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Beryn

Lewt €sponeiicekuit Cranmapt EN  1998-5,
€Bpokox 8. TIpoekTyBaHHS CEHCMOCTIMKUX
KoHCTpyKIid. YactuHa 5. DyHIameHTH,
MiAMIPHI KOHCTPYKIIIi Ta T€OTEXHIUHI acleKTH,
OyB migroroBneHuii TexHiunum Kowmirerom
CEN/TC 250 "€Bpokoam B  ramysi
OyniBHHUITBA", ceKkperapiaT SIKOTO
npoBoautbest BSI. CEN/TC 250 Bianosigae 3a
Bci1 CTpyKTYypH1 €BpOKOIH.

et €pponeiicbkuii  CTaHmapT MOBUHEH
OTPUMATH CTATyC HAIIOHAJIBHOTO CTaHAAPTY,
abo [UISIXOM OMYOJIIKYBaHHS 1I€HTUYHOTO
TEKCTy, ab0 CXBaJeHHs, HE IMi3HIlIe TpPaBHA
2005 pokxy, 1 HaIiOHaJIBHI CTaHIAPTH, IO
cymepedyaTh, TOBHUHHI OyTH BiIKJIWKaHI HE
nizHime 6epesnst 2010 poky.

Heit JOKYMEHT 3aMIHIOE co0o1o0
ENV 1998-5:1994.
3rimHo BryTrpimnix Pernamenris

CEN-CENELEC, Opranizanii Hamionansanx
CTaHJApPTIB HACTYNMHUX KpaiH 3000B's3aHi
3acTOCOBYBatu 1iei €Bponeiicbkkuii CTaHnmapr:
Asctpisa, benbris, Kinp, Yecbka PecnyOmika,
Hanis, Ecrtonis, @ianaamis, Dpaniis,
Himeuuwna, ['pemis, VYropmuna, Icmanmis,
Ipnannis, Itanis, Jlareis, Jluta, JlrokcemOypr,
Manwta, Hinepnanmu, Hopseris, Ilonsia,
[Mopryramis, CnoBauunna, CioBeHis, [cranis,
[Berris, [IBeitapis Ta Cnonyuene
KopoutiBcTBo.

OcHoBu nporpamu €Bpokoay

B 1975 pomi, kowmiciero €BponenHchKOro
CniBroBapucTBa Oyj0 MPUMHSITO PIlICHHS PO
nporpamy aid B o6nacti OyJiBHMITBA, Ha
migctaBi crarri 95  JloroBopy. Meroro
nporpamMu  OyJa0 ~ YCYHEHHS  TEXHIYHUX
NEepeIIKoJl JUIsl TOPriBjii Ta rapMoHi3amii
TEXHIYHUX CrienuQikailii.

Y pamkax 1i€i nporpamu 1iid, Kowmicis
yXBaJia HIIaTHBY 1100 CTBOPEHHS HabOpy
rapMOHI30BAaHMX TEXHIYHUX MpaBWI UL
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Foreword

This European Standard EN 1998-5, Eurocode
8: Design of structures for earthquake
resistance: Foundations, retaining structures
and geotechnical aspects, has been prepared by
Technical Committee CEN/TC 250 "Structural
Eurocodes”, the secretariat of which is held by
BSI. CEN/TC 250 is responsible for all
Structural Eurocodes.

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 May 2005, and
conflicting national standards shall be
withdrawn at the latest by March 2010.

This document supersedes ENV 1998-5:1994.

According to the CEN-CENELEC Internal
Regulations, the National Standard
Organisations of the following countries are
bound to implement this European Standard:
Austria, Belgium, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal,
Slovakia, Slovenia, Spain, Sweden,
Switzerland and United Kingdom.

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

VII
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MPOEKTYBaHHS OyAiBeNbHUX pOOIT, fKi, Ha
nepuioMy erami OyJayTh CIYXHTH B SKOCTI
QIbTEPHATHBH  JJIsl  HALIOHAJBHUX  HOPM,
YMHHUX B JepkaBax - UneHax i, B KiHIEBOMY
paxyHKY, 3aMIHUTH iX.

[IpoTsirom m'STHAOUATH POKIB, KOMICis, 3a
JIOIIOMOT'OO KepisHoro KOMITETY 3
[IpencraBHukamu nepxaB - UneHiB, mposena
pO3poOKy mporpamu €BpPOKOIIB , Ka MpHUBETA
710 TIEPIIOTO IMOKOJIIHHS €BPOIEHCHKUX KOJIIB Y
1980-x pokax.

B 1989 pou, komicis 1 nepxxasu - wienn €C 1
€Bpomneiicbka acowiaris BUIbHOT TOPTiBII
(EFTA) Bupimmau, Ha MifcTaBi 3romu’ Mix
koMmiciero 1 CEN, mnepematu miarotoBky 1
nyonikaniro €spokoniB g0 CEN uyepe3 psg
MangaTtiB, 3 THM o0 3a0e3meuyuTd M
(€Bpokosiam) MaiOyTHiI CTaTyc
E€porneticekoro Cranmapty (EN). Lle 3B'sizye
Ode axmo €BpPOKOAN 3 TOJOKEHHSIMHU BCIX
mupektuB  Pamm  1/abo  pimieHb  Komicii,
MOB'A3aHUX 3 €BPONEUCHKUMH CTaHAAPTAMH
(ranpuxnao, mapextusa Pagu 89/106/EEC mpo
OyniBenbHy npoxaykiito - CPD - 1 gupekTuBu
Pamu 93/37/EEC, 92/50/EEC 1 89/440/EEC
PO TPOMAACHKiI pOOOTH, MMOCTYTH 1 EKBIBAJICHT
€ABT nupexktuBW iHIIIiOBaHO 3 IULIIO
CTBOPEHHS BHYTPIIITHHOTO PUHKY).

CtpykTypHO nporpama byniBenpHUX
€BpOKOJIIB BKJIIOYAE B ceOe Taki CTaHAApTH,
SKi, SK TPaBUJIO, CKJIAAIOTBCS 3 JCKLIBKOX
YaCTHUH:

EN 1990 €Bpokoa. OcHOBH NpOEKTyBaHHS
KOHCTPYKI[if

EN 1991 €poxon 1. Jlii Ha KOHCTPYKITii

EN 1992 €Bpokon 2.
3a1i300€TOHHUX KOHCTPYKITilt

[IpoekryBanHs

EN 1993 €poxon 3. IIpoekTyBaHHS CTaNeBUX
KOHCTPYKIIIH

! Vropa mix xomicieto €pponeticbkux CHiBTOBAPUCTS i
€pporeiicekoro komitery 3 Crammaptmsanii (CEN)
BimHOCHO poboTt 3 EBPOKOJJAMU nnst mpoeKTyBaHHS
OyniBens Ta OymiBensHUX poooT (BC/CEN/03/89).

VIl

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
Representatives of Member States, conducted
the development of the Eurocodes programme,
which led to the first generation of European
codes in the 1980’s.

In 1989, the Commission and the Member
States of the EU and European Free Trade
Association (EFTA) decided, on the basis of an
agreement! between the Commission and
CEN, to transfer the preparation and the
publication of the Eurocodes to CEN through a
series of Mandates, in order to provide them
with a future status of European Standard
(EN). This links de facto the Eurocodes with
the provisions of all the Council’s Directives
and/or Commission’s 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: 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

! 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).



EN 1994 €Bpokony 4: IlpoexrtyBaHHs
cTaje3a1i30-0eTOHHUX KOHCTPYKIIif

EN 1995 €spokon 5.
JIEPEB'SHUX KOHCTPYKIIIH

[IpoexTyBanHs

EN 1996 €Bpokog 6. IIpoexkTyBaHHs KaM'SHUX
KOHCTPYKIIift

EN 1997 €Bpokon 7. TeorexHiuHe
MIPOEKTYBaHHS

EN 1998 €Bpoxox 8. IlpoekryBaHHs
CEMCMOCTIMKNX KOHCTPYKITIH

EN 1999 €ppoxox 9. IlpoekryBaHHs
QTIOMIHIEBUX KOHCTPYKI[1H

€Bpokoau BHU3HAIOTH BIAMOBINAIBHICTE

pErylounX OpraHiB y KoxHid Jlepxkasi-
YlleHl, 1 € TapaHTIIMU iX MpaBa BU3HAYaTH
3HAYCHHS, 10 CTOCYIOTBCS PETYIIOBaHHS
MUTaHb OE3MEKH Ha HaI[IOHAIBHOMY PiBHI, /€
BOHM  TIPOJOBXKYIOTh  BapilOBaTUCS  BiX
HepxaBu 1o [epxasu.

Crartyc i cdepa 3acrocyBannss €BpoxkoaiB

Hepxapu-Unenn €C 1 €ABT BuzHamm, mio
€BpOKOJIM CIOyXaTh B SKOCTI JOBIIKOBOTO
Marepiany JuIisi TAKUX IIUTCH:

- sIK cmoci® Joka3zy BiIMOBIIHOCTI OyiBenb 1
OyniBeIbHUX pOOIT OCHOBHUM  BHMOTaM
mupektuBn  Pagun  89/106/EEC, oco6mmBo
BaxianBa Bumora N° 1 - MexaHidHa CTIHKICTh
1 cTablIBHICTL - 1 BakiuBa Bumora N° 2 -
besneka y pasi noxexi,

- SIK OCHOBA JUIS BU3HAYCHHS KOHTPAKTIB Ha
OyniBenbHI poOOTH 1 CYMDKHI IHXKEHEpHI
MOCITYTH;

- SIK OCHOBa JJsI PO3pPOOKH TapMOHI30BaHUX
TEXHIYHUX  XapaKTepUCTHK  OyaiBelbHOT
npoxaykiii (ENs i ETAS).

np. ACTY-H b EN 1998-5:201X

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 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 N°1 — Mechanical resistance and
stability — and Essential Requirement N°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).
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€BpoKoH, B Til Mipi, B AKili BOHH CTOCYIOTHCS
came OyaiBeTbHHX pOOIT, MAaTUMYTh MPSIMHIA
3B'130k 3 [loscHioBanbHMME J{OKyMeHTaMu?,
nependoauenumu B Crarri 12, CPD, xo4ya BoHU
MalOTh IHIIY OPUPOAY BiJ TapMOHI30BaHHUX
NPOAYKTiB cTaHmapTmsamii. TakuMm dYHHOM,
TEXHIYH1 aCTIEKTH, 10 BUILTUBAIOTH IIPH POOOTI
3 €BpoKoAaMu, TOBHHHI OYyTH HAJICKHHUM
gyruHOM po3risiHyTi TexHiunumu Kowmireramu
CEN 1a6o Po6ounmu I'pymamu EOTA, mo
MPALIOIOTh 3 CTAaHAAPTAMH MPOIYKIIii 3 METOIO
JOCSTHEHHS TOBHOI CYMICHOCTI IIUX TEXHIYHUX
cnernudikaiii 3 €Bpokogamu.

€BpOKO/M HAJAlOTh 3arajbHl CTPYKTYpHI
MpaBWJIa TPOEKTYBAHHS JJSI IOBCAKIEHHOTO
BUKOPHUCTAHHS MpPHU MpPOEKTyBaHH1 OyIiBENb 1
OKpPEMMX KOHCTPYKIIHN SIK TpaAUIIMHOIO TakK 1
1HHOBaII{HOTO Xapakrepy. Hezpuuaiini popmu
KOHCTYKIII a00 MpOEKTyBaHHS yMOB, SIKI HE
MIANagalnTh 10 JOJATKOBOTO EKCIEePTHOTO
po3rIsiAy, MOTPEOYIOTh 0COOIMBOTO MIIXOTY B
TaKUX BUINAJKaX.

2 3riguo cr. 3.3 CPD, ocuoBuum Bumoram (ERs),
MOBUHHA OYyTH JlaHa KOHKpeTHa (opMa B TIyMadyeHHI
JOKYMEHTIB JUIsl CTBOPEHHS HEOOXiTHHUX 3B'S3KIB MiXk
OCHOBHHMM BHMMOTaM i MaHIaTaMH Il TapMOHiI30BaHHX
ENs i ETAGS/ETAS.

3

3riggo cr. 12 CPD mnoscHroBaiabHI

ITOBHHHI:

JOKYMEHTH

a) JaTd KOHKpeTHY (OopMy HEOOXIJHUM BHMOraMm IO
rapMoHi3aiii TepMIHOJNOri 1 TEXHIYHHM OCHOBaM 1
3a3HaYEHHSAM KJIACIB 1 PIBHIB IO KOXHIM BHMO3i B pasi
moTpeowu;

b) BKazaTH crtocoOu 3B's3Ky IIUX KJIACiB i piBHIB BUMOT 3
TEeXHIYHUMH XapaKTePUCTHKAaMH, HANPUKIAA, METOIH
0o0YMCIIeHHS 1 AOKA3W, TEXHIUHI MpaBmia I PO3pOOKH
MPOEKTY TOILO ;

c) CITY’)KUTH KEepiBHUIITBOM IUIE  PO3POOKH
TaApPMOHI30BaHUX CTAHAAPTIB i KEPIBHUX MPHUHITUITIB YIS
€BPOICHCHKUX TEXHIYHUX CXBaJICHb.

€Bpokonu, ¢axmuuro, TPAIOTh aHAJOTIYHY poib ¥ ER
1, ta, yactkoBo, y ER 2.

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 considered by CEN Technical
Committees and/or EOTA Working Groups
working on product standards with a view to
achieving 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.

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.

3 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.



Hanionaiabni Cranpapru, 111 (1)
BIIPOBAKYIOTH €EBpokoan

HamionanbHi craHmapTé, M0 BIPOBAHKYIOThH
€BpPOKOJIM, MICTITh MOBHUN TEKCT €BPOKOILY
(BKIIIOYHO 3 yciMa J10laTKaMM), 10 BUIAHUN
CEN, SIKHAH MOKE JIOTIOBHIOBATH
HamionanbHuit ~ THTYJABHHMI ~ apKymr — Ta
HamionanpHuii BCTynm Ha TOYaTKy, a TaKOX
HamioHansHuM 104ATOK B KIHIT.

HamionansHUH JOJATOK MOYKE MICTUTH TUIBKH
iHbopMaIito mOpo  TI  mapaMmeTpu,  SKi
3QIMIIAIOTHCS BUIKPUTHUMHU B €BpoKOAax st
HaIllOHAJTLHOTO BUBUKOPHUCTAHHS, BIIOMHH 5K
HaI[IOHAJIbLHO BCTAHOBJIEHI MapaMeTpH, sKi
OynyTh BUKOPHUCTOBYBATHCS JUIS
MIPOEKTYBaHHS Ta OYAIBHUIITBA y KOHKPETHII
KpaiHi, a came:

- 3HayeHHs Ta/abo0 Kjacu, Jie¢ BaplaHTU
HaBeJIeH1 B €BPOKO/I],

- 3HaYCHHS, SKi MOKHAa BUKOPHUCTOBYBATH TaM,
JIe CUMBOJI IaHO TUTbKH B €BPOKO/I,

- KOHKpeTHI JaHi KpaiHu (reorpadiuni,
KJIIMaTUYHI ~ TONIO),  HANpHUKIAL,  KapTy
CHITOBOTO TIOKPOBY,

- nporenypa, sKa MMOBHHHA
BHUKOPUCTOBYBATHUCS SIK aJIbTepHATHBHA

nporeaypi, HaBeJAeHo1 B €BpOKOIi.
Bin Takox MOe MICTUTH

- pIlICHHS IO 0
iH(pOpMaIIHUX JTOTIOBHEHD,

34CTOCYBAHH

- MOCWJIAHHS Ha HECYNECPEWIUBY JIOJAaTKOBY
iHpopMalito, o0 AOMOMOITH KOPUCTYBayeBi
3aCTOCOBYBATH €BPOKO/I.

np. ACTY-H b EN 1998-5:201X

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 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. snow map,

— the procedure to be used where alternative
procedures are given in the Eurocode.
It may also contain

— decisions on the application of informative
annexes,

- references to non-contradictory

complementary information to assist the user to
apply the Eurocode.

Xl
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3B'13KH MIK €Bpokonamu i
rapMoOHi30BAaHMMHM TeXHIYHHUMH YyYMOBaMU
(EN-u i ETA-u) nist BUpoG6iB

Icnye HEOOXITHICTH 3a0e3neYeHHS
MOCIIOBHOCTI MDK rapMOHI3YBaHHSIM
TeXHIYHMX crenidikanidi Ha  OyaiBenbHI
BUPOOH i TeXHIYHMMH TpaBuIaMu s works?,
Kpim Toro, Bcst iHpOpMarris, sika CympoBOJIKYE
CE-mapkupoBKy Ha OyIiBelIbHY MPOIYKIIIO,
sKa BIIHOCUTBbCS J0 €BPOKOJIB, IOBHHHA
YITKO BKa3yBaTH, sIKI TapaMeTpH, BU3HAYEHI Ha
Hal[lOHAJILHOMY pIBHI, OyJlO MNpUIHATO 10
yBaru.

I_IOIlaTKOBa CTOCOBHO

EN 1998-5

iHpopMmanis

Pamkn  €Bpokomy 8  BH3HAYAKOTBCS B
EN 1998-1:2004 p., 1.1.1 i B pamkax mie€i
Yactuan €Bpokonay 8 BusHauatotbes B 1.1
JlonaTkoBi Yactuaun €Bpokoy 8
nepepaxoBani B EN 1998 - 1:2004 , 1.1.3.

EN 1998-5:2004
BUKOPUCTAHHS:

MpU3HAYEHU VI

-  KIieHTaMu (HAMpUKIANM, [UIs  PO3pOOKH
crnenudiyHUX BUMOT 3a pPIBHEM HAJIHHOCTI 1
JIOBIOBIYHOCTI);

- KOHCTPYKTOPaMH 1 Au3aiiHepaMu;
- BIAMOBIAHUMH OpraHaMu BIIaJIH.

s MIPOEKTYBaHHS KOHCTPYKIiH B
CEHCMIYHUX palioHaxX IIOJIOKEHHS  IIBOTO
€BpOIENCHKOro Crannapty MTOBHHHI
3aCTOCOBYBAaTUCS B JIOJIaTOK JO TOJIOXKEHb
IHIIMX BIAMOBIAHMX YacTHH E€Bpokoay 8§ Ta
IHIMUX BIAMOBIAHMX €BpOKOAiB. 30Kpema,
MOJIOXKEHHA 1boro €Bpornelicbkoro Crannapty
monoBHIOIOTE  EN  1997-1:2004, saxi He
OXOIIJIEH] CIeiaIbHUMU BUMOTaMH
MIPOEKTYBaHHS Ha CEHCMOCTINKICTb.

4 po3n.3.3 i po3a. 12 3 CPD, a takox 4.2, 4.3.1, 43.2 i
521D 1

Xl

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
EN 1998-5

information  specific  to

The scope of Eurocode 8 is defined in
EN 1998-1:2004, 1.1.1 and the scope of this
Part of Eurocode 8 is defined in 1.1. Additional
Parts of Eurocode 8 are listed in
EN 1998- 1:2004, 1.1.3.

EN 1998-5:2004 is intended for use by:

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

- designers and constructors;
- relevant authorities.

For the design of structures in seismic regions
the provisions of this European Standard are to
be applied in addition to the provisions of the
other relevant parts of Eurocode 8 and the
other relevant Eurocodes. In particular, the
provisions of this European Standard
complement those of EN 1997-1:2004, which
do not cover the special requirements of
seismic design.

4 see Art.3.3 and Art.12 of the CPD, as well as 4.2, 4.3.1,
4.3.2and 5.2 of ID 1.



3aBnsku KoMOiHaIii (pakTOpiB HEBU3HAYEHOCTI
B CEHCMIYHMX BIUTMBAaX 1 BJIACTHBOCTEH
rpyHTOBOTO Marepiany, YactuHa 5 He Moxke
OXONUTH JOKJIAJHO BClI MOXJIMBI JH3aiiH
cutyanii i st 11 IpaBUIBHOTO BUKOPHUCTAHHS
MOJKE€ 3HAJOOMTHUCS CHeUiaNTi30BaHi IHXEHEpHI
pIIICHHS 1 JOCBII.

Hanionanasuuit nogaroxk 1o EN 1998-5

Lle#t cranmapt gae aabTepHATUBHI NPOLEAYPH,
BHUMOTH Ta PEKOMEHJAIlll 3 MPUMITKaMH, IO
BKa3yI0Tb, JI¢ HalllOHAJIbH1 YTOUHEHHS IOBUHHI
Oyru  3poOrneni.  Tomy  HamionansHuit
Crangapr, peanizyrounii EN 1998-5, moBuneH
Matu HamioHanbHy nporpamy, 1o MICTUTh BC1
BCTAHOBJIEHI  JIepXKaBOIO  IapaMeTpH, sKl
OyayTh BUKOPHUCTOBYBATHUCS Uis
MPOEKTyBaHHS OyJiBeb 1 OyAiBeNbHUX POOIT,
Kl TIOBMHHI OyTHM BHMKOHAHI Y BIINOBIIHIN
KpaiHi.

Hamionaneuuit  BuOip  JlomyckaeTbcss B
EN 1998-5:2004 poky yepe3 myHKTH:

np. ACTY-H b EN 1998-5:201X

Owing to the combination of uncertainties in
seismic actions and ground material properties,
Part 5 may not cover in detail every possible
design situation and its proper use may require
specialised  engineering  judgement and
experience.

National annex for EN 1998-5

This standard gives alternative procedures,
values and recommendations for classes with
notes indicating where national choices may
have to be made. Therefore the National
Standard implementing EN 1998-5 should
have a National annex containing all
Nationally Determined Parameters to be used
for the design of buildings and civil
engineering works to be constructed in the
relevant country.

National choice is allowed in EN 1998-5:2004
through clauses:

Mocunannsa | IlyHkTH

Reference Item

1.1(4) Indopmarusui Jomatku A, C, DiF
Informative Annexes A, C, D and F

3.1(3) YacTkoBi KoedilieHTH BIACTUBOCTEH MaTepialliB
Partial factors for material properties

4.1.4 (11) BepxHe rpaHnuHe HABaHTKEHHS 711 CIPUHHATIUBOCTI 10 3PIHKEHHS
Upper stress limit for susceptibility to liquefaction

5.2 (2)c) CkopoueHHS MKOBOTO MPUCKOPEHHS I'PYHTY BiJ] MOBEPXHI 3eMJIi 3 TIIMOMHOIO

Reduction of peak ground acceleration with depth from ground surface

X1
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HAHIOHAJBHUMN CTAHJIAPT YKPAITHU

€BPOKO/ 8. _
IHNPOEKTYBAHHSA CEUCMOCTIMKUX KOHCTPYKIIN
Yacruna 5. @yHgaMeHTH, MiANIPHI KOHCTPYKUII | re0TeXHIYHI aClIeKTH

EBPOKO/] 8.
[MPOEKTUPOBAHUE CECMOCTOUKNX KOHCTPYKITHIA
qaCTb 5 CDYHI[B,MCHTBI, HOI[HOpHBIG KOHCTpYKL[I/II/I U T'COTCXHHUYCCKHUEC aACIICKThI

EUROCODE 8
DESIGN OF STRUCTURES FOR EARTHQUAKE RESISTANCE
Part 5. Foundations, retaining structures and geotechnical aspects

1 3AT'AJIBHI ITOJIO’KEHHS
1.1 I'anny3p BUKOPUCTAHHA

(1)P Lsa yactuna €Bpokoay 8 BCTaHOBIIIOE
BUMOTH, KpUTEPIi 1 IpaBuiia IO PO3MIIIEHHIO
Ha TPYHTOBHX OCHOBaX KOHCTPYKIIH 3
ypaxyBaHHSIM CEHCMOCTINKOCTI. Bona
MOIIUPIOETHCSI HA MPOEKTYBAaHHSA PI3HUX
CUCTEM dbyHIaMEHTIB, MIPOCKTyBaHHS
MIIMIPHUX KOHCTPYKIIIK 1 B3aEMOJIIIO «IPYHT-
KOHCTPYKITisS» TPU CEUCMIYHMX BIUMBaX. [lo
CyTi BOHa JIOMIOBHIOE €BpPOKOA 7, B SIKOMY HE
BHCBITJICHI CIelliaJIbHI BUMOTH CEHCMIYHOTO
MIPOEKTYBaHHS.

(2)P INonoxenns YacTuHU S 3aCTOCOBYIOTHCS
no OyxaiBenb (EN 1998-1), mocti (EN 1998-
2), 6amT, mori i aumoBux Tpyod (EN 1998-6),
CWJIOCIB, pe3epByapiB i TpyoOomposoai (EN
1998-4).

(3)P CrneuianbHi BUMOTH MPOEKTYBaHHS IS
(GyHIaAMEHTIB  TMEBHUX  KOHCTPYKTHBHHX
TUIIIB, 32 HEOOXIAHOCTi, MOXHA 3HAUTH Yy
BianmoBimHux YactuHax €Bpokony 8.

(4) Y Honatky B mporo €Bpokony HaBeneHi
eMIipuyHi Trpadikud Ui CHPOIIEHOI OIHKH
NOTEHLIHHOTO po3pimkeHHs, a y Jonatky E
HaBeJ/IeHa CHpOIleHa MPoleIypa CEHCMIYHOTO
aHaJi3y MIAMIPHUX KOHCTPYKIIIH.

Yuuuui Big 201X - XX - XX

1 GENERAL
1.1 Scope

(1)P This Part of Eurocode 8 establishes the
requirements, criteria, and rules for the
siting and foundation soil of structures for
earthquake resistance. It covers the design of
different foundation systems, the design of
earth retaining structures and soil-structure
interaction under seismic actions. As such it
complements Eurocode 7 which does not
cover the special requirements of seismic
design.

(2)P The provisions of Part 5 apply to
buildings (EN 1998-1), bridges (EN 1998-
2), towers, masts and chimneys (EN 1998-
6), silos, tanks and pipelines (EN 1998-4).

(3)P Specialised design requirements for the
foundations of certain types of structures,
when necessary, shall be found in the
relevant Parts of Eurocode 8.

(4) Annex B of this Eurocode provides
empirical charts for simplified evaluation of
liguefaction potential, while Annex E gives
a simplified procedure for seismic analysis
of retaining structures.
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[MPUMITKA 1 V¥V nosimkoBomy Jlogatky A HaBeneHa
iH(opMaIIist OA0 30UTHIIEHHS KOS(IIiEHTIB, 3aJICKHIX
BiJ Tororpadii.

[MPUMITKA 2 V nosimkoBomy [omatky C HaBeneHa
iH(pOpMaIis 100 CTATUYHOI KOPCTKOCTI Hajlb.

IMPUMITKA 3 V nosimkoBomy Jlogatky D HaBenena
iHpopMalis IoI0 JAWHAMIYHOI B3a€MOAll «IPYHT-
KOHCTPYKIIiSI.

IMPUMITKA 4 VY noBigkoBomy Honatky F HaBenena
iHpopMallis II0I0 CEeHCMIYHOI Hecydoi 3JaTHOCTI
(yHIAMEHTIB MIJIKOTO 3aKJIaJIeHHS.

1.2 HopmaTuBHIi mocHJIaHHS

(1)P ILleit €Bponeiicbkuil cTaHIapT MICTUTH
JIaTOBaHI1 1 HeJaTOBaHI IMOCHJIAHHS,
MTOJIOKEHHS 3 THIINX nmyOTiKarii.
[{i HopMaTHBHI MOCHUJIAHHS PO3TALLIOBYIOTHCS
y BIIMOBIAHUX MICHAX TEKCTy, a MepesiK
nyOmiKamin HAaBOJIUTHCS HIDKYE.
Jlns nmatoBaHWUX TIOCHIJIaHB IOJANIBINI 3MIHH
a00 penakiii Oyab-SKUX TaKUX MyOJIKaIlii
3aCTOCOBYIOTBCSI JIO JAHOTO E€BPONENCEKOMY
CTaHIAPTYy, TUIBKH SKIIO BOHW BKIIIOYEHI JIO
HBOTO 3MIHOIO abo peIaKIiero.
Jlsi HemaToBaHWX IMOCHJIaHB 3aCTOCOBYETHCS
OCTaHHE BUJAHHS MyOJiKaIlii, Ha SIKy Ja€ThCs
MOCUJIaHHS (3 ypaxyBaHHSIM IOMIPABOK).

1.2.1 3araabHi cTaHgapTa, Ha SKi €
MOCHJIAHHS

EN 1990 €Bpokoa. OcHOBU MNpPOEKTyBaHHS
KOHCTPYKITIH

EN 1997-1 €Bpokon 7. TeorexHiuHe
npoektyBaHHs. Yactuna 1. 3aranpHi npaBuia

EN 1997-2 €Bpokon 7. TeorexHiuHe
npoektyBaHHs. Yactuna 2. JlocnmimkeHHS i
BUITPOOYBaHHSI IPYHTY

EN 1998-1 €spokon 8. IIpoekryBaHHs
ceicMOCTIMKUX KOHCTpykuid. Yactuna 1.
3araypHi NpaBWiia, ceCMiuHl Aii Ta mpaBuia
1010 CHOPYJ

NOTE 1 Informative Annex A provides information
on topographic amplification factors.

NOTE 2 Informative Annex C provides information
on the static stiffness of piles.

NOTE 3 Informative Annex D provides information
on dynamic soil-structure interaction.

NOTE 4 Informative Annex F provides information
on the seismic bearing capacity of shallow
foundations.

1.2 Normative references

(1)P 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 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
(including amendments).

1.2.1 General reference standards

EN 1990 Eurocode - Basis of structural
design

EN 1997-1 Eurocode 7 - Geotechnical
design - Part 1: General rules

EN 1997-2 Eurocode 7 - Geotechnical design
- Part 2: Ground investigation and testing

EN 1998-1 Eurocode 8 - Design of structures
for earthquake resistance - Part 1. General
rules, seismic actions and rules for buildings



EN 1998-2 €Bpokox 8. IIpoekryBaHHs
CeMCMOCTIHKMX KOHCTpyKUid. Yactuna 2.
Moctu

EN 1998-4 €Bpokox 8. IIpoekryBaHHs
CeMCMOCTIHKMX KOHCTpyKUid. Yactuna 4.
CunocHi Oamrru, pesepByapu Ta
TpyOOIIpOBOIU

EN 1998-6 €Bpokox 8. IIpoekryBaHHs
ceiicMocTiikuX KOHCTpykui. Yactuna 6.
Bamtu,Bexi 1 tuMoBi TpyOu

1.3 lIpunyumenus

(1)P 3acrocoByroThCcsi 3arajbHl JOMYIICHHS
crarmapry EN 1990:2002, 1.3.

1.4 Bigminnocri Mik npuHOMDaMu i
NMPaBUJIAMHU 32CTOCYBAHHS

(1)P 3acrocoByroThCs TpaBWia CTaHIAPTY
EN 1990:2002, 1.4.

1.5 Tepminu Ta BU3HAYEHHSA

1.5.1 Tepminu, 3arajgbHi I BCiX

€Bpoxonis
(HP 3aCTOCOBYIOTHCSI TePMiHU Ta
BU3HAYECHHS, HaBeleHl B CTaHJapTi

EN 1990:2002, 1.5.

(2)P Jlo TepmiHIB, 3araJibHUX [UIS BCIX

€BPOKO/IIB, 3aCTOCOBYETHCS CTaHJapT
EN 1998-1:2004, 1.5.1
1.5.2 IMoxanpuri TepMiHH, 111(1)

BHKOPHCTOBYIOTHCSl Y IbOMY CTaHAAPTI

(1)P  3acrocoByeTbCsl BH3HAUEHHS IPYHTY, ILO
naeTbes B cranmapti EN 1997-1:2004, 1.5.2,
B TOM 4Yac SK IHIII TEOTEXHIYHI TEPMIHH,
0COOJMBO IO BITHOCATBCS JIO0 3€MIIETPYCIB,
TaKi sIK pO3P1KEHHS, TA€ThCS B TEKCTI.

2) Hnst utei IIEOTO CTaHJapTy
3aCTOCOBYIOTBCS ~ TEpMIHM, BHU3HA4YCHI B
EN 1998-1:2004, 1.5.2.
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EN 1998-2 Eurocode 8 - Design of
structures for earthquake resistance - Part 2:
Bridges

EN 1998-4 Eurocode 8 - Design of
structures for earthquake resistance - Part 4:
Silos, tanks and pipelines

EN 1998-6 Eurocode 8 - Design of
structures for earthquake resistance - Part 6:
Towers, masts and chimneys

1.3 Assumptions

(1)P  The general
EN 1990:2002, 1.3 apply.

assumptions  of

1.4 Distinction between principles and
applications rules

(1)P The rules of EN 1990:2002, 1.4 apply.

1.5 Terms and definitions

1.5.1 Terms common to all Eurocodes

(1)P The terms and definitions given in
EN 1990:2002, 1.5 apply.

(2P EN 1998-1:2004, 1.5.1 applies for
terms common to all Eurocodes.

1.5.2 Additional terms used in the present
standard

(1)P The definition of ground found in
EN 1997-1:2004, 1.5.2 applies while that of
other geotechnical terms specifically related
to earthquakes, such as liquefaction, are
given in the text.

(2) For the purposes of this standard the
terms defined in EN 1998-1:2004, 1.5.2

apply.
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1.6 Ilo3HayeHHd

(1) Hna  wmineit 1uporo  €BpPOMEHCHKOTO
CTaHJApTy 3aCTOCOBYIOTHCSA HACTYMHI
NMo3HaueHHs.  Bci  MO3Ha4YeHHsM, IO
BHKOPUCTOBYIOThCS B Po3mimi 5, s
3pYYHOCTI BHU3HAYAIOTBCA B TEKCTI TIPH
nepuioMy 3ragyBaHHi. Ha pomarox Hmkue
HAaBOJUTHCS TEpeNik Mmo3HadeHb. Jleski
MO3HAYEHHS, SIKi 3yCTPIYalOThCS TUIBKA B
JI0JIATKaX, BU3HAYCHI B HUX:

Ed [IpoexTHa 1ist BIUIUBY

Eps  biunumit omip Ha cTiHUIi (yHIaMEHTY
3aB/SKU TACUBHOMY TUCKY IPYHTY

Er KoeodiieHT BUKOpUCTaHHS eHeprii
IpU CTaHJIAPTHOMY BHUIPOOYyBaHHI Ha
3aHYpEHHS

Fr [IpoexkTHa ceiicMiuHa TOPU3OHTAJbHA
cuiia iHepIii

Fv  TlpoektHa celicMiyHa BepTHUKaJIbHA
cuia iHepii

Fre  IIpoexTHuii omip 3cyBy MK MiIOIIBOIO
dbyHIaAMEHTY 1 TPYHTOM
G Monyns 3cyBy

Gmax Cepenniii MoOayiab 3CyBY TIpH Maii
nedopmarii

Le Bincranp aHKepiB  Big CTIHM B
JTMHAMIYHOMY CTaH1

Ls Bincranp aHKepiB  Big CTIHM B
CTaTUYHOMY CTaH1

Meq IIpoektHa nist MOMEHTY

N1(60) KinbkicTe yaapiB NpH CTaHIapTHHUX
BUNPOOYBaHHSIX  HA  3aHYpPEHHS,
HOPMOBaHE [UId BIUIMBIB BEPXHIX
IUTACTIB Ta PIBHA €Heprii

NEd HpOCKTHa HOpMaJIbHa CHJIa Ha
TOPU30OHTAJIBHY Hi,Z[CTaBy

1.6 Symbols

(1) For the purposes of this European
Standard the following symbols apply. All
symbols used in Part 5 are defined in the
text when they first occur, for ease of use. In
addition, a list of the symbols is given
below. Some symbols occurring only in the
annexes are defined therein:

Eq Design action effect

Epa  Lateral resistance on the side of
footing due to passive earth pressure

Er  Energy ratio in Standard Penetration
Test (SPT)

Fr Design seismic horizontal inertia
force

Fv  Design seismic vertical inertia force

Fra  Design shear resistance between
horizontal base of footing and the
ground

G Shear modulus

Gmax Average shear modulus at small
strain

Le Distance of anchors from wall under
dynamic conditions

Ls Distance of anchors from wall under
static conditions

Meqs  Design action in terms of moments
N1(60) SPT blowcount value normalised for

overburden effects and for energy
ratio

Nes Design normal force on the
horizontal base
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KinpkicTh yHapiB Opu CTaHIApTHHX
BUNpoOyBaHHAX Ha 3aHypeHHs (SPT)

[Toka3HUK MIACTUYHOCTI IPYHTY
[IpoexTHMii omip TpyHTY

KoedimienT rpynty, BusHaueHuii y EN
1998-1:2004, 3.2.2.2

Tonorpadiunmii KOe]iIieHT
30UTBIIIEHHS

[IpoexkTHe TOPU3OHTAIBHE 3YCHUIUISA
3CYBY

Bara macuBy 3cyBy

[IpoexTHE NPUCKOpPEHHS IPYHTY IS
IpyHTy THIty A (ag = Y1 agr)

JloBikOBE  MIKOBE  MPHUCKOPEHHS
IPYHTY Ul IPYHTY TUITY A

[IpoekTHe TPUCKOPEHHS TIPYHTY Y
BEPTUKATHHOMY HAIPSIMKY

34erieHHSA IPYHTY,
e(hEeKTHBHOIO HAMPYTOIO

BUpaKEHE

Omip 3cyBYy HEJJPEHOBAHOTO IPYHTY
HiameTp maii
[TepemiteHHs miaMmipHUX CTIH

I'paBiTariiitne TpUCKOPEHHS

TI'opuzonTanbHUIM cerCMIYHUI
KoedirieHT
Beprukanbuuil cercMIYHUI
Koe(ilieHT
MinHicTh pu IIPOCTOMY

HEOOMEXXEHOMY 3 OOKIB CTUCKY
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Standard Penetration Test (SPT)
blowcount value

Plasticity Index of soil

Design resistance of the soil

Soil factor defined in

EN 1998-1:2004, 3.2.2.2

Topography amplification factor

Design horizontal shear force

Weight of sliding mass

Design ground acceleration on type
A ground (ag = 71 agr)

Reference peak ground acceleration
on type A ground

Design ground acceleration in the
vertical direction

Cohesion of soil in terms of effective
stress

Undrained shear strength of soil
Pile diameter

Displacement of retaining walls
Acceleration of gravity

Horizontal seismic coefficient

Vertical seismic coefficient

Unconfined compressive strength
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Vs

Vs max

Yd

7

™M

YRd

Yw

Gvo

G vo

Tey,u

Te

[Tokaznux JUTSt 00UuCIIeHHS
TOPU30HTAIBHOTO CEMCMIYHOTO
koedimienTa (Tabmuus 7.1)

HIBuAKICTE TMOMMPEHHS IONEPEYHOT
XBUWTI
Cepenne 3HaueHHS Vs TOpU  Maii
nedopmartii (< 107°)

Biguomenas MMPOEKTHOTO
MIPUCKOPEHHS IPYHTY JJISl IPYHTY TUITY
A, ag, bie) rpaBITAI[IHHOTO

MIPUCKOPEHHS (

[Intoma Bara rpyHTy

Cyxa nuToma Bara rpyHTy
KoedirmieHT BignmoBigabHOCTI

BignocHmii koedilieHT BIACTHUBOCTI
Marepiainy

BignocHwmit koedirieHT Moemi
IInToma Bara Boau

Kyr Ttepts wMbk  TpyHTOM 1
dbyrgamenToM abo MiAMIPHOT CTIHOIO

Kyr omopy 3cyBy, BUpaXeHUMU

e(hEeKTHBHOIO HAIPYTOIO
IIutoma maca

3aranbHUM THUCK BEpXHIX mopim 1
3arajibHa BEpTHKAJIbHA HAIIPYTa

EdexkTuBHMIA THCK BepxHIX TOpIT,
caMo fK 1 e(eKTHBHA BEpTHKaIbHA

Hampyra

[ukniuyamii orip
HE/IPEHOBAHOIO IPYHTY

3CYBY

CeiicmiuHa Hampyra 3CyBY

Vs

Factor for the calculation of the
horizontal seismic coefficient
(Table 7.1)

Velocity of shear wave propagation

Vsmax Average vs value at small strain

Yd

7

™M

YRd

Yw

Gvo

G'vo

Tey,u
soil

Te

(<109

Ratio of the design ground
acceleration on type A ground, ag, to
the acceleration of gravity g

Unit weight of soil

Dry unit weight of soil

Importance factor

Partial factor for material property

Model partial factor
Unit weight of water

Friction angle between the ground
and the footing or retaining wall

Angle of shearing resistance in terms
of effective stress

Unit mass

Total overburden pressure, same as
total vertical stress

Effective overburden pressure, same
as effective vertical stress

Cyclic undrained shear strength of

Seismic shear stress



1.7 Oaunuui CI

(1)P TloBHHHI BHUKOPUCTOBYBATHCS OJMHHMIII
CI Bimnosimxo no ISO 1000.

(2) Kpim TOrO, 3aCTOCOBYIOTHCS OIMHHIII,
pexomenoBani B EN 1998-1:2004, 1.7.

[MPUMITKA Ilpu reorexHIiYHHX pO3paxyHKax BapTo
3Beprartucs 10 EN 1997-1:2004, 1.6 (2).
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1.7 S.1. Units

(1)P S.1. Units shall be used in accordance
with 1SO 1000.

(2) In addition the units recommended in
EN 1998-1:2004, 1.7 apply.

NOTE For geoteclinical calculations, reference
should be made to EN 1997-1:2004, 1.6 (2).
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2 CENCMIYHUM BIIJIUB
2.1 BuzHa4yeHHsI celiCMiYHOI0 BILIUBY

()P CelicMiuHMii ~ BIUIUB  I[OBUHEH
BIJINIOBIIATH ~ OCHOBHUM  NPHUHIUIAM 1
BU3HAYCHHSM, HaBE/JICHUM y
EN 1998-1:2004, 3.2, 3 ypaxyBaHHIM
MOJIO’KEHb, HAaBEICHUX y 4.2.2.

(2)P KomOiHyBaHHSI CEHCMIYHOTO BIUIUBY 3
IHIIMMH BIUIMBAaMH NOBHUHHO BUKOHYBAaTHCS
y Bignosigaocti 3 EN 1990:2002, 6.4.3.4 Ta
EN 1998-1:2004, 3.2.4.

(3) de moxnuBO, B IIbOMY €BpONEHCHKOMY
CTaHIapTi  3alpONOHOBAHO  CIPOLICHHS
BUOOPY CEHCMIYHOTO BILJIUBY.

2.2 IlpeacraBJieHHs 3MiHM y Yaci

(1)P Sxmo po3paXyHKH BUKOHYIOTHCS 3
ypaxyBaHHSIM Ui qacy, MOXKYTh
BUKOPHCTOBYBATHCS K HITY4H1
akcelmeporpamMu, TaK 1 peanbHI 3allHUCH
CHUIBHMX KOJMBAaHb. IX ITiKOBE 3HAYEHHS i

YaCTOTHWHA [iala3oH HOBWHHI BiAIIOBiZaTH
EN 1998-1:2004, 3.2.3.1.

(2) Ilpu mepeBipkax AMHAMIYHOT CTIHKOCTI
32 y4acTi  OOYHMCIICHHS  3aJIHMIIKOBUX
nedopmariii  rpyHty,  OaxaHo, 1100
30y/DKEHHSI CKJIaJIaJIoCsl 3 aKceleporpamm,
3allMCaHMX Ha TPYHTOBUX MalJaHYMKaX TpU
peambHUX 3eMIIeTpycaX, OCKUIBKH BOHHU
MICTATh  PEATICTHYHI  HHU3BKOYACTOTHI
KOJIMBAHHS 1 HAJCXKHY YacOBY KOPEJSAIIi0
MDK TOPHU30HTAJIBHOIO 1 BEPTUKAIBHOIO
CKJIIAJIOBUMH PyXy. TpHBAIICTh CHIBHUX
KOJIMBaHb MOBUHHA OyTH oOpaHa criocoOoM,
BinnoBigHo 1o EN 1998-1:2004, 3.2.3.1.

2 SEISMIC ACTION
2.1 Definition of the seismic action

(1)P The seismic action shall be consistent
with the basic concepts and definitions given
in EN 1998-1:2004, 3.2 taking into account
the provisions given in 4.2.2.

(2)P Combinations of the seismic action with
other actions shall be carried out according to
EN 1990:2002, 6.4.3.4 and EN 1998-1:2004,
3.2.4.

(3) Simplifications in the choice of the
seismic action are introduced in this European
Standard wherever appropriate.

2.2 Time-history representation

(1)P If time-domain analyses are performed,
both artificial accelerograms and real strong
motion recordings may be used. Their peak
value and frequency content shall be as
specified in EN 1998-1:2004, 3.2.3.1.

(2) In verifications of dynamic stability
involving calculations of permanent ground
deformations the excitation should preferably
consist of accelerograms recorded on soil
sites in real earthquakes, as they possess
realistic low frequency content and proper
time correlation between horizontal and
vertical components of motion. The strong
motion duration should be selected in a
manner consistent with EN 1998-1:2004,
3.2.3.1.



3 BJACTUBOCTI IPYHTY
3.1 Ilapamerpu MinHOCTI

(1) Sk mnpaBuio, MOXHa BUKOPHUCTOBYBATHU
3HAYeHHs TMapaMeTpiB MIIHOCTI IPYHTY,
3aCTOCOBYBaHI B CTaTUYHOMY HE
npeHoBaHOMY cTaHi. JlJisg 3B'SI3HUX TPYHTIB
BIJMIOBITHAM MAapaMeTpPOM MIIIHOCTI € He
JPEHOBaHUI Omip Ha 3CyB Cuy, BPaXOBYIOUMIA
JUTSI TIIBUJIKOCTI BITHOIICHHS HABAHTAXKEHHS 1
HUKITIYHUX e(eKTiB Jerpajamii mig i€t
CEHCMIUHMX  HABaHTaXE€Hb, KOJU  Take
KOpUTYBaHHSI HeoOXigHe 1 OOIpyHTOBaHE
BIIIIOBIIHUMHU EKCIEPUMEHTAIbHUMHU
JTAaHUMH. Jns HE3B'SI3HOTO IPYHTY
BIANOBIAHUM  MApaMeTpOM  MIIHOCTI €
IUKJITIYHANA HE IPEHOBAHUM OTIp Ha 3CYB Tcy,u,
SKUI ~ Mae  BpaxOBYBaTH  MOJKJIUBICTb
3pOCTaHHS MOPOBOTO THUCKY.

(2) B saxocti  anpTEpHATUBH  MOKHA
BUKOPUCTOBYBaTH  €(QEKTUBHI MapaMeTpH
MIIIHOCTI 3 BIAMOBIAHUM THCKOM TOPOBOL
BOJIM, IO CTBOPIOETBCS B TIpoleci
UMKIIYHOTO HaBaHTaKeHHA. J[1s ckembHUX
MOPiJT MO’KHA BUKOPUCTOBYBATH MIIHICTh TIPU
MPOCTOMY CTHCKY HEOOMEKEHOMY 3 OOKIB, (.

(3) Bignocni koedimierTrn  (ym)  aus
BJIACTUBOCTEH wMarepiany Cy, Teyu Ta (u
MO3HAYAOTHCA Yeu, Ywcy TA Yqu, & UL tan ¢’
MO3HAYAOTHCS Yy

[MPUMITKA 3nadeHHs, 110 3a1aI0THCS VIS Yeu, Yrcys Yqu
Ta Yy, VI BUKOPUCTAHHS B KOHKPETHIN KpaiHi MOXHa
3HaiTH B i1 HamionampHOMY momatky. PekomenmoBani
3HAuCHHS You =14, Yoy =1,25, Y =14 17y = 1,25.

3.2 IMapameTpu
aeMn@yBaHHs

JKOPCTKOCTI i

(1) 3aBasiku cBOeMy BIUIMBY Ha MPOEKTHI
CeiCMIUHI BIUIMBH OCHOBHUM IapamMeTpoM
KOPCTKOCTI TPYHTY TP HABaHTAXXCHHSAX Bij
3eMIIeTpycy € Moayidb 3cyBy G, 1o
o0umCIIoeTHCSA 32 (hopMyIoro
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3 GROUND PROPERTIES
3.1 Strength parameters

(1) The value of the soil strength parameters
applicable under static undrained conditions
may generally be used. For cohesive soils
the appropriate strength parameter is the
undrained shear strength cy, adjusted for the
rapid rate of loading and cyclic degradation
effects under the earthquake loads when
such an adjustment is needed and justified
by adequate experimental evidence. For
cohesionless soil the appropriate strength
parameter is the cyclic undrained shear
strength tcy,u which should take the possible
pore pressure build-up into account.

(2)  Alternatively, effective  strength
parameters with appropriate pore water
pressure generated during cyclic loading
may be used. For rocks the unconfined
compressive strength, qu, may be used.

(3) The partial factors (ym) for material
properties Cy, Tey,u and qu are denoted as yeu,
Y=y and yqu, and those for tan ¢' are denoted

as yy.

NOTE The values ascribed to yeu, Yiey, You @nd yy, for
use in a country may be found in its National Annex.
The recommended values are yo, = 14, vy = 1,25, yu = 14
and yy=125.

3.2 Stiffness and damping parameters

(1) Due to its influence on the design
seismic actions, the main stiffness parameter
of the ground under earthquake loading is
the shear modulus G, given by
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G= st2 (3.1)

7ie p MUTOMA Maca i Vs IIBUAKICTb MOIIUPEHHS
MOTIepeYHOT XBUJI1 B IPYHTI.

(2) Kpurepii ans BU3HauYCHHS Vs, BKIIOYAIOUYH
ii 3ayIexHICTh BiA piBHA aedopmarii rpyHTy,
HaseneHo B 4.2.214.2.3.

(3) HemndyBarHs Ciuif po3risaTd B SKOCTI
J0JJATKOBOT BJIACTHBOCTI TPYHTY Y BHUIIQJIKAX,
KOJIM NOTpIOHO BpaxyBaTu e€(eKTH B3aeMOALL
«IPYHT-KOHCTPYKIis1», 3a3HaueH1 B Po3uni 6.

(4) Bayrpimne neMndyBaHHS, BUKJIHKaHE
HENpPY)XHOIO poOOTOI0 IPYHTY MiJ] BIUIMBOM
LUUKIIYHOTO HABAaHTAXEHHS, 1 JAeMI(YyBaHHS
BUIIPOMIHIOBaHHSIM, BUKJIKaHE
PO3MOBCIO/KEHHSIM ~ CEHCMIYHUX XBWIb Yy
HampsIMKy Bil yHIaMEHTY, CIIiJT PO3IJIsIIaTh
OKpEMO.
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where p is the unit mass and vs is the shear
wave propagation velocity of the ground.

(2) Criteria for the determination of vs,
including its dependence on the soil strain
level, are given in 4.2.2 and 4.2.3.

(3) Damping should be considered as an
additional ground property in the cases
where the effects of soil-structure interaction
are to be taken into account, specified in
Section 6.

(4) Internal damping, caused by inelastic
soil behaviour under cyclic loading, and
radiation damping, caused by seismic waves
propagating away from the foundation,
should be considered separately.



4 BUMOI'M 1O POSMIINEHHA I 10
TPYHTIB OCHOBH

4.1 Po3milenus
4.1.1 3arajJbHi MoJI0KeHHA

(HP OniHka  AUITHKH OymiBHHIITBA
3MIMCHIOETBCS JUII BU3HAYEHHS XapakTepy
I'PYHTOBOT OCHOBH, 100 3BECTH JI0 MIHIMYMY
HeOe3NeKy po3JoMYy, HECTIMKOCTI CXHIY,
PO3pPIKEHHSI 1 BHCOKOi CXWJIBHOCTI [0
VIIUTBHEHHS y pa3i 3eMJIETPYCY.

(2)P  MoxnuBicTh ~ BUHUKHEHHS  LHUX
HEraTUBHHUX SIBUILL MOBHUHHA Oyt
NOCTPKEHa, SK 3a3HAYeHO B HACTYIHUX
naparpadax.

4.1.2 Bam3bKicTh 10 CeMCMIYHOAKTHBHHUX
po3JioMiB

(1)P bynismi knaciB BiamosizameHocTi 11, II1,
IV, Buznauenux y EN 1998-1:2004, 4.2.5, ne
MOBUHHI  3BOJUTHCA B  Oe3mocepenHin
OJM3BKOCTI BiJl TEKTOHIYHUX PO3JIOMIB, SKI
BH3HAaHI CEHCMIYHO aKTUBHUMH B OQIIIHHUX

JNOKYMEHTaX, BHIAHUX  KOMIICTCHTHUMH
Jep>KaBHUMU OpraHaMU.

2) BincyrHicTh pyxy B
[li3aHpOYETBEPTUYHOMY  TEpPIOJI  MOXKE
BHUKOPUCTOBYBATHUCS VTS BU3HAYCHHS
HEAaKTMBHUX  PO3JIOMIB  JUIi  OUIBIIOCTI

OydiBenb, $AKI HE € BaXJIUBUMHU IS
IrpOMaJIChKOT OE3IEeKH.

(3)P Ins mineit MichbKOTO TUIaHYBaHHS 1 AJIs
BKJIMBHUX OyaAiBElNb, IO 3BOAATHCS MOOIU3Y
MOTCHIIIHHO AaKTUBHUX PO3JIOMIB Yy 30HaX
BHUCOKOI CceliCMIYHOCTI 3I1HCHIOOTHCS
CIIEliaJbHI TeOJIOTIYH1 HOCHIUKEHHS, II00
BU3HAYHUTH IMMOJAJIBIII HeOe3eKH, MOB'I3aHl 3
PO3JIOMOM TPYHTY Ta IHTEHCHUBHICTIO CTPYCY

IPYHTY.
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4 REQUIREMENTS FOR SITING AND
FOR FOUNDATION SOILS

4.1 Siting
4.1.1 General

(1)P An assessment of the site of
construction shall be carried out to
determine the nature of the supporting
ground to ensure that hazards of rupture,
slope instability, liquefaction, and high
densification susceptibility in the event of an
earthquake are minimised.

(2)P The possibility of these adverse
phenomena occurring shall be investigated
as specified in the following subclauses.

4.1.2 Proximity to seismically active faults

(1)P Buildings of importance classes I, 111,
IV defined in EN 1998-1:2004, 4.2.5, shall
not be erected in the immediate vicinity of
tectonic  faults recognised as being
seismically active in official documents
issued by competent national authorities.

(2) An absence of movement in the Late
Quaternary may be used to identify
nonactive faults for most structures that are
not critical for public safety.

(3)P Special geological investigations shall
be carried out for urban planning purposes
and for important structures to be erected
near potentially active faults in areas of high
seismicity, in order to determine the ensuing
hazard in terms of ground rupture and the
severity of ground shaking.

11
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4.1.3 CrilikicTb cXmiIy
4.1.3.1 3arajbHi moJI0KeHHA

(1)P  HeoOximHO  BHKOHAaTH  MEPEBIPKY
CTIAKOCTI TIpyHTYy i OyniBenb, IO
3BOJATBCA HA MPUPOJHUX ab0 IITYyYHHUX
cxwiax abo moOmmM3y HHX, 3 METOH
3a0e3nedeHHs Oe3mnexu 1/abo
eKCIUTyaTaliifHoi HaaifHOCTI OyAiBens mpH
MIPOEKTHOMY 3€MJIETPYCI.

(2)P B ymMoBax HaBaHTaXEHHs IIpH
3eMJIETPYCl TPAHUYHUM CTAHOM JIsI CXUJIIB €
Takui, TIiCAs  SKOTO  MalTh  MicCIe
HENPUIHATHO BEJIHKI 3QJIUIIKOBI
MEepeMILLIEHHsI IPYHTOBOTO MacHBY y Mexax
rMUOMHU, W10 € 3HAYHOI  AK  JUId
KOHCTPYKTHUBHUX, TaK 1 (YHKIIOHAJIbHUX
BIUIUBIB Ha OYIiBIi.

(3) IlepeBipky CTIHKOCTI MOXHa HE
MIPOBOIUTH JUTST OyniBenb KJ1acy
BIIMOBIIATBLHOCTI |, AKIIO 3 TMOPIBHSIIBHOTO
JOCBIZY BiJIOMO, IO TPYHT Ha OymiBEIbHOMY
MalJIaHYUKY € CTIAKUM.

4.1.3.2 CelicMiYHH# BILJINB

()P Tlpu mepeBipmi CTIMKOCTI TPOEKTHUH
CEeHCMIYHMNA BIUIMB [IOBUMHEH BiAIOBIIATH
BH3HAYEHHSM, HaBeIeHUM y 2.1.

(2)P Ilpu mepeBipii CTIHKOCTI TPYyHTY Ha
cxwiax abo moOsmM3y HUX s OyniBenb 3
KOe(]iIiEHTOM BIINOBITAIBHOCTI Y| OUIbIIE
1,0 HeoOximHO 30UTbLIYBATH CEHCMIUHUN
BIUIUB  JI0O IPOSKTHOTO  3HAYCHHSI 34
JIOTIOMOTO0 TOMOrpadiuHOTO KOEhIlliEHTY.

IMPUMITKA  Jlesxi BKa3iBKH 10  3HAYECHHIM
TororpadiuHoro KoedimieHTa 30LIbIICHHS HABEICHI B
noBigkoBomy JlomaTky A.

(3) Ceiicmiunuil BIUIUB MOe OyTH CHPOIIEH,
sK 3a3Ha4yeHo B 4.1.3.3.
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4.1.3 Slope stability
4.1.3.1General requirements

(1)P A verification of ground stability shall
be carried out for structures to be erected on
or near natural or artificial slopes, in order to
ensure that the safety and/or serviceability of
the structures is preserved under the design
earthquake.

(2)P Under earthquake loading conditions,
the limit state for slopes is that beyond
which  unacceptably large  permanent
displacements of the ground mass take place
within a depth that is significant both for the
structural and functional effects on the
structures.

(3) The verification of stability may be
omitted for buildings of importance class | if
it is known from comparable experience that
the ground at the construction site is stable

4.1.3.2Seismic action

(1)P The design seismic action to be
assumed for the verification of stability shall
conform to the definitions given in 2.1.

(2)P An increase in the design seismic
action shall be introduced, through a
topographic amplification factor, in the
ground stability verifications for structures
with importance factor vy, greater than 1,0 on
or near slopes.

NOTE Some guidelines for values of the topographic
amplification factor are given in Informative
Annex A.

(3) The seismic action may be simplified as
specified in 4.1.3.3.



4.1.3.3 MeToaun po3paxyHKy

(1)P  Peakmis TIpyHTOBUX CXWIIB Ha
NPOCKTHUI  3eMJICTpyC  [OBHHHA  OyTH
00YHCIICHA MUITXOM BUKOPHCTAHHS BiIOMHX
METO/IiB AMHAMIYHOTO PO3pPaxXyHKY, TAKHX SIK
MOJIei Ha OCHOBI KIHIIEBHX €JIEMEHTIB a0o
KOPCTKHX OJOKiB, ab0 3a JOMOMOTOIO
CIIPOIICHUX TICEBIAOCTAaTHYHUX METOMIB 3a
yMoBH 00MeskeHb (3) Ta (8) mbOTO MiAITYHKTY.

(2)P  Ilpm  mopnenmtoBaHHI  MEXaHIYHOI
MOBEAIHKH I'PYHTOBOTO CEPEOBHILA TOBUHHO
OyTy TMpHiHATE OO0 YBarl MOM'SKIIEHHS
peaxiiii 31 30UIbIIEHHSIM pIBHS AeopMaltii, a
TaKOX MOXJIMBI €EKTH 3pOCTaHHS MOPOBOTO

THUCKY b BITUBOM ITUKIIIYHOTO
HaBaHTAXCHHS.
3) [TepeBipka CTIAKOCTI1 MOXe

3MIICHIOBATUCST 32 JOMOMOTOIO CIIPOIIEHUX
TICEeBIOCTAaTUYHUX METOJIIB, KOJIU Tomorpadis
MOBepXHI 1 cTpaturpadis TIpyHTY He
MIPENICTaBISAIOTh AY)KE PI3KUX NOPYILIEHb.

(4) TlceBmocTaT4Hi METOAM PO3PAXYHKY
CTIMKOCTI MOIOHI JO METO/IB, 3a3HAYCHUX Y
EN 1997-1:2004, 11.5, kpiM BKIIOYCHHS
TOPU3OHTAJIBHUX 1 BEPTUKAIBHUX CUJI 1HEPITI,
TIPUKITAJICHUX 110 KOKHOT YaCTUHHU
IPYHTOBOIO MAacCHBY 1 BpaxyBaHHS BIUIMBY
IpaBITAl[iiHAX HaBaHTaXXEHb, [IIOYMX Ha
BEPXHIO YAaCTHHY CXHUJIY.

(5)P IlpoektHi ceiicmiuni cuiu iHepiii Fy 1
Fv, niroui Ha TpyHTOBUI MacHB, BiJIITOBITHO B
TOPH30HTAIEHOMY i BEPTUKATIBHOMY
HaIpsIMKax, pu TMICEB/IOCTATUYHOMY
PO3paxyHKy 3alMCYIOThCS Y BUIJISIII:
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4.1.3.3 Methods of analysis

(1)P The response of ground slopes to the
design earthquake shall be calculated either
by means of established methods of dynamic
analysis, such as finite elements or rigid
block models, or by simplified pseudo-static
methods subject to the limitations of (3) and
(8) of this subclause.

(2)P In modelling the mechanical behaviour
of the soil media, the softening of the
response with increasing strain level, and the
possible effects of pore pressure increase
under cyclic loading shall be taken into
account.

(3) The stability verification may be carried
out by means of simplified pseudo-static
methods where the surface topography and
soil stratigraphy do not present very abrupt
irregularities.

(4) The pseudo-static methods of stability
analysis are similar to those indicated
in EN 1997-1:2004, 11.5, except for the
inclusion of horizontal and vertical inertia
forces applied to every portion of the soil
mass and to any gravity loads acting on top
of the slope.

(5)P The design seismic inertia forces Fu
and Fv acting on the ground mass, for the
horizontal and vertical directions
respectively, in pseudo-static analyses shall
be taken as:

Fr=050-5-W, (4.1)

Fv = £0,5FH sxi1o criBBiAHOMICHHS dvgldg
outb, HDK 0,6

Fv = £0,33FH sKIII0 CMiBBiHOIIEHHS avgldg
He OutbI, HiX 0,6

Fv = 20,5Fw if the ratio avg/ag (4.2)
is greater than 0,6

Fv = 20,5Fw if the ratio avg/ag (4.3)
is not greater than 0,6

13
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ae

0. BIJHOUICHHA TPOEKTHOTO MPUCKOPEHHS
IPYHTY TUIy A, 8y, 1O NPHUCKOPEHHS CHJIU
TSOKIHHS (J;

avg ~ TIPOEKTHE IIPUCKOPEHHS IPYHTY Yy
BEPTUKAIBHOMY HAIIPSIMKY;

ag IIPOEKTHE MPUCKOPEHHS IPYHTY JUIS

IPYHTY TUTTY A;

S mapamerp Ipyary mo EN 1998-1:2004,
3222,

W Bara CKOB3ar40ro MacHBy.

Hna ag TOBUHEH OyTHM  BpaxOBaHWM

tororpadiuHuil  KoedimieHT  30UThIIEHHS

BigmosigHo 10 4.1.3.2 (2).

(6)P YMoBa rpaHUYHOTO CTaHy MOBUHHA OYTH

nmepeBipeHa A1 HalMeHIT — Oe3mevHoi
MOTEHIIHHOT MOBEPXH1 KOB3aHHS.

(7) VYmoBa  TpaHWYHOTO  CTaHy  3a
eKCIUTyaTaIlifHoiT HaAIfHOCTI MOXe OyTH
nepeBipeHa UTSIXOM o0uncIeHHs
3aJIUIIKOBOTO  TEPEMIIIEHHSI CKOB3al04ero
MacuBy 3  BHUKOPHCTAHHSM  CIPOILEHOT

JUHAMIYHOT MOJIeNi, CKJIaJeHOI 3 YKOPCTKHUX
OJIOKIB KOB3aHHS 3 MPOTHIIIOUYMMH CHJIAMHU
TepTsA Ha CXWil. Y Wi MOJeni CeMCMIYHMMA
BILUIUB Ma€ OyTH MPEJCTaBICHUN 3MIHHUM Yy
yaci BiAmoBiZHO 1m0 2.2 1 3acHOBAaH Ha
MIPOCKTHOMY IIPUCKOPEHH1 0€3 3MEHIIICHHS.

(8P  Cmpomeni  Meroau,  Taki  fK
TICEeBJIOCTATUYHI CIIPOIIICHI METO/IH, 3rajiaHi B
3 (3) no (6) P uporo miAmyHKTy, HE TOBHHHI
BUKOPUCTOBYBATHUCS JUISI TPYHTIB, Y SKHUX
MOJKJIMBE BHHUKHEHHS BHCOKHMX BEIWYUH
MOPOBOTO  THUCKY Boau  abo  3HAYHE
ocialJIeHHsA KOPCTKOCTI i €O
LMKJIYHOTO HaBaHTaKEHHS.

(9) 3pocraHHS MOPOBOrO THUCKY Mae OyTH
OI[IHEHO 3 BHUKOPUCTAHHSIM  BiIMOBIIHHUX
BUINIPOOYBaHb. 3a  BIACYTHICTIO  TaKHX
BUIIPOOYBaHb 1 3 METOI0 MOINEPETHBOTO
IIPOEKTYBaHHS IIe MoOke OYyTH OIIIHEHO 3a
JIOTIOMOTO10 eMITIPUYHHUX KOPEIAIiil.
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where

o is the ratio of the design ground
acceleration on type A ground, ag to the
acceleration of gravity g;

avg Is the design ground acceleration in
the vertical direction;

ag is the design ground acceleration for
type A ground;
S is the  soil parameter  of

EN 1998-1:2004, 3.2.2.2;
W is the weight of the sliding mass.

A topographic amplification factor for ag
shall be taken into account according to
4.1.3.2 (2).

(6)P A limit state condition shall then be
checked for the least safe potential slip
surface.

(7) The serviceability limit state condition
may be checked by calculating the
permanent displacement of the sliding mass
by wusing a simplified dynamic model
consisting of a rigid block sliding against a
friction force on the slope. In this model the
seismic action should be a time history
representation in accordance with 2.2 and
based on the design acceleration without
reductions.

(8)P Simplified methods, such as the
pseudo-static simplified methods mentioned
in (3) to (6)P in this subclause, shall not be
used for soils capable of developing high
pore water pressures or significant
degradation of stiffness under cyclic
loading.

(9) The pore pressure increment should be
evaluated using appropriate tests. In the
absence of such tests, and for the purpose of
preliminary design, it may be estimated
through empirical correlations.



4.1.3.4 IlepeBipka  HagiliHOCTI IS
MCEeBJAOCTATUYHOTO METOY

(1)P st BOJOHACHUYEHHX IPYHTIB y 30HaX, /i€
o-S > 0,15, He0OXiTHO PO3TISHYTH MOKIIMBE
ocnalIeHHsT MIITHOCTI 1 3pOCTaHHsS OPOBOTO
TUCKY 3aBISIKA IUKIIYHOMY HaBaHTaKEHHIO

32 yMOBUM OOMEXEHb, 3a3HAYEHUX Yy
4.1.3.3 (8).

(2) Ilpm crookiiiHOMY CHOB3aHHI, KOJH
HMMOBIPHICTh peaKTHBAIIll 3eMJIETPyCaMH BUIIIE,
MOBUHHI OyTH BHMKOPHUCTaH1 BEIMKI 3HAUYEHHS
nedopmartii s mapaMeTpiB MIHOCTI IPYHTY.
VY He3BS3BHMX MarTepiajax, YyTIMBHUX JIO
LUUKIIYHOTO 3pOCTAaHHS IOPOBOTO THUCKY ¥
Mexkax rpanunpb 4.1.3.3, ocraHHE MOXHA
BpaxyBaTH, 3HU3UBIIN MPOTHUIIIOYY CUITY TEPTH
3a JIONOMOTOIO0  BIANIOBITHOTO  KOe]ilieHTa
IIOPOBOTO THUCKY, MIPONOPLIIHOTO
MaKCUMaJIbHOMY 30UTBIIIEHHIO TTOPOBOTO THUCKY.
Take 30UIblIEHHS MOXe OYTH OIIIHEHO, SIK
3a3HaueHo B 4.1.3.3 (9).

(3) 3acrocyBaHHs 3MEHIICHHS MIIHOCTI Ha
3CyB HE € HEOOXIZHUM Il  CHJIBHO
TMJIATAHTHUX HE3B'SI3HUX TPYHTIB, TaKHX SIK
IIUIBHI ITICKH.

(4P IlepeBipka HaIIHHOCTI TPYHTOBOTO
CXWJTy TTIOBUHHA BUKOHYBATHUCS Y BIATIOBITHOCTI
3 mpunimnamu EN 1997-1:2004.

4.1.4 IloTeH1ii{HO PO3PiIKEeHI IPYHTH

(1)P 3HmwkeHHs MIHOCTI Ha 3CyB Ta/abo
YKOPCTKOCTI, BHKJIMKAHE 30UIBIIICHHSM
MOPOBOTO  THUCKY BOJAM B  HACHUEHUX
HE3BSI3HUX MaTepialiax B MIPOIECi KOJIHBaHb
IPYHTY MPHU 3eMIIETPYCi, K1 MPU3BOAATH JI0
3HAYHMX 3aJIMIIKOBUX jAedopmarii  ado
HAaBITb JI0 CTaHy Mailke Hy/lnb0BO1 e(h)eKTUBHOT
Hampyrd B IPyHTI,  Jaili  3BeThCA
PO3PILKEHHSIM.

(2)P Oruinka CXUIBHOCTI 10 PO3PLIKEHHS
MIOBHHHA MPOBOJAUTHUCS, SKIIO ITPYHTH OCHOBHU
MaloTh MNPOTSDKHI LIapd abo TOBCTI JIIH3M
PHUXJIOTO TICKY, IO MICTATh a00 HE MICTAThH
ApiOH1 (pakuii MyNy/TJIMHH, HIXKYE PIBHA
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4.1.3.4 Safety verification for the pseudo-
static method

(1)P For saturated soils in areas where
o-S > 0,15, consideration shall be given to
possible strength degradation and increases
in pore pressure due to cyclic loading
subject to the limitations stated in
4.1.3.3 (8).

(2) For quiescent slides where the chances
of reactivation by earthquakes are higher,
large strain values of the ground strength
parameters should be used. In cohesionless
materials susceptible to cyclic pore-pressure
increase within the limits of 4.1.3.3, the
latter may be accounted for by decreasing
the resisting frictional force through an
appropriate  pore  pressure coefficient
proportional to the maximum increment of
pore pressure. Such an increment may be
estimated as indicated in 4.1.3.3 (9).

(3) No reduction of the shear strength need
be applied for strongly dilatant cohesionless
soils, such as dense sands.

(4)P The safety verification of the ground
slope shall be executed according to the
principles of EN 1997-1:2004.

4.1.4 Potentially liquefiable soils

(1)P A decrease in the shear strength and/or
stiffness caused by the increase in pore
water pressures in saturated cohesionless
materials during earthquake ground motion,
such as to give rise to significant permanent
deformations or even to a condition of near-
zero effective stress in the soil, shall be
hereinafter referred to as liquefaction.

(2P An evaluation of the liquefaction
susceptibility shall be made when the
foundation soils include extended layers or
thick lenses of loose sand, with or without
silt/clay fines, beneath the water table level,

15
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IPYHTOBUX BOJl, a TaKOX KOJU pIBEHb
IPYHTOBUX BOJ 3HAXOIUTHCS OJNM3BKO 1O
noBepxHi rpyHTy. Llg omiHka TOBHHHA
BUKOHYBAaTHCS JUIS BUIBHUX TOJHOBUX YMOB
MaiilaH4YrKa (BUCOTH MOBEPXHI IPYHTY, PiBHA
I'PYHTOBUX BOJ), AIIOYHX MPOTSATOM TEPMIHY
CITy)KOu OyIiBIi.

(3)P HeoOximHi a7 1BOTO TOCIHIIKEHHS
MIOBMHHI K MIHIMYM BKJIIO4YaTH B cebe
MPOBEACHHS HAa MAaWJaHUYUKy CTaHAAPTHUX
BUNPOOYBaHb 3 JIMHAMIYHOIO 30HJIyBAHHS
(BA3) abo BumnpoOyBaHb 3 CTaTUYHOTO
3ounyBanHs (BC3), a Takox BU3HAUYEHHS
KpUBUX  PO3NOJUTY poO3Mipy 3epHa B
naboparopii.

(4)P [nsa cranmapTHUX BUIPOOyBaHb 3
JUHAMIYHOTO 30HAYyBaHHS BUMIPSIHI 3HAUEHHS
KUIbKOCTI ynapiB Nspr, BUpaskeHi B ynapax/30
CM, TIOBUHHI OyTM  HOpPMOBaHI IO
HOMIHAJbHOMY THCKY BEPXHIX IJacTIB
100 kIla 1 mo BITHOIIEHHIO €HEPTii yaapy 10
TEOpEeTUYHOi eHeprii BiUTbHOTO maaiHHA 0,6.
Jlnst TiuOuH MeHm 3 M BUMIPSIHI 3HAYCHHS
Nspr ciig 3MeHmuTH Ha 25 %.

(5) Hopwmamizamiss oo e(ekTiB BepxXHIX
mopix Moke OyTH BHKOHAaHA IIJISAXOM
MHOXEHHSI BHMIpsiHOTO 3HadeHHs Nspt Ha
xoedimiear (100/6'vo)*?, nme o'vo (xIla) -
e(DeKTUBHUNA THUCK BEPXHIX IUIACTIB, JIOUUN
Ha TiOuOWHI, Ha SKIH  BHKOHYBAJIOCA
BumiptoBanHs npu (B/I3), mim yac #oro
MPOBEACHHS. 3HAUCHHS  HOPMAII3yFOUOTO
nokaznnka (100/c'vo)Y? moBunrHO OyTH He
mennre 0,5, ajme He OutbIe 2.

(6) Hopmamizaris eHeprii BUMarae MHOXEHHS
3HAYEHHS KUIBKOCT1 yAapiB, OTPUMaHOTO B (5)
nporo naparpada, Ha nokasuuk ER/60, ne ER
- BEIWYMHA, Yy CTO pa3iB ICpPEBUIILYE

KoedirieHT BUKOPHCTAHHS eHeprii,
XapaKTepHUit JUISt BUITPOOYBAILHOTO
yCTaTKyBaHHSI.

(7) Ansa Oynisens 3 (yHIaMEHTaMU MUIKOTO
3aKJaJJaHHs OI[IHKY CXUJIBLHOCTI JI0
PO3PILKEHHS] MOXHA HE TMPOBOIUTH, SIKIIO
HACHYEHI Mil[aHi TPYHTH 3HAXOIAThCA Ha
rImOUHaxX MoHaj 15 M Bil HOBEpXHI IPYHTY.
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and when the water table level is close to the
ground surface. This evaluation shall be
performed for the free-field site conditions
(ground surface elevation, water table
elevation) prevailing during the lifetime of
the structure.

(3)P Investigations required for this purpose
shall as a minimum include the execution of
either in situ Standard Penetration Tests
(SPT) or Cone Penetration Tests (CPT), as
well as the determination of grain size
distribution curves in the laboratory.

(4)P For the SPT, the measured values of the
blowcount Nspr, expressed in blows/30 cm,
shall be normalised to a reference effective
overburden pressure of 100 kPa and to a
ratio of impact energy to theoretical free-fall
energy of 0,6. For depths of less than 3 m,
the measured Nspr values should be reduced
by 25 %.

(5) Normalisation with  respect to
overburden effects may be performed by
multiplying the measured Nspr value by the
factor (100/c'vo)*?, where oy (kPa) is the
effective overburden pressure acting at the
depth where the SPT measurement has been
made, and at the time of its execution. The
normalisation factor (100/c'v)*? should be
taken as being not smaller than 0,5 and not
greater than 2.

(6) Energy  normalisation  requires
multiplying the blowcount value obtained in
(5) of this subclause by the factor ER/60,
where ER is one hundred times the energy
ratio specific to the testing equipment.

(7) For buildings on shallow foundations,
evaluation of the liquefaction susceptibility
may be omitted when the saturated sandy
soils are found at depths greater than 15 m
from ground surface.



(8) Hebe3nexor  po3pimKEHHS  MOXKHA
3HeXTyBatH, Ko oS < 0,15 1 BUKOHY€EThCS
X04a 0 07]Ha 3 HACTYITHUX YMOB:

- MICKY MaroTh BMIcCT IiMHHU Ouibiie 20 % 3
IMOKa3HUKOM Iutactuynocti Py > 10;

- TCKH MaroTh BMIicT Myny Oinmbie 35 %, i, B
TOH K€ yac, 3HaUYeHHs KUTBKOCTI ynapiB mpu
(BA3), HOopMmarizoBaHe miisi €()eKTiB BEPXHIX
TUTACTIB 1 KoeilieHTY BUKOPUCTaHHS €HEeprii,
N; (60) > 20;

- NICKM € YUCTMMM IpPHU 3HAUYEHHI KUIbKOCTI
ynapis npu (B/I3), HopmamizoBaHe s
eeKTIB BEpXHIX IUIACTIB 1 KOEQIIIEHTY
Bukopucranus eneprii, N1 (60) > 30.

(9P Sxmo HEOE3NMEeKOH PO3PUDKEHHS HE
MOXHa 3HEXTYBaTH MOTO0 HEOOXITHO SK
MIHIMyM  OILIHUTH  3araJbHONPUHHATUMU
METOJIaMH 1HKEHEPHOI TE€OTEXHIKM Ha Ti/ICTaB1
TIOJIsI KOPEJIALIii MK BUMIPIOBAHHSMH Ha MICITI 1
KPUTUYHUMH TMKIIIYHAME HalpyraMu 3CYBY,
SIK1, SIK BCTAHOBJICHO, BHUKJIMKAIA PO3PIIHKEHHS
i1 Yac MUHYJIMX 3EMJIETPYCIB.

(10) B Jlomatky B HaBenmeni emmipudHi
rpadikd  pPO3PLDKEHHS, SKI  UIIOCTPYIOTh
HaOIMKEHHS TIOJIT KOPEJIAIii TPH OTHAKOBHUX
TPYHTOBHX YMOBaX, CTOCOBHO PIi3HHUX THIIIB
BUMIpOBaHb Ha  Micui. [lpum  1mpomy
HaONM)KCHHI CeHCMiuyHA Hampyra 3CyBY Te
MO>Ke OyTH OIIiHEHA 3a CIPOICHIUM BUPAa30M

7e=065a-S-

JIe Ovo 3araibHUi THCK BEPXHIX IUIACTIB, a
iHIIT 3MiHHI, SK y BUpasax (4.1) - (4.3).

Le#t Bupa3 He Moke OyTH 3aCTOCOBAHUU IS
riouH Oouteire 20 M.

(11)P Ilpu BuKOpHCTaHHI HAOIMKEHOTO MOJIS
KOpEeJSALii IPYHT BBAXKA€TbCS CXWIBHUM JI0
PO3pIIKEHHST TpU OJHAKOBUX IPYHTOBHUX
yMOBaX, KOJM BHUKJIMKaHa 3eMJIETPYCOM
Hampyra 3CyBY IEpEBHIIYe MEBHY YacCTKy A
KPUTUYHOI Hampyru, sKa, $K BIIOMO,
BUKIIMKAJIa PO3PULKEHHS TpU  MUHYIHUX
3eMIleTpycax.

np. ACTY-H b EN 1998-5:201X

(8) The liquefaction hazard may be
neglected when oS < 0,15 and at least one
of the following conditions is fulfilled:

- the sands have a clay content greater than
20 % with plasticity index P, > 10;

- the sands have a silt content greater than
35 % and, at the same time, the SPT
blowcount value normalised for overburden
effects and for the energy ratio N1 (60) > 20;

- the sands are clean, with the SPT
blowcount value normalised for overburden
effects and for the energy ratio N1 (60) > 30.

(9)P If the liquefaction hazard may not be
neglected, it shall as a minimum be
evaluated by well-established methods of
geotechnical engineering, based on field
correlations between in situ measurements
and the critical cyclic shear stresses known
to have caused liquefaction during past
earthquakes.

(10)  Empirical liguefaction  charts
illustrating the field correlation approach
under level ground conditions applied to
different types of in situ measurements are
given in Annex B. In this approach, the
seismic shear stress te may be estimated
from the simplified expression

Gvo (4.4)

where oy is the total overburden pressure
and the other variables are as in expressions
(4.1) to (4.3).

This expression may not be applied for
depths larger than 20 m.

(11)P If the field correlation approach is
used, a soil shall be considered susceptible
to liquefaction under level ground
conditions whenever the earthquake-induced
shear stress exceeds a certain fraction A of
the critical stress known to have caused
liguefaction in previous earthquakes.
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IMPUMITKA Ilpuitaare g BUKOPUCTAHHS 3HAYCHHS
A B KOHKpETHIH KpaiHi MOXHa 3HaWTH B 11
Hanionansnomy [lomatky. PekomeHnoBaHe 3HaueHHS
A = 0,8, o BiamoBinae koedimieHTy Oe3meku 1,25.

(12)P SIkmio rpyHTH BU3HaHI CXHJIBHUMH [0
PO3PUDKCHHST 1 BBAXXKA€ThCS, IO HACTYITHI
epeKTH 3MaTHI BIUIMHYTH Ha  HECydy
3MaTHICTH a00 CTIMKICTh (QyHAaMEHTIB, LI
3a0be3neueHHs CTIMKOCTI byHaaMeHTy
MOBUHHI OYyTH TPUIHATI 3aX0Iu, TaKi SK
TIOJIIMIIEHHS] TPYHTY Ta BUKOPUCTAHHS Tallb
(s mepermadi HaBaHTAXXEHb IIapaM, He
CXUJIBHUM JI0 PO3PLIKEHHS).

(13) IloninmieHHs IPYHTY NPOTH 3PLIKEHHS
nosisirae  ab0 B YIIUIbHEHHI TIPYHTY MAJs
30UTBbILIEHHSI OMOpPY MPOHUKHEHHS 3a MEXi

He0e3IeYHOTro Jiarna3ony, abo y
BUKOPUCTaHHI JIpEHAXYy JJI 3MEHIICHHS
HaJMIpHOTO TUCKY IIOPOBOI BOJH,

CTBOPIOBAHOT'O CTPYCOM IPYHTY.

[MPUMITKA MOoXIUBICTh  YIIUIBHEHHS TOJOBHHM
YMHOM BHM3HAYA€THCS BMICTOM JpiOHOI (pakiii i
TJTUOUHOIO IPYHTY.

(14) BuxopucTtaHHs TUIBKA  TaJbOBHX
dbyHIaMEHTIB CIII pO3TIsAaTH 3
O00EpeXHICTIO Yy 3B’SI3Ky 3  BEIUKUMHU
3YCHJUISIMH, 10 BHHHKAIOTH y TaIAX 4Yepes3
BTpaTy OIOpPY IPYHTY B PO3PIIKYBaHOMY
mapi abo mapax, a TaKoX 3-332 HEMUHYYHX
HETOYHOCTCH Yy BH3HAUCHHI IOJIOXKEHHS 1
TOBIIMHU TAKOTO MIapy abo mapiB.

4.1.5 HaamipHe ocigaHHsI IPYHTIB @pH
HMKJIYHUX HABAHTAKEHHSX

(1)P  CxunpHiCTP IPYHTIB OCHOBHU  JIO
YVUIUTbHEHHST 1  HAJAMIPHOTO  OCIJaHHA,
BUKIIMKAHUX [MKJIIYHAMHU HalpyramMu Bif
3eMJIeTpYCiB, TOBUHHI OyTH BpaxoBaHi, KOJIH
Ha Majii rauOuHI ICHYIOTH MPOTSDKHI IIapH
abo TOBCTI JIIH3U CHUIY4YHX, HEHACHUEHUX,
HE3B'I3HUX MaTepialis.

(2) HangmipHe ocigaHHS MOXE TaKOX
BiOyBaTHCs B OyKe€ M'SIKUX TJIMHAX dYepes3
LUKIIYHE OCNAa0NeHHS X MIIHOCTI Ha 3CYB
MiJ] BIUIMBOM TPUBAJIOTO CTPYCY IPYHTY.
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NOTE The value ascribed to A for use in a Country
may be found in its National Annex.
The recommended value is A = 0,8. which implies a
safety factor of 1,25.

(12)P If soils are found to be susceptible to
liquefaction and the ensuing effects are
deemed capable of affecting the load bearing
capacity or the stability of the foundations,
measures, such as ground improvement and
piling (to transfer loads to layers not
susceptible to liquefaction), shall be taken to
ensure foundation stability.

(13) Ground  improvement  against
liquefaction should either compact the soil
to increase its penetration resistance beyond
the dangerous range, or use drainage to
reduce the excess pore-water pressure
generated by ground shaking.

NOTE The feasibility of compaction is mainly
governed by the fines content and depth of the soil.

(14) The use of pile foundations alone
should be considered with caution due to the
large forces induced in the piles by the loss
of soil support in the liquefiable layer or
layers, and to the inevitable uncertainties in
determining the location and thickness of
such a layer or layers.

4.1.5 Excessive settlements of soils under
cyclic loads

(1)P The susceptibility of foundation soils to
densification and to excessive settlements
caused by earthquake-induced cyclic
stresses shall be taken into account when
extended layers or thick lenses of loose,
unsaturated cohesionless materials exist at a
shallow depth.

(2) Excessive settlements may also occur in
very soft clays because of cyclic degradation
of their shear strength under ground shaking
of long duration.



(3) MosxnmBe yIIuUTbHEHHS 1 OCITaHHS HassBHUX
IPYHTIB TIOBUHHO BHKOHYBATHUCS HASBHUMH
METOJIaMH 1HXEHEPHOI TE€OTEXHIKU BIAIOYKCH,
Ipu HEOOXITHOCTI, 0 BIAMOBIAHUX CTATUIHHUX
1 IMKIYHAX Ja00paTOpHUX BUIPOOYBaHb
PENPE3EHTATUBHUX 3pa3KiB  JIOCIIKYBaHUX
MarepiaiB.

(4) SIxkuro ocimaHHs, BUKJIMKAHI YIIUTBHCHHIM
a00 IUKITYHUM OCIIAOJICHHSM, BUSABISIOTHCS
3JaTHUMU BIUIMHYTH Ha CTIMKICTh
GbyHIaMeHTIB,  CIig  OpUIUISITH  yBary
crioco6aM TMOJIMIIEHHS IPYHTY.

4.2 JlociigxeHHs] Ta BUBYEHHA IPYHTY
4.2.1 3arajabHi kpurepii

()P HocmimkeHHsT Ta BUBYEHHS MaTepiaiiB
¢byHIaMeHTy B CEHCMIYHHUX 30HAaX Mae
CIIyBaTU TUM XK€ KPUTEPLSIM, SIKI TMPUHHATI
JUI HECeMCMIUYHUX 30H, SK BH3HAUEHO B

EN 1997-1:2004, Po3ain 3.

(2) 3a BumaATKOM  OymiBenb  Kiacy
BIJITOBIZAIBLHOCTI I, TOJIBOBI TOCHIIKEHHS 110
MOXJTHBOCTI MTOBHUHHI BKJTIOYATH
BUINIPOOYBaHHS Ha CTAaTUYHE 30HJyBaHHS,
MO>KJIMBO 3 BUMIPIOBaHHSIMH ITOPOBOTO THCKY,
OCKUTPKM BOHH 3a0€31euyloTh Oe3NepepBHY
peeECTpalito MEXaHIYHUX  XapaKTEPHUCTHK
IPYHTY MO TJTUOHHI.

(3)P  HonmatkoBi CceHCMIYHO OpIEHTOBaHI
JNOCTIDKEHHST  MOXYTh  3HAaNOOWTHCA Y
BUIIAJKaX, 3a3HaueHux y 4.1 ta 4.2.2.

4.2.2 Bu3HayeHHs THNY IPYHTY JJIl ONHUCY
CelCMiYHOI0 BILJIMBY

(1)P Teorexniuni abo reoJioriuHi JaHi YIS
OyaiBeJbHOTO MaWaHUMKy TOBHHHI OyTH
JNOCTYITHI B  JOCTAaTHIM  KUIBKOCTi, MO0
3a0€3MeYNUTH BHU3HAYEHHS CEPEHbOTO THUILY
IPYHTY Ta/a00 BIIMOBITHOTO CHEKTPY peakiiii,
stk orcano B EN 1998-1:2004, 3.1, 3.2.
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(3) The densification and settlement
potential of the previous soils should be
evaluated by available methods of
geotechnical engineering having recourse, if
necessary, to appropriate static and cyclic
laboratory tests on representative specimens
of the investigated materials.

(4) If the settlements caused by densification
or cyclic degradation appear capable of
affecting the stability of the foundations,
consideration should be given to ground
improvement methods.

4.2 Ground investigation and studies
4.2.1 General criteria

(1)P The investigation and study of
foundation materials in seismic areas shall
follow the same criteria adopted in non-
seismic areas, as defined in
EN 1997-1:2004, Section 3.

(2) With the exception of buildings of
importance class I, cone penetration tests,
possibly with pore pressure measurements,
should be included whenever feasible in the
field investigations, since they provide a
continuous record of the soil mechanical
characteristics with depth.

(3)P Seismically-oriented, additional
investigations may be required in the cases
indicated in 4.1 and 4.2.2.

4.2.2 Determination of the ground type
for the definition of the seismic action

(1)P Geotechnical or geological data for the
construction site shall be available in
sufficient  quantity to allow the
determination of an average ground type
and/or the associated response spectrum, as
defined in EN 1998-1:2004, 3.1, 3.2.
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(2) 3 miero MeToIO aHi MaWJaHYMKY MOXKYTb
Oyru oO'emHaHi 3 JaHUMHU IO NPUIETIINX
30HaxX 31 CXOKUMHU re0JIOTTYHUMU
XapaKTePUCTUKAMH.

(3) IoBuuHI OyTH BpaxoBaHi ICHYIOYi KapTH
abo KpuTepii CEHUCMIYHOTO
MIKpOpaifOHYBaHHs 32 YMOBH, IO BOHH
BignoBigawtek (1)P mporo minposnity i, 1o
BOHU  TIATBEPIKYIOTHCA  AOCHITHKECHHSIMU
I'PYHTY Ha OyAIBEJIbHOMY MalJaHUHKY.

(4) P Ilpodine mBUIKOCTI MOMEPEYHOT XBUII1
Vs B TPYHTI TIOBHHEH pPO3TJIANATHUCS 5K
HaNOUIBII JIOCTOBIPHHI MTOKA3HUK
XapaKTEPUCTHUK CENUCMIYHOTO BILIUBY,
3aJ€)KHUX BIJ MalijjaHuuMKa, Ha CTaOlIbHHX
MailJaHIMKaXx.

(5) BuwmiproBanHs mnpoduiro Vs  Ha

MalJaHIuKY CBEP,UVIOBUHHUMH
reoI3UIHUMHA METOIaMH cIting
BHUKOPHUCTOBYBATH TUTS BIIIIOBIiMAJIBHUX

OyniBesb B perioHaX BHUCOKOI CEMCMIYHOCTI,
0COOJIMBO TIpH HASBHOCTI TPYHTOBUX YMOB
tuny D, S1 Ta So.

(6) Jms BciX IHIIMX BHITAJKIB, TpH
HEOOXITHOCTI BU3HAYCHHS TEPIOJIB BIIACHUX
KOJIMBaHb IPYHTY, Npodiib Vs MOxe OyTu
OIlIHEHUH 3a  JOMOMOTOK  EMITIIPHYHHUX
KOpEJISLiA 3  BHUKOPUCTAHHSIM  OIOPY
MPOHUKHEHHS Ha MalJaH4uKy abo 1HIIUX
ICOTEXHIYHUX BJIACTUBOCTEH 3 ypaxyBaHHSIM
PO3KHTy TAKUX KOPEJISIIIH.

(7) Buyrtpimne nemndyBaHHS TPYHTY CIiJ
BUMIPATH 3a JOMOMOIOK  BIAMOBIIHHMX
nabopaTopHux a0 MOJBOBUX BHUIPOOYBaHb.
VY pasi Hectaul NPSIMUX BUMIPIOBAHb 1 SIKIIO
no0yrok ag S menme 0,1 g (ToOTO MeHIIe
0,98 M/c?), cItii BUKOPUCTOBYBAaTH KoeillieHT
nemndysanas  0,03.  CrpykrypoBani i
LIEMEHTOBaH1 I'PYHTH, a TaKOXX M'AKi TIpChKi
MOPOJIM, MOXYTh BHUMAaratu 0coOJIMBOTO
pO3IIsANy.
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(2) For this purpose, in situ data may be
integrated with data from adjacent areas
with similar geological characteristics.

(3) Existing seismic microzonation maps or
criteria should be taken into account,
provided that they conform with (1)P of this
subclause and that they are supported by
ground investigations at the construction
site.

(4) P The profile of the shear wave velocity
Vs in the ground shall be regarded as the
most reliable predictor of the site-dependent
characteristics of the seismic action at stable
sites.

(5) In situ measurements of the vs profile by
in-hole geophysical methods should be used
for important structures in high seismicity
regions, especially in the presence of ground
conditions of type D, Sy, or Sa.

(6) For all other cases, when the natural
vibration periods of the soil need to be
determined, the vs profile may be estimated
by empirical correlations using the in situ
penetration resistance or other geotechnical
properties, allowing for the scatter of such
correlations.

(7) Internal soil damping should be
measured by appropriate laboratory or field
tests. In the case of a lack of direct
measurements, and if the product ag S is less
than 0,1 g (i.e. less than 0,98 m/s® ), a
damping ratio of 0,03 should be used.
Structured and cemented soils and soft rocks
may require separate consideration.



4.2.3 3anexHicTb KOPCTKOCTI i
aeMigyBaHHsA IPYHTY Bij piBHS
Aepopmanii

(1)P Pi3HuIs MK 3HAYCHHSAMH Vs IPH MaJIii
nedopmartii, HaTPUKIIAA, BUMIPIHUMHU B XOJi
BUIIPOOYBaHb Ha MalJITaHUMKY, 1 3HAYCHHSIMH,
0  BIAMOBINAIOTH  piBHAM  jaedopmartii,
BUKITMKAHUX  TPOCKTHHM  3E€MJIETPYCOM,
MOBMHHAa  OyTM  BpaxoBaHa y  BCIX
OOYMCIEHHSAX 32  y4acTI0O JAWHAMIYHUX
BJIACTHUBOCTEH TIPYHTIB MpU  CTAOUIbHUX
YMOBax.

(2) Ana nokalbHUX IPYHTOBUX yMOB TuUiy C
a6o D 3 HernmuOOoKUM piBHEM I'PYHTOBHUX BOJ 1
HISIKUX MarepiajiB 3 ITOKa3HUKOM
miactuyHocti Pl > 40 'y BiAcyTHICTb
CrHeliaTbHUX JTaHUX 1€ MOXe OyTH 3po0JIeHO
3a JOMOMOIOI0 MOHMKYIOUMX KOe(ilieHTIB
TSt Vs, HaBeneHuX y Taommmi 4.1. s 6urbin
KOPCTKUX  MpoduriB  TIPpyHTY 1  OUIBII
rUOOKUX PIBHIB I'PYHTOBUX BOJ TaOIW4HA
BEIMYMHA  3HWKEHHS  [OBUHHA  OyTH
MpOoMOpITiiHO MeHmow (1 [aiarma3oH  3MiH
MMOBUHEH OyTH 3HWKECHUN).

(3) Sxmo pobGyrok ag S Oimbme abo
nopieaioe 0,1 g (To6to Ginbire abo 1OpiBHIOE
0,98 M/c?), TO y BiICYTHICTB CHeEIiaTbHUX
BHUMIPIOBaHb CITi BUKOPHCTOBYBATH
Koe(iIieHTH BHYTPIMIHBOTO JeMII(pyBaHHS,
HaBeneHl B Taomwmi 4.1.
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4.2.3 Dependence of the soil stiffness and
damping on the strain level

(1)P The difference between the small-strain
values of vs, such as those measured by in
situ tests, and the values compatible with the
strain levels induced by the design
earthquake shall be taken into account in all
calculations  involving  dynamic  soil
properties under stable conditions.

(2) For local ground conditions of type C or
D with a shallow water table and no
materials with plasticity index Pl > 40, in
the absence of specific data, this may be
done using the reduction factors for vs given
in Table 4.1. For stiffer soil profiles and a
deeper water table the amount of reduction
should be proportionately smaller (and the
range of variation should be reduced).

(3) If the product aq S is equal to or greater
than 0,1 g, (i.e. equal to or greater than
0,98 m/s?), the internal damping ratios given
in Table 4.1 should be used, in the absence
of specific measurements.

Taoumusa 4.1 — Cepeani BigHOIIEHHS AeMI(YBAHHS IPYHTY 1 cepelHi NOHMKYIOYi
KoedinicHTH (X oOHe CTAaHJAPTHEe BiAXWJIEHHS) IJIA IIBUIAKOCTI INMONMEPeYHOI XBWJI Vs i

MoxayJis 3cyBy G B mexkax riim0unu 20 m

Table 4.1 — Average soil damping ratios and average reduction factors (= one standard

deviation) for shear wave velocity and shear modulus G within
20 m depth
BigHomeHHs mpUCKOpeHHs .
Binnonienus
TPYHTa, O..S Vs G
AeMIyBaHH Vs, max Gmax
Ground acceleration ratio, . . '
oS Damping ratio
0,10 0,03 0,90(+0,07) 0,80(%+0,10)
0,20 0,06 0,70(+0,15) 0,50(%0,20)
0,30 0,10 0,60(+0,15) 0,36(+0,20)
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Vsmax CEpENHE 3HAYCHHS Vs TPH Maii
nedopmarii (< 10?), mo He nepepurye 360 M/c.

Gmax cepenHiii Momylb 3CyBYy NpH Malii
nedopmarrii.

[MPUMITKA 3a pomomororo piama3oHiB + opjHe
CTaHAapTHE BIIXWIEHHS IPOCKTYBAJIBHUK MOXE
BHECTH PI3HMH piBEHb KOHCEPBATU3MY B 3aJISKHOCTI
BiJl Takux (akKTOpiB, SK YKOPCTKICTh 1 HaIIApyBaHHA
npodiaro rpyHTy. 3HaueHHS Vs/Vsmax 1 G/Gmax BHIIE
CEepeHbOr0 MOXKHA, HAIIPUKIIA/I, BAKOPUCTOBYBATH IS
OUIBII KOPCTKMX TPOMITiB, a 3HaueHHS Vo/Vsmax 1
G/Gmax HIDKYE CepeHbOro MOXYTb
BHUKOPHCTOBYBATHCS JIIsI OUTBII M'SIKUX TPOQiTiB.
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Vsmax IS the average vs value at small strain
(< 10, not exceeding 360 m/s.

Gmax IS the average shear modulus at small
strain.

NOTE Through the + one standard deviation ranges
the designer can introduce different amounts of
conservatism, depending on such factors as stiffness
and layering of the soil profile. Values of v¢/vs max and
G/Gmax above the average could, for example,
be used for stiffer profiles, and values of vg/Vsmax and
G/Gmax below the average could be used for softer
profiles.



5 CUCTEMA ®YHIAAMEHTY
5.1 3arajpHi HOJI0KEHHH

(1)P Ha nonmatok 10 3arajbHUX MpPaBUI
EN 1997-1:2004 ¢ynmament OyxiBni B
CelCMIYHIii 30HI MHOBUMHEH BIAIIOBigaTH
HACTYITHUM BUMOTaM.

a) BigmoBimHi 3ycWiuis BiI  HAI3EMHOI
yacTUHM OyiBJl TOBHHHI IE€peAaBaTHUCS
TPYHTY 0e3 ICTOTHUX 3aJIMIITKOBHUX
nedopmartiii 3riqHO 3 KpuTepisiMu 5.3.2.

b) CeiicmiuHo o0oOymoBieH1 aedopmarii
IPYHTY CyMiCHI 3 ICTOTHUMU
(hyHKIIIOHATFHUMHA BUMOTaMH Oy TiBIII.

c) @OyHAaMEeHT TOBMHEH pO3IJIAJaTHCS,
MIPOEKTYBATHUCS 1 OyAyBaTUCh Y BIAIOBIIHOCTI
3 MpaBWJIaMH 5.2 1 MIHIMAJTEHUMH 3aXO0JaMH
5.4 B cipoOi OOMEXHUTH PU3HMKH, TOB'SA3aHI 3
HEBU3HAYEHICTIO CEHCMIUHOT peaKitii.

(2)P Hanexxna yBara MOBHHHA MTPUILIATHCS
3aJIeKHOCTI  aedopmanii  Bifg JAMHAMIYHHX
BIIACTUBOCTEH TpyHTIB (muBuch 4.2.3) Ta
e(eKTiB, [IOB'A3aHUX 3 UKITIYHAM
XapaKTepoOM CEHCMIYHOTO HaBaHTAKCHHS.
BiactuBocTi mosmmeHoro Ha Micol  abo
HaBITh 3aMIHEHOTO TIPYHTY TIOBHHHI OyTH
BpaxoOBaHI, SKIIO MOJIMIIeHHs abo 3amMiHa
BHUXIJIHOTO TIPYHTY BHMYIIEHO POOUTH HOTo
CXWJIBHUM JI0 PO3PIHKEHHS a00 YIIUTbHEHHS.

(3) Y pazi HeoOxigHOCTI (200 BUMOTH) MOXKHA
BUKOPDUCTOBYBAaTH Marepiail IpyHTYy abo
Koe(illieHTH Omopy IHIII 3a THUX, MIO
sragyiotees B 3.1 (3), 32 yMOBH, II0 BOHH
BIJIOBIAAI0Th TOMY % PIBHIO O€3TMEKH.

[MPUMITKA TlpukinamaMu € KoeQillieHTH Omopy, IIO0
3aCTOCOBYIOTBCSI O PE3YAbTATIB BUIPOOYBAaHb IANb
HAaBaHTa)KCHHSIM.
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5 FOUNDATION SYSTEM
5.1 General requirements

(1)P In addition to the general rules of
EN 1997-1:2004 the foundation of a
structure in a seismic area shall conform to
the following requirements.

a) The relevant forces from the
superstructure shall be transferred to the
ground without substantial permanent
deformations according to the criteria of
5.3.2.

b) The seismically-induced  ground
deformations are compatible with the
essential functional requirements of the
structure.

c) The foundation shall be conceived,
designed and built following the rules of 5.2
and the minimum measures of 5.4 in an
effort to limit the risks associated with the
uncertainty of the seismic response.

(2)P Due account shall be taken of the strain
dependence of the dynamic properties of
soils (see 4.2.3) and of effects related to the
cyclic  nature of seismic  loading.
The properties of in-situ improved or even
substituted soil shall be taken into account if
the improvement or substitution of the
original soil is made necessary by its
susceptibility to liquefaction or
densification.

(3) Where appropriate (or needed), ground
material or resistance factors other than
those mentioned in 3.1 (3) may be used,
provided that they correspond to the same
level of safety.

NOTE Examples are resistance factors applied to the
results of pile load tests.
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5.2 IIpaBuia
NPOEKTYBAHHA

KOHICNTYAJILHOTO

(1)P V pasi, skmo OyZiBii HE € MOCTaMH i

TpYOOTIPOBOIAMH, 3MilIaxi TUIH
(byHIaMEHTIB, HaTpUKJIAI, mairi 3
dbyHIaMeHTaMu MLIKOTO 3aKJIaJaHHsl,

MOBHHHI BHKOPUCTOBYBAaTHCSI TUIBKH TOJII,
KOJIN CIIeIiallbHe JIOCTIDKEHHS I0Ka3ajo
aJIeKBAaTHICTh TaKOTO pimeHHs. DyHIaMeHTH
3MILIAHOTO TUITY MOXYTb
BUKOPHCTOBYBATHCS y JTUHAMIYHO
He3aJeKHUX OJI0KaxX O/HIET OyA1BIIL.

(2)P ITpu Bubopi THNYy (hyHAAMEHTY MOBHHHI
OyTH pO3IJISIHYT1 HACTYIIHI MYHKTH:

a) @dyHgaMeHT TMOBHHEH OyTH JOCTaTHHO
XKOPCTKHUM, 1100 pIBHOMIPHO TepeaaBaTu
IPYHTY JIOKaJIi30BaH1 BIUIMBH, BiJl HA/I36MHOIO
YaCTUHU OYiBIi.

b) Ilpu BuOOpPiI >KOPCTKOCTI (PyHIAMEHTY B
HOTr0 TOPU3OHTANBHIA TIIOMIMHI HEOOX1THO
BpPaxOBYyBaTH edexTn TOPU30HTATBHUX
BIIHOCHUX TIEPEMIIIEHb MK BEPTHUKAIbHUMHU
eJIEMEHTaMHU.

C) JSkmo mepenbavaeTbCsi  3MEHIICHHS
aMILTITY T CeHCMIYHHUX  KOJIWBaHb 13
30UTBIIICHHSAM TJUOMHU, II€ TOBHHHO OyTH
O0OTpYHTOBAHO BIAMOBIIHUM JOCIIDKEHHSM, 1
Hi B SKOMY pa3l IIe HE MOXE BiAMOBimaTH
HIDKYOMY BIJHOILIEHHIO MMKOBOTO
MPUCKOPEHHS MDK TEBHOIO YacTKOIO [ BiX
TOOYTKY OL-S Ha MOBEPXHI IPYHTY.

[NPUMITKA 3nauenHs P g 3aCTOCYBaHHA B
KOHKpETHIH KpaiHi MO)kHA 3HaWTH B ii HamioHanmsHOMY
Honatky. PexomennoBane 3HaueHHs p = 0,65.

5.3 Jlii IpOeKTHOr0 BILJIUBY

5.3.1 3anexHicTb BiA NPOEKTYBAHHHA
OyniBesb

(V)P Jucunamueni 6yoigni. Jlii BIIUBY AJs
dbyHIaMEHTIB ~ TUCHUIATHUBHUX  OyJiBeNb
NOBMHHI OyTHW 3acHOBaHI Ha MipKyBaHHI
MPOEKTHOI  37aTHOCTI  OONIKYy  pPO3BHUTKY
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5.2 Rules for conceptual design

(1)P In the case of structures other than
bridges and pipelines, mixed foundation
types, eg. piles with shallow foundations,
shall only be used if a specific study
demonstrates the adequacy of such a
solution. Mixed foundation types may be
used in dynamically independent units of the
same structure.

(2)P In selecting the type of foundation, the
following points shall be considered.

a) The foundation shall be stiff enough to
uniformly transmit the localised actions
received from the superstructure to the
ground.

b) The effects of horizontal relative
displacements between vertical elements
shall be taken into account when selecting
the stiffness of the foundation within its
horizontal plane.

c) If a decrease in the amplitude of seismic
motion with depth is assumed, this shall be
justified by an appropriate study, and in no
case may it correspond to a peak
acceleration ratio lower than a certain
fraction p of the product oS at the ground
surface.

NOTE The value ascribed to p for use in a Country
may be found in its National Annex. The
recommended value is p = 0,65.

5.3 Design action effects

5.3.1 Dependence on structural design

(1)P Dissipative structures. The action
effects for the foundations of dissipative
structures shall be based on capacity design
considerations accounting for the



MOJXKJIMBOTO 3amacy MinHoCTi. OIiHKa Takux
big17s IIOBHUHHA MIPOBOIUTUCS 3TiTHO
BIAMOBIAHUM  MOJOXEHHSIM  BIIIIOBIIHHUX
gacTuH €Bpokoay 8. 30kpeMa aiisi OymiBeNb
3aCTOCYIOTbCS ~ OOMEXYIOUl  TOJIOKEHHS
crangapty EN 1998-1:2004, 4.4.2.6 (2)P.

(2)P Heoucunamusni 6yoigni. Jlii BIUIUBY AJist
GbyHIaMEHTIB  HEQWCHUNIATHBHHUX  Oy/iBENb
MOBHHHI OyTH OTpUMaHi 3 PO3paxyHKy IpH
NpOeKTHIM  ceiicMiuHii  cuTyamii  6e3
MIpKyBaHb MPOEKTHOI 37aTHocTi. JluBuCH
takoxx EN 1998-1:2004, 4.4.2.6 (3).

5.3.2 Ilepenaua aii BIVINBY Ha TPYHT

(1)P dns toro, mo6 ¢yHIaMeHTHa cHCTEMa
BignoBigana 5.1 (1)Pa) moBuuHI OyTH
MPUMHATI HACTYNHI KpuTepil Ais nepenadi
IPYHTY  TOPH30HTAJBHOIO  3yCWUIS 1
HOPMaJIbHOTO 3YCHJUISI/3TMHAIBHOTO
MoMeHTy. s manb 1 omop MOBHHHI OyTH
MPUAHATI 10 yBaru JOJATKOBI KpHTEPIi,
3a3HayeHi B 5.4.2.

(2)P  Topuzoumanvue 3ycunns. IlpoekTHe
TOPH30HTAJIBHE 3yCHIUIS 3CYBY VEd TTOBHUHHO
nepeaaBaTucs 3a JOMOMOTO HACTYITHUX
MEXaHI3MIB:

a) 3a JIOIOMOTOI0 IPOEKTHOTO OMOpPY 3CYBY
Frd MDK TOPU30HTAILHOK OCHOBOIO ITiOIIBH
a00 (yHAAMEHTHOIO TUTMTOK 1 IPYHTOM, SIK
onucaso B 5.4.1.1;

b) 3a JAOMOMOTOIO MPOEKTHOTO OIOPY 3CYBY
MDK BEPTHKAIbHUMH IPaHAMU (QYHAAMEHTY i

IPYHTOM;

C) 3a JOIOMOTOK TPOECKTHOTO OIOPY THUCKY
IpyHTy Ha OOKOBY rIpaHb (QyHIAMEHTY
BIJIOBIHO IO OOMEKEHb 1 yMOB, OMHCAHUX Y
5.4.1.1,54.1.315.4.2.

(3)P HomyckaeTbess KOMOIHALIS OMOPY 3CYBY
3 30 % omopy, IO BUHHUKAE Bif[ MOBHICTIO
3aJ1ISTHOr'0 TACUBHOTO TUCKY IPYHTY.
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development of possible overstrength. The
evaluation of such effects shall be in
accordance with the appropriate clauses of
the relevant parts of Eurocode 8. For
buildings in particular the limiting provision
of EN 1998-1:2004, 4.4.2.6 (2)P shall apply.

2)P Non-dissipative structures. The action
effects for the foundations of non-dissipative
structures shall be obtained from the
analysis in the seismic design situation
without capacity design considerations. See
also EN 1998-1:2004, 4.4.2.6 (3).

5.3.2 Transfer of action effects to the
ground

(1)P To enable the foundation system to
conform to 5.1 (1)P a), the following criteria
shall be adopted for transferring the
horizontal force and the  normal
force/bending moment to the ground. For
piles and piers the additional criteria
specified in 5.4.2 shall be taken into
account.

(2)P Horizontal force. The design horizontal
shear force Veq shall be transferred by the
following mechanisms:

a) by means of a design shear resistance Frqd
between the horizontal base of a footing or
of a foundation-slab and the ground, as
described in 5.4.1.1;

b) by means of a design shear resistance
between the vertical sides of the foundation
and the ground;

c) by means of design resisting earth
pressures on the side of the foundation,
under the Ilimitations and conditions
described in 5.4.1.1, 5.4.1.3 and 5.4.2.

(3)P A combination of the shear resistance
with up to 30 % of the resistance arising
from fully-mobilised passive earth pressures
shall be allowed.
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(4)P  Hopmanvme 3ycumnna i 3eunarnoyui
Momenm. BIANOBIIHO OOYHCIEHE MPOEKTHE
HopMasibHe 3ycuisi  Neq 1 3rUHarOuuit
MOMeHT Mgq MOBHMHHI NepeaaBaTHCsS T'PYHTY
3a  JIOMIOMOTOI0 OJHOTO 3  HACTYIHHUX
MexaHI3MiB 200 TX KOMOIHAIT:

a) MO0 MPOEKTHOMY 3HAYECHHIO BEPTUKAIBHUX
3yCWJb  ONOpYy, JIIOYUX HA  OCHOBY

dbyHIaMeHTY;

b) 1O TMPOEKTHOMY 3HAYEHHIO 3TUHAIOUUX
MOMEHTIB, CTBOPIOBaHUX MPOEKTHUM
TOPU30HTAIBHUM OIIOPOM 3CYBY MK OOKOBUMU
CTIHKAMM €JIEMEHTIB (YHAaMEHTY TIJIMOOKOTOo
3aKaieHHsT (KopoO4acToro THUITY, MajbOBOTO,
KECOHHOTO) 1 TIPYHTOM 3  ypaxXyBaHHSM
oOMeXeHb 1 yMOB, BKa3aHux y 5.4.1.315.4.2;

C) MO MPOEKTHOMY 3HAUEHHIO BEPTHKAIBHOTO
OTIOpY 3CyBYy MDK OOKOBHUMH CTIHKaMH
€JIIEMEHTIB 3araubOiieHux (¢yHIaMEHTIB Ta
rITMOOKOro 3akiazeHHs (KopoOyacToro THILY,
MajgbOBOIO, MPUYAIBHOTO 1 KECOHHOrOo) 1

IPYHTOM.
5.4 IlepeBipku i kpuTepii BUOOPY po3mipiB

5.4.1 ®dyHaamMeHTH MIJIKOr0 3aKJaJAeHHS
a00 3aruoJaeni

(1)P HacrymHi nepeBipku 1 kputepii BUOOpy
PO3MIpIB 3aCTOCOBYIOThCS i (yHIAMEHTIB
MUIKOTO 3akKjJageHHsa abo  3arjuOJIeHUuX,
0  COUPAaThCs  Oe3lmocepeHh0  Ha
HWDKYEIIe)KAYUil TPYHT.

54.11 OcHoBM (IPOEKTYBaHHSl 1O
KiHIIeBOMY TPAHMYHOMY CTaHY)

(1)P BiamoigHO A0 KpUTEpis MPOEKTYBAHHS
M0 KIHI[EBOMY T'PaHUYHOMY CTaHy, OCHOBH
MOBUHHI TEpeBIPATHCS Ha pPyHHYBaHHS Bil
3CYBY 1 Bi/l BTpaTH HECy4oi 31aTHOCTI.

(2)P  Pyiinysanna 6io  scyey. Y  pasi
(GyHAMEHTIB, OCHOBA SIKUX 3HAXOAUTHCS HaJ|
pIBHEM IPYHTOBUX BOJ, pYHHYBaHHS Mae
OyTH 3aBJIIKU TEPTIO 1, 32 YMOB, 3a3HAUYEHUX Y
(5) uboro mMiAMyHKTY, 3aBJSIKH OIYHOMY THCKY

IPYHTY.
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(4)P Normal force and bending moment.
An appropriately calculated design normal
force Neq and bending moment Mgq shall be
transferred to the ground by means of one or
a combination of the following mechanisms:

a) by the design value of resisting vertical
forces acting on the base of the foundation;

b) by the design value of bending moments
developed by the design horizontal shear
resistance between the sides of deep
foundation elements (boxes, piles, caissons)
and the ground, under the limitations and
conditions described in 5.4.1.3 and 5.4.2;

c) by the design value of vertical shear
resistance between the sides of embedded
and deep foundation elements (boxes, piles,
piers and caissons) and the ground.

5.4 Verifications and dimensioning criteria

5.4.1 Shallow or embedded foundations

(1)P The following verifications and
dimensioning criteria shall apply for shallow
or embedded foundations bearing directly
onto the underlying ground.

5.4.1.1 Footings (ultimate limit state
design)

(1)P In accordance with the ultimate limit
state design criteria, footings shall be
checked against failure by sliding and
against bearing capacity failure.

(2)P Failure by sliding. In the case of
foundations having their base above the
water table, this type of failure shall be
resisted through friction and, under the
conditions specified in (5) of this subclause,
through lateral earth pressure.



(3) 3a BiacytHOCTI OUIBII KOHKPETHHX
JOCTI/DKEHb TMPOEKTHUH Omip TepTIo Ul
OCHOB HAJl pIBHEM I'PYHTOBUX BOJ, Frd, MOXe

Oyru  oOuHMCNIeHMid 3  BHUKOPHCTAaHHIM
HACTYITHOTO BHpa3y:
Fra =

Jc

Ned« T@poekTHa TOpH3OHTaJbHA CHJa Ha
TOPU30HTAIbHY OCHOBY;

O KyT TepTs Ha MEX1 «KOHCTPYKLIS-TPYHT» M1
MIZOIITBOIO OCHOBH, SIKMI MOKE OyTH OIIHEHHIA
y BigmosigHocTi 3 EN 1997-1:2004, 6.5.3;

YM  BIIHOCHHM  KOE(DIMIEHT  BIACTHBOCTI
Matepiay, NMPUHHATANA 3 TUM >K€ 3HAYCHHSM,
sIKe 3aCTOCOBYeThCs 10 tan & (muBuck 3.1 (3)).

(4)P YV pa3i pynaaMeHTiB, 10 3HAXOAITHCS
HWK4YE PIBHS TPYHTOBHUX BOJI, TPOSKTHHUM OITIp
3CYBy Ma€  OI[HIOBaTHUCS Ha  MIJACTaBl
HEPEHOBAHOT MIITHOCTI y BIIMOBIAHOCTI 3
EN 1997-1:2004, 6.5.3.

(5) IlpoextHuit GiunMit omip Epg, 110 BUHUKAE
BHACIIJIOK TUCKY IPYHTY Ha OIYHY ITOBEPXHIO
OCHOBHM, MOXe¢ OyTH BpaxOBaHUH, 5K
3a3HauyeHO B 5.3.2, 3a yMOBHU MPUUHSITTA
BIIMOBIIHUX 3aXOJIiB HA MalJaHYMKY, TAKUX
SK  YOIUTbHEHHS  3BOPOTHBOI  3aCHUIIKH,
BUKOPHUCTaHHS BEPTHKAJIBHOI CTIHM B TPYHTI
abo0 3ajnuBKa OETOHOM BII IIIIOIIBHA JI0
MOBEPXHI IPYHTY.

(6)P 11106 mepexoHatucs, IO PyHHYBaHHS Bij
3CYBY BIJICYTHE Ha TOPH30HTAJIbHIN OCHOBI, Ma€
3aJI0BOJIBHSATHUCS HACTYITHA YMOBA:
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(3) In the absence of more specific studies,
the design friction resistance for footings
above the water table, Frg, may be
calculated from the following expression:

tand

(5.1)

Tm

where

Nes is the design normal force on the
horizontal base;

d Is the structure-ground interface friction
angle on the base of the footing, which may
be evaluated according to EN 1997-1:2004,
6.5.3;

ym is the partial factor for material property,
taken with the same value as that to be applied
to tan o (see 3.1 (3)).

(4)P In the case of foundations below the
water table, the design shearing resistance
shall be evaluated on the basis of undrained
strength, in accordance with EN 1997-1:2004,
6.5.3.

(5) The design lateral resistance Epq, arising
from earth pressure on the side of the footing
may be taken into account as specified in
5.3.2, provided appropriate measures are taken
on site, such as compacting of backfill against
the sides of the footing, driving a foundation
vertical wall into the soil, or pouring a
concrete footing directly against a clean,
vertical soil face.

(6)P To ensure that there is no failure by
sliding on a horizontal base, the following
expression shall be satisfied.

Ved < Frd + Epd (5.2)

(7) ¥V pasi ¢pyHnameHTIB, PO3MIIIEHUX BHUIIE
pIBHS TIPYHTOBMX BOJ, Ta 3a YMOBHU
BUKOHAHHS HAaCTYIHHUX JJBOX YMOB:

- BJACTUBOCTI  TPYHTY  3aIHIIAIOTHCA
HE3MIHHUMU B TIPOILIEC] 3EMIIETPYCY;

(7) In the case of foundations above the water
table, and provided that both of the following
conditions are fulfilled:

- the soil properties remain unaltered during
the earthquake;
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- CIIOB3aHHs HE POOUTH HETaTHBHOTO BILIUBY
Ha  JUSUIBHICTH  OYIb-SIKMX  BaKJIMBHX
KOMYHIKaIliii  (Hampukiag, BOJOMPOBOIIB,
ra3onpoBO/IiB, TiHINA 3B'SI3KY abo
TEJICKOMYHIKaIliif), MiABEIEHUX 10 OymiBiIi;
oOMe)XeHa BeIMYMHA CIOB3aHHS MOXE OyTH
nomymieHa. CTymiHb CIIOB3aHHS TOBHHHA
OyTH MOMIPHOIO, SIKIIO PO3TIIAIATH 3arajibHy
MOBEIIHKY OYIiBIi.

(8)P Bmpama mecyuoi 30ammnocmi. Jlns
3amoBosieHHss Bumorn 5.1 (1)P a), Hecyua
3MaTHICTb ~ (PyHAAMEHTY TIOBMHHa OyTH
nepeBipeHa mpu Ail KoMOIHAIIT MPUKIaAeHOT
mii BrIutuBiB Neg, Ved Ta MEeg.

MMPUMITKA Jlna mnepeBipku ceiicMiuHOI Hecy4oi
30aTHOCTI  (yHIAaMEHTy MOXKHAa BHKOPHCTOBYBATH
3arajJbHUI BUpa3 1 KpUTepii, HaBEIEHI y JOBIIKOBOMY
Honatky F, siki H0O3BOJIOTH KYTOBE HAaBAHTA)XKEHHS i
EKCIICHTPHUCHUTET, 1[0 BHHHMKA€E Bim Ail CHI iHepuii B
OymiBii, a TaKOX MOXKJIWBI BIUIMBH CHJI 1HEpIi B
IPYHTOBiH OCHOBI IIOBUHHI OyTH IPUIHATI JO YBaru.

(9) 3Bepraec Ha cebe yBary TOW (akT, MO
JesKl ypa3JMBI TJIMHU MOXYTh 3a3HABaTH
3HM)KEHHS MIIIHOCT1 Ha 3CYB Ta, 110 HE3B'SA3HI
Marepianu Bpa3uBi pi(o) 3pOCTaHHS
IMHAMIYHOTO  TIOPOBOTO  THUCKY  IIpH
IUKJIIYHOMY HaBaHTaXEHHI, a TaKOoX 0
30UTBIIIEHHS JAUCHIAII TTOPOBOTO THUCKY Bil
HIDKYEIIe)KAYNX IIapiB MiCIIs 3eMIIETPYCY.

(10) [ns omiHkM Hecydoi 34aTHOCTI IPYHTY
MPU CEMCMIYHOMY HaBaHTa)XKEHHI CIiJl OpaTu
710 yBarm MeXaHi3MU MOXKJIMBOTO 3MEHIIICHHS
MIIIHOCTI 1 JKOPCTKOCTI, SIK1 MOKYTb IMOYaTHCS
HaBiTb TMPU BIAHOCHO HU3BKHUX PIBHAX
nedopmartii. SAkmo i ABHINA TPHAHATI 10
yBarw, MOXYTb BUKOPHCTOBYBATHCS
3MEHIIICH] 3HaYeHHs YaCTKOBUX KOE(IIIEHTIB
JUIs  BJIACTMBOCTEH Matepiany. B iHmomy
BHUIIAJIKY, CITi Y BUKOPUCTOBYBATHU
3HauYeHHs, 3a3HauyeHi B 3.1 (3).

28

- sliding does not adversely affect the
performance of any lifelines (eg water, gas,
access or telecommunication lines) connected
to the structure; a limited amount of sliding
may be tolerated. The magnitude of sliding
should be reasonable when the overall
behaviour of the structure is considered.

(8)P Bearing capacity failure. To satisfy the
requirement of 5.1 (1)P a), the bearing
capacity of the foundation shall be verified
under a combination of applied action effects
Ned, Ved and Megq.

NOTE To verify the seismic bearing capacity of the
foundation, the general expression and criteria provided
in Informative Annex F may be used, which allow the
load inclination and eccentricity arising from the inertia
forces in the structure as well as the possible effects of
the inertia forces in the supporting soil itself to be taken
into account.

(9) Attention is drawn to the fact that some
sensitive clays might suffer a shear strength
degradation, and that cohesionless materials
are susceptible to dynamic pore pressure
build-up under cyclic loading as well as to the
upwards dissipation of the pore pressure from
underlying layers after an earthquake.

(10) The evaluation of the bearing capacity of
soil under seismic loading should take into
account possible strength and stiffness
degradation mechanisms which might start
even at relatively low strain levels. If these
phenomena are taken into account, reduced
values for the partial factors for material
properties may be used. Otherwise, the values
referred to in 3.1 (3) should be used.



(11) IloBuHHe OyTM mpuUIHATE 1O YyBaru
3pOCTaHHs TOPOBOTO THCKY BOJOM HpU il
[UKIIIYHOTO HAaBaHTKEHHS a00 pO3rIsigaTH
HOoro BIUIMB Ha HEJAPEHOBAaHY MILIHICTh
(B 3araspbHOMY pO3paxyHKy Hampyr) abo Ha
MOpOBHH THCK (B PO3paxyHKy MJIFOYUX
Hanpyr). [ms OyxmiBens 3 Koe(ili€eHTOM
BignoBiganpHOCTI Yy Outbmme 1,0 mOBHMHHA
OyTm TpuWiHATa A0 YBarm HeNiHiHHA
MOBEJIIHKA IPYHTY MPH BU3HAYEHHI MOXKJIUBOT

3aMIIKoBOi  gedopmarii B nporieci
3eMJIETPYCIB.

5.4.1.2 TI'opu3onTtanbHi 3'€IHAHHA
pynnamenty

(1)P 3rimno 3 5.2 moBuHHI OyTH OIliHEHI
JOJTaTKOBI i1 BIUIMBIB, BUKJIMKAHI B OYIiBI1
TOPU30HTATBHUMH BIJHOCHUMH
nepeMileHHs MU (PyHIaMeHTy, Ta y IPOEKTi
B)KHTI BIITIOBI/THI 3aX0/TU JUTISI KOPUTYBaHHSI.

(2) dnsa OyaiBenp BuMoOra, BkazaHa B (1)P
IIBOTO MIAMYHKTY, BBOXAETbCSI BUKOHAHHOIO,
SKI0 (PyHAAMEHTH pO3TAllOBaHI B OJHIN
TOPU3OHTAJIbHIN TUIONIMHI Ta 0aiaKu-B’ 31 00
Bi/MoBiIHA (DyHIAaMEHTHA IJTMTA TIepea0adeH1
Ha PIBHI MiIONIBA a00 MaJIbOBUX OTOJIOBKIB.
Ili 3axomu HE € HEOOXIMHUMH B HACTYITHHUX
BHMAJKaX: a) JUisl TPYHTY TNy A Ta b) y pasi
HU3BKOI CEMCMIYHOCTI AJIs IPYHTY TUITY B.

(3) bankm HWKHBOTO TIOBEpXYy OymiBil
MOXYTh BBaKaTUCsA OaakaMu-B S35 IMH  3a
YMOBH, III0 BOHU po3TamioBaHi B Mmexax 1,0 m
Bil 1igomoB ab0 IMaJbOBUX OTOJIOBKIB.
OyHIaMEHTHA  IUIMTa  MOXE  CIYKHUTH
3aMiHOI0 OajkaM-B’S35IM 32 YMOBH, III0 BOHA
TeXX po3rtamoBaHa B Mexax 1,0 M Bin
MiZOMIBY 200 MaJbOBUX OTOJIOBKIB.

(4) HeoOximHa MIIHICT Ha PO3TAT IHX
3’€IHYBAJbHUX  €JEMEHTIB MOXe OyTH
OIlIHEHA CIPOIIEHUMHU METOIaMH.

(5)P 3a BincyTHOCTI OLTBII TOYHHX HPABIT 200
METOJIIB, 3’€THaHHS ()YHJAMEHTY BBa)KAIOTHCS
JOCTaTHIMU, KOJM JIOTpUMaHI BCl TMpaBHIa,
HaBeJieH1 y (6) Ta (7) boro miApo3Iiy.
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(11) The rise of pore water pressure under
cyclic loading should be taken into account,
either by considering its effect on undrained
strength (in total stress analysis) or on pore
pressure (in effective stress analysis).
For structures with importance factor vy,
greater than 1,0 non-linear soil behaviour
should be taken into account in determining
possible  permanent deformation during
earthquakes.

5.4.1.2 Foundation horizontal connections

(1)P Consistent with 5.2 the additional action
effects induced in the structure by horizontal
relative displacements at the foundation shall
be evaluated and appropriate measures to
adapt the design taken.

(2) For buildings, the requirement specified
in (1)P of this subclause is deemed to be
satisfied if the foundations are arranged on
the same horizontal plane and tie-beams or
an adequate foundation slab are provided at
the level of footings or pile caps. These
measures are not necessary in the following
cases: a) for ground type A, and b) in low
seismicity cases for ground type B.

(3) The beams of the lower floor of a
building may be considered as tie-beams
provided that they are located within 1,0 m
from the bottom face of the footings or pile
caps. A foundation slab may possibly
replace the tie-beams, provided that it too is
located within 1,0 m from the bottom face of
the footings or pile caps.

(4) The necessary tensile strength of these
connecting elements may be estimated by
simplified methods.

(5)P If more precise rules or methods are not
available, the foundation connections shall
be considered adequate when all the rules
given in (6) and (7) of this subclause are
met.
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(6) banku-6 s3i
Hacrtynni 3ax01¢1 MOBUHHI OyTH MPHHHATI:

a) Oayku-B’sI31 IOBHHHI OyTH 3alpOEKTOBaHi,
mo0 BUTPUMYBATH OCBOBE 3YCHIUIS, SKE
PO3TISINAETECSA TPU  PO3TATY 1 CTHUCKY Ta
JOPIBHIOE:

+0,3a:-S-Negd g rpyary tuny B
+0,40a-S-Ngg msarpynty tamy C
+0,6 a-S-Ngg s rpyaTy THIY D
ne

Ned« € cepenHIM 3HA4EHHSIM MPOEKTHUX
OCBbOBUX 3YCHJIb CIIOJIyYEHHUX BEPTHKAIbHHUX
€JIEMEHTIB B CEHCMIUHIA pPO3paxyHKOBIH
CUTYaIlii;

b) mo3gomkHSA apmarypa TOBHHHA OyTH
MOBHICTIO 3aaHKEpOBaHa B TUIO (yHIAMEHTY
a0o B iHmI Oanku-B’sI31, paMHO 3’€HaHI 3
HEIO.

(7) ©ynoamenmna nauma
HacrynHi 3axoau moBUHHI OyTH IPHAHSTI:

a) 30HM B’s13¢il MOBUHHI OYTH 3alPOCKTOBaHI,
mo0 BUTPUMYBATH OCBOBI 3YCWJUIA, PIBHI
THM, 110 Ha/IaHi B (6) a) BOTO MIAMYHKTY

b) ITo3moBkHs apMaTypa 30H B’sI3¢H MOBUHHA
OyTM TIOBHICTIO 3aaHKEpOBaHAa B  TLIO
¢dbyHIameHTy a0 B MPOJIOBKEHHS TUTHTH.

5.4.1.3 IlnuTHi pyHIaMeHTH

(1) Bei monoxenns 5.4.1.1 MOXyTb Takox
3aCTOCOBYBATHUCS A0 IIUTHUX (DyHIaMEHTIB,
ajie 3 HACTYITHUMU OOMEeXEHHSIMMU:

a) 3aragbHUM omip TEpTIO MOXe OyTH
BpaxoBaHMHA B pa3l €IMHOT (PyHIAMEHTHOI
wmtd. Jns mpocToi CiTkM  (yHIaMEHTHHX
O0aloOK B KOXKHOMY  TIepexpecTi  MOKe
PO3IIIsIAaTUCS €KBIBAIEHTHA TUIONIA MiOIIBH.
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(6) Tie-beams
The following measures should be taken:

a) the tie-beams should be designed to
withstand an axial force, considered both in
tension and compression, equal to:

+0,30-S-Negg for ground type B
+0,4 0 -S-Neg for ground type C
+0,6 a-S-Ngg for ground type D
where

Neqd is the mean value of the design axial
forces of the connected vertical elements in
the seismic design situation;

b) longitudinal steel should be fully
anchored into the body of the footing or into
the other tie-beams framing into it.

(7) Foundation slab
The following measures should be taken:

a) Tie-zones should be designed to
withstand axial forces equal to those given
in (6) a) of this subclause

b) The longitudinal steel of tie-zones should
be fully anchored into the body of the
footings or into the continuing slab.

5.4.1.3 Raft foundations

(1) All the provisions of 5.4.1.1 may also be
applied to raft foundations, but with the
following qualifications:

a) The global frictional resistance may be
taken into account in the case of a single
foundation slab. For simple grids of
foundation beams, an equivalent footing
area may be considered at each crossing.



b) ®ynnamenTHi Oanku Ta/abo0 IJIUTH MOXKYTh
po3risiIaTHCA K 3’€IHAHI B’SI3MU; TPABUIIO
UL X pO3MIpiB 3aCTOCOBHE Ha e(eKTHBHIi
IIUPHHI, sIKa BIZIIOBiHaE MIMPUHI
¢dbyHI1amMeHTHOI Oanku ad0 MHUPUHI TUIUTH, IO
JOPIBHIOE JICCATH 1X TOBIIUH.

(2) Takox MOKe 3HAZOOWTHCS TepeBipKa
IUIMTHOTO (YHIAMEHTY SK MeMOpaHu y
MeXax HOro BIACHOI IUIOIIWHY TPHU Aii HOTO
BJIACHUX OIYHMX IHEpPIIfHMX HABaHTAXEHb 1
TOPU30HTAJIBHUX 3yCHIIb, BUKIIMKAaHUX
HAJ3€MHOI0 YaCTUHOO OYy/IBIIL.

5.4.1.4 ®ynraMeHTH KOPOOYACTOr0 THILY

(1) Bci monoxennss 5.4.1.3 MOXyTh TaKOX
3aCTOCOBYBATHUCS JI0 (byH1aMEHTIB
kopobuactoro tumy. Ha nomarok, moxke OyTu
Oyt TNpUUHATHN [0 YyBaru OIYHUNA OTIp
TPYHTY, SK 3a3HadeHo B 5.3.2 (2) ta 5.4.1.1
(5) y Bcix Kareropisix IpyHTY BIATOBITHO 0
3ampONOHOBAHUX 0OMEXKEHb.

5.4.2 IlaJi i onopu

(HDP TIlami 1 omopu mTOBHHHI OyTH
pO3paxoBaHi, MO0 MPOTHUCTOSITH TAaKUM JBOM
THTIaM Jii BIUTUBY.

a) Cunu iHepyii Bl HaI3eMHOI YacCTUHU
OymiBni. Taki cwimm B THOegHaHHI 31
CTaTUYHHUMU HaBaHTAXECHHIMU, AIOTh

npoekTHi 3HadeHHS Ned, Ved, Med, 3a3HaueH1
B 5.3.2.

b) Kinemamuuni cunu, moO BUHHKAIOTH BIJ
nedopmariii  HaBKOJMIIHEOTO IPYHTY IIpH
[POXOKEHHS CEHCMIYHMX XBHIIb.

(2)P T'pannunuii omip mnagb MONEPEUHOMY
HABaHTAXXCHHIO IOBUHEH OYTH MEPEBIpCHUN Y

BIJIIOBITHOCTI 3 MPUHITATIAMH
EN 1997-1:2004, 7.7.

(3)P PozpaxyHku i BU3HAYEHHSI BHYTPILIHIX
3yCWJIb B3JIOBXK MMai, TaK CaMo, SIK BiIXUJICHHS 1
MIOBOPOT ~ OroJIOBKAa Tajdi, TIOBUHHI OyTH
3aCHOBAaH1 Ha JMCKPETHUX 200 KOHTUHYAIbHHX
MOJIENSIX, SIK1 3/1aTHI PeaiCTUYHO (HaBITh SKIIIO
HaOJIMKEHO) BIITBOPUTH:
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b) Foundation beams and/or slabs may be
considered as being the connecting ties; the
rule for their dimensioning is applicable to
an effective width corresponding to the
width of the foundation beam or to a slab
width equal to ten times its thickness.

(2) A raft foundation may also need to be
checked as a diaphragm within its own
plane, under its own lateral inertial loads and
the horizontal forces induced by the
superstructure.

5.4.1.4 Box-type foundations

(1) All the provisions of 5.4.1.3 may also be
applied to box-type foundations. In addition,
lateral soil resistance as specified in 5.3.2
(2) and 5.4.1.1 (5), may be taken into
account in all soil categories, under the
prescribed limitations.

5.4.2 Piles and piers

(1)P Piles and piers shall be designed to
resist the following two types of action
effects.

a) Inertia forces from the superstructure.
Such forces, combined with the static loads,
give the design values Ned, Ved, Meq,
specified in 5.3.2.

b) Kinematic forces arising from the
deformation of the surrounding soil due to
the passage of seismic waves.

(2)P The ultimate transverse load resistance
of piles shall be verified in accordance with
the principles of EN 1997-1:2004, 7.7.

(3)P Analyses to determine the internal
forces along the pile, as well as the
deflection and rotation at the pile head, shall
be based on discrete or continuum models
that can realistically (even if approximately)
reproduce:
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- 3TUHAJIbHY KOPCTKICTH Maji;

- peakiii TPyHTY B3JOBX Malli 3 HaJIC)KHUM
ypaxyBaHHSIM edeKTiB UKJIIYHOTO
HAaBaHTAXCHHS 1 Benu4yuHHU aedopmariiii B

TPYHTI;

- BIUIMBH MDKIIAJILOBOT JUHAMIYHOT B3a€MOIil
(Tak 3BaHI NWHAMIYHI BIUIMBH «IAJIbOBOTO

KyILa»);

- CTymiHb cBOOOAM 00epTaHHS B/IIOMO
MajJbOBOTO OTOJIOBKA ab0 3’€qHAHHS MK
nasuero 1 OyiBJiero.

IMPUMITKA Jlns oOYMCICHHS S>KOPCTKOCTI Majii B
SIKOCTI BKa3iBKM MOXKYTb OyTH BHKOpPUCTaHI BHpa3H,
HaBezieHi B goBiakoBoMy Jomatky C.

(4)P biunuii omip mwapiB IpyHTY, CXMJIBHHUX
70 PO3pILKEHHsS ab0 ICTOTHOTO 3HMKCHHS
MIIHOCTI, HE BPAXOBYETHCSI.

(5) SIxmo BHUKOPHCTOBYIOTHCS MOXWJI TMall,
BOHU NOBHMHHI OyTH 3alpOeKTOBaHI Tak, 1100
HaJIfHO BUTPUMATH OCBOBI Ta 3THUHAIOUI
HaBaHTAXKCHHSL.

[MPUMITKA Tloxwuni maji HE pEeKOMEHAYIOTHCS JUIsi
niepenadi rpyHTy OIYHUX HABaHTaKEHb.

(6)P 3ruHanbHI MOMEHTH, SIKI BUHHMKAIOTh B
pe3ysbTaTi KIHEeMAaTUYHOT B3a€MO/IIi, TTOBHHHI
OyTd OOYHMCIICHI, TUIBKM KOJM OJHOYACHO
BHKOHYIOTHCSI BC1 HACTYITHI YMOBHU:

- mpodiae rpyHTYy Mae taun D, S1 abo Sz Ta
MICTUTP MOCIIJIOBHI IIAPH 3 KOPCTKICTIO, IO
PI3KO BiAPI3HAETHCS,

- 30Ha € 30HOK IIOMIpHOI ab0 BHCOKOL
CEeHCMIYHOCTI, TOOTO JOOYTOK dg - S TepeBUIILye
0,10g (10610  mepesumye 0,98 m/c?),
1 miaTpuMyroua OyAiBIs BITHOCUTHCS JI0 KJIacy
signosimansHocTi 111 a6o IV.

(7) Tlami B mnOpuHOMII TOBUHHI OyTH
3alpOEKTOBaHI, 100 3aJUIIATUCS NPYKHUMH,
ajle TpU TEBHUX YMOBaxX JOMYCKA€THCS
BUHUKHEHHS IUIaCTUYHOTO WIApHIpY Yy iX
OroJIOBKax. 30HU MOTEHLINHOTO (GOpMyBaHHS
IUIACTUYHOTO  HIapHIpY  MHOBHHHI  OyTH
3alpOeKTOBaHi BIIMOBITHO 3
EN 1998-1:2004, 5.8.4.
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- the flexural stiffness of the pile;

- the soil reactions along the pile, with due
consideration to the effects of cyclic
loading and the magnitude of strains in the
soil;

- the pile-to-pile dynamic interaction effects
(also called dynamic "pile-group” effects);

- the degree of freedom of the rotation at/of
the pile cap, or of the connection between
the pile and the structure.

NOTE To compute the pile stiffnesses the
expressions given in Informative Annex C may be
used as a guide.

(4)P The side resistance of soil layers that are
susceptible to liquefaction or to substantial
strength degradation shall be ignored.

(5) If inclined piles are used, they should be
designed to safely carry axial loads as well
as bending loads.

NOTE Inclined piles are not recommended for
transmitting lateral loads to the soil.

(6)P Bending moments developing due to
kinematic interaction shall be computed
only when all of the following conditions
occur simultaneously:

- the ground profile is of type D, S; or S,
and contains consecutive layers of sharply
differing stiffness;

- the zone is of moderate or high seismicity,
i.e. the product ag-S exceeds 0,10 g,
(i.e. exceeds 0,98 m/s?), and the supported
structure is of importance class I11 or V.

(7) Piles should in principle be designed to
remain elastic, but may under certain
conditions be allowed to develop a plastic
hinge at their heads. The regions of potential
plastic hinging should be designed
according to EN 1998-1:2004, 5.8.4.



6 BBAEMO/ISI «IPYHT-BY AIBJISI»

(1)P BrumBu auHamiuHOi B3aeMOJIi «IPYyHT-
KOHCTPYKIis1» TIOBUHHI BPAXOBYBATHCS B:

a) OymiBisx, B skuxX BIumBH P-8 (2-ro
MOPSAIKY) BiIrparoTh 3HAUHY POJIb;

b) Oyxiii 3 MacuBHUMH a0b0 3arIMOJICHUMHU
dbyHIaMeHTaMHu, Taki SK OIOPU MOCTIB,
MOPCBHKI KECOHH Ta CUJIOCH;

C) TOHKI BHCOKI CHOpPYIH, Takl fK OamTH 1
JTMMOBI TpyOwu, PO3IIIAHYTI B
EN 1998-6:2004;

d) OyniBmi, MO CIUPAIOTHCS HA JTyXKe M'SKI
TPYHTHU NPU CepeAHINA MIBUAKOCTI MOMEPEYHOT
XBWI Vsmax (SIK BU3HaueHO B Tabmumi 4.1)
menme 100 M/c, Takux SK IPYHTH OCHOBH
THIY S1.

[MPUMITKA Indopmarisi mo 3arajbHAM BIUTUBAM 1
Ba)KJIMBOCTI JTUHAMIYHOI B3aeEMOIIl «IPYHT-OYHiBIIsD)
HaBeJieHa B JIoBiaKoBoMy Jloaarky D.

(2)P BrutuB B3aemoii rpyHT-OyIiBIs Ha Taji
MMOBUHEH OYTH OIIHEHHWH BiANOBimHO A0 5.4.2
JUTSI BCiX OyIiBeb.

np. ACTY-H b EN 1998-5:201X

6 SOIL-STRUCTURE INTERACTION

(1)P The effects of dynamic soil-structure
interaction shall be taken into account in:

a) structures where P-5 (2nd order) effects
play a significant role;

b) structures with massive or deep-seated
foundations, such as bridge piers, offshore
caissons, and silos;

c) slender tall structures, such as towers and
chimneys, covered in EN 1998-6:2004;

d) structures supported on very soft soils,
with average shear wave veloCity Vsmax
(as defined in Table 4.1) less than 100 m/s,
such as those soils in ground type S.

NOTE Information on the general effects and
significance of dynamic soil-structure interaction is
given in Infonnative Annex D.

(2)P The effects of soil-structure interaction

on piles shall be assessed according to 5.4.2
for all structures.

33



np ACTY-H b EN 1998-5:201X

7 HIIIIPHI KOHCTPYKIIII

7.1 3arajbpHi HOJI0KEHH

(1)P IligmipHi KOHCTPYKIii MOBHHHI OyTH
3alpOEKTOBaHl TakK, 1100 BUKOHYBAJIMCh iX
GyHKIIT T 9ac Ta TiCHs 3emieTpycy 0e3
BUHUKHEHHS 3HAYHUX TIOLITKOIKECHb
KOHCTPYKIIii.

(2) 3BammmkoBi mepemimeHHs y  Qopmi
KOMOIHAIlIT KOB3aHHS 1 HAXWITY, OCTaHHE Yepe3
3aIMIIKOBI  JleopManii  IPyHTY  OCHOBH,
MOXYTh JIOITyCKaTUCS, SKIIO TOKA3aHO, IO
BOHM BIINOBIAAIOTh (YHKI[IOHATBHUM Ta/abo
€CTETHYHUM BUMOTaM.
7.2 Bubip i 3araabHi
MPOEKTYBAHHA

IMPUHIMAITA

(1)P Bubip tTuny KOHCTpYKLIi MOBUHEH OyTH
3aCHOBaHMM Ha  HOPMAJbHUX  yMOBax
eKCIUTyaTarii 3riJHO 3arajlbHUM MPUHITUIIAM
EN 1997-1:2004, Po3xin 9.

(2)P Hanexny yBary HEOOXiIHO TPHALUTUTH
ToMy (akTy, IO BIAMOBIAHICTh JOJATKOBUM
CCHCMIYHUM BHUMOTAM MOJXKE TMPHU3BECTH IO
KOpUTYBaHHS, a 1HOJI 0 OUTHII HAJIEKHOTO
BHOOPY THUITY KOHCTPYKIIIi.

(3)P Marepian 3BOPOTHBOI 3acCUIKH 3a
KOHCTPYKITI€0O TIOBHHEH OyTH PETEIbHO
MPOCISTHUN 1 YIIUIBHEHWH Ha Micii, 1100
IOCATTA sIKOMOra OUIBIIOI I[UIICHOCTI 3
ICHYIOYMM IPYHTOBUM MaCHBOM.

(4)P [penaxHi cucreMd 3a KOHCTPYKIIIEIO
MOBUHHI OyTH 3[aTHI MOTJIMHATH HECTaml i
MOCTIMHI KOJIMBaHHS 0€3 MOpYIIEHHS CBOiX

GbyHKITIH.

(5)P 3okpema, B pa3i BOJOMICTKUX HE3B'SI3HUX
IPYHTIB, APEHAX MOBUHEH OyTH €()EeKTUBHUM
JUIs  JpKepena  pO3TalllOBaHOTO — HIDKYE
MOTEHIIHHOT MOBEPXHI PYHHYBaHHS.

(6)P TIloBuHHO OyTH 3abe3medeHo, 1100
HNIATPUMYIOUUN IPYHT MaB 30UIbILIEHUI 3amac
MIITHOCTI IpOTH PO3PLIKEHHS pu
MIPOEKTHOMY 3€MJIETPYCI.
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7 EARTH RETAINING STRUCTURES

7.1 General requirements

(1)P Earth retaining structures shall be
designed to fulfil their function during and
after an earthquake, without suffering
significant structural damage.

(2) Permanent displacements, in the form of
combined sliding and tilting, the latter due to
irreversible deformations of the foundation
soil, may be acceptable if it is shown that
they are compatible with functional and/or
aesthetic requirements.

7.2 Selection and
considerations

general  design

(1)P The choice of the structural type shall
be based on normal service conditions,
following the general principles of
EN 1997-1:2004, Section 9.

(2)P Proper attention shall be given to the
fact that conformity to the additional seismic
requirements may lead to adjustment and,
occasionally, to a more appropriate choice
of structural type.

(3)P The backfill material behind the
structure shall be carefully graded and
compacted in situ, so as to achieve as much
continuity as possible with the existing soil
mass.

(4)P Drainage systems behind the structure
shall be capable of absorbing transient and
permanent movements without impairment
of their functions.

(5)P Particularly in the case of cohesionless
soils containing water, the drainage shall be
effective to well below the potential failure
surface behind the structures.

(6)P It shall be ensured that the supported
soil has an enhanced safety margin against
liguefaction under the design earthquake.



7.3 MeToau po3paxyHKy
7.3.1 3araabHi MmeToaHM

(1)P Byab-sikuii 3araabHONPUMHATUA METOJ,
3aCHOBAaHMH Ha TpOLEAypax JUHAMIKH
KOHCTPYKIIi 1 TPYyHTY Ta MigTBEpIKESHHUH
JOCBIZIOM 1 CIIOCTEPEKECHHSMH, B TNPUHIIHUII
3aCTOCOBYETBhCS IS OIIHKKA  Oe3MeKu
MiAITPHOT KOHCTPYKIIII.

(2) IloBuHHI OyTHM BpaxoBaHI HAaCTYIIHI
aCIIEeKTH:

a) HeJiHINHA MOBEIHKAa IPYHTY B IIUIOMY B
mpoueci Horo JAMHAMIYHOI B3aeMOJli 3
MIMIPHOIO KOHCTPYKITIEIO;

b) iHepiiiiHi BIUIMBH, TMOB'I3aHi 3 MacaMu
IPYHTY KOHCTPYKIII 1 BCl 1HIII I'paBiTauiifHi
HaBaHTAXXEHHs, Kl MOXYTb OpaTH y4yacTh y
MpOIIeCi B3a€EMO/II;

C) TiApOAWHAMIYHI  BIUIMBH, BHUKJIHKaHI
MIPUCYTHICTIO BOJIM B IPYHTI 3a CTiHOIO Ta/abo
BOJIOIO Ha 30BHIITHIN TOBEPXHI CTIHH;

d) cymicHicTh MDK AedopmarlisiMd TPYHTY,
CTIiHH 1 BIATSOKKAMU, SIKILO BOHHU €.

7.3.2. Cupoiueni METOIM:
CTATUYHUI PO3PAXYHOK

ICEB/I0-

7.3.2.1 Ba3oBi MmozaeJi

(1)P bazoBa mMojenb yis MCEBAO-CTATUIHOTO
PO3paxyHKy MOBUHHA CKJIAATHCS 3 MIIIPHOT
KOHCTpYKIIi 1 1 ¢yHIaMeHTy, IPyHTOBOI
OpU3MH 32  KOHCTPYKI[i€lO,  sKa,  SK
BBKAETHCS, 3HAXOJUTHCS B CTaHI aKTHBHOI
IPAaHUYHOI pIBHOBArw (SKIIO KOHCTPYKILis
JIOCTaTHHO THY4Ka), OyIb-sIKOTO
MEepPEeBaHTAKEHHS, JII0YOTO Ha TPYHTOBY
MpHU3MYy, 1, MOXKJIMBO, TPYHTOBOTO MAaCHBY Y
IMJIOIMIBM  CTIHHM, $Ka, SK BBaXa€ThCH,
3HAXOJIMTHCS B CTaHi MACUBHOT PIBHOBArH.

np. JICTY-H B EN 1998-5:201X
7.3 Methods of analysis
7.3.1 General methods

(1)P Any established method based on the
procedures of structural and soil dynamics,
and supported Dby experience and
observations, is in principle acceptable for
assessing the safety of an earth-retaining
structure.

(2) The following aspects should be
accounted for:

a) the generally non-linear behaviour of the
soil in the course of its dynamic interaction
with the retaining structure;

b) the inertial effects associated with the
masses of the soil, of the structure, and of all
other gravity loads which might participate
in the interaction process;

c) the hydrodynamic effects generated by
the presence of water in the soil behind the
wall and/or by the water on the outer face of
the wall;

d) the compatibility between the
deformations of the soil, the wall, and the
tiebacks, when present.

7.3.2 Simplified methods: pseudo-static
analysis

7.3.2.1 Basic models

(1)P The basic model for pseudo-static
analysis shall consist of the retaining
structure and its foundation, of a soil wedge
behind the structure supposed to be in a state
of active limit equilibrium (if the structure is
flexible enough), of any surcharge loading
acting on the soil wedge, and, possibly, of a
soil mass at the foot of the wall, supposed to
be in a state of passive equilibrium.
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(2) [lns oTpuMaHHSI aKTUBHOT'O CTaHy I'PYHTY
HEOOXiHO, 00 B Tpoleci MPOEKTHOTO
3eMJIeTpyCy BinOyBCsl ICTOTHMH pyX CTiHH,
o0 MOXX€ OYTHM MOMJIMBHUM IIpH THYYKIHA
KOHCTPYKIIii TIpH 3TWHAHHI, a JJI MacCHBHUX
KOHCTPYKIIH — MpH 3CyBi abo moBopoTi. Pyx
CTiHM, HEOOXiTHWIA JJIs1 PO3BUTKY aKTHBHOTO
rpann4Ho crany, quB. EN 1997-1:2004, 9.5.3.

(3) Hnsa >KOPCTKUX KOHCTPYKIIIH, TaKUX SK
migBaiabLHI a00 MacHUBHI CTIHH, 3aCHOBAHMX Ha
ckeni abo TMamsx, PO3BHBAIOTHCS BEIMYWHU
TUCKY OUIbIIIE€ aKTHBHOTO, 1 OUIBII TOIUIHHO
BB@)XATH IPYHT B CTaHI CIIOKOIO, K MOKa3aHO
B E.9. Ile cmin Takox mnepeabavatu yist
3aaHKEpOBaHUX MIAMIPHUX CTiH, SIKIIO pyX HE
JIOTTYCKA€ETHCS.

7.3.2.2 CelicMiuHMii BILINB

(HP B LUIAX IICEB/I0-CTATUYHOTO
pO3paxyHKy, CEUCMIYHHMI BIUIUB Mae OyTH
MPEACTABICHU HAOOPOM TOPH3OHTAIBHHX 1
BEPTUKAIbHUX CTaTUYHUX 3YCHJIb, DPIBHUX
NOOYTKY CHJI  TSDKIHHS 1 CEHCMIYHOTO
KoedirfieHTa.

(2)P BeprukambHa CEMUCMIUHUNA  BIUIUB
MMOBUHEH PO3IJISIIATUCS, SK JIiFoYa Bropy ado
BHM3 CWiIa, 100 CTBOPUTH HaWOUIBII
HECHPHUSATINBUN e(EeKT.

(3) IHTEHCHBHICT, TaKWX EKBIBAJICHTHHUX
CEMCMIYHMX 3yCWJIb JUIS JaHOI ceficMiuHOl
30HM 3aJICKUTh BiJl 00CATY 3aJUIIKOBOTO
MEPEMIIlIeHHs, OJHOYACHO TNPUHHATHOTO Ta
(GakTHYHO JOMYCTHMOTO JUIS TPUHHITOTO
KOHCTPYKTUBHOTO PillICHHSI

(4)P 3a BIZICYTHOCTI creniaabHuX
JIOCHiuKeHb,  ropusoHTambHuMit  (Kn) 1
BeprukanpHuid (Ky) ceficMiuni koedirieHTH,
0 BINTMBAlOTh Ha BCl MacH, TMOBHUHHI
pO3rIsaaTHCS SIK:
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(2) To produce an active soil state, a
sufficient amount of wall movement is
necessary to occur during the design
earthquake, which can be made possible for
a Flexible structure by bending, and for
gravity structures by sliding or rotation. For
the wall movement needed for development
of an active limit state, see
EN 1997-1:2004, 9.5.3.

3) For rigid structures, such as basement
walls or gravity walls founded on rock or
piles, greater than active pressures develop,
and it is more appropriate to assume an at
rest soil state, as shown in E.9. This should
also be assumed for anchored retaining walls
if no movement is permitted.

7.3.2.2 Seismic action

(1)P For the purpose of the pseudo-static
analysis, the seismic action shall be
represented by a set of horizontal and
vertical static forces equal to the product of
the gravity forces and a seismic coefficient.

(2)P The vertical seismic action shall be
considered as acting upward or downward
so as to produce the most unfavourable
effect.

(3) The intensity of such equivalent seismic
forces depends, for a given seismic zone, on
the amount of permanent displacement,
which is both acceptable and actually
permitted by the adopted structural solution.

(4)P In the absence of specific studies, the
horizontal (kn) and vertical (kv) seismic
coefficients affecting all the masses shall be
taken as:
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K —a>, (7.1)
r
kv == O,5kh (72)
SIKIIO dvg/ag Oinbiie 0,6, if avglag is larger than 0,6
kv = + 0,33Kn, (7.3)

B IHIIMX BUIIAAKaX
Ie

Koe(]iIieHT I' mpuiiMae 3HAYCHHS, HABEJICHI B
Tabmumi 7.1, B 3aleXHOCTI Bl THUILY
MIAMIPHOT KOHCTpYKUii. {7 cTiH He BuIe
10 M  celicMiyHMIl ~ Koe(ilieHT  Mae
MpUMaTHCS MOCTIMHUM IO BUCOTI.

otherwise
where

the factor r takes the values listed in
Table 7.1 depending on the type of retaining
structure. For walls not higher than 10 m,
the seismic coefficient shall be taken as
being constant along the height.

Tabanus 7.1 — 3HavyeHHs KoedinieHTa I' 1151 004MCICHHS TOPU30HTAJIBHOIO CeiicMiYHOT O

Koedinienra

Table 7.1 — Values of factor r for the calculation of the horizontal seismic coefficient

Tun mignipHoi KOHCTPYKIIT r
Type of retaining structure

BinbHi MacuBHI cTiHH, K1 gomycKaroTh nepemimtents 10 di= 300 a - S (Mm)
Free gravity walls that can accept a displacement up to dr =300 . - S (mm)

BinbHi MacuBHI cTiHM, Ki q0mMycKaroTh nepemimenss 10 dr = 200 a - S (Mm) 1,5
Free gravity walls that can accept a displacement up to dr= 200 o - S (mm)

['ayuki 3a511300€TOHHI CTIHU, CTIHU 3aaHKEPOBaHi a00 3 00B’A3K0I0, 3a1I300€TOHHI1
CTIHM Ha BEPTUKAJIBHUX NaJSIX, 0OMEXEH1 CTIHHM ITiIBAIIB Ta MOCTIB 1
Flexural reinforced concrete walls, anchored or braced walls, reinforced concrete
walls founded on vertical piles, restrained basement walls and bridge

(5) Ilpm HasgBHOCTI HACHYEHHX HE3B'I3HUX
IPYHTIB, YYTJIHMBUX JI0 PO3BUTKY BHCOKOTO

IMOPOBOI'0 TUCKY:

a) xoedimient r y Tabmuui 7.1 He HOBUHEH

npuitmarucs oiunpire 1,0;

b) xoedimieHT O6e3MeKH MPOTH PO3PIIHKCHHS HE

MOBUHEH OyTH MeHIIe 2.

[NPUMITKA 3nauenns xoedinieHTa O€3MEKH 2 BUILIHBAE
13 3acTOCyBaHHs MyHKTY 7.2 (6)P y pamkax CIpOIIEHOro

MEeTONy MyHKTY 7.3.2.

(5) In the presence of saturated
cohesionless soils susceptible to the
development of high pore pressure:

a) the r factor of Table 7.1 should not be
taken as being larger than 1,0;

b) the safety factor against liquefaction
should not be less than 2.

NOTE The value of 2 of the safety factor results
from the application of clause 7.2 (6)P within
the framework of the simplified method of
clause 7.3.2.
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(6) MAna mignmipHUX KOHCTPYKLIA BHCOTOIO
oinpme 10 M ta ans nogaTkoBoi iHdopMmartii
o koedimieHty r qus. E.2.

(7) Jns HeMmMacuBHHMX MIOMIPHUX CTIH
BIUIMBOM  BEPTHKAJIBHOTO  TPUCKOPEHHS
MOYHa 3HEXTYBaTH.

7.3.2.3 IIpoekTHHMI THCK I'PYHTY i BOAH

(1)P 3aranmpHa MpoeKTHA CHJIa, JiI04a Ha CTIHY
B CEUCMIYHUX YMOBaX, pPO3PaXOBYETHCS
[UISIXOM PO3TIISiTy YMOB TPAaHUYHOT PIBHOBAru
Moieni, orucanoi B 7.3.2.1.

(2) s cuna moxke OyTH OLlIHEHA 3TITHO 3
Honatkom E.

(3) IlpoexTtny cuny, 3ragany B (1)P mporo
MIMYHKTY, CIig pO3IIsAaTH AK
pe3ysnbTyoue  3yCWJUISL ~ CTaTMYHOTO 1
TMHAMIYHOTO THCKY IPYHTY.

(4)P Touka pnokmagaHHS CHUJIUA 3aBISKH
TUHAMIYHOMY THCKY TPYHTY MOBHHHA OyTH
po3TarioBaHa Ha CepeIMHI BUCOTHU CTIHH, 32
BiJICYyTHOCTI OlIpII IOKJIATHOTO
JTOCTIDKeHHSI 3 ypaxyBaHHSM BIIHOCHOI
KOPCTKOCTI, THN PYyXy Ta BIIHOCHOI Macu
MAMIPHOT KOHCTPYKIIIi.

(5) Must cTiH, mO BUIBHO O0O0EPTAKOTHCS
HaBKOJIO CBO€1 MiJOIIBH, MOYXHA MPUHHITH,
110 TOYKA Xii IMHAMIYHOI CUJIM 30Iiraerbes 3
TOYKOIO Iii CTATUYHOI CHJIM.

(6)P Posmoain THCKY Ha CTIHY BiJl CTaTUYHOI
Ta JAUHAMIYHOI A1l MOBUHHO OyTW NpPUNHATE,
K Jif04e Mig KyTOM IO BiIHOIICHHIO JI0
HOPMAJILHOTO HAIPSIMKY 10 CTIHHU; SKHHA HE

nepesuuye (2/3)¢' mIs aKTMBHOTO CTaHy i
JOPIBHIOE HYJIIO JUTS TACHBHOTO CTaHY.

(7)P [Ins rpyHTY, HMOKUE PIBHS I'PYHTOBHX
BOJI, citig PO3PIBHATH IUHAMIYHO
CHPUUHSATINBI YMOBH, MPH SAKUX BHYTPIIIHS
BOJIa BUIBLHO nepeMiliaeTbes o
BIIHOWIEHHIO /IO TBEpPJOi CTPYKTypH, Ta
JUHAMIYHO HECHPUMHSATINBI YMOBH, MpHU
SKUX TO CYTi IPEHYBaHHS HEMOXJIHBO MPH
CelCMIYHOMY BIUIUBI.
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(6) For retaining structures more than 10 m
high and for additional information on the
factor r, see E.2.

(7) For non-gravity walls, the effects of
vertical acceleration may be neglected for
the retaining structure.

7.3.2.3 Design earth and water pressure

(1)P The total design force acting on the wall
under seismic conditions shall be calculated
by considering the condition of limit
equilibrium of the model described in 7.3.2.1.

(2) This force may be evaluated according to
Annex E.

(3) The design force referred to in (1)P of
this subclause should be considered to be the
resultant force of the static and the dynamic
earth pressures.

(4)P The point of application of the force
due to the dynamic earth pressures shall be
taken to lie at mid-height of the wall, in the
absence of a more detailed study taking into
account the relative stiffness, the type of
movements and the relative mass of the
retaining structure.

(5) For walls which are free to rotate about
their toe the dynamic force may be taken to
act at the same point as the static force.

(6)P The pressure distributions on the wall
due to the static and the dynamic action shall
be taken to act with an inclination with
respect to a direction normal to the wall not

greater than (2/3)¢’ for the active state and
equal to zero for the passive state.

(7)P For the soil under the water table, a
distinction shall be made between
dynamically pervious conditions in which
the internal water is free to move with
respect to the solid skeleton, and
dynamically impervious ones in which
essentially no drainage can occur under the
seismic action.



(8) [mst HaWOImpII 3aradbHUX BHUMAJKIB Ta
UL TPYHTIB 3 KOe(]ili€eHTOM MPOHUKHOCTI
menme 5x10% wm/c, mopoBa Boga He Moske
BUIBHO NEpPEMIIaTHCS IO BIAHOIICHHIO 0
TBEPAOi  CTPYKTYpH, ceiicMiyHa  Jid
BiIOYBAa€ThCS B TPAKTUYHO HEJAPCHOBAHHUX
YMOBax Ta TIPYHT MOJXHAa pO3IISAJATH SIK
onHOGa3Hy cepeny.

(9)P [Anst nuHaMI4HO HECTIPUIHATIMBUX YMOB
3aCTOCOBYIOTBCSI BCl IMONEPETHI IMOJIOKEHHS
32 yMOBH, 10 MMTOMa Bara TIPYyHTy 1
TOPU3OHTAIIBHUN  CEMCMIYHUI ~ KOEQIlieHT
BIJIMOBIIHUM YHHOM CKOPHUTOBAHI.

(10)  KopuryBanHss  nansg  JAUMHaAMIYHO
HECNIPUMHATIUBUX YMOB MOXYTh OyTH
BUKOHaHI y BiamoBigHocTi 3 E.6 Ta E.7.

(I1)P Hdns nwHaAMIYHO  CHPUUHSATIUBOT
3BOPOTHBOI 3aCHUIKH BIUIMBH, BHUKJIHKaHI
CENCMIUHOIO JII€}0 B TPYHTI Ta BOJ1 MOBUHHI
BBaXKaTHUCS HE3B'I3aHUMH.

(12) Bracmigok 1boTO, TIAPOJUHAMIYHHI
THCK BOJHM CJIJ TOJATH JI0 TiAPOCTATUIHOTO
THCKY Boau y BimmoBigHocti 3 E.7. Touka
MPUKJIAIaHHS CUJIM BiJ T1APOJMHAMIYHOTO
THCKYy BOJHM TIOBMHHa OyTh oOpaHa Ha
rIuOWHI  HWJKYE TIOBEPXHI HACHUYCHOTO
mapy, wmo jAopiBHIOe 60% TOTYXHOCTI
TAKOTO HIapy.

7.3.2.4 TinpoaMHaMiyHuii THCK Ha
30BHIIIHIO MOBEPXHIO CTiHU

(1)P IToBuHHI OyTH BpaxoBaHi MakCUMaJbHI
(mo3uTuBHI a00 HEraTuBHI) KOJHUBaHHS
THUCKYy 1O BIIHOWIEHHIO JO JII0YOTO
TIAPOCTATUYHOTO THUCKY, 3aBASKH BiOparlii
BOJIU 3 OOKY JTUI[OBOI CTOPOHU CTIiHH.

(2) Le#t tHck Moxe OyTH OLIHEHUH Yy
BignosignocTi 3 E.8.

np. ACTY-H b EN 1998-5:201X

(8) For most common situations and for
soils with a coefficient of permeability of
less than 5x10* m/s, the pore water is not
free to move with respect to the solid
skeleton, the seismic action occurs in an
essentially undrained condition and the soil
may be treated as a single-phase medium.

(9P For the dynamically impervious
condition, all the previous provisions shall
apply, provided that the unit weight of the
soil and the horizontal seismic coefficient
are appropriately modified.

(10) Modifications for the dynamically
impervious condition may be made in
accordance with E.6 and E.7.

(11)P For the dynamically pervious backfill,
the effects induced by the seismic action in
the soil and in the water shall be assumed to
be uncoupled effects.

(12) Therefore, a hydrodynamic water
pressure should be added to the hydrostatic
water pressure in accordance with E.7.
The point of application of the force due to
the hydrodynamic water pressure may be
taken at a depth below the top of the
saturated layer equal to 60% of the height of
such a layer.

7.3.2.4 Hydrodynamic pressure on the
outer face of the wall

(1)P The maximum (positive or negative)
pressure fluctuation with respect to the
existing hydrostatic pressure, due to the
oscillation of the water on the exposed side
of the wall, shall be taken into account.

(2) This pressure may be evaluated in
accordance with E.8.
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7.4 IlepeBipka cTiiikocTi Ta MilTHOCTI
7.4.1 CrilikicTh IPYHTY OCHOBH

()P IlorpiOHo
MIePEBIPKU:

BUKOHATH  HACTYIHI

- 3arajipHa CTIMKICTh
- JIOKAJIbHE PYWHYBaHHS IPYHTY.

(2)P IlepeBipka 3araiabHOi CTIMKOCT1 IOBUHHA
BHKOHYBATHCS Y BifmoBimHoCTi 3 4.1.3.4.

(3)P I'pannynuii ctan QyHIaMEHTy MOBUHEH
OyTH nepeBipeHHil Ha pylHYBaHHS Bij 3CYBY 1
Ha BTpaTy Hecy4ol 3maTHocTi (auB. 5.4.1.1).

7.4.2 Aukepu

(1)P Amnxepu (BKIIOYarOud BUIbHI TPOCH
HaTATY, aHKEpPH1 MPUCTPOI, aHKEPHI1 T'OJIOBH 1
oOMeXeHHs]) TOBMHHI MaTH  JIOCTAaTHIO
MIIHICTh 1 JOBXHUHY, 100 3a0e3meunTtu
pIBHOBary KpUTHYHOI IPYHTOBOI NMpPU3MHU B
ceiicMiyHUX ymoBax (muB. 7.3.2.1), a Takox
JOCTaTHIO 3JaTHICTh O MPUCTOCYBAHHS [0
cericMigHUX nedopmaltiii IpyHTY.

(2)P Omip ankepy MOBHHEH OyTH OTpUMaHUN
BianmoBimHo A0 mpaBuia EN 1997-1:2004 mis
CTAJIMX 1 THMYaCOBHX IMPOCKTHHUX BUIAJKIB B
KIHIIEBHX TPAaHUYHUX CTaHaX.

3)P Heo0xinHo 3a0e31IeYnTH, o6
AHKEpOBAaHMW TPYHT 30epiraB  MIIHICTb,
HEOOXimHYy misi (PYHKI[IOHYBaHHS aHKEpy B
mporeci  MPOSKTHOTO  3eMIIETPpYCY  Ta,
30KpeMa, MaB IJIBUINCHUIA 3armac HaIiiHOCTI
MIPOTH 3PIKEHHS.

(4P Bincranp Le MK aHKepoM 1 CTIHOIO
MOBMHHA  TEpEeBUIIYyBaTH  BIACTaHb  Ls,
HEOOX1IHY JUIsl HECEeHCMIYHUX HAaBAaHTAXKEHb.

(5) Bincranb Le ans ankepiB, 3ariuOieHux y
TPYHT 3 XapaKTEepPUCTUKAMH, MOTIOHMMH JI0
XapaKTepUCTUK TPYHTY 3a CTiHOW, Ta Ui
YMOB PIBHOTO MaiJaHYMKa MOXHA OI[IHUTH Y
BIJIMOBIIHOCTI 3 HACTYITHUM BHPA30M:

7.4 Stability and strength verifications
7.4.1 Stability of foundation soil

(1)P The following verifications are
required:

- overall stability
- local soil failure.

(2)P The verification of overall stability
shall be carried out in accordance with the
rules of 4.1.3.4.

(3)P The ultimate capacity of the foundation
shall be checked for failure by sliding and
for bearing capacity failure (see 5.4.1.1).

7.4.2 Anchorage

(1)P  The anchorages (including free
tendons, anchorage devices, anchor heads
and the restraints) shall have enough
resistance and length to assure equilibrium
of the critical soil wedge under seismic
conditions (see 7.3.2.1), as well as a
sufficient capacity to adapt to the seismic
deformations of the ground.

(2)P The resistance of the anchorage shall be
derived according to the rules of EN 1997-1:2004
for persistent and transient design situations
at ultimate limit states.

(3)P It shall be ensured that the anchoring
soil maintains the strength required for the
anchor  function during the design
earthquake and, in particular, has an
enhanced safety margin against liquefaction.

(4)P The distance L. between the anchor and
the wall shall exceed the distance Ls,
required for non-seismic loads.

(5) The distance L., for anchors embedded
in a soil deposit with similar characteristics
to those of the soil behind the wall and for
level ground conditions, may be evaluated in
accordance with the following expression:

Le = L (141,50 - S) (7.4)
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7.4.3 MinHicTh KOHCTPYKUIl

(1)P IloBuHHO OyTM JOBENEHO, IO JUIA
KoMOiHamii celicMiuHOi aii 3 IHIIUMH
MOXXJIMBUMU HaBaHTAKEHHSAMH, JOCATAETHCS
piBHOBara ©0e3 TMEPEeBHIICHHA MPOEKTHOI
MIITHOCTI CTIHM 1 OMOPHUX KOHCTPYKTHBHHX
€JIEMEHTIB.

(2)P 3 miero MeTor0 HEOOXiTHO PO3TIISTHYTH
BIIMOBI/IHI PEXUMHU TPAHUYHOTO CTaHy st

pyVHYBaHHS KOHCTPYKIII{ B
EN 1997-1:2004, 8.5.

(3)P Bci KOHCTPYKTHBHI €JI€MEHTU TOBHHHI
OyTu TiepeBipeHi, MO0 NEePeKOHATHUCS, IO
BOHH BIJIMOBIAIOTH KPUTEPISAM:

Rq > Eq

e

R4 TpoekTHe 3HAYCHHS OIOPY EJIEMEHTY,
po3paxoBaHe TaK, SK 1 A HECEHMCMIYHOI
CUTYaIIiT;

Eq mpoexTHe 3Ha4YeHHS i BIUTMBY, OTPUMaHE
B pe3yJIbTaTi pO3paxyHKy, OMHUCAHOTO B 7.3.
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7.4.3 Structural strength

(1)P It shall be demonstrated that, under the
combination of the seismic action with other
possible loads, equilibrium is achieved
without exceeding the design strengths of
the wall and the supporting structural
elements.

(2)P For that purpose, the pertinent limit

state modes for structural failure in
EN 1997-1:2004, 8.5 shall be considered.

(3)P All structural elements shall be checked

to ensure that they satisfy the condition:
(7.5)

where

Rq is the design value of the resistance of the

element, evaluated in the same way as for

the non seismic situation;

Eq is the design value of the action effect, as
obtained from the analysis described in 7.3.
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JIOJIATOK A
(moBimKOBHIT)

TOIHOI'PA®IYHI KOE®INIETHU
3BIVIBIIEHHSA

A.l lIleii momatoxk mgae JaesKi CIPOIIEHI
Koe(illieHTH 30UTBIICHHS IS CEHCMIYHOT
Iii, sIKi BUKOPHCTOBYIOTHCS NPH TeEpeBipIli

CTIAKOCTI  TPYHTOBHUX  cxwiiB.  Taki
Koe(illieHTH, MO0 TMO3HAYATHCS ST, B
MepIIoMy HaOIMKEHH1 BBAXKAKOThHCA

HE3aJIeKHUMHU  BiJl OCHOBHOTO MEpIOAy
KOJIMBaHb, 4a, OTXKE, MHOXATbCA  fK
MOCTIMHUN MacmTaOHUIl KoedIIlIEHT Ha
OpJIMHATU TMPOEKTHOTO TMPYKHOTO CHEKTPY
peakuii, HaBemeHoro B EN 1998-1:2004.
i xoedimieHTH 30UTBIICHHS TOBUHHI
MEePEeBaKHO 3aCTOCOBYBATHUCS, KOJHU CXUIIU
HaJIeXaTh /10 JBOBUMIPHHUX TOMOTpapiuHUX
HEPIBHOMIPHOCTEH, TAKUM SIK JOBT1 XpeOTH 1
ckeni 3aBBUIIKHA 30 M.

A.2 Jlna cepemHiX KyTiB CXWiy MeHm 15°
TonorpadaHUMHI BILTUBAMH MO>KHa
3HEXTYBAaTH, OJHAK, Yy BHIIAQJKy CHJIBHO
HEepEeryJsIpHOT MICIIEBOT Tonorpadii,
PEKOMEHIIYETBCSI  MPOBECTH  CIICIiaJIbHE
TTOCITIKEHHS. Jlnst OLIBIINX KYTIB
3aCTOCOBYIOTHCSI HACTYITHI KEPiBHI IPUHITUTIH.

a) Ilooounoki cxeni i cxunu.  ns
Mai/laHYMKIB TOONIHM3y BEPXHBOTO Kpako
CJIiJI BAKOPUCTOBYBATH 3HAYeHHS St > 1,2;

b) Xpeomu 3 wupunoro epebens, snauno
MEHWL010 WUpUHU OCHOBU. Cnin
BUKOPUCTOBYBATH 3HA4YEHHS ST > 14
1o0JIN3Y BEPIIMHU CXUIIIB JJIsl CEPEIHIX KYTiB
cxuty Ounbin 30° a 7St MEHIIHMX KYTiB CXUITY

CITi1 BUKOPUCTOBYBATH 3Ha4eHHS St > 1,2;

C) HassHicmb puxio2o nogepxmneo2o uwapy.
[Ipy HasBHOCTI PHUXJIOTO TOBEPXHEBOTO
mapy HaliMeHIlle 3HaYeHHsS! St , HaBe/leHEe B
a) 1 b), cmin 30uTbmuTH npuHaimi Ha 20 %;

d)  Ilpocmoposi  3minu  koegiyicnma
30inbuenns. MOXHA MPUITYCTUTH 3HIKEHHS
3Ha4eHHs ST K JiHIAHOI (yHKUII BHCOTH
ckeni abo xpeOTa HaJ OCHOBOWO, alle Y
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ANNEX A
(informative)

TOPOGRAFIC AMPLIFICATION
FACTORS

A.l This annex gives some simplified
amplification factors for the seismic action
used in the verification of the stability of
ground slopes. Such factors, denoted Sr, are
to a first approximation considered
independent of the fundamental period of
vibration and, hence, multiply as a constant
scaling factor the ordinates of the elastic
design response spectrum given in EN 1998-1:2004.
These amplification factors should in
preference be applied when the slopes belong
to two-dimensional topographic irregularities,
such as long ridges and cliffs of height greater
than about 30 m.

A.2 For average slope angles of less than
about 15° the topography effects may be
neglected, while a specific study is
recommended in the case of strongly irregular
local topography. For greater angles the
following guidelines are applicable.

a) Isolated cliffs and slopes. A value
St > 1,2 should be used for sites near the top
edge;

b) Ridges with crest width significantly less
than the base width. A value St > 1,4 should
be used near the top of the slopes for average
slope angles greater than 30° and a value St >
1,2 should be used for smaller slope angles;

c) Presence of a loose surface layer. In the
presence of a loose surface layer, the smallest
St value given in a) and b) should be
increased by at least 20 %;

d) Spatial variation of amplification factor.
The value of St may be assumed to decrease
as a linear function of the height above the
base of the cliff or ridge, and to be unity at the
base.



OCHOBH
OJWHHUITIO.

3HAQYCHHs  INPUUMAETBCA 32

A.3 B mimomy, ceiicMiuHe 30UTBIICHHS
TaKOK IIBUAKO 3MEHIIYETHCS 3 TIIMOUHOIO Y
Mexax xpedra. Tomy Tonorpadivyai BIJIHBH,
3 SIKUMH Tpeba paxyBaTUCs MPU PO3PAXYHKY
CTIAKOCTI, € HaWOUIPIMIMMHU 1 TOJIOBHUM
YMHOM TIOBEPXHEBHUMH Y3IOBXK TI'peOCHIB
xpeOTiB 1 HabaraTo  MCHIIMMH  Ha
rMOMHHUX ~ oOBamax, 7€  IOBEpPXHs
pyHHYBaHHS IPOXOIUTH OOIN3Y OCHOBU. B
OCTaHHBOMY BHWIIAJIKy, INpPH BUKOPUCTAHHI
TMICEBJIOCTATUYHOTO  METOAY  PO3PaXyHKY,
TonorpadiyHUMU BILUIMBAMU MOKHA
3HEXTYBATH.
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A.3 In general, seismic amplification also
decreases rapidly with depth within the ridge.
Therefore, topographic effects to be reckoned
with in stability analyses are largest and
mostly superficial along ridge crests, and
much smaller on deep seated landslides where
the failure surface passes near to the base. In
the latter case, if the pseudo-static method of
analysis is used, the topographic effects may
be neglected.
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JIOJIATOK B
(o0OoB's13KOBHIA)

EMIIEPUYHI I'PA®IKH JJIA
CITPOLIIEHOI'O PO3PAXYHKY
PO3PIVKEHHSA

B.1 3aeanvui  nonooicenns.  EmmipuuHi
rpadikd IS CHOPOINEHOTO  PO3PaXyHKY
PO3PIKEHHS BiIOOPAKAIOTH MOJIC KOPEJISIIIii
MDK BUMIPSHUMH Ha MICHl 1 HUKITYHUMHA
Hampyramu 3CyBY, fKi, SIK BITOMO, NPU3BEIH
0 PpO3PIKEHHS B MpoOLECl MUHYINX
3emuieTpyciB. [lo ropu3oHTaIBHIN OCI TaKUX
rpa¢ikiB BIIKJIAQJAA€THCS BIACTUBICTh TPYHTY,
BUMIpSIHA Ha MiCLll, Taka SK HOPMOBaHMM
omip  TPOHUKHEHHIO  a00  MIBUAKICTh
MONTUPEHHST TIONEPEYHOT XBWJI Vs, a TIO
BEPTUKAIBHIN OC1 BIAKIAIA€THCA BUKIUKAHA
3eMJIETPYCOM IIMKIIIYHA Harpyra 3cyBy (Te),
3a3BMYall  HOPMOBaHE TI0 €(EKTHUBHOMY
TUCKYy BepxHix miactiB (c'w). Ha Beix
rpadikax 300pakeHa TpaHWYHA KpHUBa
IUKIIYHOTO ~ OTMOpYy, IO  BILAOKPEMIIIOE
ob6nacth 0e3 po3pimKEHHS (MpaBoOpyd) Bif
007acTi, Ae PO3pIIKEHHS MOKJIMBE (3J1iBa Ta
HaJ KpuBOW). [HOMI HABOJWUTHCSA KUIbKA
KPUBHX, HAMPUKJIAJ, BIAMOBIIHUX IPYHTaM 3
PI3HUM BMIiCTOM JIpiOHOT (pakiiii abo pi3HOIO
MarHuTyAO0 3€MJIETPYCIB.

Komu moTeHmiiHO po3pimKyBaHi TPyHTH
3yCTpidaloThCs B Imapax abo Mpomrapkax
TOBIIUHOK HE OUIBbIIE KUIBKOX HECITKIB
CaHTUMeETpa, OakaHO He 3aCTOCOBYBATHU
EeMITIPUYHI  KpHUTepii  PO3pLDKEHHs, 3a
BUHSTKOM KPHTEPIiB, 5IKi BUKOPUCTOBYIOTh
ONMip TpHU BUNPOOYBAHHAX HA CTATHYHE
3ouayBanus (BC3).

I[Ippy  HaAgBHOCTI  BIAMOBIAHOTO  BMICTY
IPaBilo, CXWUJBHICTh JO PO3PIIHKEHHS HE
BUKJIIOYEHA, ajle JIaHI CIOCTEPEKEHb MOKH
e HEeAOCTaTHI Juid MoOyJOBM HaAIHOTO
rpagika po3pipKeHHS.

B.2 [Ipagixu, 3acnosani mna Kinbkocmi
yoapie npu cmamoapmuux 6unpo0y8aHHsx
Ha Ha ounamiune 3onoyeanns (B/{3). Cepen
HaOUIbII ~ HIMPOKO  BUKOPHCTOBYBAHMX
3HaXo4ATbcs  Tpadiku, 300paxkeHi Ha
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ANNEX B
(normative)

EMPIRICAL CHARTS FOR
SIMPLIFIED LIQUEFACTION
ANALYSIS

B.1 General. The empirical charts for
simplified liquefaction analysis represent field
correlations between in situ measurements
and cyclic shear stresses known to have
caused liquefaction during past earthquakes.
On the horizontal axis of such charts is a soil
property measured in situ, such as normalised
penetration  resistance or shear wave
propagation velocity vs while on the vertical
axis is the earthquake-induced cyclic shear
stress (te), usually normalised by the effective
overburden pressure (c'v). Displayed on all
charts is a limiting curve of cyclic resistance,
separating the region of no liquefaction (to the
right) from that where liquefaction is possible
(to the left and above the curve). More than
one curve is sometimes given, e.g.
corresponding to soils with different fines
contents or to different earthquake
magnitudes.

Except for those using CPT resistance, it is
preferable not to apply the empirical
liguefaction criteria when the potentially
liquefiable soils occur in layers or seams no
more than a few tens of cm thick.

When a substantial gravel content is present,
the susceptibility to liquefaction cannot be
ruled out, but the observational data are as yet
insufficient for construction of a reliable
liguefaction chart.

B.2 Charts based on the SPT blowcount.
Among the most widely used are the charts
illustrated in Figure B.l for clean sands and
silty sands. The SPT blowcount value
normalised for overburden effects and for



Pucynky B.1 mist 4ucTHX MICKIB 1 MYJIHUCTHX
MICKIB. 3HAYeHHS KUIBKOCTI yJapiB mpu
CTaHJAPTHHUX BUIPOOYBAHHAX HA AUHAMIUHE
3onayBanns (B/13), HopmoBaHe 115 BIUIMBIB
BEPXHIX IUIACTIB MOPIJ Ta ISl BiTHOIICHHS
eneprii N1 (60) oTpuMyrOTh, SIK OTHCAHO B
4.1.4.

Po3pimkenHss He MoOke BIIOYTHCS HHKYE
MIEBHOT MEXI1 Te, OCKUIBKU TPYHT Bene cebe
NPY)KHO 1 HE Mae Miclus HaKOTHYCHHS
MIOPOBOTO THCKY. TOMYy IpaHWYHa KpUBa HE
€KCTPAIOIIOEThCS 10 TOYaTKy KOOPAMHAT.
[[lo6 3actocyBaTu 1el KpuTepid A0
MarHiTyi 3eMJeTpyciB, IO BIAPI3HSIOTHCS
Bix Ms = 17,5, ne Ms - warHityna
MOBEPXHEBOT XBWJIi, OpJAWHATH KPUBHX Ha
Pucynky B.1 ciig mOMHOXUTH Ha MOKa3HUK
CM, 3aznauenuit y Tabmuui B.1.

Taomauusa B.1 — 3Hauenus nokasauka CM

Table B.l — Values of factor CM
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energy ratio N1 (60) is obtained as described
in4.1.4.

Liquefaction is not likely to occur below a
certain threshold of te, because the soil
behaves elastically and no pore-pressure
accumulation takes place. Therefore, the
limiting curve is not extrapolated back to the
origin. To apply the present criterion to
earthquake magnitudes different from Ms
= 7,5 where Ms is the surface-wave
magnitude, the ordinates of the curves in
Figure B.l should be multiplied by a factor
CM indicated in Table B.I.

Ms CM
5,5 2,86
6,0 2,20
6,5 1,69
7,0 1,30
8,0 0,67

B.3 [Ipagixu, 3acumoeani na onopi npu
8UNPOOYBAHHSX Ha cmamuyne
3on0yeanna(BC3). Ha minctaBi uMcenbHUX
JTOCIIDKEHb TIPO  3B’SI30K  MDK  OIIOPOM
CTaTUYHOTO 30HJYBaHHS 1 OMOPOM IPYHTY
po3pikeHHI0 Oynu moOynoBaHi rpadiku,
noaiOH1 nmokazanum Ha Pucynky B.1. Takuit
OpsIMUKA  3B’S30K € KpamuM 3a HenpsMi
KOPEJISAILIL, 1[0 BUKOPUCTOBYIOTh 3AJICKHICTh
MDK KUIBKICTIO yJapiB NpH CTaHIApTHUX
BUNPOOYBAHHIX HA AMHAMIYHE 30HIYBaHHSI
(BA3) 1 onmopoM mnpu BHUIIPOOYBaHHSX Ha
ctatuuHe 30HayBaHHs (BC3).

B.4 [pagixu, 3acnosani Ha weuokocmi
nonepeunoi xeuni Vs. s BIacTUBICTH Mae
CHJIbHI TepeBaru SIK IOJIbOBUM IOKa3HUK

B.3 Charts based on the CPT resistance.
Based on numerous studies on the correlation
between CPT cone resistance and soil
resistance to liquefaction, charts similar to
Figure B.l have been established. Such direct
correlations shall be preferred to indirect
correlations using a relationship between the
SPT blowcount and the CPT cone resistance.

B.4 Charts based on the shear wave velocity
vs. This property has strong promise as a field
index in the -evaluation of liquefaction
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OpU  OIIHII CXWJIBHOCTI IPYHTIB 10
PO3pIUDKECHHS, Ui SKUX BAXKO BimdipaTu
npobu (HampukiIax, Myad 1 mmicku) abo
BUKOHYBaTH NMPOHUKHEHHS (TpaBiii). Takox,
3a OCTaHHI KiTbKa POKIiB Oysno 3po0ieHo
CYTTEBUH KpPOK BIIEpe]] Y OJILOBOMY BHUMIpi
Vs. OntHaK, 3B 530K MK Vs 1 OTOPOM IPYHTY
PO3PIUDKCHHIO BCE M€ 3HAXOAWTHCS B
mporeci  po3poOku 1 Horo HE  CIif
BUKOPHUCTOBYBATH 0€3 MATPUMKH (PaxiBIs.

susceptibility in soils that are hard to sample
(such as silts and sands) or penetrate
(gravels). Also, significant advances have
been made over the last few vyears in
measuring vs in the field. However,
correlations between vs and the soil resistance
to liquefaction are still under development
and should not be used without the assistance
of a specialist.

A B
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[ ' ' |
0,5 +  Em— 0,5 : : T
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h 1,2, 3,'
! o
1 | I |
0 0,4 ! 0,4 11 ,4
" / (AN
s ' j
1)
0,3 ———
02}  E—
0,1 i
0 0
0 10 20 30 40 0 10 20 30 40
M(60) M (60)
IMo3naveHHst Key

Te/6'vo - KOCDILIEHT HUKIIYHOTO HAIIPYTH
A - gucTti micku; B - MynucTi micku

kpuBa 1: 35 % npiOuoi
bpaxii
kpuBa 2: 15 % npiduoi
bpaxii
kpuBa 3: <5 % npiOHOi
bpaxii

Te/G'vo - CYClic stress ratio

A - clean sands; B - silty sands

curve 1: 35 % fines

curve 2: 15 % fines

curve 3: < 5 % fines

Pucynok B.1 — 3anexHicTh Mi BiTHOIIEHHSIM HaNpyr, 0 BUKJIMKAKTH PO3PilzKeHHS, i
3HauyeHHAMHU N1(60) 151 YHCTHX Ta MYJIMCTUX MiCKiB mpu 3eMmJuerpycax 3 Ms = 7,5.

Figure B.1 — Relationship between stress ratios causing liquefaction and N1(60) values for
clean and silty sands for Ms = 7,5 earthquakes.
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JOHAATOK C ANNEX C
(JdoBigkoBuii) (Informative)\
CTATUYHA KOPCTKICTb PILE-HEAD STATIC STIFFNESSES
OI'OJIOBKA ITAJII

C.1 XopcTKicTh Malli BU3HAYAETHCS SIK CHIIA C.1 The pile stiffness is defined as the force
(MOMEHT), IO MPHUKIATAETHCS O OrOJOBKA (moment) to be applied to the pile head to
nayi i BUKJIMKA€E OJWHUYHE JIiHIWHE (KyTOBE) produce a unit displacement (rotation) along
NepeMIillleHHsT B TOMY JK  HAlpsMKY the same direction (the
(MHIAHI/KYTOBI — MepeMillleHHs B IHIIMX displacements/rotations along the other
HamnpsIMKax  JIOPIBHIOKOTh HYIIIO), i directions being zero), and is denoted by
nmo3Havyaetecss K Kpnw  (Topu3oHTabHA Kun (horizontal stiffness), Kwm (flexural
KOpPCTKICTh), Kmm (3TMHANIBHA JKOPCTKICTD) 1 stiffness) and Knum = Kmn (cross stiffness).

Knim = Kmh (TTonepeuHa K0pCTKICTb).

HactynHi mo3HaueHHS BHKOPHUCTOBYHOTHCS The following notations are wused in

awxue B Taomuni C.1; Table C.I below:

E monysnp FOura mozeni rpyuty, piBauii 3G; E is Young's modulus of the soil model,
equal to 3G;

Ep momyns FOnra marepiany maii; E, is Young's modulus of the pile material;

Es moayns IOHra rpyHry Ha TIHOWHI, IO Es is Young's modulus of the soil at a depth

JOPIBHIOE JiaMeTpy MaJi; equal to the pile diameter,

d miamerp mai; d isthe pile diameter;

Z raubuHa maii. z isthe pile depth;

Tadumusa C.1 — Bupa3um 1 CTaTUYHOI KOPCTKOCTI THYYKHX NaJib, 3aHYPEHHX Yy TPH

Mo/ieJIi IPYHTY

Table C1 — Expressions for static stiffness of flexible piles embedded in three soil models

Monens rpyHTy Khn Km Kiim
Soil model dE, d’E, d’E,

E 0,35 E 0,80 E 0,60
E=E,-z/d 0,60-| 2 0,14.| > -0,17-| 2

ES ES ES

E 0,28 E 0,77 E 0,53
E=E, -z/d 0,79-| 2 05| 2 -0,24-|

E E E

S S S

£ 0,21 E 0,75 £ 0,50
E=E; 08| 2 0,16-| 2 -0,22-| 2

Es ES ES
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JIOJIATOK D
(moBimKOBHIT)

JAUHAMIYHA B3AEMOIIA I'PYHT-
BYIBJIA (BI'B). 3AT'AJIBHI BIVIUBMU 1
BAXKJIUBICTb

D.1 B pe3ynaprari aMHAMIYHOT B3aeMOJIil
«pYHT-OYHIBIIsI», ceiicMiuHa peakiis OymiBii
Ha THYYKIH OCHOBi, TOOTO  OymiBiIi,
pO3TaIlIOBaHOI HA I'PYHTI, IO AePOpMYETHCH,
Oyne BIIPI3BHATHCS KUTbKOMa CIocoOaMu Bif
BIAT'YKY Takoi * Oy/iBil, pO3TallOBaHOI Ha
KOPCTKOMY TPYHTI (HEpYXOMIil OCHOBI) Ta
CXWIBHOI 10  1AGHTUYHOTO  30YH’KEHHs
BUIBHOTO TOJIsl, 3 HACTYITHUX NIPUYHH:

a) pyx ¢yHmameHTy OymiBiIi Ha THYYKIH
OCHOBI OyZie BIIPI3HATHUCS BiJ pyXy BUIBHOTO
moJisl 1 MOKe BKJIFOYATH BAaXKJIMBY CKJIAJIOBY
KOJIMBaHb OY/IIBJI1 3 HEPYXOMOIO OCHOBOIO;

b) ocHOBHMIA mepioa KOJWBaHbL OymiBJIl Ha
THY4YKId OCHOBI Oyne Oulblie, HDK Tepioj
KOJIMBaHb OY/IIBJI1 3 HEPYXOMOIO OCHOBOIO;

C) mepiogu BIAaCHUX KOJWBaHb, (opMma
KOJIMBaHb 1 MOJANIbHI KoedilieHTH OyAiBiil Ha
THYYKIH OCHOB1 OyIyTh BIiIPI3HATHUCS BiJ THX
K€ TapaMmeTpiB  OyIiBIi 3 HEPYXOMOIO
OCHOBOIO;

d) 3zarampHe nemmdyBaHHS OynmiBii  Ha
THY4YKid OCHOBI Oyne BKiIOuaTH B cebe
nemMi(yBaHHS BUIIPOMIHIOBAHHSM 1 BHYTPIIIHE
neMryBaHHs, 10 BUHHKAE Ha KOPIOHI
«pyHT -QyHIaMEHT», Ha JOJaTOK JIO
neMripyBaHHs, TOB'SI3aHOTO 3 HAJI3EMHOIO
YaCTUHOIO OYIBIIL.

D.2 lna GunbmiocTi 3araibHUX OyAiBeNbHUX
CHOpYJ BIUIMBU B3a€MOJIl «IPYHT-OYIiBISI»
(BI'b), sx mpaBmiio, € KOPUCHUMH, OCKUIBKH
BOHU 3MEHIIYIOTh 3THHAIbHI MOMEHTH 1
3CYBHI 3YyCHWJIII B PI3HUX eleMeHTax
Haa3eMHO1 yacTuHu Oyximi. J{ns OyxiBens,
nepenidveHux y Po3zmini 6 BrumBH B3aeMoii
«IPYHT-OYIIBIIS» MOXKYTh OyTH IIKIJUIUBUMH.
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ANNEX D
(informative)

DYNAMIC SOIL-STRUCTURE
INTERACTION (SSI). GENERAL
EFFECTS AND SIGNIFICANCE

D.1 As a result of dynamic SSI, the seismic
response of a flexibly-supported structure,
i.e. a structure founded on deformable
ground, will differ in several ways from that
of the same structure founded on rigid
ground (fixed base) and subjected to an
identical free-field excitation, for the
following reasons:

a) the foundation motion of the flexibly-
supported structure will differ from the free-
field motion and may include an important
rocking component of the fixed-base
structure;

b) the fundamental period of vibration of the
flexibly-supported structure will be longer
than that of the fixed-base structure,

c) the natural periods, mode shapes and
modal participation factors of the flexibly-
supported structure will be different from
those of the fixed-base structure;

d) the overall damping of the flexibly-
supported structure will include both the
radiation and the internal damping generated
at the soil-foundation interface, in addition
to the damping associated with the
superstructure.

D.2 For the majority of common building
structures, the effects of SSI tend to be
beneficial, since they reduce the bending
moments and shear forces in the various
members of the superstructure. For the
structures listed in Section 6 the SSI effects
might be detrimental.



JIOJIATOK E
(o0OoB's13KOBHIA)

CINPOLLIEHUI PO3PAXYHOK JIJI5I
MIIMIPHUX KOHCTPYKIIA

E.1 ITo cyri, mOKa3HUK I' BU3HAYAETHCS 5K
BIJJTHOIICHHS MDK BEJIMYMHOIO IPUCKOPEHHS,
0 CTBOPIOE MAaKCHMAJIbHO 3aJIMILIKOBE
MepeMilIeHHS, CyMiCHE ICHYI0UHM
0OMEKEHHSIM, Ta BEJIMYHUHOIO, BIAMOBIIHOIO
CTaHy TpaHUYHOi pIBHOBaru (IOYaTOK
nepeMiiieHs). Takum 9uHOM, I OUTbIIe IS
CTIH, 3JaTHUX  BUTPUMYBATU  OUIbIIL
MepeMIIIEHHS.

E.2 JIng miamipHUX KOHCTPYKII BHUCOTOIO
oubmme 10 M Moxke  3A1HCHIOBATHUCS
OJIHOBUMIPDHUN PO3PaxXyHOK XBHJIb, IO
MIOIIUPIOIOTHECST BEPTUKAIBHO Y BUIBHOMY
TIOJTi, Ta MOYKHA OJIep>KaTH OUTBII JTOCKOHAITY
OIIIHKY O, JUTsl BUKOpUCTaHHA y Bupasi (7.1),
MPUHHSBIIA CEPEJIHE 3HAYCHHS IMIKOBHX
TOPU30HTAIBHUX MPUCKOPEHb TIPYHTY IIO
BHCOTI KOHCTPYKITIi.

E.3 TIloBHa mnpoekTHa cwmia, Jiroya Ha
MIIIIpHY KOHCTPYKITiFO 3 OOKY, 3aXHIIEHOTO
rpyHTOM, Ed, oOTprMyeThCS 32 hopMyII0I0
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ANNEX E
(normative)

SIMPLIFIED ANALISIS FOR
RETAINING STRUCTURES

E.1 Conceptually, the factor r is defined as
the ratio between the acceleration value
producing the maximum  permanent
displacement compatible with the existing
constraints, and the value corresponding to
the state of limit equilibrium (onset of
displacements). Hence, r is greater for walls
that can tolerate larger displacements.

E.2 For retaining structures more than 10 m
high, a free-field one-dimensional analysis
of wvertically propagating waves may be
carried out and a more refined estimate of a,
for use in expression (7.1), may be obtained
by taking an average value of the peak
horizontal soil accelerations along the height
of the structure.

E.3 The total design force acting on the
retaining structure from the land-ward side,
Eq is given by

1.,
Ey = (1xk,)K-H? +Epg +Epg. (E.1)

Ie
H Bucorta cTiHu;
Ews rimpocraTuuni 3ycuiis;

Ewd rimpomuHamivuHi 3ycuiuis (BU3HAYEHO
HIDKYE);

" mUTOMa Bara IpyHTy (BU3HAYEHA HUKYE Yy
E.5-E.7);

K koe(iieHT THUCKY I'PYHTY (CTaTMYHHUM +
JTUHAMIYHUR);

kv BepTUKaNbHHI CeHCMIYHUI Koe(ilieHT
(muB. Bupasu (7.2) i (7.3)).

where
H is the wall height;
Ews is the static water force;

Ews is the hydrodynamic water force
(defined below);

y" is the soil unit weight (defined below in
E.5to E.7);

K is the earth pressure coefficient (static +
dynamic);

kv is the vertical seismic coefficient (see
expressions (7.2) and (7.3)).
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E.4 KoedimieHT THCKY TpPYHTY MOKHA
po3paxyBatu 3a ¢opMmynoro MoHOHOOE i
Oxao0e.

JIns1 akTUBHUX CTaHIB:

ko B<¢'q-0

E.4 The earth pressure coefficient may be
computed from the Mononobe and Okabe
formula.

For active states:

if B<¢'a-0

. 2 '
(-4, . e
0 sir?w sin(u—0—5.|1 sin(¢y + 84 )sin(¢y —B - 0)
cos 0 sin” y sin(y d)|: +J sin(y 0 5,)sin(v +5)
Ko B> ¢'q- 0 ifg>d'a-0
. 2
K = sin (\V+¢—9) (E.3)

Jlnsi macuBHUX CTaHIB (BIACYTHICTH OIOPY
3CYBY MK I'PYHTOM 1 CTIHOIO):

sin” (v + o

~ cosH sin2\|f sin(\u—e—sd)'

For passive states (no shearing resistance
between the soil and the wall):

—0) (E.4)

singy, sin(¢, +p - 0)

cos 6 sin” y sin(y + 9)[1—\/

VY mnomepenHiX BUpa3aX BUKOPHCTOBYIOTHCS
HACTYITH1 O3HAYECHHS:

¢'d TIPOCKTHE 3HAYEHHS KyTa OIOPY 3CYBY
TPYHTY, T. €.
:tan_l[ J;

Y i KyTd BIIXWIEHHS 3a/JHBOI YaCTUHU
CTIHM 1 MOBEPXHI 3BOPOTHBOI 3aCHIIKHU Bij
TOPU30HTAJIBHOI JIiHII, $K II0OKa3aHO Ha
Pucynky E.1;

tan¢’
Yo

’

d

¢

Od TpOEKTHE 3HAYeHHS KyTa TepTsSd MiK
I'PYHTOM 1 CTIHOIO, TOOTO
-1
3y =tan (
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sin(\y + B)sin(\u + e)

T

In the preceeding expressions the following
notations are used:

¢'a is the design value of the angle of
shearing resistance of soil i.e.

= tan_l(

y and B are the inclination angles of the back
of the wall and backfill surface from the
horizontal line, as shown in Figure E.1;

tan¢’
Yo

’

d

¢

d¢ is the design value of the friction angle
between the soil and the wall i.e.

|

tand

Ty



0 kyr, Bu3HaueHnuit ouwxue B E.S - E.7.

Bupaz s macuBHHMX CTaHIB  Oa)kaHO
BUKODUCTOBYBATH  JUIf BEPTUKAIBHOT
noBepxHi ctinu (y = 90°).

E.5 Pigenwv tpynmosux 600 Hudicue nionipHoi

cminu - Koegiyienm mucky tpynmy.

3acTOCOBYIOTHCS] HACTYITHI ITAPaAMETPH:
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0 is the angle defined below in E.5to E.7.

The passive states expression should
preferably be used for a vertical wall face

(v =90°).

E.5 Water table below retaining wall - Earth
pressure coefficient.

The following parameters apply:

¥" Ile mUTOMa Bara IpyHTY, y" is the soil unit weight (E.5)
k
tan@ = 1Trhkv : (E.6)
Ewes =0 (E.7)
ne where
Kh ropu3oHTaNIBHUI cericMIYHMI kn is the horizontal seismic coefficient (see

koedirieHT (nuB. Bupas (7.1)).

B SIKOCTI aITbTEpPHATHBH, MOJKHA
BUKOPUCTOBYBaTH TaOuuiil 1 rpadiky, 10
3aCTOCOBYIOTBCSL JUISI CTaTUYHOTO CTaHy
(TUTbKM  TpaBiTaliiiHI HaBaHTa)XEHHS) 3
HaCTYIMTHUMU 3MiHAMU:

expression (7.1)).

Alternatively, use may be made of tables
and graphs applicable for the static condition
(gravity loads only) with the following
modifications:

MMO3HAYCHHS denoting
tano n (E-8)
Aoas K, ’ '
Ta and
tanf, = n (E.9)
® 1-k

the entire soil-wall system is rotated
appropriately by the additional angle 6a or
Os. The acceleration of gravity is replaced
by the following value:

BCS CHUCTEMa TPYHT-CTIHA TIOBEPTAETHCS
BIJIOBIIHO Ha JOJATKOBHI KyT Oa abo Og.
[IpucKOpeHHs CHIM TSOKIHHS 3aMIHIOETHCS
HACTYITHUM 3HA4YCHHSIM:

gll+k,
C0s 0,
abo or
g(l-k,
Cos 0y
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E.6 Junamiuno menpouuxwui tpynmu Hudicue
pisHs epynmosux 600 - Koegiyienm mucky

3acTOCOBYIOThCSl HACTYIIHI TapaMeTpH:

E.6 Dynamically impervious soil below the
water table - Earth pressure coefficient.

The following parameters apply:

Y =Y - Yw, (E.12)
Y kh
tano = = , (E.13)
Y-7, 1F kv
Ewd=0 (E.14)
e where

vy HacuyeHa (00'eMHa) MUTOMA Bara IpyHTY;
Yw TIHTOMA Bara BOJIH.

E.7 Jquuamiuno (cunvno) npoHukui rpyHmu
HudiCue pieHs epyHmosux 600 - Koeghiyienm

MUCKY TPYHMY .

3acTOCOBYIOTHCS HACTYITHI TTApaMETPH:

v is the saturated (bulk) unit weight of soil;
yw IS the unit weight of water.

E.7 Dynamically (highly) pervious soil
below the water table - Earth pressure

coefficient.

The following parameters apply:

Y =Y - Yw (E.15)
tang= o Ko (E.16)
Y=Y l$kv
E =k oy HZ (E.17)
wd _12 h yw ' '
e where

Yd CyXa IIMTOMa Bara IpyHTY,

H' BucoTa piBHS rpyHTOBUX BOJI BiJl OCHOBH
CTIHH.

E.8 liopoounamiynuii muck Ha 308HiuiHIO
NOBEPXHIO CMIHU.

I1e Tuck, q(z), MOKHA BU3HAYHUTH SIK:

7
q(z):igkh Y ~h-z,
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vd is the dry unit weight of the soil;

H’ is the height of the water table from the
base of the wall.

E.8 Hydrodynamicpressure on the outer
face of the wall.

This pressure, q(z), may be evaluated as:

(E.18)



ne  kn  ropusoHTaNbHUE  CceHCMiYHMIA
Koedimient npu I = 1 (nuB. Bupas (7.1));

h BiTbHUI Hamip BOAM;

Z  BepTHKaJdbHa,  CHOpSMOBAaHA  BHM3,
KOOpAMHATa 3 TII0YaTKOM KOOpAHMHAT Ha
MOBEPXHI BOJIH.

E.9 3Bycunns 6i0 mucky ipynmy 0ons
HCOPCMKUX KOHCMPYKYITLL

JInst JKOPCTKMX KOHCTPYKIIHM, sSIKI TOBHICTIO
3aKpilUIeHI, TaKk IO B TIPYHTI HE MOXKe
PO3BHHYTHCS AaKTUBHMHA CTaH, Ta JUId
BEPTUKAJIBHOI CTIHM 1 TOPU3OHTAIBHOL
3BOPOTHBOI 3aCUNKH, IUHAMIYHY CHJIY BiJ
30UTBIIEHHS] TUCKY TPYHTY MOXHA MPUUHATH
PIBHOIO

APg=a-S-

ne H Bucora crinu.

TO'—IKy HpI/IKJ'IaJIaHHSI MOJXHaA B3JdTH HaA
CeperHI BUCOTH.

P

aKTUBHHUU cTaH
active
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where kn is the horizontal seismic coefficient
with r = 1 (see expression (7.1));

h is the free water height;

z is the vertical downward coordinate
with the origin at the surface of water.

E.9 Force due to earth pressure for rigid
structures

For rigid structures which are completely
restrained, so that an active state cannot
develop in the soil, and for a vertical wall
and horizontal backfill the dynamic force
due to earth pressure increment may be
taken as being equal to

y - H?, (E.19)
where H is the wall height.

The point of application may be taken at
mid-height.

v

A N e

HacUBHUH CTaH
passive

Pucynok E.1 - Kyrn, mo BUKOpHCTOBYETHCSE Y GopMyJiax Ajsi 004ncaeHHs KoedinienTa

THCKY IPYHTY

Figure E.I — Convention for angles in formulae for calculating the earth pressure

coefficient
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JIOJIATOK F
(moBimKOBHIT)

CEVMCMIYHA HECYYA 3JATHICTH

OYHJAAMEHTIB MIVIKOT'O
3AKJTAZJEHHSA

F.1 3aeanvnuii eupas. CTIHKICTh TPOTH

BTpaTH CEHUCMIYHOI Hecydoi 3JaTHOCTI
CTPIYKOBHX byHIaMeHTIB MLIKOTO
3aKJIa/laHHs, 110 CIHPAIOTHCS Ha

OJIHOPITHUI TPYHT, MOKHa INEPEBIPUTH 3a
JONIOMOTOK0  HAaCTYIHOTO  BUpa3y, IO
3B'SI3y€ MILHICTh IPYHTY, MPOEKTHY [iI0
BmBiB  (Ned, Ved, Med) Ha piBHI
(GyHIaMEeHTY 1 CHJIM 1HEpIIil B TPYHTI:

(1-¢F)7 (pV)”

ANNEX F
(informative)

SEISMIC BEARING CAPACITY OF
SHALLOW FOUNDATIONS

F.1 General expression. The stability
against seismic bearing capacity failure of a
shallow strip footing resting on the surface
of homogeneous soil, may be checked with
the following expression relating the soil
strength, the design action effects (Ned, Ved,
Meq) at the foundation level, and the inertia
forces in the soil

(9| (s-mP*)" - N_:|b ()" | (- mP*)" - N_:|d

_ N - AV
HeN:VRd Ed,V:deEd
Nmax Nmax
Nmax MakcHMMallbHa Hecy4Ya 3JaTHICTh
dbyHIaMEHTYy T €0  BEPTUKAIBHOTO

LEHTPAJIbHOTO HABAHTA)KEHHS, BU3HAUYEHA B
F.2TaF.3;

B mmpuna pynnameHty;

F  Oe3po3mipHa cuja iHepuii TIpyHTY,
Bu3HayeHa B F.2 ta F.3;
YRd BIIHOCHUM  Koe(illieHT  Moaeni

(3Ha‘{eHH5{ ObOro ImapamMeTpa HABCIACHO B
F.6);

a, b,c d e fmKk Kk,crcm cm By
YHCeNbHI TapaMeTpH, SIKi 3aJ1eKaTh BiJ] TUILY
IpYHTY, BU3HaueHi B F.4.

F.2 [Ilognicmio 36'szanuti  epymm. s
MOBHICTIO 3B'I3aHUX IPYHTIB 200 HACHYEHUX
HE3B'A3aHUX IPYHTIB TIpaHUYHA Hecyya
3MaTHICTh M  Ji€l0  BEPTUKAIBLHOTO
LEHTPAJILHOTO HaBaHTaXXEHHS Nmax
BUPAKAETHCS HACTYITHUM YMHOM
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(F.1)

(F.2)

Nmax IS the ultimate bearing capacity of the
foundation under a vertical centered load,
defined in F.2 and F.3;

B is the foundation width;

F is the dimensionless soil inertia force
defined in F.2 and F.3;

Yrd IS the model partial factor (values for
this parameter are given in F.6);

a, b,cde fmkK,crcm Cw B, yare
numerical parameters depending on the type
of soil, defined in F.4.

F.2 Purely cohesive soil. For purely
cohesive soils or saturated cohesionless soils
the ultimate bearing capacity under a
vertical concentric load Nmax is given by
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n
Nppax = (7+2)—B, (F.3)
Tm
e where
c MIIHICTD Ha 3CYB HEIPECHOBAHOTO ¢ Is the undrained shear strength of soil,

IPYHTY, Cu, U1 3B'SI3aHOrO0 IPYHTY abo
[UKIIIYHA MIMHICTP Ha 3CYB, Toyu, IS
HE3B'SI3aHUX HEJPCHOBAHUX IPYHTIB;

YM BIIHOCHMI KOE(]IlieHT BJIACTUBOCTEH
marepiany (auB. 3.1 (3)).

Besposmipra cumna idepuii TpyHTy F
00YMCITIOETHCS TAKUM YHHOM

il
Il

ne
p MATOMA Maca IPyHTY;,

dg TIDOEKTHE TIPHCKOPEHHS IPYHTY JUIsA
rpynty tHIy A (ag = Y1 agr);

agr JOBIAKOBE IMKOBE MPUCKOPECHHS IPYHTY
JUISl TPYHTY TUNY A;

Y1 KoedilieHT BiAMOBITAIBHOCTI,

S koedimieHT TpPYHTY, BHU3HAYEHUU Yy
EN 1998-1:2004, 3.2.2.2.

HactymHi 0OMexXeHHsT 3aCTOCOBYIOTHCS VIS
BHUpa3dy BH3HAYCHHS 3arajbHOi HECy4oil
3JIaTHOCTI

Cu,, Tor cohesive soil, or the cyclic undrained
shear strength, tcy,u, for cohesionless soils;

ym is the partial factor for material
properties (see 3.1 (3)).

The dimensionless soil inertia force F is
given by

(F.4)

where

p is the unit mass of the soil;

ag is the design ground acceleration on type
A ground (ag = Y1 agr);

agr IS the reference peak ground acceleration
on type A ground;

1 is the importance factor;

S is the soil factor defined in

EN 1998-1:2004, 3.2.2.2.

The following constraints apply to the
general bearing capacity expression

0<N<1, V|<1. (F.5)

F.3 Ilosnicmio mnesé’sizanuti rpynm. s
MOBHICTIO CYXMX HE3B'SI3aHMX IPYHTIB abo
JUIi HACHYEHUX HE3B'A3HUX IPYHTIB 0e3
3HaYHOTO 3pOCTaHHs IOPOBOIO  THUCKY,
rpaHUYHA Hecy4a 3JaTHICTh (QYHIAAMEHTY
OyniBii pu hisil BEPTUKAJIBHOTO
LEHTPAJILHOTO HaBaHTAXEHHS Nmax

F.3 Purely cohesionless soil. For purely dry
cohesionless  soils or for saturated
cohesionless soils without significant pore
pressure building the ultimate bearing
capacity of the foundation under a vertical
centered load i Nmax is given by
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00UYMCITIOETHCI TAKUM YUHOM

ne
g TPUCKOPEHHS CHIJIH TSHKIHHS;

av BEpPTUKAIbHE MPHUCKOPEHHS IPYHTY, SIKE
Mo>kHa nipuiHITH piBHEM 0,544 - S;

N, moKa3HUK Hecydoi 3aTHOCTI, (QYHKIIS
MIPOEKTHOTO KyTa OIMOpPY TPYHTY 3CYBY ¢'d
(sixuit BKJIOYA€ B cebe 4aCTKOBUN MOKAa3HUK

JUI BJIaCTHBOCTEH Marepiany ym 3 3.1(3),
nuB. E.4).

besposmipna cwia iHepmii TIpyHTYy F
0OYHCITIOETHCS TAKUM YHHOM:

Hactynne oOMmexeHHsI 3aCTOCOBYETHCS 10
3arajabHOTrO BUpa3y

j B°N,, (F.6)

where
g is the acceleration of gravity;

ay is the vertical ground acceleration, that
may be taken as being equal to 0,544 - S;

N, is the bearing capacity factor, a function
of the design angle of the shearing resistance
of soil ¢’q (which includes the partial factor
for material property ym of 3.1(3), see E.4).

The dimensionless soil inertia force F is
given by:

(F.7)

The following constraint applies to the
general expression

0<N<(1-mF)" . (F.8)

F.4  Yucenvni napamempu. 3HaYeHHSA
YHCJIOBUX MapaMETPiB y 3araJibHOMY BHpa3i
HECY4YO0i 37aTHOCTI, IO 3aJIe)KaTh BiJ TUITY
IPyHTY, Bu3HaueHux y F.2 ta F.3, HaBeneHi
B Tabmuui F.1.

F.5 B Haii6inpln momupeHux BUNagkax F
MOke Oytu nmpuiiHaTa piBHOO 0 s
3B'sI3aHUX  IPyHTIB. [lns  He3B‘s3aHUX

IPYHTIB F MO’KHA 3HEXTYBAaTH, SKIIO dg - S
< 0,1 g (To6T0 s1KIIO Ag - S < 0,98 M/c?).

F.6 BignocHuii koedimieHT Mozaeni Yrd

npuiiMae 3HauYeHHs, HaBeneHi B TalOmwiri
F.2.

56

F.4 Numerical parameters. The values of
the numerical parameters in the general
bearing capacity expression, depending on
the types of soil identified in F.2 and F.3,
are given in Table F.1.

F.5 In most common situationsF may be
taken as being equal to 0 for cohesive soils.
For cohesionless soils F may be neglected if
ag-S<0,1g (ie.,ifag-S <0,98 m/s?).

F.6 The model partial factor yrq takes the
values indicated in Table F.2.
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Tabumus F.1 — 3HadeHHs1 YHCeJbHUX NapaMeTPiB, sIKi BUKOPHUCTOBYIOThHCSI Y BHpa3i

(F.1)

Table F.I — Values of numerical parameters used in expression (F.I)

[ToBHiCTIO 3B'I3HUN TPYHT [ToBHiCTIO HE3B'SI3HUH TPYHT
Purely cohesive soil Purely cohesionless soil
a 0,70 0,92
b 1,29 1,25
c 2,14 0,92
d 1,81 1,25
e 0,21 0,41
f 0,44 0,32
m 0,21 0,96
k 1,22 1,00
k' 1,00 0,39
cr 2,00 1,14
Cm 2,00 1,01
C'm 1,00 1,01
B 2,57 2,90
v 1,85 2,80

Taoauus F.2 — 3HaueHHs1 BITHOCHOT0 KoedinieHTa Mojei YRrd

Table F.2 — Values of the model partial factor yrd

ITicok
CepeIHbO1
LIUIBHOCTI -
LIUTBHUN HICOK

Medium-dense
to dense sand

Hess'a3anuii
CyXHil micoK

Loose dry sand

Hes'sszanuit
HacU4YeHUH
IIICOK

Loose saturated
sand

Heuytinsa
IJIMHA

Non sensitive
clay

Uyrnusa rivHa

Sensitive clay

1,00

1,15

1,50

1,00

1,15
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JOIATOK HA
(TOBIIKOBHIA)

NEPEJIK HAIIIOHAJIbBHUX CTAHJAPTIB YKPAIHU (JICTY),
IJEHTUYHUX MC, IOCUJIAHHS HA SKI € B EN 1998-5:2004

[To3HaueHHs Ta Ha3Ba Cryminp [To3naueHHs Ta Ha3Ba HAI[IOHAIBHOTO CTAHAAPTY

€BPOIEUCHKOTO BIJIMOBITHOCTI Vkpainn (ACTY)

CTaHIAPTY

EN 1990 Eurocode - IDT JCTY-H b EN 1990:2008 «EBpokon. OcHoBu
Basis  of  structural npoekTyBanHs koHcTpykiii (EN 1990:2002, IDT)»
design
EN 1997-1 Eurocode 7 IDT JNACTY-H b EN 1997-1:2010 «€Bpokonm 7.
— Geotechnical design - I'eotexniune mpoekTyBanHsi. Yactuna 1. 3aranbHi
Part 1. General rules npasmia (EN 1997-1:2004, IDT)»
EN 1997-2 Eurocode 7 IDT JNACTY-H b EN 1997-2:2010 «€Bpokonm 7.
- Geotechnical design - I'eotexHiuHe MPOCKTYBAHHSI. YacTtuHa 2.
Part 2: Ground Jocmimkenas i BUIIPOOYBaHHS TPYHTY
investigation and testing (EN 1997-2:2007, IDT)»
EN 1998-1 Eurocode 8 IDT JACTY-H b EN 1998-1:2010 «EBpoxon 8.
- Design of structures [TpoekTyBaHHS CEMCMOCTIHKUX KOHCTPYKIIIH.
for earthquake resistance Yactura 1. 3arampHi mpaBuia, cedcMmiuHi il
- Part 1: General rules, npasuia mozo cropyx (EN 1998-1:2004, IDT)»
seismic actions and rules
for buildings
EN 1998-2 Eurocode 8 IDT JACTY-H b EN 1998-2:2012 «E€Bpoxon 8.
- Design of structures [IpoekTyBaHHs CEHCMOCTINKHIX KOHCTPYKIIIH.
for earthquake resistance Yacrtuna 2. Moctu (EN 1998-2:2005, IDT)»
- Part 2: Bridges
EN 1998-4 Eurocode 8 IDT JACTY-H b EN 1998-4:2012 «EBpoxon 8.
- Design of structures [IpoekTyBaHHs CEHUCMOCTINKHUX KOHCTPYKIIIH.
for earthquake resistance Yactuna 4. CwtocHi Oamrt, pesepByapu Ta
- Part 4: Silos, tanks and tpyborposoau (EN 1998-4:2006, IDT)»
pipelines
EN 1998-6 Eurocode 8 IDT JACTY-H b EN 1998-6:2012 «EBpokon 8.
- Design of structures [IpoexTyBanHs CEHCMOCTINKHUX KOHCTPYKIIIH.
for earthquake resistance Yactuna 6. bBamtk, Bexi 1 JUMOBI TpyOM

- Part 6: Towers, masts
and chimneys

(EN 1998-6:2005, IDT)»
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Kox YKHJT 91.120.25

KarouoBi cioBa: 3emierpyc, €Bpokoau, CEHCMOCTIMKICTb, MpaBuia

MPOCKTYBaHHS, (PYHIaMEHTH, MIANIPHI KOHCTPYKIlli, CEMCMIYHI HaBaHTa)XEHHS,

IDYHT.

ITepmnit 3actynnuk gupekropa 1T HAIBK
3 HayKkoBOi po6oTH, rosnoBa TK 304
,»3aXHUCT OyAiBeNb 1 criopya” FO. HemuunoB

3aBigyBay BiIJIIJIOM aBTOMATH3aIli1 JOCIIKEHb
Ta CeUCMOCTIMKOCTI Oy 1iBEJIb 1 CIIOPY/I,
HAyKOBHM KEPIBHUK O. XaBkiH

3aBimyBay jabopaTopii Teopii CEMCMOCTIMNKOCTI

Ta JUHAMIYHUX BUIIPOOYBaHb,
BIAMOBIJAJILHAI BUKOHABELD M. Map‘enkoB
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