Draft for Public Comment

bsi.

BSI Group Headquarters

Form 36

DPC: 22/ 30449659 DC

Date: 20 June 2022
389 Chiswick High Road London W4 4AL Origin: International
Tel: +44 (0)20 8996 9000

Fax: +44 (0)20 8996 7400
www.bsigroup.com

Latest datefor receipt of comments. 10 July 2022 Project No. 2021/03510
Responsible committee: B/525/12 Design of offshore structures

Interested committees:

Titlee  BS EN ISO 19901-4 Petroleum and natural gas industries —Specific requirements for
offshore structures —

Part 4: Geotechnical design considerations

Please notify the secretary if you are aware of any keywords that might assist in classifying or identifying the standard or if the
content of this standard

i) hasany issuesrelated to 3rd party IPR, patent or copyright

ii) affectsother national standard(s)

iii) requires additional national guidance or information

WARNING: THISISA DRAFT AND MUST NOT BE REGARDED OR USED ASA BRITISH STANDARD.
THISDRAFT ISNOT CURRENT BEYOND 10 July 2022

This draft isissued to alow comments from interested parties; all comments will be given consideration prior to publication. No
acknowledgement will normally be sent. See overleaf for information on the submission of comments.

No copying is allowed, in any form, without prior written permission from BSI except as permitted under the Copyright, Designs
and Patent Act 1988 or for circulation within a nominating organization for briefing purposes. Electronic circulation islimited to
dissemination by e-mail within such an organization by committee members.

Further copies of this draft may be purchased from BSI Shop http://shop.bsigroup.com
or from BSI Customer Services, Tel: +44(0) 20 8996 9001 or email cservices@bsigroup.com.
British, International and foreign standards are also available from BSI Customer Services.

Information on the co-operating organizations represented on the committees referenced above may be obtained from
http://standar dsdevelopment.bsigroup.com

Responsible Committee Secretary: Ms Asky Desta (BSI) DOCU ments
Direct tel: 0208 996 7171 Document Sharing Hub
E-mail: asky.desta@bsigroup.com

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.

Full document details: 22/30449659 DC

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

DRAFT INTERNATIONAL STANDARD
ISO/DIS 19901-4

ISO/TC 67/SC7 Secretariat: BSI
Voting begins on: Voting terminates on:
2022-05-19 2022-08-11

Petroleum and natural gas industries — Specific
requirements for offshore structures —

Part 4:
Geotechnical design considerations

ICS: 75.180.10

(This document is circulated as received from the committee secretariat. J

THIS DOCUMENT IS A DRAFT CIRCULATED
SNTOMIRIWA  1SO/CEN PARALLEL PROCESSING
NOT BE REFERRED TO AS AN INTERNATIONAL
STANDARD UNTIL PUBLISHED AS SUCH.

IN ADDITION TO THEIR EVALUATION AS
BEING ACCEPTABLE FOR INDUSTRIAL,
TECHNOLOGICAL, COMMERCIAL AND
USER PURPOSES, DRAFT INTERNATIONAL
STANDARDS MAY ON OCCASION HAVE TO
BE CONSIDERED IN THE LIGHT OF THEIR
POTENTIAL TO BECOME STANDARDS TO
WHICH REFERENCE MAY BE MADE IN
NATIONAL REGULATIONS.

RECIPIENTS OF THIS DRAFT ARE INVITED

Reference number
ISO/DIS 19901-4:2022(E)

TO SUBMIT, WITH THEIR COMMENTS, Docu mentS
NOTIFICATION OF ANY RELEVANT PATENT .

RIGHTS OF WHICH THEY ARE AWARE AND TO Document Sharing Hub
PROVIDE SUPPORTING DOCUMENTATION. © IS0 2022

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2022

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland DOC ume ntS
.. Document Sharing Hub
11 © IS0 2022 - All rights reserved

Full document details: 22/30449659 DC


https://www.iso.org
http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

Contents
203 o1 1) P Xvi
000 0010 LD ) o xvii
. Y o T 1
2\ 0 & 1 4 B 1 A28 =Y (=) =) o < 3
3  Terms and definitionNs ... s sn s e s sa e e e e e 3
4 Symbols and abbreviated tEermS ... —————————————— 6
g Y 1 1<) > | 6
4.2 Symbols for shallow and intermediate foundation design.........cocuinnmresmsssmsmsssssssssssssessessns 6
4.3 Symbols for pile foundation deSigN......iinn s —————————— 8
4.4 Symbols for soil-structure interaction for auxiliary subsea structures, risers and

100 T R 11
4.5 Symbols for design of anchors for stationkeeping SyStems .......ccummmsmsmssesmsssssssssssssssssssss 11
4.6 ADDreviated teIMIS. .o e AR R e R SRR nR e nRneRn R R R 13
5 General reqUITEIMENLES .....coiisiesmssssssssssssssssssssssssss s ssss s st s s sm s E R A R e e R RS 13
LS00 T =] 1 =) o 13
5.2 Design cases and Safety faCtOrs..... s ssasassss 14
5.3 Representative and design values of soil parameters.........————— 15
5.3.1 Generic PriNCIPIES ... s s s as s e 15
5.3.2 Determination of representative and design values of soil parameters.........cccocvunsunens 15
5.3.3 Geotechnical reliability-based deSigN ... ———— 17
5.4 Testing and iNStruMeNtAtiON ... s s e 17
6 Geotechnical data acquisition and identification of hazards..........ounn. 18
LT €T 5 1<) - Y 18
6.2 Geological modelling and identification of hazards.......... i —————— 18
L3 T -1 1 =) i Y 18
6.2.2 Assessment of site Ge0NAZATAS ... ——————— 18
6.3 CarbONAte SOILS ....cccervrrrrerrrr s e s e s e R e AR e s 19
20 00 T -1 4 =) i Y 19
6.3.2 Characteristic features and properties of carbonate SoilSs ........ccovrinnnnnsnsssssssssssnnnens 19
6.3.3 Foundations in carbonate SOils ... ————— 19
7 Design of shallow and intermediate foundations ... ———————— 20
28 T 1) 1 1<) 1 20
7 200 o 4 U ) LT 22
7.2.1 General PrinCiPles ... s sssssssssssassssssssssssssssssasssasssssssssssas 22
7.2.2 Foundation embedment.......cuoicmnimemersessssesssssss s s sssssssssssssssessssmssssassnssesasnsans 22
7.2.3 Sign conventions, nomenclature and action reference point..........uu————,m, 24
7 T Tt 0] = 1y Lt ol g L) O, 24
7.3.1 Material and action fACLOT'S ......ccviirrrrrrrrrrse s s sn s s ses s e 24
7.3.2 Use of partial factors in deSIZN ... s 25
78S T8 T ¢ 1T b 1 I or- 1 25
7.4 Design CONSIAETALIONS ..cccieiismsrsmsssissssssissss s s s e R en 25
7.4.1 Adjusting for soil plug Weight ... ———————— 25
W 7 2 £ T U 1 26
7.4.3 Foundation base Perforations ... 26
7.4.4 SKirtless foundations penetrating into SOft SOIlS ... —— 26
7.4.5 Tensile stresses beneath foundations..........ccirri e —————— 27
7.4.6 Omni-directional actions ... ————————————————— 27

Documents
Document Sharing Hub

© IS0 2022 - All rights reserved 111

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

7.4.7 Interaction with other StrUCTUTES ... ————— 27
7.4.8 Multiple fouNndations......icmnmin e 27
7.4.9 Hydraulic Stability ... s s e 27
7.4.10 Unconventional soils or soil profiles.........ummmssssss s 28
7.4.11 Selection of soil parameter values for deSign........cornsnsmrisnmssmsssssss s 28
7.5 Ultimate limit state (Stability) ... ———————— 29
7.5.1 Assessment of bearing capacity of shallow foundations ..........c————— 29
7.5.2 Assessment of sliding capacity of shallow foundations ..........————— 31
7.5.3 Assessment of capacity of intermediate foundations ... ———— 34
7.6 Serviceability limit state (displacements and rotations) .........——————— 34
0 T €< 1 L) 1 Y 34
7.6.2 Serviceability of shallow foundations under static 10ading .........ccusvmsnmnissnsnscssssanens 34
7.6.3 Serviceability of intermediate foundations........u—————————————— 36
7.6.4 Serviceability in response to dynamic and cyclic actions ... 36
7.7 Alternative methods Of deSigN.....ccuumininnnms s ————————— 37
7.7.1 Yield surface apProach.... s 37
7.7.2 Performance-based design approach........u s ——————— 37
7 2 1 11 () 37
7 T €7 1 L) 1 Y 37
7.8.2 SKirt penetration reSiStanCe ... s sses 38
7.8.3 Required and allowable UNAer-pPreSSUre ... e 38
7.9 Relocation, retrieval and removal........cccuemimmsmmmemsmemesssss s s 39
8 Pile foundation deSigN ... ————————————————— 39
8.1 Pile capacity for axial COMPIESSION ...c.ciciimssmssssmsssismsssssssssss s s s ss s sasass 39
£ 20 s O < 1T - 1 39
8.1.2 Axial pile CAPACILY .ccvnrriismsmsssnsssssisnsmss s s s s 40
8.1.3 SKin friction and end bearing in clay SOILS ... ——————— 41
8.1.4 SKin friction and end bearing in SANAS.........cocvmmnnmmsis s ———————————— 43
8.1.5 SKin friction and end bearing in gravels.......—————————— 44
8.1.6 SKin friction and end bearing of grouted piles in rocK......u————— 45
8.1.7 SKkin friction and end bearing of driven piles in intermediate soils .......ccccoscserrrrscsnnnas 45
8.2 Pile capacity for axial teNSION ..o 45
8.3 Axial pile PerfOrmancCe. ... 45
8.3.1 Static axial behaviour of piles......u s ————_—=——————— 45
8.3.2 Cyclic axial behaviour Of PIles ... ——————————————— 46
8.4 Soil reaction for piles under axial ACHIONS ........covmrnmssmiss s ———————— 46
8.4.1 Axial shear transfer {—2z CUIVEeS ... s 46
8.4.2 End bearing resistance-displacement, Q-2, CUI'VE ........c.ccumrmsmsmssnsmsmsmsmsmssssssssssssssssssssssassssas 47
8.5 Soil reaction for piles under lateral aCtIONS ..o ———————————— 48
£ 2T O < 1T - 48
8.5.2 Lateral soil reaction for Clay ... s 49
8.5.3 Lateral capacity for SANd ... 55
8.5.4 Lateral soil resistance - displacement p-y curves for Sand..........cumnmsssmsssmsssssseies 56
8.5.5 P-y curves for fatigue actions ... ——————————— 57
8.5.6 Refined assessment of lateral pile reSpoONSe.......ui s ——————— 57
8.5.7 Lateral soil resistance-displacement curves in calcareous soil, cemented soil and
[T 15 (0 T 57
8.6 Pile Sroup BehavioUT ... s s sas e 58
2 2 T € 1 L) Y 58
8.6.2 AXial DENAVIOUT ...t e n s A e e 58
8.6.3 Lateral DeNavViOUr ... s s e 58
8.7 Pile installation asSeSSIMENL ... s s s naeaes 58
2 T T €7 1 L) 1Y 58
8.7.2 Drivability STUAIES ... s ssas s s sasas D.a‘;eu ments
) Document Sharing Hub
v © IS0 2022 - All rights reserved

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

8.7.3 Obtaining required pile penetration ... ————————— 60
8.7.4 Driven pile refusal...... s ——————————————————— 60
8.7.5 Pile refusal remedial MEASUIES......cocvermsmsmsiesmsmsmsssssmsssssss s es 60
8.7.6 Selection of pile hammer and stresses during driving.........ccu—————— 61
8.7.7 Use of hydraulic hammersS..... s s ssssssasssssssssss 62
8.7.8 Drilled and grouted Piles ... ———————————————— 62
8.7.9 Belled PIleS.....cininieissssssssssssssnsssssssssssss s ssssssssssssssssssssssssssssssssssssssas s s s s s snsnsssmss s sasasasnnsnsnanas 63
8.7.10 Grouting pile-to-sleeve CONNECIONS......ccoiimmsrsssmsinmssss s 63
8.7.11 Pile installation data.......ccouinnmsmsmsnnmmsssssssssn s sas s ssssss s s sssasasssasssssss 63
8.7.12 Installation of conductors and shallow well drilling ........cccnmimn——— 63
9 Reassessment of pile capacity for exXisting StrUCtUTeS........ccuuvmnmismsssssssnssss e 64
Lo TN T 1 =) - |, 64
9.2 Geotechnical and foundation data........ e ————————————— 64
9.2.1 Geotechnical data ... ————— 64
Lo I D LT3 ¥4 - . 65
o 27205 T 0 0 13 = 1) - 1 00 0 Qs = 65
00 20720 S 0114 U b 100 1 s U= - 65
9.2.5 Operational data ... ————— 65
£ TR D0 = 110 X () o 65
00 B L Ny Ty 1 L) 4 . 66
00 2 s R < 1 T - 66
9.4.2 Pushover response of pile foundation Systems........commmm————— 66
9.5 Time-dependent effects on pile foundations.......cm—————_—_ 67
10 Soil-structure interaction for subsea structures, risers and flowlines ........ccccverirrssrenssans 67
0200 O 7 1 V) 1 67
10.2 Geotechnical iNVeStigation ... —————— 67
10.3 Foundations for subsea production StruCtUres........m————————————— 68
B 0T N ) O 1= (B g ] =) 68
B =) 1 1) | 68
10.4.2 Design for ultimate limit State ... ——————————— 69
10.4.3 Design for fatigue State..... s —————————— 69
10.5 Geotechnical design for tOp tENSION FISEI'S.. ... ——— 71
0TS =) 1 1) | 71
10.5.2 Jetted CONAUCLOTS......correcrcrrersssssmsss s sesmssssesssassesmssssessssssssnssssesssassssmssssesssassesmssssesasassesnsassenssssas 71
10.5.3 Soil-structure interaction for well integrity asseSSment ... 73
10.5.4 Geotechnical input to well strength assesSment.......cnn——————— 73
10.5.5 Geotechnical input to well fatigue asseSSIMeENt.........coounirnrsnsnssmnn s ———— 73
10.5.6 Geotechnical considerations in conductor driving analysis.......———n 77
10.5.7 Geohazards for well installations ... ——————— 78
10.6 Foundation design fOr riSEr LOWEL'S ... s s sssssssssssns 78
BT =) 1 1) | 78
10.6.2 FOUuNdation OPtiONS......ciismsssmssmsnsssssssssssssssssssssssssssssssssssssssssassssssssssssssssssssasassssssssssssssssssassses 78
10.6.3 Loading actions and safety factors ... ————————————— 78
10.6.4 Design Challenges ..o s s s 79
10.7 Pipelines and flOWlINeS.......cciimmmssss s ——————————— 79
10.7.1 Geotechnical pipe-soil interaction (PSI) analysis ... 79
10.7.2 Submarine slides and density flows: simulation and pipeline impact analysis .......... 80
11 Design of anchors for floating StrUCTUTES......ccocvmsmsmsmssssssisss s 81
2 VA I Y o o 82
AW\ (0] 1 0 B2 U0 L Q=3 (i) 0 o, 82
A.3 Terms and defiNitiONS ... s 82
Documents
Document Sharing Hub
© IS0 2022 - All rights reserved \Y

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

A.4 Symbols and abbreviated tErmMS ... ————————— 82
A.5 GeNeral reqUITEIMENNLES ... s s s s s s s e b E R asa s e e e e R R nnn s 82
Wt R ) 1 1) - | 82
A.5.2 Design cases and safety factors. ... —————————— 82
A.5.3 Representative and design values of soil parameters.........cum—— 82
DA VSR T80 T3 1) o (ol 0) 04 U8 ] T 82
A.5.3.2 Determination of representative and design values of soil parameters ..........ccuuerreunnns 83
A.5.3.3 Geotechnical reliability-based deSign ... ————— 83
A.5.4 Testing and inStruMeENtAtION ... s n s nnas 84
A.6 Geotechnical data acquisition and identification of hazards ... 84
W0t R 07 1 1) 84
A.6.2 Geological modelling and identification of hazards ... ————— 84
A.6.3  Carbonate SOIlS...... i —————————————— s ————— 84
N0 T 0T 1 1) 84
A.6.3.2 Characteristic features and properties of carbonate soils.........ccnmmmnm———. 84
A.6.3.3 Foundations in carbonate SOils ... 85
A.6.3.3.1 Driven piles and other deep foundation alternatives ..........cmmn——.. 85
A.6.3.3.2 Shallow foUNdAtions ... ——————————— 86
A.6.3.3.3  ASSESSIMENL....ciieieiiscsrissssissrss s R AR RS 86
A.7 Design of shallow and intermediate foundations..........uu i —————— 86
) VR T 7 1 1) 1 86
A.7.2  PIriNCIPIES coioiiicisismssssssissssssssssssssssssssssssssssssssssssssssssssssssasasssssssssssssssss sssssanasas s s ss s s sssssssasasas s snsssnsssnansnss 86
A.7.2.1 General PrinCiPles... . sssssssssssssssssssssssssssssasssasssasssssssassnss 86
A.7.2.2 Foundation embedmEent ... s sasssess 86
A.7.2.3 Sign conventions, nomenclature and action reference point ... 86
A.7.3  AcCCEPLANCE CTiteria. ummmmimmsmsisnsssnssssssassssmssssssssssassnsssassssssssssssssssssnssssssssssssmsassnsssassesmssssnnssansssnssssnns 87
A.7.3.1 Material and action fACtOTS ... s 87
A.7.3.2 Use of partial factors In deSiN ... sssssssssssassssssssssssssss 87
W0 0 21 4 =t = I o ] 87
A.7.4 DesSign CONSIAETALIONS ...ocivrississesssesmssssssssssssassss s s sa s e s 87
A.7.4.1 Adjusting for SoOil plug Weight....... s —— 87
W VAR ] 14 o 1 T U ) 87
A.7.4.3 Foundation base perforations.......smmmsssss s 87
A.7.4.4 SKkirtless foundations penetrating into Soft SOilS.......ccovnnn———— 87
A.7.4.5 Tensile stresses beneath fouNdations ... —————————— 87
A.7.4.6 Omni-directional 10ading ... s ssss s ssssassnss 87
A.7.4.7 Interaction with Other SIFUCLUTES ..o ———— 87
Documents
) Document Sharing Hub
vi © IS0 2022 - All rights reserved

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

A.7.4.8 Multiple fOUNdAtioNS ... s s s 87
A.7.4.9 Hydraulic STaDility ... ssssssssssssssssss s ssssssssssssas s sssssssssssssases 87
W T R 1 1 ) PSP 87
Y N R T o 1 1 1 o, 87
A.7.4.10 Unconventional soils or S0il profiles...........u——— 88
A.7.4.11 Selection of soil parameters for deSign .......ccuum——————————— 88
A.7.411.1 Shear strength used in stability analysis......c——————— 88
A.7.411.2 Parameters used in serviceability deSign ..........connnnnnn 89
A.7.5 Ultimate limit state (Stability) ... —————————— 89
A.7.5.1 Assessment of bearing capacity of shallow foundations.........u————— 89
A.7.5.1.1 Failure mechaniSms ... ——————————————— 89
A.7.5.1.2  AcCtion transfer .. ———————————————————————- 89
A.7.5.1.3 Idealization of foundation area and the effective area concept..........ccerrrererrresnses 89
A.7.5.1.4 Undrained conditions with constant shear strength with depth........ccoceevrieiriruneas 92
A.7.5.1.4.1 Bearing capacity factors.... s 92
A.7.5.1.4.2 Bearing capacity correction factors........ s 92
A.7.5.1.5 Undrained conditions with linearly increasing shear strength with depth ......... 94
A.7.5.1.6 Undrained conditions with a surface crust overlying linearly increasing shear
strength With depth ... ————————————— 96
A.7.5.1.7 Drained CONditions ... ——————————————— 96
A.7.5.1.7.1 Bearing capacity factors. .. 96
A.7.5.1.7.2 Bearing capacity correction factors......... 97
A.7.5.1.7.3 Exclusion of effective cohesion from bearing capacity formulae ........cccoeuveense. 97
A.7.5.2 Assessment of sliding capacity of shallow foundations.........con———— 98
A7.5.2.1  GENETIAl..iisiissssnissns s AR 98
A.7.5.2.2 Undrained coNditions ... s s 98
A.7.5.2.3 Drained CONAItioNS ... ———————————— 98
A.7.5.2.4 Adjusting for horizontal seabed resistance above foundation base level............. 98
A.7.5.2.5 Assessment of torsional CapacCity .......ccmmmm———————_——— 99
A.7.5.3 Assessment of capacity of intermediate foundations........ccummm—— 99
A.7.6 Serviceability (displacements and rotations)........—————————— 99
W T 0T 1 1) | 99
A.7.6.2 Serviceability of shallow foundations under static loading.........cccocensmssmsnesssenssssssisenens 99
A7.6.2.1  GeNETAl.i s —————————————————————— 99
A.7.6.2.2 Immediate serviceability (displacements and rotations) ..., 929
A.7.6.2.3 Long term serviceability (primary consolidation settlement)............cecoeverrrernseneae 100
A.7.6.2.4 Long term serviceability (secondary compression: Creep) .......cusesmsessssssssssases 100
Documents
© 1SO 2022 - All rights reserved Pocument Sharin\%iHUb

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

A.7.6.2.5 Impact of eccentric loading on serviceability (differential displacements and

o002 1 (0 1 1) 100
A.7.6.3 Serviceability of intermediate foundations.........cumim s ———————— 100
A.7.6.4 Serviceability in response to dynamic and cyclic actions ... 100
A.7.7 Alternative methods of deSign ... ——————— 101
A.7.7.1Yield surface apPproach... s 101
N B 0T 1 1= | 101
A.7.7.2.1 Application t0 deSigN....ciimimnnmss s —————————————— 101
A.7.7.2.2 Yield surfaces for selected CaASES ... 101
A.7.7.2.3 Undrained CONAitiONS......ciomiismsmnmsmsmmmmsmsssssssssssssssssssss s ssasssssssssssssssses 101
A.7.7.2.3.1 Surface foundations with zero-uplift capacity along the foundation-soil

L 1<) i L 101
A.7.7.2.3.2 Surface foundations with unlimited-uplift capacity along the foundation-soil

L1 i L 102
A.7.7.2.3.3 Embedded foundations........csssssnssssssss s sssssssssssssssssses 103
A.7.7.2.4 Drained CONAItiONS. ... s sas s s sssssns 104
A.7.7.2.4.1 Surface foUNAAtioNS ... —————————— 104
A.7.7.2.4.2 Embedded foundations........cmsssssnsssssssss s sssssssssssssssssssses 105
A.7.7.3 Performance based design approach ... 105
AW S T 1 1] -1 1o 1) 106
W VR S s I T 1 1) 1 106
A.7.8.2 SKirt penetration reSiStance ... ———————————————————— 106
A.7.8.3 Required and allowable UNAer-preSsure ... 107
A.7.9 Relocation, retrieval and remoVval .......ccciceriemisimsismissmsssssssss s sss————————— 107
A.8 Pile foundation deSiZ ..o s s s s 107
A.8.1 Pile capacity for axial COMPIreSSION ... ——————— 107
W T ) 1 1) 107
A.8.1.2 AXial PIle CAPACILY .eoureriirriinsmsmsssisssmssssssssss s ssssas s s s e A e e 107
A.8.1.3 SKin friction and end bearing in clay SOIlS ... ————————— 107
4 W 2 O €7 1 1) o 1 . 107
A.8.1.3.2 Axial pile capacity in Clay ... ——————————— 108
A.8.1.3.2.1 Loading test database for piles in Clay ... ——— 108
A.8.1.3.2.2 Unified CPT method for pile axial capacity in clays......c.ommmmmmmmn. 108
A.8.1.3.2.3 Establishing representative strength and effective overburden stress profiles

109
A8.1.3.24 Pile length effect.......nnnmnnsssss s 110
A.8.1.3.2.5 Changes in axial capacity in clay with time .......ccccennmrsnninnn—————— 110
A.8.1.4 SKin friction and end bearing in SANAS.......ccumni————————————— 111
Documents
Document Sharing Hub
viii © IS0 2022 - All rights reserved

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

VRS 200 T I 1) 1 () 1 111
A.8.1.4.2 Parameter value aSSESSMENL ......ccumsmsmsmssmsssmsmsssssssmsmssssssssssssssssssssssssssssssssssssasssssssssssssssnss 111
A.8.1.4.3 Former main text method in SANAS........cccursmnmsmnmminn s ———————— 113
A.8.1.5 SKin friction and end bearing in gravels ... ————— 115
A.8.1.6 SKin friction and end bearing of grouted piles in rock .......e———— 115
A.8.1.7 SKin friction and end bearing of driven piles in intermediate soils...........cececinrnrernsnnae 115
A.8.2 Pile capacity for axial teNSiON ... ——————————————— 115
A.8.3 Axial pile Performance ... ———————————————————— 115
A.8.3.1 Static axial behaviour of PIles ... ——————————— 115
A.8.3.2 Cyclic axial behaviour of piles...... s ————————— 115
D W& 70 777 TR 0 13 =131 Cor ¥ () o 115
W VR 320 0 U o 1) 1 115
A VRS 0 2070 N 0 T70] U (ol ] i (- o ., 116
A.8.3.2.4 Analytical MOdelS......ccvrinmmmsmsmmmmsmssss e ————————————————— 116
A.8.3.24.1 Discrete element MOdels ... —————— 116
A.8.3.2.4.2 ContinUUM MOAEIS ..o 116
A.8.3.2.5 S0il characteriZation ... ———————————— 117
A.8.3.2.6 ANAlYSiS PrOCEAUIE......oviiisrrsmsnsnsisssmsmsssssasas s ssssssss s sssssssasassssssssssssssssssasasassssssssnsssnsssnss 117
A W8 S 8 207 < Ut 1 () 1 117
A.8.3.2.6.2 Pile Properties.. . 117
A.8.3.2.6.3 SOl PrOPErties ... 118
A.8.3.2.64 CYCliC ANAlYSES ...cumrrrsmsnmsmsmsmsssssssssssssssssssssssss s sssssssssssss s sssssssssasassssssssssssssssssssssnsasassnsssnsns 118
A.8.3.2.7 Performance reqUIirements....... s 118
A.8.4 Soil reaction for piles under axial COMPreSSION....c i ———— 118
A.8.4.1 Axial shear transfer £-Z CUTVES ... sssssssssssasssssssssssssasss 118
A.8.4.2 End bearing resistance-displacement Q-z CUIVES.......ccuunmnnmsmnmmsssssssssssssssssssssssss 118
A.8.5 Soil reaction for piles under lateral actions........com————— 118
W R T 1 1) 1 119
A.8.5.2 Lateral soil reaction for Clay ... s ssssssssssssss 119
A.8.5.2.1 p-y curves for MONOtONIC ACLIONS....ccuirrsmsmsmsmsmsmsmsr s ——— 119
A.8.5.2.1.1 Ultimate soil resistance for iSotropic conditions........cuiimmssmssnessmsssssnns 119
A.8.5.2.1.2  Anisotropy correction of ultimate soil resistance for gapping conditions... 120
A.8.5.2.1.3 P-y curve relationships......cmmsssssssssssss s 120
A.8.5.2.2 P-y curves for CyCliC aCtions.......cmmmnsmsmsmmsmmsmsssisisssssssss s ssssssssssssssssssssssssssssssssess 121
A.8.5.2.3 P-y curves for fatigue actions ... 123
A.8.5.2.4 P-y curves for earthquake actions.......ccovimsmnmsmmmsmsssisssssssssssssssas s 123
A.8.5.2.5 Comparison with previous recommendations..........cummmmm—— 123
Documents
© 1SO 2022 - All rights reserved Pocument Sharin?XHUb

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

A.8.5.3 Lateral capacity fOr SANA ... s 125
A.8.5.4 Lateral soil resistance-displacement p-y curves for sand ... 126
A.8.5.5 P-y curves for fatigue actions ... s 126
A.8.5.6 Refined analysis for cases that are sensitive to lateral loading response...........cccu... 126
A.8.6 Pile group behaviour ... ————————— 128
VR T T 1 1) 1 128
A.8.6.2 AXial BENAVIOUT ..t 128
A.8.6.3 Lateral DENaVIiOUT ... s sns 128
A.8.7 Pile installation aSSESSMENT.......ciiimsmrmsmsmmmsmsmsmsssssssss s sas e e ns s 129
VRS R T T 1 1) 1 129
A.8.7.2 Drivability StUAIES ......cimmmmmsmnmseimismsmsssnsssssssssssessssssssssssssssssssssssssssssassssssssssssssssssssssasssssassnsssssssssssas 129
A.8.7.3 Obtaining required pile penetration......... s ———————— 129
A.8.7.4 Driven pile refusal ... ————————————— 129
A.8.7.5 Driven pile refusal MeasUres......mmmmmssss s sssssssses 130
A.8.7.6 Selection of pile hammer and stresses during driving.......c————— 130
A.8.7.7 Use of hydrauliC hamMmMET's ... s s sssssssssssssssssns 130
A.8.7.8 Drilled and grouted Piles..... s 130
A.8.7.9 Belled PIles .....ccirrrmsismsssmmsmsmsssnssisissssssssssss s sssssssssssassssssssssssssssssssssassssssssssssssesssssasasasssassnssssssassnsas 130
A.8.7.10 Grouting pile-to-sleeve CONNECIONS ......ccoviminnsmss s ———— 131
A.8.7.11 Pile installation data......cmi s ———————————— 131
A.8.7.12 Installation of conductors and shallow well drilling .......c.ccoocnncrsnsnsssnssssssssnnsnses 131
A.9 Reassessment of pile capacity for existing SIrUCTUIeS ........oconrinssmsssmsimssssssssssess s 131
W W Tt R ) 1 1= - 131
A.9.2 Geotechnical and foundation data ... ————————————— 131
WA WL JRC TR D0 1 1L U (o) 131
W TR S WY E T 1 4T 4 o 131
W N R ) 1 1) 131
A.9.4.2 Pushover response of pile foundation SyStems........umimmmsms 132
A.9.5 Time-dependent effects on pile foundations.......cu i ———— 132
A.10 Soil-structure interaction for auxiliary subsea structures, risers and flowlines......133
2 W00 I T T 1 1) 1 . 133
A.10.2 Geotechnical iNVeStiGation ... 133
A.10.3 Foundations for manifolds and subsea production structures.........cmmm. 133
A.10.4 Steel CaAteNAIY FiSETS.. i sssssssssas s ssssssssss e sasas s s s s srsnsnsE s s Ras SRR SRR AR RERE RS 133
A.10.4.1 General - seabed response in vertical plane .........n———— 133
A.10.4.2 Design for ultimate limit STAte ... ———— 134
A.10.4.3 Design for fatigue State ... —————— 134
Documents
Document Sharing Hub
X © IS0 2022 - All rights reserved

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

A.10.4.3.1 03 1T - | 134
A.10.4.3.2 LD TRy ¥ 4 0 01 T ) 134
A.10.4.3.2.1 Elastic MOdEl....iiinsssssssssssssssss s sssssssss s ssssssasassaes 134
A.10.4.3.2.2 Non-linear MOAElS.......couvmiiermnmsmssssssssssssssssssss s s 135
A.10.4.3.3 Trenching effects ... ————————————— 136
A.10.4.3.4 Cyclic and consolidation effects ... ———————— 136
A.10.5 Geotechnical design for top teNSION FiSETS.....cmnsmmmimnms s ——— 138
W0 R0 S €7 1) o 1 138
A.10.5.2  Jetted CONAUCLOLS ..o s s s sas s sas s e s s smsasassnsassnan s 138
A.10.5.2.1 03 1T - | 138
A.10.5.2.2 Short-term axial bearing capacity ... ————————— 138
A.10.5.2.3 Long-term axial bearing cCapacity ... 139
A.10.5.2.4 Soil-structure interaction for well integrity assessment........cccoousrsrnmsesessnsans 139
A.10.5.3 Geotechnical input to well strength assessment.........ccovvnmnmnsn———— 140
A.10.5.4 Geotechnical input to well fatigue asSeSSMEeNt........ccuvvrmsmnmssmsmmsss s ————— 140
A.10.5.4.1 03 1T - | 140
A.10.5.4.2 00 £ 141
A.10.5.4.2.1 Spring-only Method....... s —————— 141
A.10.5.4.2.2 Spring-dashpot method.........cn s ——————— 141
A.10.5.4.3 72 1 1 L, 144
A.10.5.5 Geotechnical considerations in conductor driving analysis........ommn. 144
A.10.5.5.1 0T 1 1) o 144
A.10.5.5.2 Conductor pipe InStallation ... ———— 144
A.10.5.5.3 Minimum wall thiCRNesS........conn s ——————— 144
2 W00 I TR0 F0s S 7 1 V) 1 144
A.10.5.5.3.2 DUKING AIiVING cococisiersisrmssssssssissssssssss s ssssss s sssssssss s s s ssasases 144
A.10.5.5.4 Driving fatigUe ..o s s s ssass 145
A.10.5.5.5 Conductor tip damage and bucKling.........cccoumnnnmmssssssmssssssssssssssssssssssseses 145
W W0 TR0 0 A €5 1 V) v Y 145
A.10.5.5.5.2 Damage during driVing.......cmsmrsssss s 145
A.10.5.5.6 Installation with inclined Shoes...... s ———— 146
A.10.5.6 Geohazards for well installations......coiim i ————————— 146
A.10.5.6.1 Mass transSport COMPIEXES ... ——————— 146
A.10.5.6.2 EXCESS POIe Water PreSSUIC...uumiumsmsmssssmssssssssssssssssssssssssssssssssssssssassssssssassssssassssssassssnsss 146
A.10.5.6.3 Earthquake ground MOtiON ... s ssssasssssses 146
A.10.6 Foundation design for riser towers — general.......u i ——— 147
W0 0 S €7 1) o 1 147
Documents
Document Sharing Hub
© 1SO 2022 - All rights reserved X1

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

A.10.6.2 Foundation OPtiONS ...t sasss s sssssssassssssssssssssss sases 147
A.10.6.3 Loading actions and safety factor ... ————— 147
A.10.6.3.1 OO o 00 Lot 1) 4, 147
A.10.6.3.2 Recommended safety factors.......cmssssss s 147
A.10.6.4  SoOil deSigN PATAMELEL'S ....ocieieiimsrsmsismisssmsssssssss s R e e 147
A.10.6.5 Design challenges ... s sases 147
A.10.6.5.1 General PrinCiples ... ————————————————— 147
A.10.6.5.2 Assessment of effect of sand layers on suction anchors ... 148
A.10.6.6 Inspection and MONILOTING......cccoumnrmmsmn s —————————————— 149
A.10.7 Geotechnical design for flowlines and pipelines. ... —— 149
2 W0t 0 R S €7 T o 1 149
A.10.7.2  Actions On PIiPeliNes.....cciiimmsmsmmmmssmmssssssss s sssssssssss s ssssssssssasssssssssssssssses 152
A.10.7.3  SOil reaction fOrCeS. ... s e 152
A.10.7.3.1 Pipeline-soil interaction models ... ———— 152
A.10.7.3.2 Low, best and high estimates of soil and PSI parameters .........coocumseesesssesennns 152
A.10.7.3.3 Drained and undrained behaviour during pipe-soil interaction ........ccccusuucu.. 153
A.10.7.4 As-laid pipeline embedment............ s —————————— 154
A.10.7.4.1 00100 300715 U 0 (1) o 154
A.10.7.4.2 Static penetration resistance....... i ———————————————— 154
A.10.7.4.3 Static lay effect: force concentration at touchdown point .......isssnsnsnnens 155
A10.7.4.4 Dynamic l1ay effects.......unsssssss s ——————s 155
A.10.7.5  Axial SOl reSiStaNCE ....ccovriisisrsmsssissis s ——————— 156
A.10.7.6 Lateral pipe-soil reSiStance........umsmmm s ———————— 158
A.10.7.6.1 =3 1T - . 158
A.10.7.6.2 Monotonic lateral resistance parameters........ o ——————— 159
A.10.7.6.3 Advanced aspects of lateral PSI reSponse.......mmsssssssssssssssss 160
A.10.7.7 Sediment transSport aNd SCOUT ..o sssssssssssas 160
A.10.7.8 Damping from pipeline-seabed interaction in free span analysis........ccuumrmrusess 161

A.10.7.9 Submarine slides and density flows: simulation and pipeline impact analysis 163

A.10.7.9.1 GENETAL ...t ——————————— 163
A.10.7.9.2 Rheology characterization ... 163
A.10.7.9.3 FIOW SIMUIATION c.coeieiierernnsssnssnsssmsmssssssss s sssssssss s ssssss s ssssssssssssssss s 163
A.10.7.9.4 Mobilized shear strength of slide / flow material........ccooinnmnmsesnsmnssesssssssscnns 163
A.10.7.9.5 Impact forces on Pipelines ......cm———————_————— 164
A.10.7.9.6 Additional cONSiderations ... ——————————— 165
A.11 Geotechnical design of anchors for floating structures.........ccooum——— 165
2 W0t T ) £ 1) 165
Documents
B Document Sharing Hub
xii © IS0 2022 - All rights reserved

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

W W00 I T 010 0N o F e U () 166
7 W00 S LY T 1)l 167
A.11.3.1 Drag embedment anChorsS....... s ——————— 167
A.11.3.2 Driven anchor Piles ... ssses 167
A.11.3.3  Suction ancChor Piles ... —————————— 168
A11.3.4  Plate aNCROrS ... s e e 170
A11.3.4.1 0T 1 1) o 170
A11.3.4.2 Drag-embedded plate anChors ... ————— 170
A.11.34.3 Direct-embedded plate anchors ... ———————— 170
A11.3.5  Gravity aNCROTS... s asas s e n s 171
A.11.3.6 Gravity-embedded (free-falling) anchors ... —————— 172
A.11.4 Geotechnical design of drag anchors ... —————————— 173
2 W0 s O 7 1 () 1 173
A.11.4.2 Effect of shear strength gradient in clay ... 174
A.11.4.3 Effect of lead-line type in clay ... 175
A11.4.4 Effect of cyclicloading in Clay ... 175
A.11.4.5 Effect of anchor soaking in clay ... 175
A.11.4.6 Capacity in clay under inclined line loading.........c.cccunesmnnnsmnmsss 176
A.11.4.7 Drag distance and penetration depth in soft clay......c.cmmmn————— 176
A11.4.8 NeWw anchor deSigNS.... s sas s sasssnss 178
A.11.4.9 Analytical tools for anchor performance evaluation .........n————. 181
A11.4.10 Anchor holding capacity in sand........o s ——————————— 181
A11.4.11 Anchor holding capacity in soils other than soft clay and sand ............cocuuueee. 181
A11.4.12 Holding capacity generated by friction along the mooring line.........ccccceeunuee. 182
A.11.4.13 Installation of drag anchors ... ———————— 182
A11.4.14 Out-of-plane loading of aNChOTIS ... —————— 183
A.11.5 Geotechnical design of anchor piles ... ——————— 183
A.11.5.1 Driven anchor Piles . ases 183
A.11.5.1.1 32 13 Tol o0 1 153 1 125 = U0 L0) 113 183
A.11.5.1.2 Safety factors for driven anchor piles.......cmmm——————— 184
A.11.5.1.3 Basic considerations for structural strength design ..........cccounnnnssnsnssssssnnenns 184
A11.5.1.4 Installation of driven anchor piles...... s ———————— 184
A.11.5.2 Design of suction anchor piles...... s ———————— 184
A.11.5.2.1 32 13 Tol o0 1 153 1 155 = U0 L0) 1 13 184
A.11.5.2.2 AnNalysis MEthOAS ... ———— 185
A.11.5.2.2.1 Penetration analysSis. ... s 185
A11.5.2.2.2 RemoVal aNalYSIS..ccuiimsmmsmsmsmmmsssmsmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssssssnss 191
Documents
© 1SO 2022 - All rights reserved Pocument Sharir;(?iiHUb

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

A11.5.2.2.3 HoOldIiNG CAPACILY .crvrrrrrrmsmsesssssassmsssssisssssmsmsssssssssssssssssssssssssssassssssssssssssssssssasssssssssssssasassssns 191
A.11.5.2.2.4 Increase of side friction with time.......cconrrncninnnnsnn s —— 195
A.11.5.2.2.,5 Coupling between horizontal and vertical capacity.......cmmmsmssssssssssssanns 196
A.11.5.2.2.6 Safety factors and allowable actions for suction anchor piles ..........cceurunnrererns 197
A.11.5.2.2.7 Other special cONSIAErations ... —————— 197
A.11.5.2.3 Basic considerations for structural strength design.........ccuinismsssssssssnsssssnsnsns 200
A.11.5.2.4 Installation of SuCtion anChoOrs ... ———————— 200
A.11.6 Geotechnical design of plate anChors ... ———————— 201
2 W I 0 A 2 2 5 Tl a0 0 13 T 1= Ut (1) 1 L, 201
A.11.6.2 Prediction method for drag-embedded plate anchors..........nnn. 202
A11.6.2.1 GENETAL ...t —————— 202
A.11.6.2.2 Anchor line MeChaniCs ... ———————————— 202
A.11.6.2.3 Installation Performance ... ———————————— 202
A11.6.2.4 Holding capacity performance........mssssssssssssssssssss 203
A.11.6.3 Factors of safety for drag-embedded plate anchors.........ccunnnnnn, 204
A.11.6.4 Prediction method for direct-embedded plate anchors.......... 204
A.11.6.5 Installation of plate aNChOrS..... s ————— 205
A.11.6.5.1 Installation tOleranCes ... ———————————— 205
A.11.6.5.2 Drag-embedded plate anChorsS........ s ———————— 205
A.11.6.5.3 Direct-embedded plate anchors......... s —————— 206
A.11.6.6 Out-of-plane loading of plate anchors........ e ——————— 206
A.11.7 Geotechnical design of other types of anchors........cu e ———— 206
A11.7.1  Gravity aNCROTS ... s s sssssss s sssssssssssssssasassnassssssssssssssases 206
A11.7.11 General CoONSIAerations........ e —————————— 206
A11.7.1.2 Y 10 1D 07l Ty Y ) Lo 206
A.11.7.1.3 L0150 U8 0 = 1] = 4 o 207
A11.7.1.4 ServiCeaADIlity ..o ———————————————— 207
A11.7.2 Gravity-embedded anChors......co s —————— 207
A11.7.21 32 1 Tol o0 113 1 153 10 0] o1, 207
A11.7.2.2 Impact velocity prediction.......sssss s 208
A11.7.2.3 Geotechnical design and analysis ... —————————————— 208
A11.7.2.4 Installation PeNetration ... —————————————— 209
A.11.7.2.5 CYCliC ACHIONS ..covirreinisssssssssnsnsssssssssssmssssssssssssssssssssssssssssasssassssnss s s snsssssmsasasassassnsssnsnsnssnss s 210
A11.7.2.6 Out-of-plane 10ading ... ———————————— 210
A11.7.2.7 Safety factors for gravity-embedded anchors ... 211
A11.7.2.8 Installation of gravity-embedded anchors ... ———— 211
A.11.8 Pre-tensioning of mooring lines and test loading of anchors ... 212
Documents
) Document Sharing Hub
xiv © IS0 2022 - All rights reserved

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

A11.8.1 GeNETral..iiccis s ———— 212
A.11.8.2 Permanent MOOTINGS ....ocumsismssimssmssssssssmssssssmssssssssssssssssssssssssssssssssssssssssssssassssssssssssssesess 212
A.11.8.3 Mobile (tempPOrary) MOOTINGS.....cucuummsmsmsnmsmssssssssssssssssssssssssssssssssssssssssssssassssssssssssssssasases 213
A.11.8.4 Testloading for drag anchors...... e ———————————— 213
A.11.8.5 Testloading for anchor piles and plate anchors.........oun—— 213
A.11.8.6 Testloading for gravity-embedded ancChors .......———— 214
1251011 T0 a1 Y 1] 1 215
Documents
© IS0 2022 - All rights reserved Pocument Sharin)%VHUb

Full document details: 22/30449659 DC


http://www.avadocuments.com/doc/22-30449659-dc
http://www.avadocuments.com/doc/22-30449659-dc

ISO/DIS 19901-4:2022(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be in the Introduction and/or on
the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the World
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore
structures for the petroleum, petrochemical and natural gas industries, Subcommittee SC 7, Offshore
structures.

This third edition cancels and replaces the second edition (ISO_19901-4:2016), which has been
technically revised.

The main changes compared to the previous edition are as follows:
— guidance extended on representative and design values for soil parameters (Clause 5);

— guidance added for geotechnical design of intermediate foundations for fixed structures and clause
renamed to ‘Design of shallow and intermediate foundations’ (Clause 7);

— requirements added on installation resistance, yield envelope approaches for ultimate limit state, and
performance based design for shallow skirted and intermediate foundations (Clause 7);

— new unified CPT method for axial capacity in sands to replace the former main text method, new TZ
curve definition in sands, new unified CPT method for clays introduced into the annex, new PY curve
methodology for clays to replace the existing method (Clause 8);

— new clause for reassessment of pile capacity for existing structures (Clause 9);
— anew clause for pipelines, conductors and risers, previously only informative (Clause 10);

— references have been reviewed, updated and reduced where possible.
Alist of all parts in the [SO 19901| series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The International Standards for offshore structures, ISO 19900 to ISO 19906, constitute a common basis
covering those aspects that address design requirements and assessments of all offshore structures used
by the petroleum and natural gas industries worldwide. Through their application, the intention is to
achieve reliability levels appropriate for attended and unattended offshore structures, whatever the type
of structure and the nature of the materials used.

It is important to recognize that structural integrity is an overall concept comprising models for
describing actions, structural analyses, design rules, safety elements, quality of work, quality control
procedures and national requirements, all of which are mutually dependent. The modification of one
aspect of design in isolation can disturb the balance of reliability inherent in the overall concept or
structural system. The implications involved in modifications, therefore, need to be considered in relation
to the overall reliability of all offshore structural systems.

For geotechnical design, some additional considerations apply. These include the time, frequency and
rate at which actions are applied, the method of installation, the properties of the surrounding soil, the
overall behaviour of the seabed, effects from adjacent structures and the results of drilling into the
seabed. All of these, and any other relevant information, need to be considered in relation to the overall
reliability of the structure.

These International Standards are intended to provide wide latitude in the choice of structural
configurations, materials and techniques without hindering innovation. Geotechnical design practice for
offshore structures has proved to be an innovative and evolving process over the years. This evolution is
expected to continue and is encouraged. Therefore, circumstances can arise when the procedures
described in this document or in ISO 19900 to ISO 19906 (or elsewhere) are insufficient on their own to
ensure that a safe and economical design is achieved.

Seabed soils vary. Experience gained at one location is not necessarily applicable at another. Extra caution
is necessary when dealing with unconventional soils or unfamiliar foundation concepts. Sound
engineering judgment is therefore necessary in the use of this document.

Some background to and guidance on the use of this document is provided for information in Annex A.

In this document, the following verbal forms are used, in accordance with the latest edition of the ISO/IEC
Directives, Part 2:

— ‘shall’ and ‘shall not’ are used to indicate requirements strictly to be followed in order to conform with
the document and from which no deviation is permitted;

— ‘should’ and ‘should not’ are used to indicate that among several possibilities one is recommended as
particularly suitable, without mentioning or excluding others, or that a certain course of action is
preferred but not necessarily required, or that (in the negative form) a certain possibility or course of
action is deprecated but not prohibited;

— ‘may’ and ‘may not’ are used to indicate a course of action permissible within the limits of the
document;

— ‘can’ and ‘cannot’ are used for statements of possibility and capability, whether material, physical or

causal.
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Petroleum and natural gas industries — Specific requirements for
offshore structures — Part 4: Geotechnical design considerations

1 Scope

This document contains provisions for geotechnical engineering design that are applicable to a broad
range of offshore structures, rather than to a particular structure type. This document outlines methods
developed for the design of shallow foundations with an embedded length (L) to diameter (D) ratio L/D
< 0,5, intermediate foundations, which typically have 0,5 < L/D < 10 (Clause 7), and long and flexible pile
foundations with L/D > 10 (Clauses 8 and 9).

This document also provides guidance on soil-structure interaction aspects for flowlines, risers and
conductors (Clause 10) and anchors for floating facilities (Clause 11). This document contains brief
guidance on site and soil characterization, and identification of hazards (Clause 6).

NOTE [SO 19901-8and 19901-10 provide requirements and detailed guidance on these topics.

This document does not address aspects of soil mechanics and geotechnical engineering that apply
equally to offshore and onshore structures.

Figure 1 set outs a high level typical workflow for design of offshore foundations with reference to other
relevant [SO standards.
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Typical design process for offshore foundations

Collection of site condition data, foundation requirements and input data:

Seabed conditions are known in detail and possible hazards identified,
Ref. ISO 19901-10.

Adequate geophysical/geotechnical data are collected and soil properties at the site
are sufficiently understood (e.g. strength, stiffness, permeability) - Ref. ISO 19901-8.

Nearby developments and potential for interaction are understood - Ref. [ISO 19900.

Determination of environmental conditions and metocean database -
Ref: ISO 19901-1

Seismic design requirements are considered
Ref. ISO 19901-2.

Loading regime acting on the foundation is understood
(e.g. weight, pipeline interface loads, snag loads, cyclic etc) -] Ref. ISO 19901/ 19902/
19903

Foundation Design:

Detailed geotechnical data are available. Soil conditions are known in detail. Seabed
hazards are accounted for by avoidance, mitigation or appropriate allowance within
the design - Ref. ISO 19901-8 / ISO 19901-10.

‘sabnis
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Relevant criteria are met for geotechnical design under ULS, ALS and SLS and design
tolerances are included - Ref. ISO 19900/19901-4.

Relevant criteria are met for structural analyses under ULS, SLS, ALS, FLS (soil-reaction
curves included as appropriate within the analyses) - Ref. ISO 19900/19902/19903.

In-service inspection or maintenance requirements are defined and implemented
(e.g. scour, settlement, seismic) - Ref. ISO 19901-4.

Installation of the foundation can be achieved within relevant constraints - Ref. ISO
19901-4

-———————————— e —

NOTE Specific design and installation constraints can apply for structures in arctic regions (see ISO 19906), for
mobile offshore units, especially for jack-ups (see [SO 19905) and for anchors for floating units (see ISO 19901-7).

Figure 1 — Flowchart showing design process for offshore foundations
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 19900, Petroleum and natural gas industries — General requirements for offshore structures

ISO 19901-1, Petroleum and natural gas industries — Specific requirements for offshore structures — Part
1: Metocean design and operating considerations

ISO 19901-2, Petroleum and natural gas industries — Specific requirements for offshore structures — Part
2: Seismic design procedures and criteria

ISO 19901-3, Petroleum and natural gas industries — Specific requirements for offshore structures — Part
3: Topsides structure

ISO 19901-5, Petroleum and natural gas industries — Specific requirements for offshore structures — Part
5: Weight control during engineering and construction

ISO 19901-6, Petroleum and natural gas industries — Specific requirements for offshore structures — Part
6: Marine operations

ISO 19901-7:2013, Petroleum and natural gas industries — Specific requirements for offshore structures
— Part 7: Stationkeeping systems for floating offshore structures and mobile offshore units

[SO 19901-8, Petroleum and natural gas industries — Specific requirements for offshore structures — Part
8: Marine soil investigations

IS0 19901-10, Petroleum and natural gas industries — Specific requirements for offshore structures — Part
10: Marine geophysical investigations

ISO 19902, Petroleum and natural gas industries — Fixed steel offshore structures
ISO 19903, Petroleum and natural gas industries — Concrete offshore structures

[SO 19905 (all parts), Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units

ISO 19906, Petroleum and natural gas industries — Arctic offshore structures

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 19900, [SO 19901 (all parts)
and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http: //www.electropedia.org/

31

action

external loading applied to the structure (direct action) or an imposed deformation or acceleration
(indirect action)

Note 1 to entry: An imposed deformation can be caused by fabrication tolerances, differential settlement,
temperature change or moisture variation. An earthquake typically generates imposed accelerations.
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[SOURCE: [SO 19900:2019, 3.3]

3.2
action factor
partial safety factor applied to a design action

3.3
attended
personnel are expected to work and live on the facility 24/7 during its operational life

Note 1 to entry: Usually this entails people working in day and/or night shifts and in an offshore/onshore rota of
week(s) on and week(s) off the facility.

Note 2 to entry: In this document only L1 exposure level for attended structures is considered (see ISO 19900 and
1SO 19902).

34

basic variable

one of a specified set of variables representing physical quantities which characterize actions,
environmental influences, geometric quantities, or material properties including soil properties

[SOURCE: [SO 19900:2019, 3.7]

3.5
characteristic value
value assigned to a basic variable with a prescribed probability

Note 1 to entry: In some design/assessment situations, a variable can have two characteristic values, an upper value
and a lower value.

[SOURCE: [SO 19900:2019, 3.9]

3.6

derived value of soil parameter

value assigned to a soil parameter for a specific calculation model, reached by reasoning, theory,
deduction, inference or empiricism, often considering various sources of data

3.7

design actions

combination of representative actions and partial safety factors representing a design situation for use
in checking the acceptability of a design

3.8
design value
value derived from the representative value for use in the design verification procedure

[SOURCE: [SO 19900:2019, 3.14]

3.9

drained condition

condition whereby the applied stresses and stress changes are supported by the soil skeleton and do not
cause a change in pore pressure

[SOURCE: [SO 19901-8:2014, 3.11]

3.10

effective foundation area

reduced foundation area having its geometric centre at the point where the resultant action vector
intersects the foundation base level

3.11
limit state
state beyond which the structure no longer satisfies the relevant design criteria
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[SOURCE: [SO 19900:2019, 3.31]

3.12

material factor

partial safety factor applied to the characteristic strength of the soil, the value of which reflects the
uncertainty or variability of the material property

Note 1 to entry: See ISO 19900.

3.13
representative value
value assigned to a basic variable for verification of a limit state in a design/assessment situation

Note 1 to entry: Two types of representative value used in design verification are characteristic value and nominal
value.

[SOURCE: [SO 19900:2019, 3.40]

3.14
resistance
ability of a structure, or a structural component, to withstand action effects

[SOURCE: [SO 19900:2019, 3.41]

3.15

resistance factor

partial safety factor applied to the characteristic capacity of a foundation, the value of which reflects the
uncertainty or variability of the component resistance including those of material property

3.16
scour
removal of seabed material caused by currents and/or waves

[SOURCE: [SO 19900:2019, 3.45]

3.17
seabed
materials below the seafloor, whether soils such as sand, silt and clay, cemented materials or rock

Note 1 to entry: Offshore foundations are most commonly installed in soils, and the terminology in this document
reflects this. However, the requirements equally apply to cemented seabed materials and rock. Thus, the term 'soil’
does not exclude any other material at or below the seafloor.

3.18
seafloor
interface between the sea and the seabed

3.19

serviceability

ability of a structure or structural member to perform adequately for a normal use under all expected
actions

[SOURCE: ISO 2394:2015, 2.1.32]

3.20
settlement
permanent downward movement of a structure as a result of its own weight and other actions

3.21
strength
mechanical property of a material indicating its ability to resist actions, usually given in units of stress

Note 1 to entry: See ISO 19902.
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3.22
unattended/normally unattended
no personnel are expected to work and live on the facility 24 /7 during its operational life.

Note 1 to entry: As planned and/or unplanned maintenance will be required, usually reference is made to normally
unattended or not normally attended.

Note 2 to entry: Specific requirements can apply to unattended/normally unattended structures or to structures
being evacuated in advance of a storm.

3.23

undrained condition

condition whereby the applied stresses and stress changes are supported by both the soil skeleton and
the pore fluid and do not cause a change in volume

[SOURCE: [SO 19901-8:2014, 3.42]

4 Symbols and abbreviated terms

4.1 General

Commonly used symbols are listed in 4.2 to 4.5; other symbols are defined in the text following the
applicable formula. Symbols can have different meanings between formulae.

4.2 Symbols for shallow and intermediate foundation design

A actual (cross-sectional plan) foundation area

A effective foundation area depending on eccentricity of actions

A vertical projected area of the foundation in the direction of sliding

Ap projected area of skirt tip

As side surface area of skirt embedded at a particular penetration depth

Aidealized idealized rectangular foundation area, for irregular foundation shapes

b, bg, by  bearing capacity correction factors related to foundation base inclination

B minimum lateral foundation dimension (also foundation width)
B minimum effective lateral foundation dimension (also foundation effective width)
C compression index of soil over loading range considered

d,, dq, dy  bearing capacity correction factors related to foundation embedment depth

D foundation diameter (for circular foundations)

Dy depth below seafloor to foundation base level

e eccentricity of action

€o initial void ratio of the soil

e eccentricity of action in coordinate direction 1

ez eccentricity of action in coordinate direction 2

f unit skin friction resistance along foundation skirts during installation

F bearing capacity correction factor to account for undrained shear strength heterogeneity

do9e gy  correction factors related to seafloor inclination

G elastic shear modulus of soil
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h

H

Hp,

Hyq
AHq4
Hue

I, Ig, Iy

Kc, Kq, Ky

Ky
Krd
Kru

’

P in
’

P out

qd

Qs
Qv
Qr
Quie

RP
Su
Suo
Su,ave
Su,2

Sc, Sq, Sy

Uq, Un
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soil layer thickness

horizontal action

horizontal action on effective area component of the base

design value of resistance to pure sliding

horizontal soil resistance due to active and passive earth pressures on foundation skirts
ultimate horizontal capacity in yield surface design method

bearing capacity correction factors related to foundation action inclination

correction factors that account for inclined actions, foundation shape, depth of embedment,
inclination of base, and inclination of the seafloor

coefficient of passive earth pressure

drained horizontal soil reaction coefficient

undrained horizontal soil reaction coefficient

maximum lateral foundation dimension (also foundation length)

maximum effective lateral foundation dimension (also foundation effective length)
overturning moment

moment capacity in yield surface design method

undrained bearing capacity factor, equal to 5,14

drained bearing capacity factors, as a function of ¢’

in situ effective overburden stress at skirt tip level inside the skirts of a skirted foundation
in situ effective overburden stress at skirt tip level outside the skirts of a skirted foundation
unit end bearing resistance on foundation skirt tip; during penetration

design value of vertical bearing resistance in the absence of horizontal actions

vertical action

skirt friction resistance

end bearing resistance from skirt tips

soil resistance during skirt penetration

vertical capacity in yield surface design method

radius of the base of a circular foundation

reference point for action transfer

undrained shear strength

undrained shear strength at foundation base level (skirt tip level for skirted foundations)
average undrained shear strength from seafloor to foundation base level

equivalent undrained shear strength below foundation base

bearing capacity correction factors related to foundation shape

torsional moment

vertical and horizontal displacements at foundation base level

ground inclination angle in radians, in calculation of inclination factors
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YD
YL
Ym

o ,vO

o ,VO,Z
1%
v

Om, Or

interface friction angle between soil and foundation

increment of effective vertical stress in a given soil layer at the specified time due to the
increment of vertical action applied to foundation

effective angle of internal friction angle of the soil for plane strain conditions
submerged unit weight of soil

dead action factor
live action factor

material factor
rate of increase of undrained shear strength with depth

in situ effective overburden stress at foundation base level (skirt tip level when skirts are
used)

effective overburden stress at level of a given soil layer
Poisson’s ratio of the soil
foundation base inclination angle in radians, in calculation of inclination factors

displacements at foundation base level under overturning and torsion loading

4.3 Symbols for pile foundation design

Apile

Ar

Aw

As
C1, C2, C3

D;
Dsg
Dcpr

D:
Es

fz)

fe(z)
folz)
fi(z)

8

7 - D?

gross end area of pile, Apile = Y

2
A D.
pile displacement ratio, A, = —"—=1- 3’
pile

cross-sectional area of pile annulus, 4 = =

SIS

{or-o1)

side surface area of pile in soil

dimensionless coefficients determined as function of ¢’, for p-y curves for sand
pile outside diameter

pile inside diameter, Di=D -2 WT

mean soil particle diameter

diameter of CPT tool, Dcpr = 36 mm for a standard cone penetrometer with a cone area of
1 000 mm?2

relative density of sand, for CPT-based methods 1 and 4

initial modulus of subgrade reaction

unit skin friction

unit skin friction at depth z

unit skin friction in compression at depth z

unit skin friction between sand soil plug and inner pile wall, for CPT-based method 4

unit skin friction in tension at depth z
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fiim limiting unit skin friction value

h distance above piletip=L -z

] dimensionless empirical constant, for p-y curves for clay

k initial modulus of subgrade reaction, for p-y curves for sand

Ko coefficient of lateral earth pressure at rest

L embedded length of pile below original seafloor

Ls length of soil plug in sand layers

Nq dimensionless bearing capacity factor

p mobilised lateral resistance; for lateral soil resistance-displacement relationships
(p-y curves)

Da atmospheric pressure (p. = 100 kPa)

Pge design value of axial action on the pile, determined from a coupled linear structure and

nonlinear foundation model using the design actions for extreme conditions

Pap design value of axial action on the pile, determined from a coupled linear structure and
nonlinear foundation model using the design actions for permanent and variable actions or
the design axial action for operating situations

Dfa mobilised lateral soil resistance-displacement relationships for fatigue analysis after the soil
unload-reload secant stiffness and hysteretic damping have stabilized (pf.-ys curves)

P, pile outer perimeter = w D

Pmo mobilised lateral soil resistance-displacement relationships under monotonic lateral loading
(Pmo-ymo curves)

Dr representative value of lateral capacity, for p-y curves, in unit of force per unit length of pile

Drd representative value of deep lateral capacity, for p-y curves, in unit of force per unit length of
pile

Drs representative value of shallow lateral capacity, for p-y curves, in unit of force per unit length
of pile

P'm(z) in situ effective mean stress at depth z

q unit end bearing at pile tip

g (z) CPT cone resistance at depth, z, in stress units

qes (2) reduced CPT cone resistance at depth, z, to account for general scour

qcav,1,5D average value of q. (z) between 1,5 D above pile tip and 1,5 D below pile tip

Getip CPT cone resistance at pile tip

Q mobilised end bearing capacity in Q-z curves

Qs skin friction capacity in compression

Qe skin friction capacity in tension

Qs clay cumulative skin friction capacity of clay layers within soil plug, for CPT-based method 3
Qiim limiting unit end bearing value

Qp end bearing capacity

Q- representative value of axial pile capacity
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Qr,c
Su

su(z)
WT

tm ax

tres

ZR

Zpeak

Zres

6(: v

0'mo(z)
0'vo (2)
o ,Vo,tip
Azgs

Azis

In

10

representative value of axial pile capacity in compression

representative value of axial pile capacity in tension

undrained shear strength

undrained shear strength at depth z

pile wall thickness

mobilised skin friction for axial shear transfer t-z curves

maximum skin friction for axial shear transfer t-z curves

residual skin friction for t-z curves

lateral pile displacement, for p-y curves

depth below original seafloor

local pile axial displacement, for axial shear transfer t-z curves

axial pile tip displacement, for Q-z curves

depth below seafloor to bottom of reduced resistance zone, for p-y curves for uniform clays
final depth below seafloor, after general scour

axial pile displacement at which maximum soil-pile skin friction, tmax, is reached, for t-z curves
axial pile displacement at which residual soil-pile skin friction, t.s, is reached, for t-z curves
dimensionless skin friction factor, for cohesive soils

dimensionless skin friction factor, for cohesionless soils

constant volume friction angle at sand-pile wall interface

strain at one-half maximum deviator stress, for p-y curves for soft clay

effective angle of internal friction of sand, for drained triaxial conditions

submerged soil unit weight

unit weight of pile (steel, concrete, etc.)

unit weight of water

partial resistance factor for extreme conditions
partial resistance factor for permanent and variable actions for operating situations

parameter to determine the dimensionless skin friction factor, for clays =su(z) / 0’vo (2) at
depth z

in situ effective horizontal stress at depth z
in situ effective vertical stress at depth z

in situ effective vertical stress at pile tip
global scour depth

local scour depth

base natural logarithms approximately 2,718

natural logarithm (base €)
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4.4 Symbols for soil-structure interaction for auxiliary subsea structures, risers and
flowlines

D
fe
fi

AQ
Az
AZb

flowline, or pipeline, diameter

dimensionless cyclic factor

dimensionless time factor

dimensionless velocity factor

initial elastic (small strain) shear modulus of soil

lateral (horizontal) soil resistance

maximum value of normalized secant stiffness on initial unloading or reloading
plasticity index of soil

secant stiffness of equivalent spring = AQ / Az

integrated normal contact force

dimensionless bearing capacity factor

maximum suction (uplift) force, per unit length of pipeline
limiting penetration resistance, per unit length of pipeline
undrained shear strength

undrained shear strength in direct simple shear mode
remoulded undrained shear strength

drained axial resistance per unit length of pipeline
vertical action on pipeline

depth to flowline, or pipeline, invert

change in vertical force, per unit length of pipeline

change in vertical displacement

uplift (break-out) displacement

interface friction angle at soil-pipeline interface
pipeline-soil friction coefficient

dimensionless enhancement factor

dimensionless time factor

dimensionless velocity factor

half-angle of pipeline-soil contact perimeter

4.5 Symbols for design of anchors for stationkeeping systems

a

A
Aest
Ain

Ainside

© ISO 2022 - All rights reserved

acceleration of a gravity embedded anchor
fluke area of a drag anchor
effective area of a plate anchor accounting for shape and projected area

plan view inside area of suction anchor pile where underpressure is applied during
installation

inside lateral area of suction anchor pile wall
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Ap

Aiip

Avan

B

Co

f

Fy

Farag

Fi

Finax
FOSaxial
FOScombined
FOSateral

Qrot
Qside
Qrip
Se

St

Su

Su,AVE

Su,tip AVE

Su,DSS
t

tr

v

%4
W

12

projected area of a gravity embedded anchor/line

tip cross-sectional area of an anchor pile

sum of inside and outside wall areas of an anchor pile

fluke width of a drag anchor

drag coefficient of a gravity-embedded anchor/line

coefficient of friction between chain or wire rope and the seafloor
bearing resistance of a penetrating gravity-embedded anchor/line
hydrodynamic drag force action on a gravity-embedded anchor/line
frictional resistance of a penetrating gravity-embedded anchor/line
ultimate holding capacity (UHC) of a plate anchor

factor of safety with respect to axial loading of anchor

factor of safety with respect to combined axial and lateral loading of anchor
factor of safety with respect to lateral loading of anchor

horizontal action component

holding capacity of drag anchor under horizontal action

fluke length of a drag anchor

length of chain or wire rope in contact with the seafloor

mass of a gravity-embedded anchor

dimensionless holding capacity factor for a drag anchor
dimensionless bearing capacity factor

holding capacity of mooring line chain or wire rope

total penetration resistance of an anchor pile

resistance along the sides of an anchor pile

resistance at the tip of an anchor tip

soil strength strain rate factor

soil sensitivity

undrained shear strength at the point in question

average undrained shear strength within the failure zone at the design penetration depth,
corrected for effects of cyclic loading

average of triaxial compression, triaxial extension, and DSS undrained shear strength at
anchor tip penetration depth

undrained shear strength obtained from direct simple shear tests
time

time of anchor retrieval

free-fall velocity of a gravity-embedded anchor

vertical action component

submerged weight of a gravity-embedded anchor
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W’CW

A Ureq
A U crit

0
eaxial

elateral
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submerged weight of anchor

submerged unit weight of chain or wire rope

embedment or penetration depth

required underpressure to embed a suction anchor pile

critical underpressure causing failure of soil plug inside a suction anchor pile

friction factor during installation of a suction anchor pile or of a gravity-embedded anchor
submerged unit weight of soil

empirical reduction factor accounting for progressive failure of a plate anchor

fluid density

angle of mooring line at anchor padeye attachment point (measured from horizontal)

angle of mooring line at anchor padeye attachment point (measured from horizontal) above
which the anchor ultimate capacity is controlled by axial capacity

angle of mooring line at anchor padeye attachment point (measured from horizontal) below
which the anchor ultimate capacity is controlled by lateral capacity

4.6 Abbreviated terms

ALS

BOP
CPT
FEM
FLS

FOS
PFD
REB
SCR
SLS

SRD
TDP
UHC
ULS

VLA

accidental limit state
blow-out preventer
cone penetration test
finite element method
fatigue limit state

factor of safety

partial factor design
reverse end bearing
steel catenary riser
serviceability limit state
soil resistance to driving
touch-down point
ultimate holding capacity
ultimate limit state

vertically loaded anchor

5 General requirements

5.1General

The design methodology inherent to the ISO 19900 set of International Standards is based on the partial
factor design (PFD) approach with specified action factors and material factors (see [SO 19900:2019,
Clause 9). Requirements regarding partial factors for actions and the combination of actions into design
situations are given in the relevant International Standards for offshore structures, i.e. ISO 19900 to

ISO 19906.
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In some design situations, two representative values can be defined, an upper and a lower value. By using
this approach in combination with specified action factors and material factors, geotechnical and
foundation designs will result in an offshore structure with a level of reliability in agreement with the
requirements of ISO 2394 and ISO 19900.

The material factor for soil can be expressed as the ratio of the representative value of the undrained
shear strength to the shear stress mobilised for equilibrium, or as the ratio of the representative value of
the tangent of the representative angle of internal friction to the tangent of the angle of internal friction
mobilised for equilibrium. The material factor shall not be lower than 1,25. It may be modified by
assessing:

a) the consequences of failure;

b) the accuracy of the applied calculation method and the model uncertainty;

c) how the representative strength of the soil material was determined;

d) whether the type of structure is new;

e) whether there is no or little experience with the soil conditions encountered.

The PFD design methodology in this document involves the use of action factors and material factors,
which aim to result in comparable overall foundation reliability with that achieved from the use of the
working stress design (WSD) methodology in API RP2GEO [22]. For shallow foundations, this comparison
is outlined in References [191] and [95], which highlights that broadly comparable foundation size
should be obtained to resist a given set of representative values of actions from either method. Although
the design recommendations are largely aligned in this document and API RP2GEO [22], the PFD or WSD
methods can lead to differences in the design outcome.

The design shall account for static, cyclic, and dynamic actions without causing excessive deformations
or vibrations in the structure. The design shall address the possibility of movement of the seabed and any
actions resulting from such movements on the structure. The potential for disturbance to foundation soils
by conductor installation or shallow well drilling shall be assessed (see 8.7.12).

The guidance herein does not necessarily apply to unconventional soils such as carbonate material (see
6.3), volcanic sands or highly sensitive clays.
5.2 Design cases and safety factors

The design cases that shall be addressed with the corresponding values of partial action factors are given
in:

— IS0 19902 for fixed steel offshore structures;

— IS0 19903 for fixed concrete offshore structures;

— and ISO 19901-7 for floating offshore structures;
— (all parts) for jack-ups;

— IS0 19906 for arctic offshore structures.

The resistance factors applicable to the design of pile foundations are given in 8.1.1. The material factors
applicable to the design of shallow and intermediate foundations designed with the PFD approach are
given in 7.3.1 and 7.3.3. In assessing the stability of shallow and intermediate foundations with the PFD
approach, the design value of resistance is computed by applying a material factor to the representative
soil strength. This differs from the practice for design of piles, where a resistance factor is applied to the
representative foundation capacity.

Specific requirements, design procedures and criteria under dynamic actions from earthquakes are given
in ISO 19901-2.
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5.3 Representative and design values of soil parameters

5.3.1 Generic principles

This subclause provides generic principles and guidelines for selecting representative and design values
of soil parameters, in line with the partial factors format or partial factor design (PFD) approach. The
term 'soil' is used as per ISO 2394 and ISO 19900. This term is equivalent to 'seabed’ defined in 3.17 and
in and 1SO 19901-10.

Estimation of the representative and design values for soil parameters typically considers the following:
— the extent and quality of soil investigation and possible environmental factors;
— a priori knowledge, such as geological information and physically credible values;

— the measurable physical quantities that correspond to the population of soil parameters considered
in the calculations;

— the appropriate factors or transformation functions, to convert the parameters obtained from
laboratory and/or in situ tests or other methods to soil parameters;

— the assumptions in the calculation method(s);
— the uncertainties in the soil parameters.

Additional guidance on the selection of the representative value and uncertainties is given in 5.3.2 and
A5.3.

5.3.2 Determination of representative and design values of soil parameters

For soil parameters, the determination of the representative value and design value shall include all
relevant available data for a site, such as:

— geological information;
— study of depositional processes and stratigraphy;

— results of in situ tests, including geotechnical and geophysical investigations (refer to[SO 19901-§8 and
[SO 19901-10);

— results of laboratory tests;
— results of physical model tests;

— reliable correlations (general or regional) for similar soils under similar geological settings and similar
stress conditions;

— data from design tables;
— experience and expert opinions.

Figure 2 schematizes the steps for the selection of a representative value and the corresponding design
value. The columns in the figure present the sources of data or information, the measurements made,
obtaining derived values and obtaining the representative value and the design values. The uncertainties
associated with the steps in the determination of the soil parameters are listed, although the list is not
exhaustive. A design will usually require more than one basic variable and more than one representative
value.
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- Statistical uncertainty - Stress/depth model

- Representativeness dependency - Uncertainty in

for soil volume - Spatial variability calculation method
- Strata definition within each stratum
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Figure 2 — Steps in selection of a representative value and design value for soil parameters

When there are enough data available, statistical analyses may be used to estimate the mean and standard
deviation (uncertainty) of the derived values for key soil parameters for a design or calculation. When
combining data from different sources, statistical methods, such as Bayesian updating, can be used to
assess the uncertainty in the derived values of the soil parameters.

The representative value to use in the verification of a limit state in a design situation:
— is an estimate of the value(s) affecting the occurrence of the limit state which accounts for uncertainty;

NOTE 1 The uncertainty to be covered by the selection of a representative value is that of the soil
parameters governing the limit state, where the uncertainty is due to both lack of knowledge and the natural
and spatial variation of a parameter.

— accounts for the extent of the ground volume involved in the limit state, the effects of time, brittleness,
soil fabric and structure, and construction processes;

— accounts for transformation of data to the reference scale of the soil parameter required for
verification of the limit state, where applicable;

— is not one particular fractile of the results of laboratory tests or in situ tests on soil specimens.

NOTE 2 If statistical values in multiple parts of the volume of soil affecting the limit state are available, the
representative value can be selected with a 95 % degree of confidence.

— considers both project-specific information and a wider body of geotechnical knowledge and
experience;

— encapsulates the designer's expertise and experience.

As an example, when the average value of the soil strength over a large soil volume governs the design of
a foundation (e.g. axial capacity of long friction piles), the representative value can be taken close to the
mean shear strength value because of the larger scale variations over the volume. When foundation
resistance involves a smaller volume of soil (e.g. end bearing of a pile), the representative value is usually
defined below the mean value.

The following guidance is presented for selection of a representative value where estimates of the mean
and standard deviation of a soil parameter are available for a uniform soil stratum [2051(206][224]:

— When the representative value is based on laboratory or few discrete in situ data, the representative
value can be selected as a value close to the mean + 0,5 SD, where SD is the standard deviation, for
conditions where the limit state depends on the parameter value averaged over a large volume of
ground (i.e. a mean value). For a smaller volume of ground involved in the limit state, the
representative value can be selected at about the mean + 1 SD, where SD is the standard deviation.
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— When the representative value is based on nearly continuous CPT/CPTU data, and the cone resistance
is used directly to compute soil resistance (e.g. for the calculation of pile capacity in sand), the
representative value of the cone resistance can be taken close to the mean value, at a value of, for
example, mean * 0,15 SD. When the cone resistance is used through a transformation of the
measurement into (e.g. a shear strength), the transformation introduces additional uncertainty that
can be accounted for by the selection of a representative value with a larger standard deviation.

Local data, engineering experience and engineering judgment may support selection of values different
than those suggested by the above guidance.

The design value is obtained by applying the material factor or the resistance factor for the calculation in
question (see Figure 2). The selection of representative value does not require further adjustment of the
resistance factors and material factors that are given in 7.3.1, 7.3.3 and 8.1.1.

For soils, the representative value for stability is often different than the representative value for
installation (e.g. pile driving). In such cases, the representative value should be selected according to the
conditions that are critical for a limit state.

For spring stiffness, lower and higher values can lead to different stresses in a structure. This implies
multiple design/assessment situations, each of which require selection of appropriate representative
values for soil spring stiffnesses. In many cases, a mean value, and not a cautious value, is the most
appropriate as input for the structural analysis. For fatigue limit state, a value lower or higher than the
mean is more appropriate.

5.3.3  Geotechnical reliability-based design

The documentation of appropriate levels of performance can be achieved for geotechnical structures and
foundation by the limit state verification described in this document. Appropriate levels of performance
can be alternatively documented with a reliability-based approach.

The goal of geotechnical reliability-based design (RBD) is to achieve a more uniform level of reliability
than that implied in existing limit state verification approaches. Reliability-based design is particularly
suitable for the representation of multiple conditions and failure modes and can account for the
uncertainties found in geotechnical analysis and design. The process of using an RBD approach can give
a better overall understanding of the sensitivity of the outcome to different inputs, assumptions and
uncertainties. The reliability approach is well suited for comparing the safety of similar structures and
for assessments during the lifetime of an installation. Methods for geotechnical RBD analyses can be
found in References [21] and [37].

As a complement to the limit state verification, reliability-based approaches can be used to estimate a
reliability level, described with an annual reliability index and annual failure probability, to document a
margin of safety.

Reliability-based analyses should include an assessment of all the uncertainties in Figure 2. Additional
required inputs for the reliability analysis are the probability distributions of the (1) soil parameter
values, (2) loading cases, (3) geometry, and (4) method uncertainty. The identification of the appropriate
probability distributions and their mean and standard deviation from limited data also introduces
uncertainties that need to be addressed.

Additional guidance on representative values of soil properties is given in A.5.3.

5.4 Testing and instrumentation

Testing and instrumentation can be undertaken to resolve or narrow uncertainty in the behaviour of
structures. Stakeholders can conclude that testing and instrumentation are required, if conditions outside
industry experience are encountered and safety and economy are of particular concern.

Possible testing and instrumentation methods include the following:

a) Loading tests, model tests and field tests
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Loading tests, model tests and large-scale field tests can be performed to address particular
uncertainties in the geotechnical capacity and performance, for example where:

— the structure configuration differs significantly from earlier configurations where operational
experience exists;

— the soil conditions differ significantly from those where operational experience exists;
— new methods of installation or removal are envisaged;
— a high degree of uncertainty exists as to how the structure or its foundation will behave.
b) Temporary instrumentation
The structure can be fitted with temporary instrumentation where:
— the installation method presupposes the existence of measured data for control of the operation;
— an installation method is to be applied with which little or no experience has been gained.
c) Permanent instrumentation
The structure can be fitted with permanent instrumentation where:
— the safety or behaviour of the structure is dependent on active operation;

— the structure configuration, the soil conditions, or the actions differ substantially from those with
which experience has been gained;

— there is a need for monitoring the whole structure with regard to penetration, settlement, tilt, or
other behaviour;

— the method of removal presupposes the existence of measured data for control of the operation.

6 Geotechnical data acquisition and identification of hazards

6.1 General

The determination of the values of geotechnical parameters, and the assessment of geological hazards
and constraints result from an integrated study of the area using desk study, geophysical and geotechnical
surveys and interpretation.

Additional guidance is provided in A.6.1, detailed guidance is provided in [SO 19901-8 and ISO 19901-10.
6.2 Geological modelling and identification of hazards

6.2.1 General

In cases where potentially active geological hazards are identified and future activity can impact
proposed facilities, the nature, magnitude and return intervals of these active geological processes shall
be evaluated. Site investigation techniques, specialized laboratory testing and analytical modelling can
be employed to provide input for quantification of the probability and effects of active geological
processes on structures and foundations. Due to uncertainties associated with definition of these
processes, a parametric approach to studies can be helpful in the development of design criteria.

6.2.2 Assessment of site geohazards
Most familiar geological hazards with potential design consequences for planned facilities comprise:

— Earthquakes: Areas are considered seismically active on the basis of the historical record of
earthquake activity, both in frequency of occurrence and in magnitude, or on the basis of a tectonic
review of the region. more details are provided in ISO 19901-2.

— Fault planes: In some offshore areas, fault planes can extend to the seafloor with the potential for
vertical and horizontal movement.
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— Seafloor instability: Movements of the seafloor can be caused by ocean wave pressures, earthquakes,
soil self-weight, hydrates, shallow gas, faults, salt tectonics and other geological processes.

— Scour and sediment mobility: Scour is the removal of seabed soils by currents, waves and ice. Such
erosion can be due to a natural geological process or caused by structural components disrupting the
natural flow regime above the seafloor. Scour can result in removal of vertical and lateral support for
foundations, causing undesirable settlements of shallow foundations and overstressing of attached
components. Where scour potential is identified, it shall be accounted for in design or through
mitigation [see A.8.1.4.1.2 item c) and A.8.5.6].

— Shallow gas: The presence of either biogenic or petrogenic gas in the pore water of shallow soils can
be an important consideration in geotechnical design.

— Seabed subsidence: The nature of the soil conditions and the reservoir and extraction processes
should be investigated to establish whether subsidence of the seabed is likely to occur during the field
life.

Additional guidance is provided in A.6.2 and in ISO 19901-10.
6.3 Carbonate soils

6.3.1 General

When performing site investigations in frontier areas or areas known or suspected to contain carbonate
material, the investigation should include diagnostic methods to determine the existence of carbonate
soils. Particularly in sands and silts that contain in excess of 15 % to 20 % carbonate material, foundation
or seabed structure behaviour can be adversely affected and a field and laboratory testing programme
shall characterise these specific sediments (see A.6.3 and ). Additional guidance is provided
in A.6.3.1.

6.3.2 Characteristic features and properties of carbonate soils

For site characterization, use of local experience is important, particularly in the selection of an
appropriate soil investigation and testing programme. In new unexplored waters, where the presence of
carbonate soils is suspected, selection of an in situ test programme should draw upon any experience
with carbonate soils where geographical and environmental conditions are similar. Additional guidance
is provided in A.6.3.2.

6.3.3 Foundations in carbonate soils

6.3.3.1 Driven piles and other deep foundation alternatives

Several case histories describe some of the unusual characteristics of foundations on carbonate soils and
their often poor performance. Numerous pile loading tests have shown that piles driven into weakly
cemented and compressible carbonate sands and silts mobilise only a fraction of the capacity (<15 %)
predicted by design and prediction methods for siliceous material.

Piles installed by driving in carbonate soils have experienced free-fall at stab-in, under hammer weight
or during the driving process. The possibility of pile free-fall shall be assessed and mitigation measures,
such as the use of pile arrestor or other method to reduce the speed of or arrest free-fall, shall be
addressed.

Dense, strongly cemented carbonate deposits can provide a very competent foundation material, but
difficulty in obtaining high-quality samples and the lack of generalized design methods can make it
difficult to predict where problems can occur. Clays where the carbonate content exceeds 50 % and for
which no pile test data or local experience exists can be challenging.

Additional guidance is provided in A.6.3.3.1.
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6.3.3.2 Shallow foundations

Shallow foundations are suitable for use on carbonate sediments. The important differences between
carbonate sediments and silica sands or non-carbonate clays shall be characterized and their effects shall
be addressed in design.

Shallow foundations can be attractive for carbonate sediments that exhibit a significant degree of
cementation, since they give high bearing capacities, good resistance to cyclic actions and low potential
for settlements. However, layered profiles of variably cemented and un-cemented sediments can
introduce the risk of a punch-through type of failure.

Additional guidance is provided in A.6.3.3.2.

6.3.3.3 Assessment

To date, general design procedures for foundations in carbonate soils are not available. Acceptable design
methods have evolved but remain site-specific and dependent on local experience. Additional guidance
is provided in A.6.3.3.3.

7 Design of shallow and intermediate foundations

7.1 General

Shallow foundations in the context of this document include foundations placed directly on the seabed
without embedment and embedded foundations with a maximum embedment of half the shortest plan
dimension, i.e. an embedment ratio of up to 0,5. Intermediate foundations in the context of this document
behave essentially rigidly when laterally loaded such that plastic hinges typically do not form in the steel
structure of the foundation; as can be the case for longer more flexible piles that are addressed in Clause
8. Intermediate foundations are typically embedded into the seabed with an embedment between 0,5 and
10,0 times the shortest plan dimension, i.e. embedment ratios between 0,5 and 10,0.

The limits on embedment ratios stated here are indicative and there is some overlap in the foundation
behaviour and design methodologies that can be applicable to shallow foundations, intermediate
foundations and piles. More important is the actual behaviour of the foundation, which should be
assessed by considering aspects such as the foundation dimensions, soil conditions, installation method
and applied loading. A shallow foundation is typically designed considering ‘surface’ failure mechanismes,
i.e. failure mechanisms that reach the seafloor while an intermediate foundation can be designed against
mechanisms that involve both surface and confined (below the seafloor) aspects. Idealized failure
mechanisms and action interaction for shallow foundations, intermediate foundations and pile
foundations are illustrated in Figure 3. The simplified shallow and intermediate design methodology
presented here typically assumes rigid foundation behaviour. Where there is uncertainty over the
behaviour of the foundation, and the classification of foundation behaviour in terms of shallow,
intermediate or pile, advanced analyses techniques, such as finite element analyses, should be used to
ensure that the foundation behaviour is understood.

Guidance in this clause relates to foundations for fixed structures, whether subsea or surface piercing.
Examples include shallow and intermediate foundations for surface piercing concrete gravity based
structures, steel jacket structures, minimum structures, monotowers; and shallow and intermediate
foundations for subsea structures, including manifolds, overtrawl structures, inline structures, pipeline
end termination structures and holdback anchors for subsea structures. Foundations are considered in
Clause 10 for riser towers and in Clause 11 for floating facilities. A range of structures for which the
shallow and intermediate foundations considered in this clause can apply are illustrated in Figure 4.
Foundations in this clause can be temporary (e.g. a construction aid during piling) or the main permanent

foundation.
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Figure 3 — Illustration of (a) failure mechanisms and (b) loading interaction of shallow
foundations, intermediate foundations and flexible piles
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Figure 4 — Illustration of foundation types and applications considered in Clause 7

The formulae presented for evaluating the installation resistance, ultimate limit state (stability) and
serviceability limit state (displacement) of shallow and intermediate foundations given are based on
solutions for simple soil profiles and idealized soil response, i.e. uniform or linearly increasing strength
or stiffness with depth and fully drained or undrained soil response. The formulae shall only be applied
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to conditions similar to those for which they were derived or for which they can be shown to be
applicable.

The methods presented are intended for combinations of dead action, variable live action and
environmental action (i.e. wind, wave, current and ice). Where these arise from transient or cyclic actions,
they are considered as quasi-static actions. Dynamic actions involve inertial effects (mass-acceleration)
and can be monotonic (e.g. ship impact) or cyclic (e.g. seismic). Other cyclic actions involve repetitive
loading in which inertial effects are insignificant (e.g. some environmental actions and thermal actions).
In some cases, cyclic actions can be considered as pseudo-static and assessed using the calculations
outlined in 7.4 (e.g. current loading is often considered as pseudo-static). However, the methods in this
clause do not necessarily apply to more complex dynamic loading conditions, such as where the inertia
of the structure or foundation soils is important (e.g. seismic loading).

This clause considers verification of limit states governed by soil behaviour and excludes verification of
structural integrity of the foundation (steel jacket integrity is covered by ISO 19902). More detailed
assessment can be performed for structures sensitive to foundation stiffness.

For large concrete gravity base structures and mobile offshore units, the requirements in this clause shall
be supplemented and modified by requirements given in ISO 19903, ISO 19905-1 and ISO/TR 19905-2.

7.2Principles

7.2.1 General principles
The following general principles shall be adopted in assessing shallow and intermediate foundations:

a) Foundation stability shall be analysed by ensuring equilibrium between design actions and design
resistance. Where the possibilities of excessive displacement and deformation of the foundation soil
are identified, and where these are critical, more complex analysis approaches than presented in this
clause can be appropriate.

b) Calculations using alternative methods of analysis shall be justified.
c) Design actions shall be determined with consideration of the design life of the foundation;.

d) Undrained calculations shall be adopted where no drainage, and hence no dissipation of excess pore
pressures, occurs during loading. This can occur as a result of the rate of loading or the impermeable
nature of the soil. In contrast, drained calculations shall be adopted where no excess pore pressures
arise during loading. Analysis of foundations subject to partial soil drainage during the loading event
is not addressed in this clause.

e) design may be based on serviceability (rather than stability) criteria, whereby the deformation of the
foundation is assessed against allowable movement criteria. The appropriateness of adopting this
approach will depend on the type of structure. The selection of appropriate soil moduli (especially
considering strain dependency) is essential in calculation of serviceability limit states.

7.2.2 Foundation embedment

Embedment of shallow and intermediate foundations is typically provided by peripheral vertical ‘skirts’
that penetrate the seabed beneath the foundation top plate. The confined soil within the skirts is typically
called the ‘soil plug’. The presence of the skirts will in most cases (i) increase foundation stability, (ii)
decrease foundation deformation, and (iii) reduce impact of seabed scour on the foundation. The term
‘skirts’ is used for both shallow and intermediate foundations.

Internal skirts may be provided to increase stiffness of the foundation plate and provide against a soil
failure mechanism developing within the soil plug. Stability assessment based on loading at skirt tip level
shall verify that an internal failure mechanisms does not form within the skirted compartment, which can
lower the overall capacity. Minimum skirt spacing is covered in 7.4.2. Stiffeners may be provided along
or around the skirt to increase stiffness of the embedded portion of the foundation and provide additional
resistance against buckling.
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The level of skirt penetration after installation shall be verified to be equal to the value assumed in design
and foundation performance shall be reassessed if it is different.

Design methods presented assume full skirt penetration. The extent of skirt penetration shall be assessed.
Installation resistance is covered in 7.87.8 and shall be assessed. Additional geotechnical/structural
assessment is required to verify foundation performance in the event full skirt penetration is
unachievable and no measure is taken to ensure full penetration.

Examples of embedment configuration for skirted shallow and intermediate foundations are illustrated
in Figure 5.

(i) without skirt (ii) with skirt
stiffeners stiffeners
(a) skirted shallow rectangular mudmat with (b) intermediate foundation

peripheral and internal skirts

Figure 5 — Example of embedment configuration

Embedment of shallow foundations has historically been idealised by considering a surface foundation
at foundation level (i.e. the level of the base of the foundation which is taken as the level of the tip of the
skirts) as shown in Figure 6. Soil material properties relevant to foundation level are adopted,
overburden stress is considered, and factors are applied to account for additional resistance due to the
embedment. This is the case for the formulae presented in 7.5. Seafloor actions shall be transferred to
skirt tip level, as described in A.7.2.3.

K] T
_ | |
PR
Key
X undrained soil strength, su sw undrained strength at skirt tip
Y depth below seafloor, z k  gradient of undrained strength increase with depth
Sum undrained strength at the seafloor

Figure 6 — Idealization of embedded shallow foundation for conventional design approach
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7.2.3 Sign conventions, nomenclature and action reference point

Vertical (Q), horizontal (H), overturning (M) and torsional (T) actions are centric and act at a reference
point (RP) taken as the midpoint of the foundation at seafloor level as illustrated in Figure . This is the
point of structural action transfer. H and M can be co-planar.

0. Ug MR
‘) 0 ‘) \
; M/' T . M/v e]' o HR
RP R RP /T)
Tr
Qr

(a) (b) )

Figure 7 — Sign conventions, nomenclature and reference point for analysis of shallow and
intermediate foundation (a) actions, (b) displacements and rotations, (c) seabed resistance

7.3 Acceptance criteria

7.3.1 Material and action factors

When assessing accidental limit state, the design soil strength may be determined using a material factor
Ym = 1,0 in accordance with ISO 19900.

When assessing ultimate limit state (stability), the following provisions apply:

a) The design soil strength shall be determined using a minimum material factor ym = 1,25 except as
indicated in Clause A.7. Increasing the material factor can be warranted where geotechnical data are
sparse or site conditions are uncertain, or where uncertainty exists in relation to potential failure
mechanisms or methods of analysis.

b) Partial action factors, y:, shall be determined based on guidance from the relevant standard of the
ISO 19900 series. The weight of the soil, including the soil plug within skirts, should normally be
calculated with factors equal to unity (see 7.4.1) if it contributes to the total action. In some situations,
an action factor below or above 1,0 may be justified;

c) Action factors for subsea and flowline related structures shall follow the same requirements as those
of fixed steel offshore structures, unless specified otherwise. Performance based design approaches
may be used to justify specification of lower action factors. Further advice is provided in 7.7.2.

d) Action factors and material factors shall be applied with consistency throughout the design process,
respecting the physics of the loading scenario.

When assessing serviceability limit state (displacements), the following provisions apply:

a) All action and material factors may be set to unity when calculating displacements as part of a
serviceability assessment. However, where foundation displacement can lead to unacceptable
consequences or governs design, factors other than unity may be used.

b) Imposed deformations from external connected objects can impose or induce high actions on the
foundation, or vice versa, deformation of the foundation can induce high actions because of the
infrastructure it is connected to. It can be acceptable to select reduced partial action factors to
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characterize the imposed loading, if the incremental deformations are small and have been robustly
characterized. Further guidance is provided in 7.7.2.

7.3.2 Use of partial factors in design

A soil resistance envelope, incorporating material factors can be developed with the formulae presented
in 7.5 or with numerical methods. Examples of failure envelopes for undrained and drained conditions
are presented in Figure 8. Once an envelope is derived, the design actions incorporating partial action
factors can be transposed onto this envelope to verify conformance with this document.

Y Y
Q4= Q4=
Quit/7m Qy/ ¥l
5
Hxy
=72
.#.0‘\3 6
Qxy Qxyy
a . L
Hg=Hut/ym X X
(a) undrained (b) drained
Key
1  envelope of design resistance under 5  envelope of design resistance under drained bearing
undrained bearing/sliding
design value of action 6  envelope of design resistance under drained sliding
applied action X  horizontal action
4  allowable design actions Y  vertical action

Figure 8 — Soil resistance envelopes and definition of design actions under (a) undrained and
(b) drained conditions

7.3.3 Special cases

For assessment of foundation stability during set-down on the seabed, stability may be assessed based
on the applied vertical actions. In this case, the ultimate limit state shall be calculated using a material
factor of ym = 1,5. The increased material factor in this case leads to an increased margin of safety against
bearing failure during set-down and reduces the settlement and embedment of the foundation into the
seabed.

7.4Design considerations

7.4.1 Adjusting for soil plug weight

The general formulae presented to calculate ultimate limit state (stability) of shallow and intermediate
foundations assume there is no difference in the depth of soil inside and outside foundation skirts. In this
condition, the soil plug weight is offset by the pressure supplied by the external soil and does not
contribute to the total action. However, in some cases the soil height above skirt tip level can be higher
inside the skirt than outside the skirt, such as where significant scour has occurred or where significant
plug heave has occurred, or lower inside the skirt than outside the skirt, such as where the foundation
(base plate and skirts) has penetrated deeper than the depth of the skirts.

In cases where a significant difference exists, the design vertical action may be adjusted by:

A
TQ = (p Iin' plout) [1)
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where

AQ is the change in design vertical action to account for differences in vertical effective stress at
skirt tip level, in which the factor for soil weight is generally equal to unity;

p'in  is the in situ effective overburden stress at skirt tip level inside the skirts (taken as y'zi,, where
' is the submerged unit weight of soil and zi, is the depth of soil inside the skirts);

p'out is the in situ effective overburden stress at skirt tip level outside the skirts (taken as y'Zout,
where z,, is the depth of soil outside the skirts);

A is the actual cross-sectional plan foundation area.

A similar method can be used for embedded shallow foundations without skirts.

7.4.2 SKkirt spacing
Skirts can be used on subsea foundations to:

— develop sufficient sliding capacity (especially as seafloor strengths are often low, and difficult to
measure);

— protect foundation performance against undermining due to scour.
When skirts are used to develop sufficient sliding capacity, the designer may consider two options:

1) Use of internal and external skirts to the extent that the sliding failure mechanism is that of skirt tip
sliding;

2) Acceptance of failure mechanism rising above skirt tip level, if the combination of sliding resistance
inside the compartment and flow around the embedded members is sufficient to satisfy overall sliding
capacity requirements.

When sliding is at skirt tip level, the number of internal skirts required will depend on the soil condition
(e.g. seafloor strength, strength variation with depth, effects of soil consolidation), boundary conditions
(e.g. drainage state of foundation underside) and loading condition (e.g. time between foundation
installation, and design loading application, time-varying characteristics of the applied operational
action).

Guidance on skirt spacing is provided in A.7.4.2.

When stiffeners are adopted, their effect on penetration resistance shall be assessed.

7.4.3 Foundation base perforations
Permanent or temporary perforations, in the foundation base plate are often used to:

— assist in loading out the structure through the splash zone without dynamically overloading of the
associated load-out rigging;

— assist the approach of the structure to the seabed without hydraulic/hydrodynamic instability;
— assist in preventing the seabed from being unduly impacted by scour or local bearing failure.

Perforations can also be used to increase the rate of soil consolidation and settlement, and to facilitate
removal of the foundation, either to allow repositioning or for end of life decommissioning.

Specific guidance is not provided on the ratio or distribution of top plate perforations. However, effects
of perforations on stability shall be addressed in cases where the total area of permanent perforations
exceeds 5 % of the base plate area.

References for guidance on foundation base perforations are provided in A.7.4.3.

7.4.4 Skirtless foundations penetrating into soft soils

In soft soils (e.g. normally consolidated clays), shallow skirtless foundations can penetrate into the

seabed to the depth at which the soil bearing resistance is in equilibrium with the applied aﬁ%lcwl}llil%}llents
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implies no additional margin of safety. Incremental settlements under additional permanent actions, if
any, should be addressed. Allowable differential settlement of the structure will depend upon the type of
structure and its installation, and should be subject of a risk assessment. Adequate precautions should be
taken to minimize differential settlements between foundations. Good practice should ensure that there
is an acceptable limit to the penetration.

If the foundation is required to provide permanent support, normal practice is either to use skirts to
transfer actions to deeper (more competent) soils to increase foundation area, or to preload the structure
to ensure that the foundation stability requirements under the design scenario are met.

7.4.5 Tensile stresses beneath foundations

Reliance on tensile stresses (relative to ambient water pressure) beneath foundations that rest on the
seafloor without embedment shall be avoided, because of the potential disturbance to the underlying
seabed due to pumping scour, an erosional mechanism whereby rapid movement of water can lead to
undermining of the foundation.

Skirted shallow foundations (except those with perforated mudmats) can resist transient tension through
generation of negative excess pore pressures between the confined soil plug and underside of the
foundation top cover. Cyclic tensile stresses (relative to ambient water pressure) from waves with a few
seconds duration may be demonstrated as acceptable in design, while longer duration tensile stresses
can be carried by skirted foundations on clays with low permeability. Reliance on tensile stresses beneath
a shallow foundation shall be validated with advanced methodologies, which are not explicitly addressed
in this subclause.

The design shall address the level of contact between the soil and the underside of the top plate and the
value of any post installation measures (e.g. grouting) to establish contact. The design shall address
whether or not the foundation top cover will remain sealed for the service life of the foundation, which
can influence the mobilization of reverse end bearing.

Uplift capacity may be analysed as a reverse bearing capacity, if the permeability of the soil, drainage
paths, duration of action and geometry of the foundation have been demonstrated not to jeopardize the
negative excess pore pressures developed during the mobilization of reverse end bearing.

7.4.6 Omni-directional actions

A single loading condition can consist of combined vertical action (Q), lateral action (H), overturning
moment (M) and torsion (T), i.e. in all six degrees of freedom, when H and M are co-planar. The design
can include many loading combinations.

Under such complex loading conditions, the applicability of effective area approaches, if used, shall be
addressed. Yield surface approaches (see 7.7.1) and numerical analyses may be used instead.

7.4.7 Interaction with other structures

Influence of adjacent structures, such as jack-up spudcans or conductors, shall be addressed.

7.4.8 Multiple foundations

For foundations comprising several connected foundations, redistribution of loading between individual
foundations generally leads to an improved system performance and may be included. The interaction
between foundations can affect foundation capacity, settlement, and rotation and any detrimental effects
shall be addressed in the design. Further guidance is provided in A.7.4.8.

7.4.9 Hydraulic stability
7.4.9.1 Scour

Measures to minimize erosion and undercutting of the soil beneath or near the foundation base due to
scour shall be addressed where the potential for detrimental impact of scour on the foundation
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performance has been identified or the effects of erosion are not otherwise accounted for. Possible
measures include:

a) using skirts penetrating through erodible layers into scour-resistant soils or to such depths that scour
does not reach the foundation base level;

b) placing scour-resistant materials around the edges of the foundation.
Sediment transport studies can be of value in planning and design.

For foundations designed to tolerate erosion of part of or all of the soil above foundation base level, the
effect of such erosion on foundation performance and the passive soil resistance along the skirts shall be
addressed.

7.4.9.2 Piping

The foundation shall be designed to prevent the creation of excessive hydraulic gradients (piping
conditions) in the soil due to environmental actions or operations performed during or subsequent to
structure installation.

7.4.10 Unconventional soils or soil profiles

The analysis methods outlined in this document were developed primarily for use in seabed conditions
comprising uniform all drained (sand) or all undrained (clay) profiles and shall not be used for
unconventional soil conditions, such as:

a) partially drained conditions;

b) cemented material;

c) bedrock;

d) complex soil profiles (e.g. layered and laterally variable);
e) carbonate soils.

The effect of seafloor unevenness shall be addressed.

Surficial crusts of stronger soil overlying weaker soil can be encountered. In such cases, accounting for
the surficial crust typically reduces the foundation size. Methods to account for a surficial crust are
presented in 7.5.1.5 and A.7.5.1.5.

7.4.11 Selection of soil parameter values for design

7.4.11.1 Shear strength used in stability analysis

Foundation design is strongly dependent on the quality of the site investigation performed and the
methods used for determining strength and deformation properties of soils, both in situ and in the
laboratory. and ISO 19901-10 provide additional information on the requirements and
quality of marine soil investigations.

Uncertainty in determining the representative value of shear strength can be significant. These
uncertainties are relevant for both drained and undrained shear strengths. The uncertainties shall be
addressed in the selection of representative values of parameters (see 5.3, A.5.3 and A.7.5.1.5).

7.4.11.2 Parameters used in serviceability design

Parameter selection for serviceability design should consider the displacement condition being
considered. For example, if calculating an upper estimate of settlements, a consistent set of soil
parameters should be obtained for the most compressible soil at the site.

If linear elasticity-based calculation methods are used, selection of equivalent linear elastic soil
parameters should consider the strain levels that are induced in the seabed as a result of the applied

actions.
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7.5 Ultimate limit state (stability)
7.5.1 Assessment of bearing capacity of shallow foundations

7.5.1.1 Failure mechanisms

For shallow foundations, bearing failure constitutes any failure mode that can result in excessive
combinations of vertical displacement, lateral displacement, or overturning rotation of the foundation;
while pure sliding or torsional failure corresponds to a failure mode where the foundation translates or
twists only in a horizontal plane.

7.5.1.2 Action transfer

For an embedded shallow foundation action transfer from seafloor to base level (typically skirt tip level
for a foundation equipped with skirts) shall be applied in design as described in A.7.2.3.

7.5.1.3 Idealization of foundation area and the effective area concept

The formulae presented in 7.5 for shallow foundations are based on the effective area concept, defined in
A.7.5.1.3, which also deals with idealization of the foundation area for use with limit equilibrium methods.

The effective area method is not intended for use with highly compressible or layered soils, or for
foundations subject to high overturning moments.

With this method, actions are assumed as acting on the effective foundation area only.

7.5.1.4 Undrained conditions with constant shear strength with depth

In the absence of more definitive criteria, Formula (2) shall be used for determining the design unit
bearing capacity for undrained conditions:

S.
qc = Nc_u K. (2)

m

where

qa s the design vertical bearing resistance, and note that Q4 = qq4 4;
N is the undrained bearing capacity factor, equal to 5,14;

Su  isthe representative value of undrained shear strength of the soil;
Ym is the material factor (see 7.3);

K. is a correction factor, which accounts for inclined actions, foundation shape, depth of
embedment, foundation base inclination and seafloor surface inclination.

Details for calculation of K. are provided in A.7.

Formula (2) applies to situations with approximately constant undrained shear strength to a depth equal
to atleast 2/3 of the foundation width.

For a vertical centric action applied to a rough-based foundation at seafloor level where both the
foundation base and seafloor are horizontal, Formula (2) is reduced as follows for the following
foundation shapes for appropriately factored material shear strength:

a) Infinitely long strip foundation:

m

b) Circular or square foundation:
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s
m
7.5.1.5 Undrained conditions with linearly increasing shear strength with depth

In the absence of more definitive criteria, Formula (5) shall be used for determining design unit bearing
capacity for undrained conditions with isotropic undrained shear strength increasing approximately
linearly with depth under the foundation.

Ga = F (Nesuo +5-) 2 (5)

where
qa is the design vertical bearing resistance, in which Q4 = g4 4;
F isa correction factor given as function of kB'/suo;
N. isthe undrained bearing capacity factor, equal to 5,14;

suw is the representative value of undrained shear strength of the soil at foundation baseplate level
(skirt tip level for skirted foundations);

K is the rate of increase of the representative value of undrained shear strength with depth;
B’ is the minimum effective lateral foundation dimension (see 7.5.1.3);

K. is a correction factor, which accounts for inclined actions, foundation shape, depth of
embedment, foundation base inclination and seafloor surface inclination;

Ym is the material factor (see 7.3).

Details for calculation of F and K. are provided in Clause A.7.

7.5.1.6 Undrained conditions with a surface crust overlying linearly increasing shear strength
with depth

Bearing capacity of a seabed condition consisting of a surficial crust of undrained shear strength, s,,., over
a linearly increasing shear strength, that can be idealized as illustrated on Figure 9, can be estimated as
follows.

Key
X Undrained soil strength, su suc  Undrained strength of crust
Y  Depth below skirt zip, ztip k Gradient of undrained strength increase with depth

Figure 9 — Strength profile with surficial crust

The correction factor, F, in Formula (5) is modified by a correction factor to account for a surficial crust,
such that:

Fm=FcxF (6)
where
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