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Foreword

This document (EN ISO 19901-4:2003) has been prepared by Technical Committee ISO/TC 67
"Materials, equipment and offshore structures for petroleum and natural gas industries" in
collaboration with Technical Committee CEN/TC 12 "Materials, equipment and offshore
structures for petroleum and natural gas industries", the secretariat of which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of
an identical text or by endorsement, at the latest by February 2004, and conflicting national
standards shall be withdrawn at the latest by February 2004.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of
the following countries are bound to implement this European Standard: Austria, Belgium, Czech
Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy,
Luxembourg, Malta, Netherlands, Norway, Portugal, Slovakia, Spain, Sweden, Switzerland and
the United Kingdom.

NOTE FROM CMC   The foreword is susceptible to be amended on reception of the German
language version. The confirmed or amended foreword, and when appropriate, the normative
annex ZA for the references to international publications with their relevant European
publications will be circulated with the German version.

Endorsement notice

The text of ISO 19901-4:2003 has been approved by CEN as EN ISO 19901-4:2003 without any
modifications.

EN ISO 19901−4:2003

Full document details: BS EN ISO 19901-4:2003

http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003
http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003


 

 

 

 

 

 

Reference number
ISO 19901-4:2003(E)

© OSI 3002
 

 

 
 

INTERNATIONAL 
STANDARD 

ISO
19901-4

First edition
2003-08-01

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

Industries du pétrole et du gaz naturel — Exigences spécifiques 
relatives aux structures en mer — 

Partie 4: Bases conceptuelles des fondations 

 

EN ISO 19901−4:2003

Full document details: BS EN ISO 19901-4:2003

http://dx.doi.org/10.3403/02877947U
http://dx.doi.org/10.3403/02877947U
http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003
http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003


IS-10991 O4:(3002E) 

DPlcsid Fremia 
ihTs PDF file mya ctnoian emdebt dedyfepcaes. In ccacnadrow eitA h'ebods licnesilop gnic,y tihs file mirp eb yatnde iv roweb detu 
slahl ton ide ebtlnu deess teh typfecaes wihce era hml era deddebicsnede ti dna onstlalde t noeh comuptfrep reromign tide ehtin.g In 
wodlnidaot gnihs fil,e trapise atpecc tiereht nser ehnopsiiblity fo nto ifnriigngn A'ebods licnesilop gnic.y ehT ISO tneClar Secrteirata 
caceptl on siibality in this .aera 

Ai ebods a tedarmfo kra Aebod SystemI snctaropro.de 

teDials fo teh sfotwcudorp erats sut deo crtaee tihs PDF file cna f ebi dnuon tlareneG eh Ifnler oatit evt oeh file; tP ehDc-Frtaeino 
marapteres wtpo ereimizf deirp rotni.gn Evc yresah era t neebakt nesne ot erutah teh fili es siutlbaf eosu rI yb eSO memdob rebeis. In 
tlnu ehikletneve y ttah lborp aem lertait gno it is f,dnuo plsaee ifnrom ttneC ehlar Secterirata ta teh serddaig sleb nevwo. 

 

©   ISO 3002 
Athgir lls serevr.de selnUs towrehise specfidei, trap on fo thsi ilbupctanoi may cudorper ebtu ro dezilina ni dey fomr yb ro nam y,snae 
lecetrinoc m roceinahcla, icnliduntohp gcoiypom dna gnicrfoilm, wittuoh mrepissii non writif gnrmo ietI rehSta O tserdda ehs ebolw or 
IS'Os memreb i ydobn the cnuotfo yr ttseuqer ehe.r 

ISO cirypothg fofice 
saCe tsopale 65 •eneG 1121-HC  02 av
leT. 4 + 10 947 22 1 11 
xaF0 947 22 14 +  9 74 
E-mial  coirypthgi@s.o gro
We  bwww.is.o gro

 

ii © ISO— 3002  Allr ihgtsser edevr
 

 

EN ISO 19901−4:2003

Full document details: BS EN ISO 19901-4:2003

http://dx.doi.org/10.3403/BSENISO19901
http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003
http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003


IS-10991 O4:(3002E) 

I ©SO — 3002 All irhgts seredevr iii
 

Contents Page 

Foreword............................................................................................................................................................. v 
Introduction ...................................................................................................................................................... vii 
1 Scope...................................................................................................................................................... 1 
2 Normative references ........................................................................................................................... 1 
3 Terms and definitions........................................................................................................................... 2 
4 Symbols ................................................................................................................................................. 3 
5 General requirements ........................................................................................................................... 4 
5.1 General ................................................................................................................................................... 4 
5.2 Testing and instrumentation................................................................................................................ 4 
5.3 Conductor installation and shallow well drilling ............................................................................... 5 
6 Geotechnical data acquisition and integrated geoscience studies................................................. 5 
6.1 Geotechnical assessment.................................................................................................................... 5 
6.2 Shallow geophysical investigation ..................................................................................................... 5 
6.3 Geological modelling and identification of hazards.......................................................................... 6 
6.4 Geotechnical investigation .................................................................................................................. 8 
7 Stability of shallow foundations.......................................................................................................... 9 
7.1 General ................................................................................................................................................... 9 
7.2 Principles ............................................................................................................................................. 10 
7.3 Acceptance criteria ............................................................................................................................. 10 
7.4 Undrained bearing capacity — constant shear strength ................................................................ 12 
7.5 Undrained bearing capacity — linearly increasing shear strength ............................................... 13 
7.6 Drained bearing capacity ................................................................................................................... 13 
7.7 Shear strength used in bearing capacity calculations.................................................................... 14 
7.8 Settlements and displacements ........................................................................................................ 14 
7.9 Dynamic behaviour ............................................................................................................................. 14 
7.10 Hydraulic stability ............................................................................................................................... 15 
7.11 Installation and removal ..................................................................................................................... 15 
7.12 Shallow foundations equipped with skirts ....................................................................................... 15 
7.13 Shallow foundations without skirts .................................................................................................. 15 
7.14 Installation effects............................................................................................................................... 16 
Annex A (informative)  Additional information and guidance....................................................................... 17 
A.1 Scope.................................................................................................................................................... 17 
A.2 Normative references ......................................................................................................................... 17 
A.3 Terms and definitions......................................................................................................................... 17 
A.4 Symboles ............................................................................................................................................. 17 
A.5 General requirements ......................................................................................................................... 17 
A.6 Geotechnical data acquisition and integrated geoscience studies............................................... 18 
A.6.1 Geotechnical assessment.................................................................................................................. 18 
A.6.2 Shallow geophysical investigation ................................................................................................... 18 
A.6.3 Geological modelling and identification of hazards........................................................................ 18 
A.6.4 Geotechnical investigation ................................................................................................................ 18 
A.7 Stability of shallow foundations........................................................................................................ 20 
A.7.1 General ................................................................................................................................................. 20 
A.7.2 Principles ............................................................................................................................................. 20 
A.7.3 Acceptance criteria ............................................................................................................................. 22 
A.7.4 Undrained bearing capacity — constant shear strength ................................................................ 22 
A.7.5 Undrained bearing capacity — linearly increasing shear strength ............................................... 23 
A.7.6 Drained bearing capacity ................................................................................................................... 25 

EN ISO 19901−4:2003

Full document details: BS EN ISO 19901-4:2003

http://dx.doi.org/10.3403/BSENISO19901
http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003
http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003


IS-10991 O4:(3002E) 

iv I ©SO — 3002 All irhgts seredevr
 

A.7.7 Shear strength used in bearing capacity calculations....................................................................26 
A.7.8 Settlements and displacements.........................................................................................................26 
A.7.9 Dynamic behaviour .............................................................................................................................26 
A.7.10 Hydraulic stability................................................................................................................................26 
A.7.11 Installation and removal .....................................................................................................................26 
A.7.12 Shallow foundations equipped with skirts .......................................................................................26 
A.7.13 Shallow foundations without skirts...................................................................................................27 
A.7.14 Installation effects ...............................................................................................................................27 
Annex B (informative)  Carbonate soils...........................................................................................................28 
B.1 General .................................................................................................................................................28 
B.2 Characteristic features .......................................................................................................................28 
B.3 Properties.............................................................................................................................................29 
B.4 Foundations .........................................................................................................................................29 
B.4.1 Driven piles ..........................................................................................................................................29 
B.4.2 Other deep foundation alternatives...................................................................................................29 
B.4.3 Shallow foundations ...........................................................................................................................29 
B.5 Assessment .........................................................................................................................................30 
Bibliography......................................................................................................................................................31 
 

EN ISO 19901−4:2003

Full document details: BS EN ISO 19901-4:2003

http://dx.doi.org/10.3403/BSENISO19901
http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003
http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003


IS-10991 O4:(3002E) 

I ©SO — 3002 All irhgts seredevr v
 

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. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

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. 

ISO 19901-4 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore structures 
for petroleum, petrochemical and natural gas industries, Subcommittee SC 7, Offshore structures. 

ISO 19901 consists of the following parts, under the general title Petroleum and natural gas industries — 
Specific requirements for offshore structures: 

 Part 4: Geotechnical and foundation design considerations 

 Part 5: Weight control during engineering and construction 

The following parts of ISO 19901 are under preparation: 

 Part 1: Metocean design and operating considerations 

 Part 2: Seismic design procedures and criteria  

 Part 3: Topsides structure 

 Part 6: Marine operations 

 Part 7: Stationkeeping systems for floating offshore structures and mobile offshore units 

ISO 19901 is one of a series of standards for offshore structures. The full series consists of the following 
International Standards. 

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

 ISO 19901 (all parts), Petroleum and natural gas industries — Specific requirements for offshore 
structures 

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

 ISO 19903, Petroleum and natural gas industries — Fixed concrete offshore structures 

 ISO 19904, Petroleum and natural gas industries — Floating offshore structures 

 ISO 19905-1, Petroleum and natural gas industries — Site-specific assessment of mobile offshore 
units — Part 1: Jack-ups 
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 ISO/TR 19905-2, Petroleum and natural gas industries — Site-specific assessment of mobile offshore 
units — Part 2: Jack-ups commentary 

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

EN ISO 19901−4:2003

Full document details: BS EN ISO 19901-4:2003

http://dx.doi.org/10.3403/BSENISO19901
http://dx.doi.org/10.3403/30266795U
http://dx.doi.org/10.3403/30161273U
http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003
http://www.avadocuments.com/doc/bs-en-iso-19901-4-2003


IS-10991 O4:(3002E) 

I ©SO — 3002 All irhgts seredevr vii
 

Introduction 

The offshore structures International Standards 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 manned and unmanned 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, workmanship, 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. 

The offshore structures International Standards are intended to provide a wide latitude in the choice of 
structural configurations, materials and techniques without hindering innovation. Sound engineering 
judgement is therefore necessary in the use of these International Standards. 

The overall concept of structural integrity is described above. For foundations, some additional considerations 
apply. These include the time, frequency and rate at which actions are applied, the method of foundation 
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 foundation. 

The design practice for the foundations of offshore structures has proved to be an innovative and evolving 
process over the years since the 1950s. This evolution is expected to continue and is encouraged. Therefore, 
circumstances can arise when the procedures described herein or in the other International Standards 
ISO 19902 to ISO 19906 (or elsewhere) are insufficient on their own to ensure that a safe and economical 
foundation design is achieved. 

Seabed soils vary. Experience gained at one location is not necessarily applicable at another. The scope of 
the site investigation for one structure is not necessarily adequate for another. Extra caution is necessary 
when dealing with unfamiliar soils or foundation concepts. This part of ISO 19901 is intended to provide wide 
latitude in the choice of site investigation techniques and foundation solutions, without hindering innovation. 
Sound engineering judgement is therefore necessary in the use of this part of ISO 19901. 

For an offshore structure and its foundations, the action effects at the interface between the structure's 
subsystem and the foundation's subsystem(s) are internal forces, moments and deformations. When 
addressing the foundation's subsystem(s) in isolation, these internal forces, moments and deformations may 
be considered as actions on the foundation's subsystem(s) and this approach is followed in this part of 
ISO 19901. 

To meet certain needs of industry for linking software to specific elements in this part of ISO 19901, a special 
numbering system has been permitted for figures, tables and equations. 

Some background to and guidance on the use of this part of ISO 19901 is provided for information in Annex A. 
Guidance on foundations in carbonate soils is provided for information in Annex B. There is, as yet, insufficient 
knowledge and understanding of such soils to produce normative requirements. 
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Petroleum and natural gas industries — Specific requirements 
for offshore structures — 

Part 4: 
Geotechnical and foundation design considerations 

1 Scope 

This part of ISO 19901 contains requirements and recommendations for those aspects of geoscience and 
foundation engineering that are applicable to a broad range of offshore structures, rather than to a particular 
structure type. Such aspects are 

 site characterization, 

 soil and rock characterization, 

 design and installation of foundations supported by the seabed (shallow foundations), and 

 identification of hazards. 

Aspects of soil mechanics and foundation engineering that apply equally to offshore and onshore structures 
are not addressed. The user of this part of ISO 19901 is expected to be familiar with such aspects. 

NOTE 1 Particular requirements for the design of piled foundations, which have a traditional association with fixed steel 
structures, are given in ISO 19902. 

NOTE 2 Particular requirements for the design of shallow gravity foundations, which have a traditional association with 
fixed concrete structures, are detailed in ISO 19903. 

NOTE 3 Particular requirements for the anchor points of mooring systems of floating structures are detailed in 
ISO 19901-7 [65]. 

NOTE 4 Particular requirements for the design of spud can foundations, which have a traditional association with jack-
up mobile offshore units (MOUs), are detailed in ISO 19905 (all parts). 

2 Normative references 

The following referenced documents are indispensable for the application 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 19902, Petroleum and natural gas industries — Fixed steel offshore structures 

ISO 19903, Petroleum and natural gas industries — Fixed concrete offshore structures 

ISO 19905-1, Petroleum and natural gas industries — Site-specific assessment of mobile offshore units — 
Part 1: Jack-ups 

ISO/TR 19905-2, Petroleum and natural gas industries — Site-specific assessment of mobile offshore units — 
Part 2: Jack-ups commentary 
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3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO 19900 and the following apply. 

3.1 
design actions 
combination of representative actions and partial safety factors representing a design situation for use in 
checking the acceptability of a design 

3.2 
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 

3.3 
effective foundation area 
reduced foundation area having its geometric centre at the point where the resultant action vector intersects 
the foundation base level 

3.4 
material factor 
partial safety factor applied to the strength of the soil 

3.5 
sea floor 
interface between the sea and the seabed 

3.6 
seabed 
materials below the sea in which a structure is founded, whether of soils such as sand, silt or clay, cemented 
materials or of rock 

NOTE 1 The seabed can be considered as the half-space below the sea floor. 

NOTE 2 Offshore foundations are most commonly installed in soils, and the terminology in this part of ISO 19901 
reflects this. However, the requirements equally apply to cemented seabed materials and rocks. Thus, the term “soil” does 
not exclude any other material at or below the sea floor. 

NOTE 3 As yet there are no universally accepted definitions of the various types of soil and rock, see A.6.4.3. 

3.7 
settlement 
permanent downward movement of a structure as a result of its own weight and other actions 

3.8 
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 

3.9 
undrained shear strength 
maximum shear stress at yielding or at a specified maximum strain in an undrained condition 

NOTE Yielding is the condition of a material in which a large plastic strain occurs at little or no stress increase. 
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4 Symbols 

Commonly used symbols are listed below, other symbols are defined in the text following the applicable 
formula. It should be noted that symbols can have different meanings between formulae. 

A total foundation area 

A ′ effective foundation area 

Ah embedded vertical cross-sectional area of foundation 

a soil attraction 

B ′ effective width of foundation 

cu undrained shear strength of clay 

cu,ave average undrained shear strength between sea floor and base level for linearly increasing isotropic 
undrained shear strength with depth 

cu,0 undrained shear strength at base level 

Db depth to base level 

Hb factored horizontal total action on base area 

Kc correction factor, which accounts for inclined actions, foundation shape, and depth of embedment 

Krd drained horizontal soil reaction coefficient 

Kru undrained horizontal soil reaction coefficient 

L effective length of foundation area 

0p ′  effective overburden stress at base level (skirt tip level when skirts are used) 

Qd,h design sliding resistance 

Qd,v design bearing capacity in the absence of horizontal actions 

qd,v design unit bearing capacity in the absence of horizontal actions 

Vb factored vertical total action on base area 

γm material factor 

γ ′ submerged unit weight of soil 

κ rate of increase of undrained shear strength with depth 

φ ′ effective angle of internal friction 
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