W

ey

HAIIOHAJILHUI CTAHJIAPT YKPATHU

€BPOKO/l 7. TEOTEXHIYHE TIPOEKTYBAHHA

YACTHHA 1. 3ATAJILHI TIPABIJIA
(EN 1997-1:2004, IDT)



IIpaBo BiaacHoOCTI HA Hell JOKYMEHT HAJICJKHUTH JIepKaBi.
Ieii toKyMeHT He MOske OyTH NMOBHICTIO YH YaCTKOBO BiATBOpPEHMIi, THPAKOBAHMIA
i posnoBclokenuii ik odiniiine BUIaHHA (€3 A03BOJIY
MiHicTepcTBa perioHaJIbHOr0 PO3BUTKY Ta OyAiBHMIITBA Y KpaiHH

©Minperion0yn Ykpainu, 20XX

HAIIIOHAJBHUM BCTYII

Lleit cranmapt € Torokumi mepeknanx EN 1997-1:2004 Eurocode 7:
Geotechnical design - Part 1: General rules (€Bpokox 7: I'eotexHiune
npoektyBaHHs. Yactuna 1. 3aranpHi paBuia) 3 TeXHI4YHOIO nonpaBkoto EN 1997-
1:2004/AC:2009.

EN 1997-1:2004 mnigrorosieno Texuiunum komitetom CEN/TC 250,
cekpeTapiatom sikoro kepye BSI.

J10 HaIiOHABLHOTO CTAHIAPTY JOJYYCHO aHTJIOMOBHUM TEKCT.

Ha teputopii Ykpainu sik Hal[loHAIBHUM CTaHAAPT JI€ JIiBa KOJOHKA TEKCTY
JCTY-H b EN 1997-1:2010 €Bpokop 7. 'eoTrexHiune npoekTyBaHHs. YacTtuna 1.
3aranbhi npasuia (EN 1997-1:2004, IDT), BukiaaeHa yKpaiHCHKOI MOBOIO.

Bignoimno g0 JIBH A.1.1-1-2009 «Cuctema crangapTtu3amii Ta
HOpMYBaHHS B OyMiBHUIITBI. OCHOBHI MOJIOKEHHS» 1€ CTaHAAPT BIAHOCUTHCS J10
koMIuiekcy B.2.1 «OcHoBu Ta pyHIaMeHTH OyIMHKIB 1 CIIOPYI».

CraHgapT MICTUTh BUMOTH, $IK1 BIATIOBIIAIOTh YUHHOMY 3aKOHOJIaBCTBY.

HaykoBo-TexHiuHa oprasizaiis, BiamoBimaibHa 3a 1med cranmapt — JII
HIIBK.

Jlo cTangapTy BHECEHO TaKi peAaKIliiiHi 3MIHU:

- CIIOBa «Iel MIKHAPOJHUN CTaHIApT» 3aMIHEHO Ha «IIel CTaHIapT;
- CTPYKTypHI eneMeHTH cTaHaapty: «OOkmaauHky», «IlepeamoByy,

«HarionaneHuii BcTymy, «BusHaueHHs1 moHsATh»Ta «bibmiorpadidni qaHi» -

o OopMIIEHO 3TiTHO 3 BUMOTaMH HAI[lOHAJIBHOI CTaHAapTU3aIlii Y KpaiHu;

- HallOHAJIbHUHN JOBIAKOBUN JOJATOK HABENICHO SIK HACTAaHOBY JIJIs

KOPHUCTYBayiB.

[lepenix namionaneHux crangapTiB Ykpaiaun (ACTY), inentuununx MC,
nocuiaHHs Ha ki € B EN 1997-1:2004, naBeaeno B qomatky HA.

Komii MC, HenpuiiHATUX SK HaIlIOHAJIbHI CTAaHIAPTH, Ha SKi € mocmianas EN
1997-1:2004, moxxna otpumatu B ['omoBHOMY (DOHII HOPMATUBHUX JOKYMEHTIB
HIT «YxpHIHIL».

Texnaiuna monpaska EN 1997-1:2004/AC:2009 no EN 1997-1:2004 monana B
kiami ACTY-H b EN 1997-1:2010 micas nomatky HA.
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IlepexmoBa

Heii nokyment (EN 1997-1) 6yB miarotoBieHui
Texuiunum komiterom CEN/TC250 "ByaiBenbHi
€Bpokoau", CeKperapiaT SKOro 3HaXOIHUTHCI Y
Benenni BSI.  CEN/TC250 BiamoBimae 3a Bci
KoncrpykruBHi €Bpokoau.

L« €Bponeiickka Hopma Moxe oTpuMaTH CTaTyc
HaIllOHaNIbHOI ~ HOpMH  abo  myOJiKaliero
IIGHTUYHOTO  TeKCcTy, abo  paTudikalliero
(cxBasieHHAM) He mi3HinIe TpaBHsa Micsis 2005 p.,
1 cynepewnBi HaIlOHATBHI HOPMHU MaloTh OyTH
aHyJIbOBaHI He mi3Hie 3a oepe3enb 2010 poky.
Leit nokymenT 3aminioe ENV 1997-1:1994.
Bignosinno 1o Buyrpimbboro Permamenty
CEN/CENELEC nana eporeiickka HOpMa Mae
Oytu BBeIeHA B bisi e} Hal10HAJILHUMU
OpraHizalisiMi 1O CTaHJApTH3allii HACTYIMHHX
kpain: Himeuunna, Asctpis, bensris, Kinp,
Hanist, Icmanis, Ecroniss, ®innsumis, ®paniis,
I'peris, Yropuwna, Ipmanmgis, Icnammis, Itamis,
JlroxcemOypr, JlaTeis, JIutea, ManbsTta, Hopseris,
lomnangis, Ilompmia, Ilopryramis, Yechbka
PecryGiixa, O0'ennane KopomisctBo,
CnoBauunna, Ciosenis, [lpetinapis i [lIBerris.

Foreword
This document (EN 1997-1) has been prepared by
Technical Committee = CEN/TC250  “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 by
March 2010.
This document supersedes ENV 1997-1:1994.
According to the CEN/CENELEC Internal
Regulations, the national standards organizations of
the following countries are bound to implement this
European Standard: Austria, Belgium,
Cyprus, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg,
Malta, Netherlands, Norway, Poland,

Portugal, Slovakia, Slovenia,

HAIIIOHAJILHUI CTAHAPT YKPATHI

€BPOKO/J[ 7. TEOTEXHIYHE ITPOEKTYBAHH
YACTHUHA 1. 3AT"AJIbHI ITPABUJTIA

€BPOKO/J[ 7. TEOTEXHNYECKOE ITPOEKTUPOBAHUE
YACTbD 1. OBILIME ITPABINJIA

EUROCODE 7. GEOTECHNICAL DESIGN
PARN 1. GENERAL RULES




OcHoBu nporpamn €Bpoxoais

B 1975 poui Kowmicis €Bpomnelchkoi CHUIBHOTH
NIpUiHSIIA pilIeHHs 00 IUIaHy Ail y cdepi OyniBHUIITBA
Ha mijgcraBi cratrti 95 VYromu. Metoro mmiaHy nid Oyio
YCYHEHHsS TEXHIYHMX NEpemkoi Uil TOpTiBIl Ta
Y3TOKEHHS TEXHIYHUX YMOB.

B wmexax mporo 1uiany mid  Kowmicis mowana
BIIPOBA/KYBATH CHUCTEMY Y3TO/KEHHWX TEXHIYHHX MpaBHII
JUISl IPOEKTYBaHHs OyJiBeNb Ta CIIOpPYA, IO HAa MEPIIOMY
eranmi MajJM CTaTH aJbTePHATHBOIO YHHHHM HOpMam
JIeprKaB-WIEHIB, a 3pELITOI0 MaJId 3aMiHHUTH iX.

[porsirom m'atHaguaTy pokiB Komicis, 32 10MOMOroro
[ocriliHOro KOMITETY, J0 CKIaay SKOrO BXOJIMIH
MPEJCTABHUKU JICP)KaB-wICHIB, po3polisuia mporpamy
€BpOKO/IIB, PE3yIHTATOM YO0 CTajia MyOJIiKAIlis MEepIIoro
MOKOJTiHHS €Bponeiicbkux HOpM y 80-X pokax.

B 1989 poui Kowmicis Ta nepxasu-uienn EU
(E€spormeiicbkoi  crinbHoTH) Ta EFTA  (€Bpomneiicbkoi
acomjaiii BinbHOI TOpriemi), Ha migcTaBi yroau! Mix
Kowmicieto Ta CEN (€BpomeiicbkuM KoMiTeToOM  3i
cTaHzapTHu3aiii), BHUPIIIWIM TepeAaTH MiAroTOBKY Ta
nyonikaiito €BpokoniB 1o CEN 3a momomororo cepii
Manzaris, mo0 y Mail0yTHpOMY HazlaTi €BpOKOaM CTaTycC
€sponeiicbkoro cranmapty (EN). Le ¢axruuno mos'szye
€Bpokoau 3 nonoxeHHsmu upekru Paau ta/abo pimeHs
Komicii ctocoBHO €BporeichbkUX CTaHIAPTIB (HAPHKIAL,
Hupexrua Pagu 89/106/EEC mono OyaiBeiabHUX BUPOOIB
— CPO - ta [upextuBu Pamum 93/37/EEC, 92/50/EEC i
89/440/EEC 1100 rpoMaichbKuX MPOEKTIB Ta KOMYHAIBHUX
nocyr 1 piBHoiHEUX JupektB EFTA, mo 3anoyarkoBaHi
3 METOIO CTAaHOBJICHHS BHYTPILIHBOTO PUHKY).

[Iporpama OyniBenbHUX €BPOKOMAIB BKIIOYAE HACTYITHI
CTaHZAPTH, IO 3arajioM CKJIAJAI0THCS 3 ICKITbKOX YaCTHH:

EN 1990 €Bpokon: OCHOBH IIPOEKTyBaHH:I
KOHCTPYKIIIf

EN 1991 €pokon 1: Iii Ha KOHCTpYyKIii

EN 1992 €Bpoxkox 2: [IpoekTyBaHHs 3a11i300€TOHHUX
KOHCTPYKIIN

EN 1993 €pokon 3: [IpoekTyBaHHS CTaIeBUX
KOHCTPYKIIN

EN 1994 €pokon 4: I[IpoexTyBaHHA
cTane3axi300eTOHHUX KOHCTPYKIIN

EN 1995 €pokon 5: [IpoekTyBaHHS JepeB'THIX
KOHCTPYKIIN

EN 1996 €Bpokon 6: [IpoekTyBaHHS KaM'sTHUX
KOHCTPYKIIN

EN 1997 €Bpokon 7: ['eorexHiuHE IPOSKTYBAHHS
EN 1998 €Bpokon 8: TIpoekTyBaHHS CEHCMOCTIHKIX
KOHCTPYKIIN

EN 1999 €spokon 9: IIpoekTyBaHHS aliOMiHi€BHUX
KOHCTPYKIIH

€BpOKOIM BU3HAYAIOTH BIMOBIAANBHICTE PO3MOPSIINX
OpraHiB JiepXKaB-WICHIB Ta 3aXHIIAIOTH iX MPAaBO BU3HAYATH
BEJIMYWHM, 110 CTOCYIOTHCS IMUTaHb PETYIIOBAHHS Oe3MeKu
HA  HAIOHATBPHOMY  piBHI, SKIIO I{i  BEIWYHHHA
BIJIPI3HSIOTHCS JJIS BCIiX JepKaB-WICHIB.

Background of the Eurocode programme

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

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

For fifteen years, the Commission, with the help of a
Steering Committee with 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 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

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.



Cratyc Ta cdepa 3acTocyBanus €BpokoniB

Hepxasu-wienn EU Ta EFTA Bu3HaroTh, o €Bpokoau
€ OCHOBOIIOJIOXKHUMH JOKYMEHTaMH JUTS TAKUX ITITCH:

- K 3aci0 3a0e3neuyeHHs BiIIMOBITHOCTI OyaiBEIh Ta
criopyn ocHOoBHMM BuMoram JlupextuBu Pagn 89/106/EEC,
30KpeMa OCHOBHiH BuMO3i Nel “Mexaniynuii omip Ta
CTIHKICTEL” Ta OCHOBHIiH BMO3i Ne2 “TloxkexkHa Oe3meka”;

- SIK OCHOBA JUTsl YKJIaJIaHHS YOI Ha OyAiBeJIbHI poOOTH
Ta CyMyTHI 1HXEHEPHI MOCIYTH;

- SIK OCHOBA JUIsl PO3POOJICHHSI Y3TOJDKEHHX TEXHIYHHX
ymoB Ha OynisenbHi Bipoou (ENS ta ETAS).

Ockinbkr  €BpokoanM  0e3mocepelHbO  CTOCYIOTHCS
OyIiBENBbHHUX CIIOPYJ, BOHH MAalOTh NPSAMHHA 3B’S30K 3
TiyMauHUMU JOKyMEHTAMHZ, [0 MOCHIAIOTHCS HA CTATTIO
12 CPD, xoua BiJpI3HSIIOTECS BiJl TapMOHI30BaHMX
CTaHAapTiB Ha BUpoOW®. TakuM YMHOM, TEXHiUYHi acHEKTH,
110 BUHUKAIOTh IIPY 3aCTOCYBaHHI €BPOKOJIB, MAIOTh OyTH
BiZMoBiqHO po3risaHyTi Texuiynmmu komiteramu CEN
ta/abo pobounmu rpynamu EOTA, mo po3po0nsorh
CTaHIapTH Ha OyIiBeNbHI BUPOOH, IUIS JOCSTHEHHS MMOBHOI
BiJITIOB1THOCTI TEXHIYHUX YMOB €BPOKO/IaM.

€BpOKOOM  BCTAHOBIIOTH  3aralbHi  [paBmiIa
MPOCKTYBaHHS JUISl TOBCSIKICHHOTO 3aCTOCYBAaHHS SIK JUIS
NPOEKTyBaHHs OyaiBeNb B ILUIOMY, TaK 1 IX CKJIaJ0BHX
YaCcTHH, SK TpAAWIIWHUX, TaK 1 HOBUX. Y BHIaIKax
HetunoBoi (OpPMHU KOHCTPYKIIT a00 YMOB IPOEKTYBAaHHS,
[0 KOHKPETHO HE pO3IJIAAAIOTHCS, € HEeoOXimTHUM

JIO/IATKOBA €KCIEPTHA OIiHKA. JIJIS TPOEKTyBalbHUKA
Hauionanpni  cTaHgapTH, Wm0 BHPOBAKYIOTH
€Bpokoan

Harmionaneui CTaHIApTH, 1110 BIIPOBAKYIOTh
€BpOKOIHN, MICTATH MMOBHUHA TEKCT €BPOKOAY (BKIIFOYHO 3
ycima gomatkamu), 1o Bumammid CEN, saxwmit moxe
JONOBHIOBaTH HallioHanpHMH THTYABHHM apKymnr Ta
HarmionansHuit BCTym Ha mMOYaTKy, a TakoK HarioHamsHUN
IOJATOK B KIHI.

HarmionanbHu TOMATOK MOXKE MICTHTH 1H(OpPMAIIIO
JIUIIIE CTOCOBHO THX ITapaMEeTPiB, M0 3aIHIICHI BiTKPUTUMHI
B €Bpokomax s HaIliOHANBHOrO BHOOPY, TaK 3BaHi
HarmionansHO BH3HA4eHI MapaMeTpH, Ta 3aCTOCOBYIOTHCS
JUTS TIPOSKTYBaHHS Ta OyIIBHUIITBA y KOHKPETHIN KpaiHi, a
came:

- 3Ha4YeHHS Ta/ab0 Ki1acH, sKi B €BPOKOII MAIOThCS Ha
BHOIp;

- 3HAYCHHA, I SIKUX Y €BpOKO,Z[i JaHO JIMOIC
IIO3HAYCHHA,

- ocobnmBoCTI naHoi kpainu (reorpadivHi, KIiMaTHIHI
TOIIIO), HAMTPUKIIA], KapTa CHIrOBOI'O TIOKPUBY;

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)

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 a full compatibility of
these technical specifications with the Eurocodes.

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

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

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

— values 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,



- METOJIMKA, Ul IKOI B €BPOKOJII TAHO aJIbTCPHATHBHI
METOIHKH.

Moske TaKOoK MICTUTH:
- pilIeHHS MO0 3aCTOCYBAHHS JOBiTKOBHX JIONATKIB;

- TOCWIAHHSI Ha JOJATKOBY HE CYNEPECWIUBY
iH(pOpMalifo, 0 AOIOMarae KOpUCTyBayeBi 3aCTOCOBYBATH
€BpOKO/I.

3p’a3kn Mik €BpoxkoxaMHM Ta TrapMOHI30BAHUMH
texHivnumu cnemudikanismu (ENs and ETAS) nas
BUPOOiB

HeoOximHO y3roguTu TapMOHI30BaHI TEXHIYHI YMOBH
11s Oy/liBeNbHUX BUPOGIB Ta TEeXHIYHI HOPMH Is criopya’.
Kpim Toro, moBna indopmanis, mo cynpoBomkye CE
MapKyBaHHs OyIiBEeJIbHHUX BHUpPOOIB, JI¢ € TMOCHUJIAHHSA Ha
€BpOKOIM, Ma€ YITKO 3a3HayaTd, sKki HaiioHaabHO
BU3HAUYEHI ITapaMeTpH Oy BpaxoBaHi.

JonarkoBa indopmanis cnenianbHa 1o €Bpokony7
EN 1997-1 namae kepiBHUITBO NMPOEKTYBAHHAM 1 Jil
JUISl TEOTEXHIYHOTO TPOCKTYBAaHHS 1 Oy [IBHUIITBA.

EN  1997-1 npusHaueHa i 3aMOBHHKIB,
MIPOCKTYBAJILHHKIB, TIPS TINKIB i oprasis
JIep>KaBHOTO YIIPABITIHHSL.

EN 1997-1 npu3sHaveHa IjIs1 BUKOPHUCTAHHS Pa3oM 3
nopmamu EN 1990 1 EN 1991 no EN 1999.

IIpu Buxopucranai EN 1997-1 Ha mpakTumi cirin
MIPUIUIATH OCOOJIMBY yBary mepeaymMmoBam (TirmoTe3am,
JOMYIIEHHSIM) 1 yMOBaM, BUKJIaIeHUM B 1.3.

12 posmimie  EN  1997-1 nmomoBHIOIOTBCS 1
HOPMATHBHUM 1 8 iHPOpMATUBHUMH JOAATKAMH.
Hanionanbuuii nogarok a0 EN 1997-1

s w©HOpMa gmae anbTEpHATHBHI MCETOMWUKH 1
peKOMEHI0BaHI BETWYMHH (3HAYCHHS), 3 BKa3iBKOIO,
e BOHM MOXYTh OyTH BHUOpaHi Ha HaI[iOHATBHOMY
piBHI. Tomy Hamionansauit Crangapr,
peamizoByrounii EN  1997-1, moBuHEH BKIIIOYaTH
HamioHanpHMil [1OMATOK, M0 MicTUTH HalloHalIbHO
BusnauyBani [lapamerpu mnpu mpoekryBanHi i
OyIIBHUIITBI, I 3aCTOCYBaHHS Y BiAIIOBIIHIN KpaiHi.

*ous. nynxm 3.3 i nynxm 12 CP, a maxooc nynkmu 4.2,
4.3.1,432i52ID 1.

Ha mHamionanpHOMY piBHI J/JIO3BOJSIETECS BHOCHUTH
3MiHH B HACTymHI myHKTH EN 1997-1:

- 2.108)P, 2.4.6.1(4)P, 24.6.12)P, 2.4.7.112)P,
2.4.7.13), 2.4.7.2(2)p, 24.7.3.2(3)P, 2.47.3(2)P,
2.473.4.1(1)P, 2.4.7.4(3)P, 2.47.5(2)P, 2.4.8(2)P,
2.49(1)P, 2.5(1), 7.6.2.2(8)P, 7.6.2.2(14)P,
7.6.2.3(4)P, 7.6.2.3(5P, 7.6.23(8)P, 7.6.2.4(4)P,
7.6.3.2(5P, 7.63.33)P, 7.63.34)P, 7.6.3.3(6),
8.5.2(2)P, 8.5.2(3), 8.6(4), 11.5.1(1)P

1 B HACTYIIHI MTOJIOKEHHS JI0aTKa A:

— 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.

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

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

Additional information specific to Eurocode 7

EN 1997-1 gives design guidance and actions for
geotechnical design of buildings and civil
engineering works.

EN 1997-1 is intended for clients, designers,
contractors and public authorities.

EN 1997-1 is intended to be used with EN 1990 and
EN 1991 to EN 1999.

In using EN 1997-1 in practice, particular regard
should be paid to the underlying assumptions and
conditions given in 1.3.

The 12 sections of EN 1997-1 are complemented by
1 normative and 8 informative annexes.

National annex for EN 1997-1

This standard gives alternative procedures and
recommended values with notes indicating where
national choices may have to be made. Therefore
the National Standard implementing EN 1997-1
should have a National annex containing all
Nationally Determined Parameters to be used for
thedesign of buildings and civil engineering works
to be constructed in the relevant country.

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

National choice is allowed in EN 1997-1 through
the following paragraphs:— 2.1(8)P, 2.4.6.1(4)P,
2.4.6.2(2)P, 2.4.7.1(2)P, 2.4.7.1(3), 2.4.7.2(2)P,
2.4.7.3.2(3)P, 2.4.7.3.3(2)P, 2.4.7.3.4.1(1)P,
2.4.7.4(3)P, 2.4.7.5(2)P, 2.4.8(2), 2.4.9(1)P, 2.5(1),
7.6.2.2(8)P, 7.6.2.2(14)P, 7.6.2.3(4)P, 7.6.2.3(5)P,
7.6.2.3(8), 7.6.2.4(4)P, 7.6.3.2(2)P, 7.6.3.2(5)P,
7.6.3.3(3)P, 7.6.3.3(4)P, 7.6.3.3(6), 8.5.2(2)P,
8.5.2(3), 8.6(4), 11.5.1(1)P

and the following clauses in annex A:



-A2

- A31, A32, A33.1, A33.2, A333, A334,
A335,A336

-AA4

-AS.

Po3aia 1 3arajnHi mooxeHHs

1.1. Cdepa 3acTocyBanus

111 Cdepa3zacrocyBanus EN 1997

(1) EN 1997 noBunHa 3acTocoByBatucs pazoMm 3 EN
1990 : 2000, sika BCTaHOBIIOE MPUHIMIINA 1 BUMOTH
Oe3Ieky 1 eKkcIuTyaTaniiHol HaJiifHOCTI (MPUAATHOCTI
JI0 eKCIUTyaTallii), XapakTepu3ye (OIHCYE) OCHOBH
po3paxyHKy (IIPOEKTYBaHHS) 1 IEPEBIpKH 1 Hajmae
BKa3iBKM (pPEKOMEHJallii) MO CYIMyTHIX acreKkrax
KOHCTPYKTHBHOT HaJ[IHHOCTI.

(2) EN 1997 moBuHHa 3acCTOCOBYBaTHCS 10
TCOTEXHIYHHMX ACIIEKTiB MPOSKTYBAHHS 1 OY/IBHHUIITBA.
BoHa ckimagaethes 3 IEKUTBKOX OKPEMHX YaCTHH (JIUB.
1.1.211.1.3).

(3) EN 1997 (MicTUTB) CTOCYETHCS BHMOT IIOJIO
MII[HOCTI, CTIMKOCTI, €KCILTyaTalliiHoi HaIiHHOCTI
(mpumaTHOCTI IO eKCILTyaTallii) i TepMiHy CIIyKOu
(moBrorpuBaocti) criopys. [HII BUMOTH, HATPHKIIA]
Taki, IO CTOCYIOThCS TEpMIdHOI abo 3BYKOBOL
130111111 HE pO3TIISIIAI0THCS.

(4) YwmcmoBi BeNMWYWHH [iH, SKi MaTh OyTH
BpaxoBaHi B PO3paxyHKy TIIpd MPOCKTYBaHHI 1
OymiBHUITBI MicTAThcs B EN 1991 s pisaux THIIB
KoHCTpyKIii. JIii, 00yMOBJIEHI TPYHTOM, TaKi SIK THCK
TPYHTY, IOBUHHI BU3HAYAaTHCA BIAIIOBITHO (CYMICHO 3)
1o EN 1997.

(5) Oxpemi €BpOmENHCEKI HOPMH TPH3HAYEHI IS
3aCTOCYBaHHS TpaKTyBaHHA (30araueHHs) MarepiaiiB
BHpPOOHHUIITBA 1 SKOCTI pobir. BoHm o3HaueHi y
BIITOBITHUX PO3IiIax.

(6) Y EN 1997 BUpOOHHUIITBO POOIT pO3TISATAETHCS B
Till Mipi, HACKITbKH 1€ HEOOXiTHO BIAMOBITHO dO
rinore3 (HOMyIIeHb), TPUUHIATAX IS TMPOSKTYBaHHS
(po3paxyHKy).

(7) EN 1997 me MicTUTh (OXOILIIOE) CIICIiaIbHIX
BHUMOT [I0 ceificMiuHOrO mpoekTyBaHHsI. EN 1998
BIIpoBaKye (Tepembavae) JOAATKOBI  MpaBHIa
TEOTEXHIYHOTO CEHCMIYHOTO TMPOEKTYBaHHS, SIKi
JONOBHIOIOTH a00 aanTyoTh mnpasuiia nux Hopm.
1.1.2 Cdepa 3actocyBanns EN 1997-1

(1) EN 1997-1 3acrocoByeThCs SIK  3arajbHa
OCHOBOIIOJIO)KHA HOpPMa 3 T€OTEXHIYHHUX ACHEKTiB
MPOEKTYBAaHHS i OyAiBHUIITBA.

(2) Y EN 1997-1 po3rasaatoThCsi HACTYIHI TEMH:
Po3nin 1 - 3aranbHi HONOKEHHS

Po3nin 2 - OCHOBH T'€OTEXHIYHOTO MPOEKTYBAHHS
Posnin 3 - 'eorexHiuHi naHi

Po3nin 4 - TexwiuHuii Harngng 3a BHUPOOHUIITBOM
poOiT, MOHITOPHUHT (CIIOCTEPEKEHHST) 1 eKCILTyaTalis
Posmin 5 - Hacumm, ocymyBaHHA (OpeHyBaHHS),
MOJIMIIEHHS 1 3MilHEHHs (apMyBaHH) TPYHTIB

—A2
—A31,A32 A331 A332 A333 A334,
A.3.3.5, A.3.3.6,
— A4

— A5
Section 1 General
1.1 Scope
1.1.1  Scope of EN 1997
(1) EN 1997 is intended to be used in conjunction
with EN 1990:2002, which establishes the principles
and requirements for safety and serviceability,
describes the basis of design and verification and
gives guidelines for related aspects of structural
reliability.

(2) EN 1997 is intended to be applied to the
geotechnical aspects of the design of buildings and
civil engineering works. It is subdivided into various
separate parts (see 1.1.2 and 1.1.3).

(3) EN 1997 is concerned with the requirements for
strength, stability, serviceability and durability of
structures. Other requirements, e.g. concerning
thermal or sound insulation, are not considered.

(4) Numerical values of actions on buildings and
civil engineering works to be taken into account in
design are provided in EN 1991 for the various
types of construction. Actions imposed by the
ground, such as earth pressures, shall be calculated
according to the rules of EN 1997.

(5) Separate European Standards are intended to be
used to treat matters of execution and workmanship.
They are denoted in the relevant sections.

(6) In EN 1997 execution is covered to the extent
that is necessary to comply with the assumptions of
the design rules.

(7) EN 1997 does not cover the special requirements
of seismic design. EN 1998 provides additional
rules for geotechnical seismic design, which
complete or adapt the rules of this Standard.

1.1.2 Scope of EN 1997-1

(1) EN 1997-1 is intended to be used as a general
basis for the geotechnical aspects of the design of
buildings and civil engineering works.

(2) The following subjects are dealt with in EN
1997-1:

Section 1: General

Section 2: Basis of geotechnical design

Section 3: Geotechnical data

Section 4: Supervision of construction, monitoring
and maintenance

Section 5: Fill, dewatering, ground improvement
and reinforcement



Po3gin 6 - ®ynaaMeHTH MUTKOTO 3aKiIaiaHHs

Po3nin 7 - [lanboBi pyHAaMeHTH

Po3nin 8 - Aakepu

Po3nin 9 - Yrpumyroui ciopyau

Po3ainl0 - PyiliHyBaHHS, BUKIMKaHE BOJOKO
(T'impaBniune pyiHHYBaHHS)

Po3min 11 - 3aranbHa CTIHKICTE

Po3nin 12 -Hacumnwm

(3) EN 1997-1 Brumtoyae momaTkH Bix A 10 J, B sIKuX
HaBeEHI:

-y A: pCKOMEHJOBaHI 3HAuYCHHsS OKPEMHUX
KoedirieHTiB HajiiHocTI (Oe3mekn); HamioHambHUI
JOJIATOK MOXKE MICTHTH BIiJIMIHHI 3HAYEHHS OKPEMHUX

KOC(IIIEHTIB;

-y B o J: nomatkoBa kepiBHa iHQopMalis, Taka SK
IHTEepHaIliOHAIbHE 3aCTOCYBaHHS METOJIiB
BHU3HAYEHHS.

1.1.3 Jonatkosi yactunu EN 1997

(1) EN 1997-1 nonoBuioetbesi EN  1997-2, sika
MICTUTh BUMOTH 10 BUKOHAHHIO 1 OIIHII pe3yJbTaTiB
MOJHOBUX 1 JIA0OPATOPHUX BUIIPOOYBAaHb.

1.2 HopmaTuBHIi moCHJIaHHA

s Espomeiiccka Hopma Bkioyae (00’emHye) 3
naToro abo 6e3 AaTH, MOCHIIAHHS, BUKIAAEHI B IHIINX
myosikarisx. [li HopMaTHBHI OCHUIAHHS 3HAXOISATHCS
Y BIAMOBIMHUX MICISIX TEKCTY 1 IyOJiKarisx,
MpuBeNeHUX HWx4Ye. J[nsg maroBaHWX TOCWJIaHB
TIONpaBKH a00 3MIHH AKOi-HEOyIb 3 IMUX MyOTiKaIlii
3aCTOCOBYIOTBCS 1O JaHOi €Bporelickkoi Hopmu
JIUIIIE KOO0 BOHH BKJIIOUEHI TYIH Y BUTIISAI MTOMPAaBOK
abo 3MmiH. [l HemaTOBaHWX TIOCHJIAHb OepeThCs
OCTaHHI  BHWITyCK  3aCTOCOBaHOI  myOikamii,
(BKITIOUAIOYH TIOTIPABKH ).

[NPUMITKA  €Bpokoanm myOmiKyBajucs SK
€pponeiiceki  Ilomepenni  Hopwmm. Hacrymai
€Bponeiicbki HOpPMH, SIKi orry0rikoBaHi qu

PO3POOIAIOTHCS, IUTYIOTHCS B HODMAaTUBHUX CTATTSIX.
EN 1990-2002 €Bpokon: OcHOBH MpPOEKTyBaHHS
KOHCTPYKITiit

EN 1991 €spoxon 1: 1ii Ha KOHCTPYKIIiT

EN 1991-4 €ppoxkon 1: Jlii Ha cnopyau. Yactuna 4:
Jii Ha cuiocwu 1 pe3epByapu

EN 1992 €spokon 2 IlpoekryBaHHS OETOHHHX
KOHCTPYKITii

EN 1993 €spokon 3 IIpoekTyBaHHS CTaleBUX
KOHCTPYKIIiif

EN 1994 €spokon 4 IlpoekryBaHHS KOMOiIHOBaHHMX
CTalIeBUX i OETOHHUX KOHCTPYKITiit

EN 1995 €spokon 5 IlpoekTyBaHHS JepeB'sTHUX
KOHCTPYKIIiif

EN 1996 €Bpokox 6 IlpoekTyBaHHS KaM’sHUX
KOHCTPYKIIH

EN 1997-2 €Bpokon 7 ['eoTexHiuHe MPOEKTyBaHHS -
Yacruna 2: JlocmimkeHHs i BATpoOyBaHHS IPYHTIB
EN 1998 €Bpokox 8: [IpoekTyBaHHs CEHCMOCTIMKIX
KOHCTPYKLIiH

EN 1999 €spokon 9 IlpoekTyBaHHS KOHCTPYKLIH 3
QTIOMIHIIO 1 ATIOMIHIEBHX CIIJIaBiB

Section 6: Spread foundations
Section 7: Pile foundations
Section 8: Anchorages

Section 9: Retaining structures
Section 10: Hydraulic failure
Section 11: Overall stability
Section 12: Embankments

(3) EN 1997-1 is accompanied by Annexes A to J,
which provide:

— in A: recommended partial safety factor values;
different values of the partial factors may be set by
the National annex;

— in B to J: supplementary informative guidance
such as internationally applied calculation methods.

1.1.3 Further Parts of EN 1997

(1) EN 1997-1 is supplemented by EN 1997-2 that
provides requirements for the performance and
evaluation of field and laboratory testing.

1.2 Normative references

(1) 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).

NOTE The Eurocodes were published as European
Prestandards. The following European Standards
which are published or in preparation are cited in
normative clauses

EN 1990:2002 Eurocode: Basis of structural design
EN 1991 Eurocode 1 Actions on structures

EN 1991-4 Eurocode 1 Actions on structures - Part
4 Actions in silos and tanks
EN 1992 Eurocode 2 Design of concrete structures

EN 1993 Eurocode 3 Design of steel structures

EN 1994 Eurocode 4 Design of composite steel and
concrete structures
EN 1995 Eurocode 5 Design of timber structures

EN 1996 Eurocode 6 Design of masonry structures

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

EN 1998 Eurocode 8 Design of structures for earth
quake resistance

EN 1999 Eurocode 9 Design of aluminium and



EN 1536:1999 BupoOHUIITBO criemiaabHUX
reoTeXHIYHUX po0iT. BypoBi mamni

EN 1537:1999 BupoOHUIITBO criemiaabHUX
TEOTEXHIYHHUX po0iT. AHKEpH

EN 12063:1999 BupoOHUIITBO criemiaabHUX
reoTexHiuyHux pooit. llInyHTOBI CTiHM

EN 12699:2000 BupoOHUIITBO criemiaabHUX
TEOTEXHIYHUX POOIT. 3aaBIFOBaHI mai

EN 14199 BupoOHHIITBO CliEIliaIbHUX Ie0TEXHIYHUX
pobir - Mikponaii

EN I1SO 13793 TemnoBsi (TeruioTexHivH1)
XapaKTepUCTUKU  OyaiBelb  —  TeIIOTeXHIuHe
MPOEKTYBaHHs (PYHIIAMEHTIB, 10 BUKJIIOYAE MOpPO3HE
3TUMaHHS

1.3 TepenymoBu

(1) Mocunanus Hagaetbes y 1.3 EN 1990:2002

1) IonoxkenHst 1iel HOpPMU 3acHOBaHI Ha
nepeyMoBax, HaJJaHUX HIKYE

- HeOOXiJHI A TPOEKTYBaHHS JaHi MaroTh OyTH
3i0paHi, 3amucaHi i iHTepHperoBaHi (axiBISIMU, IO
MaloTh BIIOBIIHY KBaJIi(iKallito;

- TPOCKTYBaHHA  CIIOPYJl Ma€ BHKOHYBaTHCh
KBaJI(pIKOBAHUM 1 JIOCBIJJTUCHUM TIEPCOHAIIOM;

- ICHy€E BIJIIOBIJIHA CHAJIKOEMHICTH (Oe3mepepBHICTb)
1 B3a€MO3B'SI30K MDXK ITIEPCOHAIIOM, 3aHATHMH 300pOM
BUXITHUX JaHUX, IPOCKTYBAHHAM 1 OYIIBHUIITBOM;

- TIPOBOAWTHCS KOMIIETCHTHHUN TEXHIYHWHA HATAd i1
KOHTPOJb SKOCTI Ha 3aBojfax, Iexax i OymiBeTbHHX
MaMJaHINKaXx;

- poOOTH 3MIWCHIOETHCS Y BIAMOBITHOCTI IO TEBHUX
HOPM 1 TEXHIYHHX YMOB  IIEPCOHAJIOM, IO Mae
BIJIIOB1AHI HABMYKH 1 TOCBIJ;

- OyniBenbHI MaTepiany i BUPOOW BUKOPHUCTOBYIOTHCS
SIK BCTAHOBJICHO IIi€0 HOPMOIO ab0 TEXHIYHUM
yMOBaM Ha BIATIOBiIHI MaTepiajy i BHPOOH;

- cmig mependaduTH HATJSL 3a CIOPYIOIo, o0 ii
CTIMKICThP 1 WPHUAATHICTh JO eKcIuTyaTamii Oymu
3a0e3medeHi BIPOJOBXK BCHOTO  PO3PAXyHKOBOTO
TEPMIiHY CITyXOH;

- crmopyga TIOBHHHAa  BHUKOPHCTOBYBAaTHCS  3a
MpU3HAYEHHSIM, BU3HAYSHHUM IPH MIPOSKTYBaHHI.

(3) Li mepemymoBM MaroTh OyTH Y3TOIKEHI SK
MPOEKTYBAIILHUKOM Tak 1 3aMoBHUKOM. I1[o0
BHKITFOUUTH BCSAKI CYMHIBH, TIEPEIYMOBH MalOTh OyTH
3adikcoBaHi y MMCHMOBIH QopMi, HATPUKIA, Y 3BiTi 3
TeOTEXHIYHOT O IPOEKTYBaHHSL..

1.4 BinMmiHHicTh MiX NpUHUMIAMM i mpaBWIaMu
3aCTOCYBaHHSA

(1) 3anexHo Big XapakTepHOI OCOOJIMBOCTI ITyHKTIiB
(crareit) B EN 1997-1 poOuthCsi BiIMIHHICTH MiX
[Tpunnunamu i [IpaBunamu 3acrocyBaHHs.

(2) [IpuHIMIN BKIIOYAIOTh:

- 3arajgbHi BKa3iBKM 1 BHW3HAYCHHS, SKHX HEMAE
aNbTEPHATHBH;

- BUMOIH 1 aQHATHYHI MOIel, I SKAX HeMac
aIbTEPHATHBH, SIKILO HEMA€E 1HIINX BKa3iBOK.

(3) Mpunnunam nepeaye girepa P.

4) [IpaBuna BixuBanHs e MIPUKIATU

aluminium alloy structures

EN 1536:1999 Execution of special geotechnical
work: Bored piles

EN 1537:1999 Execution of special geotechnical
work; Ground anchors

EN 12063:1999 Execution of special geotechnical
work; Sheet-pile walls

EN 12699:2000 Execution of special geotechnical
work; Displacement piles

EN 14199 Execution of special geotechnical works
— Micropiles

EN-1ISO 13793: 2001 Thermal performance of
buildings —Thermal design of foundations to avoid
frost heave

1.3 Assumptions

(1) Reference is made to 1.3 of EN 1990:2002.

(2) The provisions of this standard are based on the
assumptions given below:

— data required for design are collected, recorded
and interpreted by appropriately qualified personnel,

— structures are designed by appropriately qualified
and experienced personnel;

— adequate continuity and communication exist
between the personnel involved in data-collection,
design and construction;

— adequate supervision and quality control are
provided in factories, in plants, and on site;

— execution is carried out according to the relevant
standards and specifications by personnel having the
appropriate skill and experience;

— construction materials and products are used as
specified in this standard or in the relevant material
or product specifications;

— the structure will be adequately maintained to
ensure its safety and serviceability for the designed
service life;

— the structure will be used for the purpose defined
for the design.

(3) These assumptions need to be considered both
by the designer and the client. To prevent
uncertainty, compliance with them should be
documented, e.g. in the geotechnical design report.

1.4 Distinction between Principles and
Application Rules

(1) Depending on the character of the individual

clauses, distinction is made in EN 1997-1 between

Principles and Application Rules.

(2) The Principles comprise:

— general statements and definitions for which

there is no alternative;

— requirements and analytical models for which no

alternative is permitted unless specifically stated.

(3) The Principles are preceded by the letter P.



3aralbHOBU3HAHMX MPaBWI, SKi MicTATh [IpuHiunum i
BIAMIOBIAHI 3a0BOILHSIIOY] IX BUMOIH.

(5) Ho3BomsieTbes 3acTOCOBYBaTH albTEPHATHUBH IO
[IpaBun BxuBaHHs, HajaHUX y Wil HOPMI, SKIIO
Oyne [OBeleHO, IO albTEpPHATUBHI  IpaBHIA
y3TOIDKYIOThCsL 3 BiamoBimaumu [lpuHipmaMu 1 1o
BOHM IIOHAliMEHIE  PIBHOIIHHI 3 TOYKH 30py
KOHCTPYKTHBHOI HaJiifHOCTi (0e3meKu), MpuAaTHOCTI

10 eKCIITyaTaii 1 TEpPMiHY CITyKOn
(OBrOTPUBAJIOCTI), HIXK BU3HAUCHI 3 BUKOPHCTAHHSAM
€BpOKOJIIB.

[MPUMITKA  fxmo y sKOCTI TpaBWI IS
MPOEKTYBaHHS 3aCTOCOBaHI albTEPHATUBHI TpaBHIa,
TO Yy 3aKIIOYHOMY MPOEKTI HE MOXHA BKa3yBaTH, IO
BiH BuKoHaHmi 3rigHo 3 EN 1997-1, HaBiTh AKIIO
npoekT Binnosigae [Mpunnunam EN 1997-1. Konu EN
1997-1 BUKOPUCTOBYETHCS  CTOCOBHO  SIKOCTEH,
IepepaxoBaHUX y MHomarky Z cranmapry Ha
MPOIYKIIIO qH Ha ETAG, BXKHBAHHS
ANbTEPHATUBHOTO TIPOCKTHOI'O MpaBUiia MOXe OyTn
HenpuitaaTHaM A1 CE MapkyBaHHSL.

(6) Y EN 1997-1 npasmia 3acrocyBaHHS MO3HA4EHI
YHCIIOM Y JTyXKaX, HAIIPUKIIAJ, SK Y [IbOMY MyHKTI.
1.5 BusznayeHHs
1.5.1 BuznaueHHsl, 3arajibHi 1jis Bcix €Bpokoais
(1) BusHauenHs 3arajbHi Iy BCiX €BpOKOIIB HaZaHi
B EN 1990:2002, 1.5.
1.5.2 Buznauenns xapakrepHi ais EN 1997-1
1521
reoTexHiuHa jais
Iisi, SKa TIepeNaeThCsl HA KOHCTPYKIIIO TPYHTOM,
HACHIIOM, MacoO0 BoJH a00 IPyHTOBOIO BOJIOIO.
[NPUMITKA Bwuznauenns y3are 3 EN
1997:2002
1522
NMOPiBHSIHHMIA T0CBi
Yy TPOEKTI PO3TIISIIA€ThCs AOKYMEHTOBaHa abo iHIma
4iTKO (HEIBO3HAYHO) BCTAaHOBIIEHAa 1H(OpMAITiA
CTOCOBHO TPYHTY, BKITIOYAIOYH JIESIKI THITH CKENBHUX 1
HECKENbHHUX TOPiN, I SKUX  OYIKYETHCS IMMOAiOHA
reoTexXHIYHa MOBEiHKAa BKIIOYAIOYM  TOIiOHI
cnopymu. IHdopmamis, oTpumMaHa Ha  MicII,
BBKAETHCSI HANOUTBII CIPUIHSATIHBOIO.
1523
IPYHT
HECKeNbHA, CKellbHAa TIIOpOJM 1 HACHIl Ha Mici
3aliTaHHs 0 BUPOOHUIITBA OYIiBETHHUX POOIT
1524
OyaiBJjs (cnopyna)
OpraHi3oBaHa CYKYIHICTh B3a€MO3B'SI3aHUX YaCTHH,
BKJIIOYAIOYM HACWI, BUKOHAHUH NpU BHPOOHHULTBI
OynmiBenbHUX  pOOIT, po3paxoBaHa Ha  MEBHI
HaBaHT&XEHHS 1  3a0e3neuyroua  BIANOBIAHY
HKOPCTKICTb.
ITPUMITKA Bwusnadyennss mnoxomuTb 3 EN
1990:2002.
15.25
BCTAHOBJIEHA BeJIMYMHA

(4) The Application Rules are examples of generally
recognised rules, which follow the Principles and
satisfy their requirements.

(5) It is permissible to use alternatives to the
Application Rules given in this standard, provided

it is shown that the alternative rules accord with the
relevant Principles and are at least equivalent with
regard to the structural safety, serviceability and
durability, which would be expected when using the
Eurocodes.

NOTE If an alternative design rule is submitted
for an application rule, the resulting design cannot
be claimed to be wholly in accordance with EN
1997-1, although the design will remain in
accordance with the Principles of EN 1997-1. When
EN 1997-1 is used in respect of a property listed in
an Annex Z of a product standard or an ETAG, the
use of an alternative design rule may not be
acceptable for CE marking.

(6) In EN 1997-1, the Application rules are
identified by a number in brackets e.g. as in this
clause.
1.5 Definitions
1.5.1 Definitions common to all Eurocodes
(1)  The definitions common to all Eurocodes
are given in EN 1990:2002, 1.5.
1.5.2 Definitions specific for EN 1997-1
1521
geotechnical action
action transmitted to the structure by the ground,
fill, standing water or ground-water
NOTE Definition taken from EN 1990:2002

1.5.2.2

comparable experience

documented or other clearly established information
related to the ground being considered in design,
involving the same types of soil and rock and for
which similar geotechnical behaviour is expected,
and involving similar structures. Information gained
locally is considered to be particularly relevant

1523

ground

soil, rock and fill in place prior to the execution of
the construction works;

1524

structure

organised combination of connected parts, including
fill placed during execution of the construction
works, designed to carry loads and provide adequate
rigidity

NOTE Definition derived from EN 1990:2002

1.5.25



BEIMYMHA TEOTEXHIYHOrO0 TapamMerpa OTpHUMaHa
TEOPETUYHO, KOPEIALIEI0 Y  EMIIpUYHO  3a
pe3ynbTaTaMy BUIPOOYBaHb.
1526
JKOPCTKICTH
OITip Matepiany nedopmartisim.
1.5.2.7
omip
3MATHICTh KOHCTPYKLii ab0 MOMepeyHoro mepepisy
CNMEeMEeHTY  KOHCTPYKWii  copuiimatu  nii  0e3
MeXaHIYHUX TOIIKO/KEeHb, HANPUKIIA, OMip IPYHTY,
OIip 3THHY, OMip TOJOBXHBOMY 3TMHY (CTIHKICTB),
OIip PO3TATYBAHHIO.

[TPUMITKA. Bwusuauenns noxomutb 3 EN
1990:2002.
1.6 Mo3navyenus
(1)dns Buxopuctanas y EN 1997-1 3actocoByroThcs
HACTYIHI TTO3HAYCHHS.
JlaTuHcbki OyxkBH
A’ e eKTUBHA TIONIA OCHOBH
Ap  TUIOIIA OCHOBH ITiJI TAJICHO
A [I0BHA [IJIOIA OCHOBH ITiJi CTUCKAHHSIM
As;  1utomna 6i4HOT MOBEPXHi CTBOJIA TMaJIi B mmapi i

ad pO3paxyHKOBa BEIMYMHA TEOMETPUYHUX JTaHUX
Qnom ~ HOMIHAJbHA BETMYMHA TEOMETPUYHUX JAHUX

Aa 3MiHa JI0 HOMIHaJIbHOI T€OMETPHUYHOI NaHOI
UL O0COOJIMBOTO TPOEKTHOTO TPU3HAYCHHSI

b MIUpHHA GYHIAMEHTY

b' e eKTHBHA IUPHUHA QYHIAMECHTY

Cy rpaHrYHA pO3paxyHKoBa BEJIMYHMHA
pe3ynbTaTy mil

c 3UerieHHs Ha BiIpi3Ky

c' 3UeINieHHS Ha BiIpi3Ky dYacy e(heKTUBHUX
HaTpyXeHb

Cu OITip HEPEHOBAHOMY 3pi3y

Cud pO3paxyHKoBa BEJIMYHMHA oropy
HEIPEHOBAHOMY 3pi3y

d rTHOMHA 3aTHCKaHHS (3aKIagaHH)

Eq PO3paxyHKOBa BEIMYMHA PE3YIbTATY il

Esgbd  pO3paxyHKOBa BENHYHHA PE3yIbTATY
CTaOLTI3yrOUNX MTikt

Eustd  po3paxyHKOBa BEITMYMHA pe3yJbTaTy
JecTadlTi3younX i

Fed  pospaxyHKoBe OCBOBE CTHCKYIOUE
HaBaHTAXXECHHS Ha NaJf0 a00 Ipymy majib

Fq pO3paxyHKOBa BEIWYMHA Jii

F« XapaKTepUCTUYHA BeIHYNHA JTil

Frep  penpe3eHTaTHBHA BENWYHMHA Jii

Ftd pO3paxyHKOBe 0CBOBE po3TSAryroue

HaBaHTAXXEHHS Ha pPO3TATHYTYy mamo abo Tpyiy
PO3TSATHYTUX Malb

Fi,g  po3paxyHKOBa  BeIMYMHA  IIONEPEYHOTO
HABaHTa)XEHHsI Ha a0 a00 MajJboBUM QyHIaAMEHT
Gast;a  po3paxyHKOBa BEJIMYMHA MOCTIHHUX
necralOumizyrounx — Oii s mepeBipkd  Ha
3Ba)KyBaJIbHUI THUCK

Gst;d  pO3paxyHKOBa BEJIMYMHA MOCTIHHUX
BEPTUKANBHUX CTAOLTI3YIOUMX Il Uil MepeBipKH Ha

derived value

value of a geotechnical parameter obtained by
theory, correlation or empiricism from test results
1.5.2.6

stiffness

material resistance against deformation

1.5.2.7
resistance
capacity of a component, or cross-section of a
component of a structure to withstand actions
without mechanical failure e.g. resistance of the
ground, bending resistance, buckling resistance,
tensile resistance

NOTE Definition derived from EN 1990:2002

1.6 Symbols

(1) For the purpose of EN 1997-1 the following
symbols apply.

Latin letters

A" effective base area

A,  Dbase area under pile

A:  total base area under compression

As;i  pile shaft surface area in layer i

ag  design value of geometrical data

anom nominal value of geometrical data

Ada  change made to nominal geometrical data for

particular design purposes

b width of a foundation.

b’ effective width of a foundation

Cq limiting design value of the effect of an action

c cohesion intercept
cohesion intercept in terms of effective stress
Cu  undrained shear strength

Cu:a  design value of undrained shear strength

d embedment depth

Es«  design value of the effect of actions

Eswv.a  design value of the effect of stabilising
actions

East:.a  design value of the effect of destabilising
actions

Fc.q design axial compression load on a pile or a
group of piles

Fs design value of an action

F« characteristic value of an action

Frep representative value of an action

Frq design axial tensile load on a tensile pile or a
group of tensile piles

Fw.a design value of the transverse load on a pile
or a pile foundation

Gust.a  design value of the destabilising permanent
actions for uplift verification

Gsi;a  design value of the stabilising permanent



3Ba)KyBaJIbHUI THUCK

G'st;d  po3paxyHKOBa BEJIMYMHA MOCTIHHUX
BEPTUKANBHUX CTaOLT3YIOUMX MAid U1 IepeBipKH
migioMy (Bara y BoJi)

H TOPU30HTAIbHE HaBaHTAXEHHs a00 CKiaaoBa
MOBHOI  Oil  NpUKIajgeHa  TapalelbHO  OCHOBI
dbyHIaMeHTy

Hqg pO3paxyHKOBa BelIUuruHa H

h BHCOTA CTiHH

h piBEHb BOIU MPH TiIpaBIivHOMY MigHoMi

h' BHCOTa TPU3MH IPYHTY MJsl TEpeBipKu Ha

TiIpaBIiyHUH migioM

hwk  XapakTepucTHYHA BETMYMHA TiPOCTATHYHOTO
HABaHTa)XEHHsI BOJM HA OCHOBY IPU3MU IPYHTY

Ko Koe(illi€HT THCKY IPYHTY B CTaHi CIIOKOFO
Ko:p  KoedilieHT TUCKY IPYHTY B CTaHi CIIOKOIO JIJIsi
yTpUMaHHS IPYHTOBO1 IOBEPXHI, HAXWJICHOI IIiJl
KyTOM [} 10 TOPU30HTAII

k BIZIHOIICHHS Jd /Pev;d

I JOBXKHHA (QYHIAMEHTY

I edexTrBHA TOBXKUHA QYHIAMEHTY

n KUTBKICTh, HAIPHKIA, BUITPOOOBYBAHHX
naib abo npodinis

P HABAHTAXCHHS HA aHKEP

Pq pO3paxyHKOBE BeIMYnHA P

P, TIepeBipHE HABAaHTAKCHHSI Y BUITPOOYBaHHI Ha

MIPUIATHICTH 3aiH €KTOBAHOTO aHKepa

Qdst;d  pO3paxyHKOBa  BEMYMHA  BEPTUKAJIBHUX
IecTabimi3ylounx Mk O TIepeBipKH Ha
3BXKYBAJILHUI TUCK

Ob:k XapaKTepUCTUYHA BEIWYMHA OIOpPY THCKY
OCHOBH

Os;iik XapaKTEepHUCTUYHA BETHYNHA TEPTS IO CTBOIY
(cToBOYpY) B 1mIapi i

Ra OITip BUCMUKYBaHHIO aHKepa

Ra:d pO3paxyHKOBa Bemu4nHA Ra

Rak XapaKTEpUCTHIHA BEIMINHA Ra

Ro:cal OIlip KIiHIA Talli B TPaHUYHOMY CTaHi 3a

BTPaTOI0 HeCcydoi 37aTHOcTi, oOpaxoBaHWi 3a
pe3yabTaTaMy BUIIPOOYBaHb IPYHTY

Rb;d PO3paxyHKOBa BEMYMHA OIOPY I SITH
(xiHTIST) TIAJT1

Ro:d XapaKTepUCTHYHA BEMTUYHHA Oropy (11°STH)
KIHIA maji

Rc OIlip CTHCKYBaHHIO IPYHTY B3JIOBXK HaJi B
TPaHUYHOMY CTaHi 32 BTPATOK HECY4oi 34aTHOCTI

Re: cal oOpaxoBaHa Benn4mHa R,

Re:d po3paxyHKoBa Benmu4nHa R,

Ro:d XapaKTepUCTUYHA BennurHa R,

Re;: m BUMipsiHa Benmu4mHAa R. 32 pesynbTarammu
MMPOOHOT 0 HABaHTAXKEHHS OIHOI a00 JEKIBKOX IMallb
Rq PO3paxyHKOBa BEIWYMHA ONOPY il

Rp:a pO3paxyHKOBa BEJIMYMHA CHWJIH  OMOpY,
BUKJIMKaHOI THUCKOM IpPYHTYy Ha OI4Hy CTOpPOHY
¢dbyHgaMeHTy

Rs; d pPO3paxyHKOBa BEIMYMHA OMOPY IO CTBOIY
nami

Rs; cal TpaHUYHE TEPTA IO CTBOJNY, OOpaxoBaHe 3

vertical actions for uplift verification

Gstv;a design value of the stabilising permanent
vertical actions for heave verification (submerged
weight)

H horizontal load, or component of total
action acting parallel to the foundation base

Hq design value of H

h height of a wall

h water level for hydraulic heave

h' height of a soil prism for verifying

hydraulic heave

ik characteristic value of the hydrostatic water
head at the bottom of a soil prism

Ko coefficient of earth pressure at rest

Ko; 5 coefficient of earth pressure at rest for a
retained earth surface inclined at angle g to the
horizontal

k ratio dq /(ﬂcv;d

I foundation length;

I’ effective foundation length

n number of e.g. piles or test profiles

P load on an anchorage

Pq design value of P

Pp proof load in a suitability test of a grouted
anchorage

Qust:d design value of the destabilising variable

vertical actions for uplift verification

Ob:k characteristic value of base resistance
pressure

Os:ick characteristic value of shaft friction in
stratum i

Ra anchorage pull-out resistance

Ra:d design value of R,

Rax characteristic value of R,

Rb;cal pile base resistance, calculated from
ground test results, at the ultimate limit state

Ro:d design value of the base resistance of a pile
Rob:k characteristic value of the base resistance
of a pile

Re compressive resistance of the ground

against a pile, at the ultimate limit state
Re:cal calculated value of R¢

Re:d design value of R¢

Rk characteristic value of R.

Re:m measured value of R¢ in one or several
pile load tests

Rd design value of the resistance to an action
Rp:d design value of the resisting force caused
by earth pressure on the side of a foundation

Rs:d design value of the shaft resistance of a
pile

Rs:cal ultimate shaft friction, calculated using



BUKOPUCTAHHSIM TapaMeTpiB IPYHTY, OTPHUMAaHUX 3
pe3ynbTaTiB BUPOOYBaHb

Rsi XapakTepUCTUYHA BEJTHMYUHA OIOPY IIO
CTBOJIY maJi

Ry TPAaHUYHUI OIip PO3TATYBAHHIO OKpPEMOi
nami

Rt d pO3paxyHKoOBa BEITUYHHA oropy

pO3TATYBaHHIO mayi abo Tpynu Manb 4Yd OHOpYy
PO3TATYBaHHIO aHKEPY

Rex XapaKTepUCTUIHA BEJIMYMHA omnopy
PO3TATYBaHHIO Nasti abo Tpynu majib
Rt m BUMIpsiHA BEITMYMHA ONOPY PO3TATYBAHHIO

okpemoi mam B ogHOMY abo  JEKUTbKOX
BI/IHpO6YBaHH$IX 1aJib HABaHTaXKCHHAMU

Rtr OIip TaJIi MONePeYHNM HABAHTAKEHHIM
Rir: d PO3paxyHKOBUU OIIp Maji MpU MONEPEUHUX
HABaHTa)XEHHSX

Sist:d  pO3paxyHKOBa BEJIWYMHA JAECTaOLII3yHOYOi
(buUTbTpaIliitHOT CHITH B TPYHTI
Sdgst: Kk XapaKTEPUCTUYHA BEIMYMHA JeCTaOLIi3yrouol
(duUTbTpaIiitHOT CHITH B TPYHTI

S ocimaHHs

So OJTHOMOMEHTHE (MHTTEBE) OCIIaHHS

S1 OCiZIaHHsI BUKJIMKaHE KOHCOJIiIaIli€r0

Sz OCiTaHHSI BUKJIMKAHE ITOB3YYIiCTIO (BTOPUHHE
CTUCKYBaHHS)

Tq pPO3paxyHKOBa BEIHYMHA OIOPY 3arajlbHOMY

3pYILICHHIO, SIKE PO3BUBAETHCS B IPYHTOBOMY MAacHBi 3
pO3TAIIOBAHOIO B HIM TPYIHOI0 PO3TATHYTHUX Malb 200
B YaCTHHI CIIOPYAH, IO KOHTAKTY€ 3 IPYHTOM

u MOPOBUM TUCK

Udst;d PO3paxyHKoBa BEJIMYHHA 3arajibHOrO
JecTadini3yrodoro THCKY MTOPOBOI BOAN

\Y BEpTUKAIbHE HaBaHTAKEHHS abo0 CKiIamoBa
MOBHOI  Jii, Mifo9i HOPMaJIbHO [0  ITiIOIIBH
(dhyHIaMenTy

Vy po3paxyHKoBa BenudnHa V

V'g pO3paxyHKOBa BEITMYUHA e eKTUBHOT

BEepPTUKAIBHOI [ii a00 HOpMallbHa CKJIaJ0Ba ITOBHOI
i1, Mit09i HOpMaJIBHO O MiNOmBU (QyHIAMEHTY

Vist;d  PO3paxyHKOBa ~ BENMYMHA  BEPTHKAJIBHOI
necTadinizyrodoi i Ha KOHCTPYKIIiIO (criopyny)

Vistk  XapakTepUCTUYHA BEIMYMHA BEPTHKAJIBHOI
Jectadinizyrodoi fii Ha KOHCTPYKIIIFO

Xd pO3paxyHKOBa BEITMYMHA BJIACTHUBOCTI
Marepiany

Xk XapaKTepUCTHYHA  BEJIMYMHA  BIACTHBOCTI
Marepiany

z BEpTHKaJIbHA BiJICTAHb

I'penbki OykBu

o HaXWI mizomBH GyHIaMEHTY 0 TOpU30HTATI

b KyT yKOCYy TPYHTYy 3a CTiHKOIO (Bropy
TTO3UTUBHUH )

0 KYT TEpPTs Ha KOHTaKTi KOHCTPYKLisl — IPYHT
Od PO3paxyHKOBa BEJIMYUHA O
y MUTOMa Bara

!

Y e(l)eKTI/IBHa IIuTOMA Bara

ground parameters from test results

Rsik characteristic value of the shaft resistance
of a pile

Rt ultimate tensile resistance of an isolated
pile

Red design value of the tensile resistance of a

pile or of a group of piles, or of the structural
tensile resistance of an anchorage

Rik characteristic value of the tensile resistance
of a pile or a pile group

Rtm measured tensile resistance of an isolated
pile in one or several pile load tests

Rir resistance of a pile to transverse loads
Rird design resistance of transversally loaded
pile

Ses.a  design value of the destabilising seepage
force in the ground

Susi;k  Characteristic value of the destabilising
seepage force in the ground

S settlement

So immediate settlement

S1 settlement caused by consolidation

Sz settlement caused by creep (secondary
settlement)

Ty design value of total shearing resistance

that develops around a block of ground in which a
group of tension piles is placed, or on the part of the
structure in contact with the ground

u pore-water pressure

Uss:a  design value of destabilising total pore-water
pressure

V vertical load, or component of the total
action acting normal to the foundation base

Vg design value of V

V's  design value of the effective vertical action or
component of the total action acting normal to the
foundation base

Vusta  design value of the destabilising vertical
action on a structure

Vustk  characteristic value of the destabilising
vertical action on a structure

Xd design value of a material property

Xk characteristic value of a material property
z vertical distance

Greek letters

o} Clinclination of a foundation base to the
horizontal

OB slope angle of the ground behind a wall

(upward positive)

714 structure-ground interface friction angle
Jd design value of ¢

y weight density



Va OKpeMHuil KoeQilieHT aJIsl aHKepiB
YVa: p OKpeMuil Koe(ilieHT IS OCTIHHUX aHKEPIiB

Va; 1 OKpeMUH  KOoeillieHT Uil  TUMYacOBUX
aHKepiB

Vb OKpeMuil Koe(ilieHT Onopy Mij KiHIeM mai
Yer OKpeMHUit Koe(ilieHT e)eKTUBHOTO
3YETIIICHHS

YVeu OKpeMHuil Koe(illieHT i HeAPESHOBAHOTO
Oropy 3pi3zy

VE OKpeMUil KoeilieHT ISl pe3yNbTaTy il

i OKpeMui Koe®illieHT IS AiH, SKUH BpaxoBye

MOKJIMBICTh HECTIPUSATIIMBHUX BIXUJICHb BEJIUYHMH JIiH
BiJl IX XapaKTePHUX BEIUYUH

VF OKpeMuil KoeilieHT IS Il

Y6 OKpeMuil Koe(ilieHT IS MOCTIHHOT Jii

YG:dst OKpeMHi  Koe(illieHT  JyIs  TOCTIHHOI
necrabinizyrodol mii
YG;sth OKpEMHUM
cTabini3yro4ol mii

KoeQilieHT JUTS IMOCTIMHOT

Ym OKpeMui Koe(il[ieHT Jisi Tapamerpa IPyHTY
(BacTUBOCTI MaTepiaiy)

Ym;i ~ OKpeMHH Koe(illieHT Ui mapamerpa IPyHTY
mapy i

™ OKpeMui Koe(il[ieHT il Tapamerpa IPyHTY
(BmacTmBOCTI Marepiany) 3 BpaxyBaHHSIM
TIOTPITITHOCTEH MOIei

Y0 OKpeMHi KoeiIlieHT a1 3MIHHOI Jil

Yqu OKpeMH KOe(IIliEHT AJIs1 BUTLHOTO OIIOpY

YR OKpeMH KOe(IIiEHT 715 OTTopy

YR; d OKpeMHii Koe(iIieHT IS TOTPINIHOCTI B
MOJIeNi Onopy

YR:e  OKpPEMHH KOE(IIIEHT IS OTIOPY IPYHTY

YR:h  OKpEMHH KOe(II[iEHT I OIOpY KOB3aHHIO
YrR;v  OKpeMHH KOe(II[iEHT JyIA OTOopy Ha 31M ATTS
(mecy4oi 3maTHOCTI)

Vs OKpeMHil KOe]iIlieHT Al Omopy TEpPTIO TOo
CTBOJY Tai

ys;d  OKpeMHi Koe(ilieHT ISl TOTpilTHOCTeNH MpH
MOJICIOBAHHI pe3yNbTaTiB dil

Yo;dst OKpeMui Koe(iuieHT g Jectabiizyrouoi
i, Beay4oi 10 T1ApaBIiyHOTO PyHHYBaHHS

Yo;stb OKpeMui KoediuieHT mist crabinisyrodoi Aii,
0 TIEPEIIKOHKAE TIIPABIIYHOMY PYHHYBaHHIO

ys;t  OKpEeMH KoeQillieHT TUTS orIopy
PO3TATYBAaHHIO TaJi

Nt OKpeMuil Koe(ilieHT s TIOBHOTO OITOpY Tali
Tw IUTOMA Bara BOJN

Vo' OoKpeMuil KoedillieHT Ui KyTa BHYTPIITHEOTO
Tepra (g ¢)

Yy OKpeMuil KoeilieHT IS MUTOMOI Baru

0 KyT Haxwty H

& KOe(iIlieHT  KOpeNslii  3aJeXHOCTI  Bif
KUTBKOCT1 BUIIPOOOBYBAHUX nanb abo
BUIPOOYBaIBLHUX MPOQ1iiB

¢a Koe(iLieHT KOpesLii i1 aHKepiB

¢y & koedilieHTH KOpeJsiiii IS OILIIHKH
pe3yabTaTiB BUIPOOYBaHb MMAJh CTaTUYHHMU
HaBaHTaKEHHAMHI

_1y"  effective weight density

v«  partial factor for anchorages
va;p  partial factor for permanent anchorages
ve::  partial factor for temporary anchorages

Vb partial factor for the base resistance of a pile
Yer partial factor for the effective cohesion

ve.  partial factor for the undrained shear strength

VE partial factor for the effect of an action

pai partial factor for actions, which takes
account of the possibility of unfavourable deviations
of the action values from the representative values
s partial factor for an action

e partial factor for a permanent action

ye.dst  partial factor for a permanent destabilising
action

ye:stv  partial factor for a permanent stabilising
action

Im partial factor for a soil parameter (material
property)

ym:i  partial factor for a soil parameter in stratum i

M partial factor for a soil parameter (material
property), also accounting for model uncertainties

) partial factor for a variable action
Yau partial factor for unconfined strength
YR partial factor for a resistance

YR; d partial factor for uncertainty in a resistance
model

VR; e partial factor for earth resistance

YR:h partial factor for sliding resistance

VR v partial factor for bearing resistance

Vs partial factor for shaft resistance of a pile
¥s; d partial factor for uncertainties in modelling
the effects of actions

YQ; dst partial factor for a destabilising action

causing hydraulic failure
yo:;s  partial factor for a stabilising action
against hydraulic failure

s: t partial factor for tensile resistance of a
pile

Nt partial factor for total resistance of a pile
Yw weight density of water

Vo' partial factor for the angle of shearing
resistance (tan ¢")

7y partial factor for weight density

0 direction angle of H

0é correlation factor depending on the
number of piles tested or of profiles of tests

& correlation factor for anchorages

&1y & correlation factors to evaluate the results of
static pile load tests



&3y & koedillieHTH  KOpenAlii  Juis  BU3HAYCHHS
OTopYy Malli 3a pe3ylbTaTaMu AOCTiIKEeHb IPYHTIB, 3a
BHHSTKOM T1aJib, BUIPOOYBAaHMX HaBAHTAKCHHSIMHU
&, &6 xoe(illieHTH  Kopensimii Juisi  BU3HAYCHHS
oropy nali npu JUHAMIYHUX yIapHUX
BUIMTPOOYBaHHSX
7 KOoeIiIieHT TUTSt repeBeIeHHS
XapaKTePUCTUUHOI BETUYMHU B XapaKTepHY
Osth;d  PO3PaxyHKOBa BEJIMYHMHA MOBHOT'O
BEPTUKAIBHOIO CTA0LTI3yI0UOro Hapy KEHHsI
o'h;o  TOPU3OHTAIbHA CKJIAZ0Ba €EKTUBHOI'O THCKY
IPYHTY B CTaHi CIIOKOIO
0(z)  HampyXeHHA HOpMallbHE (IIEepIIEHINKYIISPHE)
JI0 CTIHM HA TVIMOWHI Z
7(z) HaIpy)KeHHs JOTHYHE /10 CTIHW Ha TIHOUHI Z

’

o KyT BHYTPIIIHBOTO TEPTS NpH edEeKTHBHHUX
HaTPYyXEHHSX
o~ KPUTUYHHUI KyT BHYTPIIIHBOTO TEPTS

@ov;d  PO3PAXyHKOBA BETUYMHA (cy
04 pO3paxyHKOBa BeTUYINHA @'
CkopouyeHHs
CFA  Oypoin’ekiiiitHi mai
OCR  koedillieHT mepeyniibHeHHS

ITPUMITKA 1 Ilo3HaueHHS, 3a3BHYail
BXHMBaHI y BCix €Bpokomax, BcTaHoBiieHI B EN
1990:2002

[NPUMITKA 2 3anoroBasi MMO3HAYEHHS
BUKOPHCTOBYIOTKCS 5K 6a30Bi y ISO 3898:1997
(2) JIng TEOTEXHIYHMX BH3HAYCHb PEKOMEHIYIOTHCS
HACTYIHI OJUHUII 200 KpaTHI iM:

- cuJa kH

- Maca KT

- MOMEHT kKHwm

- IUTOMa Maca Kr/m®
- IUTOMA Bara xkH/M®
- HaIlIpY»XeHHS, TUCK, OMIp 1 )KOPCTKICTh klla

- koedirienT diapTpamii M/C

- KoediIieHT KOHCOMimarii ale
Pozain 2 OcHoBH reOTEXHIYHOT 0
NPOEKTYBAHHS

2.1 IIpoekTHi BUMOTH

(1)P [ns xoxHOT TreoTeXHIYHOI MPOEKTHOI CHTYyarlil
MOTPIOHO TIePEeBIpUTH, IO KOAHWN TPAaHUYHUIN CTaH.
nependauennii EN 1990-2002, He epeBHIIYEThCS.

(2) Illpm BU3HAaYeHHI MPOEKTHUX CHUTyallid i
TPaHUYHHUX CTaHIB HEOOXITHO PO3MIIAJATH HACTYIIHI
YUHHUKU:

- ymoBH (iIH)KEHEPHO-TEOJIOTiUHI) TUISHKH BIiIHOCHO
3araibHOI CTIHKOCTI 1 IepeMillleHb IPYHTY;

- XapakTep i po3Mip Cropyau i 11 4acTHH, BKIIOYAI0UN
creniajibHi BUMOTH, TaKi SK PO3PaXyHKOBHH TepMiH
CITYy)KO0WU;

- YMOBH Ha CYCIOHIX IiUIsHKaxX (HampuKJal, iCHyroui
CHOpYIH, pyX TPaHCIOPTY, IHXKEHEPHI Mepexi,
POCIIMHHICTE, HeOe3IeUHi XiMiUHI pEYOBHHH);

- I[PYHTOB1 YMOBH;

- CTaH IPYHTOBHUX BOJ;

35 Ca correlation factors to derive the pile
resistance from ground investigation results, not
being pile load tests.

s Go correlation factors to derive the pile
resistance from dynamic impact tests

W factor for converting the characteristic
value to the representative valueos: 4 design
value of stabilising total vertical stress

oo horizontal component of effective earth
pressure at rest

o(z) stress normal to a wall at depth z

7(z) stress tangential to a wall at depth z

Q' angle of shearing resistance in terms of
effective stress

®ov critical state angle of shearing resistance
Ocv: d design value of gy

o' design value of ¢’

Abbreviations
CFA Continuous flight auger piles
OCR  over-consolidation ratio

NOTE 1 The symbols commonly used in
all Eurocodes are defined in EN 1990:2002

NOTE 2 The notation of the symbols used
is based on ISO 3898:1997.

(2) For geotechnical calculations, the following
units or their multiples are recommended:

— force kN

— mass kg

— moment kNm
— mass density kg/m?
— weight density kN/m?
— stress, pressure, strength and stiffness kPa
— coefficient of permeability m/s

— coefficient of consolidation m/s

Section 2 Basis of geotechnical design

2.1 Design requirements

(1)P For each geotechnical design situation it shall
be verified that no relevant limit state, as defined in
EN 1990:2002, is exceeded.

(2) When defining the design situations and the limit
states, the following factors should be considered:

— site conditions with respect to overall stability
and ground movements;

— nature and size of the structure and its elements,
including any special requirements such as the
design life;

— conditions with regard to its surroundings (e.g.:
neighbouring structures, traffic, utilities, vegetation,



- CEMCMIYHICTh PETiOHY;

- BIUIMB JOBKULIS (TiApOJIOris, TOBEPXHEBI BOIM,
OOBaJiCHHs 1 TIPOCINAaHHS, CE30HHI KOJMUBAHHS
TEeMIIepaTypH i BOJIOTOCTI).

(3) MoxyTh BHHHMKATH TPaHWYHI CTaHH OKPEMO B
IPYHTI 4 B cnopyli abo KOMOiHOBaHiI BiJMOBH B
poboTi cnopyau i IpyHTY.

(4) 'paHn4HI CTaHU MTOBUHHI MEPEBIPIATUCH OJHUM YU
KOMOIHAIII€}0 HACTYITHOTO:

- BUKOPHUCTaHHS BU3HAYEHb, K OMHUCAHO y 2.4;

- TPUIHSATTS TPUNHCAHUX KPHUTEPIiB, K OMUCAHO Y
2.5;

- eKCIepUMEHTallbHI MoJeNni Ta BHUMIPOOYBaIbHI
HaBaHTAKEHHS, K OMUCAHO Y 2.6;

- METOJIN CIIOCTEPEKEHHSI, SIK OMMHCAHO Y 2.7.

(5) Ha mpakruii 10CBij 4acTto migkasye, SKUH THII
TPaHUYHOTO cTaHy OyJie BU3HAYAIBHUM ISl CIIOPY/IH,
1 TepeBIpKM  IHINMMX TPAHWUYHUX CTaHIB MOXHA
YHUKHYTH KOHTPOJIBHOIO MEPEBIPKOIO.

(6) Bymiemi, sk mMpaBUIIO, MIOBMHHI OyTH 3aXHUIIEH] Bij
MPOHUKHEHHSI BCEpENWHY TIPYHTOBUX Bon abo
MPOITYCKAHHS TIApH UM ra3y.

(7) Tlpm MOXIMBOCTI, pE3YyNbTaTH PO3PAXYHKIB
MOTPiIOHO 3BIPATH 3 TOPIBHIHHUMH JIOCBIZIOM

(8)P 1106 BcTaHOBUTH MiHIMAaJILHI BUMOTH 10 00'eMy
1 BMICTY TCOTEXHIYHUX IOCIIKEHb (BUITYKyBaHb) 1
KOHTPOJIIO BUPOOHUIITBA POOIT, HEOOXITHO BU3HAYNTH
CKJIQIHICTh KOXXHOTO TE€OTEXHITHOT'O TIPOEKTY Pa3oM 3
CYIIYyTHIMH pH3WKaMH. 30KpeMa, IOTPIOHO pOOHTH
BIZIMIHHICTE MIXK:

- JIETKUMH 1 TPOCTUMHU CIIOPYAaM{ 1 HEBEIHUKUMHU
3eMJSIHIMH ~ YKPITUIGHHAMH, JUISI SIKAX  MOXJIHBO
3a0e3meunT (rapaHTyBaTH) Ili MiHIMaJbHI BUMOTHU 3
HE3HAYHWM PH3UKOM, Ha OCHOBI JIOCBimy 1 AKICHHX
MMOKA3HHUKIB T€OTEXHIYHUX JTOCIIIKEHD;

- IHITMMY T€OTEXHIYHUMH CTIOPYIaMH.

ITPUMITKA Cunocib, 3a J0IOMOro0 SIKOro I
MiHIMaNbHI BHMOTH 33JI0BONBHSIOTECS, MOXe OYyTH
Hajgaanid B HamioHanmbHOMY momaTky
(9) Hdns cmopynm 1 3eMIITHUX YKPIIUIEHb HEBEITUKOT
TeOTEXHIYHOI CKIIQHOCTI 1 PU3UKY, TAKUX SK BKa3aHi
BHINE, MOXYTh OYTH 3aCTOCOBYBaTH CIIPOIIEHI
METOJI! TIPOEKTYBaHHSI.

(10) [lns mpu3HAYeHHS BHUMOT /O TEOTEXHIYHOTO
MMPOEKTYBaHHSI MOXXYTh BBOIUTHUCH TpH | eoTexHiuHi
Kareropii - 1,21 3.

(11) Sk mpaBmio, knacudikyBaTd cCropyay 3a
I'eotexniunoto Kareropiero motpiOHO 3a3manerias 10
MIPOBEICHHS TEOTEXHIYHHUX JOCITIKEHb

(BumrykyBanb). Kateropiro morpibHO mepeBipsaTu i

npu HEOOXiJHOCTI 3MIHIOBAaTHM Ha KOXHOMY eTari
MPOEKTYBaHHsI 1 OyJiBHUIITBA.

(12) Meroauku BHIOI KaTeropii MOXYTh OyTH
3aCTOCOBaH1 JUIS OOTpyHTYBaHHS OlbII
€KOHOMIYHOTO MPOEKTYBaHHS abo AKILO
MPOEKTYBAILHUK BBAXKAE iX MPUHAHATHILIUMHU.

(13) Pi3Hi acmieKTH MPOEKTYBaHHS 00’€KTY MOXYTh

hazardous chemicals);

— ground conditions;

— ground-water conditions;

— regional seismicity;

— influence of the environment (hydrology, surface
water, subsidence, seasonal changes of temperature
and moisture).

(3) Limit states can occur either in the ground or in
the structure or by combined failure in the structure
and the ground.

(4) Limit states should be verified by one or a
combination of the following:

— use of calculations as described in 2.4;

— adoption of prescriptive measures, as described
in 2.5;

— experimental models and load tests, as described
in 2.6;

— an observational method, as described in 2.7.

(5) In practice, experience will often show which
type of limit state will govern the design and the
avoidance of other limit states may be verified by a
control check.

(6) Buildings should normally be protected against
the penetration of ground-water or the transmission
of vapour or gases to their interiors.

(7) If practicable, the design results should be
checked against comparable experience.

(8)P In order to establish minimum requirements for
the extent and content of geotechnical
investigations, calculations and construction control
checks, the complexity of each geotechnical design
shall be identified together with the associated risks.
In particular, a distinction shall be made between:
— light and simple structures and small earthworks
for which it is possible to ensure that the minimum
requirements will be satisfied by experience and
gualitative  geotechnical investigations,  with
negligible risk;

— other geotechnical structures.

NOTE The manner in which these minimum
requirements are satisfied may be given in the
National annex.

(9) For structures and earthworks of low
geotechnical complexity and risk, such as defined
above, simplified design procedures may be applied.

(10) To establish geotechnical design requirements,
three Geotechnical Categories, 1, 2 and 3, may be
introduced.

(11) A preliminary classification of a structure
according to Geotechnical Category should
normally be performed prior to the geotechnical
investigations. The category should be checked and
changed, if necessary, at each stage of the design
and construction process.

(12) The procedures of higher categories may be
used to justify more economic designs, or if the
designer considers them to be appropriate.



noTpedyBaTH  3aCTOCYBaHHA Pi3HUX [ €0TEeXHIYHHX
Kareropiii. He 000B's3k0BO 3acTOCOBYBaTH HaWBHUIILY
3 IUX KaTEeropiil 10 BCbOrO MPOEKTY.

(14) Teorexuiuna Kateropis 1 moBHHHA BKJIHOYATH
JIUIIIE MaJTi 1 BITHOCHO TIPOCT1 CIIOPY/IH:

- ig Akux $yHAaMeHTanbHi (0a30Bi) BUMOTH MOXKYTh
OyTu 3a/10BOJIEHI Ha OCHOBI MONEPEAHBOrO OCBIAY 1
SIKICHMX TOKA3HHUKIB T€OTEXHIYHUX JOCIIKEHB;

- 3 HE3HAYHUM PHU3HKOM.

(15) Meromuku TreoTexHIYHOI KaTeropii 1 MOXYTbh
BUKOPUCTOBYBATHCS JUINE TPU HE3HAYHOMY PH3UKY
BiJTHOCHO 3arajibHOI CTIHKOCTI 4H IepeMillieHb IPyHTY
1 TPYHTOBI yYMOBH, SIK BIJIOMO i3 CIiBCTBJIIOBAHOTO
MOMEPEIHLOT0  JIOCBiy, MOCUTh TpocTi. Y 1uXx
BHITQJIKaX METOJAMK MOXXHA 3aCTOCYBAaTH TPaJMIIINHI
METOIU (dyHIaMEHTaTbHUX JIOCIIIKEHD i
MPOEKTYBaHHSL.

(16) Meromuku I'eorexniunoi Kareropii 1 cmig
3aCTOCOBYBATH JIMIIE, SIKIIO BiJICYTHSI BUIMKU TPYHTY
HUKYe  PIBHA  MiA3eMHUX  BoJ  abo  SKIIO
CIIBCTABJIIOBAaHMH MICIICBHI JIOCBiI IIOKa3ye, IO
3aIPOIIOHOBAaHA BHUIMKA HIDKYE PIBHS ITi36MHHUX BOJ
OyIe IpoCTorO.

(17) T'eorexuiuna Kateropis 2 BKiIIOYae CTaHAAPTHI
TANKA  crnopyx 1 (yHIZaMEHTIB 3  BIICYTHICTIO
HE3BUYANHNX PHU3UKIB a00 BaXKKUX IPYHTIB YU YMOB
HaBaHTaKEHb.

(18) TIIpoextn cmopyn I'eorexmiumoi Kareropii 2
[IOBMHHI 3a3BHYail BKJIIOYATH KUIbKICHI I'€OTEXHIYHI
IaHi 1 aHami3 3a0e3MeYeH s, 1110 TPUHITUIIOBI BUMOTH
3aJI0BOJTBHSIOTHCA.

(19) [Hns mpoektyBaHHs  cnopyd I 'eoTexHidHOI
Kareropii 2 MOXyTb 3acCTOCOBYBaTHCS 3BHYaiHI
METOJMKH! TONFOBUX 1 JIaOOpaTOPHHUX BHIPOOYBaHb,
MPOEKTYBAaHHS 1 BUPOOHHIITBA.

[MPUMITKA Ilpuxnanu 3BHYaiiHUX CIIOpy abo
YaCTHH CIIOpPY/I, MIIEruX mpaBmwiaM | eoTexHigHOT
Kareropii 2, HactymHi:

- pynmamMenTH MiTKOro (HErmTrOOKOT0) 3aKiIa JaHHS;

- IUTHI PpyHIaMEHTH;

- MaTbOBI GyHIAMEHTH;

- CTiHU 1 IHIII CTIOPY W, YTPUMYIOYi UM IiATPUMYIOUi
IpyHT 200 BOxYy;

- BUIMKH;

- MOCTOBI OITOpH 1 yCTOf;

- HACUNH 1 3eMJISIHI YKPITUIEHHS;

- IPYHTOB1 aHKEpHI 1 IHII aHKEPHI CUCTEMH;
- TYHEN B TBepAii HETPINTMHYBATIH CKENbHIN TOpoi 1
He MoTpeOyIoUi CIeniaaTbHOr0 BOJ03aXUCTY UM IHIIHX
YMOB.
(20) T'eorexniuna Karteropis 3 3a3Buyail BKIIOYAE
cropyau ab0 YaCTHHH CIOPY/I, SKi BUXOJATH 32 MEXI1
I'eorexniunoi Kareropii 11 2.
(21) Teorexniuna Kareropis 3 3a3Buuail BKITIOYAE
aNbTEpHATHBHI 10 i€l HOPMU MOJIOKEHHS 1 IpaBHIIa.

[MPUMITKA. o TIeorexniunoi Kareropii 3

(13) The various design aspects of a project can
require treatment in different Geotechnical
Categories. It is not required to treat the whole of
the project according to the highest of these
categories.

(14) Geotechnical Category 1 should only include
small and relatively simple structures:

— for which it is possible to ensure that the
fundamental requirements will be satisfied on the
basis of experience and qualitative geotechnical
investigations;

— with negligible risk.

(15) Geotechnical Category 1 procedures should be
used only where there is negligible risk in terms of
overall stability or ground movements and in ground
conditions, which are known from comparable local
experience to be sufficiently straightforward. In
these cases the procedures may consist of routine
methods for foundation design and construction.

(16) Geotechnical Category 1 procedures should be
used only if there is no excavation below the water
table or if comparable local experience indicates
that a proposed excavation below the water table
will be straightforward.

(17) Geotechnical Category 2 should include
conventional types of structure and foundation with
no exceptional risk or difficult soil or loading
conditions

(18) Designs for structures in Geotechnical
Category 2 should normally include gquantitative
geotechnical data and analysis to ensure that the
fundamental requirements are satisfied.

(19) Routine procedures for field and laboratory
testing and for design and execution may be used
for Geotechnical Category 2 designs.

NOTE The following are examples of
conventional structures or parts of structures
complying with Geotechnical Category 2:

— spread foundations;

— raft foundations;

— pile foundations;

— walls and other structures retaining or supporting
soil or water;

— excavations;

— bridge piers and abutments;

— embankments and earthworks;

— ground anchors and other tie-back systems;

— tunnels in hard, non-fractured rock and not
subjected to special water tightness or other
requirements.

(20) Geotechnical Category 3 should include
structures or parts of structures, which fall outside
the limits of Geotechnical Categories 1 and 2.

(21) Geotechnical Category 3 should normally



BITHOCATHCS HACTYIIHI TPHKIIA]H:

- Iy’Ke KpyIHi a00 HeCTaHJapTHI CIOPYIH;

- CIIOPYAH, TIOB’sI3aHi 3 HaI3BUYaHUMH PU3UKAMH, YH
HecTaHAapTHI a00 0co0NMBO CKIaJAHUMH IPYHTaMH 1
YMOBaMH HaBaHTAKEHHS;

- CIIOpPYIM B 30HAX IMiJIBUIICHOT CEHCMIYHOCTI;

- CIIOPY/H, B pallOHaX HECTIMKMX 1 3CYBOHEOE3MEUHHUX
30H, IO BHMAarae OKpEeMHUX JIOCHIDKeHb 200
ClieliaIbHUX 3aXOIiB.

2.2 TIpoexTHi cutyamii

(Hp [ToBunHI PO3TIATATUCH o0uB1
KOPOTKOCTPOKOBI 1 JIOBrOCTPOKOBI MIPOEKTHI
CHTYaIlii.

(2) TIpn TeoTexHIYHOMY TPOEKTYBaHHI JleTai3aIlis
crieiaIbHUX MIPOEKTHUX cUTYyalii IIOBUHHA
BKJIFOYATH BIAIIOBIIHO:

- mii, 1X CHOJy4YeHHs 1 TIOJNIOKEHHS (BUIAJIKH)
HABaHTa)XCHb;

- 3arajbHy NPHIATHICTH TPYHTY OCHOBH, Ha SKil
Criopylla PpO3TallOBYEThCS, B AaCIEKTi 3arajbHOi
CTIHKOCTI 1 3MillleHHS (3CYBY) IPYHTY;

- posranryBaHHS i Kinacu(ikaiito pi3HHX 30H TPYHTY,
TIPCHKUX TOPIJI 1 eIEMEHTIB CIOPY/IH, SIKi BKITFOYCHI B
OyIb SIKy BU3HAUCHY MOJIENb;

- YXWI MICTHIHHUX MapiB;

- Tig3eMHi BUpOOJEHHs, rajepei 1 IHON IMa3eMHi
CTPYKTYpH;

- Y BHITAJIKY CIIOPY/I, PO3TAIIOBAaHUX HA YU OIS CKEJIi:

- TIepenapyBalHHs TBEPANUX 1 M'IKHUX IIIapiB;

- PO3JIOMU, IIIBH 1 TPILTUHU;

- MOXKITUBY HECTIHKICTh CKEIThHUX OJIOKIB;

- TOPOKHMHHU PO3YMHEHHS Taki SK TPHUPOIHI
Komomsazi  impTpamii  (moHOpm) abo  TPIMIWHU,
3alOBHEHI  MyXKHM  MaTepiajoMm, 1  Tpolecu
PO3UMHEHHSI, IKi TPUBAIOTH;

- XapakTep 30BHIIIHHOTO CEpPEAOBHINA B MeEXax
po3TalryBaHHA TMPOEKTOBAHOI CIIOPYAH, BKIIOYAIOYH
HAaCTYyITHE!

- pe3yabTaTH PO3MHUBY, €po3il i BUIMOK, SIKi BEIYTh
JI0 TEOMETPUYHHX 3MiH ITOBEPXHI IUTSTHKY;

- HACJTiJJOK XIMIYHOT KOpO3iT;

- HACJIiTOK BUBITPIOBAHHS,

- HACJIJIOK POMEP3aHHS;

- HACJTiJIOK TPUBAJIOI JKapH;

- 3MiHM pIiBHIB TIPYHTOBUX BOJ, HANpUKIAd, ¥
HACITIJIOK BOJIO3HIDKEHHS, MOXKJTHBOTO
MIATOIUIEHHS, TOpPYIIEHHS pPO0OTHM  JIpEeHaKHUX
CHCTEM, eKCILTyaTaIli€l0 BOMHUX 00'€KTIB;

- TPHUCYTHICTH Ta3y, 0 BUJIUIETHCS 3 3EMJIi;

- IHIII HACHIKY i Yacy i MPUPOTHOTO CepeaoBHUIIa
Ha MIIHICT, Ta IHIIN BIIACTHBOCTI Marepialis,
HAmNpUKiIaJ, HACIHIIKA BHHUKHEHHSA SIM, BHUPHUTHX
TBapUHAMH;

- 3eMJIETPYCH;

- 3MilIEHHSA TIPYHTY, 3a PaxyHOK OCigaHii mpu
ripHUYUX BUPOOKax abo iHIIOK JisUTBHICTIO;

- YyTJIMBICTb CIIOPYIH 0 Aedopmartiii;

include alternative provisions and rules to those in
this standard.

NOTE Geotechnical Category 3 includes the
following examples:
— very large or unusual structures;
— structures involving abnormal risks, or unusual
or exceptionally difficult ground or loading
conditions;
— structures in highly seismic areas;
— structures in areas of probable site instability or
persistent ground movements that require separate
investigation or special measures.
2.2 Design situations
(1)P Both short-term and long-term  design
situations shall be considered.

(2) In geotechnical design, the detailed
specifications of design situations should include, as
appropriate:

— the actions, their combinations and load cases;

— the general suitability of the ground on which the
structure is located with respect to overall stability
and ground movements;
— the disposition and classification of the various
zones of soil, rock and elements of construction,
which are involved in any calculation model;
— dipping bedding planes;
— mine workings, caves or other underground
structures;
— in the case of structures resting on or near rock:

— interbedded hard and soft strata;

— faults, joints and fissures;

— possible instability of rock blocks;

— solution cavities, such as swallow holes or
fissures filled with soft material, and continuing
solution processes;

— the environment within which the design is set,
including the following:

— effects of scour, erosion and excavation, leading
to changes in the geometry of the ground surface;
— effects of chemical corrosion;

— effects of weathering;

— effects of freezing;

— effects of long duration droughts;

— variations in ground-water levels, including, e.g.
the effects of dewatering, possible flooding, failure
of drainage systems, water exploitation;

— the presence of gases emerging from the ground,;

— other effects of time and environment on the
strength and other properties of materials; e.g. the
effect of holes created by animal activities;

— earthquakes;
— ground movements caused by subsidence due to



- BIUTMB HOBOI CIIOPYIM Ha iCHYIOY1 CIIOPYIH, MEpPExKi
1 Ha HABKOJIMIITHE CEPEIOBHIIIE.

2.3 JloBroBiuHicTh

()P Ha cranmii reoTexHIYHOrO MPOEKTYBaHHS
HEOOXiZIHO OIIHWUTH BIUIUB YMOB HAaBKOJHIIHBOTO
CepelloBHIIA Ha JIOBTOBIYHICTS 1 epeadaunTu 3ax0au
3axucTy a00 HeOOXiHY MII[HICTh MaTepiaiB.

(2) Mpu ouiHmi [IOBroBIYHOCTI MaTepialiB, IO
BUKOPUCTOBYIOTbCA B  IPYHTI, PEKOMEHIYETHCS
BpaxoBYBaTH HACTYITHE:

a) Juist OCTOHY:

- HasBHICTP B IPYHTOBHUX BOAaX YM B IPYHTI abo
HACHITHUX Marepianax arpecMBHHX PEYOBHH, TaKHX
SIK KHCJIOTH a00 cyiab(artu;

b) mist crami:

- XIMiYHI peakii, SKIO eneMeHTH (yHIaMEeHTY
BHUKOHAHI y TPYHTI 3 IPOHUKJIMBICTIO IOCTATHHOIO IS
(duTBTpAaIlil IPYHTOBI BOAM i KUCHIO;

- KOpPO3il0 30BHINIHBOT TIOBEPXHI HIMMYHTOBHX CTiH
BIAKPUTHX JJIs Jii BUIbHOI BOAM, OCOOJMBO B 30HI
CEPEAHBOrO PIBHS BOJU;

- TOYKOBY KOpO3il0 CTaJIEBUX EIEMEHTIB, OCOOJIMBO
CTaJIeBOTO MPOKATYy, 3aKJIaICHUX Y TPIIMHYBATHI abo
TTOPUCTHUH OETOH, KOJM BTOPUHHA OKAJIMHA, IO JE K
KaTol, BCTYIa€ B CICKTPONITHYHY pPEAKII0 3
TIOBEpXHEI0 0€3 OKAJIMHU, ITI0 Ji€ K aHOJ;

C) IS IEPCBUHU:

- TpuOKH 1 aepoOHi OakTepii y MPUCYTHOCTI KUCHIO;

d) IS CHHTETUYHOT'O TEKCTHITIO:

- ed ekt CTapiHHs, 00yMOBJICHHH TIETO
ynbTpadioneToBuX MpoMeHiB, a00 pyiHyBaHHS Bif mii
030HYy YU KOMOiHOBaHI il Temmeparypu i
Hampy)XeHHs, 1 BTOPUHHI e(deKTH XIMIYHOTO
pyVHYBaHHS.

(3) Marores OyTu 3poOieHi TOCWIaHHS Ha YMOBH
JOBIOBIYHOCTI, TIepedadeHi B HOpMax Ha OymiBenbHi

MaTepiaim.
24 I'eoTexniune NPOEeKTYBAHHS 3a
BHU3HAYEHHAM (BuzHaueHHs 1A

re0TeXHIYHOr 0 MPOEKTYBAHHSA)

2.4.1 3arajpHi OJI0KeHHS

(1)P TIlpoektyBaHHsS 3a BH3HAYEHHSM IIOBHHHO
BHUKOHYBATHCSl y BIINOBIJHOCTI 3 OCHOBOIIOJIOKHUMH
Bumoramu EN 1990:2002 i cneniailkHUMH TIpaBUAJIAMH
uiei Hopmu. [IpoexTyBaHHS BKIIOYa€ BU3HAUCHHS:

- mil, ki MOXyTh OyrtH abo 3aJaHUMU
HABaHTAXXEHHAMH, a00 3aJaHUMHU IEPEeMIlICHHSIMH,
HaIPUKIIA], BiJl OCIIaHHS IPYHTY;

- BJIACTHBOCTEH IPYHTIB, CKEJIBHUX MOpiA 1 iHIIUX
MaTepiaiB;

- TEOMETPUYHUX JIAHUX;

- TpaHWYHUX BEIMYMH JAeQopManiif, MUPUHH
PO3KPHTTS TPilMH, BiOpaliii i iH.

- PO3paxyHKOBHX (BU3HAYAIIEHUX) MOJIETIEH (CXeM).
(2) HeoOxigHo BpaxoBYBaTH, IO 3HAHHS TPYHTOBUX

mining or other activities;

— the sensitivity of the structure to deformations;
— the effect of the new structure on existing
structures, services and the local environment.

2.3 Durability

(1)P At the geotechnical design stage, the
significance of environmental conditions shall be
assessed in relation to durability and to enable
provisions to be made for the protection or adequate
resistance of the materials.

(2) In designing for durability of materials used in
the ground, the following should be considered:

a) for concrete:
— aggressive agents in the ground-water or in the
ground or fill material, such as acids or sulfate salts;

b) for steel:

— chemical attack where foundation elements are
buried in ground that is sufficiently permeable to
allow the percolation of ground-water and oxygen;
— corrosion on the faces of sheet pile walls exposed
to free water, particularly in the mean water level
Zone;

— the pitting type of corrosive attack on steel
embedded in fissured or porous concrete,
particularly for rolled steel where the mill scale,
acting as a cathode, promotes electrolytic action
with the scale-free surface acting as an anode;

c) for timber:

— fungi and aerobic bacteria in the presence of
oxygen;

d) for synthetic fabrics:

— the ageing effects of UV exposure or ozone
degradation or the combined effects of temperature
and stress, and secondary effects due to chemical
degradation.

(3) Reference should be made to durability
provisions in construction materials standards.

2.4 Geotechnical design by calculation

2.4.1 General

(1)P Design by calculation shall be in accordance
with the fundamental requirements of EN
1990:2002 and with the particular rules of this
standard. Design by calculation involves:

— actions, which may be either imposed loads or
imposed  displacements, e.g. from ground
movements;

— properties of soils, rocks and other materials;

— geometrical data;

— limiting values of deformations, crack widths,
vibrations etc.;

— calculation models.



YMOB 3QJIGKHTh BiJi 00'€eMy 1 SKOCTI T'€OTEXHIYHHX
(IHXEeHepHO-TEONOrYHIX) BHIIYKYBaHb. Hns
3aJI0BOJICHHSI OCHOBOMOJIOKHUX YMOB 1151 BUBUEHICTb 1
KOHTPOJNb SIKOCTI pOOIT 03HAYalOTh Oilble, HiX
TOYHICTh PO3PAXyHKOBHUX MoOfeIed 1 OKpeMHX
Koe(ilieHTIB.

(3)P PozpaxynkoBa MoIenh MOBUHHA JaBaTH OIKC
nependadyBaHoi TOBEAIHKA TIPYHTY IMpH JaHOMY
TpaHUYHOMY CTaHi.

(4)P Sxmo wHaxmiiiHa po3paxyHKOBa MOAENb JUIs
0COOIUBOTO TpPaHUYHOTO CTaHy BiZICYTHS,
BHKOHYEThCSl aHaJIi3 IHIIOr0 TPAaHUYHOIO CTaHy 3
BUKOPUCTAHHSM YHHHHUKIB, SKi TapaHTYyIOTb, IO
MEpEeBUIIEHHS  OCOOJIMBOrO  TPaHUYHOTO  CTaHy
HEMOXXJIMBE. AJIbTEPHATUBHUM € MPOCKTYBaHHS 32
JIUPEKTUBHUMH (OCHOBAaHMMH Ha TIONEPEIHBOMY
JIOCBIIi) MMOKa3HUKaMHU (xpuTepisimMn), 3
BUKOPUCTAHHSIM  €KCIIEPUMEHTAJIbHUX Mojened i
BUNPOOYBaHb  HAaBaHTAXKEHHSMH  abo  MeTomy
CIIOCTEPEKCHb.

(5) PospaxyHkoBa MOmens MOXE OyTH OTHOIO 3
HACTYITHHX:

- aHAJIITUYHA MOJEIb;

- HamiBeMITIpUYHA MOJICIIb;

- YUCJIOBA MOJEb.

(6)P bymp-sxa po3paxyHKoOBa Moelb Mae OyTu abo
Iy’Ke TOYHOI0, 200 MaTH OXUOKH B OiK Oe31eku

(7) PospaxyHkoBa MOmENh  MOXE  BKJIIOYATH
CIPOIIIEHHS.

(8) Ilpm HEOOXiTHOCTI PE3YNBTaTH MOICITIOBAHHS
MOXYTh OyTH 3MiHEHI abo mms 3M00yTTS OUTBIION
TOYHOCTI, a00 i1 JOCSATHEHHS IIOXMOKHM B OIK
Oe3mexu.

(9) Sxmo xoperyBaHHSI pe3yibTaTiB BHKOHYETHCS 3
BHKOPHCTaHHSAM Koe(imieHTy Mozeni, To ciij Opatn
110 yBary (BpaxoBYBaTH) HACTYITHE:

- iHTepBaJ OTPIITHOCTI PE3yAbTATIB METOY aHAII3Y;
- Oyap-fKy BiJOMy CHCTEMHY MOTPIlTHICTb METOIY
aHamizy.

(10)P Skmro mist aHANi3y 3aCTOCOBYETHCS €MITipHYHA
3aJIeKHICTh, TO IIOBUHHO OYTH YiTKO BCTAHOBJICHO, III0
BOHA JIOpEYHa JUIs [IEPEeBaXKa0YNX IPYHTOBUX YMOB.
(11) TI'panmuni cranu  (GopMyBaHHS MeEXaHI3MY
BIUIMBY, LII0 BUKJIMKA€E TPIIMHOYTBOPEHHS B IPYHTI,
MOXYTh OYTH JIETKO BCTAHOBJICHI 3 BHUKOPHUCTAaHHSIM
po3paxyHKoBoi Mozeni. s rpaHUYHUX CTaHiB 3a
nedopmartisMu gedopmariii MOBUHHI OIIHIOBATHCS, 5K
BKa3aHO B 2.4.8 ab0 iHIIMMH BU3HAYEHHSMU. .
[MPUMITKA. Barato po3paxyHKOBUX MoAenen
3aCHOBAaHO Ha TiNOTe31 IUIACTUYHOI TMOBEAIHKH
CHCTEMU "IpYHT-KOHCTpYKILis". BincytHicTb
IUTACTUYHOCTI MPHU3BENE A0 IPAaHUYHOIO CTaHy, SKHH
XapaKTepU3YETbCS ~ PAaNTOBUM  OOBalleHHsAM  (SIK
MUTTEBE PYHHYBaHHS).
(12) Ilpm BpaxyBaHHiI cymicHOCTiI Aedopmamiii 4u
B3aeMOJil MDK KOHCTPYKLi€l0 1 TIpyHTOM B
TPaHUYHOMY CTaHi MOXYTb 3aCTOCOBYBATHCS YMCIIOBI

(2) It should be considered that knowledge of the
ground conditions depends on the extent and quality
of the geotechnical investigations. Such knowledge
and the control of workmanship are usually more
significant  to  fulfilling the  fundamental
requirements than is precision in the calculation
models and partial factors.

(3)P The calculation model shall describe the
assumed behaviour of the ground for the limit state
under consideration.

(4)P If no reliable calculation model is available for
a specific limit state, analysis of another limit state
shall be carried out using factors to ensure that
exceeding the specific limit state considered is
sufficiently improbable. Alternatively, design by
prescriptive measures, experimental models and
load tests, or the observational method, shall be
performed.

(5) The calculation model may consist of any of the
following:

— an analytical model;

— a semi-empirical model;

— a numerical model.

(6)P Any calculation model shall be either accurate

or err on the side of safety.

(7) A calculation model may include implifications.

(8) If needed, a modification of the results from the
model may be used to ensure that the design
calculation is either accurate or errs on the side of
safety.

(9) If the modification of the results makes use of a
model factor, it should take account of the
following:

— the range of uncertainty in the results of the
method of analysis;

— any systematic errors known to be associated
with the method of analysis.

(10)P If an empirical relationship is used in the
analysis, it shall be clearly established that it is
relevant for the prevailing ground conditions.

(11) Limit states involving the formation of a
mechanism in the ground should be readily checked
using a calculation model. For limit states defined
by deformation considerations, the deformations
should be evaluated by calculation as described in
2.4.8, or otherwise assessed.

NOTE Many calculation models are based on
the assumption of a sufficiently ductile performance
of the ground/structure system. A lack of ductility,
however, will lead to an ultimate limit state
characterised by sudden collapse.

(12) Numerical methods can be appropriate if



MeToau
(13) Cnixg BpaxoByBaTH CyMicHICTh Aedopmariii y
TPAaHUYHOMY CTaHi. ¥ BHUIaJKaX, KOJIU MOXKE CTaTUCS
KoMOiHOBaHE PYHHYBaHHS €JIEMEHTIB KOHCTPYKIIi i
IPYHTY, HEOOXITHMI AeTaTbHUI aHaji3, M0 BPaxoBYye
BIJTHOCHY JKOPCTKICTh ~ KOHCTPYKWii 1 TpYHTY.
[Mpuknagamu MOXXYTh OYTH IUIMTHI (GyHAAMEHTH, Al
3 OIYHMM HaBaHTKEHHSM 1 THYYKi MAMIpHI CTIHKH.
Hdns  matepianiB  KpPUXKHUX 1 TakuxX, IO MaloTh
BJIACTUBOCTI PO3YUIUIBHEHHS, HEOOXIAHO MPHIUIATH
0ocoOJMBY  yBary CyMmicHocTi  amedopmariii y
TpaHUYHOMY CTaHi.

(14) V nmedaxux BUMAIKaX, HANPHUKIAA, TaKUX SK
KpIIUIEHHSAM KOTJIOBaHY pO3IIpKaMH YW THYYKHMHU
CTIHAMHM 3 aHKEpaMH, Jiama3oH 1 pO3MOiT BEIUYUH
TUCKY TIPYHTIB, 3yCWJIIS 1 3TMHAJbHI MOMEHTH B
KOHCTPYKIIi1 B 3HaYHI{ Mipi 3aJIeKaTh Bijl )KOPCTKOCTI
KOHCTPYKIIil, JKOPCTKOCTI 1 OmOpy TIpyHTY i
HATPYXEHOTO CTaHy OCHOBH.

(15) TIpu posrmsai B3aeMofil IPYHT - KOHCTPYKIIis
CIiJi aHami3yBaTH 3aKOHOMIPHOCTI  HampyXeHO-
neopMOBaHOTO  CTaHy TIpPYHTYy 1  MarepiamiB
KOHCTPYKIII1 1 HampyXeHWil cTaH B IPYyHTI, AKi €
JIOCUTH PENPEe3eHTATUBHUMHU (XapaKTepHUMH) IS
JAHOTO TPAaHUYHOIO CTaHy, 1100 JaBaTH Pe3yjIbTaTH 3
BEJIMKUM 3aI1acoM 110 Oe3melt.

2.4.2 JLii

(1)P Busuauenns miii Oeperscs 3 EN 1990:2002.
Biamosinai Benmanan aid 6epythes 3 EN 1991.

(2)P IlotpiOHO BHOpaTH BHUKOPHCTOBYBAaHI BETHIMHHU
FeOTEXHIYHUX IiH, SAKII0 BOHU BIAOMI JO BU3HAYEHHS
pe3ynbTaTy; BOHM MOXKYTh MIHATHUCS Ha IPOTS3i OO
BHU3HAYEHHS.

[TPUMITKA. BennumHrM TeOTEeXHIYHHUX I
MOXYTh MIHATUCS B XOAI BH3HAYEHHS. Y IHOMY
BUIIAIKy BOHU BBOZASATHCS SIK IepIle HAOMMKEHHS A
MMOYaTKy BW3HA4YEHHS 3 TMOMNEPEeAHbOl  BimOMOi
BEJINYMHU.

(3)P Ilpm Bu3HaueHHi [idd, BUOpaHWX IS
MPOEKTyBaHHS, Mae OyTH pO3TsHyTa (MIPHHHSTA IO
yBarm) OyAb-fKa B3a€EMOMIA MDK CIOPYIOK i
IPYHTOM.

(4) Ilpm reoTexHIYHOMY TIPOEKTYBaHHI IS
BKJIFOUCHHSI K [Mii HEOOXigHO OyTH pO3TISHYTe
HACTYIIHE:

- Bara HeCKeJIbHUX 1 CKETbHUX IPYHTIB 1 BOAM;

- HaIlpY»XeHHS B TPyHTi (OCHOBI);

- TUCK I'PYHTY 1 TUCK I'PYHTOBHX BOJ;

- TUCK BIJIbHOI BOAM, Y TOMY YHMCIIi XBUJIb;

- TUCK IPYHTOBHUX BOJ;

- pinpTpaniizi cuim;

- IOCTIMHI 1 THUMYacoBl HaBaHTAXXEHHS  Bif
KOHCTPYKLIii;

- THMYAaCOBI HABaHTAKEHHS (IPUTPY3KH);

- CHJIM TIPHYAJTIOBaHHS;

- 3HATTS HABAaHTaXEeHb 400 BUIMKH IPYHTY;

- TPAHCIOPTHI HABAaHTAXKECHHS;

- TIepeMilIeHHs, BHUKIUKaHI TipHUYMMU BHPOOKaMU

compatibility of strains or the interaction between
the structure and the soil at a limit state are
considered.

(13) Compatibility of strains at a limit state should
be considered. Detailed analysis, allowing for the
relative stiffness of structure and ground, may be
needed in cases where a combined failure of
structural members and the ground could occur.
Examples include raft foundations, laterally loaded
piles and flexible retaining walls. Particular
attention should be paid to strain compatibility for
materials that are brittle or that have strain-softening
properties.

(14) In some problems, such as excavations
supported by anchored or strutted flexible walls, the
magnitude and distribution of earth pressures,
internal structural forces and bending moments
depend to a great extent on the stiffness of the
structure, the stiffness and strength of the ground
and the state of stress in the ground.

(15) In these problems of ground-structure
interaction, analyses should use stress-strain
relationships for ground and structural materials and
stress states in the ground that are sufficiently
representative, for the limit state considered, to give
a safe result.

2.4.2 Actions

()P The definition of actions shall be taken from
EN 1990:2002. The values of actions shall be taken
from EN 1991, where relevant.

(2)P The values of geotechnical actions to be used
shall be selected, since they are known before a
calculation is performed; they may change during
that calculation.

NOTE Values of geotechnical actions may
change during the course of calculation. In such
cases they will be introduced as a first estimate to
start the calculation with a preliminary, known
value.

(3)P Any interaction between the structure and the
ground shall be taken into account when
determining the actions to be adopted in the design.

(4) In geotechnical design, the following should be
considered for inclusion as actions:

— the weight of soil, rock and water;

— stresses in the ground,;

— earth pressures and ground-water pressure;

— free water pressures, including wave pressures;
— ground-water pressures;

— seepage forces;

— dead and imposed loads from structures;
— surcharges;

— mooring forces;

— removal of load or excavation of ground,;



abo BIAIITYBaHHSAM TIOPOKHUH YH HPOXOAKOIO

TYHEIB;

- Ha0yxaHHS 1 ycaJka, BHKIUKaHI 3MiHOIO

POCIIMHHOTO TOKPUBY, KiIiMaTy abo BOJIOT'OCTi;

- TepeMillleHHs, TMOB'A3aHi 3 TMOB3YYiCTIO abo

KOB3aHHSIM M OCiIaHHSM IPYHTOBOI Macu;

- MepeMilleHHS, 0o0yMOBJIGHI  Jierpajalie€ro,

JUCIIEPCI€l0, PO3KJIAJaHHIM, CaMOYIIUIBHCHHSAM 1

PO3YMHEHHSIM;

- TepeMilleHHs 1  TIPUCKOPEHHS,  BUKIIHMKaHi

3eMJIETpyCaMH, BUOyXaMH, BiOparisiMu i

JMHAMIYHAMH HABaHTA)KEHHIMU;

- BIIMB TEMITIEPATYPH, BKIIOUAIOYN IIPOMEP3AHHS;

- TbO/IOBE HaBaHTAXKCHHS;

- TIOTIEPE/IHE HANIPY)KEHHsI B aHKepax 4u po3IMipKax;

- HEraTHUBHE TEPTH.

5)p HeobxinHo BpPaxOBYBaTH MOXKITUBICTB

CTIOJIYUEHHS JIil, SIKIi MOXYTh BiJIOyBaTHCS pa3oM YH

OKpEMO.

(6)P TpuBamicte  miii MOBMHHA OL[IHFOBATHCS 3

BpaxyBaHHSM BILTUBY Yacy Ha MeXaHIUHI BIACTHBOCTI

IPYHTIB, OCOONMBO Ha JPEHAXXHI BIACTUBOCTI 1

CTHCIIHBICTH IPIOHO3EPHUCTUX IPYHTIB.

(7)P IoBTopHi mii 1 Ail 3MiHHOT IHTEHCUBHOCT1 MalOTh

OyTH BH3HAUYEHI Tak, 00 MOXKHA OYIIO PO3TIISTHYTH iX

TIOBEIIHKY BiTHOCHO, HANPUKIAJ, JTOBIOTPHUBAIMX

TepeMIllleHb,  PO3PIMKYBAaHHSIM  IPYHTIB,  3MIH

JKOPCTKOCTI 1 OITOpPY TPYHTIB.

(8)P Jlii, sxi mpwW3BOAATH 1O AWHAMIYHOI peakIrii

KOHCTPYKIl 1 TPYHTY, MalTh OyTH BHU3HAYCHI IS

OKPEMOT'0 PO3TIILY.

(9)P [ii, B AKkMX mepeBakaloTh CHJIH, OOYMOBIEHI

TPYHTOBOIO 1 BUIBHOIO BOJIOI0, TTOBWHHI BH3HAYATHCH

IUII  OKPEMOTO pO3TIIsiAy CTOCOBHO Aedopmarriid,

TPIIIMHOYTBOPEHHS, 3MiH BOJOIPOHUKHOCTI 1 €po3ii.
I[TPUMITKA TIlocriiini Hecnpustauei (abo

JecTadinizyrodi) i CIPHATIINBI (abo

cTabimizyroui) nii B JEeIKMX CHTYyallisixX MOXKHA

pO3TIsAaTH K Taki, IO MarTh OAHI BUTOKH. [lpm

TAKOMY TMIiOXOAi OAWH OKpeMHH Koe(illieHT Moxke

BU3HAYATUCh JUIA CYMH LHUX Jif 9M CcyMHm IX

pe3yabTaTIB.

2.4.3 BiaacTuBoOCTi IPYHTIB

(1)P Teorexwiuni mapamerpw, WO BH3HAYAIOTH

BIIACTHBOCTI MAacCHBIB TPYHTIB 1 CKEIBHHX TIOpPiJ 3

TUMU KUTBKICHUME TIOKa3HUKaMH, SIKi OyJIH BU3HAYEH1

JUIA TIPOEKTYBaHHs, TOBHHHI OYyTH BUBEIEHI 3a

pesynbTaTaMyd  BHIPOOYBaHb, TaK UM  IHAKIIe

Oe3rnocepeHpO a00 NIIAXOM KOPEJIAIii, TEOPETUIHO

Y eMITIPUYHO 1 32 IHIIMMHA TPUJATHUMU JaHUMH.

(2)P BenuuuHu, oTpuMmaHi 3a pe3yapTaTamMu

BUIIPOOYBaHb i THIINX JaHUX, MTOBHUHHI

IHTEepIpeTyBaTUCS CHOCOOOM, SIKMH MiIXOAWUTH IS

JAHOTO TPAaHUYHOTO CTaHY.

(3)P HeoOximHO BpaxyBaTW MOXIIMBY PI3HHUIIO MK

BJIACTUBOCTSIMU IPYHTY i TeOTeXHIYHUMHU

napamMerpaMy, OTPUMaHUMH 32  Pe3yJbTaTaMu

BUNIPOOyBaHb, 1 iX BIUIMBOM Ha TOBEOIHKY

— traffic loads;

— movements caused by mining or other caving or
tunnelling activities;

— swelling and shrinkage caused by vegetation,
climate or moisture changes;

— movements due to creeping or sliding or settling
ground masses;

— movements due to degradation, dispersion,
decomposition, self-compaction and solution;

— movements and accelerations caused by
earthquakes, explosions, vibrations and dynamic
loads;

— temperature effects, including frost action;

— ice loading;

— imposed pre-stress in ground anchors or struts;

— downdrag.

(5)P Consideration shall be given to the possibility
of variable actions occurring both jointly and
separately.

(6)P The duration of actions shall be considered
with reference to time effects in the material
properties of the soil, especially the drainage
properties and compressibility of fine-grained soils.

(7P Actions, which are applied repeatedly, and
actions with variable intensity shall be identified for
special consideration with regard to, e.g. continuing
movements, liquefaction of soils, change of ground
stiffness and strength.

(8)P Actions that produce a dynamic response in the
structure and the ground shall be identified for
special consideration.

(9)P Actions in which ground- and free-water forces
predominate shall be identified for special
consideration with regard to deformations, fissuring,
variable permeability and erosion.

NOTE Unfavourable (or destabilising) and
favourable (or stabilising) permanent actions may in
some situations be considered as coming from a
single source. If they are considered so, a single
partial factor may be applied to the sum of these
actions or to the sum of their effects.

2.4.3 Ground properties

(1P Properties of soil and rock masses, as
guantified for design calculations by geotechnical
parameters, shall be obtained from test results,
either directly or through correlation, theory or
empiricism, and from other relevant data.

(2)P Values obtained from test results and other data
shall be interpreted appropriately for the limit state
considered.

(3)P Account shall be taken of the possible
differences between the ground properties and



TCOTEXHIYHOI CTIOpY/IH.

(4) Pizunsg, Bkazana y 2.4.3(3)P, moxe Oyrtu
00yMOBJICHa HACTYITHUMU (PaKTOpaMH:

- 0arato TeOTEeXHIYHUX MapaMeTpiB HacHpaBAi HE €
MOCTIMHUMH, a 3aleXaTh BiJ PIiBHS HANpPYXEHHS i
BUY AedopMallii;

- CTpYKTypa CKEJIbHMX 1 HECKEIbHUX TIPYHTIB
(Hampukiaa, TPIIMHY, po3lapyBaHHS abo0 KpyIHi
YacTKH), SKIi MOXYTh TpaTh Ppi3Hy poib Y
BUIPOOYBaHHI 1 y T€OTEXHIYHIN CIIOpPY/Ii;

- e(hexT yvacy;

- pO3ylIIbHIOIOUUI edekT Bix Qimbrpamii Bogu y
IPYHTI YM 3HWKEHHS ONOPY CKENbHUX IPYHTIB;

- PO3YIIUIbHIOIOUNH ePEeKT TUHAMIYHUX JIiH;

- KpHXKiCTh a00 TMJaCTHYHICTh BHUIPOOOBYBAHUX
IPYHTIB 1 CKEIIBHUX TOPIJT;

- METOJI 3BEJICHHS T€0TEXHIYHOI CIIOPYIH;

- BIUIMB BHUPOOHMITBA pOOIT Ha IITYy4HI abo
MOKpalllyBaHi IPyHTH;

- BIUIMB Oy/IiBEJIbHUX POOIT HA BJACTUBOCTI IPYHTY.
(5) Tlpm Bu3HAYEHHI BEIUYUH TI'€OTEXHIYHUX
rapamerpiB HeoOXiIHO OpaTH J0 yBaru HacTyITHE:

- OImyOIiKOBaHy 1 3arajJlbHOBIiIOMY iH(OpMAII0 10
BKMBAaHHIO  KOXKHOTO  THNAa  BHUIPOOyBaHb Yy
BIITOBITHUX IPYHTOBHX YMOBAX;

- BEJIMYMHY KOXXHOIO T€OTEXHIYHOIo Iapamerpa
TIOPIiBHSHO 3 OIMyOJIKOBAaHMMH JaHUMH 1 MICIIEBUM 1
3arajJbHUM JIOCB1IOM;

- Bapiarii TeOTeXHIYHMX IapaMeTpiB BIAMTOBITHUX
IIPOCKTY;

- pesynbraTé Oynb SKMX HATYpHHX BUIIPOOYBaHB i1
pe3yIBTATH CIIOCTEPEXKEHB 32 CYCITHIMU CIIOPYIaMH;

- Oynp sKi (J1F001) KOPEJSIii MK pe3yabTaTaMu OLTBII
HDX OHOTO BUIIPOOYBaHHS;

- Oynp-siKe ICTOTHE TIOTIPIIEHHS BIACTUBOCTEH TPYHTY
MOJKJIFIBE TIPOTSTOM TEPMiHY CITY>KOHU CIIOPY/IH.

(6)P e me HEOOXITHO CHII 3aCTOCOBYBaTH
KamOpoBO4YHI  KoedillieHTH I TepeBeNeHHS
pe3ynpTaTiB  7A0OpaTOpHUX YU MTOJTEOBHUX
BHUIPOOYBaHb, BUKOHaHMX 32 EN 1997-2, y Bennumnam,
o BiOOpakaroTh TMOBEMIHKY HE CKEIbHUX 1
CKeNbHHX TIPYHTIB Ha wMicmi ix 3amsraHHs 3
BpaxyBaHHSIM JIAHOTO TPaHUYHOIO CTaHy, abo Ui
BpaxyBaHHSl KOPEIALIH, sIKI 3aCTOCOBYBAIMCS IS
3000yTTSI BEIMYMH, OTPUMAHUX 32 DPE3yJbTaTaMH
BHITPOOYBaHb.

2.4.4 I'eomeTpu4Hi nani

(1)P Io3Haukw i yXuim MOBEpXHi IPYHTY, PiBHI BOIH,
piBHI BiAcTaHi MDK IIapaMy, IO3HAYKH BHIMOK 1
pPO3MIpH  TEOTEXHIYHHX  KOHCTPYKUIH  HOBWUHHI
PO3IIIAAATUCH SIK TEOMETPUYHI JaHi.

2.4.5 XapakTepucTHYHI BeJTHYHNHH

2.4.5.1 XapakTepucTH4Hi i penpe3eHTaTHBHI
(XapakTepHi, IpeACTABHNULBLKI) BeJTHYNHM il

(1)P XapakrepucTuuHi 1 penpe3eHTaTUBHI BETHYHHU
I TIOBMHHI BHW3HAYaTucs y BiamoBigHocTi 3 EN

geotechnical parameters obtained from test results
and those governing the behaviour of the
geotechnical structure.

(4) The differences to which 2.4.3(3)P refers can be
due to the following factors:

— many geotechnical parameters are not true
constants but depend on stress level and mode of
deformation;

— soil and rock structure (e.g. fissures, laminations,
or large particles) that may play a different role in
the test and in the geotechnical structure;

— time effects;

— the softening effect of percolating water on soil
or rock strength;

— the softening effect of dynamic actions;

— the brittleness or ductility of the soil and rock
tested;

— the method of installation of the geotechnical
structure;

— the influence of workmanship on artificially
placed or improved ground,;

— the effect of construction activities on the
properties of the ground.

(5) When establishing values of geotechnical
parameters, the following should be considered:

— published and well recognised information
relevant to the use of each type of test in the
appropriate ground conditions;

— the value of each geotechnical parameter
compared with relevant published data and local and
general experience;

— the variation of the geotechnical parameters that
are relevant to the design;

— the results of any large scale field trials and
measurements from neighbouring constructions;

— any correlations between the results from more
than one type of test;

— any significant deterioration in ground material
properties that may occur during the lifetime of the
structure.

(6)P Calibration factors shall be applied where
necessary to convert laboratory or field test results
according to EN 1997-2 into values that represent
the behaviour of the soil and rock in the ground, for
the actual limit state, or to take account of
correlations used to obtain derived values from the
test results.

2.4.4 Geometrical data

()P The level and slope of the ground surface,
water levels, levels of interfaces between strata,
excavation levels and the dimensions of the
geotechnical structure shall be treated as
geometrical data.

2.4.5 Characteristic values

2.4.5.1 Characteristic and representative values



1990:2000 i nesxumu po3aizamu EN 1991.

2.4.5.2 XapakTeprucTHYHI BeJIHYNHHA Ie0OTeXHIYHUX
napaMeTpiB

(HP Bubip XapaKTepUCTUIHHUX BEITMYUHU
TCOTEXHIYHUX MapaMeTpiB MOBHHEH 0a3yBaTHCh Ha
pe3ynbTaTax i BU3HAUCHHSX BEMYWH JIA00OPaTOPHUX 1
MOJILOBUX BUMPOOYBaHb, JOAATKOBO IiJATBEPIKEHHUX
JOCBI/IOM.

(2)P XapaxTtepucTHuHa BeEITUYMHA TEOTEXHIYHOTO
mapaMerpa TIOBMHHA HA3HAYaTHCh SIK OOepekHa
OlliHKa BEIWYHMHHU, M0 BIUIMBAE Ha JOCSATHEHHS
TPAaHUYHOTO CTaHy.

(3)P BapiantHicTb (po3kua) BenuyuHU C' OuIbIIIe, HiXK
tg ¢' , 0 HEOOXiIHO BpaxOBYBaTH MPH BHU3HAYECHHI iX
XapaKTePUCTUYHUX BEIUYHH.

(4)P Tlpu BubOOpi XapaKTEPUCTUYHUX BEIHYHH
TCOTEXHIYHMX  MapaMerpiB  CIiJl  BPaXxOBYBaTH
HACTYITHE:

- TEOoJIOTIYHY 1 IHIIy BUXIHY iH(MOpMAIi0, TaKy SK
JlaHi MOMepenHiX MPOEKTIB;

- BIIMIHHICTP MDK BHMIPSHAMH  BElIMYAHAMHU
XapakTepUCTUK 1 IHIIMMU JIAaHUMH, HaIpUKIa,
OTPUMaHUMH 3 HassBHUX JKEPEI;

- 00'eM BHWKOHYBaHHMX IIONHOBHX 1 JaOOpPATOPHHUX
JIOCTIKEHB;

- THT 1 KUTBKICTh BiTiOpaHuX 3pa3kiB (BUIPOOYBaHb);
- po3mipu 30HM TpyHTy (OCHOBH), SKa BH3HAYAE
TIOBEIIHKY TEOTEXHIYHOI CHOpyad JJIss  JTaHOTO
T'PAaHUYHOTO CTaHY;

- 3[aTHICTh TEOTEXHIYHOI CIOpYyAW TIiepenaBaTu
HaBaHTAKCHHS BiIl CIAOKIMMX A0 MIIHIMAX (30H)
IapiB y IPyHTI.

(5) XapakTepuCTHYHUMY BEIHYHHAMHA MOXYTHb OYTH
HaWHIDKYMMH ~ BEIWYMHAMH, KOJMM BOHM MEHIIE
HaWOLThII BIPOTIAHMX BETWYMH, a00 HaHBHIIUMU
BEIMYMHAMU, KOJIM BOHHU OlIBIIIE.

(6)P [nsa xoxkHOTrO BW3HAa4YeHHS NOTpiOHO OpaTtn
HaWOUTBII HECTIPUSATIINBE TOEAHAHHA HIDKHIX 1
BEpXHIX 3HAUYEHb HE3AJISKHUX TTapaMeTpiB.

(7) 3oHa OCHOBHM, sKa BH3HAYa€E IOBEIIHKY
TEOTEeXHIYHOI CIOPYyAW B TPaHUYHOMY CTaHi, 3a
3BUYail HabaraTo OuibIe JTabopaTOPHOro 3paszka abo
30HU OCHOBH 3a/lisTHA TIPH MIOJIBOBUX BUIIPOOYBaHHSIX.
Tomy BennurHa BH3HAYAJIBHOTO HapameTpa 4acTo IIe
CepelHE 3HAYCHHS 3 IHTEpBAJy BEJIWYMH, IO
BITHOCATHCS 710 BENMUKOI Iuiomi abo o0'eMy TpyHTY.
XapakTepucTM4Ha  BEJIIMYMHA  ITIOBHHHAa  OyTH
00€peXHOI0 OLIHKOIO IIHOTO CEePeHHOT0 3HAYCHHSI.
(8) Slxmo moOBemiHKA TEOTEXHIYHOI CIOpyAd B
TPAaHUYHOMY CTaHi, IO PO3IJISIAETHCS, BU3HAYAETHCS
HailHWK4YMMH ~ a00  HaWBUIIMMH  3HAYCHHSAMHU
XapakTePUCTUK IPYHTY, TO ISl XapaKTePUCTUYHOI
BEeIMYMHUA TOTPiIOHO Opatn 00EpeKHY OLIHKY
HalHMK4Y0oro abo HaWBUIIOrO 3HAYEHHS B 30HI, LIO
BILJIMBAE HA TIOBEIIHKY.

(9) Ilpu BubOOpi 30HM IPYHTY, SKUH BH3HAYAE
MOBEIIHKY TEOTEeXHIYHOI CHOpyAW B TPaHUYHOMY

of actions

(1)P Characteristic and representative values of
actions shall be derived in accordance with EN
1990:2002 and the various parts of EN 1991.

2.4.5.2 Characteristic values of geotechnical
parameters

(1)P The selection of characteristic values for
geotechnical parameters shall be based on results
and derived values from laboratory and field tests,
complemented by well-established experience.

(2)P The characteristic value of a geotechnical
parameter shall be selected as a cautious estimate of
the value affecting the occurrence of the limit state.

(3)P The greater variance of ¢' compared to that of
tang' shall be considered when their characteristic
values are determined.

(4)P The selection of characteristic values for
geotechnical parameters shall take account of the
following:

— geological and other background information,
such as data from previous projects;

— the variability of the measured property values
and other relevant information, e.g. from existing
knowledge;

— the extent of the field and laboratory
investigation;

— the type and number of samples;

— the extent of the zone of ground governing the
behaviour of the geotechnical structure at the limit
state being considered;

— the ability of the geotechnical structure to
transfer loads from weak to strong zones in the
ground.

(5) Characteristic values can be lower values, which
are less than the most probable values, or upper
values, which are greater.

(6)P For each calculation, the most unfavourable
combination of lower and upper values of
independent parameters shall be used.

(7) The zone of ground governing the behaviour of a
geotechnical structure at a limit state is usually
much larger than a test sample or the zone of ground
affected in an in situ test.

Consequently the value of the governing parameter
is often the mean of a range of values covering a
large surface or volume of the ground. The
characteristic value should be a cautious estimate of
this mean value.

(8) If the behaviour of the geotechnical structure at
the limit state considered is governed by the lowest
or highest value of the ground property, the
characteristic value should be a cautious estimate of
the lowest or highest value occurring in the zone
governing the behaviour.



cTaHi, HEOOXiTHO BpPaxoBYBaTH, L0 I T'paHUYHHUN
CTaH MOXE 3ajJeXaTH BiJ TOBEHAIHKH 00mepToi
KOHCTpyKLii. Hampuknaa, npu ananizi rpaHudHOL
HECy4yoi 3JaTHOCTI, SKIIO OYIiBis HE 37aTHA
MPOTUCTOSTH JIOKAJILHOMY OCiJITaHHIO (OOpYIIIEHHIO),
BHU3HAYAJIBHUM ITapaMeTpoM TPaHUYHOTO CTaHy IS
KOHCTPYKIIi1 Ha OKpeMO PO3TalIOBaHUX
(dbyHIaMeHTax MOBUHEH OYTH cepelHill omip y KOXKHIN
IHAMBIAYalbHIH 30HI IPYHTY Iia GyHaamMeHToM. B Toit
JKe Yac, SKIIO OYIIiBJIsI TOCUTh >KOPCTKA 1 MiIHA, TO
BHU3HAYAJIBHUM MapaMeTpoM MOBUHHO OYTH CepelnHE 3
CEpeIHIX 3HAYCHb IHIUBIAYaJIbHUX 30H MiJ] BCIEIO
KOHCTpPYKIIi€to abo0 Jjsl 4acTHHH 30HU TPYHTY TiJ
OyaiBJICHO.

(10) Skmo cTaTUCTUYHI METOIU BUKOPHCTOBYIOTHCS
JUTSL BHOODPY XapaKTepUCTUIHUX BEIIMYHH
BJIACTUBOCTEH TIPYHTY, TO TakKi METOAU POOJIATh
BIIMIHHICThP MIX JIOKQJILHUMH 1 perioHaJbHUMU
BimiOpaHUMU  3pa3kamMu  (BUNPOOYBaHHSIMH) 1

JI03BOJISTIOTh BHKOPHCTOBYBATH morepeIHi
(TeopeTHyHi) BiIOMOCTI aHAJOrIYHUX BJIACTUBOCTEH
IPYHTY.

(11) Tlpm BUKOpUCTAHHI CTATHCTUYHUX METOJIB
XapakTepUCTUYHA BEIMYMHA TMOBUHHA BU3HAYATHCS
TaK, o0 pO3paxyHKOBa BIpOTiTHICTH
HAaWHECTIPUATIMBINIOI  BEIMYWHU, 10 BH3HAYAE
HACTaHHSA  JAQHOTO  TPaHUYHOTO  CTaHy,  He
nepeBuIryBana 5%.

I[TPUMITKA. 3 miei Toukn 30py obOepexHa
OIIHKA CEPEemHbOTO 3HAYEHHS TMOsrae y BHOOpI
CepeIHBOr0 3HAYCHHS OOMEKEHOI TIpynu 3HAadYeHb
rEOMETPUYHOTrO napamerpa 3 JOBIPUYOIO
BIpOTiAHICTIO 95%; ISl TOKAIBbHOTO PYHHYBaHHS
obepexxHa  OIlIHKA HaWHMKIOTO  3HAYEHHS
BHU3HAYAETbCA KBaHTLUIEM 5%.

(12)P Komm 3acTOCOBYIOTBCS CTaHAAPTHI TaOMHITli
XapaKTePUCTHYHUX BEIUYUH JUIS  JOCIIDKYBaHUX
MapaMeTpiB TIPYHTIB, XapaKTePUCTUYHA BEIWYMHA
TTOBMHHA BUOMPAETHCS K Ty’Ke 00epeKHa OIiHKA.
2.4.5.3. XapakTepuCTUYHI BeJIUYUHA
reoMeTpHYHHUX JTaAHHX

(1)P XapakrepucTH4HI BENWYMHHU PIBHIB 3eMIi,
ITPYHTOBUX BOJ YHM BUTbHOI BOIM TIOBHHHI OyTH
3aMipsiHi, HOMIHaJIbHI UM OIliHEHi i3 3aBHINEHHAM a00
i3 3aHIKEHHSIM PiBHIB.

(2) Sk mpaBwmIlO, XapaKTEPUCTUYHI BETUYMHH PiBHIB
3eMJIi 1 pO3MIPIB TEOTEXHIYHUX CIIOPY/ UM EIEMEHTIB
MaroTh OyTH 3aCTOCOBaHI K HOMiHAJIbHI BEJTMYMHHU.
2.4.6 IIpoekTHi BeTHYHHU

2.4.6.1 llpoexkTHi BeTHunHH Tiit

(1)P Po3paxyHkoBa (IpoeKkTHa) BENWYUHA il TOBUHHI
BHU3HAYa€eTheA y BianosinHocTi 3 EN 1990:2002.

(2)P TIIpoexktna Bemuumua jaii  (Fq) moBUHHA
BHU3HAYAETbCS Oe3rmocepeHb0 ab00 BUBOOUTUCH 3
pElpe3eHTaTUBHOI ~ BEJIMYMHU  BHKOPUCTOBYIOUH
HACTYIHE PiBHSAHHS:

(9) When selecting the zone of ground governing
the behaviour of a geotechnical structure at a limit
state, it should be considered that this limit state
may depend on the behaviour of the supported
structure. For instance, when considering a bearing
resistance ultimate limit state for a building resting
on several footings, the governing parameter should
be the mean strength over each individual zone of
ground under a footing, if the building is unable to
resist a local failure. If, however, the building is stiff
and strong enough, the governing parameter should
be the mean of these mean values over the entire
zone or part of the zone of ground under the
building.

(10) If statistical methods are employed in the
selection of characteristic values for ground
properties, such methods should differentiate
between local and regional sampling and should
allow the use of a priori knowledge of comparable
ground properties.

(12) If statistical methods are used, the characteristic
value should be derived such that the calculated
probability of a worse value governing the
occurrence of the limit state under consideration is
not greater than 5%.

NOTE In this respect, a cautious estimate of

the mean value is a selection of the mean value of
the limited set of geotechnical parameter values,
with a confidence level of 95%; where local failure
is concerned, a cautious estimate of the low value is
a 5% fractile.
(12)P When using standard tables of characteristic
values related to soil investigation parameters, the
characteristic value shall be selected as a very
cautious value.

2.4.5.3 Characteristic values of geometrical data
()P Characteristic values of the levels of ground
and ground-water or free water shall be measured,
nominal or estimated upper or lower levels.

(2) Characteristic values of levels of ground and
dimensions of geotechnical structures or elements
should usually be nominal values.

2.4.6 Design values

2.4.6.1 Design values of actions

()P The design value of an action shall be
determined in accordance with EN 1990:2002.

(2)P The design value of an action (Fg) shall either
be assessed directly or shall be derived from
representative values using the following equation:



Fo= YFE 'Frep

Frep = :WFk

(3)P BignoBigni (mpu3HaveHi) BETUYWHU Y MOBHUHHI
Opatucs 3 EN 1990:2002.

(4)P B piBusiHHI (2.1a) BUKOPHCTOBYETHCS OKpEMHI
KOC(IIIEHT pr IS MMOCTIHHUX 1 3MIHHUX CUTYaIliH, sKi
BH3HAUCHI B IOJIATKY A.

[NPUMITKA 1 Bennuunn  okpemux
koe(illieHTIB MOXYTh OyTH Haznani B HamionanbHOMY
JIOATKY.

[NPUMITKA 2 PekoMeHi0BaHi B J0AaTKy A
3Ha4YeHHS 3a0e3MeUyIoTh OPUKHHATHUN  piBeHb
Oe3IeKu /sl THIIOBUX CTaHAaPTHUX MPOCKTIB.

(5) Sxkmo mpOEKTHI BEIMYMHU TEOTEXHIUHUX JIiH
OI[IHIOIOTBCS  O€3MoCepeIHhO, BEIWYHHUA OKPEMHUX
KOe(II[IEHTIB, PEKOMEHI0BaHI B JOJATKy A, MOBHUHHI
BHUKOPUCTOBYBATHUChH SIK KEPIBHUIITBO JIJIsl BU3HAYCHHS
HEOOX1IHOrO PIBHS OE3MEKH.

(6)P Ilpu po3risai MOpOBOro THUCKY Ul TPaHUYHHX
CTaHiB 3 CEpHO3HUMHU Haciiakamu (TOJIOBHE 1€
TpaHWYHI CTAaHW 32 BTPATOK HECYYOi 3J]aTHOCTI), 3a
MPOEKTHI BEIWYMHU MOBUHHI NMPUHMATHCh BETHYMHU
HaWCTIPUATIMBIIIT Y MeXKaxX TEpMIHY  CIyKOH
criopyau. st TpaHUYHAX CTaHIB 3 MEHII CEPHO3ZHUME
HachmigkamMd (TOJIOBHE 1€ TpPaHWYHI CTaHH 3a
HETIPUAATHICTIO A0 €KCIUTyaTallil) IpOeKTHI BETHINHA
TTOBMHHI OyTH HaWHECHPHUATIMBINI BETUIHHH, SKI
MOXXyTh BUHUKHYTH B HOPMaJIbHIX OOCTaBHHAX.

(7) B mesxux BUTagKax eKCTPEMaJbHUA THCK BOIU IT0
1.5.3.5 EN 1990:2000 ™Moke po3riasgaTHCS SK
aBapiifHa mis.

(8) IlpoexTHi BEeMWYWHU MOPOBOTO THCKY MOXYTh
Oyt BcTaHOBIeHI abo 3aCTOCOBYIOYH  OKpEeMi
KOeIIieHTH A7 XapaKTepHUX BETUYHH THUCKY BOIHU
ab0 BBEICHHSM 3armacy 1o Oe3melli Ha XapaKTepHU
piBeHBb BomM, y3aTHH y BiamoBigaOCcTi 3 2.4.4(1) P i
2.4.53(1)P.

(9) HeoOximHO BpaxOBYBaTH HACTYITHI OCOOIMBOCTI,
SIKi MOXKYTh BITMBATH HA THCK BOJM:

- piBeHb TIOBepXHiI BUTbHOI Boam abo piBeHB
IPYHTOBHX BOJI;

- copusATAMBUH  a00  HECHPHUSTIMBUA  BIUIMB
NPUPOJHOrO ab0 MITYYHOTO JPEHaKy 3 BpaxyBaHHIM
MaiOyTHBOTO TEXHIYHOTO OOCTyTrOBYBaHHS;

- TDKUBJICHHS BOJOI 32 paxyHOK  JIOIIiB,
MiJTOIUIEHB, BUTOKIB 3 MEPEXK 1 IHIINX YUHHUKIB;

- 3MIHHM THCKY BOIHM, OOYMOBIIEHI 3pOCTaHHSIM abo
JKBIiAALIEI0 POCIUHHOCTI.

(10) HeoOximHO BpaxoByBaTH HECHPHSTIMBI piBHI
BOJIH, SIKI MOXKYTb OyTH BHUKJIMKaHI 3MiHAMH B PEKUMI
pobotn  HacociB ab0 3MEHIIEHHAM  JAPEHAXy
YHaCliZIOK  3acMideHHs, 3aMep3aHHs 1 IHIIKX
YUHHHKIB.

(11) 3a yMoBM BiICYTHOCTI  OOIpYHTYBaHHS
edexTuBHOCTI 1 MpaBUIBLHOTO OOCITYTOBYBaHHS

(2.1a)

with
(2.1b)

(3)P Appropriate values of  shall be taken from EN
1990:2002.

(4)P The partial factor ye for persistent and transient
situations defined in Annex A shall be used in
equation (2.1a).

NOTE 1 The values of the partial factors may
be set by the National annex.

NOTE 2 The recommended values in Annex A

indicate the appropriate level of safety for
conventional designs.
(5) If design values of geotechnical actions are
assessed directly, the values of the partial factors
recommended in Annex A should be used as a guide
to the required level of safety.

(6)P When dealing with ground-water pressures for
limit states with severe consequences (generally
ultimate limit states), design values shall represent
the most unfavourable values that could occur
during the design lifetime of the structure. For limit
states with less severe consequences (generally
serviceability limit states), design values shall be the
most unfavourable values, which could occur in
normal circumstances.

(7) In some cases extreme water pressures
complying with 1.5.3.5 of EN 1990:2002, may be
treated as accidental actions.

(8) Design values of ground-water pressures may
be derived either by applying partial factors to
characteristic water pressures or by applying a
safety margin to the characteristic water level in
accordance with 2.4.4(1) P and 2.4.5.3(1)P.

(9) The following features, which may affect the
water pressures should be considered:

— the level of the free water surface or the ground-
water table;

— the favourable or unfavourable effects of
drainage, both natural and artificial, taking account
of its future maintenance;

— the supply of water by rain, flood, burst water
mains or other means;

— changes of water pressures due to the growth or
removal of vegetation.

(10) Consideration should be given to unfavourable
water levels that may be caused by changes in the
water catchment and reduced drainage due to
blockage, freezing or other causes.



JIPEHa)KHOI CHCTEMH INPOEKTHUH piBeHb IPYHTOBUX
BOJ MOTPiIOHO OpaTh SIK MAKCUMAaJIbHO MOXKIJIMBHM
piBeHb, SIKUI MOKe OyTH MO3HAYKOIO TIOBEPXHi 3€MIIL.
2.4.6.2 IlpoekTHi BeJMYMHH TeOTEXHIYHUX
napaMeTpiB

(1)P IlpoekTHi BETMYMHU TE€OTEXHIYHHMX IapameTpiB
(Xq) moBHHHI 200 BUBOAMTHCS 3 XapaKTEPHUCTHUHHX
BEJIMYHH 3 BUKOPUCTAHHSM HACTYITHOTO PIBHSHHS:

Xa= X/ ym

a00 BH3HAYaTUCh OE3MOCEPETHBO.

(2)P V piBasiHHI (2.2) IS TOCTIHHUX 1 TUMYaCOBUX
CUTyallii TIOBMHEH  3aCTOCOBYBAaTHCS  OKpEeMHU
koeilieHT ym , BcTaHoBiIeHHH y lonaTky A.

MMPUMITKA 1 Bennunau oKpeMHX KOE]illiEHTIB
MOXYTh OyTu po3mimeHi y HamionansHoMy
JIO/IaTKY.

[MPUMITKA 2 PekoMmeHmoBaHi 3Ha4YeHHS Y

Homatky A 3a0e3rneuyloTh  piBeHb  Oe3meku
MPUAHATHAHN JUTS THITOBUX (TPAMIIHIX ) IPOCKTIB.
(3) Sxmo NpOeKTHI BEIMYMHU  TI'C€OTEXHIYHUX
rapaMeTpiB OI[IHIOIOThCS 0e3M0CepEHbO, BEIUYHMHH
OKpeMHuX KoeQilieHTiB, pekoMeHaoBaHi y Jonatky A,
TTOBMHHI BUKOPHUCTOBYBATHCH SK KEPiBHI (TOBIIKOBI)
JUTSI BU3HAYCHHS HEOOX1THOTO PiBHS OC3IEKH.
2.4.6.3 [IpoeKTHi BeTHYMHH IreOMeTPHIHHUX JAHUX
(1) Oxpemi koedimienTn mus mid i MaTtepiamiB (Y 1
yM) BPaxXoBYIOTh Ty)K€ HE3HAUHI 3MIHH T€OMETPHIHHUX
JaHUX 1 B IOMY BHIAJKy BBOJUTH JOJATKOBHMA
KoeiIlieHT 3amacy Ui TEOMETPUYHHUX JaHUX HeMae
HEOOXiTHOCTI.
(2)P Kony BiIXuJICHHS TEOMETPHUHUX TaHUX POOIATH
3HAYHUM  BIDIMB  HA  HAOIMHICTD  CIIOPYAH,
PO3paxyHKOBI BEIMYMHU TEOMETPUYHHUX AaHHUX (dq)
TTOBHHHI BH3HAYATHCS Oe3mocepenHbo abo
BUBOIUTHCS 3  HOPMATHBHUX  BEIMYMH 3
BHKOPHCTaHHSM HACTYITHOTO piBHSHHS (AuB. 6.3.4 EN
1990:2002):

a4 = anom* Aa
JUTSI SIKOTO BeMMunHA Aa HagaHi B 6.5.4(2)19.3.2.2.

2.4.6.4 IIpoexTHi BeJUYMHH KOHCTPYKTHBHHMX
napamerpis

(1)P IlpoekTHi BIACTHBOCTI OMOPY KOHCTPYKTHBHHX
MaTrepiamiB 1 TIPOEKTHI OIMOpU KOHCTPYKTHBHUX
eIEMEHTIB TOBHHHI BH3HAYATHCS Yy BIAMOBITHOCTI 3
EN 1992 no EN 1996 1 EN 1999.

2.47 T'panM4Hi cTaHM 3a BTPATOK HeCy4oi
30ATHOCTI

2.4.7.1 3arajabHi M0J105KeHHS

(1)P Konmm me momiNbHO, CIifi MEpEeBipUTH, IO HE
MepeBHILEH] HACTYIHI TPaHUYHI CTaHU:

- BTpara piBHOBaru cHopyad abo TIpyHTY, IIO
pO3IIIAAAETECS K JKOPCTKE TiJIo, B SKOMY OIIip
KOHCTPYKTHBHHMX MaTepialiB i TIPYHTY HEIOCTaTHi

(11) Unless the adequacy of the drainage system can
be demonstrated and its maintenance ensured, the
design ground-water table should be taken as the
maximum possible level, which may be the ground
surface.

2.4.6.2 Design values of geotechnical parameters
(1)P Design values of geotechnical parameters (Xq)
shall either be derived from characteristic values
using the following equation:

2.2)

or shall be assessed directly.

(2)P The partial factor ym for persistent and transient
situations defined in Annex A shall be used in
equation (2.2).

NOTE 1 The values of the partial factors may be
set by the National annex.

NOTE 2 The recommended values in Annex A

indicate the minimum level of safety for
conventional designs.
(3) If design values of geotechnical parameters are
assessed directly, the values of the partial factors
recommended in Annex A should be used as a guide
to the required level of safety.

2.4.6.3 Design values of geometrical data

(1) The partial action and material factors (y and
ym) include an allowance for minor variations in
geometrical data and, in such cases, no further
safety margin on the geometrical data should be
required.

(2)P In cases where deviations in the geometrical
data have a significant effect on the reliability of a
structure, design values of geometrical data (aq)
shall either be assessed directly or be derived from
nominal values using the following equation (see
6.3.4 of EN 1990:2002):

(2.3)

for which values of Aa are given in 6.5.4(2) and
9.3.2.2

2.4.6.4 Design values of structural properties

(1P The design strength properties of structural
materials and the design resistances of structural
elements shall be calculated in accordance with EN
1992 to EN 1996 and EN 1999.

2.4.7 Ultimate Limit States

2.4.7.1 General

()P Where relevant, it shall be verified that the
following limit states are not exceeded:

— loss of equilibrium of the structure or the ground,



s 3abesnedyenss onopy (EQU);

- BHYTpIIIHE pyHHYBaHHS abo HaaMipHa Aedopmaris
CTIOpyIH qu KOHCTPYKTHBHUX €NIeMEHTIB,
BKJTIOYAI0UH, HamNpHUKIaZ, OKPEMO pO3TalIoBaHi
¢bynaamentd, nani abo CTIHM MiABaNiB, B SKHUX OIIp
KOHCTPYKTHBHHMX  MaTepialliB € CYTTEBUM IS
3abe3nedeHns onopy (STR):

- pyiiHyBaHHs abo HajMipHa AedopMallis IPyHTY, IPH
SIKUX OIIp HECKEJbHUX 4YH CKEJIbHUX IPYHTIB €
cyTTEBUM U1 3a0e3neueHHs onopy (GEO);

- BTpaTta piBHOBArk cropyau abo IpyHTy, 00yMOBJIeHa
THCKOM  BOAM  (3BaXyBaHHsA) a0o0  iHIIUMHU
Beprukanpaumu fisimu (UPL);

- TiipaBIIiYHAN TiIHOM, BHYTpIIIHS epo3is (cydo3is) i
YTBOPEHHS yCaJHUX PAKOBHUH Y TPYHTi, BUKIMKAHHX
rimpaBniuaumu rpajgieatamu (HYD).

[NPUMITKA. I'pannunnii cran GEO uacto €
KpPUTHYHUM 10  IPU3HAYyBaHUX po3mipiB
KOHCTPYKTHBHHX €NIEMEHTIB BKITIOYAI0YH
dyHIaMEHTH YM KOHCTPYKIi KpIIJIeHb 1 1HKONH
JUIsl HANIPY>K€Hb KOHCTPYKTHUBHUX EJIEMEHTIB.

(2)P Jlns mocTiHHMX 1 3MIHHUX CHTyaIliil cIija
3aCTOCOBYBATH OKpeMi Koe(il[ieHTH, BKazaHi Yy
Honatky A.

I[TPUMITKA. Benmnunan OKpEeMHX
koe(imieHTiB MOXXYTh OyTH HamaHi B HarioHamsHOMY
momatky. Tabmumi y  Jlomatky A HamaooTh
peKOMEeHI0BaH1 3HAYCHHS.

(3) Yci BenunaM OKpeMHX KOE(IIiEHTIB IS Oill un
pe3yNbTaTiB Mi y aBapiiHUX CHTYyaIlisIX ITOBHHHI
3a3Buyail mpuitMaTECh piBHUMH 1,0. Yci BenmWuuHU
OKpeMHUX KOe(]iIlieHTiB AJIsi OMOpy MOBUHHI Y IBOMY
BHITAJIKy BHOMpPAaTHUCh y  BIANOBIAHOCTI 3
KOHKPETHUMH 00CTaBHHAMH aBapiiHOI CHUTYyAIlii.
I[TPUMITKA. Bemmunan OKpEMHUX
KoeiIlieHTiB ~ MOXYTh  OyTH  pO3MiIIeHi Yy
HarmionansHOMY MOATKY.
(4) binbr cTpori BeMWYMHY Hi’XK BOHU PEKOMEHIOBaH1
y gomatrky A motpibHO Opatm y BHIIagKax
aHOMAJIPHOTO PHU3MKY a00 HE3BUYAWHUX YU IyXKe
Ba)XKUX IPYHTIB 200 YMOB HaBaHTa)XKEHb.
(5) MeHm cTpori BeJIMYMHN HiXK BOHH PEKOMEHI0BaHi
B J0HaTKy A MOXYTh 3aCTOCOBYBAaTHCS IS
TUMYaCOBUX CHOpPYA a00 THMYAacOBHX HPOEKTHUX
CUTyaIlil TaM, € BIANOBIHANBHICTh 33 MOMIJIHBI
HaCIIKK Oyzie ompaBIaHoOIo.
(6) TIpu BH3HAYEHHI MPOEKTHOI BenmuunuHu oropy (Rq)
ab0 TMPOEKTHOI BeNWYMHH pe3ynbrary i (Eq),
koedimieaTn Momem (Yr.d) abo (s:d) BIAHOBITHO
MOXYTh BKJIIOYAaTUCh 3 TapaHTI€I0, IO PE3YIbTaTH
MPOEKTYBaHHS 32 BHU3HAYEHOI0 MoAeIIIo abo
npaBUiIbHI 200 BIAXUISIOTHCA y OiK Oe3meKu.
2.4.7.2 llepeBipka cTaTH4YHOI piBHOBaru
(1)P Komm posrnsgaerscss  TpaHMYHHH CTaH 3a
CTaTUYHOIO PIBHOBArow abo 3arajibHUX NepeMilleHb
cnopynu uu 1pyHTy (EQU), cnig mepeBipaTa 1mo:

Edst.d <l |Esto;a +

considered as a rigid body, in which the strengths of
structural materials and the ground are insignificant
in providing resistance (EQU);

— internal failure or excessive deformation of the
structure or structural elements, including e.g.
footings, piles or basement walls, in which the
strength of structural materials is significant in
providing resistance (STR);

— failure or excessive deformation of the ground, in
which the strength of soil or rock is significant in
providing resistance (GEO);

— loss of equilibrium of the structure or the ground
due to uplift by water pressure (buoyancy) or other
vertical actions (UPL);

— hydraulic heave, internal erosion and piping in
the ground caused by hydraulic gradients (HYD).

NOTE Limit state GEO is often critical to the
sizing of structural elements involved in foundations
or retaining structures and sometimes to the strength
of structural elements.

(2)P The partial factors in persistent and transient
situations defined in Annex A shall be used.

NOTE The values of the partial factors may be
set by the National annex. The tables in Annex A
give the recommended values.

(3) All values of partial factors for actions or the
effects of actions in accidental situations should
normally be taken equal to 1,0. All values of partial
factors for resistances should then be selected
according to the particular circumstances of the
accidental situation.

NOTE The values of the partial factors may be
set by the National annex.

(4) More severe values than those recommended in
Annex A should be used in cases of abnormal risk
or unusual or exceptionally difficult ground or
loading conditions.

(5) Less severe values than those recommended in
Annex A may be used for temporary structures or
transient design situations, where the likely
consequences justify it.

(6) When calculating the design value of the
resistance, (Rq ), or the design value of the effect of
actions, (Eq ), model factors, (yrd) O (ys:d)
respectively, may be introduced to ensure that the
results of the design calculation model are either
accurate or err on the safe side.

2.4.7.2 Verification of static equilibrium

()P When considering a limit state of static
equilibrium or of overall displacements of the
structure or ground (EQU), it shall be verified that:



Tq

Edsta= E{’YF Frep ; Xi! Y™, ad }dst

Esto:a = E{’YF Frep ; Xic! ™ ad}stb

(2P Hns mocTiiHMX 1 THMYacOBHX CHTYyallii B
piBHsHHI  (2.4) cHim  3acTOCOBYBaTH  OKpeMi
koedinieHnTH, Bu3HaueHi B A.2(1) P 1 A.2(2) P.

[MPUMITKA 1 Craruuna piBHoBara EQU
BiJTHOCUTBCSI B OCHOBHOMY JIO TIPOEKTYBAaHHS CIIOPY/.
Jnst reoTexHiuHOrO MpoekTyBaHHs mepeBipky EQU
CIlii BUKOHYBATH B OKPEMHX BHIMAJKaX, TaKUX SK
XKOPCTKUH (DyHIAMEHT, pO3TallIOBaHUH Ha CKelll, 1 11e
B TIPUHIMII ~ OKpema TpoOiieMa Bij 3araibHOI
crifikocti abo migiioMHOi cwmwiM. KMo 30BCIM
BUKITIOUYUTH OMip 3CyBYy Ty Lle MaTtume APYyropsiiHe
3HAYCHHSI.

[NPUMITKA 2  BemnuuHH  OKpeMHX
Koe(iIlieHTIB MOXYTh MICTUTHCS B HarmioHamsHOMY
nmonatky. Tabmmmi A.1 1 A.2 maroTh peKOMEHIIOBaHI
3HAYCHHSI.
2.4.7.3 IlepeBipka cnopya i IpyHTY 3a TPAHUYHHUMU
CTAaHAMHM ONOPY B MOCTiHHUX i mepeMiHHUX
CUTyaNisIX
2.4.7.3.1 3aranbHi moJ10:KeHHs
()P Komm po3risamaroThcsl TpaHWUYHI CTaHH 3a
pyriHyBaHHSM 200 HENOMyCTUMHUMH nedopmarismu
KOHCTPYKTHBHOTO  €JIeMeHTy abo Tmepepi3y IpyHTY
(STR i GEO) HEeoOXimHO MepeBipuTH, II10:

Eq
<[IRy¢

2.4.7.3.2 IIpoekTHI pe3yJibTaTH Jiid

(1) Oxpemi koedirmieHTH Isg Aii MOXYTh OyTH
3actocoByBaHi abo mo cammx nit (Frep), abo mo
pesyabTatiB nux aii (E):

Ed = E{yr Frep; Xilym; ad}
abo
Ed= ve E{Frep; Xu/ym; ad}

(2) Y pmesxux NPOEKTHHX CHUTYalisX 3acTOCYBaHHS
OKpeMHUX KOeillieHTIB JUTsl i, IO CTBOPIOIOTHCS 200
MepenalTbcd IPYHTOM (TAKUX SK THCK 3aCHUIKH YU
BOJIM), MOXE MPHUBECTH JI0 HEMOMIPHO BHCOKHX a0o0
HaBITh (HI3MYHO HEMOXKJIMBUX NPOESKTHUX BETHYUH. Y
LUX CHUTYaLisAX Koe(iLieHTH MOXYTb
3aCTOCOBYBATHCS 0€3MOCepenHbO A0 pe3yibTaTiB Iil,
SKI BUBOIATBHCA 3 PENPE3EHTATUBHUX (BiATBOPHUX)

(2.4)
with
(2.4a)
and
(2.4b)

(2)P The partial factors for persistent and transient
situations defined in A.2(1)P and A.2(2)P shall be
used in equation (2.4).

NOTE 1 Static equilibrium EQU is mainly
relevant in structural design. In geotechnical design,
EQU verification will be limited to rare cases, such
as a rigid foundation bearing on rock, and is, in
principle, distinct from overall stability or buoyancy
problems. If any shearing resistance Td is included,
it should be of minor importance.

NOTE 2 The values of the partial factors may
be set by the National annex. Tables A.1 and A.2
give the recommended values.

2.4.7.3 Verification of resistance for structural
and ground limit states in persistent and
transient situations

2.4.7.3.1 General

(1)P When considering a limit state of rupture or
excessive deformation of a structural element or
section of the ground (STR and GEO), it shall be
verified that:

(2.5)

2.4.7.3.2 Design effects of actions
(1) Partial factors on actions may be applied either
to the actions themselves (Frep) or to their effects

(E):
(2.6a)

or

(2.6b)

(2) In some design situations, the application of
partial factors to actions coming from or through the
soil (such as earth or water pressures) could lead to
design values, which are unreasonable or even
physically impossible. In these situations, the factors
may be applied directly to the effects of actions
derived from representative values of the actions.



BEJIMYUH [Oiil.

(3P B piBaanHHax (2.6a) 1 (2.6b) moBuHHI
3aCTOCOBYBATHCSI OKpeMi Koe(illi€HTH, BU3HAUYCHI Yy
A3.1(1)PiA3.2(1)P.

[NPUMITKA Bennuunun OKpEMUX
koeilieHTIB ~ MOXYTh  OyTH  po3MmilleHi B
HarmionansHoMy aoaatky. Tabmumi A.3 1 A.4 maroTth
PEKOMEHIOBaHI BEIMYUHHU.
2.4.7.3.3 IIpoexTHi onopu
(1) Oxpemi KoedilliEeHTH MOXYTh 3aCTOCOBYBATHUCS
abo mms mapametpiB IpyHTy (X) abo omopy (R) abo
OJTHOYACHO JIIsl 000X, Ky Y HACTYITHOMY:

Ra= R{yr Frep; Xi/ym; aa}

abo
Ra= R{yr Frep; Xk; aa}/yr

abo
Ra= R{yr Frep; Xu/ym; aa}/yr
[TPUMITKA VYV mnpoekTHUX Tporeaypax, ne
pe3ynbTaTH niit € koe(imieHTOM (MHOXKHHKOM),

okpeMuii KoedimieHT miga g yr = 1,0 (muB. Takox
B.3(6)).

(2)P B piBEgaHAx (2.7a, b 1 c¢) TOBWHHI
3aCTOCOBYBATHCS OKpeMi KOedilli€HTH, sIKi BU3HAYEHI
B A.3.3.1(1) P, A3.3.2(1) P, A.3.3.4(1) P, A.3.3.5(1)
PiA.3.3.6(1)P.

[MPUMITKA Benmmunan OKPEMHX
KoeiIlieHTiB ~ MOXYTh  OyTH  pO3MimieHi B
HamionansHoMy momatky. Tabmumi A.5, A.6, A.7,
A8, A12, A13 i A.14 paroThb pPEKOMEHIIOBaHI
3HAYCHHS.
2.4.7.3.4 lIpoexTHi Ilixxoaun
2.4.7.3.4.1 3arajbHi 10JI05KEeHHSA
()P Crnocib, B sxuit piBHsHHES (2.6) 1 (2.7)
B)KMBAIOTHCS, IOBUHEH BU3HAYATHCh BUKOPUCTAHHSIM
oxHoro 3 Tphox [IpoektHux IlimxomiB.

[MPUMITKA 1 Ilnax BUKOpPHCTaHHA piBHSHb
(2.6) i (2.7) 1 o0cobAMBOCTI BHUKOPHUCTOBYBAHOTO
[IpoextHoro Ilimxomy MoXyTh OyTH HaJaHi B
HamionansHOMY MO7ATKY.

I[TPUMITKA 2 JlonaTkoBi MOSCHEHHS BIJHOCHO
[Ipoextuux IligxoniB BKIrOYEHI y 10oAaTOK B.

I[MPUMITKA 3 Oxkpemi koedinientu y Homatky
A, fKi 3aCTOCOBYIOThCS B piBHsAHHAX (2.6) i (2.7),
o0'emHaHi B TpynH, TMO3Ha4YeHi A (mms mid i
pesynbraTie  miif), M (s nmapamerpiB rpyHTty) i R
(s onopy). Bonn BuOuparoThcsi — BiANOBIAHO 10
BUKopucTtoByBaHoro IIpoekrnoro Ilizxony.
2.4.7.3.4.2 llpoexTHnii Iixxin 1
(1)P 3a BHHATKOM MNpPOEKTYBaHHS Malb 3 OCHOBUM
HAaBaHTQXEHHSAM 1 aHKepiB IepeBipKka IOBHHHA
BCTAaHOBUTH, IO TPAaHWUYHHUN CTaH 3a PyWHYBaHHSIM

(3)P The partial factors defined in A.3.1(1)P and
A.3.2(1)P shall be used in equations (2.6a) and
(2.6Db).

NOTE The values of the partial factors may be
set by the National annex. Tables A.3 and A.4 give
the recommended values.

2.4.7.3.3 Design resistances

(1) Partial factors may be applied either to ground
properties (X) or resistances (R) or to both, as
follows:

(2.7a)
or

(2.7b)
or

(2.7¢)

NOTE In design procedures where the effects
of actions are factored, the partial factor for actions
ve = 1,0. (see also B.3(6))

(2)P The partial factors, defined in A.3.3.1(1)P,
A3.32(1)P, A334(1)P, A3351P and
A.3.3.6(1)P shall be used in equations (2.7a, b, and

C).

NOTE The values of the partial factors may be
set by the National annex. Tables A5, A.6, A7,
A8, Al12, A13 and A.14 give the recommended
values.

2.4.7.3.4 Design Approaches
2.4.7.3.4.1 General
(1)P The manner in which equations (2.6) and (2.7)
are applied shall be determined using one of three
Design Approaches.

NOTE 1 The way to use equations (2.6) and
(2.7) and the particular Design Approach to be used
may be given in the National annex.

NOTE 2 Further clarification of the Design
Approaches is provided in Annex B.

NOTE 3 The partial factors in Annex A to be
used in equations (2.6) and (2.7) are grouped in sets
denoted by A (for actions or effects of actions), M
(for soil parameters) and R (for resistances). They
are selected according to the Design Approach used.

2.4.7.3.4.2 Design Approach 1

(1)P Except for the design of axially loaded piles
and anchors, it shall be verified that a limit state of
rupture or excessive deformation will not occur with
either of the following combinations of sets of



a00 HemomycTUMO Je(opMalliel0 HE JOCATHYTHH
JUIL IBOX HACTYIHUX CIOJNyYeHb Ha0OpiB OKpEeMHUX
Koe(iieHTiB:

Cronmyuenns 1: A1 «+» M1 «+» R1

Cronmyuenns 2: A2 «+» M2 «+» R1

Iie «+» o3Havae "cromyyeHHs 3"

[MPUMITKA VYV Cnonyuennsix 1 i 2 okpemi
KoeiIieHTH 3aCTOCOBYIOThCS i (o) bist7i i
JI0 XapaKTEpUCTHK OMOPY IPYHTY.

(2)P Ins mpoeKkTyBaHHS Majb Ha [IF0  OCHOBHX
HaBaHTa)XEHb 1 aHKEpiB HEOOXiJHO MEPEBIPUTH, IO
TPaHUYHUN CTaH 3a pyHHYBaHHAM a00 HEJOMYCTHMOIO
nedopmariiero He NOCATHYTUH Ui TBOX HACTYITHUX
CTIONTyYeHb HA0OPiB OKpeMHUX KOe(DiIliEHTIB:
Cromyuenns 1 : A1 «+» M1 «+» R1

Crony4uenns 2 : A2 «+» (M1 abo M2) «+» R4

MMPUMITKA 1 VYV Cnonyuenni 1 okpewmi
Koe(ili€HTH 3aCTOCOBYIOTHCS JIO JIil 1 XapaKTepUCTHK
oropy rpyHry. ¥ CronydeHHi 2 okpemi koediieHTH
3aCTOCOBYIOTBCS JIO JIiH, ONOPY IPYHTY 1 IHKOJH [0
XapaKTePUCTUK OMOPY IPYHTY.

[NPUMITKA 2 VY Croomyuenni 2 Habip MI
3aCTOCOBYETHCS U BHU3HAa4YeHb  ONOpY Mmainb abo
aHkKepiB 1 HAOIp M2 s BU3HAYEHb HECHPHUSTIUBUX
Iiii Ha Tam BHACIINOK, HANPHUKIAN, HETaTHBHOIO
TepTsi a00 MONEPEeUHOro HaBaHTaKEHHS.

(3) SIxmo odYeBWAHO, IO OMHE 3 IABOX CIIONYYCHBb €
BHU3HAYaJIbHUM JUIS [IPOCKTYBAHHS, Y BU3HAUCHHI JUIS
IHITIOT'0 CITOJIYYCHHsI HeMae HeoOXimHocTi. B Toit ke
gac IHII CITOJIYYCHHS MOXYTh OyTH KPUTHIHHMH B
IHIIMX acreKTax AJIsl OAHOIO 1 TOTO X MPOEKTY.
2.4.7.3.4.3 IlpoexTHuii Ilixxin 2

(1)P HeoOximHO TiepeBipHTH, 110 TPAHUYHUN CTaH 3a
pyfiHYyBaHHSM a0 HEIOMyCTHMOIO AedopMarliero He
Oyne MOCSATHYTHH TIpH HACTYMHOMY CIIOJNyYeHH]
Ha0OpiB OKpeMUX Koe(iIli€HTIB:

Crnonyuenns: 41 «+» M1 «+» R2

[MPUMITKA 1 V 1wupoMy migxoai OKpemi
KOe(iIlieHTH MOXYTh 3aCTOCOBYBATHCS JI0 Ail 200 10
pe3yabTaTIB MiH 1 10 omopy IPYHTY.

[MPUMITKA 2 SIxmio me# miaxiz 3acTOCOBYETHCS
U aHami3iB  CXWy 1 3arampHOi  CTIHKOCTI,
pe3ynbTYIOUNi BIUIMB il HA TIOBEPXHI PyHHYBaHHS
MMOMHOXXYETBCA HAa yg 1 3arallbHUI OIip 3pYIICHHIO
B3JIOBXK ITOBEPXHi pyHHYBAaHHS AUIUTECS HA YRie.
2.4.7.3.4.4 IlpoexTHuii Iigxin 3
(1)P HeoOximHO mepeBipuTH, IO TPAHUYHUN CTaH 3a
pyriHyBaHHSM ab0 HEIOIyCTHMOIO Aedopmariiero He
JOCATAETBCSA TPU HACTYMHOMY CIIONYYeHHI HaOopiB
OKpeMUX KOoedilli€HTIB:

Cronyuenns: (41* abo A21) «+» M2 «+» R3

* oIS Aid Bij CIIOPYAH;

T IS TEOTEXHIYHUX JIii

[MPUMITKA 1 ¥V upomy migxoni okpemi koedimieHTH
3aCTOCOBYIOTBCSL 10 i a00 10 pe3ynbTartiB Aid Bix
CIIOPYH 1 IO XapaKTEPUCTHK OMOPY IPYHTY.
[MPUMITKA 2 Ilpu anamizax cxuiy abo 3arajibHOI
cTiikocTi aii Ha TIpyHT (Hampukmag, Aii CHOpYX,

partial factors:

Combination 1: Al “+” M1 “+” R1
Combination 2: A2 “+” M2 “+” R1

where “+” implies: “to be combined with”.

NOTE In Combinations 1 and 2, partial factors
are applied to actions and to ground strength
parameters.

(2)P For the design of axially loaded piles and
anchors, it shall be verified that a limit state of
rupture or excessive deformation will not occur with
either of the following combinations of sets of
partial factors:

Combination 1: Al “+” M1 “+” R1

Combination 2: A2 “+” (M1 or M2) “+” R4

NOTE 1 In Combination 1, partial factors are
applied to actions and to ground strength
parameters. In Combination 2, partial factors are
applied to actions, to ground resistances and
sometimes to ground strength parameters.

NOTE 2 In Combination 2, set M1 is used for
calculating resistances of piles or anchors and set
M2 for calculating unfavourable actions on piles
owing e.g. to negative skin friction or transverse
loading.

(3) If it is obvious that one of the two combinations
governs the design, calculations for the other
combination need not be carried out. However,
different combinations may be critical to different
aspects of the same design.

2.4.7.3.4.3 Design Approach 2

(2)P It shall be verified that a limit state of rupture
or excessive deformation will not occur with the
following combination of sets of partial factors:
Combination: Al “+” M1 “+” R2

NOTE 1 In this approach, partial factors are
applied to actions or to the effects of actions and to
ground resistances.

NOTE 2 If this approach is used for slope and
overall stability analyses the resulting effect of the
actions on the failure surface is multiplied by ye and
the shear resistance along the failure surface is
divided by yre.
2.4.7.3.4.4 Design Approach 3
(1)P It shall be verified that a limit state of rupture
or excessive deformation will not occur with the
following combination of sets of partial factors:
Combination: (A1* or A2t}) “+” M2 “+” R3
*on structural actions
+on geotechnical actions

NOTE 1 In this approach, partial factors are applied
to actions or to the effects of actions from the
structure and to ground strength parameters.

NOTE 2 For slope and overall stability analyses,
actions on the soil (e.g. structural actions, traffic



TPaHCIOPTHI HABAHTAXKEHHS) PO3MIIAAAIOTHCS  SIK
TeOTEeXHIYHI Aii 3 3acTOCYBaHHSM HAOOpiB OKpEMHUX
Koe(ili€HTiB HaBaHTAXEHb A2.

2.4.7.4 IlepeBipouna mpoueaypa i oxpemi
koedinienTn 11 3BaxkyBajgbHoro Tucky (UPL)
(1)P TIlepeBipka 3a 3BaxxyBaibHuM THCKOM (UPL),
MOBMHHA BCTAHOBHUTH, IO TMPOEKTHA BETHMYMHA
CIONIyYEHHS TIOCTIMHUX 1 3MIHHMX BEPTUKAJIbHUX
necradimizyrounx Aikt (Vgst;d) MeHIe abo JTOpPiBHIOE
CYMI TPOCKTHOI BEIMYMHH TMOCTIHHUX BEPTUKATBHHX
crabinizyrounx il (Gsth;d) 1 TPOEKTHOI BETHUYUHH
BCHOT'O JIOJIATKOBOTO OIOPY 3BAXKYBAILHOMY THCKY

(Ro):
Vistd <L Gsthyd + R

e
Vistd = Gast;d +Qust;d

(2) JonatkoBuii omip 3Ba)KyBaJbHOMY THCKY TaKOX
MOXE pO3TJBIIATHCS SK TIOCTIHHA BepTHKAIIbHA
crabimizyroua aist (Gsto:d ).

(3)P B piBHsaHHI (2.8) TOBHHHI 3aCTOCOBYBATHUCS
okpeMi koeditieHTH, BBeaeH! It Gast:.d, Qudst:d, Gsto:d 1
Ry mms moOCTIHHMX 1 THUMYAacOBHX  CHTYyaIliit
BcranoBiieHi B A.4(1) P 1 A.4(2) P.

I[MPUMITKA Benmnunan OKPEMUX
Koe(illieHTiB ~ MOXYTh  OyTH  pO3MimieHI B
Hamionansaomy pomatky. Tabmmmi A.15 1 A.16
JAIOTh PEKOMEHI0BaH1 3HAYCHHS.
2.4.7.5 IlepeBipka omnopy pyiiHYBaHHI0O TNpH
migHATTI Bix pinbTpanii Bogu y rpyHri
()P Komm po3risamaroThcsl TpaHWUYHI CTaHH 3a
pyWHYBaHHSAM TIPH MTHATTI Bif QimpTpamii Boau y
rpyati (HYD, gus. 10.3), moTpiOHO mepeBiputh mis
KO)KHOTO KOHKPETHOTO TIPYHTOBOT'O CTOBITYHMKA, IO
MPOEKTHA BETMYMHA I[IOBHOTO J1eCTabLTi3yr0duoro
mopoBoro THCKY (Udst;d) B OCHOBI CTOBITUMKa abo
MPOEKTHA BeNMWYNHA (DIIHTPAIIfHOI CHIIA B CTOBITIMKY
(Sdst;a) MeHime  abo  JOpiBHIOE IOBHOMY
BEPTHKAJIBHOMY CTa0Ti3yI040OMY HAMPYKEHHIO (Osth;d)
B OCHOBi CTOBMYHKA 200 00'€eMHil Basi IPYHTY Yy BOII
(G'sto:d) B TOMY 5K CTOBITYHKY, BiIIIOBITHO:

Udst;d

IA

‘O'Stb;d

Sdst;d

IA

| G 'stb;d

(2)P B piBusHHsX 2.9a 1 2.9D 115 Udst:d, Ostord, Sdst:d; 1
G 'sto;d 17151 IOCTIMHUX 1 MPOMDKHUX CUTYallill TOBUHHI
BHKOPUCTOBYBATHCS OKpeMi KoeilieHTH, BHU3HAYEHI
B A.5(1) P.

[NPUMITKA Bennunan OKpEMUX
koeilieHTIB ~ MOXYTh  OyTm  po3MmilleHi B
HamionansHOMY nmonmatky. Taomuus A.17 Hanmae
PEKOMEHI0BaH1 3HAYCHHS.

load) are treated as geotechnical actions by using the
set of load factors A2.

2.4.7.4 Verification procedure and partial factors
for uplift

(1)P Verification for uplift (UPL) shall be carried
out by checking that the design value of the
combination of destabilising permanent and variable
vertical actions (Vast.q) is less than or equal to the
sum of the design value of the stabilising permanent
vertical actions (Gsw:q) and of the design value of
any additional resistance to uplift (Rd):

(2.8)

where

(2) Additional resistance to uplift may also be
treated as a stabilising permanent vertical action
(Gstb;d)-

(3)P The partial factors for Gast:d, Qust:d, Gsto:a and Ry
for persistent and transient situations defined in
A.4(1)P and A.4(2)P shall be used in equation (2.8).

NOTE The values of the partial factors may be
set by the National annex. Tables A.15 and A.16
give the recommended values.

2.4.7.5 Verification of resistance to failure by
heave due to seepage of water in the ground

(1)P When considering a limit state of failure due to
heave by seepage of water in the ground (HYD, see
10.3), it shall be verified, for every relevant soil
column, that the design value of the destabilising
total pore water pressure (Ugstq ) at the bottom of the
column, or the design value of the seepage force
(Sast:a) in the column is less than or equal to the
stabilising total vertical stress (osw:.q) at the bottom
of the column, or the submerged weight (Gsi;q) of
the same column:

(2.9a)

(2.9b)
(2)P The partial factors for Udstd, os;d , Sdsta and
G'sm;a for persistent and transient situations defined
in A.5(1)P shall be used in equations 2.9a and 2.9b.
NOTE The values of the partial factors may be
set by the National annex. Table A.17 gives the

recommended values.

2.4.8 Serviceability limit states



2.4.8 TI'panmvyHi cTaHm 3a NPHIATHICTIO [0
eKcnJryaramii

(1)P IlepeBipka rpaHMYHHUX CTaHiB 3a MPUAATHICTIO
JI0 eKcIuTyaTanii B IpyHTi a0o0 B mepepi3i KOHCTPYKIIii,
€NIEMEHT] UM CTUKY MOBUHHA 3aBX/IW BUMaratu Mio:

Eq
<UCq,

a00 BHKOHYBATHCS 3a JIOTIOMOI'OI0 METOAY, HaJaHOTO
y 2.4.8(4).

(2) BennumHa oOkpemHX KOeQII[i€eHTIB TPaHUYHOTO
CTaHy 3a HENPUIATHICTIO O eKCILIyaTallii 3a3BHyai
Oeperbest piHil 1,0.

[MPUMITKA Bennunau okpeMHX KOe]illi€eHTIB
MOXKYTh OyTH po3MmirieHi B HallionansHOMY T0aTKYy.
3 XapaKkTepuCTHYHi BEINYMHN MTOBUHHI
3MIHIOBAaTHCS B pa3l 3MiH BJIAaCTUBOCTEH TIPYHTIB
HamNpUKIa], Yy 3B'SI3Ky 3 TIOHIKEHHSM DIBHA
IPYHTOBUX BOA abo0 00E€3BOAHEHHSAM, SKI MOXYTh
BUHUKHYTH MIPOTATOM TEPMIHY CITY>KOU CTIOPY/TH.

(4) MoxHa niepeBipuTH (MATBEPIUTH), IO JOCTATHBO
HEeBENIMKa 4YacTWHA OIOpy IPYHTY 3ajisiHa  JUIs
30epexeHHs gehopMalliii B MeXax BUMOI' TPAHUYHOIO
CTaHy 3a IMPHUIATHICTIO O eKCIUTyaTallii, YMOBHO IICH
CITPOITICHU TTITX 1T 00OMEXYEThCS TaKUMHU
IIPOCKTHUMH CUTYALISIMU J€:

- penmmumHa jaedopmariii He TOTpiOHA I TIEPEBipKH
TPaHUYHUX CTaHIB 3a MPUAATHICTIO /IO EKCIUTyaTallil;

- BCTAHOBJICHO TOPIBHSHHUHN 3 ICHYIOYMM JIOCBim 3
AHAJIOTIYHUM TPYHTOM, CIIOPYJaMH 1 3aCTOCOBYBaHUM
METO/IOM.

(5)P OOMmexyruor0 BEITMYMHOK Ui TEBHOI
nedopMalrii € BETMYWHA, TIPH K TpaHWYHUN CTaH
3a TPHUOATHICTIO O eKCINTyaTamii, Takui sK
HEIONMyCTUMI TpiMHM a0 3aKIMHIOBAaHHS [BEpei
BB@KAETHCS JOCSITHYTUM B Hecydwi cmopymi. La
o0MeXyrova BETHYHHA TIOBUHHA OYTH Y3ro/KeHa MpHU
MIPOCKTYBaHHI HECYUOi CIIOPYIH.

249 OOmexywui BeJHYMHHM  IepeMillleHb
¢pynaamenTis

(1)P Ilpu mpoexTyBaHHI (pyHIAMEHTIB TIOBUHHI OyTH
BCTAHOBIIEHI OOMEXYr0di BEJIMYMHU TIepeMilleHb
(hyHIaMeHTiB.

[MPUMITKA Homyctrmi TepeMileHHS
(dbyHIaMeHTiB ~ MOXYTh ~ OyTH  pO3MilleHi B
HanionansHOMy monaTky.

(2)P  bynmp-ske  HepiBHOMipHE  TepeMilleHHs
(hyHIaMeHTiB, M0 BUKIMKaEe aedopMallii B HECYIHX
KOHCTPYKIIisIX, TIOBUHHO OyTH OoOMexeHe, mo0 BOHO
HE TPUBOJMIIO JO JOCSATHEHHS I'PAaHUYHOTO CTaHy B
Hecy4ill KOHCTPYKIIi.

(3)P  Bubip npoexTHHX BETUYMH AJIsI OOMEXEHHS
nepeMinienb 1 gedopmamniii  HEoOXigHO poOUTH
BpPaxoBYIOUH HACTYIIHE:

- JOCTOBIPHICTb, 3 fAKOIO NPUHHSITHA BEJINYHMHA
nepeMillieHHs] MOKe OyTH TOYHO BCTaHOBJICHA;

(1)P Verification for serviceability limit states in the
ground or in a structural section, element or
connection, shall either require that:

(2.10)
or be done through the method given in 2.4.8(4).

(2) Values of partial factors for serviceability limit
states should normally be taken equal to 1,0.

NOTE The values of the partial factors may be
set by the National annex.
(3) Characteristic values should be changed
appropriately if changes of ground properties e.g. by
ground-water lowering or desiccation, may occur
during the life of the structure.

(4) It may be verified that a sufficiently low fraction
of the ground strength is mobilised to keep
deformations within the required serviceability
limits, provided this simplified approach is
restricted to design situations where:

— a value of the deformation is not required to
check the serviceability limit state;

— established comparable experience exists with
similar ground, structures and application method.

(5)P A limiting value for a particular deformation is
the value at which a serviceability limit state, such
as unacceptable cracking or jamming of doors, is
deemed to occur in the supported structure. This
limiting value shall be agreed during the design of
the supported structure.

2.4.9 Limiting values for movements of
foundations

()P In foundation design, limiting values shall be
established for the foundation movements.

NOTE Permitted foundation movements may be set
by the National annex.

(2P Any differential movements of foundations
leading to deformation in the supported structure
shall be limited to ensure that they do not lead to a
limit state in the supported structure.

(3)P The selection of design values for limiting
movements and deformations shall take account of
the following:

— the confidence with which the acceptable value
of the movement can be specified,;

— the occurrence and rate of ground movements;
— the type of structure;

— the type of construction material,



- pO3TalllyBaHHS 1 IBHUJIKICTb MEPEMIILIEHb IPYHTY;
- TUI CHIOPYAHU (KOHCTPYKIIii);

- TN OyAiBETBHOTO MaTepiany;

- TN (pyHIAMEHTY;

- TUI IPYHTY;

- xapakTep aedopmartii;
- nependayyBaHe
(koHCTPYKILIT);

- morpeba TapaHTii BiACyTHOCTI mpoOieM 3
IH)KCHEPHUMHU MEpeKaMK Ha BXOJIi B CIIOPY/LY.

(4)P BusHayeHHST HEPIBHOMIPHOTO OCiIaHHS TIOBMHHI
MICTUTH HACTYITHE:

- po3TallyBaHHS 1 MIBUJAKICTH OCIZIaHb 1 MEpeMilleHb
rPYHTy; . . . .

- BUMNAJKOBI 1 CHCTEMAaTW4Hi 3MiHH BIACTUBOCTEH
IpyHTY;

- PO3MO/IiT HABAHTAXKEHB;

- Meroj OymiBHUITBA (BKJIIOYAOUW IOCIIIOBHICTh
HaBaHTaXXEHb);

- OKOPCTKICTh ~CIIOpYAM B  Tpoleci 1 micis
OyJiBHHIITBA.

[NPUMITKA VY BiacyTHOCTI 0OyMOBJIEHHX
TPAaHUYHUX  BENMYMH  jgedopMamiii  KOHCTPYKIIiT
HECydJoi CIIOPYyIH MOXYTh OyTH 3aCTOCOBaHI
BETMYMHU JedopMalii KOHCTPYKIH 1 TepeMilieHb
dbynamamenTiB, HagaHi y momatky H.

2.5 IIpoekTyBaHHS 32 MonepeaHiM 10CBiTOM

(1) YV mpoekTHHX CHTyaIisX, KOJHW BHU3HadyBaHi
Mojaeni BiAcyTHI abo He MOTPiOHI, IEpPEeBUIICHHS
IPAaHUYHUX CTAaHIB MOXKHA YHUKHYTH 3aCTOCYBaHHSIM
MpOeKTyBaHHS 3a nocBimoM. lle Bkmrodae 3miHHI 1
OCHOBHI KOHCEpPBAaTHBHI INpaBWJIa MPOEKTYBaHHS 1
3BepTac yBary Ha BU3HAUEHHs 1 KOHTPOJb MaTepialis,
BHPOOHUIITBO POOIT, 3aXUCT 1 MPOLIEyPH TEXHITHOTO
00CITyTOByBaHHS.

I[MPUMITKA IlocunanHs Ha Taki 3MiHHI i
OCHOBHI KOHCEPBATHBHI TMpaBWIa MOXYTh OyTH
Hajgadi y HamioHanmpHOMY MOJaTKYy.

(2) IlpoekTyBaHHS 3a IOMEPETHIM JOCBIIOM MOXE
BUKOPUCTOBYBAaTHCh, KOIHM €  CIIBCTaBJIIOBaHUI
IOCBin, fAK mepembadeHo B 1.5.2.2, sxuii pobuth
HENOTpiOHUMU TPOEKTYBaHHS 3a BHU3HA4YeHHAM. lle
MOXE TaKOX 3aCTOCOBYBATUCH MJISI BHU3HAYEHHS
TpuBasoi 1ii MOpO3iB 1 XIMIYHMX Y Oi10NOTIYHHX
YUHHHKIB, I SKUX MPsAMi BU3HAYEHHS y OUTBIIOCTI
BUIIAAKIB HE IMAXOIATH.

2.6 BunpoOyBanus HABAHTAKEHHAMM i
BUINPOOYBAHHS HA eKCIePUMEHTAJTBHUX MOJIEJIsSIX
(HP Komn pe3ynbTaTu BHIIPOOYBaHb
HAaBaHTAXXEHHSAMH a00 BUNpPOOyBaHb Ha MOJIENIX
KpPYIIHOTro abo MaJioro Macimrady BUKOPHCTOBYIOTHCS
Ui OOIPYHTYBaHHsI IPOEKTYBaHHI a00 B TOPSAIKY
JOTIOBHEHHS OJHI€ 3 IHIIMX albTEpHATUB, 3raJaHNX B
2.1(4), HacrynHi (akTOopu HEOOXiTHO PO3TILAATU i
BpaxoBYBaTH AJIS:

- pi3HHLI B CTaHi IPYHTY MDK BHIIPOOYBaHHAM 1
PeabHOIO CIIOPYAOIO;

- UYMHHHKY 4Yacy, OCOOJMBO, KOJH TPHBAJICTh

BUKOPUCTaHHS cropyau

— the type of foundation;

— the type of ground;

— the mode of deformation;

— the proposed use of the structure;

— the need to ensure that there are no problems
with the services entering the structure.

(4)P Calculations of differential settlement shall
take account of:

— the occurrence and rate of settlements and
ground movements;

— random and systematic variations in ground
properties;

— the loading distribution;

— the construction method (including the sequence
of loading);

— the stiffness of the structure during and after
construction.

NOTE In the absence of specified limiting values of
structural deformations of the supported structure,
the values of structural deformation and foundation
movement given in Annex H may be used.

2.5 Design by prescriptive measures

(1) In design situations where calculation models
are not available or not necessary, exceeding limit
states may be avoided by the use of prescriptive
measures. These involve conventional and generally
conservative rules in the design, and attention to
specification and control of materials, workmanship,
protection and maintenance procedures.

NOTE Reference to such conventional and
generally conservative rules may be given in the
National annex.

(2) Design by prescriptive measures may be used
where comparable experience, as defined in 1.5.2.2,
makes design calculations unnecessary. It may also
be used to ensure durability against frost action and
chemical or biological attack, for which direct
calculations are not generally appropriate.

2.6 Load tests and tests on experimental models

(1)P When the results of load tests or tests on large
or small scale models are used to justify a design, or
in order to complement one of the other alternatives
mentioned in 2.1(4), the following features shall be
considered and allowed for:

— differences in the ground conditions between the
test and the actual construction;

— time effects, especially if the duration of the test
is much less than the duration of loading of the
actual construction;



BUIMPOOYBaHHsI HAa0araTo MeHIIa, HiX TPUBANICTb il
HABaHTa)XEHHS B PeabHIll KOHCTPYKIIi;

- MaciTabHuX edekTiB, 0CcO0JINBO SIKIIIO
BHUKOPHUCTOBYIOTHCS MaJli MOAEIMI.

Edexrtu Big piBHIB HanpykxeHb HEOOXIHO PO3IIISIATH
CYMICHO 3 e)eKTaMH BiZi po3Mipy 4acToK.

(2) BunpoOyBaHHS MOXYTh MPOBOAMTHUCS Ha 3pa3Ky
peasibHOT KOHCTPYKIIT a00 Ha MOJEIAX BEITUKOro abo
MaJjioro MaciTaoy.

2.7. MeToJ cnocTepe:keHb

(1) Komu mporHo3  TeOTEXHIYHOI  TOBEIIHKH
YIPYIHEHHH, TOUIILHO 3aCTOCYBATH MiIXil, BiJOMUH
SIK  “METOJ] CIOCTEPEKEeHb , B SIKOMY THIPOEKT
MeperIsaeThes B X01 Oy/IIBHUIITBA.

(2) Jo mouaTky Oy iBHHUIITBA TOBUHHI OyTH BHKOHAaHI
HACTYITHI BUMOTH:

- TOBWHHI OyTHM BCTaHOBJICHI NPHUHHATHI MeEXi
MTOBEIIHKY;

- TOBHHEH OYTH OIliHEHWH [Jiama30oH MOXKIUBOI
MOBEIIHKA 1 TIOBUHHO OYTH JOBEJCHO, IO €
MPHUHHATHA BIPOTiHICTH TOTO, IO PeajbHa MOBEIIHKA
OyJie B 3HAXOJUTUCH IPUUHATHUX MEXKaX;

- TIOBMHEH OyTH pPO3pOOJICHHWU IUIaH MOHITOPUHTY,
sKuii OyJe Mmoka3yBaTH 4M OyJe peajbHa IMOBEIIHKA
3HAXOAWTHCH (JIeKaTH) B TNPUAHATHAX MEXKax.
MosHiTopuHT (crrocTepexxeHHs) TTOBUHEH
MIPOBOJUTHUCH UITKO, Ha JOCTATHHO PAaHHIN cTamii 1 3
JOCTaTHBO KOPOTKMMHM IHTEpBaJlaMH, J03BOJISIFOUUMHU
NPUAHATA TiependadyBaHi Jii OIS TapaHTyBaHHS
YCHIXY;

- dYac pearyBaHHA BUMIPIOBAJIFHUX NpUJIamiB i
MPOIEAYpH aHaNi3y pe3yapTaTiB TOBHHHI OyTH
JIOCUTH OIEPaTUBHUMH B TIOPIBHSHHI 3 BipOTiTHOIO
€BOJIFOLIICIO [TOBEAIHKN CUCTEMH;

- TMIOBUHEH OyTH PO3pOOJIEHWH TUTaH MOXUIIMBHX MiH,
SKUH Moke OyTH 3MiHEHHi, SKII0O MOHITOPUHT
BUSIBUTH [TOBEIHKY 32 NPUUHATHUMHU MEXaMHU.

(3)P B mpomeci OyniBHUIITBA MOHITOPHHT TIOBHHEH
MIPOBOAMUTHUCS 0 KiHIIS SIK 3arJIaHOBAHO.

4)p Pesynbratu MOHITOPUHTY TOBUHHI
aHaNI3yBaTUCS HAa KOXKHOMY €Talrli i MOBWHHI OyTH
OIIepaTHBHO 3aCTOCOBaHI 3alTaHOBaHI MOXUIMBI ii,
SKIIO BUSABUTHCA, IO CHUTyalid BUXOAUTH 3a
MIPUHHSITHI MEXI.

(5)P MomnitopunroBe o0OMagHaHHA TOTPIOHO abo
3aMIHUTH a00 JOIOBHUTH, SAKIIO BOHO HE BIANOBIIAE
BUMOraM  3a0e3lle4eHHS  JOCTOBIPHHMX  JaHHMX
BiJINOBITHOTO THUITY YH Y JIOCTATHROMY 00CSI3i.

2.8 3BiT 3 reoTeXHIYHOI0 NPOEKTYBaHHS

(1)P IlepemymoBm, pnaHi, MeTOQM BHU3HAYEHHS 1
pe3ynbTaTH TepeBipok Oe3nmekd i MPUOATHOCTI 10
eKCIUTyaTalii MOBMHHI OyTH BKJIIOYEHI A0 3BiTy 3
I'eorexniunoro [IpoekryBaHHs.

(2)P  Heranbhicts  3Biry 3  I'eorexHiuHOroO
[IpoekTyBaHHSA MOXKE€ 3HAYHO BiAPI3HATUCH 3AJICKHO
BiJ] TUITY IPOEKTY. JJIsl MPOCTHX MPOEKTIB MOXke OyTu
JOCTaTHBO OAHOTO apKylla.

(3) 3mit 3 'eorexniynoro [IpoekTyBaHHs, B IPHHIIHMIII,

— scale effects, especially if small models are used.

The effects of stress levels shall be considered,
together with the effects of particle size.

(2) Tests may be carried out on a sample of the
actual construction or on full scale or smaller scale
models.

2.7 Observational method

(1) When prediction of geotechnical behaviour is
difficult, it can be appropriate to apply the approach
known as "the observational method", in which the
design is reviewed during construction.

(2)P The following requirements shall be met before
construction is started:

— acceptable limits of behaviour shall be
established;

— the range of possible behaviour shall be assessed
and it shall be shown that there is an acceptable
probability that the actual behaviour will be within
the acceptable limits;

— a plan of monitoring shall be devised, which will
reveal whether the actual behaviour lies within the
acceptable limits. The monitoring shall make this
clear at a sufficiently early stage, and with
sufficiently short intervals to allow contingency
actions to be undertaken successfully;

— the response time of the instruments and the
procedures for analysing the results shall be
sufficiently rapid in relation to the possible
evolution of the system;

— a plan of contingency actions shall be devised,
which may be adopted if the monitoring reveals
behaviour outside acceptable limits.

(3)P During construction, the monitoring shall be
carried out as planned.

(4)P The results of the monitoring shall be assessed
at appropriate stages and the planned contingency
actions shall be put into operation if the limits of
behaviour are exceeded.

(5)P Monitoring equipment shall either be replaced
or extended if it fails to supply reliable data of
appropriate type or in sufficient quantity.

2.8 Geotechnical Design Report

(1)P The assumptions, data, methods of calculation
and results of the wverification of safety and
serviceability shall be recorded in the Geotechnical
Design Report.

(2) The level of detail of the Geotechnical Design
Reports will vary greatly, depending on the type of
design. For simple designs, a single sheet may be
sufficient.

(3) The Geotechnical Design Report should
normally include the following items, with
crossreference to the Ground Investigation Report



MMOBMHEH  BKJIFOYATH  HACTYMHI  BiIOMOCTI i3
nocunanasmu  Ha 3Bir 3 Jlocmimkenus [pyHriB
(muBuCh 3.4) 1 iHII JOKYMEHTH, SIKi MICTSTH OlIbIIe
JeTajen:

- OMHKC AUTSHKH 1 HABKOJIUIIHBOI TEPUTOPIi;

- OMKC TPYHTOBUX YMOB;

- OmuC mependavyyBaHOro OYAIBHHUIITBA, BKIFOYAOUU
A,

- TPOCKTHI BEIWYMHU XapPaKTEPUCTHK HECKEIbHHX 1
CKENTPHUX TPYHTIB, BKIJIIOYAIOUU OOTIPYHTYBaHHS SIK
HeoOXimHe;

- MOCHJIAaHHSI Ha 3aCTOCOBYBAHI KO 1 CTaHIAPTH;

- BUCHOBKH IIO/I0 MMPUIATHOCTI AUISTHKH JUTS 3BEJICHHS
MPOEKTOBAHOI CIIOPY/H 1 piBHS PUIHHATHUX PU3HKIB;

- TCOTEXHIYHMH TIPOGKT 3 BH3HAYCHHSMH i
KpeCIICHHSIMU;

- peKOMeH/IaIlii 3 IPOEKTyBaHHS (PYH/IAMEHTIB;

- MepesIiK MO3MI[iM, HAMIYEHUX ISl KOHTPOJIIO Y X0l
OyJiBHHIITBA abo HEO0OXIIHOCTI TEXHIYHOT'O
00CITyrOBYBaHHS Y MOHITOPHHTY.

(4)P 3Bit 3 I'eorexniynoro [IpoexkTyBaHHS TTOBUHEH
BKJIIOYATH ITUTAH CIIOCTEPEXEHb 1 MOHITOPHUHTY SIK
HeoOximuuit. [o3uuii, ge moTpiOHUI KOHTPONbL MpPH
OymiBHUITBI a00 TEXHIYHMHA HATIAM TICIA WOro
3aKiHYCHHS, MAlOTh OYTH YiTKO BH3HAYEHI. SIKIIO Tif
gac OYIiBHHUIITBA HEOOXIMHI 3aXOIH IOJ0 KOHTPOIIO
Oy BHKOHAHI, BOHU TTOBHHHI OYyTH 3apeecTpoBaHi y
JOIATKyY 10 3BITY.

(5) YV BigHOmIEHHI HAMISIAY 1 MOHITOPHHTY 3BIT 3
I'eoTexuiuHOTO [IpoekTyBaHHA MTOBUHEH
KOHCTaTyBaTH :

- METY KOXKHOI TPYITH CIIOCTEPEKEHD 1 BUMIIB;

- YacTWHH CHOPYAH, J€ TOBHHEH MPOBOJUTHUCH
MOHITOPWHT 1 BH3HAa4Y€HHS MICIlb, Y SKHX ITOBHHEH
MIPOBOIUTUCH HATJISII;

- IEPIOANYHICTB, 3 SIKOI0 OEPYTHCS BiIUTIKH;

- c11oci0, y SIKUH MaloTh OIIHIOBATHCH PE3YIIbTATH;

- Jiala3oHM BEIMYMH, B MeXaX SKHX OUYIKYIOTbCS
pe3ynabTaTH;

- TIepiof] 9acy, MPOTATOM SIKOTO MOHITOPHHT Ma€e OyTH
MIPOAOBKEHH ITiCIIsI 3aKiHYEeHHS OyIIBHULITBA;

- CTOPOHHU BIINOBIJANbHI 3a MPOBEACHHS BUMIpPIB 1
HarJsIy, 32 THTEPIPETAIlil0 OTPIMAHHUX PE3yJbTATIB 1
3a TexHIYHe OOCIYroBYBaHHS  BUMIPIOBAIBHUX
MIPHUIIAIIB.

(6)P Butsr 3i 3Bity 3 ['eorexniunoro IIpoexTyBanHs,
0 MICTUTh YMOBHU KOHTPOJIO, MOHITOPHHTY i
JOTIIAY 3a YCTAaTKyBaHHSAM JUId BCi€i criopynw,
MOBHHEH IepefaThCs 3aKa3HUKY /BOJIOJAPIO.

(see 3.4) and to other documents, which contain
more detail:

— a description of the site and surroundings;

— a description of the ground conditions;

— a description of the proposed construction,
including actions;

— design values of soil and rock properties,
including justification, as appropriate;

— statements on the codes and standards applied;
— statements on the suitability of the site with
respect to the proposed construction and the level of
acceptable risks;

— geotechnical design calculations and drawings;

— foundation design recommendations;
— a note of items to be checked during construction
or requiring maintenance or monitoring.

(4)P The Geotechnical Design Report shall include
a plan of supervision and monitoring, as
appropriate. Items, which require checking during
construction or, which require maintenance after
construction shall be clearly identified. When the
required checks have been carried out during
construction, they shall be recorded in an addendum
to the Report.

(5) In relation to supervision and monitoring the
Geotechnical Design Report should state:

— the purpose of each set of observations or
measurements;

— the parts of the structure, which are to be
monitored and the locations at which observations
are to be made;

— the frequency with which readings are to be
taken;

— the ways in which the results are to be evaluated;
— the range of values within which the results are
to be expected;

— the period of time for which monitoring is to
continue after construction is complete;

— the parties responsible for making measurements
and observations, for interpreting the results
obtained and for maintaining the instruments.

(6)P An extract from the Geotechnical Design
Report, containing the supervision, monitoring and
maintenance requirements for the completed
structure, shall be provided to the owner/client.



Po3znin 3. I'eorexnivuni nani

3.1 3arajbHi M0JI0KEHHSA

(1)P 3amxkmm ciim perenbHO TMPOBOAMTH 30ip,
peecTpaiiiro i IHTEpIpeTalito TEOTeXHIYHOT
iHpopmarii. Llg iHdopmalis TOBHMHHA BKIIOYATH
TeOJIOTiF0, TeOMOP(OJIOTit0, CEHCMIYHICTb, T'iIPOIOTiF0
i icropito nmingHku. HeoOximHo  OpaTu m0 yBaru
MOKa3HUKH HEOJHOPIAHOCTI IPYHTY.

(2)P T'eorexHiuHi AOCHiIKEHHS (BULIYKYBaHHS)
MOBMHHI IUIAaHYBaTHCS 3 BpaxyBaHHSIM BHUMOT
OymiBHMLTBA 1 eKCIUTyaTalifHUX  BJIACTUBOCTEH
mpoekroBaHoi  cropyau.  OOcAr  TeOTEXHIYHHX
BUIIYKYBaHb IOBHHHI IIOCTIHHO TEPEOUBIATHCA Y

Section 3 Geotechnical data

3.1 General

(1)P Careful collection, recording and interpretation
of geotechnical information shall always be made.
This  information  shall include  geology,
geomorphology, seismicity, hydrology and history
of the site. Indications of the variability of the
ground shall be taken into account.

(2)P Geotechnical investigations shall be planned
taking into account the construction and
performance requirements of the proposed structure.
The scope of geotechnical investigations shall be
continuously reviewed as new information is



Mipy 3100yTTs HOBOI iH(opmalii B Xoai BUKOHAHHS
poboru.

(3)P  CrapmaptHi  MONBOBI  BUIIYKYBaHHS 1
J1a00paTOpHi JOCTIKEHHs] TTIOBUHHI BHKOHYBATHCh 1
MPEJCTABJIATUCH Y BIAMOBIAHOCTI 3 MIDKHAPOAHUMH
MpPHU3HAHUMHA HOpPMaMH i pekoMeHaamisMu. [ToBuHHO
OyTH TMOBIJIOMJICHO TPO BIJIXWJICHHS BiJ IUX HOPM 1
BHUMOT'H JIO IONATKOBUX BUTIPOOYBaHb.

(4) Bumorm g0 1abopaTOpHHX 1  IOJBOBHX
BUIPOOYBaHb OBUHHI OyTH B3aTH 3 EN 1997-2.

3.2 I'eoTexHivyHi (BUIIYKYBAHHS) T0CTiIZKEHHS
3.2.1 3aranbHi NoJ0KeHHs

(HP I'eorexHiuni JIOCITi/>KCHHS MOBUHHI
3a0e3nevuyBaTH JOCTAaTHIM 00’€M JaHUX MPO IPYHTH 1
PSOKUM TPYHTOBUX BOJ Ha JAUISHIN OyIiBHUITBA 1
MOpHUJIErNIid  TepuTopii, s TPaBUIBHOIO OIHCY
OCHOBHHUX BJIACTHBOCTEH IPYHTIB i HaJiHHUX OI[IHOK
BEJIMYHMH XapaKTEPUCTHK IPYHTY JUISI BUKOPHCTAHHS B
MPOEKTHUX BU3HAYCHHSIX.

(2)P Cknamg 1 oO0CSrM TEOTEXHIYHHX JOCIIIKEHB
MMOBUHHI PEryJII0BATUCh BIAMOBIAHO 0 KOHKPETHOI'O
eramy JIOCHi/DKeHb (BUINYKYBaHb) 1 T'€OTEXHIYHOI
kareropii (auBuck EN 1997-2, po3mixn 2).

(3) MHms ocobmuBo KpymHHX ab0 HE3BUYAWHHUX
OymiBenb, IUIS CIOPYH, IOB’S3aHUX 3 IMIIBUIICHIM
pU3UKOM a00 HE3BHYAMHUMH YU OCOOJHUBO BaKKUMH
IpyHTamMH a00 YMOBaMH HaBaHTa)XKEHHS 1 CIIOpyH B
30HAX IMJABUIIEHOI CEMCMIYHOCTI MOXKE CTATHCS, IO
CTYITiIHb TEOTEXHIYHMX JOCHIIKeHb BH3HadeHH EN
1997, Gyme HemOCTaTHIM I 3aJ0BOJICHHS TIPOSKTHUX
BHMOT.

(4) Sxmo xapaxTep i 00'eM BUIIyKyBaHb 0OyMOBIIEHI
l'eotexniunoto  Kareropieto cmopyam, TpyHTOBI
YMOBH, SKI MOXYTh BIUIMBaTH Ha BUOIp maHOL
l'eotexniunoi Kareropii, moBurHI OyTH BU3HAYEHI
SIKOMOTI'a PaHillIe IPU BUIIYKYBaHHSX.

(5) BumykyBaHHA TOBWHHI BKIIOYATH Bi3yallbHUH
OIJIAN MaWJaH4YMKa JUII MOXKIIMBOCTI TIEPEBIpKHU
MIPOEKTHUX MEPEIYMOB B XO/i OYIIBHHUIITBA. .

3.2.2 IlonepenHi (BMIIYKYBAHHS) JOCTiIsKEHHSA
(1)P IomepenHi qOCTiKEHHAS TIOBUHHI BUKOHYBATUCH
TUTS:

- OIIHKY 3arallbHOi MPUIATHOCTI UISHKH;

- NOPIBHSHHS 3 aJbTEPHATHUBHUMH IUISTHKAMH, MPH
JIOPEYHOCTI;

- OI[HKK 3MiH, SIKIi MOXYTh OYTH BHUKJIHKaHI
BHKOHAHHS pOOIT;

- IJIaHYBaHHS IPOEKTYBaHH 1 KOHTPOJIIO TOCIiIKEHb
BKIJTFOUAIOYH ieHTH(]IKAIIFO 3aJIsTal0unX IPYHTIB, SKi
MOXYTh 1CTOTHO BIUIMBATH Ha MTOBEAIHKY CIIOPY.IH;

- BU3HAYEHH Kap'epiB, U JOPEYHOCTI.

3.2.3 [IpoexTHi BUINYKYBAHHS (XOCTiIKEHHS)

(1)P IlpoekTHi mociipkeHHS! MOBUHHI BUKOHYBAaTHUChH
TUISE:

- 3a0e3neyeHHs] 1HQOpMAIi€0, HEOOXIMHOK s
a/IeKBaTHOTO MPOEKTYBaHHS THMYACOBHX 1 OCTIHHUX
00’€KTiB;

- orpuMaHHia  iHQopMmanii, HeoOXimgHOI  [IA

obtained during execution of the work.

(3)P Routine field investigations and laboratory
testing shall be carried out and reported generally in
accordance  with internationally  recognised
standards and recommendations. Deviations from
these standards and additional test requirements
shall be reported.

(4) Requirements for laboratory and field-testing
should be taken from EN 1997-2.

3.2 Geotechnical investigations

3.2.1 General

(1)P Geotechnical investigations shall provide
sufficient data concerning the ground and the
ground-water conditions at and around the
construction site for a proper description of the
essential ground properties and a reliable assessment
of the characteristic values of the ground parameters
to be used in design calculations.

(2P  The composition and amount of the
geotechnical investigations shall be adjusted to the
particular investigation phase and the geotechnical
category (see EN 1997-2, Section 2).

(3) For very large or unusual structures, structures
involving abnormal risks or unusual or
exceptionally difficult ground or loading conditions,
and structures in highly seismic areas, it is possible
that the extent of investigations specified in EN
1997 will not be sufficient to meet the design
requirements.

(4) If the character and extent of the investigations
are related to the Geotechnical Category of the
structure, ground conditions that may influence the
choice of Geotechnical Category should be
determined as early as possible in the investigation.
(5) The investigations should include visual
inspections of the site to enable the design
assumptions to be verified during construction.

3.2.2 Preliminary investigations

(1)P Preliminary investigations shall be carried out:

— to assess the general suitability of the site;

— to compare alternative sites, if relevant;

— to estimate the changes that may be caused by
the proposed works;

— to plan the design and control investigations,
including identification of the extent of ground,
which may have significant influence on the
behaviour of the structure;

— to identify borrow areas, if relevant.

3.2.3 Design investigations

(1)P Design investigations shall be carried out:

— to provide the information required for an
adequate design of the temporary and permanent
works;

— to provide the information required to plan the
method of construction;



IUTaHyBaHHSI METOY BUPOOHHUIITBA POOIT;

- BU3HAYCHHsS OyIb SKUX TPYAHOLIB, SIKIi MOXYTb
BUHHUKATH Ha MPOTs3i OyAIBHULITBA.

(2)P IlpoekTHi mOCHiIKEHHS TOBUHHI HaAiIHHO
BH3HAYaTH po3TalryBaHHST 1 BJIACTHBOCTI BCIiX
IPYHTIB, IO BiXHOCAThCA ab0 BIUIMBAIOTH Ha
nependadyBaHe OyiBHHUIITBO.

(3)P Ilapamerpu, sKi BIUIMBAIOTh Ha 3JaTHICTh
CIIOpYAU 3a2JI0BOJIBHSTH 1 eKCIUTyaTalliiHUM
MOKa3HUKAaM, TOBHUHHI OyTH BH3HAYEHI /0 TMOYATKY
OCTaTOYHOTO TIPOEKTY.

(4)P JIns moBHOI YIEBHEHOCTi, L0 NPOCKTHHMU
JOCITI/DKEHHSMH OXOIUIeHI BCi TIPYHTOBI Qopmarlii,
0co0JIMBa yBara MOBMHHA OYTH MpHIIEHA HACTYITHIM
T'€OJIOTIYHUM OCOOITMBOCTSM:

- reosIoriuHOMY TIPOdiITIO;

- IPUPOJHUM 1 TEXHOT€HHUM MTOPOKHUHAM;

- gerpanmamii (eBONIOINIl) CKENBHUX,  HECKEIbHUX
IPYHTIB YA HACUITHUX MaTepialis;

- T1IPOreoIoriyHIM e eKTaM;

- posnoMam, TpillMHAM 1 IHIIMM TOPYIICHHSIM
CYIILHOCTI;

- ITOB3YYOCTi IPYHTIB i CKETbHHUX MaCHBIB;
-HaOyXaHHIO 1 TPOCIJAHHIO I'PYHTIB 1 CKEJIbHUX MOPIJI;
- IPUCYTHICTH BIAXO/MIB 1 TEXHOTEHHUX MaTepialiB.
(5)P HeobximHO BpaxyBaTH ICTOpPII0 IUISSHKA 1
TIPHJIETIION TEPHUTOPIi.

(6) JlocmimKeHHSAMH ~ TIOBHHHI  BHUKOHYBAaTHCh
SIKHAWMEHIIIE I TUX (pOpMaIliid, SIKi BiTHOCSITHCS IO
IIPOCKTY.

(7)P B mpomeci mochmipkeHb TMOBWHHI  OyTH
BCTaHOBIIEHI piBHI TpyHTOBHX BoA. IloBuHHI OyTH
3adikcoBaHi Oyap SKi piBHI BUIBHOI BOMH, IO
BiMideHi i gac mociimkens (quBuck EN 1997-2).
(8) Caim BcTaHOBIMIOBATH €KCTpeMajbHI piBHI Oyab
SIKOTO BOZ OJJHOTO IPKEpEa, SIKE MOXKE BIUIMHYTH Ha
THUCKY IPYHTOBOI BOJIH.

(9P Crnig BCTaHOBIIOBATH po3TamryBaHHS i
MIPOAYKTUBHICTh Oynp SIKIX CBEPUIOBUH
BOJIOBiAKaYyBaHb a00 BONOBiABENEHHS TMOOIU3Y
TUTSTHKYA Oy[iBHUIITBA.

3.3 OuiHka reoTexHivHuX NapamMerTpis

3.3.1 3arajbHi MOI0KeHHS

(1) YV mHacTymHOMY BHMOTH CTOCYIOTBCS OIlIHKH
TEOTEXHIYHHUX IMapaMeTpiB TUTBKH HAWUOUIBII MIUPOKO
BUKOPUCTOBYBAaHHUX Yy TMIOJNBOBUX 1 JIaOOpaTOpPHUX
BUIIPOOYBaHHAX, HA SKI € TOCWIaHHS. BkuBaHHS
IHIIMX BUIIB BUNPOOYyBaHb MOXJIIUBE, SKIO iX
MpUIATHICTD Oyze JOBeAeHa IUIIXOM MOPiBHSIBHOTO
JIOCBITy.

3.3.2 XapakTepucTHKAa THNA HECKeJIbHOIro |
CKeJbHOI0 IPYHTY

()P Tunm 1 OCHOBHI CKIagOBi CKeIbHOro abo
HECKEJIbHOTO IPYHTY MOBHHHI OyTH BH3HAa4YeHi 10
iHTeprperawii pe3ynbTaTiB IHIIUX BUNPOOYBaHb.

(2)P  Marepian  moBuHeH  OyTH  BUBYCHHIA,
iTeHTu(IKOBAaHWH 1 ONMUCAHWI Y BIiAMOBIAHOCTI H0
3aranpHONpuUitHATOl Knacudikamii. IloBuHHa OyTH

— to identify any difficulties that may arise during
construction.

(2)P The design investigation shall identify in a
reliable way the disposition and properties of all
ground relevant to or affected by the proposed
construction.

(3)P The parameters, which affect the ability of the
structure to satisfy its performance criteria shall be
established before the start of the final design.

(4) In order to ensure that the design investigation
covers all relevant ground formations, particular
attention should be paid to the following geological
features:

— ground profile;

— natural or man-made cavities;

— degradation of rocks, soils, or fill materials;

— hydrogeological effects;
— faults, joints and other discontinuities;

— creeping soil and rock masses;

— expansible and collapsible soils and rocks;

— presence of waste or man-made materials.

(5)P The history of the site and its surroundings
shall be taken into account.

(6)P The investigation shall be carried out at least
through the formations, which are assessed as being
relevant to the project.

(7)P The existing ground-water levels shall be
established during the investigation. Any free water
levels observed during the investigation shall be
recorded (see EN 1997-2).

(8) The extreme water levels of any water source,
which might influence the ground-water pressures
should be established.

(9)P The location and capacities of any dewatering
or water abstraction wells in the vicinity of the site
shall be established.

3.3 Evaluation of geotechnical parameters

3.3.1 General

(1) In the following requirements concerning the
evaluation of geotechnical parameters, only the
most commonly used laboratory and field tests have
been referred to. Other tests may be used provided
their suitability has been demonstrated through
comparable experience.

3.3.2 Characterisation of soil and rock type

(1)P The character and basic constituents of the soil
or rock shall be identified before the results of other
tests are interpreted.

(2)P The material shall be examined, identified and
described in accordance with a recognized
nomenclature. A geological evaluation shall be
made.



3po0JieHa T'e0JIOTiYHa OIliHKA.

(3) Knacudikamist rpyHTIB 1 OIUC APiB BUKOHYIOTHCS
BIMIOBIAHO [0  3araJibHONPUHHATOI  CHCTEMHU
knacuikarii 1 Omucy IPyHTIB.

(4) CkenbHI IpYHTH CITiZ KIACH(IKYBaTH 3 TOYKH 30PY
SIKOCT1 BMIIIAl040i MOPOJH 1 TPIMHYBATOCTI. SKicCTbh
MOPOJIM CITi/i OMUCYBATH y TIOHSTTSAX BUBITPIOBAHICTB,
CTPYKTypa  YacTOK, pO3MIpH  TEpPEBaKAIOUUX
MiHEpaJIbHUX  YacTOK, TBEPAOCTI 1  MIIHICTh
(minpHOCTI) OCHOBHOrO MiHepany. TpilMHYyBaTiCTh
CIliA XapaKTepU3yBaTl B MOHATTAX THITY 3’ €JHAHHS,
HIMPHUHH, TPOMDKKY 1 SIKOCTI 3aTIOBHIOBAYA.

(5) Y nomoBHEHHsT 10 Bi3yaJbHOIO OOCTEKEHHS
MOXYTh  3aCTOCOBYBATHUCS ~ DPAJ  TECTiB Ui
Kiacudikaii, imenTudikaii 1 BU3HAYEHHS
HECKEJIbHHX 1 CKeNbHUX IPYHTIB (auBuch EN 1997-2),
TaKi K JUIsl HSCKEIbHUX IPYHTIB:

- TpaHyJIOMETPUYHUI CKIak;

- 00'eMHa Bara;

- IOPHCTICTB;

- BOJIOTICTB;

- ¢hopMa 9acToK;

- HIOPCTKICTh MOBEPXHI YaCTOK;

- OKa3HUK IIIIHFHOCTI;

- TpanuIli Atrepoepra;

- HaOyXaHHS;

- BMICT KapOOHAaTIB;

- BMICT OPTaHIYHOTO MaTepiay;

JUTSI CKETBbHUX TPYHTIB:

- MiHEepaJoris;

- metporpadis;

- BOJIOT'ICTB;

- 00'eMHa Bara;

- TIOPHUCTICTB;

- IIBUJKICTH 3BYKY;

- HIBUJKICTD BOJIOIIOIVIMHAHHS;

- HaOyxaHHS;

- IIOKa3HUK JOBI'OBIYHOCTI;

- OMlip OHOOCHOBOMY CTHCKYBAaHHIO.

3.3.3 O6'emna Bara

(1)P OOG'emna Bara moBMHHAa OyTH BH3HadeHa 3
JOCTaTHBOIO MIPOKO TOYHOCTI Ui  NPU3HAYEHHS
MPOCKTHUX YHM XapaKTEPUCTUYHMUX BEIWYMH [iH, fKi
BUBOIATBHCSA 3 HEL

(2) OO'emny Bary cmig BHM3HAaYaTH Ha 3pa3Kax
HECKEJIbHOTO YH CKEJIHOI'O IPYHTY 3 HEHNOPYLIECHOIO
crpykrypoto (auBuch EN 1997-2). AnbrepHaTHBOIO
MOXKHE OYyTH BHW3HAYEHHS 3 J00pe OOrpyHTOBaHHUX UM
3aJOKYMEHTOBAaHUX KOPEJISLIH, OCHOBaHUX
HaNpUKIaJ, Ha MeHeTpaliiHuX BUIIPOOYBaHHSX.

3.3.4 lloka3HuK MITBHOCTI

(1)P Tloka3HMK WIIBHOCTI IOBMHEH BifoOpakaTH
CTYIIiHb YIIUIbHEHHS (IUIbHICTH) HE3B SI3HOTO IPYHTY
M0  BIJHOMIEHHIO O  CaMOro  IyXKOro i
HaWMIUTBHIIIOTO CTaHIB, SKi BU3HAYEHI CTaHAAPTHUMH
1a060paTOPHUMH BUIIPOOYBAHHSIMH.

3.3.5 Ctyninb ymijbHeHHs

(1)P Cryninp yuiinpHeHHS MPUPOAHOTO IPYHTY abo

(3) Soils should be classified and soil layers
described according to an acknowledged
geotechnical soil classification and description
system.

(4) Rock should be classified in terms of the quality
of the solid (stone) material and jointing. Stone
quality should be described in terms of weathering,
particle organisation, dominant grain size of
minerals, and hardness and toughness of the main
mineral. Jointing should be characterised in terms of
joint type, width, spacing and fill quality.

(5) In addition to visual inspection, a number of
tests for classification, identification and
quantification of soils and rocks may be used (see
EN 1997-2), such as for soils:

— grain size distribution;

— weight density;

— porosity;

— water content;

— grain shape;

— grain surface roughness;

— density index;

— Atterberg limits;

— swelling;

— carbonate content;

— organic matter content.

for rocks:

— mineralogy;

— petrography;

— water content;

— weight density;

— porosity;

— sound velocity;

— quick water absorption;

— swelling;

— slake-durability index;

— uniaxial compressive strength.

3.3.3 Weight density

(1P The weight density shall be determined with
sufficient accuracy to establish design or
characteristic values of the actions that derive from
it.

(2) The weight density should be determined on
specimens of soil and rock taken from undisturbed
samples (see EN 1997-2). Alternatively, it may be
derived from well established or documented
correlations based on, for example, penetration tests.

3.3.4 Density index

(1)P The density index shall express the degree of
compaction of a non-cohesive soil with respect to
the loosest and densest condition as defined by
standard laboratory procedures.

3.3.5 Degree of compaction
(1)P The degree of compaction of natural ground or



HACHITy  BHUPAXXA€THCS BITHOMIEHHSIM MDK CYXOIO
00'eMHOI0 Barol0 i MakCUMalIbHO CYXOI 00'€MHOIO
Barolo, OTPUMAHOIO 3 CTAHAApPTHUX BUMNPOOYBaHb Ha
YIUTBHCHHS.

3.3.6 Omip 3pymieHH10

(1)P Ilpu Bu3HAYeHHi omopy 3pYIIEHHIO HEOOXiTHO
B3SITU JI0 YBard HACTYITHI YHHHUKH:

- piBeHb HampyXEeHHSI, IO JIi€ B IPYHTI;

- aHI30TPOITII0 MIITHOCTi, OCOOJIMBO Y TYTOMJIaCTUYHUX
TIIMHUCTUX TPYHTIB;

- TPIUIMHYBATICTh, OCOOJIHMBO Y BaXKKHX (TBEpAMX)
TJIUH;

- BIUIMBH IIBUIKOCTI Aedopmarii;

- TyKe Benuki nedopmartii, ki MOXKYTh MaTH MicCIe Y
MPOEKTHUX CUTYAIlifX;

- paniire c)opMOBaHi TOBEPXHI KOB3aHHS;

- JIist yacy;

- YyTIIUBICTD 3B'S3HUX IPYHTIB;

- CTYIIiHb BOJIOHACHYCHHSI.

(2) Konu ormip 3pyIIeHHIO BHBOJUTHCS 3 PE3yIbTATIB
BUINIPOOYBaHb, HEOOXIMHO BpaxoBYBaTH piBEeHb
JOCTOBIPHOCTI Teopii, ska Oyja 3acTOCOBaHa s
BHU3HAYEHHS BEIUYMH OIOPY 3pYIICHHIO, a TaKOX
HEOJIHOPIJHICT, 1 MOXIJIMBI IOIIKO/DKEHHS 3pPa3KiB
IpH Bigoopi.

(3) Ilo crocyerbes mii wacy, HEOOXiMHO BpaxyBaTH,
10 TIepiod, KOJMU TPYHT Oyne MiHACHO HeAPECHOBAHUM,
3QICKUTh Bil HOTO BOMOMPOHUKHOCTI, HAsSBHOCTI
BUTBHOT BOJIM 1 TeOMETpii cUTYyaItii.

(4)P BenmuuuHu e()EKTHBHOTO OIOPY 3PYLICHHIO
xXapakTepucTuku C' 1 tg ¢’ TOBUHHI TPHIAMATHCH
MTOCTIHHUMU JIUIIE JUIS TOTO /Iiara3oHy Halpy>KeHb, B
SIKOMY BOHH OyJTi BU3HAYEeHI.

3.3.7 XKopcTkicTb IpyHTY

()P  Ilpm omiHII >KOPCTKOCTI TIPYHTY  CIif
BPAaxXOBYBaTH HACTYITHI YNHHUKH:

- YMOBH JIpEHYBaHHS;

- piBeHb cepenHix e eKTUBHIX HAIPYKEHb;

- TIOTIEPEHIO PUPOIHY a00 IMITYYHY KOHCOMIAAIIIIO;

- piBeHb BCTaHOBIEHOI aedopmarii 3pyrieHHs abo
BUHHKAIOUMX HANPYKEHb 3PYIIEHHS; OCTaHHE YacTo
pErIaMeHTyeThCsl BITHOCHO ONMOpY 3PYLICHHIO MpU
pyHHYBaHHI.

(2)P Hepinko OyBae mayxe CKIIaJHO OTpUMATH HaIilHI
BUMIPH KOPCTKOCTI IPYHTY 3a JIOIIOMOTOIO ITOJTBOBHX
abo naOopaTtopHuUX BUIPOOYBaHb. 30KpeMma, i3-3a
MOpYIIEHHS CTPYKTYpH 3pa3kiB a0o0 1o iHIHMX
NpUYMHAX pe3yJabTaTH, OTPHUMaHI Ha J1abOpaTOPHUX
3pasKax, 4acTo OyBalOTh 3aHIKEHUMH B IOPIiBHSHHI 3
JKOPCTKICTIO TPYHTY Ha Miclli #oro 3anmsraHas. Tomy
TaMm, Jie 1€ MOXIIMBO, CIIiJ| aHaJi3yBaTH pe3yJbTaTH
CIIOCTEPEXKEHb 3a TOBEOIHKOIO 3BEIEHHMX paHille
CIIOPYA.

3.3.8 SIkocti i BJACTHBOCTI CKeJBHUX IPYHTIB i
CKeJIbHUX MACHBIB

3.3.8.1 3aranbHa oninka

(1)P Ilpm omiHIi SKOCTI i BIACTUBOCTEH CKEIBHUX
IPYHTIB 1 CKEJbHHX MacUBIB HEOOXiZTHO poOUTH

fill shall be expressed as the ratio between dry
weight density and maximum dry weight density
obtained from a standard compaction test.

3.3.6 Shear strength

(1)P In assessing the shear strength of soil, the
influence of the following features shall be
considered:

— the stress level imposed on the soil;

— anisotropy of strength, especially in clays of low
plasticity;

— fissures, especially in stiff clays;

— strain rate effects;

— very large strains where these may occur in a
design situation;

— pre-formed slip surfaces;

— time effects;

— sensitivity of cohesive soil;

— degree of saturation.

(2) When the shear strength assessment is based on
test results, the level of confidence in the theory
used to derive shear strength values should be taken
into account, as well as the possible disturbance
during sampling and heterogeneity of samples.

(3) As to time effects, it should be considered that
the period for which a soil will be effectively
undrained depends on its permeability, the
availability of free water and the geometry of the
situation.

(4)P The wvalues of effective shear strength
parameters ¢' and tan ¢' shall be assumed to be
constant only within the range of stresses for which
they have been evaluated.

3.3.7 Soil stiffness

()P In assessing the soil stiffness, the following
features shall be considered:

— drainage conditions;

— level of mean effective stress;

— natural or artificial pre-consolidation;

— level of imposed shear strain or induced shear
stress, this latter often normalised with respect to the
shear strength at failure.

(2) Reliable measurements of the stiffness of the
ground are often very difficult to obtain from field
or laboratory tests. In particular, owing to sample
disturbance and other effects, measurements
obtained from laboratory specimens often
underestimate the in-situ stiffness of the soil.
Observations of the behaviour of previous
constructions should therefore be analysed wherever
available.

3.3.8 Quality and properties of rocks and rock
masses

3.3.8.1 General assessment

(2)P In assessing the quality and properties of rocks
and rock masses, a distinction shall be drawn



BiIMIHHICTh MDK MOBEIIHKOIO CKEJILHOT'0 MaTtepiaiy,
BHM3HAYEHOIO Ha 3pa3KaX HENOPYIIEHOI CTPYKTYpH 1
MMOBEIIHKOI0 3HAYHO OUIBIIMX CKEILHUX MACHBIB, SKi
BKIIOYAIOTh  CTPYKTYpHI TMOpYIIEGHHS, Taki SIK
MiACTHIBHA TJIOCKICTh, TPIIIUHH, 30HH 3pYLICHHS 1
MTOPOKHUHU BUJIYTOBYBaHHS. Heo0xinHo
BpaxoBYBaTH HACTYITHI XapaKTEPUCTHKHU PO3PUBIB
(po3’enHanHsN):

- BIZICTaHb;

-Opi€HTAaILlis;

- PO3KPHTTS;

- Oe3nepepBHICTh (ITPOIOBIKEHHS);

- BOJIOHENPOHUKHICTH (T€pPMETHYHICTB);

- HIOPCTKICTh, BKJIIOYAIOYH BIUIMB TONEPENHIX
MOCYBaHb 10 PO3pUBAX;

- 3aIIOBHEHHSI.

(2)P OxpiM 1poOro, mpH OIHII BJIACTUBOCTEH
CKENPHUX TIPYHTIB 1 CKEIbHUX MacuBiB  CIilI
BpaxoBYBaTH IPH HEOOX1THOCTI HACTYIHI (paKkTopH:

- Halpy>KeHHs Ha MICIIi 3aJIsITaHHS;

- TUCK BOJI;

- 3HaYHI BI/IMIHHOCT1 y BIACTUBOCTSIX Pi3HUX IIAPiB.

(3) OriHka BIacTUBOCTEH CKEIBHUX MACHBIB, TaKUX
SIK:

- MIITHICTb 1 )KOPCTKICTh;

- po3’€THaHHS, OCOOJIMBO B 30HAX 3JIaMYy;

- BOJIOTIPOHUKHICTh CHCTEMH P03’ €THAHD;

- 1ehOpMOBAHICTh BUBITPEHUX CKEITBHUX TIOPIJ,

MO)ke OyTH OTpMMaHa 3 BUKOPHCTAHHSIM IPHHITUIIIB
Kkimacudikarii CKeIbHINX MacHBIB, NpuBeAcHNX B EN
1997-2.

(4P TloBuuHa OyTH OIliHEHAa pEAKIls CKETbHUX
IPYHTIB, HaNpWKIaJA, KIIMAT YA 3MIHH HaIllPYKEHHS.
Takoxx HEOOXiTHO BpaxOBYBaTH BIUIMB XIMIYHOT Iii
Ha TIOBEAIHKY CKEIBHOTO IPYHTY (QYHIAMEHTIB.

(5) Ilpwm omiHII AKOCTI CKENPHHUX TPYHTIB 1 CKEIBHUX
MacuBiB HEOOXigHO OpaTH [0 YyBaru HACTYIHI
BJIACTUBOCTI (0COOIMBOCTI):

- JesKi TOpHCTiI ClabKi  CKeNbHI TPYHTH IIBHIKO
PYHAHYIOTBCA JIO TPYHTIB HU3BKOI MIITHOCTi, OCOOJIHBO
SIKIIIO BOHW CXWJIBHI IO BUBITPIOBAHHS;

- JesKi CKeNbHI TPYHTH MAarOTh BHUCOKE PO3UYMHEHHS
Ml BIUIMBOM TIPYHTOBUX BOJ, CTBOPIOIOYM KaHAJIH,
MIOPOXKHUHU 1 BOPOHKH, SIKI MOXKYTh PO3BHBATHCS 10
TTOBEPXHI 3eMIIi;

- TpU PO3BAHTAXEHHI 1 3ITKHEHHI 3 MOBITPSIM JIesKi
CKeNbHI TPYHTH CXWJIBHI JI0 CHJILHOTO HaOyXaHHS, 10
mop's3aHe 3 abcopOmier0  BOAM  TIIMHUCTHMH
MiHepaJlaMu.

3.3.8.2 Omnip npu 0AHOOCHLOBOMY CTMCKYBaHHi i
aedopMoBaHicTh CKeJILHUX MaTepiaiiB

(1)P ITpu owiHLi ONMOpY OIHOOCHOBOMY CTHCKYBaHHIO
i nedopmoBaHoCTi CKENBHUX MaTepiajiB
BPaxOBY€ETHCS BILIMB HACTYITHUX YHHHUKIB:

- oOpieHTamis oOcell HaBaHTAaXCHHS  BIJHOCHO,
HalpuKIaJ, HamnpsaMy aHi30Tpomii, MJIOCKOCTi

between the behaviour of rock material as measured
on undisturbed core samples and the behaviour of
much larger rock masses, which include structural
discontinuities such as bedding planes, joints, shear
zones and solution cavities. Consideration shall be
given to the following characteristics of the joints:

— spacing;

— orientation;

— aperture;

— persistence (continuity);

— tightness;

— roughness, including the effects of previous
movements on the joints;

— filling.

(2)P In addition, when assessing the properties of
rocks and rock masses, the following items shall be
considered, if relevant:

— in situ stresses;

— water pressure;

— pronounced variations in properties between
different layers.

(3) Estimates of rock mass properties, such as:

— strength and stiffness,

— jointing, especially in fractured zones,

— water permeability of the joint system,

— deformation properties of weathered rock,

may be obtained by using the concept of rock mass
classification described in EN 1997-2.

(4)P The sensitivity of rocks to e.g. climate or stress
changes, shall be assessed.

Consideration shall also be given to the influence of
chemical degradation on the performance of rock
foundations.

(5) In assessing the quality of rocks and rock
masses, consideration should be given to the
following features:

— some porous soft rocks degrade rapidly to soils
of low strength, especially if exposed to weathering;
— some rocks exhibit high solution rates due to
ground-water causing channels, caverns and
sinkholes, which may develop to the ground surface;
— when unloaded and exposed to the air, certain
rocks experience pronounced swelling due to the
absorption of water by clay minerals.

3.3.8.2 Uniaxial compressive strength and
deformability of rock materials

(2)P In assessing the uniaxial compressive strength
and deformability of rock materials the influence of
the following features shall be considered:

— the orientation of the axis of loading with
respect, for example, to specimen anisotropy,



3aJIsIraHHsl MapiB, PO3MIAPOBAHOCTI;

- Meronx Bimbopy, yMOBH 30epiraHHs i OTOUyrOUi
MOPOJIH;

- KUIbKICTb BUITPOOYBaHUX 3pa3KiB;

- TeOMeTpis BUMTPOOyBaHUX 3pa3KiB;

- BOJIOTICTh 1 CTYINiHb BOJOHACHYEHHS TIiJ Yac
BUITPOOYBaHHS;

- TPUBAJICTh BUMPOOYBAaHHA, 1 PiBEHb HAMIPYKEHHS,

- METOJ1 BU3HA4YeHHs Moy FOHra i piBeHb OCBOBOTO
HaATNpyXEeHHST YW PiBHI, npu  SKUX BiH OyB
BU3HAYCHU.

3.3.8.3 Omip 3pyuienHIo 3’¢THAHb

()P  TIlpm  BuU3Ha4YeHHI  omopy  3pYIIEHHIO
TPIIMHYBATHX CKENTBHUX MaTepianiB ciim Opath 1o
yBaru HaCTYIHI YHHHHUKH:

- opieHTalisd 3’€HaHHS Yy BUMNPOOYBaHIH CKeNbHIN
IOPO/Ii TI0 BiJTHOIICHHIO JI0 TIepea0auyBaHuX Jii;

- OpieHTAIlisl 3pYIICHHS IPU BUMTPOOYBaHHi;

- KUTBKICTh BUITPOOYBaHUX 3pa3KiB;

- PO3MIpH JUTSTHKH 3pYIICHHS;

- YMOBU TUCKY IIOPOBOi BOJH;

- MOXJIMBICTh MPOTPECYIOUOro pPYHHYBaHHS, IO
BH3HAYAE MMOBEJIHKY CKEITbHOTO IPYHTY B MACHBI.

(2) TIlnmockocTi ocC/a0EHHS CKEJIBHOTO MAacHBY
3a3BMuYail  30iraroTbcs 31 3’€QHAHHAMU YU
IUIOCKOCTSIMH ~ 3aJIATaHHS, MapyBaTICTIO 49U
PO3KOMIOBaHHAM 200 3 KOHTAaKTOM MK HECKEIbHUM 1
CKETbHUM TIPYHTOM abo OETOHOM 1 CKeJer.
Bumipsauii omip 3pyIIEHHIO B IHUX IUIOCKOCTSX, SIK
MPaBUJIO, BUKOPHCTOBYETHCS ISl aHAIII3y TPaHUYHOL
pIBHOBarv CKCIbHIUX MACHBIB.

3.3.9 Ilapamerpu NPOHHKJIHUBOCTI i KOHcoJigamii

HeCKeJIbHUX i CKeJIbHUX IPYHTIB

3.3.9.1 Ilapamerpu NPOHUKJIUBOCTI i
KOHCOJinauii HecCKeJbHUX IPYHTIB

()P TIlpm omiHmi napaMerpiB  MPOHUKIMBOCTI 1

KOHCOMianii TMOBWHHI OyTH B3ATi 10 yBaru HAaCTYIHI

napaMeTpHu:

- BIUTMB HEOHOPITHOCTI;

- BIUTUB aHI30TPOIIii;

- BIUTUB TPIIIMH 200 PO3IOMIB;

- BIUIMB 3MiH HamlpyXEHHS IpH TNependadyBaHUX

HaBaHTAKCHHSX.

(2) Bumipu NpPOHUKIUBOCTI, SKi TPOBOASTHCS B

nmaboparopii Ha HEBEIWKHX 3pa3KaX, MOXYTh OyTH

HEMOKAa30BUMH JJIsl TPYHTIB Ha MICI iX 3airaHHs.

ToMy 1O MOXIMBOCTI Kpamie NPOBOAWUTH IOJHOBI

BHIPOOYBaHHSA, BHUMIPIOIOYH YCEpPENHEHI BETUYHHU

uis  Benukoro o0'emy T1pyHTy. llpore, morpibHO

BpaxoBYBaTH MOXIMBI 3MIiHM NPOHHUKIMBOCTI 3

poctoM (30inbLIeHHSM) e(EeKTUBHHX HAampyKeHb

OLIbIIIE BETUYMHYU HA MICI{I 3aJIsITaHHS.

(3) IHomi NPOHMKIMBICTE BU3HAYAETHCS HA OCHOBI

3HaHHS [IPO PO3MOLT IPAaHYIIOMETPUYHOTO CKIIATY.

3.3.9.2 Ilapamerpn NPOHMKJIHUBOCTI CKeJIbHUX
IPYHTIB

(1)P  Ockinbku TPOHMKIUBICTD CKEITBHUX MAacuBiB

bedding planes, foliation;

— method of sampling, storage history and
environment;

— number of specimens tested,;

— the geometry of the tested specimens;

— water content and degree of saturation at time of
test;

— test duration and stress rate;

— method for determination of the Young's
modulus and the axial stress level or levels at which
it is determined.

3.3.8.3 Shear strength of joints

(1)P In assessing the shear strength of joints of rock
materials, the influence of the following features
shall be considered:

— orientation of the joint within the rock test in
relation to the assumed direction of actions;

— orientation of the shear test;

— number of specimens tested,;

— dimensions of the sheared area;

— pore-water pressure conditions;

— possibility of progressive failure governing the
behaviour of the rock in the ground.

(2) Planes of weakness in rock normally coincide
with joints or planes of bedding, schistosity or
cleavage, or with the interface between soil and rock
or concrete and rock. Measurements of the shear
strength on these planes should normally be used for
the limit equilibrium analysis of rock masses.

3.3.9 Permeability and consolidation parameters
of soil and rock

3.3.9.1 Permeability and consolidation
parameters of soil

(1P In assessing permeability and consolidation
parameters, the following factors shall be
considered:

— the effects of heterogeneity;

— the effects of anisotropy;

— the effects of fissures or faults;

— the effects of stress changes under the proposed
loading.

(2) Permeability measurements made on small
laboratory samples may not be representative of the
in-situ conditions. Whenever possible, in-situ tests,
which measure average properties of a large ground
volume should therefore be preferred. However,
consideration should be given to possible changes in
the permeability with increased effective stress
above the in-situ value.

(3) Sometimes permeability should be evaluated on
the basis of knowledge of the grain size distribution.
3.3.9.2 Permeability parameters of rock

(1)P Since the permeability of rock masses depends
mainly on the degree of jointing and the existence of



3aJIeKUTh  TOJOBHMM  YMHOM  Bi  CTyNeEHs
PO3’€THAHOCTI 1 ICHYIOUMX 1HIIMX MOPYIIEHb TAKUX K
PO3pHBH 1 pO3LITMHHM, TO ii CHiL BUMIpPIATH 3a
BUMPOOYBaHHSAMH Ha Miclli a00 Ha OCHOBI MiCLIEBOT'O
JIOCBITTY.

(2) Ha micni npoHUKIHMBICT MOXKE OyTH BH3HaueHA
3a JONIOMOT'OI0 CUCTEMH JIOCTiIHOTO HAKAUyBaHHS Y
KOMOIHAIlli 3 pPeecTpalli€ero MOTOKY, 3 €0  yYMOB
MPOCTOPOBOTO, TiAPOTEONOriYHOr0 MOTOKY JIOBKOJA
CHOpPYOM 1 KapTyBaHHSA poO3’€qHAHb 1 1HIMX
MOPYUIEHb CYHIIBHOCTI.

(3) MHocnimkeHHss NPOHMKIMBOCTI B JjabopaTopil
JOIITBHO JIUINE JJisi BUBYEHHS BIUIMBY MOPYUICHB,
HaTPUKIIaJ], BPaXOBYIOUYH Pi3HE PO3KPUTTS IIITUH.
3.3.10 Teorexmiuni mapamerpm 3 TOJbLOBHUX
BUNIPOOYBaHb

3.3.10.1 BunpoOyBannsi neHeTpauicro
(BMNIPOOYBaHHSA 3aHYPIOBAHHAM KOHYCY)

(1)P Tlpm oIiHII BETUYMH ONOPY NPOHUKHEHHIO
KOHYca, O19HOro TEPTS 1, SAKIIO HEOOX1IHO, TOPOBOI0
TACKYy TIpH TeHeTpari HeoOXiIHO BpaxoByBaTH
HACTYITHI aCIIEKTH:

- KOHCTpYKIII0 KOoHyca i mydtu Teprs. Lle moxe
CYTTEBO BIUIMBATH Ha DPE3YNIbTAaTH 1 TOMY HOTpiOHO
00O0B'I3KOBO BpPaxOBYBAaTH BHUKOPHUCTOBYBAHHMA THII
KOHYCa;

- HaJilfHa THTEpIIpeTaIlis pe3yabTaTiB MOKINBA JIAIIES
B THX BHUITQJKaX, KOJIW IOCIIIOBHICTh IIapiB IPYHTY
moOpe BimoMma; y 0aratboxX CHTYaIlisIX MOTpiOHE
OypiHHA y  CYKYIHOCTI 3  TICHETpaIlifHUMH
BHIIPOOYBaHHSAMHU;

- BIUIMBU TPYHTOBUX BOJ 1 TMOKPWBHOI TOBIII (BHIIE
PO3MIIIEHNX TPYHTIB);

- Y PI3HOpITHUX TPYHTaX, JI€ PETICTPYETHCS BETHKHUI
po30ir B pe3ynbTaTax, BEMUYMHA NIEHETpPaIlii TOBHHHI
BUOMPATHUCH IS IUISHKH TPYHTY, BiIImoOBimHIM
OyZiBHUIITBY;

- Kopemsmii 3 pe3ynbTaTaMH IHIIUX BHIPOOYBaHb,
TaKUM{ SK BUMIpW MIJIBHOCTI 1 iHmmMMH (opMamMu
MeHeTpaIiitHuX BUTTPOOYyBaHb.

3.3.10.2 CrannapTHa meHeTpaiisi i BUNpooyBaHHs
AUHAMIYHMM  30HAYBaHHSIM (ctatmu”e i
JAUHAMIYHE 30H1YBAHHS)

(1)P Ilpm inTepmperarttii 3aikcoBaHOrO YKCIA yIapiB
HEOOXiIHO BpPaxOBYBaTH HACTYITHE:

- TN BUNIPOOYBaHb;

- JeTaJIbHE OMMCAaHHS METOAUKN BUIPOOYBaHHS;

- PeXHUM I'PYHTOBHX BOZ;

- BIUTMB THCKY BUIIEPO3MIIIEHUX IPYHTIB (MOOYTOBUI
THCK);

- XapakTEepPUCTHKY BiJKIaJeHb, OCOOJIMBO HasBHICTbH
KPYITHOI TajibKu 200 rpasilo.

3.3.10.3 JlonareBi BunpoOyBaHHs (BHNPOOYBaHHS
KPHJIbYaTKOI0)

(1)P Ilpu owmiHui pe3ynbTaTiB BHIPOOYBaHb CIij
BpaxoBYBaTH HACTYITHE:

- JeTali METOIMKY BUNPOOYBaHHS;

- Y4 CTaHJAapTHa KpWJIbYaTKa BHUKOPHCTOBYBAJIOCH

other discontinuities such as fractures and fissures, it
shall be measured by appropriate in situ tests or
evaluated from local experience.

(2) In situ permeability may be determined by a
system of pumping tests combined with flow
logging, with due consideration of the spatial,
hydrogeological flow conditions around the
structure and the mapping of the patterns of joints
and other discontinuities.

(3) Laboratory permeability tests should only be
used to study the effect of discontinuities, for
example, in terms of variable aperture.

3.3.10 Geotechnical parameters from field tests
3.3.10.1 Cone penetration test

(1)P In assessing values of the cone resistance, the
sleeve friction and, possibly, the porewater pressure
during penetration, the following aspects shall be
taken into account:

— the detailed design of the cone and friction
sleeve. This may affect the results significantly and
allowance must therefore be made for the type of
cone used,;

— the results can only be interpreted with
confidence when the succession of soil layers is
established; in many situations borings will
therefore be needed in conjunction with the
penetration tests;

— the effects of ground-water and overburden;

— in heterogeneous soils in  which widely
fluctuating results are recorded, the penetration
values shall be selected for the zone of soil relevant
to the construction;

— established correlations with other test results,
such as density measurements and other forms of
penetration testing.

3.3.10.2 Standard penetration and dynamic
probing test

(1P In assessing blow counts, the following
features shall be considered:

— type of test;

— detailed description of the test procedure;

— ground-water conditions;

— the influence of the overburden pressure;

— the nature of the ground, particularly if cobbles
or coarse gravel are encountered.

3.3.10.3 Vane test

()P The following shall be considered when
assessing the test results:

— details of the test procedure;

— whether standardised vane equipment has been
used:;



IUIsl BUIPOOYBAHb;

- Yd BUMIpH POOWIIMCH Ha DPI3HUX TIAHOMHAX, 1100
OTpUMAaTH NPOQiJb OMOPIB B PI3HHUX IIapax IPYHTY;

- OiuHe TepTs 00 MITaHTH.

2) Jlonaresi BUIIPOOYBaHHS MOXYTh
3aCTOCOBYBATHCSl Ui BH3HAUYCHHS HEIPEHOBAHOTO
34ETIJIeHHS Cy 3B'SI3HUX IPYHTIB.

I[TPUMITKA JlomareBe BHUIpPOOYBaHHS IIe
OpocTUd 1 eKOHOMIYHHMH  crmocid — mepeBipku
MOXIIUBOCTI TIPOi3[ly MO CIaOKOMY IPYHTY Ba)KKHX
MAaIIWH 1 MeXaHi3MiB.

(3) Ans oTpuMaHHS TOXiJHUX BEIMYUH Cy BHMIpSIHI
BEIMYMHU  CJiJl CKOpEryBaTH Koe(illiEHTOM,
0a3ylounCch Ha MICIIEBOMY JIOCBiAl 1 B 3aJIGXKHOCTI,
HAmNpUKiIaJ, Bl MEKI TEKy4OCTi, IOKa3HHKa
IUTACTUYHOCTI 1 e()eKTHBHOTO  BEPTUKAJIHHOTO
HaTpPy>XEHHSI.

3.3.10.4 BunpoOyBaHHA CTATUYHHUM 30HITYBAHHSIM
(BunpoOyBaHH# IIiTbHOCTI 30HTYBAHHAM)

()P  Ilpm oumiHmi pe3ynbTaTiB  BHIPOOYBaHb
CTaTUYHUM 30HYBaHHSIM HEOOXIJHO BpPaxOBYBaTH
HACTYITHI:

- JIeTaJIbHE OMMCAHHS METO/IMKU BUIIPOOYBaHHSI,

- PeXHUM I'PYHTOBHX BOJI;

- BIUIMB THICKY BHUIIIEPO3MIIIICHUX IPYHTIB;

- XapaKTEpUCTUKY BIAKIAACHb, 30KpeMa, HasSBHICTH
KpYIHOI Tajabku abo TpaBifo.

(2) BunpoOyBaHHSI CTaTUIHUM 30HAYBAHHSIM MOXHA
3aCTOCOBYBATH [UIS BH3HAYCHHsS KOPJOHIB IMapiB
TPYHTIB 1 IUTPHOCT1 HE3B'SI3HUX TPYHTIB.

3.3.10.5 IlpeciomeTpuyHe BUNPOOYBaHHS

(1)P Ilpm omiHIi BeMWYWH TPAHWUYHOTO THCKY 1
MPECIOMETPHUYHOTO MOAYJISI HEOOXiTHO BpPaxoBYBaTH
HACTYITHI 0COOIMBOCTI:

- TN YCTaTKyBaHHS;

- TIpouenypy, BHUKOPUCTOBYBAaHy IIpH YCTaHOBII
rpecioMerpa B IPYyHT.

(2) He cix 3actocoByBaTH rpadiku BUMIPOOYBaHB, sSIKi
MOKAa3ylTh  Oulblle  HDK  TOMIPHHHA  CTYIiHB
HNOpYLIEHHS. SIKIIO IPaHUYHUN TUCK HE NOCATHYTUN B
X0 BUIPOOYBaHHS, HOrO OIIHKY MOXXHA BHUKOHATH
00epeKHOI0 1 KOHCEPBATHBHOI EKCTPATOISIIEI0
rpadika. [ns BunmpoOyBaHb, B SIKUX Oylia BU3Ha4YeHa
JIUIIIE TTOYATKOBA YaCTHHA MPECIOMETPUYHOI KPHUBOI,
3araibHi Kopensii abo Kpaie JIOKaabHI KOpensiii 3
miel JUISHKA MOXYTh OYTH 3acTOCOBaHi IS
KOHCEPBATUBHOI OLIHKM TPAaHUYHOTO THCKY 3
MIPECiOMETPHUYHOI0 MOAYJIS

3.3.10.6 Bunpo0yBaHHs1 1UJIaTOMETPOM

()P Ilpm omiHOI JUIATOMETPUYHUX  BEIHYWH
HeoOXximHO OpaTHm [0 yBaru METOAMKY HOro
YCTaHOBKH.

(2)P Ho mouatky BuUnpoOyBaHHS IIOBMHEH OyTH
BHU3HAYEHUH TMOPSAAOK 3alsiraHHA LIapiB IPYHTY 1
0c00JINBO Taki OCHOBHI napaMmeTpu SIK
IpaHyJIOMETPUYHHUI CKIIaJ 1 CTYMiHb BOJOHACHYEHHS.
(3) Ilpu ouiHumi 3MiH mapaMerpiB omnopy HeoOXigHO
Opatu 10 yBaru neHeTpauiiHui orip.

— whether measurements have been made at
several depths to provide a profile of strength in the
succession of soil layers;

— skin friction along the rod.

(2) Vane tests may be used for the assessment of
undrained shear strength, cu , of cohesive soil.

NOTE The vane test is a simple and cheap way
of checking the trafficability of soft ground for
heavy equipment and vehicles.

(3) To obtain derived values of c, , the measured
values should be corrected by a factor based on
local experience and depending for example, on the
liquid limit, plasticity index and effective vertical
stress.

3.3.10.4 Weight sounding test

(1)P In assessing weight sounding test results, the
following features shall be taken into account:

— detailed description of the test procedure;

— ground-water conditions;

— influence of overburden pressure;

— nature of the ground, particularly if cobbles or
coarse gravel are encountered.

(2) Weight sounding tests may be used for the
assessment of soil layer boundaries and the density
of non-cohesive soils.

3.3.10.5 Pressuremeter test

(2)P In assessing the values of the limit pressure and
the pressuremeter modulus, the following features
shall be taken into account:

— the type of equipment;

— the procedure used to install the pressuremeter in
the ground.

(2) Test curves, which exhibit more than a moderate
degree of disturbance should not be used. Where the
limit pressure is not reached during the test, a
moderate and conservative extrapolation of the
curve may be used to estimate it. For tests in which
only the initial part of the pressuremeter curve is
determined, general correlations or, preferably, local
correlations from the same site may be used
conservatively to estimate the limit pressure from
the pressuremeter modulus.

3.3.10.6 Dilatometer test
(1)P In assessing dilatometer values the installation
procedure shall be taken into account.

(2)P The succession of soil layers and especially
some basic parameters such as granularity and
degree of saturation shall be determined prior to the
test.

(3) If strength parameters are to be evaluated, the
penetration resistance should be taken into account.



4 JunatoMmeTpuyHi BENMYUHU noTpibHO

BUKOPUCTOBYBAaTH SIK TOKAa3HUK JUIS BCTaHOBJICHHS

MOXITHUX BETMYMH MOMYJIIB JKOPCTKOCTI IHIApiB

IpYyHTY.

3.3.10.7 Bunpo0yBaHHs HA YIIiJIbHEHHS

()P TIlpu omiHOI YUITBHIOBAHOCTI HACHITHOT'O

Matepiany ciiij OpaTv 0 yBard HacTYITHI YAHHUKH:

- TH CKENIbHOTO 200 HECKETBHOTO IPYHTY;

- TPaHyJIOMETPUYHY CKIIa]l;

- opmy 3epeH ;

- HEOJHOPIAHICTh MaTepiainy;

- CTYIiHb BOJIOHACHYEHHS 200 BOJIOTICTB;

- TN YCTAHOBKH, 1110 BUKOPHCTOBYBAJIACH.

(2) Tlpm BUKOpHCTAaHHI TIONHOBHX BHMIPIOBaHb

(mampukian, — 30HAYBaHHS,  BUOPOOYBaHHS  Ha

JMHAMIYHE VIIUIbHEHHS, BUIPOOYBaHHS MITaMIIaMH,

BUMIpH OCiJaHb) JUIi KOHTPOJIO YUIUIbHEHHS Ha

JUISHIT, pe3yNbTaTH BHUIPOOYBaHb YIIUILHEHHS Ha

Micii 3ajisrands (auBuchk 5.3.3(4)) cmig 3icTaBUTH 3

pe3yibTaTaMi  CTaHJIAPTH30BaHMX  J1abOpPaTOPHHX

BUNPOOYBaHb Ha VYIIUIbHEHHS MI00 JOCTOBIPHO

OI[IHUTH YIIUTbHIOBAHICTh TPYHTOBOTO 200 CKEIbHOI'0

3aIl0BHIOBaYA.

34 3it npo Jocaixkenns I'pynris (3BiT npo
iHKeHEePHO-Te0TeXHIYHI BUIIYKYBAHHS)

3.4.1 Bumornu

(1)P Pe3ynpraté T€OTEXHIYHHUX JOCIHIKEHL TTOBHHHI

Oyru o0'equani B 3BiTi npo Jocmimkenns [pyHrTis,

SKifi 1oBHHEH (OpMyBaTH YACTHHY 3BITY 3

I'eorexniunoro IIpoekTyBanHs, onucaHoMy B 2.8.

(2)P IloBurHO OyTM 3poOmeHe mocuiaHHS Ha EN

1997-2 nns indopmaiii  BiZHOCHO BHUKOPHUCTaHHS

mabopaTOpHUX 1 TIONHOBHX  BHIIPOOYBaHb IS

TCOTEXHITHUX IMapaMeTpiB.

(3) 3Bit po locimkenns [pyHTiB 3a38M4aii TOBUHEH

MICTUTH:

- TIpeACTaBIICHHA BCi€i HAsSBHOI TE€OTEXHIUHOI

iHbOpMaIlii, BKIIFOYAIOYH TEONOTIUHI XapaKTEePUCTHKI

1 JaHi, 110 MAIOTh 0 LIbOT'O BiHOIIEHHS;

- TEOTEXHIYHY OMLIHKY Wi€l iH(opMallii 3 BKa3iBKOIO

MIepPEeayMOB, MPUAHATAX — JIIS IHTEepIpeTanii

pe3ynbTaTiB BUIPOOYBaHb.

Bes indopmariis moxe OyTH TpeicTaBlIeHa SK ONWH

3BIT 200 K OKpEMi YaCTHH.

3.4.2 IlpeacraBiieHHs reoTexHiuHOI indopmanii

(1)P  IlpencraBneHHs TeOTeXHIYHOI iHGopMarii

MOBHHHO BKJIIOUaTH:

- (haKTUYHY OIIHKY YCiX TMOJOBUX 1 JIA0OpaTOPHUX

poOiT;

- JIOKYMEHTAllll0 0 METOAaX, BHKOPUCTOBYBAaHUX

BHKOHAHHS TOJILOBUX BUIIPOOYBaHb 1 1abOpaTOpHUX

TECTIB.

JlokymeHTaliss MOBMHHA 0a3yBaTUCh Ha 3BiTax 3

TecTyBaHHsI, onucaHux B EN 1997-2.

2) Y nonoBHeHHs, (aKTW4YHA OLIHKA MOBHHHA

BKJIIOYAaTH HACTYNHY iH(opManiro, 1m0 BiAHOCHTHCS

70 CTIPaBH:

(4) The dilatometer values should be used as an
index for determining derived values of the stiffness
moduli of the soil succession.

3.3.10.7 Compactibility tests

()P In assessing the compactibility of a fill
material, the following features shall be taken into
account:

— type of soil or rock;

— grain size distribution;

— grain shape;

— the heterogeneity of the material,

— the degree of saturation or water content;

— type of plant to be used.

(2) When using field measurements (e.g. soundings,
dynamic compaction tests, plate load tests,
settlement records) to control site compaction, the
results of field compaction trials (see 5.3.3(4))
should be related to standard laboratory compaction
test values in order to assess the compactibility of a
soil or a rock fill.

3.4 Ground Investigation Report

3.4.1 Requirements

(1)P The results of a geotechnical investigation shall
be compiled in a Ground Investigation Report,
which shall form a part of the Geotechnical Design
Report described in 2.8.

(2)P Reference shall be made to EN 1997-2 for
information on the use of laboratory and field tests
for geotechnical parameters.

(3) The Ground Investigation Report should
normally consist of:

— a presentation of all available geotechnical
information including geological features and
relevant data;

— a geotechnical evaluation of the information,
tating the assumptions made in the interpretation of
the test results.

The information may be presented as one report or
as separate parts.

3.4.2 Presentation of geotechnical information
(1)P The presentation of geotechnical information
shall include:

— a factual account of all field and laboratory work;
— documentation of the methods used to carry out
the field investigations and the laboratory testing.
The documentation shall be based on the test reports
described in EN 1997-2.

(2) In addition, the factual account should include
the following information, as relevant:

— names of all consultants and subcontractors;



- HallMeHyBaHHA yciX  KOHCYJNbTaHTIB 1
CyONiIpsiTHUKIB;

- MpHU3HAYEHHS 1 cdepa 3acTOCYBaHHS T€OTEXHIUHUX
JIOCITIKCHB;

- JaTH MDK BHKOHAHHSM TOJNBOBHX 1 JTaOOpaTOpHUX
pooiT;

- TIOJIbOBa PEKOTHOCIHMPOBKA 3arallbHOi TepUTOpii
HOBOOYIOBH 3 JICTAILHUM OTMCAHHSIM:

- O3HaK IPYHTOBHUX BOJ;

- CTaHy CyCiJHIX CIIOPY/I;

- po3TalllyBaHHs Kap'epiB i BUPOOOK;

- TUISHOK HECTIHKOCTI;

- Ipo0JIeM BUIMKH;

- icTOpIi AiNSHKY;

- TEOJIOTIIO IUTSHKH, BKJIFOUAI0UX PO3PUBH (CKHUJIN);

- TonorpadivHi 1aHi (JaHi 3HOMKH);

- inopmais 3 aepoOTO3HIMAHHS;

- MICIIEBUH JOCBIJ B PETiOHI;

- IaH1 PO CEHCMIYHICTh PETioHY;

- MeToIy  BHKOPUCTOBYBaHi  Juisi  Bimoopy,
TPaHCIOPTYBaHHS 1 30epiraHHs 3pa3KiB;

- TUIIH 3aCTOCOBYBAHOTO TIOJILOBOTO YCTATKYBAHHS
- Tabmuua o00'eMiB  BUKOHAHHUX  IIOJBOBUX 1
J1a00paTOpHUX POOIT 1 MPEACTaBICHHS I0JIbOBUX
CIIOCTEPEIKEHD, SIKI Oynmm 3po0JIeHI TepcoHaIoM, I0
HarjasaB 3a IOJBOBUMHM  poOOTaMu MiJ  vac
IIPOBEICHHS BULIYKYBaHb;

- JaHl TPO KONHWBAHHSA pIiBHI TIPYHTOBHX BOJ B
CBEPUTOBMHAX TIiI Yac MPOBEIACHHS IOJBOBUX POOIT
Ha JOUISHII 1 B M'€30MeTpax TMICId BUKOHAHHS
TTOJIBOBHUX POOIT;

- migbip iHpopmarmii mTpo OypoBi  KOJOHKH,
BKIIOYaoun  Qororpadii  KepHIB 3 OIHCOM
MiJ3EMHUX CTPYKTYp HAa OCHOBI ITOJBOBUX OITKCIB 1
pe3yabpTaTiB 1ab0paToOpHUX POOiT;

- HasiBHICTBH a00 BIPOTIAHICTH MOSIBH PaJIOHY ;

- TaH1 TIPO YyTJIMBICTH IPYHTIB 10 MOPO3Y;

- TpynyBaHHS 1 TIPENCTAaBIEHHS  PE3YNIbTaTiB
MTOJTFOBHX 1 JIAOOPATOPHUX BUIIPOOYBAHb y MOJATKAX.
3.4.3 Ouinka reorexHiuHoi ingopmauii
(1)P Ominka reorexHiuHill iHoOpMaIli MTOBHHHA
BKJIFOYATH BiAMOBITHO:

- O MONBOBHUX 1 nabopaTopHHX poOIT. Bymb-ske
BUIYYEHHS JaHUX  (HampUKiIaA, IOMHJIKOBHX,
HETIIXOIAIINX, HEIIOBHUX, a00 HETOYHHX) ITOBHHHO
OyTu BKa3zaHe i MpoKoMeHToBaHe. [Ipu iHTepmperarii
pe3ynbTaTiB BUMPOOYBaHb IMOBUHHI OyTH pPO3TISHYTI
METOJMKa BiOOpY, TpaHCIOPTYyBaHHS 1 30epiraHHs
3paskiB. bymp  AKi  O0COONMBO  HECTIPUSATIIMBI
pe3ynabTaTH BUMIPOOYBaHb IMOBUHHI OYTH PO3TIISHYTI 3
0COOJIHBOIO PETENbHICTIO, o0 BU3HAYUTH
MTOMUJIKOB1 BOHHU a00 MPEJCTaBIISIOTh PealbHe SBUILE,
sSIKE CJIil BpaxyBaTu y MPOEKTi;

- OomsA  TOXIJHMX  BEJIWYMH
napamerpis;

- Oyap sIKi TPOIO3MINI TPO JOJATKOBI IMOJBOBI i
naboparopHi poboru 3 OOIrpyHTYBaHHAM  iX
HeoOXximHocTi. Taki Mpomo3uIlii CIIi JTOMOBHIOBATH

re0TEXHIYHUX

— purpose and scope of the geotechnical
investigation;

— dates between which field and laboratory work
was performed,;

— field reconnaissance of the general area of the
project noting particularly:

— evidence of ground-water;

— behaviour of neighbouring structures;

— exposures in quarries and borrow areas;

— areas of instability;

— difficulties during excavation;

— history of the site;

— geology of the site, including faulting;

— survey data;

— information from available aerial photographs;
— local experience of the area;

— information about the seismicity of the area;

— procedures used for sampling and transportation
and storage of samples;

— types of field equipment used;

— tabulation of quantities of field and laboratory
work, and presentation of field observations, which
were made by the supervising field personnel during
the subsurface explorations;

— data on fluctuations of any ground-water table
with time in the boreholes during the performance
of the field work and in piezometers after the
completion of the field work;

— compilation of boring logs, including
photographs of the cores, with descriptions of
subsurface formations based on field descriptions
and on the results of the laboratory tests;

— the occurrence, or the possibility of occurrence,
of radon;

— data on frost susceptibility of soils;

— grouping and presentation of field and laboratory
test results in appendices.

3.4.3 Evaluation of geotechnical information

(1)P The evaluation of the geotechnical information
shall include as appropriate:

— a review of the field and laboratory work. Any
limitations in the data (e.g. defective, irrelevant,
insufficient or inaccurate) shall be pointed out and
commented upon. The sampling and sample
transportation and storage procedures shall be
considered when interpreting the test results. Any
particularly adverse test results shall be considered
carefully in order to determine if they are
misleading or represent a real phenomenon that
must be accounted for in the design;

— a review of the derived values of geotechnical
parameters;

— any proposals for necessary further field and
laboratory work, with comments justifying the need
for this extra work. Such proposals shall be
accompanied by a detailed programme for the extra
investigations to be carried out with specific



JeTanbHa TporpaMa JOJAaTKOBUX BHINYKYBaHb 3
BKa31BKOIO ITUTaHb, SIKi HOBUHHI OyTH BUBYEHI.

(2) Oxkpim 1BOTO, B OLIHKY F'€OTEXHIYHUX JaHHUX MPU
HEOoOXiIHOCTI TOBUHHO OYTH BKJIIOYEHO HACTYITHE!

- TMpeAcTaBlieHHs Tabnuub i TpadikiB pe3yabTaTiB
MOJBOBUX 1 J1abOpaTopHUX POOIT y BiAMOBIIHOCTI 3
MPOSKTHUMH BUMOT'aMH, SIKIIO II€ MTOTPIOHO;

- TicTOrpamH, 0O MOKAa3yIOTh Jiala3oH BEIUYHH
HaWBaXIMBIIIKMX JAHUX 1 iX PO3MOILI;

- rMOMHA 3ajsraHHd TPYHTOBHX BOJ 1 iX CE30HHI
KOJTUBAHHS,

- TEOJIOTIYHI PO3pi3H, 10 TMOKA3YIOTh AU epeHIialiiro
pi3HUX dopmalriii;

- JeTampHM{ omuc BCiX (Qopmariid, BKIIOYAOYH
¢iznuHi BracTHBOCTI 1 iX gedopmariiHi 1 MilHICHI
XapaKTePUCTUKHY;

- HasABHICTh HEPEryJSIPHOCTEH, TakuX SK JiH3 1
TIOJIOCTEH;

- JianasoH 1 TpynyBaHHsS TOXIJHUX BEJIHYUH
TEOTEXHIYHHX JIAHUX JUIS KOXKHOTO IIapy.

Po3ain 4. Texniunuii Harasig 3a OyTiBHUIITBOM,
MOHITOPHUHT i eKkcrTyaTauisi

4.1 3arajibHi M0J0KeHHSA

(1)P Ins 3abe3nedeHHS OE3MEKU 1 SKOCTI CIOPYIH
HEeOoOXigHEe BHKOHAHHS  HACTYIMHUX 3aXOMIiB, SKi
BKJIFOYAOTh!

- HaIISA TPOBEACHHS OYIIBEIHLHUX POOIT 1 SKOCTI iX
BHUKOHAHHS;

- MOHITOPMHT TIOBENIHKH CIOPYAM Ha MPOTA3i
OyIIBHUIITBA 1 MTICIIA 3aKiHICHHS;

- aJIeKBaTHY EKCILIyaTalio CIOpyIH.

(2)P PesympraT Harmsmy 3a XOJOM BHKOHAaHHA
OymiBenmpHUX POOIT BKIIOYAIOYH OIIHKY SIKOCTI 1
CHOCTEPEKEHHS 32 CTAaHOM CIIOPYAHM IMiJ dac i Mmicis
3aKiHYeHHS OYyIiBHUIITBA MOBHHHI OyTH BimoOpakeHi
y 3Biti 3 ['eorexnaiunoro I[IpoekryBaHHS.

(3) Harmsix 3a X010M BHKOHAHHS OyIiBEIbHUX POOIT
BKJIFOYAIOYHM  OIIHKY  SIKOCTi MOBUHEH, TIPHU
HEOOXiTHOCTi, BKIFOYAaTH HACTYITHE:

- IepeBiPKY JTOCTOBIPHOCTI MPOEKTHHUX TTEPETyMOB;

- OIIHKY PO3ODKHOCTEH MIXK peabHIUM CTAaHOM IPYHTY
1 THMH TIepeAyMOBaMH, 10 MPUHHSATI Y TIPOEKTI;

- TepeBipka TOro, MO0 OYHIBHUIITBO BENEThCS ¥
BiJIIIOBITHOCTI 3 MTPOEKTOM.

(4) Ilpm HeoOXigHOCTI TIOBHHHI MPOBOJUTHUCH
CIIOCTEPEKEHHS 1 BHUMIpPH [UIi KOHTPONIO CTaHy
CHOPY/¥ 1 HABKOJIHIITHIX TEPUTOPIH:

- B 1poueci OyMiBHUITBA, HANPUKIA, IS
BH3HAUeHHSI  HEOOXiIHOCTI KOperyBaHHS a0o
3MIHUTH NOPSIOK BUKOHAHHS POOiT;

- y mponeci 1 micias 3akiHUeHHS OyIiBHULTBA IS
OL[IHIOBaHHSI JOBIOCTPOKOBUX NE€PETBOPEHb.

(5P IlpoektHi pimeHHsa, sKi 3anexarb Bix
pe3ynbTaTiB HarIsay i MOHITOPUHTY, IOBHHHI OyTH
YiTKO BU3HAYEHI.

(6) O0'eM poOIT 3 TEXHIYHOrO HArNALY 1 KUIBKICTH
MOJBOBHUX 1 TAOOPAaTOPHUX BUIPOOYBaHb, HEOOXITHUX

reference to the questions that have to be answered.
(2) In addition, the evaluation of the geotechnical
data should include the following, if relevant:

— tabulation and graphical presentation of the
results of the field and laboratory work in relation to
the requirements of the project and, if deemed
necessary,

— histograms illustrating the range of values of the
most relevant data and their distribution;

— depth of the ground-water table and its seasonal
fluctuations;

— subsurface profile(s) showing the differentiation
of the various formations;

— detailed descriptions of all formations including
their physical properties and their deformation and
strength characteristics;

— comments on irregularities such as pockets and
cavities;

— the range and any grouping of derived values of
the geotechnical data for each stratum.

Section 4 Supervision of construction,

monitoring and maintenance

4.1 General

(1)P To ensure the safety and quality of a structure,
the following shall be undertaken, as appropriate:

— the construction processes and workmanship
shall be supervised,;

— the performance of the structure shall be
monitored during and after construction;

— the structure shall be adequately maintained.

(2)P Supervision of the construction process,
including workmanship, and any monitoring of the
performance of the structure during and after
construction, shall be specified in the Geotechnical
Design Report.

(3) Supervision of the construction process,
including workmanship, should involve the
following, as appropriate:

— checking the validity of the design assumptions;
— identifying the differences between the actual
ground conditions and those assumed in the design;
— checking that the construction is carried out
according to the design.

(4) Observations and measurements of the
behaviour of the structure and its surroundings
should be made, as appropriate:

— during construction, to identify any need for
remedial measures or alterations to the construction
sequence, for example;

— during and post construction, to evaluate the
long-term performance.

(5)P Design decisions, which are influenced by the
results of the supervision and monitoring shall be
clearly identified.

(6) The amount of construction supervision and the
quantity of field and laboratory testing required to
control and monitor performance should be planned



IS KOHTPOJIO 1 CIIOCTEPEKEHHS,  MOBUHHI
TUIAaHYBATUCS HA CTaii IPOCKTYBAHHSI.

(7)P B pa3si HenepenbadueHux 00CTaBUH METO/IU, 00'€M
1 4aCTOTY MOHITOPHHTY CIIiJi KOPEKTYBaTH.

(8)P PiBenb 1 AKicTh HaTJSAY i MOHITOPHHTY TIOBHHHI
OyTH TO MeHIIH Mipi TakuMmH, SKi TependadeHi
MPOEKTOM, 1 CyMICHUMH 3 BEJTUYMHAMH, TIPUHHATHMH
JUISl IPOEKTHHX TapaMeTpiB i OKpeMHUX KOoeQilliEHTiB.

[NPUMITKA [onatox J pae mepemik yist
TEXHIYHOTO HAarisiy 1 CIIOCTEPEeXKEeHb 3a CTaHOM
CHOpPY.

4.2 Texuiunmii Harasg

4.2.1. IIporpama TeXHIYHOr0 HATJSIAY

(1)P TIIporpama, ska BKIIO4eHa [0 3BITY 3
I'eotexniunoro IlpoekTyBaHHS, MOBHHHA BKIIOYATH
JOMYCTHMI MEXI Uil pe3yJbTaTiB, OTPUMaHUX IPH
MIPOBE/ICHHI HATJISTY.

(2) Y mporpami ciij ykazyBaTH THII, OCOOJHMBOCTI i
PEryJsSpHICTh HArJISAAy, sIKi IOBUHHI OyTH BiIIOBIIHI
(cmiBcTaBIIOBaHI) 3:

- MIpOI0 HEBU3HAYEHOCTi (TOrpilIHOCTI) MPOEKTHUX
MepeyMOB;

- CKJIQJTHICTIO TPYHTOBHX 1 YMOB HABaHTa)KCHb;

- TIOTEHINIMHUM pPHU3UKOM pYHHYBaHHSA i dYac
OyIIBHUIITBA;

- TOIUTEHICTD IMIIIIEeMeHTaIlil MIPOCKTHUX
Momudikamii 1 BKWBaHHSI KOPETYBaHHA Y XOIi
OyIiBHHIITBA.

4.2.2 IlepeBipka i KOHTPOJIb

(1)P  ByniBHUITBO TIOBHHHO TIIPOBOAWTHUCS TIPHU
MOCTIHHOMY KOHTPOJII 1 3 TIOCTIHHOIO PEECTpAIliEro
pe3yIbTaTIB.

(2)P Jnsa Teorexmiunoi Kareropii 1 mnporpama
TEXHIYHOTO HaTJATY MOXeE 00MeXyBaTHUCS
THCIIEKITI€f0, TTPOCTUM KOHTPOJIEM SIKOCTI 1 SKICHOIO
OLIIHKOIO TIOBEJ[IHK! CTIIOPYIH.

(3) Hna Teorexmiunoi Kareropii 2 wacto €
HEOOXiTHICTh BUMIPIOBATH MOKA3HUKU BIACTHBOCTEH
TPYHTY 1 HIOBEIIHKH CIIOPY/I.

(4) Hna T'eorexmiunoi Kareropii 3, sk mpasuio,
moTpiOHI /TOMAaTKOBI BHUMIPIOBaHHS Ha KOXHOMY 3
B)KJIMBHX €TaIliB OyIiBHHUIITBA.

(5)P 3amokymeHTOBaHUM ciif 30epiraTu HacTyIHE 3
JOPEYHOr0:

- BOKJIMBI XapaKTEPUCTUKH IPYHTY 1 IPYHTOBHUX BOII;

- TIOCITiIOBHICTH POOIT;

- SIKICTb MaTepiaiB;

- BIIXWIIEHHS BiJI IPOEKTY;

- BUKOHABY1 KPECJICHHSI;

- pe3ysbTaTH BUMIpIB 1 IX iHTepIpeTamis;

- CIIOCTEPEXKEHHS 33 CTAHOM JIOBKIIIIS;

- HenependadeHi 0OCTaBUHMU.

(6) HeobOxinHO TakOX BECTH PEECTPALI0 TUMYACOBUX
cnopyn. Ciig peecTpyBaTH TIEpEepBH Yy 3BEIEHHI
TUMYacOBUX CIOPYA 1 iX CTaH MNpH BiTHOBJIEHHI

during the design stage.

(7)P In the case of unexpected events, the methods,
extent and frequency of monitoring shall be
reviewed.

(8)P The level and quality of supervision and
monitoring shall be at least equal to those assumed
in the design and shall be consistent with the values
selected for the design parameters and partial
factors.

NOTE Annex J gives a checklist for
construction  supervision and  performance
monitoring.

4.2 Supervision

4.2.1 Plan of supervision

(1)P The plan included in the Geotechnical Design
Report shall state acceptable limits for the results to
be obtained by the supervision.

(2) The plan should specify the type, quality and
frequency of supervision, which should be
commensurate with:

— the degree of uncertainty in the design
assumptions;

— the complexity of the ground and loading
conditions;

— the potential risk of failure during construction;
— the feasibility of implementing design
modifications or corrective measures during
construction.

4.2.2 Inspection and control

(1)P The construction work shall be inspected on a
continuous basis and the results of the inspection
shall be recorded.

(2) For Geotechnical Category 1, the supervision
programme may be limited to inspection, simple
quality controls and a qualitative assessment of the
performance of the structure.

(3) For Geotechnical Category 2, measurements of
ground properties or the behaviour of structures
should often be required.

(4) For Geotechnical Category 3, additional
measurements should be required during each
significant stage of construction.

(5)P Records shall be maintained of the following,
as appropriate:

— significant ground and ground-water features;

— sequence of works;

— quality of materials;

— deviations from design;

— as-built drawings;

— results of measurements and of their
interpretation;

— observations of the environmental conditions;

— unforeseen events.

(6) Records of temporary works should also be kept.
Interruptions to the works, and their condition on re-
commencement, should be recorded.



3BEICHHSI.
(7)P PesynbpraTé mepeBipOK 1 KOHTPONIO MOBWHHI
OyTn mepegaHi NPOEKTYBaJbHHUKOBI A0 MPHUHATTS
pillIeHb PO 3MiHH.

(8) B ocHOBHOMY, TpOCKTHa 1 BHKOHAaBYa
JOKYMEHTaIlie MOOYyJOBaHUX O00’€KTIB ITOBHHHA
30epiratucst mpotrsromM 10 pokiB, 3a BiICYTHOCTI
IHIIIOrO  TMOropKeHoro pimeHHs. HaliBakimpinii
JOKYMEHTH TOBHHHI 30epiraTHcsi MPOTSITOM BChOTO
TEpMiHy CITy>KOW BiAMIOBIIHOI CIIOpYIH.

4.2.3 Ouinka npoekTty

(1)P  TIlpwifHsaTHICTE TeXHONOrii OymiBHUITBA i
MOCTiTIOBHOCTI  pOOIT TIOBMHHI TepeBipsATUCS 3
BpaxyBaHHSIM DPEaTbHUX IPYHTOBUX YMOB; IPOTHO3
IIOBEIIHKHU CIIOpyIH, IMOBHUHEH BIJIIOBIAATH
pe3ynbraTaM Harisiay. [IpoeKT MoBHHEH OIIHIOBATHCH
Ha OCHOBI pe3y/bTATIB OTJISILY 1 HATJISIY.

(2) Ominka MpoeKTy MOBHHHA BKJIIOYATH PETENbHHM
pO3IIISA  HAWCHPHUATIMBINIAX ~ YMOB mijg — dgac
OyJIBHHIITBA, K CTOCYOThCS:

- CTaHy IPYHTIB;

- CTaHy IPYHTOBHUX BOJI;

- iff Ha CTIOPYY;

- 3MiH MPUPOTHOTO CEPENOBHUINA 1 3MIH BKIIOYAIOTH
3CYBH 1 00BaJIM CKEITLHOTO TIOPiJ.

4.3 IlepeBipka cTany rpyHTiB

4.3.1 HeckenbHi i cCKeIbHI IPyHTH

()P BamaragHs 1 TEOTEXHIYHI  BIACTUBOCTI
HECKENBbHHX 1 CKEIbHUX IPYHTIB, B SIKUX a00 Ha SKHX
3BOISTHCA CIIOPYAH, IOBUHHI IIEPEBIPATUCH y TIPOIIEC]
OyIiBHUIITBA.

(2) Hms Teorexmiunoi Kareropii 1 mepeipka
3aJSITaHHS] HECKEJIBHUX 1 CKENbHUX IPYHTIB IIOBUHHA
BKJIFOYATH:

- OTJISL, OUISTHKY,

- BU3HAYCHHS THIIIB HECKEIHHUX 1 CKETHHHUX IPYHTIB B
30H1 BIUTMBY CIIOPY/H;

- peecTpallifo 3aisiraHHS HECKeNbHUX 1 CKEThbHHX
TPYHTIB, NPENCTABIEHUX Y BUIMII (KOTJIOBaH1).

(3) Hns Teorexniunoi Kareropii 2 reorexHiuHi
BIIACTHBOCTI HECKEIbHHUX 1 CKENbHUX IPYHTIB, B SAKHX
ab0 Ha SKUX PO3TALIOBYETbCA CIOPYHA, TaKOX
HEoOXiTHO mepeBipsATH. MoXe BUHUKHYTH TOTpiOHA
JIOTATKOBUX JOCIIKEHD Ha JTUTSHIT.
PenpesentaTtuBHI 3pa3ku MOBHHHI OyTH BimiOpaHi i
BHINPOOYBaHi, s BH3HAYEHHS 1H/IEKCOBaHUX
rapameTpiB, MiITHOCTI 1 1ehOpMaTHBHOCTI.

(4) Mua 'eorexniunoi Kareropii 3 qogarkoBi BUMOru
MMOBUHHI BKIIOYATH JOCHI[PKEHHS 1 BUBYCHHA Y
NOAPOOHIISIX IPYHTIB UM HACHWIIIB, SIKI MOXYTb MaTH
BH3HAYaJIbHE 3HAUYEHHS JJIS1 IPOCKTYBAHHSL.

(5) HempsiMi nmaHi Tpo TEOTEXHIYHI BIIACTUBOCTI
IPYHTIB (Hampukmaj, 3i 3BiTY Nmpo 3a0MBaHHS TaJib)
CIliA PEECTpyBaTH 1 BUKOPUCTOBYBATU ISl Kparloi
iHTeprpeTalii IpyHTOBUX YMOB.

(6) Ilpo BimxuieHHS Big TUNIB 1 BIaCTUBOCTEH

(7)P The results of the inspection and control shall
be made available to the designer before any
changes are decided.

(8) In general, the design documents and records of
what was constructed should be stored for 10 years,
unless agreed otherwise. More important documents
should be stored for the lifetime of the relevant
structure.

4.2.3 Assessment of the design

(1)P The suitability of the construction procedures
and the sequence of operations shall be reviewed in
the light of the ground conditions, which are
encountered; the predicted behaviour of the
structure shall be compared with the observed
performance. The design shall be assessed on the
basis of the results of the inspection and
supervision.

(2) The assessment of the design should include a
careful review of the most unfavourable conditions,
which occur during construction with regard to:

— ground conditions;

— ground-water conditions;

— actions on the structure;

— environmental impacts and changes including
andslides and rockfalls.

4.3 Checking ground conditions

4.3.1 Soil and rock

(1)P The descriptions and geotechnical properties of
the soils and rocks in or on which the structure is
founded or located shall be checked during
construction.

(2) For Geotechnical Category 1, the descriptions of
the soils and rocks should be checked by:

— inspecting the site;

— determining the types of soil and rock within the
zone of influence of the structure;

— recording descriptions of the soil and rock
exposed in excavations.

(3) For Geotechnical Category 2, the geotechnical
properties of the soil or rock in or on which the
structure is founded or located should also be
checked. Additional site investigation may be
needed. Representative samples should be recovered
and tested to determine the index properties,
strength and deformability.

(4) For Geotechnical Category 3, additional
requirements should include further investigations
and examination of details of the ground or fill
conditions, which may have important consequences
for the design.

(5) Indirect evidence of the geotechnical properties
of the ground (for example, from pile driving
records) should be recorded and used to assist in
interpreting the ground conditions.

(6)P Deviations from the ground type and properties
assumed in the design shall be reported without



IPYHTY, IPUUAHSATI Y IPOEKTi, HEOOXIAHO MOBIIOMIISITH
HEBiIKIIaIHO.

[MPUMITKA Ilpo ui BigxuieHHs 3a3BHYan
MOBIJOMIISIIOTH TPOEKTYBaJIbHUKA.
(7)P Cnig mepeBipuTH, IO MPUHIUIN, 3aKJIaJCHI B
MPOEKTI,  JIHCHO  BiJNOBiNAIOTh  T'C€OTEXHIYHHM
0COOJIMBOCTI IPOUJICHOTO TPYHTY.

4.3.2 I'pynTosi Boan

(1)P Ipu HeoOXimHOCTI piBHI IPYHTOBUX BOJ, MOPOBI
TUCKH 1 XIMIYHHH CKJaJ] IPYHTOBHUX BOJI, BCTAHOBJICHI
npu BUPOOHHUITBI POOIT, TMOBHHHI 3iCTaBIATHCS 13
3aKIIaJICHUMH Y TIPOEKTI.

(2) ToBHima nepeBipka MOBUHHA OyTH BHKOHAHA Ha
TUX  MaWJgaHuuKax, Ji¢  MiATBeppkeHa  abo
nepeadavaeThcs 3HaYHA HEOJHOPIAHICTh CKIIaTy abo
MPOHHUKIUBOCTI IPYHTIB.

(3) Hns Teorexuiunoi Kareropii 1 mnepeBipka
3a3BHYAi MOBUHHA 0a3zyBaTuCh Ha
3aI0KyMEHTOBAHOMY  TOMEPEAHHOMY  JOCBiAI B
perioHi a00 Ha HENMPSMUX O3HAKAX.

(4) Hns I'eotexniunux Kateropiit 2 i 3, sk mpaBuio,
MOBHHHI OyTH BHKOHaHI TPSMi CIIOCTEPEKEHHS 32
PEKXUMOM TPYHTOBUX BOJ, SKIIO BOHH 0€3M0CepeHbO
BIUIMBAIOTh Ha BHOIp MeTomy OymiBHUIITBA abo
TTOBEIIHKY CIIOPY/IH.

(5) XapakTepHCTHKH CTOKY IPYHTOBHX BOJ 1 PEXKUM
MIOPOBOTO THCKYy TIOBHHHI OTPHMYBAaTHCh 3a
JIOTIOMOTOIO0  IT'€30METPiB, fAKI TEPEBAKHO ITOBUHHI
BCTAHOBJIIOBATHChH /10 MOYATKy OymiBHMITBA. [HKOMNM
IT'€30METPH TTOTPIOHO BCTAHOBIIOBATH Ha BiImajicHii
BiIl OUIAHKH pOOIT BIJICTaHI SIK YaCTHHY CHCTEMH
MOHITOPHHTY.

(6) Sxmo 3MiHM TOpPOBOTO THCKY IIiJ dYac
OyIIBHUIITBA MOXYTh BIUIMHYTH Ha TMOBEIIHKY
CHOPYIH, TO BUMIPH ITIOPOBOTO TUCKY CITiJl IPOBOIUTH
aX 10 3aBepIIeHHs OyMiBHUNTBA a00 10 THX IIip, TOKH
MTOPOBHIA THUCK JOCSITHE OE3IEYHOr0 PiBHSL.

(7) Hdnst cmopyxm, po3TalioBaHWX — HIDKYE PIiBHSA
TPYHTOBUX BOJ, SKIi MOXYyTb OyTH TMiAmaHi
TiIpaBIiYHOMY MiAHOMY, TOPOBUH THCK HEOOXimTHO
MOHITOpPUTH (KOHTPONIOBATH) N0 THX Tip, IIOKH
HaBaHTAXXCHHS BiJl Baru CIOPYIH HE CTaHE JOCTATHIM,
00 MPOTUCTOATH TiAPABIIYHOMY MiTHOMY.

(8) XimivyHi aHaNi3W IUPKYIOKOYOI B TPYHTI BOIU
HEOOXiMHI TOJMi, KON arpecUBHICTH BOIU MOXKE
NPEeICTABIATH HeOe3NeKy Juii THMYacoBHX abo
MOCTIHHUX criopy/ abo iX 4acThH.

(9) HeoOximHO KOHTpPONIOBATH BIUHB Oy/iBEIbHUX
oreparin (BKITIOUAIOUH Taki MIPOIIeCH, SIK
BOJIO3HMKEHHS, iH'€KTaIlis (LEMEHTAIlisl) i MpoXoaKa
TYHEIIB) Ha PEXHUM I'PYHTOBUX BOJI.

(10)P BigxuneHHs Big TpUHAHATHX B  MPOEKTI
XapakTepUCTUK IPYHTOBUX BOJ TNOBHUHHI OyTu
0E3BIIKIIATHO 38 JOKYMEHTOBaHI (TIOBiIOMJICH]).

(11) IpwHuMOM, BUKOPUCTOBYBaHI B  IPOEKTI,
MOBHMHHI OyTH nepeBipeHi Ha BiANOBIAHICTh PeaTbHUM
XapakTepUCTUKaM IPYHTOBUX BOJ Ha AUISHIIL.

delay.

NOTE Normally these deviations are reported
to the designer.
(7)P The principles used in design shall be checked
to ensure that they are appropriate for the
geotechnical features of the ground, which are
encountered.
4.3.2 Ground-water
(1)P As appropriate, the ground-water levels, pore-
water pressures and ground-water chemistry
encountered during execution shall be compared
with those assumed in the design.
(2) More thorough checks should be performed for
sites on which significant variations of ground type
and permeability are known or believed to exist.

(3) For Geotechnical Category 1, checks should
usually be based on previously documented
experience in the area or on indirect evidence.

(4) For Geotechnical Categories 2 and 3, direct
observations should normally be made of the
ground-water conditions if these greatly affect either
the method of construction or the performance of
the structure.

(5) Ground-water flow characteristics and the pore-
water pressure regime should be obtained by means
of piezometers, which preferably should be installed
before the start of construction operations. It may
sometimes be necessary to install piezometers at
large distances from the site as part of the
monitoring system.

(6) If pore-water pressure changes occur during
construction that may affect the performance of the
structure, pore-water pressures should be monitored
until construction is complete or until the pore-water
pressures have dissipated to safe values.

(7) For structures below ground-water level, which
may be subject to uplift, pore-water pressures
should be monitored until the weight of the structure
is sufficient to rule out the possibility of uplift.

(8) Chemical analysis of maobile water should be
performed when any part of the permanent or
temporary works may be significantly affected by
chemical attack.

(9)P The effect of construction operations (including
processes such as dewatering, grouting and
tunnelling) on the ground-water regime shall be
checked.

(10)P Deviations from the ground-water features
assumed in the design shall be reported without
delay.

(12)P The principles used in design shall be checked
to ensure that they are appropriate for the ground-
water features, which are encountered.

4.4 Checking construction



4.4. KontpoJs OyAiBHUIITBA

(1P Heobxinno MepeBipATH BiAMOBIAHICTD
BUKOHYBaHHMX POOIT Till TEXHONOTIi, siKa MpUiHsITA B
MpoeKTi 1 BUKIaaeHa B 3BiTi 3 [eorexHiuyHOro
[IpoexTyBaHHS. BusiBneni  po30DKHOCTI  Mik
MPOSKTHUMH TEPEAYMOBAMHU 1 pealbHO BUKOHAHUMH
poboramu IIOBUHHI OyTH 0€e3BIAKIAIHO
3aJJOKyMEHTOBaHi (ITOBiJJOMJICHI).

(2)P  BimxwieHHs Big MeTomiB  OyIiBHMIITBA,
NPUAHATHX Yy TPOEKTi, 1 BCTaHOBIEHHX 3BITOM 3
l'eotexniunoro  IlpoekTyBaHHs  MOBHHHI  OyTH
JIETaTbHO i palioHaIbHO PO3TIISIHYTI i
IMIUIEMEHTOBaHI (peaJli3oBaHi).

(3)P Ilpuniunwm, 3akiajieHi y MPOeKTi, MOBHHHI OyTH
nepeBipeHi Ha BIJIOBIIHICTE [IOCJI1TOBHOCTI
MPOBENICHHS POOIT, SIka BUKOPUCTOBYBAJIACH.

(4) Hdna Teorexuiunoi Karteropii 1 dopmansHmii
rpadik po0iT, 3a3BUYall, HE BUMAra€ThCs BKIIOYATH Y
3Bir 3 ['eorexniunoro IpoekryBaHHs.

[TPUMITKA PimieHHss mpo MOCTIIOBHICTH
MPOBENIEHHS  poOiT, 3a3BHYa, IIPUMMAaEThCS
AP THAKOM.

(5) Hnsa T'eorexniunoi Kareropii 2 i 3 3BiT 3
leotexniunoro  [IpoekTyBaHHS ~ MOXe  JIaBaTH
ONMMCAaHHSA  TOCTIAOBHOCTI  OymiBEeNbHHX  pOOIT,
PO3TIHYTOI Y TIPOEKTI.

[MPUMITKA VY nOpoTWICKHOMY BHUIIANKY Y
3Biti 3 ['eorexuiunoro IlpoekryBanHS MOXKe OyTH
BKa3aHO, IO TIOCIIMOBHICT OyHIBETHHUX pPOOIT
3a1a€THCS TP THIKOM.

4.5 MoniTopuHr

(1)P MoHITOpHHT 3aCTOCOBYETHCS JUIA:

- TIEpEBIPKM JTOCTOBIPHOCTI IPOTHO3IB IOBEMIHKH,
3pOOJIEHNX TIPH MPOEKTYBaHHI;

- 3a0e3MedeHHsT TOro, Mo cropyaa Oyne mpaioBaTh
SIK HAMIYCHO TTICIIS 3aBEPIIICHHS.

(2)P Ilporpama MOHITOPHHTY TOBHHHA BUKOHYBATHUCS
BimnoBinHO 10 3BiTy 3 ['eorexniunoro IlpoexryBanHs
(muBuCh 2.8(3)).

(3) lloeminky cropyn HEOOXiTHO TOKYMEHTAJIBHO
(hikcyBaTH, CTBOPIOIOYM Yy TOMY YHCHi 0a3zy IdaHHX
MTOCITIBCTABIIOBAHOTO JIOCBITY.

(4) MoHiTOpHHT TIOBMHEH BKJIIOYaTH BUMIpH
HACTYITHOTO:

- nedopMalriiii IpyHTY BiJl BIUIUBY CIIOPY/IH;

- BEJIMYMH JIIH;

- BENMWYMH THCKY Ha KOHTaKTIi MDK IPYHTOM i
CIIOPYAOIO;

- IOPOBOT'O THCKY;

- 3ycWiIb 1 MepeMillleHb B YacTHMHAX KOHCTPYKLIi
(BepTUKaJbHUX UM TOPU3OHTAIBHHUX IEPEMIILCHb,
KpyTiHHS ~ a0o  (IepeKociB)  BHUKDHUBIEHb) Yy
KOHCTPYKTHBHHUX €IE€MEHTaX.

(5) Pesynpratn BumipiB moBuHHI Oyt 00'eaHaHi 3
MaTepiajJamMmu CIIOCTEPEKEHb BKJTIOYAIOYH
apxiTeKTypHUH OOJIiK.

(6) TpuBamicTh Tmepiony CHOCTEPEKEHb  MICIHs

(1)P Site operations shall be checked for compliance
with the method of construction assumed in the
design and stated in the Geotechnical Design
Report. Observed differences between the design
assumptions and the site operations shall be reported
without delay.

(2)P Deviations from the methods of construction
assumed in the design and stated in the Geotechnical
Design Report shall be explicitly and rationally
considered and implemented.

(3)P The principles followed in design shall be
checked to ensure that they are appropriate for the
sequence of construction operations, which are used.
(4) For Geotechnical Category 1, a formal
construction schedule need not normally be included
in the Geotechnical Design Report.

NOTE The sequence of construction operations
is normally decided by the contractor.

(5) For Geotechnical Categories 2 and 3, the
Geotechnical Design Report may give the sequence
of construction operations envisaged in the design.

NOTE Alternatively, the Geotechnical Design
Report can state that the sequence of construction is
to be decided by the contractor.

4.5 Monitoring

(1)P Monitoring shall be applied:

— to check the validity of predictions of
performance made during the design;

— to ensure that the structure will continue to
perform as required after completion.

(2)P The monitoring programme shall be carried out
in accordance with the Geotechnical Design Report
(see 2.8(3)).

(3) Records of the actual performance of structures
should be made in order to collect databases of
comparable experience.

(4) Monitoring should include measurement of the
following:

— deformations of the ground affected by the
structure;

— values of actions;

— values of contact pressure between ground and
structure;

— pore-water pressures;

— forces and displacements (vertical or horizontal
movements, rotations or distortions) in structural
members.

(5) Results of measurements should be integrated
with qualitative observations including architectural
appearance.

(6) The length of any post-construction monitoring
period should be altered as a result of observations



3aKiHYeHHS OYAIBHHUITBA MOXE KOpPEKTYBaTHUCS
3aJIeXHO Bifl pe3yNbTaTiB CIOCTEPEKEHb, OTPUMAHHUX
mig yac OyniBHUNOTBA. [ criopyn, sKi MOXYTh MaTH
HEraTUBHY Jil0 Ha JOBKULIL, abo sKkmo ix
pYHHYBaHHS  pH3UKYE TIPUBECTH IO  BEIHKHX
MaTepiaJbHUX a00 JIOJCHKUX BTpAT, CIIOCTEPEKEHHS
MOBHHHI BECTHCS TPOTATOM JECATH POKIB MiCIIs
3aKiHYeHHS OyNIIBHUITBA 200 BCHOTO TEPMIiHY CITY:KOH
CTIOpYIH.

(7)P PesynpraTi OTpHMaHi 3 MOHITOPHHTY TOBHHHI
3aBXKIM aHAI3yBaTUCS 1 iHTepIperyBaTucs i 1e, AK
MPaBUJIO0, BUKOHYETHCS Y KUTbKICHOMY BUpa3i.

(8) st I'eorexuiunoi Kareropii 1 orfiHka MOBEIIHKU
MOKe OyTH CIPOIIEHO, 33 SKICHUMH MOKa3HUKAMHU 1
0a3yBaTHCS Ha OTJISIL.

(9) dns I'eorexuiunoi Kareropii 2 orfiHka MOBEIIHKU
Moxe OyTH 3acHOBaHa Ha BHMipax IMepeMilleHb
HaMIY€HUX TOYOK CIIOPYIH.

(10) Ans Ieorexuiunoi Karteropii 3 orfiHka MOBEIIHKU
3a3BMYail TMMOBHMHHA, SIK MpaBWIO, 0a3yBaTHCh Ha
BHUMIpax TepeMillleHb 1 aHalizax, siki 0epyTh JI0 yBaru
MOCITiTOBHICTh BUPOOHUIITBA POOIT.

(1P [dns criopyn, sIKi MOXYTh MaTH HECHPUSTINBY
Iil0 Ha CTaH TIPYHTIB abo TPYHTOBUX BOJ, IIpPHU
CKJIaJaHHI TIPOTPaMH MOHITOPHHTY (CITOCTEPEKEHb),
IOBUHHA OyTH BpaxoBaHa BIPOTIAHICTH BHUTOKIB
(pinpTpamii) abo 3MIH pEXUMY TPYHTOBHUX BOJ,
0COOJIMBO I IPIOHO3EPHUCTUX TPYHTIB.
(12) TIpukmagaMu TaKOTO THITY CIIOPYKEHD €:
- BOZOHAMIpPHI CIOPYIH;
- cHopyou TpHW3HAuYeHi I KOHTPOMIO (imbTparii
(BuTOKIB) (MpOTHIIBTPAIiiiHI CTIOpYAN);
- TYHEli;
- KpYIIHI MiA3eMHI CIIOpyau;
- TIIMOOKI IMiABAJIH;
- YKOCH 1 yTpuMYI0di (IiIITipHi) CIIOpyau;
- TIOJIMIIIEHHS TPYHTIB.
4.6 ExcnityaTtamnis
()P Ins 3abe3medeHHS HaAIHHOCTI 1 HOPMaIBHOI
eKCIUTyaTalii CIIopyAW TOBHWHHI OyTH BCTaHOBIEHI
3aXO0[H IIOJI0 eKCILTyaTallii.

[MPUMITKA Sk MpaBUIIO, ue
BCTaHOBJIIOETHCS BJIACHHKOM/3aMOBHHKOM.
(2) BuzHaueHHS 3aXOHiB €KCIUTyaTalii  MTOBHHHO
BKJIFOUATH iH(OpMAILito TIpo:
- TpoONeMHI YacTHHH CIIOPYIH, $Ki BHMAaraloTh
PEryJSIPHOTO HATJISLY;
- poborm, sKi 3a0OpOHEHO BUKOHYBaTH 03
MOMEPEAHBOT MPOSKTHOT OIIHKU CIIOPY/IH;
- YaCTOTY OTJISALIB.
Po3ain 5. Hacunu, Bog03HMKEHHS, MOJINIIEHHS i
3MillHEHHS IPYHTIB
5.1 3arajabHi M0J10KEeHHSA
(1)P  Tlomoxenust  1poro  Posmainy  MOBHMHHI
3aCTOCOBYBATHCh, KOJIM HEOOXiIHI IPYHTOBI yMOBH
JOCSITAIOTHCS IIISIXOM
- BIACUNIKA TPUPOJHUM HECKEIbHUM IPYHTOM,

made during construction. For structures that may
impact unfavourably on appreciable parts of the
surrounding physical environment, or for which
failure may involve

abnormal risks to property or life, monitoring should
be required for more than ten vyears after
construction is complete, or throughout the life of
the structure.

(7)P The results obtained from monitoring shall
always be evaluated and interpreted and this shall
normally be done in a quantitative manner.

(8) For Geotechnical Category 1, the evaluation of
performance may be simple, qualitative and based
on inspection.

(9) For Geotechnical Category 2, the evaluation of
performance may be based on measurements of
movements of selected points on the structure.

(10) For Geotechnical Category 3, the evaluation of
performance should normally be based on the
measurement of displacements and analyses, which
take account of the sequence of construction
operations.

(11)P For structures that may have an adverse effect
on ground or ground-water conditions, the
possibility of leakage or of alterations to the pattern
of ground-water flow, especially when fine grained
soils are involved, shall be taken into account when
planning the monitoring programme.

(12) Examples of this type of structure are:

— water retaining structures;

— structures intended to control seepage;

— tunnels;

— large underground structures;

— deep basements;

— slopes and earth retaining structures;

— ground improvements.

4.6 Maintenance

()P The maintenance required to ensure the safety
and serviceability of the structure shall be specified.

NOTE Normally this is specified to the
owner/client.
(2) The maintenance specifications should provide
information on:
— critical parts of the structure, which require
regular inspection;
— works prohibited without a design review of the
structure prior to their execution;
— frequency of the inspection.
Section 5 Fill, dewatering, ground improvement
and reinforcement
5.1 General
(1)P The provisions in this Section shall apply
where adequate ground conditions are achieved by:

— placing natural soil, crushed rock, blasted stone
or certain waste products;



mebeHeM, KpyIMHOYJIaMKOBOIO TTOPOJOI0 200 NESKUMH
BiAXOIaMH;
- BOJIO3HIIKCHHS (IpEHYBaHHS);
- 00poOKa IpyHTY;
- 3MillHEHHS (apMyBaHHSI) TPYHTY.
[MPUMITKA 1 Curyanii, Komu HECKeIbHUH
IPYHT a00 3epHHCTHH (IpaHyJIbOBaHMI) Marepian
BIJICUTIAETHCS JJIs1 IH)KCHEPHUX IIUJICH, BKITIOYAE:
- BIICHIIKY TiJl pyHAaMEHTaMH 1 IPYHTOBI TUINTH;
- 3BOPOTHI 3aCHUIIKA JI0 BHUIMOK 1 YTPUMYIOUHX
CTIopy/I;
- IUIONIA/IHI BiJICHITAHHS, BKIIFOYAIOYX T1IPOTEXHIYHI
HACHUIIH, JaHIIIa(THI XOJIMH 1 BiZIBAJIN BIZXO/IIB);
- HACUIM JUIS HEBEIMKUX JaMmO 1 iH(pacTpyKTypH.
MMPUMITKA 2 Bono3zHuKeHHsI B IPYHTi MOXe
OyTH TUMYacOBUM a00 MOCTIHHUM.
[IPUMITKA 3 IpyHT, sKuil 0OpOONAETHCS
JUIST TIOMINIIEHHS H0ro BIaCTMBOCTEHN, MOYXKE Oyt
npuponHuM abo HacumHAM. llomimmieHHS TpyHTY
MOK€ OyTH THMYACOBUM a00 MOCTIHHHUM.
(2)P TlpoekTHi TeXHONOTil ANl TEOTEXHIYHUX POOIT,
o BKITIOYAI0Th BHUKOPUCTaHHS HacuImy,
BOJIO3HIIKEHHSI, TTOJIINIIIEHHS 200 3MII[HEHHS IPYHTIB,
npeacrasiiedi y Po3ainax 6 — 12.
5.2 ®ynpamMeHTaIbLHI BHMOTH
(1)Hacumm 1 BOmO3HMKEHHS, TOKpAaIlyBaHUH YU
VKpIIUTIOBAaHWM  IPYHT TIOBMHHI OyTH  3/1aTHI
BUTPHUMYBATH Mii, MOB'sI3aHi 3 iX ¢GyHKisMu abo 3 iX
OTOYCHHSIM.
(2)P i ¢ymmameHTanpbHi BUMOTH ITOBHHHA TaKOX
BUKOHYBaTHCh JUISi IPYHTY, Ha SKOMY HAacHUIl
pO3TaIllOBaHUH.
5.3 bynoBa Hacumy
5.3.1 llpuHOUIHM
(1)P Ilpm mpoekTyBaHHI OyZOBH HACHIy ITOBHHHO
OyTH BpaxoBaHO, IO aJeKBATHICTH (BiAIIOBIAHICTH)
HACHITY 3aJIeKHTh BiJI HACTYITHOTO:
- 3pYYHOYKJIQTyBaHICTh MaTepiaiy;
-  BIONOBIOHUX TEXHIYHUX BIACTUBOCTEH  ITICIA
YKJIaJaHHS.
(2) TpaucropTyBaHHS i yKJIaJaHHS HACHUITY [TOBHHHO
OyTH BpaxOBaHO y MPOEKTI.
5.3.2 Bu0ip marepiany Hacumy
()P Kpurepii mms Bubopy Marepiama, sK
MAXOJISIIOTO JUIs BUKOPHUCTaHHS SK HACHIY,
0a3ytoTbcsi Ha 3M00yTTI BiAMOBiMHOI  MIITHOCTI,
JKOPCTKOCTi,  JIOBTOBIYHOCTI 1 TMPOHUKHOCTI ITiCTs
ymineHeHHs. Lli kpuTepil MOBMHHI BpaxoBYBaTH
MPHU3HAYCHHS HACUIY 1 BHMOTM JO Oymb SIKOT
CTIOpPY/IH, PO3TAIIIOBAHOT HA HACHITY.
(2)P Ilimxopnsmii A7 HACHMIB MarTepiald MOXYTh
BKJIIOYATH OUIBLIICTD BIICOPTOBAaHMX MO (HPaKLisx
MPUPOAHUX 3€PHUCTUX (IPaHY/IbOBAHUX) MaTepialiB i
JesIKi BiZTXO/IM, TaKi SIK COPTOBaHI BiIXOIU BYT'LIBHOTO
BHPOOHMIITBA 1 JIErKi TOIUIMBHI 307MH. Y JESKUX
BHIIA/IKaX MOXKYTh TaKOX 3aCTOCOBYBAaTHCS MaTepiain
MPOMHCIOBOIO  BUTOTOBJIEHHS, TaKH SK  JIETKi
3anoBHIOBayi. [leski 3B'sI3HI Marepiajiy MOXYTh OyTH

— dewatering;
— treating ground;
— reinforcing ground.
NOTE 1 Situations where soil or granular
material is placed for engineering purposes include:

— fills beneath foundations and ground slabs;
— backfill to excavations and retaining structures;

— general landfill including hydraulic fill,
landscape mounds and spoil heaps;
— embankments for small dams and infrastructure.

NOTE 2 Dewatering of ground may be
temporary or permanent.

NOTE 3 Ground, which is treated to improve its
properties may be either natural ground or fill. The
ground improvement may be either temporary or
permanent.

(2)P Design procedures for geotechnical works that
include the use of fill, dewatering, improvement and
reinforcement shall be those presented in Sections 6
to 12.

5.2 Fundamental requirements

(1P Fill and dewatered, improved or reinforced
ground shall be capable of sustaining the actions
arising from its function and from its environment.

(2)P These fundamental requirements shall also be
satisfied for the ground on which the fill is placed.

5.3 Fill construction

5.3.1 Principles

(1)P When designing fill constructions it shall be
considered that the adequacy of the fill depends on
the following:

— good material handling properties,

— adequate  engineering  properties  after
compaction.

(2) Transport and placement of the fill should be
considered in the design.

5.3.2 Selection of fill material

(1)P The criteria for specifying material as suitable
for use as fill shall be based on achieving adequate
strength, stiffness, durability and permeability after
compaction. These criteria shall take account of the
purpose of the fill and the requirements of any
structure to be placed on it.

(2) Suitable fill materials may include most graded
natural granular materials and certain waste
products such as selected colliery waste and
pulverised fuel ash. Some manufactured materials,
such as light aggregate, may also be used in some
circumstances. Some cohesive materials may be
suitable but require particular care.



JNOpEYHHMH, ajié BOHM BUMAararoTb OcoONHBOI yBaru
(obepexxHOCTI).

(3) Ilpu BubGOpi MaTepiany uig HacCUIy ciiJ Opatu 110
yBard HaCTYIHI aCTIeKTH:

- 3CPHUCTICTB;

- OMip PO3JaBIIOBaHHIO;

- YIILUTbHIOBAHICTh;

- IPOHUKHICTB;

- IUTACTUYHICTB;

- MIIHICTB MIICTUIAI0YOTO IPYHTY;

- BMICT OpTaHiKu;

- XIMIYHY arpecHBHICTb;

- e(peKTH 3a0pyTHEHHS;

- PO3UHHHICTB;

- MOXJHBICTh 3MiHM 00'eMy (CIlydyBaHi TJIMHH,
MaTepiai MpocaiovHi);

- HU3bKi TEeMIIEpaTypH 1 mpoMep3aHHS;

- OITip BUBITPIOBAHHIO;

- BILIMB BUIMKH, TPAHCIIOPTYBAHHSI, YKIIaIaHHS,

- MOXIIMBICTh IIEMEHTAIll Marepiany Iicis HOro
yKIagaHHs (HampUKIa, TOMEHHUX MIIAKIB).

(4) Sxuro MicreBi MaTepiany He TOJATHCS ISl HACHITY
B X IpPUPOIHOMY CTaHi, CIiA 3acCTOCYBaTH OIWH 3
HaCTYITHUX METOJIB:

- KOPEKTYBaHHSI BOJIOTOCTI;

- 3MillyBaHHA 3 IIEMEHTOM, BamHOM a0o0 IHITUM
Marepiajiom;

- IpoOJIeHHS, TIPOCiFOBaHHS a00 IPOMUBAHHS,

- 3aXHCT 3a JIOTIOMOT'OI0 BiTIOBITHUX MaTepiaiB;

- B)KMBaHHS IPEHYIOUMX ILIaPIB.

(5) Mepani, HaOpsikatowi ab0 PO3UMHHI TPYHTH, SIK
NPaBUJIO, HE NPUAATHI IUIL BUKOPHUCTaHHS SK
MaTepiaxy s HaCHITY.

(6)P SIkmo BuOpaHmWi MaTepiadl MICTHTh XiMIidHI
PEYOBHHHM, SKi BITHOCATBHCS OO arpecHUBHUX abo
3a0pyAHIOIOUNX, TOBHHHI OyTH TPUHAHATI OCOOIHBI
3axoAM Ui 3amo0iraHHs iX BIUIMBY Ha CIIOPYAM UM
KOMyHiKamii abo 3a0pyaHeHHS TIPYHTOBHUX BOH. Y
BEIMKUX  KUIBKOCTAX  IIi  MaTepiaim  MOXYTh
3aCTOCOBYBATHCS JIMIIE HAa JUISHKAX 3 TOCTIHHUM
MOHITOPHUHTOM (CITOCTEPEKEHHSM).

(7)P Y cymHIBHUX BUMaJKaxX Marepial Ui HACHILY
MOBMHEH OyTH BUMpOOyBaHWMH Ha Micmi I
MEpEeKOHAHHs, W0 BiH NPUAATHUNA Ui HaMideHuX
miteid. Twm, KUTBKICTH 1 YacToTa BHIPOOYBaHb
MMOBMHHI  BU3HAYATHUCSH 3QJIEKHO BiJg THmMa i
OJTHOPIAHOCT1 MaTepialy i XapakTepy 00'eKTy.

(8) Hmst I'eorexniunoi Kareropii 1 ormsa matepiany
MOKe OyTH JTIOCTaTHIM.

(9)P Marepian, BUKOPUCTOBYBAaHUH [UId HAcHIly, 3
CTPOr'MMH BUMOTaMH JI0 HECY4Ol 34aTHOCTI, OCimaHHS
1 CTiMKOCTI HE TOBMHEH MICTUTH CTOPOHHIX
MaTepiajiB, TAKUX SIK CHIT, Jill, TOp.

(10) Ans macumiB 6e3 0coONMBHUX BUMOI JI0 HECYYOi
3IATHOCTI, OCimaHHS abo0 CTIHKOCTI JOMyCKa€eThCs
BMICT B MaTepialli He3HaYHOI KUIBKOCTI CHITY, JBbOAY

abo Ttopdy.

(3)P The following aspects shall be taken into
account when specifying a fill material:

— grading;

— resistance to crushing;

— compactibility;

— permeability;

— plasticity;

— strength of underlying ground,;

— organic content;

— chemical aggression;

— pollution effects;

— solubility;

— susceptibility to volume changes (swelling clays
and collapsible materials);

— low temperature and frost susceptibility;

— resistance to weathering;

— effect of excavation, transportation and
placement;

— possibility of cementation occurring after
placement (e.g. blast furnace slags).

(4) If local materials in their natural state are not
suitable for use as fill, it can be necessary to adopt
one of the following procedures:

— adjust the water content;

— mix with cement, lime or other materials;

— crush, sieve or wash;

— protect with appropriate material;

— use drainage layers.

(5) Frozen, expansive or soluble soils should not
normally be used as fill material.

(6)P When the selected material contains potentially
aggressive or polluting chemicals, adequate
provisions shall be adopted to prevent it from
attacking structures or services or polluting the
ground-water. Such materials shall only be used in
large amounts in permanently monitored locations.

(7)P In case of doubt, the fill material shall be tested
at source to ensure that it is suitable for its intended
purpose. The type, number and frequency of the
tests shall be selected according to the type and
heterogeneity of the material and the nature of the
project.

(8) In Geotechnical Category 1, inspection of the
material may often be sufficient.

(9P Material used for fill with specified severe
requirements  regarding  bearing  resistance,
settlement and stability shall not contain matter such
as snow, ice or peat in any significant amount.

(10) In fills with no specified requirements for
bearing resistance, settlement or stability, the fill
material may contain small amounts of snow, ice or
peat.

5.3.3 Selection of procedures for fill placement



5.3.3 Bu0ip TexHoJsorii ykJagaHHs i ymijibHeHHS
HACHILY

()P  Kputepii  yumiinpHeHHs  TOBMHHI  OyTH
BCTaHOBJICHI Ui KOXKHOI 30HM a00 Iapy HacHILy
3aJIeXHO BiJl MPU3HAYCHHS 1 QYHKI[IOHAIEHUX BHMOT.
(2)P Texuomorii  yKkiajaHHs 1 YIIUIbHEHHS IS
HAaCHUIy TOBUHHI BUOUpATHCS Tak, MO0 3a0e3MeYuTH
CTIHKICTh HacHUIy Ha Becb 4Yac OyAiBHUITBA 1
OPUPOAHUN TIPYHT HE TMiJIaBaBCcsi HEraTHBHUM
BILJIBAM..

(3)P TexHonoriro yIIUIbHEHHS YIS HACHIY CIIif
BHU3HAYATH 3aJISKHO BiJi KPUTEPII0 YIIUIBHEHHS 1
HACTYITHOTO:

- MIOXOJKEHHS 1 BJIACTMBOCTI MaTepiay;

- METO/ly YKJIaJaHHS,

- BOJIOT'OCTI1 MpH YKJIaJaHHi 1 i MOXKJIMBI Bapiailii;

- IOYATKOBOI 1 KiHIIEBOT TOBIMHU HIAPY;

- MICIIeBHX KIIIMATHYHUAX YMOB;

- OJIHOPIHOCTI YIIUIbHEHHS;

- BIIACTUBOCTI MiICTENISIOYOT0 IPYHTY.

(4) Husa  po3poOKM  NPaBHIBHOI  TEXHOJOTIT
VIIUTBHEHHSI CITiJ] BAKOHYBATH HATYPHI BUITPOOYBaHHS
13 3aCTOCYBaHHSIM BUOPAHOT0 MaTepiany i MexaHi3my.
Ile 1m03BONUTH BCTAHOBUTH TEXHOJOTIIO (METOM
yKIaJaHHA, MEXaHI3MH Ul YIIUTBHEHHS, TOBIIMHY
mapiB, KUIBKICTh TIPOXOJiB, TIPABIJIBHI METOIH
TpPaHCIIOPTYBaHHsA, 00'€M BOAM, IO MOJAETHCH), KA
3aCTOCOBYBaTUMEThCS.  [IpoOHE YIIUTBHEHHS MOXE
TaKO)X  BHKOPHCTOBYBAaTHCh ISl ~ BHM3HAYCHHS
KpUTEPiiB KOHTPOIIO.

(5) Slxkmo MOXKIMBI Omagy HAMPOTS3i BiACHITAHHS
HacHMy i3 3B'I3HUX MaTepialliB, MOBEPXHS HACUITY Ha
KO)KHOMY €eTalli TIOBMHHA MPO(UTIOBATUCH TakK, MO0
3a0e3MEeYNTH CTIK BOJH.

(6) TIpu Temmeparypax HIKYE 32 TOUKY 3aMEp3aHHS,
Haculm  MOXKe TMOoTpedyBaTH  MifirpiBaHHsA 10
VKITaJaHHA 1 3aXWCTy BiJ TIPOMEp3aHHS IOBEPXHI
Hacuny. HeoOXimHICTh TaKMX 3aXO[iB MOBUHEH OYyTH
pPO3TJIsIHYyTa y KOXKHOMY KOHKPETHOMY BHUIIAIKY
Oepyun M0 yBard SIKiCTh MaTepiamiB s HAcUMy i
HEOOXiTHUH CTYMIHD YIIITHbHEHHS.

(7)P 3BopoTHY 3acWIIKy HaBKOJO (PYHIAMEHTIB 1 Mmif
MiJyIoraMyd  HEOOXiHO  yIIUTBHIOBAaTH, MO0 HE
BUKJIMKaTH PyHHYBaHHS 4epe3 OCilaHHS.

(8) Hacunm moBHHEH YKJIQJaTUCh HAa HEMOPYIICHY i
JPEHOBaHY MOBEPXHIO IPYHTY. bynp sike 3minryBaHHS
MaTrepialy HACHITy 13 3eMIIel0 CIiJ] BUKIIOYHATH
BHKOPHCTAaHHSIM TEOTEKCTHIII0 abo (QimbTpyrodoro
mapy.

(9) [epen yxmamaHHSM HACHITY ITiJT BOJIOIO BCi claOKi
MaTepiajy MMOBMHHI OyTH BHAAJIEH] AparyBaHHAM abo
IHIIUMH cIoco0aMHu.

5.3.4 KoHTpOob HAacHILy

(1)P Hacun cnig KOHTpONIOBATH YW TECTYBAaTH JUIS
3a0e3nevyeHHs, WO0 MaTepian, SKHH YKJIaTaeTbes,
MaB BOJOTICTb MpPHM YKIQJAaHHI 1 TEXHOJIOTIiIO
YUIUTBHEHHS, SKi BIIMOBIAAaI0Th TEXHIYHUM YMOBaM.

and compaction

(1)P Compaction criteria shall be established for
each zone or layer of fill, related to its purpose and
performance requirements.

(2P The procedures for fill placement and
compaction shall be specified in such a way that
stability of the fill is ensured during the entire
construction period and the natural subsoil is not
adversely affected.

(3)P The compaction procedure for fill shall be
specified depending on the compaction criteria and
on the following:

— the origin and nature of the material,

— the placement method,;

— the placement water content and its possible
variations;

— the initial and final thickness of the lift;

— the local climatic conditions;

— the uniformity of compaction;

— the nature of underlying ground.

(4) In order to develop an appropriate procedure for
compaction, a trial compaction should be performed
at the site using the intended material and
compaction  equipment.  This  allows the
determination of the compaction procedure (method
of placement, compaction equipment, layer
thickness, number of passes, adequate techniques
for transportation, amount of water that shall be
added) to be followed. A trial compaction may also
be used to establish the control criteria.

(5) Where there is a possibility of rainfall during the
placement of cohesive fill material, the fill surface
should at all stages be profiled so as to permit
adequate run-off.

(6) At temperatures below freezing, fill may require
heating before placement and frost protection of the
fill surface. The need of these measures should be
evaluated case-by-case, taking into account the
quality of the fill material and the required degree of
compaction.

(7)P Backfill placed around foundations and
beneath floor slabs shall be compacted such that
damaging subsidence does not occur.

(8) Fill should be placed on an undisturbed and
drained ground surface. Any mixing of the fill with
the ground should be prevented by using a filter
textile or filter layer.

(9) Before placing fill underwater, all soft material
encountered should be removed by dredging or
other means.

5.3.4 Checking the fill

(2)P Fill shall be inspected or tested to ensure that
the material, its placement water content and the
compaction  procedures comply  with the
specification.

(2) Testing need not be performed for some



(2) BunpoOyBaHHsi HEOOOB'SI3KOBE Ul JSSIKUX
CHOJIydYeHb MatepiaiiB 1 TEXHONOril YIIIIbHEHHS,
SIKIIIO TEXHOJIOTiS YINUTBHEHHS Oyna MiATBepIKeHa
BUMPOOYBaHHSAM Yy HaTypi a00 CIiBCTaBIIOBAHUM
JIOCBI/IOM.

(3) VYiminbHEHHS CIiI KOHTPOJIIOBATH OJHHUM 3
HACTYITHUX METO/IB:

- BUMIPIOBaHHS WIUILHOCTI CYXOr0 IPYHTY i, SIKIIO IIe
MOTPiOHO 32 MPOEKTOM, BUMIPIOBAHHSI BOJIOTOCTI;

- BHUMIPIOBaHHA BJACTUBOCTEH, TaKUX SK, OIIp
neHerpani (MPOHUKHEHHIO) abo xopcrkocti. Taki
BUMIpM HE MOXYTh 3aBXIUd BHU3HAYUTH, SKIIO
(akTHYHE YIIITEHEHHS 3B'SI3HUX IPYHTIB JIOCATHYTE.
(4) MiniManbHi UITBHICTD HACUILY, VISl TIPUKIAY, Y
BificoTkax 1o [IpokTOpy MOBMHHA BH3HAYUTHCH 1
MepeBIpUTHCH HA MICIII.

(5) lns HacumiB 3 KaM'ssHUX MaTepiaiiB a00 HACHITIB 3
BEIIMKAM BMICTOM KPYIMHHX (pakIifi yIIUTbHEHHS
HEOOXIJIHO KOHTPOJIOBATH IOJHOBUMH METOIaMHU.
[IpokTop TecT He MiAXOAUTH IS IIUX MaTepiais.

(6) Kourponms Ha Micri (muBuce EN 1997-2) moxe
BHUKOHYBATHCS OJIHUM 3 HACTYITHHX:

- TepeBIpKO0, M0 YHIUIbHEHHS BUKOHAHE Y
BIAIIOBIIHOCTI 3 METOIUKOO VIIUTEHEHHS,
MPUAHATOI0 3 TIOJHOBHUX BHUIIPOOyBaHL abo 3
TIOTNIEPETHHOTO JTOCBITY;

- TIEPeBIPKOIO, IO  OCimaHHSA, OOYMOBJICHE
JIOTaTKOBUM TIPOXOJOM YIIUIHHIOIOYOTO MEXaHI3MY,
JIOpPIBHIOE 200 MEHIIIE 33a/1aHO1 BETMYNHU;

- BUMPOOYBaHHSAM HITaAMIIaMHU;

- ceficMiuHNMU 200 TMHAMIYHIMH METOIAMHU.

(7)P VYV Bumamkax, KOIW TIEPEyIIUIPHEHHS He
JOITyCKA€TbCSA, TOBHHEH OYyTH BH3HA4YeHAa BEPXHS
MeXa YIIITbHEHHS.

(8) IlepeymrinbHeHHS MOXE BHKJIAKATH HACTYITHI
HECIPUATIINBI SBHIIA:

- PO3BUTOK IIOBEPXHI KOB3aHHSA ab0 BHCOKOI
YKOPCTKOCTI TPYHTIB B YKOCaX;

- BHICOKOTO THCKY TPYHTY Ha MiI3eMHI 1 yTpUMYyIOYi
CHIOPYAH;

- pyHHYBaHHS MaTepialiB TaKWX SK CIAOKi CKeIbHi
OO, TUIAKH, BYJIKAHIYHI MMCKA, BUKOPUCTOBYBaHi
SIK JIETK1 3aCHITKH.

5.4 Bogo3HmKkeHHs

(1)P bynp-sixa cuctema ans BHIAJIEHHS BOOU 3
IpyHTY a0o0 3MEHIIEeHHS THUCKYy BOIHU, ITOBUHHA
0asyBaThcs Ha pe3y/ibTarax TeOTeXHIYHHX Y
TiIPOTeoNOTTYHUX TOCIIIKEHb.

(2) Bona 3 rpyHTY MOXe OyTH BHUaJieHa CaMOTEYHUM
JpEHa)XKeM, BiKauyBaHHAM 3 TPHAMKIB, KOJOIS3IB
a00 QinbTpalifHUX CBEPUIOBUH YH EIEKTPOOCMOCOM.
Bubip cucremu 3anexuTs Bif:

- peasbHOro CTaHy I'PYHTY 1 IPYHTOBHX BOJ;

- XapakKTepUCTHK O00'€KTy, HaNpHUKIA], TIUOUHU
KOTJIOBaHY i CTyIE€HS BOJZO3HIKEHHSL.

(3) YactuHOmO cHCTEMH BOJIO3HIDKECHHS MOXeE OYyTH
cucTeMa KOJOJs3iB (CBEPJIOBUH) HA JIesIKii BincTaHi
BIJ{ BUIMKH.

combinations of materials and compaction
procedures if the compaction procedure has been
proved by a field trial or by comparable experience.
(3) Compaction should be tested by one of the
following methods:

— measurement of dry density and, if required by
the design, measurement of the water content;

— measurement of properties such as, for example,
penetration  resistance  or  stiffness.  Such
measurement cannot always determine if
satisfactory compaction has been achieved in
cohesive soils.

(4) Minimum fill densities determined, for example,
by Proctor percentages, should be specified and
checked on site.

(5) For rock fill or fill containing a large amount of
coarse particles, compaction should be checked by
field methods. The Proctor test is not applicable to
these materials.

(6) Site checking (see EN 1997-2) may be made by
one of the following:

— ensuring that compaction has been performed
according to the procedure deduced from a field trial
or from comparable experience;

— checking that the settlement induced by an
additional pass of the compaction equipment is
equal to or less than a specified value;

— plate loading tests;

— seismic or dynamic methods.

()P In cases where over-compaction is not
acceptable, an upper bound limit for the compaction
shall be specified.

(8) Over-compaction can cause the following
undesirable effects:

— the development of slickensides and high soil
stiffnesses in slopes;

— high earth pressures on buried and earth retaining
structures;

— crushing of materials such as soft rocks, slags
and volcanic sands used as light weight fills.

5.4 Dewatering

(1P Any scheme for removing water from the
ground or for lowering the water pressure shall be
based on the results of a geotechnical or
hydrogeological investigation.

(2) Water may be removed from the ground by
gravity drainage, by pumping from sumps, well
points or bored wells, or by electro-osmosis. The
scheme adopted will depend on:

— the existing ground and ground-water conditions;
— the characteristics of the project: e.g. excavation
depth and extent of dewatering.

(3) Part of the dewatering scheme may be a system
of recharge wells at some distance from the
excavation.

(4) In the dewatering scheme the following



(4) Cxema BONO3HMIKEHHS TOBHHHA BpaxOBYBaTH
HACTYIIHI YMOBH, BiAMIOBiHO:

- YKOCH BHIMK{ MOBUHHI 3aJMIIATUCS CTIHKUMH, SIKOIO
0 He Oyma cucTeMa BOJO3HWXKCHHS, a Ha JHI HE
MOBHHHO OYyTH HaJIMIpHOTO TigiioMy a0 pyliHyBaHHS,
HATNpUKIaJ, YHACHIOK HAIMIPHOTO THUCKY BOAU
HWOKUE [Iapy 3 HIKYOK BOIOMPOHUKHICTIO;

- cxemMa He Bele M0 HEIOMyCTHMHX OCiaHb abo
MOUIKO/PKEHHS HAaBKOJIHIITHBOT 320y /10BH;

- cxeMa He JIONycKae HaJMIpHOIO0 BUHECEHHS IPYHTY
i3-3a CTOKY BOJIM Ha YKOCaX 1 JTHI BUIMKH;

- 32 BUHATKOM BHIQJIKIB MPUCYTHOCTI MaTepiaiiB 3
OJIHOPITHAM  TPaHYJIOMETPUYHUM  CKJIAJOM,  SKi
MOXYTh TPAIIOBATH SIK (PUIBTPH, JOBKOJA MPHSIMKIB
(konopsA3iB) MOBHMHHI OyTH BCTaHOBIIEHI (QLNBTPH, 1100
BUKJIIOYUTH BHHECEHHsI TIPYHTY 3 BiJIKauyBaHOIO
BOJIOI0;

- BOJIa 3 BUIMKH, SIK MPABHIIO, TOBUHHA CKUIATUCS Ha
Bijmamenii BigcTaHi BiJ 30HH BUIMKH;

- cucrema BOJIO3HHIKEHHS MIPOEKTYETHCS,
OpraHi3yeThCs 1 BIAIITOBYETHCS TaK, 00 MiITpUMaTH
PiBHI BOJM i TOPOBOT'O TUCKY, BCTAHOBJICHI MPOEKTOM,
0e3 3HaYHUX KOJIMBaHb,

- TTOBMHHA OyTH ajiekBaTHa (3 HEOOXITHMM 3aracoMm)
MIPOMYKTUBHICTh HAcOCy 1 OyTH y pPO3MOPSIHKCHHI
myOmiotoda MPOAYKTHBHICTH HA BUTIAIOK aBapii;

- SIKIO TepeadadaeThCsl MOBEPHEHHI IPYHTOBUX BOJ
JI0 TIEPBUHHOTO PIBHS, HEOOXIMHO MPHHHATH 3aX0IU
IUISL HENONYILEHHsI TakuX IMpoOieMm, SK pyHHYBaHHS
IPYHTY YyTIMBOI CTPYKTYpPH, HAIpPUKIAL, ITyXKOIO
TTICKY;

- cUcTeMa He I[IOBUHHA JONYCKaTH HaAMIPHOTO
MIPUILTUBY 3a0pyAHEHOI BOAN Y BHIMKY;

- cucreMa He IIOBMHHA BECTM [0 IHTEHCHBHOTO
BIITOKY MUTHOI BOAM i3 BOA030ipHOI TUTOMI (Oaceiny
pIKH).

(5)P EdextuBHICTH CHCTEMH BOMO3HIDKEHHS B Mipy
HEOOXiTHOCTI TMOBHHHA TEPEBIPATHCA  MIITXOM
MOHITOPHHTY PiBHS IPYHTOBUX BOJI, IOPOBUX THCKIB 1
MepeMillieHb TPYHTY, 3a HeoOximHocti. [laHHiI chix
pEeryIspHO aHAN3yBaTH 1 IHTEPIPETYBaTH LIS
BH3HAYEHHS BIUIMBY BOJO3HMXEHHS HA CTaH IPYHTY 1
MOBEIIHKY HaBKOJHUIIIHBO1 320y 10BH.

(6)P Komm BinkadyBaHHS IPOBOIUTHCS MPOTATOM
TPHUBAJIOTO TIEPioJy Yacy, IPYHTOBI BOJM HEOOXiTHO
TIepEeBIipATH HA HASBHICTh PO3YMHEHUX COJIEH 1 rasiB,
SIKi MOXYTh BHKIWUKAaTH, 3 OJHOTO OOKY, KOpO3il0
GbinpTpiB  BOMO3a0ipHUX CBEPJUIOBHH (TpyOUyacTux
KOJOJA3IB) , @ 3 1HIIOT0, TX KOJbMATAIIII0 (3aCOICHH)
B PE3yJIbTATI BIAKIAACHHS COJNEH.

(7)P Cucremu TpUBANOro BOJO3HMKEHHS TIOBHHHI
OyTH 3ampoeKTOBaHI Tak, MO0 HE JOMYyCTHTU iX
3aCOJICHHS AiMH OakTepii ab0 1HIIKMX MPUYHH.

5.5 IloninmeHHs i 3SMiTHEHHS TPYHTY

()P TeorexniuHe OOCTEKEHHS MOYATKOBOTO CTAHY
IPYHTIB TOBMHHO OyTH IIpOBenEHE IO TOro, SK

conditions should be considered, as appropriate:

— in the case of excavations, the sides of the
excavation remain stable at all times under the effect
of ground-water lowering; also, excessive heaving
or rupture of the base, for example due to excessive
water pressure beneath a less permeable layer, does
not occur;

— the scheme does not lead to excessive settlements
or damage to nearby structures;

— the scheme avoids excessive loss of ground by
seepage from the sides or base of the excavation;

— except in the case of fairly uniformly graded
material, which can establish itself as a filter
material, adequate filters are provided around the
sumps to ensure that there is no significant
transportation of soil with the pumped water;

— water removed from an excavation is normally
discharged far enough from the excavated area;

— the dewatering scheme is so designed, arranged
and installed as to maintain the water levels and
pore-water pressures anticipated in the design
without significant fluctuations;

— there is adequate margin of pumping capacity
and back-up capacity is available in the case of
breakdown;

— when allowing the ground-water to return to its
original level, care is taken to prevent problems
such as collapse of soils having a sensitive structure,
e.g. loose sand;

— the scheme does not lead to excessive transport
of contaminated water to the excavation;

— the scheme does not lead to excessive extraction
in a drinking water catchment area.

(5)P The effectiveness of dewatering shall be
checked by monitoring the ground-water level, the
pore-water pressures and the ground movements, as
necessary. Data shall be reviewed and interpreted
frequently to determine the effects of dewatering on
the ground conditions and on the behaviour of
nearby structures.

(6)P If a pumping operation is to continue over a
long period of time, the ground-water shall be
checked for the presence of dissolved salts and
gases, which could either result in corrosion of the
well screens or cause clogging of the screens by the
precipitation of salts.

(7)P Systems for long term dewatering shall be
designed to prevent clogging by bacterial action or
other causes.

5.5 Ground improvement and reinforcement

()P A geotechnical investigation of the initial
ground conditions shall be carried out before any
ground improvement or reinforcement method is
chosen or used.



BHOpaTH 1 3aCTOCYBaTH SIKUW-HEOYAb 3 METOIIB
TIOJIITIICHHS 1 3MII[HEHHSI IPYHTY.

(2)P Meroa mnominmmeHHS TPYHTY Uil KOHKPETHOI
CHUTYyallii TOBUHEH MPOEKTyBaTUCS Oepydd IO yBaru
HACTYIHI ()aKTOpH, SIKi BiIMOBIAAIOTH:

- TOTY)XHOCTi 1 BJIACTUBOCTSM IPYHTY 1 Marepiaiy
HACHILY;

- CHJIi THCKY BOJIM B Pi3HUX HAIJIACTYBaHHSIX ;

- TUIY, PO3MIipy 1 pO3TallyBaHHIO CHOPYAH, IO
00MHpaeTHCs HA TPYHT;

- HEIONYUICHHIO MOUIKO/PKEHb CYCIIHIX cropynd i
KOMYHIKAIIIH ;

- TUMYacoBoMy a0 TIOCTIHHOMY MOJIMIIEHHIO
IpYHTY;

- mependauyBaHUM JedopMallisiM 3 BpaxyBaHHIM
B3a€MO3B'SI3KY MK METOJIOM TMOJIMNIIEHHS TPYHTY 1
erarnaMu Oy/[IBHUIITBA;

- BIUIMBAM Ha JIOBKULIS, BKIIOYAIOYH 3a0pyIHEHHS
TOKCHYHHMH pEYOBHMHAMH ab0 3MiHaM  PpiBHA
I'PYHTOBHX BOJI;

- TPUBAJIOCTI pyHHYBaHHS MaTepialiB.

(3)P EdexTuBHICTH MONIMNIIEHHS TIPYHTY IOBHHHA
MEPEBIPSEThCS  HA  BIAMOBIAHICTG  JOMYCTUMHUM
KpUTEPISIM  IMUITXOM BU3HAYEHHS 3MiH BiJIIOBITHUX
BJIACTUBOCTEHN IPYHTY.

Po3ain 6 ®yHaaMeHTH HerJIMO0KOro (Mijikoro)
3akaananus (PyHIaMeHTH HAa MPUPOIHiiA OCHOBI)
6.1 3arajbHi noJ10KeHHSI

()P Tlomoxenns 1poro Po3mimy  cTOCYIOTBHCS
(hyHIaMEHTIB HETJIMOOKOTO 3aKJIaJaHHs, BKIIOYAIOUH
CTOBITYACTI, CTPIYKOBI 1 INTATHI.

(2) Heski 3 monoxeHb MOXYTbh OyTH 3aCTOCOBaHi /10
rOOKUX (DYHIAMEHTIB, TaKMX SIK KeCOHU (OITyCKHIi
KOJIOIITi).

6.2 I'pannyni cTanu

(1)P Hacrymui TpaHWYHI CTaHW TIOBMHHI OyTH
PO3TISHYTI 1 CKITAZIeHU BiIIOBITHUI TTeperiK:

- BTpaTa 3arajibHOI CTIHKOCTI;

- BTpara Hecy4doi 3IaTHOCTI (pyWHyBaHHS) 3a
MIITHICTIO (32 OMOpOM 3iM’SITTIO), BTpaTa HECcy4oi
3IATHOCTI 3a MPOAABIIOBAHHSM, BUIIOP;

- pyliHyBaHHS NPH KOB3aHHI;

- CHONy4YHE pPYHHYBaHHS B IPYHTiI 1 B KOHCTPYKII1
(copyai);

- pyiiHyBaHHS
(hyHIIaMEHTIB;

- HaJIMipHI OCiJTaHHS;
- HagMipHWH migidioM Big HaOyXaHHS TIPYHTY,
mpoMep3aHHs (MOPO3HOTO 3AMMAaHHS) a0 IHIIHMX
MIPUYHH;

- HEZIOITyCTHUMI BiOpartii.

6.3 Jlii i mpoekTHi cuTyanii

(1)P IIpoextni curyauii noBHHHI BHOMpaTHCA Y
BiAmoBiaHOCTI 3 2.2.

(2) HOii, Bka3zani y 2.4.2(4), HEOOXiHO BpaxoBYBAaTH
pu BUOOpi rpaHUYHUX CTAHIB J1JIsl BU3HAUCHb.

criopyiu B nepeMillieHb

(3) Sxmo KOHCTPYKTHBHA  KOPCTKICTh BEJHKa,

(2P The ground improvement method for a
particular situation shall be designed taking into
account the following factors where appropriate:

— thickness and properties of the ground or fill
material;

— magnitude of water pressure in the various strata;
— nature, size and position of the structure to be
supported by the ground,;

— prevention of damage to adjacent structures or
services;

— if the ground improvement is temporary or
permanent;

— in terms of anticipated deformations, the
relationship between the ground improvement
method and the construction sequence;

— the effects on the environment including
pollution by toxic substances or changes in ground-
water level;

— the long-term deterioration of materials.

(3)P The effectiveness of the ground improvement
shall be checked against the acceptance criteria by
determining the induced changes in the appropriate
ground properties.

Section 6 Spread foundations

6.1 General
(1)P The provisions of this Section apply to spread
foundations including pads, strips and rafts.

(2) Some of the provisions may be applied to deep
foundations such as caissons.

6.2 Limit states

()P The following limit states shall be considered
and an appropriate list shall be compiled:

— loss of overall stability;

— bearing resistance failure, punching failure,
squeezing;

— failure by sliding;

— combined failure in the ground and in the
structure;

— structural failure due to foundation movement;

— excessive settlements;
— excessive heave due to swelling, frost and other
causes;

— unacceptable vibrations.

6.3 Actions and design situations

(1)P Design situations shall be selected in
accordance with 2.2.

(2) The actions listed in 2.4.2(4) should be
considered when selecting the limit states for
calculation.

(3) If structural stiffness is significant, an analysis of
the interaction between the structure and the ground
should be performed in order to determine the



aHali3 B3aeMonil cHmopyaM 1 TIPYHTY HEOOXigHO
BHUKOHATH 3 BCTAHOBJICHHSI MOPSAKY PO3MOILTY JIiii.

6.4 Po3rasig nUTaHb NPOEKTYBaHHS i OyliBHHITBA
(1)P ITpu Bubopi TnOMHM QyHAAMEHTY HETJIMOOKOTO
3aKiialaHHs HeoOXiIHO BpaxoByBaTH HACTYITHE:

- IOCSDKHICTh HE0OXiIHOT MIITHOCTI;

- NIMOMHY, BUIIE SIKO1 ycaka 1 HaOyXaHHS TIIMHUCTUX
IPYHTiB, = OOYMOBIIGHI ~ CE30HHHMH  TOTOJHHUMH
KONMMBaHH:IMH abo JepeBa 1 4YarapHUKd MOXYTh
CIPUYMHHUTH 3HAYHI MEpEMillICHHS;

- TIUOWHY, BUIIE SIKOi MOXXYTh BiJOyBaTHCh MOPO3HI
YIIKOJKCHHS;

- piBeHb IPYHTOBUX BOJ B IPYHTI 1 mpoOiiemu, siKi
BUHMKAIOTh, SIKIIIO BUIMKHM Uit (DyHIaMEHTIB
HEOOXI1JIHI HIKYE [[HOTO PIBHS;

- MOXIJMBI TEpeMillleHHsT IPyHTYy 1 3MEHIIeHHs
MIITHOCTI HECY4YOro Iapy, BUKIMKaHE IHPKYISAIIE0
BOJIY, KIIMATHYHHMH YMOBaMH a0o0 OyniBelbHUMHU
poboTamu;

- BILIMB BUIMOK Ha CyCiJiHi ()yHIaMEHTH 1 OyJI0BH;

- MOMEPeKCHHsI BIIKOMYBaHHS IMiJ KOMYHIKaI[l
no6mu3y GyHIaMEHTY;

- BUCOKI a00 HHM3bKI TEMIIEPaTypH, 110 IEPeIarThCs
Bix OyIiBIi;

- BIPOTiIHICTh PO3MUBIB;

- BIUTUB 3MiH BOJIOTOCTi, CHPUYMHEHHUX YepeayBaHHAM
TPUBAINX TIOCYNIUTMBUX 1 JOIMIOBHUX TIEpiomiB, Ha
BJIACTUBOCTI HECTIMKMX TIPYHTIB B perioHax 3
MTOCYIIUTHBUM KITIMaTOM;

- TPUCYTHICTh PO3YMHHHUX MaTepiaiiB, TaKWX SK,
BaIHSK, apriliT, TiTC, COJOHYAK.

(2) Mopo3Hi YIIKOKEHHS HE MPOSIBIIOTHCS, SKIIO:

- IPYHT HE YyTIMBHH 0 IPOMEP3aHHS;

- piBeHb 3aKiIaaHHs (yHIAMEHTY HUXKYE 32 TITHONHY
IPOMeEp3aHHS;

- TIpPOMEP3aHHs BUKITIOYAETHCS 130JIAITIETO.

(3) EN-ISO 13793 wMmoke 3acTOCOBYBATHCS IS
3aXOiB 3aXWCTy BiA TpoMep3aHHs (YHIAMEHTIB
OymiBenb.

(4P 'V gomoBHeHHS BHMKOHAHHS BUMOT IO
eKCIUTyaTallifHUX XapaKTEepHCTHK, NP MPOSKTYBaHHI
mupuHA PpyHAaMeHTIB HeoOXimHOo OpaTu 1o yBaru
MpaKTU4HI MIPKYBaHHS, TakKi K EKOHOMIYHICTh
BiJIKOTYBaHb, IPUHAHATHI JIOIYCKH, TEXHIYHI BUMOTH
0 30HW BHPOOHUITBA POOIT i po3mipu cTiHH abo
KOJIOHH, 1110 OOTTUPAETHCS HAa (DyHIAMEHT.

(5)P Mna ¢ynnameHTiB HETTHMOOKOTO 3aKJIaJaHHS
3aCTOCOBYETBCS OOWH 3 HACTYITHHX TPOEKTHHX
METOMIB:

- OpsSMUIl METOJ, B SIKOMY KOXEH TPaHUYHUH CTaH
aHaJi3yeTbcss OKpemo. Jlas mepeBipKH TpaHUYHOIrO
CTaHy 3a BTPaTOI HECY4Oi 34aTHOCTi, BU3HAUCHHS
MMOBUHHI MOJIETIOBATH SKOMOTa TOYHIIE BipOTiIHHIMA
MexaHi3M pyHHyBaHHs. 1S mepeBipku TpaHUYHOTO
CTaHy 3a NPUIATHICTIO N0 €KCIUlyaTalii MOBHHHO
BHUKOHYBATHCS] BU3HAYEHHS OC1IaHHS;

- HENmpsIMAH METOZ  3aCTOCOBYE CITiBCTAaBIIOBAHHM

distribution of actions.

6.4 Design and construction considerations

(1)P When choosing the depth of a spread
foundation the following shall be considered:

— reaching an adequate bearing stratum;

— the depth above which shrinkage and swelling of
clay soils, due to seasonal weather changes, or to
trees and shrubs, may cause appreciable
movements;

— the depth above which frost damage may occur;
— the level of the water table in the ground and the
problems, which may occur if excavation for the
foundation is required below this level;

— possible ground movements and reductions in the
strength of the bearing stratum by seepage or
climatic effects or by construction procedures;

— the effects of excavations on nearby foundations
and structures;

— anticipated excavations for services close to the
foundation;

— high or low temperatures transmitted from the
building;

— the possibility of scour;

— the effects of variation of water content due to
long periods of drought, and subsequent periods of
rain, on the properties of volume-unstable soils in
arid climatic areas;

— the presence of soluble materials, e.g. limestone,
claystone, gypsum, salt rocks;

(2) Frost damage will not occur if:

— the soil is not frost-susceptible;

— the foundation level is beneath frost-free depth;
— frost is eliminated by insulation.

(3) EN-ISO 13793 may be applied for frost
protecting measures for building foundations.

(4)P In addition to fulfilling the performance
requirements, the design foundation width shall take
account of practical considerations such as
economic excavation, setting out tolerances,
working space requirements and the dimensions of
the wall or column supported by the foundation.

(5)P One of the following design methods shall be
used for spread foundations:

— a direct method, in which separate analyses are
carried out for each limit state. When checking
against an ultimate limit state, the calculation shall
model as closely as possible the failure mechanism,
which is envisaged. When checking against a
serviceability limit state, a settlement calculation
shall be used;

— an indirect method using comparable experience
and the results of field or laboratory measurements
or observations, and chosen in relation to



JOCBi 1 pe3ynbTaTH MONBOBUX ab0 1abopaTOpHUX
BH3HAauCHh a00 CIIOCTEPEKEHb 1 BHUOUPAETHCA 3
BpaxyBaHHSIM  HaBaHTAXEHb  EKCIUIyaTal[iifHOro
IPaHUYHOIO CTaHy TakK, MO0 BIAMOBIIaTH yMOBaM
BCiX KOHKPETHUX I'paHUYHHX CTaHiB;

- METoI TMOMEpPeJHbOro  JAOCBiAy, B  SKOMY
BHUKOPUCTOBYEThCS TependavyBaHa Hecyda 37aTHICTh
(nuBHCH 2.5).

(6) BusnaueHHst Mojiesiell ISl IPOSKTHUX TPaHUUHHX
CTaHIB 3a BTPATOI HECY4Oi 3AaTHOCTI i MPUAATHICTIO
IO  eKkcrulyatamii  (yHIAMEHTIB  HErIMOOKOro
3aKkNaJiaHHs Ha  HECKeNbHOMY TIPYHTI  HaJaHi
BignoBimHO B 6.5 1 6.6. IlepenOauyBani Hecydi
3MaTHOCTI  JUIS ~ TPOEKTyBaHHs  (yHJIaMEHTIB
HerMOOKOro 3aKjIaJaHHd Ha CKeJIbHIA OCHOBI,
IMOBUHHI 3aCTOCOBYBATHCH Y BiJIIOBIIHOCTI 3 6.7.

6.5 IIpoekTyBaHHS 3a TpPaHUYHUM CTaHOM
(kpaiiHiM) 32 BTPaTo10 Hecy4oi 31aTHOCTI

6.5.1 3aranbHa cTiliKicTh

(1)P 3aranpna criiikict 3 abo 0e3 QyHIaMeHTIB
MOBHHHA TIEpPEBIPATHCS OCOONMBO B HACTYIHHX
CHUTYaIlisX:

- mopsiag abo Ha TPUPOTHOMY ab0 PYKOTBOPHOMY
yKOCi;

- TIOpsiA 3 BUIMKOIO a00 YTPUMYIOUOI0 KOHCTPYKITIETO;
-  TopsA  piuKHM, KaHaly, o03epa, pe3epByapy
(BomocxoBuIa) abo MOPCHKOTO Oepera;

- TIOPS TIPHUYIHMX BUPOOOK a00 MiA3EMHUX CIIOPYI.
(2)P Jlns Takux cHUTyaIliii 11e TOBUHHO OyTH MOKa3aHO
BUKOPHCTOBYIOUH TIPHHIIMIH, oricaHi y Pozmumi 11,
o  BTpaTa  CTIAKOCTI  IPYHTOBOTO  MAacCHBY,
BKITIOUAI0OYH (pyHITaMEHT, TOCTATHHO HEBIpOTigHA.
6.5.2 Hecyua 3naTHicTh

6.5.2.1 3araabHi No10KeHHS

(1)P g Bcix BUMOT TPaHHYHHX CTaHIB 3a BTPATOIO
HEeCydJoi 31aTHOCTI HEOOXiTHO MepeBipUTH HACTYITHY
HEPIBHICTD:

Vi <Ry

(2)P Ry moBuHHA BU3HAYATHCH BiMIOBIAHO 10 2.4.
(3)P V¢ moBuHHA BKIIOYATH Bary (yHIAMEHTY, Bary
OyIpb SIKOTO HACHITHOTO MaTepiairy i BCl THCKH IPYHTY
CHpUATIVBI YW HecnpuaATiuBi. THUCKH BOAHM, HE
MOB'SI3aHI 3  HABaHTAXEHHAM Bi (QyHIAMEHTY,
TTOBMHHI BPaXOBYBATHCh 5K JIii.
6.5.2.2 AHAJITHYHMI MEeTO]
@) Crin 3aCTOCOBYBATHU
aHAJITHYHUNA METO/.
[MPUMITKA  MoxHa  BUKOPHCTOBYBATHU
OpUKIa]  aHAJITHYHOrO  BHM3HAYEHHS  HeCy4yoi
3IATHOCTI, HaJaHWUW B momatky D.
(2)P  Cnig  posrasimaTH  aHANITUYHY  OLIHKY
KOPOTKOCTPOKOBHX 1 JOBrOCTPOKOBHUX BEIWYHMH Ry,
0c00JIMBO APiOHO3EPHUCTUX IPYHTIB.
(3)P Sxmo MacuB HECKENbHOro abo CKEeIBbHOro
IpyHTY mif (QYHAAMEHTOM MpPEACTaBIs€  SBHY
mapyBaTy a00 HEOAHOPIAHY CTPYKTYpY, NPUHHITHI

3araJIbHOBIIOMUNA

serviceability limit state loads so as to satisfy the
requirements of all relevant limit states;

— a prescriptive method in which a presumed
bearing resistance is used (see 2.5).

(6) Calculation models for ultimate and
serviceability limit state design of spread
foundations on soil given in 6.5 and 6.6 respectively
should be applied. Presumed bearing pressures for
the design of spread foundations on rock should be
applied according to 6.7.

6.5 Ultimate limit state design
6.5.1 Overall stability

(1)P Overall stability, with or without the
foundations, shall be checked particularly in the
following situations:

— near or on a natural or man-made slope;

— near an excavation or a retaining wall;

— near a river, a canal, a lake, a reservoir or the sea
shore;

— near mine workings or buried structures.

(2)P For such situations, it shall be demonstrated
using the principles described in Section 11, that a
stability failure of the ground mass containing the
foundation is sufficiently improbable.

6.5.2 Bearing resistance

6.5.2.1 General

()P The following inequality shall be satisfied for
all ultimate limit states:

(6.1)

(2)P Rd shall be calculated according to 2.4.

(3)P Vd shall include the weight of the foundation,
the weight of any backfill material and all earth
pressures, either favourable or unfavourable. Water
pressures not caused by the foundation load shall be
included as actions.

6.5.2.2 Analytical method

(1) A commonly recognized analytical method
should be used.

NOTE The sample analytical calculation for

bearing resistance given in Annex D may be used.
(2)P An analytical evaluation of the short-term and
long-term values of Rd shall be considered,
particularly in fine-grained soils.
(3)P Where the soil or rock mass beneath a
foundation presents a definite structural pattern of
layering or other discontinuities, the assumed
rupture mechanism and the selected shear strength
and deformation parameters shall take into account
the structural characteristics of the ground.



MeXaHi3M pylHyBaHHs, BHOpaHi HapamMeTpu MIlIHOCTI
Ha 3CyB 1 1epOpPMAaTUBHOCTI TMOBUHHI BpPaXOBYBaTH
CTPYKTYPHIi XapaKTEepUCTUKHU TPYHTY.

(4)P Konu BU3HAauYae€THCS MPOEKTHA HeCcyda 3AaTHICTD
¢dyHIaMEHTy Ha WIapyBaTOMY MAacCHBi, BIIACTHBOCTI
SIKOTO 3HAYHO 3MIHIOKOTBCS 3aJIOKHO BiJ IIapy,
MPOEKTHI BEMUYMHU TapaMerpiB IPYHTY TOBUHHI
BHU3HAYATHUCS JJIsl KOYKHOTO Iapy.

(5) Skmo wminmHa Qopmaris 3ansrae mix ciaadKoro
(dopmalriero, HeCcydy 37aTHICTh MOXKHA BH3HAYaTH,
BUKOPUCTOBYIOUHM TMapaMeTpH OMOpY 3pPYIICHHIO
cnabkoi ¢opmamii. st mpoTuinexHoi cuTyaii ciin
MEepeBipUTH  BTpaTy  HECY4oi 3JaTHOCTI  IpH

MPOJIABIIOBAHHI.
(6) AHanmiTH4HI METOOM 4YacTO HE MPHUAATHI IS
MPOSKTHUX  CHUTYyallili,  OXapaKTEepU30BaHUX B

6.5.22(3)P, 6.5224)P i 6.5.2.2(5). Tom mis
BHU3HAYEHHS HAHOUIBI HECTIPUSTIUBOIO MEXaHi3My
pYHHYBaHHS CJTiJ] BAKOPUCTOBYIOTH YMCIIOBI METOJIH.
(7) MoxyTts OyTH 3aCTOCOBaHI BU3HAYCHHS 3arajibHOT
cTifikocTi, ornmcani B Po3mimi 11.

6.5.2.3 HaniBeMnipuuHuii meTon

(1) Cmig  3acTocoByBaTH  3arallbHONPUHHSITHI
HaIiBEMITIPUIHUA METO/,

I[TPUMITKA  PexomeHmyeThcs MpUKIaj
HaITIBEMITIpUYHOTO METOAY IS OIlIHKK Hecydoi
3IaTHOCTI 3 BUKOPHUCTAaHHSIM pe3yNIbTaTiB
MIpECiOMETPUIHNX BUIIPOOYBaHb, HanaHuii B JlomaTtky
E.
6.5.2.4 Meroa npunmucy 3 BHKOPHCTAHHIM
aonycTuMoi (mepeadayyBaHoi) Hecy4oi 31aTHOCTI
(1) Cmig 3acToCcOBYBaTH 3arallbHONPHUHHITANA METOJ
npunucy (METOJ, OCHOBaHWUH Ha TIONEepPeIHBOMY

JOCBIi), OCHOBaHUI Ha JIOITyCTUMI I
(mepenbadyBaHiil) HeCydii 31aTHOCTI.
[NPUMITKA Pexomenayetrbes 3pa3ox

METOAy /Uil BU3HAYEHHS IiependadyBaHOi Hecydoi
3maTtHocTi s (pyHmaMeHTIiB HErJIrnOoKOoro
3aKJaJaHHsl Ha CKEIbHOMY TIPYHTI, HalaHud Yy
ponatky G. Komm Takuii MeTom 3aCTOCOBYETHCS
MPOCKTHUH pPEe3yabTaT IOBHHEH OLIHIOBAaTHCh Ha
OCHOBI CITIBCTABIIFOBAHOTO JIOCBIiITy.

6.5.3 Onip KoB3aHHIO

(1)P fxmo HaBaHTa)XeHHS HE MEPIEHAMKYISIPHI O
OoCHOBH (yHIAMeHTy, (hyHIAMEHTH CIIii TepeBipsATH
Ha pyHHYBaHH TP KOB3aHHI 10 OCHOBI.

(2)P IloBrHHA 3a7J0BONBHSATUCH HACTYITHA HEPIBHICTH:

Hd < R4 + Rpa

(3)P Hy noBrHHA BKJIIOYATH IMPOEKTHI BEMUYUHU Oy/Ib
SKMX aKTUBHUX  CHJl IpPYyHTy, WIO JilOTb  Ha
(dhyHIaMeHT.

(4)P Ry moBMHHA BU3HAYATUCH Y BiINOBiAHOCTI 3 2.4.
(5) Bemuumam Ry i Rpg TOBMHHI BiamoBimaTu
MOPSIIKY O4iKYBAHOTO MEPEMILlIeHHS IPU TPAHUIHOMY
CTaHI 3a BaHTAXKEHHSAM, L0 po3raspaeTbes. Jlis
BEIMKAX  MEpeMilleHb  HEOOXiZHO  PO3IJSIHYTH

(4)P When calculating the design bearing resistance
of a foundation on layered deposits, the properties
of which vary greatly between one another, the
design values of the ground parameters shall be
determined for each layer.

(5) Where a strong formation underlies a weak
formation, the bearing resistance may be calculated
using the shear strength parameters of the weak
formation. For the reverse situation, punching
failure should be checked.

(6) Analytical methods are often not applicable to
the design situations described in 6.5.2.2(3)P,
6.5.2.2(4)P and 6.5.2.2(5). Numerical procedures
should then be applied to determine the most
unfavourable failure mechanism.
(7) The overall stability calculations described in
Section 11 may be applied.
6.5.2.3 Semi-empirical method
(1) A commonly recognized semi-empirical method
should be used.

NOTE The sample semi-empirical method for
bearing resistance estimation using pressuremeter
test results given in Annex E is recommended.

6.5.2.4 Prescriptive method using presumed
bearing resistance

(1) A commonly recognized prescriptive method
based on presumed bearing resistance should be
used.

NOTE The sample method for deriving the
presumed bearing resistance for spread foundations
on rock given in Annex G is recommended. When
such a method is applied, the design result should be
evaluated on the basis of comparable experience.

6.5.3 Sliding resistance

()P Where the loading is not normal to the
foundation base, foundations shall be checked
against failure by sliding on the base.

(2)P The following inequality shall be satisfied:

(6.2)

(3)P Hgq shall include the design values of any active
earth forces imposed on the foundation.

(4)P Rgq shall be calculated according to 2.4.

(5) The values of Rq and Ry;q should be related to the
scale of movement anticipated under the limit state
of loading considered. For large movements, the
possible relevance of post-peak behaviour should be
considered. The value of Ry.q selected should reflect



MOKJIUBUI JIOpEYHUI MOCT-TIIKOBHH CTaH
(moBeninky). BemuunmHa Rp,q mOBHMHHA BHOMpaTHCA
Tak, MO0 BOHA BigoOpaxkana BIPOTiIAHWUN TepMiH
CITyOU CTIOpyIH.

(6)P Idns ¢hbyHIaMEHTIB, PO3TAIIOBAHUX B MEXaX 30HH
CE30HHMX  TepeMilleHb  T[JIMHUCTHX  IPYHTIB,
HEOOXiIHO PO3TNIAJaTH MOXKIUBICT BiIpUBY TIIMHH
BiJl BEpTHKAJIbHHX TpaHedl (yHAaMEHTy BHACHTIJOK
yCaJKH.

(7)P HeoOximHO po3risgaTH MOXKIUBICTH BUHECEHHS
IPyHTY mepen (QyHIaMEHTOM YHACHiJoK epo3ii abo
JISUIBHOCTI JIFOIUHU.

(8)P st npeHoBaHMX yMOB MPOEKTHHUU OIIip 3CYBY,
Rq, MMOBMHEH BHU3HA4YaTUCh a00 KoeDillieHTOM
(MHOXXHUKOM) BJIACTHBOCTEH TIpyHTYy abo omopy
IPYHTY, SIK BKa3aHO:

Rd = V'a tg dd
abo
Ra= (V4 tg d4) /yr:n

[NPUMITKA VY mporeci mpoeKkTyBaHHS, €
BIUIUB Jiii € MHOXHHUKOM, OKpeMHUH KoedilieHT s
nii (yr) € 1,01 V'g = V'x B piBHsHHI (6.3 b).

(9)P Ilpu BuzHaueHHi V'q HEOOXiTHO BpaxOBYBATH YU
Hy1V'q € 3a1eKHUMHU Y1 HE 3aJICKHUMHU TISIMH.

(10) IlpoexTHHIA KyT TEPTA dg MOKE OYTH IOITYTIICHII
pIBHEM MIPOCKTHIM BEITMIHHI e(EKTUBHOIO
KPUTHYHOTO CTaHy KyTa OMOPY 3CYBY (BHYTPIIIHBOTO
TEepPTs) ¢'cv:d JUIS BUTOTOBIIFOBAHUX Ha MICITI OETOHHUX
bynnameHTiB i piBHEM 2/3 fov;q Ui Tagkux 36ipHUX
¢yanamenTiB. byap axkuM e eKTHBHUM 3UEIIEHHSM C'
CITiJ] HEXTYBaTH.
(11)P [lns HempeHOBaHMX YMOB IIPOEKTHHUH OIIip
3cyBy Rg¢, HeoOXximHO BHW3HauaTH abo KoedilieHTOM
(MHO)KHMKOM) BJACTHBOCTeH TIpyHTYy abo omopy
IPYHTY, SIK BKa3aHO:
Ra = Ac Cuyd

abo

Ry = (AcCu;k) / YR;h

(12)P fxkmo MOXIMBE TOTPAIUITHHS BOAM abo
MOBITPSL y KOHTAKT MK (DYHIAMEHTOM i TJIMHHUCTUM
HEPEHOBAHUM IPYHTOM, CIIiJi BUKOHYBAaTH HACTYIHY
MepeBipKy:

Ra<0,4 Vy

(13) Bumororo (6.5) MOKHA HEXTYBAaTH TiLIBKH, SIKIIO
YTBOPEHHS 3a30py MK (yHIaMEHTOM i IpyHTOM Oyze
MEPEeIKOKTH MPHUCMOKTYBaHHIO B 30HAax, JIe € He
MO3UTHUBHUM PEAKTUBHUM THCK

6.5.4 HaBanTa:keHHst 3 BEJIMKHM
€KCHEHTPUCHTETOM
(1P Komn EKCLIEHTPUCUTET HaBaHTaKCHHS

nepesuiye 1/3 mupHHU NPSIMOKYTHOTO (DYyHIAMEHTY
abo 0,6 pamiycy kpyriaoro ¢yHAaMeHTy, MOBHHHI

the anticipated life of the structure.

(6)P For foundations bearing within the zone of
seasonal movements of clay soils, the possibility
that the clay could shrink away from the vertical
faces of foundations shall be considered.

(7)P The possibility that the soil in front of the
foundation may be removed by erosion or human
activity shall be considered.

(8)P For drained conditions, the design shear
resistance, Rq, shall be calculated either by factoring
the ground properties or the ground resistance as
follows;

(6.3a)
(6.3b)

NOTE In design procedures where the
effects of actions are factored, the partial factor for
the actions (ye) is 1,0 and V’4 = V’¢ in equation
(6.3b).

(9)P In determining V'4, account shall be taken of
whether Hq and V'q are dependent or independent
actions.

(10) The design friction angle d4 may be assumed
equal to the design value of the effective critical
state angle of shearing resistance, ¢'w.q, for cast-in-
situ concrete foundations and equal to 2/3 fe.q for
smooth precast foundations. Any effective cohesion
¢' should be neglected.

(12)P For undrained conditions, the design shearing
resistance, Rq, shall be calculated either by factoring
the ground properties or the ground resistance as
follows:

(6.4a)
(6.4b)

(12)P If it is possible for water or air to reach the
interface between a foundation and an undrained
clay subgrade, the following check shall be made:

(6.5)

(13) Requirement (6.5) may only be disregarded if
the formation of a gap between the foundation and
the ground will be prevented by suction in areas
where there is no positive bearing pressure.

6.5.4 Loads with large eccentricities

(1)P Special precautions shall be taken where the
eccentricity of loading exceeds 1/3 of the width of a
rectangular footing or 0,6 of the radius of a circular
footing.



OyTu IpUHHATI crienianbHi 3am001KHI 3aCO0H.

Taxi 3aco0H BKIIIOYAIOTH:

- peTenbHy TEpeBIpKY MPOSKTHUX BEMHYUH T Y
BigmoBigHOCTI 3 2.4.2;

- BH3HAYCHHS TIOJIOXKCHHS Kparo (QyHIAMEHTY 3
BpaxyBaHHSM OyAiBEIbHUX JIOMYCKIB.

(2) Slkmo cnenianbHi 3aX0QM HE MPUHAMAIOTHCS i
qac poOiT, Jonycku npuitmarorscs 10 0,10 M.

6.5.5 PyiiHyBaHHA KOHCTpPYKUii, 00yMOBJIeHe
nepeMilieHHAM (pyHAAMEHTIB

(1)P HeobximHo OpaTm 10 yBaru HEpPiBHOMIpHI
BEPTUKANBbHI 1  TOPH3OHTANBHI  TEpeMillleHHs
(dbyHIaMEHTY 1 TIepeKOHATHCS, 10 BOHU HE BEIYTh JI0
TPAaHUYHOTO CTaHy 3a BTPATOK HECydoi 37aTHOCTI
CTIOpY/IH..

(2) Homyctumya Hecy4da 3[aTHICTH MOXe OyTH
BCTaHOBJIeHa (AMBHUCH 2.5), 32 yMOBH, IIIO
MepeMillieHHsT He BeAyTh JIO TPAaHHYHOTO CTaHy 3a
BTPATOO HECYUOl 3JJATHOCTI CIIOPYIH.

(3) HAnsa rpyHTY, SKHH MOXE CIydyBaTHCh, TTOBHHHA
OyTH BUKOHAHA OIlIHKAa HEPIBHOMIPHOCTI MigHoOMy i
(dyHIaMEHTH Ta cropy/a 3alpOeKTOBaHi 3 MPOTHIIEI0
a00 BPIBHOBaYKEHHSIM I[bOTO.

6.6 IlIpoexkTyBaHHSI 3a IpPaHMYHHM CTAHOM 32
NPUAATHICTIO 10 eKkcnJyaramii (3a
eKCIIyaTaniiiHUM IPAHUYHUM CTAHOM)

6.6.1 3arajibHi N0J105KEHHS

(1)P HeoOximHo Opatm 10 yBaru mepeMIIeHHS, SKi
OOyMOBJICHI MmissMM Ha (YHIAMEHT, TaKUMH SIK
BKazaHo y 2.4.2(4).

(2)p  Ilpm  omiHm  amMIUNITYod  TMepeMimeHb
(dhyHIaMeHTiB Heo0XimHO BpPaxOBYBaTH
CITIBCTABIIOBAHUN JOCBiA, K BH3HaueHo B 1.5.2.2.
Axmo  HeoOXimHO  CIim  TakoX  BHUKOHYBATH
BU3HAYCHHS TIEPEMIITICHb.

(3)P Jlns cnabkux TIWH BHU3HAYEHHS OCITaHHS
MIOBUHHO BHKOHYIOTBCS 3aBKIH.

(4) dns pynmaMeHTiB HErmuMOOKOro 3akiaJaHHA, Ha
YKOPCTKHX 1 MIITHUX rrHaX ['eorexHiunoi Kareropii 2
i 3, BU3HAYEHHS BEPTUKAJHHOTO TEpEeMilIeHHS
(ocimanHs) TOBHHHO OyTH  0COOIMBO OOOB’SI3KOBE.
MoxyTe OyTH BHUKOPHUCTaHI METOAW BU3HAYECHHS
OCiZJaHb, BUKJIMKaHI HAaBaHTAXKEHHSAMH Ha (yHIaMEHT,
HajaHi y 6.6.2.

(5)P IlpoexTHi HaBaHTaXXeHHS B I'PaHUYHOMY CTaHi
3a TMPUAATHICTIO [0  eKCIUTyaTamii HeoOXiaHO
BHUKOPUCTOBYBATH, KOJIM BU3HAYAIOTHCS MEPEMILICHHS
dbyHmaMenTy s MOpPIBHAHD 3  KPUTEPIIMU
MIPUIATHOCTI /IO eKCILTyaTalfii.

(6) BusHaueHHs oOcimaHb HE CIif] PO3TISAIATH, SIK
TouHi. BOHM matoTh nutie HabM>KEeHyY OIIHKY.

(7)P  IlepemimieHHst (QyHZAMEHTY HOBMHHI OyTu
pO3MIIAHYTI B 000X BHIIAAKaX IEPEMIlIeHb, SK IS
ycboro  ¢GyHIaMeHTy, Tak 1  HEpIBHOMIPHHX
nepeMilieHb YacTHH QyHIaMEHTY.

(8)P [Hist cycimHix ¢(yHmameHTIB i HaCUIiB HMOBHHHA
Oyrn B3sTa 1O yBard, KOJNM BHU3HAYAETHCA

Such precautions include:

— careful review of the design values of actions in
accordance with 2.4.2;

— designing the location of the foundation edge by
taking into account the magnitude of construction
tolerances.

(2) Unless special care is taken during the works,
tolerances up to 0,10 m should be considered.

6.5.5 Structural failure due to foundation
movement

(1)P Differential vertical and horizontal foundation
displacements shall be considered to ensure that
they do not lead to an ultimate limit state occurring
in the supported structure.

(2) A presumed bearing pressure may be adopted
(see 2.5) provided displacements will not cause an
ultimate limit state in the structure.

(3)P In ground that may swell, the potential
differential heave shall be assessed and the
foundations and structure designed to resist or
accommodate it.

6.6 Serviceability limit state design
6.6.1 General

(1)P Account shall be taken of displacements caused
by actions on the foundation, such as those listed in
2.4.2(4).

(2)P In assessing the magnitude of foundation
displacements, account shall be taken of comparable
experience, as defined in 1.5.2.2. If necessary,
calculations of displacements shall also be carried
out.

(3)P For soft clays, settlement calculations shall
always be carried out.

(4) For spread foundations on stiff and firm clays in
Geotechnical Categories 2 and 3, calculations of
vertical displacement (settlement) should usually be
undertaken. Methods that may be used to calculate
settlements caused by loads on the foundation are
givenin 6.6.2.

(5)P The serviceability limit state design loads shall
be used when calculating foundation displacements
for comparison with serviceability criteria.

(6) Calculations of settlements should not be
regarded as accurate. They merely provide an
approximate indication.

(7)P Foundation displacements shall be considered
both in terms of displacement of the entire
foundation and differential displacements of parts of
the foundation.

(8)P The effect of neighbouring foundations and
fills shall be taken into account when calculating the
stress increase in the ground and its influence on



301IbIIEHHS] HAMPY)KEHHA B IPYHTI 1 HOro BIUIMB Ha
CTHCIHBICTb IPYHTY.

(9)P MoknuBHil jiana3oH BiTHOCHUX TIOBOPOTIB
($yHIaMEHTY TIOBUHEH OLIIHIOBATHCA 1 MOPIBHIOBATHCS
3 BIQNOBIAHUMH TPaHUYHUMH BETHMYUHAMU IS
nepemileHb, BKa3aHux B 2.4.9.

6.6.2 Ocinanns

(1)P BuznaueHHs ocijaHb OBUHHI BKIIOYaTH 0OM/IBA
MUTTEBI 1 JOBrOTPHUBAJII OCITaHHS.

(2)P Jns Bomormx 1 BOJOHACHYEHUX IPYHTIB
HEOOXITHO pO3MNIAgaTH TPU HACTYIHI CKJIAJOBI
OCiTaHHS:

- Sp0  MHUTTEBE  OCIMaHHSA, IS  ITOBHICTIO
BOJIOHACHMYEHOTO TPYHTY BHKIMKaHe Jedopmarriero
3pYILICHHS TPU MOCTIHHOMY 00'€Mi, a IS YacCTKOBO
BOJIOHACHYEHOTO  IPYHTY  BHUKJIMKaHe  oboma
nedopMarlisiMu 3pyIIeHHS 1 3MEHIIIEHHSIM 00'eMYy;

- S1: ocCiZaHHs, 00YMOBJICHE KOHCOJIIAIIIETO;

- S : OCiZIaHHsI, TOB3YYICTIO.

(3) Jns omiHkM oOcimaHb HEOOXITHO 3aCTOCOBYBaTH
3aralbHONPUITHSITI METOTH.

I[TPUMITKA Moxe  3acTocOoBYBaTHUCS
MPHUKIA] METOMIB  JUIS OIIHKK OCiTaHb So 1 Si,
HajaHuil B nonatky F.

(4) OcobnmBy yBary HeOOXiTHO MPHUAUIATH IPYHTaM 3
BMICTOM OPTaHIKH 1 CTA0KUM TJIMHAM, OCiIaHHS SKUX
MOXKE TIPOAOBXKYBATHUCS HECKIHYEHHO Vy 3B'SI3KY 3
TTOB3YYICTIO.

(5) T'mibuua cTHCIMBOI TOBINI  IPYHTY, SKY CIIix
pO3TIIANATA TPW BHU3HAYCHHI OCiaHb, TIOBHHHA
3anmexatd Bim Qopmu 1 po3mipiB dyHIaAMEHTy, 3MiH
JKOPCTKOCTI TPYHTY 3 TIHOWHOIO 1 BIACTaHI MiX
qacTHHAMU (yHIAMEHTY.

(6) B mpunnmmi, usg romOuHa MoXke OyTH B3fTa SIK
rOMHA, 7€ BEepPTHKAIbHE e(PEeKTHUBHE HAIPYXEHHA,
0o0OyMOBJIEHE HaBaHTaXEHHSM Binl (yHIaMeHTy,
cxnanae 20% epeKTUBHOTO Ie€0CTaTHYHOIO TUCKY.

(7) Y Oaratpox BUTIAIKax I TITHOMHA MOXKE TaKOXK
MpU3HAYATUCH TIpHONIM3HO Bix 1 mo 2  pa3 Oimbpire
MUPUHA (YHIAMEHTIB, aie MOXXe OyTH MEHIIOI s
MUPIIKX 1 c1a00 HaBaHTAXEHUX (PyHAaMEHTHUX TUTAT

[MPUMITKA Ile#i migxig HEMpUAATHUN IS
IyXe c1abKuX TPYHTIB.

(8)P Cmig BpaxoByBaTH IOJATKOBE OCITaHHSI, SKE
MOXK€ CTaTHUCSA YHACTIOK 30UIbIIEHHS MIUTBHOCTI
TPYHTY TiJ Ji€r0 HOro BIacHOI Bary.

(9) Cnin B3sTH 10 YBaru HacCTyITHE:

- MOXJIMBHMH BIUIMB BJIACHOI Baru, HIiATOILICHB 1
BiOparliif Ha HACUITH 1 TPOCaI0YHI IPYHTH;

- BIUIMB 3MIiH HAaIlpy)KEHOr0 CTaHy B JApOOJIEHHX
ITICKax.

(10)P Ilpm HeoOximHOCTI caix mpuiMatu JiHilHI abo
HeNiHiiHI Mozgeni nepopMyBaHHS IPYHTY.

(11)P Illo6 mepexkoHaTHcs, IO TPAHUYHUN CTaH 3a
HENMpHUIATHICTIO 10 eKCIUTyaTalii He JOCSITHYTHH, PH
OLiHIII HEpIBHOMIPHUX oOCiJaHb 1 BIAHOCHHX
MOBOPOTIB  CJiA  BpaxoBYBaTH  SK  PO3MOILI
HaBaHTa)XEeHb, TaK 1 MOYKJIMBY 3MiHHICTb IPYHTY.

ground compressibility.

(9)P The possible range of relative rotations of the
foundation shall be assessed and compared with the
relevant limiting values for movements discussed in
2.4.9.

6.6.2 Settlement

(1)P Calculations of settlements shall include both
immediate and delayed settlement.

(2) The following three components of settlement
should be considered for partially or fully saturated
soils:

— So: immediate settlement; for fully-saturated soil
due to shear deformation at constant volume, and
for partially-saturated soil due to both shear
deformation and volume reduction;

— s1: settlement caused by consolidation;

— So: settlement caused by creep.

(3) Commonly recognized methods for evaluating
settlements should be used.

NOTE The sample methods for evaluating
settlements sp and s; given in Annex F may be
applied.

(4) Special consideration should be given to soils
such as organic soils and soft clays, in which
settlement may be prolonged almost indefinitely due
to creep.

(5) The depth of the compressible soil layer to be
considered when calculating settlement should
depend on the size and shape of the foundation, the
variation in soil stiffness with depth and the spacing
of foundation elements.

(6) This depth may normally be taken as the depth at
which the effective vertical stress due to the
foundation load is 20 % of the effective overburden
stress.

(7) For many cases this depth may also be roughly
estimated as 1 to 2 times the foundation width, but
may be reduced for lightly-loaded, wider foundation
rafts.

NOTE This approach is not valid for very soft
soils.

(8)P Any possible additional settlement caused by
self-weight compaction of the soil shall be assessed.

(9) The following should be considered:

— the possible effects of self-weight, flooding and
vibration on fill and collapsible soils;

— the effects of stress changes on crushable sands.

(10)P Either linear or non-linear models of the
ground stiffness shall be adopted, as appropriate.
(11)P To ensure the avoidance of a serviceability
limit state, assessment of differential settlements
and relative rotations shall take account of both the
distribution of loads and the possible variability of
the ground.

(12) Differential settlement calculations that ignore



(12) BuzHaueHHS HEpIBHOMIpHHX OCiaHb, fAKi He
BPaxOBYIOTh  KOPCTKICTb  KOHCTPYKIIii, = MAaloTh
TEHICSHI[II0 10 3aBHUIICHHS BeIWYMHH ocimanHs. 11]o0
OOTPpYHTYBAaTH MEHIII 3HAYCHHS HEPIBHOMIPHOTO
OCIJaHHSA, MOXKHAa BHMKOHATH aHaJ3 B3acMmomil B
CHCTeMI IPYHT — CIIOpYy/a.

(13) J[lo3BonsieTbcs BPaxOBYBAaTH PI3HUINIO Mk
HEPIBHOMIPHUM OCIZJaHHSIM, BUKJIMKAHUM 3MIHHICTIO
IPYHTY, SIKIIO II€  HE TOMEpeKye >KOPCTKICTh
CTIOpYIH.

(14) dna dbynaaMeHTiB HErNIMOOKOro 3aKiaJaHHs Ha
MPUPOIHOMY TIPYHTI, HEOOXIJIHO BpaxoByBaTH TOM
(akT, 10 HEeBeNWKEe HEPIBHOMIPHE OCIJJaHHS MaTUMe
Micie 'y OyAb-IKOMy BHUINAJKy, HaBiThb SKIIO
BHU3HAYEHHS JI/TyTh JIMIIC PIBHOMIpHE OCiIaHHSI.

(15) Omninka Haxuwiny GyHOaAMEHTY A  Ai€l0
CKCI[CHTPUCUTETY  HAaBAaHTAKEHHS  BUKOHYETHCH,
JIOTTYCKAFOIH JHHINHAN PO3IOTLT BEJINYNH
KOHTAaKTHOTO  (PEaKTHBHOTO) THUCKY, 1  IOTIM
BM3HAUalOTh  OCITaHHS B  KYTOBUX  TOYKax
(dbyHIaMEHTY, BHUKOPUCTOBYIOUH PO3MOLT
BEPTUKAJIBHUX HAIPY)XEHb B TPYHTI IiJ] KOXKHOIO 3
KyTOBHX TOYOK 1 METO/IM BU3HAUCHHSI, BKa3aH1 BHIIIE.
(16) [na 3BU4aifHUX CIOPYA Ha TIIMHHUCTUX TPYHTaX,
HEOOXiHO BU3HAYATH BiTHOMICHHS HECYJOi 31aTHOCTI
IPYHTY TIpY HEAPEHOBAHOMY IOYAaTKOBOMY OIOpi Ha
3CyB hi(s) MIPHUKIIAIEHOTO eKCIUTyaTaIiifHOTO
HaBaHTaKeHHA  (muBuCch  2.4.8(4). Skmo 11e
BIJHOIIIEHHS MEHIIE 3, TO BU3HAUYEHHS OCIJaHHS CIIif
BUKOHYBAaTH OO0OB'SI3KOBO. SIKIIO 1€ BiAHOIICHHS
MeHIIle 2, TO BH3HAYEHHS IOTPIOHO BHUKOHYBATH 3
BpaxyBaHHSM BILTUBY HENiHIHHOI )KOPCTKOCTI IPYHTY.
6.6.3 Iliguarra

(1P Caix po3pi3HATH HACTYITHI TPUYUHY i THATTS:

- 3MeHIIeHHs e()eKTUBHOI HAIIPYKEHHS,

- BETUYMHY PO3IMMPEHHS YaCTKOBO BOJOHACHYCHUX
IpynTiB;

- MIHATTS, IpUTAMaHHE IOCTIHHOMY 00'€eMY TPYHTY Y
CTaHi TOBHOTO HACHYCHHS, BHUKIMKAHE OCITaHHIM
npuIerioi (6JIM3bK0 PO3TAIIOBAHOT) CIIOPY/IH.

(2)P BusHaueHHs MigiOMy TIOBHHHI BKJIFOYATH
o0HMaBa MUTTEBHUU 1 CHOBIIBHEHUH ITITIOM.

6.6.4 Ananis BiOpauii

(1)P Posmipn ¢QyHmaMeHTIB KOHCTPYKIA, Ha sKi
TIOTH abo AKki cami  HeCyTh BiOparriiiHi
HaBaHTa)KEHHS, TIOBUHHI MTPOEKTYBATHCS TaK, 100 IIi
BiOparii He BUKIMKAIA HaJMIPHUX OCiJaHb.

(2) HeoOximHO pUHHATH 3aX0/H, 00 HE AOMYCTUTH
pe30oHaHCy MIXK 4aCTOTOIO JTUHAMIYHOTO
HaBaHTAXXEHHS 1 KPUTUYHOI YaCTOTOK CHCTEMH
(yHIaMEHTIB — IPYHT, a TAKOX PO3PIIKEHHS TPYHTY.

(3)P Bibpanii, cnpuurHeHi 3eMierpycamu, HMOBHHHI
BpaxoByBaTHcs BUKoprcToByroun EN 1998.

6.7 dyHagaMeHTH Ha CKeJli; [J0JAAaTKOBi MUTAHHS
NPOEKTYBAHHS

(1)P Ilpu mpoexTyBaHHI (yHAAMEHTIB HETJIMOOKOTO
3aKiIaJaHHs Ha CKeNli  CIiJl BPaxoBYBaTH HACTYIHI

the stiffness of the structure tend to be over-
predictions. An analysis of ground-structure
interaction may be used to justify reduced values of
differential settlements.

(13) Allowance should be made for differential
settlement caused by variability of the ground unless
it is prevented by the stiffness of the structure.

(14) For spread foundations on natural ground, it
should be taken into account that some differential
settlement normally occurs even if the calculation
predicts uniform settlement only.

(15) The tilting of an eccentrically loaded
foundation should be estimated by assuming a linear
bearing pressure distribution and then calculating
the settlement at the corner points of the foundation,
using the vertical stress distribution in the ground
beneath each corner point and the settlement
calculation methods described above.

(16) For conventional structures founded on clays,
the ratio of the bearing capacity of the ground, at its
initial undrained shear strength, to the applied
serviceability loading should be calculated (see
2.4.8(4)). If this ratio is less than 3, calculations of
settlements should always be undertaken. If the ratio
is less than 2, the calculations should take account
of non-linear stiffness effects in the ground.

6.6.3 Heave

()P The following causes of heave shall be
distinguished:

— reduction of effective stress;

— volume expansion of partly saturated soil;

— heave due to constant volume conditions in fully
saturated soil, caused by settlement of an adjacent
structure.

(2)P Calculations of heave shall include both
immediate and delayed heave.

6.6.4 Vibration analysis

(1) P Foundations for structures subjected to
vibrations or to vibrating loads shall be designed to
ensure that vibrations will not cause excessive
settlements.

(2) Precautions should be taken to ensure that
resonance will not occur between the frequency of
the dynamic load and a critical frequency in the
foundation-ground system, and to ensure that
liquefaction will not occur in the ground.

(3)P Vibrations caused by earthquakes shall be
considered using EN 1998.

6.7 Foundations on rock; additional design
considerations

(1)P The design of spread foundations on rock shall
take account of the following features:

— the deformability and strength of the rock mass



¢dakropu:

- neopMaTHBHICTE 1 OIIp CKEIbHUX MAacHBIB 1
JOMYCTHME OCiIaHHS MiATPUMYBaHOI CIIOPYAH;

- HasBHICTH A (QyHIAMEHTIB cladKimMX Mapis,
HaTpUKIaJ], PO3UMHHHUX CTPYKTYp a00 30H PO3JIOMIB;
- HasgBHICTh TPIIMH HAIIapyBaHHs a0o iHIIUX
MOPYIIEHb CYIUIBHOCTI 1 X XapaKTepUCTUKU (IS
NpHUKIaxy  3allOBHEHHS, CYIUIBHICTh, INUpPUHA,
PETYISIpHICTB);

- CTYMiHb BUBITPLIOCTI, pyHHYBaHHS, TPIIIUHYBATOCTI
CKEJIbHOI IOPOJY;

- TIOpYIIEHHS MPHUPOJHOTO CTaHy CKENbHOI MOPOJIH,
MOB's3aHi 3 OyniBelTbHUMU poGotamu B
OesnocepeHiil OIM3BKOCTI Bij hyHIAMEHTIB Taki SIK,
HATPUKIAJ, Mia3eMHI po0oTH a00 BUIMKa CXHITy OiIs
dbyHaaMeHTy.

(2) dynnamenTH HErMTUOOKOrO 3aKJaJaHHsS Ha CKei,
K  TpaBWJio, TOBHHHI  pO3paxoByBaTHCS 3
BHUKOPUCTaHHSM METOJLY nependadyBaHuX
(ToTTyCTUMHX) BEIHYMH TUCKIB (HECYYOl 37aTHOCTI).
Jis ayke MIITHUX MarMaTH4YHUX IOPia, T'HEHCOBHX
MOpiJI, BAITHSKIB 1 MIIAHUKIB IependadyBaHa Hecydoi
3MATHICTH ~ OOMEXYEThCS  OMOPOM  CTHUCKYBaHHIO
O6eToHHOTO (PyHIAMEHTY.

I[MPUMITKA PexoMmennoBanuii MeTox uIst
BU3HAYCHHS  HECy4ol  3JaTHOCTI  (yHIAMEHTY
HernmMOOKOro 3aKJafaHHA Ha CKell HaJaHui B
Honatky G.

(3) Ominka  ocimaHHs  (GYHIAMEHTY  MOXE
BUKOHYBAaTHCSI Ha OCHOBI CIIBCTaBIIIOBAaHOTO JOCBiNY,
10 BITHOCUTKCS 10 Kiacudikallii CKeTbHUX MAaCHBIB.
6.8 IlpoexkTyBaHHfl KOHCTPYKUii ¢yHAaMeHTIB
HerJ1u00KO0ro 3aKJIaJaHHs

()P Cmig 3amobiraté pyHHYBaHHIO KOHCTPYKIIi1
(dhyHIaMenTy HErmMOOKOro 3aKIIalaHHs y
BifmoBigHOCTI 3 2.4.6.4.

(2) Po3mominm KOHTaKTHOTO THCKY il >KOPCTKUM
(hyHIaMEHTOM MOXe MNpuiMaTHCh NiHIHHUM. [lns
OOTPYHTYBaHHSA €KOHOMIYHIIIOTO TIPOEKTYBAHHS CIiJ
MPOBECTH JIETANBHIMIMIA aHai3 B3a€MOJIl CHCTeMi
TPYHT — KOHCTPYKITisL.

(3) Posmonmin KOHTAaKTHOTO THCKY TiJ] THYYKHUM
(hyHIaMEeHTOM MOXe OyTH OTpHUMaHHHA MUITXOM
MOJIeNIOBaHHS (pyHAaMeHTy Oankor abo TILTUTOI0
(pocTBEpKOM), PO3TAlIOBAHUMH Ha  CYIUIBHOMY
cepenoBumli abo JEKUTBKOX TPYKHHX elleMEeHTax,
BIJIMOB1THOT )KOPCTKOCTI 1 MIITHOCTI.

(4)P TlpmpatHicTh MO eKCIUTyaTaiii CTpidkoBoro abo
IUTUTHOTO byHIaMeHTy nepeBipsaeTbCs 3
BUKOPUCTAHHSIM HAaBAaHTaXXEHb I'PAaHUYHOTO CTaHy 3a
OpPUIATHICTIO 10  eKciiyaTamii 1 posmogimy
KOHTaKTHOI'O  THCKY, BIINOBimHO  nedopMariism
(dyHIaMEeHTY 1 IPYHTY.

(5) Y mpoeKkTHuX cuTyalisx, e 30CepeKeHl 3yCHIuIs
JNOKIaJeHI 10  CTPIYKOBOro  abo  IUTUTHOTO
¢byHaaMeHTy, 3yCHWJUIS 1 3TMHajJbHI MOMEHTH B
KOHCTPYKLII MOXXHa BH3HAa4YaTH, 3aCTOCOBYIOYU
MoAenb KoedilieHTa peakmii Aus IPYHTY, sKa

and the permissible settlement of the supported
structure;

— the presence of any weak layers, for example
solution features or fault zones, beneath the
foundation;

— the presence of bedding joints and other
discontinuities and their characteristics (for example
filling, continuity, width, spacing);

— the state of weathering, decomposition and
fracturing of the rock;

— disturbance of the natural state of the rock caused
by construction activities, such as, for example,
underground works or slope excavation, being near
to the foundation.

(2) Spread foundations on rock may normally be
designed using the method of presumed bearing
pressures. For strong intact igneous rocks, gneissic
rocks, limestones and sandstones, the presumed
bearing pressure is limited by the compressive
strength of the concrete foundation.

NOTE The recommended method for deriving
presumed bearing resistances for spread foundations
on rock is given in Annex G.

(3) The settlement of a foundation may be assessed
on the basis of comparable experience related to
rock mass classification.

6.8 Structural design of spread foundations

(1)P Structural failure of a spread foundation shall
be prevented in accordance with 2.4.6.4.

(2) The bearing pressure beneath a stiff foundation
may be assumed to be distributed linearly. A more
detailed analysis of soil-structure interaction may be
used to justify a more economic design.

(3) The distribution of bearing pressure beneath a
flexible foundation may be derived by modelling the
foundation as a beam or raft resting on a deforming
continuum or series of springs, with appropriate
stiffness and strength.

(4)P The serviceability of strip and raft foundations
shall be checked assuming serviceability limit state
loading and a distribution of bearing pressure
corresponding to the deformation of the foundation
and the ground.

(5) For design situations with concentrated loads
acting on a strip or raft foundation, forces and
bending moments in the foundation may be derived
from a subgrade reaction model of the ground, using
linear elasticity. The moduli of subgrade reaction
may be assessed by a settlement analysis with an



nependavaeThes MPYKHOIO JTiHIHHOKW. Moayii peakirii
MOXYTh OyTH BH3HA4€HI IIIAXOM aHaNi3y OciiaHb 3
BIJINIOBITHOIO  OI[IHKOKD  PO3MOMLTY KOHTaKTHOI'O
TUCKY. Moayni MOXYyTh KOPEKTYBAaTHUCS Tak, 00
pO3paxyHKOBHI KOHTAKTHUM THCK HE TEPEBUIILYBaB
BEJIMYWH, TOMMYCTUMUX JUIsl JIIHIMHOT TIOBEIIHKY.

(6) IToBHi i HepiBHOMIpHi OcimaHHsI BCi€i cropyau
MOBHHHI PO3paxOBYBaTUCS Y BiIMOBIAHOCTI 3 6.6.2. Y
Jlis 1ux 1iteit Mojesi 3 MOAYJISIMU PEaKIlii 4acTo He
MiAXOASTh. BTl TOYHI METOIH, TaKi sIK pO3paxyHKH
MO KiHIIEBUX eNIeMEeHTaX, MOTPIOHO 3acTOCOBYBAaTH,
KOJITM BpaxyBaHHS B3a€MOJIii CHCTEMH IPYHT-CIIOpY/ia
Jla€ TiepeBayKHUN eeKT.

6.9 IlinroToBKa I'PyHTOBOI OCHOBH

(1)P IpyHT OCHOBM NMOBWHEH OyTH MiArOTOBJIEHHH 3
0ocoONMMBOO  perenbHicTIO.  KopiHHS  pocnuH,
MEpelIKoIn 1 BKIIOUEHHS CJa0KOro IPyHTY TOBUHHI
Oyt BujajeHi 0e3 IMOIIKO/KEeHb IPyHTYy. Byap siki
3aJMIlIeH] SIMKH, TIOBUHHI OyTH 3acHIadi IpyHTOM
(abo iHmMM MaTepiaioM), 00 BiJHOBUTH KOPCTKICTh
HEMOPYIIEHOTO IPYHTY.

(2) Y rpyHTax, 4yTIAMBUX A0 TMOPYIIEHHS 3aJIATaHHSI
TakuX SK TJIWHA TIOCTIIOBHICTH BiIKOITYBaHb IS
BIIAINTYBaHHS (PYHIAMEHTY HErJIMOOKOro 3aKIIaaHHs,
TIOBUHHA 3BECTH JIO MIHIMyMy mMopymieHHS. Sk
IpaBUjIO, JUIi  LBOTO  JOCUTh  BHUKOHYBAaTH
BIKOIIYBaHHS  TOPU30OHTJIBHUMM  IHapamMH. Y
BUNAAKaX, J¢ HEOOXIMHWA KOHTPOIL IIigHOMY,
BIJIKOITYBaHHSI IIOBUHHE BUKOHYBATHUCS 3aXBaTKaMH,
LI0 4epryrThes, HMPU LIbOMY IEPEA BLAKOIYBaHHSIM
KOXXHOI TIPOMDKHOI TpaHIIEel IToNepenHs ITOBHHHA
OyTH 3ammTa 6GETOHOM.

appropriate estimate of the bearing pressure
distribution. The moduli may be adjusted so that the
computed bearing pressures do not exceed values
for which linear behaviour may be assumed.

(6) Total and differential settlements of the structure
as a whole should be calculated in accordance with
6.6.2. For this purpose, subgrade reaction models
are often not appropriate. More precise methods,
such as finite element computations, should be used
when ground-structure interaction has a dominant
effect.

6.9 Preparation of the subsoil

(1)P The subsoil shall be prepared with great care.
Roots, obstacles and enclosures of weak soil shall
be removed without disturbing the ground. Any
resulting holes shall be filled with soil (or other
material) to replicate the stiffness of the undisturbed
ground.

(2) In soils susceptible to disturbance, such as clay,
the sequence of excavation for a spread foundation
should be specified to minimise disturbance.
Usually it is sufficient to excavate in horizontal
slices. In cases where heave is to be controlled,
excavation should be in alternate trenches, the
concrete being cast in each trench before excavating
intermediate ones.



Poznin 7 IlanboBi pyngamMmenTH

7.1 3arajabHi M0JI0KeHHSA

(1)P Ionmoxkennst nuporo Po3aimy 3acTOCOBYIOTBCS J10
MaTb-CTIHOK, BUCSYMX  Tallb,  PO3TATYBaHUX
(BUCMUKYBaHMX) Tajlb 1 TManb TOPU3OHTAIBHO
HAaBaHT@XEHNX (3 OIYHMM HaBaHTAXKEHHSM), SKi
BCTAHOBIIOIOTHCS 3a0MBAaHHSAM, 3aJaBIIIOBAHHSAM 1
3arBUHYYBaHH:IM abo OypiHHsM 3 abo 0Oe3
WH’ €KTyBaHHS (OETOHYBaHHS).

(2) [Monoxenns uporo Po3ainy He ciig 3acTOCOBYBAaTH
0e3rmocepeIHbO 10  MPOSKTYBaHHS nanb, sKi
MpU3HAYEH] /I 3MEHIIICHHSI OCIZIaHb, TAKUX SIK JESKi
IUTUTHO MaJIbOBI POCTBEPKH.

(3)P Ilpu BnamrTyBaHHS Majib CIiJ 3aCTOCOBYBaTH
HACTYITHI HOPMHU:

- EN 1536:1999 — st OypoBuX masib;

- EN 12063:2000 — s mImyHTOBHX OTOPOUKEHB 3
TaJb;

- EN 12699:2000 — 14 3a0MBHHX I1AJIb.

[TPUMITKA EN 14199 BupobHuireo
CreialbHUX TeOTeXHIYHHX pobiT -  Mikpo-nam
3HaXOMATHCS B PO3POOII.

7.2 I'paHuy4Hi cCTaHU

(1)P HeoOximHo po3risyiaTd HACTYIHI TPaHUYHI
CTaHW 1 HEOOXITHO CKJIAIaTH BiIITOBITHUH TIEPEITiK:

- BTpaTa 3arajbHoi HeCTIHKOCTI;

- HemOCTaTHS  HeCyda 3JaTHICTh  HaJIbOBOTO
dbyHIamenry;

- migHiMaHHA a00 HEZOCTAaTHA MIIHICTh TIpH
PO3TATyBaHHI TAJIBOBOTO (PyHIAMEHTY;

- pyWiHyBaHHS TpyHTY, OOyMoOBIeHEe OiYHUM
HaBaHTAXXEHHSM I1aTbOBOTO (QyHIAMEHTY;

- pyliHyBaHHA  TalbOBOI  KOHCTPYKIi  IIpH
CTHCKYBaHHI, PO3TATYBaHHI, BHUTHHI, TOHOBXHHOMY
BHTHHI 1 3pyIIIEHHI;

- koMmOiHOBaHe pyHHYBaHHA IPYHTY 1 MajIbOBOTO
(dhyHIamMenTy;

- KOMOIHOBaHe pyWHYBaHHS IPYHTY i KOHCTPYKIIii,

- HefonmycTuMe (HaaMipHe) OCinaHHs;

- HeJIOIMYCTUME BUITMHAHHS,

- HeZlomycTiMe OidHe IepeMileHHs;

- HeZIOITyCTUMI BiOpartii.

7.3 [ii i mpoexTHi cuTyauii

7.3.1 3arajibHi M0JI0KEHHS

(1) Ilpu BUOOPi MPOESKTHUX CHUTYAIIH CIi/T PO3TIISIIATH
Iii, mepepaxoBaHi B 2.4.2(4).

(2) HaBanTaxkeHHs maib MOXXe OyTH OChOBHM i/abo
OluyHUM.

(3)P IlpoekTHi cutyarlii MOBUHHI BCTAHOBIIOBATUCS Y
BiIOOBIIHOCTI 3 2.2

(4) Amnamiz B3aemoxii MK CIOPYIOH, MaJTbOBUM
(yHIaMEHTOM 1 IPYHTOM MOXe OyTH HEOOXiAHWH s
nokazy (miITBEpIKEHHs), IO MOXIUBI TpPaHUYHI
CTaHU 3aJOBOJICHHI.

7.3.2 Jlii, 00ymMoBJIeHi nepeMillleHHSIM IPYHTY
7.3.2.1 3arajbHi N0JI0KeHHS

(1)P TpyHT 3i BCTAHOBJIEHMMH B HiM MaJsAMH MOXE
OyTH CXWUJIBHUH [0 TepeMillleHb, CIPUYMHEHUX

Section 7 Pile foundations

7.1 General

(1)P The provisions of this Section apply to end-
bearing piles, friction piles, tension piles and
transversely loaded piles installed by driving, by
jacking, and by screwing or boring with or without
grouting.

(2) The provisions of this Section should not be
applied directly to the design of piles that are
intended as settlement reducers, such as in some
piled raft foundations.

(3)P The following standards shall apply to the
execution of piles:

— EN 1536:1999, for bored piles

— EN 12063:2000, for sheet pile walls,

— EN 12699:2000, for displacement piles.
NOTE EN 14199 Execution of special
geotechnical works - Micro-piles is in preparation.

7.2 Limit states

(1)P The following limit states shall be considered
and an appropriate list shall be compiled:

— loss of overall stability;

— bearing resistance failure of the pile foundation;
— uplift or insufficient tensile resistance of the pile
foundation;

— failure in the ground due to transverse loading of
the pile foundation;

— structural failure of the pile in compression,
tension, bending, buckling or shear;

— combined failure in the ground and in the pile
foundation;

— combined failure in the ground and in the
structure;

— excessive settlement;

— excessive heave;

— excessive lateral movement;

— unacceptable vibrations.

7.3 Actions and design situations

7.3.1 General

(1) The actions listed in 2.4.2(4) should be
considered when selecting the design situations.

(2) Piles can be loaded axially and/or transversely.

(3)P Design situations shall be derived in
accordance with 2.2.

(4) An analysis of the interaction between structure,
pile foundation and ground can be necessary to
prove that the limit state requirements are met.

7.3.2 Actions due to ground displacement

7.3.2.1 General

()P Ground in which piles are located may be
subject to displacement caused by consolidation,



KOHCONiali€ro, HaOpsiIKaHHAM (CITy4eHHsIM), CYCiIHIX
HABaHTa)XEHb, MOB3YYICTIO TIPYHTY, 3CyBaMH YH
3emyieTpycaMu. BkazaHe TIOBMHHO BpaxoOBYBAaTHCh
0COONIMBO, OCKUIBKM MOXKE BIUIMBATH Ha Tali,
BUKJIMKAIOUM  HEraTWBHE  IOBEPXHEBE  TEpTs
(meratuBHe TepTsA Mo OivHIA TOBEpxHi), MiAKHOM,
pO3TATyBaHHS, OlYHE HABAHTAYKSHHSI 1 IEPEMIIIICHHS.
(2) Ans umMx cuTyallid MPOEKTHI BETUYMHU MIITHOCTI 1
KOPCTKOCTi  3MIIlyBaHOTO IPYHTY, SIK MPaBHJIO,
MOBHHHI OpPaTUChH K BEPXHi BETUYNHU.

(3)P ns mpoexTyBaHHS MOBUHHO OyTH TPHIHHATO
OJIHE 3 JIBOX HACTYIHUX HAONMXKeHb (MTAXO0MIB):

- TepeMilllecHHS TIPYHTY pO3TISNAETBCS K sl
BukonyeTbecst aHai3 B3aeMOIIT [T BU3HAUYCHHS CHII,
nepeMilIeHsb i gepopmalliil B nai;

- BEpXHS MeXa CHJIH, Ky TPaHT MOXKe TiepeiaBaTH Ha
Mo, MOBUHHA BBOJAMTHUCS SIK TpoekTHa mis. [lpu
OIIHII Ii€T CHMJIM CiJ] BPaXxOBYBaTH OIp IPYHTY i
XapakTep CHIIH, HPEJICTAaBICHOI  Baroo abo
CTHCKYBAaHHSIM 3MII[yBaHOI'O IPYHTY YW 3HAYMUMICTIO
(BETMYMHOIO) TTOPYIIYIOUUX JIiH.

7.3.2.2 HeraTuBHe noBepXHeBe TepTs (HeraTHUBHe
TepTsi Mo OiuHii moBepxHi)

(1)P SIkmo mpoeKTHUH TPpaHWUYHUN CTaH 3a BTPATOIO
HECyJOi 3aTHOCTI BU3HAYAETHCS PO3TILIAIOUN CHITY
HETaTUBHOTO TEPTS, SK Mif0, TO il BeMWYnHA OepeThCs
SK MaKCHMaJIbHa, SIKe MOXKE€ CTBOPUTH OCIJaHHS BiJ
HETaTUBHOTO TEPTS IPYHTY 110 BiJHOIIECHHIO IO TTAJIi.
(2) Ilpn BU3HAYEHHI MaKCUMAaJIBHUX CHJI HETAaTHBHOTO
TepTs HEOOXiTHO BpPaxXOBYBATH OIp 3PYIIEHHIO Ha
KOHTAaKTI TPYHTY 1 CTBONIAa Tali, a TaKOX OCimaHHS
IpyHTY Tig Ji€f0 BJIacHOI Barm 1 MOXJIMBUX
MIOBEPXHEBHX CHJI IOBKOJIA TAJIi.

(3) Bepxus MeXa HEraTHBHOI'O HABAHTAKEHHS IS
TpynH Nalbk MOXe OyTH BU3HAUeHa 3 Baru
MPUTPY3KH, 1O BUKIWKama OCiTaHHA, 1 3
BpaxyBaHHSM 3MiH TIOPOBOTO THCKY, OOYMOBIEHHX
BOJO3HIDKEHHSIM, KOHCOIJalicro ado 3a0MBaHHAM
asb.

(4) SIxkmo ocimaHHS TPYHTY IIiCIS YCTaHOBKM Talli
HEBEIMKE, CKOHOMIYHE MpPOEKTYBaHHA  MOXHA
OTPUMATH, PO3TJIINAIOYN OCITaHHS IPYHTY SIK [0 1
BHKOHYIOUH aHAIIi3 B3a€EMOJI.

(5)P IlpoekTHa BenmnymHA OCiTaHHS IPYHTY IMOBHHHA
BCTAHOBJIIOBATHCS 3 BpaxyBaHHSAM O0'€MHOI Baru i
VIIUTPHIOBAHOCTI  (CTHCKYBAHOCTI) MarepialiB y
BinnoBinHOCTI 3 2.4.3.

(6) Bsaemomis BH3HA4Ya€ThCS Oepydyd [0 yBard
TepeMilleHHS mamni BIZHOCHO OCIIaHHA
HABKOJMIIHBOTO  IPYHTY, OMIp 3PYIIEHHIO IPYHTY
Y3IOBX CTBOJAa Talli, Bary IPyHTY 1 O4iKyBaHi
MOBEPXHEB1 HABaHTAXXEHHsI JOBKOJAa KOXKHOI Tali, sKi
€ TIPUYMHOIO HEraTUBHOT'O TEPTSL.

(7) 3a3Buuail, HeraTMBHE TepTA 1 KOPOTKOYACHE
HAaBaHTQXEHHS  HE  BPaxOBYIOTBCS  pa3oM B
CIOJIyYCHHSX HaBAHTAKCHb.

swelling, adjacent loads, creeping soil, landslides or
earthquakes. Consideration shall be given to these
phenomena as they can affect the piles by causing
downdrag (negative skin friction), heave, stretching,
transverse loading and displacement.

(2) For these situations, the design values of the
strength and stiffness of the moving ground should
usually be upper values.

(3)P One of the two following approaches shall be
adopted for design:

— the ground displacement is treated as an action.
An interaction analysis is then carried out to
determine the forces, displacements and strains in
the pile;

— an upper bound to the force, which the ground
could transmit to the pile shall be introduced as the
design action. Evaluation of this force shall take
account of the strength of the soil and the source of
the load, represented by the weight or compression
of the moving soil or the magnitude of disturbing
actions.

7.3.2.2 Downdrag (negative skin friction)

()P If ultimate limit state design calculations are
carried out with the downdrag load as an action, its
value shall be the maximum, which could be
generated by the downward movement of the
ground relative to the pile.

(2) Calculation of maximum downdrag loads should
take account of the shear resistance at the interface
between the soil and the pile shaft and downward
movement of the ground due to self-weight
compression and any surface load around the pile.
(3) An upper bound to the downdrag load on a
group of piles may be calculated from the weight of
the surcharge causing the movement and taking into
account any changes in groundwater pressure due to
ground-water lowering, consolidation or pile
driving.

(4) Where settlement of the ground after pile
installation is expected to be small, an economic
design may be obtained by treating the settlement of
the ground as the action and carrying out an
interaction analysis.

(5)P The design value of the settlement of the
ground shall be derived taking account of material
weight densities and compressibility in accordance
with 2.4.3.

(6) Interaction calculations should take account of
the displacement of the pile relative to the
surrounding moving ground, the shear resistance of
the soil along the shaft of the pile, the weight of the
soil and the expected surface loads around each pile,
which are the cause of the downdrag.

(7) Normally, downdrag and transient loading need
not be considered simultaneously in load
combinations.



7.3.2.3 Hiniiom
(1)P Ipwu posrasiai eexry migiiomy abo HampaBIeHUX
Bropy HaBaHTaXEHb, SIKI MOXKYTh BHKIUKATH Y3HOBX
CTBOJIA TaJli, TepeMillleHHs TIPYHTY IIOBHHHE
PO3TIISIATUCS SIK TS

[MPUMITKA 1 Cnyuenns (nHaOpsikaHHSI) a0o
OiAHATTS. ~ TPYHTY  MOXE  CTaTUCS  YHACTIJOK
PO3BaHTaXKEHHS, BIIKOIyBaHHs, NpOMep3aHHS abo
3a0MBaHHAM CYCiIHIX manb. TakoX BOHO MoOXe OyTH
MOB'A3aHE 3 IIABUIICHHSM  BOJOIOCTI  IPYHTY
YHaCliZIOK  BUJAAJCHHS  JepeB,  MPUITUHEHHIM
BiJIKa4yBaHHSI 3 BOJIOHOCHUX TOPH3OHTIB, 3aXOJaMH
Mo 3amo0iraHHI0 BUNAPOBYBaHHA (IpU HOBOMY
OymiBHUITBI) 1  aBapisiMu.

MMPUMITKA 2 CrnyueHHS MOX€ cTaTHCS i
Yyac OyIIBHUIITBA 1O MPHUTPY3KH Malb  CHOPYIOHO i
MOXE CIHPHYMHATH HEAOMYCTHME IigHIMaHHS abo
pyHHYBaHHS KOHCTPYKIIIT IajIb.
7.3.2.4 llonepeyHi HABAHTAKEHHS
(1)P HeoOximHo BpaxoByBaTH ToIepedHi [ii, IO
CTBOPIOIOTHCS MEPEMIIlEHHSIMU TPYHTY JOBKOJIA TTajli.
(2) HeoOximHO pO3MIIHYTH  HACTYIMHUH  psf
MPOEKTHUX CHUTYallld, SKI MOXYTh IPHBECTH ][O
MOTIEPEYHUX I Ha Tai:
- pi3HI IPUTPY3KH XK JIO MEPETPY3KH 3 Pi3HUX OOKiB
manbpoBOro (GyHIaMeHTy (Hampukian, B abo Oums
HAaCHITY);
- pi3Hi piBHI BIIKOITYBAaHHS 3 Pi3HUX OOKIB ITAJILOBOTO
dbyamamenTy (HanmpuKiIam, y abo Mmops 3 BUIMKOIO);
- ManboBUH (HYHIAMEHT, PO3TANIOBAHUI HAa 3CYBHOMY
yKoOCi;
- TIOXWJIi TaJii B MPOCIAAI0YOMY TPYHTI;
- mmaji B ceicMOHe0e3eTHOMY PErioHi .
(3) Sk mpaBumio, TOmepedHi il Ha TMaili HEoOXimHO
OIIHIOBATH, PO3TJISAAIOYM B3aEMOMII0 TIMallb, SKi
MPUIMAIOThCA K JKOPCTKI abo THydYKi Oanmkw, i
3MIIIYBaHOTO IPYHTOBOT'O MacHBy. Komn
TOpPHU30HTANbHA Jedopmarrist mapiB CIa0KUX TIPYHTIB
3HAYHA 1 AT PO3CTaBIIeH] 3 IIMPOKIUMH TTPOMKKaMH,
OluHi il Ha mayi 3aJieXaTb, FOJIOBHUM YHHOM, BiJ
OTIOpY 3PYIIEHHIO CIIa0KUX TPYHTIB.
7.4 IIpoexTHi MeTOAHU i NPOEKTHI IOJIOKEHHSI
7.4.1 IIpoexTHi MeTOaAM
(1)P IIpoekTyBaHHS MMOBHHHE 0a3yBaTHCh HA OTHOMY
3 HACTYITHUX MIiIXOIB:

- pe3ysbTaTax BUNPOOYBaHb CTaTUYHUMU
HABAaHTKCHHIMH,  5Ki, AK  OyJlOo  JIOBEICHO
BU3HAUYEHHSAMU a0o IHITUMHA criocobamu,

CITIBCTABJIIOBAHI 3 IHIIMMH BiAIOBIIHUMH BUMIAAKAMU;
- emmipuyHi a00 aHANITUYHI METOAM BU3HAYEHb,
MPUHHSTHICTh SKUX Oylia JIOBeIeHa BUIPOOYBAHHIMH
CTATHYHMMHU  HABaHTAXKEHHAMH B  aHAJOTTYHHUX
CHUTYaLisX;

- pe3yabTaTH BHIIPOOYBaHb JTUHAMIYHUMH
HaBaHTAXXEHHSIMU, IPUIHHATHICTh SKUX OyJa J0oBeAcHA
BHIPOOYBAaHHAMH CTAaTUYHUMH HABAHTAXKCHHSIMH B
AHAJIOTIYHHX CUTYAIlisX;

- Harjag IOBEIIHKHM CIIBCTaBIIOBAHOIO IaILOBOI'O

7.3.2.3 Heave

(1)P In considering the effect of heave, or upward
loads, which may be generated along the pile shaft,
the movement of the ground shall generally be
treated as an action.

NOTE 1 Expansion or heave of the ground
can result from unloading, excavation, frost action
or driving of adjacent piles. It can also be due to an
increase of the ground-water content resulting from
the removal of trees, cessation of abstraction from
aquifers, prevention (by new construction) of
evaporation and from accidents.

NOTE 2 Heave may take place during
construction, before piles are loaded by the
structure, and may cause unacceptable uplift or
structural failure of the piles.
7.3.2.4 Transverse loading
(1)P Consideration shall be given to transverse
actions originating from ground movements around
a pile.

(2) Consideration should be given to the following
list of design situations, which may result in
transverse actions on a pile:

— different amounts of surcharge on either side of a
pile foundation (e.g. in or near an embankment);

— different levels of excavation on either side of a
pile foundation (e.g. in or near a cutting);

— a pile foundation constructed in a creeping slope;
— inclined piles in settling ground;

— piles in a seismic region.

(3) Transverse loading should normally be evaluated
by considering the interaction between the piles,
treated as stiff or flexible beams, and the moving
soil mass. When the horizontal deformation of weak
soil layers is large and the piles are widely spaced,
the resulting transverse loading of the piles depends
mainly on the shear strength of the weak soil layers.

7.4 Design methods and design considerations
7.4.1 Design methods

()P The design shall be based on one of the
following approaches:

— the results of static load tests, which have been
demonstrated, by means of calculations or
otherwise, to be consistent with other relevant
experience;

— empirical or analytical calculation methods
whose validity has been demonstrated by static load
tests in comparable situations;

— the results of dynamic load tests whose validity
has been demonstrated by static load tests in
comparable situations;

— the observed performance of a comparable pile
foundation, provided that this approach is supported



¢yHIaMeHTy 3a YMOBH, LIO B OCHOBI LHOTO

HAOMIKEHHS JIexXaTh  Pe3ydbTaTd  MOJNBOBHX
JOCITiIKEHb 1 BUPOOYBaHb IPYHTIB.
2) [IpoexTHi BEINMYUHU napamerpis,

BUKOPUCTOBYBAaHHUX Y BHU3HAUCHHAX, [OBWHHI, B
OCHOBHOMY, OyTH Yy BiAmoBigHocTi 3 Po3ainom 3, ane
pe3ynbTaTH BUNPOOYBaHb HABAHTAKEHHSIMH MOXYTh
OyTn TakoX BpaxoBaHi mpu BHOOpPI BEIWYHMH
napamMerpiB.

(3) BumnpoOyBaHHS CTaTUYHUMHU HaBaHTaXCHHSIMU
MOXYTh  BUKOHYBATHUCSI Ha MNPOOHUX  MaiX,
BCTAHOBJIEHUX CHEUianbHO I LUX LUIEH 10
3aBepIICHHS] MPOEKTYBaHHs, a00 Ha poOOYMX MAAX,
o GopMaIbHO € YaCTUHOIO (PYH/IaMEHTY.

7.4.2 IIpoeKTHI MOJI0OKEHHSI

(1)P HeobximHo OpaT 10 yBaru MoBEAIHKY OKPEMHX
majgb 1 TPym Majb Ta JKOPCTKICTh 1 MIIHICTh
00'€IHYI0YOT 1Maji KOHCTPYKIIl.

(2)P Ilpu BUOOpI METOIB BH3HAYECHHS 1 BEIWYHH
mapaMerpiB 1 TNpH  BUKOPHUCTaHHI  PE3yJbTaTiB
BUINPOOYBaHb HABaHTAXEHHSMH CIiJI BPaxOBYBaTH
TPHUBAJICTH JIii 1 3MIHM HABaHTAKEHb Y Yaci.

(3)P IlnanmyBamHs MaOyTHROI YKJIAIKH YU  3HATTS
MOKpUBHOTO mapy (moOyToBOro THCKY) abo
TIOTEHITIHI 3MIHH PEeKUMY IPYHTOBHX BOJ TIOBHHHI
OyTH BpaxoBaHi 1 B BU3HAUCHHI 1 MPHU IHTEepIpeTamii
pe3yNbTaTiB BUMIPOOYBAHHS HAaBAHTAKECHHSM.

(4)P Ilpu BubOOpi THHA Maib, BKIIOYAIOYN SKICTh
Marepialy Tajai 1 METOJ BJIAIITyBaHHS, HEOOXiITHO
Opatu 110 yBaru HacTyITHE:

- CTaH IpPyHTy 1 TPYHTOBMX BOJI Ha JUISHII,
BKJIFOYAIOYN HASBHICTH a00 MOXKIIMBICTH TEPEITKO B
IPYHTL,

- HampyXeHHs, W10 BHHMKAE B MaIX IpH IX
BIIAIITYBaHHI;

- MOXJIMBICTH 30€p&KEHHS 1 KOHTPOIIO ITLIICHOCTI
maji mp ii BIamTyBaHHi;

- BIUIMB METOAY 1 eTamiB BUPOOHHWIITBA TMallbOBHX
poOIT Ha BCTAaHOBIIEHI paHimie majai i Ha CycCimHi
CHOPYAM 1 KOMYHIKAIIii;

- JIOMYyCKH, B MEXKax SKHX Iajs MOXe OyTH HamiiftHO
BCTaHOBIICHA;

- MIKiAJTUBUAN BIUIMB XIMIYHUX PEUYOBHH, HAsSBHUX B
IPYHTI;

- MOXIUBICTh 3B'I3Ky MDK PI3HUMH BOJHUMU
TOPU30HTAMHU;

- PO3CTaHOBKA 1 TPAHCTIOPTYBaHHS IaJIb;

- BIUTMB TIAJTbOBUX POOIT Ha CYCiTHI OYIiBIIi.

(5) lpum posrmsani mepepaxoBaHUX BHINE AaCIEKTIB
HEeOoOXiIHO BUBYUTH HACTYIHI MUTAHHS:

- BIACTaHb MIXK MaJSIMU B TPYyIax Iab;

- mepemimeHHs abo BiOpawii cycigHix cHopyn,
BUKJIMKaHI BJIAIITYBaHHSM Mallb;

- TUI BUKOPUCTOBYBAHOT'O MOJIOTa abo BiOpaTopa;

- IMHAMi4YHA HalPY)KEHHS B HaJli MiJ] Yyac 3aHypeHHS;

- 78 TakuxX THINB OypOBUX Tanb, Je  piIuHa
(OypoBuii po3uMH) BHUKOPHUCTOBYIOTH 3CEPEAMHU

by the results of site investigation and ground
testing.

(2) Design values for parameters used in the
calculations should be in general accordance with
Section 3, but the results of load tests may also be
taken into account in selecting parameter values.

(3) Static load tests may be carried out on trial piles,
installed for test purposes only, before the design is
finalised, or on working piles, which form part of
the foundation.

7.4.2 Design considerations

(1)P The behaviour of individual piles and pile
groups and the stiffness and strength of the structure
connecting the piles shall be considered.

(2)P In selecting calculation methods and parameter
values and in using load test results, the duration
and variation in time of the loading shall be
considered.

(3)P Planned future placement or removal of
overburden or potential changes in the groundwater
regime shall be considered, both in calculations and
in the interpretation of load test results.

(4)P The choice of type of pile, including the quality
of the pile material and the method of installation,
shall take into account:

— the ground and ground-water conditions on the
site, including the presence or possibility of
obstructions in the ground,;

— the stresses generated in the pile during
installation;

— the possibility of preserving and checking the
integrity of the pile being installed;

— the effect of the method and sequence of pile
installation on piles, which have already been
installed and on adjacent structures or services;

— the tolerances within, which the pile can be
installed reliably;

— the deleterious effects of chemicals in the
ground;

— the possibility of connecting different ground-
water regimes;

— the handling and transportation of piles;

— the effects of pile construction on neighbouring
buildings.

(5) In considering the aspects listed above, the
following items should receive attention:

— the spacing of the piles in pile groups;

— displacement or vibration of adjacent structures
due to pile installation;

— the type of hammer or vibrator used,

— the dynamic stresses in the pile during driving;
— for those types of bored pile where a fluid is used
inside the borehole, the need to keep the pressure of



OypoBOi CBEpIJIOBHHHM, HEOOXiTHO MiATPUMYBATU
TUCK PIAMHU HAa TMOCTIHHOMY piBHI, 00 OypoBa
CBEpAJIOBUHA HE pyHHyBamach, i He AOMYCKaTH
TiIpaBIiuHOrO pyHHYBaHHS OCHOBH;

- 3aYMCTKa OCHOBM 1 B JESKHX BHUIAQJKaX CTBOJA
OypoBOi CBEpJUIOBUHHU, OCOOJMBO IiJi OCHTOHITOM,
JUTS BUJTAJICHHS 3aliBUX MaTepiaiB;

- JIOKaJIbHA HECTIMKICTh CTBOJNA MpH OETOHYBaHHI, 1110
MOX€E BUKIIMKATH TOMaaHHs IPYHTY B CTBOJI TaJi;

- monaaaHHd IpyHTy abo BoAM B TEPETHH
OypoHaOMBHOI maji 1 MOXIIHMBI TOpPYIIEHHS CKJIaly
OCTOHHOI CyMIllll YHACHIJOK MPOCOYYBAHHS BOJH
yepes OeToH;

- HasBHICTH JIOBKOJA Mali CyXUX WIApiB IICKY, SKi
BUTATYIOTh BOZly 3 O€TOHY;

- BIUIMB CYXHX IIAPiB MIiCKY JIOBKOJIA Mai, SKi MOXKYTh
BUTATYBATH BOJNly 3 OCTOHY;

- VIIOBUTHHIOIOUWH BIUIMB XiMIYHUX PEYOBHH B IPYHTI;
- YIIUIbHEHHS I'PYHTY, 00YMOBJICHE 3a0MBaHHSIM I1aJIb;
- TOpPYIIEHHS TPYHTY, BUKIMKaHI OypiHHSAM CTBOJa
Tai.

7.5 BunpoOyBaHHsI Najlb HABAHTAKEHHSIMU

7.5.1 3arajabHi MoJ0KeHHS

(1)P BunpoOyBaHHsI Tainb HaBaHTa)KEHHSMHU TOBHHHI
BHUKOHYBATHCS B HACTYIIHUX CUTYaLisIX :

- TIpM BHUKOPUCTaHHI THIa magb abo MeTomy ix
BIAIUTYBaHHS,  JUI1  SIKMX  CIIBCTaBJIIOBAHUI
(amayioriyHUN) JOCBIN BIJICYTHIH;

-  gKmo mam He Oynmu  BumpoOyBaHI B
CITIBCTABIIIOBAaHUX (MTOMIOHUX) TPYHTOBHUX YMOBax i
IIPH TaKHX K€ HABAHTAXKECHHSX;

- KoM maii Oynw TMigiaHi HaBaHTaKEHHIO, IS SKOTO
Teopiss 1 JOCBim He 3a0e3medyroTh JOCTOBIPHUX
pe3ynbTaTiB  [uUIA  [poeKTyBaHHA.  Meroauka
BUNMPOOYBaHHA Talli TOBHHHA  3a0e3ledyBaTh
HaBaHTa)KEHHS, aHAJNOTiYHE  TependadyBaHOMY
HABaHTAXXCHHIO;

- KOJIM CIOCTEPEXKEHHS B MPOLECi BIAIUTYBaHHS
MOKa3y€e TIOBEIIHKY IMalli, 0 3HAYHO BipPI3HAETHCS B
TipIy CTOPOHY BiX MOBEMIHKH, sSKa Tependadanacs 3a
pe3yIpTaTaMu MOMBOBHUX JAOCIIKEHb a00 Ha IMiacTaBi
MOTepeHLOr0  JIOCBimy 1 Ko JTOJTATKOB1
JOOCHIIKEHHA HE  TOSACHIOITh HPUYMH  TaKoOi
BIZIMIHHOCTI.

(2) BunpoOyBaHHs nanb BaHTaXXEHHSIM MOXYTb OyTH
BHUKOPHUCTaHI JUIA:

- OI[IHKHW MPUJATHOCTI METOAY OYAIBHUIITBA,

- BU3HAUEHHA  peakuii Ha  HaBaHTaKEHHS
perpe3eHTaTUBHOI Nali i HABKOJIMIIHBOTO IPYHTY, K
3 TOYKM 30py OCiZaHHS Tak 1 TPaHUYHOTO
HABaHTAKECHHSI,;

- JUIS OL[IHKH CTaHy BCbOTO MAIbOBOrO (PYHIAMEHTY.
(3) Komu BumpoOyBaHHS HaBaHTAKEHHSMH He
MOXYyTh ~ OyTH  BUKOHaHi  uepe3  TPYyIHOLI
MOJICTIIOBAaHHS 3MIH HaBaHTaXEHHs (HaNpUKIam,
LUUKITIYHE HABAHTAXKEHHS), MPOEKTHI BEIMYUHH JUIS
BJIACTUBOCTEN Martepialy MOBHHHI 3aCTOCOBYBATHUCS 3
0COOJIMBOIO 00EPEKHICTIO.

the fluid at a level to ensure that the borehole will
not collapse and that hydraulic failure of the base
will not occur;

— cleaning of the base and sometimes the shaft of
the borehole, especially under bentonite, to remove
remoulded materials;

— local instability of a shaft during concreting,
which may cause a soil inclusion within the pile;

— ingress of soil or water into the section of a cast-
in-situ pile and possible disturbance of wet concrete
by the flow of water through it;

— the effect of unsaturated sand layers around a
pile extracting water from the concrete;

— the retarding influence of chemicals in the soil;
— soil compaction due to the driving of
displacement piles;

— soil disturbance due to the boring of a pile shaft.

7.5 Pile load tests

7.5.1 General

(1)P Pile load tests shall be carried out in the
following situations:

— when using a type of pile or installation method
for which there is no comparable experience;

— when the piles have not been tested under
comparable soil and loading conditions;

— when the piles will be subject to loading for
which theory and experience do not provide
sufficient confidence in the design. The pile testing
procedure shall then provide loading similar to the
anticipated loading;

— when observations during the process of
installation indicate pile behaviour that deviates
strongly and unfavourably from the behaviour
anticipated on the basis of the site investigation or
experience, and when additional ground
investigations do not clarify the reasons for this
deviation.

(2) Pile load tests may be used to:

— assess the suitability of the construction method;
— determine the response of a representative pile
and the surrounding ground to load, both in terms of
settlement and limit load;

— to allow judgement of the overall pile
foundation.

(3) Where load tests are not practical due to
difficulties in modelling the variation in the load
(e.g. cyclic loading) very cautious design values for
the material properties should be used.



(4)P SIxiio BUKOHYETBCS OJTHE BUIIPOOYBAHHS Mali, TO
1Ie HOPMAJILHO JUIS JAUISHIN, A€ IependavaroTbes
HAMOLTBII HECTPUATIUBI IPYHTOBI YMOBH. SIKIIo 1€
HE MOYJIMBO, el ()aKT MOBHHEH BPaxOBYBATHCS MPH
OL[IHIII  XapakTePUCTHUYHOI  BEJIMYUHH  OIOPY
CTHCKYBaHHIO ( HECy4uoi 3/IaTHOCTI).

(5)P  Konmm  BumpoOyBaHHSI ~ HaBaHTAXCHHSIMH
BHUKOHYIOTBCSI Ha JIBOX a00 Oinblne BUIPOOYBaIbHHUX
nauxsx, Micie BUMPOOYBaHHsS MOBHHHO BiANOBIZATH
IOUISHIII ~ TaJboBOoro  (yHIAMEHTy, a oOJHa 3
BUIMPOOYBaIbHUX Malbh TOBHHHA PO3TALIOBYBATHUCS
Tam, Je TependavyaroTbess HAWHOLIBII HECTIPUSTINBI
IPYHTOB1 YMOBH.

(6)P Mix BnamTyBaHHSM BHIIPOOYBaNbHOI mHai i
MOYaTKOM BHIPOOYBaHHS HABAHTAKEHHSIM Mae OyTH
BUTPHMKa 32 4YacoM; Iie HeoOXigHo, 100 Marepian
najgi HaOpaB BIAMOBIAHY MIIHICTE 1 TIOPOBI THUCKHU
MOBEPHYIUCS JIO TIOYATKOBHX BEJIMYUH.

(7) B nesixux Bumnajakax, HeOOXiHO (iKCYBaTH IMTOPOBI
THUCKH, CIPUYMHEHI BIAIITYBaHHSAM Taji, 1 iX
MoJjalbIlIe PO3CIIOBAHHS, MO0 MPUHHATU TPaBUIIbHE

pilIeHHS po MTOYaTOK BHUIIPOOYBaHHS
HaBaHTKCHHSIMH.
7.5.2 BunpoOyBanusi CTATHYHUMH
HABAHTAKEHHAM

7.5.2.1 MeTonuKka HABAHTAKEHHSI

(1)P Meronuka BUIIPOOYBaHHS Najli HABAHTAXKECHHAM®,
0COOJIMBO YHCIIO pPIBHIB HaBaHTaXEHb, TPUBAJICTh
OUX KPOKIB 1 TPHUKIAAaHHSI [HKIIB HaBaHTa)KEHb,
Oynu TakuMmu, MO0 B pe3ynbTaTi MOXHaA Oyo
3pOOUTH BHCHOBKH mpo pexuM AedopMarltii,
MOB3YyYICTh, PEAaKIifo (PO3BAHTAXKEHHS) NAIbOBOTO
(dhyHmamenTy 3 BuMiproBaHHs Ha maii. ms mpobHux
Majb HaBaHTa)XEHHS MOBHHHI OyTH TakKWMH, 100 B
pe3ynapTaTi MOXKHa OYyJIO TaKoXX OTPUMAaTH BHUCHOBKH
PO rpaHUYHE HABAHTAXKCHHS [TPH PYHHYBaHHI.

(2) Tlpmmagm I BU3HAYEHHS HABAHTAKEHB,
Hampy)keHp  abo  gedopmamiii 1 mepemimeHb
HeoOXiTHO KamiOpyBaTH mepes] BAPOOyBaHHSIM.

(3) Hanpsim BUmpoOyBanbHHUX CHJI CTHCKYBaHHSA a0o
pO3TATYBaHHS ~ Talb  TMOBHHEH  CIIBNAgaTH 3
MTOJTOBKHBOIO BICCIO TTalTi.

(4) [Ilans, sumpoOyBaHa HaBaHTAXKEHHSIM, IS
MPHU3HAYCHHS TPOCKTHOTO PO3TATYBaHHS MallbOBOTO
byHaaMeHTy, TIOBUHHA  OyTH  JIOBeJcHA [0
pyvinyBaHHs. Ekcrparomnsiis rpadika HaBaHTaOKEHHS
- TepeMillleHHsT Tl BUMPOOYBaHb HA PO3TATYBAHHS
HE BUKOPHUCTOBYETHCA.

7.5.2.2 lIpoo6ni maxi

(1)P KinpkicTh npoOHWUX mTanmb, HEOOXiMHUX s
Bepu(ikalii MpoeKTy, 3aIeKUTh Bil HACTYITHOTO:

- CTaHy I'PYHTIB 1 iX MIHJIUBICTh Ha JiNSHIL;

-I'eorexniuna Kareropis criopyam, sSIKIIO MpU3HayeHa;

- TONEpeAHI 3aJ0KyMEHTOBaHI AaHi MpPO MOBEHIHKY
najib AaHOTO TUMA B MOJIOHMX IPYHTOBUX YMOBAX;

(4)P If one pile load test is carried out, it shall
normally be located where the most adverse ground
conditions are believed to occur. If this is not
possible, an allowance shall be made when deriving
the characteristic value of the compressive
resistance.

(5)P If load tests are carried out on two or more test
piles, the test locations shall be representative of the
site of the pile foundation and one of the test piles
shall be located where the most adverse ground
conditions are believed to occur.

(6)P Between the installation of the test pile and the
beginning of the load test, adequate time shall be
allowed to ensure that the required strength of the
pile material is achieved and the pore-water
pressures have regained their initial values.

(7) In some cases it can be necessary to record the
pore-water pressures caused by pile installation and
their subsequent dissipation in order to take a proper
decision regarding the start of the load test.

7.5.2 Static load tests

7.5.2.1 Loading procedure

(1)P The pile load test procedure®, particularly with
respect to the number of loading steps, the duration
of these steps and the application of load cycles,
shall be such that conclusions can be drawn about
the deformation behaviour, creep and rebound of a
piled foundation from the measurements on the pile.
For trial piles, the loading shall be such that
conclusions can also be drawn about the ultimate
failure load.

(2) Devices for the determination of loads, stresses
or strains and displacements should be calibrated
prior to the test.

(3) The direction of the test load applied to
compression or tensile piles should coincide with
the longitudinal axis of the pile.

(4) Pile load tests for the purpose of designing a
tensile pile foundation should be carried out to
failure. Extrapolation of the load-displacement
graph for tension tests should not be used.

7.5.2.2 Trial piles

()P The number of trial piles required to verify the
design shall depend on the following:

— the ground conditions and their variability across
the site;

— the Geotechnical Category of the structure, if
appropriate;

— previous documented evidence of the
performance of the same type of pile in similar
ground conditions;



- 3aranbHa KiNBKICTh 1 THI Tanb, B MPOEKTI
¢dbyHaaMeHTy.

(2)P IpyHTOBI YyMOBM Ha BUNPOOYBaIbHIM UMAHI
MOBHHHI OyTH perenbHO jgochimxeni. [nubuna
OypiHHS 4YM TOJBOBMX BUMPOOYBaHb MOBHHHA OyTH
JNOCTaTHBOIO JUIS BU3HAYEHHS THIIA TIPYHTY SIK
JIOBKOJa Tak 1 mig m’satd M nami. [loBuHHOI OyTH
JOCHTIDKEHI BCl IIapw, sKi 3HAYHO BIUIMBAIOTh Ha
MOBEIHKY TaJIi.

(3P Meron, BKuBaHWi ISl YCTAaHOBKH MPOOHUX
najib, TOBUHEH OYTH MOBHICTIO 33JI0KyMEHTOBAHHUH Y
BiamoBigHOCTI 3 7.9.

7.5.2.3 Po6oui naxi (I1axi mig cnopyay)

(1)P IToBunHO OyTH BKa3aHO, IO YUCIO BUMTPOOYBaHb
HaBaHTAXECHHSAMHU POOOYMX Tajb, CJIiJi BUOUpATH Ha
OCHOBI pe3yJIbTATIB MPOTOKOIIOBAHHS IAHUX MTPOIIECY
BIIAIITYBaHHS.

(2)P BumnpoOyBasibHe HaBaHTaXKEHHSI, PUKIIAJCHE JIO
pobo4nX Tallb, TOBUHHO OYyTH y BCSKOMY pasi piBHE
MPOEKTHOMY HaBaHTAXKEHHIO JIISl PYHIAMEHTY.

7.5.3 BunpoOyBanusi AUHAMIYHUMH
HABAHTAKEHHSIMHU

(1) BunpoOyBaHHS NUHAMIYHAMH HaBaHTAXKECHHIMU
MOXYTh  CIYXHTH  JUIsl ~ BHU3HAa4eHHS  OMOpY
CTUCKYBAaHHIO (HECYJOi 3MaTHOCTI IIPH CTHUCKyBaHHI)
32 YMOBH aJICKBaTHOT'O MICIIS JOCTiPKEHD 1 HASBHOCTI
BIJNPalbOBaHOI METOIMKY BUIIPOOYBaHb CTATUYHUMMU
HaBaHTA)KEHHSAMM I1aJlb TAKOTO JK THUIIA, ITOAIOHOL
JIOBXKMHHM 1 TIOTMIEPEYHOTO0 TIEPETHHY 1 B CXOXKHX
IPYHTOBHX yMOBax (IuBHUCH 7.6.2.4 — 7.6.2.6).

6

*Iusuck: ISSMFE  Iligkomicis IlompoBHX 1
JlabopaTtopaux BumpobyBans, Meron BumpoOysanHs
ITane OcpoBuM HapaHTakeHHsM, PexomeHmoBaHMi
Meron. ASTM Xypnan, uepsens 1985, crop.79-90

® Tuuck: ASTM Jlocnimkenns D 4945, CrannapTHe
BumnpoGyBanns. Merton BunpoOyBaHHS Tanb s
BHCOKO JIe()OPMOBaHOI TUHAMIKH.

(2)P Slkmo BUKOPUCTOBYETHCA OUTBIIT HIXX OIWH THII
OUHAMIYHOTO BUNPOOYBaHHS, peE3YyIbTaTH PI3HHUX
TUTIB JUHAMIYHOTO BHIPOOYBAHHS TOBWHHI 3aBXKIH
po3TIsAAaTUCS Y TOPIBHSAHHI OAWH 3 OJHUM.

(3) BumpoOyBanHS AMHAMIYHMMH HaBaHTa)XKEHHSIMHU
MOXK€ TaKOXX BHKOPHCTOBYBAaTHCS SIK ITOKa3HHK
KOHCHUCTEHITIi (IIUTBHOCTI) Mallb 1 IS BHUSABICHHS
CITa0KUX TMajb.

7.5.4 3BiT Npo BUIIPOOYBaHHSA HABAHTAKEHHAM
(1)P IloBuHHO OyTHM BKa3zaHO, IO 3BIT 3a (pakTOM
MOBHHEH OyTH CKJIaJE€HHH Ui BCiX BUIPOOYBaJbHHUX
HaBaHTAXXEHb. BIiANOBIZHO 111 3BITH [TOBUHHI
BKJTIOYATH:

- OIMC AIISHKH;

- CTaH TIPYHTIB 3 NOCHJIAHHSM Ha JOCIiIKEHHS
IPYHTIB;

- THII T1aJ1b;

- ONHC BIAIUTYBAaHHS Mainb 1 Oynp SKUX mpodieMm,

— the total number and types of pile in the
foundation design.

(2)P The ground conditions at the test site shall be
investigated thoroughly. The depth of borings or
field tests shall be sufficient to ascertain the nature
of the ground both around and beneath the pile tip.
All strata likely to contribute significantly to pile
behaviour shall be investigated.

(3)P The method used for the installation of the trial
piles shall be fully documented in accordance with
7.9.

7.5.2.3 Working piles

(2)P It shall be specified that the number of working
pile load tests shall be selected on the basis of the
recorded findings during installation.

(2)P The test load applied to working piles shall be
at least equal to the design load for the foundation.

7.5.3 Dynamic load tests

(1) Dynamic load tests® may be used to estimate the
compressive resistance provided an adequate site
investigation has been carried out and the method
has been calibrated against static load tests on the
same type of pile, of similar length and cross-
section, and in comparable soil conditions, (see
7.6.2.4107.6.2.6).

> See: ISSMFE Subcommittee on Field and
Laboratory Testing, Axial Pile Loading Test,
Suggested Method. ASTM Journal, June 1985, pp.
79-90.

® See: ASTM Designation D 4945, Standard Test
Method for High-Strain Dynamic Testing of Piles.

(2)P If more than one type of dynamic test is used,
the results of different types of dynamic test shall
always be considered in relation to each other.

(3) Dynamic load tests may also be used as an
indicator of the consistency of the piles and to detect
weak piles.

7.5.4 Load test report

(2)P It shall be specified that a factual report shall
be written for all load tests. Where appropriate, this
report shall include:

— a description of the site;

— the ground conditions with reference to ground
investigations;

— the pile type;

— description of the pile installation and of any



BIIMIYEHUX ITiJ 9ac POOIT;

- OIMC HaBaHTAXKEHHs 1 BUMIPIOBaJIbHOI amapaTrypH Ta
CHCTEM peaKIii;

- JOKyMeHTH  KamiOpyBaHHS  (TpaxylOoBaHHS,
TapyBaHHA) Il MAHOMETPiB, TOMKPATIB 1 JATUHKIB;

- IPOTOKOJIH BIIAIITYBAHHS MPOOHUX Majlb;

- 3BiTH 3 (ororpadismMu  mami i BUNpPOOYBaIBHOL
JUISTHKY;

- pe3ynbTaTH BUIPoOyBaHb B YMCIIOBiH QopMi;

- rpadiku  mepeMimieHHS-yac  UIS  KOXKHOT'O
MPHUKJIIAICHOTO Ha HaBaHTa)KECHHSI, KOJIH
BHUKOPUCTOBYETHCSI METOJIMKA HABAHTAKEHHST KPOKaAMH
(ctynensamn);

- OILIIHKY BHMIpiB HaBaHTAXECHHS - TIEPEMIllICHHS;

- IPUYUHM BiIXWUJICHb BiJl BUIIIEBKa3aHUX HEOOXITHUX
BHMOT.

7.6 I1ani 3 0cbOBHM HABAHTAKEHHAM

7.6.1 3araabHi moJ0KeHHS

7.6.1.1 TIpoekTyBaHHS 32 TPAHMYHUM CTAHOM

(1)P IlpoekT mOBWHEH MOKa3aTH, IO TEPEBHUILEHHS
HACTYITHHX TpaHUYHHX CTaHIB JOCTaTHBO
HeBiporijHe:

- KpaiiHiil (aBapiliHUI{) TPaHUYHHUIA CTaH 32 BTPATOIO
Hecydol 3J1aTHOCTI NMpH pyHHYBaHHI, 0OyMOBICHOMY
PO3TATYBAHHSAM 1 CTHCKYBaHHSIM OKPEMOI TIaji;

- KpaWHii TpaHWYHUH CTaH 3a BTPATOI HECydol
3MaTHOCTI  TpH  pyHWHYBaHHI,  OOYMOBJICHOMY
CTUCKYBaHHSM a00 pO3TATYBaHHSAM  IaJIbOBOI'O

(hyHIaMEHTY BIUJIOMY ;
- KpaitHili TpaHUYHUHN CTaH IPHU PyWHYBaHHI (KOJAIICi)
abo ceprHo3HOMY TIOIITKO/KEHHI1 CHOPYIH,

BUKIMKAHANA  HaIMIpHUM MepeMilmeHasiM ~ abo
PI3HUIIEIO TIepeMileHb TaIbOBOTO (hyHTAMEHTY;
- TPAaHWYHUI CTaH 3a HEMPHUIATHICTIO IO eKCITTyaTarii
TIOIITKO/KEHOI CITOPYIW, BUKJIIMKAHUN TMEpeMIIIeHHIM
ajb.
(2) fx mpaBwio, y TPOEKTI  TMOBHHEH OYyTH
BpaxOBaHUM  3amac  MIHOCTI IS BUOAAKY
pyHYBaHHS TpH CTHCKYBaHHI abo pO3TATyBaHHI,
TOOTO CTaHy, MpH SIKOMY TalbOBUH (yHIAMEHT
3HAYHO TEpeMIMaeThcsi BHU3 ab0 Bropy mpu
HIKYEMHO MaJioMy 3011bIIIeHHI a00 3MEHIIIeHH] Onopy
(muBuCH 7.6.217.6.3).
(3) Hdna 3amaBmroBaHuX Tanb (MO0 TPAMIOOTh Ha
CTHCKYBaHHs), TPAaHUYHUH CTaH 32 BTPATOI HECYdOol
3IATHOCTI 4acTo OyBa€ Ba)KKO BU3HAYHUTH HA TIi/ICTaBi
rpadika HaBaHTAXKEHHSI—OCIJTaHHS, 10 Ma€ TTOCTIHHMIA
Haxwi. B 1mpoMy  Bumaaky, SK = KpuTepid
"pyiiHyBaHHS'", CIIiJ MPUAMATH OCITaHHS TOJOBH Taji
piBae 10% niamerpy ii n’aru.
(4)P Jlns mans, mo mialoThCS BEIMKUM OCiIaHHSM,
TpaHUYHI CTaHW 3a BTPATOI  HECY4Oi 3JaTHOCTI
MOXYTh HacTaTH B HaJ (GyHAaMEHTHUX KOHCTPYKIIISIX
JI0 TOro, SIK OMNip Majb MOBHICTIO MOOLT3yeThesa. B
UUX BHUNAJKaX y TPOEKTI CIig AaBaTh OOepexHY
OLIIHKY MOXIJIMBOTO JIialla30Hy OCiJaHb.

[NPUMITKA OcinanHs mane po3risaacThes
B 7.6.4.

problems encountered during the works;

— a description of the loading and measuring
apparatus and the reaction system;

— calibration documents for the load cells, the jacks
and the gauges;

— the installation records of the test piles;

— photographic records of the pile and the test site;

— test results in numerical form;

— time-displacement plots for each applied load
when a step loading procedure is used;

— the measured load-displacement behaviour;

— reasons for any departures from the above
requirements .

7.6 Axially loaded piles

7.6.1 General

7.6.1.1 Limit state design

()P The design shall demonstrate that exceeding
the following limit states is sufficiently improbable:

— ultimate limit states of compressive or tensile
resistance failure of a single pile;

— ultimate limit states of compressive or tensile
resistance failure of the pile foundation as a whole;

— ultimate limit states of collapse or severe damage
to a supported structure caused by excessive
displacement or differential displacements of the
pile foundation;

— serviceability limit states in the supported
structure caused by displacement of the piles.

(2) Normally the design should consider the margin
of safety with respect to compressive or tensile
resistance failure, which is the state in which the
pile foundation displaces significantly downwards
or upwards with negligible increase or decrease of
resistance (see 7.6.2 and 7.6.3).

(3) For piles in compression it is often difficult to
define an ultimate limit state from a load settlement
plot showing a continuous curvature. In these cases,
settlement of the pile top equal to 10% of the pile
base diameter should be adopted as the "failure"
criterion.

(4)P For piles that undergo significant settlements,
ultimate limit states may occur in supported
structures before the resistance of the piles is fully
mobilised. In these cases a cautious estimate of the
possible range of the settlements shall be adopted in
design.

NOTE Settlement of piles is considered in 7.6.4



7.6.1.2 3aranbHa cTiliKicTh

(1)P PyiiHyBaHHS YyHacHiOK BTpaTH 3arajibHOi
CTIHKOCTiI MajbOBOrO ()yHAAMEHTY, LIO Mpamioe Ha
CTHCKYBaHHS, MOBUHHO posrisgaTucs y
BiamoBigHoCTI 3 Po3ainom 11.

(2) fxmo MmoxiMBa BTpaTta CTIMKOCTi, HEOOXiJHO
BpaxoBYBaTH TOBEPXHI PYHHYBaHHS, IO MPOXOAThH
i MaXAMH 1 TIepecikaroTh iX.

(3)P [IlepeBipka pyiiHyBaHHA YHACHiIOK MigHOMY
IPYHTOBOT'O MAaCHBY 3 MaJISIMH TTOBUHHA BUKOHYBATHUCS
y BimnosimHocTi 3 7.6.3.1(4) P.
7.6.2 Omip cTHCKYBaHHIO
30aTHICTD)

7.6.2.1 3araabHi N0J0KeHHS
(1)P 106 momecTw, 110 MaNbOBUM (hyHIAMEHT MOXE
BUTPUMYBATH MPOEKTHE HaBaHTaXCHHS 3
BIMOBIIHUM  3allacOM  NIPOTH  KOMIIPECIHHOI0
pYHHYBaHHS, JUIs BCIX BHITAJKIB KPallHROrO TPAHUYHO
CTaHy 3a HaBaHTaAKEHHAM (BTPaTO  HeCyd4oi
3IATHOCTI) 1 TIOEJHAHHS HABaHTa)XKCHb MOBUHHA OyTH
3aJI0BOJICHA HACTYITHA HEPIiBHICTb:

Ipynty (Hecyua

I:c;d < I:Qc;d

(2) B mpuntumi, Feq ,[TOBUHEH BKIIOYATH BIIACHY Bary
mani i, Re;d ,TOBUHEH BKIIIOYATH THCK BEPXHBOTO APy
IPyHTY Ha ocHOBY (yHmamenty. [Ipore numu nBoma
YJeHaMH MOXKHA 3HEBA)KaTH, SKIIO BOHM NPHOIU3HO
HOramaThes. 1X He MOJKHA BiMIHSTH, SIKILO:

- HeTaTUBHE TEPTS CYTTEBE ;

- IPYHT JIy’K¢e IyXKHH;

- TaJIs IPOJIOBXKYETHCS 3a TIOBEPXHEIO IPYHTY

(3)P Ins manme y rpymax HeoOXimHO Opatd 10 yBaru
JIBA MEXaHI3MHU PyiHYBaHHS:

- pyiiHyBaHHS 3a KOMITPECIHHUM OIIOPOM OKPEMHUX
asb;

- pydHYBaHHS 32 KOMIIPECIHHHM OIIOPOM TMaib i
TPYHTY, IO MICTUTHCS MK HHUMH, SIKi IPALMIOIOTH 5K
OJI0K.

[IpoexTHuit omip moBWHEH OpaTWcs K HaliMeHIIa
BEJIMYMHA, BIAMOBIAHA [IUM IBOM MEXaHI3MaM.

(4) KommpeciitHu#i omip Tpymu maib, MO MPAIIOIOTh
K OJIOK, Hecy4a, MOXXHA BH3HAYaTH PO3TIISIAI0YH
OJIOK, SIK OIMHUYHY TAJTFO BEJIMKOTO AiaMeTpy.

(5P XKopcrkicte 1 MIOHICTh KOHCTPYKINii, sKa
o0'emHye mmani Kyma, BPpaXOBYEThCA MPH BU3HAYEHHI
PO3PaxyHKOBOI ~ BEIWYMHH  3JaTHOCTI  IIiJICTaBH,
Hecyda.

(6) SAxmo Ha mani OOMHPAETHCS KOPCTKA CIIOpYIa,
MO)KHA BHKOPHCTOBYBATH IIepeBary KOHCTPYKIII 10
MEpepo3NOATy  HAaBaHTAXKEHHA  MDK  MaJSIMH.
I'pannyHMii CTaH BUHMKAE JIMIIE, SKIO OJHOYACHO
PYHHYETBCS JOCHTH BEIMKa KIUIBKICTH Majib; TOMY
HEMa€e HEOOXIAHOCTI pO3IIISIATH PyWHYBAaHHS JIMILE
OJHIET maJ.

(7) Sxmo Ha mam OOMUpaeThCs THYYKA CHOpYyaa, TO
NOTPIOHO JOMYCTHUTH, IO HACTaHHS TPaHUYHOIO
CTaHy  BHM3HAYAa€ThCS  KOMIPECIHHMM  OMOpOM

7.6.1.2 Overall stability

()P Failure due to loss of overall stability of
foundations involving piles in compression shall be
considered in accordance with Section 11.

(2) Where there is a possibility of instability, failure
surfaces both passing below the piles and
intersecting the piles should be considered.

(3)P Failure due to uplift of a block of soil
containing piles shall be checked in accordance with
7.6.3.1(4)P.

7.6.2 Compressive ground resistance

7.6.2.1 General

(1)P To demonstrate that the pile foundation will
support the design load with adequate safety against
compressive failure, the following inequality shall
be satisfied for all ultimate limit state load cases and
load combinations:

(7.1)

(2) In principle Fc.q should include the weight of the
pile itself and Rc.q should include the overburden
pressure of the soil at the foundation base. However
these two items may be disregarded if they cancel
approximately. They need not cancel if:

— downdrag is significant;

— the soil is very light,

— the pile extends above the surface of the ground.
(3)P For piles in groups, two failure mechanisms
shall be taken into account:

— compressive resistance failure of the piles
individually;

— compressive resistance failure of the piles and
the soil contained between them acting as a block.
The design resistance shall be taken as the lower
value caused by these two mechanisms.

(4) The compressive resistance of the pile group
acting as a block may be calculated by treating the
block as a single pile of large diameter.

(5)P The stiffness and strength of the structure
connecting the piles in the group shall be considered
when deriving the design resistance of the
foundation.

(6) If the piles support a stiff structure, advantage
may be taken of the ability of the structure to
redistribute load between the piles. A limit state will
occur only if a significant number of piles fail
together; therefore a failure mode involving only
one pile need not be considered.

(7) If the piles support a flexible structure, it should
be assumed that the compressive resistance of the
weakest pile governs the occurrence of a limit state.



HakCIa0KiIoi nai.
(8) OcobnuBy yBary ciij 3BEpHYTH Ha MOXJIHMBICTH
pYHHYBaHHS KpaiHIX Hab Mil BIUIMBOM MOXHIINX 200
CKCIICHTPUYHUX HABaHTAKEHb BiA MIATPUMYBAHOI
CTIOPY[H .
(9P Sxmo map, B SKOMY pO3TalIOBYIOTHCS MIali,
JIKUTH HAJ CIa0KUM IPYHTOM, BIUIUB CIIA0KOTO IIapy
Ha KOMIIpECiHHUI omip QyHAaMEHTy IOBHHEH OyTH
BpaxOBaHUi.
(10)P Omip 30HU IPYHTY, PO3TAIIOBAHOTO BHINE 1
HWKYE 32 OCHOBH (II'ATH ) Taidi, MOBHHEH OyTH
BpaxoBaHU MPU BU3HAUCHHI ONIOPY OCHOBH ITaJIi.
[NPUMITKA i 30HU MOXYTh
MOIIUPIOBATHUCS HA JICKIIbKA JIaMETPIiB BHIIE 1 HUXKYC
ocHoBHU (11’siTH ) mam. byap siki cnaOki IpyHTH B Il
30HI, MalTh TOPIBHSHO BEIWKUW BIUIMB Ha OIIp
OCHOBH (II’SITH )  TAJTI.
(11) PyiiHyBaHHS MPOJABIIOBAHHSIM  HEOOXIJHO
PO3IIISAATH, SKIIO CIAOKHHA TPYHT TOIIUPIOETHCS Ha
TITMOWHY MEHINIE YOTUPHOX JIiaMeTpiB OCHOBH (11’STH)
aji HUK4e KiHI[B Mab.
(12)P Komu nmiamerp m’atu mani Ouiblne giamerpy ii
CTBOJIA, HEOoOX1JTHO PO3TIISTHYTH MOXKITUBI
HECIIPHUSTIHNBI ePEeKTH.
(13) Jlnst 3a0uBHUX TPYO 3 BIIKPUTHM HIDKHIM KiHIIEM
a00 3a0MBHHUX CEKI[IMHUX Tajh 3 OTBOpAaMH OLUIBITIE
gum 500 MM B Oymp sKoMy HampsMmi 1 0e3
CIIEIIaTbHOTO BHYTPINTHLOTO YCTPOIO IS YTBOPCHHS
MpoOKH, Omip IT’STH TOBHHEH OYTH OOMEKEHHUI
HalMEHIINM 3:
- OMOpOM 3pYHIEHHIO MDK TPYHTOBOIO MPOOKOMO i
BHYTPIIIHBOIO TIOBEPXHEIO TIaTi;
- OmopoM OCHOBH (II'ATH ), PO3PaxOBaHWM 3
BpaxyBaHHSM ILIOIII IOMIEPEYHOTO TIEPETUHY I SITH .
7.6.2.2 I'panuuynuii kommnpeciiinuii omip (Hecyua

31aTHICTB) 3 BUNIPOOYBaHb CTATUYHUM
HABaHTAKEHHSAM
(HP Meroauka MPOBEICHHS BUIIPOOYBaHb

HaBaHTaXKEHHSMHU TOBWHEH OYTH Y BIAIOBIAHOCTI 3
7.5 1 moBuHeH OyTH TOYHO BHW3Ha4YeHWil B 3BiTi 3
I'eotexniunoro I[IpoekryBaHHs .

(2)P IlpoOHi mami mis momepemHiX BHIPOOYBaHb,
MTOBMHHI BHKOHYBATHCA TaKUM JK€ CIIOCOOOM, MIO i
nani (yHIIaMeHTY, 1 TOBUHHI CITUPATUCS Ha TaKHid Ke
map (IpyHTy).

(3) Axmo miamerp mpoOHOI Mami BigPI3HIETHCA Bif
TAKOr0 X  poOouoi mali, MOXJIWBY pI3HHUIIO B
MOBEMIHI[I TMajh pI3HUX JOiaMeTpiB  HEOoOXiTHO
BpaxOBYBaTH TPH OIlHII KOMIIPECIHHOTO OIopy
(mecy4oi 31aTHOCT1), SIKUI Oy1e TPUHHSTO.

(4) Y Bumanky Aayxe BEIHKOIO JiaMeTpy Iaji, 4acto
HEJIOLTBHO MPOBOANTH BUITPOOYBaHHS
HABaHTQKEHHSIM BHUNPOOYBaJbHOI Mayli [OBHOTO
po3Mipy. BunpoOyBaHHS HaBaHTa)KEHHSAM Ha Majsx
MEHLIOT0 IiaMmerpy MOX€E BUKOHYBATHCB,
BPaxoBYIOUH IIIO:

- BIZHOWIEHHSA JiaMeTp BHIIPOOyBaJIbHOI —maumi/

(8) Special attention should be given to possible
failure of edge piles caused by inclined or eccentric
loads from the supported structure.

(9)P If the layer in which the piles bear overlies a
layer of weak soil, the effect of the weak layer on
the compressive resistance of the foundation shall
be considered.

(10)P The strength of a zone of ground above and
below the pile base shall be taken into account when
calculating the pile base resistance.

NOTE This zone may extend several diameters
above and below the pile base. Any weak ground in
this zone has a relatively large influence on the base
resistance.

(11) Punching failure should be considered if weak
ground is present at a depth of less than 4 times the
base diameter below the base of the pile.

(12)P Where the pile base diameter exceeds the
shaft diameter, the possible adverse effect shall be
considered.

(13) For open-ended driven tube or box-section
piles with openings of more than 500 mm in any
direction, and without special devices inside the pile
to induce plugging, the base resistance should be
limited to the smaller of:

— the shearing resistance between the soil plug and
the inside face of the pile;

— the base resistance derived using the cross-
sectional area of the base.

7.6.2.2 Ultimate compressive resistance from
static load tests

()P The manner in which load tests are carried out
shall be in accordance with 7.5 and shall be
specified in the Geotechnical Design Report.

(2)P Trial piles to be tested in advance shall be
installed in the same manner as the piles that will
form the foundation and shall be founded in the
same stratum.

(3) If the diameter of the trial pile differs from that
of the working piles, the possible difference in
performance of piles of different diameters should
be considered in assessing the compressive
resistance to be adopted.

(4) In the case of a very large diameter pile, it is
often impractical to carry out a load test on a full
size trial pile. Load tests on smaller diameter trial
piles may be considered provided that:

— the ratio of the trial pile diameter/working pile
diameter is not less than 0,5;



niametp poboyoi naini He menme 0,5;

- BuUmpoOyBaJbHI  Majgi  MEHLIOrO  JAiaMerpy
BUTOTOBJISIIOTBCSI 1 BCTAHOBJIIOIOTBCS TAaKUM  Ke
cmocoboMm, MO0 1 Tmami, BUKOPUCTOBYBaHi yis
¢dbyHIaMeHTY;

- BHINpOOYyBallbHA Majsl OCHAIIAETHCA MpPUIAaMU Y
Takui cnoci0, mod omip m’sITH 1 CTBOJIA MOXKHA OYyIO
BCTAaHOBUTH OKPEMO 3 BUMIPIOBaHb.

Le#t migxin ciig 3acTOCOBYBATH 3 OOCPEKHICTIO JJIS
3a0MBHUX TaJdb 3  BIJIKPUTUM KIHIIEM YHACHiJIOK
BIUIMBY JiaMeTpy Ha MOOLTi3alil0 KOMIpEeciiHOro
ornopy (Hecy4oi 31aTHOCT1) TPYHTOBOT TPOOKU B TIaJIi.
(5P VY Bunanky namboBoro (QpyHIaMEHTy, Ha SIKHH
JIIOTh CHJIM HETaTUBHOTO TePTs, OMmip Maii mpu
pyiHYBaHHI a00 TiepeMillleHHi, M0 BIANOBiIAE
KpUTEPil0 Ui TEpeBIpKM TPAHUYHOTO CTaHy 3a
BTPAaTOI0  HECY4ol 3MATHOCTi, BUBEIEHOMY 32
pe3yibraTamMu BUNIPOOYBaHb HaBaHTAKECHHSIM,
nmoBuHeH Oyt ckoperoBaHuil. llompaBka moBWHHA
JOCATaTHCh BiJHIMAHHSIM BHUMIPSHOIO a00 HaHOLIbII
HECIIPUATIMBOTO IMO3UTHBHOTO OMOpPY IO CTBOIY Y
CTHCKYBaHOMY IIapi i B IIapi BHUIIE, J€ HEraTuBHE
TEPTS PO3BUBAETHCS, 3 HABAHTAXKEHb, BHUMIPSHHUX B
TOJIOBI MMaJi.

(6) Ilix vac BunpoOyBaHHS HaBaHTAXKEHHAM T, Ha
SIKy Ji€ HETaTHBHE TEPTS, IO BCIM MOBXKHHI Mmami
PO3BUBAETHCA MO3UTHBHE IIOBEPXHEBE TEPTH, 1 1€
IIOBUHHO OyTH BpaxoBaHO Yy BIANOBIOHOCTI 3
7.3.2.2(6). MakcumanbHe BHIIPOOYBaILHE
HaBaHTAKEHHSA, TNPUKIAJCHE 10 poOodoi mai,
MOBMHHO OyTm Oulblie HDK CcyMmMa HPOEKTHOTO
30BHIIIHBOIO HABAHTa)XEHHs IUIIOC IIOABIHHA cuia
HETaTUBHOTO TEPTSL.

(7P Komu BU3HAYAETHCS TPaHUYHUT
XapaKTepUCTUYHUNA KOMIIpeciiHUU omip (Hecyda
3MaTHICTB), Rck,, 3 BenmnuuH, Rcm, BUMIPSHUX B
omqHOMY ab0 JMEeKUTbKOX BUIPOOYBaHHSIX — Taili
HaBaHTaKEHHSIMH, HEOOXiHO 3pOOHUTH TMOMpPaBKYy Ha
3MIHHICTh TPYHTY 1 3MIiHH BiJl CITIOCOOY BIAINTyBaHHS
nasi.

(8)P [lmst cmopy/keHb, SKi HE 3IaTHI IepenaBaTh
HaBaHTa)KeHH Bij "cira0kux" manp 10 "MiHuX" ab,
SIK MIHIMyM, HACTyITHE€ pPIiBHSHHS TOBHHHO OyTH
3aI0BOJICHE!

(Rc;m)cpeo.(Rc;m)min }
& &

C

R, = Min

ne &1 1 & koedilieHTH KOpeIslii, 0 BpaXxOBYIOTh
KUIBKICTh BHIIPOOYBaJbHUX TMajlb 1 3aCTOCOBYIOTHCS
10 cepenHboro (Re:m)mean 1 HabiMeHIuX (Rem)min 1
(Re:m), BiAmOBimHO.

ITPUMITKA Bennunnu Koe(imieHTiB
Kopemslii MOXyTh MicTuTucs B HamionansHomy
nonaTky. PekomeHnoBani BenuarHY HajaHi B Taomuiri
A9.

— the smaller diameter trial pile is fabricated and
installed in the same way as the piles used for the
foundation;

— the trial pile is instrumented in such a manner
that the base and shaft resistance can be derived
separately from the measurements.

This approach should be used with caution for open-
ended driven piles because of the influence of the
diameter on the mobilisation of the compressive
resistance of a soil plug in the pile.

(5)P In the case of a pile foundation subjected to
downdrag, the pile resistance at failure, or at a
displacement that equals the criterion for the
verification of the ultimate limit state determined
from the load test results, shall be corrected. The
correction shall be achieved by subtracting the
measured, or the most unfavourable, positive shaft
resistance in the compressible stratum and in the
strata above, where negative skin friction develops,
from the loads measured at the pile head.

(6) During the load test of a pile subject to
downdrag, positive shaft friction will develop along
the total length of the pile and should be considered
in accordance with 7.3.2.2(6). The maximum test
load applied to the working pile should be in excess
of the sum of the design external load plus twice the
downdrag force.

(7)P When deriving the ultimate characteristic
compressive resistance Rc,k from values Rcm
measured in one or several pile load tests, an
allowance shall be made for the variability of the
ground and the variability of the effect of pile
installation.

(8)P For structures, which do not exhibit capacity to
transfer loads from "weak" piles to "strong" piles, as
a minimum, the following equation shall be
satisfied:

(7.2)

where & and & are correlation factors related to the
number of piles tested and are applied to the mean
(Re:m)mean  and the lowest (Rem )min OF Rem
respectively.

NOTE The values of the correlation factors
may be set by the National annex. The
recommended values are given in Table A.9.

(9) For structures having sufficient stiffness and



(9) dnsa cnopyn, siki MalOTh JIOCTATHIO JKOPCTKICTh 1
MIIHICTh, 1100 TEpeNaBaTH HABAaHTAXKCHHS  BiJ
"cnabkux" g0 "mimHux" manb, BenMuMHU &1 1 &
MOXHa po3aumuTH Ha 1,1 3a yMmoBH, 1m0 &1 HIKOIH HE
Oyzae mente 1,0.

(10)P TIlpm inTepmperanii BUMNpPOOYyBaHb  Maui
HABaHT)XEHHSIM HEOOXiIHO PO3PI3HATH CUCTEMHI 1
BHITQJIKOB1 CKJIQJIOB1 3MiH IPYHTY.

(11)P HeoOxigHO KOHTpOIOBATH JaHi MO YCTaHOBIII
BUIPOOYBaNbHOI(MX) masi(b) 1 BpaxoByBaTu Oyab-siKe
BIIXWJICHHS BiJi HOPMallbHMX YMOB BHPOOHHUIITBA
POOIT.

(12) XapakrepucTHyHHN KOMIIpeciiHMiA omip (Hecyda
3MATHICTh) TPYHTY Rcx, Moke OyTu BUBEICHUH 3
XapaKTePUCTUYHHUX BEJTMYMH ONOpPY OCHOBM (T1’ATH)
Ry, 106iuHOrO onopy Rsxk, 5K 11€:

Re:k = Rok+ Rsx

(13) Li KOMIIOHEHTH MOXYThb OyTH BHBEJICHI
OesrocepeZlHBO 3 pE3yNbTaTiB  BUNPOOyBaHb
CTaTUYHUMH HaBaHTAXXEHHAMH a00 OLIIHEHI Ha OCHOBI
pe3ynbraTiB BUIIPOOyBaHb IPYHTIB 200 BUIPOOYBaHb
JTMHAMIYHUMH HaBaHTa)KCHHSIMHU.

(14)P TIlpoextrmit  omip Rcqd, cilig BU3HAYATH 3
HACTYITHOTO:

Red= Rc;k/]/t
abo:
Red = Rb;k/Vb + Rs;k/Vs

I[TPUMITKA Benmmunnn OKPEMHX
KoeIIlieHTIB MOXYTh MicTUTHCS B HarionaasHOMY
nonaTky. PekoMeHmoBaHI BEMMYUHU JJISl TTOCTIMHUX i
TAMYacoOBUX cuTyanid Hagadi B Tabmmisax A.6, A7 i
A8.
7.6.2.3 TI'panmunuii kommpeciiinumii omip 3
pe3yJbTaTiB BUIIPOOYBaHb IPYHTY
(1)P Meromn nmns OWIHKKA  KOMIIPECITHOTO OIOpY
(mecydoi 3maTHOCTi) TaigbOBOrO (GYHIAMEHTY 3
pe3ynbTaTiB BUMPOOYBaHb I'PYHTY BCTAHOBIIOKOTHCS 3
BHIIPOOYBaHb nami HaBaHTAKEHHSIM i 3
CHIBCTABIIIOBAHOTO JIOCBi/TY, K MOKa3aHo B 1.5.2.2.

(2) MoxkHa BBeCTH KOE(IIi€EHT MOJIEITI, SIK OMMUCAHO B
2.4.1(9), mo0 TmepeKoHATUCH, IO YTBEP/UKEHUN
KOMIIPECiHUH OIip JOCTATHHO OE3IMEUHIIA.

(3)P IlpoexrHa Hecyua 37aTHICTH Haii, Red, MOBUHHA
BU3HAYATHCH 3

Rc;d = Rb;d + RS;d

(4P [ns woxnoi mami Rpg 1 Rsd mOBHHHI
OTPUMYBATHUCH 3.

Rb:d = Ro:/yb 1 Rs:a = Rs:lys

[MPUMITKA Bennunau okpemux koediuieHTiB
MOXYTh OyTH HajaHi B HamioHanpHOMYy — 1OJaTtky.

strength to transfer loads from "weak™ to "strong"
piles, the values of & and & may be divided by 1,1,
provided that & is never less than 1,0.

(10)P The systematic and random components of
the variations in the ground shall be recognised in
the interpretation of pile load tests.

(11)P The records of the installation of the test
pile(s) shall be checked and any deviation from the
normal execution conditions shall be accounted for.

(12) The characteristic compressive resistance of the
ground, Rck, may be derived from the characteristic
values of the base resistance, Ry, and of the shaft
resistance, Rs;x, such that:

(7.3)

(13) These components may be derived directly
from static load test results, or estimated on the
basis of ground test results or dynamic load tests.

(14)P The design resistance, Rcq, shall be derived
from either:

(7.4)
or
(7.5)

NOTE The values of the partial factors may be
set by the National annex. The recommended values
for persistent and transient situations are given in
Tables A.6, A.7 and A.8

7.6.2.3 Ultimate compressive resistance from
ground test results

()P Methods for assessing the compressive
resistance of a pile foundation from ground test
results shall have been established from pile load
tests and from comparable experience as defined in
1.5.2.2.

(2) A model factor may be introduced as described
in 2.4.1(9) to ensure that the predicted compressive
resistance is sufficiently safe.

(3)P The design compressive resistance of a pile,
Rc.q, shall be derived from:

(7.6)

(4)P For each pile, Ry.q and Rs.q shall be obtained
from:

(7.7)
NOTE The values of the partial factors may

be set by the National annex. The recommended
values for persistent and transient situations are



PexoMmengoBani  BEIMYMHM  JUIL  IOCTIMHHUX 1 given in Tables A.6, A.7 and A.8.

TUMYacOBUX CHUTYyallid HafaHi B Ta0muisx A.6, A.7

iA.8. (5)P The characteristic values Rpx and Rsx shall
(5)P Xapakrepuctuuni BenmuuuHU Rpx 1 Rsx kKoxHA either be determined by:

MOBMHHI BU3HAYATHUCH 3:

(7.8)
Rc;k — (Rb;k + Rs;k) — Rb;cal + Rs;cal — Rc;cal — Min{(RC;Ciil)cpeb ’ (Rc;cal)min }
< ¢ S S

] o L , where & and & are correlation factors that depend
J1e €31 ¢4 — KoeilieHTH KOpensi, sKi 3anexath Bifl on the number of profiles of tests, n, and are applied
KIUTBKOCTI BUITPOOYBaHHUX npodiniB n 1 respectively:
3aCTOCOByIOTFI)C$I BIAITOBIAHO: — to the mean values (Rc;cal )mean - (Rb;cal +
- 10 CCPCIHIX BCIMIMH (Rc;cal )mean = (Rb;cal + Rs;cal)mean Rs;cal)mean = (Rb;cal)mean + (Rs:cal)mean
= (Roscat)mean + (Rscat)mean — and to the lowest values (Rc;cal Jmin = (Rb;cal +
- i go wminiMageHUX BeMUYMH(Rccal Jmin = (Rbcal + Rs:cal)min;
Rs;cat)min; or by the method given in 7.6.2.3(8).
200 MeTO/IOM, HalIaHNM B 7.6.2.3(8). o NOTE The values of the correlation factors may

[TIPUMITKA  Bemuuunu K_Oe‘i"meHT‘B be set by the National annex. The recommended

Kopensiii MOXyTb Mictutucs B HarioHanbHOMY values are given in Table A.10.
nonaTky. PekomeHioBaHi BeIMUMHU HaaaHi B TaoOmuri
A.10. N _ . (6)P The systematic and random components of the
(6)P CucremaTnyHi i BUTIA/IKOBI KOMIIOHEHTH 3MiH y variation in the ground shall be recognised in the
TPYHT1 MOBHHHI yCBIOMITIOBATHCE TIPH IHTEPIIPETALI] interpretation of the ground tests and calculated
BHIIPOOYBaHb IPYHTIB 1 BU3HAUCHHI OIOPIB. resistances.

- _ L (7) For structures with sufficient stiffness and
(7) Jnst xoHCTpYKWiMf, 3 KOPCTKIiCTIO i MillHiCTIO strength to transfer loads from “weak” to “strong”

AOCTATHROIO — JUIA ~ TICPEAATtl  HABANTKCHAA - BIA piles, the factors ¢ and & may be divided by 1,1,
crrabkux" o "mimEnx" mamb, KoedilienTH Cs i ca provided that ¢ is never less than 1,0.

MOXyTe Gyrr  posiineni ma 1,1 3a ymoBH, mo C3 (8) The characteristic values may be obtained by
Hikoiu He Oyzne menme 1,0. calculating:

(8) XapakTepuCTHYHI BEIMYMHU MOXYTh OyTH
OTpUMATH BU3HAYCHHAM!
(7.9)
Rok = Alpk 1 Rsk=ZAs;i Gs;ick
where go:x and gs:i.x are characteristic values of base

1€ Ook i Osik — XapaKTEPUCTHYHI BEIUUMHU OIOPY resistance and shaft friction in the various strata,
’siti 1 GI9HOro TepTs B PI3HMX IHapax, OTPHUMaHi 3 obtained from values of ground parameters. )
BE/IMYUH [1aPAMETPiB IPYHTY. NOTE If this alternative procedure is applied,
[IPUMITKA SIkimo Wi albTepHATHBHY the values of the partial factors y  and s
CXeMy  3aCTOCOBYIOTS, BETHYMHHA OKpeMHX recommended in Annex A may need to be corrected
KOCQILIEHTIB Jb 1 )5, PEKOMCHIOBaHI B HOMATKY A, by a model factor larger than 1,0._The value of the
MAIOTb  HEOOXimHIiCTH  OyTH CKOperoBai model factor may be set by the National annex.
koediieaTom Moxeni  Oumpme  1,0. Bennunna
koedilieHTa Moneni Moxe OyTM HaJaHa B ) ) o
HarlioHaIbHOMY I0JATKY. (9)P If Design Approach 3 is used, the characteristic
(9P Slkmo s3acrocoBytote Ilpoexrrumit Iigxix 3, values of ground parameters shall be determined
XapaKTePUCTHYHI BEIMYMHM IapaMeTpiB  IPYHTY according to 2.4.5. Partial factors shall then be
MOBUHHI BU3HAa4YaTucs BimnmoBigHo 1o 2.4.5. Oxpewmi app.lled to these characteristic values to obtain
KoeillieHTH MOBUHHI MOTIM HPHKIATATHCSA 10 IHX design values of the ground parameters for
XapAKTEPUCTHYHUX ~ BEIMYMH I OTPUMAHHS calculating the design values of the pile resistance.

MNPOEKTHUX BEIMYMH TapaMeTpiB  IPYyHTY, JUIs

BHU3HAYEHHS NPOEKTHUX BEIUYMH omnopy (Hecyudoi ) o
37aTHOCTI) MaJIi. (10) In assessing the validity of a model based on

(10) Ipu ouiHwi JOCTOBIPHOCTI MOJIEIi, OCHOBAHOI Ha ground test results, the following items should be
pe3ynbraTax — BUNPOOYBaHb  IPYHTY, HEOOXIAHO considered:



BKJTIOYATH HACTYIHI IYHKTH:
- THO  TIPYHTY, BKIIOYAIOYM  TpajaylOBaHHS,
MiHEepaJIoTito, KyTYBaTiCTh, LIUIBHICTh, IONEPEAHE
YIIUTbHEHHS, CTUCKYBAHICTh 1 MPOHUKHICTB;
- METOJA BJIAINTYBaHHA Nalli, BKIOYAIOYH METO]I
OypiHHS Y¥ 3aHYpEHHS;
- IOBXKHHY, AiaMeTp, Marepian i ¢popy cTBoma i m’stu
naii (HanmpuKia, pO3UIUPEHHS] OCHOBH);
- METO/1 BUNIPOOYBaHHS IPYHTY.
7.6.2.4 TI'panuyHuii  omip CTHUCKYBAaHHIO 3
AUHAMIYHMX yIAPHUX BUNPOOYBaHb
(HOP  [Je nuHamiuei ygapHi (ymap  MoJoTa)
BUINPOOyBaHHs Mayi [cucrema BUMIpy aedopmartii i
MPUCKOPEHHSI MOPIBHIOETHCS 3 YacOM TaKTy Iij Yac
ymapy (muB. 7.5.3(1))] 3acTOCOBYIOTBCS JUTST
BHU3HAYEHHS OMOPY iHIUBIIYyalbHOI CTHCKYBaHOI Tali,
MPHUIATHICTE (JOCTOBIPHICTH) pe3yjbTaTy MNOBHHHA
OyTH TPOAEMOHCTPOBAHA TIOMEPEAHIM  JIOKA30M
MPUAHATIUBOCTI XapaKTEPUCTUK  BUIPOOYBaHHSIMU
CTaTUYHUM HAaBAHTKEHHSM TMali TaKOro > THIIA,
nomiOHOI JOBXHUHU 1 [EepEeTUHY 1 B MOMIOHHMX
I'PYHTOBHX YMOBaX.
(2) Komu BHKOPHCTOBYIOTBCS THHAMIUHI yIapHi
BUNPOOYBaHHSI OMip 3aHYpPEHHIO Talli TOBHUHEH
BUMIPIOBATHCS 0e3mocepenHbO Ha MICITI
JOCITIIKEHHS.

I[MPUMITKA BumnpoOyBaHHS HaBaHTaXECHHSIM
LBOI'O TUITy MOXKE TaKOX BKJIIOYATH IIPOLIEC CHUTHAILY
(3B’s3Ky)  BIAMOBIAHOCTI  BUMIPY  HAIPYXCHHS
migiiomy (xBwmii) Ha rpadiky. CHUrHaa BiIIOBIIHOCTI
JO3BOJISIE  AITPOKCUMAIIII0 PO3BUTKY OMOPY CTBONA i
II'SATH TMajli TakoX mo0pe, sSK MOMIETIOBaHHS HOTo
TTOBEIIHKHY TTPH HaBaHTAKCHHI OCiTaHHS.
(3)P Emepris ynapy HOBHHHO OyTH JOCHTH BHICOKOIO,
00 TO3BOJUTH HAJISKHY IHTEPIIPETAII0 Tajli Omopy
CTHUCKYBaHHIO TIpH  JIOCHTh ~ BHCOKOMY  piBHI
nedopMarrii.
(4)P IlpoekTHa BenmWYMHA OMOPY CTHUCKYBAHHIO Talli
Rc:d TOBMHHA BUBOAUTHCS 3 (HOPMYITH:

Rc;d = RC;k/'Yt
3
Rem)eves . (Ren)mi
RC;k = Min {( C’m)cpa) ,( c,m)mm }
S S

ne &s i1 & — KoedillieHTH KOpemnsIii, MoB's3aHi 3
KUTBKICTIO BUIIPOOYBaHbp Maib, N, i BXHBaHI s
cepentboi (Re;m)mean 1 MiHIMAITBHOT (Re;m)min  BETHUHHA
Re;m BiAOBiAHO

ITPUMITKA Benuuunu OKpPEMOTO
koedimieHTa 1 KoedimieHTIB Kopemsiuii MOXYyTb
MICTUTHUCS B Hanionansnomy JIOAATKY.
PexomennoBani BennuuHy Hagaui B Taomumi A.11.
7.6.2.5 I'pannunmnii omip CTHCKYBaHHI0 (Hecy4a
30aTHiCTB) BH3HA4YeHMi 3 ¢opmysn 3a0MBaHHS
naJji

— soil type, including grading, mineralogy,
angularity, density, pre-consolidation,
compressibility and permeability;

— method of installation of the pile, including
method of boring or driving;

— length, diameter, material and shape of the shaft
and of the base of the pile (e.g. enlarged base);

— method of ground testing.

7.6.2.4 Ultimate compressive resistance from
dynamic impact tests

(1)P Where a dynamic impact (hammer blow) pile
test [measurement of strain and acceleration versus
time during the impact event (see 7.5.3(1))] is used
to assess the resistance of individual compression
piles, the validity of the result shall have been
demonstrated by previous evidence of acceptable
performance in static load tests on the same pile
type of similar length and cross-section and in
similar ground conditions.

(2) When using a dynamic impact load test, the
driving resistance of the pile should be measured
directly on the site in question.

NOTE A load test of this type can also include
a process of signal matching to measured stress
wave figures. Signal matching enables an
approximate evaluation of shaft and base resistance
of the pile as well as a simulation of its load-
settlement behaviour.

(3)P The impact energy shall be high enough to
allow for an appropriate interpretation of the pile
capacity at a correspondingly high enough strain
level.

(4)P The design value of the compressive resistance
of the pile, R¢.q shall be derived from:

(7.10)
with

(7.11)

where &s and &g are correlation factors related to
the number of piles tested, n, and are applied to the
mean (Re:m)mean and the lowest (Re.m)min Value of Re:m
respectively.

NOTE The values of the partial factor and
correlation factors may be set by the National
annex. The recommended values are given in Table
All.

7.6.25 Ultimate compressive resistance by
applying pile driving formulae

()P Pile driving formulae shall only be used if the
stratification of the ground has been determined.



()P  dopmyna  3abuBaHHA  Tadb  MOBHHHA
3aCTOCOBYBaTHCS TINBKM, SKIIO HaIIapyBaHHS
IPYHTIB 10Ope BUBYEHI.

(2)P Sxmo ¢popmynu 3a0uBaHHS Majli 32CTOCOBYETHCS
IVl OLIHKKA TPAaHUYHOTO ONOPY MpPH CTHUCKYBAHHS
OKpeMHuX Maib y GyHJaMEHTi, TpUIaTHICTh (HOpMYIH
MOBHHHA OyTH IPOAEMOHCTPOBAaHA TIOMNEPEIHIM
CKCIICPUMEHTAIbHUM ~ JIOKa30M  TPUHHSITIMBOCTI
XapaKTePUCTHK BUNPOOYBAaHHSIMH  CTaTUYHUM
HaBaHTOKEHHSM I@aji TaKoro >k THUIA, IOAIOHOI
JOBXKHHH 1 TEpeTHHY 1 B TOAIOHMX TIPYHTOBUX
yYMOBaXx.

(3)P lns manb-cTifioK, 3a0UTUX B HE3B'A3HUN IPYHT,
MPOEKTHA BETMYNHA ONPY CTHCKYBaHHIO Rc;d, TOBHHHA
BHU3HAYATHCS 32 TAKOIO CXEMOIO, K y 7.6.2.4.

(4) Komu 3acrocoByeThcsi (hOpMyau 3a0MBaHHS Mai
JUIE  TIepeBIpKH  OMOpY  CTHUCKYBaHHIO  TIalli,
BUIIPOOYBaHHSI 1O 3a0WBaHHIO Talli TOBUHHO OyTH
BUKOHAHE HE MEHINIE YMM Ha 5 TajsgX Ha JIOCTATHHO
BEJIMKIM  BijcTaHi OAHAa Big OAHOI y 30HI
pO3TaIIyBaHHS JJIsi BU3HAYCHHS KUTHKOCTI KiHIIEBOL
cepii ynapis.

(5) Touku 3aHypeHHs Maii I KiHIEBOI cepiit ymapis
HEOOXIIHO PeECTPyBaTH JUTS KOXKHOI TaJIi.

7.6.2.6 TI'panuyHmii omip cTHCKaHHI0O (Hecy4ya
31ATHICTB) 3 aHAII3y NOLIMPEHHS XBHIb

(1)P Amaniz mommpeHHS XBWJIb B TalIX ITOBHHEH
BUKOPUCTOBYBAaTHCS TUIbKH, KOJM HallapyBaHHS
TPYHTIB  BH3HaueHe OypiHHAM 1 TOJHLOBUMH
BUNIPOOYBaHHIMH.

2)p Kommn aHai3 TTOIIAP CHHS XBHJTb
BUKOPUCTOBYETBCS Ul OLIIHKH OIOPY OKPEMHX
CTHCKYBaHWX Tallb, IMPHAATHICTh aHAN3y IOBHHHA
OyTH TPOJEMOHCTPOBAHA TIOMEPEAHIM  JIOKA30M
MPUHHSTINBOCTI XapaKTEPUCTHUK BHUIIPOOYBAHHIMH
CTaTUYHUM HABAHTAKEHHSM MAJl TaKOro >K TuIa,
noniOHOI [MOBXKUHA 1 MepeTHHy 1 B MOMIOHHUX
I'PYHTOBHX YMOBaX.

(3)P IlpoexTHa BenwuYWHA OMOPY CTHCKYBAaHHIO R
BHBEZICHA 3 PE3YJbTATIB aHaJi3y MOMUPEHHS XBUIb B
JEKITbKOX  pEeNpe3eHTATUBHUX  MajsiX, IOBUHHA
OLIIHIOBATHCS 3a TaKOK X CXeMOw, K y 7.6.2.4,
BHKOPHCTOBYIOUH  ¢-BEeJIMYMHHW, OCHOBaHI Ha
MICII€BOMY JIOCBiJi.

[NPUMITKA Amaniz m0OMNMpPEHHS XBUIb
0a3yeThCsl HA MaTEeMAaTWYHIN MOIeNi IPyHTY, maii i
3a0WBHOTO  YCTaTKyBaHHS ©0e3 BHUMIpY XBHIb
HaIpy>XKeHHs Ha MicCIIl. Meron 3a3BUYAil
3aCTOCOBYETHCSI NIPH BHUBYEHHI POOOTH MajbOBOI'O
MOJIOTa, JTUHAMIYHUX rapaMmeTpiB IPyHTY i
HamnpyXXeHHs1 B TaJli y NpoJdoBX 3abuBaHHSA. Hum
TAaKo’XX, Ha OCHOBI MoOJeNeH, MOXJIMBO BH3HAYUTH
noTpiOHMi (HeoOXigHMIt) omip 3a0MBaHHIO (KUTBKICTh
yaapiB), sSIKUi 3a3BUYaii 3B'13aHUI 3 Iepen0avyyBaHUM
OIIOPOM IaJli HA CTUCKYBaHHSI.
7.6.2.7 IloBTOpHE 320MBaHHSA
(1)P B mpoexTi moBuHHa OyTH BM3HA4€Ha KUIBKICTb
nanb A TMOBTOPHOTO 3a0MBaHHA. SIKIIO MOBTOpHE

(2)P If pile driving formulae are used to assess the
ultimate compressive resistance of individual piles
in a foundation, the validity of the formulae shall
have been demonstrated by previous experimental
evidence of acceptable performance in static load
tests on the same type of pile, of similar length and
cross-section, and in similar ground conditions.

(3)P For end-bearing piles driven into non-cohesive
soil, the design value of the compressive resistance,
Re:a, shall be assessed by the same procedure as in
7.6.2.4.

(4) When a pile driving formula is applied to verify
the compression resistance of a pile, the pile driving
test should have been carried out on at least 5 piles
distributed at sufficient spacing in the piling area in
order to check a suitable blow count for the final
series of blows.

(5) The penetration of the pile point for the final
series of blows should be recorded for each pile.
7.6.2.6 Ultimate compressive resistance from
wave equation analysis

(1)P Wave equation analysis shall only be used
where stratification of the ground has been
determined by borings and field tests.

(2)P Where wave equation analysis is used to assess
the resistance of individual compression piles, the
validity of the analysis shall have been
demonstrated by previous evidence of acceptable
performance in static load tests on the same pile
type, of similar length and crosssection, and in
similar ground conditions.

(3)P The design value of the compressive resistance,
Re.d, derived from the results of wave equation
analysis of a number of representative piles, shall be
assessed by the same procedure as in 7.6.2.4, using
¢ -values based on local experience.

NOTE Wave equation analysis is based on a
mathematical model of soil, pile and driving
equipment without stress wave measurements on
site. The method is usually applied to study hammer
performance, dynamic soil parameters and stresses
in the pile during driving. It is also, on the basis of
the models, possible to determine the required
driving resistance (blow count) that is usually
related to the expected compressive resistance of the
pile.

7.6.2.7 Re-driving

()P In the design, the number of piles to be re-
driven shall be specified. If re-driving gives lower
results, these shall be used as the basis for ultimate
compressive resistance assessment. If re-driving



3a0MBaHHS Ja€ cla0Killi pe3yabTaTd, BOHH MOBHUHHI
BHKOPHCTOBYBAaTHCS K  0a30Bi  JUig  OI[iHKH
TPAaHUYHOTO OIMOPY CTUCKYBaHHIO. SIKIIO MOBTOpHE
3a0MBaHHS JIa€ BUIIII Pe3yJabTaTH, BOHH MOXYTb OyTH
BpaxoBaHi.
(2) TloBTOpHE 3a0MBaHHSA, SIK MPABUIIO, MOTPIOHE IS
MYJHCTUX TIPYHTIB, SKIIO MICIEBHI JIOCBiJ He
JIOBOJIUTH MOr0 HEAOLIIBHICTE.

[MPUMITKA TIloBTopHE 3a0MBaHHS BUCSYHX
nanh B TIMHACTHX TIPyHTax 3a3BUYail Beae [0
3MEHILIEHHS OMTOPY CTUCKYBaHHIO.
7.6.3 Omip po3TATyBaHHIO IPYHTY
7.6.3.1 3araabHi NoJ0KeHHS
(1)P IpoexTyBaHHS Najbh Ha PO3TATYBAHHS MMOBHHHO
y3rOJDKyBaTHCS 3  TpaBWIaMH  TPOCKTYBaHHS,
HagauumMd B 7.6.2, ne pomineHo.  IlpaBuia
MIPOEKTYBaHHS, cneudiuni s QyHIAMEHTIB
BKJIIOUYAIOYMX PO3TATHYTI MMajii, HaBeIeHI aajii.
(2)P [ns mepeBipku, 1o QyHAaMEHT BUTpUMAE
MPOEKTHE HAaBaHTAXCHHS 3 aJICKBATHUM 3allacoM
NpOTH pyWHYBaHHS MPH PO3TATYBaHHI, JUIsI BCIX
TPAaHUYHKX CTaHIB 3a BTPATOI HECY4Oi 3J]aTHOCTI 3a
BUNAJKOBUMM HABAHTAXKEHHAMU 1 KOMOIHALEKO
HABaHTa)XEHb, ITOBHHHA 3aJIOBOJBHITHCS HACTYITHA
HEPIBHICTD:

I:t;d < Rt;d

(3)P [JIns po3TATyBaHWX Tadh JBa MEXaHI3MH
pYHHYBaHHS [TIOBUHHI BpaXOBYBaTHCA:

- BUCMHUKYBaHHsI [1aJIb 3 TPYHTOBOI'O MacuBY;

- TimpaBmiYHUI MigioM ONOKY TIPYHTY, IO MICTUTH
nai.

(4)P IlepeBipka mpoTu pyitHyBaHHS Bif T1iAPaBIidYHOTO
MigfoMy TPYHTOBOrO ONOKYy, IO MICTUTH Mai
(mmBuch PucyHok 7.1), MOBMHHa BHUKOHYBaTHUCS ¥
BinmoBigHOCTI 3 2.4.7.4.

(5) Hns oxpemMux poO3TATHYTHX maidh abo rpynu
PO3TATHYTUX TMajlb, MEXaHI3M pPYHHYBaHHSI MOXKeE
BHU3HAYATHCh ONOPOM BHUCMHKYBAaHHIO IPYHTOBOI'O
KOHYCY, O0COOJIMBO Ul Majlb 3 PO3IIMPEHOIO II’STOO
a00 3arnuOIeHNX B CKEIIIO.

(6) Ilpm posrmsami TigpaBIiYHOTO MiAKOMY MAacH
TPYHTOBOTO OJIOKY, 11O MICTHTH TaJjIi, OIip 3pyIIEeHHIO
Ha OIYHMX MOBEPXHIX OJMOKY Ty MOXKE TOABaTHCS IO
CHJI OIIOPY, BKA3aHUX HA PUCYHKY 7.1.

(7) 3Buuaiinuii BIUIMB OJOKY € BU3HAYAIBHUHN IS
MPOEKTHOI'O OIOPY NPH PO3TATYBaHHI, SIKIIO BiACTaHb
MK mamiMu OyJe piBHOIO a0 MeEHIIe KOpeHs
KBa/IPaTHOTO 3 JIOOYTKY JiaMeTpy Naii Ha BEIHYUHY
3arnuOIeHHs B OCHOBHHI MIITHUH map.

(8)P Edvext rpynu, skuii MOXKE 3MEHITUTH e(EeKTHBHE
BEpTUKAIbHE HANpPYKEHHS B IPYHTI i, BiONOBiAHO,
BE&JIMYMHU OIYHOro oOmopy pi3HMX Hajlb TpyIH,
MOBUHHO OYTH BPaxOBaHO B PO3PaxyHKY IpPH OLIHLI
OIOPY PO3TATYBaHHIIO IPYNH Tajlb.

(9P Cnig BpaxoByBaTW 3HAUYHUI HECHPUATIUBHHA
epekr Ha  omip  PO3TATYBAaHHIO  IHMKIIYHUX
HABaHTa)XEHb 1 3MiH HaNpsMy il HABAHTAKECHb.

gives higher results, these may be considered.

(2) Re-driving should usually be carried out in silty
soils, unless local comparable experience has shown
it to be unnecessary.

NOTE Re-driving of friction piles in clayey
soils normally results in reduced compressive
resistance.

7.6.3 Ground tensile resistance

7.6.3.1 General

(1)P The design of piles in tension shall be
consistent with the design rules given in 7.6.2,
where applicable. Design rules that are specific for
foundations involving piles in tension are presented
below.

(2)P To verify that the foundation will support the
design load with adequate safety against a failure in
tension, the following inequality shall be satisfied
for all ultimate limit state load cases and load
combinations:

(7.12)

(3)P For tension piles, two failure mechanisms shall
be considered:

— pull-out of the piles from the ground mass;

— uplift of the block of ground containing the piles.

(4)P Verification against uplift failure of the block
of ground containing the piles (see Figure 7.1), shall
be carried out in accordance with 2.4.7.4.

(5) For isolated tensile piles or a group of tensile
piles, the failure mechanism may be governed by
the pull-out resistance of a cone of ground,
especially for piles with an enlarged base or rock
socket.

(6) When considering the uplift of the block of
ground containing the piles the shear resistance Tq
along the sides of the block may be added to the
resisting forces shown in figure 7.1.

(7) Normally the block effect will govern the design
tensile resistance if the distance between the piles is
equal to or less than the square root of the product
of the pile diameter and the pile penetration into the
main resisting stratum.

(8)P The group effect, which may reduce the
effective vertical stresses in the soil and hence the
shaft resistances of individual piles in the group,
shall be considered when assessing the tensile
resistance of a group of piles.

(9)P The severe adverse effect of cyclic loading and
reversals of load on the tensile resistance shall be
considered.

(10) Comparable experience based on pile load tests
should be applied to appraise this effect.



(10) CmiBcTaBmoBaHWI  JOCBiJ, OCHOBaHWN Ha
BHUIPOOYBAHHAX Tajb HABaHTAKEHHSIM, HEOOXiTHO
3aCTOCOBYBATH, III00 OIIIHUTH 1Iei e(heKT.

1 moBepxHs 3eMITi
2 piBeHb TPYHTOBHX BOJI
3 GiuHa moBepxHs "OGIOKY", € PO3BUBAETHCS OIIp Td

Pucynok 7.1 — [lpuknagm rigpaBmigHOTO iAoMY
(UPL) rpynm mams

7.6.3.2 I'pannunnii omip PO3TATyBaHHIO
(MinHicTb), 3 BHIPOOYBaHb NMAJTi HABAHTAKEHHAM

(1)P BumpoOyBaHHS Taib HaBaHTAKEHHSAM IS
BHU3HAYEHHS TPAHUYHOTO ONOPY PO3TATYBAHHIO
okpemoi mam R TIOBHHHI TPOBOAWTHCH ¥
BimnosimHoOCTI 3 7.5.1, 7.5.2 1 7.5.4 i 3 BpaxyBaHHAM
7.6.2.2.

(2)P IlpoextHmii omip pO3TATYBaHHKO Ryg crix
BCTBHOBJIIOBATH 3:

Rt;d = Rt;k/Ys;t

[NPUMITKA Bennunan OKpEMHUX
Koe(ilieHTIB MOXYTh MicTuTUCS B HamionanbHoMy
nonaTky. PekoMeHmoBaHI BEMMYUHU ISl TIOCTIMHUX i
nepeMiHHUX cuTyauid HazaHi B Tabmuisx A.6, A.7 1
A.8.

(3) 3a3Buuaii, xonM mMami MOBMHHI NpalioBaTH Ha
PO3TATYBaHH, B TEXHIYHUX YMOBAX CJIiJi BKa3aTH, 110
MOBHHHA BUMPOOYBATHCh OLTBII HiX ofHa mans. [Ipu

1 ground surface
2 ground-water level
3 side of the ‘block’, where resistance Tqdevelops

Figure 7.1 — Examples of uplift (UPL) of a
group of piles

7.6.3.2 Ultimate tensile resistance from pile load
tests

(1)P Pile load tests to determine the ultimate tensile
resistance of an isolated pile, Ry, shall be carried out
in accordance with 7.5.1, 7.5.2 and 7.5.4, and with
regard to 7.6.2.2.

(2)P The design tensile resistance, R:q shall be
derived from:

(7.13)

NOTE The values of the partial factors may be
set by the National annex. The recommended values
for persistent and transient situations are given in
Tables A.6, A.7 and A.8.

(3) Normally when piles are to be loaded in tension,
it should be specified that more than one pile should
be tested. In the case of a large number of tension
piles, at least 2 % should be tested.



BEJIMKIH KITBKOCTI PO3TATYBaHUX Malb, He MeHIIe 2%
MOBUHHO OyTH BUIPOOYBaHO.

(4P Kypnanu  (IIpOTOKOIIN) YCTaHOBKHU
BUIPOOYBanbHOI(MX) maii(b) HEOOXiAHO TIEPEBIPATH i
Oyab-sKi  BIAXWJIGHHA BiJl HOPMaJIbHUX  YMOB
OymiBHUITBA TOBMHHI OyTHM  BpaxoBaHi IpH
iHTeprperanii pe3yabTaTiB  BHUIPOOYBaHHS  Maui
HaBaHTa)XKEHHIM

5)p XapakrepucTuyHa BEIUYMHA oropy
PO3TATYBaHHIO MaJli TOBUHHA BU3HAYATHUCH 3 :

(Rt;m)cpez).(Rt;m)min }
& &

Rt;k = Mln{

ne & i & — xoedimieHTH Kopensiii, Mmos's3aHi 3
KUIBKICTIO ~ BHIPOOYBallbHMX  MHaimb, N,  sKi
3aCTOCOBYIOTHCS BiAMOBIIHO s cepeaHbol (Rem)mean

i MiHiMambHOI (Rem)min BETMYMHA BHMIPSHOTO OIOPY
PO3TATYBaHHIO.

[NPUMITKA Benmunan KoeQIIieHTIB
KOpeInsiii MOXyTh MicTHTHCS B HarioHanbHOMY
nonaTKy. PexkoMeHIOBaHI BEIMYMHU  HajaHi Y
Tabaumi A.9.
7.6.3.3 TI'panuuynuii omip Ppo3TAryBaHHK 3
pe3yabTaTiB BUNIPOOYBAaHb IPYHTY
()P  Metoau  OIIHKE  OMOPY  PO3TATYBAHHIO
MaTboBOTO0 (PyHIAMEHTY 3 pe3yibTaTiB BHIIPOOYBaHb
TPYHTY TIOBHHHI BCTAHOBJIIOBATHCS 3 BHUIIPOOYBaHBb
Tajib HABAHTAKEHHSAMMU 1 3 CITIBCTABIIOBAHOTO JOCBiTY
OymiBHUIITBA, K BKa3aHo B 1.5.2.2.

(2) KoedimienT momeni Moxe OyTH BBEICHHH, SIK
BkazaHo B 2.4.1(9), mo0 mepekoHATHCS, IO OIIip
PO3TATYBaHHIO IPUHHITHN 13 3a11aCOM IO Oe3Ielri.
(3)P IIpoekTHa BenMUYMHA OMOPY PO3TATYBAHHIOY Tai
Rt;d, MOBHHHA BUBOJNUTHCS 3:

Rtd = Rek / Vsit
ne:
Rek= Rsik
[MPUMITKA Benuuunu OKPEMOTr0

KoedimieHTa MOXYyTh MicTuTHC B HarionansHOMY
nonaTky. PekoMeHmoBaHI BeMMYUHU ISl TIOCTIMHUX i
TUMYaCOBUX CHUTYallii HamaHi B Tabmursx A.6, A.7 i
A.8.

(4)P XapakrepuctnuHa BennunHa Rix BU3HAYa€THCH 3

hopmymnu:

= Min{(Rs?cm)CPed . (Rs;cal)min }
' S S4

ne & 1 & — ue xoedillieHTH Kopensilii, sSKi 3aliexarh
Bil KUIbKOCTI BuIpoOyBanmbHHX mpodimiB, N, i
3aCTOCOBYIOTBCSA BIAMOBITHO 70 cepeAHbOT (Rs;cal)mean

i miHiMabHOT (Rs;cal)min  BenmuumHH Rsca @00 10

(4)P The records of the installation of the test pile(s)
shall be checked and any deviation from the normal
construction conditions shall be accounted for in the
interpretation of the pile load test results.

(5)P The characteristic value of the pile tensile
resistance shall be determined by:

(7.14)

where & and & are correlation factors related to
the number of piles tested, n, and are applied
respectively to the mean (Rim)mean and the lowest
(Rem)min Value of the measured tensile resistances.

NOTE The values of the correlation factors may
be set by the National annex. The recommended
values are given in Table A.9.

7.6.3.3 Ultimate tensile resistance from ground
test results

(1)P Methods for assessing the tensile resistance of
a pile foundation from ground test results shall have
been established from pile load tests and from
comparable experience as defined in 1.5.2.2.

(2) A model factor may be introduced as described
in 2.4.1(9) to ensure that the predicted tensile
resistance is sufficiently safe.

(3)P The design value of tensile resistance of a pile,
Rtq, shall be derived from:

(7.15)
where:
(7.16)

NOTE The values of the partial factor may be
set by the National annex. The recommended values
for persistent and transient situations are given in
Tables A.6, A.7 and A.8 .

(4)P The characteristic value Rqx shall either be
determined by:

(7.17)

where & and 1 & are correlation factors that depend
on the number of profiles of tests, n, and are applied
respectively to the mean (Rsca )mean and to the
lowest value (Rs:.ca)min Of Rs.cal, Or by the method
givenin 7.6.3.3(6).

NOTE The values of the correlation factors



METOJy, HaflaHomy y 7.6.3.3(6).

[NPUMITKA Bennunnn KoeQilieHTiB
Kopemsilii MOXyTh MicTuTucs B HamionanbHoMy
nonaTky. PekoMenpoBaHi 3HaueHHs HajAaHi B Taomurri
A.10.

(5)P CucremHi 1 BHUIIaJKOBI KOMIIOHCHTH 3MIHU B
IPYHTI TIOBMHHI OyTH YCBiOMIIEHI B IHTeprIpeTaii
BHU3HAYEHHS OTOPY PO3TATYBAHHIO.

(6) XapakTepucTuyHa BEJIMYMHA onopy
PO3TATYBaHHIO MOKE OYTH OTPUMaHa BU3HAYCHHSIM:
Rt;k = ZA%;i ’ qs;i;k
i

ne Os;ik 1€ XapaKTepUCTUYHI BETMYMHU OIYHOTO TEpTs
B pi3HUX Iapax, OTPUMAaHi 3 BEIWYHWH BJIACTUBOCTEH
IPYHTY.

I[TPUMITKA SIkmo  3acTOCOBYIOTH  ITIO
aNbTEpPHATHBHY  CXEMY,  BEIMYAHA  OKPEMOro
KoeillieHTa  psit, peKoMeHgoBaHoro B Jlomatky A,
Ma€ HEOOXIIHICTh KOPEKTYBaHHS KoedirieHToM
mozeni Outbine 1,0. Benuunna koedimienta  momeni
MO)Ke MicTUTHCS B HarionansHOMY J0IaTKY.

(7)P Sxmo 3actocoByerbesa Ilpoexktnuit Iligxinm 3,
XapaKTepUCTUYHI BEIIMYWHU TAapaMeTpiB  TIPYHTY
HEOOXITHO BH3HAYHMTH BimNmoBiAHO a0 2.4.5; OKpemi
Koe(iIliEHTH TOBHWHHI MOTIM IPHUKIAJAATHCh 0 IHX
XapaKTepUCTUYHUX  BEMUYMH Ui OTPUMAaHHSI
MIPOCKTHUX BEJITMIMH MapaMeTPiB IPYHTY 1 BUZHAUCHHS
MIPOEKTHUX BEIMYMH OIMOPY Mai.

(8) Ominka mocTHMEHHOCTI Momeni, Oa3yeTbes Ha
pe3ynmpTaTax ~ BUNPOOYBaHb  IPYHTY, IIOBHHHA
BHKOHYBATHCh y BimnoBigHOCTI 3 7.6.2.3(10).

7.6.4 BeprukanbHi mnepeMillleHHsI MaJLOBHX
¢pynnamenTiB (I'pannyHMii cTaH 32 MPUAATHICTIO
10 eKcrIyaTaiii niATpuMyBaHoI ciopyau)

7.6.4.1 3aranbHi moJ10sKeHHS

(1)P BeprukanpHai TepeMimieHHS TPH TPaAaHUIHOMY
CTaHl 3a MPUAATHICTIO IO eKCILTyaTallii, HeoOXiaHO
BHKOHYBATH 1 MEPEBIPATH Ha BIAMIOBIAHICTE BUMOTaM
HagaanMm y 2.4.8 12.4.9.

(2) Konmu BM3HAUYAIOTHCS BEPTHKANBHI TEpeMilIeHHS
MajgboBOro (GyHIAMEHTY HEOOXiJTHO BpaxoByBaTH
morpimHocTi  (HeBH3HAYEHOCTi),  TOB's3aHi 3
PO3paxyHKOBOIO MOJIEJLITIO i BHU3HAYCHHSIM
BIIMOBITHUX BIIACTHBOCTEH IpyHTY. [lpm mpomy He
cimiy 3a0yBaty, 0 B OUTBIIOCTI BUIIA IKIB BU3HAYECHHS
MOXYTh JAaTH JIHIIE MPUOIN3HY OLIHKY IMepeMilleHb
MajJboBOTO (PyHIaMEHTY.

[MPUMITKA [ns nanp, WO COUPAOTHCS Ha
TPYHTH BiJl CEpPEIHBOI NIUIBHOCTI 0 NIUIBHUX, 1 JIJIS
PO3TATHYTUX  Tallb, BUMOrH  Oe3meku s
MPOEKTYBaHHS 32 KpalHIM TpPaHWUYHUM CTaHOM
(BTpatoro  Hecy4oi  37aTHOCTI), 3a3BUYald, €
JNOCTAaTHIMH, 100 HE JOMYCTUTH TI'PAaHUYHOIO CTaHy
3a MPUAATHOCTI JO eKCIulyaTawlii HiATpUMYBaHOL
CHOpYIH.

may be set by the National annex. The
recommended values are given in Table A.10.

(5)P The systematic and random components of the
variation in the ground shall be recognised in the
interpretation of the calculated tensile resistance.

(6) The characteristic value of tensile resistance may
be obtained by calculating:

(7.18)

where gs:i.x are characteristic values of shaft friction
in the various strata obtained from values of ground
properties.

NOTE If this alternative procedure is applied,
the value of the partial factor ys.: recommended from
Annex A, may need to be corrected by a model
factor larger than 1,0. The value of the model factor
may be set by the National annex.

(7)P If Design Approach 3 is used, the characteristic
values of ground parameters shall be determined
according to 2.4.5; partial factors shall then be
applied to these characteristic values to obtain
design values of the ground parameters to calculate
the design values of the pile resistance.

(8) The assessment of the validity of a model based
on ground test results should be in accordance with
7.6.2.3(10).

7.6.4 Vertical displacements of pile foundations
(Serviceability of supported structure)

7.6.4.1 General

(1P Vertical displacements under serviceability
limit state conditions shall be assessed and checked
against the requirements given in 2.4.8 and 2.4.9.

(2) When calculating the vertical displacements of a
pile foundation, the uncertainties involved in the
calculation model and in determining the relevant
ground properties should be taken into account.
Hence it should not be overlooked that in most cases
calculations will provide only an approximate
estimate of the displacements of the pile foundation.

NOTE For piles bearing in medium-to-dense soils
and for tension piles, the safety requirements for the
ultimate limit state design are normally sufficient to
prevent a serviceability limit state in the supported
structure.

7.6.4.2 Pile foundations in compression
()P The occurrence of a serviceability limit state in
the supported structure due to pile settlements shall



7.6.4.2 IlanboBi pyHIaMEHTH NPH CTHCKYBAHHI
(1)P Hacranns rpaHM4YHOrO CTaHy 3a MPUIATHICTIO O
eKCIUTyaTaIii MiATPUMYBaHOT cropyy,
O00YMOBJICHOTO OCITaHHSIMU Tallb, IOBHHHO OyTH
nepeBipeHo Oepydd A0 yBaru HEraTUBHE TEPTs, Je
BOHO BiporimHe.

[MPUMITKA Komu m’sira naJi
pPO3TAIIOBYEThCS B IIApl CEPEIHBOI IMUILHOCTI a0o
TBEpJOMY Iapi BHUIIE CKEIbHOro abo  Iyxe
KOPCTKOT'O TPYHTY, OKpeMi KoedillieHTH Oe3neKu 1ist
KpailHbOro TPAaHUYHOTO CTaHy (32 BTPATOK HeECy4doi
3JIATHOCTI), 3a3BUYAl, €  JOCTaTHIMH INIE:
3aJ0BOJICHHSI ~ YMOB  TPaHUYHOTO  CTaHy  3a
MPUAATHICTIO JI0 eKCIUTyaTallil.

(2)P Owinka ocimaHHs MOBHHHA BKJIIOYATH OOW/IBa
OCiJaHHS OKPEeMHX Majb 1 OCiJIaHHA O0YMOBJICHOTO
JI€I0 TPYIIH.

(3) Amnamiz ocigaHb IIOBUHEH BKJIIOYATH OLIHKY
MOXIIMBUX HEPIBHOMIPHUX OCiJIaHb, W0 MOXYTh
TPATLIISTUCS.

(4) Komm  Hemae  [OCTYmHUX  pe3yJbTaTIB
BUNPOOYBAaHHS ~ HABAaHTAXKEHHsSIM, JUI1  aHANi3iB
B3a€EMOMlI NanbOBUX (yHIAMEHTIB 3  OyIiBJciO
XapaKTepUCTUKA HABAaHTAXXECHHS - OCIJIAHHS OKPEMHUX
nmajxb TIOBUHHA OCHOBYBATHUCh HA  EMITIPUYHHX
rimore3ax 3 BpaxyBaHHSM 3aracy.

7.6.4.3 [1anboBi pyHIaAMEHTH NPH PO3TATYBaHHI
()P  Ominka  mepeMimieHp  Bropy  IIOBHHHA
BUKOHYBAaTHCh V BIAMOBIZHOCTI 3 TPUHIUAIIAMH
7.6.4.2.

I[TPUMITKA HeoobximHo MPUIUTATH
0COOJIHMBY yBary IMOOBKEHHIO MaTepiaTy Halb.

(2)P Komu myxxe cTpori BUMOTH TPEN'SBISIOTHCS 10
TPAaHUYHOTO  CTaHy  3a  HENPUJATHICTIO [0
eKCIUTyaTallii, mepeBipka rmepeMilieHb Bropy MOBHHHA
MPOBOAUTHCSI OKPEMO.

7.7 Iagi 3 6iyHuM (MonepevyHM) HABAHTAKEeHHAM
7.7.1 3arajibHi 110J105KeHHS

()P IIpoexryBaHHS Tamp Mix Ji€f0  OIYHHX
HABaHTa)XCHb TTOBUHHO BUKOHYBATHUCS 3 BPaxyBaHHIM
MPOEKTHUX TpaBWJ, HamaHux B 7.4 1 7.5, ne
HeoOximHo. IlpoekTHi mpaBuma cnenudivHi MIA
(yHIaMeHTiB, 0[O0 BKIIOYAIOTh Nam 3 OiYHUM
HABaHTAXXCHHSM, TIPUBENICH] HUXKYE.

(2)P 1llo6 moxazaTw, MmO Tald MOXE BUTPHUMATH
MpoeKTHE OiYHe HaBaHTAXEHHS 13 3a11acoM 110 Oe3relti
JI0 pyMHYBaHHS, MOBUHHO OYTH 3aJI0BOJICHA HACTYITHA
HEpIBHICTh I BCIX BHWIIAJIKIB HAaBaHTaXEHb 1
MOEJHAHb HABAaHTAXEHb B TPAaHUYHOMY CTaHi 3a
BTPATOIO HECYUOl 37]aTHOCTI:

Ftr;d S Rtr;d

(3) HeoOximHo posrisgatd OAWH 3  HACTYMHUX
MexaHi3MiB pyHHYBaHHS:

- Jnd  KOPOTKMX  mamb, oOeprampHui  abo
MOCTYNANbHUHI PYX SIK TBEPAOro Tia;

- IUI TOBTUX TOHKHX Iajib, PyHHYBaHHS Naji MpH

be checked, taking into account downdrag, where
probable.

NOTE When the pile toe is placed in a medium-
dense or firm layer overlying rock or very hard soil,
the partial safety factors for ultimate limit state
conditions are normally sufficient to satisfy
serviceability limit state conditions.

(2)P Assessment of settlements shall include both
the settlement of individual piles and the settlement
due to group action.

(3) The settlement analysis should include an
estimate of the differential settlements that may
occur.

(4) When no load test results are available for an
analysis of the interaction of the piled foundation
with the superstructure, the load-settlement
performance of individual piles should be assessed
on empirically established safe assumptions.

7.6.4.3 Pile foundations in tension

(1)P The assessment of upward displacements shall

be in accordance with the principles of 7.6.4.2.
NOTE Particular attention should be paid to

the elongation of the pile material.

(2)P When very severe criteria are set for the
serviceability limit state, a separate check of the
upward displacements shall be carried out.

7.7 Transversely loaded piles

7.7.1 General

(1P The design of piles subjected to transverse
loading shall be consistent with the design rules
given in 7.4 and 7.5, where applicable. Design rules
specifically for foundations involving piles
subjected to transverse loading are presented below.

(2)P To demonstrate that a pile will support the
design transverse load with adequate safety against
failure, the following inequality shall be satisfied for
all ultimate limit state load cases and load
combinations:

(7.19)

(3) One of the following failure mechanisms should
be considered:

— for short piles, rotation or translation as a rigid
body;

— for long slender piles, bending failure of the pile,
accompanied by local yielding and displacement of
the soil near the top of the pile.



BUTMHI Yy TIOEJAHAHHI 3 JIOKAJbHOK IUIACTUYHOIO
nedopmarttiero i mepeMmilleHHsIM IPYHTY Oilst Bepxy
nai.

(4)P Edext rpynu moBuHeH OyTH BpaxOBaHUH, KOMH
OLIIHIOETHLCS OMIp MaJib 3 OIYHMM HABaHTAKCHHSIM.

(5) HeoOximHo Opatm Jjg0 yBaru, 10 OiuHe
HABaHTa)XEHHS, MpPUKIAJEHEe 10 TPyNHd Nallb, MAaE
pe3yapTaT Yy  TOEAHAHHI 31 CTUCKyBaHHSM,
PO3TATYBaHHAM 1 O1YHUMH CUJIAMH B OKPEMUX MaJIsIX.
7.7.2 Omnip  0iYyHOMY  HAaBaHTa)KEeHHI 3
BUNPOOYBaHb NaJIi HABAHTAKEHHAM

(1)P BumpoOyBanHs nanp OIYHUMH HaBaHTAKEHHIMH
MOBHHHI BUKOHYBATHCS Y BiAMIOBITHOCTI 3 7.5.2.

(2) Ha BigMiHHICTP JO CXEMH BHIIPOOYBaHHS
HABaHTa)XEHHSIMH, OMUCaHIN y 7.5, BUNMPOOYyBaHHS Ha
OluHE HaBaHTaXKCHHS Iajlb HE MOTPIOHO, SIK MIPABHJIO,
MPOJIOBXKYBATH JI0 CTAaHY pyWHYBaHHS. [HTEHCHBHICTB
1 piBeHp il BUNPOOYBaJbHOrO HAaBaHTAKCHHS
MOBHHHI MOJIEITIOBATH MPOEKTHE HABAHTAXKEHHS TAJTI.
(3)P HeoOximHO BpaxoByBaTH YHHHUK 3MIHHOCTI
IPYHTY, 0COOJIMBO Ha JICKUIBKOX BEpXHIX METpax Tali,
KO BHM3HAYAETHhCS YUCIIO Mab JUIS BHIIPOOYBAHb 1
KON BU3HAYAETHCS MPOSKTHUH OiYHHMU omip 3
pe3yNbTaTiB BUMPOOYBAHHS HABAHTAKECHHSIM.

(4) Axtu (3BiTH) TIO YCTaHOBIII BHIPOOYBAILHOI (MX)
manmi(b) HEOOXiMHO KOHTPOIIOBATH 1  OyIb-sKe
BIIXWJICHHS Bil HOPMajdbHUX YMOB OyIIBHHUIITBA
IIOBUHHO  BpPaxOBYBATHCh  TIPH  IHTEpIIpeTAaIlii
pe3ynbTaTiB  BUNMPOOYBAaHHS Talli HaBaHTAKEHHSM.
Hus rpynu manb edekTr B3aemomii 1 Qikcarii
OroJIOBKa HEOOXiTHO BpPaxOBYBaTH IpH BHU3HAYEHHI
OilyHOTO Omopy 3  pe3ynmpTaTiB  BUIPOOYBaHBb
HABaHTAXEHHSIMH OKPEMHUX BUIIPOOYBaJbHUX MaJlb.
7.7.3 Omip 6iuHOMY HABAHTAKEHHIO 3 Pe3yJIbTATiB
BUNPOOYBaHHSI TPYHTY i mapameTpiB Hampy:KeHb
nasuai

(1)P biuauit omip mami abo Tpynmu Tanb TOBHHEH
BH3HAYATHCS 3 BHUKOPHCTAHHSAM TOHIOHOCTI 10
eQekTiB mii B KOHCTPYKIISAX, peakmii TpyHTY i
TepeMIIeHb.

(2)P Anamizu nam 3 OiYHIM HaBaHTaKCHHSIM ITOBHHHI
BKJIFOYATH BIPOTIAHICTE pPYHHYBaHHS KOHCTPYKINi
maji B IPYHTI y BIAMMOBIAHOCTI 3 7.8.

(3) Busnauennss OigyHOTO OMOpPY MOBrOi TOHKOI Iai
MOX€E BUKOHYBATHCS 3 BUKOPHCTAHHIM Teopii Oajkw,
0 HaBaHTa)K€Ha HAa BEPXHHOMY KiHII 1 CIIHpaeTbes
Ha 1e)OpMOBaHE CEpPEeIOBUIIIE, SIKE XapaKTepU3yEThCs
TOPU30HTAIBHUM MOJYJIEM PEaKIii.

(4)P Mipa cBoboam oOepTaHHS IMajdh Ha KOHTaKTi 3
KOHCTPYKLIi€}0 TOBMHHA OpaTHCh 110 yBarum IpH
ouiHIi onopy pyHIaMeHTy OiYHOMY HaBaHTa)KEHHIO.

7.7.4 Biune nepemimenHs

(1)P  Ouinka Oi4YHOro mepeMilleHHs [aJbOBOIO
(yHIaMEHTY TOBHHHA BpaXOBYBaTH:

- JKOPCTKIiCTh TIPYHTY 1 1i 3MiHa 3aJeXKHO BiA PiBHA
HaTpyXeHHS;

- KOPCTKICTh OKPEMOi Majli MpH BUTHHI;

(4)P The group effect shall be considered when
assessing the resistance of transversely loaded piles.
(5) It should be considered that a transverse load
applied to a group of piles may result in a
combination of compression, tension and transverse
forces in the individual piles.

7.7.2 Transverse load resistance from pile load
tests

(1)P Transverse pile load tests shall be carried out in
accordance with 7.5.2.

(2) Contrary to the load test procedure described in
7.5, tests on transversely loaded piles need not
normally be continued to a state of failure. The
magnitude and line of action of the test load should
simulate the design loading of the pile.

(3)P An allowance shall be made for the variability
of the ground, particularly over the top few metres
of the pile, when choosing the number of piles for
testing and when deriving the design transverse
resistance from load test results.

(4) Records of the installation of the test pile(s)
should be checked, and any deviation from the
normal construction conditions should be accounted
for in the interpretation of the pile load test results.
For pile groups, the effects of interaction and head
fixity should be accounted for when deriving the
transverse resistance from the results of load tests on
individual test piles.

7.7.3 Transverse load resistance from ground test
results and pile strength parameters

(1)P The transverse resistance of a pile or pile group
shall be calculated using a compatible set of
structural effects of actions, ground reactions and
displacements.

(2)P The analysis of a transversely loaded pile shall
include the possibility of structural failure of the pile
in the ground, in accordance with 7.8.

(3) The calculation of the transverse resistance of a
long slender pile may be carried out using the theory
of a beam loaded at the top and supported by a
deformable medium characterized by a horizontal
modulus of subgrade reaction.

(4)P The degree of freedom of rotation of the piles
at the connection with the structure shall be taken
into account when assessing the foundation’s
transverse resistance.

7.7.4 Transverse displacement

(1)P The assessment of the transverse displacement
of a pile foundation shall take into account:

— the stiffness of the ground and its variation with
strain level;

— the flexural stiffness of the individual piles;

— the moment fixity of the piles at the connection
with the structure;

— the group effect;



- MOMEHT 3aTHUCKaHHS NaJlb Ha 3'€IHAHHI 3
KOHCTPYKII€I0;

- TpymnoBul edexT;

- edekr 3MiHM HampsaMmy Oii HaBaHTaXeHHA abo
LUKJIIYHOrO HaBaHTAXKEHHS.

(2) TomoBHMIl aHami3 TmepeMillleHHS MaJbOBOTO
dbyHIaMeHTy TTOBHHEH 0a3yBaTHCh Ha
nependadyBaHiil Mipi KIHEMaTHYHOI CBOOOIH PyXY.
7.8 IIpoeKT KOHCTPYKILii (KOHCTPYIOBAHHS) NAJIb
(1)P Tlani moBWHHI TepeBipsATHUCS Ha PYyHHYBaHHS
KOHCTPYKII1 y BitnoBigHOCTi 3 2.4.6.4.

(2)P Kouctpykiiiss mais TOBUHHA MPOESKTYBATUCS 3
BpaxyBaHHSIM BCiX CHTyallili, B SIKMX Maji OyayTh
eKcIuryatyBaTthuch. Lle Bkirtouae:

- yYMOBU iX BHUKOPHCTaHHs, HANpPUKIAJ, BILTUBH
KOpO3ii;

- YMOBHM IX YCTaHOBKH, HANpUKIAJ, HECHPUATINBI
IPYHTOBI YMOBH, TaKi SIK BallyHU, CKEIbHI TIOBEPXHI,
M0 3aJISTAIOTh ITi]] BEJIMKHM KyTOM;

- iHIIN YUHHHKH, 110 BIIMBAIOTH HA 3arTHOIIOBAHICTD,
BKJIFOYAIOYH SIKICTh CTHKIB;

- Ui 30ipHUX Taib - YMOBHU iX TPaHCIOPTYBAaHHS Ha
MICIIi 1 BJIAIITYBaHHS.

(3)P IIpn mpoekTyBaHHI KOHCTPYKIIii Ciiji Opatu 10
yBaru KOHCTPYKTHMBHI JIONYCKU Ul NIPUMHATOIO TUILY
maJji, CKJIaaoBi 1ii i cTaH QyHIaMEHTY.

(4)P Tomki mam, OO0 MPOXOmATH dYepe3 Bomxy abo
TOBCTI BIIKJIAJICHHS Ty’XK€ CIA0KOTO IPYHTY, ITOBHHHI
OyTH TIepeBipeHi Ha MMOJOBKHINA BUTHH.

(5) Sx npaBwmito, mepeBipKa Ha MOMOBXHINA BUTHH HE
moTpibHa, AKIIO MMaji pO3TalloBaHI B IPYHTax 3
MIPECTaBIIEHOI0 MIIHICTIO Ha HEAPEHOBAHUH 3CyB Cuy,
mo nepesunrye 10 kl1a.

7.9 KoHTpoJIb BHPOOHHUIITBA POODIT

(1)P Ilman ycTraHOBKH majii IOBUHEH OyTH OCHOBOIO
JUTSI TTATTbOBUX POOIT.

(2) Ilmarn moOBWHEH HaJaBaTH HACTYIIHY IPOEKTHY
iH(pOopMaItito:

- THII Hami;

- pO3MilEHHS 1 HAXWJ KOXKHOI Maji, BKIIOYA0UN
JOMYCKH TIO 11 IMOJ0XKEHHIO;

- TIOTIepEYHUH TIEPETHH Tai;

- JUTsl HAOMBHUX TIAJTb JaHi PO apMyBaHHS,

- JOB)KHMHA I1aJIi;

- YUCJIO IaJIi;

- HeoOXi/THa Hecyda 3/IaTHICTh Taji;

- BiIMiTKa IT’STH TaJi (BiTHOCHO pernepa y Mexax abo
MOpsZl MiCIl BJAINTYBaHHS) ab0 HEOOXiAHWIA OITip
3aHYpEHHIO;

MTOCTIOBHICTH BJIAINTYBaHHS;

- BiIOMI TIepenKonu;

- OyIb-sIKi 1HIII 3aBaJid MATBOBIH MiSTBHOCTI.

(3)P Lle noBuHHO OyTH BKa3aHO, LIO BIAIUTYBAaHHS
BCIX Naib nependayae MOHITOPUHT 1 AaKTyBaHHS
BJIAIUTYBAHHS NaJb.

(4) AKT 115 KOXKHOI Talli TOBUHEH BKITIOYATH aCIEKTH
OymiBHULITBA, BKa3aHl y cTaHIapTax Ha BUPOOHULITBO
pooir EN 1536:1999, EN 12063:1999, EN

— the effect of load reversals or of cyclic loading.

(2) A general analysis of the displacement of a pile
foundation should be based on expected degrees of
kinematic freedom of movement.

7.8 Structural design of piles

(1)P Piles shall be verified against structural failure
in accordance with 2.4.6.4.

(2)P The structure of piles shall be designed to
accommodate all the situations to which the piles
will be subjected. These include:

— the circumstances of their use e.g. corrosion
conditions;

— the circumstances of their installation e.g.
adverse ground conditions such as boulders, steeply
inclined bedrock surfaces;

— other factors influencing driveability, including
quality of joints;

— for precast piles, the circumstances of their
transportation to site and installation.

(3)P  During structural design, construction
tolerances as specified for the type of pile, the action
components and the performance of the foundation
shall be taken into account.

(4)P Slender piles passing through water or thick
deposits of very weak soil shall be checked against
buckling.

(5) Normally a check for buckling is not required
when the piles are contained by soils with a
representative, undrained shear strength, cy, that
exceeds 10 kPa.

7.9 Supervision of construction

(1)P A pile installation plan shall form the basis for
the piling works.

(2) The plan should give the following design
information:

— the pile type;

— the location and inclination of each npile,
including tolerances on position;

— pile cross-section;

— for cast-in-situ piles, data about the
reinforcement;

— pile length;

— pile number;

— required pile load carrying capacity;

— pile toe level (with respect to a fixed datum
within or near the site), or the required penetration
resistance;

— installation sequence;

— known obstructions;

— any other constraints on piling activities.

(3)P It shall be specified that the installation of all
piles is monitored and records are made as the piles
are installed.

(4) The record for each pile should include aspects
of construction covered in the relevant execution
standards, EN 1536:1999, EN 12063:1999, EN
12699:2000, such as the following:



12699:2000, Taki ik HACTYIIHI:
- YHCTI0 Talll;
- yCTaTKyBaHHS JUIs BIAIITyBaHHS;
- IEPETHH 1 IOBKUHA TaJIi;
- JaTa 1 4ac BJAINTyBaHHA (BKJIIOYAIOYU IIEPEpBU B
MpoIIeci BIAMITYBaHHS);
- ckiaj OeToHy, 00'eM BUKOPUCTAHOTO OETOHY 1 METO/T
OeToHyBaHHS Maji Ha MICIi BJIAIITYBaHHS;
- o0'emHa Bara, pH, B'i3kictb mo Mapmy i BMicT
NpiOHMX YaCTOK B OCHTOHITOBOMY po3uuHi (B pasi
B)KHMBaHH!);
- Juis OypOIH'€KIIHHUX Tanb 1 IHIMX 1H'€KIIHHUX
najgb, BEJIMYMHM 1 THCK HArHITaHHS pPO3YMHY a0o0
OeToHy, 3OBHIIIHIA 1 BHYTpIWIHIA giaMerp, Kpok
Pi3b0OJIeHHS 1 3aruOICHHS Ha KOXKEH 3BOPOT;
- Ul Tanb 3aMinieHHS (BUTICHEHHS), BEIHYMHH
BHUMIPIOBaHHSl OMOpY 3a0MBaHHIO, TaKi SK Bara 1
BHCOTA MAaJiHHSA a00 TMOTYXHICTh MOJOTa, 4YacToTa
3a0MBaHHs 1 4KWciIo ynapiB Ha ocraHHix 0,25 M
3aHypEHHS;
- IOTYXHICTh BIOpaTopiB (MIpH BXKUBaHHI);
- MOMEHT KpYTiHHS JIBUTYHA OypOBOro arperaty (mpu
B)KUBaHHI);
- Uil OypOBHIX T1alib, IIAPH, MIPOJIEHI TIpu OypiHHI, 1
CTaH OCHOBHW, SKIIO TEXHIYHUUA CTaH (BUKOHAHHS)
II'SITA TaJIl € HeOE3MEeYHUM;
- TICPEIIKO/IH, 3yCTPIHYTI IIPH YCTAHOBIII TIaJIb;
- BIOXWJICHHS TIOJIOKCHHS 1 HampsMy 1 BHKOHABYOI
[IO3HAYKH.

I[TPUMITKA EN 14199 Ha BHUKOHaHHS MIKPO
Majb - Y HiATOTOBIII.
(5) AxTr TOBHHHI 30epiraTUCs IIOHAWMEHIITHIT TIepio
M'ATh POKIB TMiCHs 3akiH4eHHA poOit. byniBembHa
JOKyMEHTAlLlisl [IOBUHHA CKJIAZATHUCS IICIs YCTAaHOBKU
majgb i 30epiratucs 3 BHKOHABUOK IOKYMEHTAIII€lo.
(6)P Sxmo criocTepexeHHs Ha MICIlI 9H IepeBipKa
3BITIB, BUSBWJIA HEBHU3HAYEHOCTI BIJHOCHO SIKOCTI
BJIAIUTYBAHHS Majlb, HEOOX1THO MPOBECTH AONATKOBE
OOCTe)KEHHS 3 METOI0 BCTaHOBIEHHS IX CTaHy 1
peMOHTHI 3axomau, Ko HeoOXimHo. Lli obcrexeHHs
MMOBMHHE BKIOYaTH a0o0 BHIPOOYBaHHA Tali
CTATHYHUM  HaBaHTAXEHHAM, ab0  TepeBipKy
LUTICHOCTI, YCTaHOBKY HOBOi maii, a00 y BHUMNAQJAKY
3MIIIEHHs] Tajli, TOBTOpPHE 3a0WBaHHSA Tali Yy
MOEAHAHHI 3 BHUIPOOYBaHHAMH IPYHTY TOpsAd 3
CYMHIBHOIO TTQJIEIO.
(7) P BunpoOyBaHHS CItifi MPOBOAWUTH ISl TIEPEBIPKH
LUTICHOCTI Mallb, JJIsl IKAX SKICTh YyTIUBA JIO CXEMHU
BJIAILTYBaHHS, SIKILO cxema HE MOXKe
KOHTPOITIOBATHCS y HaMIHHUH c11ociO.
(8) unamiuni BUNpoOyBaHHS IUTICHOCTI MpH
HEBENMKUX AepOopMalisix MOXYTh 3aCTOCOBYBATHCS
JUIsl 3arajbHOi OLIHKM Majb, SKi, MOXJIHWBO, MaloTh
cepio3Hi JnedeKTH uu YCTAaHOBKA SIKUX MOXE
BUKJIMKATH Pi3Ke 3HWKEHHS MILHOCTI IPYHTY Ha
npotsizi OymiBHUNTBa. [ledexktn, Taki sSK moraHa
saKicTh OeroHy a00 HEZOCTAaTHIM 3aXWMCHHH MIap
apMaTypH, SIKi MOXXYTh BIUIMBAaTH Ha JOBIOTPUBAIICTD

— pile number;
— installation equipment;
— pile cross-section and length;
— date and time of installation (including
interruptions to the installation process);
— concrete mix, volume of concrete used and
method of placing for cast-in-situ piles;
— weight density, pH, Marsh viscosity and fines
content of bentonite slurry (when used);
— for continuous flight auger piles or other
injection piles, volumes and pumping pressures of
the grout or concrete, internal and external
diameters, pitch of screw and penetration per
revolution;
— for displacement piles, the values of driving
resistance measurements such as weight and drop or
power rating of hammer, blow frequency and
number of blows for at least the last 0,25 m
penetration;
— the power take-off of vibrators (where used);
— the torque applied to the drilling motor (where
used);
— for bored piles, the strata encountered in the
borings and the condition of the base if the
performance of the pile toe is critical,
— obstructions encountered during piling;
— deviations of position and direction and as-built
elevations.

NOTE EN 14199 on the execution of micro-
piles is in preparation.
(5) Records should be kept for at least a period of
five years after completion of the works. Asbuilt
records should be compiled after completion of the
piling and kept with the construction documents.
(6)P If site observations or inspection of records
reveal uncertainties about the quality of installed
piles, investigations shall be carried out to determine
their condition and if remedial measures are
necessary. These investigations shall include either
performing a static pile load or integrity test,
installing a new pile or, in the case of a
displacement pile, re-driving the pile, in
combination with ground tests adjoining the suspect
pile.
(7)P Tests shall be used to examine the integrity of
piles for which the quality is sensitive to the
installation procedures if the procedures cannot be
monitored in a reliable way.
(8) Dynamic low strain integrity tests may be used
for a global evaluation of piles that might have
severe defects or that may have caused a serious
loss of strength in the soil during construction.
Defects such as insufficient quality of concrete and
thickness of concrete cover, both of which can
affect the long term performance of a pile, often
cannot be found by dynamic tests and other tests,
such as sonic tests, vibration tests or coring, may be
needed in supervising the execution.



nami, He 3aBXId MOXYTh OyTH BHSIBICHI MpH
JUHAMIYHUX BUNPOOYBaHHSX, 1 iHINI BUIPOOYBaHHS,
Taki sIK yIbTPa3ByKOBi, BiOpauiliHi a00 BUOYyproBaHHS,
MOXYTh OyTH HEOOXiZHI B MpOLECi HATIISAY.
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Po3znin 8. Anukepn
8.1 3araiabHi moJ10KeHHA
8.1.1 Cepa 3acTtocyBanHst
()P Ilett Pozmim  3acTocoByeThCs  JUIA
MPOCKTYBaHHS TUMYAacOBUX a00 TOCTIHHHMX
aHKepiB, BAKOPUCTOBYBAHUX:
- Uil yTPUMYIOUUX MIAMIPHUX CHOPYII;
- Ui 3a0e3reuyBaTH CTIMKICTh YKOCIB, BUIMOK
Yd TYHENIB;
- Ui HE JONYIIEHHS TiAPaBIiYHOrO IMiJiioMy
CTIOpY/IH;
Mepeialoyy 3yCHIUISL PO3TATYBAHHS HA MIIHUK
1ap HeCKENbHOro abo CKENbHOTO IPYHTY.
(2)P Leit Po3aixn 3actocoByeThes J10:
- TONepeqHbO HANPYXKYBAaHUX aHKEPiB, IO
CKJIAJal0ThCS 3 TOJIOBH, BIIbHOI YACTHHHU TATHU 1
HEPYXOMOI YaCTUHU aHKepa, 3aKJIaJCHO1 y IPYHT
VH €KTYBaHHSM;
- HEHANPY>KyBaHUX aHKEPIB, SIKi CKIAJAIOThCS 3
TOJIOBH aHKEpa, BUIBHOI YacTHHH TAITH 1
3aKNaJIcHHs, TaKoOro SK HepyXoMa YacTHHA
aHKepa, 3aKiajicHa y TIPYHT WH €KTYBaHHSM,
MMaTbOBUI aHKep, TBUHTOBHIA aHKep abo 0onT y
CKeJll.
(3) et Po3min HE 3aCTOCOBYETHCSA IO
3a0MBaHHS TPYHTY.
4P  Pozmimi 7 3aCTOCOBYETBCS  JIO
IIPOCKTYBaHHS  aHKEPIB 3  PO3TATHYTUMHU
HaJSIMU.
8.1.2 BusnaueHns
8.1.2.1
NnoCTiliHUI aHKep
aHKEp 3 MPOEKTHUM TEePMIHOM CITy>KOW OinmbIne
TTIBOX POKIB.

[NPUMITKA Buznauensas yzsre 3 EN
1537:1999.
8.1.2.2
THMYACOBHI aHKep
aHKep 3 MPOEKTHUM TEPMIHOM CITY’)KOM MEHIIe
JIBOX POKIB.

[MPUMITKA BusHauenHs y3zsare 3 EN
1537:1999.
8.1.2.3
npuiiMajibHe BUNIPOOYBAHHS
BHUNPOOYBaHHA HAaBaHTAXXEHHSM Ha MICIi s
MIATBEPPKEHHS, 110 KOXKEH aHKep BiaNoBimae
MPOEKTHUM BHUMOTaM.
8.1.24
BUIIPOOYBAHHS Ha
NPHUIATHICTH
BUIMPOOYBaHHS HABAHTAXKEHHSIM Ha MICI1 IS
MiATBEPUKEHHS, 110 KOHKPETHHH NPOEKTHUI
aHkep Oyne TpuAaTHUA B KOHKPETHHX
IPYHTOBHX YMOBaX.

[NPUMITKA BusHauenns yzare 3 EN
1537:1999.

eKCIIyaTaliifHy

Section 8 Anchorages

8.1 General

8.1.1 Scope

()P This Section applies to the design of
temporary and permanent anchorages used:

— to support a retaining structure;

— to provide the stability of slopes, cuts or
tunnels;

— to resist uplift forces on structures.

by transmitting a tensile force to a load bearing
formation of soil or rock.

(2)P This Section is applicable to;

— pre-stressed anchorages consisting of an
anchor head, a tendon free length and a tendon
bond length bonded to the ground by grout;

— non pre-stressed anchorages consisting of an
anchor head, a tendon free length and a restraint
such as a fixed anchor length bonded to the
ground by grout, a deadman anchorage, a screw
anchor or a rock bolt.

(3) This Section should not be applied to soil
nails.
(4)P Section 7 shall apply to the design of
anchorages comprising tension piles.
8.1.2 Definitions
8.1.2.1
permanent anchorage
anchorage with a design life of more than two
years

NOTE definition taken from EN 1537:1999

8.1.2.2
temporary anchorage
anchorage with a design life of less than two
years

NOTE definition taken from EN
1537:1999

8.1.2.3

acceptance test

load test on site to confirm that each anchorage
meets the design requirements

8.1.2.4
suitability test

load test on site to confirm that a particular
anchor design will be adequate in particular
ground conditions

NOTE definition taken from EN 1537:1999



8.1.25
AO0CJIiTHe BUNIPOOYBAHHSA
BUIIPOOYBaHHS HaBaHTaKCHHSIM ULt
BHU3HAYEHHS TPAHUYHOTO OMNOpY aHKepa Ha
KOHTaKTi pPO3YMH/TPYHT 1 /[l BH3HAYCHHS
XapaKTePUCTUK aHKepa B POOOYOMY Jliara3oHiB
HABaHTaKEHb.
ITPUMITKA Busnauenns yssre 3 EN
1537:1999.
8.1.2.6
JAOBKUHA 3aKJIAJaHHS aHKepa
JIOBKMHA aHKepa, Ha fKy BiH 3aKIaJleHHH B
IPYHT IEMEHTHUM PO3UYHNHOM.
8.1.2.7
BiJIbHA TOB:KMHA TATHU
JOBXKHHHU TATH MDK TOJOBOIO aHKepa i
HaAWOJIMKYMM KIHIIEM 3aKJIAI€HOI YACTUHM.
ITPUMITKA BU3HAYEHHS Yy35TE 3
al537:1999.
8.1.2.8
JMOBKUHA 3aKJIATAHHS TATH
JMOBXKMHA TATH O€3MOCcepeaHho  3aKIIajeHol
PO3YMHOM 1 3JaTHa TepenaBaTH JOKIAJeHi
HABaHTa)XEHHI PO3TATYBAHHS.
ITPUMITKA BusnauerHs y3sare 3 EN
1537:1999.
8.2 I'pannuni ctanu
(1)P Hacrymmi rpaHnYHi CTaHHM MTOBMHHI OyTH
BpaxoBaHi JUIsI aHKEPiB, y3ATI OKpPEeMO 1 B
MIO€AHAHHS:
- pyHHYBaHHS KOHCTPYKILIi TSATH ab0 TOJIOBH
aHKepa IIiJ] €10 MPUKIIaJIEHOT0 HATIPYKEHHS;
- BUKpHUBJIEHHS 200 KOPO3isl TOJIOBH aHKepa;
- A7 3aKJIaJeHUX aHKepiB: pyHHYBaHHS Ha
iHTepdeiici MDK IEMEHTHHM KaMEHEeM 1
TPYHTOM;
- I 3aKIaJCHUX AaHKEpiB: PYyHHYBaHHS
3UCINIEHHSI MDK apMaTypHUM CTPWXKHEM 1
LEMEHTHUM KaMEHEM;
- Ui TaJbOBOrO aHKepa pyHHyBaHHI Yy
HAaCJIA0K HEIOCTATHBOI MIITHOCTI CTOBITA (T1aJIi);
- BTpaTa aHKEpHOI CWJIM B pas3i HaIMIpHOTO
TIEpEMIIIeHHs TOJIOBH aHKepa abo TeKydocTi i
penakcarii;
- pyihiHyBaHHS abo HaaMipHa medopmarltis
YaCTUH CHOPYAW il BIUIMBOM NPUKJIAAEHOT
AHKEPHOI CHJIH;
- MOPYILLIECHHS 3araJibHOl piBHOBaru
YTPUMYBAHOTO I'PYHTY 1 yTPUMYIOUOi CIOPYIH;
- B3AEMOJiS TpPym aHKepiB 3 TPyHTOM i
CYCIAHIMH CIIOpYAaMHu.
8.3 IlpoexTHi cuTyamii i xii
()P Ilpu BuOOpi MNPOEKTHHX  CHUTYaLiH
HEOOXiHO PO3IIIAAATH:
- BC1 00cTaBMHU (BUITaJIKK) HA TIPOTS3i 3BEICHHS
CHIOpY.IH;
- Bcl mepenbauyBaHi OOCTaBMHM Ha MPOTSA3i
MPOEKTHOIO )KUTTS (TEPMiHY CITYX0H) CIIOpYIH;

8.1.25
investigation test
load test to establish the ultimate resistance of
an anchor at the grout/ground interface and to
determine the characteristics of the anchorage in
the working load range

NOTE definition taken from EN
1537:1999

8.1.2.6
anchor bond length
length of the anchor that is bonded directly to
the ground through a grout body
8.2.1.7
tendon free length
the length of the tendon between the anchor
head and the proximal end of the tendon bond
length

NOTE definition taken from EN
1537:1999
8.1.2.8
tendon bond length
length of the tendon that is bonded directly to
the grout and capable of transmitting the
applied tensile load
NOTE definition taken from EN 1537:1999

8.2 Limit states

(1)P The following limit states shall be
considered for anchorages, both individually
and in combination:

— structural failure of the tendon or anchor
head, caused by the applied stresses;

— distortion or corrosion of the anchor head:;
— for grouted anchors, failure at the interface
between the body of grout and the ground;

— for grouted anchors, failure of the bond
between the steel tendon and the grout;

— for deadman anchorages, failure by
insufficient resistance of the deadman;

— loss of anchorage force by excessive
displacements of the anchor head or by creep
and relaxation;

— failure or excessive deformation of parts of
the structure due to the applied anchorage force;

— loss of overall stability of the retained
ground and the retaining structure;

— interaction of groups of anchorages with the
ground and adjoining structures.

8.3 Design situations and actions

(1)P When selecting the design situations,
consideration shall be given to:

— all circumstances during the construction of
the structure;

— all anticipated circumstances during the
design life of the structure;



- BCi JJOpPEYHI IpaHUYHI CTaHH, BKa3aHi BUIIE Y
8.2, 11X moeIHAHHS,

- mepenbauyBaHUil piBeHb TIPYHTOBUX BOX 1
THCKM BOAM B  3aMKHYTHX  BOJOHOCHHX
TOPU30HTAX;

- HACJZIKK pYHHYBaHHSI OyIlb SIKOTO aHKepa;

- BIPOTITHICTH TOrO, IO CWJIM, MPHUKIAJICHI 10
aHKepa TpH TONEPEIHHOMY  HAaNpy)KEeHHI
(ankepHe HaBaHTaKEHHA), MOXYTb
MEpEeBHIYBAaTH CUIIHM, HEOOXiqH1 (TIOTPiOHI) st
MPOEKTYBaHHS KOHCTPYKIIii.

(2)P [na mpoeKkTOBaHOrO aHKepa aHKEepHa CHJIA,
P, moBWHHA pO3MIIIATHCS SIK HECTIPUSATIMBA Hisl.
8.4 ITutanus NPOECKTYBAHHS i
KOHCTPYIOBaHHS

(1)P TIpoekT aHkepa i TeXHI4YHI yMOBH Ui iX
BIIAIITYBaHHS MMOBUHHI OpaTH 110 yBaru OyJb sKi
HECITPHUSATIHBI edextn HaNpPY>KSHHS
HATSATHEHHS, TepellaBaHi Ha TIPYHT HAaBKOJIO
aHKepa.

(2)P 3ona rpyHTY, Ha SIKYy M€pPEeNalOTHCS 3YCHILIA
HATSATHEHHS, TOBMHHA OYyTH BKIIOYEHA B
JOCITIIKEHHS.

(3)P Jlnms momepenHhO HANPYXKEHUX aHKEPIB
rojioBa aHKepa IMOBHHHA JIO3BOJATH HATSATHYTH
TaTy ab0 CTPMXKEHBb, JaTH BHIIPOOYBaITHHE
HAaBaHTOKCHHS HATATHECHHS, 3a0JIOKyBaTH 1,
SIKITIO  11€ TIOTPIOHO 3a IPOEKTOM, 3BLIHHUTH,
0C1a0WTH 1 3HOBY HATATHYTH aHKEPH.

(4)P Jlns BCiX THIIIB aHKEpiB TOIOBAa aHKepa
MMOBMHHA  JOMYCKaTH KYTOBI  BiIXWJIEHHS
aHKepHOi cmiu 3 ypaxyBaHHsM 6.3 EN
1537:1999 i mnoB’s3aHi 3 UM gedopmariii,
MOXJIFBI HA TPOTA3l MPOEKTHOTO Tepioxy
KHUTTS CTIOPYAH.

(5)P Ilpu xombiHyBaHHI pPi3HHX MaTepiasiiB B
aHkepi iX TIPOEKTHa MIIHICTh TTOBHHHA
OLIIHIOBATHCS 3 BPaxXyBaHHSIM CYMICHOCTI ixX
nedopmarii.

(6)P  Ockinbkn edexT aHKepHHX CHCTEM
3aNeKATh BiJ 1X BIIBHOI YaCTWMHH apMaTypH,
MTOBUHHI OyTH 3aJJ0BOJIEHI HACTYITHI BUMOTH:

- aHKepHa CwWwia B IPYHTI TOBHHHA IiSITH Ha
Takii BiICTaHI BiJ YTPUMYBaHOI'O MAaCHBY
IPYHTY, 1100 HE MOPYIIyBaTH CTIAKOCTI IHOTO
MacuBY IIPH HETATUBHUX BILIMBAX;

- aHKepHa CWwia B TPyHTI TOBHHHA [iSTH Ha
Takid BiNCTaHi Bif iCHyrounmx (QyHIaMEHTIB,
mo0 BHKIIOYATH Oynb SKI IIKiMIWBI il ams
HUX;

- HEOOXiHO MPUHHATH 3aXOAH, 100 YHUKHYTH
HECTIPUSATIIMBOI  B3a€MOJIl MK JAUISTHKAMU
3aKJIaIcHHS TAT aHKEPiB, PO3TAIIOBAHUX MOPYY
OJIVH 3 OJJHUM.

(7) o6 He [ONMYCTUTH HECHPHUATIMBOL
B3aeMOAil MDK OUISHKAMU 3aKIageHHS TAiT

— all pertinent limit states of the list compiled
in 8.2, and their combinations;

— the anticipated level of the ground-water and
water pressures in confined aquifers;

— the consequences of the failure of any
anchorage;

— the possibility that the forces applied to the
anchorage during pre-stressing (anchorage load)
may exceed the forces required for the design of
the structure.

(2)P The anchorage load, P, shall be treated as
an unfavourable action for the anchorage
design.

8.4 Design and construction considerations

(1)P The design of the anchorage and the
specification for its execution shall take into
account any adverse effects of tensile stresses
transmitted to ground beyond the vicinity of the
anchorage.

(2)P The zone of ground into which tensile
forces are to be transferred shall be included in
site investigations.

(3)P For pre-stressed anchorages, the anchor
head shall allow the tendon or rod to be
stressed, proof-loaded and locked-off and, if
required by the design, released, de-stressed and
re-stressed.

(4)P For all types of anchorage, the anchor head
shall be designed to tolerate angular deviations
of the anchor force, taking into account 6.3 of
EN 1537:1999, and to be able to accommodate
deformations, which may occur during the
design life of the structure.

(5)P Where different materials are combined in
an anchorage, their design strengths shall be
assessed with due account of the compatibility
of their deformation performance.

(6)P Since the effect of anchorage systems
depends on their tendon free lengths, the
following requirements shall be fulfilled:

— the anchor force shall act in ground that is
sufficiently distant from the retained volume of
ground that the stability of this volume is not
adversely affected;

— the anchor force shall act in ground that is
sufficiently distant from existing foundations to
avoid any adverse effects on them;

— measures shall be taken to avoid adverse
interactions between the tendon bond lengths of
anchorages that pass close to each other;

(7) Adverse interactions between the tendon
bond lengths of anchorages should be avoided,
if possible, by keeping a space not less than 1,5



aHKepiB, iHTepBajl MDK LUMH [IUISHKAMH IO
MOXJIMBOCTI IIOBMHHO OyTH HE MeHIe 1,5 M.
(8)P Cunig 3acrocoByBaTH JHIIE Ti AaHKEPHI
CHCTEMH, SIKi IPOHIUIM NMpOoOHI BUIPOOYBaHHS
(muBuce EN 1537:1999), abo ans sKux icHYyeE
3aJJOKyMEHTOBaHUI MMO3UTUBHUN JIOCBi
eKCIUTyaTaIlii i TepMiHy CITYKOH.

(9)P HanpsiM Tarm moBWHEH OyTH TaKUM, 00
BOHa  MOrjla  BHTPUMYBaTH  TOIEPEIHE
HaTpyXeHHs1 npu JedopMalisx, 00yMOBICHHX
MOTCHI[INHUMH MEXaHi3MaMHU pPYHHYBaHHS. Y
BUMAJKYy, KOIM 1lé HEMOXJHBO,  BCi
HECIIPUATINBI eeKTH TTOBUHHI OyTH BpaxoBaHi
B MTPOCKTI.

(10)P Hnsa 3akmajgeHuX 1 TBUHTOBUX aHKEPIB
XapaKTepuCTUIHA BEJINYMHA oropy
BUCMHKYBaHHIO, Rak, MOBUHHA BU3HAYaTHCS Ha
OCHOBI KOHTPOIILHUX BHUIPOOYBaHb BiJIIOBIIHO
no0 8.7 abo 3 CHIBCTaBJIIOBAHOIO JOCBIfY.
[lpoekTHHH  omip TIOBUHEH  IEPEBIPATUCH
MpUAMAITEHAMHA BUTIPOOYBaHHSIMH TicIIst
BHKOHAHHS POOIT.

(11)P Cran BUIBHOI YaCTHHU TATH MOIMEPETHBO
HATNPYXXEHUX TPYHTOBHX AaHKEpiB ITOBHHEH
riepeBipsiTUCs y BimmoBigHOoCTi 3 EN 1537:1999.
(12)P AnexBatHy OJOKyIOUy CHIy HEOOXiITHO
BUKOPHCTOBYBATH JJIs 3a0€3MECUCHHS, 100 OITip
aHKepy TIPH TPAaHUIHOMY CTaHi 3a MPUIATHICTIO
0 eKcIuTyartamii OyB MOOLII30BaHWMA IIpH
CIPUIHATIMBUX NEPEMILIICHHSAX TOJIOBH.

(13)P 3axmcr Bim KOpo3ii  momepemHbO
HaNpyXeHUX aHKepiB IOBUHEH BUKOHYBATHUCS Y
BiamosigHocTi 3 6.9 EN 1537:1999.

(14)P 3axucT Bim Kopo3ii aHKEpiB i3 CTaICBOIO
apMaTyporO MOBHHEH IPOEKTYBATUCH OepydH 110
yBaru arpecUBHICTh HABKOJIUIIHBOIO IPYHTY.
(15) IIpm HEOOXimHOCTI 3aXHWCTy CTaJeBHX
TSDKIB BiJf KOpO3ii TOBHHHI BUKOPHCTOBYBATHCH
HEOOXimHI cIocoOH, Taki sIK 3aXWCHHN (yTIsp
(oObmmBKa) ab0 OCHANIEHHS MPOTEKTOPHOIO
CTaJLIIO.

8.5 IlpoexTyBaHHsl 3a KpailHiM I'paHUYHUM
CTAaHOM (32 BTPAaTOK HeCy4oi 31aTHOCTI)

8.5.1 IIpoekT ankepa

()P Ilpoektna BemmuuH, Rag, omopy
BHCMHKYBaHHIO, Ra, aHKkepa  IOBHMHHA
3aJJ0BOJIbHSITH TPAHUYHUI CTaH:

Pa< Ra;d
(2) IIpoexTHi BETUYMHHU ONOPY BUCMHKYBAHHIO

MOXYTh BH3HAYATHUCS 3 pe3ynbTaTiB
BUIIPOOYBaHb aHKepiB a00 BU3HAUCHHSM.

8.5.2 IIpoekTHi BEeJIUYHUHH onopy
BHCMHMKYBAHHIO, BHBeJeHI 3 pe3yJbTaTiB
BUNIPOOYBaHb

(HP [Ipoektna BEJIUYMHA oropy

BHUCMUKYBAHHIO I[MOBHWHHA BHUBOJUTHUCA 3

m between them.

(8)P Only anchorage systems shall be used that
have been tested by investigation tests (see EN
1537:1999) or for which successful comparable
experience is documented in terms of both
performance and durability.

(9)P The direction of the tendon shall normally
be such as to provide self-stressing with
deformations due to potential failure
mechanisms. In case this is not feasible, adverse
effects shall be taken into account in the design.

(10)P For grouted anchorages and screw
anchorages, the characteristic value of the pull-
out resistance, Ra., shall be determined on the
basis of suitability tests according to 8.7 or
comparable experience. The design resistance
shall be checked by acceptance tests after
execution.

(11)P The performance of the tendon free
length of pre-stressed ground anchorages shall
be checked in accordance with EN 1537:1999.
(12)P A sufficient lock-off force shall be used
to ensure that the anchorage resistance under
serviceability limit state conditions will be
mobilised with tolerable head displacements.

(13)P Corrosion protection of pre-stressed
anchorages shall comply with 6.9 of EN
1537:1999.

(14)P  Corrosion protection of anchorages
having a steel tendon shall be designed taking
into account the aggressiveness of the ground
environment.

(15) Suitable means, such as the use of a
protective sheath or the provision of sacrificial
steel, should be specified if necessary to protect
steel tendons against corrosion.

8.5 Ultimate limit state design

8.5.1 Design of the anchorage

(1P The design value, Ra.q , of the pull-out
resistance, Ra, of an anchorage shall fulfil the
limit condition:

(8.1)

(2) Design values of pull-out resistance may be
determined from the results of tests on
anchorages, or by calculations.

8.5.2 Design values of pull-out resistance
determined from the results of tests

(1)P The design value of the pull-out resistance
shall be derived from the characteristic value
using the equation:



XapaKTePUCTUYHOI BEJIMYMHH BHKOPUCTOBYIOUH
PIBHSHHS:

Ra;d = Ra;k/Ya

[MPUMITKA Oxpemuii Koe]ilieHT, Ya,
Oepe 10 yBaru HECHPHUSTIUBI BiAXHICHHS
OIOPY BUCMHKYBaHHIO aHKEPY.
(2)P  Oxkpemi koedimieHTH Yya OBHHHI
3aCTOCOBYBATHCH Y PiBHSHHI (8.2) sk BU3HAUCHO

B A3.3.4(1) P.
ITPUMITKA  BenuumHa  OKpeMoro
KoeiIlieHTy MOXe MICTUTHCSI B

HamionansHOMy — nopatky.  PekomeHnoBaHi
BEIWYMHMU YIS [OCTIMHUX ab00  3MIHHUX
cutyariii Hajani B TaOmuri A.12
(3) XapakTtepucTHuHA BeIWYMHA ITOBHHHA
BIJIMIOBIIaTH pe3ynbTaTaM BUIPOOYBaHHS Ha
eKCIUTyaTaliiHy MPUIATHICTh 3 3aCTOCYBaHHS
koedimieHTy Kopensii &,.

[MPUMITKA 8.5.2(3) BigHOCHUTBCS [10
TaKAX THIIIB aHKEpiB, sKi OKpeMO He
e EBIPSAIOTHCS pu MpUHMaIBHUX
BHITPOOYBaHHSIX. IIpu BUKOPHUCTaHHI
koedimienTa kopensrii &, BiH TIOBUHEH
0a3yBaTHCh Ha CIIBCTaBIIOBAHOMY JOCBiTy abo
npuitMathes 3 HamonaapHOTO 1OIATKY.

8.5.3 IIpoexkTHAa BeJIMYMHA onopy
BUCMUKYBAHHIO, BCTAHOBJIIOBAaHA
BU3HAYEHHS

(HpP [IpoektHa BEITMUIMHA oropy
BHCMHUKYBaHHIO MOBUHHA OIIIHIOBATHCH

BIINIOBIIHO /10 TPWHIUIIB, IO TMPHUBEACHI Yy
2.4.712428.

8.5.4 IlpoekTHA BeIUYMHA OMOPY AHKEPHOI
KOHCTPYKIIil

(1)P 3ampoekroBaHa aHKepHa KOHCTPYKIIiS
MTOBMHHA 33JI0BOJIBHSITH HACTYITHIN HEPIBHOCTI:

Ra;d < Rt;d

(2)P Omip wmartepiany ankepa Ryg¢ moBWHEH
BH3HAUaTHCh y BimmoBimHocti 3 EN 1992, EN
1993 1 EN 1537:1999, ne neobxigHo.

(3)P fxkmo aHKepu TEpeBIpAIOTHCA  Ha
MPUAATHICTE O eKcIUryaTailii, Rtd MOBHHEH
OpaTucs Ha OCHOBi INepeBipKH HaBaHTAXKEHHSIM
(muBuch 9.5 EN 1537:1999).

8.5.5 IlIpoexkTHa BeJIMYHHA AHKEPHOIO
HABaHTAKEHHS

(HP [IpoekTHa BEIMYMHA AHKEPHOr o
HAaBaHT&XEHHS Py TIOBUHHA BHUBOAUTHCA 3
MNPOEKTY  YTPUMYIOUOi  KOHCTPYyKWii,  sK
MaKCHMaJibHa BEIMYMHA:

- CWIM KpallHbOr0 TPaHWYHOrO CcTaHy (3a
BTPAaTOI0 HECYYOi 3JaTHOCTI), NPUKJIAACHOI 10
YTPUMYIOUOi KOHCTPYKLI, 1 SIKIIO HEOO0XiJHO

- CWJIM TPaHUYHOTO CTaHy 3a MPHIATHICTIO 10

(8.2)

NOTE The partial factor, vy, takes into
account unfavourable deviations of the pull-out
resistance of the anchorage.

(2P The partial factors vy,  defined in
A.3.3.4(1)P shall be used in equation (8.2).

NOTE The value of the partial factor may
be set by the National annex. The recommended
values for persistent and transient situations are
given in Table A.12.

(3) The characteristic value should be related to
the suitability test results by applying a
correlation factor &, .

NOTE 8.5.2(3) refers to those types of
anchorage that are not individually checked by
acceptance tests. If a correlation factor &, is
used, it must be based on experience or
provided for in the National annex.

8.5.3 Design values of pull-out resistance
determined by calculations

(1)P The design value of pull-out resistance
shall be assessed according to the principles in
2.4.7 and 2.4.8, where appropriate.

8.5.4 Design value of the structural resistance
of the anchorage

(1P The structural design of the anchorage
shall satisfy the following inequality:

(8.3)

(2)P The material resistance of the anchorages,
R:q, shall be calculated according to EN 1992,
EN 1993 and EN 1537:1999, as relevant.

(3)P If anchors are submitted to suitability tests,
Rt.q shall take account of the proof load (see 9.5
of EN 1537:1999).

8.5.5 Design value of the anchorage load

(1)P The design value of the anchorage load, Py,
shall be derived from the design of the retained
structure as the maximum value of
— the ultimate limit state force applied by the
retained structure, and if relevant

— the serviceability limit state force
applied by the retained structure.

8.6 Serviceability limit state design
(2)P For the verification of a serviceability limit



eKCIUTyaTallii, NPUKIAJACHOI [0 YTPUMYKOUOI
KOHCTPYKIIii.

8.6 IIpoexkTyBaHHS 32 TPAHUYHUM CTAHOM 34
NPUAATHICTIO 10 eKcIuTyaTanii

(1)P [y mepeBipku 3a TPaHUYHUM CTaHOM 3a
MPHUIATHICTIO IO €KCIUTyaTalii aHKep MMOBHHEH
POBIIIAATUCS SIK TIPY)KHUHA.

(2)P [dns momepeqHbO HAMPYKEHUX AaHKEPIB
(Hampukiaza, 3aKiaZieHuX aHKepiB) NpyKUHA
MOBMHHA PO3TIIANATUCSA, SK THYYKa (MIPYy>KHA),
MOIEpEeHBO HANPYIKEHa.

(3) [pu anamizi MPOEKTHOT CUTYaIlil, BKa3aHOi B
8.6(2)P, mNOBMHHO BUOMpATHCh HAWOUIBII
HECIIPUATIMBE TOEJHAHHA MiHIMaNbHOI abo
MaKCUMaTbHOL YKOPCTKOCTI aHKepa i
MiHIMaJIbHOT 200 MaKCUMAaJIbHOI MOMEPEIHBOIO
HaTPy>XEHHSI.

(4) Koedirmient Momemi cimiji 3aCTOCOBYBaTH 10
SLS cuim, 110 rapaHTye, IO OIIp aHKepa Mae
JIOCTaTHil 3armac 1mo Oe3rmerri.

[NPUMITKA Benuunna koedimieHTta
Momen Moke wictutucs B HarioHanbHOMY
JIO/IaTKY.

(5) Komm posrmsmaeTscsi HEHANpPY)KyBaHUN
aHKep SK TpYXHUH (HEHaANpyXeHHi), WHoro
JKOPCTKICTh TTOBUHHA BUOHUPATHCS OCATHECHHSIM
CYMICHOCTI MIDK BHU3HAYCHHUMH TICPEMIITICHHIMHI
YTPUMYIOUO1 KOHCTPYKIIII 3 TIEPEMIIICHHsIMH 1
MTOJTOBKEHHSIM aHKepa.

(6) HeoOximHo Opatu m0 yBaru edexkTtu Oyipb
SkuX AedopmMariid, BUHHKAIOUAX Yy  CYyCITHIX
(dyHImaMeHTax, Bil CHJIM  TONEPEIHBOTO
HaIpy>KeHHS aHKEPIB.

8.7. Bunpo0yBaHHs Ha IPUIATHICTH

(1)P BumpoOyBaHHS Ha TPUAATHICTH MOBHUHHI
OyTM  TOYHO BCTAHOBJIEHI ISl 3aKJIAJEHUX
aHKepiB, TBUHTOBUX aHKEPiB 1 OONTIB B CKEJli.
Buxonanus BUTIPOOYBaHHS TTOBUHHO
Bignosimatu BumoraM EN 1537:1999.

(2) He wenme TpboX BHIPOOYBaHb Ha
MPUJATHICTP HEOOXIHO TPOBECTH JUTST
BH3HAUEHHS XapaKTEPUCTHYHOTO OMOPYy aHKepa
JUTS KO)KHOTO CTaHy IPYHTY 1 KOHCTPYKIIii.

(3)P IlpobHe HaBaHTaxeHHS P, BUMIPOOYBaHHS
Ha TpUIATHICTh s 3aKIaZIEHOTO aHKepa
noBuHHE BiamoBigatu sBumoram EN 1537:1999.
4) Sxmo  TpoBemeHHS — CHemialbHUX
BHIPOOYBaHb HEMOXXIIUBE, BHIPOOYBaHHS Ha
MPUIATHICTD JJIs TBUHTOBUX aHKEPIB 1 OONTIB y
CKell TOBWHHI BHKOHYBAaTHCh 32 TI€IO XK
cxemoro, sika Bkazana y EN 1537:1999 nns
3aKJIaIcHUX aHKEPIB.

8.8 IlpuiiMmanbHi BUNIPOOyBaHHSA

(1)P B npoekTi noBuHHO OyTH BKa3aHO, LI0 BCi
3aKimajieHl  aHKepd  MOBHHHI  HPOXOAWUTH
npuiiMasibHi BUIPOOYBaHHS 10 OJOKYBaHHS 1
micnst IX NPUHHATTS B eKCIUTyaTaliko.

(2)P Cxema npuiiManbHHUX  BHUIPOOYBaHb

state in the supported structure, an anchorage
shall be regarded as a spring.

(2)P For pre-stressed anchorages (e.g. grouted
anchorages), the spring shall be regarded as an
elastic, pre-stressed spring.

(3) The most adverse combination of the
minimum or maximum anchorage stiffness and
minimum or maximum pre-stress should be
selected when analysing the design situation
indicated in 8.6(2)P.
(4) A model factor should be applied to the SLS
force to ensure that the resistance of the
anchorage is sufficiently safe.

NOTE The value of the model factor may
be set by the National annex.

(5) When considering a non-pre-stressed
anchorage as a (non-pre-stressed) spring, its
stiffness should be selected to achieve
compatibility between calculated displacements
of the retained structure and the displacement
and elongation of the anchorage.

(6) Account should be taken of the effects of
any deformations imposed on adjacent
foundations by the anchorage pre-stress force.

8.7 Suitability tests
()P Suitability tests shall be specified for
grouted anchorages, screw anchorages and rock
bolts. The performance of the test shall comply
with EN 1537:1999.

(2) At least three suitability tests should be
performed for each distinct condition of ground
and structure to determine the characteristic
resistance of the anchor.

(3)P The proof load, Py, of a suitability test of
grouted anchorages shall comply with EN
1537:1999.

(4) Until a specific test is available, a suitability
test for screw anchorages and rock bolts should
follow the same procedure as indicated in EN
1537:1999 for grouted anchorages.

8.8 Acceptance tests

(1)P 1t shall be specified in the design that all
grouted anchorages shall be subjected to
acceptance tests prior to lock-off and before
they become operational.

(2)P The procedure for acceptance tests shall
follow the rules given in EN 1537:1999 for
grouted anchorages.

(3) Where groups of anchorages are crossing
with tendon bond lengths at spacings of less
than 1,5 m, random control tests should be



MOBHHHA BIINOBIAaTH NpaBWiaM, HAJaHUM Y
EN 1537:1999 nns 3akmaneHuX aHKEPIB.

(3) [e rpynu aHkepHUX KOpEHIB 3 BiACTaHHIO
OOMH Bim ogHoro wMeHme 1,5 M, miciog
3aKiHYCHHS omepaniii OJOKyBaHHS ITOBHHHI
Oyrn  mpoBefeHi  BHOIPKOBI  KOHTPOJIbHI
BUITPOOYBaHHSI.

8.9 Harasin i MmoniTOpUHT

()P  Harmsg i  MOHITOPMHT  TMOBHMHHI
BHKOHYBATHCS BiJIIIOBITHO J0 IIPAaBHJI, HaJTAHUX
B Posmimi 4 mmx wopmu i 9.10 i 9.11 EN
1537:1999. ne 1ie nopedHo.

made after completion of the lock-off action.
8.9 Supervision and monitoring

(1)P Supervision and monitoring shall follow
the rules given in Section 4 of this standard and
9.10 and 9.11 of EN 1537:1999, where
appropriate.



Pozain 9. YTpumyroui cnopyaun

9.1 3arajabHi M0JI0KeHHSA

9.1.1 Cepa 3acTocyBaHHs

(1)P Ilonoxkenns uporo Po3miny 3acTOCOBYIOTBCS 110
Cropyll, SKi YTPUMYIOTb TPYHT, IO BKIIIOYA€E
HECKEJNbHI, CKelIbHI Mmopoau abo 3acumKky i BOAY.
Martepian yTpUMYEThCS, SKIIO BiH TPUMAEThCS Ha
YKOC1 KpyTiloMy, HiXK TOH, Ha SIKOMY BiH JIeXaB Ow,
Ko O crnopyau He Oyiio. YTpUMYHOUYi CIOPYAH
BKITIOYAOTh BCl THIIM CTIH 1 MTPUMYIOUHX CHCTEM, B
SKHX  CTPYKTYpHI  €IEeMEHTH  MarTh  CHIIH,
MPOTHUCTOSITH YyTPUMYBAHHM MaTepiaiam.

(2)P  Tuck s 3EepHUCTHX  MaTepialiB, IO
30epiraloThCsi B CHIJIOCaX, TIOBMHEH BH3HAYATHUCS
BukopuctoBytoun EN 1991-4.

9.1.2 BusHayeHHA

(1) IlpoekTyBaHHA YTPUMYIOUHX CIIOPYI BKIIIOYAE
HAaCTyIHI TPW OCHOBHHUX THIA, SKIi HEOOXiIHO
PO3PI3HATHU:

9121

rpasirauiiini crinm

CTiHU 3 KaMeHs, 0eToHY a0 3ai300€ToHy, 0 Mal0Th
IUTUTY B OCHOBI 3 Y0OO0ITKOM a00 0e3 HBHOTro, BHUCTYII
abo koHTpdopc. Bara camoi cTiHH, IO CKIamy SKOI
IHKONTM BKITIOYEHA CTallmi3yoya Maca CKEeNbHOTO,
HECKEJIbHOT0 a00 HACHIIHOIO IPYHTY, I'Pa€ BaXKIUBY
pons B yTpuMaHHI Matepiamy. [lpuxmamamu Takux
CTIH MOXYTh CIY’)KHTH OETOHHI TpaBiTaIliifHI CTiHK
MOCTIiHOI a00 3MIHHOI TOBILMHH, 3aJ11300€TOHHI CTIHH
3 TUTNTO0, KOHTP(OPCHI CTiHM.

9.1.22

BOy10BaHi CTiHI

BITHOCHO TOHKI CTaJeBi, 3a1i300eTOHHI abo aepeB'sHi
CIOpYIH, L0 YTPUMYIOTHCSI aHKEpaMH, PO3MipKaMH
i/a00 TacMBHUM THCKOM IpyHTY. JlomycTumuii 3ruH
WX CTIH Tpa€ BaXIWBY poOIb B YTPUMaHHI
30epiraeMoro mMarepiaiy, TO/i sIK pOJIb Baru CTiHU HE
cyrreBa. llpuxiazamMu Takux YTPUMYIOUUX CIOPYIX
MOXYTh CIy’)KHTH KOHCOJBHI CTalleBi  IIITyHTOBI
(mampoBi) cTiHM, aHKepHiI a00 po3mipHi cTaneBi abo
OETOHHI MIMYHTOBI CTiHU 1 TepemMuuky (niadparMoBi
CTIHH).

9.1.23

KOMOIHOBaHi yTPUMYI04i ciopyAu

CTiHH, 110 BKJIIOYAIOTh €JIEMEHTU 3 JIBOX THIIIB CTiHH.
IcHye myxe BenMka pPi3HOMAaHITHICT TaKUX CTiH 1
NPUKIaaM BKIIOYAIOTh TOABIHHI IIIYHTOBI CTiHH
nepeMHyKd (KECOHM), 3eMJISIHI CIOpyAH, IOCHIIEHI
aHKepaMH, TEOTeKCTWIeM alo0 1iH'€KTyBaHHAM 1
CHOpYIH 3 JEKUIbKOMa psAAaMu IPYHTOBUX AHKEPiB
a00 TPYHTOBHX IBSXIB (HAremiB).

Section 9 Retaining structures

9.1 General

9.1.1 Scope

(1)P The provisions of this Section shall apply to
structures, which retain ground comprising soil,
rock or backfill and water. Material is retained if it
is kept at a slope steeper than it would eventually
adopt if no structure were present. Retaining
structures include all types of wall and support
systems in which structural elements have forces
imposed by the retained material.

(2)P Pressure from granular material stored in silos
shall be calculated using EN 1991-4.

9.1.2 Definitions

(1) In considering the design of retaining structures
the following three main types should be
distinguished:

9121

gravity walls

walls of stone or plain or reinforced concrete having
a base footing with or without a heel, ledge or
buttress. The weight of the wall itself, sometimes
including stabilising masses of soil, rock or backfill,
plays a significant role in the support of the retained
material. Examples of such walls include concrete
gravity walls having constant or variable thickness,
spread footing reinforced concrete walls and
buttress walls.

9.122

embedded walls

relatively thin walls of steel, reinforced concrete or
timber, supported by anchorages, struts and/or
passive earth pressure. The bending capacity of such
walls plays a significant role in the support of the
retained material while the role of the weight of the
wall is insignificant. Examples of such walls include
cantilever steel sheet pile walls, anchored or strutted
steel or concrete sheet pile walls and diaphragm
walls.

9.1.23

composite retaining structures

walls composed of elements from the above two
types of wall. A large variety of such walls exists
and examples include double sheet pile wall
cofferdams, earth structures reinforced by tendons,
geotextiles or grouting and structures with multiple
rows of ground anchorages or soil nails.



9.2 I'paHNYHI CTAHH

(1)P IloBunHeH OyTH cKJaleHWi TEpeNiK TPaHuYHUX
CTaHiB JUIsl PO3TIsAny. SIK MiHIMyM HaCTyIHI rpaHUYHI
CTaHW TIOBUHHI OYTH PpO3IJISIHYTI ISl BCIX THIIIB
YTPUMYIOUUX CHOPY/I:

- BTpaTa 3arajbHOI CTIHKOCTI;

- pyiiHYBaHHS KOHCTPYKTHBHHX €JIEMCHTIB, TaKUX SIK
crina abo giagparma, aHKep, KpilUleHHS a0o
po3mipku, abo pyHHYBaHHS 3'€JHAHHSA MDK TaKHUMH
eNIeMEHTaMH;

- KOMOiHOBaHEe pyHHYBaHHs IPYHTy 1 €IIEMEHTIB
KOHCTPYKIIIT;

- pyidiHyBaHHS BiJg TiApaBiidyHOro migdomMy abo
cyho3ii;

- TEepeMillleHHS YTPUMYIOUOi CHOPYAH, SIKi MOXYTh
MPHUBECTH JO pPYWHYBAaHHS, WOTIPIIUTHA 30BHIIIHIN
BUTIIs a00 BIUIMHYTH Ha POOOTY CIIOPYIH, a TaKOX
CYCIIHIX Oy/iBeNb 1 MEpex;

- HEJONyCTHUMI BUTOKH dYepe3 CTiHy abo miadparmy
a0o i HUMU;

- HEJIOMYCTUMIi 3MIHU CTOKY IPYHTOBHX BOJI.

(2)P Kpim Toro, MaroTh OyTH BpaxoBaHi HACTYITHI
TpaHUYHI CTaHH:

- JUTsl TpaBiTalliiHUX 1 KOMOIHOBAHMX CTiH:

- HEAOCTaTHS Hecyda 3IaTHICTh IPYHTY Mif
CIIOPYAOIO;

- pyiiHYBaHHS, BHUKIMKAaHE KOB3aHHSM IIO ITiIOMIBi
CTIHH;

- pyliHyBaHHs, 00yMOBJIEHE TIEPEKUTaHHSIM;

- 711 yTPUMYIOUHX Jiadparm:

- pytinyBaHHS niadparmu abo ii 4acTUH BiJ KyTOBOTO
a00 TOCTYMAaIBHOTO 3CYBY;

- pydHYyBaHHS, TIOB'S3aHE 3  IOPYIICHHSIM
BEpPTUKAILHOI pIBHOBATH.

(3)P [lms BCiX THUMIB YTPUMYIOYHX CIOPYI CIi
BPAaxOBYBAaTH IO€THAHHS BKA3aHUX BHIIE T'PAHUIHUX
CTaHIB.

(4) Ilpm po3paxyHKYy TpaBiTallitHUX CTiH YacTO
3yCTpiHaroThcs Ti K Tmpobiemu, mO 1 A0
(yHIaMEHTIB HETJIMOOKOrO 3aKiaJaHHs, HACHITB 1
ykociB. ToMmy mpm aHami3i TpaHUYHUX CTaHIB
rpaBiTallifHUX CTIH CNiJ 3aCTOCOBYBATH NPWUHIWIIH,
Bukiangeni B Posmini 6. OcobmmBa yBara MOBHHHA
OPUAUIATHCS THUTAHHIO PYWHYBAaHHS, BHKJIMKAHOTO
HEJIOCTATHBOI0 HECYYOI0 3/IaTHICTIO IPYHTY OCHOBH
CTIHM HaBaHTAXKEHHSIMHU, IO IIIOTH I BEIHKHM
KyTOM, 1  HaBaHTWKCHHSAMHU 3  CHIIBHUM
EKCI[EHTPUCUTETOM (UBHCE 6.5.4).

9.3 Jlii, reoMeTpUY4Hi JaHi i MPOEeKTHI cuTyauii

9.3.1 Hdii

9.3.1.1 ba3sosi gii

(1) HeoOxigHo posrasmaTa [ii, mepepaxoBaHi B
2.4.2(4).

9.3.1.2 Bara maTepiany 3acHnKH

(1)P IIpoektHi BenmuuMHU 00'€eMHOI Barm marepiary
3aCMIKM TIOBMHHI  BU3HAYaTHCA  3aJXHO  Bij
BHMBYEHOCTI MaTepialiB, MPUIATHUX AJIs BiICHUIIaHHS.
V 3Biti 3 ['eoTexHIYHOrO NPOEKTYBaHHS MAalOTh OyTH

9.2 Limit states

(1)P A list shall be compiled of limit states to be
considered. As a minimum the following limit states
shall be considered for all types of retaining
structure:

— loss of overall stability;

— failure of a structural element such as a wall,
anchorage, wale or strut or failure of the connection
between such elements;

— combined failure in the ground and in the
structural element;

— failure by hydraulic heave and piping;

— movement of the retaining structure, which may
cause collapse or affect the appearance or efficient
use of the structure or nearby structures or services,
which rely on it;

— unacceptable leakage through or beneath the
wall;

— unacceptable transport of soil particles through
or beneath the wall;

— unacceptable change in the ground-water regime.
(2)P In addition, the following limit states shall be
considered for gravity walls and for composite
retaining structures:

— bearing resistance failure of the soil below the
base;

— failure by sliding at the base;

— failure by toppling;

and for embedded walls:

— failure by rotation or translation of the wall or
parts thereof;

— failure by lack of vertical equilibrium.

(3P For all types of retaining structure,
combinations of the above mentioned limit states
shall be taken into account, if relevant.

(4) Design of gravity walls often requires solution of
the same types of problem encountered in the design
of spread foundations and embankments and slopes.
When considering the limit states, the principles of
Section 6 should therefore be applied, as
appropriate. Special care should be taken to account
for bearing resistance failure of the ground below
the base of the wall under loads with large
eccentricities and inclinations (see 6.5.4).

9.3 Actions, geometrical data and design
situations

9.3.1 Actions

9.3.1.1 Basic actions

(1) The actions listed in 2.4.2(4) should be
considered.

9.3.1.2 Weight of backfill material

(2)P Design values for the weight density of backfill
material shall be estimated from knowledge of
available material. The Geotechnical Design Report
shall specify the checks, which shall be made during



BKa3aHi BUAW KOHTPOJIO, IIO BUKOHYETHCS i Yac
BUPOOHUITBA POOIT, 1100 peanbHi BEMUUWHU OyinH He
ripii 3aKi1aIeHuX B MPOEKTI.

9.3.1.3 llpurpysku

()P TIlpm Bu3HAYEHHI NPOEKTHUX BEJIMYMH
THUMYaCOBUX HaBaHTa)XCHb HEOOXiTHO BpPaxOBYBaTH
HasSBHICTH Ha YKPIIUTIOBaHIl AUISHII 200 MOpsiA 3 HElO
OyziBenb, cTallioHApHOrO a00 PyXOMOTO TPAHCIIOPTY
a00  KpaHiB, CKJIaJiB  MaTepialiB, BaHTAXIB,
KOHTCHHEPIB.

(2) OcobnmuBa yBara wmae OyTd TpuAiIcHA
MepiOJUYHUM  HABaHTAXEHHSIM  Ha  IOBEPXHIO,
HATNpUKIaJ], HaBaHTaXEHHSM BiJ JOpIr KpaHiB,
pO3TAllIOBaHWX Ha NpUYalbHIA cTiHOi. Tuck, 10
BUHHUKAE TPU [HUX TUMYACOBHX JisX, MOXE 3HAYHO
MEpEBUIIYBaTH BEIMYMHU MEPBUHHOI PUTPY3KH a00
MPHUKIAJEHOr0 CTATUYHOTO HAaBaHTAXKEHHS Tiel K
THTEHCHBHOCTI.

9.3.1.4 Bara Boau

(1)P TlpoextHi BenmuyuHH O0O0'€MHOI Baru BOJAU
MOBHHHI TPU3HAYATHCS 3JISKHO BIJl TOro, sKa Iie
BOjJa — IIPICHA, COJIOHA, 3 BMICTOM XIMIYHHX a0o0
3a0pyHIOIOYMX PEUOBHMH, IO MOXE MPUBECTH JIO
3HaYHUX KOJIMBaHb B TIOPIBHSHHI 3 HOPMAaTHBHOIO
BEITMYNHOIO.

9.3.1.5 XBuJesi i 1b010Bi cuiIn

(1)P TIIpoekTHi BETWYWMHH 3yCHJIb, OOYMOBJIEHI
XBUJICBUMHA a00 JHOIOBUMH JisIMH, OepyThbcs Ha
miacTaBi iHGOpMAaIii, MO € IS JTaHOTO pPETiOHY,
BIIHOCHO KJIIMAaTUYHUX 1 TIAPOJIOTIYHNX YMOB
TUISAHKHA.

(2)P Tlpm BMOOpPI MPOEKTHHUX BEIUYHH CTATHIHHUX
3yCHIIb, ~ OOYMOBJIEHHX  JbOJOBUM  ITOKPHBOM,
HEOOXiTHO BPaXOBYBATH HACTYITHI MOMEHTH:

- BHUXIIHY TeMIepatrypy JbOAy TIIepel] IOYaTKOM
MOTEIUTIHHS;

- IIBUKICTP MiJBUIIEHHS TEMIIEPATYPH;

- TOBIIMHY JIbOJIOBOT'O TIOKPHUBY.

9.3.1.6 ®iabTpaniiini cuiam

(1)P TlotpibHO BpaxoByBaTH (QiNBTpamiliHi CHIH,
00yMOBJIEHI PI3HUIICIO PiBHIB BOIW TOMEpENy 1 3331y
YTPUMYIO4Oi CIOpYIH, OCKUIBKM BOHH MOXYTh
3MIHIOBaTH THUCK IPYHTIB 3a CIIOPYIOIO 1 3MEHIITYBaTH
MIITHICTh TPYHTY TI€pe]] CTiHOIO.

9.3.1.7 Cuim 3iTKHEeHHS

(1) Ilpm BU3HAYEHHI NUPOEKTHUX  BEIMYUH CHII
3ITKHEHHSI, HAPUKJIA, IPU yIapi XBHJIb, IJIaBAIOUNX
rmu0 noxy abo TPaHCIOPTY, MOXKHA BpaxyBaTh
€Heprifo, TOrJIMHEHy Macor, W0 3iTKHynacs, i
YTPUMYIOUOI0 CIOPY/AOI, HANpHKIAM, 3aXHCHOI 1
(a00) HaNPaBISAIOYOIO CIOPYAOIO.

(2) Ilpu OiuHMX y#apax Ha CIOPYAH, IO 3aXMIIAIOTH,
HEOOXiZIHO BpPaxoOBYBaTH 3pPOCTAHHS >KOPCTKOCTI
YTPUMYBaHOTO IPYHTY.

(3) dus niadpparm HeoOXiTHO BpaxoByBaTu HeOE3MEKy
PO3PiIKEHHS il BIUIMBOM OIYHUX yIapiB.

(4)P HaBanTakeHHs Ha YTPUMYIOYY CHOPYAY BiX
3iITKHEHHS 3  IUlaBarouol0  Taubo0  JIboxmy

the construction process to verify that the actual
field values are no worse than those used in the
design.

9.3.1.3 Surcharges

(1)P Determination of design values for surcharges
shall take account of the presence, on or near the
surface of the retained ground, of, for example,
nearby buildings, parked or moving vehicles or
cranes, stored material, goods and containers.

(2) Care should be taken in the case of repeated
surcharge loading such as imposed by crane rails on
a quay wall. The pressures induced by such
surcharges can significantly exceed those due to the
first loading or those resulting from static
application of a load of equal magnitude.

9.3.1.4 Weight of water

(1)P Design values for the weight density of water
shall reflect whether the water is fresh, saline or
charged with chemicals or contaminants to an extent
that the normal value needs amendment.

9.3.1.5 Wave and ice forces

(1)P Design values for forces imposed by reflected
waves or by ice forces shall be selected on the basis
of locally available data for the climatic and
hydraulic conditions at the site.

(2)P When selecting design values for static forces
imposed by a sheet of ice, the following shall be
taken into account:

— the initial temperature of the ice before warming
begins;

— the rate at which the temperature increases;

— the thickness of the ice sheet.

9.3.1.6 Seepage forces

()P Seepage forces due to different ground-water
levels behind and in front of a retaining structure
shall be considered as they may change the earth
pressure behind the wall and reduce the earth
resistance in front of the wall.

9.3.1.7 Collision forces

(1)The determination of design values for collision
impact forces, caused by, for example, waves, ice
floes or traffic, may take account of the energy
absorbed by the colliding mass and by the retaining
system, e.g. by fenders and/or guide structures.

(2) For lateral impacts on retaining walls, the
increased stiffness exhibited by the retained ground
should be considered.

(3) The risk of the occurrence of liquefaction due to
lateral impact on embedded walls should be
investigated.

(4)P The impact load of an ice floe colliding with a
retaining structure shall be calculated on the basis of



PO3paxoBYETHCS 3 BpaXyBaHHSIM OIMOPY CTUCKYBAaHHIO
JTBOAY 1 TOBUIMHU JoA0BOI rnubu. [Ipu pospaxyHky
ONOpYy  CTHCKYBaHHIO  MOTPiIOHO  BpaxoByBaTu
MiHepaJTi3allito i OJJHOPIIHICTh JILOY.

9.3.1.8 BiuiuB TeMneparypu

(1)P Ipu npusHaveHH] pO3MipiB YTPUMYIOUUX CHOPY.
HEOOXITHO BPaxOBYBAaTH JIiI0 aHOMAJbHUX KOJHUBaHb
TEMIIepaTypH B Yaci i B MPOCTOPi.

(2) dist xonuBaHp TemmnepaTypu Mae OyTH BpaxoBaHa,
30KpeMa, IIPH PO3paxyHKy HABaHTAXKEHb B PO3IIPKax i
KpIIJICHHSX.

3) Posrnsnaroun MUTaHHS IIpoexTyBaHHS
[oxkaponedesneku Criopya, Ciijg 3BepTaTHUCS 0
MIPOTUTIOKEIKHUX po3aiTiB €BpOKO/IIB, 110
BITHOCSATHCS JI0 BIAMOBIIHUX MaTepialiB.

(4)P Marotp OyTu mepembaueHi cCrelianbHI 3aXO/H,
HampuKIajd, MigA0ip BIAMOBIAHOrO Marepiany s
3aCUIIKH, YKIQJaHHS JpeHaxKy a0o BIAIITYBaHHS
CHICTEMH 130JIS1Ii1, ISl HEMOMMYIIEHHsI YTBOPEHHS JIiH3
JTBOAY B TIPYHTI, IO 3HAXOAMUTHCS 32 YTPUMYIOUOO
CIIOPYAOIO.

9.3.2 I'eomeTpuyuHi 1aHi

9.3.2.1 OcuoBHi gaHi

(1)P TIpoekTHi BENTUYMHU TEOMETPHUYHUX JAHUX
BCTAHOBJIIOIOTHCS  BIATNOBIAHO A0  NPHHITUIIIB,
BUKJIANEHNUX B 2.4.6.3.

9.3.2.2 IloBepxHsI IPYHTY

(1)P IIpoekTHI BETUYMHU TCOMETPUUHUX NAHHX, IO
CTOCYIOTbCS 3aCHIIKM 33 YTPHUMYIOUOIO CIIOPYIIOHO,
OepyTbCS 3 BpaxyBaHHSIM 3MIHHOCTI pealbHHX
BETMYMH HA MiCIi 3alAraHHsA. Y  TPOEKTHHX
BEIMYMHAX MAafOTh OyTH TaKOXX BpPaxoBaHi IJIaAHOBaHI
BIIKOMYBaHHA 1 MOXJIMBE OCITaHHS TIPYHTy Iepen
YTPUMYIOHOIO CIIOPYZOXO.

(2) Ilpu po3paxyHKax TpaHHYHHX CTaHIB 332 BTPATOIO
HeCy4oi 3[aTHOCTI, B SKHX CTIHKICTh YTPHUMYIOYOi
CIOpYIY 3aJeKUTh BiI OHOPY IPYHTY Iepexn
KOHCTPYKIII€I0, piBEHb 3eMiIi, M0 3a0e3medye orip,
Mae OyTH 3MEHIIIeHWH Ha BeNWYUHY Aa B TOPiBHSIHHI
3 peanpHOW0. Bennuuna Aa BuOupaersca 3
BpaxyBaHHSM MIpH KOHTPONIO 32 PiBHEM MOBEPXHi
3eMUTI. 3a 3BUYAHHUX YMOB KOHTPOITIO
3aCTOCOBYIOTHCSI HACTYITHI TpaBHJIa:

- mns 3aThcHeHoi miadparmu  Aa Oeperbcs PiBHOIO
10% Bucotm nmiadparmm  Bume 3a  piBEeHb
BiIKOMyBaHHS, aie He Ounbiie 0,5 M;

- s giadparmMu 3 po3mipkamu abo aHkepamu Aa
Oeperscst piBHOlO 10% Biacranelh MiX camorO
HIDKHBOIO OIOPOIO 1 pIBHEM BIAKOITYBaHHS, aje He
ounpire 0,5 M.

(3) Jlomyckaetbcs OpaTu MEHII 1O BEIHYUHI
3HAaYCHHS Aa, BKIIOYAalOYM HYyJb, 32 YMOBH
3a0e3nedeHHs] HalilfHOro KOHTPOJIIO PiBHSI TOBEPXHI
MPOTATOM BCHOT'O I1Epioly BUPOOHULTBA POOIT.

(4) Bemuki mo BenuumHi 3HaYeHHs Aa mOTpiOHO
Opatu, KoM piBeHb MMOBEPXHi CYMHIBHUH.

9.3.2.3 PiBHi Boan

(1)P Bubip mpoekTHMX a00 XapaKTEpHHX BEIUYHUH

the compressive strength of the ice and the thickness
of the ice floe. The salinity and homogeneity of the
ice shall be considered in calculating the
compressive strength.

9.3.1.8 Temperature effects

(1)P The design of retaining structures shall take
into account the temporal and spatial effects of
abnormal temperature changes.

(2) These effects should be considered particularly
when determining the loads in struts and props.

(3) The Structural Fire Design Parts of the material
related Eurocodes should be consulted when dealing
with the effects of fire.

(4)P Special precautions, such as selection of
suitable backfill material, drainage or insulation,
shall be taken to prevent ice lenses forming in the
ground behind retaining structures.

9.3.2 Geometrical data

9.3.2.1 Basic data

(1)P Design values for geometrical data shall be
derived in accordance with the principles stated in
2.4.6.3.

9.3.2.2 Ground surfaces

(1)P Design values for the geometry of the retained
material shall take account of the variation in the
actual field values. The design values shall also take
account of anticipated excavation or possible scour
in front of the retaining structure.

(2) In ultimate limit state calculations in which the
stability of a retaining wall depends on the ground
resistance in front of the structure, the level of the
resisting soil should be lowered below the
nominally expected level by an amount Aa. The
value of Aa should be selected taking into account
the degree of site control over the level of the
surface. With a normal degree of control, the
following should be applied:

— for a cantilever wall, Aa should equal 10 % of the
wall height above excavation level, limited to a
maximum of 0,5 m;

— for a supported wall, Aa should equal 10 % of the
distance between the lowest support and the
excavation level, limited to a maximum of 0,5 m.

(3) Smaller values of Aa, including 0, may be used
when the surface level is specified to be controlled
reliably throughout the appropriate execution
period.

(4) Larger values of Aa should be used where the
surface level is particularly uncertain.

9.3.2.3 Water levels

(1)P The selection of design or characteristic values
for the positions of free water and phreatic surfaces



BIIMITOK J3€pKajia BUTbHOI BOIU 1 TPYHTOBUX BOI
BUKOHYETHCS Ha MiACTaBi JaHUX MPO TiAPOJIOTivHI i
TiIpOreosoriyli YMOBH AUTSHKU.

(2)P Cnix BpaxoByBaTH BIUIUB 3MiH KoedilieHTa
¢inbTpalii Ha PeKUM TPYHTOBUX BO/I.

(3)P Cunig BpaxoByBaTH BipOTiJHICTH HECHPHUSATINBUX
YMOB THCKY BOAM, OOYMOBIGHHX HAasIBHICTIO
3Ba)KEHOr'0 200 HAMIPHOTO TOPU30HTY I'PYHTOBHX BO/I.
9.3.3 IIpoekTHi cuTyamii

(1)P HeoOximHO pO3rIsSHYTH HACTYITHI MOMEHTH:

- 3MIiHM BIIACTHBOCTEH TIPYHTIB, pIiBHIB BOAHM 1
MOPOBOT'O THCKY B MPOCTOPI;

- HaMiueHi 3MiHU BIIACTUBOCTEH IPYHTIB, PiBHIB BOJIH 1
MOPOBOT'O THCKY B 4aci;

- 3MIHM JIi#i 1 C110CO0Y X KOMOIHAIIIM;

- BHUIMKY, oOcimaHHs a0o epo3it0 TIPyHTy THepes
YTPHUMYIOUOIO CIIOPY/I0H0;

- BIUIMB YOIUIbHEHHS Marepialy Hacumy 3a
YTPUMYIOUOO CIIOPY/IOIO;

- BIUTHB MallOyTHIX CHOPY/, HAMIYEHUX HaBaHTa)KEHb
1 pO3BaHTaXXEHb YTPUMYBAHOI'O MaTepiany abo mopsia
3 HUM;

- HaMiveHi TmepeMilleHHS IPYHTY, OOYMOBIEHI
ociaHHsIM a0o JIEF0 MOPO3Y.

(2) dns GeperoBux KOHCTPYKIIIM JHOMOBI 1 XBHIIEBI
CHJIM HEOOOB'SI3KOBO MAIOTh OyTH MPHUKIIANICHI B OHIM
1 Tilf JKe TOuIIl.

9.4 IluTaHHsI NPOEKTYBaHHs i OyIiBHMIITBA

9.4.1 3arajibHi N0J10:KEeHHS

(1)P Ilpusemeni B 2.4.7 1 2.4.8 cxeM 3acTOCOBHi B
pIBHIA Mipi SK IO TPaHMYHHX CTaHIB 3a BTPATOIO
Hecy4oi 3[aTHOCTi, TaK 1 JO0 TPaHWYHUX CTaHIB 3a
HENPUIATHICTIO J0 eKCIUTyaTaIlii.

(2)P HeoOximHO moOBeCTH, IO BEPTHKaIbHA piBHOBAra
IUISL IAHOTO PO3MOJITY IMPHUKIAACHOTO /0 CIOPYAN
Hampy>KeHHS 1 it Moxe OyTu 3a0e3nedueHe.

(3) IlepeBipka BepTUKaNBHOI PIBHOBarm MoOXe OYyTH
BHKOHAHA, 3SMEHIIYIOUH ITapaMeTPpH TePTS 00 CTiHY.
(4) B Mipy MOXXJIHBOCTI yTPUMYIOUi CIIOPYAH TTOBUHHI
MPOEKTyBAaTHCA TakK, 100 Oynmu BHIUMI O3HAKH
HACTaHHS TPAaHMYHOIO CTaHy 3a BTPATOI HECydol
3matHocTi. [IpoekToBaHa KOHCTPYKIisi Mae OyTH
3aCTpaxoBaHa BiJl MOXJIMBOTO KPUXKOT'O PyHHYBaHHS,
TOOTO MHUTTEBOrO OOBajeHHs ©Oe€3 TMomepeaHix
MIOMITHUX JIeOpMaIlii.

(5) [ns OGaraThox YTPUMYKYHX CHOPYJ HOTpiOHO
paxyBaTH KPUTHYHUH TPaHUYHHH CTaH, TPH SKOMY
MepeMIllleHHs CTiHM a0 [iadparMu  BUSBIATHCS
JOCTaTHIMH, 100 BUKIMKATH TOIIKO/PKEHHS CYCiIHIX
KOHCTPYKLiH ab6o Mepex. Xoua cTiHa He 00OB'SI3KOBO
OOpyHIHTHCS, PIBEHb MOLIKOHKEHHS MOXKE 3HAYyHO
MEpEeBUILUTH  PiBEHb  TIPAaHUYHOrO  CTaHy  3a
HEeNMpHUAATHICTIO A0 eKCIUlyaTauii B YTpUMYBaHii
KOHCTPYKIIi.

(6) [IlpoekTtHi Merogu 1 BEIMYMHU  OKPEMHX
Koe(iLi€HTIB, 10 PEKOMEHAYIOTbCS B LI HOPMI, SIK
MpaBUJIO, € AOCTATHIMH, IIOO MOMEPEIUTH TpaHUYHI

shall be made on the basis of data for the hydraulic
and hydrogeological conditions at the site.

(2)P Account shall be taken of the effects of
variation in permeability on the ground-water
regime.

(3)P The possibility shall be considered of adverse
water pressures due to the presence of perched or
artesian water tables.

9.3.3 Design situations

(1)P The following items shall be considered:

— variations in soil properties, water levels and
pore-water pressures in space;

— anticipated variations in soil properties, water
levels and pore-water pressures in time;

— variation in actions and in the ways they are
combined;

— excavation, scour or erosion in front of the
retaining structure;

— the effects of compaction of the backfilling
behind the retaining structure;

— the effects of anticipated future structures and
surcharge loadings or unloadings on or close to the
retained material;

— anticipated ground movements due, for example,
to subsidence or frost action.

(2) For waterfront structures, ice and wave forces
need not be applied simultaneously at the same
point.

9.4 Design and construction considerations

9.4.1 General

(1P Both ultimate and serviceability limit states
shall be considered using the procedures described
in2.4.7 and 2.4.8.

(2P It shall be demonstrated that vertical
equilibrium can be achieved for the assumed
pressure distributions and actions on the wall.

(3) The verification of vertical equilibrium may be
achieved by reducing the wall friction parameters.
(4) As far as possible, retaining walls should be
designed in such a way that there are visible signs of
the approach of an ultimate limit state. The design
should guard against the occurrence of brittle
failure, e.g. sudden collapse without conspicuous
preliminary deformations.

(5) For many earth retaining structures, a critical
limit state should be considered to occur if the wall
has displaced enough to cause damage to nearby
structures or services. Although collapse of the wall
may not be imminent, the degree of damage may
considerably exceed a serviceability limit state in
the supported structure.

(6) The design methods and partial factor values
recommended by this standard are usually sufficient
to prevent the occurrence of ultimate limit states in



CTaHM 3a BTPATOI0 HECY4oi 3JaTHOCTI B CYCIJHIX
KOHCTPYKIIiSIX 32 YMOBH, IO IPYHTH MaloTh fK
MiHIMyM  cepemHIO  IIUIBHICTE  abo  TBepay
KOHCHCTEHIIII0, @ TEXHOJIOTIS 1 MOPSAI0K OyHiBHHUIITBA
BUOpaHi mpaBuiabHO. B TOM ke wac moOTpiOHO
0COOJIMBO YBa)XKHO BITHOCHTHCS /O JESKUX CHIIBHO
MepeyIiIbHEeHNUX TIIMH, B SIKUX MiJIBUIICHE TTOYAaTKOBE
TOPU30HTAIbHE HATPYXECHHS MOXE BUKIMKATH 3HAYHI
MEepEeMIIICHHS Ha BEJIMKIN BiJICTaHI BiJl KOTJIOBaHY.

(7) Inkonu Yepe3 CKIATHOCTI B3a€MOJIT MK IPYHTOM
1 yTPHUMYIOUOI0 CIIOpYy0l0 OyBae Ba)KKO BHKOHATH
JEeTaNbHUI  pO3paxyHOK CHOPYAM JO TIOYaTKy
BUPOOHUITBA po0iT. B IbOMy BUNAIKY Ul MPOEKTY
MOTPIOHO CKOPUCTATUCS METO/IOM CIIOCTEPEXKEHb
(muBuceh 2.7).

(8)P Ipu npusHaveHH] pO3MipiB yTPUMYIOUUX CHOPY/]L
HEOOXiIHO BPaxoByBaTH HACTYITHI MOMEHTH:

- BIUTUB BUPOOHUIITBA POOIT, BKIFOYAIOUH:

- BIANITYBaHHS THUMYacOBOTO KpIMJIEHHS B OopTax
BUIMKU,

- 3MIHM HampyXeHHsl 1 BIAMOBIIHUX TepeMilleHb
IPYHTY, TOB'I3aHMX 3 BJAIITYBAHHAM 1 3BENEHHSIM
YTPUMYIOUO1 CIOPYIH;

- TepeMilllyBaHHS IPYHTY B pe3yibTaTi orepamii
BOuBaHH: a00 OypiHHS;

- HeOOXiAHICTHP  BIAMTYBaHHI  MATIOIB 1O
OyIiBEIHLHOTO MaliJaHINKa,;

- BUMOTH, MOB'AI3aH] 13 3aX1MCTOM BiJ BOAM 3aKiHUEHOL
cTiHu abo giadparmu;

- MOXJIMBICTh 3BEIEHHS CTiHM abo miadparmu, sKa
nocsArae TIUOOKOTO MIapy 3 HHU3BKUM KOe(iI[i€EHTOM
dbimpTparii, i CTBOPIOE TaKuM YUHOM
BOJIOHENPOHUKHY 3aBicy. Mae OyTu BHBYEHa
mpobiieMa TOCTIHHOTO CTOKY IMiI3EMHUX BOA IIPH ITii
HOBIH KOH(Iryparii;

- MOXJIMBICTh BJAIITYBaHHS AaHKEPIB HA CYCIAHIX
JIIISHKAX;

- MOXKJIMBICTh BUKOHAHHSI €KCKaBaTOPHHUX POOIT Mik
PO3IIpKaMy yTPUMYIOUHX CIIOPY/;

- 3JaTHICTH CTiHM abo pJiagparMu BUTPUMYBATH
BEPTUKAIbHI HABAHTAXKEHHS;

- 3miOHICTP /0  pO3TATYBAaHHSA  CKJIATHUKIB
KOHCTPYKII;

- 3a0e3MevYeHHs JOCTYITY JUIsl TOTJISITY 32 CTiHOH abo
niadparmoro, a TakoX 3a IX IPEHa’KHOIO CHCTEMOIO;

- 30BHINIHINA BUTIAN 1 TepMIiH cioyxOu cTiHM abo
niadparmu i aHKepiB;

- Ui IUOYHTOBUX CTIHOK: HAasBHICTb [JOCHTb
YKOPCTKOT'O TEpeTHHY, 00 MPU 3aHypEeHHI IIMYHTIB
He 0yJ10 MOpYILIEHO X 34eIuIeHHS;

- CTifiKicTb TpOOYpeHuX IIiJ] 3aXHUCTOM OYypOBOIO
PO3YHMHY CBEPUIOBHH a00 BiAKONAHHUX TPAHLIEH, IIOKH
BOHH 3aJIMIIAIOTHCS BIIKPUTUMU;

- 1711 3aCUTIKU: TUT MICIIEBUX MaTepialiB i MeXaHi3MHu
JUIs 1X YIIJIBHEHHS Yy BiIHOBigHOCTI 3 5.3,

9.4.2 JIpenaxHi cucremMu

(1)P fAxmo Oe3neka i mpuAATHICTH A0 EKCILTyaTamii
MPOEKTOBAHOI CIIOPYOH 3ajeKaTh Bil HOPMAaJIbHOTO

nearby structures, provided that the soils involved
are of at least medium density or firm consistency
and that adequate construction methods and
sequences are adopted. Special care should be taken,
however, with some highly over-consolidated clay
deposits in which large at rest horizontal stresses
may induce substantial movements in a wide area
around excavations.

(7) The complexity of the interaction between the
ground and the retaining structure sometimes makes
it difficult to design a retaining structure in detail
before the actual execution begins. In this case use
of the observational method for the design (see 2.7)
should be considered.

(8)P The design of retaining structures shall take
account of the following items, where appropriate:
— the effects of constructing the wall, including:

— the provision of temporary support to the sides of
excavations;

— the changes of in situ stresses and resulting
ground movements caused both by the wall
excavation and its construction;

— disturbance of the ground due to driving or
boring operations;

— provision of access for construction;

— the required degree of water tightness of the
finished wall;

— the practicability of constructing the wall to
reach a stratum of low permeability, so forming a
water cut-off. The resulting equilibrium ground-
water flow problem shall be assessed:;

— the practicability of forming ground anchorages
in adjacent ground;

— the practicability of excavating between any
propping of retaining walls;

— the ability of the wall to carry vertical load;

— the ductility of structural components;

— access for maintenance of the wall and any
associated drainage measures;

— the appearance and durability of the wall and any
anchorages;

— for sheet piling, the need for a section stiff
enough to be driven to the design penetration
without loss of interlock;

— the stability of borings or slurry trench panels
while they are open;

— for fill, the nature of materials available and the
means used to compact them adjacent to the wall, in
accordance with 5.3.

9.4.2 Drainage systems
(1)P If the safety and serviceability of the designed
structure depend on the successful performance of a



cTaHy JPEHaKHOI CHUCTEMH, CJIiJ PO3MNIHYTH
Hacniaky 1i pyiiHyBaHHS SK 3 BpaXyBaHHSM Oe€3IEKH,
Tak 3 TOYKH 30py BapTOCTI PEMOHTHHX POOIT.
[loBrHHA BUKOHYBATHCS OJJHA 3 HACTYITHUX YMOB (200
KOMOIHAIIIi IUX YMOB):

- Mae OyTH CKjlaJieHa [porpaMa JOrjsiry 3a
JPEHaKHOI0 CHCTEMOIO, a B KOHCTPYKIII cHOpyaH
CIiJ TiepeadaYuTH JTOCTYI JUIsi BUKOHAHHS TMOTOYHUX
PEMOHTIB;

- moTpiOHO moBecTH abo Ha MijAcTaBi IOCBidy, abo
pO3paxyHKaMd TPOIYCKHOI ~ CIIPOMOXHOCTi,  IIIO
JpEHa’kHa CHCTeMa MOXKe HOPMaJbHO MpaItoBaTH 6e3
MOTOYHOTO PEMOHTY.

(2) HeoOxigno OpaTh /10 yBaru 00'eMu, TUCK 1 XiMi4Hi
XapaKTePUCTUKHU JIPEHOBAHUX BOJI.

9.5 Bu3zHavyeHHS THCKY IPYHTY

9.5.1 3araabHi M0JI0KEeHHS

(1)P Ilpm BH3HAYEHHI BEIMYMH THUCKY TIPYHTY
HEOOXIJIHO BpaxoByBaTH JoOIMycTUMi Qopmu i
aMILTITY/IM TIepeMilleHb 1 Jedopmallid, sKi MOXYTh
CTaTucsi B YTPUMYIOWIH CHOpPYyAl TpH JaHOMY
TPAaHUYHOMY CTaHI.

(2) Y HactynHOMy BUpaxxeHHs "THUCK IpyHTY" Oyne
TAaKO)X BUKOPHCTOBYBATHCH JJISI 3arajJibHOIO THCKY
Bi cTa0KHX 1 BUBITPEHUX CKEIBHUX TOPiA 1 BKIIOUAE
TUCK TPYHTOBUX BO[L.

(3)P Ilpu po3paxyHKy THCKY TPYHTY i Hampsamy mii
cui, OOYMOBJIEHUX IIMM THCKOM, TaKOXX TIOTPiOHO
BpPaxoBYBaTH:

- THMYAaCOBE HaBAHTAXCHHS Ha ITOBEPXHIO 3eMJIi 1 KyT
HaxXuiy;

- KyT HaXWiIy CTiHM abo miadparMu MO BiTHOIIECHHIO
JI0 BEpTHUKAJIL;

- IPYHTOB1 BOAM 1 DiIBTpAIliiiHI CHIIM B TPYHTI;

- aMIUTITYAy 1 HampsM BiIHOCHOTO TIepeMilIeHHs
cTiam abo AiadparmMu Mo BiTHOIIEHHIO 0 TPYHTY;

- TOpPHU3OHTaJIbHY a00 BEpPTHKAIbHY pIBHOBary BCi€l
YTPUMYIOUOi CIIOPYIH;

- Omip 3pYIIEHHIO i 00'€eMHY Bary IpyHTY;

- )KOPCTKICTh CTiHU a00 miadparMu i OMMOPHUX YaCTUH
KOHCTPYKIIi;

- MMOPCTKICTh CTiHU.

(4) HeoOximHO pO3TISHYTH BEIWYUHY TepTs i
3UerieHHs, SKi PO3BUBAIOTHCS HAa KOHTAKTi CTIHH abo
niadparmu i 3a5eXath Bif:

- XapaKTEepHUCTHK ONOPY IPYHTY;

- BJIACTUBOCTEN TepTs Ha
cTian/niadparMu i IpyHTY;

- HAmpSMKA 1 aMIUNTYyOd TepeMilleHb CTiHu abo
niadpparMu 1Mo BiIHOIIEHHIO J0 IPYHTY;

- 3nmibHocTi cTiHM abo [giadparmMu  cpuiiMaTH
BEPTUKANbHI  3ycWJUIs, OOYMOBJIEHI TepTsIM 1
3YEIJICHHSAM Ha KOHTAKTI 13 CTiHOIO.

(5) Cunig BHU3HAUUTH BEIMYMHY  HANPY>KEHHS
3pYIIEHHs, sSKa MO)XE pO3BHUBATHCA Ha iHTepdeiici
IPYHTY 1 cTiHW/miadparMu 3ajJeXHO Bil mapamerpa
iHTepdeicy J.

(6) MoxxHa OONMYCTHTH, IIO AJSL CHOPYOH 3 OEToHY

iHTEepdeiici

drainage system, the consequences of its failure
shall be considered, having regard for both safety
and cost of repair. One of the following conditions
(or a combination of them) shall apply:

— a maintenance programme for the drainage
system shall be specified and the design shall allow
access for this purpose;

— it shall be demonstrated both by comparable
experience and by assessment of any water
discharge, that the drainage system will operate
adequately without maintenance.

(2) The quantities, pressures and eventual chemical
content of any water discharge should be taken into
account.

9.5 Determination of earth pressures

9.5.1 General

(1)P Determination of earth pressures shall take
account of the acceptable mode and amount of any
movement and strain, which may occur at the limit
state under consideration.

(2) In the following context the words “earth
pressure” should also be used for the total earth
pressure from soft and weathered rocks and should
include the pressure of ground-water.

(3)P Calculations of the magnitudes of earth
pressures and directions of forces resulting from
them shall take account of:

— the surcharge on and slope of the ground surface;
— the inclination of the wall to the vertical,

— the water tables and the seepage forces in the
ground;

— the amount and direction of the movement of the
wall relative to the ground,;

— the horizontal as well as vertical equilibrium for
the entire retaining structure;

— the shear strength and weight density of the
ground;

— the rigidity of the wall and the supporting
system;

— the wall roughness.

(4) The amount of mobilised wall friction and
adhesion should be considered as a function of:

— the strength parameters of the ground;

— the friction properties of the wall-ground
interface;

— the direction and amount of movement of the
wall relative to the ground,;

— the ability of the wall to support any vertical
forces resulting from wall friction and adhesion.

(5) The amount of shear stress, which can be
mobilised at the wall-ground interface should be
determined by the wall-ground interface parameter ¢

(6) A concrete wall or steel sheet pile wall



abo MeTaJieBMX LIMYHTIB, KA TpUMAae MilIaHuil abo
TpaBEMCTUH TPYHT, MPOEKTHA BEIMYMHA MapaMerpa
iHTepdelicy yTpuMyrouoi crmopyaw i IpyHTY piBHA
0d = K'gev:d.. K He moBuHHA mepeBuiyBaTH 2/3 s
30ipHOro OETOHY 1 METaJICBUX IIITYHTIB.

(7) HAns MOHONITHOrO OCETOHY MOMKHA TNPHUHSATH
Bennuuny K = 1,0.

(8) [ns cTiHM 3 MeTaJeBHX INIYHTIB, 3BEJCHOI B
TIIMHI, U HEIPEHOBAHUX YMOB 0€3M0CepeIHBO MiCIIs
3a0WBaHHS CJIiJI JOMYCTUTH, IO 3YEILICHHS 1 OIIp BiJ
TEepTS BIACYTHI. 3 4YacoM I[i BEJIUYUHU MOXKYTh
ITiJIBUIITYBATHCS.

(9P BenuuumHu THCKY IpyHTY 1 Hampsm i
PE3yJABTYIOUUX CHJI IIOBUHHI BU3HAYATHCS BiJIIOBIIHO
JI0 TIPUHHSATOrO BU3HAYYBAHOTO HAOIVKEHHS (JJMBHChH
2.4.7.3) i 3 BpaxyBaHHSM JIAHOT'O TPaHUYHOTO CTAHY.
(10) Tuck rpyHTY B TPaHMYHOMY CTaHi 3a BTPaTOIO
Hecydol 3/IaTHOCTI 3a3BHYall BIIPI3HIETHCS BiJ| TUCKY
B TpaHMYHOMY CTaHI 3a [PUAATHICTIO 10
excrutyaramii. L[i BeJIMYMHM BH3HAYAIOTHCS JBOMA
MPHHIUIIOBO DPI3HUMHU BU3HAYCHHSMH. TOMY SKIIO
THUCK TPYHTY PO3TIISIAETHCS SIK JIis, TO BIH MOX€E MaTH
HE OJIHY, a JIEKUJTbKa XapaKTePUCTHUYHUX BEJTHYHH.
(1P B pa3i yrpuMyrouux Cropyn Ui CKEIbHUX
MAacHBIB pO3paxyHKH THCKy TIPYHTY IIOBHHHI
BpaxOBYBAaTH BIUIMB TPIIIAH 1 PO3PHBIB, TIPH ITLOMY
0oco0nBa yBara Mae OyTH 3BepHEHE Ha iX Opi€HTaIlifo,
BiicTaHb MDK HHMH, PO3KPHTTS 1 MEXaHIdHI
BJIACTUBOCTI Marepially 3alOBHEHHS TIIPH HOTO
HasBHOCTI.

(12)P Ilpm HeoOXimHOCTI, PO3PaxXOBYIOUHM THCK Ha
YTpUMYIOdy  CIIOpYyAY, HEOOXiIHO BpaxoBYBaTH
MOTEHLIa] CIIyYeHHs IPYHTY.

9.5.2 BeJIMYMHH THCKY IPYHTY B CIIOKOIO

(1)P 3a BincyTHOCTI OyIb-SIKOTO TIEpEMIIIEHHS CTiHU
BIJTHOCHO I'PYHTY THCK I'PYHTY IIOBUHEH BH3HAYaTHUCS
3 Halpy)KEHHS y CTaHl CIOKO0. Bu3HaueHHS cTaHy
HamnpyXeHHS CIIOKOI0 IIOBMHHE OpaTH [0 yBaru
iCTOpiro HATPy>KEHHS TPYHTY.

(2) Sx npaBuno, AN HOPMaIbHO KOHCOIITOBaHHX
TPYHTIB CHiIl IOIMYCTHUTH, IO IPYHT 32 YTPUMYIOUOIO
CIIOPYZI0I0 3HAXOJUTHCS B CTaHI TaK 3BAHOT'O CIIOKOIO,
KOJIH TIEpEMIllleHHs CIIOpyM MeHmIe Hixk 5x107x h,
(3) Hns 1pyHTY 3 TOPH3OHTAJIBHOIO IOBEPXHEIO
KOe(iIlieHT THCKYy TpPYHTY B CTaHi cmnokow Ko
BHU3HAYAETHCA 3!

Ko = (1-sing' )Y OCR

®dopmyrna He Moxe OyTH BUKOPHCTOBYBaHA ISl AyKe
Bucokux BenmnunH OCR

(4) Konmu rpyHT HaxujeHU#l Bropy Bin criHum abo
niadparMu mig KyToM JI0 TOPU3OHTANI, PiBHUM £ < @',
TOpU30HTAIbHA CKJIa/I0Ba €(EKTUBHOTO TUCKY IPYHTY
a'ho Moxe OyTh TmoB'sI3aHa 3 BEPTUKAJILHUM
eekTUBHUM THUCKOM IPYHTIB (' BigHOMmIEHHAM Ko; g,
ae:

Ko;ﬂ =Ko (1+ sin ﬁ)

supporting sand or gravel may be assumed to have a
design wall ground interface parameter ds = k*gevd -
k should not exceed 2/3 for precast concrete or steel
sheet piling.

(7) For concrete cast against soil, a value of k = 1,0
may be assumed.

(8) For a steel sheet pile in clay under undrained
conditions immediately after driving, no adhesive or
frictional resistance should be assumed. Increases in
these values may take place over a period of time.
(9P The magnitudes of earth pressures and
directions of resultant forces shall be calculated
according to the selected design approach (see
2.4.7.3), and the limit state being considered.

(10) The value of an earth pressure at an ultimate
limit state is generally different from its value at a
serviceability limit state. These two values are
determined from two fundamentally different
calculations. Consequently, when expressed as an
action, earth pressure cannot have a single
characteristic value.

(11)P In the case of structures retaining rock
masses, calculations of the ground pressures shall
take account of the effects of discontinuities, with
particular attention to their orientation, spacing,
aperture,  roughness and the  mechanical
characteristics of any joint filling material.

(12)P Account shall be taken of any swelling
potential of the ground when calculating the
pressures on the retaining structure.

9.5.2 At rest values of earth pressure

()P When no movement of the wall relative to the
ground takes place, the earth pressure shall be
calculated from the at rest state of stress. The
determination of the at rest state shall take account
of the stress history of the ground.

(2) For normally consolidated soil, at rest conditions
should normally be assumed in the ground behind a
retaining structure if the movement of the structure
is less than 5x10™x h.

(3) For a horizontal ground surface, the at rest earth
pressure coefficient, Ko, should be determined from:

(9.1)

The formula should not be used for very high values
of OCR.

(4) If the ground slopes upwards from the wall at an
angle f§ < ¢' to the horizontal, the horizontal
component of the effective earth pressure ¢'n.0 may
be related to the effective overburden pressure q' by
the ratio Ko, s , where

(9.2)



Y TakoMy pa3i MOTPIOHO JOMYCTUTH, IO HAIpPSIM
pe3ynbTyouoi cunu Oyne mapalelbHUM IOBEpPXHi
IpYHTY.

9.5.3 I'paHNYHi BeJIMYNHA THCKY IPYHTY

(1)P TI'panuuni BeNMWYMHU THCKYy IPYHTY MOBHHHI
BHU3HAYATHUCS 3 BpaxyBaHHSIM BiZTHOCHOT'O
MepeMillleHHsT TPYHTY 1 yTpUMYIOUoi CHOpPYAH NpH
pydHyBaHHI 1 BimnmoBigHOi (GopMH  TIOBEpxXHI
pyWHYBaHHS.

(2) Ilpm BUCOKMX 3HAYEHHSX KyTa BHYTPIIIHBOT'O
TepTs 1 mapameTpa iHTepdeiicy MK cIopyaow i
IPYHTOM J TpaHWYHI BEIMYMHH THUCKY IPYHTY,
OTpUMaHi 3 BHKOPUCTAHHSM IUIOCKHX ITOBEPXOHB
pYHHYBaHHS, MOXYTh 3HAa4HO BIJPI3HATHUCS BiJ
BEIIMYHMH, OTPUMAHHUX 3 BUKOPHUCTAaHHIM KPHUBHX
MOBEPXOHb PyWHYBaHHS, 1 ]aBaTH Pe3yJIbTaTH HUXKYE
Oe3IevHuX.

[MPUMITKA Iudopmaris mnpo BigHOCHI
MepeMillieH s,  SKi  BeayTh  JI0  TPaHHYHHX
BEJIMYHMH THCKY I'PYHTY, HajaHa B Jlomatky C.

(3) Komu mepemilieHHs yTpUMYIOUOl CHOPYAU
OOMEXYIOThCSI PO3MIpKaMH, aHKepamMH 1 IHITUMH
eNeMEeHTaMH, TOTPIOHO BBaXKaTH, W0 TPaHUYHI
BEIMYMHMA AaKTHBHOTO 1 IACMBHOIO THCKY 1 IX
pO3MOAIT  MOXYTh HE Oyt  HaOLIBI HE
CIPUSTINBUMHU.

9.5.4 IIpoMiskHi BeJIMYMHH THCKY IPYHTIB

(1)P TlpomikHI BEIMYMHH THCKY TPYHTY MOXYTh
3'SIBUTHCS, KOJH TIEPEMIITICHHS CTiHN HEAOCTaTHI, II00
BUKJIMKAaTH TpaHUYHI BeNUYMHU. Bu3HadyeHHsS
INPOMDKHUX BEJIWYMH TUCKY IPYHTY IIOBUHHE
BpPaxOBYBATH BEIMYMHY MEPEMIIIIEHHS CTiHH, a TaKOXK
HaIpsM I10 BIJHOIIEHHIO 10 IPYHTY.

[NPUMITKA VY [Homarky C, pucynok C.3
TaeThes Tpadik, MO TO3BOJISAE BUSHAYUTH  BEITHIHHHI
BHUHHUKIJIOTO IACUBHOTO THCKY.

(2) IlpomixHI BETMYMHH THUCKYy TIPYHTY MOXYTh
BHU3HAYATHUCS 3 BUKOPUCTAHHSM, PI3HUX EMITIPUYHHUX
MpaBWJI, HATIPUKIAM, 3TiTHO MOJETi MOIYJNS Peaxiii
abo0 KiHIEBHX €JIEMEHTIB.

9.5.5 BiuiMB ymijibHeHHsI

(1)P Ilpu BH3HaYEHHI THUCKY IPYHTY 332 YTPUMYIOUOIO
CIIOPYIOIO0 CJi BPaxoBYBaTH JOAATKOBHH THUCK, IIO
CTBOPIOETBCS BIACUNIAHHAM IPYHTY 1 NPHUHHATUMH
CXeMaMH HOro yuiiibHeHHs.

[NPUMITKA  Bumipm mOKa3ywoTh, IO
BEJIMYMHU JOJATKOBOIO THCKY 3alleKaTh BiJ
NpUKIaleHol  eHeprii  yUIUTbHEHHS,  TOBIIMHHU
VIIUTPHIOBAHUX MIAPIB 1 TPAEKTOPii YHIUTBHIOIOYOTO
MexaHi3My. Moke cTaTucs, 10 T'OPU30HTAIbHHUI
TUCK Ha cTiHy abo miagparmy B OAHOMY MIapi
3MEHIIYBaTUMETHCSI TPU BIACHMIAHHI 1 YIIUIbHEHHI
HactynHoro mapy. Komu BiJlCHIIaHHS 3aKiHYEHE,
NepeyIIibHeHHS, K MPaBUIO, AiITHME JIIe Ha
BEPXHIO YACTUHY CTiHH.

(2)P Haii6inp1 BinOBigHI CXeMHU YIIIIbHEHHS MarOTh
OyTH dYiTKO BU3HAYeHi, MO0 YHUKHYTH HaJMIpHUX
BEIMYMH TUCK IPYHTY, SKUH MOXE BHUKIUKATH

The direction of the resulting force should then be
assumed to be parallel to the ground surface.

9.5.3 Limiting values of earth pressure

(1)P Limiting values of earth pressures shall be
determined taking account of the relative movement
of the soil and the wall at failure and the
corresponding shape of the failure surface.

(2) Limiting values of earth pressure assuming
straight failure surfaces can significantly deviate
from the values assuming curved failure surfaces for
high angles of internal friction and wallground
interface parameters ¢, and so lead to unsafe results.

NOTE Annex C provides some data of relative
movements that cause limiting values of earth
pressures.

(3) In cases where struts, anchorages or similar
elements impose restraints on movement ofthe
retaining structure, it should be considered that the
limiting active and passive values of earth pressure,
and their distributions, may not be the most adverse
ones.

9.5.4 Intermediate values of earth pressure

()P Intermediate values of earth pressure occur if
the wall movements are insufficient to mobilise the
limiting values. The determination of the
intermediate values of earth pressure shall take
account of the amount of wall movement and its
direction relative to the ground.

NOTE Annex C, figure C.3, gives a diagram,
which may be used for the determination of the
mobilized passive earth pressure
(2) The intermediate values of earth pressures may
be calculated using, for example, various empirical
rules, spring constant methods or finite element
methods.

9.5.5 Compaction effects

(1P The determination of earth pressures acting
behind the wall shall take account of the additional
pressures generated by any placing of backfill and
the procedures adopted for its compaction.

NOTE Measurements indicate that the additional
pressures depend on the applied compactive energy,
the thickness of the compacted layers and the travel
pattern of the compaction plant. Horizontal pressure
normal to the wall in a layer may reduce when the
next layer is placed and compacted. When
backfilling is complete, the additional pressure
normally acts only on the upper part of the wall.

(2)P Appropriate compaction procedures shall be
specified with the aim of avoiding excessive
additional earth pressures, which may lead to



HEJIOMyCTUMI MepeMillieHHs! CIOPYAH.

9.6 Tuck Bou

()P Ilpm Bu3HAYEeHHI  XapakTEPUCTHUUYHUX 1
MPOEKTHUX BEIMYMH THUCKY BOIU HEOOXiAHO
BpaxoBYBATH PiBHI BOJM BUIIIE 32 IPYHT 1 B IPYHTI.
(2)P Ilpum mepeBipii rpaHUYHUX CTaHIB 3a BTPATOIO
Hecy4oi 3JaTHOCTI 1 NPUIATHOCTI IO EKCIUTyaTarlii
THUCK BOIM Mae OyTH BpaxOBaHUU B MOEJHAHHSX JIii
BignoBimHo 10 2.4.5.3 1 2.4.6.1 1 3 BpaxyBaHHSM
MOTEHIIHHUX PU3HKIB, TpuBeaeHUX B 9.4.1(5).

(3)P Hns cnopya, sIKi YTPUMYIOTh IPYHT 3 CepeaHIMU
abo HHU3BKUMH KoedilieHTamMu QimpTparmii, cmin
JIONYCTUTH, 10 THCK BOAM [i€ 3a CTiHOMO. 3a
BHHATKOM BHIAJKIB, KOJM BJIAIITOBaHA HajiiiHa
cucrema apeHaxy (9.4.2(1) P) abo BuxoHaHi
npotuinbTpamiiHi 3aX01u, MOTPIOHO MPUNHHSATH, IO
BEJIMYMHU TUCKY BOJM BiJIIOBIAIOTh BOJOHOCHOMY
TOPU30HTY, TIOKPIBIIS SIKOTO PO3TAlIOBYETHCS HA
MOBEPXHI YTPUMYBAHOTO MaCHBY.

(4)P Tlpm MOXNIHMBHX pI3KAX KOJWBaHHSAX PIBHS
BUTBHOT 30BHIITHBOT BOJIU CJIiJ| PO3TIISTHYTH SIK 3MIHHY
YMOBY, II0 BHMHHKA€ O€3MOCEPEIHBO IICIsA 3MIHU
PIBHS BOJIM, TaK 1 YMOBY KiHIIEBOI piBHOBAru.

(5)P Skmio cremianbHi 3aX0au i APEHYBaHHS abo
oOMexeHHsT (GuTbTpamii He Oynu MPUHHATI, TOTPIOHO
PO3IISHYTH BIUIMB 3alIOBHEHHS BOJOIO YCaJKOBHMX
TPIIIHH 1 TPIIH PO3TATYBAHHS.

9.7 IlpoekTyBaHHsI 3a KpalHIiM TpaHUYHUM
CTAaHOM (32 BTPATOI0 HECY4Oi 3aTHOCTI)

9.7.1 3arajibHi 0J105KEHHS

(1)P Posmipn yTpuMyroumx CHOpPYA MaroTh OYyTH
TIepeBipeHi 3a TpPaHWYHAM CTaHOM 33 BTPATOIO
Hecy4doi 3HaTHOCTI A BCIX BIAMOBIAHAX IBOMY
CTaHy MPOEKTHUX CHTyalii 3rimHo Bumor 9.3.3,
3aCTOCOBYIOYM IPOEKTHI BENWYUHU Jid, PE3yNIbTaTiB
it 1 IPOEKTHUX OIOPiB.

(2)P Matotp OyTH pO3TISHYTI BCi (POPMU TPaHUIHOTO
cTaHy. Slk MiHIMyM, HEOOXiHO BpaxyBaTH Bci (hopMH,
mpuBeneHi Ha pucyHkax 9.1 - 9.6 A
HaNMOIIMPEHIINX YTPUMYIOUHUX CIIOPYA.

(3)P BusHaueHHSM TPaHUYHOTO CTaHY 3a BTPATOIO
HECYy4oi 3/aTHOCTi IMMOBHHHO OYTH BCTaHOBJIEHO, IO
piBHOBara Moke OyTH JOCSTHYTa, BUKOPHUCTOBYIOUH
MIPOEKTHI BETMYUHU Jiii a00 pe3ynbTaTiB i, a TAKOK
MIITHOCTEH 1 XapaKTEepUCTHK OMNOpY MarepialiB, sK
BkazaHo B 2.4. Ilpum oIiHII NPOEKTHWX 3HAYEHBb
XapaKTepUCTUK  Oomopy abo  MImHOCTeW  Cimif
BpaxoOByBaTH  CYMICHICT  JeopMaliiii  pi3HHX
MaTepiaiB.

(4) P Ins xapakTepuCTHK OMopy abo MIITHOCTi IPYyHTY
OepeTbCsi HAHOLIBII HECTIPUATIMBA 3 MaKCHMAJbHOI
a00 MiHIMaJIbHOT TPOEKTHUX BEINYHH.

(5) Moxna 3actocyBaTh METOOM BHU3HAYEHHS, SIKi
MEpepO3NOAUISIOT THUCK IPYHTY 3alieKHO  BiA
BIJHOCHUX TMEpeMillleHb 1 BEIMYMH >KOPCTKOCTI
IPYHTY 1 €IEMEHTIB KOHCTPYKIIi.

(6)P [ns TOHKO3EPHUCTHX TIPYHTIB HEOOXigHO
BpPaxoBYBaTH KOPOTKOCTPOKOBHH 1 JOBrOCTPOKOBHIMA

unacceptable movements.

9.6 Water pressures

(1)P Determination of characteristic and design
water pressures shall take account of water levels
both above and in the ground.

(2)P When checking the ultimate and serviceability
limit states, water pressures shall be accounted for
in the combinations of actions in accordance with
2.4.5.3 and 2.4.6.1, considering the possible risks
indicated in 9.4.1(5).

(3)P For structures retaining earth of medium or low
permeability (silts and clays), water pressures shall
be assumed to act behind the wall. Unless a reliable
drainage system is installed (9.4.2(1)P), or
infiltration is prevented, the values of water
pressures shall correspond to a water table at the
surface of the retained material.

(4)P Where sudden changes in a free water level
may occur, both the non-steady condition occurring
immediately after the change and the steady
condition shall be examined.

(5)P Where no special drainage or flow prevention
measures are taken, the possible effects of water-
filled tension or shrinkage cracks shall be
considered.

9.7 Ultimate limit state design

9.7.1 General

(1)P The design of retaining structures shall be
checked at the ultimate limit state for the design
situations appropriate to that state, as specified in
9.3.3, using the design actions or action effects and
design resistances.

(2)P All relevant limit modes shall be considered.
These will include, as a minimum, limit modes of
the types illustrated in figures 9.1 to 9.6 for the most
commonly used retaining structures.

(3)P Calculations for ultimate limit states shall
establish that equilibrium can be achieved using the
design actions or effects of actions and the design
strengths or resistances, as specified in clause 2.4.
Compatibility of deformations shall be considered in
assessing design strengths or resistances.

(4)P Upper or lower design values, whichever are
more adverse, shall be used for the strength or
resistance of the ground.

(5) Calculation methods may be used, which
redistribute earth pressure in accordance with the
relative displacements and stiffnesses of ground and
structural elements.

(6)P For fine grained soils, both short- and long-
term behaviour shall be considered.



CTaH.
(7)P [dns criH, HA sIKi Jli€ HEpIBHOMIPHUN THCK BOIH,
MMOBUHHA TPOBOJUTHCS IEpEBipKa OC3MEKH BiTHOCHO
pYHHYBaHHS, BUKJIMKAHOTO TiApaBIiYHUM MiTHOMOM i
cyosieto.

9.7.2 3araibHa cTilKicTH

(HP [punnunu Pozniny 11 MOBHHHI
3aCTOCOBYBATHCSl Y KOKHOMY KOHKPETHOMY BUMAJIKY
JUTS TOKa3y TOTO, IO MOPYIICHHS 3arajbHOl CTIMKOCTI
HE CTaHEThCH, a BINMOBIAHI Jedopmallii Ha3BHYAHO
MaJti.

(2) Sx miHiMyM, MapTh OyTH BpaxoBaHi I'paHHYHI
dopmu,  mpoimrocTpoBaHi  Ha  puUcyHKY 9.1,
BpaxoBYIOUM TMpPH I[bOMY PH3UKH MOCTYIOBOTO
pYHHYBaHHS 1 PO3PLIKEHHS.

9.7.3  PyiinyBannsa  ¢yHIaMeHTY
rpaBiraniiiHux cTiH

(1P Hpuanunu Po3xiny 6 MOBHHHI 3aCTOCOBYBATHCS
Yy KO)KHOMY KOHKPETHOMY BHITAJIKy JJISI JIOKa3y TOro,
0 YMOBH pyHHYBaHHS IPYHTY IPUHHSATI 3 JIOCTATHIM
3amacoM, a BiAmoBigHI jgedopMarii IpU  BOMY
3aMIIAI0THCS HEBEMUKUMHU. TaKoX CIii pO3TIsIHYTH
BTpPaTy HeCy4doi 3JaTHOCTI  YHACHiIOK KOB3aHHS
CTiHH.

(2) SAx MmiHIMYM, CIIifi PO3IJISIHYTH TpaHU4Hi GopMH,
MIPOUTIOCTPOBaHI Ha pUCYHKY 9.2.

9.7.4 PyiinyBaHHS Bil IOBOPOTY YTPHUMYIOUMX CTiH
(1)P BwusHaueHHSAMH pIBHOBarm IIOBUHHO OyTH
JOBEACHO, IO YTPUMYIOUi CTIHM  JTOCTaTHBO
3arauOIieHi B IPYHT, 100 HE JOMYCTUTH PYHHYBaHHS
BiJl TIOBOPOTY.

(2) Sx wmiHiMyM, HEOOXIIHO PO3TISHYTH TPaHWUYHI
MOJIeINi, MPOLTIOCTPOBAHI HA PUCYHKY 9.3.

(ocHOBM)

(7)P  For walls subject to differential water
pressures, safety against failure due to hydraulic
heave and piping shall be checked.

9.7.2 Overall stability

(1)P The principles in Section 11 shall be used as
appropriate to demonstrate that an overall stability
failure will not occur and that the corresponding
deformations are sufficiently small.

(2) As a minimum, limit modes of the types
illustrated in figure 9.1 should be considered, taking
progressive failure and liquefaction into account as
relevant.

9.7.3 Foundation failure of gravity walls

(1)P The principles of Section 6 shall be used as
appropriate to demonstrate that a foundation failure
is sufficiently remote and that deformations will be
acceptable. Both bearing resistance and sliding shall
be considered.

(2) As a minimum, limit modes of the types
illustrated in Figure 9.2 should be considered

9.7.4 Rotational failure of embedded walls

(1P It shall be demonstrated by equilibrium
calculations that embedded walls have sufficient
penetration into the ground to prevent rotational
failure.

(2) As a minimum, limit modes of the types
illustrated in Figure 9.3 should be considered



Pucynok 9.1 - Tlpuknany rpaHUYHEX GOPM 3arajbHOI
CTIHKOT1 yTPUMYIOUUX CIOPY.

Pucynok 9.2 - Tlpuxiaay rpaHuaHuX GopM
pyiiHyBaHHS QyHIAMEHTY (OCHOBH) rpaBiTaI[iftHUX
CTiH

Pucynok 9.3 - Ilpuknaau rpanngHux hopm
pYHHYBaHHS BiJ IOBOPOTY 3aKJIAZICHUX CTiH

(3)P IlpoekTHa IHTEHCHBHICTH 1 HApPsSM HATPY>KEHHS
3pYyIIEHHS MDK IPYHTOM 1 CTIHOIO MaroTh OyTu
CYMICHI 3 BEPTHKJIbHUM BiIHOCHUM IIE€PEMILIECHHSIM,
sKe, MOXIMBO, CTaHETbCd B JaHId MPOEKTHIH
CHUTYyaii.

9.7.5 BeprukanbHe pyiHYBAHHSI YTPHUMYIOYHX CTiH
(1)P Mae Oytu noBeneHo, 1110 BEpTHKaJIbHa piBHOBAra
MoXxe OyTh OTpHMaHa, BUKOpPHCTOBYIOUM IIpoekTHi

Figure 9.1 — Examples of limit modes for overall
stability of retaining structures.

Figure 9.2 — Examples of limit modes for
foundation failures of gravity walls

Figure 9.3 — Examples of limit modes for
rotational failures of embedded walls

(3)P The design magnitude and direction of shear
stress between the soil and the wall shall be
consistent with the relative vertical displacement,
which would occur in the design situation.

9.7.5 Vertical failure of embedded walls
(P It shall be demonstrated that vertical
equilibrium can be achieved using the design soil



3HAUEHHS MIIHOCTI a00 XapaKTEPHCTUK  OMOpY
IPYHTIB 1 BEpTHKAJIbHUX CWJI, IO [JiIOThb Ha
niagparmy.

(2) IotpibHO, K MiHIMYyM, BpPaxOBYBAaTH TPaHUYHY
(hopMy, IPOLTIOCTPOBAHY HA PUCYHKY 9.4.

Pucynox 9.4 - [Mpukmanx rpaHu4HOl  (opMU
BEPTUKAIILHOTO PYHHYBaHHS 3aKJIaICHUX CTiH

(3)P 1llo6 BpaxyBaTH IEpEMIIICHHS CTIHH BHH3,
MOTPIOHO y35TH MaKCHUMaJlbHI MPOEKTHI BEIWYMHH
CHJI MTOTIEPEIHBOT'0 HAIIPY)KEHHS, HAPUKJIA]l, aHKEPIB,
SIKi MAIOTh BEPTHKAIBHY CKJIAJIOBY HAIIPABJIEHY BHU3.

(4)P Po3paxyHKOBa aMILTITy/Ia 1 HalpsiM HaIIPYKCHHS
3pYIIEHHS MDK TPYHTOM 1 CTIiHOIO TIOBHHHI
BINMIOBITATH THUM BEIMYMHAM, SKi Oyim y3aTi IS
TIepPEBIPKH BEPTUKAILHOI 1 00epTaIbHOI piIBHOBATH.
(5P Komm miadhparma ciayxuth (yHIAMEHTOM IS
KOHCTPYKIIii, ii BepTHKaJbHa piBHOBara mae OyTH
TepeBipeHasTiIHO 3 MPUHIHIIAMU Po3miny .

9.7.6 IIpoexkTyBaHHSA KOHCTPYKIUii YTPUMYIOYHX
cnopyn

()P  VYrtpumyroui cmopyan 1 Hecydl €IeMEHTH
KOHCTPYKIIii, TaKi sIK aHKEePH i pO3MIPKH, MAIOTh OyTH
MepeBipeHi Ha pyHHYBaHHS €IEMEHTIB KOHCTPYKIIi y
BigmoBigHocTi 3 2.4 1 EN 1992, EN 1993, EN 1995 i
EN 1996.

2 Sk miHiMy™m, MaioTh OyTH BpaxoBaHi
rpaHnYHI (popMH, IPOLTIOCTPOBaHI Ha PHCYHKY 9.5.

strengths or resistances and design vertical forces on
the wall.

(2) As a minimum, the limit mode of the type
illustrated in Figure 9.4 should be considered.

Figure 9.4 — Example of a limit mode for vertical
failure of embedded walls

(3)P Where downward movement of the wall is
considered, upper design values shall be used in the
calculation of prestressing forces, such as those
from ground anchorages, which have a vertical
downward component.

(4)P The design magnitude and direction of shear
stress between the soil and the wall shall be
consistent with the check for vertical and rotational
equilibrium.

(5)P If the wall acts as the foundation for a
structure, vertical equilibrium shall be checked
using the principles of Section 6.

9.7.6 Structural design of retaining structures
(1)P Retaining structures, including their supporting
structural elements such as anchorages and props,
shall be wverified against structural failure in
accordance with 2.4 and EN 1992, EN 1993, EN
1995 and EN 1996.

(2) As a minimum, limit modes of the types
illustrated in Figure 9.5 should be considered.



Pucynok 9.5 - Ilpuxiaau rpaHnaHux Gopm
pYHHYBaHHS KOHCTPYKLil YTPUMYIOUHX CIIOPY/

(3)P [lns KOXKHOTO TPaHUYHOIO CTaHy 3a BTPATOIO
HECy4oi 3JIaTHOCTI TMOBHHHO OYTH JOBEINEHO, IO
HeoOXiZHA MIIHICTh MOXKe OyTH MOOUTI30BaHa MpH
CyMICHHUX JiepopMalisix TpyHTY i CIIOpY/IH.

(4) Jnsa  eneMeHTIB  KOHCTPYKWil  HEOOXigHO
BpaxOBYBaTH 3MEHIICHHS MIIHOCTI 3aJ&KHO BiJ
nedopmairii, oOyMOBJICHOI TaKMMH TPUYHUHAMH, SIK
MmosiBa TPIIIMH B CNa0KUX TEPETHHAX, BEIUKUX
MOBOPOTIB  y IUIACTUYHHUX WIApHipax abo BTpaTa
CTIHKOCTI TIpU JIOKaJlbHOMY TIOJOBXXHBOMY BHTHHI
CTaJIeBUX eleMeHTIB y BiamoBiaucti 3 EN 1992 — EN
1996 1 EN 1999.

9.7.7 PylinyBaHHsl pH BUCMUKYBaHHI aHKepiB
(1)P Mae Oyt mOBEZCHO, 1110 PiBHOBara Moe OyTH
OoTprMaHa oe3 pyHHYBaHHS, BUKJIMKAHOT'O
BHCMHUKYBaHHSIM 3 ITPYHTY aHKEpIB.

(2)P  A=HKepM  TIOBMHHI  TIPOEKTYBaTHCh
BifmoBiHOCTI 3 Po3iiom 8.

(3) fdx wmiHiIMyM, HEOOXiZHO, PO3MISIHYTH (GOpMHU
pyHHYBaHHSI, TIPOLTIOCTpOBaHi Ha Pucynky 9.6 (a,b).
(4) Hdnsg >KOpCTKUX aHKEpiB HEOOXITHO BPaxOBYBaTH
dbopMmy pyHHYBaHHS, MPOLTIOCTPOBaHY Ha PHCYHKY
9.6(c).

Pucynok 9.6 - Ilpuxmaau rpanudHAX Gopm
pYHHYBaHHS BiJl BACMUKYBaHHS aHKEPiB

9.8 IIpoekTyBaHHSI 3a IPAHMYHUM CTAHOM 3a
NPUAATHICTIO 10 eKcIuTyaTanii

9.8.1 3arajbHi M0JI0KeHHS

(1)P Po3mipu yTpuMyrouoi CHoOpydu MOBHUHHI OyTH
nepeBipeHi 3a rpPaHUYHUMH CTaHAMH 32 MPHIATHICTIO
0  eKcIUTyaTalii, = BHUKOPHUCTOBYIOUM  IPOEKTHI
cuTyauii, Bu3Ha4eHi B 9.3.3.

(2)P  IlpoexTHi BENTUUMHU THUCKY IPYHTY B
IrPaHUYHOMY CTaHi 3a MPUIATHOCTIO J0 EKCIUTyaTalil
BHU3HAYAIOTHCS 3 BUKOPUCTAHHSAM XapaKTEPUCTUUHUX
3Ha4YeHb BCIX MapaMeTpiB IPYHTIB.

(3)P HeoOxigHO 3acTOCOBYBAaTH BEIMYMHH, PIiBHI

Figure 9.5 — Examples of limit modes for structural
failure of retaining structures

(3)P For each ultimate limit state, it shall be
demonstrated that the required strengths can be
mobilised, with compatible deformations in the
ground and the structure.

(4) In structural elements, reduction in strength with
deformation due to effects such as cracking of
unreinforced sections, large rotations at plastic
hinges or local buckling of steel sections should be
considered in accordance with EN 1992 to EN 1996
and EN 1999.

9.7.7 Failure by pull-out of anchorages

(1)P It shall be demonstrated that equilibrium can be
achieved without pull-out failure of ground
anchorages.

(2)P Anchors shall be designed in accordance with
Section 8.

(3) As a minimum, limit modes of the types
illustrated in Figure 9.6 (a, b) should be considered.
(4) For deadman anchors, the failure mode
illustrated in Figure 9.6 (c) should also be
considered.

Figure 9.6 — Examples of limit modes for failure
by pull-out of anchors.

9.8 Serviceability limit state design

9.8.1 General

()P The design of retaining structures shall be
checked at the serviceability limit state using the
appropriate design situations as specified in 9.3.3.

(2)P Design values of earth pressures for the
serviceability limit state shall be derived using
characteristic values of all soil parameters.

(3)P Permanent surcharge loads behind the retaining
wall shall be derived using their characteristic



XapaKTepUCTUIHUM 3HAYCHHSIM MOCTIHHUX
JOAATKOBHX JIifl 32 YTPUMYIOUOIO CIIOPYAOIO.

(4) Ans OmiHKM MPOEKTHUX BEIMYUH TUCKY IPYHTY
HEOOXiZIHO BpaxyBaTW IIOYATKOBE HAampyKeHHS,
KOPCTKICTh 1 MIIHICTh IPYHTY, & TaKOX YKOPCTKICTh
€JIEMEHTIB KOHCTPYKITi.

(5) HeoOxiaHO BCTAaHOBUTH MPOCKTHI BETMYUHH TUCKY
IPYHTY 3 BpaxyBaHHSAM JOMycTUMOi zaedopmariii
KOHCTPYKIIil B TPAHUYHOMY CTaHi 3a MPUIATHICTIO JI0
excrutyatamii. Lli THckum He 000B'SI3KOBO OynyTh
TpPAaHUYHUMU BETHYMHAMHU.

9.8.2 IlepemimeHns

()P T'paHnuHi BETUYUHU JONYCTUMHX MHEPEMIllleHb
UL YTPUMYIOUOI CIOPYIH 1 TPHIIETJIOro IPYHTY
BCTAHOBJIIOIOTBCS Y BIAMOBITHOCTI 3 248, 3
BpaxyBaHHSIM JIOIYCKIB 10 JiehopMallisix Jyis CIopy/I
1 KOMYHIKaIIliH, SIKI JTi0Th Ha 1[0 CIIOPYY.

(2)P OGepexHa OIIHKa BHKPHBJICHHS 1 MEPEMIIIEHHS
YTPUMYIOUMX CIOpYH 1 iX BIUIMBY HAcIopyad i
KOMYHIKaIlil, SKi BOHH  TPUMalOTh,  3aBXKIH
BHUKOHYETHCSI HA OCHOBI CITIBCTaBJIFOBAHOT'O JIOCBIIY.
Ls oriHKa TOBUHHA BPaxOBYBATH BIUIUB OY/IiBEINbHUX
pobit. Po3mipn MOXyTh OyTH OOTIPYHTOBaHI MUITXOM
MepeBipKH OYIKYBaHUX TEpeMillleHb, SKi HEe TOBHHHI
MepPEBUIIYBAaTH I'PAHUYHUX BEIUYMH.

(3)P Slxmo obepexHa MOYATKOBA OITIHKA TTEPEMIIICHb
nae MePEBUILCHHS TPaHUYHUX BEJTMYH,
OOTPYHTYBaHHsS pO3MIpIB ITOBUHHO BHUKOHYBATHCS
JCTaNbHIINM  ONpAIIOBaHHAM, [0  BKJIOYA€
BU3HAYCHHS TIEPEMIITICHB.

(4)P HeoOximHO pO3MIIAHYTH, KO MIpOIO 3MiHHI [ii,
Taki K BiOparii, 0OyMOBIIEHI HaBaHTaXEHHSAMHU BIJ
TPaHCIIOPTY, BIUTUBAIOTh Ha nepeMilieHHs
YTPUMYIOUOI CIIOPYIH.

(5)P HeranbHime BUBYEHHS, IO BKIIOYA€ BU3HAUCHHS
MepeMileHb, Moxe OyTH BHKOHaHE B HACTYITHHX
BUIIAJIKAX:

- KOJNH CYCiJTHI CIIOpPYAHM i KOMYyHIKaiii HeaJxeKBaTHO
a00 TIOraHo pearyrTh Ha TePEMIIIeHHS;

- KON HEMa€ TEePEeKOHJIMBUX NPUKIAIIB BUKOHAHHS
moMiOHUX PoOIT 1 crIopy.

(6) Kpim Toro, cmim mependadyuTH BUKOHAHHS
BU3HAYCHb MEPEMillleHb B HACTYITHUX BHUIAIKAX:

- KOIIW CTiHA TpuMae Oimpiie 6 MeTpiB 3B'SI3KOBOTO
cnabKo TIIaCTUYHOTO IPYHTY;

- KONW CTiHa TpuMare Oinbmie 3 MeTpiB ciiabko
TUTACTUYHOTO TPYHTY;

- KONM CTiHAa JIOKUTh Ha M'AKUX TJIHMHaX abo Ha
KOHTAKTi 3 M'SKUMH TJIMHAMH.

(7P Busznauenns TepeMileHHS ITOBHUHHI
BpaxoBYBaTH >KOPCTKICTb TIPYHTY 1 €JIE€MEHTIB
KOHCTPYKLII CIIOpyaH, a TaKOX €Tanmd BHUPOOHHLITBA

PpOOIT.
(8) Cran wmarepianiB, NpUUHATUX I BHU3HAYCHb
nepeMilleHb, MOBUHEH nepeBipsATHCA

CHIBCTABJIFOBAaHUM JIOCBIZIOM MOIOHUX POOIT 1 CIOpY/Y
1 13 3aCTOCYBaHHAM Ti€l K BH3HAYYBaJIbHOI MOJIEIII.
Homyckatoun  JiHIHHY  TOBEAIHKY,  BEIUYMHU

values.

(4) The assessment of design values of earth
pressures should take account of the initial stress,
stiffness and strength of the ground and the stiffness
of the structural elements.

(5) The design values of earth pressures should be
derived taking account of the allowable deformation
of the structure at its serviceability limit state. These
pressures may not necessarily be limiting values.

9.8.2 Displacements

(1)P  Limiting values for the allowable
displacements of walls and the ground adjacent to
them shall be established in accordance with 2.4.8,
taking into account the tolerance to displacements of
supported structures and services.

(2)P A cautious estimate of the distortion and
displacement of retaining walls, and the effects on
supported structures and services, shall always be
made on the basis of comparable experience. This
estimate shall include the effects of construction of
the wall. The design may be justified by checking
that the estimated displacements do not exceed the
limiting values.

(3)P If the initial cautious estimate of displacement
exceeds the limiting values, the design shall be
justified by a more detailed investigation including
displacement calculations.

(4)P 1t shall be considered to what extent variable
actions, such as vibrations caused by traffic loads
behind the retaining wall, contribute to the wall
displacement.

(5)P A more detailed investigation, including
displacement calculations, shall be undertaken in the
following situations:

— where nearby structures and services are
unusually sensitive to displacement;

— where comparable experience is not well
established.

(6) Displacement calculations should also be
considered in the following cases:

— where the wall retains more than 6 m of cohesive
soil of low plasticity,

— where the wall retains more than 3 m of soils of
high plasticity;

— where the wall is supported by soft clay within
its height or beneath its base.

(7)P Displacement calculations shall take account of
the stiffness of the ground and structural elements
and the sequence of construction.

(8) The behaviour of materials assumed in
displacement calculations should be calibrated by
comparable experience with the same calculation
model. If linear behaviour is assumed, the
stiffnesses adopted for the ground and structural
materials should be appropriate for the degree of



KOPCTKOCTI AJIsl TPYHTY 1 MartepiaiiB KOHCTPYKIIl
IMOBUHHI MPU3HAYATHCS BIAIOBIIHUMH
PO3paxyHKOBUM piBHsAM Aedopmairii. MokHA TaKOX
BHUKOPUCTOBYBAaTH KOMIUIEKCHI MOZETi OBEAIHKH IS
MaTepiaiB.

(9)P BmiuB BiOpaliii Ha mepeMIlICHHS TTOBUHEH
O3S AATUCS Y BIAOBITHOCTI 3 6.6.4.

Pozain 10. I'inpasaiyne pyiiHyBaHHS

10.1 3aranbHi nonokeHHs

(1)P TlomokeHHS ©HOTO PpO3ILTY 3aCTOCOBHI 10
4OTHPHOX (popM pyHHYBaHHS TPYHTY, BUKIMKaHOTO
THCKOM ab0 (ipTpaiiero mopoBoi BOIH, sIKi MalOTh
OyTu mepeBipeHi y BiIOBITHUX CHTYaIisIX, a came:

- pyiiHYBaHHSI BiJ| TiIpaBIiqHOrO MigHOMY (CIUTHTTS);
- pyiHYBaHHS BiJl MiHATTS;

- pyiiHyBaHHsI Bif| epo3ii;

- pyiiHyBaHHS Bij cydo3ii.

MNPUMITKA 1 Croautrs BigOyBa€eThCs TO/I,
KOJIM THUCK BOIM IIiJi KOHCTPYKI€D abo Imapom
IPYHTY HU3bKOI BOJIOIIPOHUKHOCTI CTa€ Oinbiie
CepeHbOro BEPTHUKAIBHOTO HaTPYy>KEHHS
(obymoBIIEHOTO KOHCTPYKITIEIO i (abo)
BHIIEPO3MIIIIEHUMH [IAPaMH IPYHTY).

[NPUMITKA 2 1Ileit Bug pyHdHyBaHHS
BimOyBa€eThCS  TOMI, KOJNM  HANpPaBJICHI  BIroOpy
dbimpTparmiitni  CHJIM  TPOTHAIIOTH  Baszi  TPYHTY,
3MEHILIYIOUYH J10 HyJ1s1 edeKTUBHE BEpTHKAJIbHE
HampyxeHHs. B oMy  BHINAagKy  4acTKU
BUHOCATHCS BTOpYy CTPYMOM BOAHM 1 BiIOyBaeThCs
pyWHYBaHHS (CITyIyBaHHS)

[NPUMITKA 3 PyitHyBaHHS yHACTiIOK €po3ii
BiIOyBa€ThCs yepe3 MepeHeceHHs YacTOK TPYHTY
BCEpeIUHy IMapyl0o YW B iHTepdeiic MK ABOMA
mapamMu abo B iHTepderic Mix mapom icopymoro. Le
MOXKe TpaHC(POpPMYBaTHCS B perpecuBHy eposito,
0 IpUBEAE A0 PyHHYBAaHHS CTPYKTYPU IPYHTY.

[NPUMITKA 4 PyiiHyBaHHS yHACHiJOK
MPOMOTH TIpH cyoszii  me ocobmuBa (opma
pyHHYBaHHS, HaNPUKIAJ, B pe3epByapi eposis
MOYMHAETBCS 3  IOBEPXHI, IMOTIM  IOJIOKEHHS
TIOTIPIITY€ETHCS IO THX IIip, TIOKA B Maci IPyHTy abo
MDX IpyHTOM 1 (pyHIaMeHTOM, abo B iHTEpdeiici Mixk
mapaMd 3B'I3HOTO 1 HE3BSI3HOTO TIPYHTYy HeE
YTBOPIOETBCI ~ TYHEIb y  BUTIAAL TpyOH.
PyitHyBaHHS CTaHEThCS, SK TUIBKH PO3TAIIOBAHHMA
Bropi KiHEI[b €pO3IMHOr0  TYHEII0 MJOCATHE JHA
pesepByapy.

[NPUMITKA 5 VYMoBM  TigpaBIiqHOTO
pyiHYBaHHS B TIpPYHTI MOXYTh OYTH BHpa)eHi
Yyepe3 3arajibHe HampyXeHHS 1 IMOpOBHHM THCK abo
4yepe3 e(peKTHBHE HAIPYKEHHS 1 TCixpaBiIiuHuil
Ipai€HT. AnHamiz  3araJbHOrTO  HamnpyXeHHS
3aCTOCOBYETHCS 1O PYHHYBaHHI NPH TiApaBIidHOMY
migidomi. [lns pyiHYBaHHS B pe3yJbTaTi YCYHEHHS
edexTrBHOrO BEPTUKAIBHOTO HaIpPY>KEHHS
3aCTOCOBYIOTBCS HAONIDKEHHA 110 3arajgbHOMY
HamnpyXeHHIO 1 e(peKTMBHOMY HampykeHHo. s
KOHTPOIIO epo3ii i cy¢o3il rigpaBiaiuHOMy TpamieHTy

deformation computed. Alternatively, complete
stress-strain models of the materials may be
adopted.

(9)P The effect of vibrations on displacements shall
be considered with regard to 6.6.4.

Section 10 Hydraulic failure

10.1 General

(1)P The provisions of this Section apply to four
modes of ground failure induced by pore-water
pressure or pore-water seepage, which shall be
checked, as relevant:

— failure by uplift (buoyancy);

— failure by heave;

— failure by internal erosion;

— failure by piping.

NOTE 1 Buoyancy occurs when pore-water
pressure under a structure or a low permeability
ground layer
becomes larger than the mean overburden pressure
(due to the structure and/or the overlying ground
layer).

NOTE 2 Failure by heave occurs when upwards
seepage forces act against the weight of the soil,
reducing the vertical effective stress to zero. Soil
particles are then lifted away by the vertical water
flow and failure occurs (boiling).

NOTE 3 Failure by internal erosion is produced
by the transport of soil particles within a soil
stratum, at the interface of soil strata, or at the
interface between the soil and a structure. This may
finally result in regressive erosion, leading to
collapse of the soil structure.

NOTE 4 Failure by piping is a particular form
of failure, for example of a reservoir, by internal
erosion, where erosion begins at the surface, then
regresses until a pipe-shaped discharge tunnel is
formed in the soil mass or between the soil and a
foundation or at the interface between cohesive and
non-cohesive soil strata. Failure occurs as soon as
the upstream end of the eroded tunnel reaches the
bottom of the reservoir.

NOTE 5 The conditions for hydraulic failure of
the ground can be expressed in terms of total stress
and pore-water pressure or in terms of effective
stresses and hydraulic gradient. Total stress analysis
is applied to failure by uplift. For failure by heave,
both total and effective stresses are applied.
Conditions are put on hydraulic gradients in order to
control internal erosion and piping.



3a7al0ThCsl TICBHI YMOBH.

(2) VY curyamisx, KOIM TOPOBHHA THCK €
rigpocTaTUYHUM (TiIpaBIiuHUA Tpafi€eHT HIKYEMHO
Manui), 1HIIOI TepeBipKM  OKpiM  3arajbHOro
TiIpaBIIYHOrO MiJHIMAHHS, HE BUMAra€ThCsl.

(3)P Ilpu BH3HAYCHHI TiAPaBIIYHUX TPAJIEHTIB,
MMOPOBOT'0 THUCKY a00 (UIbTpalifiHUX CHJI MOTPIOHO
BpaxoBYBaTH:

- 3MiHU KoedilieHTa QiIbTpalii IpyHTY B IPOCTODI 1 B
yaci;

- 3MiHU PiBHIB BOAHM i IOPOBOT'O TUCKY 3 YaCOM;

- MOXUIMBI 3MIHM TMOTPAaHMYHUX CTaHIB (HAIPHUKIA,
MIPH BIIKOMYBaHHI IPYHTY 3@ CIIOPY/IOL0).

(4) HeoOxigHo BpaxyBaTH, IO AUICHHS TPYHTY Ha
mapy JUis pi3HUX MeXaHi3MiB pyHHYBaHHS MOXe OyTH
pi3HUM.

(5)P Konu rigpapniunuii migiiom, cydosis abo eposis
MPEICTABIIAIOTh CEPHO3HY HeOe3MeKy s IUTICHOCTI
T€OTEXHIYHOT CIIOpYIH, MAtOTh OYTH MPHUHSATI 3aX0IH
JUTS 3MEHIIICHHS T1IPaBJIIYHOIO rpajie€HTa.

(6) Haitwacrime Juis 3MeHIIeHHs epo3ii abo yCyHeHHs
Hebe3mneKu TiJIpaBIIvYHOTrO pyHHYyBaHHS,
3aCTOCOBYIOTBCSI HACTYITHI CITOCOOH:

- TMOJOBXKEHHS LUIAXY JIpeHyBaHHs ((iabTparii) 3a
JIOTIOMOT 00 TiadyparM (ekpaHiB) a00 BOJOBIIBO/IIB;

- momudikarliss MPOeKTy, A MPOTHAIl THCKy abo
TpamieHTaM;

- KOHTPOJTb (DITBTpAIlii;

- 3aXUCHI QUIbTPH;

- OopoTeba 3 IUCHEPCIEI0 TIWH 3a JOIOMOTOI0
crieriaTbHIX (PUIBTPIB;

- 3aXHCT YKOCIB;

- 3BOPOTHi QLTBTPH;

- IpeHaKHI KOJIOIA31;

- 3MEHIIICHHS TiIPaBIIYHAX TPAIEHTIB.

10.2 PyiinyBanus Bix rigpasJjiuHoro migiiomy

(1)P IlepeBipka cTIHKOCTI ciopyau abo mapy IpyHTY
3 HU3BKOIO BOJONPOHUKHICTIO Ha TifpaBIivyHE
pYHHYBaHHS, NOBUHHA BHUKOHYBAaTUCS MUIIXOM
MTOPIBHSAHHS MOCTIHHUX cTabimizyrounx i
(mampukian, Barw, OIYHOTO TepTS) 3 TMOCTIHHUMH 1
3MIHHHMH JI€CTaOLTI3YIOUUMH [isIMH, O0yYMOBJICHUMH
BO/IOI0 200 iHmMUMU npudyrHaMU. [Ipukinany curyarriid,
KOJIM TOTpiOHA TepeBipKa CTIMKOCTI MO KPHUTEPiro
TipaBimivyHOTO TWiJHIMAaHHSA, HaBeleHI Ha PucyHkax
7.1110.1.

(2)P IlpoekT mMoBMHEH TEPEBIpATHCH HA PYHHYBaHHS
BiJI TiIpaBIIYHOTO TMiAHIMAHHA  3aCTOCOBYYH
HepiBHicTb (2.8) 2.4.74. Y umiii HepiBHOCTI
MPOEKTHOIO BEIMYMHOI0 BEPTHKAJIBHOI CKJIAZOBOI
noctiiHoi  ctabimizyrouoi  miil  (Gsthyg) MOXKIIHBA,
HamnpuKiIaJ, Bara CHOPYyOW 1 IHapiB TIPYHTY, a
nipoekTHUi omip (Ry) Moxe OyTH CyMOrO, HAITPHUKIIA],
cun  teprts  (Tq), 1 amkepuux cun (P). Omip
MiAHIMaHHIO, OOYMOBJICHHH TEPTAM a00 aHKEpHHUMH
CHJIaMH TaKOX MOXKE PpO3IJsIaTHCs, SK MOCTiiHa
BepTuKanbHa cradimizytoua nist (Gswd). IIpoextHa
BEIMYMHA BEPTHKAJIBHOI CKJIAAOBOI MOCTIHHHX 1

(2) In situations where the pore-water pressure is
hydrostatic (negligible hydraulic gradient) it is not
required to check other than failure by uplift.

(3)P The determination of hydraulic gradients, pore-
water pressures or seepage forces shall take account
of:
— the variation of soil permeability in time and
space;
— variations in water levels and pore-water
pressure in time;
— any modification of the boundary conditions (e.g.
downstream excavation).
(4) It should be considered that the relevant soil
stratification may be different for different failure
mechanisms.
(5)P When hydraulic heave, piping or internal
erosion are significant dangers to the integrity of
a geotechnical structure, measures shall be taken to
decrease the hydraulic gradient.
(6) The measures most commonly adopted to reduce
erosion or to avoid hydraulic failure are:
— lengthening the seepage path by screens or
shoulders;
— modifications of the project in order to resist the
pressures or gradients;
— seepage control;
— protective filters;
— avoidance of dispersive clays without adequate
filters;
— slope revetments;
— inverted filters;
— relief wells;

- reduction of hydraulic gradient.
10.2 Failure by uplift
()P The stability of a structure or of a low
permeability ground layer against uplift shall be
checked by comparing the permanent stabilising
actions (for example, weight and side friction) to the
permanent and variable destabilising actions from
water and, possibly, other sources. Examples of
situations where uplift stability shall be checked are
given in Figure 7.1 and Figure 10.1.

(2)P The design shall be checked against failure by
uplift using inequality (2.8) of 2.4.7.4. In this
inequality, the design value of the vertical
component of the stabilising permanent actions
(Gso:a ) is, for example, the weight of the structure
and of ground layers, the design resistance (Rq) is
the sum of, for example, any friction forces, (Tq),
and any anchor forces, (P). Resistance to uplift by
friction or anchor forces may also be treated as a
stabilising permanent vertical action (Gstb;d). The
design value of the vertical component of the
destabilising permanent and variable actions,(Vast.d ),
is the sum of the water pressures applied under the



3MIHHHX JIeCTaOUTi3yrounXx gid Visp:d I1€ CymMa CHIIH,
00yMOBJIEHOT THCKOM BOIM, LIO i€ MiJ CHOPYIOI0
(moctiiHi 1 3MIHHI 4YacTWHHW), 1 IHIIMX CHII,
HaTpaBJICHUX Bropy.

(3) Y npoctux BUMaakax nepeBipKy piBHAHHS 2.8 min
CHJIy MOXKHA 3aMIiHHTH TEPEBIpPKOIO IO 3arajllbHOMY
HANPY>XEHHIO 1 TOPOBOMY THUCKY.

structure (permanent and variable parts) and any
other upwards forces.

(3) In simple cases, the check of equation (2.8) in
terms of forces may be replaced by a check in terms
of total stresses and pore-water pressures.



a) IigpoctatnyHmii migidoM 3arjauOJeHOl MyCTOTLI01
CHOPYIH

1 piBeHb (rpyHTOBOT) BOIH

2 BOJIOHEMPOHMKHA MTOBEPXHS

b) T'impocraTuunmit migiom JerkoBaroi 1aMOu Iix 4ac
MaBOJIKY

1 piBeHb (rpyHTOBOT) BOJH

2 BOJIOHEMPOHHMKHA MTOBEPXHS

3 MarepiaJ JIerkoBaroi 1am0Ou

¢) TiapocraTHyHuiA TiIiHOM THA BUIMKH

4 1oYaTKOBA MOBEPXHS 3eMIIi

5 micok

6 ruHa

7 rpasiit

d) BrnamTyBaHHS IMTH HIDKYE PIBHS BOIU

1 piBeHb (IpyHTOBOI) BOAN

2 BOJOHEIPOHUKHA TTOBEPXHS

5 micok

6 micoK

8 iH'eKTOBaHMIA MICOK

¢) 3aaHKepeHa cropy/ia MPOTH TiAPaBIIIHOTO
iAoMYy

1 piBeHb (IpyHTOBOI) BOAH

5 micok

9 ankep

Pucynok10.1 - Ilpuknaau cutyarii, konu
TipaBiTiyHE MTHATTS MOXKE Oy/ie KPUTHIYHUM

(4) Haifuacrime i 3aXWCTy BiJ pPYHHYBaHHS B
pe3ynapTaTi MmigHIMAHHS 3aCTOCOBYIOTHCS HACTYIIHI
crocoou:

- 30UTBIIIEHHS BaTd CHIOPY/IH;

- 3MEHIIEHHA THCKY BOAM TIiJ CIHOPYIOK 3a
JOTIOMOT 010 IPEHAXKY;

- 3aruOJEHHS CIOPYAW B IIapH, LIO TPOJATAIOTH
HIDKYE.

(5)P Komu mnst 3axucTy Binl pyWHYBaHHS B Pe3yNIbTaTi
MiJHIMAHHS 3aCTOCOBYIOThCS Tam abo aHkKepw, ix
pO3MipHM MOXKHA TIEPEBIPUTH BIAMOBIIHO O TpaBHII,
BUKJIageHnX B 7.6.3 abo 8.5 BignoBigHO, 13
3aCTOCYBaHHSAM OKpeMHX KOe(illi€HTiB, TPUBEICHUX B
2.4.7.4.

10.3 PyiinyBaHHs Bil rigpaBiiuHOro 3BaKyBaHHS
(1)P [nsa nepeBipku CTIHKOCTI IPYHTY A0 PYHHYBaHHS
Bil TiApaBIIYHOrO 3BaXXyBaHHS, JUIA  KOXHOI
I'PYHTOBOI KOJIOHKH BUKOPHCTOBYETHCS a00 piBHSIHHS
(2.92), abo piBusiHHS (2.9b). PiBHsAHHS (2.92) Bupaxkae
YMOBY CTIHKOCTI 3 BpaxyBaHHSIM  3arajbHOrO
HampyXeHHs1 1 mopoBoro Tucky. PiBHsHHS (2.9Db)
BHUpaXKa€ Ty X YMOBY 3 BpaxyBaHHAM e(EeKTHBHOTO
HampyXeHHs 1 mopoBoro TucKy. Curyamis, Koiu

a) Uplift of a buried hollow structure
1 (ground)-water table
2 water tight surface

b) Uplift of a lightweight embankment during flood
1 (ground)-water table

2 water tight surface

3 light weight embankment material

¢) Uplift of the bottom of an excavation
4 former ground surface

5 sand

6 clay

7 gravel

d) Execution of a slab below water level
1 (ground)-water table

2 water tight surface

5 sand

6 sand

8 injected sand

e) Structure anchored to resist uplift

1 (ground)-water table

5 sand

9 anchorage

Figure 10.1 — Examples of situations where uplift
might be critical

(4) The measures most commonly adopted to resist
failure by uplift are:

— increasing the weight of the structure;

— decreasing the water pressure below the structure
by drainage;

— anchoring the structure in the underlying strata.

(5)P Where piles or anchorages are used to provide
resistance against failure by uplift, the design shall
be checked according to 7.6.3 or 8.5, respectively,
using the partial factors given in 2.4.7.4.

10.3 Failure by heave

(1P The stability of soil against heave shall be
checked by verifying either equation (2.9a) or
equation (2.9b) for every relevant soil column.
Equation (2.9a) expresses the condition for stability
in terms of pore-water pressures and total stresses.
Equation (2.9b) expresses the same condition in
terms of seepage forces and submerged weights. An
example of situations where heave shall be checked
is given in Figure 10.2.



MOTPIOHO TepeBIpATH CTIHKICTh BiA TiAPaBIIYHOTO
3Ba)KyBaHHS, NpuBeaeHa Ha Pucynky 10.2.

1 piBeHb BUIMKH (311iBa); piBEHb BOJU (CIpaBa);

2 Boma

3 micok

Pucynok 10.2 - [Ipuknazn cutyartii, KoJu TiapaBiidHe
3Ba)KyBaHHS Oyjie KPUTUIHUM

(2)P Ilpm BuU3HAYCHHI XapaKTEPHOI BEITUIMHHU
IIOPOBOTO THCKYy HEOOXiJHO BpaxoBYBaTH BCi
MO>KJIMB1 HECTIPHUSATINBI YMOBH, a CaMe:

- TOHKI mapu c1aboMpPOHUKHOTO IPYHTY;
- TpPOCTOPOBHH BIUIMB BY3BKHX, KPYIIHX abo
IPSMOKYTHHX BHIMOK ITiJT BOJIOIO.

[NPUMITKA 1 Komm T1pyHT Mae Benuke
3uerieHHs, ¢opMa pyHHYBaHHS B  Pe3yNbTaTi
YCYHEHHS e(eKTHBHOTO HAINpYKEHHS NEepPEeXOaUTh Y
dhopmy pyHHYBaHHS 00yMOBJIEHY TiApaBIIYHUM
3BaKyBaHHSM. Tomi  CTIHKICTE  TepeBipsieThCsS
BUKOPUCTOBYIOUM MOJ0XkeHHs 10.2, Koiam Ao Baru
MOXYTh OyTH JI01aHi JOAATKOBI CHIIA OTIOpY.

[NPUMITKA 2 CrilikicTe A0 YCYHEHHS
eheKTHBHOI BEPTHKAIBLHOTO HAINPYKECHHS HE
OOOB'SI3KOBO  TapaHTye€ 3axHUCT Big epoo3ii, sKa
TTOBMHHA MEPEBIPATHCS OKPEMO, KOJIH 11€ TIOTPiOHO.
(3) Haiiyacrime sk 3axuUCT BiJ pYyHHYBaHHS B
pe3ynbTaTi YCYHEHHS e(EeKTUBHOTO BEPTHKAJIHHOIO
HAaIpy>KeHHS 3aCTOCOBYIOTh HACTYITHI CIIOCOOH:

- 3MEHIIEHHS THCKY BOJIM MiJl IPYHTOBHM MaCHBOM, JIe
€ HeOe3neka 11iel popmu pyiiHyBaHHS;

- 30UIBLIICHHS Bary, sSIKE MEPELIKOKaE pyHHYBaHHIO.
10.4 Eposis

(1)P 106 obmexuTn HeOe3neKy BHHECEHHS YacTOK,
BHKJIMKAHOTO €pO003i€to, ciim 3a0e3meuuT podoTy
¢buIBTpY.

(2)P Sxmo rpaHMYHMI CTaH 3a BTPATOI HECYYOi
3MaTHOCTI, MOXE€ OyTH AOCSITHYTHH uepe3 epo3iio, Ha
BUIbHIN MOBEPXHI IPYHTY BIAIUTOBYETHCS 3aXUCT 3a

1 excavation level (left); water table (right)

2 water

3 sand

Figure 10.2 — Example of situation where heave
might be critical

(2)P The determination of the characteristic value of
the pore-water pressure shall take into

account all possible unfavourable conditions, such
as:

— thin layers of soil of low permeability;

— spatial effects such as narrow, circular or
rectangular excavations below water level.

NOTE 1 Where the soil has a significant
cohesive shear resistance, the mode of failure
changes from failure by heave to failure by uplift.
The stability is then checked by using the provisions
of 10.2 where additional resisting forces may be
added to the weight.

NOTE 2 Stability against heave will not
necessarily prevent internal erosion, which should
be checked independently, when relevant.

(3) The measures most commonly adopted to resist
failure by heave are:

— decreasing the water pressure below the soil
mass subjected to heave;

— increasing the resisting weight.

10.4 Internal erosion
(1)P Filter criteria shall be used to limit the danger
of material transport by internal erosion.

(2)P Where an ultimate limit state due to internal
erosion can occur, measures such as filter protection
shall be applied at the free surface of the ground.



JOTIOMOT010 (iIBTPIB.

(3) 3a3Buuail 3axmcT 3a JomoMmoror  QimTeTpiB
BUKOHYETBCS 3  BUKOPHCTAaHHSIM  MPHPOAHOTO
HE3B'SI3HOTO IPYHTY 3 BiAMIOBIAHUMH BIACTHBOCTSIMH,
SIKUM TIOBUHEH 3aJIOBOJIBHATH Matepian (inbTpy. B
JeIKUX BHUIAJKaxX MOTPIOHO YKIACTH JEKibKa IIapiB
GUTBTPY 3 PI3HUM TPaHYJIOMETPUYHUM CKIIJI0M, 100
3a0e3MEeYNTH BIMOBITHUN 3aXUCT SIK JJIsI IPYHTY, TaKk
1 U1 iHIMX mapiB GuIbTpY.

(4) Sx anpTepHaTHBAa MOXYTh 3aCTOCOBYBATHUCS
ITy4yHi MaTepiaiv, MmO QUIBTPYIOTh, HANPUKIAI,
ICOTEKCTHIIb, 32 YMOBH, III0 BOHU JOCUTHh €()EKTUBHI,
100 MepenKkoHKaTH BUHECEHHIO JIPIOHIX YacTOK.
5)p Sxmo KpHUTEpii buUIbTpYyBaHHS HE
3aJI0BOJILHSIETBCSI, MOTPIOHO  TIEpeKOHATHCS, IO
PO3paxXyHKOBUH TiIpaBiYHUN TpaaieHT Habarato
MEHIlE TpaJi€HTa, TPH  SKOMY ITOYHMHAETHCS
MepEHECeHHs YaCTOK IPYHTY.

(6)P KputnuHuil rigpaBiiuyHuid TpaJieHT i epo3ii
BCTaHOBJIIOETHCA 3 BPaxyBaHHSM 32 MEHIIIOK Mipoto
HACTYITHHUX MOMEHTIB

- HamlpsiM CTOKY;

- TPaHyJIOMETPUYHUHN CKJIaJ 1 hopMa YacTOK;

- HAllIAPYBaHHS TPYHTY.

10.5 PyiinyBanns Bix cydo3ii

(1)P Komm rigpaBiigHi i IPYHTOBI YMOBHU MOXYTh
MIPUBECTH JI0 PO3BUTKY MeXaHi3My cydo3ii (IuBUCH
pucynok 10.3), sika y CBOIO 4epry CTaBUTS ITiJl CyMHIB
CTifikicTh ab0 TpPWAATHICTP JO  eKCIUTyaTarfil
TIAPOTEXHIYHOI CIOPYOH, MAIOTh OyTH TPUHHATI
3aXodM, IO TependadaroThcsl B KOHTPAKTHIH
nokymenrtamii. lle Moxe Oyrm abo yKIagaHHS
¢binpTpy, abo KOHCTPYKIS s KOHTPOIIO 1
3armobiraHHs CTOKY BOJIU B TPYHTI.

1 30BHIIIHINA piBeHb IPYHTOBUX BOJ

2 II'ezoMeTpu4HUN piBeHb Yy BOAONPOHUKHOMY
MiACTUIAI0YOMY IIapi

3 IpyHT 3 HU3bKOK BOJOIPOHUKHICTIO

4 TlincTrnarouunii BOAOIPOHUKHUH mIap

5 MoxuBa To4YKa MoYaTKy BiACTynarouoi eposii

6 TyHens MOXKIMBOT BiicTynarouoi eposii

(3) Filter protection should generally be provided by
use of natural non-cohesive soil that fulfils adequate
design criteria for filter materials. In some cases,
more than one filter layer may be

necessary to ensure that the particle size distribution
changes in a stepwise fashion to obtain sufficient
protection both for the soil and the filter layers.

(4) Alternatively, artificial filter sheets such as
geotextiles may be used provided it can be
established that they sufficiently prevent transport of
fines.

(5)P If the filter criteria are not satisfied, it shall be
verified that the critical hydraulic gradient is well
below the design value of the gradient at which soil
particles begin to move.

(6)P The critical hydraulic gradient for internal
erosion shall be established taking into
consideration at least the following aspects:

— direction of flow;

— grain size distribution and shape of grains;

— stratification of the soil.

10.5 Failure by piping

(1)P Where prevailing hydraulic and soil conditions
can lead to the occurrence of piping (see figure
10.3), and where piping endangers the stability or
serviceability of the hydraulic structure, prescriptive
measures shall be taken to prevent the onset of the
piping process, either by the application of filters or
by taking structural measures to control or to block
the ground-water flow.

1 free water table
2 piezometric level in the permeable subsoil

3 low permeability soil

4 permeable subsoil

5 possible well; starting point for pipe
6 possible pipe

Figure 10.3 — Example of conditions that may



Pucynok 10.3 -  Ilpuxmang ymoB, SIKi MOXYTb
BHKJIUKATHU CY(O3it0

[MPUMITKA o KOHCTPYKTMBHUX pillleHb
MOJKHA BIJHECTH:
- BIAIITYBaHHS OepM 3 OOKy 3eMJli Hacwiy, IO
yTpuUMyrouux nam0;  OepMa yTpUMyBaTUME BO.XY,
BIIIAJSAIOYM  Bi  CHOPYOHM TOYKY  MOXKIHBOIO
moyatky cydosii 1 3MEHIIyIOYH TiapaBiIivHUN
TpafieHT Yy Wil Touli;
- BJAIUTYBaHHS IiJi OCHOBOI  TiJPOTEXHIYHOI
CIOpYIH  BOJOHEIPOHHKHOTO €KpaHy, SKHW OJIOKYye
CTik BoAM abo0 30iIbIIyE  JOBXKHUHY  IDISAXY
JpEHyBaHHsI, 3MEHIIYIOUH TiIPAaBIiYHUN TPaJi€HT JI0
0e31evHO0] BeNUYHHY.
(2)P B nepion Ha/I3BUYaHUI HECTIPUSITIUBUX BOJAHUX
YMOB, TaKHX $IK TaBOJKH, JISHKH, JI€ MOXKe
BHHUKHYTH cydosis, MTOBHHHI perymispHo
obcTexyBaTHCS JUIst HeraitHoro B)KUBaHHS
BIJINOBIIHUX 3aXOJIiB 3axXUCTy. Marepianu, HeoOXiIH1
JUIS [IMX 3aXOJiB, MIOBUHHI 30epiraTucs HeIaneKko Bif
HeOe3MeYHNX IIITHOK.
(3)P PyiinyBanHs yHachmimok cydosii  MoxkHa
YHHKHYTH, CTBOPIOIOYM HaAIMHMI 3aXHCT BiJ cydosii
Ha TUX IUISTHKAX, JIe BOJa MOKE BUTIKATH 3 IPYHTY.
(4) Take pyiiHyBaHHS MOXKHa  IIONIEPEIUTH,
3a0e31MeuyIovn:
- JOoCTaTHIO Mipy Oe3leKu Bim pyHHYBaHHS IIpHU
T IHOMI, KOJTH TPYHT TOPH30HTAILHUN;
- TOCTaTHIO Mipy CTIHKOCTI TOBEPXHEBUX IIapiB B pasi
TPYHTIB, JIeXa4nx Ha CXWii (JIOKalbHA CTIHKICTh
yKocy).
(5)P IIpu Bu3HAUEHHI YMOB BUTIKaHHS BOAM 3 TPYHTY,
mo0 TepeBipUTH CTIWKICTP A0 pyHHYBaHHSI B
pe3ynpTaTi yCyHEHHA e()EeKTHBHOTO BEPTHUKAIBEHOTO
HampyXeHHs a00 B pe3yNbTaTi JIOKAJTHHOI HECTIMKOCTI
yKOCy, HEOOXiTHO BpaxyBaTH, IO NEPEBAKHUMHI
JOporaMul Uil IPEHYBaHHA MOXYTh OyTH IIBH a0o
iHTEpdefcH MK CIIOPYAOIO 1 TPYHTOM.
Poznin 11. 3aranbHa cTiliKicTh
11.1 3arajabHi H0J10KEHHA
(1)P TlomoxkeHHST HOTO PO3MLTY 3aCTOCOBYIOTHCS IO
3araibHOl CTIHKOCTI MPUPOAHMUX | HACHITHUX IPYHTIB,
3aCHIOK  (PYHAAMEHTIB, YTPUMYIOUHX  CIIOPYI,
MPUPOTHUX YKOCIB, HACHITIB 1 BHIMOK.

(2) HeoOximHO BpaxoBYBaTH BUMOTH, IO CTOCYIOTHCS
3araibHOI CTIMKOCTI THITIB CHOPYA, SKi PO3TIISHYTI B
Pozmgimax 6 — 101 12.

11.2 I'pannyni cTanu

(1)P MatoTte OyTH PO3TISIHYTI BCI MOXKIIMBI TPaHUYHI
CTaHW JaHOro IPyHTy, w100 Oyiau 3a10BOJIEHI
NPUHIUIIOBI BUMOTM IO CTIHKOCTi, 3MEHILIEHHIO
nedopmalrrii, JIOBTOBIYHOCTI i 00MEKEHHIO
nepeMilleHb CyCiiHIX OyIiBenb 1 Mepex.

(2) Hwmwxye npuBemeHi AesKi MOXIWBI TpaHHUYHI
CTaHU:

- BTpaTa 3araJibHOi PiIBHOBAaru IPyHTY 1 MOB'SI3aHUX 3

cause piping

NOTE Suitable structural measures are:
— application of berms on the land side of a
retaining embankment, thus displacing the possible
starting point of piping farther away from the
structure and decreasing the hydraulic gradient at
this point;
— application of impermeable screens below the
base of the hydraulic structure by which the
groundwater
flow is either blocked or the seepage path is
increased, thereby decreasing the hydraulic gradient
to a safe value.
(2)P During periods of extremely unfavourable
hydraulic conditions such as floods, areas usceptible
to piping shall be inspected regularly so that
necessary mitigating measures can be taken without
delay. Materials for such measures shall be stored in
the vicinity.
(3)P Failure by piping shall be prevented by
providing sufficient resistance against internal soil
erosion in the areas where water outflow may occur.
(4) Such failure can be prevented by providing:
— sufficient safety against failure by heave where
the ground surface is horizontal;
— sufficient stability of the surface layers in sloping
ground (local slope stability).

(5)P When determining the outflow hydraulic
conditions for the verification of failure by heave or
of local slope stability, account shall be taken of the
fact that joints or interfaces between the structure
and the ground can become preferred seepage paths.

Section 11 Overall stability

11.1 General

(1)P The provisions in this Section shall apply to the
overall stability of and movements in the ground,
whether natural or fill, around foundations, retaining
structures, natural slopes, embankments or
excavations.

(2) Account should be taken of overall stability
clauses, related to specific structures, in Sections 6
to 10 and 12.

11.2 Limit states

(1P All possible limit states for the particular
ground shall be considered in order to fulfil the
fundamental requirements of stability, limited
deformations, durability and limitations in
movements of nearby structures or services.

(2) Some possible limit states are listed below:

— loss of overall stability of the ground and
associated structures;

— excessive movements in the ground due to shear



HUM CIOPYI ;

- HENOMYCTUMi TepeMillleHHS IPYHTY YHAaCTiJOK
nedopmairiii - 3pylIeHHs, OcilaHb, BiOpamiii abo
MiIHIMAHHS;

- TIOIWIKO/DKEHHsT abo BTpaTa eKCIUTyaTalliiHuX
SKOCTeH Oyap SKUX CycigHiXcmopyn, Aopir abo
IH)KEHEPHUX MEpPeX, BUKIMKaHI IepeMilleHHIMH
IpYyHTY.

11.3 [ji i npoekTHi cuTyauii

(1) Ilpm BuOOpi it AN BU3HAYECHHS TPAHHUYHHUX
CTaHiB HEOOX1THO BPaxOBYBaTH MeEpEIiK, IPUBEICHUH
B 2.4.2(4).

(2)P Y Ko)KHOMY KOHKPETHOMY BHIAJKy HEOOXiTHO
aHaJi3yBaTH BIUIMB TAKUX OOCTaBUH SK:

- iporiec Oy IIBHUIITBA;

- HOBI yKOCH 200 KOHCTPYKIIii Ha JUIAHII a00 mopsia 3
HUM;
- crapi abo HOBI TIepeMillleHHs] TPYHTY, BUKIHKAaHI
PI3HUMH PUYNHAMU;

- BiOparii;

- 3MIHM KJITIMaTy, BKIIIOYAaIOYM 3MIHH TeMIlepaTypu
(MOpo3 1 BijHra), 3aCyXH i 3JIMBU;

- POCJIMHHICTS 1 11 BUJIAJICHHS;

- SIBUINA, TTOB'SA3aHI 3 KUTTEMISUIBHICTIO JIOOAHH abo
TBapyH;

- 3MIHU BOJIOTOCTI 200 TTOPOBOTO THUCKY;

- XBUJIEBA [Iif.

(3)P B rpammuHWX cTaHax 3a BTPATOI0 HECydol
3MaTHOCTI TPOEKTHI PIiBHI Mac BUIBHOI BOJH 1
IPyHTOBHX  BOJ  OepyTbcs 3  BpaxXyBaHHIM
TIIPOJOTIYHMUX JTAHUX 1 PE3YNbTaTiB MOJHOBHX
CHOCTepeKeHb, MalTh OyTH BH3HA4YEHI HaWOLIBII
HECTIPUATIMBI YMOBH, SIKi MOXKYTh MaTH MiCIIe B JaHIi
MpOoeKTHI  cuTyamii. Mae Oyt  po3risHyTa
BIpOTiHICT, pYHHYBaHHS JApeHaxy, GUIBTPIB 1
pOTU(ITETPAIIHHAX IPUCTPOIB.

(4) Takox HEOOXITHO PO3TISIHYTH MOXKIUBICTh
CIIOPO)KHEHHS ~ KaHalny a0o  pe3epByapy I
MPOBEJICHHA PEMOHTHO-TIpodinakTuyHux poOiT. s
TPaHUYHUX CTAHIB 332 HEMPUIATHICTIO 0 eKCILTyaTallii
MO)KHa OpaTH THIIOBINI i MEHII CTPOTi BUMOTH IIO
PIBHSIX BOIH 1 TOPOBOMY THCKY.

(5) MHns yxociB, HOTHYHUX 3 BOZIOK, HAWOLIBII
HECHPUATINBAMH BOJAHUMH YMOBAaMHU 3a3BHYall €
OesmepepBHA Tewis NMPU HAWBUIIOMY piBHI BOAU B
TPYHTI 1 IIBUIKE TOHM>KEHHS PIBHS BUTHHOI BOJH.

(6)P BcraHOBIMIOIOYN MTPOEKTHUH PO3MOLT TTOPOBOTO
TUCKYy, TIOTPiIOHO BpaxoByBaTH o0OJACTi MOMKIMBUX
3MiH aHi30Tpomii, BOIOIPOHUKHOCTI 1 MIHJIHBOCTI
IPYHTY.

11.4 IluTaHHSA NPOEKTYBAaHHA | KOHCTPYIOBAHHAM
(1)P 3arampHa CTIMKICTH OUISHKKA 1 HepeMillleHHs
IPYHTIB NPUPOJHOro abo TEXHOTCHHOI'O0 XapaKTepy
MEepeBIpAETbCA 3 BpPAaXyBaHHSIM  CIIBCTABIIOBAHOI'O
JIOCBiy BiqnoBinmHO 110 1.5.2.2.

(2)P 3aranpHa cTiliKicTh 1 mepeMilleHHS IPYHTIB
MaloTh OyTH PO3IJISHYTI Tam, A€ € icHyrodi OyniBii,
HOBI CIIOPYZIH, CXHJIH 1 BUIMKH.

deformations, settlement, vibration or heave;

— damage or loss of serviceability in neighbouring
structures, roads or services due t movements in the
ground.

11.3 Actions and design situations

(1) The list in 2.4.2(4) should be taken into account
when selecting the actions for calculation of limit
states.

(2)P The effects of the following circumstances
shall be taken into account, as appropriate:

— construction processes;

— new slopes or structures on or near the particular
site;

— previous or continuing ground movements from
different sources;

— vibrations;

— climatic variations, including temperature change
(freezing and thawing), drought and heavy rain;

— vegetation or its removal;

— human or animal activities;

— variations in water content or pore-water
pressure;

— wave action.

(3)P In ultimate limit states, design free water and
ground-water levels, or their combination, shall be
selected from available hydrological data and in situ
observations to give the most unfavourable
conditions that could occur in the design situation
being considered. The possibility of failure of
drains, filters or seals shall be considered.

(4) The possibility of emptying a canal or water
reservoir for maintenance, or due to dam failure,
should also be considered. For serviceability limit
states, less severe, more typical water level or pore-
water pressure may be used.

(5) For slopes along waterfronts, the most
unfavourable hydraulic conditions are normally
steady seepage for the highest possible ground-
water level and rapid draw-down of the free water
level.

(6)P In deriving design distributions of pore-water
pressure, account shall be taken of the possible
range of permeability anisotropy and variability of
the ground.

11.4 Design and construction considerations

(1)P The overall stability of a site and movements of
natural or made ground shall be checked taking into
account comparable experience, according to
1.5.2.2.

(2)P The overall stability and movement of ground
supporting existing buildings, new structures, slopes
or excavations shall be considered.

(3) In cases where the stability of the ground cannot
be clearly verified prior to design, additional



(3) Tam, ne HafmiiiHa MepeBipKka CTIHKOCTI AUISHKU 10
MPOEKTYBaHHS CHOPYIHd HE MOXe OyTH BHKOHAHa,
HEOOXITHO Tepen0auynuTH JOJATKOBI JOCIHIKCHHS,
BUMIpU 1 JlabopaTopHi poOOTH y BINNOBIOHOCTI 10O
Bumor 11.7.
(4) Ilepenix THMOBMX CHOPYH, AJSl SKUX MOTPIOHHIHA
aHaJi3 3arajbHOl CTIHKOCTI, MPUBEICHUN HIKYE.
- YITPUMYIOUi CIIOpY/IH;
- BHIMKH, YKOCH 1 HACHIIH;
- (QyHmameHTH, 1O BIAIITOBYIOTBCS Ha YKOCaX,
MPUPOAHUX CXWIIAX 1 B HACUITHUX IPYHTaX;
- (yHOaMEHTH, pO3TAIlIOBaHI TMOPSI 3 BUIMKOIO,
TPaHIIIEERO, MII3EMHOI0 CITOPY 10k a00 Oeperom.
[MPUMITKA IIpobmemu crilikocti abo
MEePEMIIIICHHS, MTOB'A3aHi 3 MOB3y4ICTI0O  BUHHUKAIOTh
YacTillle B 3B'I3HUX IPYHTAX 3 MOXHJIOK MOBEPXHEIO.
[Ipore HeCTIIKUMH MOXYTh TaKOX BHSIBUTHUCS
HECKENIbHI IPpYHTH 0€3 34YelyieHHS 1 CKeJbHI
TPIIMHYBATI TPYHTH B CXWIAX, KPYTICTh SKHUX
MOXE BHM3HAYaTUCS €po3i€r0 i OyTH ONU3BKOI [0
BEeIMYMHU KyTa BHYTPIIIHBOIO  TEPTSA. 3POCTAaHHS

nepeMinieHb 9acTo CIIOCTEPIraeThest npu
MiIBHIICHOMY MOPOBOMY THCKY a00 OJHM3BKO 110
MOBEPXHI IPYHTY MPH  IHKIIYHOMY IIPOMeEp3aHHi i
BiITaBaHHI.

(5)P Sxmo CTIWKICTh AUISHKH HE MOXKEe OYTH JIETKO
TepeBipeHa abo SKIO0 TEPEeMIIICHHS] BUSBIIOTHCS
HEJOIMYCTUMHMH 3 TOYKH 30py 11 MaHOyTHBOTO
BUKOPUCTAHHS, TO TaKy IUISHKY 0€3 3aXO0IiB MO0
3MIITHEHHS TOTPiIOHO BBAKATH HEITPHUIATHOIO.

(6)P PozpaxyHOK TOBHWHEH TapaHTyBaTH, IO BCi
OymiBenmpHI 3aXOAW Ha MUIAHINI MOXKHA TUTAaHYBAaTH 1
BUKOHYBAaTH TakK, 1100 I'paHUYHHUH CTaH 3a BTPATOO
HecydJoi 34aTHOCTI a00 MPHUAATHOCTI JO eKCILTyaTallii
OyB NPaKTUYHO BUKJIFOYECHHUH.

(7)P Ilpm HEoOXiAHOCTI MOBEPXHI YKOCIB, CXMIIBHI JI0
eposii, MaroTh OyTH 3axwuileHi, 1mo0 3a0e3mednTH
HEOOXiTHUH piBeHb OE3MEKH.

(8) VYxocm moOTpiOHO oOCymIyBaTH, 3acalXyBaTh
pocirHaM# ab0 YKPIIUTIOBATH MTYYHAMH CIIOCOOaMH.
Hns ykociB 3 Oepmamu  HEOOXimHO mepemndavnTh
MOJKJIMBICTh BIIAIITYBaHHS JIPEHAXKY B OepMi.

(9)P Ilpormec OymiBHHIITBA TIOBUHEH BPaXOBYBAaTHCS B
Till Mipi, B SKid BiH MOXE BIUIMHYTH Ha 3aralibHy
CTIMKICTh 200 Jiama3oH nepeMilieHb.

(10)P o crmoco6iB 3MiITHEHHS MOTCHIIIMHO HECTIAKUX
YKOCIB BIIHOCSIThCS HACTYITHI:

- OETOHHE IMOKPUTTS 3 aHKepaMu a0o 0e3 HUX;

- rabioHOBHH KOHTpdOpC 3 APOTIHUMH abo
I€OTEKCTHIILHBIMU KapKacaMu;

- apMyBaHHA IPYHTY Hareismu;

- POCJIMHHICTB;

- IpeHa)KHa CUCTEMa;

- IOE€AHAHHS LIUX METOJIIB.

(11) Ilpoekr mOBHMHEH BiANOBiZATH OCHOBHHUM
npuHnmnamMm PosmimiB 81 9.

11.5 IIpoekTyBaHHsl 3a TPAHHYHMM CTAHOM 3a
BTPATOI0 HeCy40i 31aTHOCTI

investigations, monitoring and analysis should be
specified according to the provisions of 11.7.

(4) Typical structures for which an analysis of
overall stability should be performed are:

— ground retaining structures;

— excavations, slopes or embankments;

— foundations on sloping ground, natural slopes or
embankments;

— foundations near an excavation, cut or buried
structures, or shore.

NOTE Stability problems or creep movements
occur primarily in cohesive soils with a sloping
ground surface. However, instability can also occur
in non-cohesive soils and fissured rocks in slopes
where the inclination, which may be determined by
erosion, is close to the angle of shearing resistance.
Increased movements are often observed at elevated
pore-water pressures or close to the ground surface
during freezing and thawing cycles.

(5)P If the stability of a site cannot readily be
verified or the movements are found to be not
acceptable for the site's intended use, the site shall
be judged to be unsuitable without stabilising
measures.

(6)P The design shall ensure that all construction
activities in and on the site can be planned and
executed such that the occurrence of an ultimate or
serviceability limit state is sufficiently improbable.

(7)P Slope surfaces exposed to potential erosion
shall be protected if required, to ensure that the
safety level is retained.

(8) Slopes should be sealed, planted or protected
artificially. For slopes with berms, a drainage
system within the berm should be considered.

(9P Construction processes shall be taken into
account as far as they might affect the overall
stability or the magnitude of movement.

(10) Potentially unstable slopes may be stabilised
by:

— a concrete cover with or without anchorage;

— an abutment of gabions, either of steel net or
geotextile cages;

— ground nailing;

— vegetation;

— a drainage system;

— a combination of the above.

(12) The design should follow the general principles
of Sections 8 and 9.

11.5 Ultimate limit state design

11.5.1 Stability analysis for slopes
(1)P The overall stability of slopes including



11.5.1 Anani3 cTiiikocTi ykociB

(1)P IlepeBipka 3arampHOi CTIMKOCTI YKOCIB 3
BKJTIOUCHHSIM ICHYIOUMX, TOTOPKAHMX 1 3aIJIaHOBAaHUX
CHOpYyHl, BUKOHYETHCS 32 TPAaHUYHUMH CTaHAMH 32
BTparoro Hecy4oi 3matHocTi (Thma GEO i STR) 3
BUKOPUCTAHHSM TPOEKTHUX BEIWYHMH JIiii, MIIHICHHX
BJIACTHBOCTEH 1 XapaKTEPUCTHK OMOPY MaTepiajiB, a
TaKOK OKpEMHX KOe]illieHTiB, $Ki BH3HAa4YeHi B
A3.1(1)P,A3.1(1)PiA3.3.6(1)P.

[NPUMITKA Bennuunun OKpEMUX
koe(ilieHTiB MOXYTh OyTH Hanani B HamionansHOMy
nojaTKy. PexoMeH10BaH1 3HAauYeHHS i MOCTIMHUX 1
MPOMDKHHX cUTyalii mpuBeaeHi B Tabmuisx A.3, A.4
1A.14.

(2)P Tlpm anamizi 3arajgbHOi CTIMKOCTI TpYHTY,
HECKETIbHHX 1 CKENTbHUX MOPiJ HEOOXITHO PO3TISIHYTH
BCi MOXKJIHBI popmu pyHHYBaHHS.

(3) Ilpm BubOpi MeTOmy BHU3HAYCHHS IOTPIOHO
BpaxoBYBaTH HACTYITHE:

- IIapyBaTICTh TPYHTY;

- HasIBHICTH 1 KyT HaXWJy MOPYIICHB;

- (bimpTpallito i poO3MOLT MOPOBOTO TUCKY;

- KOPOTKOCTPOKOBY 1 JIOBITOCTPOKOBY CTIMKICTB;

- nedopmariiinoB3y4docti, 00yMOBIIeHa 3pYIICHHSIM;

- THm pydHyBaHHA (KpyroBa a0o0 HEKpyrona
TIOBEPXHST; 00Ba; TEKYUiCTh);

- BXMBAHHS YUCIIOBHX METOIIB.

(4) Sx npaBmIIO, MacCHB HECKEIHHOTO a00 CKEIHLHOTO
ITPYHTY, OOMGXKEHHH IIOBEPXHEI0  pYHHYBaHHS,
HEOOXITHO PO3TIIANATH, K TBEpJe TUTO abo JEeKiUTbKa
TBEPAWX TiN, SIKI pyXawTbcs omHodacHo. IloBepxHi
pyriHyBaHHS a0o iHTepdelicn MK TBEpIUMH TiaMHu
MOXYTh MaTH pi3HI (opMu mimackyi Kpyroei abo
cknanHinm. CTIiHKICTP MOXHA TaKOX IEPEBIPUTH 3a
JOMIOMOTOI0 TPAaHWYHOTO aHalizy abo MeTomoMm
KIHIIEBUX E€IIEMEHTIB.

(5) Sxmo rpyHT abo MaTepian HACHIy BiTHOCHO
OMHOPIAHHWIA 1 I30TPONMHMN, K TPAaBUIO, MOXKHA
JOMTYCTUTH KPYTOBi TOBEPXHI PyHHYBaHHSL.

(6) [Hns  ykociB B mapyBaTHX  IPYHTaXx,
XapaKTEePUCTUKH ONOpPY SKUX CHIBHO BIIPI3HSAIOTHCS
3alleKHO BiJ IIapy, ocoOnuWBa yBara wmae OyTu
MpUAUIeHe ImapaM 3 HalMEHIIO MimHicTio. Jls
bOTO MOXE TOTPe0yBaTHCh TPOBEICHHS aHANTIZY
HEKPYT'OBHX ITOBEPXOHb PyHHYBaHHSI.

(7) Hdns maTepiamiB 3 TpiliiHAMU 1 IIBaMH, 30KpeMa,
JUI TBEPIUX CKEIbHUX TIPYHTIB 1 mapyBatux abo
TPIIIUHYBAaTUX HECKENbHUX IPYHTIB OpMa MOBEPXHi
pYiHYBaHHS MOKE TIOBHICTIO 200 4aCcTKOBO 3aJieKaTh
Bil NWX TMOpyIIeHb. B 1pOMy BHIAIKy aHaii3
CTIHKOCTI, SIK MPaBWJIO, BUKOHYETHCS TPUBUMIPHUMH
OJoKamH.

(8) dns ykociB, sKi paHilie miggaBaaics pyHHyBaHHIO
1 ;ne € Hebesneka MOBTOpPHUX pyHHYBaHb, aHali3
MPOBOAMUTECS, PO3IIISAAI0YM  KPYroBi 1 HEKpYroBi
MOBEpxXHI pyiHHYBaHHS. [HKONMM OKpemi KoedilieHTH,
SK1 3a3BHYall 3aCTOCOBYIOTBCS AJIsl aHANI3Y 3arajibHOL
CTIHKOCTi, MOXYTb HE MiOIUTH i KOHKPETHUX

existing, affected or planned structures shall be
verified in ultimate limit states (GEO and STR) with
design values of actions, resistances and strengths,
where the partial factors defined in A.3.1(1)P,
A.3.2(1)P and A.3.3.6(1)P shall be used.

NOTE The values of the partial factors may be
set by the National annex. The recommended values
for persistent and transient situations are given in
Tables A.3, A4 and A.14.

(2)P In analysing the overall stability of the ground,
of soil or rock, all relevant modes of failure shall be
taken into account.

(3) When choosing a calculation method, the
following should be considered:

— soil layering;

— occurrence and inclination of discontinuities;

— seepage and pore-water pressure distribution;

— short- and long-term stability;

— creep deformations due to shear;

— type of failure (circular or non-circular surface;
toppling; flow);

— use of numerical methods.

(4) The mass of soil or rock bounded by the failure
surface should normally be treated as a rigid body or
as several rigid bodies moving simultaneously.
Failure surfaces or interfaces between rigid bodies
may have a variety of shapes including planar,
circular and more  complicated  shapes.
Alternatively, stability may be checked by limit
analysis or using the finite element method.

(5) Where ground or embankment material is
relatively homogeneous and isotropic, circular
failure surfaces should normally be assumed.

(6) For slopes in layered soils with considerable
variations of shear strength, special attention should
be paid to the layers with lower shear strength. This
may require analysis of noncircular failure surfaces.

(7) In jointed materials, including hard rock and
layered or fissured soils, the shape of the failure
surface can partly or fully be governed by
discontinuities. In this case analysis of
threedimensional wedges should normally be made.

(8) Existing failed slopes, which can potentially be
reactivated should be analysed, considering circular,
as well as non-circular failure surfaces. Partial
factors normally used for overall stability analyses
then need not be appropriate.

(9) If the failure surface cannot be assumed to be



BHUIA/IKIB.

(9) Ilpm HEMOXIMBOCTI NPUUHATTS  TINOTE3U
IBOMIpHOI TIOBEpXHI pPYHHYBaHHA HPHUIAMAIOTHCS
TPUBHUMIpHI IOBEPXHI PyHHYBaHHS.

(10) TlotpibHO, MO0 aHami3 CTIHKOCTI BKIIOYAB
MepeBipKy CTIMKOCTI MPU KYTOBOMY 1 BEPTHKAIEHOMY
3CyBi KOB3aIOUOro MacuBy. SIKIIO TrOpH30HTalbHA
piBHOBara He TepeBIipsETHCS, CIiJ MepeadadnTH, M0
CHJTH MIX BiJICIKAMH TOPU30HTANIBHI.

(11)P B Tux Bumagkax, KOIM MOXE CTaTUCH
KOMOiHOBaHE pYHHYBaHHS 4YacTUH KOHCTPYKIII 1
IPYHTY, B3aEMOJlii B CHUCTEMi IPYHT — KOHCTPYKIIis
MOBHHHA PO3TIISIATUCS 3 BpaxyBaHHSM iX BiIHOCHOI
sxopctkocTi. Lli  cuTyamii  3ycTpidaroThCs, KOJIH
MOBEPXHI PYyHWHYBaHHS pO3PI3al0Th TaKi EJIEMEHTH
KOHCTPYKIIii, SIK maii abo CTiHM.

MMPUMITKA Tlpu anamizi npupofHUX YKOCIB
€ BeJIMKa IepeBara MOXKIIUBOCTI ~ BUKOHATH
MOTEpEeHIA  PO3paxyHOK 3 BHKOPUCTAHHSM
XapakTepUCTUYHUX 3HA4YeHb, WIO Ja€ MPUOIM3HE
VSIBJIGHHSI TIPO BEIMYUHY 3arajbHOr0 KoedilieHTa
HAJIHOCTI 10 MOYaTKy IMPOEKTYBAHHS .

(12) OckinbKu MpH MONTYKY HAWOUIBII HECTIPUSTINBOL
MOBEPXHI KOB3aHHS HABAHTAXKEHHSI CHJIM TSDKIHHS
HEMOXXJIMBO  PO3AUIMTH  Ha  CIOPUATINBE 1
HECIIPHUATIMBE, TO IOTPINTHOCTI BiMHOCHO 00'€éMHOI
BarM IPYHTY IIOBUHHI BpPaxOBYBaTHCS BBEAECHHIM
Horo HaHOUTPIIMX 1 HAWMEHIUX XapaKTePUCTUIHIX
3Ha4yeHb.

(13)P IIpoekT moOBWHEH IOKa3aTH, IO medopmMarris
TPYHTY TIpY TIPOEKTHiH nii, 00yMOBJIEHIH MOB3yUiCTIO
ab0 JIOKWIPHUMH OCIaHHSAMM, HE IpuUBene 10
HEIOMYyCTUMHUX  IOIMIKO/DKEHh  KOHCTPYKIIH 1
MiA3EMHUX CHOPYJ, PO3TAIIOBaHUX Ha IUIAHIN abo
HOPSIZ 3 HEIO.

11.5.2 Ykocu i BUHIMKH y CKeJTbHHX MAaCHBAX

(1)P CrifikicTh YKOCIB i BUIMOK Y CKETHHHX MacHBaX
MOBUHHA TeEpeBipsATHCA HA  pyHHYBaHHSI IpH
MOCTYIMAILHOMY 1 TOBOPOTHOMY pyci  OJIOKiB abo
00'eMHHX YacCTHH CKEJIbHOTO MAacHuBY, a TaKOX Ha
oboBan OnokiB. OcobnmBa yBara TOBHHHA OyTH
MpUAIeHa THUCKY BOAW, 3aMHUKHEHOI B IIBax i
TpilHAaXx.

2)P B ocHOBY BH3HAY€Hb CTIHKOCTI MalOTh OyTH
TTOKJTIAJIeH] HaMiiHI JaHi PO PO3MOIT MIBIB 1 TPIIKH,
0 po3pi3aloTh CKEIbHUH MacwB, 1 MIIIHOCTI Ha
3pyIIEHHS K MIIHOI CKelli, TaK 1 MOpyIIeHo0i YaCTHHHU.
(3) [oTpibHO BpaxoByBaTH, IO pYHHYBaHHA YKOCIB i
BUIMOK B MacuBax TBEPJIOi CKell 3 JoOpe BUBUEHOIO
MEpPEKEI0 MOpYIIEHb, SK MPaBUIO, OOYMOBIEHO
HACTYIIHUMH MOMEHTaMHU:

- KOB3aHHSM OJIOKIB 00 CKEIbHUX KIIHHIB;

- IepeKuIaHHsM OJIOKIB 200 IIHT;

- TEepeKUJaHHSIM y TOEJAHAHHI 3 KOB3aHHSIM B
3aJIKHOCTI BiJl OpieHTAIlil IEpEIHBOI TTOBEPXHI YKOCY
0 BIAHOLIEHHIO A0 MOPYIIEHHS LiTICHOCTI.

(4) HorpibHo BBaxaTu, W0 pyHHYBaHHS YKOCIB 1
BUIMOK B MAacHBaX CHJIBHO TPILIMHYBaTHX CKEIbHUX

two-dimensional, the use of threedimensional failure
surfaces should be considered.

(10) A slope analysis should verify the overall
moment and vertical stability of the sliding mass. If
horizontal equilibrium is not checked, inter-slice
forces should be assumed to be horizontal.

(11)P In cases where a combined failure of
structural members and the ground could occur,
ground-structure interaction shall be considered by
allowing for the difference in their relative
stiffnesses. Such cases include failure surfaces
intersecting structural members such as piles and
flexible walls.

NOTE In analysing natural slopes, it is

generally an advantage to make a first calculation
using characteristic values, to get an idea of the
global factor of safety, before starting a design.
Experiences with comparable cases including
investigation procedures should be applied.
(12) Since a distinction between favourable and
unfavourable gravity loads is not possible in
assessing the most adverse slip surface, any
uncertainty about weight density of the ground
should be considered by applying upper and lower
characteristic values of it.

(13)P The design shall show that the deformation of
the ground under design actions due to creep or
regional settlements will not cause unacceptable
damage to structures or infrastructure sited on, in or
near the particular ground.

11.5.2 Slopes and cuts in rock masses

(1)P The stability of slopes and cuts in rock masses
shall be checked against translational and rotational
modes of failure involving isolated rock blocks or
large portions of the rock mass, and also against
rock falls. Particular attention shall be given to the
pressure caused by blocked seepage water in joints
and fissures.

(2)P Stability analyses shall be based on reliable
knowledge of the pattern of discontinuities
intersecting the rock mass and of the shear strength
of the intact rock and of the discontinuities.

(3) Account should be taken of the fact that failure
of slopes and cuts in hard rock masses, with a well
defined pattern of discontinuities, will generally
involve:

— sliding of blocks or rock wedges;

— toppling of blocks or slabs;

— a combination of toppling and sliding.

depending on the orientation of the slope face in
relation to that of the discontinuities.

(4) 1t should be considered that failure of slopes and
cuts in highly fissured rock masses and in soft rocks
and cemented soils may develop along circular or
almost circular slip surfaces passing through



IPYHTIB, B CIa0KMX CKEJIbHHUX 1 3[EMEHTOBAHHX
HECKEJIbHUX IPYHTIB MOXKE PO3BHBATHUCS TI0 KPYTOBUX
ab0 KBa3IKpyroBUX TMOBEPXHSAX KOB3aHHS, IO
MPOXOJATH Yepe3 IUITHKA HeMOPYIIEHOT CKelli.

(5) 3asBuuaii MO0 YHUKHYTH KOB3aHHS OKpPEMHX
ONMOKIB 1 KIWHIB, PEKOMEHAYETHCS 3MCHIIYBaTH
3aKIagaHHs YKOCY, yIaIHYIOUYH Oepmu,
BCTaHOBIIOIOYM  aHKEpH, OONTH 1 BHKOHYIOYH
BHYTpIIHIA JOpeHax. Y yKocaX BHUIMKH IS
3armo0iraHHsl KOB3aHHIO PEKOMEHIYEThCS BHOMPATH
Takdid  HampsM 1 3aKiIajaHHs ~ yKocy, 100
MEPEMIIICHHS OKpeMHUX OJIOKIB OyJ0 KiHEeMaTH4YHO
HEMOXKITHBHM.

(6) 11106 He momycTUTH pyWHYBaHHS IMEPEKUIaHHSM,
3a3BHYail PEKOMEHYEThCS 3aCTOCOBYBATH aHKEPH,
Kpinutu OontamMu abo ynaJHyBaTH BHYTPIIIHIN
JpEHaxX.

(7) Ipu anHami3i JOBroCTPOKOBOI CTIMKOCTI YKOCIB 1
BHIMOK HEOOXiJIHO BpaxoBYyBaTH, II0 POCIUHHICTH i
3a0pyAHIOIY] PEYOBMHM HETaTHMBHO BIUIMBAIOTh Ha
MIIHICTB TPH 3pYyIIEHHI MTOPYIIIEHOT YACTHHH, & TAKOX
Ha MIIHICTh HEMTOPYIIEHOTO CKELHOI'0 IPYHTY.

(8) B pa3i cuiibHO TPILIMHYBATHX CKEJIBHUX MACHUBIB,
KPYTHX YKOCIB 1 CXMJIIB, CXHJIbHUX JIO TEpEKHIaHHS,
po3IapyBaHHs, pPYHHYBaHHS 3aXHCHOTO mIapy 1
KaMEHEMadiB, CJiJ 3aBXIW BHKOHYBAaTH aHaJi3
BIpOTiMHOCTI MaAiHHS OJIOKIB.

(9) Slxmo HemMae MOXIHMBOCTI TPOBECTH HaIINHI
3aX0AM IOJO0 3amo0iraHHd MAJIHHIO CKEIbHUX
OJIOKIB, HEOOX1THO BCTAHOBUTH CITKH,
00TOPOMKYBaHHS 1 TACTKH /IS MTAJAI0YNX OJIOKIB.
(10) PospaxyHOK TpHCTpOIB 3aTpUMaHHS CKEIbHHUX
OJIOKIB 1 KaMeHIB, TAJAI0YNX Y3JI0BXK YKOCY, Ma€ OyTH
3aCHOBAaHMI Ha [eTajJbHOMY aHali3i MOXIHUBOL
TpaekTopii iX maiHHs,.

11.5.3 CriiikicTh BUIMOK

(1)P 3arampHa CTIMKICTH TPYHTIB MOPSA 3 BUIMKOIO,
MOBMHHA TIEPEBIPATUCS 3 BPaxyBaHHAM BHHHATHX
TPyHTIB, a TakOX ICHYIOUMX CHOpYH, JOpir i
imKeHepHUX Mepex (muBuck Poszmin 9).

(2)P CriiikicTh THA BHIMKHM TIOBHHHA TEPEBIpPATHCA 3
BPaxyBaHHSIM MPOEKTHOTO MTOPOBOTO THUCKY B IPYHTI.
Jns anHami3iB TimpaBIiYHUX pyHHYBaHb  (AMBHCH
paznen 10).

(3)P HeoOxigHO pO3TNsSAaTv MigHATTSA THA TIUOOKUX
BUIMOK, 00YMOBIJIEHE PO3BAHTaKCHHSIM.

11.6 IIpoexkTyBaHHSI 3a TIPAHMYHHM CTAHOM 3a
NPUAATHICTIO 10 eKcIuTyaTanii

()P IIpoext mnoOBHHEH 3abesneuyBatu, 1100
nedopMallis IpyHTY HE MpPHU3BEIU IO T'PAaHHYHOTO
CrTaHy 3a TNPHUAATHICTIO [0  eKcIUlyaTamii B
KOHCTPYKLIsIX 1 KOMYyHIKalisfiX Ha 3a0yloBYBaHii
TEpUTOPIi 1 Ops L 3 HEIO.

(2) HeobOxinHO pO3MIISIHYTH BipOTiAHICTH MPOCiTaHHS
IPYHTY, BUKJIMKaHOTO HACTYITHUMH NPUYHHAMH:

- 3MiHOIO CTaHy I'PYHTOBHX BOJI i TOPOBOI'O THUCKY;

- JOBIOCTPOKOBOIO TMOB3YYICTIO B JPEHOBAaHUX
yYMOBaXx;

portions of intact rock.

(5) Sliding of isolated blocks and wedges should
usually be prevented by reducing the inclination of
the slope by providing berms, and installing
anchors, bolts and internal drainage. In cutting
slopes, sliding should be prevented by selecting the
direction and orientation of the slope face so that
movements of isolated blocks are kinematically
impossible.

(6) To prevent toppling failures, anchoring or
bolting and internal drainage should normally be
applied.

(7) When considering the long-term stability of
slopes and cuts, the detrimental effects of vegetation
and environmental or polluting agents on the shear
strength of discontinuities and on the strength of the
intact rock should be taken into account.

(8) In highly fractured rock masses in steep slopes
and slopes susceptible to toppling, spalling,
ravelling and slumping, the possibility of rock falls
should always be analysed.

(9) In cases where reliable provisions to prevent
rock falls are not feasible, rock falls should be
allowed to occur with the provision of nets, barriers
or other suitable provision to trap the falling rock.
(10) The design of provisions to trap rock blocks
and debris falling down a rock slope should be
based on a thorough investigation of the possible
trajectories of the falling material.

11.5.3 Stability of excavations

(1)P The overall stability of the ground close to an
excavation, including excavation spoil and existing
structures, roads and services shall be checked (see
Section 9).

(2)P The stability of the bottom of an excavation
shall be checked in relation to the design pore-water
pressure in the ground. For the analysis of hydraulic
failure (see Section 10).

(3)P Heave of the bottom of deep excavations due to
unloading shall be considered.

11.6 Serviceability limit state design

()P The design shall show that the deformation of
the ground will not cause a serviceability limit state
in structures and infrastructure on or near the
particular ground.

(2) Subsidence of the ground due to the following
causes should be considered:

— change in ground-water conditions and
corresponding pore-water pressures;

— long-term creep under drained conditions;

— volume loss of deep soluble strata;

— mining or similar works such as gas extraction.



- BTPaToo 00'eMy ITUOOKHX PO3UYMHHHX IIAPiB;

- TiI3eMHMMH BHpPOOKaMH 1 ToMy NOAiOHIMMHU
poboTaMu, HaITpUKIal BUAOOYTKOM Tasy.

(3) AmamiTMyHi 1 YHCIIOBI METOAM, IO ICHYIOTH B
JaHWi dac, sK TpaBWiIO, HE JaOTh HaaIdHUX
nporHo3iB  Aedopmarii NpuUpomHUX cxXuiaiB. Tomy
MOTPiOHO MParHyTH HE JOMYCKATH TPAaHUYHUX CTaHiB
3a TPUAATHICTIO [0 eKCIUTyaTallii, 3acTOCOBYIOYN
OJIMH 3 HACTYITHUX METO/IIB:

- 0OMEXYBaTH OIIip 3PYIICHHIO, 1110 PO3BUBAETHCS;

- crmocrepiraTH  3a  IEpeMillleHHSMH 1 1pu
HEOOXIMHOCTI  mepemdadaTd  3axomd  HIOJ0  IX
3MEHIIIEHHS 200 MPUIMHEHHSI.

11.7 MoniTopunr

(1)P  MoniTopuHr Ha JUISHII TPOBOAATHCS B
HACTYITHUX BUTAJIKAX SKIIO:

- BU3HAYEHHAM a00 Tepel0auyeHHMH B KOHTPaKTHIN
JOKyMeHTallii crocobaMu He MOXHA JOBECTH IO
HAaCTaHHS TPaHWYHUX CTaHIiB, BKazaHuWX B 11.2,
ITOBHICTIO BHKJIFOYAETHCS;

- Yy OCHOBY NPUHHATUX JUIS BU3HAUCHHS TiOTe3 OyIin
3aKIajieHi HeHaliifHi JaHi.

(2) MoHITOpHHT TOBHHEH IUIAHYBAaTHCh  JUIS
BCTaHOBJICHHS:

- PIBHIB TPYHTOBHX BOJ 1 IIOPOBHX THUCKIB B IPYHTI 3
METOI0 IIPOBEACHHS aHali3y Mo e()EeKTHBHIH Hampysi
abo iX mepeBipKH;

- OlYHMX 1 BEPTUKAIBHHUX IEPEeMIlIeHb TIPYHTY 3
METOI0 3aro00iraHHs MaiOyTHIM et opMalisam;

- rOUHA 1 POPMHU TIOBEPXHI KOB3aHHS aKTHBHOT'O
3CYBY 3 METOIO BCTAHOBJICHHS XapaKTEPHCTHK OMOPY
TPYHTY 1 BUBHAYEHHS 00'€MIB PEMOHTHHUX POOIT;

- MIBUOKOCTI TIEPEMIIIECHHS 3 METOI0 3aro0iraHHs
HEMHUHYY0i HeOe3mekw; A IuX Liled Moxe OyTu
3acTocoBaHa IM(poBa CHCTEMa TMPOYUTYBAHHA 1
JUCTaHIIHHOTO CIIOBILIEHHS.

Po3zain 12. Hacunu

12.1 3arauasHi BinomocTi

(1)P TlomokeHHS [HOTO PO3ALTY 3aCTOCOBHI IO
HacHUMiB Ui HEBeNWKuX rpebems  (mam0b) i
iHpPaACTPYKTYpH.

(2) BimHOCHO yKIanmaHHS 1 YIIUTbHEHHS MaTepiaiiB
HACHITY CITiJ] KEpyBaTHUCS MMOJIIOKeHHSAME Po3miny 5.
12.2 I'pannyni ctanu

(1)P HeoOximHO MaTH Tiepernik rpaHUYHUX CTaHIB, SIKi
MaroTh OyTH TepeBipeHi Mpy MPOeKTYBaHHI HACHITY.
(2) loTpibHO MepeBipsTH HACTYITHI TPAaHUYHI CTaHU:

- BTpaTa 3arajbHOI CTIHKOCTI JUISHKY,

- pyliHYBaHHS B YKOCi 200 Ha Tpe0eHi HacuITy;

- pyliHyBaHHsI, BUKJIMKaHE €pPO3i€lo;

- pyliHyBaHHsI, BUKJIMKaHE TIOBEPXHEBOIO epo3ieto abo
PO3MHUBOM;

- npedopmamii  Hacumy, 10 poOJATH  HOrO
HEMpUIATHUM A0  eKCIUlyaTaulii,  HampuKiam,
HEJIOMyCTUMI OCitaHHs a00 TPILMHY;

- ocimaHHS abo 3MillEHHS Yepe3 TMOB3YyYiCTh, IO
BUKJTHKA€E TOLIKOKEHHS abo BTpaTy
eKCIUTyaTalliiHUX SKOCTed OyAb SKUX CYyCigHIX

(3) Since the analytical and numerical methods
available at present do not usually provide reliable
predictions of the deformation of a natural slope, the
occurrence of serviceability limit states should be
avoided by one of the following:

— limiting the mobilised shear strength;
— observing the movements and specifying actions
to reduce or stop them, if necessary.

11.7 Monitoring

(1)P The ground shall be monitored using
appropriate equipment if:

— it is not possible to prove by calculation or by
prescriptive measures that the occurrence of the
limit states given in 11.2 is sufficiently unlikely;

— the assumptions made in the calculations are not
based on reliable data.

(2) Monitoring should be planned to provide
knowledge of:

— ground-water levels or pore-water pressures in
the ground, so that effective stress analyses can be
carried out or checked,;

— lateral and vertical ground movements, in order
to predict further deformations;

— the depth and shape of the moving surface in a
developed slide, in order to derive the ground
strength parameters for the design of remedial
works;

— rates of movement, in order to give warning of
impending danger; in such cases a remote digital
readout for the instruments or a remote alarm
system may be appropriate.

Section 12 Embankments

12.1 General

(1P The provisions of this Section shall apply to
embankments for small dams and for infrastructure.
(2) For placement and compaction of fill the
provisions in Section 5 should be applied.

12.2 Limit states

(1P A list shall be compiled of limit states to be
checked in the design of the embankment.

(2) The following limit states should be checked:

— loss of overall site stability;

— failure in the embankment slope or crest;

— failure caused by internal erosion;

— failure caused by surface erosion or scour;

— deformations in the embankment leading to loss
of serviceability, e.g. excessive settlements or
cracks;

— settlements and creep displacements leading to
damages or loss of serviceability in nearby
structures or utilities;

— excessive deformations in transition zones, e.g.
the access embankment of a bridge abutment;

— loss of serviceability of traffic areas by climatic



CIIOpYI 1 MEpeK;

- HeJomycTuMi Jedopmallii B MEpeXiTHUX 30HAX,
HalpuKJIaJ, B HACHIy, II0 3a0e3rnedye Wiaxia o
OeperoBoi Omopu MocCTa;

- BTpaTa eKCIUTyaTalidHOl HAaJIHHOCTI MUISHOK IS
pyXy TpaHCHOPTY, BHUKIMKaHUX KIIMAaTHYHUMU
SIBUIIAMU TaKMMHM, SK MOpPO3, Bijyiura abo HaaMipHa
xKapa;

- OMNOB3aHHS YKOCIB MpU MPOMEp3aHHi 1 MOJaNbIIii
Bimmu3i;

- pyiiHyBaHHA MaTepialliB IITY4HOI OCHOBH JOpIir
Yyepe3 BEIHMKI TPAHCIIOPTHI HaBaHTAKCHHS.

- nedopmarliii, MoB'si3aHi 3ripaBIIYHUMU JISIMU;

- 3MIHM YMOB JOBKUUIS, HampuKiIaa 3a0pylHeHHS
MMOBEPXHEBUX a00 MiJI3EMHUX BOJ, IITyM, BiOpaitii.

12.3 [Iii i mnpoekTHi icuTyamuii

(1) Tlpu BuOOpi nmiif A BU3HAYEHHS TPAHUYHUX
CTaHIB MOTPIOHO KEPyBaTHUCS TEPETIKOM YKa3aHUM Y
2.4.2(4).

(2) Mpu BH3HAYeHHI Jil, SIKUMH HACWII BIUIMBA€E Ha
CYCiJIHI KOHCTPYKIii a00 Ha YKpIilUIeHy 4YacTUHY
IPYHTY, HEOOXiJHO BpaxOBYBaTH pI3HUIIO B
KOPCTKOCTI.

(3)P IIpoektHi cutyamii TOBWHHI BHOHpaTHCS Y
BIJNOBiAHOCTI 110 2.2.

(4)P Kpim Toro, mpu HEOOXITHOCTI CIIII PO3TIAIATH
HACTYIHI 0COOTMBI MPOCKTHI CUTYAITIi:

- BIUIMB €TaIliB BUPOOHUIITBA POOIT, HAIPHUKIAI,
BUIMKH IpyHTy B Oe3mocepeaniii OIM3BKOCTI Bif
Hacwiry,  BiOpamii, = OOyMOBJIEHI  BHOYXOBHUMH
poboramu, 3a0uBaHHSAM mank abo pPyXoM BaXKoOi
TEXHIKH;

- BIUIMB KOHCTPYKIIH, SKi OyIyTh 3BEJeHI Ha HACHITY
a0o TTopsIT 3 HAM;

- epo3iifHi eeKTH TepenuB, JTHOI, XBUIII 1 JOMIi, IO
TIIOTH Ha YKOCH 1 TpebiHb;

- TeMIepaTypHi eexTH, Taki K ycaka.

(5)P PospaxyHkoBuil piBeHb BiTbHOI BOOM Ha
HHU30BOMY VKOCI HACHITy 1 pO3paxyHKOBHH piBEHBb
BOJIY B IpyHTI a00 iX KOMOIHAIIiS CITiI BCTAHOBIIOBATH
3 HasBHHX TiJPONIOTIYHUX IaHWUX, 100 BU3HAYUTH
HaHOUTBIII HECTIPUATINBI YMOBH, SKi MOJKHA OTPHUMATH
B JIaHii MpOeKTHiN cutyarii. HeobximHO BpaxoByBaTn
BIpOTiHICTh PYHHYBaHHS IpeH, QiTbTpiB i 3aTBOPIB
(mepeMu4oK).

(6) [ns OeperoBux HAcHWIB TOTPIOHO PO3TIISIIATH
HaHOUTBIII HECTIPUATIIMBI BOIHI YMOBH. 3BHYAHO IIe
OesmepepBHA Tedis IPU HAWBUIIIOMY PiBHI IPYHTOBUX
BOJI 1 IIIBUJIKE TTOHWKEHHSI PiBHS BUTHHOT BOJIH.

(7)P BcraHOBIIOIOUM TPOEKTHI BEIUYUHHU TMTOPOBOTO
TUCKY, CJIiJ] BPaXOBYBAaTH IHTEPBAJ MOKJIMBHX 3MiH
aHI30TPOIIii 1 HEOAHOPITHOCTI IPYHTY.

(8)P Ilpm po3paxyHKy oOcCiaHb Hacuily Mae OyTu
BpaxoBaHe 3MEHIICHHS €()EeKTUBHOTO HAINpPY)KEHHs B
IPYHTI, TIOB'sI3aHE i3 3aHYPEHHSM Y BOAY CyXOl KipKu
a0o Hacwity.

12.4 IIuTaHHSA NPOEKTYBaHHA i KOHCTPYIOBAHHA
(1)P Hacum moBWHHI MPOEKTYBATHUCH 3 BpPaxyBaHHIM

influences such as freezing and thawing or extreme
drying;

— creep in slopes during the freezing and thawing
period;

— degradation of base course material due to high
traffic loads;

— deformations caused by hydraulic actions;

— changes of environmental conditions such as
pollution of surface or ground-water, noise or
vibrations.

12.3 Actions and design situations

(1) In selecting the actions for the calculation of
limit states, the list in 2.4.2.(4) should be
considered.

(2) When deriving the actions that embankments
impose on adjacent structures or any reinforced
parts of the ground, the differences in the stiffnesses
should be considered.

(3)P Design situations shall be selected in
accordance with 2.2.

(4)P In addition, the following special design
situations shall be taken into account, if relevant:

— the effects of the construction process, such as
excavations close to the embankment fill and
vibrations caused by blasting, pile driving or heavy
equipment;

— the effects of structures planned to be constructed
on or close to the embankment;

— the erosion effects of overtopping, ice, waves and
rain on the slopes and crest;

— temperature effects such as shrinkage.

(5)P The design free water level on the downstream
embankment slope and the design ground-water
level, or their combination, shall be based on
available hydrological data to give the most
unfavourable conditions that could occur in the
design situation considered. The possibility of
failure of drains, filters or seals shall be considered.
(6) For shore embankments, the most unfavourable
hydraulic conditions should be considered.

These are normally steady seepage for the highest
possible ground-water level and rapid draw-down of
the free water level.

(7)P In deriving design distributions of pore-water
pressure, account shall be taken of the possible
range of anisotropy and heterogeneity of the soil.
(8)P When designing the embankment with respect
to settlement, the effective stress decrease in the
ground, due to submergence of the dry crust or the
fill, shall be taken into account.

12.4 Design and construction considerations

(1)P Embankments shall be designed taking into
account experience with embankments on similar
ground and made of similar fill material.



JIOCBiZly 3BCJICHHS HACHIIIB HA TAKHX e IPYHTax i 3
TaKHX K€ MaTepialis.

(2)P Ilpu BU3HAYCHHI MO3HAYKU OCHOBU HACHUITY JUIS
KOKHOT'0 KOHKPETHOTO BUIIAJIKY MOTPiIOHO
BpaxOBYBaTH HACTYITHI MOMEHTH:

- JIOCATHEHHS BIIIOBIIHOrO0 HECy4oro Imapy aoo,
KOJIX 1I¢ HEMOXJIMBO, MPOBEACHHS 3aXOJIB IIOI0
3MIIHEHHS;

- 3a0e3reueHHs HaAiiHOrO 3aXUCTy Bil HEraTHBHHUX
KITIMAaTUYHUX Il Ha Hecydy 3/IaTHICTh IPYHTY;

- piBEHb TPYHTOBUX BOJI TI0 BiJJHOIIECHHIO JIO JAPEHAXKY
HACHITY;

- 3anmo0iraHHs HEraTUBHIN Jii Ha CYCiHI KOHCTPYKITii
1 Mepexi;

- JIOCSTHEHHsI  [apiB 3  JOCHTh  HHU3BKOIO
BOJIOTIPOHHUKHICTIO.

(3) Ilpoext Hacuy MOBHHEH AOBOIUTH, IIO:

- Hecyda 3JIaTHICTh MIACTENSI0 YOr0 IPYHTY
JOCTATHS;

- IpeHaX PI3HUX MIAPiB HACUILY 3a/I0BUILHUM;

- BOJIONIPOHUKHICT, HACHITHOTO MaTepially aaMOu B
MEKaX BHMOT;

- TaM Je 1ie HeoOXinHo, (GiIbTpU a0 reOCHHTETUYHI
Marepiaii BAMOBINAIOTH  HEOOXIMHUMH KPHUTEPIsIM
dbimpTparii;

- Marepiay HacHITy TOYHO BU3HAYECHUH BIATIOBIIHO JTO
KputepiiB B 5.3.2.

(4P Hnsa wHacwmiB, sKi 3BOAITHCS Ha CHIIBHO
CTUCKYBaHUX IPYHTaX, [0 MAIOTh HEBUCOKY MIITHICTb,
MOpAAOK OyMiBHUIITBA Mae OyTH BH3HAYEHUH Tak,
o0 He MEepeBUIIUTH Hecydy 3[JaTHICTh 1 YHUKHYTH
HEIONMYyCTUMHUX OCiTaHh abo mepeMilieHp mix dac
BUPOOHHIITBA poOdiT (muBHUCH 5.3.3(2) P).

(5) Ilpm momapoBoMy 3BEOeHHI HacWIly Ha
CTHCKYBaHMX IpPyHTax TIOTpPiOHO  mependadnuT
BUKOHAHHS IT'€30METPUIHUX BUMIpIB, SKi T03BOJISIOTH
MEpEeKOHATHCA, IO Tepel YKJIAJaHHAM KOXHOTO
MOJAJIBIIOrO APy MOPOBUN THCK PO3CIsBCA.

(6)P Jlns HacumiB, MmO YTPUMYIOTH BOAY B PI3HUX
pIBHSIX, TIO3HAYKy OCHOBH CJim BuOupatn 3
BpaxyBaHHSAM KoedimieHTta ¢iabTparii rpyHTy abo
nependavaT 3aXOJIH, 1o 320€3MeuyroTh
BOJIOHEMPOHHUKHICTh KOHCTPYKIIIi.

(7) Ilpu utanyBaHHI MOMIMIIIEHHS TPYHTY HOr0 III01Ia
Mae OyTH TakuM, MO0 HE JOMYCTHUTH IIKiUTHBHX
nedopmMarii.

(8) Konmm Bara Hacumy BHW3HAYA€ThCSI Ha OCHOBIi
00'eMHOI Barm Matepiany BifcumanHs (IuBuch 3.3.3),
MOTPIOHO CTEXUTH 332 THUM, 1100 y BHIPOOYBaHHAX
LIIBHOCTI MaTepianiB Opajii y4acTb 4aCTKH, PO3MIpPH
sxux Ginbie 20 — 60 MM. IX yacTo BUKITIOHANOTH 1 1E
MOX€E 3HaYHO BIUIMHYTU Ha BEIMYUHY 00'€MHOI Bard.
(9)P IloBepxHs YKOCIB HAcHIly, CXHJIBHHX JIO0 €po3ii,
Mae OyTH 3axHILeHa. SKIIo HacuIl Ma€ OaHKETH, B HUX
CIli1 ependavaTi CUCTEMY JIPEHAXKIB.

(10) IIpu 3BeneHHI HAacUMy YKOCH PEKOMEHIYETHCS

(2)P When assessing the foundation level for an
embankment, the following shall be considered,
when applicable:

— reaching an adequate bearing stratum, or
applying stabilising measures where this is not
practicable;

— providing sufficient protection against adverse
climatic effects on the bearing capacity of the
ground;

— the ground-water level with respect to the
drainage of the embankment;

— avoiding adverse effects on adjacent structures
and utilities;

— reaching layers with adequately low
permeability.

(3) Design of embankments should ensure that:

— the bearing capacity of the subsoil is satisfactory;
— the drainage of the wvarious fill layers is
satisfactory;

— the permeability of the fill material in dams is as
low as required,;

— filters or geosynthetics are specified where
necessary to fulfil filter criteria,;

— the fill material is specified according to the
criteria in 5.3.2.

(4)P For embankments on ground with low strength
and high compressibility, the construction process
shall be specified so as to ensure that the bearing
capacity is not exceeded and that excessive
settlements or movements do not occur during
construction (see 5.3.3(2)P).

(5) When an embankment on compressible ground
is raised in layers, piezometer measurements should
be specified to ensure that pore-water pressures
have dissipated to acceptably low values before the
next fill layer is placed.

(6)P For embankments retaining water at different
levels, the foundation level shall be chosen with
respect to the permeability of the ground or
measures shall be taken to make the structure
watertight.

(7) If ground improvement is specified, the volume
of ground to be improved should be designed with
sufficient areal extent to avoid harmful
deformations.

(8) When determining the weight of the
embankment from the weight density of fill (see
3.3.3), care should be taken to include fill particles
of size > 20 mm to 60 mm in the density tests. They
are often not included but can have a considerable
effect on the weight density.

(9)P Embankment slope surfaces exposed to erosion
shall be protected. If berms are designed, a drainage
facility shall be specified for the berm.

(10) The slopes should be sealed during
embankment construction and planted thereafter,
where appropriate.



3axuIiaTd, a  Michasd  3aKiHYeHHsS  3aKpilmuTH
POCIIMHHICTIO, SIKIIO 1€ MOYKJIKBO.

(11) Hacunm, mo sSKUX pyXaeTbcs TPAHCIOPT, CIil
3axWIaTd Bil JbOAY Ha MPODKIKIH YacTHHI.
TernnoeMHICTh MPODKIHKOI YaCTHHU Ha 130JI0I0YOMY
mapi abo Ha JIeTKOMY HAacHUIy MOXKe OYTH JOCTaTHBO
BEJIMKOIO, 00 YHUKHYTH 1IHOTO SIBUIIIA.

(12) Cnix 3MeHmyBaTH A0 BiAIOBIAHOTO PiBHS
MOXJIMBICTh TMpOMEp3aHHs Ha TpeOeHi 3eMIISHOI
rpe0ui.

(13) B mpoekTi ykociB HacHIry moTpiOHO BpaXxOByBaTH
SIBUINA TTOB3YYOCTI, sIKa MOXE MaTH MICIE B yKOCaxX B
nepioa MpPOMEp3aHHs 1 BiTaBaHHS, HE3AJISKHO BiJ
CTIHKOCTI YKOCiB B cyxux ymoBax. lle ocobmuBo
BYIMBO JUIsl MEPEXiJJHUX 30H, HATPUKIAJ] Ha PiBHI
OeperoBrx Ormop MocTa.

12.5 TlpoekTyBaHHsi 3a TI'PAaHMYHHM CTAHOM 3a
BTPATOI0 Hecy4o0i 34aTHOCTI

1(P) IIpu anamizi cTiikocTi Hacummy abo HOro YacTHHH
HEOOXiJIHO BpaxoBYBaTH BCI MOXJIMBI  (popMu
pyiHYyBaHHS, siki BKazaHi B Po3mimi 11.

(2) OckiIbKM HACHIIM YacTO 3BOJATHCS Y JCKUIbKA
eTamiB 3 pPI3HMMH YMOBaMH 110 HABaHT)KEHHSIX, B
3Biti 3 ['eorexniunoro I[IpoekTyBaHHSI TOBUHEH OyTH
BUKOHAaHUI aHali3 1 HaJaHl BIANIOBIOHI BKa3iBKU IO
KO)KHOMY €TaIly.

(3)P Ilpm BuKOpWCTAaHHI IS HACHUIIB JIETKHUX
Marepiais, HaIPUKJIIA], TIOJTICTUPEHA, 110
PO3LIMPIOETHCS, TIJIMHYM, IO PO3LIMPIOETHCS, abo
KoMip4acToro O€TOHy, TMOTpiOHO BpaxoBYBaTH
MOXJIUBICTh  TiAPABIIIYHOrO IMIHIMAHHS (IUBUCH
Pozmin 10).

(4)Pp  Ilpm Oymp-AKMX aHami3ax HACHILy, IO
CKIIAJAETHCS 3 PI3HUX MaTepialliB, BETMYUHN MIITHOCTI
MOBUHHI ~ BU3HAYaTHCh IIPU  CIIBCTABJIIOBAaHHUX
nehopMalrisx 1MUxX MaTepiaib.

(5) IIpu mepeciueHHsT HACHUITY 3 TOPOTOI0 a00 BOTHUM
00'eKTOM TOTPIOHO TPHUIUIUTH OCOOIMBY yBary
B32€EMOII PiI3HUX KOHCTPYKTHBHUX €IEMEHTIB.

(6) Komm anamizyeTbcsi CTIMKICTH IOKpAaIN[yBaHOTO
TPYHTY, TOTPIOHO PO3TISAAATH PE3YIbTATH IPOIECY
MOJIMIIEHHS, HApUKIaA, IepeMillyBaHHS M 'SKUX
qyTAuBUX INMH.  OCKUIBKM MpOIeC MOJiNIIEHHS
BHMarae 4acy, HOro BIUTUB MOXK€ OyTH BpaxOBaHHMA
JIUTIIE TICIIS JOCSATHEHHS CTaOLIbHOTO CTaHy.

(7)P  Hns HemomymieHHS TPaHUYHOTO CTaHy 3a
BTPAaTOI0  HECY4oi  3AaTHOCTI, BUKJIMKaHOI'O
MTOBEPXHEBOIO €pO3i€r0, BHYTPINIHBOIO epo3icro abo
TiIpaBIiYHUM THUCKOM, TIOBHHHI OyTH 3aJ[0BOJIEHI
suMord Posauris 101 11.

12.6 IlpoexkTyBaHHSl 32 TPAHMYHHM CTAaHOM 32
NPHUIATHICTIO 10 eKCITyaTanii

(1)P Po3paxyHOK OBMHEH IOKa3aTH, M0 Aedopmaris
HAacCHIly HE BHKJIMYE TPAaHUYHOTO CTaHy 3a
OPUIATHICTIO A0 eKcIulyatauii B Hacuily abo B
cnopynax, JIOpPOXHIX abo iH)KEHEpHHX CHOopyHAax,
PO3TaIIOBaHUX HA, YCEepeauHi a00 MOpsi 3 HACHIIOM.
(2) Po3paxyHOK OCiaHHSI HAaCHITy, PO3TAIlIOBAHOTO HA

(11) For embankments carrying traffic, icing on the
surface of the pavement should be avoided. The
thermal capacity of a pavement on an insulation
layer or a lightweight fill may be high enough to
avoid this.

(12) Frost penetration on the crest of an earth dam
should be restricted to an appropriate level.

(13) Design of the embankment slope should
consider that creep movements may occur in slopes
during freezing and thawing irrespective of the
slope stability under dry conditions. This is
especially important in transition zones, e.g. at
bridge abutments.

12.5 Ultimate limit state design

(1)P In analysing the stability of part or all of an
embankment, all possible failure modes shall be
considered, as stated in Section 11.

(2) Since embankments are often constructed in
different phases with different load conditions, the
analysis should be done phase by phase and
provisions specified accordingly in the Geotechnical
Design Report.

(3)P Where lightweight fill materials such as
expanded polystyrene, expanded clay or foamed
concrete are used, the possibility of buoyancy
effects shall be considered (see Section 10).

(4)P Any analysis of embankments containing
different fill materials shall adopt strength values
that have been determined at compatible strains in
the materials.

(5) Where roads or watercourses cross an
embankment, special attention should be paid to the
spatial interaction of the various structural elements.
(6) When analysing the stability of improved
ground, the effect of the improving process, e.g. the
disturbance of soft sensitive clay, should be
considered. As the effect of the improvement is
time-dependent, it should not be taken into account
until a steady state has been reached.

(7)P To avoid ultimate limit states caused by surface
erosion, internal erosion or hydraulic pressure, the
provisions in Sections 10 and 11 shall be fulfilled.

12.6 Serviceability limit state design

()P The design shall show that the deformation of
the embankment will not cause a serviceability limit
state in the embankment or in structures, roads or
services sited on, in or near the embankment.

(2) The settlement of an embankment on
compressible ground should be calculated using the
principles of 6.6.1. Special attention should be paid



CTUCKYBaHUX TIpYHTax, TIOBUHEH IPOBOIUTHCS
BignoBimHO 10 mpuHIMImB 6.6.1. OcobmuBy yBary
NOTPIOHO TPUAUIMTH PO3BUTKY OCiTaHb B 4Yaci Mix
BIUTUBOM YIIUILHEHHS 1 BTOPMHHUM OCIJTaHHSIM.

(3) IlorpibHO OpaTH A0 yBarm MOXKIIHUBICTh
nedopmairiii, OOYMOBJICHUX  3MIHAMH  PEXKUMY
IPYHTOBHX BOJI.

(4) VY unagkax, komu gdedopmarlii  Ba)XKO
nepenoadnTH, CIIiJ PO3TIIIHYTH METOIU TOIepeaHbOT
npurpy3kd  abo  BHNpPOOyBaHb Yy  HATypalbHy
BEIMYHMHY, OCOOJMBO Yy BHWIAJgKaX, KOJIH HE
JONYCKAEThCSl TPAHWYHUH CTaH 3a MPUAATHICTIO 10
eKCIUTyaTaltii.

12.7 CnocrepeskeHHsI i MOHITOPHHT

(1)P CrocrepexeHHsI 1 MOHITOPHHT HACHTIIB TTOBHHHI
BHKOHYBATHCh BiJIIIOBIJTHO JI0 TONOXeHb Po3niny 4.
(2) MOHITOPHHT HACHIIIB TIOBHHEH MPOBOJUTUCH B
OJTHI¥ Yu OLIbIIIe HACTYITHUX CHUTYaIlii:

- NIpH BUKOPHCTaHHI METOJy CIIOCTEPEXKEHb (IMBHCH
2.7);

- KOJM CTIHKICTh HACHITY, IO CIIY>KUTh Tpediieto, B
3HAYHIA MIpi 3aJIeKHTh BiI PO3MOILTY MOPOBOTO
THUCKY B TiJIi i OCHOB1 HACHITY;

- KOJIU MOTPIOHO PeeCTPyBaTH 3a0pyaHIOYI eheKTH
Hacuiry abo TpaHCIIOPTY;

- KOJMW TIOTPIOHO KOHTPONIOBATH HETraTWBHI Iii Ha
criopyau abo iHKEHEePHI MEPEexi;

- KOJIM TIOBEpXHEBA €po3is MPEACTaBIsE 3HAYHY

HeOE3ITeKy.
(3)P B Tumx Bumamgkax, KOIW MOTpiIOHA Tmporpama
CIOCTEpEKEeHb  IMOHITOPHHTY,  MPOEKTYBaIbHUK

MOBMHEH BKMIOYMTH ii B 3BiT 3 I'eorexHidyHOrO
[IpoexryBanns (nuBHCH 2.8). Y HROMY HOBHHHO OYyTH
BKa3aHO, IO 3a pe3ylIbTaTaMH CIIOCTEPEKEHb
ITOBUHEH TPOBOAMTHCS aHANI3 1 MPHU HEOOXITHOCTI
TIpUIAMATHCS BiITOBITHI 3aXOIH.

(4) TIporpama MOHITOPHHTY /Jisi HACHIYy IOBHHHA
BKJIFOYATH HACTYITHI 3aITHCH:

- BUMIpIB TOPOBOTO THCKY B TiJIi i OCHOBH HACHUILY;

- BHUMIpiB OCiJaHh yChOTO ab0 YacTHH HACHITy i1
CHOPY/ B 30HI BIUIHBY;

- BUMIpIiB TOPU30HTANBHUX ITEPEMIIIICHb;

- XapaKTepHCTHK OIOpY MaTepiady HacHIly IpH
OyIiBHUIITBI;

- XIMI4HI aHa]i3W N0, TiA 4ac i micns OymiBHHIITBA,
SIKIIIO TIOTPIOHMA KOHTPOIb 3a0pyIHEHHS;

- HarJIA] 3a 3aXKUCTOM Bifl €po3ii;

- pe3yibTaTiB  KOHTPONIO  BOZOIMPOHHKHOCTI
MaTepiaxy HaCHITY 1 IPYHTY B TIpolieci Oy 1iBHUIITBA;

- TTUOMHYU TPOMep3aHHs TpeOeHs HACHITY.

(5) MoOHITOpUHT 1 KOHTPOJb HACHIMIB, SIKi 3BOIATHCS
Ha ClMa0KUX TIPYHTax 3 MajiOl0 BOJONPOHUKHICTIO
BUKOHYIOTBCSl LUIIXOM BHMMIpiB ITOPOBOTO THCKY B
mapax ciaabkoro IpyHTy, a TaKOXX BHUMIPIB OCiTaHHS
HACHITY.

to the time dependency of the settlements due to
both consolidation and secondary effects.

(3) The possibility of deformations due to changes
in the ground-water conditions should be taken into
account.

(4) In cases where the deformations are difficult to
predict, the methods of pre-loading or trial
embankments should be considered, especially in
cases where serviceability limit states shall be
prevented.

12.7 Supervision and monitoring

(1)P Supervision and monitoring of embankments
shall follow the provisions in Section 4.

(2) Monitoring should be applied to embankments
in one or more of the following situations:

— when using the observational method (see 2.7);
— where the stability of an embankment acting as a
dam to a large degree depends on the pore-water
pressure  distribution in  and beneath the
embankment;

— where records of pollution effects of fill or traffic
are required;

— where control of adverse effects on structures or
utilities is required;

— where surface erosion is a considerable risk.

(3)P In cases where a supervision and monitoring
programme is required, the designer shall present it
in the Geotechnical Design Report (see 2.8). It shall
be specified that the monitoring records are to be
evaluated and acted upon as necessary.

(4) A monitoring programme for an embankment
should contain the following records:

— pore-water pressure measurements in and
beneath the embankment;

— settlement measurements for the whole or parts
of the embankment and influenced structures;

— measurements of horizontal displacements;

— checks on strength parameters of fill material
during construction;

— chemical analyses before, during and after
construction, if pollution control is required;

— observations of erosion protection;

— checks on permeability of fill material and of
foundation soil during construction;

— depth of frost penetration in the crest of an
embankment.

(5) The construction of embankments on soft soil
with low permeability should be monitored and
controlled by means of pore-water pressure
measurements in the soft layers and settlement
measurements of the fill.



Pucynok 9.2 - Ilpuknaau rpannyHuX (GopM pyiiHyBaHHsS (PYHAAMEHTY TpaBiTalliiHUX CTIH
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Pucynok 9.4 — Ilpuknag rpannyHoi (OpMH BEPTUKAIBHOTO PYHHYBaHHS 3aKJIaIeHUX CTiH



Pucynok 9.6 — Ilpuknaau rpannyHux (Gopm pyiHYBaHHS yepe3 BUCMUKYBAHHS aHKEPiB



Udstd

a) [TogusTHe MOJIOro 3ari1y0JIEHHOTO COOPYKEHHUS

1 YpoBeHb IPYHTOBBIX BOJ (B IPYHTE)
2 Bononenponuiiaemas HOBEpXHOCTh

..........

b) [ogusTHE NErKON HACKINU IPU 3aTOTUICHUN

1 YpoBeHb IPYHTOBBIX BOJI (B TPYHTE)
2 BononenponuiiaeMas HOBEpXHOCTh
3 Jlerkuii HachITHOW MaTepHUan

AR
TNe o

Gistbd

c¢) [logusTHe MHA BEIEMKH

[ToBepxHOCTH I'pyHTa JI0 Hayasa paboT
IIecok

I'muna

I'paBuit

~N o o1 b~
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d) YerpoiicTBO pyHIaMEHTHOM TITUTHI MO BOJIOM

YpoBeHb IPYHTOBBIX BOJ (B IPYHTE)
Boaonenponunaemast HoBEpXHOCTh
[Tecok

[Tecok

NHBEKTMPOBAHHBIN MTECOK

cooOITN

e) KOHCprKI_[I/IH C aHKCPOM I HpOTHBO,I[CfICTBHSI TIOAHATHIO

1 VYpoBeHb IPyHTOBBIX BO/J (B TPYHTE)
5 ITecox
9 Ankep

Pucynox 10.1 - Tlpuknanu curtyartiif, Koau riipocTaTHYHUNA TiTHOM MOKe OyTH KPUTHUYHUM
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YpoBeHb OTKOMKH (CJIeBa); YPOBEHb TPYHTOBBIX BOJI (CTIpaBa)
Bona
ITecox

Pucynoxk 10.2 - Tlpukmnan cutyaiii, KOJIH TipaBIiYHE MIHATTS MOXKE OyTH KPUTHUYHUM
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HapyxHblil ypOBEHb TPYHTOBBIX BOJ

[Ire30MeTpuyUecKHii ypoBEeHb B BOAOIIPOHUIIAEMOM IIOACTHIIAIOIIEM CIIOE
I'pyHT ¢ HU3KOH BOJONPOHNULIAEMOCTHIO

[Toacrunaromuii BOAOIPOHULIAEMBIH CIIOI

Bo3moxHas ToUka Havaga OTCTyMaroUIed 3po3uu

TyHHENb BO3BMOXXHON OTCTYyHAIOLIEH 3pO3Un

Pucynox 10.3 - Ilpuknan craniB, siKi MOXKE€ COPUYUHUTH Ccy(]o3is



JlopaTok A
(HOpMaTHBHHIA)
Oxkpemi i kopenasimiiiHi koedimieHTn 1A
rPAaHMYHOIO CTAHY 3a BTPATOK Hecy4oi
30aTHOCTI i peKkoMeHI0BaHi BeJTHIMHHI
A.1 Oxpemi koedimiecHTn i KkoedinmienTn
KopeJsiii
(1)P Oxpemi xoe(imieHTH y TPAHUYHOTO CTaHY
3a BTPATOIO0 HECYd4Oi 3AaTHOCTI ISl TTOCTIHHUX
a00 3MIHHHX pPO3pDaxyHKOBHX CHTyalid, a
TaKOXX Koe(ilieHTH Kopensmii ¢ Ui maaTbOBUX
(dbyHIaMeHTiB  Jns  BCIX  PO3pPaxyHKOBHX
CHUTYyalliii 0epyThbcs y IIbOMY JOJATKY .
A.2 Oxpemi koepiuieHTH A1 NepeBipKH
rPAHMYHOIO CTAHY 3a BTPATOK PiBHOBAru
(EQU)
(1)P IIpm mepeBipii TpaHWUYHOTO CTaHy 3a
Brpatoto piBHOBaru (EQU) mns mid yr ciix
3aCTOCOBYBATH HACTYITHI OKpeMi KoeillieHTH:
- Yedst JUIA TIOCTIHHUX  HECHPHUSATIUBUX
JeCcTa0i3yIoUrX Miif;
- Yestb UIA  TOCTIHHMX  CHPUSTIIMBUX
CTaOLTI3yOUUX JTil;
- Yot OIS 3MIHHMX — HECHPUSTIMBUX
nectalbuTizyounx Jiif;
- yosh UL 3MIHHMX  CHPUSTIIMBUX
CTa0UTi3yIOunX Jii.

[MPUMITKA. BenuuuHu yGdst,  VGisto,
Yoidst 1 YQisth VI KOHKPETHOI KpaiHW MOXKYTh

Annex A

(normative)

Partial and correlation factors for ultimate
limit states and recommended values

A.1 Partial factors and correlation factors
(1P The partial factors y for ultimate limit
states in persistent and transient design
situations, and the correlation factors & for pile
foundations in all design situations, shall be
those mentioned in this annex.

A.2 Partial factors for equilibrium limit
state (EQU) verification
()P For the verification of equilibrium limit
sate (EQU) the following partial factors on
actions yr shall be applied:
—  yedst on destabilising unfavourable
permanent actions;
— yeshb ON stabilising favourable permanent
actions;
— ya:dst ON destabilising unfavourable variable
actions;
— yo:isb ON Stabilising favourable variable
actions.

NOTE The values to be ascribed to yg;ast ,
yesth , Yo:dst and yo:sw fOr use in a country may
be found in its National annex to EN



OyTH HaJaHi B HaIliOHAJIbHOMY nonatky g0 EN
1990:2002. PexomenmoBauni EN 1990:2002
BEJIMYWHU JIJIs OyNiBenb HaaHi B Tabmummi A. 1.

1990:2002. The recommended values for
buildings in EN 1990:2002 are given in Table
A.l.

Tadmuus A.1 - Oxpemi koedimienTn st aiii (y r)

Hist Io3navyeHHsn Beanunnn
ITocriiina
Hecnipustiusa ¥ Y Gidst 11
Crpustimpa Y Gistb 0,9
3MiHHA
Hecnpustiupa 3) Y Qidst 15
Crpusrimnsa b) Y Q;stb 0
9 Jlectabinizyroua
5 Cra6inizyroua

(2)P [nsa mepeBipku TPaHUYHOrO CTaHy 3a
Brparoro piBHoBarn (EQU) ans mapamerpi
IPYHTIB y) TP HEBUCOKUX BEIMYUHAX OIOPY
3pYIIEHHIO MOTPIOHO OpaTH HACTYIHI OKpeMi
Koe(illieHTH:
- Y JUIAd TAaHT'€HCa KyTa BHYTPIIIHBOTO TEPTS;
- Y¢ Ui IPEHOBAHOT'O 34YEIUICHHS;
- Yeu IUISI HEAPEHOBAHOI'O 3UYCIICHHS;
- Yqu UL  MIIMHOCTI TPU  TIPOCTOMY
CTUCKYBaHHI;
-y, a7 00'eMHOi Baru

HIPUMITKA. Beruyunu ¥ o' ,Ye' , Yeu s Yu i Yy »
SIKE 3ACMOCOBYIOMbCSL 8 KOHKPEMHill KpaiHi,
Modxcyms 6ymu nadani ¢ Hayionanenomy oodamiy
0o yiei nopmu. Pexomenoosani eenuyunu Haoaui 6
mabauyi A.2.

(2)P For the verification of equilibrium limit
state (EQU) the following partial factors on
soil
parameters  yw shall be applied, when
including minor shearing resistances:
— 7,- on the tangent of the angle of shearing
resistance;
— vy, on effective cohesion;
— yeu ONundrained shear strength;
— yqu 0N unconfined strength;
— 1, on weight density.

NOTE. The values to be ascribed to y,,
Ye'y Yeu, Yqu, @nd p, for use in a country may be
found in its National annex to this standard.
The recommended values are given in Table
A.2.

Taduus A.2 — OkpeMi koeinieHTH /15 MapamMeTpiB IPYHTIB (Y i)

ITapameTpu IpyHTY ITo3znauenns Beanunnu

KyT BHYTpimHKOrO TEpTS ¥ Vo' 1,25
EdexTuBHe 3uerieHHs Ve 1,25
Henpenoane 34ereHss Veu 1,4
MirHicTh pu MPOCTOMY Yqu 1,4
CTHCKYBaHHI

O06'eMHa Bara Vy 1,0

Q) Ieii koedinieHT BBOIUTHCS A tan ¢’

A.3 Oxpemi koedimieHTH I8 NepeBipKH
TPAHNUYHHUX CTAHIB KOHCTPYKTHBHHX (STR) i
reorexHiynux (GEO)

A.3.1 Oxkpemi koedinieHTn piast gid (yr) 4um
pe3yabTatiB Iiii (y £)

(1)P [[na nepesipku koncmpykmugrux (STR) i
ceomexuiunux (GEO) epanuunux cmamuis 01s Oitl
(Ye) abo pesynomamis oiti (ye) epynu A1 abo epynu
A2 cnio 3acmocogysamu HACMYNnHi OKpemi
Koeiyicnmu:

- ¢ I8 TOCTIMHHX HECHPUSATIMBUX a0o
CHPUSTIUBHX JIili;

- Y Uil 3MIHHMX HECTIPHATIMBUX a0o
CIPUSTIUBHX JIii.

A.3 Partial factors for structural (STR) and
geotechnical (GEO) limit states verification
A.3.1 Partial factors on actions (y £) or the
effects of actions (y k)

(1P For the verification of structural (STR)
and geotechnical (GEO) limit states set Al or
set A2 of the following partial factors on
actions (ye) or the effects of actions (yz) shall
be applied:

— ye on permanent unfavourable or
favourable actions;

— yo on variable unfavourable or favourable
actions.



[MPUMITKA. 3navueHHs yps i yo, fKi
3aCTOCOBYIOTBCSl B KOHKPETHIH KpaiHi, MOXYTh
OyTy HajxaHi B ii HAIIOHAJLHOMY JOJATKy JO
EN 1990:2002. Pekomenmoauni EN 1990:2002
3HauUeHHS JUIsl OyiBeNb s ABOX rpym Al 1A42
Hajadl B Tadimii A.3.

NOTE The values to be ascribed to y¢ and
yo for use in a country may be found in its
National annex to EN 1990:2002. The
recommended values for buildings in EN
1990:2002 for the two sets Al and A2 are
given in Table A.3.

Tadmuus A.3 — Oxpemi koedinienTn nas aiii (yr) i peyasraTiB aiii (Yg)

Hist IMo3navyeHHsn I'pyna
Al A2
ITocriiiHa Hecnpusrtiauga VG 1,35 1,0
Crpustimsa 1,0 1,0
3MiHHa Hecnpusitnusa 12 1,5 1,3
Crpusitina 0 0

A.3.2 Okpemi koedinieaTH 1751 mapameTpis
IPYHTY (7 )
(1)P Hns mepeBipku koHcTpykTHBHHX (STR) i
reorexHiyanx (GEO) rpaHWYHMX CTaHIB JUIs
IPYHTOBHX mapamerpiB (yy) rpymu M1 abo
rpynu M2 citi 3acTOCOBYBATH HACTYITHI OKpeMi
Koe(illieHTH:
- Y¢ JUIA TaHTEHCA KyTa BHYTPIIIHBOI'O TEPTH;
- Yo 10 epEKTUBHOTO 34EIUICHHS;
- Yeu UL HEIPEHOBAHOTO 34EIUICHHS;
- Yqu JUIA OIOPY HPOCTOMY CTHCKYBaHHIO;
-y, nans 00'eMHOi Bary.

MMPUMITKA. 3HaueHHS ¥4, Y’y Yeu s Yqu 1
5, AKl 3aCTOCOBYIOTHCS B KOHKPETHIH KpaiHi,
MOXYyTh OyTH HajgaHi B 1l HaI[lOHATHHOMY
nomaTKy no 1iei HopMmu.  PexomeHmoBaHi
3HAaYeHHS UiA ABOX Tpym M1 i M2 HanmaHi B
Tabmumi A.4.

A.3.2 Partial factors for soil parameters (y
M

)
()P For the verification of structural (STR)
and geotechnical (GEO) limit states set M1 or
set M2 of the following partial factors on soil
parameters (ywm) shall be applied:
— y¢ On the tangent of the angle of shearing
resistance;
— vy~ on effective cohesion;
— ya ON undrained shear strength;
— yqu On unconfined strength;
— 7, on weight density.

NOTE The values to be ascribed to y o>, ye,

Yeu » Yqu 1 7, fOr use in a country may be found
in its National annex to this standard. The
recommended values for the two sets M1 and
M2 are given in Table A.4.

Taémuus A.4 — Oxpemi koedinieHTH 1/ mapamMeTpiB IpyHTY (Yar)

ITapameTpu IpyHTy ITo3nayeHHsn I'pyna

M1 M2
KyT BHYTpimHKOr0 TEpTs ¥ Vo' 1,0 1,25
EdexTuBHe 3uerieHHs Ver 1,0 1,25
Henpenoane 34ereHss Veu 1,0 1,4
[IpocTe cTuckyBaHHS Yqu 1,0 14
Ob6'emHa Bara Y 1,0 1,0
a) Lleit pakTOp 3aCTOCOBYETHCS LA tan ¢

A.3.3 OkpeMmi koedinienTn onopy (yr)

A.3.3.1 Oxpemi koediuiecHTH omopy A
(pyHaaMeHTIB HerJMOOKOro 3aKJIaJaHHS

(HP  Hdns  ¢yHoaMeHTIB  HErIMOOKOro
3aKmafaHHs 1 TepeBipKM  KOHCTPYKTUBHUX
(STR) 1 reorexniuaux (GEO) rpannunux
craHiB Ay koedimieHTa onopy (yr) rpyn R1, R2
i R3 cmig 3acrocoByBaTH HACTYNHI OKpeMi
Koe(iLieHTH:

- YRy IS OTIOPY CTHCKaHHIO;

A.3.3 Partial resistance factors (yg)

A.3.3.1 Partial resistance factors for spread
foundations

(1)P For spread foundations and verifications
of structural (STR) and geotechnical (GEO)
limit states, set R1, R2 or R3 of the following
partial factors on resistance (yr) shall be
applied:

— yryv 0N bearing resistance;



- YRh JJIS1 OOpPY KOB3aHHIO.

[MPUMITKA. 3naueHHS YRy 1 JrR:h , fKi
3aCTOCOBYIOTBCSl B KOHKPETHIH KpaiHi, MOXYTh
OyTH HaJaHi B HaIlIOHAJIILHOMY JOAATKY JIO ITI€T
HOpMH. PexoMeHIOBaHI BEIMYMHU IS TPHOX
rpyn R1, R2 i R3 Hagani B Tabmumi A.S.

— yrh 0N sliding resistance.

NOTE The values to be ascribed to yr.v, and
yr:n fOr use in a country may be found in its
National annex to this standard. The
recommended values for the three sets R1, R2
and R3 are given in Table A.5.

Taonuus A.5 — Oxpemi koediuieaTu onopy (yr) AJas1 GpyHAaMeHTIB HErTUO0KOr0 3aKIaJaHHA

Onmip Io3navyennst Mpyna
R1 R2 R3
CTucKaHHs YRiv 1,0 14 1,0
Kos3anns YR:h 1,0 1,1 1,0

A.3.3.2 Oxpemi koediuiecHTH omopy Aad
NaTbOBHX (PYHIAMEHTIB

(1P Hdns mamboBUX (yHAaMEHTIB 1 MepeBipKu
koHcTpykTHBHHX (STR) i1 reorexniunux (GEO)
IPaHMYHKX CTaHIB I KoedilieHTa onopy (yr)
rpyn R1, R2, R3 i R4 cnix 3acrocoByBaTH
HACTYITHI OKpeMi Koe(ilieHTH:

- Y JJISA OIOPY IiJ BICTPSIM;

Ys  IJIS OMOPY Bix TEpPTS 00 CTBOJ Majii MpH
CTUCKYBaHHI;

-y IS IOBHOTO/KOMOIHOBAHOI'O OITOPY IaJlb
TIpH CTUCKYBaHHI;

- Yst OaA onopy 6i0 mepms 0b cmeoa nai npu
PO3MALYEAHHI.

[MPUMITKA. Benruawau o, s, yt1 Ysit, K1
3aCTOCOBYIOThCS B KOHKPETHIN KpaiHi, MOXYTh
OyTu HaJaHi B HAIIOHAIFHOMY AOAATKY /IO i€l
HOopMu.  PekomeHmoBaHi  3HAYeHHS  UIA
qotuphox rpyn R1, R2, R3 i R4 namani B
Tabmuui A.6 IS 3a4aBlIIOBaHUX I[ajb, B
Tabmumi A.7 ans OypoBHX maib i B Tabmuii A.8
aust Oypoin’exuiitaux (CFA) masb.

A.3.3.2 Partial resistance factors for pile
foundations

(1)P For pile foundations and verifications of
structural (STR) and geotechnical (GEO) limit
states, set R1, R2, R3 or R4 of the following
partial factors on resistance (yr) shall be
applied:

— 0N base resistance;

— s on shaft resistance for piles in
compression;

— 7 on total/combined resistance for piles in
compression;

— ys:t 0on shaft resistance for piles in tension.

NOTE The values to be ascribed to y», s, 711

yst, fOr use in a country may be found in its
National annex to this standard. The
recommended values for the four sets R1, R2,
R3 and R4 are given in Table A.6 for driven
piles, in Table A.7 for bored piles and in Table
A.8 for continuous flight auger (CFA) piles.



Tadmuus A.6 — Oxpemi koedinieHTH onopy (yr) A 321aBTIOBAHNX NAJIb

Omip ITo3HayenHsn I'pyna
R1 R2 R3 R4
Bictps Vb 1,0 1,1 1,0 1,3
CtBosa (CTHCKYBaHHS) Vs 1,0 11 1,0 1,3
[ToBHMIT/KOMOIHOBAHUI M 1,0 1,1 1,0 1,3
(cTUCKyBaHHS)
CTBoOJIa IPH PO3TATYBAHHI Vsit 1,25 1,15 1,1 1,6
Tabnuusa A.7 — OkpeMi koedpiLlieHTU onopy (yr) Ansa 6ypoBux nanb
Onip Io3nauenus I'pyna
R1 R2 R3 R4
Bictps Vo 1,25 1,1 1,0 1,6
CtBona (CTHCKYBaHHS) Vs 1,0 1,1 1,0 13
IToBHMI1 / KOMOIHOBaHUM M 1,15 11 1,0 1,5
(cTucKkyBaHHS)
CTBoJIa IPH PO3TATYBAHHI Vsit 1,25 1,15 1,1 1,6
Taémuus A.8 — Oxpemi koedinienTu (yr) 115 oypoin’ekuiiinux (CFA) maan
Omip ITo3nauenns I'pyna
R1 R2 R3 R4
Bictps Vb 1,1 1,1 1,0 1,45
CtBoJa (CTHCKYyBaHH) Vs 1,0 1,1 1,0 1,3
[ToBHwM# / KOMOIHOBaHUI M 1,1 1,1 1,0 14
(cTHCKyBaHHS)
CrBoJa mpH po3TAryBaHHI PVs:t 1,25 1,15 1,1 1,6
A3.3.3 Koepinientn  kopeasmii  aist A.3.3.3 Correlation factors for

najaboBHX (PyHIAMEHTIB

()P ns mepesipkn koHCTpykTHBHUX (STR) i

reorexHiuanx  (GEO)

TpaHUYHUX

CTaHIB

KoedimieHTH Kopemsnii ¢ s po3paxyHKiB

XapakTepUCTUK OMNOpy Maib

HaBaHTAXECHHIMA CIIi
HACTYITHI:

3 OChbOBHMU

3aCTOCOBYBAaTHU

- {1 s cepefHiX BETUYHH OMOpPY, 3aMipsHUX

B mporeci
HaBaHTAXXCHHSIMHU;

BHIIPOOYBaHb

CTaTHYHUMHU

- &  ang MiHIManbHUX —BEIHYHH — OIOPY,

3aMipsSTHUX B mporeci

CTaTUYHUMMH HaBAHTAXXCHHAMM,

BUIIPOOYBaHb

- &3 s cepefHiX BETUYHH OMOpPY, 3aMipsSHUX

B TIpOIIeCi BUTIPOOYBaHb IPYHTIB;

- & gng MiHIMaJdbHUAX —BEJIMYMH — OIOPY,
3aMIipSHUX B IpoLeci BUIIPOOyBaHb IPYHTIB;
- & And cepenHiX BETMYUH ONOpY, 3aMipsSHUX

B mpoueci  BUNPOOYBaHb  JAMHAMIYHUMH
HABaHTAXCHHSIMH;

- & Ul MiHIMaJIbHUX BEJIMYUH OIOpY,
3aMipSHUX B npoteci BUIIPOOyBaHb

)_'[I/IHaMi‘-IHI/IMI/I HaBaHTA>XCHHSIMU.

foundations

(1)P For verifications of structural (STR) and
geotechnical (GEO) limit states, the following
correlation factors ¢& shall be applied to derive
the characteristic resistance of axially loaded
piles:

— &

— & on the minimum value of the measured
resistances in static load tests;

on the mean values of the calculated
resistances from ground test results;

on the minimum value of the
calculated resistances from ground test results;
& on the mean values of the measured
resistances in dynamic load tests;

— 3

on the minimum value of the

on the mean values of the measured
resistances in static load tests;

measured resistances in dynamic load tests.

NOTE The values to be ascribed to &, &,




ITPUMITKA. Bemnuunu &, &, &, &, &
&6 111 KOHKPETHOT KpaiHU MOXKYTh OYTH HaJIaHi
B ii HaI[lOHAJBHOMY JIOJATKy IO Ii€i HOPMH.
PexoMmenmoBani 3Ha4YeHHs HaJaHl B TaOIMIIX
A9 A 101A.11.

&, &, &and & for use in a country may be
found in its National annex to this standard.
The recommended values are given in Table
A.9, in Table A.10 and in Table A.11.

Tadauns A.9 — KoedinienTn kopensuii ¢ 1/st OTpUMAaHHS XapaKTePUCTHYHUX BeJIHYHH 3
BUIIPOOYBAHb NaJb CTATHYHUMHU HABAHTAKEHHAMM (N — KIbKICTH BUNPOOOBYBAHMX MAJIb)

& mm n= 1 2 3 4 >5
& 1,40 1,30 1,20 1,10 1,00
& 1,40 1,20 1,05 1,00 1,00

Tadoauus A.10 — Koedinientu xopeasinii & a1 oTpuMaHHsI XapaKTePUCTUYHUX BEJTUYMH 3
pe3yabTaTiB BUNPOOyBaHb IPYHTIB (N — KIJIBKICTh BUNPOOYBAJILHUX NepepisiB)

Spnan = 1 2 3 4 5 7 10
& 1,40 1,35 1,33 1,34 1,29 1,27 1,25
) 1,40 1,27 1,23 1,20 1,15 1,12 1,08

Tabanusa A.11 KoegiuienTu xopeasinii & A9 oTpMMaHHA XapaKTepPUCTUYHUX BeJINYHH 3

BHNPOOYBaHb IHHAMIYHUMH YIAPHUMH HABAHTAKEHHSIMHU
BUINPOGOBYBAHUX MAJIb)

a,b,c,d, e

(n — kinbKicTH

Smisn= >2 ) >10 >15 >20
¢s 1,60 1,50 1,45 1,42 1,40
6 1,50 1,35 1,30 1,25 1,25

* 3naueHHs ¢ B TaOMII TIMCHI U BUITPOOYBaHb HAa TUHAMIUHI BIUIKBH.

b Benmamau ¢ MOKYTh YMHOKATHCS Ha KoedimieHT Moeri, piBauii 0,85, SKII0 BUMPOOYBaHHS Ha
TUHAMIYHI BIUIMBH IIPOBOAATHCS 13 CHIBIIAAI0UNMU CUTHAJIAMH.

¢ Benmuunnu & MOBUHHI YMHOXATHCS HA KoedirieHT moneni 1,10, SKIIo BUKOPUCTOBYETHCS CXeMa
3a0WBaHHS 3 BUMIPOM KBa3IMPYXHOT'O MIEPEMIIIIEHHS TOJIOBHY Al MPH yaapi.

4 Benmunan ¢ OBHHHI yMHOXKaTHCA Ha KoediieHT Moaeni 1,20, Ko BUKOPHUCTOBYETHCS CXeMa
3a0nBaHHS Maslk 6€3 BUMIipy KBa3impy>KHOTO ITEPEMIIIEHHs TOJI0BY Mali MPH yaapi.

¢ SIkmio GpyHIaMEHT BKJIFOYA€E Malli Pi3HUX THINB, TP BHOOPI KITBKOCTI Majb 1is BUIPOOyBaHb (N)
KOXKHY TPYIy OJJHAKOBUX MaJb CIiT PO3IJISIIATH OKPEMO.

A.3.3.4 Oxpemi koedimiecHTH omopy aIsd
nonepeIHbO HANPYKEHUX AHKePiB
(1)P Hns momepemnHbO HAIMpPYKEHUX aHKEPIB 1
mepeBipKu KOHCTPYKTHBHHUX (STR) i
reorexHivAnX (GEO) rpaHnyHUX CcTaHiB I
koeirienty omopy (yr) rpym R1, R2, R3i R4
CIiJT  3aCTOCOBYBAaTM  HACTYIHI  OKpeMi
Koe(iIlieHTH o1opy:
- Yay  IUIA TAMYACOBHX aHKEPIB;
- Yap JUIA TOCTIMHHUX aHKEPIB.

TIPUMITKA. 3navuenns Yati Yap 014
KOHKPEmHOI KpaiHu MOJ’Cymsb Oymu HaoaHi 8 it
Hayionanvnomy 0ooamxy do yiei Hopmu.

Pexomenoosani snauenns onn womupwvox epyn R1,
R2, R3 i R4 naoani 6 mabauyi A.12.

A.3.3.4 Partial resistance factors for pre-
stressed anchorages

()P For pre-stressed anchorages and
verifications of structural (STR) and
geotechnical (GEO) limit states, set R1, R2, R3
or R4 of the following partial factors on
resistance (yr) shall be applied:

— 7a;x  ON temporary anchorages;
— ya;p ON permanent anchorages.

NOTE The values to be ascribed to y' a;
and y' a;p for use in a country may be found in
its National annex to this standard. The
recommended values for the four sets R1, R2,
R3 and R4 are given in Table A.12.



Tabamnus A.12 — Oxpemi koedinieHTH onopy (Yr) AJI NMONEPeIHHO HANPYKEHNX AHKepiB

Omip Ilo3nauenns | [pyna
R1 R2 R3 R4
TumuacoBuit Vast 1,1 1,1 1,0 1,1
ITocTiiiuuii Vap 1,1 1,1 1,0 1,1

A.3.3.5 Oxkpemi koedinieaTu onopy (yr) ais
YTPUMYIOYHX (MiAMipHUX) cOpYyA
(1)P [[ns ympumyrouux cnopyo i nepesipku
xoncmpyxmuenux (STR) i ceomexniunux (GEO)
epanuynux cmanie ons epyn R1, R2 i R3 ona
xoeghiyienmis onopy (yr) cnio 3acmocogysamu
HACMynHi okpemi KoegiyicHmu.:
- Yryv IS HECYYOI 3/1aTHOCTI;
- Yrh JUTA OIIOPY KOB3aHHIO;
- VR JUISL OTIOPY IPYHTY

[NPUMITKA 3naueHHS YRy, YRih1 YR IS
KOHKpETHOI KpaiHW, MOXYyTh OyTHM HajaHi B ii
HarionanpHOMY JOJaTKy 1O Ii€]  HOPMH.
PexomeHioBaHI 3Ha4YeHHs I TPhOX TIPYI
napamerpiB R1, R2 i R3 naziani B tabmmii A.13.

A.3.3.5 Partial resistance factors (y' r) for
retaining structures

(1)P For retaining structure and verifications
of structural (STR) and geotechnical (GEO)
limit states, set R1, R2 or R3 of the following
partial factors on resistance (yr) shall be

applied :

— yry  ON bearing capacity;
— yrh 0N sliding resistance;
— yrie  ON earth resistance.

NOTE The values to be ascribed to y gy,
ylr:n and yllg.e for use in a country may be
found in its National annex to this standard.
The recommended values for the three sets R1,
R2 and R3 are given in Table A.13.

Taonuus A.13 — Oxpemi koedinicHTn omopy (yr) A8 yTPUMYHUYHUX (MiANIpHUX) cCIOPYA

Omip ITo3nauenns I'pyna
R1 R2 R3
Hecyua 3matHicTh YR:v 1,0 1,4 1,0
Onip KOB3aHHIO YR:h 1,0 1,1 1,0
Orip rpyHTY VR:e 1,0 1,4 1,0

A.3.3.6 Oxpemi koedinienTu omopy (yr) Aas
YKOCiB i 3arajibHoi cTiiikocTi

()P Hns ykociB i 3arampHOi CTIiHKOCTI Ta
TIepeBipKU KOHCTPYKTHBHHUX (STR) i
reorexHivanX (GEO) TpaHWYHUX CTaHIB IS
OIOpy TPYHTY CIiJi 3aCTOCOBYBAaTH OKpEMHil
KOCDIIHEHT (Yr;e)-

[TPUMITKA. Bemnunna VRee JUIA
KOHKpETHOI KpaiHu Moxe OyTH HajgaHa B ii
HamionansHOMY mOmaTKy n0 Ii€l HOpPMHU.
PexomennmoBaHi BemuunHA s TpboX Tpym R1,
R2 1 R3 Hvagani B Tabmumi A.14.

A.3.3.6 Partial resistance factors (I yg) for
slopes and overall stability

(1P For slopes and overall stability and
verifications of structural (STR) and
geotechnical (GEO) limit states a partial factor
on ground resistance (yr;e) shall be applied.

NOTE The value to be ascribed to yr.e for
use in a country may be found in its National
annex to this standard. The recommended
value for the three sets R1, R2 and R3 is given
in Table A.14.

Tabsmus A.14 Oxpemi koedinieHTH onopy (yr) A YKOCIB i 3arajJbHoI CTIiKOCTI

Omip Ilo3navenns I'pyna
R1 R2 Rs
Onmip rpyHTY VR:e 1,0 1,1 1,0

A.4 Oxkpemi koedinieHTH 151 TepeBipkH
TPAHUYHOIO  CTaHy 3a  TiAPaBJIYHOI0
nigiiomuoro cuiorw (UPL)

(1)P [[na nepesipku epanuuno2o cmauy 3a
2iopasniunoro niotiomuoro cunoro (UPL) 0ns
Koeiyienmis Oiii (Yr) cio 3acmocogyéamu
HacmynHi okpemi Koegiyicumu.:

A.4 Partial factors for uplift limit state
(UPL) verifications

()P For the verification of uplift limit state
(UPL) the following partial factors on actions
(ye) shall be applied:



- Yeidst UL IECTAOUTI3yIOuMX HECHPHUSTIUBUX
MOCTIMHUX [iii;

- Yesth JUIA CTaOUTI3yIOUMX HECHPUSTIUBUX
MOCTIMHUX [iii;

- PQudst JUIS ACCTAOUTI3YIOYMX HECHPUSTIMBUX
TUMYACOBUX Iiil.

[MPUMITKA. Benuuunu yc.dst, JYc:sth 1
YQidst AL KOHKPETHOI KpaiHM MOXYTh OyTH
HajgaHi B ii HarlloHanbHOMY nOmaTKy JO Mi€i
HOpMHU. PekoMeHmOBaHI BEIWYMHHM HaJaHi B
Tabmum A.15.

— yadst 0N destabilising unfavourable
permanent actions;

—yestb  ON stabilising favourable permanent
actions;

— yadst  on destabilising unfavourable
variable actions.

NOTE The values to be ascribed to y g:ast,
ya:sto @and yq.ast fOr use in a country may be
found in its National annex to this standard.
The recommended values are given in Table
A.15.

Tadmuus A.15 — Oxpemi koedinienTu as aii (yr)

Hist ITo3HavyeHHA Beanunna
ITocriiina
Hecnpusrtiupa * YG:dst 1,0
CupusiTiimBa b YG;stb 0,9
3MiHHA
Hecnpusriusa * YQ;dst 15
* Jlecrabinizyroua
Y Crabinizyroua

(2)P Jlns mepeBipkM TPaHWUIHOrO CTaHy 3a
rigpaBiigHO0 migioMuoro cuitoro (UPL), komn
BpPaxOBYETHCS omp  mimioMy,  Ciin
3aCTOCOBYBATH HACTYITHI OKpeMi Koe(illi€HTH:

- Yy JUIA TaHTeHCa KyTa BHYTPIIIHBOTO
TepTS;

- Yo U eEeKTHBHOTO 3YETIICHHS,;

- Yeu I HEAPEHOBAHOT'O 3YEIUICHHS;

- Yst 7S ONOPY TaJi Ha PO3TATYBAHHS;

- Y,  IJs ONOpY aHKepiB.

IIPUMITKA. Benuuunu Yy, Ye, Yeu, Ysti Ya 014
KOHKDEmHOI KpaiHu MOX’CYyms 6ymu HA0awi 8 ii
Hayionansnomy 0ooamxy 0o yiei Hopmu.
Pexomenoosani snavenns naoaui 6 Tabauyi A.16.

(2)P For the verification of uplift limit state
(UPL) the following partial factors shall be
applied when including resistances:

— 7, on the tangent of the angle of shearing
resistance;

— yo on effective cohesion;

— yeu ON undrained shear strength;

— ys:ton tensile pile resistance;

— ya 0On anchorage resistance.

NOTE The values to be ascribed to y' ' ',
ver Y eu, Pty @nd yll, for use in a country may
be found in its National annex to this standard.
The recommended values are given in Table
A.16.

Tabauusa A.16 — Oxpemi koedinieHTH A1 mapamMeTpiB IPYHTY i omopy

MapameTp rpyHTy Io3Hayenns Beanunna
Kyt BHYTpIIHBOTO TEPTS * Vo' 1,25
EdexTuBHe 34erieHHs PVer 1,25
Henpenoane 34erneHss Yeu 1,40
Omip naji po3TsATryBaHHIO it 1,40
Omip aHkepa Va 1,40

& Ileit pakTop 3aCTOCOBYETHCS VTS tG 0

A.5 Okpemi koedinieHTH 151 TepeBipkH
TPAHUYHOIO CTaHY MPH TiIpaBJIiYHOMY
nigiiomi (HYD)

()P  [dns mepeBipkd T'PaHUYHOIO CTaHy NpPH
rigpaBiIiyHOMY nigiomi (HYD) Ui
koeimieHTIB it (PF), CHOiA 3aCTOCOBYBAaTH
HACTYITHI OKpeMi Koe(ilieHTH:

A.5 Partial factors for hydraulic heave limit
state (HYD) verification

(1P For the verification of hydraulic heave
limit state (HYD) the following partial factors
on actions (yF) shall be applied:

— yedt  on destabilising unfavourable
permanent actions;



- YGdst A JecTabUTi3yIounX HECHPUSTIUBUX
MOCTIMHUX [iii;

- Yestb AN CTAOUTI3yIOUMX CHPUSTIUBUX
MOCTIMHUX [iii;

- PQidst IS IECTaOLTI3yFOUMX HECHPUSTIHMBUX
3MIHHUX .

[NPUMITKA  BemuuuHU ycdst, JGisto 1
YQ:dst JUIS 3aCTOCYBAHHS B KpalHU MOXYTh OyTH
3aknaaeHi B HamionamsHomy nomatky no EN
1990:2002. PexomenmoBaHi BEIMYUHA HAJaHI B
Tabmum A.17.

— 7ya:stb  ON stabilising favourable permanent
actions;

— yo.dst ON destabilising unfavourable variable
actions.

NOTE The values to be ascribed to !
Yeids, Yoisto and [l ypo.as TOr use in a country
may be found in its National annex to EN
1990:2002. The recommended values are
given in Table A.17.

Tadmuus A.17. OxpeMmi koedinienTn ns aiit (yr)

Hist Io3navyenus BenuunHa
ITocriitna
Hecnpusitiusa * VG;dst 1,35
Crpusitiea ° YGisto 0,90
3MiHHA
Hecnipustiuga * Q;dst 1,50
 TecraGinizyroua
b ..
Crabinizyroua
Nonatok B Annex B
(inopmaTrBHIIT) (informative)

JoBinka moao oxkpemMux koe(illieHTIB 1A
poextHux Hixxonis 1,213

B.1 3aranbHi moJio:keHHs

(1) V 2.4.7.3.4 naoani ocnosu mpwvox Ilpoexmmux
Iioxooie ons epanuynux cmanie munie STR i GEO
0151 NOCMITIHUX | 3MIHHUX cumyayil. Bonu
BIOPIHAIOMBCSE CHOCOOOM PO3NOOLTY OKPEMUX
Koeghiyienmis midic Oistmu, pe3yrbmamamu Oit,
sracmugocmamu mamepianie i onopom. Yacmrogo
ye 06yMOBGLEHO PIZHUMU CROCOOAMU 8PAX)YBAHHS
noepiwiHocmeti npu MoOent08aHHI pe3yibmamia Oiti i
onopy.

(2) Y Ilpoextnomy Ilimxomi 1 mma ycix
MPOEKTIB  TMOTPeOyIThCA, B  NPUHIHUIMI,
MepeBipKA Il JIBOX TPYyH KOeilieHTiB,
3aCTOCOBAHUX y JBOX OKPEMHX BU3HAYECHHSX.
SxImo sicHO, IO OAHA 3 IUX T'PYH € TOIOBHOIO
IUTA TIPOEKTY, TO HE O0OB’S3KOBO BUKOHYBATH
BH3HAYEHHS JUIS 1HIIOI TPYIIH.

B ocHOBHOMY, KOE(]IIliEeHTH 3aCTOCOBYHOTHCS
IO i, a He Uil pe3yNbTaTiB i, 3a
BHKITFOUEHHSIM OHOTO 3 BUNAJKIB, HABEJIEHOT'O
y (24.7.3.4.2(2). Y Oaratbox BHIIaJKax
KOe(II[IEHTH 3aCTOCOBYIOTHCS JI0 ITapaMeTpiB
TPYHTY, aje JUId MPOEKTYBaHHS Malb 1 aHKEPiB
BOHU BUKOPUCTOBYIOTHCS IS OIIOPY.

(3) V¥ IIpoektnux Ilimxomax 2 i 3 HeoOximHe
(00OOB’sI3KOBE) €IUMHE BHU3HAYCHHS TS KOXKHOL
YaCTUHM TPOEKTy, 1 cmocid, B  AKui
Koe(iLli€EHTH 3aCTOCOBYIOTbCA 3MIHIOETBCS Y
BIJITOBIJHOCTI 3 BU3HAYCHHSM, 110
PO3IIIAIAETHCA.

Background information on partial factors
for Design Approaches 1, 2 and 3

B.1 General

(1) For limit state types STR and GEO in
persistent and transient situations, three Design
Approaches are outlined in 2.4.7.3.4. They
differ in the way they distribute partial factors
between actions, the effects of actions,
material properties and resistances. In part, this
is due to differing approaches to the way in
which allowance is made for uncertainties in
modeling the effects of actions and resistances.
(2) In Design Approach 1, for all designs,
checks are, in principle, required for two sets
of factors, applied in two separate calculations.
Where it is obvious that one of these sets
governs the design, it will not be necessary to
carry out calculations for the other set.

Generally, factors are applied to actions, rather
than to the effects of actions, though with one
noted exception (2.4.7.3.2(2)). In many cases,
factors are applied to ground parameters, but
for the design of piles and anchors they are
applied to resistances.

(3) In Design Approaches 2 and 3, a single
calculation is required for each part of a
design, and the way in which the factors are
applied is varied according to the calculation
considered.



(4) Y TIlpoextnomy Iligxomi 2 xoedirientn
3aCTOCOBYIOTBCSI a00 N0 i 4M pe3yJbTaTiB
it 1 10 oropy.

(5) Y TIlpoextnomy Ilimxomi 3 xoedirientn
3aCTOCOBYIOTBCS 10 /il UM PE3yNbTATiB il BiJl
Cropya¥ 1 0 TapaMeTpiB OIopy IPYHTY
(Mmarepiany).

B.2 KoegiuienTn aiii i pe3yabTaris aii

(1) EN 1990:2002 Bka3ytoTh, 110 Yf IIe OKpEMHUI
KoediIieHT it Aii i OepeThCs 3 BpaxyBaHHIM
MOKJIHBOCTI HECIIPUATINBUX BiJIXUJICHb
BeIMYMHM Jii Big 11 XapakTepuCTHYHOI
BenuuuHU. Tak caMo s e OKpeMui
KoedirieHT, 1o OepeThCs 3 BpaxyBaHHIM
HEBU3HAYEHOCTI B  MOJENIOBAHHI Jid 1 B
MOJIETIIOBAHHS Pe3yNbTaTIB JIill.

(2) EN 1990:2002 n03BONSIOTH  Psid 1 )
CIOJyYaTH MHOYKEHHSIM B OIMH KoedimieHT Fy

YE = VSid Yf

(3) PizHi nmigxoau y EN 1997 notpebytoTs, mo6
Koe(iITiEHTH 3aCTOCOBYBAIHUCS abo 1o ik, abo
mo0 pe3ynbrariB  mid. OCKUIBKH  BXXHBaHHS
KOoeiIlieHTIB MOAeNi ys;d UL Jifl BiA TPYHTY
3aJUIIAE€THCS BUKITIOUEHHSIM 1 TOMY TepefaHe
0  HaOHAJIBHOTO  PIIICHHS, TO B
TCOTEXHITHOMY MIPOCKTYBaHHI VE
3aCTOCOBYETHCS TIOBCIOJIU MJISI TIPOCTOTH IS
IiH 1 Vg IUIA pe3yNbTaTiB Aiil (IUBUCH JOJATOK
A, Tabmumi A.11A.3).

L]e 0o36ona€e HayionaneHum opeanizayism eubupamu
ANbMEePHAMUBHT GeTUNUHU CNOTYUEHHS Ys,d X Yf.

(4) Piusaas (2.6) Brmouae Xdym Y
BU3HA4YEHHS  Oid  OCKUIBKM  BJIACTMBOCTI
MaTepianxy IpyHTY B JIEIKAX BUMAJKAX MOXYTh
BIUIMBATH HA BEJIMYWHU T'€OTEXHIYHUX I,

(5) Y Ilpoextnomy Ilimxomi 1 HeoOximHi
MepeBipkd  UIT  JBOX  CIONYyYeHb  TPym
KOe(iIiEHTIB, 32CTOCOBYBAaHUX B JBOX OKPEMHX
BH3HAYCHHSIX.

Y Cnonydenni 1 xoedimieHTrn He piBHI 1 B
OCHOBHOMY  3aCTOCOBYIOTbCS Ui [TiH, 3
KoedilieHTaMu piBHUME | 10 pe3ynbTaTiB MIiif.
Taxk, B piBHsAHHI (2.6) 3acTocoByeThes YF#. /1 1
YE = 1.

Buximtouenns 3 nporo Bkazane y 2.4.7.3.2(2): y
BHITAKaX, Komu 1e Oyae ¢Gi3udHo He
OOTpYHTOBAaHO  BHUKOpUCTaHHS 7y # 1
(Hampukiaza, pesepByap 3 IOCTIHHUM piBHEM
piiuHM), TOII BUKOPHUCTOBYEThCS Yr =1 1 JE
#0001,

Y CnomyuenHi 2 Y = | BHUKOPHCTOBYETHCS
3aBKAM, 3 Yr £ 1 nume g 3MiHHUX Aif.

Tak, Bukitouaroum sSK BKazaHo y 2.4.7.3.2(2),

(4) In Design Approach 2, factors are applied
either to actions or the effects of actions and to
resistances.

(5) In Design Approach 3, factors are applied
to actions or the effects of actions from the
structure and to ground strength (material)
parameters.

B.2 Factors on actions and the effects of
actions

(1) EN 1990:2002 states that ¢+ is a partial
factor for an action and takes account of the
possibility of unfavourable deviations of the
action value from its characteristic value.
Likewise ys; 4 is a partial factor taking account
of uncertainties in modeling the actions and in
modeling the effects of actions.

(2) EN 1990:2002 allows ys;¢ and ps to be
combined into one factor multiplying Fi:

(B.1)

(3) The various approaches in EN 1997-1
require that factors be applied either to actions
or the effects of actions. Since the use of
model factors ys;q for actions from the ground
will remain exceptional and is therefore left to
national determination, yr is used throughout
for simplicity for actions and ye for the effects
of actions in geotechnical design (see Annex
A, Tables A.1and A.3).

This enables national authorities to select
alternative values of the combination ys:q X s

(4) Equation (2.6) includes X« / ym in the
calculation of actions because ground material
properties may affect the values of
geotechnical actions in some cases.

(5) In Design Approach 1, checks are required
for two combinations of sets of factors, applied
in two separate calculations.

In Combination 1, factors unequal to 1 are
generally applied to actions, with factors equal
to 1 on the effects of actions. Thus yr #/1 and
ve = 1 are applied in equation (2.6).

An exception to this is noted in 2.4.7.3.2(2): in
cases where it would be physically
unreasonable to apply yr #1 (example: tank

with fixed fluid level), then yr =1 and ye #/1
are used.

In Combination 2, ye = 1 is always used, with
v #.11 only for variable actions.
Thus, except as noted in 2.4.7.3.2(2), for



s IlpoexktHoro Ilimxomy 1, piBHAHHSA 2.6
MPHUBOIUTHCS J10:

Design Approach 1 equation (2.6) reduces to

Ee=E Y Fi X Agiy | (B.2)

(6) Y [IIpoektHomy Ilimxomi 2 HeoOxinHe
(00OB’s13K0BE) €IMHE BU3HAYCHHS JJI KOXKHOI
YaCTMHM TMPOEKTy, 1 cmocid, B  sKHid
Koe(ili€HTH 3aCTOCOBYIOTBCS abo st Aild abo
JUTS Pe3yJIbTATIB i 3MIHIOETHCS B 3aJISKHOCTI
Bil BHW3HAYEHHS, M0 PO3IJIAAAETHCA, 1
BHOUPAETHCS Y BIJIIOBIIHOCTI JI0 HALlIOHAJILHUX
0COOJIMBOCTEH.

3acrocoBytoTbh a00 e # /1 i yr=1, abo yr #1 /1
i

ye = 1. OCKUIBKM 3aCTOCOBYETBCS Yy = 1,
piBHSHHS (2.6) 3BOAUTHCS JI0:

E, =7 EfF

(6) In Design Approach 2, a single calculation
is required for each part of a design, and the
way in which the factors are applied either to
actions or the effects of actions is varied
according to the calculation considered and
chosen according to national determination.

Either ye # ' land ye=1, 0or yr # /1 and ye =1
are applied. Since ym = 1 is used, equation
(2.6) reduces to:

X2y | (B.3.1)

Ed = E{yF Frep;Xk;ad } (B32)

(7) YV Ilpoextnomy Ilimxomi 3 wueoOximHe
(oboB’s13k0Be)  e€muHEe Bu3HaveHHs. [IpoTe B
npoMy IlpoektHomy Iligxomi poOUTHCs
BIIMIHHICTE  MDK  JISIMH Frep  Bim
KOHCTPYKIIIi 1 MissMu  Big abo yepe3 IPyHT,
SIKI BU3HAYAIOTHCS BiJ Xk. 3aCTOCOBYIOTH
a6o ye # /1 iye=1a6o ye = 11y # 1.
Takum unHOM pIBHAHHA (2.6) cTae:

(7) In Design Approach 3, a single calculation
is required. However, in this Design Approach
a difference is made between actions Fre, from
the structure and actions from or through the
ground calculated from Xy . Either ye #11 and
ye=1orye=1and yr # 1 are applied. Thus
equation (2.6) remains:

Ed =E{7/FFrep/7M;ad} (B41)

E, =7:EF

B.3 Koediuientu ana omopy marepiaay i
onopy

(1) Piusaus (6.6) EN 1990:2002 i piBHAHHS
(2.7) EN 1990 piBHO3HaUHi:

X yuiay | (B.4.2)

B.3 Factors on material strengths and
resistances

(1) Equation (6.6) of EN 1990:2002 and
equation (2.7) of EN 1997-1 are equivalent:

1 . 1 Xl,k . .
R, =—R{X,:a, }=——Rin, —%;a, }(EN 1990:2002, pieusnns 6.6)  (B.5.1)
7R;d j/R;d m;i
1 X, .
Ry = 1{7eFepi =%, }, (EN 1997-1, piBnsnms 2.7) (B.5.2)
7R M

(2) Cmig 3a3nauntH, mo piBHAHHA (2.7) EN
1997-1 Brmouae YeFrp, y  BH3HaUYECHHS
MPOEKTHOI'0 OMOpPY OCKUIBKM aMIUNTYIu [id

(2) Note that EN 1997-1, equation (2.7),
includes yeFrep In the calculation of design
resistances because the magnitudes of actions



MOXKYTh BIUIMBATH Ha BEIMYMHH T€OTCXHIYHOT'O
OIIOpY B JCSAKHX BUMAKaX, HAPUKIA], HECYTY
3IATHICTh (PyHIaMEHTY MITKOro 3aKiajaHHs.
(3) YV EN 1997-1 BenmumHa KoedilieHTa
MIepETBOPEHHS n Oeperbcs piBHoO 1,0
OCKUTBKH XapaKTEPUCTHKH OMNOpy Marepiany
BH3HAYEHI AK BiJMOBiHI KOHKPETHUM yMOBaM,
TOMY BKJIIOYAIOTh 4/ B XapaKTePUCTHUHY
BEIIMYUHY.

(4) Pi3ni migxoau 1i€i HOPMU BUMAraroTh , 1100
KOE(IIIEHTH 3aCTOCOBYBAJIMCH a0 Ui OMOpPY
(mitHOCTi) MaTepiani (X) ab6o mist omopy (R).
i xoedimienTn y pi3HUIA cnocid KOMOiHYIOTh
¢yHkuii  koedimieHTIB  MaTepiamiB  Ym, 1
KoeQIIieHTiB Mozeni onopy (MirfHOCTI) (Yr;d)-
Jis crpoieHHsS KoedillieHTH 3aCTOCOBYBaHI
1t oropy marepiani (X) mo3HadaroTbes (Pur)
i koedimientn 3acrocoByBani s omnopy (R)
MO3HAYAOTHCS (YR ).

(5) V Ipoexmnomy I1ioxoodi 1 nepesipxu nompibni
07151 CROJIYYeHb 2pyn KoeqiyieHmia st 080X OKpeMux
6U3HAYEHb.

Y  Cnonyuenni 1 xoedinientd piBHi 1
3aCTOCOBYIOTH JIJISl OMOPY (MILIHOCT1) MaTepiany
i oropiB. Tomy B piBHsHHI (2.7) Y= R = 1.

Y CnomnyderHi 2 3a BHHATKOM IaJib 1 aHKEPIB
ym>1, yr=1.

Tomy y 6invuocmi eunaoxie Ipoexmuuii I[Tioxio 1
cnputivae (adanmoganuil 00) pisHsinms (2.7a).

may affect the wvalues of geotechnical
resistances in some cases, e.g. bearing capacity
of a shallow foundation.

(3) The value of the conversion factor # is
taken to be 1,0 in EN 1997-1 because the
characteristic material strengths are defined to
be those relevant to the field situation, thereby
including # in the characteristic value.

(4) The various approaches in this standard
require that factors be applied either to
material strengths (X) or to resistances (R).
These factors combine the roles of the material
factors ym and the resistance model factors
(yr;g) In various ways. For simplicity, the
factors applied to material strengths (X) are
denoted (ym), and the factors applied to
resistances (R) are denoted yr.

(5) In Design Approach 1, checks are required
for combinations of sets of factors for two
separate calculations.

In Combination 1, factors equal to 1 are
applied to material strength and resistances.
Thus ym = yr= 1 in equation (2.7).

In Combination 2, except for piles and
anchorages, ym>1, yr = 1.

Thus in most cases Design Approach 1 adopts
Equation (2.7a):

Rd:RinFrep;XklyM;ad } (B611)

Ilpome, 6 Cnonyuenni 2 ons nanw i aHkepis 6
pisHanHi (2.7) 3acmocosyromvcsa ym = 1 iyr > 1:

But, in Combination 2 for piles and anchors,
ym = 1and yr > 1 are used in equation (2.7b):

1
Ry =— R Fepi X33 | (B.6.1.2)

R
(6) V IIpoexmnomy I1ioxooi 2 koegpiyienmu, pisHi 1,
3a38uUall 34CcMOCco8yIOMbCs 0Jisl ONOPi6 (MiyHocmi)
mamepiany 3 koegiyicumamu Oinoute 1
3acmocosyganux 0o onopie. Tomy 6 pienanni (2.7b)
sacmocosytomoecs ym=1; yr > 1:

1

(6) In Design Approach 2, factors equal to 1
are generally applied to material strengths,
with factors greater than 1 applied to
resistances.

Thus ym=1; yr > 1 are used in equation (2.7b):

Ri=— R{7F Fepi X33} (B.6.2.1)

R
Konu v = 1 maxooie suxopucmogyemucs, pieHAHHSA
(2.7b) 3acmocosyemvca y popmi:

1

When yr = 1 is also used, equation (2.7b) is
used under the form;

R, =—R]{ i Xi08y | (B.6.2.2)

R
(7) ¥V Ipoexmmuomy I1ioxooi 3 3a3euuai
3acmocosyemovcsi ym > 11 yr = 1. Piguanns (2.7a)
3ACMOCOBYEMBCS MAKUM YUHOM.

(7) In Design Approach 3, ym >1 and yr=1 are
generally applied. Equation (2.7a) is used thus:



Rd = R{7F I:rep;>(k /7M » 8y } (B631)

Ane exazano, wo iHKOIU € MAKOINC HeOOXIOHICMb
yzamu YR > 1 (Hanpukiao, 015 po3mazy8aHux
namw), mooi pigHsAHH: (2.7a) 3acmoco8yemvcs
MAKUM YUHOM:

But, note that sometimes there is also a need to
have yr >1 (piles in tension, for example), so
that equation. (2.7a) is used thus:

Ra= RYe Fapi X/ 7ui80 1 74 (B.6.3.2)
DopaTtok C Annex C
(indopmaTuBHUIT) (informative)

3pa3ku MeTOAMK 1JIs1 BUBHAYEHHS
TPAHUYHUX BEeJMYMH TUCKY IPYHTY Ha
BePTUKAJIBHI CTiHH

C.1 I'paHu4Hi BeJIMYUHU THCKY IPYHTY

(1) I'panuuni eerununy mucky [pyHmy Ha
6EPMUKATLHY CIIHY SUKIUKAHI 00'€EMHOIO 842010
IPYHMY Y, ROCMIUHUM (OOHOPIOHUM) 6EPMUKATILHUM
HABAHMANCEHHAM NO6epXHi (0) 1 3uenienns rpynny
(C) nosunni susHauamucy maKum YUHOM:

- GKMUBHUL 2PAHUYHUL CIAH.:

Sample procedures to determine limit
values of earth pressures on vertical walls
C.1 Limit values of earth pressure

(1) The limit values of earth pressure on a
vertical wall, caused by weight density vy,
uniform vertical surface load (q) and ground
cohesion (c) should be calculated as follows:
— active limit state:

o, =K,[r-z+q ]-2¢ K,

Ta (z) = 0atg 0 + a (mo3UTHBHE B pa3i NepeMilleHHs TPYHTY BHU3) (C.1)

- TaCUBHUH TPaHUYHUM CTaH:

— passive limit state:

op (2) = Kp[y. z +q] + 2¢ JK,

Tp(z) = op tg0 + a (mosuTnBHE B pasi nepemimenns rpyuty sropy) (C.2)

ne:

a 34erieHHd (MK IPYHTOM 1 CTIHOIO)

C 34CIUICHHS IPYHTY

Ka KoediIlieHT TOpH30HTAILHOTO AaKTHBHOTO
TUCKY TPYHTY

K, KoedillieHT TOPU30HTAIHFHOTO ITACHBHOTO
TUCKY TPYHTY

( BepTHUKaIbHE HABAHTAXKCHHS HA MOBEPXHI

Z BiACTaHb YHU3 JHUIHOBOI TIOBEPXHi CTIHU

[ KyT Haxwily TIPyHTy 3a CTiHOIO (Bropy
TTO3UTHBHHH )

0 KyT OIOpY TEPTIO MIXK IPYHTOM 1 CTIHOFO

y 00'eMHa Bara yrpuMyBaHOIO IPYHTY

04(Z) HampyXeHHs, HOpMaJIbHE 10 CTiHH Ha
MONHI Z (AKTUBHUHM TPAaHUYHHNA CTaH)

0p(z) HampyXeHHs, HOPMajbHE JO CTIHH Ha
UOWHI Z (MAaCUBHUMA TPaHUYHUN CTaH)

74(2) HANpPY)KCHHS JTOTHYHE JO CTIHH Ha
IMONHI Z (AKTUBHUHM TPaHUYHHIA CTaH)

7,(Z)  HanpyXeHHS JOTHYHE JO CTIHM Ha
rUOWHI Z (MaCUBHUMA I'paHUYHUHN CTaH).

(2) Pipagansa (C.1) i (C.2) mMoxyrp OyTH
3aCTOCOBAHI y BIAMOBIIHUX BUIMAAKaX SIK JUIS
MOBHOTO TaK 1 Al €EeKTHUBHOIO HAIPYXKEHHS,
SIK TTTXOJIUTh.

where:

a isthe adhesion (between ground and
wall)

¢ isthe ground cohesion

Ka the coefficient of horizontal active earth
pressure

Ky  the coefficient of horizontal passive
earth pressure

q the vertical surface load

z the distance down the face of the wall

S the slope angle of the ground behind the
wall (upward positive)

) the angle of shearing resistance between
ground and wall

Y weight density of retained ground

oa(z)  the stress normal to the wall at depth z
(active limit state)

op(z)  the stress normal to the wall at depth z
(passive limit state)

1a(z)  the stress tangential to the wall at
depth z (active limit state)

7(2) the stress tangential to the wall at
depth z (passive limit state)

(2) Equations (C.1) and (C.2) may be applied,
either in terms of total or effective stress, as
appropriate.



(3) BenuumHM KOG(DIIIEHTIB THCKY TIPYHTY
MOXYTh OyTH B3sITi 3 pucyHkiB C.1.1 o C.1.4
wis Ka 1 C2.1 mo C24 mna K, Bonu
NPUIAMAIOThCS 3 HAONDKEHHSIMH B CTOPOHY
Oe3mneKu.

(4) Ax anomepuamuena, mosice 6ymu 3acmoco8ana
uucnosa memoouxa, onucara ¢ C.2.

(5) Hns mapyBatux 1rpyHTiB Koedimientu K, sk
MPaBUJIO, BU3HAYAETHCS MapameTpamMHu OIopy
3CYBYy TUIbKM Ha TJMOHMHI Z HE3aJICKHO BIJ
BEJIMYMH Ha IHIIMX TJIMOUHAX.

(6) TlpomixHI BEIUYMHU AKTUBHOTO THCKY
IPYHTy MDK CTaHOM CIIOKOK 1 TpaHWUYHUM
CTaHOM MOXYTh OyTH  OTpUMaHi JIHIHHOIO
THTEPIOJISAIIIET.

(7) TlpomiKHI BEIMYMHU TACHBHOI'O THCKY
IPYHTy MDK CTaHOM CIIOKOK 1 TpaHUYHUM
CTaHOM MOXYTh OyTH OTpHUMaHi MapadoNidIHOIO
IHTEPIOJIAIIETD, SIK MTOKa3aHo Ha pucyHKy C. 3.

K, actif

(3) Values of the earth pressure coefficients
may be taken from figures C.1.1 to C.1.4 for
Ka and C.2.1 to C.24 for K, They are
approximately on the safe side.

(4) Alternatively, the numerical procedure
described in C.2 may be used.

(5) In layered soils, the coefficients K should
normally be determined by the shear strength
parameters at depth z only, independent of the
values at other depths.

(6) Intermediate values of active earth pressure
between the rest state and the limit state may
be obtained by linear interpolation.

(7) Intermediate values of passive earth
pressure between the rest state and the limit
state may be obtained by parabolic
interpolation as shown in figure C.3.
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3 HAXWJIOM YTpUMYBaHOi nmoBepxHi ( o/p'=010 = 0)
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Pucynok C.2.4 — KoedimienT K, macCHBHOTO TUCKY TPYHTY:
3 HaXWJIOM YTpUMYyBaHO1 moBepxHi ( d/p' = 1)
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Pucynox C.3 — P0o3BUTOK TaCUBHOTO TUCKY HE3B SI3HOTO IPYHTY Y

3aJIXKHOCTI B/l BITHOCHUX MEpeMillleHHs CTiHu V/Vp

(Vp: 3MiIIeHHs TPH NOBHI MOOTI3aIlil TACHBHOTO THCKY IPYHTY)




C.2 YucyioBa MeTOAUKA I OTPUMAHHS
MACHBHOT0 THCKY

(1) HactymHa Meromuka, ska BKJIIOYA€E HaJiifHe
HaOmKeHHss y Oik Oesneku, Moxe OyTH
3aCTOCOBHA B YCIX BHIaJKaX.

(2) Memoouka cpopmynvosana 0nst RACUBHO2O
MUCKY 3 napamempamu onopy (npeocmasnenumu
nosnaveHuamu ¢, C, 8, &), Wo 6CMAGIAOMbCSL AK
nozumueHi eenudunu, oueucs Pucynox C.4.

(3) Hacrymui mo3HaveHHsT 3aCTOCOBYIOTBCS Y
JIOIIOBHEHHS 10 BKa3aHuX B 1.6:

K. KOE(IIIEHT 3USTICHHS

Kn KOoeIIieHT VIS HOPMAaJILHOTO
HABaHTa)XEHHsI HA MIOBEPXHi

Kq Koe(ilieHT TUIS BEPTUKAJIBHOTO
HABaHTa)XKEHHS

K, KoeilieHT Jyist Baru IpyHTyY

m; KyT MDK JIHIEIO TIOBEpXHI TIPYHTY,

HaIPaBJICHOIO BiJ[ CTIHH, 1 JOTUYHOI JO JIiHIi
KOB3aHHS, SKa OOMEXKY€e 3MIINTyBaHy TPYHTOBY
Macy HaIpaBJIeHY 3a MEXI TOBEPXHI IPYHTY

My KyT MIXK HOPMaJLIo
(TIeprieHIMKYISIPOM) J0 CTIHH 1 JIOTUYHOIO [0
JIHIT KOB3aHHS HAMNpaBJCHOK BiJ 3aJHBOI
TIOBEPXHI CTIHW; TIO3WTHBHUHN, KOJIW IOTHYHA
HalpaBlieHa Bropy 1o3aay CTiHA

B KyT MDK TOPH3OHTALIIO 1 JIHIEIO
MTOBEPXHI TPYHTY; MO3UTUBHUH, KON TTOBEPXHS
TPYHTY HaIIpaBJICHA YBEPX BiJl CTIHMU;

0 KyT MDK BEPTHKAUTIO 1 TIOBEPXHEIO
CTIHM; TIO3UTHBHHNA, KOJMW TPYHT HAJsArae Ha
CTIHY

v Kpy4deHHS (KyT TIOBOPOTY)  Y3IIOBXK
30BHIIIHLOI  JiHII  KOB3aHHS, IIO3UTHBHE,
KOJIM MAacHB IPYHTY HaJ II€I0 JIHII0O KOB3aHHSI
Mae onyKiry popmy

q 3arajibHAN  PIBHOMIPHHH JOJaTKOBUI
(TMMyacoBHi) THCK Ha OAWHHUIIO (PaKTUIHO
icCHyt04O1 TOBEpPXHi

p  BEpTUKAIBHUN DPIBHOMIPHHUN TOJATKOBUU
(TEMYacoBUIA) THUCK Ha OIMHHUIIIO
TOPU30HTAIBHOI MPOEKIIii.

C.2 Numerical procedure for obtaining
passive pressures

(1) The following procedure, which includes
certain approximations on the safe side, may
be used in all cases.

(2) The procedure is stated for passive
pressures with the strength parameters
(represented in the following by ¢, c, J, a)
inserted as positive values, see Figure C.4.

(3) The following symbols are used in addition
to those in 1.6.

K. coefficient for cohesion

K.  coefficient for normal loading on the
surface

Kq  coefficient for vertical loading

K,  coefficient for the soil weight

m; is the angle from the soil surface
direction, pointing away from the wall, to the
tangent direction of the intersecting slip line
that bounds the moving soil mass, pointing out
from the soil surface

my is the angle from the wall normal to the
tangent direction at the wall of the exterior slip
line, positive when the tangent points upwards
behind the wall

S is the angle from the horizontal to the
soil surface direction, positive when the soil
surface rises away from the wall

0 is the angle between the vertical and the
wall direction, positive when the soil
overhangs the wall.

v is the tangent rotation along the exterior slip
line, positive when the soil mass above this
slip line is of a convex shape

q is a general uniform surcharge pressure,
per area unit of the actual surface

p is a vertical uniform surcharge pressure,
per area unit in a horizontal projection



My

Pucynok C.4 — BuzHadeHHsI CTOCOBHO CTIHM 13aCHIIKH YKOCY MIIIPHOI CTIHH,
TUMYacOB1 HAaBaHTa)KEHHS 1 T€OMETPis MOBEPXH1 KOB3aHHS

(4) Tarepdeiic (criBBiIHOIICHHS) TApAMETPIB
1 a BUOUPAETHCS TaK, 1100:

a_1g0

C_tggo

(5) IlorpanmyHa yMoBa Ha TIOBEPXHI TPYHTY
BKJIIOYAE flo, SKUH € KyTOM TMaJiHHA
CKBIBAJICHTHOTO MOBEPXHEBOrO HABAHTAXKCHHSI.
3 1ie] KOHIIENTIil KyT BU3HAYAETHCS 3 BEKTOPHOT
CYMHU JIBOX CKJIaJIOBHX:

- (pakTHYHOTO pO3MOMUICHHS ITOBEPXHEBOTO
HaBaHTKEHHS (|, pIBHOMIPHO PO3MOIIICHOTO,

ITOCTIHHOTO aie HE 000B'SI3KOBO
BEPTHUKAIBHOTO, i;
- C Ctgp, mioo4oro SK HOpMaJIbHE

HABaHTAXECHHSL.
Kyt fo mozuTuBHUHN, KO TOTHYHA CKIIaJ0Ba (]
HampaBlieHa JO CTiHKH, TOAI SK HOpPMallbHA
(meprieHIUKYISApHA) CKJIaJI0OBa HAIpaBJIEHA JI0
rpyHTy. Slkmo € = 0, Tomi SK TMOBEpXHEBE
HABaHTa)XEHHS BEpTHKaJIbHE a00 HYIbOBE 1 AJIs
BCiX aKTHUBHHX THCKIB B3araii fo = f.

(6) Kym M 8usHauacmsca nocpaHuiHow ymMo8oo Ha
NOBEPXHI IPYHMY:

(4) The interface parameters ¢ [ 'and a must be
chosen so that:

(5) The boundary condition at the soil surface
involves o, which is the angle of incidence of
an equivalent surface load. With this concept
the angle is defined from the vectorial sum of
two terms:

- the actual distributed surface loading q, per
unit of surface area, uniform but not
necessarily vertical, and;

- cctge [lacting as normal load.

The angle fo is positive when the tangential
component of g points toward the wall while
the normal component is directed toward the
soil. If ¢ = 0 while the surface load is vertical
or zero, and for active pressures generally, fo =

(.6) The angle m:; is determined by the
boundary condition at the soil surface:

cos(2m, + @+ f,) = _sinfy (C.3)

(7) Hozpanuuna ymosay cminu usHavaemocs My
3.

sing

(7) The boundary condition at the wall
determines my, by:



cos(2m, +@+9) =

Kyt my, HeraTuBHMIA UIsi TACHBHUX TUCKIB (¢ >
0), sAKII0 BiHOMICHHSA Sin J / SiN @ TOCTaTHBHO
BEJIHKE.

(8) IloBHE KpyueHHS (KyT MOBOPOTY) Y3H0BXK
30BHIMIHBOI  JIiHIT  KOB3aHHA  3MIlIyBaHOI
IPYHTOBOI MacH, BU3HAYAETHCS KYTOM V, AKUU
OTPUMYIOTh 3 BUPAKECHHS:

V:mt+ﬂ-

(9) Koegiyicum Kn 0 HopmanvHozo
(nepneHOUKyIsIPHO20) HABAHMAIICEHHSL HA NOBEPXHI
(MoOmMo HOPMATLHO20 MUCKY TPYHIY HA CIIHY 610
OOUHUYHO20 MUCKY HOPMATILHO20 00 NOGEPXHI) 8
MAKOMY BUNAOKY GUSHAYACMbCS 30 HACHYNHUM
BUPAIICCHHAM, 8 AKOMY N GKIIOUAEMbCS 8 PAOIAHAX!

_ L+singsin(2m,, + @)

" 1-singsin(2m, + )

(10) Koeghiyienm ons sepmuranvbho2o
HABAHMANCEHHS HA NOBEPXHI CUTIOIO, U0
NPUXOOUMbCSL  HA OOUHUYIO NPOEKYTT
2OPU3OHMATILHOI NAOWUHY, €.

Kq = Kncos? B

1 KOeIIi€HT I BUPAKECHHS 3UCTUICHHS €:

Kc = (Kn— l) Ctg )

(11) My Baru IpyHTY HaOJIM)KEHE BHUPAXKCHHSI
€:

K, = Kncos 8 cos(B — 0)

Leit Bupaz € 3 Ooky Oesmexu. Tomi sk
MOTPIIHICTh HE My’K€ BENHKAa I BEIHYHUH
AKTHBHOTO THCKY, BOHAa MOXE OYTH 3HAYHOIO

ISl TIACHMBHOTO  THCKY 3 MIO3UTHBHOIO
BEJIMYNHOO ff .
Hns @ = 0 HacTynmHi T'paHWYHI BEIWYMHHU
3HAXOJATHCS:

sind

—_— (C4)

sin g
The angle m is negative for passive pressures
(p > 0) if the ratio sin 6 [/sin ¢ is sufficiently
large.
(8) The total tangent rotation along the exterior
slip line of the moving soil mass, is
determined by the angle v to be computed by
the expression:

Mmw — 6 (CS)

(9) The coefficient K, for normal loading on
the surface (i.e. the normal earth pressure on
the wall from a unit pressure normal to the
surface) is then determined by the following
expression in which v is to be inserted in
radians:

exp(2v tan ) (C.6)

10) The coefficient for a vertical loading on
the surface force per unit of horizontal area
projection, is:

(C.7)
and the coefficient for the cohesion term is:

(C.8)

11) For the soil weight an approximate
expression is:

(C.9)

This expression is on the safe side. While the
error is unimportant for active pressures it may
be considerable for passive pressures with
positive values of S.

For =1 ¢ = 0 the following limit values are
found:

cos 2my = - (p/c) sin  cos S

cos2m,,

2 n.
K, =co0s” 3

Ke= 2v + sin 2m¢ + sin 2my;



(3 v 6 padianax), modi sik ona K, (p= 0) kpawe
HAOMUIACEHHS €:

Ky =C0S@ +

(12) 1 aKTUBHOTO THUCKY Il aJIroputMm
BHUKOPUCTOBYETHCS 3 HACTYTHUMH 3MiHAMHU:

- TapaMerpHu Omnopy ¢, ¢, 0 i a BBOISATHCS SIK
HEeraTHBHI BEIUYHHY;

- eelUuduUHa Kyma NAOIHHA eKEI8ANCHIMHO20
nosepxne6o2o Hasanmasicennsi Po € P, 6 ocHoeHOMY,
uepes HAONUICEHHS, U0 BUKOPUCTOBYIOMbCS OISl
K,..

(13) Sk nns macWBHOTO Tak i AJISi aKTHBHOTO
THUCKIB METOJl JIOIYCKAa€, MI0 KYT OITyKIIOCTI
Oyne mozutuBHHHA (Vv >0).

(14) Sxmo 1 ymMoBa He BHKOHYETHCS (HABITH
NpHOJIN3HO), HAMPUKIAM, JJS TTaIKoi CTiHH i
JOCTaTHHO HAXWJICHA TOBEPXHS IPYHTY, KOIHU [
1 ¢ MarmTh TNPOTHISKHI 3HAKH, MOXKe OyTH
HEOOXIJIHUM PO3IIISIHYTH 3aCTOCYBAHHS I1HIIHX
MeromiB. Te jx Moke OYTH TakoX y BHIIAJIKY,
KOJT PO3TIISAAI0TECS HE PETYJISIPHI MOBEPXHEBI
HaBaHTaKEHHS.

C.3 IlepemimienHsi, 1mo MoOLT3YIOTH
rPaHUYHi THCKHU IPYHTY

(1) IloBuHHO OYTH PO3TIISTHYTE IIEPEMIIICHHS,
HeoOXximHe TUTS PO3BHTKY aKTHBHOTO
TPaHWYHOTO CTaHy B HE3B'S3HOMY TIPYHTI 3a
BEPTHUKAIBHOIO CTIHOIO, IO yTpuMYye (30epirae)
ropu3oHTanb  IpyHTy. JliamasoH  mporo
TIepEeMIIICHHS 3aJISKUTh BiJl THIIA TIEpEMIICHHS
cTiam 1 mrineHOCTI TpyHTY. Tabmmms C.1 mae
MOPSIZIOK [Tiara3oHy BiMHOIIEHHS Va/h.

(2) Cnig Opatu mo yBarm TOM (axT, IO
MEepEMIIIeHHs  HEOOXiMHI  IsI  PO3BHUTKY
MMaCHBHOTO TPAHUYHOTO CTaHy THUCKY IPYHTY B
HE3B'A3HOMY TPYHTI 32 BEPTHUKaIBHOIO CTIHOIO,
mo yrpumye (30epira€) TOPH3OHTANb IPYHTY,
gabarato OUIBIIIE YHM [UIS  AKTHBHOTO
TPaHUYHOTO CTaHy THCKY IpyHTY. Taomumi C.2
J1a€ TIOPS/IOK Jtiara3ony BigHomieHHs Vp/h mis
MTOBHOTO MTACHBHOTO THUCKY IPYHTY, B IyXKKax
JUTS TIOJIOBMHH TPAHUYHOI BETHYNHHU.

(3) Ilepemimenns, npuBeneHi B tabmumi C.2
MTOBMHHI OyTH TIOMHOXKEHI Ha KOe(illi€eHTH Bif
1,5 no 2,0, K10 po3risiAaeTbesl IPYHT HIDKYE
3a piBE€Hb BOIH.

sin fcosm,,
sinm,

(with v in radians, while for K, (p=0), a
better approximation is:

(C.10)

(12) For active pressures the same algorithm is

used, with the following changes:

— The strength parameters ¢, ¢, 6 and a are

inserted as negative values;

— The value of the angle of incidence of the

equivalent surface load fo is £ , mainly

because

of the approximations used for K,..

(13) Both for passive and active pressures, the

procedure assumes the angle of convexity to

be positive (v >[10).

(14) If this condition is not (even

approximately) fulfilled, e.g. for a smooth wall

and a sufficiently sloping soil surface when p
and ¢ have opposite signs, it may be

necessary to consider using other methods.

This may also be the case when irregular

surface loads are considered.

C.3 Movements to mobilise limit earth
pressures

(1) The movement needed for development of
an active limit state in non-cohesive soil
behind a wvertical wall retaining horizontal
ground should be considered. The magnitude
of this movement depends on the kind of wall
movement and the density of the soil. Table
C.1 gives the order of magnitude of the ratio
va/h.

(2) Account should be taken of the fact that
movement needed for development of a
passive limit state earth pressure in non-
cohesive soil behind a vertical wall retaining
horizontal ground is much larger than for the
active limit state earth pressure. Table C.2
gives the order of magnitude of the ratio vy/h
for the full passive earth pressure and, in
brackets, for half of the limit value.

(3) The movement ratios in Table C.2 should
be increased by a factor of 1,5 to 2,0 if ground
below the water table is considered.



Tableau C.1 — Rapport vi/h

vy'h vyih
Type de mouvement du mur sol lache s0l dense
% %
Va I~—r
[
al *I = 04a05 01a02
|
1
I_r
1
b} Ve < = 0,2 0,0520,1
|
|
|
1
c) | = 08410 02305
|
|
Vs —
—
I
d) vy - = 04a05 01a0z2
!
L
D&finitions
v, estle mouvement du mur necessaire pour mobiliser la poussee des feres ;
i estla hauteur du mur.

Haonucu 0o mabauyi C.1
Ta6muus C.1 - Bigaomennus v,/ h

3BEPXY

But iepeminieHHst CTiHA val h ve h
IIYXKOI'O IPYHTY IIUIBHOIO IPYHTY

BHUM3Y

Ie:

V4 PYX CTiHH, 1110 MOO1JTiI3y€e aKTUBHUI THCK IPYHTY;
h  Bucora crinu.



Tableau C.2 — Valeurs du rapport vp/h

l.fp,-'.h vp,"h
Type de mouvement .
du mur s0l lache sol dense
% %
a) T{1,5)a25(4,0) 5{1,1)a10{2,0)
I [
) vy = 509310015 305 a6 (1,0
|
|
'
Kl
|
c) I = B(1,00a15(1,5) 5{051a6(1,3)
|
I
Definitions
'w‘p est le mouvement du mur nécessaire pour mobiliser la butée des terres
f est la hauteur du mur.

Haonucu 0o mabauui C.2.

Ta6umuist C.2 - Bennuunu BigHomeHHs v,y/h

Beepxy:
Bu nepemimieHHst CTiHKA vy/h

vlh

IIyXKOIrO IPYHTY  IUINBHOIO IPYHTY

Buusy:
e

Vp PYyX CTiHH, IO MOOIITI3y€E MTACHBHUN THCK IPYHTY;

h  Bucora crian




Jonaroxk D

(indopmatuBHUIL)

[pukaag aHATITHYHOTO METOLY A
BHU3HA4YeHHS HeCy4ol 31aTHOCTI IPYHTY

D.1 lo3nauenns, B:xxuBani B Jlonatky D

(1) ¥ nonatky D BUKOPHCTOBYIOTBCSI HACTYIIHI
MO3HAYCHHS:

A=B.L* MPOEKTHA (po3paxyHKoBa)
edexTrBHa moma GyHAAMEHTY;

b mpoektHi  (po3paxyHKOBi)  BEIMYHHH
KOe(IIiEHTIB VIS HaXUJIEHO1 OCHOBH
(pynmameHTy) 3 HIXKHIMU 1HJIEKCAMHU ¢, ¢ 17,

B  mmpuna pyHaamenry;

B’  edekrtuBHa mpHHA GYHIAMEHTY;

D  rmbOuHa 3aKiaamgaHHS;

e SKCIICHTPUCHUTET Pe3yibTyrouol mii 3
HIDKHIMH  1HIekcaMu B iL;

I Koe(illieHTH HaxXWIy HaBaHTOKEHHS 3

HWKHIMU IHIEKCAMU: 3YEIUICHHS c,
THMYacOBOTO HaBaHTAXEHHS (|, 00'eMHOI Barm
Vs

L JOBXKMHA PYHIAMEHTY;

L' edekTuBHA JIOBKUHA (DYHIAMEHTY;

m MOKAa3HHUK CTyNeHlo y dopmynax uis

Koe(ilieHTa HAXUIY i;
N Kkoedili€eHTH HECYJI0i 3MaTHOCTI 3 HIKHIMHA
IHAeKCcaMu IS ¢, (1 ;

q THCK JTOAATKOBOTO (MPUTPY3KH) abo
THMYacOBOTO HABAHTAKEHHS Ha pPiBHI OCHOBU
dbyHmamenry;
q" mpoekTHHH (pO3paxyHKOBHUI) epeKTHBHUIT
THCK MPUTPY3KH HA PiBHI OCHOBH (PYHIAAMEHTY;
S koedimieaTn ¢popMu OCHOBH (HyHIAMEHTY 3
HIDKHIMH 1HIACKCaMU T ¢, (1 );

V BepTHKaJIbHE HABAHTAXKCHHS;

a HaxuJ OCHOBH (YHIAMEHTY JO
TOPU30HTATI;
Y mpoekTHa (po3paxyHKoBa) e(heKTHBHA

00'eMHOI  Barm  TIPYHTYy HWXKYE  DIBHA
(dhyHIaMenTy

6  kyT Hatpsimy H.
(2) YMOBHI TO3Ha4YeHHs, 3aCTOCOBYBaHI B
IbOMY MeTOo/i, HafaHi Ha Pucynky D.1.

D.2 3aranbHi nmoJ10KeHHS

(1) Moscymov 6ymu euxopucmani anpoxcumyoui
(HabnudiceHi) piBHAHHA O NPOEKMHOT
8ePMUKANBHOL HecyHoi 30amHoCmi, 8ugedeHi 3
meopii niacmudHocmi i pe3yibmamie
excnepumenmis. Heobxiono epaxogysamu
(nputivamu 0o yeaeu) 0 Oill HaCMynHe:
- MIOHICTh TPYHTY, 3a3BUYall NpEACTaBICHY
MPOEKTHUMH BEJIMYUHAMH Cy, ¢'1 ¢
- EKCUEHTPUCUTET 1 HaxXWi MPOEKTHUX
HaBaHTa)KEHb;
- hopmy, rubuHY 1 Haxua QyHIAMEHTY;
- KYT HaXWJIy MIOBEPXHi IPYHTY ;
- TUCK IPYHTOBHUX BO/J 1 T'IpaBiiuHi rpagieHTy;
- HEOJHOPIAHICTh IPYHTY, 0co01MBO

Annex D

(informative)

A sample analytical method for bearing
resistance calculation

D.1 Symbols used in Annex D

(1)The following symbols are used in Annex

D

A'=B'.L° the design effective foundation
area b the design values of the factors for the
inclination of the base, with subscripts ¢, q and

l4

B the foundation width

B'  the effective foundation width

D the embedment depth

e the eccentricity of the resultant action,
with subscripts B and L

I the inclination factors of the load, with
subscripts cohesion c, surcharge g weight
density y

L the foundation length

L' the effective foundation length

m exponent in formulas for the inclination
factor i

N the bearing capacity factors, with
subscripts for ¢, g and y

q overburden or surcharge pressure at the
level of the foundation base

g the design effective overburden pressure
at the level of the foundation base

S the shape factors of the foundation base,
with subscripts for ¢, g and y

V  the vertical load

a the inclination of the foundation base to
the horizontal

v the design effective weight density of the
soil below the foundation level

6  direction angle of H

(2) The notations used in this method are given
in Figure D.1.

D.2 General

(1) Approximate equations for the design
vertical bearing resistance, derived from
plasticity theory and experimental results, may
be used. Allowance should be made for the
effects of the following:

— the strength of the ground, generally
represented by the design values of cy, ¢' and
0,

— eccentricity and inclination of design loads;
— the shape, depth and inclination of the
foundation;

— the inclination of the ground surface;

— ground-water pressures and hydraulic
gradients;



IapyBaTICTh.

D.3 HenpenoBani ymoBH
(1) TIpoexkrtna  (po3paxyHKOBa) Hecyda
3IaTHICTh MOXKE OyTH BHBE/ICHA 3:

— the variability of the ground, especially
layering.

D.3 UNDRAINED CONDITIONS

(1) The design bearing resistance may be
calculated from:

RIA"= (r+2) cubeS.ic+q (D.1)

3 0e3pO3MIpHUMH KOS(II[IEHTAMH JIISL:
- HaXWJy OCHOBH (DYyHIAMEHTY:

be=1-2a/(z+2)
- opmu pyrmamenTy :

sc =1+ 0,2 (B/L") mns npsMoKyTHOT
opmm;

S¢ = 1,2 nmns kBajgpatHOl ab0 Kpyrioi
opmm;
- Haxwily  HaBaHTAXCHHS,  BUKIMKAHOTO
TOPU30HTAIbHUM HaBaHTAXKECHHIM .

with the dimensionless factors for:
— the inclination of the foundation base:
be=1-2a/(z+2)
— the shape of the foundation:
sc= 1+ 0,2 (B'/L"), for a rectangular shape;
sc= 1,2, for a square or circular shape.
— the inclination of the load, caused by a
horizontal load H:

M )
2 Ac,

3 HSA’Cu.

D.4 /IpenoBani ymoBu

(1) TIIpoektna  (po3paxyHKOBa) Hecyda
3IATHICTh BU3HAYAETHCS 3:

D.4 Drained conditions
(1) The design bearing resistance may be
calculated from:

R//A\I = C’Nc bc Sc ic + qI Nq quq iq+ 0,5 y’B’Ny bySy | y (D2)

3 TPOEKTHUMH (PO3PaxyHKOBUMH) BEIHYNHU
0e3p0o3MipHHUX KOehIiIli€HTIB MJIs:
- HeCy4oi 3/1aTHOCTI:
Nq =) nta;1(p'tg2(45 + (D’/Z)
Ne = (Ng — 1) ctge’
N, = 2(Ng — 1) tge’, ne 0 >¢'/2 (nepisna,
IIOPCTKA OCHOBA)
- HaXWJIy OCHOBH (DyHIaMEHTY:
be =g (1 —bg) / (Ne tg ¢)
bg=b,=(1-atg )
- (hopmu dyHIAMEHTY:
Sg = 1+ (B'/L") sin ¢’ mns npamokyTHOI
hopmu;
Sq =1 +sin ¢’ ana kBagpaTHOi a60 KPyTIIOT
opmu;
-s, =1-03(B/L) s npsmokyTHOi
opmu;
s, = 0,7 U1 KBaJapaTtHoi abo Kpyrioi
opmu;
- Sc = (Sq Ng— 1)/(Ng — 1) nns npsmokyTHOI,
KBaJIpaTHOI a00 Kpyrioi ¢popmu;
- Haxuwily HaBaHTAXEHHS, BUKIMKAHOTO
TOPU30HTAIBHUM HAaBaHTaXEeHHSIM H:
= 1q— (1 —1iq) / (Ne 19 ¢9);
ig=[1-H/(V+AC ctg ™;
i, =[1-H/(V +Ac ctg o)™

with the design values of dimensionless factors
for:

— the bearing resistance:

Ng = € 7" tan? (45.+ ¢'/2)

Nc = (Ng - 1) cot ¢’

N,= 2 (Ng- 1) tan @', where 6 >¢'/2 (rough
base)

— the inclination of the foundation base:

be =bg - (1 - bg) / (Nc tan @)

by =b,=(1- atan ¢')?

— the shape of foundation:

sq=1+ (B'/L") sin ¢, for a rectangular shape;

sq =1+ sin ¢, for a square or circular shape;

—s,[1=1-0,3 (B/L"), for a rectangular
shape;

— s,=0,7, for a square or circular shape

— S¢ = (SqNg -1)/(Ng - 1) for rectangular, square
or circular shape;

— the inclination of the load, caused by a
horizontal load H:

ic=ig-(1-ig)/ (Nc tan¢");
ig=[1-H/(V+Accot p1™;



e:

m=ms = [2 + (B/L)J/[L + (B L] siximo H
i€ B Harpsami B

m=m.=[2+ (LY B)/[L + (L' BY)] sixmo H
nie y Hampsimi L'

Y eunaokax, oe eopuzonmanvua cknadosa
Hasaumadxicenusi die 8 Hanpsmi, wo popmye kym 0 3
nanpsamom L', M mooice 6ymu eusnauena 3a:

m=my=my cos? 8+ my sin?0

(V:H]

Nk

N\

I, = [1- H/(V + A'c'cot ')]™™.

where:

m=mg=[2+(B'/L"))/[L+ (B /L) whenH
acts in the direction of B';
m=m.=[2+(L'/B"))J/[L+(L'/B']whenH
acts in the direction of L".

In cases where the horizontal load component
acts in a direction forming an angle 6 with the
direction of L', m may be calculated by:

m =My = my cos? 6 + my sin® 0.

Figure D.1 — Notations

Pucynok D.1 — PucyHok yMOBHMX IO3HAY€Hb

Jdonarox E

(inpopmaTuBHMIA)

pukaag HaniBeMIipUYHOro METORY JJIsl
BHU3HAYEeHHS HeCy4ol 31aTHOCTI

(1) HAns omiHku mpoekTHOI (po3paxyHKOBOI)
HeCcy4oi 3MaTHOCTI byHIaMeHTy Ha
HECKEJIBHOMY IPYHTI, MOXYTb OyTH
BHUKOPHUCTaHI IOJILOBI BUIPOOYBaHHS, Taki sSK
pecioMeTpruyYHe BUIIPOOYBaHHSL.

(2) Konm BHKOPUCTOBYETHCS MPECIOMETPIs
MpOeKTHA Hecyda 34aTHICTb Rq  ¢yHaameHnty
i Ji€l0  BEPTUKAJbHOTO  HABAHTAXEHHS
MOB'A3aHa 3 TPaHUYHUM THCKOM Ha  IPYHT

Annex E

(informative)

A sample semi-empirical method for
bearing resistance estimation

(1) To estimate the design bearing resistance
of a foundation on soil, field tests such as the
pressuremeter test may be used.

(2) When using the pressuremeter, the design
bearing resistance, Rq, of a foundation
subjected to a vertical load is related to the
limit pressure of the soil by the linear function:



JHIAHOIO QYHKLIETO!

Ra/A' = ovo T aop* le (El)
ne: where:
k KOeQILieHT HeCy40l 3/aTHOCTI; k is the bearing resistance factor
0v:0 MOYaTKOBE  IMOBHE  BEPTHKAIBHE ovo IS the initial total vertical stress
HaTPYKECHHS; P*le is the design net equivalent limit

P*le  TPOEKTHUH (PO3PaxyHKOBHI) UYMCTHN
(HEeTTO) eKBIBAJIGHT TPaHUYHOI'O THCKY (3
MPEeciOMETpUYHOr0 BHUINPOOYBaHHA) 1 iHIII
MO3Ha4YeHHs BU3HAUeHi B 1.6.

(3) YucnoBi BenwumHH KoedilieHTa Hecydoi
3matHocTi K B Mexax Bin 0,8 10 3 3a1exHO Bif
THUTIA TPYHTY, TIMOWHM 3aKiajianHs i QopMu

dbyHaaMeHTy.
(4) TpoexTHmit (PO3paxyHKOBA) YUCTHUIT (HETTO)
CKBIBAJICHT FPAHUYHOIO THCKY (@ *e)

BUBOJIUTHCS 3 YUCTOTO IPAHUIHOTO TUCKY (p™*)),
SKAW BH3HAYAETHCA JUIS TPECiOMETPUYHOTO
BUNPOOYBaHHSI SIK pIi3HUIS (p1 — Po) MikK
TPAaHUYHAM THUCKOM p| 1 TOPHU3OHTaJIbHUM
THCKOM TpPYHTY CIIOKOIO po Ha  piBHI
BUIIPOOYBaHHS;  po MOXE BHU3HAYaTHCA 3
pPO3PaxXyHKOBOTO KOE(illieHTa THCKY TIPYHTY
criokor0 Ko 1 3 BenwuuH e()EKTHBHOTO
BEPTUKAILHOTO HAMpyXeHHS (' 1 IOpPOBOro
THCKY U, 5K Po = Ko (' + UL

Jdonatok F

(iHbopMaTHBHUIN)

IMpukaagu MeTOTIB AJIs1 OHIHKH OCiTaHHA

F.1 Meton nanpyxxeHnns - aAegopmaiis

(1) 3arampHe ocigaHHs (QyHAaMEHTY Ha
3B'SI3HUX a00 HE3B'I3HUX TIPYHTaX MOXKe OyTH
OLIIHEHE 3 BUKOPUCTAHHSAM METONY BU3HAUYECHHS
HampyXeHHs — nedopmalris, K BKa3aHO HIDKUE:
- 00paxoByeThCS PO3MOAUT HANPYKEHHS B
IpyHTi, OOYMOBIIEHMII HaBaHTaXEHHSIMHU BiJ
(dyHIaMeHTy; 11e MOkKe OyTH BCTAHOBJIEHO Ha
0a3i  Teopil MPYKHOCTI, 3a3BUYail 3
NOMYIIEHHSM, IO TPYHT ONHOPITHUH i
I30TPOMHMIA, a PO3MOIIT KOHTAKTHOT'O THCKY
JIHIAHUH];

- oOpaxoByerbcsi aedopmariisi B TPYHTI Bif
HanpyXeHb  BHKOPUCTOBYIOUH BEIWYHH
MOJyJIsl YKOPCTKOCTI a00 IHIMMX 3aleKHOCTEH
HampyXeHHs — paedopmallis, BU3HAYCHUX 3a
pesynbraTaMu  J1a0OpaTOpHUX  BUIPOOYBAaHBb

(6axxaHo Y3rO/DKEHUX 3 I10JILOBUMHU
BHITPOOYBaHHSMH ) abo MOJTbOBUMH
BHIIPOOYBAaHHSMM ;

- IHTErpyloThCsl BEpPTUKAJIbHI JIedopmarii Juis
OTpUMAaHHS  OCilaHb; Ui  BHUKOPUCTaHHS
METOAy HamnpyXeHHs — Aedopmalis, y IpyHTi
mig  ¢yHZaMeHTOM BHOHMpAETbCS  JOCTATHS
KUTBKICTh ~ TOYOK i 00paxoOBYIOThCS
HampyXeHHs 1 gedopmaii B X TOUKaAX.

pressure (from the pressuremeter test) and the
other symbols defined in 1.6.

(3) Numerical values of the bearing resistance
factor k are in the range of 0,8 to 3,0
depending

on the type of soil, the embedment depth and
the shape of the foundation.

(4) The design net equivalent limit pressure
(p*e) is derived from the net limit pressure
(p*1), which is defined for a pressuremeter test
as the difference (pi - po) between the limit
pressure p; and the at rest horizontal earth
pressure po at the level of the test; po may be
determined, from an estimate of the at rest
earth pressure coefficient Ko and from the
values of the effective overburden pressure q'
and the pore-water pressure u, as po=Ko(q' + u.

ANNEX F

(informative)

Sample methods for settlement evaluation
F.1 Stress-strain method

(1) The total settlement of a foundation on
cohesive or non-cohesive soil may be
evaluated using the stress-strain calculation
method as follows:

— computing the stress distribution in the
ground due to the loading from the foundation;
this may be derived on the basis of elasticity
theory, generally assuming homogeneous
isotropic soil and a linear distribution of
bearing pressure;

— computing the strain in the ground from the
stresses using stiffness moduli values or other
stress-strain relationships determined from
laboratory tests (preferably calibrated against
field tests), or field tests;

— integrating the vertical strains to find the
settlements; to use the stress-strain method a
sufficient number of points within the ground
beneath the foundation should be selected and
the stresses and strains computed at these
points.



F.2 CxopuroBanuii npykHuii MeTOX

(1) 3acanvue ocioanns gpynoamenmy Ha 36'a3HOMY
abo He3s's3HOMY [PYHMI, MOdice Oymu obpaxosaue 3
BUKOPUCMAHHAM MeOopii NPYICHOCMI | PIBHAHHSA
8uUdy:

F.2 Adjusted elasticity method

(1) The total settlement of a foundation on
cohesive or non-cohesive soil may be
evaluated

using elasticity theory and an equation of the
form:

s=p.b.f/En (F.1)
oe: where:
Em MPOEKTHA BEITMYMHA MOy ISt Em is the design value of the modulus of
MPYKHOCTI; elasticity
f Koe(illieHT OCiTaHHs; f  is the settlement coefficient
p peaKTHBHHUIA THCK, NiHIAHO p is the bearing pressure, linearly

PO3IOIUIEHHH 10 OCHOBI (QyHIAMEHTY, 1 iHIII
[MO3Ha4YeHHs HajaHi B 1.6.

(2) Bemuumna koedimienta ocimaHas  f
3aNeXUTh BiJl (GOpMH 1 PO3MIpIB  OHOPHOT
noBepxHi (yHIAMEHTY, 3MIH JKOPCTKOCTI 3
TNIMOWHOI, TOBIMHM CTHUCKYBAaHOTO IIapy,
KoedilieHTa IlyaccoHa, po3noainy
pEaKTUBHOTO THCKY 1 TOYKH, JUIS  SIKOT
BU3HAYAETHCS OCIaHHS.

(3) 3a BimCyTHOCTI IPUIHATHOTO 3 PE3YJIHTATIB
oOpaxyBaHHS  OCiTaHHS, BHUMIPIOBaHb Ha
AQHAJIOTIYHMX CYCITHIX CIIOpyJax B IMOAIOHHX
YMOBaX, MPOEKTHUM JIpEHOBAHUN MOAylb Em
n1e(OpMOBAaHOTO MIAPY ISl JPEHOBAHUX YMOB,
MOXKe OyTH OTpHUMaHWHA 3 pe3yNIbTaTiB
7mabopaTopHUX 200 MOITHOBUX BUIPOOYBAHb.

(4) CkopuroBaHmii TIpYKHHIA METOZ CIif
BUKOPHCTOBYBATH JIMIIE, SKIIO HAMPYXECHHS B
TPYHTI Take, IO Hi 3a SKUX yYMOB HE MOXE
NPUBECTH 10 TIEPEeXOxy dYepe3 TPaHHUI0
TEKY4OCTi 1 SKIIO HANpYKEHHS — OCIHaHHS
MOBEIIHKA TPYHTY MO)XKHA BBaXKATH JIHIMHHAM.
Benmka oOepexHicTh  00OB’SI3KOBa,  KOIH
3aCTOCOBYIOTh CKOPUTOBAaHUU MPYKHUU METOJ
y BUIIAJIKy HEOIHOPIHOTO IPYHTY.

F.3 Ocinanns 0e3 gpenaxy

(1) KopoTkocTpokoBi  CKJIamOBI  OCimaHHS
(yHIamMeHTy, sike BimOyBaeThCs 0€3 ApEeHaxy,
MOXYyTh OyTH 0OpaxoBaHi 3 BHUKOPHUCTaHHSIM
abo Merona HampyxeHHs — nedopmarlisi abo
CKOPUTOBAHOTO TNPY)XHOrO Meroja. Bemmuannu
MIPUHHSTI I TTapaMeTpiB KOPCTKOCTI (Taki K
Em 1 xoedimienT Ilyaccona) moBUHHI B 1OMY
BUNAJKY  IPEACTABISTH HEJPEHOBaHY
MTOBEIIHKY.

F.4 OcinanHs yHacaifioK KoHcoJixanii

(1) Hna Bu3HAa4YeHHS OCIOaHHA YHACTiJOK
KOHcONijalii  Moxe  Oyru HpuitHATe
OoOMeXeHHs1 OAHOMIpHOI Aedopmalii IpyHTY i
MOTIM BUKOPHCTaHAa KPHUBa KOHCOJIAIIil.
CkrnasaHs ocilaHb HEAPEHOBAHUX 1 YHACTIJOK
KOHCONiAalii YacTo BeAe /A0 3aBULICHHS
3arajbHOTO OCIMAaHHSA 1 TOAI MOXYTh OYTH

distributed on the base of the foundation and
the other symbols defined in 1.6

(2) The value of the settlement coefficient f
depends on the shape and dimensions of the
foundation area, the variation of stiffness with
depth, the thickness of the compressible
formation, Poisson's ratio, the distribution of
the bearing pressure and the point for which
the settlement is calculated.

(3) If no useful settlement results, measured on
neighbouring similar structures in similar
conditions are available, the design drained
modulus En of the deforming stratum for
drained conditions may be estimated from the
results of laboratory or in-situ tests.

(4) The adjusted elasticity method should only
be used if the stresses in the ground are such
that no significant yielding occurs and if the
stress-strain behaviour of the ground may be
considered to be linear. Great caution is
required when using the adjusted -elasticity
method in the case of non-homogeneous
ground.

F.3 Settlements without drainage

(1) The short-term components of settlement
of a foundation, which occur without drainage,
may be evaluated using either the stress-strain
method or the adjusted elasticity method. The
values adopted for the stiffness parameters
(such as En and Poisson's ratio) should in this
case represent the undrained behaviour.

F.4 Settlements caused by consolidation

(1) To calculate the settlement caused by
consolidation, a confined one-dimensional
deformation of the soil may be assumed and
the consolidation test curve is then used.
Addition of settlements in the undrained and
consolidation state often leads to an
overestimate of the total settlement, and



3aCTOCOBaHi1 eMIIIPUYHI KOpETyBaHHSI.

F.5 Pesxum yac - ocinanns

(1) [dns 3B'SI3HUX TPYHTIB MIBHIKICTH OCiTaHHS
KOHCOMiamii 70  3aKiH4YeHHS  IEPBHHHOI
KOHCOMimanmii ~ Moxke  Oyrm  TpuOIM3HO
oOpaxoBaHa 3 BHKOPUCTAHHSM MapaMeTpiB
KOHCONiAallii, OTpUMaHUX 3 KOMIIPECITHOTO
BurpoOyBanHs. [IpoTe, IMBUAKICTH OCiAaHHS
KOHCOJNIamii CJiJi BU3HAYAaTH IEPEBAXKHO i3

3aCTOCYBaHHSAM BEIUYUH KOeQiI[iEHTIB
¢inpTparii, OTpUMaHMX 3 MOJILOBUX
BUITPOOYBAaHb.

Jdonaroxk G

(indbopmaTuBHUIT)

Mpuxaan METOLY BU3HAYEHHS
nepeadavyBaHol HeCcy4oi 3MaTHOCTI

(pyHa1aMeHTIB HeramOOKOro 3akjaagaHHs Ha
ckeJi

1) Jnst  cimabkux i TpimMHYBaTHX
(meOeHNCTIX) CKENPHUX TPYHTIB 13 IUIEHUMHU
3’€MHAHHSMH, [0  BKJIIOYAIOTH  Kpeumy 3
nmopuctictio  Hwkue 35%, mepenbauyyBaHa
Hecyda 3/aTHICTh MOXe OyTH BUBENEHEe 3
pucynka G.1. Ile 0azyerbcs Ha Kiacugikarii,
HamaHii B Tabmumi G.1 3 mepemymMoBOrO, IO
Cropy/ia MOXKE€ BHUTPUMYBATH OCITaHHSA piBHI
0,5%  wmpuan  ¢dyamamenty. BemnuumHU
rependavyBaHoi HECy4oi 3AaTHOCTI TSl 1HIITHX
OCiTaHhb MOXXYTh OYTH BH3HAYCHI MPSMOIO
MIPOTIOPIIIHHICTFO. Jlst cnabKux i
TPIIMHYBATHX CKEIBHHUX TOPIX 3 BIOKPUTHMHU
ab0 He3aloBHEHWMH 3’€JHAHHSIMH HEOOXiTHO
BHKOPHICTOBYBATH HIDKY1 BETMYUHU
rependavyBaHol HECYJOl 3/1aTHOCTI.

empirical corrections may be applied.

F.5 Time-settlement behaviour

(1) With cohesive soils the rate of
consolidation settlement before the end of the
primary consolidation may be estimated
approximately using consolidation parameters
obtained from a compression test. However,
the rate of consolidation settlement should
preferably be obtained using permeability
values obtained from in-situ tests.

Annex G

(informative)

A sample method for deriving presumed
bearing resistance for spread foundations
on rock

(1) For weak and broken rocks with tight
joints, including chalk with porosity less than
35 %, the presumed bearing resistance may be
derived from figure G.1. This is based on the
grouping given in Table G.1 with the
assumption that the structure can tolerate
settlements equal to 0,5 % of the foundation
width. Values of presumed bearing resistance
for other settlements may be derived by direct
proportion. For weak and broken rocks with
open or infilled joints, reduced values of
presumed bearing pressure should be used.

Ta6muusa G.1 — Knacudikauist c1adkux i TpIlinHYBaTHX CKEJIBHUX IPYHTIB

I'pyna Tun cKeJbLHOr0 IPYHTY (IIOPOIN)

1 YucTi BamHAKA 1 TOJIOMITH
KapOoHaTHI minaHuKN 3 HU3HKOIO MTOPUCTICTIO

2 Bynkaniuni mopoau

OonrToBi 1 MEPreNUCTi BAITHAKU
JobOpe 31ieMeHTOBaHI MiIIAHUKA
3arBepaini kapOOHATHI apriiT

Meramopdiuni mopoan, Briodaroun cianii - (Slates and  schist)
(ropuzoHTaNIBHA CIAHIIEBATICTH / IMAPYBATICTH)

3 CuJIbHO MEPrenucTi BalHAKN
Ca0o0 31eMEHTOBaHI IMIIAHUKH
Cranui (moxuiia cJIaHIeBaTICTh / MIAPyBaTICTh)
4 Hesnemenrorani rmuucTi cinanmi (mudstones and shales)
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YMOBHi no3HaYeHHsI

Ab6cmuca: y (MITa) — MinHICTh IPK OMHOBiCHOMY cTHCKyBaHHi  OpauHata: ds (MM) — BiICTaHB MiXK 3’ € THAHHAMHE

I'pyma 1 ckenbHOTO IPYHTY (CKENBHOI ITOPOIH)
I'pyma 2 ckenbHOTo TPYHTY (CKEIBHOI TOPOTH)
I'pyma 3 ckenmbHOTO TPYHTY (CKEIBHOI TOPOTH)
I'pyma 4 ckenbHOTO TPYHTY (CKEIBHOI TOPOTH)

OB wWwN R

SIKIIIO 3’ €AHAHHS MIUTBHI, 200 50% 1€l BeMmInHY, KO 3’ €THAHHS BiIKPHTI

»

mopona , d)mopona cepemHboi TBEPIOCTI, €) TIopoa TBEpIa
Bincrani: f) mana BigcTaHb MiX 3’ € THAHHSIMH
g) cepelHs BiICTaHb MiX 3’ € THAHHIMH
h) Benmka BimcTaHB MiX 3’ € THAHHAMUA

JomycTiMuii peakKTHUBHHUMA THCK, III0 HE TEPEBHIYE MIITHOCTI MIPH OJHOBICHOMY CTHCKYBaHHI IIOPOJIH,

HomyctiMuii peakTHBHHN THCK: a) AyXe cinabka mopoxa, b) cmabka mopoja ¢) MOMIpHO ciadka

Tuna nopin y KOoXHIA 3 4OTHpPhOX TIpyn auBuch Tadmmiio G.1. OniHka Hecydoi 3[aTHOCTI y 3aIITPUXOBAHUX

JIISTHKaX BUKOHYETHCS MICIs OISy 1/4m BUnpoOyBaHs mopix (3a BS 8004).

Pucynok G.1 — Ouinka Hecy4oi 31aTHOCTi OIMHOYHOr0 KBaPAaTHOT0 pyHAAMEHTY
(1110 MOKOITHCS) Ha cKeJi (MPH OCiTaHHAX, 110 He nepeBUIYIOTH 0,5% mmpuna pyHaamenTy)



Jdomarox H

(indopmatuBHUIL)

I'panuyni BenunHu gedopmani
KOHCTPYKIIiH i mepemimenb pyHxaMeHTIiB

(1) CknanmoBi mepemiiieHb (QyHIAMEHTIB, SKi
MMOBUHHI PO3TJISAAATUCh, BKIIOYAOTh: OCIIaHHS,
BiJHOCHE (HEpIBHOMIpHE) OCiJaHHS, MOBOPOT,
KpeH, BIIHOCHMI MPOTHH, BiIHOCHUI IOBOPOT,
TOpPU3OHTANBHE TEpeMilleHHs 1 aMILTTyda
BiOpaiiii. BusHaueHHs JCAKUX MapaMeTpiB, 1110
BITHOCATBCS JIO TMepeMilleHb 1 JaedopMartiit
(dbyHaaMeHTiB, HaaHi Ha pucyHKy H.1.

(2) MakcumanbHO ~ JIOMYCTHMI  BiJHOCHI
MOBOPOTH ISl BIAKPUTHUX PaMHHUX (KapKacHUX)
cropyl, paMm (KapkaciB) i3 3allOBHEHHSM 1
HECYYMX YW CYIUIbHHUX LEISIHAX CTiH HaBPS[I
g OynyTh OJHAKOBHMH, ajie HaWiMOBIpHIillIe
BOHM MaloTh Oyt B mianmasoni Bim 1/2000 mo
1/300, J11(00) BUKJTIOYNTH BUHUKHEHHS
TPAaHUYHOTO CTaHy 3a HENPWAATHICTIO [0
ekcrutyartamii y cropyai. st 6aratbox criopyna
JIOITYCKA€ETHCS MaKCUMaJIbHUN BIIHOCHUM
noBopotr 1/500. BimHOocHWE mMOBOPOT, TIpU
SKOMY MOYKIMBUN TPAaHUYHHUM CTaH 3a BTPATOIO
HeCcydJoi 3IaTHOCTI, CTaHOBHUTH Ot 1/150.

(3) 3nauenns, HagaHi y (2), BITHOCSTHCSA IO
MPOTMHY BHU3, SIK MOKa3aHO Ha pucyHky H.I.
st BUuruHY yBepX (Kpai oCciTaroTh OuIbIne, HiXK
cepeanHa), BEITMYNHU 3MEHIIYIOTHCS
HaIoJIOBHHY.

(4) HAnga 3BUYAMHUX COOPYHD 3 OJWHOYHUMH
(yHIIaMeHTaMH JOIYCTHME 3arajbHe OCimaHHs;
mo 50 mm.. bimpmii ocimaHHS MOXYTh OyTH
JIOMYCTUMI, SKIIO BIJHOCHI TTOBOPOTH IIPH
[bOMY 3aJIMIIAIOTHCA B JIOIYCTUMHUX MEXax 1
3arajbHi OCiTaHHS HE CIPUYHUHSIIOTH ITPOOJIEM 3
OOCIIyTOBYBaHHSIM 30BHIIIHIX MeEpeX YW He
BEIYTh JI0 KPEHiB i T. iH.

(5) Lli exa3ziexu 8i0HOCHO 2paHUYHUX OCIOaHb
CMOCYIOMbCs 36UHALIHUX MUNOBUX cnopyO. Bouu He
8i0HOCAMbBCA 00 OY0igenb YU CNOPYO YHIKATbHUX YU
3 CYMMEBO HEPIGHOMIPHUM PO3HOOLIOM
HABAHMAINCEHb.

Annex H

(informative)

Limiting values of structural deformation
and foundation movement

(1) The components of foundation movement,
which  should be considered include
settlement, relative (or differential) settlement,
rotation, tilt, relative deflection, relative
rotation, horizontal displacement and vibration
amplitude. Definitions of some terms for
foundation movement and deformation are
given in figure H.1.

(2) The maximum acceptable relative rotations
for open framed structures, infilled frames and
load bearing or continuous brick walls are
unlikely to be the same but are likely to range
from about 1/2000 to about 1/300, to prevent
the occurrence of a serviceability limit state in
the structure. A maximum relative rotation of
1/500 is acceptable for many structures. The
relative rotation likely to cause an ultimate
limit state is about 1/150.

(3) The ratios given in (2) apply to a sagging
mode, as illustrated in figure H.1. For a
hogging mode (edge settling more than part
between), the value should be halved.

(4) For normal structures with isolated
foundations, total settlements up to 50 mm are
often acceptable. Larger settlements may be
acceptable provided the relative rotations
remain within acceptable limits and provided
the total settlements do not cause problems
with the services entering the structure, or
cause tilting etc.

(5) These guidelines concerning limiting
settlements apply to normal, routine structures.
They should not be applied to buildings or
structures, which are out of the ordinary or for
which the loading intensity is markedly non-
uniform.



|__ J's max __|

Lap

a) definitions of settlement s, differential settlement Js, rotation 8 and angular strain «
b) definitions of relative deflection A and deflection ratio A /L
c) definitions of tilt « and relative rotation (angular distortion) g

a BusnadenHs ocimaHHA S, HEPIBHOMIPHOTO OCiaHHSA S, TTOBOPOTY 6
i KyroBoi nedopmariii o
b BusHadeHHs BiTHOCHOTO MPOTUHY A 1 BiTHOCHOTO criBBigHOMIEHHS A/L
3 BusnadeHHs KpeHy @ 1 BiTHOCHOTO IOBOPOTY (KyTOBOT'O BUKPUBIICHHS) f5

Pucynok H.1 — BuzHaueHHs1 nepeMillleHb (P)YHIAMEHTY



DonaTtok J
(indopmatuBHUIL)
IHncTpykniss sl TeXHiYHOrO0 HarJsAay 3a
OyNiBHUIITBOM i MpOBeeHHSI MOHITOPHHTY
J.1 3araabHi BimoMocTi
(1) HaBemeumit rmepemik MiCTHTh HaKOLTBII
3HAa4YHI TUTaHHS, SKi HEoOXiTHO BpPaXxoOBYBaTH
NPy  BHKOHAHHI TEXHIYHOrO HArjsady 3a
OyMIBHUIITBOM YH TPOBEICHHI MOHITOPUHTY
EKCIUTyaTainHuX SIKOCTEN 3aKIHYEHOT
cnopymd. BaxnuBicTe 1uX muTaHb Oyje
PI3HOIO Bijl pOeKTy 10 mpoekTy. [lepenik He €
BuyeprnanuM. [IuTaHHS, 1O  CTOCYIOTBCS
CHeliaJbHUX aCIeKTIB IHKEHEPHOI IeOTEXHIKH
YH CIeIialIbHUX BUIIB POOIT, OyJIM PO3TIISHYTI
y Pozninax 1iei Hopmu.

J.2 TexHiuynui HarJAq 3a

OyiBHMIITBOM

J.2.1 3aranbHi NUTaHHA, AKI OiAJIATanTbH
KOHTPOJII0
(1) TIlepeBipka  TPYHTOBHX YMOB  Ta
po3TamryBaHHS 1 TeHEepalbHOrO  TUIAHY

CTIOpY/IH.
(2) Crix mimeMHHX BOX 1 PEKAM THCKY
IOpOBOi  BOAWM,  BINIUB  OlEpariii 10
BOJIO3HMKEHHIO Ha piBeHb IPYHTOBHUX BOJ;
e eKTUBHICTh 3aXO0/iB KOHTPOJIIO
iHbUTBTpaIliitHOrO MIPUTOKY; BHYTIIIHI

epO3iifHI TpomecH 1 MIATPYHTOBA €pO3is;
XIMIYHHH CKJIaJl TPYHTOBHX BOJ; BipOTiIHICTH
KOpo3ii.

(3) IlepemimieHHst, MIACTHYHICTh (TEKYYiCTB),
CTIMKICT, CTIH 1 [JOHA BUIMKHM, CHCTEMU
TAMYacOBOTO KpIIJIEHHS; BIUIMB Ha CYyCiTHI
OymiBii 1 Mepexi; BHMIp THCKy IPyHTy Ha
YTpUMYIO4i CHOPYOH; BHUMIp 3MiH THCKY
MOpOBOi BOJM BHACTINOK BiAKOIMyBaHHS a0o
HABaHTAXECHHSL.

(4) besmeka poOITHWUKIB 3 BpaxyBaHHSIM
TeOTEXHIYHUX TPAaHUYHUX CTaHiB.

J.2.2 3Tik BOAM i THCKM TOPOBOI BOAM

(1) BiamoBigHicTh cucTeM 3a0e3medyBaTH
KOHTPOIIb THCKIB TIOPOBOI BOAM Yy BCIX
BOJIOHOCHUX IIapax [J€ HAaJJIUIIKOBUH THCK
MOXK€ BIUIMHYTH Ha CTIHKICTh YKOCiB abo
OCHOBM BHIMKM BKJIIOYAIOYM apTe3iaHChKi
TUCKH Y BOJOHOCHOMY LIapi HUK4Ye KOTJIOBaHY;
BiJBEICHHA BOIM 3 CHCTEM BOJO3HM)KECHHS;
MOHWKEHHSI PIBHS I'PYHTOBOI BOAM BIPOJOBXK
Bciei BHIMKH 3 METO0 HE JONMYCTUTH
PO3pIIKEHHST  (3BaXKyBaHHS) YW  OCHIIAHHS
(po3M’sikmieHHs), BuMHBaHHSA  (cydosii) i
nopyiieHHs: ¢Gopmu (TepeMilryBaHHs) TPYHTIB
OyZIBENFHOK  TEXHIKOIO; BiABENEeHHA 1
CKHJIAaHHS JOIIOBHX 1 IHIIMX TOBEPXHEBHUX BOJI.
(2) HifioBa 1  edexktuBHA pobOTa cCHUCTEM
BOJIO3HIJKEHHSI TPOTATOM BCHOTO  TEpiomy

Annex J

(informative)

Checklist for construction supervision and
performance monitoring

J.1 General

(1) The list that follows contains the more
important items that should be considered
when supervising construction or monitoring
the performance of the completed structure.
The importance of the items will vary from
project to project. The list is not exhaustive.
Items that refer to specific aspects of
geotechnical engineering or to specific types
of works have been reported in the Sections of
this standard.

J.2 Construction supervision

J.2.1 General items to be checked

(1) Verification of ground conditions and of
the location and general lay-out of the
structure.

(2) Ground-water flow and pore-water
pressure regime; effects of dewatering
operations on ground-water table;
effectiveness of measures taken to control
seepage inflow; internal erosion processes and
piping; chemical composition of ground-water;
corrosion potential.

(3) Movements, vyielding, stability of
excavation walls and base; temporary support
systems; effects on nearby buildings and
utilities; measurement of soil pressures on
retaining structures; measurement of pore-
water pressure Vvariations resulting from
excavation or loading.

(4) Safety of workmen with due consideration
of geotechnical limit states.

J.2.2 Water flow and pore-water pressures
(1) Adequacy of systems to ensure control of
pore-water pressures in all aquifers where
excess pressure could affect stability of slopes
or base of excavation, including artesian
pressures in an aquifer beneath the excavation;
disposal of water from dewatering systems;
depression of ground-water table throughout
entire excavation to prevent boiling or quick
conditions, piping and disturbance of
formation by  construction  equipment;
diversion and removal of rainfall or other
surface water.

(2) Efficient and effective operation of
dewatering systems throughout the entire
construction period, considering encrusting of
well screens, silting of wells or sumps; wear in



OyJiBHHIITBA BKJIFOYAIOYH 3armooiraHHs
3aCMiUEHHIO (kompMarTartii) ¢inpTpiB
BO/M03a0IpHUX  CBEPIJIOBHH,  3aMYJIIOBaHHIO
CBEpAJIOBUH K JPEHAKHUX

(BomomnpuitMalIbHUX ) KOJIONA31B; 3HOCY HACOCIB;
3aCMIYCHHIO (3aMYJIFOBaHHsI) HACOCIB.

3) Koutpomns BOJIO3HIDKCHHS JUTST
HEIONYIICHHS MOPYIIEeHb CYCIIHIX cropyn abo
MpHUJIETNINX ~ TEPUTOPii; CHOCTEPEeXKEHHS 3a
M'€30METPUYHUMH  PiBHSAMH;  €()EKTHBHICTB,
eKCIUTyaTamis 1 TexXOOCIYrOBYBaHHS CHCTEM
Ii/PKUBIICHHS (BO103a00pY) 32 HEOOX1IHOCTI.
(4) Ocimanns npunernux cnopyn ado JisSHOK.
(5) EdexTuBHiCT BOMOBIABEACHHS (ApEHAXKY)
FOPU30HTAIbHUMU mmypamMu  (OypoBUMH
CBEp/IIOBUHAMH).

J.3 BUKOHAHHSA MOHITOPMHTY

(1) Ocinmannst 4epe3 BCTaHOBIEHI IPOMIKKH
yacy OyaiBeNb 1 IHIIUX CIIOPYJ, Y TOMY YHCIIi
i BIUIMBOM Jii BiOpamiii Ha HecTaOUIbHI
IPYHTH.

(2) biuni (ropuzoHTanbHi) gedopmarii i
BUKPHBIICHHS (TIEPEKOCH), OCOOJMBO IOB'SI3aH1
3 HAacUNaMH 1 BifBajlaMy; 3BeACHI Ha TPYHTI
ciopya, Taki Ak OymiBiai  abo  KpymHI
pe3epByapw; TIHO0KI TpaHIel (KaHaIH).

(3) IM'ezomerpuyuni piBHI mig OyxiBasIMH abo
TPUJICTIIMMH  TEPUTOPISIMH,  OCOOJIMBO,  3a
HAasIBHOCTI TIIMOOKOTO JpEHaXy a00 MOCTIHHMX
CHCTEM BOJIO3HIKEHHS 200 TIMOOKUX MiBaTIB.
(4) Burma abo mepeMmimieHHS YTPUMYIOUHAX
CIOpyl 3  BpaxyBaHHSAM  HOPMAaJIbHUX
HaBaHTa)XEHb BiJ HACHUITY; [Iil BiIBaJIiB; 3aCHUITOK
1 IHOIMX TIOBEPXHEBMX HABAHTAXEHb, THCK
BOJIH.

(5) BumiptoBaHHS CTOKY 3 APEHAKY.

(6) OcobmmBi IpoOITEeMH:

- BHCOKI TeMIIepaTypH CIOPY/, TAKUX K KOTIIH,
rapsdi TPYOOITPOBOIH: 00€3BOIHEHHS
TIIMHUCTUX YK CYTJIMHHUX IPYHTIB; MOHITOPHHT
TeMITepaTyp; MepeMilleHHS;

- HHU3BKI TEMIIEPATypH CIOPYJH, TaKUX SIK
KPHOTEHHI  yCTaHOBKM  a00  XONOAWMIIBHI
TUIISTHKA MOHITOPHHT TeMIepaTyp;
MpOMEp3aHHs IPYHTY; MOpPO3HE 3MMAaHHS;
BILJIMB MOJIAJTBINIONO BiATAIOBAHHSI.

(7) BomoHENpOHUKHICTB.

(8) Bumipu BiOparmiii.

pumps; clogging of pumps.

(3) Control of dewatering to avoid disturbance
of adjoining structures or areas; observations
of piezometric levels; effectiveness, operation
and maintenance of water recharge systems, if
installed.

(4) Settlement of adjoining structures or areas.
(5) Effectiveness of sub-horizontal borehole
drains.

J.3 Performance monitoring

(1) Settlement at established time intervals of
buildings and other structures including those
due to effects of vibrations on metastable soils.

(2) Lateral displacement and distortions,
especially those related to fills and stockpiles;
soil supported structures, such as buildings or
large tanks; deep trenches.

(3) Piezometric levels under buildings or in
adjoining areas, especially if deep drainage or
permanent dewatering systems are installed or
if deep basements are constructed.

(4) Deflection or displacement of retaining
structures  considering:  normal  backfill
loadings; effects of stockpiles; fills or other
surface loadings; water pressures.

(5) Flow measurements from drains.

(6) Special problems:

— High temperature structures such as boilers,
hot ducts: desiccation of clay or silt soils;
monitoring of temperatures; movements;

— Low temperature structures, such as
cryogenic installations or refrigerated areas:
monitoring of temperature; ground freezing;
frost heave; effects of subsequent thawing.

(7) Water tightness.
(8) Vibration measurements.



Joaaroxk HA
(noBinKoBHIl)

epenik Hanionaasuux cragaapris Ykpainu (ACTY), inentuunux MC,
nocuJiaHus Ha ski € B EN 1997-1:2004

[lo3navyenns ta Ha3Ba Cryminb [TozHaveHHs Ta Ha3Ba HAIIOHAJILHOTO CTAHAAPTY
€BpoIEiicbKOro cranaapry | BianmosigHocTi | Ykpainu (ACTY)
EN 1990:2002 €Bpoxo: IDT JCTY — H b B.1.2-13:2008 Cucrema HaJiifHOCTI
OCHOBU TIPOEKTYBaHHS Ta Oe3neku y OyniBuuiTBi. Hacranosa. OcHOBU
KOHCTPYKIIIH npoektyBanHs KoHCTpykmid (EN 1990:2002, IDT)
EN 1991 €poxon 1: Jlii IDT JCTY —H B EN 1991-1-1:2010 *“ €spokon 1. [ii
Ha KOHCTPYKIIIT Ha KoHCTpyKIii. YacTuna 1-1. 3arajibHi il
ITuToma Bara, BjIacHa Bara, eKCIUTyaTamiiHi
HaBaHTaxeHHs 11 criopya (EN 1991-1-1:2002,
IDT)
JCTY —H B EN 1991-1-2:2010 “EBpoxop 1. [dii
Ha KoHcTpyKIil. YacTuna 1-2. 3araneHi aii. [ii Ha
KOHCTpYKIIii mig yac noxexi (EN 1991-1-2:2002,
IDT)
JCTY —H B EN 1991-1-3:2010 “Espoxon 1. [dii
Ha KoHCTpyKIii. YacTuna 1-3. 3arasibHi aii. CHIroBi
nasantaxkerus (EN 1991-1-3:2003, IDT)
JACTY —H b EN 1991-1-4:2010 “Espoxox 1. [ii
Ha KoHCTpyKIlii. YactuHa 1-4. 3aransHi gii. BiTpoBi
nasantaxkerus (EN 1991-1-4:2005, IDT)
JCTY —H b EN 1991-1-7:2010 “€Bpoxon 1. ii
Ha KoHCTpyKIii. YactuHa 1-7. 3aranmpHi mii.
Oco6nuBi qunamiusi Bivkeu (EN 1991-1-7:2006,
IDT)
JACTY —H b EN 1991-2:2010 ”Epoxkon 1. [lii Ha
KoHCTpyKii. YactuHa 2. Pyxomi HaBaHTa)kKeHHS Ha
moctr (EN 1991-2:2003, IDT)
EN 1992 €spokon 2: IDT JCTY —H EN 1992-1-1: 2010 “E€spokox 2.
[IpoexryBanHs [IpoexTyBaHHS: 35113006 TOHHUX KOHCTPYKITiH.
3aI1i300€ TOHHIX Uactuna 1-1. 3aranpHi IpaBuia i mpaBwUia I
KOHCTPYKITii criopya (EN 1992-1-1:2004, IDT)
EN 1993 €poxkorn 3: IDT JACTY —H b 1993-1-1: 2010 “€spo kox 3.
[IpoekTyBaHHS cTaneBux [IpoextyBaHHs cTajgeBux KOHCTpyKIii. YactrHa 1-
KOHCTPYKITiit 1. 3aranpHi mpasuia i npaswia as copyxa (EN
1993-1-1:2005, IDT)
JACTY —H b EN 1993-1-2:2010 “Espoxkon 3.
[IpoextyBaHHs cTrajgeBux KOHCTpyKIii. YactuHa 1-
2. 3aranbHi nonoxeHHs. Po3paxyHOK KOHCTPYKIiH
Ha BorHecriiikicTs (EN 1993-1-2:2005, IDT)
EN 1994 €Bpoxog 4: IDT JACTY —H b EN 1994-1-1:2010 “Espokon 4.
[IpoexryBanHs [IpoekTyBaHHS cTane3aniz00eTOHHUX KOHCTPYKIIIH.
KOMOIHOBaHUX Yacrtuna 1-1. 3aranpHi npaBuia i npaBuiia Jist
crajesasi3o- OCTOHHHX criopya (EN 1994-1-1:2004, IDT)
KOHCTPYKIIIH
EN 1995 €Bpokog 5: IDT JACTY —H b EN 1995-1-1:2010 “EBpokox 5.
[IpoexryBanHs nepeB’sTHUX [IpoexTyBanHs nepeB’THUX KOHCTPYKLIH.. YacThHa
KOHCTPYKILIH 1-1. 3aranbHi npasuia i npasuia g copyd (EN
1995-1-1:2004, IDT)
EN 1996 €Bpokof 6: IDT JCTY —H b EN 1996-1-1:2010 “EBpoxof 6.




[IpoektyBaHHS KaM’sIHUX
KOHCTPYKIIIH

[IpoexTyBanHs KaM’sIHUX KOHCTpYyKLid. YacTtuna
1-1. 3aranpHi npaBuia i apMOBaHHX 1
HEapMOBaHUX KaM sHUX KoHCTpykuiil (EN 1996-1-
1:2005, IDT)

EN 1997-2 €Bpokon 7:
'eorexniune
npoekTyBaHHs. YacTuHa 2:
JocnimkeHas 1
BUITPOOYBaHHS IPYHTY

JACTY —H b EN 1997-2:2010 “Epoxon 7.
I'eorexHiune nmpoekTyBaHHs. YacTuHa 2.

Hocnimxenns i BunpoOyBanus rpyaty (EN 1997-
2:2007, IDT)

EN 1998 €spokon 8: IDT JACTY —H B EN 1998-1:2010 “€Bpokor 8.

[IpoextyBanus [IpoekTyBaHHS CEHCMOCTIHKIX KOHCTPYKIIIH.

ceifcMocTiiikux Yacruua 1. 3aranapHi IpaBuia, cCeCMITHL

KOHCTPYKITiH mii, mpasuia 1o coopya (EN 1998-1:2004,
IDT)

EN 1999 €spokon 9: IDT JACTY —H b EN 1999-1-1:2010 “Espokon 9.

IIpoexryBaHHs
QIOMIHIEBHX KOHCTPYKIiH

[IpoekTyBaHHS aMIOMIHIEBHX KOHCTPYKIiH.
Yacruna 1-1. 3araneHi npaBuia Uit KOHCTPYKIIIH
(EN 1999-1-1:2007, IDT)

JACTY —H b EN 1999-1-2:2010 “Espokon 9.
[IpoekTyBaHHS aFOMIHIEBHX KOHCTPYKITIH.
Uacruna 1-2. Po3paxyHOK KOHCTPYKIIii Ha
Boruecriiikicts (EN 1999-1-2:2007, IDT)




Texniuna nonpaska EN 1997-1:2004/AC:2009 ii nepexnan

€Bpoxkoa 7: ['eorexHiuHe npoekTyBaHHA - YactuHa 1: 3aranbHi npaBuia

JlanHi BunpaBiieHHss HabupatoTh ynHHOCTI 18 JItoToro 2009 s BHecenus B EN tproma
oQIIIHHUMHI MOBaMH JIOKYMEHTY.



1 3minm 10 IepenmoBu

Ocrannst yactuHa «HamionanbHoro gogarky g0 EN 1997-1», ocranHili ab3ail BKIIFOYAIOYH CITUCOK
HaIIOHAJILHOTO BUOOPY, AoaaTu mMix «2.4.7.1(3)» Ta «2.4.7.2(2)P»:

«2.4.7.1(4), 2.4.7.1(5), 2.4.7.1(6)»

Ta MK «8.6(4)» Ta «11.5.1(1)P»:

«10.2 3)».

2 3minm go Hinnyukty 1.1.2

Yacruna (3), nepmmii a03air, 3aMIHATH «4aCTKOBHH Koe(illieHT Oe3MeKn» Ha «9aCTKOBUH Koe]ilieHT».
3 3minum o Hinmynkry 1.6

Yactuna «JIaTMHCBKI JiTepu»:

TpakTyBaTé HACTYITHI CAMBOJIHM TaKHM YHHOM:

«A' edexTrBHA TUIOMA OCHOBH (A'=B X L")»

«Ob;k  XapaKTEPUCTUYHE 3HAYEHHSI MHUTOMOT'O OITOPY OCHOBHD)
«Os;ik  XapaKTEpHCTUYHE 3HAYEHHS OCHOBOTO OIOPY B miapi I».
3aMiHUTH CHMBOJ [UTs «IIHPHHA QyHIaAMEHTY»: «b» Ha «By».

3aminuTy B nosicieHH1 «Cg»: «eeKT BIUTHBIBY Ha «BIJTHOCHUN KPUTEPIH eKCILTyaTaIliitHol
TIPUIATHOCTI».

3aMiHUTH CUMBOM IS «IOBXKHHA pyHIaMeHTY»: «I» Ha «L».
BcraButy HaCTYnHHIM CUMBOJI B CIIMCKY HICTIS «(s;rk»:
«Qu HeoOMeKeHa MIITHICTh Ha CTHCKAHHS)
Yactuna «I'penbki Jitepu»:
TpakTyBaTé HACTYIIHI CUMBOJIA TAKMUM YHHOM:
«YRe YACTKOBUU KOE(]IIEHT MACHBHOTO OMOPY IPYHTY».
«YQudst YACTKOBHH KOE(IIIEHT ISl 3MIHHUX JIECTA01TI3yI0OUMX BILTUBIB
«YQstb  YACTKOBHH KoeiLi€HT Iyist 3MIHHUX CTaOUTI3YIOUMX BIUIMBIBY.
4 3minu go Hipnynkry 2.1
Yacruna (17), 3aMiHUTH «3eMIISD» Ha «IPYHT».

5 3minu go IHignynkry 2.4.2



Yacruna (4), Tpere THpe, BUAAINTH: «Ta TUCK IPYHTOBUX BOI».
6 3minm no IHignynkry 2.4.7.1
Yacruna (4), A01aTH HACTYIIHY TPUMITKY:

«[TPUMITKA 3Ha4YeHHS YaCTKOBHUX KoedillieHTIB MOKYTh BU3HaUaTHCSl HanioHanbHUM
JlomaTkom.»

UYacrtuHa (5), 10AaTH HACTYIIHY IPUMITKY:

«[TPUMITKA 3Ha4YeHHs YaCTKOBHMX Koe(illieHTIB MOKYTh BU3HaUaTHCS HalioHanbHUM
JlomaTkom.»

UYacrtuHa (6), 101aTH HACTYITHY IPUMITKY:

«[TPUMITKA 3Ha4yeHHs TUTIOBUX KOe(illieHTIB MOXKYTh BU3HavaTrcs HamioHanpHUM
JlomaTkom.»

7 3minm g0 HinnyHkTy 6.5.3

Yactuna (11), B popmynax (6.4a) ta (6.4b) 3aminut: «Ac» Ha «A'».

8 3minu go HignynkTy 7.1

Yactuna (3)P, sumamutu «[IPUMITKA» ta nogatu: « — EN 14199:2005, mist Mikponaib.
9 3minm g0 IinnyHkTry 7.6.2.1

Yactuna (13), apyre THpE, 3aMIHUTH: «IIEPEXPECHUN PO3pPI3» Ha «IIEPEXPECHUN Po3pi3 OPyTTON.
10 3minu go Hinmynkry 7.6.3.3

Yactuna (6), « [ IPUMITKA», 3aMIHATH: «3» Ha «BY».

11 3minu go Hinmyukry 7.6.4.2

UYacrtuna (1)P, 3amMiENTH: «9acTKOBI KOe(imieHTH Oe3MeKm» Ha «4aCTKOB1 KOS(IiliEHTH.
YacTtuHa (4), 3aMIHUTH: «OIIHEH1» Ha «OIIHEH1 Ha OCHOBIY.

12 3minu go Hignynkry 7.8

UacrtuHa (4)P, 3aMiHUTH: «IyXe CITaOKUi» Ha «3 HaI3BUYAITHO HU3BKOKO SIKICTFO MIITHOCT1Y.

YacTuHa (5), 3aMIHUTH: ((CepeZ[HLOCTaTHCTH‘{HI/IfI, HEBHCHAKCHHI» Ha «XapaKTepHCTH‘iHHfI».

13 3minu go HignynkTty 7.9

UYacrtuna (4), nogatu micist «EN 12699:2000,»: «<EN 14199:2005,»; Ta BUAanIuTH OCTaHHIO
«TPUMITKA».

14 3minn no HignynkTy 8.1.1
Yacruna (3):

3aminuTa: «(3)» Ha «(3)P».



3aMiHUTH peYeHHS:

«anuit Po3ain He Mae 3aCTOCOBYBAaTUCH JI0 IPYHTOBHUX IIBSIXiB.»
Ha HACTYITHE:

«[lanuit Po3min He 3aCTOCOBYETHCS [0 IPYHTOBUX ILIBSIXIB.»

15 3minm go Hinmynkry 8.1.2

«8.2.1.7 JloBijbHA JOBKHMHA MOMEPEAHBO HAMIPYKEHOI apMaTypuy, mepeHymepyBartu «8.2.1.7» B
«8.1.2.7».

16 3minu o Ilignynkry 8.8

Yacruna (1)P, 3amianT: «B npoekTyBaHHI Mae OyTH TOYHO BU3HAUEHO, IO BCi...» Ha «Bci».
17 3minu o Ilignynkry 9.3.1.5

Yacrtuna (1)P, BUOaIMTH: «CHIIN MICHS «JIBOIOB1Y.

18 3minum go Hinmynkry 9.3.2.2

Yacruna (3)P, 3aMiHATH: «11epio/i BUKOHAHHS» HA «ITPOEKTHA CHTYAIlisD).
19 3minu o Ilignynkry 9.5.3

YacTtuna (2), 3aMIHUTH: «BHCOKI KyTH BHYTPIIIHBOT'O TEPTS» HA «BUCOKI KyTH CIIPOTHBY 3CYBY».
20 3minu po Ilinmynkry 9.6

Yacrtuna (3)P:

3aminuta: «(3)P» Ha «(3)».

3aMiHUTH JBa BUIAKA BUKOPUCTAHHS: «MAIOTh» Ha «3a3BHYAil MOBHHHINIO
21 3minu xo Ilignyukry 9.7.5

Yactuna (5)P, 3aminut: «Po3min 6» Ha «Po3mia 7».

22 3minu go Iignynkry 9.8.1

[ToBHicTiO BUAQIMTH TeKCT yacTuH (2)P ta (3)P.

[lepenymepyBatu yactuny (4) B (2) Ta wactuny (5) B (3).

B maparpadi (3) (mepeHymMepoBaHOMY ), 3aMiHUTH: «MOXe» Ha «IIOTPEOye».
23 3minm g0 Hinnynakry 10.2

Yacruna (2)P:

BceraButu: «B TOM Yac SK» MK «IIapy 3eMITL,» Ta «IIPOSKTHUN CIIPOTHUBY.
Yacrtuna (3):

3aMiHUTH Bech NepIIni maparpad HaCTYITHUM:



«

CrpoTHB oMy CHIIaMH TEPTS a00 aHKEPHUMHU CHIAMHU TaKOXK MOXKE PO3TIISIATHCS SIK TIOCTIHHUMA
crabinizyrounii BepTukaabHui BB (Gstoyd), SKIIO 1€ A03BoeHO HamionansHuM lonaTkom.

[MPUMITKA  3naveHHs yacTKOBUX (paKTOPiB MOXKYTh BCTaHOBIIOBaTHCH HamionansHuM J{ogaTkoM.

»

Pucynok 10.1 3 a) 1o €), KIIIO4OBHIA eIEMEHT 1, YOTUPHU pasu 3aMIHUTH: «TaOIULs BOAH (TPYHTOBOT)» Ha
TaOJIUILS «Ta0JIUIS IPYHTOBUX BOIY,

3aminut Pucynok 10.1 ¢), 10.1 d) ta 10.1 e) na nactynui Hoi PUCYHOK 10.1 c), 10.1 d) ta 10.1 e):
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Pucynoxk 10.1 c)

)
|
'
"
1
:
NN
:l
I.

A jaan

Pucynoxk 10.1 d)



Pucynok 10.1¢)

Pucynok 10.1 ¢), togaTu KIIFOYOBHUN €IIEMEHT:

«10  piBeHb I'PYHTOBHX BOJ IIEpPEJl EKCKABAIIIEIO».
Pucynok 10.1 ¢) Ta d), mogatu KIrOUOBHI €JIEMEHT:

«11 pIBEHb IPYHTOBUX BOJ ITiJT 9aC €KCKaBaIlii».

Pucynok 10.1 ¢), 7o1aTH KIFOYOBUN €IEMEHT:

«12  m’e30MeTpUYHUI PIBEHh B OCHOBI TJIMHSHOT'O IIAPY.
B 306paxenni 10.1 d) BUgaauTH KIIFOYOBHUI €IIEMEHT:

«6 TCOKY.

24 3minu po Ilianynkry 10.3

Pucynok 10.2, 3aMiHUTH KITFOUOBHIA €IEMEHT 1: «piBeHb eKCcKaBaIlii (JTiBwii); TaOMHIlI Boau (TIpaBa)» Ha
«piBEHB eKCKaBallii (JIiBUi); piBeHb HE3B’ s13aHOI BOAHU (TIpaBUA)».

25 3minn po Hinmynkry 10.4
UYacrtuna (5)P, 3amianTy nanuii maparpad Ha:

« SIxmio xkpuTepii GimbTpallii € HEBUKOHAHUM, HEOOX1THO Oy/1e IPOKOHTPOJIOBATH, 1110 TPOSKTHE 3HAUEHHS
TipaBJIIYHOrO TPATIEHTY € 3HAYHO HIKYMM 33 3HAYSHHSI KPUTHYHOTO TiIPaBIiYHOrO IPaliEHTY, IPU IKOMY
MOYMHAETHCS PYX YaCTOK IPYHTY.»

26 3minm xo Hinmynkry 10.5

Yacruna (1)P:



Pucynok 10.3, 3aMiHUTH KITFOUOBHIA eIEMEHT 1: «TaOauIlsd HE3B I3aHUX BOJ» HA «PIBEHb HE3B I3aHUX BOIY.
«[TPUMITKA», npyre Tupe, BUAAINTH MiAKPECICHHS.
27 3minn xo Ilignynkry 11.5.1

Yacruna (10), 3aMiHUTH Apyre pedeHHs Ha: «SIKI0 BUKOPUCTOBYETHCS METO/ HIapiB 0e3 MmepeBipKu
TOPU30HTAIBHOTO OaJaHCy, TO CUJIM MK [IapaMi MalOTh BBaXKATHCS TOPH30HTAILHUMHU. )

UYacrtuna (11)P, Bunpanutu octanuio «[IPUMITKA.

28 3minm go Ilinnynkry A.5

UYacrtuna (1)P, [IPUMITKA, 3aminut: «EN 1990:2002» Ha «1anuii crangapT.

29 3minu no Iignynkry B.2

Yactuna (4):

BaminuTh: «PiBHAHHS (2.6) BKIOYae» Ha «PiBHsHHS (2.6a) Ta (2.6b) BKiTto9aoTh.

Yacruna (5):

Hpyruii maparpad, 3aMiHuTH: «piBHSHHS (2.6)» Ha «piBHAHHS (2.62) Ta (2.6D)».

IT’sitmit maparpad), 3aMiHUTH: «piBHSHHS (2.6) 3BOIUTHCS JI0» Ha «PIBHIHHSA (2.6a) 3aCTOCOBYETHCS.
Yactuna (6):

Hpyruii maparpad, 3aMiHUTH: «piBHSHHS (2.6) 3BOAMTHCS 0:» Ha «piBHAHHS (2.6a) Ta (2.6b) 3B0oasaThCS
TI02».

Yacruna (7):

3aMiHuTH: «piBHSAHHS (2.6) 3aHMIAE€THCA:» Ha «PIBHAHHS (2.6a) Ta (2.6D) 3aMHIIaroThCs:».
30 3minu go Hignynkry B.3

Yacruna (1):

[Teprmii psmoK, 3aMIHATH: «PiBHIHHS (2.7)» Ha «piBHAHHSA (2.7C)».
PiBusuus (B.5.2), 3aMiauTH: «piBHSIHHS (2.7)» Ha «piBHIHHSA (2.7C)».
Yactuna (2):

3aminuTi: «piBHsAHHS (2.7)» Ha «piBHAHH (2.72), (2.7b) Ta (2.7¢)».
Yacruna (5):

Hpyruit naparpad, 3amiauTu: «piBHSHHS (2.7)» Ha «piBHIHHL (2.7C)».
31 3minu xo Ilignynkry F.2

Pisusuus (F.1), samiauta: «b» Ha «By.

32 3minm o Jonarky C



[Noewictio 3amiautu Jlonatok C HactymauM HoBuM JlogaTkoMm C:

Joaarok C
(indopmaniitnmii)

anIKnapM npoueayp Anst BU3Ha4YeHHA TUCKY I'PYHTY

C.1 paHu4Ha sesiu4uHa mucky rpyHmy
(1) I'pannuni 3HAYEHHSI TUCKY TPYHTY Ha BEPTUKAIbHI CTIHHM, CIPUYMHEHI BaroBOO MIUTBHICTIO (),

HE3MIHHUM BEPTHKAJIHHUM HaBaHTAKEHHSAM TOBepXHi (), KyToM omopy 3¢yBy(¢) Ta Koresiero (¢) MaroTh
OyTHU TiIpaxoBaHi HACTYITHUM YMHOM:

— aKTHBHA MEXa CTaHy:
®opmyna (C.1)

Jie THTerparlis B3sTa Bijl MOBEPXHI IPYHTY JI0 TIHOHMHH Z
dopmyna

—TIacHBHA MEXa CTaHy:
®Dopmyna (C.2)

Jie THTerpalis B3sTa Bijl IOBEPXHI IPYHTY JI0 TTHOUHY Z
®dopmyna

ne:

anre3is (MK TPYHTOM Ta CTIHAMH)

Koresist

koe(imieHT e eKTUBHOTO TOPU30HTALHOTO AaKTUBHOT'O THCKY TPYHTY
koe(imieHT e eKTUBHOTO TOPU3OHTAIHLHOTO TIACUBHOTO THUCKY IPYHTY
BEPTUKAIbHE HABAHTAXKEHHS IIOBEPXHI

BiICTaHb JI0 30BHINTHLOT TOBEPXHI CTIHH

KyT HaXwIy TPYHTY 3a CTIHOIO (HampaBJIeHUH BropY, ITO3UTUBHUI)

KYT OIOPY 3CYBY MK IPYHTOM Ta CTIHOIO

3arajbHa BaroBa MIUTFHICTH 30€peXeHOro IPyHTY

04(z) 3aranpHMIl 3BHYAWHHI THCK HA CTiHY Ha ITMOMHI Z (aKTMBHA MEXa CTaHY)
04(z) 3aranpHHIl 3BHYAWHHI TUCK HA CTiHY HA MIMOMHI Z (MACHBHA MEXa CTaHY)

%@mNszO
=2

(2) Hnst Bucoxmoro 1pyaty, K, ta K, € dyaKiismu kyta omopy 3cyBy ¢' Ta ¢ = ¢', epexruBHOi Kore3ii. s
HeBucoxioro rpyHty, Ka.=Kp;=1 Ta ¢ = ¢y, HeBHUCOXJ1a MeKa MIITHOCTi Ha 3CYB.

(3) 3nauenns koeimieHTy e eKTUBHOTO THUCKY IPYHTY MOXKe OyTH B35TO 3 300paxens 3 C.1.1 mo C.1.4 mis
Ks, ta3 C.2.1 mo C.2.4 nusa K.

(4) B sxocTi anbTepHATHBHA MOXYTh OYTH BHKOPHCTaHI aHAIITHYHI TTporeypu onucadi B C.2

(5) B posmapoBanux rpyHTax koedimieat K 3a3Buvaii Mae BU3HAUATHUCS ITapaMeTPaMH MEXi MIITHOCTI Ha
3CYB JIMIIIE HA TIMOWHI Z, He3aJIeKHO BiJl 3HAYEHb HA IHINX TIIMOWHAX.



Pucynox

Pucynok C.1.1 — KoediumienT Ka eeKTHBHOr0 aKTHBHOTO THCKY IPYHTY (TOPU30HTAJIbHA CKJIAJI0BA):
TOPU30HTAIBHOI0 YTPUMYBaHOIO moBepxHeto ($=0)

Pucynok

Pucynok C.1.2 — Koedimient K, eeKTHBHOI0 aKTUBHOTO TUCKY I'PYHTY (TOPU30HTAIbHA CKJIAI0BA):
MTOXHUJIOK YTPUMYBaHO0 MoBepxHero (6/¢'=0 ta 6=0)

Pucynok

Pucynok C.1.3 — Koedirient K, epeKTUBHOI0 aKTUBHOTO TUCKY I'PYHTY (TOpU30HTAIbHA CKJIAI0BA):
MTOXHUJIOK YTPUMYBaHOO MOBepxHer0 (6/9'=0,66)

PucyHnokx

Pucynok C.1.4 — Koedimient K, eeKTHBHOT0 aKTUBHOTO TUCKY I'PYHTY (TOPU30HTAJIbHA CKJIAI0BA):
MOXHJIOK YTPUMYBaHOIO MOBEpXHE (6/¢'=1)

Pucynok

Pucynok C.2.1 — KoedimienT K, epekTnBHOTO MacHBHOTO TUCKY TPYHTY (TOPH3OHTAIILHA CKIIA/IOBA):
TOPU30HTAIBHOI0 YTPUMYBaHOO moBepxHero (f=0)

Pucynok

Pucynok C.2.2 — KoedimienT K, epekTHBHOTO MTACHBHOTO TUCKY TPYHTY (TOPH30HTANIFHA CKJIaJI0Ba):
MTOXHUJIOK YTPUMYBaHOIO MoBepxHero (6/¢'=0 ta 6=0)

Pucynok

Pucynok C.2.3 — KoedimienT K, epekTHBHOTO MTACHBHOTO TUCKY TPYHTY (TOPH30HTANIFHA CKJIaJI0Ba):
MTOXHUJIOK YTPUMYBAHOIO MOBEpXHEI0 (6/9'=0,66)

Pucynok

Pucynok C.2.4 — Koedimient K, epexrnBHOr0 macuBHOTO THCKY IPYHTY (TOpPH30HTAIbHA CKIa/I0BA):
MTOXHJIOK0 YTPUMYBAHOIO TTOBepXHEK0 (6/¢'=1)

w

w

w

w



C.2 AHaNITHYHI PO eAYPH /ISl OTPUMAHHSA 00MEKYBAJIBHOI0 AKTHBHOIO TA MACHBHOI0 THCKY
TpyHTy

(1) Hactynni npouenypH, siKi BKIIOYaIOTh ASsKi MPUOIN3HI 3HAYEHHS, MOXKYTh OyTH BUKOPUCTaHI B YCIX
BUIIA/IKAX.

(2) dana npouenypa BcTaHOBJIEHA IS TACHBHUX BUIB TUCKY 3 CUJIOBUMH MapameTpaMu (ITpeACTaBICHUMU
Jauti siK @, ¢, 0, a) BBEIICHUMH SIK IIO3UTUBHI 3HAYEeHHs, TUBUCH Pucynok C.3.

(3) Anst akTHBHUX BUIIB TUCKY BUKOPHUCTOBYIOTBCS Ti Cami alTOPUTMH, 3 HACTYITHUMHU 3MiHAMHU:
— CHJIOBI IapaMeTpu @, ¢, O Ta a BBOJATHCS SIK HETATHBHI 3HAUCHHS;

— 3HAYCHHS KyTa HaXWy €KBIBAJICHTHOIO HABAHTa)KEHHS MOBEPXHi Po € B, 31e0L1bIIOr0 13-32 MPHOIN3HUX
3Ha4eHb BUKOPUCTAHUX st K.

(4) BUKOpUCTOBYIOTHCSI HACTYITHI CHMBOJIU (JIesIKi TaKOK ToziaHi B 1.6):

a aaresist MK CTIHOIO Ta TPYHTOM

c Koresist

K. KoeiIlieHT Kore3il

Kn KoeilieHT /U1 HOpMAIBHOTO HABaHTAKEHHS Ha MOBEPXHIO

Kq KoeilieHT /Il BEpTHKAIFHOTO HABAHTAXKEHHS

Ky KoeilieHT Jyist Macu IPYHTY

my KYT BiJl HANPSMKY ITOBEPXHI IPYHTY, KWW BKa3ye BiJI CTIHW Ha JJOTHYHE HAMpPABIICHHS
JHIT IepeXpecHOro 3CyBY, SKE MEKYE 3 PyXOMOIO Macol0 IPYHTY, BKa3ye 3 MOBEPXHi
IpyHTY

Mw KyT MK HOPpMaJIbHUM/IOTHYHUM HaMpsSMKOM CTIHH Ta CTIHOIO 30BHIIIHBOI CMYT'H KOB3aHHSI,
MO3UTHBHUM, KOJIM TOYKH JOTUKY 3HAXOAATHCS 3BEPXY 033y CTIHU

B KYT MK TOPH30HTAJLIIO Ta TIOBEPXHEIO IPYHTY, MO3UTUBHUM, KOJTH TTOBEPXHS IPYHTY MiAIiMa€eThCS
BIiJI CTIHHA

) KYT TEpTS CTiHH, 3 MPABUJIOM 3HAKIB BU3HAUCHUM Ha 300paskeHHi C.4 mpH miIpaxyHKy TaCHBHOTO
ornopy

¢ KyT olopy 3CyBy

0 KYT MK BEPTHKAJUTIO Ta HAIPSIMKOM CTiHH, IIO3UTUBHUM, KO IPYHT BUCTYIIA€ HAJ/l CTIHOIO
JIOTHUYHE 00epTaHHS B3/IOBXK 30BHIMIHBOI JIiHIT KOB3aHHSI, TO3UTHBHE, KON Maca IPYHTY HaJ JIHIE0
KOB3aHHS Ma€ BUITYKIY (opmy

q TUCK BiJ] TAMYaCOBOTO 3arajbHOr0 YHi(piKOBAaHOT'O HaBAaHTAKEHHS, HA OMHHUIIIO IO PeabHOL
TTOBEPXHI

p BEPTHKAIBHUHN THCK BiJl TAMYACOBOTO YHi(h)iKOBAHOTO HaBaHTa)KEHHSI, HA OIMHUITIO IO B

TOPU3OHTANBHINA MTPOEKITii



PucyHnok
Pucynok C.3 — Bu3Ha4yeHHs CTOCOBHO CTiH Ta 3alIOBHEHHS CXUJIIB, JTOJATKOBHX
HaBaHTa)XEHb Ta TeOMETPil JiHiT KOB3aHHS
(5) CrukyBainbHi MapaMeTpH ¢ Ta 2 MaIOTh OOUPATUCS TAKAM YUHOM, 100!

a/c=tand/tang
(6) 'paHnuHi YMOBHY Ha MOBEPXHI IPYHTY BKJIIOYAIOTH [3g, 1110 € KyTOM Ia{iHHS €KBIBAJICHTHOIO
HaBaHTa)KEHHS MOBEpXHi. B naHoMy KOHIIENTI 1ell KyT BU3HAYAETHCA K BEKTOPHA CyMa JABOX
YIEHIB:
— (hakTHYHE PO3MOIiICHE HABAHTAKCHHS IIOBEPXHI (, HA OMUHUIIIO TIOBEPXHI, YHI(iKOBaHE, aje
HEO0OOB’I3KOBO BEPTUKAIIBHE, Ta;
— C cot mpeAcTaBJeHe K HOpMaIbHEe HAaBAaHTAXKEHHS.
Kyt Po€ mo3uTuBHNM, KOJIH TaHTEHIliaThHA CKJIaI0Ba ( BKa3y€e B HANPSAMKY CTiHH, a 3BUYAiHA
CKJIaJIOBa HaIlpaBJIeHA B HANPSIMKY IpyHTY. SIkmio ¢ =0, a HaBaHTa)kKEHHS TIOBEPXHI €
BEPTHKAIEHUM 200 HYJIbOBUM, Ta 3arajioM JIsi aKTUBHOTO THCKY [o = f.
(7) Kyt miBu3HaUa€ThCA TPAHUYHUMH YMOBAaMH TTOBEPXHI IPYHTY:

cos(2m; +@ +Bo)= -(sinfo/sine)
(8) I'parnuHi yMOBU AJ1s1 CTIHH My BU3ZHAYAOTHCS:
cos(2myt @ + 3) = sind/sin¢
KyT My € HeraTHBHUM JIJIsl TACHBHUX THCKIB (¢ > 0) SKIIO IpOonopiris sind/sing € 10CTaTHHO
Benukoro.

(9) 3aranpHe noTMYHE O0EpTaHHS B3JI0BXK 30BHIIIHLOI JIiHIT KOB3aHHS PyXOMOi Macu IPyHTY



BusHavaeThcs KyTOM V, SIKUI BUPaxOBY€EThCS 33 JOMIOMOIOI0 BHPa3y:
v=m+p-my—0
(10) Koeiuient K, HOpMansHOro HaBaHTaKEHHST Ha TOBEPXHIO (TOOTO, HOPMaJIbHUN TUCK
IPYHTY Ha CTiHH BiJ MUTOMOTO THCKY 3BHUAHHOrO IJIsl IOBEPXHi) BU3HAYAETHCS HACTYITHUM
BHPAa30M, B SIKOMY V M€ BCTaBJIATHCS B pajiaHu:
Kn=(1+sinp sin(2mw+ @) )/((1-sinp sin(Zm+ @) )exp(2v tanp)
(11) KoediuieHT 71 BEpTHKAILHOTO HABaHTa)KEHHS Ha TIOBEPXHIO (CHJIa HA OAWHUIIO TUIOLLY
TOPU30HTAIBHOT MPOEKIIIT):

Kq = K, cos?p
Ta Koe(ilieHT IJ1s1 CTPOKY KOre3ii:

K¢ = (Kn—1) cote
(12) Tpubnu3HMit BUpa3 Ui Macu TPYHTY:

K, = Kn cosp cos(p — 0)
Janwii Bupa3 Ma€ BeNUKy HaAidHICTh. B Toif yac sk moxmnOka € HeBaXKJIMBOIO JIISI aKTHBHOTO
THUCKY, BOHA MOXK€ OyTH 3HAYHOIO JIIsl TACHBHOTO THCKY 3 TO3UTUBHUM 3HAYECHHSM [3.
st @ = 0 3aTBepKEH] HACTYITHI TPAaHWYHI BEJTUIHHH:

cos2m= -(p/c) sinf cosf;

cos2my,= alc;
Kqg=cos2?f3;
Kc=2v+sinZm+sinZms;
(3 v B panianax), B Toif yac gk st K, (¢ = 0), kpaioro armpoKCHMAITIETO €:

Ky=cos0+ (sinf3 cosm/sin my)
(13) Ans macWBHOTO Ta aKTUBHOT'O THUCKY MPOIEAYpa Mepeadadac mo3UTUBHUI KyT BUITYKIIOCTI
(v>0).
(14) SIxmo ymoBH HE BUKOHYIOThCS (HABITh TPHOIM3HO), TOOTO, KOJH JUTS TIIaKOI CTIHU Ta
JOCTaTHBO TIOXMJIOI TIOBEPXHI IPYHTY 3 Ta ¢ MAIOTh MPOTHIICKHI 3HAYCHHSI, CIIIJI pO3TIITHYTH
MOXKJIMBICTh BUKOPUCTAHHS IHIMX MeTO/iB. Tak camo, K i y BUIaIKy PO3IJISAY HaBaHTa)KEHb
HeperyIsipHOi TOBEPXHi.

C.3 Pyxu nist Mmodintizamnii rpyHTOBOI0 THCKY



(1) CniBBigHOIIEHHS TUCKY IPYHTY /0 PYXY CTiHH Ma€ OyTH PO3TJISTHYTE AJIs1 aKTUBHUX
cutyauii. BennunHaa nporo pyxy 3ajieKuTh BiJl peKUMY PyXy CTiHH, BUXIIHOT'O TUCKY IPYHTY Ta
mipHOCTI 3emuti. Tabmuist C.1 mpuBOIUTH TPUOTU3HI 3HAYCHHS IS CITIBBIAHOMICHHS Vo/h uist
MOBHICTIO MOO1J1130BaHOT0 €(h)eKTUBHOTO aKTUBHOT'O IPYHTOBOI'O THCKY ISl BEPTHUKAIBHUX CTiH 3
BHCOXJTUM, HEKOT'€31HHUM IPYHTOM Ta TOPH30HTAIBHOIO TIOBEPXHEIO IPYHTY, MPHUITYCKAIOUH, 110
noyatkoBHui crtan Hanpyru Ko<l.

(2) CriBBigHOIIEHHS TUCKY TPYHTY A0 PYXY CTiHH Ma€ OyTH PO3TIISTHYTE JUIsl TACHBHUX
cutyanii. Bennunnaa nporo pyxy 3ajieKuTh BiJl peKUMY PyXY CTiHH, BUXIIHOTO TUCKY IPYHTY Ta
minbHOCTI 3emiti. Tabmuis C.2 npuBoAUTh MPUOIM3HI 3HAYCHHS ISl CITIBBiHOLICHHS Vp/N 11st
MOBHICTIO MOOLITI30BaHOT0 €()EeKTUBHOT'O TACHBHOTO IPYHTOBOI'O THCKY JUISI BEPTHKAILHUX CTIH 3
BHCOXJTUM, HEKOT'€31HHUM IPYHTOM Ta TOPU30HTAIBHOIO TIOBEPXHEIO IPYHTY, MPHUITYCKAIOUH, 110
moyaTtkoBuit cran Hanpyru Ko<l. 3HaueHHs B ckoOKax — I1e criBBigHOmEeHHs V/h s momoBuHU
TPAaHUYHOI BETMYUHH e(pEeKTHBHOTO TACHBHOTO THCKY IPYHTY.

(3) MIpomixkHi 3HaUeHHS €PEKTUBHOTO AKTUBHOTO THCKY I'PYHTY MIXK CTAHOM CITOKOIO Ta
TPAaHUYHUM CTAHOM MOXKYTh OYTH OTpHUMaHI MUISTXOM JIHIHHOT IHTePITONSIIil.

(4) lnsg macMBHUX CUTYaIlii, 3HAYCHHS MOXKYTh OYTH 1HTEPITOIbOBAHI 3 3HAUEHD IMOAAHUX B

Tabmuii C.2, BHKOPHUCTOBYIOUH 3arajibHy KpHUBY MTogany Ha Pucynky C.4.



Pucynok

Ta6muus C.1 — CriBBigHOIICHHS Vo/h 11 HEKOre3iifHUX TPYHTIB

Pucynok

Ta6muus C.2 — CniBeinHomenHs Vp/h ta v/h mist 0,58, 11 HeKore3iifHuX IPYHTIB
Pucynokx

Pucynok C.4 — Mo0Ginizanist epeKTHBHOTO MacHBHOTO TUCKY HEKOT'€31HHOTO IPYHTY B

MOPIBHSHHI 3 HOPMaJIi30BaHUM 3MIIIEHHAM CTiHU V/V) (Vi 3MILIIEHHS; Vp: 3MIIIEHHS JIJIs TTOBHOT
MO0iITi3allii MTACHBHOTO TUCKY TPYHTY)

Koxn YKH/Z 91.010.30; 93.020
Knacudikaniitai yrpynosanns (3rigao 3 1K 004)

KitrouoBi ciioBa: reoTexHiyHe OPOEKTYBAHHS, CIIOPY/IH, IDYHTH, QYHIAMEHTH, METOIU
BU3HAUYEHHS, i1, TDAHUYHI CTaHU, TEXHIYHUN HATJIAA, MOHITOPUHT, €KCIUIyaTaIlis

[Tepmmii 3actynnuk aupexropa 11 HIAIBK 1O. Cnrocapenko

3 HaVKOBO'l. DO6OTI/I
KepiBauK (3acT. KepiBHUKA)
oprasizariii po3po0OHuKa Ta i Ha3Ba

HaykoBwuii kepiBHUK, I. MarBeeB
3aB. Buynury JIT HAIBK

HayKOBUH KEPiBHHUK, ITOCAJa

BingnoBigaapHUI BUKOHABEILD, I'. ConosiioBa

[IPOB. HAYK. CIIIBPOOITHUK
BIZIIOBITaIbHUI BUKOHABELD, II0Ca1a







