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Executive Summary 

 
A significant finding from the performance of jacket platforms in major hurricanes, 

including Andrew (1992), Roxanne (1995), Lili (2002), Ivan (2004), Katrina (2005) and 

Rita (2005), is that pile foundations performed better than expected (e.g. Aggarwal et al. 

1996, Bea et al. 1999 and Energo 2006 and 2007). Jacket platforms are fixed-base 

offshore structures that are used to produce oil and gas in relatively shallow water, 

generally less than about 500 feet. The foundation systems consist of driven, open-ended, 

steel pipe piles. While observed damage or failure in the foundation is rare, assessment of 

jacket platforms subjected to environmental loads greater than their original design 

loading frequently indicates that the capacity of the structural system is governed by the 

foundation. In addition, there were several hundred platforms damaged in these 

hurricanes and yet there were only a few cases of reported pile foundation failures.  

Therefore, there is a need to better understand and quantify the potential conservatism in 

foundation design for the purposes of assessing platforms. 

 

The objectives of this project were to identify and analyze the factors that may contribute 

to the apparent conservatism in foundation design and to provide guidance on how to 

incorporate this information in assessing existing platforms. The methodology was to 

compile and analyze data for existing platforms that have been subjected to hurricane 

loads near or greater than the design capacity for the foundations. An expert panel of 

practitioners and researchers was convened to guide the work. 

 

The major conclusion from this work is that the performance of platform foundations in 

recent hurricanes, based on the available but limited information that we have, is 

consistent with expectations based on their design and there is no direct evidence of 

excessive conservatism. In the cases we analyzed in detail, the actual performance of the 

foundation was either expected or could be explained without conservatism in the design 

capacity of the foundation. 
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These results do not preclude the possibility of foundation capacities being greater than 

expected based on design. One of the limitations of this study was lack of cases from 

recent hurricanes where the ultimate strength of the foundation system was reached or 

exceeded in hurricanes. Foundations are designed with a factor of safety, such as a factor 

of 1.5 for axial loading under 100-year hurricane conditions. The magnitude of hurricane 

conditions required to reach this value is significant, requiring extreme waves and 

currents, and was not reached in most of the cases studied (i.e., a foundation failure was 

not expected and indeed was not observed). Of all the cases obtained from MMS files and 

industry sources, there were unfortunately only a few that met the high loading condition 

required to truly test the foundation. In addition, there is redundancy in foundation 

systems so that overload of a pile, either axially or laterally, does not necessarily lead to 

collapse or even observable damage. Finally, the study was limited to platforms that were 

not destroyed since little if any information is available about the performance of 

platforms that were destroyed. 
 

The major factor contributing to potential conservatism is the effect of long-term set-up 

(or aging) or pre-loading; there is evidence from laboratory and field studies to suggest 

that both axial and lateral pile capacities may increase with time beyond the values that 

are assumed for design. However, in the one case we do have of a foundation failure in a 

hurricane (an axial pile failure in clay), there is no evidence of the capacity being greater 

than the design value. 

 

Platform foundations can fail both in shear where the piles are failing laterally (plastic 

hinges form due to bending) and overturning where the piles are failing axially (plunging 

or pulling out). Therefore, both axial and lateral capacities are significant for pile 

foundations in platforms. The axial capacity of piles is derived mostly from the soils in 

the bottom one-third of the piles. The axial capacity of the piles and, therefore, the 

overturning capacity of the foundation are approximately proportional to the shear 

strength of the soils. The lateral capacities of the piles and conductors are derived mostly 

from the soils in the upper 40 to 50 feet below the mudline depending on their diameters. 

The lateral capacities of the piles and conductors and the shear capacity of the foundation 

are much less sensitive to the shear strength of the soils than the axial capacity for typical 

soil conditions in the Gulf of Mexico. 
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Structural elements are important to the performance of a foundation system. Well 

conductors can contribute significantly to the shear capacity of a foundation system, and 

in some cases to the overturning capacity. The yield strength of steel in the piles also 

affects the shear capacity of the foundation. Increasing the nominal yield strength to 

reflect the average value can have a significant effect on the shear capacity for a 

foundation system, and a much greater effect than increasing the shear strength of the soil 

by the same amount. 

 

The presence of sand layers contributing significantly to pile capacity was a notable 

factor in the platforms analyzed herein. Sand is significant because it generally 

corresponds to a geologic setting where there is significant spatial variability over rather 

short distances. A soil boring not drilled at the location of a platform when sand is 

significant to pile capacity, even if the boring is within several thousand feet of the 

structure, may not provide representative information for the soil conditions at the 

platform location. In addition, most historical soil borings in the Gulf of Mexico used a 

Driven Penetration Test to characterize the shear strength of sand layers. This method is 

generally considered to be outdated, it may not have fully penetrated the sand layers due 

to sampler refusal, and it has been replaced over the past several decades with Cone 

Penetration Testing. Finally, pile capacity models when sand layers are present are more 

complex than for clay layers alone, and we identified numerous cases where sand layers 

were inappropriately modeled in pushover analyses due to this complexity. 

 

A final conclusion is that general trends in foundation performance cannot be drawn 

easily based on qualitative assessments. Each platform case, considering the water depth, 

vintage, structure, geologic setting, hurricane loading and platform performance, is 

unique and a detailed analysis is required to understand how it performs. 

 
The following guidelines are intended to provide a defensible and consistent approach for 

modeling pile foundations in platform assessments: 

 

1. When the foundation controls the assessment, include a geotechnical engineer 
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familiar with platform assessment. 

2. Include well conductors realistically and explicitly in the structural analyses. 

3. Consider using mean rather than nominal yield strength for steel piles and well 

conductors. 

4. Use static versus cyclic p-y curves for lateral soil capacity. 

5. Be careful in specifying the input for sand layers. 

 

In addition to the specific guidelines for how foundations are modeled in platform 

assessments, the following general guidance is provided to improve the overall practice 

of platform assessment: 

 

1. Be careful when relying on a soil boring that was not drilled at the location of the 

platform or was not drilled using modern methods of sampling and testing 

(pushed, thin-walled tube sampling for clay layers and Cone Penetration Test for 

sand layers). 

2. Try to obtain pile driving records as well as soil boring logs to help estimate the 

axial pile capacities and as-built conditions.  

3. When the pile foundation system is governing the capacity of the platform in a 

pushover analysis, check the sensitivity of the foundation system capacity to the 

lateral and axial capacity of the piles independently. 

4. Do not arbitrarily increase the shear strength of the soil to account for perceived 

conservatism in foundation design. 

 

The following recommendations are intended to improve the API Recommended Practice 

for Platform Assessment: 

 

1. Provide specific guidance for characterizing pile foundations in platform 

assessments by incorporating the guidelines developed in this study into RP 

2SIM. 

2. Update p-y curves for clay in API RP 2A. 

3. Better clarify and update design guidance for sand in API RP 2A. 

4. Appropriately account for pile flexibility when determining the required pile 

length. 

 

A major limitation of this study was not analyzing platforms that were destroyed by 

hurricanes. If detailed analysis could be conducted on these platforms, they may provide 



    xvii i 

valuable information about how pile systems and the jackets they support performed 

under extreme loading conditions and may allow us to refine our conclusions. In addition, 

there may be additional platforms that survived even though the pile systems experienced 

loads greater than their capacity. Such platforms should be considered for future study. 

Finally, performing a Cone Penetration Test at the location of the two case study 

platforms where we are uncertain about the geotechnical properties could provide 

important information to better understand why these structures survived.
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1. Introduction 

 

A significant finding from the performance of jacket platforms in major hurricanes, 

including Andrew (1992), Roxanne (1995), Lili (2002), Ivan (2004), Katrina (2005) and 

Rita (2005), is that pile foundations performed better than expected (e.g. Aggarwal et al. 

1996, Bea et al. 1999 and Energo 2006 and 2007). Jacket platforms are fixed-base 

offshore structures that are used to produce oil and gas in relatively shallow water. Most 

platforms are located in less than 500 feet of water in the Gulf of Mexico. Driven, 

open-ended, steel pipe piles are typically used to support this type of structures. 

 

Assessment of jacket platforms subjected to environmental loads greater than their 

original design loading has indicated that the capacity of the structural system is often 

governed by the pile foundation (Figure 1.1). While there are few cases with “suspected” 

foundation damages or failures (Figure 1.2), there are no direct observations of such 

damages and failures during these hurricanes. The majority of platform damages and 

identifiable failures have been observed to occur in the structures above the mudline 

(Figures 1.3 to 1.6). 

 

While the lack of definitive foundation failures may be considered acceptable because 

they are fit for purpose and conservative, this potential conservatism is a cause of concern. 

The conservatism in foundation design and assessment can lead to costly construction of 

new platforms or unnecessary limitations on the manning and production levels of 

existing platforms. In addition, the engineers designing the platform can be misled by 

overlooking more realistic failure modes of the jacket structure above the mudline, if the 

foundation is unrealistically governing the calculated capacity of the structural system. 

 

1.1. Objectives 

 

The objectives of this project are to identify and analyze the factors that may contribute 

to the apparent conservatism in foundation design and assessment and to provide 

guidance on how to incorporate this information in assessing existing platforms. 
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Figure 1.1 Results from a Pushover Analysis Showing the Capacity of a Platform 

Governed by Its Foundation 
 

 
Figure 1.2 Platform with “Suspected” Foundation Failure 
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Figure 1.3 Platform with Wave-in-deck Damage 
 

 
Figure 1.4 Damaged X-joint of a Platform 
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Figure 1.5 Pancaked Leg of a Platform 
 

 
Figure 1.6 Buckled Underwater Brace of a Platform 
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1.2. Methodology 

 

The project was contracted to the Offshore Technology Research Center (OTRC) at the 

University of Texas at Austin (UT), under Contract Number M08PC20002 by the 

Minerals Management Service (MMS) and Contract Number 2007-103130 by the 

American Petroleum Institute (API). Energo Engineering, Inc. (Energo) was 

sub-contractor assisting OTRC in the effort of collecting and interpreting platform data. 

The project started in the spring of 2008. 

 

This project was carried out through data collection, qualitative analysis, quantitative 

analysis, design and assessment implications and expert panel discussions. Platform data 

compiled in this project were obtained primarily from the industry. MMS also provided 

platform data in a confidential format from the post-hurricane assessments submitted by 

various operators. All available platform data were compiled for the qualitative analysis, 

which was intended to identify relevant trends for the performance of platforms and their 

foundations in major hurricanes. The qualitative analysis also served as a screening tool 

to identify those platforms that potentially experienced hurricane loads close to or beyond 

their original design capacities for detailed quantitative analyses. The quantitative 

analyses involved estimating the capacities of the foundation systems using simplified 

plastic collapse models. Three-dimensional (3-D) finite-element models (FEMs) of the 

structures and their foundations were also developed to perform hindcast and pushover 

analyses of selected platforms. The results from the quantitative analyses were 

synthesized into guidelines for assessments. An expert panel meeting was convened on 

March 23, 2009 to discuss the findings from this project and solicit input from the expert 

panel including experienced or knowledgeable members of industry and academia. The 

guidance from the expert panel was incorporated in this report. 

 

1.3. Structure of the Report 

 

The structure of this report is summarized below. 

 

 Chapter 1 Introduction: The motivation, objectives and methodology for this project 

are presented. 

 Chapter 2 Background Information on Pile Foundations: The practice for designing 

offshore pile foundation, a discussion of potential sources of conservatism in design, 
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and the historical performance of piles in hurricanes are provided. The API design 

method is provided in Appendix A. 

 Chapter 3 Case Study Platforms: The database compiled for available platforms 

where the foundation was tested in a hurricane is presented, and the use of this 

database to select case study platforms for detailed quantitative analysis is described. 

The database is provided in Appendix B. 

 Chapter 4 Quantitative Analyses: The methodology used to analyze the performance 

of case study platforms is explained with details included in Appendix C 

(3-Dimensional Finite Element Method model) and Appendix D (simplified 

plasticity model). 

 Chapter 5 Findings: The major findings from this project are presented with the 

detailed quantitative analyses that support these findings included in Appendix E.  

 Chapter 6 Practical Guidelines for Platform Assessments: Guidelines for how 

foundations are treated in platform assessments are provided and illustrated. The 

notes from an expert panel meeting that contributed to formulating these guidelines 

are included in Appendix F. 

 Chapter 7 Conclusions and Recommendations: Conclusions and recommendations 

are summarized. 

 Chapter 8 References: The list of references is provided. 
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2. Background Information on Pile Foundations 

 

The foundations used for jacket platforms in the Gulf of Mexico are driven piles made of 

steel pipes (referred to as steel pipe piles or simply piles throughout this report). The 

practice for designing these piles, a discussion of potential sources of conservatism in 

design, and the historical performance of piles in hurricanes are provided in this chapter. 

 

2.1. Pile Foundation Design Practice 

 

The design of offshore piles has been guided by API RP 2A for the past 40 years. The 

most recent version of the foundation design methodology provided in this guidance 

document, API RP 2A-WSD (2000), is included in Appendix A for reference. The basics 

are summarized in this section to provide context for the analyses and discussions 

presented throughout this report. 

 

The design method is for individual piles and considers axial and lateral loading. For 

axial loading, the resistance of the pile is divided into side shear (or friction) acting along 

the external wall of the pile over its length and end bearing acting at the tip of the pile. 

While the piles are open-ended pipes, they generally behave as plugged after set-up so 

that the end bearing acts over the gross area of the pile tip. The side shear and end bearing 

resistances require displacement of the pile in the soil to be mobilized. The relationship 

between side shear and displacement is characterized by a t-z curve (t is unit side shear 

and z is axial displacement between the pile wall and the soil), while the relationship 

between end bearing and displacement is characterized by a Q-z curve (Q is end bearing 

and z is tip displacement). Side shear can act in both directions, i.e., a pile pushing down 

in compression or pulling up in tension, while end bearing is generally assumed to only 

act in compression. For a typical pile, the majority of the axial capacity comes from the 

soils in the lower third of the pile length. For lateral loading the resistance of the pile 

versus lateral displacement is characterized by a p-y curve (p is the unit lateral resistance 

and y is the lateral displacement). Cyclic loading during a storm can degrade the lateral 

resistance due to disturbance of the soil and even a gap possibly opening up between the 

pile and the soil. Therefore, two sets of p-y curves are provided for design, one for static 

loading and one for cyclic loading. The more conservative cyclic p-y curves are generally 

used for design with hurricane loading. For a typical pile, the majority of the lateral 
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capacity comes from soils in the upper 50 feet of the pile length. 

 

The types of soils are divided into two broad categories: cohesive soils and cohesionless 

soils. In the Gulf of Mexico, cohesive soils are made up primarily of marine clays that 

were deposited as sediment dropping through the water column. Since these soils drain 

relatively slowly under loading during a hurricane, they are characterized by their 

undrained shear strength (c) for pile design. The undrained shear strength is typically 

measured in the laboratory using samples of soil that are obtained from a soil boring. 

These samples have been typically obtained by driving or pushing a sampling tube 

(2.5-inch outside diameter liner sampler) depending on whether the weight of the 

percussion sampler is sufficient to push the sampler into the formation. As such, these 

samples can be relatively disturbed and exhibit undrained shear strengths that are 

generally lower than those in situ. The liner sampler was, and today still is, used to obtain 

normally consolidated soft clay (or until the undrained shear strength increases to 250 to 

300 psf). Occasionally, the samples have been obtained with a large diameter (e.g., 4-inch 

diameter) piston sampler. These samples are less disturbed and exhibit higher undrained 

shear strength. Also, the undrained shear strengths have been obtained by performing in 

situ testing, such as field vane and piezocone penetration tests, in the soft clay. The 

undrained shear strengths from in situ testing are generally higher than those from 

laboratory tests on relatively disturbed samples. This difference in sampling and testing 

has been implicitly accounted for by the geotechnical engineers who develop a design 

profile of undrained shear strength versus depth for pile design. The in situ undrained 

shear strength generally increases linearly with depth below the mudline, at a nominal 

rate of about 7~10 psf/ft, in the Gulf of Mexico. When a pile is driven, the soil is 

disturbed and the undrained shear strength is reduced. Over a period of several weeks to 

months after driving, the undrained shear strength increases back to approximately the 

undisturbed value. The axial side shear, end bearing and the lateral soil resistance are 

roughly proportional to the undrained shear strength for a clay layer. The t-z curves for 

clays generally exhibit strain-softening; the peak unit side shear is mobilized at about 0.4 

inch of displacement for typical offshore driven pipe piles and then drops off to a value 

that is about 0.8 times the peak at larger displacements. For the relatively long and 

slender piles that are used for jacket platforms, the maximum total side shear that can be 

mobilized is less than the peak value and generally closer to the residual on average 

because the axial flexibility of the pile results in mobilizing the peak strengths along the 

pile at different times. The cyclic p-y curves in clay limit the lateral resistance to about 70 

percent of the peak value that is available for static loading. 
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Cohesionless soils on the shelf in the Gulf of Mexico are generally made up of alluvial 

(or fluviatile) sands that were deposited by rivers during times when the shelf was 

exposed due to lower sea levels. Since these cohesionless soils drain relatively quickly 

under loading during a hurricane, these soils are characterized by their drained shear 

strength, expressed as an internal friction angle (’), for pile design. The internal friction 

angle increases with density and with particle size. The internal friction angle has 

generally been estimated from the number of blows required to drive a sampling tube 

(essentially a small diameter, open-ended pipe) into the sand. One challenge that arises 

frequently is that the sampler meets refusal, meaning that it cannot be driven through the 

sand and greater judgment is needed to estimate ’. The axial side shear is related to the 

interface friction angle between the sand and pile wall (), which is nominally assumed 5 

degrees less than the internal friction angle of the sand, ’. The axial side shear is also 

related to the lateral stress acting on the pile wall, which is expressed as K times the 

effective vertical overburden stress, where K is assumed to be 0.8 for driven steel pipe 

piles in the Gulf of Mexico. At depth, approximately 50 to 100 feet below the mudline, 

the design method constrains the unit side shear to a maximum or limiting value that is 

also related to ’ (the larger ’, the larger the limiting side shear). The t-z curves for sands 

do not exhibit strain softening. The axial end bearing for sands is also related to ’ and is 

constrained by a maximum or limiting value that is relevant for typical platform piles that 

are greater than 100 feet in length. Again, the limiting end bearing increases with 

increasing ’. The ultimate lateral resistance in sands is also related to ’. The lateral 

resistance corresponding to cyclic loading is also less than that corresponding to static 

loading. However, the difference is less pronounced for sands than for clays. 

 

A summary of the design parameters for cohesive and cohesionless soils is provided in 

Table 2.1. 

 

Generally, the axial pile capacity in sand is much higher than the capacity in clay. In a 

complex soil stratigraphy, such as one with interbedded layers of sand and clay, the pile 

capacity is assumed to have a smooth transition near the artificially defined layer 

boundaries. Common practice is to assume that the axial pile capacity in sand cannot be 

fully mobilized until the pile penetrates a distance of 3 pile diameters into the sand layer. 

Also, the axial pile capacity is assumed to decrease at a distance of 3 pile diameters 

above the underlying clay layer. In these transition zones, the axial pile capacity is 

assumed to vary linearly between the value corresponding to the clay layer above or 
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below the sand layer and the value corresponding to the sand layer where the capacity is 

fully mobilized. If the thickness of the sand layer becomes thin enough such that entire 

layer is within the transition zones, the design parameters are usually downgraded. Also, 

if there are a few thinly interbedded sand and clay layers, they are usually lumped into a 

single layer. Offshore geotechnical engineers commonly recommend a design undrained 

shear strength profile for end bearing capacity calculation and design parameters of sand 

(K,  and flim) for side shear capacity calculation in this layer, which can potentially be 

conservative as discussed in Section 2.2. 

 

Table 2.1 Design Parameters for Cohesive (Clay) and Cohesionless (Sand) Soils 

Design Parameters for Clays 

Parameters Typical Units 

Submerged Unit Weight, ’ kips-per-cubic-foot (kcf) 

Undrained Shear Strength, c kips-per-square-foot (ksf) 

Reference Strain, c dimensionless 

Design Parameters for Sands 

Parameters Typical Units 

Submerged Unit Weight, ’ kips-per-cubic-foot (kcf) 

Coefficient of Lateral Earth Pressure, K Dimensionless 

Soil-pile Interface Friction Angle,  Degrees 

Limiting Skin Friction, flim kips-per-square-foot (ksf) 

Bearing Capacity Factor, Nq Dimensionless 

Limiting Unit End Bearing, qlim kips-per-square-foot (ksf) 

Initial Modulus of Subgrade Reaction, k kips-per-cubic-inch (kci) 

Internal Friction Angle, ’ Degrees 

 

2.2. Potential Sources of Conservatism in Foundation Design 

 

The foundation design methodology is intended to produce pile foundations that are fit 

for purpose and is not necessarily intended to predict the actual capacity of piles in a 

hurricane. The challenge is that there is a great deal of uncertainty in estimating pile 

capacity under both axial and lateral loading. In order to account for this uncertainty in 

design, there are numerous assumptions made in design practice that tend to be 

conservative so that uncertainty does not lead to an unexpected failure. These 



    11 

assumptions are implicit in the design practice and act in addition to the design factor of 

safety that is applied to the design capacity. 

 

The following summary of these potential sources of conservatism draws heavily upon 

the following references: Tang and Gilbert (1992), Murff et al. (1993), Pelletier et al. 

(1993), Aggarwal et al. (1996) and Bea et al. (1999). Hurricanes Andrew (1992) and 

Roxanne (1995) provided the primary motivation for documenting this information. 

 

1. Availability of Site-specific Geotechnical Data: When assessing older platforms, 

site-specific geotechnical data are often unavailable due to various reasons including 

the time elapsed between the original constructions and current assessments, change 

of ownership, confidentiality issues, record keeping practice and historical design 

practice. Even when a site-specific boring is available, it is rarely exactly at the 

location of the platform and may not reflect variations in subsurface conditions over 

the length and width of the structure. On the shelf where most jackets are located, 

the soil stratigraphy tends to be more variable than in deeper water due to 

interbedded sands and clays and clay layers that may have been desiccated due to 

exposure when sea levels were lower. In areas with alluvial (fluviatile) sand deposits, 

this variability is particularly pronounced due to the complex geometry from 

channels that meandered and cut across one another. In order to account for this 

uncertainty due to spatial variability, design profiles for shear strengths tend to 

reflect conservatism and are not necessarily the best guess or median value for 

strength based on the boring data alone. 

 

2. Sampling and Testing Methods for Site Investigations: Sampling and testing 

methods can have a significant effect on the determination of the engineering 

properties of soils. Sampling methods have improved over time, meaning that it is 

not possible to compare directly data from older soil borings with those from newer 

soil borings. Specifically, driven samples were used to characterize the undrained 

shear strength of clay layers before about 1980, while pushed samples and in situ 

methods have been used since. Likewise, driven penetration methods were used to 

characterize the density and shear strength of sand layers until very recently when 

more modern Cone Penetration Tests were performed. Uncertainty in the in situ 

properties of the soil was therefore greater historically, leading to more conservative 

design assumptions for the vast majority of platforms on the shelf. 
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3. As-built Conditions of Foundation: The as-built conditions of the foundations may 

be different from those planned for or assumed in design. For example, pile driving 

records sometimes show that the as-built pile lengths are different among the piles at 

the same platform and different from the design pile length, most likely due to 

denser soils that cause refusals of some piles. These as-built conditions may be 

significant because the axial capacity of the piles can be higher than expected. Also, 

the pile wall thickness schedules may be different from those in the design drawings 

due to pile refusals, which may change the lateral capacity of the piles. Sometimes, 

jetting or drilling out the pile plugs is performed to advance the piles to the design 

penetration. These processes can reduce the axial capacity of the piles. The annulus 

between the pile and jacket leg may be grouted. The grouting connects the pile and 

jacket leg structurally and increases the effective moment capacity of the pile near 

the mudline. These details can only be found in the as-built (record) drawings, which 

are therefore important in assessing the capacity of the foundation. Construction 

records are often difficult to locate for older platforms, especially after the 

ownership of the platforms has changed. The foundation conditions may also change 

with time. For example, scour and subsidence of soils around the foundation may 

decrease its capacity. 

 

4. Time Effects: Long-term set-up or aging for piles installed in clays and sands may 

increase the foundation capacity with time. The design method is intended to 

estimate the capacity after short-term set-up (dissipation of driving-induced pore 

water pressures), which generally occurs within several months after driving. 

However, both laboratory and field data suggest that the axial side shear capacity of 

a driven pile can continue to increase for years after driving (e.g., Seed and Reese 

1957; Vijayvergiya et al. 1977; Randolph et al. 1979; Chow et al. 1996; Bogard and 

Matlock 1998; and O’Neill 2001). This evidence suggests that the increase in side 

shear capacity several years after driving in clay and sand layers could be as much 

as a factor of two greater than the value used in design. In addition, the ultimate 

lateral resistance of the soil can increase with time due to periods of cyclic loading 

and unloading that can occur over the lifetime of the platform when it is subjected to 

storm events. Jeanjean (2009) provided data indicating that the ultimate lateral 

resistance in a clay could be as much as 50 percent greater after repeated cycles of 

loading and unloading due to reconsolidation of the clay. These potential long-term 

increases in capacity are not included in design. 

 



    13 

5. Rate-of-loading Effects: The design values for axial and lateral capacity are 

representative of a static load applied over a time duration of several minutes to 

hours. However, the maximum load in a hurricane will be applied over seconds. The 

strength of the soil and therefore capacity of the pile will tend to increase with 

increased loading rate, and could lead to actual capacities that are as much as 100 

percent greater than design values (Bea et al. 1999). 

 

6. Strain-softening and Cyclic Degradation: Strain-softening and cyclic loading can 

cause degradation of the undrained shear strength of clay. These effects, which tend 

to reduce axial and lateral capacity, are generally included in design. If these 

degradation effects are not as severe as assumed in design, then the actual capacities 

will be greater than the design values. 

 

7. Limitations of Design Databases: The design methods were developed from pile 

load tests on driven piles that were generally much smaller than those used in 

practice. The published data used to develop the API design methods consist of axial 

load tests on piles with capacities that average hundreds of kips (e.g., Najjar 2005), 

while most pile foundations for jacket platforms have design capacities that are 

thousands of kips. Therefore, significant extrapolation is required to predict the 

behavior of large offshore piles from these test data. Conservatism is potentially 

introduced in estimating axial capacity in clay layers where strain-softening is 

assumed for the long offshore piles (strain softening would have less of an effect for 

shorter piles). It is potentially introduced in estimating axial capacity in sand layers 

where limiting values for side shear and end bearing govern the capacity for long 

offshore piles (these limiting values would have less of an effect for shorter piles). 

Several sets of data produced since the p-y curves were developed for API RP 2A, 

including Stevens and Audibert (1979), Murff and Hamilton (1993), Randolph and 

Houlsby (1984) and Jeanjean (2009), suggest that static and cyclic p-y curves for 

soft clays may be stiffer and exhibit ultimate resistances that are at least 30 percent 

greater compared to the curves used in design. The conservatism in design is at least 

partially motivated by the relatively large uncertainties in environmental loads and 

pile capacities and the fact that a factor of safety of only 1.5 is used for extreme 

loading. 

 

8. Engineering Practice for Thinly Interbedded Sand and Clay Layer: Offshore 

geotechnical engineers historically recommended a design undrained shear strength 
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profile for end bearing capacity calculation and design parameters of sand (K,  and 

flim) for side shear capacity calculation for a layer with thinly interbedded sand and 

clay. In reality, the end bearing capacity of piles tipping in this layer is probably 

between the values calculated assuming that the piles are tipping in either sand or 

clay. The practice of assigning a design undrained shear strength profile for end 

bearing capacity calculation is conservative because the end bearing capacity of 

piles in sand is much higher than the end bearing capacity in clay. As a result, the 

axial capacity of piles in a geological setting with complex soil stratigraphy can 

potentially be underestimated. 

 

9. Design Practice for Foundation versus Structure: Typically, jacket foundations are 

designed for first pile failure. In other words, the piles are sized based on the most 

critically loaded pile. One pile design is often applied for all the piles supporting a 

jacket structure; in some cases, there may be up to two different pile designs for a 

structure. On the contrary, structural members are usually designed and sized 

separately based on the expected forces in each member considering the entire 

structural system. Therefore, structural members are usually more optimized than 

piles and the potential conservatism due to the design practice for piles is higher 

than that for the structure. 

 

In summary, there are numerous sources of uncertainty involved in estimating the 

capacity of offshore piles, and this uncertainty has understandably led to a conservative 

design method. Factors that could reduce the capacity are generally included in design, 

while factors that could increase the capacity are generally neglected in design. Therefore, 

a failure is not necessarily expected if a pile foundation is loaded to its design capacity, 

particularly for piles loaded axially in sand layers and laterally in clay layers. However, it 

would also be surprising if the axial or lateral capacity of a pile foundation were much 

more than twice the design value. 

 

2.3. Historical Performance of Platform Foundations in Hurricanes 

 

Previous studies have investigated the performance of pile foundations for offshore 

platforms subjected to hurricane loads. Aggarwal et al. (1996) describe a detailed analysis 

of offshore platforms that were subjected to large loads in Hurricane Andrew (1992). 

They analyzed three jackets that survived without any indication of damage to the pile 
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foundations. They inferred from these analyses that there was a conservative bias in the 

lateral capacity of the foundation system, with the actual capacity being between 1 and 

1.3 times the design capacity. They also inferred a conservative bias in axial capacity of 

the system, with the actual capacity being between 1.5 and 1.7 times the design value. A 

notable qualification of these conclusions however is that the foundation systems in all 

three cases were not actually loaded to their design capacity. The inference of 

conservatism was based on the premise that given variability in the actual capacity, there 

is a possibility of system failure when the system is loaded to less than its expected (or 

design) capacity but none of these three systems failed. 

 

Bea et al. (1999) performed a similar analysis for offshore platforms subjected to large 

loads in Hurricane Roxanne (1995). They also concluded that there was a conservative 

bias in foundation design, with actual pile capacities being about two times the design 

values. Again, to our knowledge, this inference is not based on any structures where the 

load was equal to or greater than the design capacity of the foundation 
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3. Case Study Platforms 

 

The performance of case study platforms where the capacity of the foundation was tested 

in a hurricane is the focus of this project. In order to select case study platforms for 

detailed analysis, a database was first compiled and screened for candidate platforms. A 

description of this screening assessment and the selected platforms is provided in this 

chapter. 

 

3.1. Screening Assessment 

 

A qualitative evaluation was performed to identify relevant trends for the performance of 

platforms and their foundations in major hurricanes. It also served as a screening tool to 

identify those platforms that potentially experienced hurricane loads close to or beyond 

their original design capacities. The qualitative evaluation was performed through the 

collection of platform data, review of platform data, compilation of a platform database 

and evaluation of the database to identify relevant trends for the performance of 

platforms and their foundations. 

 

A database of platforms evaluated for this project is provided in Appendix B. This 

information was obtained primarily from the industry (Energo 2006 and 2007, GEMS 

2008 and PMB 1993 and 1995). MMS also provided platform data in a confidential 

format from the post-hurricane assessments submitted by various operators. The database 

includes 30 platforms that experienced hurricanes Andrew, Ivan, Katrina, Rita and Ike. 

The following information was compiled for each platform: 

 

 Hurricane Exposure Event(s) 

 Number of piles 

 Length of piles 

 Age of piles 

 Soil stratigraphy including the tip bearing stratum 

 Sampling and testing methods used to develop geotechnical design parameters 

 Water depth 

 Number of well conductors 

 Approximate ratio of the maximum wave height during the hurricane(s) to the 
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design wave height 

 Expected mode of failure for the piles 

 

The maximum wave heights (Hmax) that occurred at the platform locations during 

hurricanes were estimated from proprietary hindcast studies that were provided to us by 

MMS. The design wave heights for most of the older platforms are not known because 

the design practice was not standardized until the 1970’s. Even for the platforms installed 

after the 1970’s, the design wave heights are sometimes unknown because detailed design 

records were lost after the transfers of ownership. In order to provide an indicator of the 

design wave height (Hdgn), the design wave height for each of the platforms was 

determined using the present-day sudden hurricane wave height criteria that are used in 

the ultimate strength assessment for a low consequence/ manned-evacuated platform 

(API Section 17 A-2). Because the base shear of a platform is approximately proportional 

to the square of the maximum wave height, a ratio of (Hmax/Hdgn)
2 was calculated for each 

platform to provide a rough indication of how much a platform was overloaded (relative 

to API Section 17 A-2 criteria) during a particular hurricane. Platform foundations that 

experienced hurricane loads greater than their original design capacities and unexpectedly 

survived the hurricane loads are of particular interest in this project. 

 

The platforms are mostly 4 or 8-pile platforms. The length of the piles ranges from 135 to 

400 feet. The age of the piles between their installation and the hurricane events ranges 

from 5 to almost 50 years. The majority of the piles are embedded in interbedded layers 

of sand and clay. The bearing stratum at the tip of the piles ranges from fine sand, silty 

fine sand, sandy silt to clay. The most common sampling method utilized in the 

subsurface explorations is the wireline percussion technique, with a thin-walled sampler 

driven by a 175-pound hammer falling approximately 5 feet. Water depth at the platform 

locations ranges from 60 to more than 1,000 feet; however, most of the platforms are 

located in a water depth of 200 feet or less. The number of well conductors ranges from 

none to as many as 40. The ratio (Hmax/Hdgn)
2 ranges from 0.7 to 1.6, with the majority 

having values greater than one. 

 

3.2. Platforms Selected for Quantitative Analyses 

 

The list of platforms selected for detailed quantitative analyses is presented in Table 3.1. 

The factors involved in the selection of these platforms included: 
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 High probability of platform foundations being loaded beyond their original design 

capacities in a hurricane 

 Availability of information about how the platform performed in the hurricane 

 Availability of detailed geotechnical data 

 Availability of detailed structural drawings to develop foundation models 

 Availability of detailed structural analyses (3-D FEM pushover analyses) to compare 

with foundation analyses 

 Availability of the hindcast loading information, such as the wind, wave and current 

conditions at the platform locations to estimate the hindcast base shear and 

overturning moment acting on the foundation systems 

 

The greatest challenge in selecting platforms was the availability of information about 

how it performed in a hurricane. Unfortunately, this information is not available for 

platforms that were destroyed because detailed post-hurricane assessments are not 

conducted for these structures. Consequently, we have little if any information about how 

a platform failed, such as in the foundation versus in the jacket, for platforms that were 

destroyed. Therefore, the focus in this study is on platforms that were loaded heavily and 

survived the hurricane. 

 

The availability of geotechnical, structural and hindcast information often determined 

whether a platform was selected for the detailed quantitative analysis. The information of 

these platforms was obtained almost entirely from the industry (Energo 2006 and 2007 

and GEMS 2008). These platforms experienced either Katrina or Rita in 2005 or Ike in 

2008. They are mostly 4-pile platforms with some 3-, 6- and 8-pile platforms. Most of 

them are older platforms installed in the 1960’s and 1970’s; few of them were installed in 

the last two decades. The pile foundations of these platforms are mostly tipping in the 

sand layers (sandy silt, silty fine sand, fine sand and sand), with a few of them tipping in 

the clay layers (clay, silty clay and interbedded clay and silty fine sand). These platforms 

are located in relatively shallow water with a maximum water depth of approximately 

360 feet. Most of them are equipped with well conductors ranging from one 72-inch 

diameter conductor to 18 smaller conductors with a diameter between 20 and 30 inches. 

One of the 4-pile platforms has no conductors. 
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Table 3.1 Case Study Platforms Selected for Detailed Quantitative Analyses 
Platform
Database

No.

Hurricane
Exposure
Event(s)

Number
of Piles

Length of
Piles (ft)

Year of
Installation

Age
of

Piles
Soil Stratigraphy

Tip Bearing
Stratum

Water
Depth

(ft)

Number of
Well

Conductors

1 Katrina 8 135 1965 40

Stratum 1: very soft to firm clay (90')
Stratum 2: fine sand (12')
Stratum 3: firm clay (12')

Stratum 4: interbedded sandy silt and firm silty
clay  (19')

Stratum 5: sandy silt (10')
Stratum 6: silty fine sand (10')

Stratum 5:
sandy silt

140 18

2 Katrina 6 140 1966 39

Stratum 1: very soft to firm clay (90')
Stratum 2: fine sand (12')
Stratum 3: firm clay (12')

Stratum 4: interbedded sandy silt and firm silty
clay  (19')

Stratum 5: sandy silt (10')
Stratum 6: silty fine sand (10')

Stratum 5:
sandy silt

140 12

8 Katrina 4 274 1984 21

Stratum 1: very soft to soft clay (30')
Stratum 2: silty fine to fine sand (56')

Stratum 3: interbedded firm to stiff clay and fine
to silty fine sand (37')

Stratum 4: firm to very stiff clay (56')
Stratum 5: silty fine sand (101')
Stratum 6: very stiff clay (52')

Stratum 5:
silty fine

sand
220 12

9 Katrina 4 118 1989 16

Stratum1: silty fine sand (5')
Stratum 2: firm clay (20')

Stratum 3: silty fine sand (11')
Stratum 4: fine sand (71')

Stratum 5: interbedded very stiff clay and silty
fine sand (44')

Stratum 6: fine sand (50')

Stratum 5:
interbedded

very stiff
clay and
silty fine

sand

60 1

10 Ike 3 220/ 265 2001 7
Stratum1: very soft clay (11')

Stratum 2: soft to hard clay (337')

Stratum 2:
very stiff

clay
360 1

11 Katrina 4 239/ 309 2000 5

Stratum 1: fine sand (9')
Stratum 2: soft to firm clay (27')

Stratum 3: fine sand (64')
Stratum 4: stiff clay (8')
Stratum 5: fine sand (9')

Stratum 6: stiff to very stiff clay (6.5')
Stratum 7: silty fine to fine sand (13.5')
Stratum 8: stiff to very stiff clay (71')
Stratum 9: silty fine to fine sand (73')
Stratum 10: very stiff silty clay (7')

Stratum 11: fine sand (27')

Stratum 9:
silty fine to
fine sand/

Stratum 11:
fine sand

120 4

12 Rita 4 255 1972 33

Stratum 1: stiff to firm clay (37.5')
Stratum 2: medium dense silty fine sand grading

to clay silt below 56' (34.5)
Stratum 3: stiff to very stiff clay (144')

Stratum 4: very dense (silty) fine sand (100')
Stratum 5: very stiff clay (25')

Stratum 6: very dense sandy silt (15')
Stratum 7: very stiff clay (N/A)

Stratum 4:
very dense
(silty) fine

sand

190 12

22 Rita 4 290 1976 29

Stratum 1: very soft to firm clay (106')
Stratum 2: silty fine sand (21')

Stratum 3: stiff clay (13.5')
Stratum 4: silty fine sand  (27.5')

Stratum 5: stiff clay (49.5')
Stratum 6: laminated stiff clay and silty fine

sand (27.5')
Stratum 7: silty fine sand (26')

Stratum 8: firm to stiff silty clay (69')

Stratum 8:
firm to stiff

silty clay
110 0

25 Katrina 4 169 1967 38

Stratum 1: firm clay (5')
Stratum 2: medium dense silty fine sand (12')

Stratum 3: firm to very stiff clay (146')
Stratum 4: dense fine sand (>43')

Stratum 4:
dense fine

sand
90 4

27 Rita 4 264/ 281 2000 5

Stratum 1: very soft clay (14')
Stratum 2: firm to stiff clay (86')

Stratum 3: medium dense sand (15')
Stratum 4: very stiff clay (>185')

Stratum 4:
very stiff

clay
300 2

29 Katrina 8 140 1967 38

Stratum 1: very soft to firm clay (75')
Stratum 2: dense to very dense sand (80')

Stratum 3: silty clay (5.5')
Stratum 4: dense to very dense sand (N/A)

Stratum 2:
dense to

very dense
sand

150 12

30 Katrina 6 210 1973 32

Stratum 1: very soft to firm clay (75')
Stratum 2: dense to very dense sand (80')

Stratum 3: silty clay (5.5')
Stratum 4: dense to very dense sand (N/A)

Stratum 4:
dense to

very dense
sand

150 12
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4. Methodology for Quantitative Analyses 

 

The objective of the quantitative analyses is to estimate the capacity of the foundation 

system and compare this estimate with the hurricane loading for each case study platform. 

Two models were used to estimate the capacity of the foundation system: 

 

 a 3-dimensional finite element model that represents the state of practice for 

ultimate strength (pushover) analyses in platform assessment; and 

 a simplified plasticity model of the foundation system that provides insight into 

the behavior of the foundation and facilitates sensitivity analyses due to its 

simplicity. 

 

An overview for these models is provided in this chapter; detailed descriptions for the 

two models are included as Appendices C and D. Platform 1 (Table 3.1) is used 

throughout this section to illustrate and explain the models. Results from the two models 

are compared and discussed at the end of the chapter. 

 

4.1. 3-Dimensional Finite Element Method Model of Platform Structure 

 

Structural Analysis Computer Software (SACS™) was used to conduct 3-Dimensional 

Finite Element Method analyses of the case study platforms. SACS™ is a package of 

software developed by Engineering Dynamics, Inc. for use in both offshore structures and 

general civil engineering applications (Engineering Dynamics 2005). Use of this software 

was donated in-kind for this project by Engineering Dynamics, Inc. The inputs to this 

model are the structural properties of all members and connections including the piles, 

the behavior of the soil surrounding the piles (i.e., t-z and p-y curves as a function of 

depth along each pile and a Q-z curve at the tip), and the environmental loading including 

the magnitude and direction of waves, wind and current. The primary output from this 

model includes the total load on the structure, typically expressed as a base shear, the 

displacement of the deck, and the loads, moments and deformations in individual 

members. Details for this model are provided in Appendix C, as well as Engineering 

Dynamics (2005). 

 

To illustrate, the structural model for Platform 1 developed in SACS™ is shown in Figure 

4.1 and the geotechnical design information used to estimate pile capacity and establish 
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t-z, Q-z and p-y curves is shown in Figure 4.2. 

 

 

 

Figure 4.1 An Illustration of the SACS™ model for Platform 1 (Energo 2006) 
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Figure 4.2 Recommended Geotechnical Design Parameters for Platform 1 (McClelland 1979) 
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The results of the pushover analysis to estimate the structural capacity for Platform 1 are 

summarized in Table 4.1 and Figure 4.3. This analysis corresponds to waves loading the 

platform in the end-on direction (toward Platform North in Figure 4.1), which was 

approximately the direction of waves in Hurricane Katrina. In the analysis, the total load 

on the structure from the combination of waves, wind and current is increased 

incrementally using a load factor to develop the relationship between deck displacement 

and base shear (the total horizontal force acting at the mudline). One challenge in a 

pushover analysis is to select a base load (the load at a load factor equal to one) such that 

the platform is on the verge of failure. The results of the analysis for Platform 1 (Table 

4.1 and Figure 4.3) indicate that its capacity is reached at a load factor of 0.84 with a 

deck displacement of 32 inches, a base shear of 2,300 kips and an overturning moment of 

215,000 ft-kips. The failure in the pushover analysis is attributed to an axial failure of 

piles in the foundation, which consequently causes the entire platform to collapse. 

Specifically, Piles A1 and A2 (Figure 4.1) first plunge and then Piles D1 and D2 pull out 

as the load is increased further. 

 

Table 4.1 Output from the Pushover Analysis of Platform 1 in the End-On Loading 

Direction 

Load 

Step 

Load 

Factor 

Base 

Shear 

(kips) 

Overturning 

Moment    

(ft-kips) 

Deck 

Displacement 

(in.) 

5 0.19 521 48544 23 

10 0.41 1125 104752 6 

15 0.58 1591 148186 10 

20 0.69 1893 176290 14 

25 0.79 2167 201840 27 

27 0.84 2305 214614 32 

28 0.86 
Platform collapsed – numerical analysis did 

not converge 
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Figure 4.3 Base Shear versus Deck Displacement for Platform 1 in the End-On 

Loading Direction 
 

For comparison, SACS™ is also used to estimate the hurricane loads to which Platform 1 

was subjected in the end-on direction based on hindcast data from Hurricane Katrina 

(Table 4.2). This analysis indicates that the platform experienced a base shear of 

approximately 4,000 kips (Table 4.2). As shown on Figure 4.3, the hindcast load is 

significantly greater than the estimated platform capacity, which was governed in the 

pushover analysis by the foundation capacity. This platform survived Hurricane Katrina, 

making it a useful case study platform to explore potential conservatism in foundation 

design. 

 

Table 4.2 Environmental Load Parameters for the Hindcast Analysis of Platform 1 

Wave 

Height 

Wave 

Period

Wind 

Speed

Current 

Velocity

Vertical 

Load 

Base 

Shear 

Overturning 

Moment Platform 

(ft) (sec) (knots) (knots) (kips) (kips) (ft-kips) 

Platform 1 58.7 16.1 68.9 1.9 2500 4053 362323 

 

4.2. Simplified Plastic Collapse Model of the Foundation 

 

The simplified plastic collapse model uses an upper-bound kinematically admissible 
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solution to define the combinations of base shear and overturning moment that cause the 

complete collapse of the foundation system (Murff and Wesselink 1986). The 

upper-bound method assumes a plastic collapse mechanism, where all elements of 

resistance are characterized as rigid and perfectly plastic (Murff 1987). The piles in the 

system collapse when one hinge forms at the pile head and a second hinge forms at some 

depth below the pile head. The collapse of the entire system occurs when two hinges 

form in each of the piles in the system, as shown schematically in Figure 4.4. The 

solution is an upper-bound approximation to the system capacity because it does not 

explicitly satisfy force and moment equilibrium. Also, the structure supported by the piles 

is assumed to be perfectly rigid. Comparisons between this upper-bound solution and 

more rigorous pushover analyses indicate that the upper-bound model overestimates the 

total horizontal force causing failure by about 10 percent (Murff and Wesselink 1986). 

 

The original model developed by Murff and Wesselink (1986) and extended by Tang and 

Gilbert (1992) was updated for this study to incorporate multiple soil layers and pile wall 

thicknesses below the mudline. In addition, the contribution of well conductors to the 

foundation system capacity was included. The conductors are modeled as piles that are 

connected to the structure with rollers (Figure 4.5) such that the structure can move the 

conductors horizontally but not vertically (that is, the conductors contribute lateral 

resistance but not axial resistance to the foundation system). Details for this model are 

provided in Appendix D. 
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Figure 4.4 Schematic of Pile System Collapse Due to the Formation of Plastic Hinges 
(Lee 2007) 
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Rigid Structure
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Figure 4.5 Schematic of the Updated Plastic Collapse Model for Piles and Wells 
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Figure 4.6 System Load Parameters for the Simplified Plastic Collapse Model (Tang 
and Gilbert 1992) 

 

The inputs to the model are the loads on the foundation system (Figure 4.6), the geometry 

of the piles and conductors including locations and batters, the axial and lateral resistance 

versus depth for each pile and conductor, and the structural capacity of each pile and 

conductor. The critical horizontal collapse load (that is, base shear, PH) of the foundation 

system at a specified moment arm above the mudline (h) is determined by varying the 

horizontal load such that the external work applied by the system load is equal to the 

internal work associated with the system capacity. A relationship between base shear and 

overturning moment (M) is developed from the combinations of the critical collapse load 

and its moment arm. 

 

To illustrate, the foundation system capacity interaction curve for Platform 1 (Figures 4.1 

and 4.2) in the end-on loading direction is shown in Figure 4.7. This interaction curve 

includes the contribution from the 8 piles as well as the 18 well conductors. The 

interaction curve is an envelope; for hurricane loads located within the envelope, the 

foundation system is expected to be stable. The first zone corresponds to the shear failure 

mechanism, which is the initial part of the interaction curve at a small overturning 
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moment. This part of the interaction curve slopes upward gently (increases in base shear 

with increasing overturning moment) because of pile batters. In this portion of the 

interaction curve, the capacity of the foundation system is governed by the lateral 

capacities of the piles and conductors. The other extreme at a large overturning moment 

corresponds to an overturning failure mechanism. This part of the interaction curve shows 

a steep downward slope (critical base shear decreasing rapidly with increasing 

overturning moment). In this portion of the interaction curve, the capacity of the 

foundation system is governed by the axial capacities of the piles. The zone between 

these two extremes on the interaction curve corresponds to a combination of shear and 

overturning (i.e., both lateral and axial capacities are contributing to total system 

capacity). 

 

The foundation system capacity interaction curve essentially presents the foundation 

capacity for all possible scenarios of environmental load profiles (from a small moment 

arm to a large moment arm). On the contrary, a pushover analysis is typically performed 

using a given environmental load profile and scaling this load profile with a series of load 

factors until the platform collapses. In essence, the moment arm does not change 

throughout the pushover analysis. As such, the result of a pushover analysis is 

comparable to a point on the foundation system capacity interaction curve. The load path 

of a pushover analysis, if drawn on the interaction diagram, starts at the original and 

follows a straight line leading to the interaction curve. The slope of this linear load path is 

the inverse of the moment arm. 
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Figure 4.7 Foundation System Capacity Interaction Curve from Plasticity Model of 

Platform 1 in the End-on Loading Direction 
 

As with the pushover analysis, the capacity can be compared to the hindcast loading. The 

maximum base shear and overturning moment applied by Hurricane Katrina in the 

end-on direction (Table 4.2) are plotted in Figure 4.7. As for the pushover analysis, the 

applied loading is significantly greater than the estimated capacity from the upper-bound 

plasticity model for this platform. Possible reasons for this discrepancy will be discussed 

in Sections 5.1.4 and 5.4. 

 

4.3. Comparison of Results from Simplified Plasticity Model with 

3-Dimensioinal Finite Element Method Model 

 

While convenient for analyses, the simplified plasticity model is only useful if it provides 

a reasonable estimate of the foundation system capacity. The objective of this section is to 

compare the results from the simplified plasticity model with those from the more 

rigorous 3-Dimensional Finite Element Method model (SACSTM). Details of these 

comparisons are provided in Matarek (2009) and Carpenter (2009). 

 



    30 

Platform 22 (Table 4.1) provides a convenient basis for comparison because it is a simple 

structure with 4 piles and no conductors. The results from the two models are compared 

on the capacity interaction curve in Figure 4.8. As expected and discussed previously, the 

simplified plasticity model provides an upper-bound solution and overestimates the load 

causing failure by about 10 percent (Figure 4.8). In order to account for this known bias, 

the horizontal load causing failure from the plasticity model is reduced by a factor of 0.9; 

the curve labeled “Estimated Pile System Capacity from Plasticity Model” in Figure 4.8 

shows this adjustment. The adjusted capacity interaction curve from the plasticity model 

and the failure load from the pushover analysis compare well (Figure 4.8). In the 

pushover analysis, several joints above the foundation started to fail before the system 

capacity of the foundation was reached, possibly causing a “premature” foundation 

failure since the damaged structure was not able to redistribute load as effectively. In 

order to study this possibility, the pushover analysis was repeated by increasing the yield 

strength for the members in the jacket so that they did not fail before the foundation; this 

result is labeled “Failure Load from 3-D FEM Pushover Analysis with Strengthened 

Structure” in Figure 4.8. In this case, the results from the two models are nearly identical 

(within a few percent of one another). In all subsequent results for the simplified 

plasticity model presented in this report, the capacity interaction curve will be reduced by 

a factor of 0.9 to provide a reasonably unbiased estimate. 
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 Figure 4.8 Foundation System Capacity Interaction Curve from Plasticity Model of 
Platform 22 in the End-on Loading Direction 

 

Platform 10 (Table 3.1) also provides a helpful basis for comparison of the two models 

since it only has one small conductor and the failure mechanism is overturning. The 

capacity interaction curve for this tripod foundation system is shown in Figure 4.9. One 

interesting feature of this analysis is that the axial side shear capacity of the piles depends 

on displacement, which is accounted for explicitly with the t-z curves in the pushover 

analysis. However, in the simplified plasticity analysis, a governing value of side shear at 

failure (or collapse) is assumed. Two capacity interaction curves are shown in Figure 4.9; 

one using the peak unit side shear and the other using the residual unit side shear over the 

length of the piles. The pushover analysis indicates that the governing capacity at failure 

is close to the residual side shear, which is consistent with the results from the plasticity 

model (Figure 4.9). 
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 Figure 4.9 Foundation System Capacity Interaction Curve from Plasticity Model of 
Platform 10 in the Hurricane Ike Loading Direction 

 

The presence of well conductors can have a significant effect on the foundation system 

capacity, and this effect is difficult to capture in the simplified plasticity model because 

their relative contribution to the system capacity will depend on displacement (which is 

not considered in the simplified plasticity model). Comparisons of results from the 

simplified plasticity model and the pushover analysis are shown in Figures 4.10, 4.11 and 

4.12 for Platforms 12, 1 and 9, respectively. 

 

For Platform 12, a pair of results is shown where the conductors were excluded and 

included in both the simplified plasticity model and the pushover analysis. The failure 

mechanism for the foundation system is shear, meaning that the lateral capacities of the 

conductors contribute quite a bit to the total capacity of the foundation (Figure 4.10). The 

simplified plasticity model provides a very good estimate of the system capacity in this 

case and is able to account well for the contribution of the conductors (Figure 4.10). 

 

For Platforms 1 and 9, the capacity from the pushover analysis is greater than the 

capacity from the plasticity model if the conductors have no contribution but less than the 

capacity from the plasticity model if the conductors provide their full contribution 
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(Figures 4.11 and 4.12). In these cases, the full plastic capacity of the conductors is not 

being realized at the deck displacement defined as failure in the pushover analysis. 

Platform 9 is of particular interest because it has one relatively large conductor that 

contributes significantly to both the shear and the overturning capacity of the foundation 

system. In this case, the plastic moment capacity of the large conductor contributes to the 

overturning capacity of the foundation. 

 

In summary, a set of capacity interaction curves from the simplified plasticity model, one 

where conductors are not included and one where conductors are included, provide 

bounds on the capacity of the foundation system (Figures 4.10 to 4.12). The actual 

system capacity is probably between these curves and closer to the curve including the 

maximum effect of conductors than the one neglecting the conductors. Both curves will 

be included in all subsequent results for the simplified plasticity model presented in this 

report. 
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 Figure 4.10 Foundation System Capacity Interaction Curve from Plasticity Model of 
Platform 12 in the End-On Loading Direction 
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 Figure 4.11 Foundation System Capacity Interaction Curve from Plasticity Model of 
Platform 1 in the End-On Loading Direction 
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Figure 4.12 Foundation System Capacity Interaction Curve from Plasticity Model of 

Platform 9 in the End-On Loading Direction 
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5. Findings 

 

Based on detailed analyses of the 12 case study platforms, the following four major 

findings were developed: 

 

1. Field performance of foundation systems is consistent with design. 

2. The failure mechanism is important in assessing foundation system capacity. 

3. Structural factors are important in assessing foundation system capacity. 

4. The presence of sand is important in assessing foundation system capacity.  

 

These major findings are discussed and illustrated in this chapter. Details of the analyses 

that support these findings are provided in Appendix E. 

 

5.1. Field Performance Consistent with Design 

 

Based on the quantitative analyses in this study, the performance of platform foundation 

systems is consistent with how they were designed and there is no direct evidence of 

excessive conservatism. Table 5.1 summarizes the results for the 12 platforms that we 

have analyzed in detail. The performance in the hurricanes generally matches up with 

what is predicted based on the foundation design. 

 

 In five cases where the platforms were loaded to less than the design capacities of 

the foundation systems (Platforms 8, 22, 25, 27 and 29), there were no indications of 

foundation system failures. (Shown in green cells in Table 5.1) 

 In four cases where the platforms were loaded to near or beyond the shear capacity 

of the foundation system (Platforms 9, 11, 12 and 30), there were no indications of 

foundation system failures. This result is expected because of the reserved structural 

capacity beyond what is modeled, which can contribute to the shear capacity of the 

foundation system for a jacket (Sections 5.2 and 5.3). (Shown in yellow cells in 

Table 5.1) 

 In the one case we have of a reasonably definitive foundation failure (Platform 10), 

the platform was loaded to the design axial capacity of the foundation and an 

overturning failure of the foundation system apparently occurred. This result is not 

surprising because the foundation was loaded to its capacity and the platform is a 

tripod structure with little redundancy to overturning. (Shown in pink cells in Table 
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5.1) 

 There is one pair of bridge-connected platforms (Platforms 1 and 2) that did not 

experience foundation failures even though they were possibly loaded well beyond 

the overturning capacities of the foundation systems. However, a site-specific soil 

boring is not available for these platforms and the subsurface conditions in this 

geologic setting are highly variable with significant layers of sand (Section 5.4), 

making the inference of design capacities questionable in this case. (Shown in blue 

cells in Table 5.1)



    37 

Table 5.1 Summary of Results for Quantitative Analysis (Part 1 of 2) 

Platform 

No. 

Year of 

Installation 

Water Depth 

(feet) 

Indicator of Design 

Wave Height1 (feet) 

Maximum Hindcast 

Wave Height (feet) 

Observed 

Performance 

Predicted 

Performance 

8 1984 220 59 77 (Katrina, 2005) No Evidence of 

Foundation Failure 

Foundation 

Capacity Not 

Exceeded 

22 1976 110 53 57 (Rita, 2005) No Evidence of 

Foundation Failure 

Foundation 

Capacity Not 

Exceeded 

25 1967 90 51 44 (Katrina, 2005) No Evidence of 

Foundation Failure 

Foundation 

Capacity Not 

Exceeded 

27 2000 300 61 75 (Rita, 2005) No Evidence of 

Foundation Failure 

Foundation 

Capacity Not 

Exceeded 

29 1967 150 56 63 (Katrina, 2005) No Evidence of 

Foundation Failure 

Foundation 

Capacity Not 

Exceeded 

                                                       
1  Present-day sudden hurricane wave height criteria used in ultimate strength assessment for A-2 (Section 17 of API RP 2A-WSD 2000). 
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Table 5.1 Summary of Results for Quantitative Analysis (Part 2 of 2) 

Platform 

No. 

Year of 

Installation 

Water Depth 

(feet) 

Indicator of Design 

Wave Height1 (feet) 

Maximum Hindcast 

Wave Height (feet) 

Observed 

Performance 

Predicted 

Performance 

9 1989 60 45 56 (Katrina, 2005) No Evidence of 

Foundation Failure 

Shear/Overturning 

Capacity Reached 

11 2000 120 54 67 (Katrina, 2005) No Evidence of 

Foundation Failure 

Shear Capacity 

Reached 

12 1972 190 58 67 (Rita, 2005) No Evidence of 

Foundation Failure 

Shear Capacity 

Reached 

30 1973 150 56 63 (Katrina, 2005) No Evidence of 

Foundation Failure 

Shear Capacity 

Reached 

10 2001 360 61 71 (Ike, 2008) Evidence of Axial 

Pile Failure 

Overturning 

Failure 

1 1965 140 55 59 (Katrina, 2005) No Evidence of 

Foundation Failure 

Overturning 

Failure 

2 1966 140 55 59 (Katrina, 2005) No Evidence of 

Foundation Failure 

Overturning 

Failure 

 
                                                       
1  Present-day sudden hurricane wave height criteria used in ultimate strength assessment for A-2 (Section 17 of API RP 2A-WSD 2000). 
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5.1.1. Cases of No Foundation System Failures when Hurricane Loads Were 

Less than Design Capacities 

 

The foundation system capacity interaction curves for Platforms 8, 22, 25, 27 and 29 are 

shown in Figures 5.1 to 5.5, respectively. Even considering the foundation capacity 

without the contribution of conductors, the estimated hurricane loads are all less than the 

foundation capacities for these platforms. Post-hurricane field observations of these 

platforms also show no evidence of foundation failures, which is consistent with our 

analyses. 
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Figure 5.1 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 8 
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Figure 5.2 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 22 
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Figure 5.3 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 25 
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Figure 5.4 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 27 
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Figure 5.5 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 29 
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5.1.2. Cases of No Shear Failures of Foundation Systems when Hurricane Loads 

Were Near Design Capacities 

 

For Platforms 9, 11, 12 and 30, the estimated hurricane loads are very close to or beyond 

the shear capacities of the foundation systems without the contribution of conductors 

(Figures 5.6 to 5.9). However, there was no evidence of foundation system failures in 

these structures based on post-hurricane inspections and assessments. 

 

Even though they were loaded close to or beyond the design lateral capacities of the piles, 

it is not surprising that there were no failures of the foundation systems. Structural factors, 

such as the presence of conductors and yield strengths for steel members that are greater 

than the nominal values used in assessment, can provide an additional margin of safety 

for a shear type failure in the foundation. None of these structures were loaded beyond 

the predicted capacity of the foundation system if the conductors provide their full 

contribution (Figures 5.6 to 5.9). Additionally, penetration of jacket legs below the 

mudline and grouting in the annuluses between the legs and piles can increase the 

effective moment capacities of the piles near the mudline, which also increases the shear 

capacity of the foundation. Therefore, while there may have been individual piles that 

were close to or even yielded (which would be very difficult to detect in a post-hurricane 

inspection), the foundations are not expected to fail as a system when the loads are near 

the predicted capacities of the foundation systems. 
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Figure 5.6 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 9 
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Figure 5.7 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 11 
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Figure 5.8 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 12 
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Figure 5.9 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 30 
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5.1.3. Case of Overturning Failure of Foundation System when Predicted 

 

Platform 10 is a tripod structure where one of the piles also serves as a well conductor 

(Pile A in Figure 5.10). The platform was installed in 2003. It was loaded from the east by 

Hurricane Ike in 2008, and was left leaning to the west after the hurricane. Visual 

(underwater) inspections have not detected any indication of structural failure to cause 

the lean, and all indications suggest that the foundation system failed in overturning. The 

displacement of the piles at the mudline was estimated to be a few feet because the base 

of jacket including mudmats is below mudline. This platform is the first offshore 

structure, excluding caissons, available to us to date where a reasonably definitive 

foundation failure has been observed and documented. 

 

The foundation system capacity interaction curve for Platform 10 (Figure 5.11) shows 

that the foundation system was probably loaded beyond its overturning capacity. The 

predicted foundation system failure is initiated by an axial pull-out failure of the back pile 

in the hurricane loading (Pile C in Figure 5.10). Piles B and C are 205-foot long, 48-inch 

diameter steel pipes driven into a normally consolidated marine clay. Geotechnical 

information comes from a site-specific boring that was drilled in 2000 using modern 

techniques for sampling and testing. The axial side shear on the piles is expected to 

exhibit strain-softening behavior according to the design method. The residual side shear 

on the t-z curve used in the pushover analysis for this platform is assumed to be 0.8 times 

the peak value. When we use the residual side shear and no reverse end bearing for the 

piles, we predict a foundation capacity that is less than the hurricane load (Figure 5.11). 

This result indicates that strain softening may have occurred in the field, which is 

consistent with design practice and what is used for t-z curves in a pushover analyses. 

 

A simplified t-z analysis was performed for Pile C (the back pile in tension). The wall 

thickness was assumed to be 1 inch, which is the thickness of the majority of the pile 

length. The load-displacement curve of this pile considering strain softening is presented 

in Figure 5.12. As shown in this figure, the maximum axial capacity is mobilized at a 

pile-head displacement of 1.6 inches and then the capacity drops to a residual value at a 

displacement of 2 inches. The maximum axial capacity is less than ultimate capacity 

assuming peak side shear is mobilized simultaneously along the pile length, and the 

available capacity after more than several inches of displacement is smaller than the 

maximum and equal to the residual capacity (Figure 5.12). This finding is significant 

because the pile length may be determined by structural engineers using the ultimate 
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capacity versus pile penetration curves developed by geotechnical engineers. The strain 

softening behavior is usually not included in these curves because the geotechnical 

engineers do not know the pile wall thickness schedule at the time when they prepare 

these curves. Instead, t-z curves are usually provided by the geotechnical engineers. 

These t-z curves are used by structural engineers in the structural analysis to determine 

the performance of the structure and its members. However, they are not necessarily used 

to size the piles. As a result, the axial capacity of the piles can be 10 to 30 percent less 

than its intended value for long, flexible piles embedded in normally consolidated marine 

clays that exhibit strain softening. 

 

The geometry of this tripod platform makes it less redundant than a 4, 6 or 8-leg structure. 

The wave loading direction in Ike put single pile into tension (Pile C Figure 5.10). The 

pull-out failure of that single pile would lead to the collapse of the foundation system (or 

excessive rotation of the jacket). Pile A on the north side of the tripod also serves as a 

well conductor, meaning that its axial capacity is probably greater than the pile alone due 

to grouted connections within the casing strings. However, this potential reserve is not 

effective in increasing the overturning capacity in the Hurricane Ike loading direction 

because the system capacity is governed by pull-out of Pile C. The foundation capacity in 

overturning is very sensitive to loading direction, as shown in Figure 5.13. This 

sensitivity also indicates a lack of redundancy to overturning. Ironically, the greatest 

capacity corresponds to a load from the north, which is not likely in a hurricane. 
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Figure 5.10 Plan View of Foundation System for Platform 10 
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Figure 5.11 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 10 
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Figure 5.12 Results of the t-z Analysis of Pile C in Tension 
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Figure 5.13 Sensitivity of the Foundation Overturning Capacity to Loading Direction 

for Platform 10 
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5.1.4. Cases of No Overturning Failures of Foundation Systems when Predicted 

 

Platforms 1 and 2 are 8 and 6-pile structures that are in the same location (connected by a 

bridge). The foundation system capacity interaction curves for these platforms predict 

overturning failures of the foundation systems because the predicted capacities are well 

below the estimated hindcast loading from Hurricane Katrina (Figures 5.14 and 5.15). 

However, both structures survived the hurricane intact and there is no evidence of distress 

in the foundation system. 
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Figure 5.14 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 1 
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Figure 5.15 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 2 
 

While it is possible that these two cases provide evidence of conservatism in foundation 

design, the most probable explanation for the apparent discrepancy between observed and 

predicted performance is that the predicted capacities are based on an inappropriate soil 

boring. We have not yet been able to locate a site-specific boring for these structures, 

which were installed in the mid 1960’s. The closest boring that is available, and the 

boring that was used in the assessment, was drilled in 1979 about 1,000 feet away. The 

geologic setting is a complex and variable alluvial (fluvatile) deposit with interbedded 

layers of clay and sand, making it difficult to extrapolate conditions over more than 

hundreds or even tens of feet. In addition, the method used in the 1979 soil boring to 

estimate the density and therefore shear strength of the sand layers was an outdated 

Driven Penetration Test that generally met refusal and did not fully characterize these 

layers. 

 

There are two strong pieces of evidence suggesting that this boring does not properly 

reflect the geotechnical conditions at the site. First, the piles were designed to tip in a 

layer that did not optimize their axial capacity. As shown in Figure 5.16, if the piles had 

been driven less than 10 feet deeper, the tip capacity would have been 70 percent greater 
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and the total axial capacity almost 50 percent greater. Figures 5.17 and 5.18 show how 

sensitive the foundation system capacity is to the density of the sand layer at the pile tips. 

For Platform 2, this difference alone is enough to make the predicted capacity nearly the 

same as the hurricane loading. For Platform 1, this difference is enough to change the 

failure mechanism for the foundation system from overturning to shear, where there are 

other sources of reserve in the structural system that can increase the foundation capacity 

(see Section 5.1.2). The selection of pile length for these structures is not consistent with 

typical practice if this soil boring accurately reflects the geotechnical conditions at the 

site. 

 

 
Figure 5.16 Schematic of Geologic Setting for Platforms 1 and 2 

 

d End Bearing 70% Greater
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Figure 5.17 Sensitivity of the Foundation System Capacity for Platform 1 to Density of 

Sand Layer at Pile Tips 
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Figure 5.18 Sensitivity of the Foundation System Capacity for Platform 2 to Density of 

Sand Layer at Pile Tips 
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Second, the large discrepancy between the hurricane loading and the predicted foundation 

capacity in overturning is not consistent with any of the other structures that we have 

analyzed (compare Figures 5.14 and 5.15 with Figures 5.1 to 5.9 and 5.11). The 

maximum wave height at this location in Hurricane Katrina was 59 feet. For comparison, 

the design maximum wave height for a present-day A-2 ultimate strength assessment is 

55 feet. If we use the predicted capacity in Figures 5.14 and 5.15 as a guide, these 

platforms were designed using a maximum wave height of less than 45 feet. While the 

design standards in the mid 1960’s were not the same as today, they were not that much 

lower, particularly considering that a major operator designed and installed these two 

structures. 

 

Therefore, we suspect that the explanation for the large discrepancy between observed 

and predicted performance (Figures 5.14 and 5.15) reflects an underestimate of the actual 

design capacity (the design capacity that would be obtained with a site-specific, modern 

soil boring) and not conservatism in the design method. 

 

5.2. Importance of Failure Mechanism for Foundation System Capacity 

 

The type of failure mechanism is important in assessing the capacity of the foundation 

system. There are two broad categories of failure mechanisms for the foundation system: 

shear failure where the piles and conductors exceed their lateral capacities and 

overturning failure where the piles exceed their axial capacities (Figure 5.19). For a shear 

failure mechanism, 

 

 the system capacity is relatively insensitive to the shear strength of soil; 

 the system capacity is relatively sensitive to the yield strength of steel; 

 the system capacity is relatively sensitive to conductors; and 

 the system capacity is relatively insensitive to loading direction. 

Conversely, for an overturning failure mechanism, 

 the system capacity is relatively sensitive to the shear strength of soil; 

 the system capacity is relatively insensitive to the yield strength of steel; 

 the system capacity is relatively insensitive to conductors; and 

 the system capacity is relatively sensitive to loading direction. 
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The importance of the failure mechanism is demonstrated in the following sections using 

sensitivity analyses with the Case Study Platforms. 
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Figure 5.19 Schematic Showing Failure Mechanisms for Foundation Systems 

 

5.2.1. Sensitivity of Shear versus Overturning Capacity to Shear Strength of 

Soil 

 

The capacity of a foundation system in shear is much less sensitive to the shear strength 

of the soil than the capacity of the system in overturning. A sensitivity analysis for the 

foundation system capacity of Platform 1 is shown in Figure 5.20. First, the lateral 

resistance provided by the soil, which is roughly proportional to the shear strength of the 

soil over the upper 50 feet of the pile or conductor, was increased by 50 percent (the 

curve labeled “NQlat = 1.5” in Figure 5.20). The results in Figure 5.20 show that 

increasing the shear strength of the soil by 50 percent increases the load causing a shear 

failure by about 10 percent. For comparison, the axial resistance provided by the soil to 

an overturning failure mechanism was also increased by 50 percent (the curve labeled 

“NQax = 1.5” in Figure 5.20). Again, this axial soil resistance is roughly proportional to 

the shear strength of the soil, particularly over the lower third of the pile length. In this 

case, increasing the shear strength of the soil by 50 percent increases the moment causing 

an overturning failure by about 50 percent. 
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Figure 5.20 Sensitivity Analyses of Foundation System Capacity to Lateral and Axial 

Resistance Provided by Soil for Platform 1 in End-On Loading Direction 
 

This relatively insensitivity of the shear capacity of the foundation system to the shear 

strength of the soil may explain why structural engineers sometimes increase the shear 

strength of the soil by factors of two or more to explain survival of platforms in 

hurricanes. This practice is not appropriate for several reasons. First, we do not have any 

evidence to suggest that the lateral resistance provided by the soil would be more than 

two times greater than what the design method predicts. Second, arbitrarily changing the 

shear strength of the soil along the entire pile length will have a much larger effect on the 

axial resistance, which might change the governing failure mechanism from overturning 

to shear (as illustrated in Figure 5.17). 

 

5.2.2. Sensitivity of Shear versus Overturning Capacity to Yield Strength of Steel 

 

The shear capacity of the foundation system is much more sensitive than the overturning 

capacity to the yield strength of the steel piles and conductors. A sensitivity analysis for 

the yield strength of the piles and conductors is shown on Figure 5.21. Pushover analyses 

are typically conducted assuming that the yield strength of the steel in the members is 

equal to the nominal yield strength, which is 36 ksi for the platform shown in Figure 5.21. 
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However, the actual yield strength is expected to be greater than the nominal value and 

generally the increase is on the order of 5 to 20 percent (Energo 2009). The yield strength 

for the piles and conductors was increased by 15 percent in Figure 5.21. A 15 percent 

increase in the yield strength increases the shear capacity of the foundation by roughly 10 

percent, while it has a very small effect on the overturning capacity (Figure 5.21). A 

comparison of Figures 5.20 and 5.21 shows that the shear capacity of this foundation 

system is about three times more sensitive to the yield strength of the steel than the shear 

strength of the soil. 

 

The moment capacities of the piles and conductors can also be increased due to other 

factors, such as the jacket leg penetration below the mudline, grouting between the jacket 

legs and piles, and grouting between casing strings in conductors. All of these factors can 

have a significant impact on the shear capacity of the foundation system. 
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Figure 5.21 Sensitivity Analyses of Foundation System Capacity to Yield Strength of 

Piles and Conductors for Platform 1 in End-On Loading Direction 
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5.2.3. Sensitivity of Shear versus Overturning Capacity to Well Conductors 

 

The shear capacity of the foundation system is much more sensitive than the overturning 

capacity to the lateral resistance provided by well conductors. Figure 5.22 illustrates this 

effect with Platform 11. This platform is equipped with four conductors, including one 

large, 72-inch diameter conductor. The conductors serve to increase the shear capacity of 

the foundation system by about 70 percent. If the conductors did not contribute to the 

foundation capacity, it is possible that this foundation would have failed in Hurricane 

Katrina (Figure 5.22). 
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Figure 5.22 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 11 
 

5.2.4. Sensitivity of Shear versus Overturning Capacity to Loading Direction 

 

The shear capacity of a foundation system is relatively insensitive to the loading direction 

compared to the overturning capacity. The foundation capacity for Platform 30, a 6-pile 

rectangular platform, is shown as a function of loading direction in Figure 5.23. In the 

portion of the capacity interaction curve corresponding to a shear failure mechanism, the 

capacity is insensitive to the loading direction. Essentially, each pile contributes roughly 
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equally to the lateral capacity. Conversely in the portion of the capacity interaction curve 

corresponding to an overturning failure mechanism, the capacity is sensitive to loading 

direction since each individual pile contributes differently depending on the moment arm 

between the pile and the center of the rotation for the platform in the direction of loading. 

The tripod platform (Platform 10) illustrates an extreme example of the sensitivity of 

overturning capacity to loading direction due to its geometry (Figure 5.13). 

 

 
Figure 5.23 Sensitivity Analyses of Foundation System Capacity to Loading Direction 

for Platform 30 
 

5.3. Importance of Structural Factors in Foundation System Capacity 

 

While foundation capacity is generally associated with geotechnical factors such as the 

strength of the soil, structural factors also affect the capacity of the foundation system: 

 

 The moment capacity of piles and conductors affects the shear capacity of the 

foundation system (e.g., Figure 5.21). 

 Well conductors can provide a significant contribution to the shear capacity of the 

foundation system if the structural framing allows the development of this 
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contribution (e.g., Figure 5.22). 

 The relative flexibility of an individual pile can affect its axial capacity in clay 

layers that are susceptible to strain softening (e.g., Figures 4.9, 5.11 and 5.12). 

 The rigidity or strength of the jacket structure can affect the capacity of the 

foundation system because it affects the ability of the structure to redistribute 

loads as individual piles are loaded to their capacity (e.g., Figure 4.8). 

 Mudmats and other structural framing at the mudline can potentially contribute to 

resisting overturning if they bear on or in the soil. However, the contribution of 

these elements to the overturning capacity of the foundation is typically small 

since they are bearing on the relatively weak soils near the mudline and would 

require deformation much greater than that required to mobilize pile capacity. For 

the few cases where these elements bear on relatively strong soils, the presence of 

these elements can potentially help in understanding the discrepancy between the 

observed and calculated capacities. 

 

These points underscore the importance of considering the piles and conductors as one of 

many members that make up the structural system. 

 

5.4. Importance of Sand 

 

Sand layers contribute to the axial and lateral pile capacity in 11 out of the 12 Case Study 

Platforms (Platform 10 is the single exception). Furthermore, the contribution of sand 

layers to pile capacity is substantial in the majority of these platforms. This finding was 

unexpected as marine clays are the dominant soil type for pile foundations in the areas of 

production in the Gulf of Mexico. However, many of the platforms that were loaded 

heavily in these recent hurricanes are located on the shelf in areas where there are 

significant deposits of sand. 

 

Sand layers are generally associated with a complex and variable geologic setting, such 

as alluvial (or fluviatile) deposits laid down by meandering streams and rivers. There can 

be large variations in soil stratigraphy and properties over relatively short distances of 

less than one hundred feet in these settings. As an illustration, the soil profile for Platform 

1 is compared with that for Platform 30 in Figure 5.24. While these two locations are 

from the same geologic setting several miles apart, the stratigraphy is significantly 

different. 
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Figure 5.24 Comparison of Stratigraphy at Two Locations in Similar Geologic Setting 

 

Sand layers can be difficult to characterize with soil borings if the layers are too dense to 

penetrate. The boring log from the 1979 boring drilled in the vicinity of Platforms 1 and 2 

is shown in Figure 5.25. The density and strength of the sand layers is determined from 

the penetration resistance for the driven sampler in the column labeled “Blow Count” in 

Figure 5.25. For the sand layers at and below the tip of the pile, the sampler met refusal 

as indicated by the entry of 30 for the blow count; once 30 blows were reached, they 

would stop driving the sampler if it had not penetrated at least 2 feet. Therefore, the 

inferred classification of this sand layer as Medium Dense in the API Design Method 

versus higher categories of Dense or Very Dense is debatable. The log for a more modern 

Cone Penetration Test conducted about 3 miles away in the same geologic setting is 

shown in Figure 5.26. This log shows that even the cone was not able to penetrate the 

sand layers about 140 feet below the mudline (which may or may not be the same sand 

layers as those at the location of the boring in Figure 5.25), and that these layers were 

classified as Very Dense at this location. The sensitivity of the foundation capacity to this 

classification of density is illustrated in Figures 5.17 and 5.18. 
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Figure 5.25 Boring Log Used in the Assessments of Platforms 1 and 2 (McClelland 
1979) 
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Figure 5.26 Cone Resistance from a CPT Performed in the Neighboring Block of 

Platforms 1 and 2 (Fugro-McClelland 2005) 
 

The refusal of the cone penetrometer and the practice of performing cone penetration 

tests in a borehole in most offshore applications result in a discontinuous cone tip 
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resistance profile (Figure 5.26). Furthermore, the cone tip resistance value increases 

significantly from the beginning of the push to cone refusal. Engineering judgment is 

required to develop a “design” cone tip resistance profile in order to use CPT-based 

methods to estimate axial pile capacity. This process naturally introduces uncertainty in 

the estimated axial pile capacity (that is, the capacity estimated by different geotechnical 

engineers will likely be different). As such, qualified geotechnical engineers who are 

experienced in interpreting CPT data and understand the limitations and reliability of 

these CPT-based methods are required to provide a sound estimate of pile capacity. 

 

Sand layers are also more complicated to model in a pushover analysis. In order to 

calculate pile capacity for axial and lateral loading, clay layers require three input 

parameters while sand layers require eight input parameters (Table 2.1). In reviewing 

pushover analyses, we commonly found errors in the input values used for sand layers. 

Examples of errors included using K = 1.0 (the program default) instead of K = 0.8 (the 

API design method1), inter-changing the soil-pile interface friction angle  and the 

internal friction angle ' ( is used to calculate axial capacity and is generally assumed 5 

degrees smaller than ’, which is used to calculate lateral capacity), and using values of 

limiting unit side shear or unit end bearing that were not consistent with the other input 

parameters for that layer. These seemingly small errors in modeling can have a large 

impact on the assessment, as shown in Figure 5.27. 

 

The most recent errata and supplement of API RP 2A published in October 2007 (Errata 

and Supplement #3) presents a new table (Table 6.4.3-1) for the design parameters of 

sand. In this table, K and  are combined into a dimensionless shaft friction factor, , 

which relates the effective overburden pressure to the unit side shear (shaft friction). With 

the introduction of this new table and future updates of the software packages used for 

pushover analyses, it is less likely for structural engineers to make the mistakes discussed 

                                                       
1    API RP 2A-WSD (2000) recommends a K value of 0.8 for both tension and compression loadings of 

open-ended pipe piles driven unplugged and a K value of 1.0 for full-displacement piles (plugged or closed 

end). The default value of K in the software for pushover analyses is often set to be 1.0. It is common 

practice for offshore geotechnical engineers to use a K value of 0.8 for open-ended pipe piles in both 

tension and compression loadings because the “coring mode” usually dominates when the open-ended pipe 

piles are driven and, therefore, they are driven unplugged. Unfortunately, K values are not typically 

recommended or specified in the geotechnical reports. Consequently, most pushover analyses we reviewed 

were performed with a default K value of 1.0 and the foundation capacities were overestimated. 
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previously. However, care is still warranted to make sure that the design parameters (, 

flim, Nq and qlim) are consistent for a given sand layer. 

 

In addition to the new table for the design parameters of sand, the errata and supplement 

also present four different CPT-based methods to estimate the axial capacity of piles in 

sand. These methods are all based on direct correlations of pile unit friction and end 

bearing data with cone tip resistance (qc) value from cone penetration tests. These 

CPT-based methods are considered more reliable than the method presented in the main 

text. However, more experience is required before any single method can be 

recommended for the purposes of design or assessment. 

 

Estimating pile capacity in sand layers is generally considered to be more difficult than 

for clay layers, and there is more uncertainty in these estimates (e.g., Pelletier et al. 1993 

and Tang and Gilbert 1993). Greater uncertainty naturally leads to greater conservatism in 

estimating the capacity for the purposes of design. Therefore, all other factors aside, it is 

not surprising that the two platforms with the largest discrepancy between the observed 

and predicted performance, Platforms 1 and 2, have sand layers that contribute 

significantly to the pile capacity (e.g., more than 70 percent of the axial capacity for the 

piles in Platform 1 is contributed by sand layers). 
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Figure 5.27 Foundation System Capacity Interaction Diagram from Plasticity Model of 

Platform 1 Comparing the Correct Design Input for the Sand Layers with the Incorrect 
Input Used in the Pushover Analysis 
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6. Practical Guidance for Platform Assessments 

 

Guidance developed from the findings of this project are summarized in this chapter. The 

guidance is organized into four categories: (1) Specific guidelines for how foundations 

are modeled in platform assessments; (2) General guidance to improve the practice of 

platform assessment; and (3) Recommendations for updating the API Recommended 

Practice documents for platform design and assessment. Three illustrative examples are 

presented at the end to demonstrate how to implement this guidance in practice. The 

notes from an expert panel meeting that was held to help formulate this guidance are 

provided in Appendix F. 

 

6.1. Guidelines for Modeling Foundations in Platform Assessments 

 

The following guidelines are intended to provide a defensible and consistent approach for 

modeling pile foundations in platform assessments: 

 

1. When the foundation controls the assessment, include a geotechnical engineer 

familiar with platform assessment. As in structural engineering, there are aspects 

of geotechnical engineering that cannot be fully captured in a design standard or 

recommended practice, including the basis and context for design 

recommendations. Practical experience and expertise as a geotechnical engineer is 

essential to understand how pile foundations should be modeled in platform 

assessment. In addition, assessment is different than design so, as with structural 

engineering, there is a need for the geotechnical engineers involved in a platform 

assessment to be familiar with assessment as well as design.  

2. Include well conductors realistically and explicitly in the structural analyses. Well 

conductors should be modeled the same as pile foundations below the mudline, 

considering compatibility between forces and displacements in the conductors and 

the soil. Care should be exercised in how the jacket framing that constrains and 

engages the conductors is modeled so that the lateral displacements of the 

conductors at the mudline are consistent with the behavior of the overall jacket 

under a given loading condition, and that the conductor framing will fail at the 

appropriate loading levels. In structural analyses, conductors should not be pinned 

at the mudline and should not be connected rigidly to the jacket. 
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3. Consider using mean rather than nominal yield strength for steel piles and well 

conductors. The nominal yield strength is not the most likely or expected value, 

rather a conservative estimate (Energo 2009). In a platform assessment, the 

objective is to model the structure and the soil as accurately as possible and to 

assess its ultimate capacity without any additional factor or margin of safety. 

Therefore, unbiased, not conservative, estimates for input values should be used. 

4. Use static versus cyclic p-y curves for lateral soil capacity. As pointed out by 

Aggarwal et al. (1996) in conducting pushover analyses on platforms loaded by 

Hurricane Andrew, the ultimate capacity of the platform system in shear is 

reached as the piles push laterally at large displacements into undisturbed soil. 

Therefore, the degradation effects of cyclic loading at relatively small 

displacements prior to the point at which the ultimate capacity is reached will not 

affect the ultimate lateral capacity at large displacements. This approach is 

supported by both experimental data and numerical analyses (e.g., Murff and 

Hamilton 1993; Hamilton and Murff 1995 and Jeanjean 2009). 

5. Be careful in specifying the input for sand layers. Make sure that the earth 

pressure coefficient, K, is set to 0.8 unless otherwise specified by geotechnical 

engineers. Make sure that the soil-pile interface friction angle, , is not 

inter-changed with the soil internal friction angle, ’ ( should be less than ’ by 

about 5 degrees). Make sure that the values for limiting side shear and limiting 

end bearing are consistent with the values input for  and the end bearing factor, 

Nq (all four values should correspond to the same API category). The newest 

supplement for foundation design in API RP 2A (Errata and Supplement #3) is an 

attempt to minimize errors in modeling sand layers by reducing the number of 

parameters that are specified, and can be used for quality control to back check 

the input by ensuring that the input values for K and  produce the equivalent 

value for  in Errata and Supplement #3. However, the commercial software 

packages available for pushover analyses need to be updated to incorporate this 

simpler approach for modeling sand layers. 

 

6.2. General Guidance for Platform Assessments 

 

In addition to the specific guidelines for how foundations are modeled in platform 

assessments, the following general guidance is provided to improve the overall practice 

of platform assessment: 
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1. Be careful when relying on a soil boring that was not drilled at the location of the 

platform or was not drilled using modern methods of sampling and testing 

(pushed, thin-walled tube sampling for clay layers and Cone Penetration Test for 

sand layers). Particular care is needed in geologic settings that are spatially 

variable, as in areas with fluvatile deposits where clay and sand layers are 

interbedded. In such deposits, even having a boring within the 500 foot distance 

required by MMS (30CFR 250.907) is not necessarily an accurate reflection of the 

depth, thickness and density of sand layers at the platform site. When a modern, 

site-specific boring is not available, sensitivity analyses are warranted. 

Information from several borings in the platform vicinity together with 

consultations with geotechnical engineers will help to guide these sensitivity 

analyses. 

2. Try to obtain pile driving records as well as soil boring logs to help estimate the 

axial pile capacities. Pile driving records could be particularly useful in cases 

where there are questions about the stratigraphy or densities of sand layers or the 

actual final penetrations of the piles. In addition, pile driving records will indicate 

the actual depths where the pile wall thickness changes, which can be important 

for lateral pile capacity. Finally, these records may indicate that stronger steel was 

used for piles or conductors than was specified in design. 

3. When the pile foundation system is governing the capacity of the platform in a 

pushover analysis, check the sensitivity of the foundation system capacity to the 

lateral and axial capacity of the piles independently. This sensitivity analysis can 

be implemented in practice by first changing the shear strength of the soils (the 

shear strength is being used here as a surrogate for the lateral soil resistance) in 

the upper 50 feet of the piles to assess the sensitivity to lateral resistance in piles 

and conductors and then changing the shear strength of the soils below 50 feet to 

check the sensitivity to axial resistance (the shear strength is being used here as a 

surrogate for the axial side shear and end bearing resistance). If the foundation 

system capacity is more sensitive to the lateral soil resistance, then the failure 

mechanism is probably shear and there are a variety of structural factors to 

consider in the assessment, especially the bending moment capacities of the piles 

and conductors. If the foundation system capacity is more sensitive to the axial 

soil resistance, then the failure mechanism is probably overturning and 

geotechnical factors such as the stratigraphy and the soil properties are an 

important consideration in the assessment. Also, carefully check to see if other 
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structural members are prematurely failing and reducing the effectiveness of the 

structure to redistribute loads among the piles and well conductors. 

4. Do not arbitrarily increase the shear strength of the soil to account for perceived 

conservatism in foundation design. The information we have to date suggests that 

the performance of platform foundations in hurricanes is consistent with their 

design. While there are well-documented sources of potential conservatism in 

foundation design, with the primary factor probably being increases in capacity 

with time due to long-term set-up (or aging) and preloading, increasing the shear 

strength used to calculate lateral or axial capacity by more than a factor of two is 

not supported by any available information. In addition, we do have evidence 

from Hurricane Ike of an axial pile failure in a normally consolidated clay 

occurring approximately five years after installation at a load essentially equal to 

the design capacity. When large increases in soil shear strength (factors of two or 

more) are needed to explain a platform survival in a hurricane, look for the 

following explanations to these large increases: 

 If the axial capacity of the pile is mostly due to sand layers acting in side 

shear or end bearing, then increasing the undrained shear strength of clay 

layers alone (which is common practice due to simplicity) may have very 

little impact on the axial capacity. A large increase in clay shear strength 

may be necessary to achieve a relatively modest increase in axial pile 

capacity. 

 If the pile system is failing in shear, then the capacity of the system is much 

more sensitive to the bending capacity of the piles and conductors than to 

the shear strength of the soil. A relatively small increase in bending moment 

capacity (such as steel yield strength change from nominal to mean) may 

have a larger effect on the capacity of the pile system than a relatively large 

increase in the shear strength of the soil. 

 Recognize that the shear strength of the soil is being used as a convenient 

surrogate for lateral and axial soil resistance since the soil shear strength 

can be changed easily as input to a pushover analysis. However, the 

relationship between lateral or axial soil resistance and shear strength is not 

direct or proportional. Increasing the undrained shear strength of clay layers 

causes the clay to be treated as more heavily overconsolidated in the design 

recipe for axial side shear; in this case, the greater the undrained shear 

strength the less sensitive the axial capacity will be to an increase in the 

undrained shear strength. For example with a normally consolidated clay, 
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increasing the undrained shear strength by two times only increases axial 

side shear by 40 percent; increasing undrained shear strength by four times 

only increases axial side shear by two times; and increasing undrained shear 

strength by ten times only increases axial side shear by four times. Also, 

increasing the shear strength for sand layers may have no impact if limiting 

values control axial side shear or end bearing. 

 

6.3. Recommendations for API Recommended Practice 

 

The following recommendations are intended to improve the API Recommended Practice 

for Platform Assessment: 

1. Provide specific guidance for characterizing pile foundations in platform 

assessments, incorporating the information in Sections 6.1 and 6.2 of this report 

into a code format suitable for RP 2SIM. 

2. Update p-y curves for clay in API RP 2A. There is ample evidence now available 

(e.g., Jeanjean 2009) that the ultimate lateral capacity and the lateral soil stiffness 

for piles in normally consolidated clay layers are both greater than what is 

recommended at present by API. While this change will not impact many new 

designs since newer platforms are generally in deeper water and the foundation 

capacity is governed by overturning, this change is important in assessing older 

platforms and should be included in RP 2SIM per the previous recommendation. 

3. Better clarify and update design guidance for sand in API RP 2A. Include the 

simpler approach for specifying design parameters for sand that has been 

published as a supplement (Errata and Supplement #3) into the main document. 

Provide specific guidance on how to incorporate split spoon sampler or cone 

refusal in estimating density or unit side shear and unit end bearing. Also provide 

specific guidance on how to treat layered profiles with interbedded clay and sand 

layers, particularly in estimating unit end bearing. 

4. Appropriately account for pile flexibility when determining the required pile 

length. While the API RP 2A recommends that pile flexibility be included, our 

understanding of current practice is that pile lengths are selected on the basis of 

design curves provided in geotechnical reports that may assume a perfectly rigid 

pile. The discussion about this issue in RP 2A should be made more forceful and 

specific guidance should be provided so that pile flexibility can be included 

practically in design calculations. 
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6.4. Illustrative Examples for Platform Assessments 

 

Three illustrative examples are provided in this section to demonstrate how to incorporate 

the practical guidelines discussed in Sections 6.1 to 6.3 in the post-hurricane assessments 

of platforms. 

 

6.4.1. Pushover Capacity Governed by Foundation Overturning when Piles 

Embedded in Inter-bedded Layers of Sands and Clays 

 

Inter-bedded layers of sands and clays are commonly found in water depths less than 

about 300 feet, especially in the areas where old river or stream valleys formed during 

periods of low sea level. Because these areas are generally closer to the coastline, 

platforms located in these areas tend to be older ones, designed with older soil borings 

and older versions of the API RP 2A. The presence of even a relatively small amount of 

sand can have a large impact on pile capacity because sand layers generally provide 

greater side shear, end bearing and lateral resistance than clay layers. 

 

Geotechnical engineers tend to be more conservative in making foundation 

recommendations when inter-bedded layers of sands and clays are present. Driving piles 

through inter-bedded layers of sands and clays can result in the dragdown of fine-grained 

materials (silts or clays) through the soil-pile interface into the coarse-grained materials 

(sands or gravels) below. Dragdown of fine-grained materials causes a reduction in the 

side shear capacity of piles. As a result, the geotechnical engineers tend to recommend a 

lower design category for the sands, either by assigning a material type with fines or a 

lower density than measured in the boring. Also, the densities of sands can be 

underestimated due to the standard of practice for drilling and sampling in the past, 

Driven Penetration Testing. When a refusal blowcount of 30 is reached before 2 feet of 

penetration in this test, the test is stopped. In addition, the length of the rods, the 

efficiency of the driving hammer and the presence of fines can all affect the measured 

blowcounts. Therefore, it is difficult to estimate the density of sand layers accurately with 

this test, and geotechnical engineers will generally err conservatively in developing 

design parameters. 

 

The following additional information would be useful in assessing a platform where axial 
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pile capacity is important and is affected by sand layers. Pile driving records can provide 

information to better estimate soil stratigraphy (e.g., is the pile tip in sand), side shear and 

end bearing resistance in sand layers, and pile length, which may be different from design 

due to driving problems that can occur when sand layers are present. Soil borings from 

within the vicinity of the platform, particularly any Cone Penetration Tests if available, 

can provide information on the possible variations in the depths and thicknesses of sand 

layers as well as their densities. 

 

The following sensitivity analyses should be considered when sand layers are significant 

to axial pile capacity and pushover capacity: 

 Increase the shear strength of the soils that are deeper than 50 feet from the mudline 

to confirm that the foundation capacity is governed by overturning. Increase the 

shear strength of both clay and sand layers. This increase will affect the axial 

capacity but not the lateral capacity of the piles and will increase the pushover 

capacity if it is governed by overturning but not if it is governed by shear. 

 Upgrade the design categories for sand layers at all piles by increasing the assumed 

relative density (e.g., use the parameters for a Dense Sand-Silt instead of a Medium 

Dense Sand-Silt) or the gradation (e.g., use the parameters for a Medium Dense 

Sand instead of a Medium Dense Sand-Silt). This sensitivity check will indicate how 

potential conservatism in assigning design parameters for sand layers, particularly if 

the design was based on an older soil boring with Driven Penetration Testing, might 

affect the pushover capacity of the platform. 

 If there is a question about in which layer the piles tip in (e.g., a sand versus a clay 

layer), then shorten or lengthen the piles to determine how this uncertainty might 

affect the pushover capacity. Assume reverse end bearing for piles that are in tension. 

There is ample evidence that has been compiled in developing foundations for deep 

water structures and since the API RP 2A code was developed for jackets to suggest 

that piles can develop reverse end bearing under rapid loading in both clay and sand 

layers (e.g., API RP 2SK 2005). 

 Increase the yield strength for jacket members above the mudline to account for 

nominal bias (Energo 2009) in order to establish how the overturning capacity might 

be affected by the effectiveness of the structure in redistributing loads as piles reach 

their axial capacities. 

 

Care is required in developing the input to a pushover analysis when sand layers are 

present in the foundation in order to ensure that all eight input parameters (Table 2.1) are 
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consistent with API RP 2A. 

 

6.4.2. Pushover Capacity Governed by Foundation Overturning when Piles 

Embedded in Clays 

 

In water depths greater than about 300 feet, marine clays are present and dominant in the 

subsurface profiles. These marine clays are typically normally consolidated to moderately 

overconsolidated. Piles in these settings tend to be relatively long and derive most of their 

axial capacity from side shear. 

 

The standard of practice for soil borings until about 1980 was wireline percussion with 

driven sampling. In the last few decades, the standard of practice has changed to the 

pushed sampling method with larger thin-walled samplers and in situ testing, meaning 

that the measured undrained shear strengths more closely resemble the in situ conditions 

and tend to be higher. Quiros et al. (1983) investigated how the differences in sampling 

and testing affect the measured shear strengths by drilling older and modern borings 

adjacent to one another; they found that the older methods produced measured strengths 

that were about 30 percent lower than the modern methods. However, the differences in 

how the undrained shear strength is measured were and have been implicitly included in 

developing design profiles. In other words, the design profile of undrained shear strength 

versus depth from an older boring is expected to be about the same as that from a modern 

boring drilled at the same location. Gambino and Gilbert (1999) found that the difference 

in design undrained shear strength developed from older and modern soil borings was 

less than 10 percent on average in an analysis from boring data for one offshore field in 

Asia. 

 

The major uncertainties in estimating axial capacity for piles in clays are the potential 

increases in capacity due to rate of loading and aging and the potential decreases in 

capacity due to cyclic degradation and strain softening. In the design method, the rate of 

loading and cyclic degradation effects are assumed to compensate for one another, aging 

is not considered and strain softening is considered. 

 

The following sensitivity analyses should be considered when clay layers are significant 

to axial pile capacity and pushover capacity: 

 Increase the undrained shear strength for clay layers deeper than 50 feet from the 

mudline to confirm that the foundation capacity is governed by overturning. This 
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increase will affect the axial capacity but not the lateral capacity of the piles and will 

increase the pushover capacity if it is governed by overturning but not if it is 

governed by shear. 

 Increase the undrained shear strength of all clay layers by 30 percent to account for 

the possibility of rate effects dominating cyclic degradation effects in wave loading 

or the possibility of aging. An increase of much more than 30 percent is possible, but 

not supported by available information to date. In addition, an increase of 30 percent 

is not necessarily available and should not be assumed but only checked in a 

sensitivity analysis. 

 Assume full strain softening (corresponding to 70 percent of the peak side shear) and 

no strain softening (corresponding to the peak side shear) to provide lower- and 

upper-bounds for the axial pile capacity. 

 

6.4.3. Pushover Capacity Governed by Foundation Shear 

 

In shallower water (relative to the width of the structure), the foundation capacity tends to 

be governed by shear and the lateral capacities of the piles and conductors. Because these 

platforms are generally located closer to the coastline, they tend to be older structures. 

 

The lateral resistance is derived from soils in the upper 40 to 50 feet below the mudline, 

which are mostly very soft to soft clays. The clays near the mudline can be difficult to 

sample and test. Therefore, profiles of the design undrained shear strength near the 

mudline tend to be conservative. In addition, there is ample information (e.g., Jeanjean 

2009) that the p-y curves for soft clays are stiffer and stronger than API RP 2A suggests 

by as much as 50 percent (e.g., Jeanjean 2009). In addition, the cyclic degradation of clay 

strength from wave loading will probably not affect the ultimate pushover capacity since 

the piles will push into undisturbed clay when they approach failure. There are two cases 

in our database where thin (less than 10 feet) sand layers are present immediately below 

the mudline. The depth of these layers can be important if they are in the vicinity of 

where the second hinge forms in the pile (about 40 to 50 feet below the mudline). 

 

The capacities of foundations in shear will generally be much more sensitive to the 

bending moment capacities of the piles and conductors than to lateral resistance provided 

by the soil. Structural considerations include the yield strength of the steel, the effect of 

jacket legs penetrating below the mudline, the effect of inner casing strings within well 

conductors, and the framing details for how the conductors interact with the jacket. 
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The following sensitivity analyses should be considered when lateral pile capacity is 

important to the pushover capacity: 

 Use static and not cyclic p-y curves. 

 Increase the design undrained shear strength by 50 percent for clay layers within 50 

feet from the mudline to increase the stiffness and lateral resistance provided by the 

soil. This increase in shear strength is actually a surrogate for increasing the ultimate 

lateral resistance that the soil provides the pile; in actuality, this increase in lateral 

resistance reflects a more realistic representation of the failure mechanism for the 

pile moving through the soil. Do not increase the undrained shear strength below 50 

feet as this change will inadvertently increase the axial pile capacity as well. 

 Increase the yield strength of the steel in piles and conductors to account for bias in 

the nominal design value (Energo 2009). 

 Account for the penetration of jacket legs below the mudline. 
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7. Conclusions and Recommendations 

 

The objectives of this project were to determine the level of conservatism in foundation 

design for the purposes of platform assessment, to identify and analyze the factors that 

may contribute to the conservatism, and to provide guidance on how to incorporate this 

information in assessing existing platforms. The methodology was to compile and 

analyze data for existing platforms that have been subjected to loads near or greater than 

the design capacity for the foundations. An expert panel of practitioners and researchers 

was convened to guide the work. 

 

7.1. Conclusions 

 

The major conclusion from this work is that the performance of platform foundations in 

recent hurricanes, based on the available but limited information that we have, is 

consistent with expectations based on their design and there is no direct evidence of 

excessive conservatism. In the cases we analyzed in detail, the following results were 

obtained: 

 In five cases where the platforms were loaded to less than the design capacities of 

the foundation systems, there were no indications of foundation system failures. 

 In four cases where the platforms were loaded to near or beyond the shear 

capacity of the foundation system, there were no indications of foundation system 

failures. This result is expected because there are many factors beyond the lateral 

capacity of individual piles, including reserve capacity in the structural 

components (e.g., steel being stronger than the nominal strength), which can 

contribute to the shear capacity of the foundation system for a jacket. 

 In the one case we have of a reasonably definitive foundation failure, the platform 

was loaded to the design axial capacity of the foundation and an overturning 

failure of the foundation system apparently occurred. This result is not surprising 

because the foundation was loaded to its capacity and the platform is a tripod 

structure with little redundancy to overturning. 

 There is one pair of bridge-connected platforms (Platforms 1 and 2) that did not 

experience foundation failures even though they were possibly loaded well 

beyond the overturning capacities of the foundation systems. However, a 

site-specific soil boring is not available for these platforms and the subsurface 
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conditions in this geologic setting are highly variable with significant layers of 

sand, making the inference of design capacities questionable in this case. 

 

These results do not preclude the possibility of foundation capacities being greater than 

expected based on design. One of the limitations of this study was lack of cases from 

recent hurricanes where the ultimate strength of the foundation system was reached or 

exceeded in hurricanes. Foundations are designed with a factor of safety, such as a factor 

of 1.5 for axial loading under 100-year hurricane conditions. The magnitude of hurricane 

conditions required to reach this value is significant, requiring extreme waves and 

currents, and was not reached in most of the cases studied (i.e., a foundation failure was 

not expected and indeed was not observed). Of all the cases obtained from MMS files and 

industry sources, there were unfortunately only a few that met the high loading condition 

required to truly test the foundation. In addition, there is redundancy in foundation 

systems so that overload of a pile, either axially or laterally, does not necessarily lead to 

collapse or even observable damage. Finally, the study was limited to platforms that were 

not destroyed since little if any information is available about the performance of 

platforms that were destroyed. 

 

The major factor contributing to potential conservatism is the effect of set-up or 

pre-loading; there is evidence from laboratory and field studies to suggest that both axial 

and lateral pile capacities may increase with time beyond the values that are assumed for 

design. However, we do not have any direct evidence of these effects in the performance 

of actual platform foundations. In the cases where the platform foundations survived 

hurricane loading, there are plausible explanations for these survivals that do not involve 

increasing the capacity of the foundation above the design value. Also, in the one case 

where we do have of a foundation failure (an axial pile failure in clay), there is no 

evidence of the capacity being greater than the design value. 

 

Platform foundations can fail both in shear where the piles are failing laterally (plastic 

hinges forming due to bending) and overturning where the piles are failing axially 

(plunging or pulling out). Therefore, both axial and lateral capacities are significant for 

pile foundations in platforms. The axial capacity of piles is derived mostly from the soils 

in the bottom one-third of the pile length. The axial capacity of the piles and, therefore, 

the overturning capacity of the foundation are approximately proportional to the shear 

strength of the soils along the length and at the tip of the piles. The lateral capacities of 

the piles and conductors are derived mostly from the soils in the upper 40 to 50 feet 
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below the mudline depending on their diameters. The lateral capacities of the piles and 

conductors and the shear capacity of the foundation are much less sensitive to the shear 

strength of the soils than the axial capacity for typical soil conditions in the Gulf of 

Mexico. 

 

Structural elements are important to the performance of a foundation system. Well 

conductors can contribute significantly to the shear capacity of a foundation system, and 

in some cases to the overturning capacity. The yield strength of steel in the piles also 

affects the shear capacity of the foundation. Increasing the nominal yield strength to 

reflect an average value can have a significant effect on the shear capacity for a 

foundation system, and a much greater effect than increasing the shear strength of the soil 

by the same amount. 

 

The presence of sand layers contributing significantly to pile capacity was a notable 

factor in the platforms analyzed herein. Sand is significant because it generally 

corresponds to a geologic setting where there is significant spatial variability over rather 

short distances. Therefore, a soil boring not drilled at the location of a platform, even if it 

is within several hundred feet, may not provide representative information for the soil 

conditions at the platform location. In addition, most historical soil borings in the Gulf of 

Mexico used a Driven Penetration Test to characterize the shear strength of sand layers. 

This method is generally considered to be outdated, it may not have fully penetrated the 

sand layers due to sampler refusal, and it has been replaced over the past several decades 

with Cone Penetration Testing. Finally, pile capacity models when sand layers are present 

are more complex than for clay layers alone, and we identified numerous cases where 

sand layers were inappropriately modeled in pushover analyses due to this complexity. 

 

A final conclusion is that general trends in foundation performance cannot be drawn 

easily based on qualitative assessments. Each platform case, considering the water depth, 

vintage, structure, geologic setting, hurricane loading and platform performance, is 

unique and a detailed analysis is required to understand how it performs. 

 

7.2. Recommendations for Practice 

 

The following guidelines are intended to provide a defensible and consistent approach for 

modeling pile foundations in platform assessments: 
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1. When the foundation controls the assessment, include a geotechnical engineer 

familiar with platform assessment. 

2. Include well conductors realistically and explicitly in the structural analyses. 

3. Consider using mean rather than nominal yield strength for steel piles and well 

conductors. 

4. Use static versus cyclic p-y curves for lateral soil capacity. 

5. Be careful in specifying the input for sand layers. 

 

In addition to the specific guidelines for how foundations are modeled in platform 

assessments, the following general guidance is provided to improve the overall practice 

of platform assessment: 

 

1. Be careful when relying on a soil boring that was not drilled at the location of the 

platform or was not drilled using modern methods of sampling and testing 

(pushed, thin-walled tube sampling for clay layers and Cone Penetration Test for 

sand layers). 

2. Try to obtain pile driving records as well as soil boring logs to help estimate the 

axial pile capacities and as-built conditions. 

3. When the pile foundation system is governing the capacity of the platform in a 

pushover analysis, check the sensitivity of the foundation system capacity to the 

lateral and axial capacity of the piles independently. 

4. Do not arbitrarily increase the shear strength of the soil to account for perceived 

conservatism in foundation design. 

 

The following recommendations are intended to improve the API Recommended Practice 

for Platform Assessment: 

 

1. Provide specific guidance for characterizing pile foundations in platform 

assessments by incorporating the guidelines developed in this study into RP 

2SIM. 

2. Update p-y curves for clay in API RP 2A. 

3. Better clarify and update design guidance for sand in API RP 2A. 

4. Appropriately account for pile flexibility when determining the required pile 

length. 
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7.3. Recommendations for Future Work 

 

A major limitation of this study was not analyzing platforms that were destroyed by 

hurricanes. If detailed analysis could be conducted on these platforms, they may provide 

valuable information about how pile systems and the jackets they support performed 

under extreme loading conditions and may allow us to refine our conclusions. In addition, 

there may be additional platforms that survived even though the pile systems experienced 

loads greater than their capacity. Such platforms should be considered for future study. 

Finally, performing a Cone Penetration Test at the location of the two case study 

platforms where we are uncertain about the geotechnical properties (Platforms 1 and 2) 

could provide important information to better understand why those structures survived. 
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Appendix B – Platform Database 

 

Platform 

Database 

No. 

Hurricane 

Exposure 

Event(s) 

Number 

of Piles 

Length of 

Piles (ft) 

Year of 

Installation 

Age of 

Piles 

Soil Stratigraphy Tip 

Bearing 

Stratum

Sampling and Testing 

Method 

Water 

Depth 

(ft) 

Number of 

Well 

Conductors

Maximum 

Wave Height, 

Hmax (ft) 

API Section 17 

A-2 ULS Wave 

Height, Hdgn (ft)

(Hmax/Hdgn)2 Expected Mode 

of Failure for 

the Piles 

1 Katrina 8 135 1965 40 Stratum 1: very soft to firm clay (90')    

Stratum 2: fine sand (12')         

Stratum 3: firm clay (12')         

Stratum 4: interbedded sandy silt and firm 

silty clay (19')             

Stratum 5: sandy silt (10')         

Stratum 6: silty fine sand (10') 

Stratum 5: 

sandy silt

Sampling Method: driven  

Testing Method: miniature 

vane, torvane, unconfined 

compression and UU 

triaxial tests 

140 18 59 55 1.14  Axial 

2 Katrina 6 140 1966 39 Stratum 1: very soft to firm clay (90')    

Stratum 2: fine sand (12')         

Stratum 3: firm clay (12')         

Stratum 4: interbedded sandy silt and firm 

silty clay (19')             

Stratum 5: sandy silt (10')         

Stratum 6: silty fine sand (10') 

Stratum 5: 

sandy silt

Sampling Method: driven  

Testing Method: miniature 

vane, torvane, unconfined 

compression and UU 

triaxial tests 

140 12 59 55 1.14  Axial 

3 Andrew 8 175 1963 29 Stratum 1: firm to very stiff clay (184')    

Stratum 2: dense to very dense fine sand (93') 

Stratum 3: very stiff to hard clay (118') 

Stratum 1: 

very stiff 

clay 

Sampling Method: both 

driven and pushed     

Testing Method: miniature 

vane, torvane, unconfined 

compression and UU 

triaxial tests 

140 12 61 55 1.23  Combined 

Axial/ Lateral 

4 Andrew 4 165 1969 23 Stratum 1: firm clay (158')        

Stratum 2: fine sand (14')         

Stratum 3: silty clay (6')         

Stratum 4: fine-to-medium sand (78') 

Stratum 2: 

fine sand

Sampling Method: driven  

Testing Method: miniature 

vane, unconfined 

compression and UU 

triaxial tests 

60 0 51 46 1.21  Lateral 
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Platform 

Database 

No. 

Hurricane 

Exposure 

Event(s) 

Number 

of Piles 

Length of 

Piles (ft) 

Year of 

Installation 

Age of 

Piles 

Soil Stratigraphy Tip 

Bearing 

Stratum

Sampling and Testing 

Method 

Water 

Depth 

(ft) 

Number of 

Well 

Conductors

Maximum 

Wave Height, 

Hmax (ft) 

API Section 17 

A-2 ULS Wave 

Height, Hdgn (ft)

(Hmax/Hdgn)2 Expected Mode 

of Failure for 

the Piles 

5 Andrew 8 187 1965 27 Stratum 1: soft to stiff clay (141')      

Stratum 2: clayey silt (4')         

Stratum 3: silty fine sand (13')       

Stratum 4: laminated clay, silt & sandy silt 

(178')                 

Stratum 5: stiff clay (13')         

Stratum 6: silty fine sand (8')       

Stratum 7: stiff silty clay (32')       

Stratum 8: stiff clay (92') 

Stratum 5: 

stiff clay

Sampling Method: driven  

Testing Method: miniature 

vane, unconfined 

compression and UU 

triaxial tests 

140 16 60 55 1.20  Axial 

6  8       290 40  60  Lateral 

7 Katrina 4 360      470 21  >62   

8 Katrina 4 274 1984 21 Stratum 1: very soft to soft clay (30')    

Stratum 2: silty fine to fine sand (56')    

Stratum 3: interbedded firm to stiff clay and 

fine to silty fine sand (37')         

Stratum 4: firm to very stiff clay (56')    

Stratum 5: silty fine sand (101')      

Stratum 6: very stiff clay (52') 

Stratum 5: 

silty fine 

sand 

Sampling Method: both 

driven and pushed     

Testing Method: miniature 

vane, torvane, unconfined 

compression and UU 

triaxial tests 

220 12 77 59 1.70  Axial 

9 Katrina 4 118 1989 16 Stratum1: silty fine sand (5')        

Stratum 2: firm clay (20')         

Stratum 3: silty fine sand (11')       

Stratum 4: fine sand (71')         

Stratum 5: interbedded very stiff clay and 

silty fine sand (44')           

Stratum 6: fine sand (50') 

Stratum 5: 

interbedde

d very 

stiff clay 

and silty 

fine sand

Sampling Method: driven  

Testing Method: miniature 

vane, torvane, unconfined 

compression and UU 

triaxial tests 

60 1 56 45 1.55  Combined 

Axial/ Lateral 
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Platform 

Database 

No. 

Hurricane 

Exposure 

Event(s) 

Number 

of Piles 

Length of 

Piles (ft) 

Year of 

Installation 

Age of 

Piles 

Soil Stratigraphy Tip 

Bearing 

Stratum

Sampling and Testing 

Method 

Water 

Depth 

(ft) 

Number of 

Well 

Conductors

Maximum 

Wave Height, 

Hmax (ft) 

API Section 17 

A-2 ULS Wave 

Height, Hdgn (ft)

(Hmax/Hdgn)2 Expected Mode 

of Failure for 

the Piles 

10 Ike 3 220/ 265 2001 5 Stratum1: very soft clay (11')       

Stratum 2: soft to hard clay (337') 

Stratum 2: 

very stiff 

clay 

Sampling Method: pushed 

Testing Method: miniature 

vane, torvane, pocket 

penetrometer and UU 

triaxial tests 

360 1 71 61 1.35  Axial 

11 Katrina 4 239/ 309 2000 5 Stratum 1: fine sand (9')         

Stratum 2: soft to firm clay (27')      

Stratum 3: fine sand (64')         

Stratum 4: stiff clay (8')          

Stratum 5: fine sand (9')         

Stratum 6: stiff to very stiff clay (6.5')    

Stratum 7: silty fine to fine sand (13.5')   

Stratum 8: stiff to very stiff clay (71')    

Stratum 9: silty fine to fine sand (73')    

Stratum 10: very stiff silty clay (7')    

Stratum 11: fine sand (27') 

Stratum 9: 

silty fine 

to fine 

sand/ 

Stratum 

11: fine 

sand 

Sampling Method: both 

driven and pushed     

Testing Method: miniature 

vane, torvane, unconfined 

compression and UU 

triaxial tests 

120 4 67 54 1.54  Lateral 

12 Rita 4 255 1972 33 Stratum 1: stiff to firm clay (37.5')     

Stratum 2: medium dense silty fine sand 

grading to clay silt below 56' (34.5)     

Stratum 3: stiff to very stiff clay (144')    

Stratum 4: very dense (silty) fine sand (100') 

Stratum 5: very stiff clay (25')       

Stratum 6: very dense sandy silt (15')    

Stratum 7: very stiff clay (N/A) 

Stratum 4: 

very 

dense 

(silty) fine 

sand 

Sampling Method: driven  

Testing Method: miniature 

vane, unconfined 

compression and UU 

triaxial tests 

190 12 67 58 1.33  Lateral 
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Platform 

Database 

No. 

Hurricane 

Exposure 

Event(s) 

Number 

of Piles 

Length of 

Piles (ft) 

Year of 

Installation 

Age of 

Piles 

Soil Stratigraphy Tip 

Bearing 

Stratum

Sampling and Testing 

Method 

Water 

Depth 

(ft) 

Number of 

Well 

Conductors

Maximum 

Wave Height, 

Hmax (ft) 

API Section 17 

A-2 ULS Wave 

Height, Hdgn (ft)

(Hmax/Hdgn)2 Expected Mode 

of Failure for 

the Piles 

13  12 372/ 374/ 

230 

  Stratum 1: very soft to medium stiff clay (20') 

Stratum 2: stiff clay (170')         

Stratum 3: stiff to hard clay (>261') 

Stratum 3: 

stiff to 

hard clay

Sampling Method: both 

driven and pushed     

Testing Method: miniature 

vane, torvane, unconfined 

compression and UU 

triaxial tests 

270 18  60  Lateral 

14  12 365      1030 30  >62   

15  12 350 to 

357 

  Stratum 1: very soft to firm clay (66' to 86')  

Stratum 2: medium sandy silt (12' to 20')   

Stratum 3: firm to very stiff clay (226' to 

229')                

Stratum 4: medium silty fine sand (55' to 60') 

Stratum 5: very stiff clay (72' to 74')     

Stratum 6: medium silty fine sand (>11') 

Stratum 4: 

medium 

silty fine 

sand 

Sampling Method: driven  

Testing Method: miniature 

vane, torvane, unconfined 

compression and UU 

triaxial tests 

400 18  62   

16 Ivan 8 400 1971 33    190   57  Lateral 

17 Ivan 8 400 1971 33    210   58   

18 Ivan 8 400 1973 31    190   58   

19 Ivan 8 398 1971 33    190   58   

20 Ivan 8 400 1980 24    210   58   

21 Ivan 8 400 1986 18    190   58   
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Platform 

Database 

No. 

Hurricane 

Exposure 

Event(s) 

Number 

of Piles 

Length of 

Piles (ft) 

Year of 

Installation 

Age of 

Piles 

Soil Stratigraphy Tip 

Bearing 

Stratum

Sampling and Testing 

Method 

Water 

Depth 

(ft) 

Number of 

Well 

Conductors

Maximum 

Wave Height, 

Hmax (ft) 

API Section 17 

A-2 ULS Wave 

Height, Hdgn (ft)

(Hmax/Hdgn)2 Expected Mode 

of Failure for 

the Piles 

22 Rita 4 290 1976 29 Stratum 1: very soft to firm clay (106')    

Stratum 2: silty fine sand (21')       

Stratum 3: stiff clay (13.5')        

Stratum 4: silty fine sand  (27.5')     

Stratum 5: stiff clay (49.5')        

Stratum 6: laminated stiff clay and silty fine 

sand (27.5')              

Stratum 7: silty fine sand (26')       

Stratum 8: firm to stiff silty clay (69') 

Stratum 8: 

firm to 

stiff silty 

clay 

Sampling Method: driven  

Testing Method: miniature 

vane, torvane, unconfined 

compression and UU 

triaxial tests 

110 0 57 53 1.16  Lateral 

23 Katrina 8  1964 41 Stratum 1: very soft to soft clay (40')    

Stratum 2: soft to medium stiff clay (30')   

Stratum 3: stiff clay (110')         

Stratum 4: very stiff clay (225') 

  150 8  56   

24 Katrina 8 128 /102 

/132 

1956 49 Stratum 1: firm clay (5')         

Stratum 2: medium dense silty fine sand (12') 

Stratum 3: firm to very stiff clay (146')    

Stratum 4: dense fine sand (>43') 

Stratum 3: 

firm to 

very stiff 

clay 

Sampling Method: both 

driven and pushed    

Testing Method: miniature 

vane, torvane, pocket 

penetrometer and UU 

triaxial tests 

100 6  52   

25 Katrina 4 169 1967 38 Stratum 1: firm clay (5')         

Stratum 2: medium dense silty fine sand (12') 

Stratum 3: firm to very stiff clay (146')    

Stratum 4: dense fine sand (>43') 

Stratum 4: 

dense fine 

sand 

Sampling Method: both 

driven and pushed     

Testing Method: miniature 

vane, torvane, pocket 

penetrometer and UU 

triaxial tests 

90 4 44 51 0.74  Lateral 

26 Rita 4 181 1994 11    100 2  52  Lateral 
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Platform 

Database 

No. 

Hurricane 

Exposure 

Event(s) 

Number 

of Piles 

Length of 

Piles (ft) 

Year of 

Installation 

Age of 

Piles 

Soil Stratigraphy Tip 

Bearing 

Stratum

Sampling and Testing 

Method 

Water 

Depth 

(ft) 

Number of 

Well 

Conductors

Maximum 

Wave Height, 

Hmax (ft) 

API Section 17 

A-2 ULS Wave 

Height, Hdgn (ft)

(Hmax/Hdgn)2 Expected Mode 

of Failure for 

the Piles 

27 Rita 4 281/ 264 2000 5 Stratum 1: very soft clay (14')       

Stratum 2: firm to stiff clay (86')      

Stratum 3: medium dense sand (15')     

Stratum 4: very stiff clay (>185') 

Stratum 4: 

very stiff 

clay 

 300 2 75 61 1.51  Lateral 

28 Rita 8  1981 24 Stratum 1: stiff clay (10')         

Stratum 2: very stiff clay (15')       

Stratum 3: medium dense sand (170')    

Stratum 4: very stiff sandy clay to silt (15')  

Stratum 5: medium dense sand (130')    

Stratum 6: hard clay (10') 

  60 15  45  Lateral 

29 Katrina 8 140 1967 38 Stratum 1: very soft to firm clay (75')    

Stratum 2: dense to very dense sand (80')   

Stratum 3: silty clay (5.5')         

Stratum 4: dense to very dense sand (N/A) 

Stratum 2: 

dense to 

very 

dense 

sand 

Sampling Method: driven  

Testing Method: miniature 

vane, unconfined 

compression and UU 

triaxial tests 

150 12 63 56 1.27  Lateral 

30 Katrina 6 210 1973 32 Stratum 1: very soft to firm clay (75')    

Stratum 2: dense to very dense sand (80')   

Stratum 3: silty clay (5.5')         

Stratum 4: dense to very dense sand (N/A) 

Stratum 4: 

dense to 

very 

dense 

sand 

Sampling Method: driven  

Testing Method: miniature 

vane, unconfined 

compression and UU 

triaxial tests 

150 12 63 56 1.27  Lateral 
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Appendix C – Description of 3-D FEM Model 

 

Structural Analysis Computer Software (SACS™) was used to conduct 3-Dimensional 

Finite Element Method analyses of the case study platforms. SACS™ is a suite of 

modular software developed by Engineering Dynamics, Inc. for use in both offshore 

structures and general civil engineering applications (Engineering Dynamics 2005). Use 

of this software was donated in-kind for this project by Engineering Dynamics, Inc. The 

inputs to this model are the structural properties of all members and connections 

including the piles, the behavior of the soil surrounding the piles (i.e., t-z and p-y curves 

as a function of depth along each pile and a Q-z curve at the tip), and the environmental 

loading including the magnitude and direction of waves, wind and current. The primary 

output from this model includes the total load on the structure, typically expressed as a 

base shear, the displacement of the deck, and the loads, moments and deformations in 

individual members. 

 

The software uses large deflection, elasto-plastic, nonlinear, finite-element analysis to 

determine the load-displacement relationship of a jacket structure. When a full plastic 

collapse (pushover) analysis is performed, the software also determines the load at which 

the structure collapses. The solution process involves three levels of iteration. For any 

global load increment, a beam-column solution is performed for each plastic member 

using the cross section sub-element details. The global stiffness iteration is then 

performed including the effects of connection flexibility, plasticity and failure and the 

foundation stiffness iteration including the nonlinear pile/soil effects. During any global 

solution iteration, the deflected shape of the structure is determined and compared to the 

displacements of the previous solution iteration. If convergence is not achieved, the new 

global displacements of the joints along with the beam internal and external loads are 

used to recalculate the elemental stiffness matrices. The structural stiffness iteration is 

then repeated including the effect of the foundation until the displacements meet the 

convergence tolerance. 

 

The solution of the pile/soil foundation also requires an iterative procedure. Initially, soil 

forces and stiffness is calculated assuming deflections and rotations are zero along the 

full length of the pile. For the given pilehead displacement, the pile deflections and 

rotations are then determined. New soil forces and stiffness are calculated based on these 
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new displacements and rotations. Using the segment deflections and rotations, the 

program computes the pile segment internal loads and then calculates the pile segment 

plasticity. The resulting plastic forces are then applied to the pile segment for the next 

iteration. This procedure is repeated until all of the deflections and rotations along the 

pile length have converged. At the final deflected position, the program calculates the 

pilehead stiffness matrix by incrementally varying the pilehead deflections and rotations 

and computing the pilehead restraining forces and moments. The resulting pilehead 

plastic forces are transformed into the global coordinates and added to the global plastic 

force vector for the next global increment or iteration. 

 

Brief discussions of various modules of the software and how to perform a pushover 

analysis and a hindcast analysis are provided herein. More details of the software can be 

found in the user’s manuals (Engineering Dynamics 2005). 

 

Description of Various Software Modules 

 

The SACS IV module is an executive module. It utilizes the COLLAPSE and PSI 

modules to perform a pushover analysis to determine the ultimate capacity of an offshore 

jacket platform. The SACS IV model input file, designated as “sacs.inp,” contains 

pertinent information for the program to function and can be developed using the 

graphical user interface within the program or using a text file. The model input file 

consists of the analysis option, post processing option, material and section property data, 

element data, joint data and load data. This model input file contains the information of 

the entire structure and is called upon when any type of analysis is performed using the 

SACS™ suite of software. 

 

The SEASTATE module is an environmental load module that operates within the SACS 

IV module to generate load data for the analysis. The user can input parameters for the 

wave, wind and current conditions, dead load, and buoyancy of the structure. SEASTATE 

takes the environmental load parameters and generates distributed loads that vary along 

the members of the platform. Together with the SACS IV module, SEASTATE can 

reduce all environmental loads to a resultant horizontal force and overturning moment at 

various locations on the structure. At the mudline elevation, these forces represent the 

base shear and overturning moment that the foundation system would be subjected to 

during a storm. 
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The COLLAPSE module is a large deflection, elasto-plastic, nonlinear finite-element 

analysis module used to perform the pushover analysis of the structure. The collapse 

input file, designated as “clp.inp” tells the SACS™ suite of software the types of analysis 

to perform, options to consider while performing the analysis and the convergence 

criteria that must be satisfied to terminate the analysis. The collapse input file also 

specifies the load combinations and incremental load factors for the analysis. Additionally, 

it tells the SACS™ suite of software whether to include the effects of a non-linear 

pile/soil foundation. The COLLAPSE module uses the information from the collapse 

input file to apply a series of incremental loads to the structure until it collapses. 

 

The Pile Structure Interaction (PSI) module analyzes the behavior of a pile-supported 

structure by representing the structure above the mudline as a linear elastic model, while 

the pile below the mudline is represented as a beam-column on a nonlinear elastic 

foundation. The module reduces the loads on the linear structure above the mudline to an 

equivalent linear stiffness matrix involving only six degrees of freedom at each pile head 

joint. It then uses a finite difference method to obtain the pile axial solution and then uses 

the resulting internal axial forces to obtain the lateral solution of the pile. The nonlinear 

foundation model, including the pile and soil, is specified in the PSI input file designated 

as “psi.inp.” 

 

The PSI input file contains information related to the analysis option, tolerance and 

convergence criteria. It contains all information about the piles and well conductors, 

including the diameter, wall thickness, Young’s modulus, shear modulus, nominal yield 

strength, unit weight of steel and segment length. It also contains the soil parameters to 

generate the axial, lateral and torsional responses of the pile/soil foundation. The PSI 

module uses these soil parameters to generate the axial load transfer (t-z) curves, tip 

load-displacement (Q-z) curves and lateral load-deflection (p-y) curves based on API RP 

2A-WSD (2000). 

 

To illustrate, the structural model for Platform 1 developed in SACS™ is shown in Figure 

C.1 and the geotechnical design information used to estimate pile capacity and establish 

t-z, Q-z and p-y curves is shown in Figure C.2. 
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Figure C.1 An Illustration of the SACS™ model for Platform 1 (Energo 2006) 
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Figure C.2 Recommended Geotechnical Design Parameters for Platform 1 (McClelland 1979) 
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Hindcast Analysis 

 

The hindcast analysis can be performed using the SACS IV module with the SEASTATE 

and PSI modules. The environmental load parameters for the hurricane are entered into 

the SEASTATE module. Each environmental load parameter has a set of inputs that must 

be specified. For the waves, the wave height, period and direction are required. The wind 

and current are both defined in terms of velocity and direction. In order to account for the 

worst-case scenario where the waves, wind and current all approach the structure from 

the same direction, the environmental load parameters are defined in the same direction 

in this study. The loading direction is typically governed by the direction of the waves 

because the waves generate a significant portion of the horizontal environmental load. To 

illustrate, the environmental load parameters used to develop the hindcast base shear and 

overturning moment on the foundation of Platform 1 are presented in Table C.1. Since the 

direction of the waves is approximately the end-on direction of this platform (toward 

Platform North in Figure C.1), the environmental load parameters in Table C.1 are all 

defined in the end-on direction. 

 

Once the environmental load parameters are defined, a “Linear Static Analysis with Pile 

Soil Interaction” can be performed to determine the hindcast base shear and overturning 

moment. The output of the analysis is documented in the “psilst” file, under the heading 

“Seastate Basic Load Case Descriptions Relative to Mudline Elevations.” The output 

hindcast forces on the foundation are reported in 6 degrees of freedom (Fx, Fy, Fz, Mx, My, 

Mz), where the x- and y-directions are the two horizontal directions and the z-direction is 

the vertical direction. In order to obtain the hindcast base shear (PH,Hindcast) and 

overturning moment (MHindcast) on the foundation, these forces are resolved using the 

following equations. 

 

22
, yxHindcastH FFP   

22
yxHindcast MMM   

 

For example, the hindcast base shear and overturning moment (Table C.1) on the 

foundation of Platform 1 are determine to be approximately 4,000 kips and 362,000 

ft-kips, respectively. 
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Table C.1 Environmental Load Parameters for the Hindcast Analysis of Platform 1 in the 

End-on Direction 

Wave 

Height 

Wave 

Period 

Wind 

Speed 

Current 

Velocity

Vertical 

Load 

Hindcast 

Base Shear

Hindcast Overturning 

Moment 

(ft) (sec) (knots) (knots) (kips) (kips) (ft-kips) 

58.7 16.1 68.9 1.9 2500 4053 362323 

 

Pushover Analysis 

 

The pushover analysis can be performed similarly as the hindcast analysis. The 

environmental load parameters used in the pushover analysis may or may not correspond 

to those used in the hindcast analysis and will depend on the load factor at which failure 

occurs in the pushover analysis. If the load factor at failure is higher than 1.2 or lower 

than 0.8, the environmental load parameters used in the hindcast analysis are not suitable 

for use in the pushover analysis as explained in the next paragraph. With the 

environmental load parameters defined in the SEASTATE module and the SACS IV, 

COLLAPSE and PSI input files developed, the user can select the “Full Plastic Collapse 

Analysis” option in the SACS™ suite of software to perform a pushover analysis. 

 

The SEASTATE module will propagate the waves, wind and current through the structure 

to determine the maximum loading condition and transform the environmental loads into 

distributed loads that vary along the member lengths. The COLLAPSE module will 

multiply the maximum load determined by the SEASTATE module by a load factor. The 

distributed loads are increased monotonically with an increasing load factor and applied 

to the structure until it collapses. For example, at a load factor of 0.0 there would be no 

environmental loads applied to the structure whereas at a load factor of 1.0 the full 

environmental loads would be applied. The COLLAPSE module starts at a load factor of 

0.0 and increases at a specified interval until either the maximum load factor specified by 

the user is reached or until the structure collapses. Ideally, the load factor at failure should 

be between 0.8 and 1.2. If the load factor at failure is higher than 1.2 or lower than 0.8, 

the shapes of the environmental load profiles may change significantly from the hindcast 

conditions and scaling of the environmental load profiles linearly with a load factor may 

not be representative of the load causing the structure to fail. For example, the load factor 

at failure for Platform 1 in the initial pushover analysis using the same environmental 

load parameters as in the hindcast analysis is approximately 0.4. Consequently, the wave 

height and wave period used in the subsequent pushover analysis (Table C.2) are reduced 
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from the values used in the hindcast analysis (Table C.1) and the load factor at failure 

becomes 0.84, which is within the reasonable range. 

 

Table C.2 Environmental Load Parameters and Results of the Pushover Analysis of 

Platform 1 in the End-on Direction 

Wave 

Height 

Wave 

Period 

Pushover 

Failure Load 

Factor 

Pushover Failure 

Base Shear 

Pushover Failure 

Overturning Moment 

(ft) (sec)  (kips) (ft-kips) 

50 12.5 0.84 2305 214614 

 

An example output from the pushover analysis of Platform 1 in the end-on direction is 

shown in Table C.3. This table shows the joint displacement report from the “clprst” 

output file from the pushover analysis of Platform 1, where some load steps are removed 

for clarity. The load step, load factor and displacements in the x-, y- and z-direction (x, 

y and z) are taken directly from the output file. The base shear and overturning moment 

corresponding to a load factor of 1.0 [PH(LF=1) and M(LF=1)] can be determined from the 

“psilst” output file under the heading “Seastate Basic Load Case Descriptions Relative to 

Mudline Elevations” similarly as the hindcast base shear and overturning moment. The 

horizontal deck displacement (h), base shear (PH) and overturning moment (M) 

corresponding to each load factor can be calculated using the following equations. 

 

22
yxh    

LFPP LFHH   )1(  

LFMM LF   )1(  

where: 

LF is the load factor. 
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The results from the above calculations are summarized in Table C.3. The base shear 

versus horizontal deck displacement relationship is usually presented graphically. This 

relationship for Platform 1 in the end-on direction is shown in Figure C.3. Tables C.2 and 

C.3 show that Platform 1 fails at a load factor of 0.84, a horizontal deck displacement of 

32 inches, a base shear of 2,300 kips and an overturning moment of 215,000 ft-kips, 

approximately. The failure in the pushover analysis is contributed by a failure in the 

foundation, which consequently causes the entire platform to collapse. Specifically, piles 

A1 and A2 (Figure C.1) are overloaded in compression and start to plunge, which then 

causes piles D1 and D2 to be loaded to capacity in tension. According to the pushover 

analysis, the failure is an overturning failure of the foundation, as none of the piles 

reaches 50 percent of their available structural capacity. 

 

Table C.3 Partial Output from the Pushover Analysis of Platform 1 in the End-on 

Direction 

Displacements 

(in.) 
Load 

Step 

Load 

Factor, 

LF x y z 

Horizontal Deck 

Displacement, h

(in.) 

Base 

Shear, 

PH (kips)

Overturning 

Moment, M 

(ft-kips) 

5 0.19 2.62 -0.03 -0.49 3 521 48544 

10 0.41 6.23 0.00 -0.40 6 1125 104752 

15 0.58 9.73 0.04 -0.35 10 1591 148186 

20 0.69 13.71 0.09 -0.92 14 1893 176290 

25 0.79 26.92 0.92 -3.41 27 2167 201840 

27 0.84 32.05 0.61 -4.37 32 2305 214614 

28 0.86 Platform collapsed – numerical analysis did not converge 
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Figure C.3 Base Shear versus Deck Displacement for Platform 1 in the End-on 
Direction 
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Appendix D – Description of Simplified Plasticity Model 

 

The simplified plastic collapse model uses an upper-bound kinematically admissible 

solution to define the combinations of base shear and overturning moment that cause the 

complete collapse of the foundation system (Murff and Wesselink 1986). The 

upper-bound method assumes a plastic collapse mechanism, where all elements of 

resistance are characterized as rigid and perfectly plastic (Murff 1987). The piles in the 

system collapse when one hinge forms at the pile head and a second hinge forms at some 

depth below the pile head. The collapse of the entire system occurs when two hinges 

form in each of the piles in the system as shown schematically in Figure D.1. 

 

The performance of the foundation system is measured by comparing the ratio of the rate 

of internal dissipation of energy related to the resistance provided by the piles embedded 

in soils ( intW ) to the rate of external work related to the system loads applied to the 

foundation ( extW ) as shown by the performance function, g(x), presented below (Tang 

and Gilbert 1992). 

 

0.1)( int 
extW

W
xg 



 
 
The rate of internal dissipation of energy can be separated into the following four 

components: 

 

 the dissipation of energy due to the axial deformation of the soil between the two 

plastic hinges that form at the pile head and at depth, 

 the dissipation of energy due to the lateral deformation of the soil between the two 

plastic hinges, 

 the dissipation of energy due to the plastic yield of the pile at the first hinge that 

forms at the pile head, and 

 the dissipation of energy due to the plastic yield of the pile at the second hinge at 

depth. 
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Figure D.1 Schematic of Pile System Collapse Due to the Formation of Plastic Hinges 
(Lee 2007) 

 

The external work rate consists of the contributions from the vertical and horizontal loads 

on the foundation system due to the platform base translating laterally and rotating about 

a point at the mudline. The foundation system collapses when the external work rate is 

equal to the rate of internal dissipation of energy, i.e. g(x) = 0.0. The solution is an 

upper-bound approximation to the system capacity because it does not explicitly satisfy 

force and moment equilibrium. Also, the structure supported by the piles is assumed to be 

perfectly rigid and can distribute loads as necessary cause a complete collapse of the 

foundation system. Comparisons between this upper-bound solution and more rigorous 

pushover analyses indicate that the upper-bound model overestimates the total horizontal 

force causing failure by about 10 percent (Murff and Wesselink 1986). 

 

The original model developed by Murff and Wesselink (1986) and extended by Tang and 
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Gilbert (1992) was updated for this study to incorporate multiple soil layers and pile wall 

thicknesses below the mudline. In addition, the contribution of well conductors to the 

foundation system capacity was included. The conductors are modeled as piles that are 

connected to the structure with rollers (Figure D.2) such that the structure can move the 

conductors horizontally but not vertically (that is, the conductors contribute lateral 

resistance but not axial resistance to the foundation system). 

 

To account for the modifications made to the simplified plastic collapse model, the input 

structure of the program was re-arranged to offer more flexibility and transparency to the 

user. The model requires four different types of input files, all of which are text files that 

can be developed using a text editing program such as Microsoft® Notepad. The four 

input file types can be considered as: 

 

 the routing input file 

 the executive input file 

 the pile structural capacity input file 

 the pile geotechnical capacity input file 

 

 

Mudline

Well
Pile

Plastic Hinges

Rigid Structure

Pile

 

Figure D.2 Schematic of the Updated Plastic Collapse Model for Piles and Wells 
 

The routing input file, designated as “TOPCATF.inp,” contains only the name of the 

executive input file. This allows for several executive input files containing differing 

parameters to be developed so that a parametric analysis can be performed simply by 

changing the name of the executive input file specified herein. 

 

The executive input file contains the system load data, number of piles and conductors, 

pile and conductor geometry, pile structural capacity input file name, and pile 
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geotechnical capacity input file name. Under the system load data section of the 

executive input file, there are six lines of text which represent: 

 

 the horizontal load (PH), 

 the moment arm of the horizontal load above the mudline (h), 

 the eccentricity of the horizontal load in the y-direction (r), 

 the skew angle measured counterclockwise from the positive x-axis (), 

 the vertical load applied to the platform (PV), and 

 the eccentricity of the vertical load (e) 

 

The above system load parameters are shown schematically in Figures D.3 and D.4. 

 

 

b) Elevation
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Figure D.3 System Load Parameters for the Simplified Plastic Collapse Model (Tang 
and Gilbert 1992) 
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Figure D.4 Orientation of the Skew Angle in the Simplified Plastic Collapse Model 
(Tang and Gilbert 1992) 

 

The next section of the executive input file contains information about the piles and 

conductors. The number of piles is specified in the input file, where conductors of the 

same size are usually accounted for as one additional pile regardless of the number of 

conductors that the platform is actually equipped with. For example, in an 8-pile platform 

with 20 identical conductors, the number of piles specified in the input file would be 9. If 

the same platform were to be analyzed without considering the conductors, the number of 

piles can simply be changed from 9 to 8. Each pile is given a number in the input file and 

seven pile geometric parameters are defined on a single line of the input separated by a 

space between each of them. The geometric parameters are: 

 

 the x-coordinate (X), 

 the y-coordinate (Y), 

 the batter angle in the x-direction (THETAX), 

 the batter angle in the y-direction (THETAY), 

 the pile length (L), 

 the axial constraint parameter (0 or 1), and 

 the number of piles or conductors in the group (NGROUP). 

 

The axial constraint parameter defines whether the pile is constrained axially. A value of 

0 denotes that the pile is not constrained in the axial direction and is free to move 

independently of the platform in the axial direction. This assumption is used to model the 

conductors. A value of 1 denotes that the pile is constrained in the axial direction and is 

used to model the pile. NGROUP is typically set to 1 when modeling the pile since every 

pile has unique geometric parameters. When conductors are modeled in the analysis, 

NGROUP can be set to the number of conductors to account for the contribution of many 
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conductors of the same size. Considering the previous example of an 8-pile platform with 

20 conductors, the ninth pile in the input would have an axial constrain parameter of 0 

and an NGROUP value of 20. The x- and y-coordinates of the conductor group should be 

the center of the entire conductor group. 

 

The final two input parameters defined for each pile in the executive input file are the 

names of the pile structural capacity input file and pile geotechnical capacity input file. 

The updated plastic collapse model no longer calculates the pile structural capacity and 

geotechnical capacity internally. Instead, it allows the user to perform the calculations 

externally (for example, using Microsoft® Excel) and import the calculated structural and 

geotechnical capacities into these input files. Only the names of the pile structural 

capacity input file and pile geotechnical capacity input file are specified in the executive 

input file. The pile structural capacity input file and geotechnical capacity input file are 

typically designated as “WPILE.inp” and “WSOIL.inp,” respectively. A letter “C” is 

usually added to denote that the file is for conductors, and a number “1” or “2” is usually 

added to denote how many directions the foundation pile is battered in. 

 

The pile structural capacity input file contains the axial structural capacity in compression 

and tension (Qmax) and the moment capacity in bending (Mmax) over a given pile length 

(Z). The recent update to the program allows up to three pile sections to be defined. The 

following equations are used to calculate the axial structural capacity and moment 

capacity of a steel pipe pile with a diameter of D and a pile wall thickness of t. 

 

   YftDDQ  22
max 2

4



 

   YftDDM  33
max 2

6

1

 

where: 

fY is the nominal yield strength of the steel. 

 

The pile geotechnical capacity input file contains the number of rows of data in the input 

file (NDEPTH) and the depth increment (DZ). Following these, it contains four columns 

of data which from left to right correspond to: 
 

 the length along the pile (Z), 
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 the axial capacity of the pile in compression at length Z (QC), 

 the axial capacity of the pile in tension at length Z (QT), and 

 the lateral capacity of the pile at length Z (R). 
 

This input file defines the capacity of a pile at specified intervals along the pile. The 

geotechnical capacity input file is developed using a custom-built spreadsheet that 

calculates Z, QC, QT and R based on the recommended design parameters in the 

geotechnical report for the study platform. The calculations in the spreadsheet follow the 

recommendations in API RP 2A-WSD (2000), which is included in Appendix A. 

 

The critical horizontal collapse load (that is, base shear, PH) of the foundation system at a 

specified moment arm above the mudline (h) can be determined by varying the horizontal 

load such that the external work applied by the system load is equal to the internal work 

associated with the system capacity. When this occurs, the performance function, g(x), 

should be sufficiently close to 0.0 (less than 1x10-3). The critical collapse loads at various 

moment arms can be determined for a foundation system. A base shear versus overturning 

moment (M) interaction curve for a foundation system can be developed from the 

combinations of critical collapse load and its moment arm, using the following equation. 

 

hPM H 
 

 

To illustrate, the foundation system capacity interaction curve for Platform 1 in the 

end-on loading direction is shown in Figure D.5. This interaction curve includes the 

contribution from the 8 piles as well as the 18 well conductors. The interaction curve is 

an envelope; for hurricane loads located within the envelope, the foundation system is 

expected to be stable. The first zone corresponds to the shear failure mechanism, which is 

the initial part of the interaction curve at a small overturning moment. This part of the 

interaction curve slopes upward gently (increases in base shear with increasing 

overturning moment) because of pile batters. In this portion of the interaction curve, the 

capacity of the foundation system is governed by the lateral capacities of the piles and 

conductors. The other extreme at a large overturning moment corresponds to an 

overturning failure mechanism. This part of the interaction curve shows a steep 

downward slope (critical base shear decreasing rapidly with increasing overturning 

moment). In this portion of the interaction curve, the capacity of the foundation system is 
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governed by the axial capacities of the piles. The zone between these two extremes on the 

interaction curve corresponds to a combination of shear and overturning (i.e., both lateral 

and axial capacities are contributing to total system capacity). 

 

The foundation system capacity can be compared to the hindcast loading. The maximum 

base shear and overturning moment applied by Hurricane Katrina in the end-on direction 

(Appendix C) are also plotted in Figure D.5. The applied loading is significantly greater 

than the estimated capacity from the upper-bound plasticity model for this platform. 
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Figure D.5 Foundation System Capacity Interaction Curve from Plasticity Model of 

Platform 1 in the End-on Loading Direction 
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Appendix E – Quantitative Analyses of Case Study Platforms 

 

The details of the quantitative analyses of the 12 case study platforms are presented in 

this Appendix. Simplified plastic collapse analyses of the foundations were performed for 

all case study platforms. Parametric analyses using the simplified plasticity models were 

also performed for selected platforms. The results from these analyses form the basis for 

evaluating the performance of the case study platforms in the hurricanes, upon which the 

major findings in this study were synthesized. 

 

The inputs to the simplified plasticity model are the loads on the foundation system, the 

geometry of the piles and conductors including locations and batters, the axial and lateral 

resistance versus depth for each pile and conductor, and the structural capacity of each 

pile and conductor. The above inputs for each case study platform are documented in this 

Appendix. Specifically, the loads on the foundation system and geometry of the piles and 

conductors can be found in the executive input file of each platform presented herein. A 

description of the input parameters in the executive input file is provided in Appendix D. 

The axial and lateral resistance versus depth for each pile and conductor (provided in the 

pile geotechnical capacity input file) can be determined using the custom-built 

spreadsheet developed for this study, based on the recommended design soil profile and 

parameters for each case study platform, following the recommendations in API RP 

2A-WSD (2000). The input parameters for this custom-built spreadsheet as well as the 

axial and lateral capacities versus depth for the piles and conductors of each case study 

platform are presented herein. The structural capacity of each pile and conductor can be 

found in the pile structural capacity input file, which is summarized in a tabular format in 

this Appendix. 

 

Typically, foundation system capacity interaction curves in the 3 principal loading 

directions, namely the end-on, broadside and diagonal directions, are presented. The 

hurricane hindcast loads on the foundations were estimated from the hindcast analyses 

(Appendix C) in the approximate loading direction of the waves. These hindcast loads on 

the foundations are compared only with the foundation system capacity interaction curves 

in the directions of the waves. Parametric analyses, if performed, are also in terms of 

those directions. For each loading direction, the foundation system capacity interaction 

curves with and without the contribution of the well conductors are both presented. Due 
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to confidentiality considerations, details of the platforms, such as platform designations, 

locations, structural drawings and geotechnical information, are not presented herein. 

However, Table 3.1 and Appendix B provide the critical information of each case study 

platform and can be referenced if some levels of details about each platform are desired. 

 

E.1 Platform 1 

 

Platform 1 is an 8-leg structure supported by 8 piles and equipped with 20 conductors. 

The direction of the waves in Hurricane Katrina is approximately the end-on direction of 

this platform. The executive input file of this platform in the end-on direction is presented 

hereafter. 

 

Executive Input File for Platform 1 

 

PLATFORM 1 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

2.0E6 

1.0E2 

1.00E-10 

90.0 

2.557E6 

1.00E-10 

 

NUMBER OF PILES (NPILE) 

9 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.66625E+02 -7.66625E+02 -7.13 -7.13 1.668E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 2 



    127  

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.66625E+02 -7.66625E+02 7.13 -7.13 1.668E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.66625E+02 7.66625E+02 -7.13 7.13 1.668E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 4 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.66625E+02 7.66625E+02 7.13 7.13 1.668E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 5 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.66625E+02 -1.80E+02 -7.13 0 1.668E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 6 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.66625E+02 -1.80E+02 7.13 0 1.668E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 
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SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 7 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.66625E+02 1.80E+02 -7.13 0 1.668E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 8 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.66625E+02 1.80E+02 7.13 0 1.668E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

CONDUCTORS 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.00E+00 0.00E+00 0.00 0.00 1.62E+03 0 20 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC.INP 

 

The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of the 4 corner piles battered in 2 directions, the 4 side piles battered in 1 

direction, and the 20 conductors are presented in Tables E.1, E.2 and E.3, respectively. 

The design soil profile and parameters common for all piles and conductors are presented 

in Table E.4. The axial capacities of the 4 corner piles in compression and in tension are 

presented in Figure E.1. The lateral resistance of these piles is presented in Figure E.2. 

The same figures for the 4 side piles are not presented since they are similar to those for 

the corner piles. The lateral resistance of the conductors is presented in Figure E.3. 
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Table E.1 Input Parameters for the Piles of Platform 1 Battered in 2 Directions 

Seafloor Elevation (ft, MSL) -140 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -140 

Pile Length (ft) 139 

Pile Diameter (ft) 2.75 

Pile Tip Wall Thickness (in.) 0.5 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 7.125 

Pile Batter in y-direction (deg.) 7.125 

XR (ft) 16.2 

 

Table E.2 Input Parameters for the Piles of Platform 1 Battered in 1 Direction 

Seafloor Elevation (ft, MSL) -140 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -140 

Pile Length (ft) 139 

Pile Diameter (ft) 2.75 

Pile Tip Wall Thickness (in.) 0.5 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 16.5 
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Table E.3 Input Parameters for the Conductors of Platform 1 

Seafloor Elevation (ft, MSL) -140 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -140 

Pile Length (ft) 135 

Pile Diameter (ft) 1.67 

Pile Tip Wall Thickness (in.) 0.5 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 11.5 
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Table E.4 Design Soil Profile and Parameters for All Piles and Conductors of Platform 1 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL)

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at 

the Top 

of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, 

' (deg.)

Soil Pile 

Friction 

Angle, 

(deg.)

fmax  

(ksf)
Nq

qmax 

(ksf)
C1 C2 C3 

1 Cohesive -140 -177 37 97.4 35 100 5           

2 Cohesive -177 -197 20 102.4 40 300 5           

3 Cohesive -197 -227 30 102.4 40 400 10           

4 Cohesionless -227 -239 12 122.4 60     35 30 2.0 40 200 3.0 3.4 54 

5 Cohesive -239 -251 12 120.4 58 700 6.67           

6 Cohesionless -251 -270 19 120.4 58     25 20 1.4 12 60 1.2 2.0 15 

7 Cohesionless -270 -280 10 112.4 50     25 20 1.4 12 60 1.2 2.0 15 
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Figure E.1 Ultimate Axial Capacities of the Corner Piles of Platform 1 
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Figure E.2 Ultimate Lateral Capacity of the Corner Piles of Platform 1 
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Figure E.3 Ultimate Lateral Capacity of the Conductors of Platform 1 
 

The structural capacity input files of the piles and conductors are summarized in Tables 

E.5 and E.6, respectively. 

 

Table E.5 Structural Capacity of the Piles of Platform 1 

Wall 

Thickness, t 

(in.) 

Starting Length 

along Pile, z 

(in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

1.5 0 5.344E+06 5.362E+07 

0.75 480 2.736E+06 2.809E+07 

0.5 972 1.838E+06 1.901E+07 
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Table E.6 Structural Capacity of the Conductors of Platform 1 

Wall 

Thickness, t 

(in.) 

Starting Length 

along Pile, z 

(in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

0.5 0 1.103E+06 6.846E+06 

0.5 600 1.103E+06 6.846E+06 

0.5 1200 1.103E+06 6.846E+06 

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves in the end-on, broadside and diagonal directions are presented in 

Figures E.4, E.5 and E.6, respectively. The direction of the waves is approximately the 

end-on direction of this platform. Therefore, the hurricane hindcast load on the 

foundation is also presented in the interaction diagram for the end-on direction. 
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Figure E.4 Base Case Foundation System Capacity Interaction Diagram of Platform 1 

in the End-on Direction 
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Figure E.5 Base Case Foundation System Capacity Interaction Diagram of Platform 1 

in the Broadside Direction 
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Figure E.6 Base Case Foundation System Capacity Interaction Diagram of Platform 1 

in the Diagonal Direction 
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In addition to the base case, parametric analyses were also performed for Platform 1 in 

the end-on direction. The unit side shear and end bearing, which are roughly proportional 

to the shear strength of the soil in the lower third of the pile, can be increased by a 

multiplier, NQax, for all piles. The unit lateral resistance, which is roughly proportional 

to the shear strength of the soil over the upper 50 feet of the pile or conductor, can also be 

increased by a multiplier, NQlat, for all piles and conductors. Parametric analyses 

performed using these two multipliers are insightful in understanding the effects of axial 

and lateral capacities on the overturning and shear capacities of the foundation because 

the axial capacity can be increased independently of the lateral capacity and vice versa. 

Results from the parametric analyses performed using a combination of these two 

multipliers are presented in Figure E.7. Discussions on the sensitivity of shear versus 

overturning capacity of the foundation to the shear strength of the soil are provided in 

Section 5.2.1. 
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Figure E.7 Parametric Analyses for Platform 1 in the End-on Direction Using 

Capacity Multipliers 
 

Other types of parametric analyses (ones without using the capacity multipliers) can also 

be performed. For example, a parametric analysis was performed using the lateral 

resistance corresponding to the static (versus cyclic) loading condition in the end-on 



    138  

direction. The result of this analysis is shown and compared to the result from the base 

case assuming the cyclic loading condition. As shown in Figure E.8, the lateral capacities 

of the piles and conductors and, therefore, the shear capacity of the foundation are higher 

assuming the static loading condition than the cyclic loading condition. 
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Figure E.8 Parametric Analysis for Platform 1 in the End-on Direction Assuming 

Static (versus Cyclic) Loading Condition 
 

The density of the pile tipping layer can be increased independently of other input 

parameters. Figure E.9 shows the result of the analysis of increasing the density of the 

pile tipping layer from “Medium Sand-Silt” to “Very Dense Sand.” As shown, such an 

increase has a significant effect on the overturning capacity of the foundation. 
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Figure E.9 Parametric Analysis for Platform 1 in the End-on Direction Increasing the 

Density of the Pile Tipping Layer 
 

The yield strength of the steel piles and conductors can also be increased independently 

of other input parameters. Figure E.10 shows the result of the analysis of increasing the 

yield strength from the nominal value of 36 ksi using in the base case to 41.2 ksi, which 

is more representative of the average value. As shown, such an increase changes the shear 

capacity of the foundation proportionally. 

 

A variety of parametric analyses with combinations of changes (as illustrated above) can 

also be performed as necessary with the flexibility of the custom-built spreadsheet to 

calculate the axial and lateral resistance of the foundation elements. However, only those 

that provide insight into the behavior of the foundation system and those that are 

reasonable to explain the survival of the platform are presented herein. 
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Figure E.10 Parametric Analysis for Platform 1 in the End-on Direction Increasing the 

Yield Strength of the Steel Piles and Conductors 
 

E.2 Platform 2 

 

Platform 2 is a 6-leg structure supported by 6 piles and equipped with 12 conductors. The 

direction of the waves in Hurricane Katrina is approximately the end-on direction of this 

platform. The executive input file of this platform in the end-on direction is presented 

hereafter. 

 

Executive Input File for Platform 2 

 

PLATFORM 2 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

2.5E6 

1.0E3 

1.0E-10 

00.0 

2.20E6 
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1.0E-10 

 

NUMBER OF PILES (NPILE) 

7 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.665E+02 -5.865E+02 -7.13 -7.13 1.680E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 2 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.665E+02 -5.865E+02 7.13 -7.13 1.680E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.665E+02 5.865E+02 -7.13 7.13 1.680E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 4 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.665E+02 5.865E+02 7.13 7.13 1.680E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 
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PILE 5 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.665E+02 1.0E-10 -7.13 0.00 1.680E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 6 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.665E+02 1.0E-10 7.13 0.00 1.680E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

CONDUCTORS 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.00E1 0.00E1 0.00 0.00 1.680E+03 0 12 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC.INP 

 

The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of the 4 corner piles battered in 2 directions, the 2 side piles battered in 1 

direction, and the 12 conductors are presented in Tables E.7, E.8 and E.9, respectively. 

The design soil profile and parameters common for all piles and conductors are presented 

in Table E.10. The axial capacities of the 4 corner piles in compression and in tension are 

presented in Figure E.11. The lateral resistance of these piles is presented in Figure E.12. 

The same figures for the 2 side piles are not presented since they are similar to those for 

the corner piles. The lateral resistance of the conductors is presented in Figure E.13. 
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Table E.7 Input Parameters for the Piles of Platform 2 Battered in 2 Directions 

Seafloor Elevation (ft, MSL) -140 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -140 

Pile Length (ft) 140 

Pile Diameter (ft) 3 

Pile Tip Wall Thickness (in.) 0.625 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 7.125 

Pile Batter in y-direction (deg.) 7.125 

XR (ft) 17.2 

 

Table E.8 Input Parameters for the Piles of Platform 2 Battered in 1 Direction 

Seafloor Elevation (ft, MSL) -140 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -140 

Pile Length (ft) 140 

Pile Diameter (ft) 3 

Pile Tip Wall Thickness (in.) 0.625 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 7.125 

Pile Batter in y-direction (deg.) 0 

XR (ft) 16.4 
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Table E.9 Input Parameters for the Conductors of Platform 2 

Seafloor Elevation (ft, MSL) -140 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -140 

Pile Length (ft) 140 

Pile Diameter (ft) 2 

Pile Tip Wall Thickness (in.) 0.5 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 12.5 
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Table E.10 Design Soil Profile and Parameters for All Piles and Conductors of Platform 2 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL)

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at the 

Top of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, 

' (deg.)

Soil Pile 

Friction 

Angle, 

(deg.)

fmax  

(ksf)
Nq

qmax 

(ksf)
C1 C2 C3 

1 Cohesive -140 -177 37 97.4 35 100 5          

2 Cohesive -177 -197 20 102.4 40 300 5          

3 Cohesive -197 -227 30 102.4 40 400 10          

4 Cohesionless -227 -239 12 122.4 60     35 30 2.0 40 200 3.0 3.4 54 

5 Cohesive -239 -251 12 120.4 58 700 6.67          

6 Cohesionless -251 -270 19 120.4 58     25 20 1.4 12 60 1.2 2.0 15 

7 Cohesionless -270 -280 10 112.4 50     25 20 1.4 12 60 1.2 2.0 15 
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Figure E.11 Ultimate Axial Capacities of the Corner Piles of Platform 2 
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Figure E.12 Ultimate Lateral Capacity of the Corner Piles of Platform 2 
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Figure E.13 Ultimate Lateral Capacity of the Conductors of Platform 2 
 

The structural capacity input files of the piles and conductors are summarized in Tables 

E.11 and E.12, respectively. 

 

Table E.11 Structural Capacity of the Piles of Platform 2 

Wall 

Thickness, 

t (in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

1.75 0 6.779E+06 7.397E+07

1.5 780 5.853E+06 6.431E+07

1 1020 3.958E+06 4.411E+07
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Table E.12 Structural Capacity of the Conductors of Platform 2 

Wall 

Thickness, 

t (in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

0.75 0 1.972E+06 1.460E+07

0.75 600 1.972E+06 1.460E+07

0.75 1200 1.972E+06 1.460E+07

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves in the end-on, broadside and diagonal directions are presented in 

Figures E.14, E.15 and E.16, respectively. The direction of the waves is approximately 

the end-on direction of this platform. Therefore, the hurricane hindcast load on the 

foundation is also presented in the interaction diagram for the end-on direction. 
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Figure E.14 Base Case Foundation System Capacity Interaction Diagram of Platform 2 

in the End-on Direction 
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Figure E.15 Base Case Foundation System Capacity Interaction Diagram of Platform 2 

in the Broadside Direction 
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Figure E.16 Base Case Foundation System Capacity Interaction Diagram of Platform 2 

in the Diagonal Direction 
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A parametric analysis was performed to investigate why the foundation of Platform 2 

survived the loading in Hurricane Katrina while the analysis (Figure E.14) indicated 

otherwise. In this analysis, the density of the pile tipping layer was increased from 

“Medium Sand-Silt” to “Very Dense Sand.” As shown in Figure E.17, such an increase 

has a significant effect on the overturning capacity of the foundation and is enough to 

make the predicted capacity nearly the same as the hurricane loading. 
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Figure E.17 Parametric Analysis for Platform 2 in the End-on Direction Increasing the 

Density of the Pile Tipping Layer 
 

E.3 Platform 8 

 

Platform 8 is a 4-leg structure supported by 4 piles that are symmetrical and equipped 

with 12 conductors. Seven of the conductors are 26 inches in diameter and five of the 

conductors are 24 inches in diameter. In the foundation model, an equivalent of ten 

26-inch diameter conductors was assumed for the foundation. The executive input file of 

this platform in the diagonal direction is presented hereafter. 
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Executive Input File for Platform 8 

 

PLATFORM 8 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

1.859E6 

4E3 

1.00E-11 

45.0 

2.955E6 

1.00E-10 

 

NUMBER OF PILES (NPILE) 

5 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.536E+02 -4.536E+02 -5.6 -5.6 3.288E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 2 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.536E+02 -4.536E+02 5.6 -5.6 3.288E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.536E+02 4.536E+02 -5.6 5.6 3.288E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 
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SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 4 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.536E+02 4.536E+02 5.6 5.6 3.288E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

CONDUCTORS 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-6.00E+01 0.00E+02 0.00 0.00 3.288E+03 0 10 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC.INP 

 

The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of the 4 piles battered in 2 directions and the ten 26-inch diameter conductors 

are presented in Tables E.13 and E.14, respectively. The design soil profile and 

parameters common for all piles and conductors are presented in Table E.15. The axial 

capacities of the 4 piles in compression and in tension are presented in Figure E.18. The 

lateral resistance of these piles is presented in Figure E.19. The lateral resistance of the 

conductors is presented in Figure E.20. 
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Table E.13 Input Parameters for the Piles of Platform 8 

Seafloor Elevation (ft, MSL) -220 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -225 

Pile Length (ft) 274 

Pile Diameter (ft) 4 

Pile Tip Wall Thickness (in.) 1.5 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 5.6 

Pile Batter in y-direction (deg.) 5.6 

XR (ft) 9.5  

 

Table E.14 Input Parameters for the Conductors of Platform 8 

Seafloor Elevation (ft, MSL) -220 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -225 

Pile Length (ft) 274 

Pile Diameter (ft) 2.17  

Pile Tip Wall Thickness (in.) 0.75 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Unplugged

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 8.5  
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Table E.15 Design Soil Profile and Parameters for All Piles and Conductors of Platform 8 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL)

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at the 

Top of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, 

' (deg.)

Soil Pile 

Friction 

Angle, 

(deg.)

fmax  

(ksf)
Nq

qmax 

(ksf)
C1 C2 C3 

1 Cohesive -220 -232 12 87.4 25 50 0          

2 Cohesive -232 -247 15 107.4 45 50 10          

3 Cohesionless -247 -303 56 122.4 60     30 25 1.7 20 100 1.9 2.7 29 

4 Cohesionless -303 -340 37 112.4 50     30 25 1.7 20 100 1.9 2.7 29 

5 Cohesive -340 -387 47 109.4 47 800 14.89          

6 Cohesive -387 -396 9 106.4 44 1500 103.33          

7 Cohesionless -396 -497 101 122.4 60     30 25 1.7 20 100 1.9 2.7 29 
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Figure E.18 Ultimate Axial Capacities of the Piles of Platform 8 
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Figure E.19 Ultimate Lateral Capacity of the Piles of Platform 8 
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Figure E.20 Ultimate Lateral Capacity of the Conductors of Platform 8 
 

The structural capacity input files of the piles and conductors are summarized in Tables 

E.16 and E.17, respectively. 

 

Table E.16 Structural Capacity of the Piles of Platform 8 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

2 0 1.040E+07 1.524E+08

1.75 528 9.154E+06 1.348E+08

1.5 648 7.889E+06 1.168E+08
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Table E.17 Structural Capacity of the Conductors of Platform 8 

Wall 

Thickness, 

t (in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

0.75 0 2.142E+06 1.722E+07

0.75 600 2.142E+06 1.722E+07

0.75 1200 2.142E+06 1.722E+07

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves in the end-on and diagonal directions are presented in Figures E.21 and 

E.22, respectively. Due to the symmetry of the piles, the foundation capacity in the 

broadside direction is the same as that in the end-on direction. The direction of the waves 

is approximately the diagonal direction of this platform. Therefore, the hurricane hindcast 

load on the foundation is also presented in the interaction diagram for the diagonal 

direction. The magnitudes of the base shear and overturning moment on the foundation in 

Katrina were estimated to be 2,600 kips and 419,700 ft-kips. Note that these estimates 

were not obtained from the detailed hindcast analysis using a 3-D model. Rather, they 

were inferred from the results of ultimate strength analysis using metocean criteria that 

are similar to the Katrina hindcast conditions. The overturning capacity of the foundation 

in end-on direction is apparently greater than that in the diagonal direction while the 

shear capacity is similar in these two directions (Figures E.21 and E.22). From Figure 

E.22, the failure mechanism of the foundation is dominated by overturning. The Katrina 

hindcast load on the foundation is apparently lower than the base case foundation system 

capacity. 

 

Due to the uncertainty in the magnitudes of hindcast base shear and overturning moment 

and the fact that the base case foundation system capacity is already higher than the 

Katrina hindcast load, parametric analyses were not performed. 
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Figure E.21 Base Case Foundation System Capacity Interaction Diagram of Platform 8 

in the End-on Direction 
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Figure E.22 Base Case Foundation System Capacity Interaction Diagram of Platform 8 

in the Diagonal Direction 
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E.4 Platform 9 

 

Platform 9 is a 4-leg structure supported by 4 piles that are symmetrical and equipped 

with one 72-inch diameter conductor. The direction of the waves in Hurricane Katrina is 

approximately the end-on direction of this platform. The executive input file of this 

platform in the end-on direction is presented hereafter. 

 

Executive Input File for Platform 9 

 

PLATFORM 9 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

0.901E6 

1.5E3 

1.00E-11 

90.0 

0.640E6 

1.00E-10 

 

NUMBER OF PILES (NPILE) 

5 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-2.58E+02 -2.58E+02 -7.13 -7.13 1.44E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 2 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

2.58E+02 -2.58E+02 7.13 -7.13 1.44E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 
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WSOIL1.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-2.58E+02 2.58E+02 -7.13 7.13 1.44E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 4 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

2.58E+02 2.58E+02 7.13 7.13 1.44E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

CONDUCTOR 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.78E+00 0.00E+02 0.00 0.00 1.236E+03 0 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC72.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC72.INP 

 

The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of the 4 piles battered in 2 directions and the 72-inch diameter conductor are 

presented in Tables E.18 and E.19, respectively. The design soil profile and parameters 

common for all piles and conductor are presented in Table E.20. The axial capacities of 

the 4 piles in compression and in tension are presented in Figure E.23. The lateral 

resistance of these piles is presented in Figure E.24. The lateral resistance of the 72-inch 

diameter conductor is presented in Figure E.25. 
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Table E.18 Input Parameters for the Piles of Platform 9 

Seafloor Elevation (ft, MSL) -60 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft, MSL) -60 

Pile Length (ft) 120 

Pile Diameter (ft) 2.5 

Pile Tip Wall Thickness (in.) 0.75 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 7.125 

Pile Batter in y-direction (deg.) 7.125 

XR (ft) 24.1  

 

Table E.19 Input Parameters for the Conductor of Platform 9 

Seafloor Elevation (ft, MSL) -60 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft, MSL) -60 

Pile Length (ft) 103 

Pile Diameter (ft) 6 

Pile Tip Wall Thickness (in.) 1 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 23.5  
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Table E.20 Design Soil Profile and Parameters for All Piles and Conductor of Platform 9 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL)

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at 

the 

Top of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, ' 

(deg.)

Soil Pile 

Friction 

Angle,  

(deg.)

Limiting 

Skin 

Friction 

Value 

(ksf) 

Nq

Limiting 

End 

Bearing 

Value 

(ksf) 

C1 C2 C3

1 Cohesionless -60 -66 6 112.4 50     30 25 1.7 20 100 1.9 2.7 29

2 Cohesive -66 -86 20 102.4 40 500 15            

3 Cohesionless -86 -97 11 122.4 60     30 25 1.7 20 100 1.9 2.7 29

4 Cohesionless -97 -142 45 122.4 60     35 30 2.0 40 200 3.0 3.5 55

5 Cohesionless -142 -168 26 122.4 60     40 35 2.4 50 250 4.7 4.3 100

6 Cohesive -168 -190 22 112.4 50 2000 22.73            

7 Cohesive -190 -212 22 112.4 50 2500 22.73            
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Figure E.23 Ultimate Axial Capacities of the Piles of Platform 9 
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Figure E.24 Ultimate Lateral Resistance of the Piles of Platform 9 
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Figure E.25 Ultimate Lateral Resistance of the Conductor of Platform 9 
 

The structural capacity input files of the piles and conductor are summarized in Tables 

E.21 and E.22, respectively. 

 

Table E.21 Structural Capacity of the Piles of Platform 9 

Wall 

Thickness, 

t (in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

1 0 3.280E+06 3.029E+07

0.75 1200 2.481E+06 2.311E+07

1 1380 3.280E+06 3.029E+07
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Table E.22 Structural Capacity of the Conductor of Platform 9 

Wall 

Thickness, 

t (in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

1.5 0 1.196E+07 2.684E+08

1.75 120 1.390E+07 3.110E+08

1.5 564 1.196E+07 2.684E+08

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves in the end-on and diagonal directions are presented in Figures E.26 and 

E.27, respectively. Due to the symmetry of the piles, the foundation capacity in the 

broadside direction is the same as that in the end-on direction. The direction of the waves 

is approximately the end-on direction of this platform. Therefore, the hurricane hindcast 

load on the foundation is also presented in the interaction diagram for the end-on 

direction. 
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Figure E.26 Base Case Foundation System Capacity Interaction Diagram of Platform 9 

in the End-on Direction 
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Figure E.27 Base Case Foundation System Capacity Interaction Diagram of Platform 9 

in the Diagonal Direction 
 

As shown in Figures E.26 and E.27, the presence of the 72-inch diameter conductor 

contributes significantly to the shear and overturning capacities of the foundation. Also, 

the overturning capacities of the foundation in the end-on and diagonal directions are 

notably different. This is due to the non-redundant nature of this 4-pile structure. 

Parametric analyses were performed in the end-on direction to investigate the effects of 

the lateral resistance of the soil and the yield strength of the steel for the conductor on the 

foundation system capacity. In the first analysis, the ultimate lateral resistance, which is 

roughly proportional to the shear strength of the soil over the upper 50 feet of the 

conductor, was increased by 50 percent with a multiplier, NQlat, of 1.5. Unlike the 

parametric analysis for Platform 1, the multiplier was only applied for the conductor in 

this analysis. In the second analysis, the yield strength of the steel conductor was 

increased by 15 percent beyond its nominal value (fY= 41.4 ksi). The results of these two 

parametric analyses are presented in Figure E.28 where the base case foundation system 

capacity interaction curve is also presented. As shown, the increase in the shear capacity 

of the foundation due to increasing the ultimate lateral resistance of the conductor by 50 

percent is very similar to that due to increasing the yield strength of the conductor by 15 

percent. Increasing the yield strength of the conductor also increases the overturning 



    170  

capacity of the foundation marginally because the plastic moment capacity of the 

conductor contributes to the overturning capacity of the foundation. However, increasing 

the ultimate lateral resistance of the conductor does not increase the overturning capacity. 
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Figure E.28 Parametric Analyses for Platform 9 in the End-on Direction Increasing the 

Ultimate Lateral Resistance and Yield Strength of the 72-inch Diameter Conductor 
 

E.5 Platform 10 

 

Platform 10 is a 3-leg structure supported by 3 piles and equipped with one 20-inch 

diameter conductor (Figure E.29). The foundation system is highly asymmetrical. Pile A 

is a vertical pile with a diameter of 48 inches and a length of 265 feet. This pile also 

houses a well inside with a series of casing strings. Piles B and C are battered in 2 

directions. The diameter and length of these two piles are 48 inches and 220 feet, 

respectively. The direction of the waves in Hurricane Ike is approximately from the 

southeast to the northwest (290 degrees clockwise from the true north). The executive 

input file of this platform in the direction of the waves is presented hereafter. 
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Executive Input File for Platform 10 

 

PLATFORM 10 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

1.4E6 

4E3 

1.00E-11 

160.0 

3.116E6 

1.00E-10 

 

NUMBER OF PILES (NPILE) 

4 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.0E+02 5.435E+02 0.0 0.0 3.18E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE0.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL0.INP 

 

PILE 2 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-6.276E+02 -5.435E+02 -5.71 -9.83 2.64E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE2.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

6.276E+02 -5.435E+02 5.71 -9.83 2.64E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE2.INP 
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SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

CONDUCTOR 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.0E+02 6.335E+02 0.0 0.0 3.18E+03 0 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC.INP 

 

A

B C

Conductor

Vertical Pile

Batter PileBatter Pile

True 
North

Direction of Batter Direction of Batter

Ike Hindcast
Wave Direction
(290 degrees 
from True 
North)

Loading from 
North to South
(180 degrees 
from True 
North)

Loading from 
South to North

290 deg.

 

Figure E.29 Plan View of Foundation System for Platform 10 
 

The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of Pile A, Piles B and C, and the 20-inch diameter conductor are presented in 

Tables E.23, E24 and E.25, respectively. The design soil profile and parameters common 

for all piles and conductor are presented in Table E.26. The axial capacities of Pile A in 

compression and in tension are presented in Figure E.30. The lateral resistance of Pile A 

is presented in Figure E.31. The axial capacities of Piles B and C in compression and in 

tension are presented in Figure E.32. The lateral resistance of Piles B and C is presented 
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in Figure E.33. The lateral resistance of the 20-inch diameter conductor is presented in 

Figure E.34. 

 

Note that the axial capacity profiles presented herein represent the residual (versus peak) 

side shear with a residual adhesion ratio, tres/tmax, of 0.8, because the piles are embedded 

entirely in clays where strain softening will affect the axial pile capacity adversely. 

 

Table E.23 Input Parameters for Pile A of Platform 10 

Seafloor Elevation (ft, MSL) -360 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -360 

Pile Length (ft) 265 

Pile Diameter (ft) 4 

Pile Tip Wall Thickness (in.) 1.25 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 35.5  
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Table E.24 Input Parameters for Piles B and C of Platform 10 

Seafloor Elevation (ft, MSL) -360 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -360 

Pile Length (ft) 220 

Pile Diameter (ft) 4 

Pile Tip Wall Thickness (in.) 1.25 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 5.71 

Pile Batter in y-direction (deg.) 9.83 

XR (ft) 35.8  

 

Table E.25 Input Parameters for the Conductor of Platform 10 

Seafloor Elevation (ft, MSL) -360 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -360 

Pile Length (ft) 265 

Pile Diameter (ft) 1.67 

Pile Tip Wall Thickness (in.) 0.5 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Unplugged

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 15.5  
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Table E.26 Design Soil Profile and Parameters for All Piles and Conductor of Platform 10 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL) 

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at the 

Top of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, 

' (deg.)

Soil Pile 

Friction 

Angle, 

(deg.)

fmax  

(ksf)
Nq

qmax 

(ksf)
C1 C2 C3 

1 Cohesive -360 -369 9 92.4 30 30 9.09           

2 Cohesive -369 -381 12 105.4 43 320 40.42           

3 Cohesive -381 -408 27 106.4 44 805 16.85           

4 Cohesive -408 -447 39 108.4 46 1260 10.5           

5 Cohesive -447 -508 61 109.4 47 1669.5 10.5           

6 Cohesive -508 -574 66 109.4 47 2310 10.5           

7 Cohesive -574 -706 132 113.4 51 3003 10.5           
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Figure E.30 Ultimate Axial Capacities of Pile A of Platform 10 
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Figure E.31 Ultimate Lateral Resistance of Pile A of Platform 10 
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Figure E.32 Ultimate Axial Capacities of Piles B and C of Platform 10 
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Figure E.33 Ultimate Lateral Resistance of Piles B and C of Platform 10 
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Figure E.34 Ultimate Lateral Resistance of the Conductor of Platform 10 
 

The structural capacity input files of Pile A, Piles B and C, and the conductor are 

summarized in Tables E.27, E.28 and E.29, respectively. 

 

Table E.27 Structural Capacity of Pile A of Platform 10 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

1.75 0 9.154E+06 1.348E+08

1.5 600 7.889E+06 1.168E+08

1.25 1080 6.609E+06 9.837E+07
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Table E.28 Structural Capacity of Piles B and C of Platform 10 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

1.5 0 7.889E+06 1.168E+08

1.25 660 6.609E+06 9.837E+07

1 900 5.316E+06 7.954E+07

 

Table E.29 Structural Capacity of the Conductor of Platform 10 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

0.5 0 1.103E+06 6.846E+06

0.5 600 1.103E+06 6.846E+06

0.5 1080 1.103E+06 6.846E+06

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves corresponding to the direction of the waves in Hurricane Ike (Figure 

E.29), loading from south to north, loading from north to south, and loading from east to 

west are presented in Figures E.35, E.36, E.37 and E.38, respectively. Note that these 

interaction diagrams were developed using the residual side shear, which corresponds to 

80 percent of the peak side shear along the entire length of the piles. As shown in these 

figures, the 20-inch diameter conductor contributes insignificantly to the foundation 

system capacity. 

 

The foundation system capacities (without the contribution of the conductor) in different 

loading directions are compared in Figure E.39. As shown, both the shear and overturning 

capacities of the foundation are very different in different loading directions. This is due 

to the asymmetrical and non-redundant nature of the foundation. 

 

A parametric analysis was performed in the hindcast wave direction using the peak side 

shear. The result of this analysis is shown in Figure E.40. As shown, the overturning 

capacities of the foundation using the peak and residual side shear values are very 

different. It underscores the importance of considering the effect of strain softening on 

pile capacity for long, flexible piles embedded in clays. 
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Figure E.35 Base Case Foundation System Capacity Interaction Diagram of Platform 

10 in the Direction of the Waves in Hurricane Ike 
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Figure E.36 Base Case Foundation System Capacity Interaction Diagram of Platform 

10 Corresponding to Loading from South to North 
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Figure E.37 Base Case Foundation System Capacity Interaction Diagram of Platform 

10 Corresponding to Loading from North to South 
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Figure E.38 Base Case Foundation System Capacity Interaction Diagram of Platform 

10 Corresponding to Loading from East to West 
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Figure E.39 Comparison of Foundation Capacities in Different Loading Directions for 

Platform 10 
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Figure E.40 Parametric Analysis for Platform 10 in the Hindcast Wave Direction Using 

the Peak Side Shear Capacity 
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E.6 Platform 11 

 

Platform 11 is a 4-leg structure supported by 4 piles and equipped with 4 conductors. One 

of the conductors is 72 inches in diameter and the others are 26 inches in diameter. The 

72-inch diameter conductor was included in the foundation model. The foundation 

system is highly asymmetrical. Two of the piles are battered in 2 directions (double batter 

piles) and they are 239 feet long. The other two piles battered in 1 direction (single batter 

piles) are 309 feet long. All of the piles are 42 inches in diameter. The direction of the 

waves in Hurricane Katrina is approximately the end-on direction of this platform 

(loading from the side of the double batter piles to the side of the single batter piles). The 

executive input file of this platform in the end-on direction is presented hereafter. 

 

Executive Input File for Platform 11 

 

PLATFORM 11 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

2.0E6 

1.0E2 

1.00E-10 

270.0 

6.0E6 

1.00E-10 

 

NUMBER OF PILES (NPILE) 

5 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.2E+02 3.747E+02 -7.13 7.13 2.868E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE2.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 2 
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GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.2E+02 3.747E+02 7.13 7.13 2.868E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE2.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.2E+02 -3.747E+02 -7.13 0 3.708E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 4 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.2E+02 -3.747E+02 7.13 0 3.708E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

CONDUCTOR 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.00E+00 -4.947E+02 0.00 0.00 1.560E+03 0 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC.INP 

 

The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of the double batter piles, the single batter piles and the 72-inch diameter 

conductor are presented in Tables E.30, E31 and E.32, respectively. The design soil 

profile and parameters common for all piles and conductor are presented in Table E.33. 

The axial capacities of the double batter piles in compression and in tension are presented 
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in Figure E.41. The lateral resistance of the double batter piles is presented in Figure E.42. 

The axial capacities of the single batter piles in compression and in tension are presented 

in Figure E.43. The lateral resistance of the single batter piles is presented in Figure E.44. 

The lateral resistance of the 72-inch diameter conductor is presented in Figure E.45. 

 

Table E.30 Input Parameters for the Double Batter Piles of Platform 11 

Seafloor Elevation (ft, MSL) -120 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -120 

Pile Length (ft) 239 

Pile Diameter (ft) 3.5 

Pile Tip Wall Thickness (in.) 0.75 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 7.125 

Pile Batter in y-direction (deg.) 7.125 

XR (ft) 32.0 
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Table E.31 Input Parameters for the Single Batter Piles of Platform 11 

Seafloor Elevation (ft, MSL) -120 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -120 

Pile Length (ft) 309 

Pile Diameter (ft) 3.5 

Pile Tip Wall Thickness (in.) 0.75 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 7.125 

Pile Batter in y-direction (deg.) 0 

XR (ft) 32.2 

 

Table E.32 Input Parameters for the 72-inch Diameter Conductor of Platform 11 

Seafloor Elevation (ft, MSL) -120 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -120 

Pile Length (ft) 130 

Pile Diameter (ft) 6 

Pile Tip Wall Thickness (in.) 1 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 35.5 
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Table E.33 Design Soil Profile and Parameters for All Piles and Conductor of Platform 11 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL)

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at the 

Top of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, 

' (deg.)

Soil Pile 

Friction 

Angle,  

(deg.)

fmax  

(ksf)
Nq

qmax 

(ksf)
C1 C2 C3 

1 Cohesionless -120 -128 8 119.9 57.5     30 25 1.7 20 100 1.9 2.7 28 

2 Cohesive -128 -139 11 89.9 27.5 250 36.36          

3 Cohesive -139 -155 16 94.9 32.5 650 6.25          

4 Cohesionless -155 -219 64 124.4 62     35 30 2.0 40 200 3.0 3.4 54 

5 Cohesive -219 -227 8 113.4 51 1000 0          

6 Cohesionless -227 -236 9 122.4 60     35 30 2.0 40 200 3.0 3.4 54 

7 Cohesive -236 -242.5 6.5 120.4 58 1800 0          

8 Cohesionless -242.5 -256 13.5 122.4 60     30 25 1.7 20 100 1.9 2.7 28 

9 Cohesive -256 -327 71 117.9 55.5 1800 21.13          

10 Cohesionless -327 -364 37 122.4 60     30 25 1.7 20 100 1.9 2.7 28 

11 Cohesionless -364 -400 36 122.4 60     35 30 2.0 40 200 3.0 3.4 54 

12 Cohesive -400 -407 7 120.4 58 2300 0          

13 Cohesionless -407 -434 27 122.4 60     35 30 2.0 40 200 3.0 3.4 54 
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Figure E.41 Ultimate Axial Capacities of the Double Batter Piles of Platform 11 
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Figure E.42 Ultimate Lateral Resistance of the Double Batter Piles of Platform 11 
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Figure E.43 Ultimate Axial Capacities of the Single Batter Piles of Platform 11 
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Figure E.44 Ultimate Lateral Resistance of the Single Batter Piles of Platform 11 
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Figure E.45 Ultimate Lateral Resistance of the Conductor of Platform 11 
 

The structural capacity input files of the double batter piles, single batter piles and 

conductor are summarized in Tables E.34, E.35 and E.36, respectively. 

 

Table E.34 Structural Capacity of the Double Batter Piles of Platform 11 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

1.75 0 7.966E+06 1.021E+08

1.5 720 6.871E+06 8.861E+07

1.25 960 5.761E+06 7.475E+07
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Table E.35 Structural Capacity of the Single Batter Piles of Platform 11 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

2 0 9.048E+06 1.153E+08

1.75 720 7.966E+06 1.021E+08

1.25 1080 5.761E+06 7.475E+07

 

Table E.36 Structural Capacity of the Conductor of Platform 11 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

1.75 0 1.390E+07 3.110E+08

1.5 360 1.196E+07 2.684E+08

1 840 8.030E+06 1.815E+08

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves in the end-on direction are presented in Figure E.46. The direction of 

the waves in Hurricane Katrina is approximately the end-on direction of this platform. 

The magnitude of the base shear and overturning moment on the foundation in Katrina 

was roughly estimated to be 3,500 kips and 213,500 ft-kips. Note that this estimate was 

not obtained from the detailed hindcast analysis using a 3-D model. This hindcast load is 

compared with the foundation system capacity interaction curves in the end-on direction. 

 

As shown in Figure E.46, the 72-inch diameter conductor contributes significant shear 

capacity to the foundation. The hurricane load is nearly equivalent to the foundation 

capacity including the four piles and this large conductor. The foundation of this platform 

did survive the hurricane. Its survival is explainable if the contribution of all four 

conductors is included. 

 

A parametric analysis was performed in the end-on direction to increase the yield strength 

of the steel for the piles and the 72-inch diameter conductor by 15 percent to represent the 

average value. The result is presented in Figure E.47. As shown, increasing the yield 

strength of steel further increases the shear capacity of the foundation. Consequently, the 

survival of the foundation for this platform is not a surprise. 
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Figure E.46 Base Case Foundation System Capacity Interaction Diagram of Platform 

11 in the End-on Direction 
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Figure E.47 Parametric Analysis for Platform 11 in the End-on Direction Increasing the 

Yield Strength of the Steel 
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E.7 Platform 12 

 

Platform 12 is a 4-leg structure supported by 4 piles and equipped with 12 conductors. 

One of the conductors is 36 inches in diameter and the others are 26 inches in diameter. 

All conductors were included explicitly in the foundation model. The foundation system 

is symmetrical. All four piles are 48 inches in diameter and battered in 2 directions. The 

direction of the waves in Hurricane Rita is approximately the end-on direction of this 

platform. The executive input file of this platform in the end-on direction is presented 

hereafter. 

 

Executive Input File for Platform 12 

 

PLATFORM 12 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

2.899E6 

3E3 

1.00E-11 

90.0 

3.936E6 

1.00E-10 

 

NUMBER OF PILES (NPILE) 

6 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.995E+02 -4.995E+02 -7.13 -7.13 3.06E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 2 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.995E+02 -4.995E+02 7.13 -7.13 3.06E+03 1 1 
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PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.995E+02 4.995E+02 -7.13 7.13 3.06E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 4 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.995E+02 4.995E+02 7.13 7.13 3.06E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

CONDUCTORS 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.00E+00 0.68E+02 0.00 0.00 1.80E+03 0 11 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC26.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC26.INP 

 

CONDUCTORS 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.00E+00 0.68E+02 0.00 0.00 1.80E+03 0 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC36.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC36.INP 
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The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of the piles, 36-inch diameter conductor and 26-inch diameter conductors are 

presented in Tables E.37, E38 and E.39, respectively. The design soil profile and 

parameters common for all piles and conductor are presented in Table E.40. The axial 

capacities of the piles in compression and in tension are presented in Figure E.48. The 

lateral resistance of the piles is presented in Figure E.49. The lateral resistance of the 

36-inch and 26-inch diameter conductors is presented in Figures E.50 and E.51, 

respectively. 

 

Table E.37 Input Parameters for the Piles of Platform 12 

Seafloor Elevation (ft, MSL) -190 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft, MSL) -190 

Pile Length (ft) 255 

Pile Diameter (ft) 4 

Pile Tip Wall Thickness (in.) 1.25 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 7.125 

Pile Batter in y-direction (deg.) 7.125 

XR (ft) 32.0  

 

 

 

 

 

 

 

 



    200  

Table E.38 Input Parameters for the 36-inch Diameter Conductor of Platform 12 

Seafloor Elevation (ft, MSL) -190 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft, MSL) -190 

Pile Length (ft) 150 

Pile Diameter (ft) 3 

Pile Tip Wall Thickness (in.) 0.5 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 25.5  

 

Table E.39 Input Parameters for the 26-inch Diameter Conductors of Platform 12 

Seafloor Elevation (ft, MSL) -190 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft, MSL) -190 

Pile Length (ft) 150 

Pile Diameter (ft) 2.167 

Pile Tip Wall Thickness (in.) 0.5 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 19.5  
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Table E.40 Design Soil Profile and Parameters for All Piles and Conductors of Platform 12 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL)

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at 

the 

Top of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, 

' (deg.)

Soil Pile 

Friction 

Angle, 

(deg.)

Limiting 

Skin 

Friction 

Value 

(ksf) 

Nq

Limiting 

End 

Bearing 

Value 

(ksf) 

C1 C2 C3

1 Cohesive -190 -226 36 108.4 46 400 10.53          

2 Cohesionless -226 -260 34 112.4 50     25 20 1.4 12 60 1.2 2.0 15

3 Cohesive -260 -288 28 116.4 54 1200 8.33          

4 Cohesive -288 -316 28 116.4 54 1433 8.33          

5 Cohesive -316 -344 28 116.4 54 1667 8.33          

6 Cohesive -344 -372 28 116.4 54 1900 8.33          

7 Cohesive -372 -400 28 116.4 54 2133 8.33          
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Figure E.48 Ultimate Axial Capacities of the Piles of Platform 12 
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Figure E.49 Ultimate Lateral Resistance of the Piles of Platform 12 
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Figure E.50 Ultimate Lateral Resistance of the 36-inch Diameter Conductor of 

Platform 12 
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Figure E.51 Ultimate Lateral Resistance of the 26-inch Diameter Conductors of 
Platform 12 

 

The structural capacity input files of the piles, 36-inch diameter conductor and 26-inch 

diameter conductors are summarized in Tables E.41, E.42 and E.43, respectively. 

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves in the end-on and diagonal directions are presented in Figures E.52 and 

E.53, respectively. Due to the symmetry of the piles, the foundation capacity in the 

broadside direction is the same as that in the end-on direction. The direction of the waves 

is approximately the end-on direction of this platform. Therefore, the hurricane hindcast 

load on the foundation is also presented in the interaction diagram for the end-on 

direction. 
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Table E.41 Structural Capacity of the Piles of Platform 12 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

1.5 0 7.889E+06 1.168E+08 

1.375 840 7.251E+06 1.076E+08 

1.25 960 6.609E+06 9.837E+07 

 

Table E.42 Structural Capacity of the 36-inch Diameter Conductor of Platform 12 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

0.5 0 2.007E+06 2.269E+07 

0.5 480 2.007E+06 2.269E+07 

0.5 600 2.007E+06 2.269E+07 

 

Table E.43 Structural Capacity of the 26-inch Diameter Conductors of Platform 12 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

0.5 0 1.442E+06 1.171E+07 

0.5 480 1.442E+06 1.171E+07 

0.5 600 1.442E+06 1.171E+07 
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Figure E.52 Base Case Foundation System Capacity Interaction Diagram of Platform 

12 in the End-on Direction 
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Figure E.53 Base Case Foundation System Capacity Interaction Diagram of Platform 

12 in the Diagonal Direction 
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As shown in Figures E.52 and E.53, the presence of the 12 conductors contributes 

significantly to the shear capacity of the foundation. Also, the overturning capacities of 

the foundation in the end-on and diagonal directions are notably different. This is due to 

the non-redundant nature of this 4-pile structure. Parametric analyses were performed in 

the end-on direction to investigate the effects of the lateral resistance of the soil and the 

yield strength of the steel for the conductors on the foundation system capacity. In the 

first analysis, the ultimate lateral resistance, which is roughly proportional to the shear 

strength of the soil over the upper 50 feet of the conductors, was increased by 50 percent 

with a multiplier, NQlat, of 1.5. Unlike the parametric analysis for Platform 1, the 

multiplier was only applied for the conductors in this analysis. In the second analysis, the 

yield strength of the steel conductors was increased by 15 percent beyond its nominal 

value (fY= 41.4 ksi). The results of these two parametric analyses are presented in Figure 

E.54 where the base case foundation system capacity interaction curve is also presented. 

As shown, the foundation capacities as a result of increasing the ultimate lateral 

resistance of the conductors and increasing the yield strength of the conductors are nearly 

identical in this case. 

 

0

1000

2000

3000

4000

5000

6000

0.0E+00 2.0E+05 4.0E+05 6.0E+05 8.0E+05 1.0E+06 1.2E+06

B
as
e
 S
h
e
ar
 (
ki
p
s)

Overturning Moment (ft‐kips)

Base Case Foundation 
System Capacity with 

the Conductors

Yield Strength of the 
Conductors Increased 

by 15 %

Ultimate Lateral Resistance 
of the Conductors Increased 

by 50 %

 
Figure E.54 Parametric Analyses for Platform 12 in the End-on Direction Increasing 

the Ultimate Lateral Resistance and Yield Strength of the Conductors 
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E.8 Platform 22 

 

Platform 22 is a 4-leg structure supported by 4 piles. This platform is not equipped with 

any well conductor. The foundation system is symmetrical. All four piles are 42 inches in 

diameter and battered in 2 directions. The nominal yield strength of the piles is 50 ksi 

from the mudline to an approximate depth of 111 feet below the mudline and then it 

changes to 36 ksi below that depth. The direction of the waves in Hurricane Rita is 

approximately the end-on direction of this platform. The executive input file of this 

platform in the end-on direction is presented hereafter. 

 

Executive Input File for Platform 22 

 

PLATFORM 22 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

3.5E6 

1.0E2 

1.00E-10 

90.0 

2.973E6 

1.00E-10 

 

NUMBER OF PILES (NPILE) 

4 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.125E+02 -4.125E+02 -7.13 -7.13 3.480E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 2 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.125E+02 -4.125E+02 7.13 -7.13 3.480E+03 1 1 
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PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.125E+02 4.125E+02 -7.13 7.13 3.480E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 4 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.125E+02 4.125E+02 7.13 7.13 3.480E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of the piles are presented in Tables E.44. The design soil profile and parameters 

are presented in Table E.45. The axial capacities of the piles in compression and in 

tension are presented in Figure E.55. The lateral resistance of the piles is presented in 

Figure E.56. The structural capacity input file of the piles is summarized in Table E.46. 

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves in the end-on direction are presented in Figure E.57. Due to the 

symmetry of the piles, the foundation capacity in the broadside direction is the same as 

that in the end-on direction. The direction of the waves is approximately the end-on 

direction of this platform. Therefore, the hurricane hindcast load on the foundation is also 

presented in Figure E.57. Parametric analyses for this platform were not performed. 
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Table E.44 Input Parameters for the Piles of Platform 22 

Seafloor Elevation (ft, MSL) -100 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -100 

Pile Length (ft) 290 

Pile Diameter (ft) 3.5 

Pile Tip Wall Thickness (in.) 1.25 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 24.5 
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Table E.45 Design Soil Profile and Parameters for the Piles of Platform 22 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL) 

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at 

the 

Top of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, ' 

(deg.)

Soil Pile 

Friction 

Angle,  

(deg.)

fmax  

(ksf)
Nq

qmax 

(ksf)
C1 C2 C3

1 Cohesive -100 -140 40 97.4 36 100 9.43           

2 Cohesive -140 -165 25 102.4 39 477.5 9.43           

3 Cohesive -165 -206 41 102.4 37.5 713 9.43           

4 Cohesionless -206 -227 21 122.4 60     30 25 1.7 20 100 1.9 2.7 28

5 Cohesive -227 -241 13.5 120.4 40 1000 0           

6 Cohesionless -240.5 -268 27.5 120.4 60     30 25 1.7 20 100 1.9 2.7 28

7 Cohesive -268 -280 12 112.4 56 750 68.75           

8 Cohesive -280 -318 37.5 112.4 56 1575 0           

9 Cohesive -317.5 -345 27.5 112.4 56 1500 -3.6           

10 Cohesionless -345 -371 26 112.4 60     30 25 1.7 20 100 1.9 2.7 28

11 Cohesive -371 -400 29 112.4 60 600 82.75           

12 Cohesive -400 -405 5 112.4 60 3000 12.5           
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Figure E.55 Ultimate Axial Capacities of the Piles of Platform 22 
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Figure E.56 Ultimate Lateral Resistance of the Piles of Platform 22 
 

Table E.46 Structural Capacity of the Piles of Platform 22 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

1.75 0 1.106E+07 1.418E+08 

1.875 564 1.182E+07 1.510E+08 

1.75 1212 1.106E+07 1.418E+08 
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Figure E.57 Base Case Foundation System Capacity Interaction Diagram of Platform 

22 in the End-on Direction 
 

E.9 Platform 25 

 

Platform 25 is a 4-leg structure supported by 4 piles and equipped with 4 conductors. The 

conductors are 30 inches in diameter and located outside the jacket. The foundation 

system is highly asymmetrical. Two of the piles are battered in 2 directions (double batter 

piles) and they are 169 feet long. The other two piles are vertical piles that are also 169 

feet long. All of the piles are 36 inches in diameter. The direction of the waves in 

Hurricane Katrina is approximately the end-on direction of this platform (loading from 

the side of the double batter piles to the side of the vertical piles). The executive input file 

of this platform in the end-on direction is presented hereafter. 

 

Executive Input File for Platform 25 

 

PLATFORM 25 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

3.671E6 
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3E2 

1.00E-11 

90.0 

1.142E6 

1.00E-10 

 

NUMBER OF PILES (NPILE) 

5 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-3.56E+02 -3.73E+02 -3.576 -8.746 2.028E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 2 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

3.56E+02 -3.73E+02 3.576 -8.746 2.028E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE1.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-0.54E+02 3.73E+02 0.00 0.00 2.028E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE2.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 4 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.54E+02 3.73E+02 0.00 0.00 2.028E+03 1 1 
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PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE2.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

CONDUCTORS 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.00E+00 4.72E+02 0.00 0.00 2.004E+03 0 4 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC30.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC30.INP 

 

The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of the vertical piles, double batter piles and conductors are presented in Tables 

E.47, E48 and E.49, respectively. The design soil profile and parameters common for all 

piles and conductor are presented in Table E.50. The axial capacities of the double batter 

piles in compression and in tension are presented in Figure E.58. The lateral resistance of 

these piles is presented in Figure E.59. The same figures for the vertical piles are not 

presented since they are similar to those for the double batter piles. The lateral resistance 

of the conductors is presented in Figures E.60. 

 

The structural capacity input files of the double batter piles, vertical piles and conductors 

are summarized in Tables E.51, E.52 and E.53, respectively. 

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves in the end-on, broadside and diagonal directions are presented in 

Figures E.61, E.62 and E.63, respectively. The direction of the waves is approximately 

the end-on direction of this platform. Therefore, the hurricane hindcast load on the 

foundation is also presented in the interaction diagram for the end-on direction. 

 

As shown in Figures E.61, E.62 and E.63, the overturning capacity of the foundation is 

notably different in different loading directions (highest in the end-on and lowest in the 

broadside direction). This is due to the asymmetrical and non-redundant nature of the 

foundation. Note that even if this platform is a 4-leg structure, the two vertical legs are 

located close to each other. Therefore, it behaves like a 3-leg structure effectively. 
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Table E.47 Input Parameters for the Vertical Piles of Platform 25 

Seafloor Elevation (ft, MSL) -90 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft, MSL) -90 

Pile Length (ft) 169 

Pile Diameter (ft) 3 

Pile Tip Wall Thickness (in.) 0.75 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 28.5  

 

Table E.48 Input Parameters for the Double Batter Piles of Platform 25 

Seafloor Elevation (ft, MSL) -90 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft, MSL) -90 

Pile Length (ft) 169 

Pile Diameter (ft) 3 

Pile Tip Wall Thickness (in.) 0.75 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 3.576 

Pile Batter in y-direction (deg.) 8.746 

XR (ft) 28.1  
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Table E.49 Input Parameters for the Conductors of Platform 25 

Seafloor Elevation (ft, MSL) -90 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft, MSL) -90 

Pile Length (ft) 167 

Pile Diameter (ft) 2.5 

Pile Tip Wall Thickness (in.) 0.75 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 23.5  
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Table E.50 Design Soil Profile and Parameters for All Piles and Conductors of Platform 25 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL) 

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at the 

Top of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, 

' (deg.)

Soil Pile 

Friction 

Angle, 

(deg.)

Limiting 

Skin 

Friction 

Value 

(ksf) 

Nq

Limiting 

End 

Bearing 

Value 

(ksf) 

C1 C2 C3

1 Cohesive -90 -96 6 110.4 48 350 36         

2 Cohesionless -96 -108 12 120.4 58     30 25 1.7 20 100 1.9 2.7 29

3 Cohesive -108 -181 73 110.4 48 850 14.7         

4 Cohesive -181 -254 73 115.4 53 1925 14.7         

5 Cohesionless -254 -284 30 122.4 60     35 30 2.0 40 200 3.0 3.5 50

6 Cohesionless -284 -314 30 122.4 60     35 30 2.0 40 200 3.0 3.5 50

7 Cohesionless -314 -350 36 122.4 60     35 30 2.0 40 200 3.0 3.5 50
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Figure E.58 Ultimate Axial Capacities of the Double Batter Piles of Platform 25 
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Figure E.59 Ultimate Lateral Resistance of the Double Batter Piles of Platform 25 
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Figure E.60 Ultimate Lateral Resistance of the Conductors of Platform 25 
 

Table E.51 Structural Capacity of the Double Batter Piles of Platform 25 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

1.625 0 6.318E+06 6.918E+07

1.25 312 4.913E+06 5.436E+07

0.875 552 3.476E+06 3.887E+07
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Table E.52 Structural Capacity of the Vertical Piles of Platform 25 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

1.625 0 6.318E+06 6.918E+07

1.25 312 4.913E+06 5.436E+07

0.875 552 3.476E+06 3.887E+07

 

Table E.53 Structural Capacity of the Conductors of Platform 25 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

1.625 0 5.215E+06 4.715E+07

1.25 312 4.064E+06 3.722E+07

0.875 552 2.882E+06 2.673E+07
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Figure E.61 Base Case Foundation System Capacity Interaction Diagram of Platform 

25 in the End-on Direction 
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Figure E.62 Base Case Foundation System Capacity Interaction Diagram of Platform 

25 in the Broadside Direction 
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Figure E.63 Base Case Foundation System Capacity Interaction Diagram of Platform 

25 in the Diagonal Direction 
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Parametric analyses were performed in the end-on direction to investigate the effects of 

the lateral resistance of the soil and the yield strength of the steel for the conductors on 

the foundation system capacity. In the first analysis, the ultimate lateral resistance, which 

is roughly proportional to the shear strength of the soil over the upper 50 feet of the 

conductors, was increased by 50 percent with a multiplier, NQlat, of 1.5. Unlike the 

parametric analysis for Platform 1, the multiplier was only applied for the conductors in 

this analysis. In the second analysis, the yield strength of the steel conductors was 

increased by 15 percent beyond its nominal value (fY= 41.4 ksi). The results of these two 

parametric analyses are presented in Figure E.64 where the base case foundation system 

capacity interaction curve is also presented. As shown, the increase in the shear capacity 

of the foundation due to increasing the ultimate lateral resistance of the conductors by 50 

percent is very similar to that due to increasing the yield strength of the conductors by 15 

percent. Increasing the ultimate lateral resistance or yield strength of the conductors does 

not increase the overturning capacity of the foundation since the conductors are relatively 

small. 
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Figure E.64 Parametric Analyses for Platform 25 in the End-on Direction Increasing 

the Ultimate Lateral Resistance and Yield Strength of the Conductors 
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E.10 Platform 27 

 

Platform 27 is a 4-leg structure supported by 4 piles and equipped with 2 conductors. The 

conductors are 30 inches in diameter and located outside the jacket. The foundation 

system is symmetrical in one direction but asymmetrical in the other direction. Two of the 

piles are battered in 2 directions (double batter piles). They are 264 feet long and 48 

inches in diameter. The other two piles are battered in 1 direction (single batter piles). 

They are 281 feet long and 60 inches in diameter. The direction of the waves in Hurricane 

Rita is approximately the end-on direction of this platform (loading perpendicular to the 

plane of symmetry). The executive input file of this platform in the end-on direction is 

presented hereafter. 

 

Executive Input File for Platform 27 

 

PLATFORM 27 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

2.867E6 

5E3 

1.00E-11 

180.0 

4.602E6 

1.00E-10 

 

NUMBER OF PILES (NPILE) 

5 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-5.62E+02 -5.491E+02 -4.76 -9.09 3.168E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE48.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 2 
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GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

5.62E+02 -5.491E+02 4.76 -9.09 3.168E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE48.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-5.62E+02 5.491E+02 -4.76 0.0 3.372E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE60.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 4 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

5.62E+02 5.491E+02 4.76 0.0 3.372E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE60.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

CONDUCTORS 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.00E+02 5.97E+02 0.00 0.00 3.372E+03 0 2 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC.INP 

 

The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of the double batter piles, single batter piles and conductors are presented in 

Tables E.54, E55 and E.56, respectively. The design soil profile and parameters common 

for all piles and conductor are presented in Table E.57. The axial capacities of the double 

batter piles in compression and in tension are presented in Figure E.65. The lateral 



    229  

resistance of these piles is presented in Figure E.66. The axial capacities of the single 

batter piles in compression and in tension are presented in Figure E.67. The lateral 

resistance of these piles is presented in Figure E.68. The lateral resistance of the 

conductors is presented in Figures E.69. 

 

The structural capacity input files of the double batter piles, single batter piles and 

conductors are summarized in Tables E.58, E.59 and E.60, respectively. 

 

Table E.54 Input Parameters for the Double Batter Piles of Platform 27 

Seafloor Elevation (ft, MSL) -300 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -300 

Pile Length (ft) 264 

Pile Diameter (ft) 4 

Pile Tip Wall Thickness (in.) 1.25 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 4.76 

Pile Batter in y-direction (deg.) 9.09 

XR (ft) 34.0  
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Table E.55 Input Parameters for the Single Batter Piles of Platform 27 

Seafloor Elevation (ft, MSL) -300 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -300 

Pile Length (ft) 281 

Pile Diameter (ft) 5 

Pile Tip Wall Thickness (in.) 1.5 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 4.76 

Pile Batter in y-direction (deg.) 0 

XR (ft) 41.4  

 

Table E.56 Input Parameters for the Conductors of Platform 27 

Seafloor Elevation (ft, MSL) -300 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -300 

Pile Length (ft) 281 

Pile Diameter (ft) 2.5 

Pile Tip Wall Thickness (in.) 0.75 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Unplugged

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 23.5  
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Table E.57 Design Soil Profile and Parameters for All Piles and Conductors of Platform 27 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL)

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at 

the 

Top of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, 

' (deg.)

Soil Pile 

Friction 

Angle, 

(deg.)

fmax  

(ksf)
Nq

qmax 

(ksf)
C1 C2 C3 

1 Cohesive -300 -317 17 92.4 30 100 4.67          

2 Cohesive -317 -402 85 109.4 47 700 12.94          

3 Cohesionless -402 -416 14 122.4 60     30 25 1.7 20 100 1.9 2.7 29 

4 Cohesive -416 -452 36 117.4 55 2000 10.75          

5 Cohesive -452 -502 50 117.4 55 2387 10.75          

6 Cohesive -502 -552 50 117.4 55 2924.5 10.75          

7 Cohesive -552 -602 50 117.4 55 3462 10.75          
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Figure E.65 Ultimate Axial Capacities of the Double Batter Piles of Platform 27 
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Figure E.66 Ultimate Lateral Resistance of the Double Batter Piles of Platform 27 
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Figure E.67 Ultimate Axial Capacities of the Single Batter Piles of Platform 27 
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Figure E.68 Ultimate Lateral Resistance of the Single Batter Piles of Platform 27 
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Figure E.69 Ultimate Lateral Resistance of the Conductors of Platform 27 
 

Table E.58 Structural Capacity of the Double Batter Piles of Platform 27 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

1.25 0 6.609E+06 9.837E+07

1 588 5.316E+06 7.954E+07

0.75 1308 4.008E+06 6.028E+07
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Table E.59 Structural Capacity of the Single Batter Piles of Platform 27 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

1.5 0 9.924E+06 1.848E+08

1.25 552 8.306E+06 1.553E+08

1 1152 6.673E+06 1.253E+08

 

Table E.60 Structural Capacity of the Conductors of Platform 27 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

0.75 0 2.481E+06 2.311E+07

0.75 600 2.481E+06 2.311E+07

0.75 1200 2.481E+06 2.311E+07

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves in the end-on direction are presented in Figures E.70. The direction of 

the waves is approximately the end-on direction of this platform. Therefore, the hurricane 

hindcast load on the foundation is also presented in Figure E.70. 

 

A parametric analysis was performed to investigate the effect of loading direction on the 

foundation system capacity. Only the four piles were considered in this analysis. 

Furthermore, the yield strength of the piles was assumed to be 50 ksi (instead of 36 ksi as 

in the base case). The foundation system capacity interaction curves in the end-on, 

broadside and diagonal directions (corresponding to a skew angle, = 180, 90 and 135 

degrees, respectively) are shown in Figure E.71. Note that the definition of the skew 

angle is provided in Appendix D. 

 

As shown in Figure E.71, the overturning capacity of the foundation is notably different 

in different loading directions (highest in the broadside and lowest in the diagonal 

direction). Additionally, the shear capacity of the foundation is slightly different in 

different loading directions. This is due to the asymmetrical and non-redundant nature of 

the foundation. 
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Figure E.70 Base Case Foundation System Capacity Interaction Diagram of Platform 

27 in the End-on Direction 
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Figure E.71 Comparison of Foundation Capacities in Different Loading Directions for 

Platform 27 
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E.11 Platform 29 

 

Platform 29 is an 8-leg structure supported by 8 piles and equipped with 12 conductors. 

The direction of the waves in Hurricane Katrina is approximately the broadside direction 

of this platform. The executive input file of this platform in the broadside direction is 

presented hereafter. 

 

Executive Input File for Platform 29 

 

PLATFORM 29 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

3.0E6 

1.0E2 

1.00E-11 

180.0 

4.00E6 

1.00E-10 

 

NUMBER OF PILES (NPILE) 

9 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.935E+02 -8.415E+02 -7.13 -7.13 1.68E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 2 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.935E+02 -8.415E+02 7.13 -7.13 1.68E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 
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WSOIL2.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.935E+02 8.415E+02 -7.13 7.13 1.68E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 4 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.935E+02 8.415E+02 7.13 7.13 1.68E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 5 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.935E+02 -1.80E+02 -7.13 0.00 1.68E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 6 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.935E+02 -1.80E+02 7.13 0.00 1.68E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 7 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 
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-4.935E+02 1.80E+02 -7.13 0.00 1.68E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 8 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.935E+02 1.80E+02 7.13 0.00 1.68E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

CONDUCTORS 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

0.00E+00 3.84E+02 0.00 0.00 1.68E+03 0 12 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC.INP 

 

The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of the 4 corner piles battered in 2 directions, the 4 side piles battered in 1 

direction, and the 12 conductors are presented in Tables E.61, E.62 and E.63, respectively. 

The design soil profile and parameters common for all piles and conductors are presented 

in Table E.64. The axial capacities of the 4 corner piles in compression and in tension are 

presented in Figure E.72. The lateral resistance of these piles is presented in Figure E.73. 

The same figures for the 4 side piles are not presented since they are similar to those for 

the corner piles. The lateral resistance of the conductors is presented in Figure E.74. 
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Table E.61 Input Parameters for the Piles of Platform 29 Battered in 2 Directions 

Seafloor Elevation (ft, MSL) -150 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -150 

Pile Length (ft) 140 

Pile Diameter (ft) 3.5 

Pile Tip Wall Thickness (in.) 0.875 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 7.125 

Pile Batter in y-direction (deg.) 7.125 

XR (ft) 22.2 

 

Table E.62 Input Parameters for the Piles of Platform 29 Battered in 1 Direction 

Seafloor Elevation (ft, MSL) -150 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -150 

Pile Length (ft) 140 

Pile Diameter (ft) 3.5 

Pile Tip Wall Thickness (in.) 0.875 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 21.5 
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Table E.63 Input Parameters for the Conductors of Platform 29 

Seafloor Elevation (ft, MSL) -150 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -150 

Pile Length (ft) 140 

Pile Diameter (ft) 2 

Pile Tip Wall Thickness (in.) 1 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 0.75 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 7.1 
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Table E.64 Design Soil Profile and Parameters for All Piles and Conductors of Platform 29 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL)

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at the 

Top of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, 

' (deg.)

Soil Pile 

Friction 

Angle, 

(deg.)

fmax  

(ksf)
Nq

qmax 

(ksf)
C1 C2 C3 

1 Cohesive -150 -163 13 90.9 28.5 80 0          

2 Cohesive -163 -183 20 96.9 34.5 80 15          

3 Cohesive -183 -228 45 101.4 39 380 7.1          

4 Cohesionless -228 -306 78 122.4 60     35 30 2.0 40 200 3.0 3.4 54 

5 Cohesionless -306 -307 1 122.4 60     35 30 2.0 40 200 3.0 3.4 54 

6 Cohesionless -307 -308 1 122.4 60     35 30 2.0 40 200 3.0 3.4 54 

7 Cohesionless -308 -309 1 122.4 60     35 30 2.0 40 200 3.0 3.4 54 
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Figure E.72 Ultimate Axial Capacities of the Corner Piles of Platform 29 
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Figure E.73 Ultimate Lateral Capacity of the Corner Piles of Platform 29 
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Figure E.74 Ultimate Lateral Capacity of the Conductors of Platform 29 
 

The structural capacity input files of the piles and conductors are summarized in Tables 

E.65 and E.66, respectively. 

 

Table E.65 Structural Capacity of the Piles of Platform 29 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

1.25 0 5.761E+06 7.475E+07

1.375 216 6.318E+06 8.173E+07

1.25 816 5.761E+06 7.475E+07
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Table E.66  Structural Capacity of the Conductors of Platform 29 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, 

M (in.-lbs)

0.75 0 1.972E+06 1.460E+07

0.75 600 1.972E+06 1.460E+07

0.75 1200 1.972E+06 1.460E+07

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves in the end-on, broadside and diagonal directions are presented in 

Figures E.75, E.76 and E.77, respectively. The direction of the waves is approximately 

the broadside direction of this platform. Therefore, the hurricane hindcast load on the 

foundation is also presented in the interaction diagram for the broadside direction. 

Parametric analyses were not performed for this platform. 
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Figure E.75 Base Case Foundation System Capacity Interaction Diagram of Platform 

29 in the End-on Direction 
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Figure E.76 Base Case Foundation System Capacity Interaction Diagram of Platform 

29 in the Broadside Direction 
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Figure E.77 Base Case Foundation System Capacity Interaction Diagram of Platform 

29 in the Diagonal Direction 
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E.12 Platform 30 

 

Platform 30 is a 6-leg structure supported by 6 piles and equipped with 12 conductors. 

The direction of the waves in Hurricane Katrina is approximately the diagonal direction 

of this platform. The executive input file of this platform in the diagonal direction is 

presented hereafter. 

 

Executive Input File for Platform 30 

 

PLATFORM 30 (ALL UNITS IN LB., IN., AND DEGREES) 

 

SYSTEM LOAD DATA (PH,H,R,SKEW,PV,ECCENT) 

1.181E6 

1E4 

1.00E-11 

45.0 

4.038E6 

1.00E-10 

 

NUMBER OF PILES (NPILE) 

7 

 

PILE 1 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.9575E+02 -6.1575E+02 -7.13 -7.13 2.472E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 2 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.9575E+02 -6.1575E+02 7.13 -7.13 2.472E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 
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WSOIL2.INP 

 

PILE 3 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.9575E+02 6.1575E+02 -7.13 7.13 2.472E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 4 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.9575E+02 6.1575E+02 7.13 7.13 2.472E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL2.INP 

 

PILE 5 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

-4.9575E+02 0.00E+02 -7.13 0.00 2.472E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

PILE 6 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 

4.9575E+02 0.00E+02 7.13 0.00 2.472E+03 1 1 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILE.INP 

SOIL CAPACITY (INPUT FILE) 

WSOIL1.INP 

 

CONDUCTORS 

GEOMETRY (X,Y,THETAX,THETAY,L,AXIAL CONSTRAINT,NGROUP) 
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0.00E+00 0.00E+02 0.00 0.00 1.224E+03 0 12 

PILE STRUCTURAL CAPACITY (INPUT FILE) 

WPILEC.INP 

SOIL CAPACITY (INPUT FILE) 

WSOILC.INP 

 

The input parameters for the custom-built spreadsheet to calculate the axial and lateral 

resistance of the 4 corner piles battered in 2 directions, the 2 side piles battered in 1 

direction, and the 12 conductors are presented in Tables E.67, E.68 and E.69, respectively. 

The design soil profile and parameters common for all piles and conductors are presented 

in Table E.70. The axial capacities of the 4 corner piles in compression and in tension are 

presented in Figure E.78. The lateral resistance of these piles is presented in Figure E.79. 

The same figures for the 2 side piles are not presented since they are similar to those for 

the corner piles. The lateral resistance of the conductors is presented in Figure E.80. 

 

Table E.67 Input Parameters for the Piles of Platform 30 Battered in 2 Directions 

Seafloor Elevation (ft, MSL) -150 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -150 

Pile Length (ft) 206 

Pile Diameter (ft) 4 

Pile Tip Wall Thickness (in.) 1 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 7.125 

Pile Batter in y-direction (deg.) 7.125 

XR (ft) 9.4  
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Table E.68 Input Parameters for the Piles of Platform 30 Battered in 1 Direction 

Seafloor Elevation (ft, MSL) -150 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -150 

Pile Length (ft) 206 

Pile Diameter (ft) 4 

Pile Tip Wall Thickness (in.) 1 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Plugged 

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 7.125 

Pile Batter in y-direction (deg.) 0 

XR (ft) 9.4  

 

Table E.69 Input Parameters for the Conductors of Platform 30 

Seafloor Elevation (ft, MSL) -150 

Seasurface Elevation (ft, MSL) 0 

Top of Pile Elevation (ft,MSL) -150 

Pile Length (ft) 102 

Pile Diameter (ft) 2 

Pile Tip Wall Thickness (in.) 0.75 

Unit Weight of Water (pcf) 62.4 

Depth Increment (ft) 1 

Open- or Close-ended Open 

Open-ended Pile Tip Condition Unplugged

Loading Condition Cyclic 

K Compression 0.8 

K Tension 0.8 

Pile Batter in x-direction (deg.) 0 

Pile Batter in y-direction (deg.) 0 

XR (ft) 8.0  
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Table E.70 Design Soil Profile and Parameters for All Piles and Conductors of Platform 30 

Layer Soil Type 

Top 

Elevation 

(ft, MSL) 

Bottom 

Elevation 

(ft, MSL)

Thickness 

(ft) 

Total 

Unit 

Weight 

(pcf) 

Submerged 

Unit Weight 

(pcf) 

cu at the 

Top of 

Layer 

(psf) 

dcu/dz 

(psf/ft) 

Friction 

Angle, 

' (deg.)

Soil Pile 

Friction 

Angle,  

(deg.)

fmax  

(ksf)
Nq

qmax 

(ksf)
C1 C2 C3 

1 Cohesive -150 -163 13 92.4 30 60 0          

2 Cohesive -163 -183 20 97.4 35 60 14.5          

3 Cohesive -183 -228 45 101.4 39 350 8          

4 Cohesionless -228 -300 72 122.4 60     36 30 2.0 40 200 3.3 3.7 61 

5 Cohesionless -300 -400 100 122.4 60     36 30 2.0 40 200 3.3 3.7 61 

6 Cohesionless -400 -500 100 122.4 60     36 30 2.0 40 200 3.3 3.7 61 

7 Cohesionless -500 -600 100 122.4 60     36 30 2.0 40 200 3.3 3.7 61 
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Figure E.78 Ultimate Axial Capacities of the Corner Piles of Platform 30 
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Figure E.79 Ultimate Lateral Capacity of the Corner Piles of Platform 30 
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Figure E.80 Ultimate Lateral Capacity of the Conductors of Platform 30 
 

The structural capacity input files of the piles and conductors are summarized in Tables 

E.71 and E.72, respectively. 

 

Table E.71 Structural Capacity of the Piles of Platform 30 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

1.75 0 9.154E+06 1.348E+08 

1.5 1152 7.889E+06 1.168E+08 

1.25 1272 6.609E+06 9.837E+07 
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Table E.72 Structural Capacity of the Conductors of Platform 30 

Wall 

Thickness, t 

(in.) 

Starting 

Length along 

Pile, z (in.) 

Axial Structural 

Capacity, Q 

(lbs) 

Moment 

Capacity, M 

(in.-lbs) 

0.5 0 1.329E+06 9.942E+06 

0.5 600 1.329E+06 9.942E+06 

0.75 1164 1.972E+06 1.460E+07 

 

Based on the above input parameters, the base case foundation system capacity 

interaction curves in the end-on, broadside and diagonal directions are presented in 

Figures E.81, E.82 and E.83, respectively. The direction of the waves is approximately 

the diagonal direction of this platform. Therefore, the hurricane hindcast load on the 

foundation is also presented in the interaction diagram for the diagonal direction. 
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Figure E.81 Base Case Foundation System Capacity Interaction Diagram of Platform 

30 in the End-on Direction 
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Figure E.82 Base Case Foundation System Capacity Interaction Diagram of Platform 

30 in the Broadside Direction 
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Figure E.83 Base Case Foundation System Capacity Interaction Diagram of Platform 

30 in the Diagonal Direction 
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A parametric analysis was performed to investigate the effect of loading direction on the 

foundation system capacity. Only the six piles were considered in this analysis. The 

foundation system capacity interaction curves in the end-on, broadside and diagonal 

directions (corresponding to a skew angle, = 90, 0 and 45 degrees, respectively) are 

shown in Figure E.84. Note that the definition of the skew angle is provided in Appendix 

D. 

 

As shown in Figure E.84, the overturning capacity of the foundation is notably different 

in different loading directions (highest in the broadside and lowest in the diagonal 

direction). This is because each individual pile contributes differently depending on the 

moment arm between the pile and the center of the rotation for the platform in the 

direction of loading. On the contrary, the shear capacity of the foundation is identical in 

these 3 loading directions (approximately 3,000 kips). This is because the foundation 

system is reasonably symmetrical and redundant. Therefore, the lateral capacity of each 

pile can be mobilized more uniformly than that for an asymmetrical and less redundant 

(i.e., 3-pile or 4-pile) foundation system. 
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Figure E.84 Comparison of Foundation Capacities in Different Loading Directions for 

Platform 30 
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Appendix F – Expert Panel Meeting 

 

An expert panel meeting was convened on March 23, 2009 at the University of Texas at 

Austin to discuss the preliminary findings in this project and solicit input from the expert 

panel including experienced or knowledgeable members of the industry and academia. 

Table F.1 shows the list of attendees in the expert panel meeting. 

 

Table F.1 List of Attendees in the Expert Panel Meeting 

Name Affiliation 

Alan Young GEMS 

Bill Quiros Private Geotechnical Consultant 

Bob Gilbert UT-Austin 

Britain Materek UT-Austin 

Christy Bohannon* MMS 

Don Murff TAMU/Consultant 

Frank Puskar Energo Engineering 

Fung Hassenboehler MMS 

Hudson Matlock Professor Emeritus, UT-Austin 

Jiun-Yih Chen UT-Austin 

John Cushing* MMS 

Justin Carpenter UT-Austin 

Lori D’Angelo* MMS 

Lymon Reese Ensoft 

Venessa Bertrand MMS 

* Participated via a teleconference call. 

 

Important points that were discussed during the expert panel meeting are summarized 

below. 

 

1. A very clear distinction should be made between assessments of existing structures, 

which is the focus of this project, compared to new designs. 

2. Potential factors that can contribute to a difference between the design capacity and 

the actual capacity for platform foundations include limitations in site 
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characterization data (i.e., wireline percussion versus pushed sampling techniques, 

SPT blow counts versus CPT tip resistance), conservatism in developing design 

profiles of shear strength, set-up and aging increasing the pile capacity long after pile 

driving, periodic pre-stressing and subsequent consolidation of soils adjacent to the 

pile causing the shear strength to increase, actual storm loading corresponding to 

limited cycles of the largest storm loads in any particular direction applied at a 

relatively high rate, the use of cyclic p-y curves for lateral resistance that were 

intentionally developed to provide a lower bound on the lateral capacity, and 

contributions of structural elements such as mudmats and well conductors. 

3. Pile driving records and as-built pile penetration are very important in understanding 

the actual capacity of the foundation. Consideration should be given to making these 

records mandatory submittal items to the MMS for new platforms so that they are 

available in the future for engineering studies related to platform assessments. 

4. We should continue to pursue any information about potential foundation failures and 

attempt to obtain as much information as possible about these cases. 

5. The interaction between structural and geotechnical engineers is very important in 

assessments. Miscommunication or no communication between the two disciplines 

can result in overly conservative (or un-conservative) assessments. 

6. Various factors contributing to potential conservatism in pile design should be 

documented succinctly in the final report with key references. Presenting typical 

ranges of multipliers to address the discrepancy between the estimated and real 

capacities of foundation is not recommended as these may be used out of context and 

perhaps where not applicable. However, it would be useful to put a bound on what is 

not reasonable because it cannot be supported by any information that we have to date, 

such as increasing the shear strength by four times or more. Providing an illustrative 

example of the considerations that could go into modeling the foundation for an 

assessment would be valuable. 

7. Both the base shear and the overturning moment are important concerning the 

foundation behavior. Guidance on how to obtain and make use of information about 

the overturning moment for a platform assessment would be helpful. 

 

In addition to these summary points, comments provided by Dr. Lymon Reese in his letter 

after the expert panel meeting are presented in Figure F.1. The discussions and comments 

by the expert panel are incorporated in this final report. A draft of the final report was 

submitted to the expert panel for review and additional comments before it is finalized. 
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Figure F.1 Comments in Dr. Lymon Reese’s Letter (Part 1 of 3) 
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Figure F.1 Comments in Dr. Lymon Reese’s Letter (Part 2 of 3) 
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Figure F.1 Comments in Dr. Lymon Reese’s Letter (Part 3 of 3) 
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