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ABSTRACT:  The third edition of ISO standard Geotechnical Design Considerations 19901-4 has been published in 2025 
and supersedes the second edition from 2016. Key inclusions in the normative clauses of the revised standard include new 
guidance on the representative value of soil properties; new sub-clauses to cover design of intermediate foundations for fixed 
structures; performance-based design considerations; a unified CPT-based pile design method for sands; a new clause on re-
assessment of pile capacity; and additional guidance on hydraulic fracture criteria for design of conductor piles. The 
informative annexes are also extended to cover pipeline-soil interaction; stability, trenching and backfilling of shallow water 
pipelines in mixed soils; and guidance and possible mitigation for seabed trenches developing in taut moorings. The 
motivation and scope of the new inclusions and amendments in the revised standard will be discussed in the paper.  The 
parallel development and publication of the ISO and API documents covering geotechnical design considerations will also 
be highlighted as an exemplar for working together to produce design guidance that lead to the same design outcome 
irrespective of document used and in spite of a different approach to factor of safety being adopted by each standard. 
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1 INTRODUCTION 

19901-4 (2025) has been revised and contains 
updates that are outlined in this paper. In the 
following, the framework of ISO standards is 
introduced, and an overview of some general updates 
is given.  Subsequently, some description of more 
specific technical updates to shallow foundations, 
piles, anchors and subsea aspects is provided. 
Figure 1 shows an overview of ISO 19900 standards 
that can be applied to the design of a fixed structure, 
and where ISO 19901-4 (2025) fits. The standards 
give general overarching requirements, definition of 
design parameters for metocean, geotechnical and 

seismic hazard and design of offshore structures 
including foundations. 

2 GENERAL UPDATE 

2.1 Lower Carbon Energy 

The update of 19901-4 (2025) now includes the 
design of foundations and anchors to support 
offshore structures in industries other than oil & gas, 
termed lower carbon industries. The overarching 
requirements for design of structures for other 
industries, such as offshore wind, will be defined by 
industry specific standards such as IEC 61400-3-1 
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(2019) as shown in Figure 2. These standards already 
reference 19900 standards and ISO 19901-4 (2025) 
may be used to design foundations for structures used 
in the offshore wind industry. 

2.2 Design Process Overview 

As shown in Figure 3, a new figure has been 
introduced into 19901-4 (2025) to give an overview 
of a typical design process applied to foundations. 
The content of 19900 standards has developed over 
several decades and the key steps in the design 
process can, at times, become difficult to follow. The 
design process has been introduced to indicate high 
level concerns and the relevant ISO standard that 
contains more information on the requirements and 
methodology to address the topics. 

3 DESIGN VALUES AND RELIABILITY 

The general requirements give more discussion on 
representative values and design values for 
geotechnical parameters, and on reliability-based 
design.  
The steps to determine representative and design 
values are illustrated in Figure 4. Guidance is given 
on how representative values can be selected 
accounting for the variability of the soil, quality of 
data available and the volume of ground that 
mobilised by the foundation type or loading. The 
requirements stress the necessity to select the 

representative value for the conditions that are 
critical for the limit state. 

Reliability-based approaches can be used to do an 
additional verification of the margin of safety by 
estimating a reliability level, described by an annual 
reliability index and annual failure probability. 
Reliability based design (RBD) is discussed. 
including the benefits of using a RBD approach. 
Guidance on how to use RBD is given, including 
references. 

4 SHALLOW AND INTERMEDIATE 
FOUNDATIONS 

Clause 7 has been updated to include the design of 
intermediate foundations where the slenderness L/D 
ratio varies between that typically considered for a 
shallow foundation and a driven pile foundation. This 
is becoming of greater importance given the 
development of larger diameter monopiles and 
suction piles that are being used more frequently in 
the offshore wind industry and a greater body of 

Figure 1. Combination of ISO 19900 standards applied to the design of a fixed offshore platform 
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research is now becoming available in the public 
domain.  

Other design considerations have been addressed 
in more detail including, (i) ground conditions with 
surficial crusts, (ii) internal skirt arrangement, (iii) 
foundation base perforations, (iv) interaction with 
other structures, and (v) installation resistance. 

Alternative methods of design have also been 
addressed including yield envelope approaches and 
risk informed decision making (of which RBD is an 
important component). 

5 PILES 

In the pile design section, key changes and updates 
include: 

• Inclusion of a new framework for lateral load 
displacement p-y curves for clays , Jeanjean 
et al (2017).  The new framework replaces 
the long-standing Matlock (1970) method for 
monotonic and cyclic loading and adds a set 
of p-y curves to be used for the fatigue limit 
state. The text emphasizes the use of the soil 
undrained shear strength measured in DSS 
tests to develop the representative input 
profiles. 

• Inclusion of a new framework for lateral load 
displacement p-y curves for sands for the 
fatigue limit state, Zakeri et al (2019).  

• Update of the axial shear transfer t-z curves 
for pile in clays, using the guidance of 
Lehane et al. (2022). 

• Replacement of the long-standing main text 
method for calculation of driven pile axial 
capacity in sands by the Unified CPT-
method of Lehane et al. (2020).  The former 
main-text method remains in the annex but 

should no longer be used, apart from 
exceptional cases where CPT data are not 
available (e.g. for assessment of aged 
existing assets).  This Unified CPT method 
updates the Fugro, NGI, ICP, and UWA 
methods previously included in the annex. 

• Inclusion of the Unified CPT-based method 
for calculation of driven pile axial capacity 
in clays in the annex.  The main text method 
to calculate pile capacity in clays remains 
unchanged but the CPT method of Lehane et 
al. (2022) is introduced and can be used. 

 
The revised Clause 6 also clarifies the process to 

develop the representative soil undrained shear 
strength profile for axial capacity calculations in 
clays, how the above methods can be used for the 
design of intermediate foundations such as the 
monopiles often used for wind turbine support, and 
for piles installed with alternative methods such as 
vibrating hammers. 

Figure 2. Application of IEC and ISO 

standards for an offshore wind turbine 

 

 
Figure 3. Overview of typical design process for 

offshore foundations, included in revised 19901-4 
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6 PILE REASSESSMENT 

In response to a growing number of life extension 
projects and the latest research, the updated ISO 
19901-4 (2025) contains a new section on the 
reassessment of pile foundations. This comprises 
four parts describing: 

• Geotechnical and foundation data 
considerations addressing potential 
discrepancies between geotechnical site 
investigation data and current practices, as 
well as differences between as-built or 
current conditions and the original design. 

• Quantitative evaluation of existing data 
using current practice or learnings, and 
updated information such as earthquake or 
seabed instability and loading criteria. 

• Assessment of the existing structure and 
foundation capacity working as a system, i.e. 
‘pushover response’.  The text advises on 
how different structural elements should be 
modelled and how the geotechnical effects of 
cyclic actions and progressive failure should 
be accounted for. 

• The effects of time on the behaviour of pile 
foundations.  Time-related increases in axial 
pile capacity have been measured for driven 
piles in silica sand and clay, though the 
mechanisms of this behaviour are still 
unproven and being investigated.  As such, 
time-dependent benefits may only be 
adopted where they can be demonstrated.  
Instrumented re-strike tests can provide 
useful evidence of trends in pile ageing. 

7 ANCHORS 

7.1 Seabed trenching 

Based on experience with large amplitude mooring 
chain movement in the seabed and subsequent seabed 
trenching, guidance has been developed for the 
suction piles in semi-taut and taut leg moorings and 
potential seabed trenching. Guidance is given on how 
soils can be identified that are susceptible to seabed 
trenching and what the effect of the mooring line 
movements will be. In case the trenching is seen as a 
risk, guidance is given on how to potentially mitigate 
it, such as (i) take trenching into account in the 
design, (ii) increase the number of piles in the most 
loaded location, (iii) increase the mooring radius to 
make the mooring more catenary shaped, (iv) 
consider spread mooring instead of turret mooring 
and (v) optimise the padeye depth to reduce the effect 
of the trenching. 

In soils susceptible seabed trenching, the effect of 
the trenching should also be evaluated for drag 
embedment anchors used in mooring system with 
uplift and plate anchors in semi-taut and taut 
moorings. 

7.2 Out-of-plane loading 

Single or multiple mooring line failures on Mobile 
Offshore Drilling Units (MODUs) may cause out-of-
plane loading on drag embedment anchors and plate 
anchors. This may cause a reduction in holding 
capacity and subsequent anchor dragging. Although 
recent work also shows that anchors are capable of 
withstanding significant out of plane loads. It is 
recommended that in cases where the out of plane 
loading is seen as a potential risk, detail site specific 

Figure 4. Steps in selection of a representative value and design value for soil parameters as 

illustrated in 19901-4 final draft 
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anchor analysis be performed to understand and 
mitigate the risks. 

7.3 Gravity embedded anchors 

Although gravity embedded anchors, commonly 
referred to as torpedo anchors, have been 
successfully used in permanent mooring systems in 
Brazil for more than 15 years, and for Mobile 
offshore drilling units (MODUs) in the Gulf of 
Mexico for a slightly shorter period of time, no 
guidance has been given with regards to their 
application until now. The current edition of 19901-
4 (2025)now includes guidance on the design and 
usage of gravity embedded anchors. Topics covered 
are the geotechnical design, installation penetration, 
velocity impact calculation, out-of-plane loading and 
pre-tensioning recommendations for temporary and 
permanent mooring system. 

8 SUBSEA 

Major revisions have been made to the subsea section 
of the code. The revised Section 10 of the code deals 
with Steel Catenary Risers (SCRs), well conductor 
installation (jetting and driving), offshore well 
integrity assessment (i.e. fatigue and strength 
analyses), riser towers, and pipe-soil-interaction for 
buried and unburied pipelines and flowlines. Further, 
guidance on seabed characterization has also been 
provided.  

8.1 Steel Catenary Risers 

Design and assessment of Steel Catenary Risers 
(SCRs) involves Ultimate Limit State (ULS) and 
Fatigue Limit State (FLS) analyses that require soil 
response modelling as input. The ULS scenario for 
SCRs can occur under extreme environmental events 
cause out-of-plane motion, particularly when the 
riser becomes embedded or lies within a trench, thus 
giving rise to high lateral soil resistance and locally 
high curvature of the riser. In such situations, the soil 
response is similar to p-y and t-z behavior and 
involves large deformations relative to the pipe 
diameter. The FLS however deals with the stress 
changes in a riser caused by first- and second-order 
motions. Within the touchdown zone these motions 
can be simplified to moving the touchdown point 
(TDP) in-line with the riser and assessing the 
resulting changes in bending moment. Fatigue 
damage in the riser depends particularly on the soil 
stiffness within the touchdown zone. Riser cyclic 
action remoulds the seabed and degrades the 
stiffness. The revised code provides the following 

three modelling approaches for SCR-soil interaction 
in fatigue analysis involving clay seabed: An elastic 
soil spring along the entire touchdown region; a non-
linear elastic spring based on the soil response in a 
‘fully degraded’ state and a a non-linear spring that 
considers loading, unloading, reloading cycles, 
penetration into the seafloor and variable shear 
strengths with depth. 
   The approaches increase in complexity with their 
order and are only pertinent to soil response in the 
vertical plane of the riser motion in the water column. 
The least complex approach represents the seabed 
response to cyclic loading through a single elastic soil 
spring; the next approach assumes the seabed is fully 
remolded but with a stiffness that varies as a function 
of riser penetration. The final approach is more 
complex as it tracks the soil response from the first 
cycle of SCR motion. For the second approach, the 
revised code provides model parameters for the Gulf 
of Mexico and offshore Angola deepwater seabed 
conditions. 

8.2 Offshore well design 

Guidance on provision of geotechnical input to 
design of offshore wells is a completely new section 
in the revised code. The geotechnical design of top 
tension risers is focused on the conductor which is the 
uppermost section and provides lateral support under 
ULS and FLS conditions. The revised code provides 
detailed guidance for jetting installation and 
estimating the short-term (less than 10 days) axial 
bearing capacity of conductors in deepwater clays. 
Guidance is provided for estimating the long-term 
(greater than 10 days) axial bearing capacity of 
conductors in the normally consolidated to lightly 
over-consolidated Gulf of Mexico clays for the 
purpose using jetted conductors as piles to support 
subsea equipment. Additionally, guidance is given 
for conductor installation using impact hammers 
covering conductor tip damage and buckling. 
 

For well fatigue assessment, the revised code 
presents two methods clay seabed: 1) the spring-only 
method and 2) the spring-dashpot method. The 
spring-dashpot method is more appropriate where the 
assessment requires estimation of the dynamic 
behavior of the top tension riser system. The spring-
dashpot method accounts for the energy dissipated in 
the foundation soil during each load-unload loop, 
termed as hysteretic damping. The methods cover 
both normally- and over-consolidated clays. 
Guidance is also provided for determining response 
of medium dense sand seabed for well fatigue 
assessment. Well strength assessment in the top 
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tension riser system involves the drill rig being in an 
offset position or a drive-off situation. The revised 
code provides guidance for geotechnical input to 
ULS analysis of offshore wells in clay and sand 
seabed.    

8.3 Riser Towers 

Foundation design recommendations for riser tower 
have been refined to cover installation and retrieval 
conditions as well as operating and extreme 
conditions. Design challenges have been discussed 
and guidance has been provided. As an example, 
guidance using simple checks to assess effects of 
sand layers on suction anchors is now included. For 
offshore pipelines and flowlines, the revised code 
includes seabed characterization and design 
recommendations for both buried and unburied 
(surface) pipelines aligned with DNVGL-RP-F114 
(2021). New guidance includes recommendations for 
determining drained and undrained behavior during 
pipe-soil interaction for pipe-soil-interaction analysis 
as well as determining the drag forces arising from 
debris flow impact on surface pipelines involving 
geohazards.      

9 CONCLUSIONS 

The paper has provided an overview of on the update 
of ISO 19901-4 (2025). It has described the general 
updates and updates on specific aspects as outlined in 
the paper. Future revisions of ISO 19901-4 (2025) 
will give more content on topics specific to the 
offshore wind industry including more on monopiles 
and intermediate foundations. It will also consider the 
latest industry research and experience.  
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