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Special Notes

Standard is a broad term covering all API documents that have been developed in accordance with API’s “Procedures
for Standards Development”. Users of this document should be aware that this publication is not a consensus
document developed in accordance with these procedures and therefore does not represent an industry consensus
standard. This publication is merely a report of technical research performed under contract with API. The materials
represent the opinions of the researchers, and neither API nor its standards committees have made any effort to
judge the content for technical accuracy or completeness. USERS OF THIS PUBLICATION SHOULD NOT RELY
SOLELY ON THE INFORMATION CONTAINED IN THIS DOCUMENT AND DO SO AT THEIR OWN RISK.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to warn and properly train and
equip their employees, and others exposed, concerning health and safety risks and precautions, nor undertaking their
obligations to comply with authorities having jurisdiction. Information concerning safety and health risks and proper
precautions with respect to particular materials and conditions should be obtained from the employer, the
manufacturer or supplier of that material, or the material safety data sheet.

Neither API nor any of API’s employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither API nor any of API’s employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication of API publications
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. API does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

This document was produced under API standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under which
this publication was developed should be directed in writing to the Director of Standards, American Petroleum
Institute, 200 Massachusetts Avenue, NW, Washington, DC 20001-5571. Requests for permission to reproduce or
translate all or any part of the material published herein, or suggested revisions, should also be addressed to the
director.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means, 
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the 

Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.

Copyright © 2020 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order
to conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.

Can: As used in a standard, “can” denotes a statement of possibility or capability.

This document was produced under API standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under which
this publication was developed should be directed in writing to the Director of Standards, American Petroleum
Institute, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001. Requests for permission to reproduce or
translate all or any part of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually by API, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue, Suite 1100, Washington, DC 20001, standards@api.org.
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Executive Summary 

Fixed offshore platform pile foundation design and assessment in the Gulf of Mexico (GOM) has been 
based on API RP 2A (various editions) and API/ISO RP 2GEO, 1st Edition. Over the years, post-hurricane 
observations of the platform performance in the GOM have shown that these standards tend to 
underestimate soil stiffness and capacity. This underprediction does not necessarily lead to conservative 
structural design and assessment. For example, fatigue design requires a realistic estimate of structural 
dynamics and strength design with a clear definition of structural load path and failure mechanism. 

Research work, consisting of small- and large-scale pile tests, laboratory testing, and numerical analyses, 
has been carried out for years to understand this conservatism and define best-estimate geotechnical 
criteria, i.e. best-estimate soil lateral reaction for pile foundation design. These efforts culminated in the 
proposed draft of API/ISO RP 2GEO, 2nd Edition, which systematically re-defines the clay soil lateral 
reaction formulations for piles under monotonic, cyclic, and fatigue loads. 

The goal of this study, sponsored by API SC2, was to perform structural analyses using soil models 
developed by 2GEO, 1st Edition criteria and 2GEO, 2nd Edition draft criteria to determine the effect of the 
new clay soil p-y formulations on the structural responses of these platforms. The predicted responses were 
then compared with measured or observed platform performance in field. 

Three (3) featured fixed offshore platforms in the GOM, i.e. a free-standing caisson structure, a jacket type 
platform, and a tripod platform, were selected as representative structures for the study. The selected 
platforms are actual platforms in operation in the GOM. The caisson structure and jacket platform were 
damaged in Hurricanes Andrew and Ike, respectively. Platform vibration of the tripod platform was 
measured and recorded in the field to verify the tripod structural integrity. All relevant platform design, 
operation, and maintenance data of these structures are sufficient and available for the study.  

Results of the analyses performed in this study demonstrate that structural models using the soil reaction 
formulations of the proposed 2GEO, 2nd Edition (draft), in combination with the best-estimate soil profiles 
interpreted based on the standard direct simple shear (DSS) tests, adequately predicted the platform 
responses observed in hurricanes and in normal sea conditions. 

The clay soil p-y reaction formulations (monotonic, cyclic, and fatigue), when used with best-estimate DSS 
shear strength profiles as proposed in the draft of 2GEO, 2nd Edition, show significant improvement over 
the formulations in 2GEO, 1st Edition and older RP 2A editions (e.g. the so-called “Matlock curves”), and 
are endorsed and recommended for pile foundation design and assessment. In particular, the use of the 
new cyclic p-y curves is recommended for platform structural analysis under extreme environmental 
conditions. 
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2  API TECHNICAL REPORT 2PY 

 

1 Introduction 

1.1 Background 

Post-hurricane observations of fixed offshore platform performance in the Gulf of Mexico (GOM) often 
demonstrate platform structural damage or failure rather than foundation failure. However, platform analysis 
and assessment by API RP 2A (various editions) and API/ISO RP 2GEO, 1st Edition (Ref. 1, 2) foundation 
design approach are frequently governed by the foundation capacity and predict failure in the piles rather 
than the jacket structure. 

Subsea wellhead and conductor fatigue design and analysis also predict unrealistic fatigue life expectancy 
due to the deviated dynamics caused by underestimated soil stiffness near the mudline. These have led to 
questions of unknown reliability and level of conservatism in the current API recommended pile foundation 
design approach. 

Unrealistic conservatism in pile foundation design may have significant impact on new platform design and 
existing platform assessment. For new platform design, it may lead to excessively larger, deeper pile design 
associated with higher cost. Fatigue life can also be miscalculated due to inadequate estimates of platform 
dynamics (e.g. natural periods). For existing platform assessment, it may lead to misjudgment of platform 
actual capacity (due to pre-mature foundation failure in analysis) and locations of critical structural 
components (for platform repair and strengthening). 

Research work and studies on fixed offshore platform performance in GOM hurricanes, funded by 
MMS/BSEE, API, and industries, have been carried out for decades (Ref. 5-12, 14-15, 23-26). A general 
perception indicates that pile foundations appear to be stronger and stiffer than calculated. Pushover 
analysis for jacket structures to their ultimate capacities commonly indicates that the foundation governs 
the capacity of the structural system. However, there are few, if any, observed pile foundation failures that 
have occurred in these hurricanes. 

Discrepancy between predicted and observed performance of platform foundation system may be in part 
due to: 

— underestimation of soil stiffness and capacity on the soil-structure interaction curves, especially the pile 
foundation soil lateral p-y curves for clays; 

— interpretation of geotechnical soil boring and test data; 

— loading rate and cyclic effect on pile capacity under short term wave loading conditions; 

— aging effect of increased pile capacity for years or decades after installation; 

— platform computer modeling inaccuracies and over-simplifications; 

— disproportionate redundancies associated with structure components and foundation system in existing 
design practice; 

— incomplete or misguided structural data and information. 

Geotechnical research work, consisting of small- and large-scale pile tests, laboratory testing, and 
numerical analyses, has been performed for years to check the pile foundation design and define the best-
estimate geotechnical criteria (Ref. 16-18, 20, 29-33). This culminated in the proposed draft of API/ISO RP 
2GEO, 2nd Edition (Ref. 3, Annex D), which systematically re-defined the soil lateral reaction formulations, 
especially for clays. 
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