocki enemMeHTH 13 3aMKOBHMH
3'€JHaHHAMH, JiI04l B SIKOCTI KpailoBUX pedep
KOPCTKOCT1, HEOOXiHO OpaTu [0 yBaru
BiNOBiHO A0 5.5.3.2 EN 1993-1-3.

Hpumirka. Ha pucynky A.2 mokazaHuil mpHuKIaz

imearizamii reoMeTpii 3aMKOBOTO 3'€THAHHSI, JIIFOUOTO SIK
KpaifoBe pedpo KOPCTKOCTI.
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A4  Local buckling

(1)  The eftfects of local buckling should be
taken into account in determining the
resistance and stiffness of class 4 steel sheet
pile cross-sections according to 5.5 of
EN 1993-1-3, except where different
provisions are given in this annex.

(2)  Unstiffened plane elements of sheet
pile cross-sections are covered in 5.5.2 of
EN 1993-1-3.

3) Plane elements with interlocks acting
as edge stiffeners should be taken into account
according to 5.5.3.2 of EN 1993-1-3.

NOTE: Figure A.2 gives an example of the idealization
of the geometry of the interlock acting as an edge
stiffener.
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Pucynok A.2 - .
KOPCTKOCTI

Figure

(4) JIJIsl TUTOCKUX €JIEMEHTIB CTUCHEHHS 13

3aMKOBUMHU 3'€IHaHHSIMU, 10
BHUKOPHUCTOBYIOTHCSI B SIKOCTI KpalOBUX pebdep
AKOPCTKOCTI, MIPOEKTYBaHHS ITIOBUHHO

IPYHTYBaTHCS Ha NPUHLMNII, BU3HAYEHOMY
5.5.3.1 (1) EN 1993-1-3.

(%) [Ipy>)xuHHY JKOPCTKICTH 3aMKOBOTO
3'eqHaHHSA, IO [i€ SK KpaiioBe pedpo
KOPCTKOCTi, CJiJi BHU3HAYaTH Ha OCHOBI
¢dopmynu (5.9) EN 1993-1-3.

(6) ®opmyny (5.10) EN 1993-1-3 moxHa
3aCTOCOBYBAaTH JUIsl IIIYHTOBOT'O IalbOBOTO
pany mis Z-noaioHoro mpodiaro BIAMOBITHO
no pucyHkiB A3 1 A4 3a [10MOMOTOIO
soperrocti Buruny minti (E £) /12 /(1 - v7).
XopcTkicTh  MOBOPOTHOI  MPY)XHUHHU, IO
npencTaBisie nepedopky (AuB. pucyHok A.4)
MO>KHa BU3HAYaTH HACTYITHUM YHHOM:

EIW6’=%><1><1><SW

1 2EI
“To T
t3
hv= 12(1-v?)

b/t<90

*dm}

- >

3aMKoOBe 3'€THAHHS, 10 BBAKAETHCS KPaioBUM pedpoM

A.2 -Interlock to be treated as an edge stiffener

(4)  For plane compression elements with
interlocks acting as edge stiffeners, the design
should be based on the principle given in
5.5.3.1 (1) of EN 1993-1-3.

%) The spring stiffness of the interlock
acting as an edge stiffener should be
determined according to expression (5.9) of
EN 1993-1-3.

(6)  Expression (5.10) of EN 1993-1-3 may
be applied to sheet piling as follows for the Z-
profile as shown in Figure A.3 and Figure A .4,
by wusing the plate bending stiffness
(E #) /12 / (1 - v?). The stiffness of the
rotational spring representing the web, see
Figure A.4, may be determined from:

(A.1)

(A.2)

(A.3)
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PakTHYHUN 3THHAJIBHAN MOMEHT B
MOBOPOTHIM NPYKUH1 B pe3yibTari
OJMHUYHOIO HABAHTAKEHHS CTAHOBUTH U X b,
a  BIONOBIZHUA  TOBOPOT  BU3HAYAETHCSA
HACTYIIHUM YHHOM :
_ ub, _ ub,c
C, 2FI,

Takum ynaOM ¢opmyna (5.10) EN 1993-1-3
MIEPETBOPIOETHCS B HACTYITHUIN BHPa3:
Zubi (1-v%)

5 T (Gc+2b)

The actual bending moment acting in the
rotational spring due to the unit load is u x b,
and the corresponding rotation is given by:

(A.4)

So expression (5.10) of EN 1993-1-3
becomes:

(A.5)

J A_f,

Y

Pucynoxk A.3 - BusHaueHHs NpyXHHHOI )KOPCTKOCTI (praHIIs

Figure

/

A.3 — Determination of spring stiffness of the flange

M =1
f

Pucynok A.4 - BusHaueHHs NpPYKUHHOI )KOPCTKOCTI MepedopKu

Figure
A.5  Onip nonepe4yHoro nepepisy

AS5.1 3acanvni nonoicennsn

(1)P  Po3paxyHkoBi 3Ha4eHHS BHYTPIIIHIX
3YCHJIb 1 MOMEHTIB y KOXXKHOMY MOIEPEYHOMY
mepepizi HE  TOBHMHHI  TEPEBHIYBaTH
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A.4 — Determination of the spring stiffness of the web

A.5 Resistance of cross-sections

A.5.1 General

()P The design values of the internal forces
and moments at each cross-section shall not
exceed the design values of the corresponding
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PO3PaxyHKOBI 3HAUEHHSI BiJIMIOBITHUX OIOPIB.

(2) Po3paxyHKOBU  Omip TOMEPEYHOTO
nepepizy Mae BU3HA4aTHCS abo 3a JTOTIOMOTOI0
pPO3paxyHKiB, BUKOPUCTOBYIOUH  CrocoOw,
BH3HAUY€HI B I[BOMY poO3auI, abo 3a
JOTIOMOTOI0 ~ MPOCKTYBaHHS  Ha  OCHOBI
BUIIPOOYBaHb 3rigHO A.7.

3) [Tonoxxenns nyHKTY A.5 He chif
3aCTOCOBYBAaTH 3a BHUHSITKOM OIHOOCHOBOTO
BUTHHY 3 M, = 0.

(4) MoxHa [O0myCcTUTH, IO OAHA 3
TOJIOBHUX OCEW HIITyHTOBOTO IMAalbOBOTO PSIY
napajieiabHa OCi CUCTEMH MiAMIPHOT CTIHKH.

(%) Jns  mpoekTyBaHHS ~ Ha  OCHOBI
PO3paxyHKIiB Omip MOIMEPEYHOTro Mepepizy
HEOOXIHO  TepeBipsATH AN HACTYHMHHUX
MTyHKTIB:

—  3THHAJIBLHHUI MOMCHT, 3 YpaxXyBaHHAM
BILTMBIB JIOKAJILHOI'O IIOINICPCUYHOTO 3STUHAHHA;

— JIOKaJIbHI IOTIEPEYHI 3YCUILIS;

— CYKYNHICTh 3THHAJIBHOTO MOMEHTY 1
3CYBHOTO 3yCHJLIS,

— CYKYNHICTh 3THHAJBHOTO MOMEHTY 1
OCBOBOT'0 3YCHILIIS;

— CYKYNHICTh 3TUHAJBHOTO MOMEHTY 1
JIOKAJIbHUX TONEPEYHUX 3YCHIIb.

(6) [TIpoekTyBaHHs Ha OCHOBI
BI/IHp06YBaHB MO’KHa 34CTOCOBYBATU 3aMiCThb
MPOCKTYBaHHS HA OCHOBI PO3PAaXyHKIB st
Oy/1b-5IKOTO 3 LIUX OMOPIB.

Hpumirka. IIpoexTyBaHHs Ha OCHOBI
BUMPOOYBaHb MOXe OYTH HaI3BHYAHHO KOPHCHUM IS
HONEPeYHUX  Iepepi3iB 3  BIAHOCHO  BHCOKHMH
CIIBBIJHOIIEHHAMM b),/t, HAIPUKIAJ, y BiIHOLIEHHI He
MIPY’KHOI MOBEIiHKK a00 MOIITKOKEHHS epeOOpKH.

(7) [Ipy  mpoekTyBaHHI Ha  OCHOBI
pPO3paxyHKIB HEOOXiHO BpaxOBYBaTH BILIHB
JIOKAJIbHOI BTPAaTH CTIHKOCTI 3 BUKOPUCTAHHIM
BIIACTHBOCTEH KOPUCHOI ILIOMNII Tepepisy, IIo
BHU3HAUYAIOTHCA 3TIAHO 3 BKa3iBKAMHM IYHKTY
A4

(8) YV monoxeHHsIX, BU3HAYEHUX Y I[bOMY
PO31ii, HE BPaxOBYETHCS MOXKIMBA 3arajibHa
BTpaTa CTIMKOCTI IINMyHTOBHX Malib. 3a
iHpoOpMalli€l0 PO PsiAM MIMYHTOBUX Malb, B
SKAX MOXK€ BUHHMKHYTH BTpara CTIHKOCTI B
pe3ynbTaTi  CTHUCKAIOYUX  3yCWIb,  CHiJ

resistances.

2) The design resistance of a cross-section
should be determined either by calculation,
using the methods given in this section, or by
design assisted by testing, in accordance with
A7

3) The provisions of A.5 should not be
applied except for monoaxial bending with M,
=0.

(4) It may be assumed that one of the
principal axes of the sheet piling is parallel to
the system axis of the retaining wall.

(5) For design by calculation, the
resistance of the cross-section should be
verified for:

— bending moment, taking into account the
effects of local transverse bending;

— local transverse forces;

— combined bending moment and shear force;

— combined bending moment and axial force;

— combined bending moment and local
transverse forces.

(6) Design assisted by testing may be used
instead of design by calculation for any of
these resistances.

NOTE: Design assisted by testing is particularly likely
to be beneficial for cross-sections with relatively high
b,/t ratios, for instance in relation to inelastic behaviour
or web crippling.

(7 For design by calculation, the effects of
local buckling should be taken into account by
using effective cross-sectional properties
determined as specified in A.4.

(8) The provisions given in this section do
not account for possible global instability of
the sheet piles, so for sheet piling where
instability due to compression forces may
occur, reference should be made to section 6.2
of EN 1993-1-3.

96


arymarenko
Прямоугольник


3BepTarucs 10 po3ainy 6.2 EN 1993-1-3.

9) Crin 3aCTOCOBYBATH KpUTepii,
Bu3HavyeHi B 5.2.3 (1). HeoOxinHo yHukaTtu
BHUCOKHX OCHOBHUX 3YCHJIb, IO MPH3BOJSATH JIO
3arajabHOl BTpaTH CTIMKOCTI, pu
BHKOPHUCTAHHI MONEPEYHHUX MEepepi3iB Kiacy 4.

(10) OO6B's13kH nepen CTIHKOIO 3
IIIYHTOBHX Tajgb abo T1o3axy Hel Clijn
BUKOPHUCTOBYBAaTH Uil Tepeaayi 3yCcuwib 3
aHKepiB ab0 PO3MOpPOK (IUB. PUCYHOK A.5a),
Opu IBOMY Tependadarodd Mepepo3nonil
3ycwib. SIKmio i mepemadi  3ycwiuii 3
CTSDKHOTO  CTPWXKHSL ~ Oe3locepeiHbO B
IIYHTOBY MaJIt0, K IOKa3aHO Ha PHUCYHKY
A.5b), BUKOPHUCTOBYETHCS miKIaaKa,
HEOOX1THO MPOBECTH BUIIPOOYBAHHS 3TiTHO 3
po3aiioM 2.6, SKIIO TOBIIMHA MPOQLIIO
IIITYHTOBOT MaJli CTAHOBUTH < 6 MM.

(11) Ilpm BUKOPUCTAHHI cnoco0iB
iTeparliiHux oOYHMCICHh B pa3i  MOTpedOu
HEOOXiTHO 3pOOMTH IeKibKa iTeparii, oo
YHUKHYTH HEIOCTaTHHOI TOYHOCTI.

a — 3 00B SI3KOI0

a) with a waling

9 The criterion given in 5.2.3(1) should
be applied. Higher axial forces leading to
overall instability should be avoided when
using class 4 cross-sections.

(10) Walings in front of or behind the sheet
pile wall should be used to introduce forces
from anchors or struts (see Figure A.5a),
thereby allowing for redistribution of the
forces. If a washer plate is used to introduce
the force from a tie rod directly into the sheet
pile as shown in Figure A.5b, tests in
accordance with section 2.6 should be carried
out if the thickness of the sheet pile profile is
<6 mm.

(11)  When wusing iterative calculation
procedures, several iterations should be
carried out if necessary to avoid a lack of
accuracy.

1
i
—_—
|
|
[
'
|
o,
1
|
|
'
|
1
'
'
i
i
'
i

[

b - 3 migkaagkor

b) with a washer plate

Pucynok A.5 -Ilepenaua 3ycuib ankepa

Figure

A.5.2 3eunanvnuii momenm

(1) Ornip MOMEHTY TIOTIEPEYHOTO Mepepi3zy
IIMYHTOBOI Maji Kiacy 4 ciiJg BU3HAYaTH
srimio  6.1.4, EN 1993-1-3, 3a BUHATKOM
BUNAJKIB, [UId SKHX Yy ULbOMY JOJATKy
BH3HAYEHI 1HIII YMOBH.

(2) BrumB iHepuiiHOCTI 3CYBY B psaax i3
CTaJIEBUX MIITYHTOBUX I1aJIb MOKHa HE
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A.5 =Introduction of anchor forces

A.5.2 Bending moment

(1) The moment resistance of the class 4
sheet pile cross-section should be determined
according to 6.1.4 of EN 1993-1-3, except
where different provisions are given in this
annex.

2) The effects of shear lag may be
neglected in steel sheet piling.
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BpaxoOBYyBaTH.

3) He nmoTpiOHO BUKOHYBAaTH IJIACTUYHUI
Mepepo3noil  3TMHAJIBHUX  MOMEHTIB B
MIIMIPHAX ~ CTIHKAaX, IO CKIATaloThCcs 3
MOTICPEYHHX TIepepi3iB Kiacy 4.

(4) Skmo omip MoMeHTY mpodiIt0 Pi3HUN
JUISE TIO3UTUBHUX 1 HETaTUBHUX 3THHAIBHUX
MOMEHTIB, TO 11¢ HEOOXiTHO BpaxOByBaTH IMPH
MIPOEKTYBaHH.

A.5.3 3cyene 3ycunns

(1) Omip 3cyBy y mepebopri  ciif
BH3HA4YaTH Biamosiguo g0 6.1.5, EN 1993-1-3,
3a BHHATKOM BUNAJKIB, JUIS SIKUX Y I[bOMY
J0JaTKy BU3HAYEH] 1HIIII YMOBH.

(2) Omip BTpaTH CTIMKOCTI MpPH 3CYBi fp,
CHiJ BU3HAYATH 3a JOIMOMOro Tadmuiy 6.1,
EN 1993-1-3, nns nepebopok 0e3 elneMeHTIB
KOPCTKOCTi B OTIOPHOMY KpIiIJICHHI.

A.5.4 Jlokanvni nonepeuni 3ycunns
A.5.4.13azanvni nonodcenns

(1)  Sxmo o60B’s3ka po3TallioBaHa Mepen
CTIHKOIO Ha CTOPOHI BHWIMKH TIPYHTY, SK
MO0Ka3aHO Ha PUCYHKY 7.6, TO MEPEBIPKY CIiA
MPOBOAUTH 3T1THO A.5.4.2.

(2) Sxmo 00B’s3Ka po3TalioBaHa MO3aay
CTIHKH, SIK TIOKa3aHO Ha PHUCYHKY 7.4, TO
NEPEeBIPKY CJIiJ MPOBOAMUTH 3rifHO A.5.4.3.

A.5.4.2I1lepebopku, wo niooaromuvcs
NONEPeyHUM CIUCKAIOYUM 3YCUTIAM

(1) [To6 3amo0irTu 00OBaJICHHIO,
MOIIKO/DKEHHI0O  abo  BTpaTi CTIMKOCTI B
nepebopii, MO MiAAETbCA OMOPHINA peakiii
gepe3 OOB’sI3Ky, TMPHKIAICHE IMOMEepeyHe
3ycuiuisd Fry IOBUHHO BiIMOBIIATH HACTYIHIM

YMOBI:

3) No plastic redistribution of bending
moments should be made in retaining walls
consisting of class 4 cross-sections.

4) If the moment resistance of the profile
is different for positive and negative bending
moments, this should be taken into account in
the design.

A.5.3 Shear force

(D) The shear resistance of the web should
be determined according to 6.1.5 of EN 1993-
1-3, except where different provisions are
given in this annex.

(2)  The shear buckling strength f;, should
be determined using Table 6.1 of EN 1993-1-3
for webs without stiffening at the support.

A.5.4 Local transverse forces
A.5.4.1General

(1) If the waling is located in front of the
wall on the excavation side as shown in Figure
7.6, the verification should be carried out
according to A.5.4.2.

2) If the waling is located behind the wall
as shown in Figure 7.4, the verification should
be carried out according to A.5.4.3.

A.5.4.2Webs subject to
compressive forces

transverse

(1) To avoid crushing, crippling or
buckling in a web subject to a support reaction
via a waling, the applied transverse force Fg,
should satisfy:

Fra< Ry ra
Ie: where:
Ryrs — TIOKQNbHUN  TOMEPEYHHH  OMIp R, ra 1s the local transverse resistance of the
nepebopKH. web.

(2) Hns mepebopku  0e3  €JIEMEHTIB
KOPCTKOCT1 JIOKQJIbHUIM TOMEepedyHuil  orip
R, rs Ma€e po3paxoByBaTucs 3rigHo 6.1.7.3 EN
1993-1-3, 3a BUHATKOM BHMAJIKIB, AJS SKUX Y
[IbOMY JIOJaTKy BU3HAYCHI 1HIII YMOBH.

2) For an unstiffened web, the local
transverse resistance R,,z; should be obtained
from 6.1.7.3 of EN 1993-1-3 except where
different provisions are given in this annex.
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IMpumirka. B me#i maparpad BxoauTh ommc Z-
momiOHUX MPOQUTiB, MO MPEACTABIAIOTh IMOABIHHY
TIAITI0, BUTOTOBJICHY 3 IBOX Z-TIOAIOHUX TPOdiiB.

3) Jns oOB’S30K, IO JIIFOTH B SIKOCTI
OITOPHOTO KPIIUICHHS:

— 3HA4YEHHS €(EKTUBHOI HECYYOi AOBXKHHHU I,
10 BHUKOPUCTOBYEThCA Yy dopmyni (6.18)
EN 1993-1-3, mae BU3HAYaTHCS BiAMOBIAHO 10
6.1.7.3 (4) EN 1993-1-3;

— 3HAYEHHs KoedirienTa, 10
BHUKOPHCTOBYETBC Yy dopmyni  (6.18)
EN 1993-1-3, mae Oytu po3paxoBaHe 3TiJTHO 3
TaKMMHU YMOBaMHU:

— nnst kareropii 1: a=0,075;

— nnst kareropii 2: a=0,15.

Hpumirka. Kareropiss 1 3acTocoByeThCs, SKIIO
BIJICTaHb MIiX OOB’SI3KOI0 1 KPOMKOIO IaJli CTAHOBUTH
<1,5 h,, ne h,, - ruOuHA TPOPIIIO, B IHIINX BUMAIKAX
3aCTOCOBYETHCSl Kareropiss 2, IHMB. PUCYHOK 6.9 B
EN 1993-1-3.

A.5.4.3l1epebopku, wo niooaromuvcs
NONePeyHUM POIMAZYIOUUM 3YCUTLISM

(1) Jns mepebopok, M0 MiAAAIOThCS
MOTICPEYHIM PO3TATYIOUHM 3YCHILISM,
MepeBipKU MOBUHHI MPOBOAUTHCA 3TiAHO 7.4.3

().

A.5.5 Cykynuicmv 3cyenozo 3ycunnsa i
32UHATIBHOZ0 MOMEHMY

(1)  Jlns cyKymHOCTI 3CYBHOTO 3yCHJUIS 1
3TUHAJIBHOTO ~ MOMEHTY  TEpeBIpKY  CIij
MPOBOJUTU 3a Jomnomoroir dopmynu (6.27)
EN 1993-1-3.

A.5.6 Cykynuicmp 32uHAILHO20 MOMEHMY i
JIOKAIbHUX NONEPEeYHUX 3YCUlb

(1) s CYKYIHOCTI 3TMHAJIBHOTO
MOMEHTY 1 JIOKQJIbHUX IIOTEPEYHUX 3YCHIIb
nepeBipKa IIOBUHHA 31iHCHIOBATHCS

Bigmosiguo mo 6.1.11 EN 1993-1-3.

A.5.7 Cykynuicmob 32uHanbHo20 Momenmy i
0Cb08020 3yCUNIA

(1) [ToenHaHHs 3TMHAIBHOTO MOMEHTY 3
OCbOBUM PO3TATOM TOBUHHO TEPEBIPATUCS
srimHo 6.1.8 EN 1993-1-3 6e3 ypaxyBaHHS
3TUHAHHS 0 OCl Z-Z.

(2) [TepeBipky TUTSt CYKYITHOCTI
3rMHaJIbHOIT'O MOMCHTY 1 OCBhOBOT'O CTUCHCHHS

99

NOTE: Z-profiles are covered by this paragraph,
considering a double pile made up of two Z-profiles.

(3) For a waling acting as support:

— the value of the effective bearing length /, to
be used in expression (6.18) of EN 1993-1-3
should be determined according to 6.1.7.3 (4)
of EN 1993-1-3;

— the value of the coefficient arto be used in
expression (6.18) of EN 1993-1-3 should be
obtained from the following:

— for category 1: a=0,075;

— for category 2: =0,15.
NOTE: Category 1 applies if the distance between the
waling and the edge of the pile is < 1,5 4,, , where 4, is

the depth of the profile, otherwise category 2 applies,
see Figure 6.9 of EN 1993-1-3.

A.5.4.3Webs subject to transverse tensile
forces

(D) For webs subject to transverse tensile
forces, checks should be carried out in
accordance with 7.4.3 (3).

A.5.5 Combined shear force and bending
moment

(1)  For combined shear force and bending
moment, the verification should be carried out
using expression (6.27) of EN 1993-1-3.

A.5.6 Combined bending moment and local
transverse forces

(D) For combined bending moment and
local transverse forces, the verification should
be carried out according to 6.1.11 of
EN 1993-1-3.

A.5.7 Combined bending moment and axial
force

(D) The combination of bending moment
with axial tension should be verified according
to 6.1.8 of EN 1993-1-3, without taking
bending about the z-z axis into account.

2) The verification for combined bending
moment and axial compression should be


arymarenko
Прямоугольник


CIIi TpOBOAWUTH  BigmoBigHo g0 6.1.9
EN 1993-1-3 6e3 ypaxyBaHHS 3THHaHHS I10
ociZ - z.

A.5.8 Jlokanvne nonepeune 32uHanuA

(1) VY Bumanky, fSKmo audepeHIianbHuR
THUCK BOJW TMepeBulrye 1 M Hamopy, BIUIUB
TUCKY BOJIM HA JIOKAJIbHE TIONIEPEYHE 3THHAHHS
IUINTA ~ HEOOXiZIHO  BpaxoBYBaTH  IpH
BU3HAYCHHI 3arajIbHOTO OMOPY BUTHHY.

(2) Y  cmopomeHnoMmy  BapiaHTi  TaKy
NepeBipKy MOKHA BUKOHYBATH 3a JOIIOMOTOIO
HACTYITHOI IPOLEYPH:

—  TepeBipKy  NONEPeYyHOro  Imepepisy
HEOOXiTHO BUKOHYBAaTH TIJIBKM B TOYKaX
MaKCHMaJIbHUX MOMEHTIB, ne

TUQEpeHIiaTbHUI THCK BOAHM OLIbINE, HIXK
1 M Hanopy;

— BIUTUB TU(QEPCHIIATLHOTO THCKY BOJHU CIIJI
NpUMaTH B PO3PaxXyHOK 3 BHKOPHCTAHHSIM
3MCHIIEHOI TOBUIMHH TUIUTH l.oq = ppt, NI€
3HAYCHHS Pp BUBHAYAETHCS 32 TaOIHIICIO A.3;

— TpU BHU3HAYECHHI pp To Tabmumi A.3
HEOOX1ZIHO BpaxoByBaTH JAudepeHIianbHUN
THCK BOAM, IO Ji€ B 3HAYUMHX TOYKaX
MaKCHMaJIbHUX MOMEHTIB.

carried out according to 6.1.9 of EN 1993-1-3
without taking bending about the z-z axis into
account.

A.5.8 Local transverse bending

(D) In the case of a differential water
pressure exceeding 1 m head, the effects of
water pressure on transverse local plate
bending should be taken into account when
determining the overall bending resistance.

(2)  As a simplification, this verification
may be carried out using the following
procedure:

— the cross-sectional verification need only be
carried out at the locations of the maximum
moments where the differential water pressure
1s more than 1 m head;

— the effect of differential water pressure
should be taken into account by using a
reduced plate thickness t.;, = ppt with pp
according to Table A.3;

— for the determination of pp according to
Table A.3 the differential water pressure
acting at the relevant locations of the
maximum moments should be taken into
account.

Tadmmua A3 — KoedimieHTH 3MEHIIIEHHS Op JJ11 TOBIIUHU TUTUTH B PE3y/IbTaTi il
T EepeHIIabHOTO TUCKY BOIU
Table A.3— Reduction factors pp for plate thickness due to differential water pressure
W (b/tin) €= 40,0 (b/ti) €= 60,0 (b/twin) €= 80,0 | (B/twin) €= 100,0
1,0 0,99 0,98 0,96 0,94
2,5 0,98 0,94 0,88 0,78
5,0 0,95 0,86 0,67 0,00
7,5 0,92 0,75 0,00 0,00
10,0 0,88 0,58 0,00 0,00
IosicHenns:

,235
€= 7 , 1e Y f, BUMIPIOETHCS B H/mm®.
y

Key:

the web;
tnin 18 the minimum thickness of flange or web;
w is the head of differential water pressure in m;

235
€= [—— with f;, in N/mm?
/

b - mmpuHa TONHMI, e b He NOBUHHO OYTH MEHIIE, HiX ¢ /N2 , 1€ ¢ - BUCOTa HaXuily epeOOpKy;
tmin - MiHIMaJIbHA TOBIIMHA MOJIKII a00 MepeOopKH;

b is the width of the flange, but b should not be taken as less than ¢ / \/5 , where c is the slant height of
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Ipunmirka.

BUMAJIKY HEOOX1THO JOJATKOBE JOCIIIKCHHS.

i 3HaYeHHs 3aCTOCOBYIOThCS IS Z-MOAIOHKX Mab 1 € KOHcepBaTUBHUMHU 1S Q-nioaioHux i U-
noAiOHKUX nasb. MoxinBe 3011bLIeHHS Op (HAPUKIIAJ, SIKIO 3aMKOBI 3'€JHAHHS 3BapIOIOTHCS),alle B IIbOMY

NOTE: These values apply to Z-piles and are conservative for Q- and U-piles. An increase of pp is possible (for
instance if interlocks are welded), but an additional investigation is then necessary.

A.6  IlpoextyBaHHs Ha OCHOBI

pO3paxyHKiB

(1) Jlns mpoeKTyBaHHS MiJAIMIPHOI CTIHKH,
BUTOTOBJICHOI 3 WIMYHTOBHX NaJlb Kiacy 4,
MOJKHA 3aCTOCOBYBATH TaKi CIIOCOOH.

(2) Pesynpratm BIUIMBIB B mamsx B
rPaHUYHUX CTaHaX MOKHA BH3HAYATH 3a
JIOTIOMOTOF0  TIPY’KHOT ~0anmouHoi mojem 1
BIIMOBIAHOI ~ MOJeNi Jisi TIPYHTYy, JIUB.
EN 1997-1.

3) [Tpu HEOOXiTHOCTI HaWKpaIor
OLIIHKOIO CIIiI BBAYKaTH KOHCTPYKTHBHI BXi/IHI
naHl 11 OaJIKOBOI MOJIENI.

(4) JlJiss 0OChOBOTO CTHCHEHHS HEOOXiJTHO
MepeBipATH, YU MOXKHA HE BpPaXOBYBaTH
BTpaTy CTIMKOCTI.

(5) [Tpu 3acTocyBaHHI NpPOEKTYBaHHS 3a
JIOTTIOMOT OO pO3paxyHKiB HE0OX1THO
NEepPEeBIPATH, L0 JUIs CTaJeBUX LIMYHTOBUX
najib, sIKi nepeadadyaeTbCsi BUKOPUCTOBYBATH,
BUKOHaHI BIJMOBIAHI KpHUTEpii, BU3HAUEHI Yy
JTAaHOMY JIO/IaTKY.

(6) Ha ocHOBI oOmopiB  momepevyHux
nepepi3iB, SKI TMOCTaBISIOTHCS BUPOOHUKOM
CTalleBUX  IIMYHTOBUX Taib, BHUOpaHUU
MOMEPeYHUt  Tepepi3  maji  HEeoOXiAHO
NEPEBIPATH 3TITHO 3 MyHKTOM A.S, poOmsuu
MOMpPaBKy Ha BIUIUB KOpO3il, SKIOIO 1Ie
noTpiOHO.

IMpumirka. Jani mpo  omip  MOMEPEYHOTO
nepepisy, AKi MOXXYTb HaJaBaTUCS BUPOOHUKOM: M.y,

Nris Vorks Rwre -3 YpaxyBaHHSIM COPTIB crajed i
3MEHIIICHOT TOBIIIUHH B PE3YJIbTaTi KOPO3ii.

(7) Skmo  motpibHO, 3  OaIOYHOIO
MOJICTUTIO B ITEpaliiiHiii mpoueaypi Ciia
BUKOPUCTOBYBaTH €(EKTHBHY KOPCTKICTh
MOTIEPEYHOT0 TIEpepi3y B TPAHUYHUX CTaHAX.

IMpumirka. Hani po JKOPCTKICTh TUTST
NonepeyHoro mnepepi3y B IpaHUYHUX CTaHAX MOXKYTb

HaJlaBaTUCS BHUPOOHMKOM B TaOJMILSX BJIACTHBOCTEH
npodiis.

(8) Sxmo  HeoOXimHAa  TeEpeBipka B
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A.6  Design by calculation

(D) The following procedure may be
adopted for the design of a retaining wall
made up of class 4 sheet piles.

(2)  The effects of actions in the piles at
ultimate limit states may be determined using
an elastic beam model and an appropriate
model for the soil in accordance with
EN 1997-1.

3) If required, the structural input data for
the beam model should be chosen as a best
estimate.

(4)  For axial compression it should be
verified whether buckling may be neglected.

(5) For design by calculation to be
applicable, it should be verified that the
corresponding criteria given in this annex are
fulfilled by the steel sheet piles that are
expected to be used.

(6)  Based on the resistances of the cross-
sections provided by the manufacturer of the
steel sheet piles, the chosen pile cross-section
should be verified according to A.5, making
due allowance for corrosion effects, if
necessary.

NOTE: The cross-section resistance data that may be
provided by the manufacturer are: M zi, Nrw, Vorso
R,.ri, taking into account the steel grade and the
reduced thickness due to corrosion.

(7 If required, the effective stiffness of the
cross-section at ultimate limit states should be
used with the beam model in an iterative
procedure.

NOTE: The stiffness data for the cross-section at
ultimate limit states may be provided by the
manufacturer in section property tables.

(8) If a verification at serviceability limit
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IPaHUYHOMY cTaHi eKCIUTyaTaliifHo1
Ha/IIHHOCTI, MOJKHA BUKOPUCTOBYBATH
0aouHy MOJIENIb Y TIOEHAHHI 3 BiJIIOBIIHOIO
MOJICJITIO Il TPYHTY, 3TiIHO 3 BKa3iBKaMH
EN 1997-1.

9) [Hdopmariis 1010 BU3HAYCHHS JaHUX
MO0 >KOPCTKOCTI TOMEPEYHOTo Tepepizy, M0
BUKOPHUCTOBYIOTbCSL JUIsI TICPEBIPKH  CTaHiB
eKCIUTyaTal[ifiHOi HAaJIHOCTi, MICTUTBCS Yy
po3aini 7.1 EN 1993-1-3.

A.7 IIpoekTyBaHHS Ha OCHOBI
BUIIPOOYBaHb

A.7.1 Ocnogni npunyunu

(1) [Tpu 3aCTOCYBaHHI TIPUHIINITIB

MPOCKTYBaHHS HAa OCHOBI  BHIIPOOYBaHb,
BU3HaueHux y pozauti 5 EN 1990, nnsa
CHEIIAIbBHAX BUMOT JIO CTQJIEBUX IIITYHTOBHX
NaJlb  XOJOIHOTO  INTaMITyBaHHS  CIiJ
BUKOPUCTOBYBATH HACTYITHY MIPOLICIYPY.

(2) Hespakatoun Ha Te, IO HACTYIHI
yMOBH Oynmu  po3pobiieHi it mpodiiiB
XOJIOJHOTO INTaMITyBaHHS, 1X MOJYKHA TaKOX
3aCTOCOBYBAaTH JUISl CTJEBUX IIITYHTOBHX
rapsiueKaTaHuX Nalb.

3) BunpoOyBaHHsT MOXHa MPOBOJAUTH B
OJTHOMY 3 HACTYITHUX BUMAJIKIB:

a) BJIACTMBOCTI CTaJll HE B1JIOMI;

b) icHye HEOOXI1IHICTE
(bakTHYHUX BIIACTUBOCTEHN
XOJIOTHOTO IITAMITyBaHHS,

BpaxyBaHHS
npodiro

C) Ul MPOEKTYBaHHS MPOQLII0 IIMTYHTOBOI
naji TUIBKM Ha OCHOBI PO3paxyHKIB HeMae
MPUMHATHUX aHATITHYHUX METOJIIB;

d) peamictuuHi JaHi JUIS  [POEKTYBAaHHS
HEMOXIIMBO OTPUMATH IHIIIUM CIIOCOOOM;

€) HeoOXiJHa TmepeBipKa eKCIUTyaTaliitHuX
napaMeTpiB HasiBHOI KOHCTPYKILIi;

f) GaxxaHe CrOpy/HKEHHS KUThKOX aHAJIOTTYHHUX
KOHCTPYKIiH a00 KOMIIOHEHTIB Ha OCHOBI
MaKeTa;

g) HeoOXigHe MiATBEepPIKEHHS BiAMOBITHOCTI
BUT'OTOBJICHHS;

h) moTpiOHO WIATBEpAUTH MOCTOBIPHICTH 1
aJICKBATHICTh aHATITUYHOTO METO/LY;

1) OakaHUM € CKIIaJaHHs TaOJMIb OMOpPIB Ha

states is required, an elastic beam model
combined with an appropriate model for the
soil in accordance with 1997-1 may be used.

9 Reference should be made to section
7.1 of EN 1993-1-3 for the determination of
the cross-section stiffness data to be used for
serviceability states verifications.

A.7  Design assisted by testing

A.7.1 Basis

(D) The following procedure should be
used to apply the principles for design assisted
by testing given in section 5 of EN 1990, to
the specific requirements of cold formed steel
sheet piling.

2) Although the following provisions
have been developed for cold formed profiles,
they may also be applied to hot rolled steel
sheet piles.

3) Testing may be undertaken under any
of the following circumstances:

a) if the properties of the steel are unknown;

b) if there is a need to take account of the
actual properties of the cold formed profile;

c) if adequate analytical procedures are not
available for designing a sheet pile profile by
calculation alone;

d) if realistic data for design cannot otherwise
be obtained;

e) if the performance of an existing structure
needs to be checked;

f) if it is desirable to build a number of similar
structures or components on the basis of a
prototype;

g) if confirmation of consistency of production
1s required;

h) if it is necessary to prove the validity and
adequacy of an analytical procedure;

1) if it is desirable to produce resistance tables
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OCHOBI BHMIIpOOYBaHb a00 Ha CYKYITHOCTI
BHUNPOOYBaHb Ta aHAIII3Y;

j) OakaHo mpuiiMaTH 1O yBard MpPaKTUYHI

koedimieHTH, AKI  MOXYTh  3MIHIOBaTH
eKCIUTyaTalliixi XapaKTePUCTUKU
KOHCTPYKIIii, ajge He € BU3HAYCHUMH
BiJIMTOBITHUM criocobom aHaIizy B

MIPOCKTYBaHHI Ha OCHOBI PO3PaxyHKIB.

4) BunpoOyBaHHs, 0 € OCHOBOIO ISt
TaOJIUIb ~ HECYy4oi  3JaTHOCTi, TOBHHHO
MIPOBOMTHCS BiIMOBITHO 70 BKa3iBOK A.7.3.
Hpumirka. [Hdopmanis momo mnpomexyp A
CTAJICBUX TOHKOCTIHHHMX MIIIYHTOBHUX I1aJlb HABOAUTLCH
y pogatky B.

(%) BunpoOyBanHs Ha po3TAT  cTajeu
NOBUHHO  TIPOBOJUTHCS  BIANOBIIHO  JI0
BkasziBok EN 10002-1. BunpoOyBaHHS iHIIAX
BJIACTHBOCTEH CTaseil CJIi/i BUKOHYBATH 3T'1THO

3 BIMMOBIAHUMU €BponeiicbkuMu
CTaH/IapTAMH.

A.7.2 Ymoeu

(1) HeoOximiHo  BUKOHYBaTH YMOBH,

Bu3HaueHl B myHkTi A.3.1 EN 1993-1-3, 3a
BUHATKOM BHMAJKIB, U1 SKUX Y I[bOMY
J0JJaTKy BU3HAYEHI 1HILI YMOBH.

(2) [Tig yac mpukiIagaHHS HABaHTAXEHHS,
110 JIOCSATHEHHS eKCILTyaTaI[ifHOTO
HaBaHTaKEHH, HaBaHTa)KCHHS MOXKHA
yCyBaTH 1 MOTIM NpUKIAAaTH 3HOBY. Jliis 1iei

METH poboue HaBaHTAXEHHS MOHA
OILIIHIOBATH SIK 30% TPAaHUYHOTO
HaBaHTAXECHHSL. HapanTaxxeHns, 1110

MepeBuIye poOode HABAHTAXKEHHSI, TTOBUHHE
MIATPUMYBATHCST 3 HE3MIHHOIO BEITUYHHOIO
P  KOXKHOMY 3pOCTaHHi, MOKH OyIb-sKi
nedopmariii, 1Mo 3anexkaTh BiJ Yacy, B
pe3yibTaTi MIIACTUYHOT MTOBEIIHKN HE CTaHYyTh
HE3HAYHUMH.

A.7.3 Jlani npo  nonepeunii
3aCcHOB8aHI HA 6UNPOOYCAHHAX

(1) Onopu  momepeyHux  mepepiziB 1
e(eKTUBHY KOPCTKICTh CTaJIEBUX IIMTYHTOBHX
NajJb  XOJOJHOTO  IITaMIyBaHHS  MOJKHA
BU3HAYaTH 3rigHO 3 BKasiBkamMu A.4.2,
EN 1993-1-3.

nepepis,
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based on tests, or on a combination of testing
and analysis;

j) if it is desirable to take into account
practical factors that may alter the
performance of a structure, but are not
addressed by the relevant analysis method in
design by calculation.

(4)  Testing as a basis for tables of load
carrying capacity should be carried out in
accordance with A.7.3.

NOTE: Information is given in Annex B on procedures
for thin walled steel sheet piles.

(5)  Tensile testing of steel should be
carried out in accordance with EN 10002-1.
Testing of other steel properties should be
carried out in accordance with the relevant
European Standards.

A.7.2 Conditions

(D) The provisions given in A.3.1 of
EN 1993-1-3 should be applied, except where
different provisions are given in this annex.

(2)  During load application, up to
attainment of the service load, the load may be
removed and then reapplied. For this purpose
the service load may be estimated as 30 % of
the ultimate load. Above the service load, the
loading should be held constant at each
increment  until  any  time-dependent
deformations due toplastic behaviour have
become negligible.

A.7.3 Cross-sectional data based on testing

(1)  The cross-sectional resistances and the
effective stiffness of a cold formed steel sheet
pile may be determined according to A.4.2 of
EN 1993-1-3.
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JOJATOK B (noBigkoBuii)

BHUITPOBYBAHHSA CTAJIEBUX
TOHKOCTIHHUX IHITYHTOBUX
ITAJIb

B.1 3arajbHi H0JI0KeHHS

(1) HaBanTaxkeHHST MO>KHa MNPUKIANATH 32
JIOTIOMOTOI0 ~ MOBITPSHUX MIIIKIB abo 3a
JIOTIOMOTOF0 TIEPEKIIAJNH, PO3TAMIOBAHUX IS
MOJIETIIOBAHHS PO3MOJIJICHUX HABaHTAXKEHb.
o6 3amobirtm apedopmarii mpodiro B
TOYKaX TMPUKIAJAAHHI HABaHTAXEHHS abo
OIIOPHMX KPIIJICHb, MO’KHA BHKOPHUCTOBYBATH
MONIEPEYHI CTSHKKH 1/a00 pedpa >KOPCTKOCTI
(Taki sk nepes'siHi 0710KK a00 CTaNeBi IUIUTH).

(2) Jns BumpoOyBaHb Z-moAiOHUX Maib
CJIiJ] BAKOPHCTOBYBATH, SIK MiHIMYM, TTOJIBIHHY
IIITYHTOBY HAJTIO.

3) s Q-noxioHux najib CIIi
BHUKOPUCTOBYBaTH, SK  MIHIMyM,  OJHY
IIMYHTOBY TAJIO.

4) ToyHiCTP  BHUMIpPIOBaHHS  IIOBMHHA
BIJIMOBIAATH BEJIMYMHI BUMIPIB 1 HE TIOBHHHA
BUXOIUTH 3a Mexl 1% 3HadyeHHsA, 110
BU3HAYAETHCS.

(5) BuwmiproBaHHs monepeyHuX mepepi3iB
3pa3ka TOBMHHI ~ OXOIUIIOBATHM  HACTYIIHI
reOMEeTPHUYH1 BJIaCTUBOCTI:

— rabapuTHi po3Mmipu (IIKMpHHA, TIUOWHA 1
JOBXKMHA) 3 TOUHICTIO +/- 1,0 MMm;

— IIUPUHA TUIOCKOI YacTUHU mpodiIo 3
TouHicTIO +/- 1,0 MM;

— pajlycH BUTHHIB 3 TOUHICTIO +/- 1,0 MM;

— KyT Haxmly INIOCKUX CTIHOK (KyT MK JBOMa
MOBEPXHSAMH) 3 TOUHICTIO +/- 2°;

— TOBIIMHA MaTepiany 3 TOYHICTIO +/- 1,0 MM.

(6) HeoOxinmHo 3abe3nedynTv HE3MIHHICTH
HaTMPSIMKY HABaHTA)XCHHS MPOTSTOM
BUNIPOOYBaHHS.

B.2 BunpoOyBanHsi 0ajnkum 3 OJHHM
MPOJLOTOM

(1) Jlnst oTpMaHHS OTIOPY MOMEHTY (KON
3CYBHE 3YCWIIS He3HadHe) Ta e(eKTHBHOI

ANNEX B [informative]

TESTING OF THIN WALLED STEEL
SHEET PILES

B.1 General

(1)  Loading may be applied through air
bags, or by cross beams arranged to simulate
distributed loading. To prevent distortion of
the profile at the points of load application or
support, transverse ties and/or stiffeners (such
as timber blocks or steel plates) may be
applied.

2) For tests on Z-piles at least one double
sheet pile should be used.

3) For Q-piles at least one sheet pile
should be used.

4) The accuracy of measurement should
be consistent with the magnitude of the
measurements and should be within +/- 1% of
the value to be determined.

%) The cross-sectional measurements of
the test specimen should cover the following
geometrical properties:

— overall dimensions (width, depth and length)
to an accuracy of +/- 1,0 mm;

— width of flat profile parts to an accuracy of
+/- 1,0 mm;

—radii of bends to an accuracy of +/- 1,0 mm;

— inclination of flat walls (angle between two
surfaces) to an accuracy of +/- 2°;

— the thickness of the material to an accuracy
of +/- 0,1 mm.

(6) It should be ensured that the load
direction remains constant during the test.

B.2  Single span beam test

(D) The test setup shown in Figure B.Il
should be used to obtain the moment
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KOPCTKOCTI BUTHHY CIiJi 3aCTOCOBYBAaTH
cXeMH BHUIPOOyBaHHS, MOKa3aHi HA PUCYHKY
B.1.

(2) B 1pomy BumpoOyBaHHI HEOOXiIHO
BUKOPHUCTOBYBATH, $IK MIHIMYM, JBI TOYKH
MIPUKIIAaHHS] HABAaHTAXKCHb, SIK 300paKeHO Ha

pucyHky B.1.

3) [Ipomit cmig BuOupaTH Tak, 1100
pe3yabTaTi BUMPOOYBaHHS BiAOOpakaau OImip
MOMEHTY psAY LITYHTOBUX Naib. BigxuneHHs
HEOOXITHO BUMIPSATH B CEpeMHI MPOJIHOTY Ha
000X  cTOopoHax CMyrd  (BHKJIIOYAIOUYH
nedopmarlii OMOpHUX KPITUICHB ).

4) MakcumanbHe  HaBaHTaXCHHS,  SKE
3aCTOCOBYETBCS JI0 3pa3Ka, sKe 30iraeThcs 3a
9acoM 3 TOMIKO/DKEHHSIM, a00 MPHKIIAIAETHCS
nepe TMOIIKODKESHHSIM HEOOXITHO 3amucaru
SK BEJIWYHMHY, IO BiJOOpakae TIpaHUYHUN
OIlip BHUTHHAIBHOMY MOMEHTY. JKOpCTKicTh
BUTHHY CJiJI OTPUMYBaTH Ha OCHOBI KpPHBOL
BiJIXWJICHb TIPH HABAHTAKCHHI.
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resistance (when the shear force is negligible)
and the effective bending stiffness.

2) In this test at least two load points as
shown in Figure B.1 should be used.

3) The span should be chosen in such a
way that the test results represent the moment
resistance of the sheet piling. The deflections
should be measured in the middle of the span
on both sides of the sheet (excluding the
deformations of the supports).

4) The maximum load applied to the
specimen coincident with or prior to failure
should be recorded as representing the
ultimate bending moment resistance. The
bending stiffness should be obtained from the
load deflection curve.
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a) [IpuknagaHHs HABaAHTAKEHHS
a) Loading
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b — 3aboniranus aedopmanii npodinn

b) Preventing distortion of the section

A-B TO‘llIi NPUKJIATAHHA HABAHTAKCHHSA |

B — B onopHomMy kpinJieHHi

A at the loading point
B at the support

OPUMITKA. Moxe 3HaHOOUTHCS TAKOXK 3MiHA HAIIPSIMKY HaBaHTa)KEHHS Ha TPOTIICKHIA HATIPSIMOK JUIS

HECHMETPHUYHUX IepepisiB.

NOTE: The direction of loading may also need to be reversed for unsymmetrical sections.

Pucynox B.1 — Cxemu BUNIpOOYBaHb /JIsl BU3HAUEHHS OMIOPY MOMEHTY

Figure

B.3 BunpoOyBanus
ONOPHOI0 KPinJieHHs

NPOMiKHOT0

(1) Cxema BunpoOyBaHHS, 300pa’keHa Ha
pucyHky B.2, moxe 3acTocoByBaTHCS IS
BU3HAYCHHSI OINOPY CYKYIHOCTI 3TMHAIBHOTO
MOMEHTY 1 3CYBHOTO 3YCHJUISI B IPOMIXKHOMY
OTIOPHOMY KpIIJIEHHI PSAy 3 IIMYHTOBUX
majgb, a TaKOXK B3aeMOmil MIXK MOMEHTOM 1
ONOPHOI0  pEAKI€0 Ui JaHOi IIMPUHU

B.1 — Test set-up for moment resistance determination

B.3  Intermediate support test

(1)  The test setup shown in Figure B.2
may be used to obtain the resistance to
combined bending moment and shear force at
the intermediate support of sheet piling, as
well as the interaction between moment and
support reaction for a given support (waling)
width.
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OIIOPHOTO KPIiTUIeHHS (00B’SI3KM).

(2) Hns toro, mo6 oTpuMaTH JeTanbHUIN
3alUC  JaHUX TNpo cragamuy (HEeCTiHKY)
YaCTUHY Ha  KPUBIM  BIAXWICHb  TpHU
HABAaHTA)XCHHSX, BUNPOOYBaHHS MOBUHHO
TPUBATH MPOTSITOM HAJEKHOIO dYacy Hicis
JOCSTHEHHS! MAKCUMaJIbHOTO HaBaHTaKEHHS.

3) [Iponmit nns BumpoOyBaHHS L ciif
BUOHMpATH TaK, 1100 BiH MPEJCTABISAB YaCTUHY
majgi  MDK TOYKaMH 3  KOXHOTO  OOKy
3BOPOTHOT'O BUTHHY OIOPHOTO KPIiTUICHHS.

(4)  IupuHa HaBaHTAXyBaJIbHOI'O BaXKeJs
bp MOBUHHA NPEJCTABIISITU LIUPUHY OOB’S3KH,
1110 BUKOPUCTOBYETHCS HA MPAKTHLII.

(5)  Hedopmarmii 3paska HEoOX1THO
BUMIpIOBaTH 3 000X  CTOpiH  3pa3ka
(BirOUaroun fedopmallii OOPHUX KPITUICHB ).

(6) MakcumanbHe  HaBaHTaXEHHSA, 11O
3aCTOCOBYETBCS 10 3pa3ka, sike 30iraerbcs 3a
9acoM 3 TOMIKO/DKEHHSM, a00 MPHUKIIATAETHCS
nepes MOLIKOJDKEHHSAM CIIijl 3allUCyBaTH SK
rpaHUYHE KPUTUYHE HaBaHTaXEHHs. BoHO
BiOOpaka€ ~ MOMEHT BHIHMHY  OIIOPHOTO
KpIIJIEHHS] 1 OINOpPHY peakiilo i JaHoi
IIMPUHM  omopHOoro  kpirwieHHs. 1106
oTpuMatu 1HGOPMAIIIIO MPO B3AEMOJIIO MIXK
MOMEHTOM 1 OTIOPHOIO peaxiii€to,
BUNIPOOYBAaHHS CJiJ MPOBOAUTH I PI3HUX
BlJICTAHEN.
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2) In order to obtain a comprehensive
record of the declining (unstable) part of the
load deflection curve, the test should be
continued for a suitable period after reaching
the maximum load.

3) The test span L should be selected so
that it represents the portion of the pile
between the points of contraflexure each side
of the support.

4) The width of the loading bar bz should
represent the waling width used in practice.

(5) The deformations of the specimen
should be measured on both sides of the
specimen (excluding the deformations of the
supports).

(6) The maximum load applied to the
specimen coincident with or prior to failure
should be recorded as the ultimate crippling
load. This represents the support bending
moment and the support reaction for a given
support width. To obtain information about the
interaction between the moment and the
support reaction, tests should be carried out
with various spans.
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Pucynoxk B.2 — [lpuxiaganHs HaBaHTa)XEHHS JJIs1 BU3HAUSHHSI OTIOPY BUTHHY 1
OTIOPY 3PYLICHHIO B IPOMIKHOMY OMOPHOMY KpITJeHH1 (00B’sI3111)

Figure

B.2 — Load introduction for the determination of bending resistance and

shear resistance at intermediate support (waling)

0aJKu 3 JBOMA

B.4 Bunpo0yBanHus
NPOJbLOTAMH

(1) B sxocti anbrepHatuBu 10 B.3 mMoxHa
NPOBOJUTH  BUOPOOYBaHHA 3  JIBOMa
MPOJIBOTAMH, 11100 BU3HAUYUTU TPAHUYHUN OMIp
psaay 3 IIINYHTOBUX Majdb  XOJOZHOTO
mramiyBaHHs. [lepeBaxHO HaBaHTa)KEHHS
MOBUHHE MpPHUKJIAJAaTUCS 3  PIBHOMIPHUM
pO3MoIiyIoM (HaMpPUKIIA, MOBITPSIHUMA MIIIIOK).

(2) Take TpuKIagaHHS HABAHTAKECHHS
MOKHAa 3aMIHHUTH KUIbKOMa 30CepePKEHUMHU
HAaBAaHTXXCHHAMH, SIKi HaJICKHUM YHHOM
BiJOOpaXatoTh TMOBEHIHKY IpPH PIBHOMIPHO
PO3MOJIIJICHUX HAaBAaHTaKEHHSX (IUB. PUCYHOK
B.3).

B.4  Double span beam test

(1)  As an alternative to B.3 double span
beam tests may be carried out to determine the
ultimate resistance of cold formed sheet piling.
The loading should preferably be applied
uniformly distributed (e.g. air bag).

2) This loading may be replaced by any
number of point loads that adequately reflect
the behaviour under uniformly distributed
loading (see Figure B.3).
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Pucynox B.3 — Cxema ans BUnpoOyBaHb 3 OJIBIHHUM IIPOJIbOTOM

Figure
B.S  Ouinka pe3yabTartiB BUNpo0yBanb

B.5.1 3acanvni nonoscennsn

(1) Bunpo6oByBaHuii  3pa3ok  IMOBUHEH
BBXATHCS 3PYHHOBAHUM, SIKIIO TPUKIAICHI
BUNPOOYBaJIbHI ~HABaHTAXEHHSA  JIOCATAIOTh
CBOIX MAaKCHMaJbHHX 3HAu€Hb, ab0 SKIIO
BiIOyBarOTbCsl  cepio3Hi  aedopmarii, ki
MEPEBUILYIOTh JTOMyCTUMI Mexi, nuB A.6.1,
EN 1993-1-3.

B.5.2 Kopuczyeannsn
eunpooysans

pe3yibmamie

(1) 3a iHdopMali€l0 TPO KOPUTYBAHHS
pe3yibpTaTiB  cmig  3Bepratucs g0 A.6.2,
EN 1993-1-3.

B.5.3 Xapaxmepucmuuni 3nauenns

(1) XapakTepuCTUYHE 3HAYEHHS R; MOXke
OyTM BH3HAYEHO Ha OCHOBI pe3yJbTaTiB
BUNIPOOYBaHb 3riAHO 3 BKasiBKaMu A.6.3,
EN 1993-1-3.

B.5.4 Po3paxynkoei 3nauenns

(1) Po3paxyHkoBe 3HaueHHs omnopy Ry
cllifi OOYHCIIIOBATH HA OCHOBI BiAIIOBIJIHOIO
XapaKTePUCTHIHOTO 3HAaYCHHS Ry,
BU3HAYEHOTO MiJ Yac BUOpOOyBaHHA, 3a

109

B.3 — Test set-up for double span tests

B.5 Evaluation of test results

B.5.1 General

(1) A specimen under test should be
regarded as having failed if the applied test
loads reach their maximum values, or if gross
deformations exceeding agreed limits occur,
see A.6.1 of EN 1993-1-3.

B.5.2 Adjustment of test results

(1)  For the adjustment of test results
reference should be made to A.6.2 of
EN 1993-1-3.

B.5.3 Characteristic values

(1)  The characteristic value R; may be
determined from test results according to
A.6.3 of EN 1993-1-3.

B.5.4 Design values

(D) The design value of a resistance Ry
should be derived from the corresponding
characteristic value R; determined by testing,
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JIOTIOMOT 00 (POPMYJIH:
Rd = Rk/yM/ nsys

Ie:

JM — YaCTKOBUH KOGQIIIEHT AT OTOPY 3TiAHO
5.1.1 (4);

Msys — KOe(IUIEHT nisd BIAMIHHOCTEH B
MOBEIIHIII B YyMOBax BHIPOOYBaHHS 1 B
YMOBax eKcIUTyaTartii.

Ipumirka 1.  3HaucHHS, 10 MIPUITACYETHCS
CHMBOJLY 7]y, MOE OyTH BU3HAYEHO B HAL[IOHAJILHOMY
noxatky. Jlis TpaBMIBHO NPOBENCHUX CTaHIAPTHHX
METONIB BUNPOOYBaHb, 3a3HaueHux y B.2, B.3 i B.4,
PEKOMEHIYEThCS 7], = 1,0

Ipumirka 2: 3Ha4yeHHS J); MOXKHA BHU3HAUUTH 3a
JIOTIOMOTOI0 CTaTHCTHYHHUX METOJIB IJISl PALY OCTAHHIX
YOTHPHOX BHUIPOOYBaHb. 3BEPTATHCS CIIJ IO AOAaTKa
D, EN 1990.

using:
(B.1)

where:

yu 1s the partial factor for resistance according
to 5.1.1 (4);

Mss 18 a factor for differences in behaviour
under test and service conditions.

NOTE 1: The value to be ascribed to the symbol
7lys May be given in the National Annex. For the well
defined standard testing procedures given in B.2, B.3
and B.4, 7, = 1,0 is recommended.

NOTE 2: The value of y, can be determined
using statistical methods for a family of at least four
tests. Reference should be made to Annex D of EN
1990.
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JOJATOK C (moBinkoBmid)

KEPIBHI BKA3IBKH I10
ITPOEKTYBAHHIO PAIIB CTAJIEBUX
HIITYHTOBUX ITAJIb

C.1 IlpoexTyBaHHS MONEePeYHoro
nepepizy IMIYHTOBOI Najdi B IPAaHUYHOMY

crami

C.1.1 3acanvnui nonoscennsn

(1) Po3paxynkoBi 3HA4YCHHS JUIS
pe3yNbTaTiB BILJIUBIB HE MOBUHHI
MePEBUILYBaTH PO3paxyHKOBUI ortip

MIOTIEPEYHOr0 Mepepizy.

(2)  Po3paxyHKOBWHIA Omip CIIiJ BU3HAYATH 3
ypaxyBaHHSIM peTenbHO oOpanoi
KOHCTPYKTUBHOI MOJIENi MPOEKTY BiJIMOBIIHO
o 2.5.

3) Skio noTpiOHO, HEOOX1THO
BpPaxoBYBaTH 3HWKCHHS BJIACTUBOCTEH
MIOTIEPEYHOr0 Tepepi3y B pe3yibTaTi BTpaTH
TOBIIMHH, JI0 SIKOTO TPHU3BOJUTH BIUTUB
KOpO3ii, BIATIOBIAHO 10 pO3.iny 4.

(4) Jlost U-noxi6Hux Hajib CITILT
BpPaxoBYBaTH MOJKJIMBY BIJCYTHICTh Iepenadi
3CYBHOTO 3yCWIJISI B 3aMKOBI 3'€/IHaHHS,
BiAMOBiIHO 710 5.2.2 (2).

(5) Skmo  psax IOOyHTOBMX Ak
HiAAETbCA  TONEPEeYHOMY  3TMHAHHIO B
pe3ynbTaTi AU(EpeHLiaIbHOT0 TUCKY BOAM, TO
HEOOXITHO MpUIIMaTH 10 yBaru BIIJIUB TUCKY
BOJIM 3a JIOTTOMOT 010 5.2.4.

(6) Omip momepedyHoro mepepizy 10
nepeaadi 3yCHUIS aHKepa B MOJIKY HIITYHTOBOT
naji uyepe3 MiAKIaAKy abo 3ycuyuis aHKepa
a00 po3mopku B TepebopI CcTajeBoi mai
gyepes 00B’ 3Ky CIIiJ] BU3HAYATH BiAMOBITHO JI0
7.4.3.

(7) S0  BIACTUBOCTI  TOMEPEYHOTO
nepepisy, BHOpaHi JUISt BU3HAYCHHS
BHYTpIIIHIX  3yCHJb 1  MOMEHTIB, He
3aJJOBOJIGHSIIOTH  KPUTEPisiM, 3a3HAYEHUM Yy
nynktax (1) - (4), cmig BuOpaTd HOBHUU
npodiiak (a00 IHIMNA COPT CTai) 1 TOBTOPUTH
MpOLeIypy PO3PaxXyHKIB.

(8) [TnacTuaamit omip MOXKHA
BUKOPHUCTOBYBATH JJISl MOTEPEUYHUX IEepepi3iB
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ANNEX C [informative]

GUIDANCE FOR THE DESIGN OF
STEEL SHEET PILING

C.1  Design of sheet pile cross section at
ultimate limit state

C.1.1 General

(1)  The design values of the effects of
actions should not exceed the design
resistance of the cross-section.

(2)  The design resistance should be
determined taking into account a carefully
chosen structural design model in accordance
with 2.5.

3) If required the reduction of cross
section properties due to a loss of thickness
induced by corrosion should be taken into
account in accordance with 4.

(4)  For U-piles possible lack of shear force
transmission in the interlocks should be taken
into account according to 5.2.2 (2).

%) If the sheet piling is subject to
transverse bending due to differential water
pressure, the effects of the water pressure
should be taken into account using 5.2.4.

(6) The resistance of the cross-section to the
introduction of an anchor force into the flange
of the sheet pile via a washer plate, or of an
anchor or strut force into the webs of the sheet
pile via a waling, should be determined
according to 7.4.3.

(7)  If the cross-sectional properties chosen
for the determination of internal forces and
moments do not satisfy the criteria given in (1)
to (4), a new profile (or another steel grade)
should be chosen and the calculation
procedure repeated.

(8) Plastic resistance may be used for class
1 and class 2 cross-sections.


arymarenko
Прямоугольник


knacy 11 kiacy 2.

9) Sxmo s npodinis kimacy 1 a6o 2 B
PO3paxyHOK HE MNPHUUMAETHCS IEPEPO3IMOALT
MOMEHTIB 1, OTX€, IUIACTHYHHUN IOBOPOT,
BU3HAYCHHS  pE3y/lbTaTiB  BIUIMBIB  JJIs
MEPEBIPKU  TMOMEPEYHOr0 Iepepizy MOXKHa
BUKOHYBAaTH 3 3aCTOCYBaHHAM  HPYKHOI
OaJI0YHOI MOJIEMI.

(10) Sxmo  mpum  TPOEKTyBaHHI  HE
BPaxOBY€ETbCSI MEPEPO3MOALI MOMEHTIB 1,
OTXKE, TUIACTUYHHN TOBOPOT, HEOOXITHO
JOTPUMYBATUCS TAKHX YMOB IPOCKTYBAaHHSI:

— B KOMOiHamii 3 TEPeBIPKOIO TIOBOPOTY
ITOBHHHI BUKOPUCTOBYBATHUCS TUIBKH
norepedHi mepepisu kimacy 1 abo kiacy 2,
3TiAHO 3 BKa3iBKaMU, HABEIEHUMHU Jajl;

— TepeBipKy TMONEepEeYHUX TMepepi3iB  CIlif
BUKOHYBAaTH 3 BHKOPHCTaHHSAM Oano4HOi
MOJIei, fKa nepeadavae MIACTUYHUN TOBOPOT
(HampuKkJIaA, MoOJeNb IJIACTUYHOI 30HM abo
IJIACTUYHOI IIAPHIPHO ONepTOoi OaIKkn).

C.1.2 Ilepesipka nonepeunux nepepisie
knacy 1iknacy 2

(1) Knacudikaniro nonepeyHux mnepepizis
MOYKHA BHUKOHYBaTH 3a JIOIIOMOT OO
CIIIBBIHOIIEHb D/fy BIANIOBINHO 10O OXHIET 3
TaKuX MpOLEeaAyp:

—  wimacu¢ikamis  3a  Tabmuupero  S.1:
CIIIBBIJIHONIEHHS b/f;, BU3HAUEHI JUIsl TIOBHOTO
oropy BUTHHAITEHOMY MOMEHTY B
IUTACTUYHOMY LIApHIpi;

— kyacuodikamis 3a tabnuueto C.1, mpu skiit
CIiBBiIHONIEHHs b/ty BU3Ha4atoThes s 85 %
- 100 % mnoBHOro OMOpPy BUTMHAIBLHOMY
MOMEHTY B IJJACTUYHOMY MIAPHIipi, MOETAIHO
mo 5 %.

2) SKmo mId BU3HAYEHHS MONEPEYHUX
mepepiziB  kmacy 1 abo  wmacy 2
3aCTOCOBYEThCS Kiacu@ikalis 31 3HIKEHUM
piBHEM TIOBHOTO OIOPY BHTHHAJIBHOMY
MOMEHTY MTACTUYHOTO mapHipa 3
koedimieaTom 3menmenns pc = 0,85-0,95, to
PO3paxyHKOBHH OITip MOMEPEUYHOTO TIepepi3y

Mae BU3HAYATUCA 3 BUKOPUCTAHHAM
3MEHIICHOI MEXKOI TE€KYUOCTI fy red = OCfy--

9 If no moment redistribution, and
therefore no plastic rotation, is taken into
account for class 1 or 2 profiles, determination
of the effects of actions for the verification of
the cross-section may be carried out using an
elastic beam model.

(10)  If moment redistribution, and therefore
plastic rotation, is taken into account in a
design, the following design considerations
should be fulfilled:

— only class 1 or class 2 cross-sections should
be used in combination with a rotation check
as given below;

— the verification of the cross-sections should
be carried out using a beam model that allows
for plastic rotation (e.g. plastic zone or plastic
hinge beam model).

C.1.2 Verification of class 1 and class 2
cross-sections

(1)  The classification of a cross-section
may be carried out by using b/t ratios
according to one of the following procedures:

— classification according to Table 5.1: b/t
ratios determined for the full plastic moment
resistance;

— classification according to Table C.1 in
which the b/t ratios are given for 85 % to 100
% of the full plastic moment resistance, in
steps of 5 %.

(2)  If classification with a reduced level of
the full plastic moment resistance with a
reduction factor pc = 0,85 to 0,95 is used to
determine a class 1 or class 2 cross-section,
then the design resistance of the cross-section
should be determined with a reduced yield

strength f; e = pc f)-
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Tabauus C.1- Knacudikauis nonepedHux nepepisis Npy 3THHI Ha 3HUKEHOMY PiBHI My, ra
Table C.1-—  Classification of cross-sections in bending on a reduced M, zslevel
Twm mans M, ra 100 % 95 % 90 % 85 %
Type of pile Koedimient 1,0 0,95 0,90 0,85
3HIDKEHHSI O¢
Reduction
factor pc
U-nopioni mani | Knac 1 abo 2 blty blty blty blty
U-piles Class 1 or2 B <37 £ <40 P <46 c <49
Z-noxi6ui mam | Kmac 1 abo 2 b/t bity bity b/t
Z_gﬂﬂs L S ocas 50~ <50 <60 <66
Class 1 or 2
3) [TpoextyBaHHs npu ypaxyBaHHI 3) A plastic design with moment

IUIACTHYHOCTI 3 TEPEPO3IMOAIIOM MOMEHTY
MOXXHa  BUKOHYBaTH 3  BHKOPHCTaHHSIM
MOTICpEYHMX TIepepi3iB kimacy 1 abo kmacy 2,
SIKIIIO MO>KHA ITiITBEPUTH, II1O:

Pca 2Pea
Ie:
#ca — PO3PaXyHKOBUH KyT TIOBOPOTY
MJIaCTUYHOI MOJIe, CTBOPIOBAaHUM

MONEepPeYHUM TepepizoM, nuB. pucyHok C.1 1
pucysok C.2;

@rq — MaKCHUMaJbHUM PpPO3paxXyHKOBUH KyT
MIOBOPOTY, HEOOXITHUM Il  peanbHOro
IIPOEKTHOTO BUNIAJIKY.

4) Kyt mnoBopory mmactuyHOi Mojeni
¢cq TokazaHi Ha pucyHky C.1 ans pi3HHX
piBHIB M, s B 3aJIEKHOCTI BiJ CIIBBIJIHOIIEHB
b/ty /& | monepednoro nepepisy. Lli niarpamu
3aCHOBaHI Ha pe3yiabTaTax BUIPOOyBaHb Ha
BUTHH CTaJICBUX NIMYHTOBUX TMajib (JIUB.
pucynok C.2).
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redistribution using class 1 or class 2 cross-
sections may be carried out, provided that it
can be shown that:

(C.1)

where:

¢cq 1s the design plastic rotation angle
provided by the cross-section, see Figure C.1
and Figure C.2;

@rq 1s the maximum design rotation angle
demand for the actual design case.

4) Plastic rotation angles ¢¢, are given in
Figure C.1 for different M, s levels,
dependent on b/t /¢ ratios of the cross-section.
These diagrams are based on results from
bending tests with steel sheet piles, see Figure
C.2.
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02

—&— 100 % Mpl.Rd
=05 % Mpl,Rd
—¥— 00 % Mpl,Rd
—%— B5 % Mpl,Rd

01

$eqlrad]

20 25 30 35 40 45 50

bit/e

a) U-nonioui nasi

a) U-piles

—&—100 % Mpl,Rd
—— 85 % Mpl,Rd
—H—g0 % Mpl.Rd
—%— 85 % Mpl,Rd

25 5 45 55 85
b/t/e
b) Z-nonioni maji

b) Z-piles

Pucynok C.1-— Kyt noBopory miacTu4Hoi Mojenl @cq, CTBOPIOBAHUIA
MOTIEPEYHHUM TIEPEPi30M Ha PI3HUX PIBHIAX M) ra

Figure

C.1 — Plastic rotation angle @, provided by the cross-section

at different levels of M), rq

>

bprd brot.d

Pucynox C.2 — BuszHaueHHs KyTa MOBOPOTY IUTACTHYHOI MOJeM Py

Figure
(5)  Po3paxyHKOBUH KYT NMOBOPOTY @s AJIS
peaJbHOro  MPOEKTHOTO  BUMAJIKY MOXKHA

BH3HAYUTH 3a JIOIOMOIOI0 OJHIEI 3 TaKux
npoLenyp:
a) 1St MOJIeTIeH 3 TTACTUYHUMU MIapHIPAMH:

@rs — MaKCUMaIIbHUH KYT MOBOPOTY B Oyab-
SKOMY 13 IUTACTUYHUX LIapHIPIB;

b) amprepHaTtuBHHMI crmoci® s Momened 3
IUTACTUYHUMH  IIapHipaMHu 1 Il Mozeneit
IUTACTUYHUX 30H:

C.2 — Definition of the plastic rotation angle ¢cy

%) The design rotation angle ¢@g; for the
actual design case may be determined using
one of the following procedures:

a) for plastic hinge models:

¢ea 1s the maximum rotation angle in any
plastic hinge;

b) alternatively for plastic hinge models and
for plastic zone models:
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Pea = ProrEd - PpLEd

Ji(H

@rorEd — PO3PAXyHKOBUH KYT B TPAaHHYHOMY
CTaHi, BHUMIPDIOBaHMA B TOYKaX HYJIbOBHUX
MOMEHTIB (quB. pucyHok C.3);

@pEa  — PO3PAXYHKOBHH KYyT IIOBOPOTY
MPY>KHOT MOJIENI, 1110 BU3HAYAETHCS ISl OTIOPY
MOMEHTY TUIACTUYHOI MOJIe1 M,,.

Hpumirka. B cmpomenomy BapiaHTI 3Ha4YeHHS
@1, £4 MOXKHA BU3HAUATH HACTYITHUM YHHOM:

s _ EM oiral
pl,Ed
3 B, EI
Ie:
L — BiacTaHb MDK TOYKaMU HYJIbOBUX

MOMEHTIB B TPaHUYHOMY CTaHi (IMB. pUCYHOK

C.3);

EI — XopcTKicTh TpU TPYKHOMY BHUTHHI
IIMTYHTOBOI Mai;

Pp— KoedilieHT, Bu3HaUeHui B 6.4 (3).

C) Ui MoJieNed 3 IUIaCTUYHUM LIapHIpOM abo
3 IUIACTUYHOKO 30HOK0, 3 BUKOPHCTAaHHSAM
MOBOPOTIB, SIKI BU3HAYAIOTHCS HA OCHOBI
PO3paxoBaHMX 3CYBIB CTIHKH, SIK IMOKA3aHO Ha
pucynky C.4:

Ped = ProLEd - PoiEd

Ipu:
By =t 4 2
, L L,
y _ i pl,RdL
MEC12 BLE
Hpumirka. SIkmo mporpamMa po3paxyHKiB, IO

BUKOPHUCTOBYETBCS  JUII  NPOEKTYBaHHS, JIO3BOJISE
3HATTS HABaHTAXEHHSA 31 IIITYHTOBOI TMami Ticis
MPOLIEyPH PO3paxyHKiB JJs TOTO, MO0 OTpUMATH
IUIACTUYHY 7AedopMalilo, TO TaKMM YHHOM MOXKHa
BU3HAYMTH 3HAYEHHA g, 1 TOAI BH3HAYCHHS
3aJIMIIKOBOI IUIACTUYHOI AedopMaiii He BHKIHKAE
TPYAHOILIB.

C.2 TI'panuyHuii cTaH eKcIUIyaTamidHOI
HaxiiiHOCTI

(1) B pa3i Bukopucranus U-momaiOHUX
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(C.2)

where:

dorea 1S the design angle at ultimate limit
state, measured at the points of zero moment
(see Figure C.3);

@ ea 15 the design elastic rotation angle,
determined for the plastic moment resistance
M,

NOTE: As a simplified procedure ¢,z may be
determined as follows:

(C.3)

where:

L is the distance between the points of zero
moment at ultimate limit state, see Figure C.3;

EI is the elastic bending stiffness of the sheet
pile;
Pp 1s a factor defined in 6.4(3).

c) for plastic hinge or plastic zone models,
using rotations determined from calculated
displacements of the wall as shown in Figure
C4:

(C4)
with:

(C.5)

(C.6)

NOTE: If the calculation program used for the design
allows unloading of the sheet pile after the calculation
process in order to obtain the plastic deformation, ¢,
can be determined in this way and determination of the
remaining plastic deformation is then straight forward.

C.2  Serviceability limit state

(D) In the case of U-piles, possible lack of
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shear force transmission in the interlocks

najb HEOOXIHO BpPAaXOBYBATH  MOXKIUBY
BIICYTHICTh TIepefadi 3CYBHOTO 3yCHJUIS B should be taken into account according to 6.4.
3aMKOBI 3'€/IHaHHS BiJIIOBITIHO /10 6.4.

ZAEZNZAZN ;
¥

T’

7

L

M o R

i e pl.Rd

b) Po3noain momenTiB ¢) Binxusenns

a) Cucrema
b) Moment distribution ¢) Deflection (scaled up)

a) System

Pucynox C.3 — Ilpukiag BU3HAYEHHs 3arajlbHOrO KyTa MOBOPOTY @ror E£d

Figure = C.3 — Example of the determination of the total rotation angle ¢, s
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M p ra T T B

a) Cucrema b) Po3noain momeHTiB ¢) Binxusienns

a) System b) Moment distribution ¢) Deflection (scaled up)

Pucynok C.4 — IlpumiTka 151 BU3HaUEHHS 3aTalIbHOTO KyTa MMOBOPOTY (or Ed
Ha OCHOBI 3CYBIB

Figure = C.4 — Notation for the determination of the total rotation angle ¢, g4
from displacements
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JOJATOK D (moBinkoBmii)

IHEPBUHHI EJIEMEHTH
KOMBIHOBAHHUX CTIHOK

D.1  /IBoraBpoBi npodii,
BHKOPHCTOBYBAaHI fIK IEPBUHHI eJIeMEHTIB

D.1.1 3acanwvni nonoscennsn

(1)  ABotaBpoBi mpodisi, BAKOPUCTOBYBaHI1
SK TICPBUHHI €JIEMEHTH B KOMOIHOBaHUX
CTiHKax (IWB. pUCYHOK 1.5), siKi BiZHOCSTBCA
10 TiepepisiB kiacy 1, kimacy 2 abo kiacy 3, 1o
tabmumi 5.2, EN 1993-1-1, moxHa niepeBipaTu
BIJIIOBITHO 0 MpoLeaypH, HaBeneHoi B D.1.2.
Mpumirka. IMonepeuni mnepepizu knacy 4 ciuin
nepeBipsata Bigmosigao 1o EN 1993-1-3 i EN 1993-1-7.

(2) SIKImo HE JOTPUMYBATHUCS KPHUTEPIIO
(5.1), Bcranosiienoro B EN 1993-1-1, 3aranbHi
BHYTpIIIHI  3yCWJUIA 1 MOMEHTH  CIiJ
BU3HAYaTH 3  BHUKOPUCTaHHAM  OaJlouHOL
Mojneni 3 Teopii TpaHWYHHX CTaHiB. 3a
iHpopMalli€l0 TMpO BU3HAUEHHS JOBXKHHU
BTpaTH CTIMKOCTI CIIiJ 3BepTaTucs 10 5.2.3.

3) Skuro HEOOXIJTHO, TO ciin
BpaxOBYBaTH JIOKAJbHI HANpPYXEHHS TIpU
3TUHI TUTMTH B Pe3ylbTaTi PO3PaxXyHKOBHX
3yCHWJIb, TIEPEIaHuX BTOPHHHUMH €JIEMECHTAMU
yepe3 3'eqHaHHS, BIAMOBITHO 10 5.5.4 (nuB.
pucynok D.1).

D.1.2 Memoo nepesipku

(1) Skimo  BIOCKOHAJEHI METOOU  HE
3aCTOCOBYIOTBCS, TO HACTYIHA CIPOIICHA
nmpoueaypa nepenbavae NepeBIpKy
JBOTaBpOBUX MpodiIiB, 3 ypaxyBaHHSIM
B3aeMOJii  MDK  3arajlbHUM BUTHHOM,
HOPMAJIbHUMH  3YCHIUIAMHA 1  JIOKQJIBHHUM
BUTMHOM IUIMTH B TIONKax B pE3yNbTari

pPO3paxyHKOBHUX 3YyCHJIb Bl  BTOPHMHHHUX
€JIEMEHTIB.
IMpumirka. 3a JOIIOMOTOI0 BJIOCKOHAJIEHUX

METOMIB PO3PaxyHKy, sKi BPaxOBYIOTb i MaTepiai, i
TeOMETPUYHI  HENiHIHHI ~ XapaKTePUCTHKH, MOJKHA
PO3pOOISITH OITBIT EKOHOMIYHUN MPOCSKT. Takuil miaxin
PEKOMEHIYETBCSI TAKOXK JUIS PO3IIISLY BUCOKHMX THUCKIB
BOJY, 10 NepeBUILyt0Th 10 M Hanopy.

2) [Tpu THcky Boau (200 €KBiBAJIGHTHOMY

THCKY TPYHTY B JIy’)K€ M'SIKHX TpyHTax) a0 h =
10 M B3aeMOir0 MIXK 3araJibHUMH BILUIMBAMU

ANNEX D [informative]

PRIMARY ELEMENTS OF COMBINED
WALLS

D.1  I-sections used as primary elements

D.1.1 General

(1)  I-sections used as primary elements in
combined walls, see Figure 1.5, which appear
to be class 1, class 2 or class 3 sections
according to Table 5.2 of EN1993-1-1, may be
verified according to the procedure given in
D.1.2.

NOTE: Class 4 cross-sections should be verified
according to EN1993-1-3 and EN1993-1-7.

(2)  If criterion (5.1) in EN1993-1-1 is not
fulfilled, the global internal forces and
moments should be determined using a beam
model with second order theory. Reference
should be made to 5.2.3 for the determination
of the buckling length.

(3)  If required, the local plate bending
stresses due to the design forces introduced by
the secondary elements via connections should
be taken into account in accordance with
5.5.4, see Figure D.1.

D.1.2 Verification method

(1) If no more advanced method is used,
the following simplified procedure allows for
the verification of I-sections taking into
account the interaction between overall
bending, normal forces and local plate bending
in the flanges due to design forces from the
secondary elements.

NOTE: Using a more advanced calculation method that
takes into account both material and geometrical
nonlinearities may lead to a more economical design.
This approach is also recommended to deal with higher
water pressures exceeding 10m head.

2) Up to a water pressure (or equivalent
earth pressure in very soft soils) of 2 = 10m
head the interaction between overall action
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a00 JIOKaJbHUM BHITMHOM IUIMTH MOXKHA
BpaxOBYBATHU HACTYITHUM YHMHOM:

—  TepeBipka  MOMNEPEYHOro  Iepepizy
MEPBUHHUX €JIEMEHTIB MMOBUHHA
BUKOHYBaTHCca 3rizHo  6.2.9.2 1 6.2.10,
EN 1993-1-1 3 ypaxyBaHHsIM 3HUKEHOI MEXKI
TEKy4OCTi:

effects and local plate bending may be taken
into account as follows:

— the cross-sectional verification of the
primary elements should be carried out
according to 6.2.9.2 and 6.2.10 of
EN 1993-1-1, taking into account a reduced
yield strength:

—npu (for) 2= 10m (m): £, rea= 0.9 £,

—npu (for) 2 < 4m (m): £, rea= 1.0 £,

—npu (for) 4 M (m) < h < 10 M (m): niniitHa iHTepnonsis (linear interpolation)

— JIOKaJbHUH BUTHH IUTUTH B  TIOJKax
MepeBipsSeThCS BIAMOBIAHO A0 MYHKTY (3).

3) JIokaJIbHUM BUTMH IUIMTH B MOJIKaxX
CIIiJT TIEPEeBIPATH MJIsl MONEPEYHOro Mepepizy
B3JIOBX TIOJKH, PO3TallOBAHOI Ha IOYATKY
KyTOBOrO  3'€qHaHHS, 3  ypaxyBaHHSIM
PO3PaxXyHKOBHX 3YCHIIb, TIEpeJaHUX dYepes
3'eqnyBaui (quB. pucyHok D.1) 3a momomororo

dbopmymu:

2
MEd +(NEd] Sl
MRd NRd

ne Mg; ta Ng; — pO3paxyHKOBI BIUIMBU IS
BUTUHY TUTMTH, 10 BU3HAYAIOTHCS HA OCHOBI:

— local plate bending of the flanges is verified
according to (3).

(3)  Local plate bending in the flanges
should be verified for a cross-section through
the flange located at the beginning of the fillet
taking into account the design forces
introduced via the connectors, see Figure D.1,
using:

(D.1)

where Mpg; and Ng; are the design action
effects for plate bending, given by

MEd =MEgs T Wy Ed dra (and) NEd = Wy Ed (DZ)

Mpq Ta Npg — pO3paxyHKOBI 3HAUE€HHS ONOPIB
JUIs BUTMHY IUIMTH, IO BHU3HAYarOThCS Ha
OCHOBI:

Mgy and Npy are the design values of the
resistances for plate bending, given by:

My, =0,2875Cf, /7, Ta(and) Ny, =1, /7,

TYT ¢ — TOBIIIMHA TOJIMIII HA MTOYaTKYy KYTOBOTO
3'eTHaHHA.

Opwumirka 1. My, Ng, My, Ta Np, nNOBUHHI
MpUAMATHCS Ha OJIMHUYHIN TOBXKHUHI.

Hpumirka 2:
HE BPaxoOBYBaTH.

B3aeMonito 3CYBHHX 3yCHIb MOXKHA

(4) 3a iHdopmali€l0 Mpo  MEpeBIpPKYy
BTPAaTH CTIMKOCTI MpU 3CyBi NepebOpKH Ciij
3Beprarucs 10 EN 1993-1-5.

(5) 3a iHopMmaliel0 TPO  TEPEeBipKY
3arajJpbHOl BTPATU CTIHKOCTI CIIIJT 3BEpTATUCS
1o posainy 6.3.3, EN 1993-1-1.
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where ¢ is the flange thickness at the beginning
of the fillet.

NOTE 1:
per unit length.

Mgy Ngg, My, and Npy are to be taken

NOTE 2:
neglected.

The shear force interaction may be

(4)  Reference should be made to EN 1993-
1-5 for the shear buckling verification of the
webs.

®)] Reference should be made to section
6.3.3 of EN 1993-1-1 for the overall buckling
verification.
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Pucynok D.1 - JIBoTaBpoBuii mpoisip i3 3araJlbHUM BUTUHOM 1 BUTUHOM IUTUTH

Figure

D.2  Tpy0Ouacti majgi, BHKOPHCTOBYBaHI
SIK IIEPBUHHI eJIeMeHTH

D.2.1 3acanwvni nonoscennsn

(1)  TpyOuacri nani, 10
BUKOPUCTOBYIOTHCS SIK TICPBHHHI €JICMCHTH B
KOMOIHOBAaHMX CTIHKaX, SIKI BIIHOCATBHCSA 0

D.1 — I-section with overall and plate bending

D.2  Tubular piles used as primary
elements

D.2.1 General

(1)  Tubular piles used as primary elements
in combined walls, which appear to be class 4
sections according to Table 5.2 of EN 1993-1-
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NEPeTHHIB Kiacy 4, BIAMOBIAHO 10 TaOmUI
5.2, EN 1993-1-1, MoxHa mepeBipiaTH 3a
JIONIOMOTOK0 HACTYITHOI MPOLEYPH.

(2) Skimo He JOTPUMYETBHCSA KpUTEpId
(5.1), BcranoBnenuii B EN 1993-1-1, 3araibHi
BHYTPIIIHI ~ 3yCWJUII 1  MOMEHTH  CIIiJ
BU3HAYaTH 3 BHUKOPHUCTAaHHAIM  Oano4HOl
MOJIeITi 3 Teopii 3a TpPaHUYHUM CTaHOM.
IIpumirka : o6 pospaxyBaru 3Ha4yeHHS F,
HEOOXiTHO BpaxoByBaTH [il0 oBamizamii (BTpaTH
Kpyrioi ¢opmu) y ApyroMy MOMEHTI iHepuii Iiomi.
BusHaueHHs JOBXHUHU BUKPUBICHHS AUB. y 5.2.3.

(3) 'V pa3i norpebu, 3rigHO 3 PO3ILIOM
5.54 TIoKkanbHI HANpyXEHHS TpU 3TUHI
O0OJIOHKM 1 3MiImIEHHS B  pe3yJibTari
PO3PaXyHKOBHX 3yCHIIb, nepeaaHux
BTOPUHHUMH €JIEMEHTaMH dYepe3 3'€IHyBadi,
MOYKHA OLIHIOBATHA HAa OCHOBI Tadymid D.1.

Mpumirka 1.  BeptukansHi onopHi peaxuii, 3rigHo 3
MaJgloHKOM 5.9, MoOXHa He BpaxoByBaTH IIpU

BU3HAYCHHI JIOKAIBHUX  HANpyXeHb IIpU  3TUHI
000JIOHIII.

Ipumitka 2:  Jlng COpOIIECHHS MOXXHA JOMYCTHTH,
LI0 TOPH3OHTANBHI 3ycWiuisi wy,Ed JiI0Th TUIBKU TpH
pO3TATYBaHHi.

4) Jiro oBamizamii TpyOM B pe3yJbTari
JIOKAJIbHOTO BUTHHY OOOJOHKH B JpyroMmy
MOMEHTI 1HEpIlli TJIOINIl HABKOJIO OCl CTIHKH
(muB. pucyHok D.2) MoxHa OIIHIOBaTH 3a
JIOTIOMOT'00 KOoe(ili€eHTa 3MEHIIICHHSI:

Lor=1-1,5(e/r)

[pumirka : Hiro oBamizamii B MOMEHTiI OIOpY
nepepizy MoKHa He BpaxOBYBaTH.

(5) Oganizartito e B pe3ynbTari
JIOKAJIbHOTO BUTHHY OOOJIOHKH (JIUB. PUCYHOK
D.2 ta tabauio D.1) MoxHa OIIHIOBATH TakK:

3

r
e=0,0684w, ., ]

ac:

ne EI — KOpcTKICTh A7 BUTHHY OOOJIOHKU
TpyOH, 1110 BU3HAYAETHCS 32 (POPMYIIOLO:

1, may be verified according to the following
procedure.

2) If the criterion (5.1) in EN 1993-1-1 is
not fulfilled, the global internal forces and
moments should be determined using a beam
model with second order theory.

NOTE: To calculate F,, the effect of the ovalisation on
the second moment of area should be taken into
account. See 5.2.3 for the determination of the buckling
length.

(3)  If required by section 5.5.4, the local
shell bending stresses and displacements due
to the design forces introduced by the
secondary elements via the connectors may be
estimated from Table D.1.

NOTE 1: The vertical support reactions from
Figure 5.9 may be disregarded for the determination of
local shell bending stresses.

NOTE 2: For simplification the horizontal
forces wy,z¢ may be assumed to act only in tension.

(4)  The effect of the ovalisation of the tube
due to local shell bending on the second
moment of area about the wall axis, see Figure
D.2, may be estimated using the reduction
factor:

(D.3)

NOTE: The effect of the ovalisation on the section
modulus may be neglected.

%) The ovalisation e due to local shell
bending, see Figure D.2 and Table D.1, may
be estimated from:

ane (but) e<0,1r (D.4)

where:

EI is the stiffness for shell bending of the tube,
given by:

EI=Ef/12;

7 — CEpEeIHBOJIHIMHNUNA pajiiyc Tpyou;

WyEq ~ — OIIOpHA peaklis Ha OAUHUYHY
JOBKHUHY, SIKa BU3HAYAETHCS HA OCHOBI 5.5.2
(3) (nuB. pucyHok 5.9).
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r is the mid-line radius of the tube;

Wy kq 1s the support reaction per unit length,
determined from 5.5.2(3), see Figure 5.9.
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(6) Paniyc BUKpUBJICHHS a TIpU OBajizarii (6) The radius of curvature a at the

(muB. pucyHok D.2) MoxHa BH3HAYUTH 3a ovalisation, see Figure D.2, may be obtained
dhopmyroro: from:
r
a=— (D.5)
1-22
r
Ta6auus D.1— JlokanbHUi BUTUH OOOJOHKH B pE3yJbTaTi Ail pO3pPaXyHKOBHUX 3yCHIIb 3
BTOPUHHUX C€JIEMEHTIB
Table D.1 - Local shell bending due to design forces from secondary elements
A A
L "
Wy Ed Wy Ed kd bd
< —» | p B
D B
C (

M,;=0,182 wy gq7 M= 0,137 mg,

NA:O,S Wy Ed NA:0,637 mEd/r

VA =0 VA =0

Mp=-0,318 wy ggr MB=%0,5 mg,

Np=0 NB=0

Ve=20,5wy g VB =-0,637 mg,/r

ADgp = 0,1488 wy, 7" / EI ADyp=0

AD,c=-0,1368 w, zy7° / EI AD,c=0

ne: BusHaueHHs BHYTPIIIHIX 3yCHIIb i MOMEHTIB y

M, N, V - BHYTpiIlIHI 3yCHIIIS i MOMEHTH Y BUTHHI BHUTHHI OOOJIOHKH:

000JIOHKH 3T'1JIHO 3 JAaHUM PHUCYHKOM; Definition of internal forces and moments in shell

Wy, a1 Mg - PO3PAXYHKOBI 3yCHILIS, 110 TIepenatoThes | bending:

BTOPUHHUMH €JIEMEHTaMH 4epe3 3'€JHyBaJIbHI A 1

HPUCTPOT; :

ADgp i AD ¢ - 3MiHU B JTiaMeTpi, 110 BAHUKAIOTH B N \ﬂ A

pe3yibTaTi BYKUBAHUX 3YCHIIb (OBaJIi3alii); ’

7 - CepeHBOIIIHIHHUI pajiyc TpyOu;

EI - 50pcTKiCTh BUTHHY O0OOJIOHKH TPyOu

Where:

— M, N and V are the internal forces and moments in 1 B

shell bending according to the definition given in the

figure.

— W, ggand mg, are the design forces introduced by the

secondary elements via the connecting devices.

— ADgp and AD ¢ are the changes in diameter

resulting from the applied forces (ovalisation).

— r is the midline radius of the tube S

— El is the shell bending stiffness of the tube
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a — pajiyc BUKPUBJICHHS IPH oBaJji3auii;

e — oBaJlizallisi B pe3y/I1bTaTi JIOKAJbHOI0 BUTHHY
000JI0HKH;

r — cepeHbOJIIHIHUH paaiyc TpyOu;
t — TOBUIMHA CTiHKM TPYOM;

W), Eq— 3YCHJLIISA, 110 NI€EPEAAECTHCH BTOPUHHUMH
CJICMCHTAMHU

- 2r -

a: radius of curvature at ovalisation

e: ovalisation due to local shell bending
r: midline radius of the tube

t: wall thickness of the tube

w4t force introduced by the secondary elements

Pucynok D.2 — TpyOuacta nmasnsi: TeOMETpUYHI /aHi 1 JOKaJIbHUI BUTUH 000JIOHKU
Figure D.2 — Tube pile: geometrical data and local shell bending

D.2.2 Memoo nepegipxu

(1) Hacrynny npouenypy MOXHa
BUKOPUCTOBYBATH JJIsl MEPEBIPKU TPyOUaCTHX
nanb 3 ypaxXyBaHHSIM BUKPHUBICHHS O00OJOHKH,
B3acMOIil MIDK 3araJIbHUM BUTHHOM,

HOpMaJIbHUMHU 3yCUJLIAMU, JJOKaJIbHUM
BUTMHOM 000JIOHKH 1 3arajJbHOIO
BUKPUBJICHHS.

Hpumirka : B sKxocTi ampTepHATHBH TIEPEBIPKY

MOHa BUKOHYBaTH 3rigHO 8.6 a6o 8.7 EN 1993-1-6 3
BUKOPHCTAHHSIM MOJIENI, IO MiAXOIAWTH JUIS TAaKOTO
TUIy aHaji3y, 1 HaJeXHUM YHHOM BpaxoBYye e(peKT
YUIUTBHEHHS IpyHTY. Takuii miaxiz, sK NpaBHIIO, HA/A€E
OibII  EKOHOMIYHI pe3ysbTaTH, HIK Hpoueaypa,
oImcaHa JIaji.

(2)  HeoOxigHe BHMKOHAHHS  TEPEBIPKU
BUKPUBIIEHHS IS [WJIIHAPUYHOI OOOJIOHKHU 3
paniycoMm, pIBHMM pajiycy BHUKpPHUBJICHHS a
NP OBaTi3aIlii.

(3) 3a indopmauier0 TPO  TEPEBIPKY
BUKPUBJICHHS CJIiJ] 3BEPTATUCS 0 PO3aiTy 8.5,
EN 1993-1-6.

(4) BukpuBnenHs mnpu 3CcyBi MOXKHA HE
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D.2.2 Verification method

(1)  The following procedure may be used
for the verification of the tubular piles taking
into account shell buckling, the interaction
between overall bending, normal forces, local
shell bending and overall buckling.

NOTE: Alternatively the verification may be carried
out according to 8.6 or 8.7 of EN1993-1-6 using a
model suited for this type of analysis and which gives
due consideration to the stiffening effect of the soil.
This approach generally yields more economic results
than the procedure given below.

(2)  The buckling verification should be
carried out for a cylindrical shell with a radius
equal to the radius of curvature a at the
ovalisation.

3) Reference should be made to section
8.5 of ENI1993-1-6 for the buckling
verification.

4) Shear buckling may be neglected at
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BpPaxOBYBaTH B TOYKax nepeaayi
HAaBaHTAXXEHHS, SKIIO Il TOYKHA ITOCHJIEHI
OCTOHHUM HAIIOBHEHHSM a00 BIAIIOBIIHUM
YUHOM CIIPOEKTOBAHUMH eJIeMEHTaMH
KOPCTKOCTI.

(%) Skmo TpyOa 3alOBHIOETHCS HA TEBHY
BUCOTY UIUIBHUM TiCKOM a00  TJIMHOIO
CepeqHboi  IUIACTUYHOCTI, HANpyru MOpu
KIUTBLIEBOMY CTHCHEHHI B pe3yJibTaTi THCKY
IPYHTY 1 BOJIM MPHU MEPEBipIli BUKPUBJICHHS B
il YacTHHI TPyOM MOKHA HE BPaXOBYBAaTH.

[pumirka : Iadopmaris, o CTOCY€TBCS
HEOOXiJHOT IIITBHOCTI ab0 KOPCTKOCTi, MOXe OyTH

MpPE/CTaBICHA B HAIIOHAJIBHOMY [OJAaTKy Ha OCHOBI
MICIICBOTO JIOCBIiITy.

(6) HeoOximHO  BH3HAYUTH
HaAINPYXCHHSI IPY BUKPUBJICHHI IS

KPUTUYHC

— MEpUIIOHAIBHUX OChOBHX  HAIPYKEHb
BigmoBizno mo E.1.2.1, EN 1993-1-6, ne
C, = 1,0 HaBITh U151 TOBTUX MIIIH/PIB;

— HampyXeHb TpW 3CyBiI BIOIOBITHO MO
D.1.4.1, EN 1993-1-6;

— HampyXeHb INpU KUIbLEBOMY CTHCHEHHI
BigmoBizno go D.1.3.1, EN 1993-1-6 3
BUKOPUCTAHHSIM  TPAaHUYHUX  yMOB  JUIA
Bumnaaky 3 B Tabauii D.3 abo D.4.

(7) [TapameTpu BUKPUBJICHHS ciin
BU3Ha4aTH BigmosigHo 1o D.1.2.2, D.1.4.2 Ta
D.1.3.2, EN 1993-1-6, BignmosigHo, 3
ypaxyBaHHAM Kiacy fKocTi B ams HoBux

TpyO.

(8) Po3paxyHKOBI 3Ha4YeHHs HaIPYXEHb
MOBHHHI  PO3PaxOBYBAaTUCS 3  JIOTIOMOTOIO
MeMOpaHHOI Teopii 3riIHO 3 J0JaTKOM A,
EN 1993-1-6.

9) 3a iHdopMmalie0 TPO  HEpPeBipKY
MIITHOCTI Ha BUKPHUBJICHHS CJiJ 3BEPTATUCS O
po3ainy 8.5.3, EN 1993-1-6.

Hpumirka 1.  SIkmo npu mepeBipiii BHKPUBICHHS
HEOOXiTHO BPaxOBYBATH HANPYXEHHS NpPU KPYTOBOMY
CTHCHEHHI, HEpIBHOMIPHI pO3MOAIINM THCKY CIIiJ
3aMIHUTH OJHOPIZHHUMH PO3MOJiIAMH Ha OCHOBI
MaKCHMaJIbHOTO 3HAUCHHSI.

Mpumirka 2: 3cyB MOXHa HE BpaxOBYBaTH TNIpH
TepeBipI B3aeMOIii BiAMOBIAHO 0 MyHKTY (3) po3miny
8.5.3, EN 1993-1-6.

(10) 3arampHa mepeBipKa  MOMEPEUYHOTO
nepepizy MOBHHHA IMPOBOJUTHCS BiAMOBIIHO
mo 6.2.1, EN 1993-1-1, 3a 10moMOroro

points of load introduction, provided that these
points are stiffened by a concrete fill or
appropriately designed stiffeners.

®)] If the tube is filled over a certain height
with dense sand or stiff clay the
circumferential compression stresses due to
earth and water pressure may be neglected for
the buckling verification in this part of the
tube.

NOTE: Information concerning the required density or

stiffness may be given in the National Annex based on
local experience.

(6) The critical buckling stress should be
determined:

— for meridional (axial) stresses according to
D.1.2.1 of EN 1993-1-6 with C, = 1,0 even for
long cylinders;

— according to D.1.4.1 of EN1993-1-6 for
shear stresses;

— according to D.1.3.1 of EN 1993-1-6 using
the boundary conditions of case 3 in Table D.3
or D.4 for -circumferential compression
stresses.

(7 The buckling parameters should be
determined according to D.1.2.2, D.1.4.2 and
D.1.3.2 of EN 1993-1-6 respectively, taking
into account quality class B for new tubes.

(8)  The design values of stresses should be
calculated using membrane theory in
accordance with Annex A of EN 1993-1-6.

)] Reference should be made to section
8.5.3 of EN 1993-1-6 for verification of the
buckling strength.

NOTE 1: If the circumferential compressive
stresses have to be taken into account for the buckling
verification, non-uniform pressure distributions should
be replaced by uniform distributions based on the
maximum value.

NOTE 2: Shear may be neglected in the
interaction check according to (3) of section 8.5.3 of EN
1993-1-6.

(10)  The general cross-sectional verification
should be carried out according to 6.2.1 of
EN 1993-1-1 using the procedure given in
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MpoLeaypy, BU3HAYeHOI B po3aumn 6.2,
EN 1993-1-6. ¥V Takiii nepeBipiii HEOOXiaHO
BpaxOBYBaTH HANPYKCHHS SIK B peE3yJIbTaTi
3araJlbHOTO0 BUTHHY, TaK 1 B pe3yibTari
JIOKAIBHOTO  BHUTUHY  OOOJIOHKH,  3TiJHO
tabmuii D.1. Jliro oBamizaiii MoxHa He Opatu
70 yBar", 1 JUis Takoi TEpeBIpKH MOXKHA
BUKOPHUCTOBYBaTH  €JIACTHYHI  BJIACTHBOCTI
MOBHOTO ToONepedHoro mnepepizy. Kpurnuni
TOYKH, B SKHX HEOOXIJHO 3aCTOCOBYBAaTH
KpUTEpil TEKy4oCTi, TOBUHHI BU3HAYATHCS 3
ypaxyBaHHIM OCHOBHHX MOTIEPEYHUX
mepepiziB 1 BH3HAYAIBHUX TOYOK Yy IUX
nonepedyHux rnepepizax (touku A, B, Ci D B
tabymi D.1).

(11) Tnadopmaris 10,10 NepeBIpKH
3arajibHOI BTPAaTH CTIMKOCTI MICTUTBCS B
EN 1993-1-1, pozmin 6.3.3. IloTpioHO
BUKOPHUCTOBYBaTH  €JIACTHYHI  BJIACTHUBOCTI
MOBHOT'O TIONIEPEYHOTO Tepepizy, MPUUMaIOYH
70 yBard Jir0 OBaJIi3arii BiAMOBIAHO 10 (4),
D.2.1.

(12) Taka mepeBipka MOXKE BBaXKATHUCS

BHUKOHAHOIO npu MiATBEPKEHH]
BIJITOBIAHOCTI KPUTEPISIM B3a€EMOJII:
NEd MEd
+1,5 <L0
NRk MRk
Vi Vi

ne: Ngs Ta Mg — pO3paxyHKOBI 3HAYCHHS
CTHCKAIOYOro 3yCHUJUIS 1 MOMEHTa BUTHHY B
OCHOBHOMY TOIIEPEYHOMY Hepepisi;

Ngr Ta Mpy — XapakTepUCTUYHI OTOPH, IO
BHU3HAYAIOTHCS BIAMOBIAHO A0 MyHKTY (11);

¥ — KoeQillieHT 3MEHIIEHHS B pe3yjbTari
3arajibHOTO 3THHAJIBHOTO BHKPUBIICHHS, KU
BU3HAYae€Thcd 3a  jgomomororw  6.3.1.2,
EN 1993-1-1, Ha  OCHOBI JOBXHHHU
BUKPHUBJIEHHS BiANOBIAHO 110 5.2.3.

Hpumirka : I'HyukicTh TIOBMHHA  BH3HAYATHUCH
BiamoBigHO 1m0 6.3.1.3, EN 1993-1-1, 3 ypaxyBaHHAM
D.2.1 (2).
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section 6.2 of EN 1993-1-6. For this
verification the stresses due to both overall
bending and local shell bending according to
Table D.1 should be taken into account. The
effect of ovalisation may be neglected and the
full elastic cross-sectional properties may be
used for this verification. The critical points
where the yield criterion should be applied,
should be determined taking into account the
governing cross-sections and the governing
points in those cross-sections (points A, B, C
and D in Table D.1).

(11)  For the overall buckling verification
reference should be made to section 6.3.3 of
EN 1993-1-1 using full elastic cross-sectional
properties, taking into account the effect of
ovalisation in accordance with (4) of D.2.1.

(12)  This verification may be deemed to be
satisfied by verifying the interaction criterion:

(D.6)

where: Ng; and Mg, are the design values of
the compressive force and the bending
moment in the governing cross-section;

Ngi and Mpg; are the characteristic resistances,
determined in accordance with (11);

7 1s the reduction factor due to overall flexural
buckling taken from 6.3.1.2 of EN 1993-1-1,
based on a buckling length in accordance with
5.2.3.

NOTE: The slenderness should be determined
according to 6.3.1.3 of EN 1993-1-1, taking into
account (2) of D.2.1.
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1 3minum g0 5.2.3 1 Modifications to 5.2.3

Ilynkm "(6)", ocmanne peuenns, saminumu Paragraph "(6)", last sentence, replace
«I0JJATKOBOT TOBKWHU Tai /1 3T1THO» "an additional pile length / according"

Ha with

«II0JTIATKOBOT JIOBXKHUHHM Maji A/ 3TiqHO» "an additional pile length A% according".
Ilynkm  "(8)", saminumu «Pucynok 5.2» Paragraph "(8)", replace "Figure 5.2" with the
HACMYNHUM PUCYHKOM. following one:

¢NE|:.|

WEANEANEANCANEANEAN

- ﬁ@

? AT
NE d
?NEI# 2

Ilynkm  "(8)", saminumu «Pucynok 5.3» Paragraph "(8)", replace "Figure 5.3" with the
HACMYNHUM PUCYHKOM. following one:

"
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[ NN

2 3minm g0 5.2.5

Ilynkm "(14)", popmyna "(5.25)",3aminumu

" Ftc,Ed "

HAa

"th,Ed "

Ilynxkm "(14)", psaoku npsamo nio opmynoro
"(5.25)", opyeuti psiook nio «uey», 3aminumu

Ftc,Ed "

Ha

"th,Ed n'

Ilynxkm "(14)", popmyna "(5.26)",3aminumu

n n
Ftc,Ed

Ha

129

WEANEANCANEANEANEAN,

2 Modifications to 5.2.5

Paragraph "(14)", Equation "(5.25)", replace

" Ftc,Ed "

with

"th,Ed "

Paragraph "(14)", lines just under Equation
"(5.25)", 2nd line under "where:", replace "

Ftc,Ed "

with

"th,Ed "

Paragraph "(14)", Equation "(5.26)", replace

n n
Ftc,Ed

with
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"th,Ed n.

Ilynkm "(14)", gpopmyna "(5.27)",3aminumu

“« wdv

Ha

[13 ¢k”

Ilynkm "(14)", nepwuii psook Hao «Ilpumirkoro
1», 3aminumu

« Q0 ;— po3paxyHKOBE 3HAUCHHS

Ha

« (Dd_ XApaKTCPUCTUYHC 3HAYCHHI

3 3minu g0 5.3.3

Ilynkm "(7)P", "Pucynok 5.8", saminumu:

«1,0 3'empamHa B,
3amTH(TOBaHE

3adikcoBaHe  Ta

0,7 3’eqnanus B, 3adikcoBaHe Ta 3aKpirjieHe

2,0 3'emnanns B, ©He 3adikcoBane, aine
3aKpIIUIeHEe»

Ha

«1,0 3’ ennanns B, npsiMomniHiliHe nepeMilieHHs
3aKpirjieHe, a 00epTaHHs BUIbHE

0,7 3’eqnanHs B, mpsModiHiliHe MepeMileHHs
3aKpiruieHe, 00epTaHHs 3aKpilieHe

2,0 3'ennanHs B, npsMoriHiiiHe nepeMilieHHs
BUIbHE, 00epTaHHS BIJIbHEY.
4 3minm g0 7.1

Ilynkm "(4)",3aminumu

" "
Y Mt ser

"th,Ed "

Paragraph "(14)", Equation "(5.27)", replace

nwdn

with

“wkn

Paragraph "(14)", Ist line above "NOTE 1",
replace

" @, is the design value"

with

", is the characteristic value".

3 Modification to 5.3.3

Paragraph "(7)P", "Figure 5.8", replace:

"1,0 connection B fixed and pinned
0,7 connection B fixed and restrained
2,0 connection B non fixed, but restrained"

with

"1,0 connection B translation fixed and rotation
free

0,7 connection B translation fixed and rotation
fixed

2,0 connection B translation free and rotation
fixed".

4 Modification to 7.1

Paragraph "(4)", replace

" "
VMt ser
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Ha

" "
YM3,ser -

5 3minm 10 7.2.3

Ilynkm "(2)", saminumu mexcm «Ilpumitkm 25
HACMYNHUM TMEeKCMOM:

"k, ™Moke HamaBatucs B HarioHambHOMY
JNOJaTKy. PeKOMEHJOBaHUM  3HAUCHHSIM €
k=0,6. Ile nAOUUIbHO JJIs1 BHUIAIKIB, KOJH
MOJKJIMBE 3TMHAHHS B aHKEpi 5K e(EeKT BILUIUBY
HEe € sBHUM. TUIBKM Yy BHUNAAKaX, KOJIH
KOHCTPYKIIiiiHA neranizanis MiCII
po3TanryBaHHs aAHKEPHOTO 3'€IHAHHS,
CHOJIYYEHOTO 31 CTIHOI, € TAKHM, 1[0 MOXKIIUBE
VHUKHEHHS 3THHAIBHUX MOMEHTIB Y IIbOMY
MicIli, 3Ha4eHHs k, Moxke 0yTu k~=0,9."

Ilynkm "(4)",6uoanumu ygeco nynkm.

Ilynxkm "(5)",3aminumu nomep nynxkmy 3 "(5)"
Ha "(4)".

Ilynxkm "(6)",3aminumu nomep nyuxkmy 3 "(6)"
Ha "(5)"‘

Ilynkm "(7)",3aminumu nomep nynxkmy 3 "(7)"

Ha H(6)"‘

Ilynxkm "(8)",3aminumu nomep nynxkmy 3 "(8)"
Ha "(7)"‘
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with

" "
YM3,ser -

5 Modifications to 7.2.3

Paragraph "(2)", replace the text of "NOTE 1"
with:

"k; may be given in the National Annex. The
recommended value for k; is k~=0,6. This is
motivated for cases where possible bending in
the anchor as an effect of actions is not made
explicit. Only in cases where the structural
detailing of the location where the anchor rod is
joined to the wall is such that bending moments
are avoided at that location,the recommended
value for £, may be chosen as £~=0,9."

Paragraph "(4)", delete the whole Paragraph

Paragraph "(5)", replace paragraph number
H(S)" Wl'th ||(4)"‘

Paragraph "(6)", replace paragraph number
H(6)" Wl'th H(S)"‘

Paragraph "(7)", replace paragraph number
H(7)" Wl'th ||(6)"‘

Paragraph "(8)", replace paragraph number
"(8)” With "(7)”‘
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Kox YKH/: 91.010.30

KirodoBi cioBa: 3BaproBaHHs, yOapHUH BHTHMH, TPIIIMHOCTIHKICTh, MaTepiayid, MIIHICTb,
XOJIOAHOJIAMKICTB, CTaJIeBI KOHCTPYKIIii, CTIHKICTB.

['enepanbauii nupektop TOB «YkpiHCTaIBKOH
iM. B.M. [llumanoBCHKOTOY, I.T.H., IPOQ.
O. llumaHoOBCHKUH

3ainyBau H/IBTP, k.1.H. A. I'pom

Crapumii HayKOBHIA CITIBPOOITHHUK, .T.H., B.IluxanoBcbkuii
KEpIBHUK PO3POOKH

3asimyBau rpynu CHT/] I'. Jlenna
3asiqysay rpynu 1K O. Kopayn
[TpoBigHU# 1HXKEHED 4. JleBueHko
3asimyBau rpynu HT/] S. Jlumap
Ilepexknanau K. ITaBnosa
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