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National foreword

This British Standard is the official English language version of
EN ISO 19901-4:2003. It is identical with ISO 19901-4:2003

The UK participation in its preparation was entrusted by Technical Committee
B/525, Building and civil engineering structures, to Subcommittee B/525/12,
Design of offshore structures, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep the
UK interests informed,;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this subcommittee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international or European
publications referred to in this document may be found in the BSI Catalogue
under the section entitled “International Standards Correspondence Index”, or
by using the “Search” facility of the BSI Electronic Catalogue or of

British Standards Online.

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

Compliance with a British Standard does not of itself confer immunity
from legal obligations.
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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standards shall be withdrawn at the latest by February 2004.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.
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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.

SO 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.

SO 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 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

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

— IS0 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

— IS0 19902, Petroleum and natural gas industries — Fixed steel offshore structures
— IS0 19903, Petroleum and natural gas industries — Fixed concrete offshore structures
— IS0 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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— JSO/TR 19905-2, Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units — Part 2: Jack-ups commentary

— IS0 199086, Petroleum and natural gas industries — Arctic offshore structures
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Introduction

The offshore structures International Standards |SO 1990d to ]SO 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 19907 to ISO 19904 (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 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 .

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 [SO 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 [SO 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 [SO 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 |[SO 19903.

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

NOTE 3  Particular requirements for the anchor points of mooring systems of floating structures are detailed in

SO 19901-7 (631,

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 ]SO 19904 (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.

S0 19904, Petroleum and natural gas industries — General requirements for offshore structures
S0 19902, Petroleum and natural gas industries — Fixed steel offshore structures
SO 19903, Petroleum and natural gas industries — Fixed concrete offshore structures

SO 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 [SO 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 ]SO 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

Ap, embedded vertical cross-sectional area of foundation
a soil attraction

B’ effective width of foundation

undrained shear strength of clay

cyave Aaverage undrained shear strength between sea floor and base level for linearly increasing isotropic
undrained shear strength with depth

¢,0  undrained shear strength at base level

Dy, depth to base level

Hy, factored horizontal total action on base area
K. correction factor, which accounts for inclined actions, foundation shape, and depth of embedment

Ky drained horizontal soil reaction coefficient

K. undrained horizontal soil reaction coefficient
L effective length of foundation area
70 effective overburden stress at base level (skirt tip level when skirts are used)

Ogn  design sliding resistance
QOq4y design bearing capacity in the absence of horizontal actions

44y  design unit bearing capacity in the absence of horizontal actions

Vo factored vertical total action on base area

Ym material factor

y' submerged unit weight of soll

K rate of increase of undrained shear strength with depth
@' effective angle of internal friction
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