BRITISH STANDARD BS EN
1998-4:2006

Eurocode 8:

Design of structures
for earthquake
resistance —

Part 4: Silos, tanks and pipelines

The European Standard EN 1998-4:2006 has the status of a British
Standard

ICS 91.120.25

-
J:

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW ..
EEE————— DitiSh Standards



BS EN 1998-4:2006

National foreword

This British Standard was published by BSI. It is the UK implementation of
EN 1998-4:2006. It supersedes DD ENV 1998-4:1999 which is withdrawn.

The UK participation in its preparation was entrusted by Technical Committee
B/525, Building and civil engineering structures, to Subcommittee B/525/8,
Structures in seismic regions.

A list of organizations represented on B/525/8 can be obtained on request to its
secretary.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was Amendments issued since publication
published under the authority

of the Standards Policy and
Strategy Committee Y Amd. No. Date Comments

on 29 September 2006

© BSI 2006

ISBN 0 580 49272 9




EUROPEAN STANDARD EN 1998-4
NORME EUROPEENNE
EUROPAISCHE NORM July 2006

ICS 91.120.25 Supersedes ENV 1998-4:1998

English Version

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

Eurocode 8 - Calcul des structures pour leur résistance aux Eurocode 8 - Auslegung von Bauwerken gegen Erdbeben -
séismes - Partie 4: Silos, réservoirs et canalisations Teil 4: Silos, Tankbauwerke und Rohrleitungen

This European Standard was approved by CEN on 15 May 2006.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the Central Secretariat or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the Central Secretariat has the same status as the official
versions.

CEN members are the national standards bodies of Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

Management Centre: rue de Stassart, 36 B-1050 Brussels

© 2006 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 1998-4:2006: E
worldwide for CEN national Members.



EN 1998-4:2006 (E)

Contents

FOREWORD
1 GEINERALL ..ottt ettt e e ettt e e sttt e e s eh e e e e e st e e s e s be e s s ebbeessabbbessssbeaessbbaeesssbansesnes 8
1.1 1010 8
1.2 NORMATIVE REFERENCES ...vvvtiiiieiiettttieeieesieibtteeesesssesstsesssesssasssssssssesssasssssesssesssesssssesssesssassnnes 9
1.2.1  General referenCe StANGAITS .......coocvviiiieeii et e e e e st e e s s e e s st e e e e sbaeesssrreeas 9
1.3 AASSUMPTIONS ...ttttiiiee et sttt ettt e e e s s st bbbt e e s e s s st b et e e e s e s s s ab b e b e e e seessas b bbb beesesssasbbebaeeseessasbbbbanesesssasbebes 10
1.4 DISTINCTION BETWEEN PRINCIPLES AND APPLICATIONS RULES ...uvvviiiiieiiiiiiiieiee e ssivrieiee e 10
15 TERMS AND DEFINITIONS . ...iiiiiiiittttiiiei e e s iiitbtii e e s e s s sebbbba et s e s s sesabbbaa s e e s s s e sabbabeeasesssasbbbbaeesesssasberes 10
RS0 R €< o T=T = | [T 10
1.5.2  Terms common tO all EUFOCOOES ........ccocviiiiiiiiie ettt sttt sttt 10
1.5.3  Further terms used in EN 1998 ........cciiiiiiiiiiiii sttt st ste s sabe e sbae e 10
1.5.4  Further terms uSed in EN 19984 .........cooiiiiiiiii ittt sree e 10
1.6 1 1Y 1T T IR 10
1.7 TN T TR 11
2 GENERAL PRINCIPLES AND APPLICATION RULES.........co oo 13
2.1 SAFETY REQUIREMENTS .. .uteiutteittteiuteestreesteestreessseessseessseesssesssseesssesssseesssessnsessssesssesssseesnsesssnes 13
2 N 1= T - | TR 13
2.1.2 URIMALE IMIT STALE ....veie ittt s re e s r e e e s b e e s sbb e e e s sabeeessbbeeesanes 13
2.1.3  Damage HMItation SEALE .........ccoiiiiiiiiiee et 14
2.1.4  Reliability differentiation .........cccoooiiiiiiie e 15
2.1.5  System versus element reliability..........ccccoooiiiiiiiiiciiic 16
2 0L T o] 4 (01T o U =TI (=T o [ PSSP 16
2.2 = 1Y Lol Yo [0 R 17
2.3 e Y 2 £ 17
2.3.1  Methods Of @NAIYSIS .....cviiiieiicicice e e e nnen 17
2.3.2 INtEraction With the SOIL.......c.eeeiiieiie ettt e e e st e e s eae e e s sraee e s 18
2.3.3  DAMPING ettt bbb bbb bbb s 19
2331 SErUCTURAL AAMPING ...ttt e et a et b e b e e e ne e 19
2332 CONEENES AAMPING ...ttt st a et et e et et e st e ebe e e sb e e e e eneebeebeseeebe e eneeneans 19
2.3.33 FOUNAAtiON AAMPING ...ttt 19
2334 WeIghted damPINg.......coiieiiiiieiee ettt sttt b st e e e neeneans 19
2.4 BEHAVIOUR FACTORS ....ciiittttiitieeiiiiiitbett e e e s st iibbete e e s e s s st baaae s s e et saabbb b e eeseessabbbbeeseeessasabtbasaeeeseases 19
2.5 SAFETY VERIFICATIONS ..veiiiitvitieiteeeesetteeeeetessesbeeessesbesessssessesssessssssesessssessesssansssssensssssensesnnes 20
2 T R €114 1Y o | 20
2.5.2  Combinations of seismic action with other aCtioNS..........ccccevvvevvieii v 20
3 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR SILOS......ccooccovviieiiee e 22
3.1 IR 2{0] o U Tox o] N IR 22
3.2 COMBINATION OF GROUND MOTION COMPONENTS ...eiieiiieiirrieiieesieiitieeeseessssssseessesssssnssssesesas 22
3.3 AANALY SIS OF SILOS ... iiiittttiiieee et ieibrtie et e st it bbbt e et e s s sa b bbb e e e sesssab bbb seesesssasbbabaeesesssabbbbaassesssassberes 23
3.4 BEHAVIOUR FACTORS ....oiiittttiiiie e i seiitbtit s e s s s s st bbbt e e e e s s sab bbb s e e s e s s s aab bbb e e e s e s s s abbb b e e e s e s s sesabbbaaeeaeseases 25
3.5 W ERIFICATIONS 1.ttttitteeeiittbttt e e e e e s st bbbt e e s e s s seab b e b e e e s e s s s ab bbb e eesesssas b bbb beesesssasbbbbaeesesssasbbbbaasseessasbebes 26
3.5.1  Damage HMItation StALE ........cccciiieiieiieiicie st re e nnens 26
3.5.2  URIMALE HMIt SEALE ....veiieee ittt sttt be s st s s be s srbe s s beesabee s 26
3521 (€] (o] o IR o1 1LY SRS 26
3.5.2.2 0] 11 | TR 26
3.5.2.3 AANCROLS .ottt b e e b e et e s b e e be e s be e b b e ebeebe e besbe et e sbe e beabeenbesbeeraeabeenbenbeereabeenrs 27
3.5.24 L0100 F= 1 o] 3SR 27
4 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR TANKS........ccoevieeeee e 28
41 (000] Y oI VY N0 o oyl = T 28
O R =T o 1= - | R 28
4.1.2  Damage lIMItation STALE ........ccecvveiiiiie e st e e e 28
R B U 1 = (=T LTR80T 28
4.2 COMBINATION OF GROUND MOTION COMPONENTS ..veiieiiiiiiriieiieeiiiiirieeseeesssissrsneesessssssssseessns 29



EN 1998-4:2006 (E)

4.3 IMIETHODS OF ANALYSIS 1uvttiiiieiiiiitttiitieessesiattettsesssassssbsessasessisssbasesasesssasssssesssesssassrsesssesssassrnnes 29
e J0 R =1 o 1= - | OO T 29
4.3.2  Hydrodynamic ffECTS ......cuiiiiiiii it 29
4.4 BEHAVIOUR FACTORS ....ciiittttiiiie e i s eiitbiti e e e s s s st b bt e e e e s s s st bbb e e s s e s s s aabb b b e e e s e s s sabbb b e e s s esssesabbbanseeeseeaes 30
45 W ERIFICATIONS 11tttttttieeiiettttteee e et iebbsreesse st seabbbbeeese st saab bbb eeeseessasbbebeeeeeessaabbbbaesseessababbaesseessasrares 31
451 Damage IMItation STALE ........cccvveieiiie et e e nnens 31
45.1.1 GBNEBIAL ..ttt sttt b e b e be e b e e b e et e s he e be e be e b e ehe e b e e be et e abe e teebeenbenabenreereens 31
451.2 0] 11 | TR 31
4513 PIIING et bbbt h bbb b bt n e ens 31
45.2 URIMALE IMIT STALE ....veie ittt s re e s r e e e s b e e s sbb e e e s sabeeessbbeeesanes 31
452.1 SEADITITY ...ttt 31
4522 ] 11| TR 31
4523 o] [ TSSOSO 32
4524 F AN g [oda o] - To TSSOSO 32
4525 [0 TU g [0 =1 £ o] T 32
4.6 COMPLEMENTARY MEASURES. ... .uutiiiittiieiiitereeiiteeeesistesessisessesssasssssssesesssssssessssssssssessssssessessnes 32
TS0 A = 0 o To 1o S SSSSS 32
4.6.2  SIOSNING ceveiteeietees et e ettt e renreereeneeneenreas 33
4.6.3  PiIpiNg INTErACHION......oiitiitiiiiiti bbb e 33

5 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR ABOVE-GROUND PIPELINES

34

51 (==Y RO 34
5.2 SAFETY REQUIREMENTS ...ciiiiittttiiieeeisiittbttteeeessiiabbate s et e s s sasbbbbassseessesabbbeessasssssabbbbaesasesssabbabaeesas 34
5.2.1  Damage HMItation StALE .........cccviieiieiieiicie et nrens 34
5.2.2  URIMALE HMIt SEALE ....veiivie ittt st be s st a s s sbeesabe s s baesabee s 35
53 = 15 Y (oY 1 (o] N PRSP 35
EoTRC 0 R €113 1Y o | 35
5.3.2  Seismic action for iNertia MOVEMENTS.........coceeiiiiiiie it eree s sbeeeree s 35
5.3.3  Differential MOVEMENT .......coovi it e b s be e s be s s sbeeebee s 35
5.4 IMIETHODS OF ANALYSIS 1uuttiiiieiiiiiitiiitieesseiiatteetsesssasstbeessasesssisbbatesesesssabbssesssesssasbesesssesssasssnnes 35
541 MOUEITING vttt bbbt 36
542 ANAIYSIS .ttt b 36
55 BEHAVIOUR FACTORS ....oiiittttiiiie e i seiitbtit s e s s s s st bbbt e e e e s s sab bbb s e e s e s s s aab bbb e e e s e s s s abbb b e e e s e s s sesabbbaaeeaeseases 36
5.6 W ERIFICATIONS 1.ttttitteeeiittbttt e e e e e s st bbbt e e s e s s seab b e b e e e s e s s s ab bbb e eesesssas b bbb beesesssasbbbbaeesesssasbbbbaasseessasbebes 37
6 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR BURIED PIPELINES.......... 38
6.1 L] = =T O SR 38
6.2 SAFETY REQUIREMENTS ...ciiiiittttttieeeieiittsteeee e st iibbsssessesssasbtbassseessasabtbasssesssssatbaaeeesesssaabbanaeesas 38
6.2.1  Damage HMItation StALE .........cccviieiieieeieiie et nne s 38
6.2.2  URIMALE HIMIt SEALE ....viiivie ittt st e s sabe s s be s sabe s sbeesnbe s 38
6.3 = 1Y Lol Yo [0 R 38
LTG0 R €113 1Y o | 38
6.3.2  Seismic action fOr INErtia MOVEMENTS .......cvuve i cee et etee e e et e e s s e s sbe e e s sbeee s 39
6.3.3  Modelling Of SEISMIC WAVES .......c.eiviiiiiirieisie ettt 39
6.3.4  Permanent SOil MOVEMENTS ........ccuuiiiiiiie ettt et st e st e e e s st e e s sbae s s sbtee e s sabaeeaas 39
6.4 METHODS OF ANALYSIS (WAVE PASSAGE) ...cuvetiterteitestesieaseessesteseessessessessesssessessessessessessessnens 40
6.5 W ERIFICATIONS 11ttttiite et i itttttt e e e e e s st bbbt e e s e s s seab b e b e e e s e s s saab bbb e e e sesssasb bbb bessesssasbbebaeesesssasbbbbansseessassbebes 40
(TR R 110 1= - | ST 40
6.5.2  Buried pipelings on Stable SOIl ........c.ccvciiiiiiiiie e 40
6.5.3  Buried pipelines under differential ground movements (welded steel pipes) ........cc.cceeenine 41
6.6 DESIGN MEASURES FOR FAULT CROSSINGS ......uvvieeiitiiieiiteeesireeessssseesssssesssssseesssssesssssssssssnsens 41
ANNEX A (INFORMATIVE) ....oct ittt sttt sttt sttt sttt sb ettt sttt bt sne e e 43
SEISMIC ANALYSIS PROCEDURES FOR TANKS ...ttt ettt 43
ANNEX B (INFORMATIVE) ...ttt sttt a ettt e st s aestaanaenae e e sbestesrestasnneneesnens 79
BURIED PIPELINES ...ttt ettt st st sttt st e e st e s st e s s st e s s bt e s sbbessabessabessrteesanas 79



	EN 1998-4.pdf
	1 GENERAL
	1.1 Scope
	1.2 Normative references
	1.2.1 General reference standards

	1.3 Assumptions
	1.4 Distinction between principles and applications rules
	1.5 Terms and Definitions
	1.5.1 General
	1.5.2 Terms common to all Eurocodes
	1.5.3 Further terms used in EN 1998 
	1.5.4 Further terms used in EN 1998-4 

	1.6 Symbols
	1.7 S.I. Units

	2 GENERAL PRINCIPLES AND APPLICATION RULES
	2.1 Safety requirements
	2.1.1 General
	2.1.2 Ultimate limit state
	2.1.3 Damage limitation state
	2.1.4 Reliability differentiation
	2.1.5 System versus element reliability
	2.1.6 Conceptual design

	2.2 Seismic action
	2.3 Analysis
	2.3.1 Methods of analysis
	2.3.2 Interaction with the soil
	2.3.3 Damping
	2.3.3.1 Structural damping
	2.3.3.2 Contents damping
	2.3.3.3 Foundation damping
	2.3.3.4 Weighted damping


	2.4 Behaviour factors
	2.5 Safety verifications
	2.5.1 General
	2.5.2 Combinations of seismic action with other actions


	3 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR SILOS
	3.1 Introduction
	3.2 Combination of ground motion components
	3.3 Analysis of silos
	3.4 Behaviour factors 
	3.5 Verifications
	3.5.1 Damage limitation state 
	3.5.2 Ultimate limit state
	3.5.2.1 Global stability
	3.5.2.2 Shell
	3.5.2.3 Anchors
	3.5.2.4 Foundations



	4 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR TANKS
	4.1 Compliance criteria
	4.1.1 General
	4.1.2 Damage limitation state
	4.1.3 Ultimate limit state

	4.2 Combination of ground motion components
	4.3 Methods of analysis
	4.3.1 General
	4.3.2 Hydrodynamic effects

	4.4 Behaviour factors
	4.5 Verifications
	4.5.1 Damage limitation state 
	4.5.1.1 General
	4.5.1.2 Shell
	4.5.1.3 Piping

	4.5.2 Ultimate limit state
	4.5.2.1 Stability
	4.5.2.2 Shell
	4.5.2.3 Piping
	4.5.2.4 Anchorages
	4.5.2.5 Foundations


	4.6 Complementary measures
	4.6.1 Bunding
	4.6.2 Sloshing
	4.6.3 Piping interaction


	5 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR ABOVE-GROUND PIPELINES
	5.1 General
	5.2 Safety requirements
	5.2.1 Damage limitation state
	5.2.2 Ultimate limit state

	5.3 Seismic action
	5.3.1 General
	5.3.2  Seismic action for inertia movements
	5.3.3 Differential movement

	5.4 Methods of analysis
	5.4.1 Modelling
	5.4.2 Analysis

	5.5 Behaviour factors
	5.6 Verifications

	6 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR BURIED PIPELINES
	6.1 General
	6.2 Safety requirements
	6.2.1 Damage limitation state
	6.2.2 Ultimate limit state

	6.3 Seismic action
	6.3.1 General
	6.3.2 Seismic action for inertia movements
	6.3.3 Modelling of seismic waves
	6.3.4 Permanent soil movements

	6.4 Methods of analysis (wave passage)
	6.5 Verifications
	6.5.1 General
	6.5.2 Buried pipelines on stable soil 
	6.5.3 Buried pipelines under differential ground movements (welded steel pipes)

	6.6 Design measures for fault crossings

	ANNEX A (INFORMATIVE)
	SEISMIC ANALYSIS PROCEDURES FOR TANKS
	Figure A.1— Variation of the impulsive pressure (normalized to (R ag) for three values of ( = H/R. a) variation along the height; b) radial variation on the tank bottom.
	Figure A.3 — a) Variation of sloshing pressures along the height in the first two modes and b) values of the first two sloshing frequencies as functions of ( 
	Figure A.4 — a) First two sloshing modal masses and b) corresponding heights hc1, hc2, h'c1 and h'c2 as functions of ( (see also Table A.2, columns 5, 7 and 9)
	Table A.2 — Coefficients Ci and Cc for the natural periods, masses mi and mc and heights hi and hc from the base of the point of application of the wall pressure resultant, for the impulsive and convective components 
	Figure A.5 — Distribution along the height of dimensionless impulsive pressures on rectangular tank wall which is perpendicular to the horizontal component of the seismic action (8(
	Figure A.6 — Peak value of dimensionless impulsive pressures on a rectangular wall  which is perpendicular to the horizontal component of the seismic action (8(
	Figure A.7 — Dimensionless convective pressures on rectangular tank wall which is perpendicular to the horizontal component of the seismic action ((8()
	Figure A.8 — Notations for horizontal axis cylindrical tank (8(
	Figure A.9 — Impulsive pressures on horizontal cylinder with H = R. Transverse seismic action (8(
	Flow chart A.4: Horizontal seismic action, convective component (see A.2.1)
	Figure A.11 — Ratio of maximum compressive axial membrane force for unanchored cylindrical tanks on ground with fixed-roof to value for anchored tank, versus overturning moment (4(
	Figure A.12 — Maximum vertical uplift of fixed-roof unanchored cylindrical tanks on ground versus overturning moment M/WH (4(
	Figure A.13 — Length of uplifted part of the base in fixed-roof unanchored cylindrical tanks on ground as a function of the vertical uplift at the edge (4(
	Figure A.14 — Plastic rotation of base plate of uplifting tank (8(



	 ANNEX B (INFORMATIVE)
	BURIED PIPELINES




