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Section 1
Introduction

1.1 BACKGROUND

API Task Group (TG) 92-5 developed a draft guideline called "API RP 2A-WSD 20th
Edition, Draft Section 17.0, Assessment of Existing Platforms." The latest version of this
document is dated April 29, 1994 with some particular revisions dated June 24, 1994. This
document defines an assessment process as shown in Figure 1-1, which varies from that
followed for a new design. The final type of analysis in the draft guideline is the "ultimate
strength analysis” which determines the lateral load carrying capacity of a platform.
Guidelines to establish the ultimate capacity are provided in the draft document. However,
variability in the results of ultimate strength analysis may exist for a particular platform due
to differences in interpretation of the draft guideline, different assumptions and computer
modeling approaches used by engineers, and the different software available to the industry.

This draft guideline has not been yet officially endorsed by the APIL, and has been
distributed to interested parties for comments by the TG.

The Minerals Management Service (MMS) and a number of interested participants
(21 total) contracted PMB Engineering Inc. (PMB) to manage and coordinate a Joint
Industry Project (JIP), called the TRIALS JIP, consisting of two parts as follows:

Part I Trial application of the draft guideline in its entirety by the participants to their
selected platforms.

Part II: Trial application of the ultimate strength analysis procedure of the draft guideline
10 & common platform by participants or any other interested organizations not
participating in Part I, in order to determine the variability in the ultimate strength

analysis results.

This report provides details of Part I of the project. Salient features of the common
platform (hereafter called "benchmark platform") and results of uitimate strength analysis
(hereafter called "benchmark analysis") by participants are summarized,

At the kickoff meeting held for the Part | participants of the Trial JIP project on January 19,
1994 at PMB/Bechtel, Houston offices, a Technical Advisory Committee (TAC) was formed
to govern both Part I and Part II of the JIP. All companies participating in Part I of the
project nominated one member to the TAC. Each TAC member was given one vote on all

project matters.

A variety of candidate platforms were nominated for selection as a Benchmark Platform and
discussed at the kickoff meeting. A variety of different configurations of typical offshore
platforms was reviewed and discussed, with the final selection for the benchmark platform

Trials JIP ~ Benchmark Analysis Final Report December 1994
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Section 1 Introduction

being a four-leg, four-well platform located in 157 ft water depth in the Gulf of Mexico.
The platform was installed in 1970.

PMB developed the requirements of the Benchmark Analysis and produced a Benchmark
Basis Document in agreement with the TAC. The Benchmark Basis Document provided
the necessary background information for performing the analysis including details of the
platform configuration and site conditions, as well as specific instructions on the types of
analysis and results required of each participant. The Benchmark Basis Document was
provided to the various companies interested in performing the Benchmark Analysis. This
report summarizes the results provided by various companies in their Benchmark

Documents.

PMB prepared Benchmark Analysis Draft Report (September 1994) and discussed the
results with the TAC and Benchmark participants in the meeting on October 19, 1994. At
the meeting the TAC voted for additional information from the participants to improve the
database by elimination of missing information, gross errors or omissions, response to
specific questions to identify reasons for variations, and agreed on the manner in which re-
submittals will be incorporated by PMB. A copy of the PMB letter to the participants and
response from some participants is provided in Appendix-C.

This report in its main sections summarizes the results provided by various companies in

their original submittals and missing information in the Draft report. The effect of revised
submittals by participants on the original set of results and response from the participants

is given in Appendix-A.
The response of the API TG to participants’ comments and queries, and the API TG
interpretation of the applicable metocean criteria and wave force procedures is given in
Appendix-B.
1.2 OBJECTIVES
The objectives of this portion of the Trials JIP were as follows:

s To assess variability in the ultimate capacity assessed by different companies

s To provide feedback to the API TG

» To provide training (learning the process) to the participating companies

»  To establish relationships with contractors

» To trade notes with other organizations

Trials JIP — Benchmark Analysis Final Report December 1994
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Section 1 Introduction

1.3 PROJECT PARTICIPANTS

At the kick-off meeting stage (January 19, 1994) 17 companies (6 operating companies and
11 engineering contractors) showed interest to perform Benchmark Analysis. Thereafter

four more companies showed interest to participate.

Thirteen companies (5 operating companies and 8 engineering contractors) submitted their
analysis to the project. Four companies provided re-submittal document by November 15.

These 13 companies (hereafter called “Benchmark Participants") are as follows:

AKER OMEGA
AMOCO

BARNETT & CASBARIAN/BOMEL, UK.
CHEVRON

EXXON

HUDSON ENGINEERING

IDEAS

KVAERNER E & W/ DIGITAL STRUCTURES
MOBIL »

OSI / ZENTECH

PMB ENGINEERING

SHELL

W. S. ATKINS, U. K.
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Section 2
Information to Participants

2.1

BENCHMARK BASIS DOCUMENT

The participants were provided with platform orientation information, deck live load
information, a complete set of required structural drawings (11" x 17"), pertinent parts of the
soil report, and deck equipment views with the Benchmark Basis Document dated February
24, 1994. The document included details of project organization, analysis and
documentation requirements for participation in the project. Two tasks were identified for

the participants as follows:

Task A: Ultimate strength analysis of the benchmark platform by application of the

APT Section 17 Draft Guidelines. This task was required.

Task B: A critical review of the draft guideline, as applicable to the ultimate strength

analysis, with emphasis on completeness, clarity, complexity, and suggestions
where possible. Any typos or other errors should be identified. This task was

voluntary.

The Benchmark Basis Document mentioned the following:

Environmental conditions used in the benchmark analysis should be based on the
sea state information contained in the Section 17 draft guideline and not from any
other source (e.g., site-specific metocean study).

API RP 2A-WSD, 20th Edition shall be used as the assumed "current edition of
API RP 2A" referenced in the draft guideline.

The number of wave approach directions for ultimate strength analysis will be
defined by the participants themselves using the information contained in the draft

guideline.

The analysis shall be performed on a 3-D computer model of the benchmark
platform. In general, the description given in the draft guideline for modeling
(linear or nonlinear element types, soil modeling, etc) and approach (pushover,
member removal, etc.) for the ultimate strength analysis shall be used.
Participants were given option to deviate from the draft guideline to meet
requirements of their software or for improved modeling. In such cases, the
participants were to identify the different approaches followed.

The nonlinear member types (elastic-plastic, strut, etc.) used in the model and
formulas used (actual formnlas or references to the equations in the API RP 2A
or other publications) for member/ joint capacity equations were to be identified.

Trials JIP — Benchmark Analysis Final Report
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Section 2 Information to Participants

As a minimun, the following information was required from the participants for each wave
approach direction analyzed:

s Reference level load (load corresponding to the 100-year seastate criteria) acting
on the platform :

s Ulumate strength of the platform
= Reserve Strength Ratio (RSR) of the platform
Additional optional information required by the project was as follows:
m  Lateral load level when the first member experiences a nonlinear event
w  Lateral load level at unity check of 1.0 (per RP 2A-WSD, 20th Edition)

= Ultimate strength analysis results for the fixed base case, assuming no piles below
mud level and jacket fixed at the seabed

=  Sequence and lateral load at failure of each component of the platform
Several participants had queries and requested additional information and identification of
applicable parameters from RP 2A. This information was given to all the participants to
provide more consistent computer models among participants. Revision 2 (dated April 12,
1994) and Revision 3 (dated April 20, 1994) to the Benchmark Basis Document included
information on the following topics:

»  Platform latitude and longitude

s Dead load of deck structure

= Projected area of deck

= Pile information

= Additional soil properties

»  Risers information

»  Marine growth

» Anodes

Trials JIP - Benchmark Analysis Final Report December 1994




Section 2 Information to Participants

2.2 OVERVIEW OF BENCHMARK PLATFORM

The Benchmark Platform was installed in 1970 in 157 ft. water depth in the Ship Shoal area
of the Gulf of Mexico. The platform has 4-production wells and a quarters facility. For
purpose of the Benchmark Analysis, the platform is assumed to have a significant
environmental impact if collapse should oceur.

Figure 2-1 provides a key-plan of the platform. It is a four-legged platform with 30 fi,
distance between legs at the work point elevation (EL + 16°). The platform has eight risers,
four production wells, two boat landings and four barge bumpers.

The typical structural framing of the vertical frames of the platform is given in Figure 2-2.
The framing in the two orthogonal directions is identical and consists of a K-brace system.
The leg - pile annulus is ungrouted. Piles are connected to the jacket at Elev. (+) 13",

The deck structure consists of four levels, with upper and lower decks. The lower deck
extends from Elev. (+) 15-6" to (+) 49-6" and has two levels. The wellheads are located
at the upper level of the lower deck. The total dead and live loads of the lower deck
assembly is computed as 136 kips and 304 kips respectively. The upper deck structure
extends from Elev. (+) 49-6" t0 Elev. (+) 71-3 7/8" and also consists of two levels. The
upper deck carries all production and quarters facilities. The total dead and live loads for
the upper deck assembly is estimated as 204 kips and 1,120 kips respectively,

The configurations of horizontal frames are given in Figure 2-3. At two levels, Elev. &
and Elev. (-) 97, no conductor framing is provided.

Pile details are given in Figure 2-4. Piles are 36 inches in diameter with 2 maximum
thickness of 1.875 inch from the mud level to 80 fi. below. The piles penetrate 355 ft. below

the mud level.

The variations of soil strength parameters with depth are given in Figure 2-5, which are
taken from the McClelland Engineers, Inc. report of September 1969 for the Ship Shoal
area. The soil consists of very soft-to-stiff gray clay from the mud level to 197 ft. below and
stiff-to-very stiff gray silty clay from 225 ft. to 391 ft. The intermittent 28 ft. layer consists

of very dense gray silty sand.

Trials JIP -~ Benchmark Analysis Final Report December 1094
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Section 3
Participants’ Submittals

This section summarizes the information contained in the Benchmark Documents submitted
by the participants. The information is summarized in the same format as suggested in the

linear ultimate strength analysis software used have not been identified in this Summary
Report. The participants are called Participants A to M in this report.

Following the Final Meeting several participants provided missing information in the Draft
Report, and four participants (A, B, D, K) provided resubmittal documents, The Tables 3-1
to 3-9 in this section have been updated for the missing information and other clarifications
from the participants but not for changes in the results due to elimination of “errors” in the
original submittals. Figures 3-1 to 3-8 and 3-10 to 3-16 have not been updated. F igures 3-9
and 3-17 to 3-20 have been revised to reflect the changes

Abbreviated copies of the participants’ submittals and re-submittals are provided in
Appendices D and E in the Volume IL

31 ENVIRONMENTAL CRITERIA

The platform is located in the Gulf of Mexico and identified to have significant
environmental impact upon its failure for purpose of the Benchmark Analysis. Therefore
per Figure 1-1 and Table 17.6.2-1 (Draft Section 17), the FULL POPULATION
HURRICANES metocean criteria is applicable for ultimate strength analysis. Thus the
wave height and storm tide given in Figure 17.6.2.2-a are applicable. From Table 17.6.2-1,
the associated wave period of 13.5 sec., current speed of 2.3 knots, and wind speed (1 hr
@ 10 m) of 85 knots are noted. The applicable wave and current directions are per Figure
2.3.4-4 and Figure 2.3.4-5 of RP 2A, 20th Edition, respectively,

The majority of participants selected 3 directions for performing ultimate strength analysis.
Participants documented approach angles in various ways: from True North, from Platform
North, or from computer model X-axis. In this report and Figure 3-1, the directions are

these directions. Where the approach direction did not match these, the actual direction
is mentioned in Tables 3-1 to 3-3. The results provided for any other direction have not
been presented in this summary report.

Several participants found that the wave impacts the lower deck structure. The projected
deck areas were provided to the participants. In order to ensure consistent use of Cd values
given in the Table C.17.6.2-1 (for computation of wave/current platform deck forces), the

Trials JIP — Benchmark Analysis Final Report December 1994
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Section 3 Participants’” Submitials

values for "Moderately Equipped” deck type for the Lower Deck (first and second deck) and
for a "Heavily Equipped" deck type for the Upper Deck (third and fourth decks), were
provided in the Benchmark Basis Document.

The metocean parameters (wave height, current speed) and total base shear on the platform
for the Section 17 (ultimate strength) criteria and for the RP 2A, 20th Edition criteria are
given in Tables 3-1 to 3-3 for each of the selected directions. Where information was
available, the wave-in-deck load values are also provided in the tables. The mean, standard
deviation and coefficient of variation (COV) values are also provided for each parameter
and load level. The information presented in these tables is discussed below:

= Wave Approach Directions: Tables 3-1 to 3-3 indicate that results provided by 11
participants matched the directions in Figure 3-1. Participant M selected approach
directions for analysis that are the same as in Figure 2.3.4-4 (RP 2A, 20th Edition),
i.e., 20 degrees clockwise to the others. Participant A’s approach directions

differed from the others.

«  Wave Height (Section 17): A majority of participants selected the 68 ft. wave
height from Figure 17.6.2-2a (Section 17). Figure 3-2 presents the variation of
wave height for the three directions. The values selected for Direction 1 (COV
= 79) varied more widely among the participants than those for the other two
directions. Participant M did not provide these values. The wave height values
of participant A differ significantly from those of the other participants.
Participant F used the same wave height (68 ft.) in two directions (Directions 2
and 3). (See Appendix C for discussions by participant H.)

=  Current Speed (Section 17): The in-line current speed values with the wave
direction, where information was available, are noted in the tables. A significant
variation is noted for Direction 1 (COV = 28%).

s Wave Height (20th Edition): A majority of participants picked a 63 ft. wave height
from Figure 2.3.4-4 (RP 2A, 20th Edition). Figure 3-3 presents the variation of
wave height for the three directions. The values selected for Direction 1 (COV
= 59) differed more among the participants than for the other two directions.
Participant J did not provide these values.

» Current Speed (20th Edition): The in-line current speed values with the wave

direction are noted in the tables. A significant variation is noted for Direction |
(COV = 28%).

Trials JIP — Benchmark Analysis Final Report December 1994
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=  Wave-in-Deck Loads (Section 17): The values, where information was available,
are given in the tables. A significant difference is noted in the wave-in-deck load
estimates for all three directions (COV > 100%) among participants.

=  Total Base Shear (Section 17): Figure 3-4 presents the variation of base shear for
the 3 directions. There is a significant difference in participants’ estimates
(COV = 23%). In some cases, the resulting values differ significantly even when
the wave height and current speed values are comparable. In general the
estimates for participants A, D, and F were lower and those for participants E and
G were higher than the results of other participants. The wave heights of
participants I, J, and K were lower compared to those of participants B, C, H and
L for the first two directions, whereas the load levels were comparable. The base
shear for Direction 3 of Participant L was higher compared to that of Participants
C, E, and H for the same wave heights.

It is noted that a majority of participants selected Stream Function Theory of 7th
Order. The benchmark documents indicate that 3 participants (E, F, 1) used
Stoke’s 5th order wave theory and participant J used Airy’s wave theory. In two
cases, participants identified the limitation of their software for their selection.

»  Wave-in-Deck Loads (20th Edition): The wave-in-deck load estimates of
participants D and E are significantly lower and of participant K are significantly
higher than those of the other six.

=  Total Base Shear (20th Edition): Figure 3-5 presents the variation of lateral load

for the 3 directions. A significant difference is noted in participant estimates. In
some cases, the resulting values differ significantly even when the wave height and
current speed values are comparable. The observation of low and high cases for
this case are similar to those noted for base shear estimates per Section 17.
Participant M reported highest values for all three directions.

The base shear results indicated no clear pattern of variation when the values are compared
considering difference in magnitude of selected wave heights. A detailed interpretation of
the causes for the observed differences was not in the scope of the project. However,
besides the selection of metocean parameters, the largest differences in base shear
magnitude are likely due to variability in use of the 20th Edition hydrodynamic force
computation procedures (various coefficients and factors used, wave theory, current

stretching), modeling differences, etc.

Following the project meeting held on October 19, 1994, the API TG WG3 developed their
interpretation of the applicable metocean criteria and wave force procedures to the
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Benchmark platform analysis meeting the requirements of the Benchmark Basis Document.
The complete information from the API TG is given in Appendix-B.

32 3-D MODEL GENERATION

All participants performed analysis on three-dimensional models. However, the models
generated differ significantly due to analysis procedures and software used. Some
observations are presented below:

All participants except participant I. modeled the primary jacket components as nonlinear
elements. Participant L modeled them as linear elements and followed a member
repiacement (for members with unity check per API code check formula exceeding 1.0 with
all safety factors removed) approach in their analysis.

Several participants found joint capacity to be critical and modeled K-braces based on joint
capacity. Some participants found joint capacities were higher than the brace capacities.
However, other participants found joints to be weaker than braces but did not consider their

effect initially in their model.

Some participants medeled conductors as wave load elements, whereas others modeled them
as linear beam or nonlinear beam column elements. Several participants modeled
conductors below the mud level as lateral load carrying members,

A majority of participants modeled pile and soil springs with their model and performed an
integrated analysis. Some participants modeled nonlinear pile-soil behavior by equivalent
soil springs at the base of the jacket and followed an iterative process.

Some participants mentioned limitation of the software used in their modeling assumptions.
Some participants mentioned including P-delta effect in their analysis,

33 SOFTWARE DESCRIPTION

Nine different nonlinear analysis software packages were used by the participants. In some
cases, participants’ software had integrated facilities for model generation, wave load
computation, pile/soil analysis, and postprocessing of results. Whereas, in other cases, one
or more of these features were not available and other software programs were used. The
list of the nine software packages used for nonlinear analysis with the owner company names

is given below:

ASADS | — IDEAS
CAP/SEASTAR — PMB Engineering
EDP — Digital Structures
Trials JIP — Benchmark Analysis Final Report December 1994
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KARMA — ISEC

MicroSAS ~ Hudson Engineering
RASOS — W.S. Atkins, UK.
SAFIAC — BOMEL, U. K.
StruCAD*3D — Zentech

USFOS — SINTEF, Norway

A description of software programs used is included in participants’ submittal provided in
Appendices D and E.

3.4 ULTIMATE STRENGTH ANALYSIS RESULTS (REQUIRED)

Tables 3-4 to 3-6 summarize the required results from the ultimate strength analysis for the
three directions. Nine participants performed analysis for all three directions, 2 participants
(F and L) performed for 2 directions, and 2 participants (E and K) performed analysis for

1 direction.

These tables present the ultimate capacity, reserve strength ratio (RSR), and failure
mechanisms. In addition, where the information was available, these tables present base
shear values for Section 17 and 20th Edition criteria load levels, when the first member
experiences an IR of 1.0 and when the first member has a nonlinear event. The mean,
standard deviation and COV values for each quantity are given in the tables.

Load Level when First Member has an IR of 1.0 ( Optional): Only 4 participants
(B, D, H; and I) provided this information. Participant J provided very high values
(obtained based on ultimate strength of the member) which are also the same as
the load level when first member has a nonlinear event, Thus, these values are
not included in tables and figures. Participant B computed the load level using the
LRFD approach and its value differed significantly from those of participanis D

and H,

ad Level when First Member has a Nonlinear Event (Optional): This load level
varied significantly among participants. In particular, Participant J values were
found to be very high compared to all others.

ltim acity (Ru): Figure 3-6 presents a comparison of ultimate capacity
values for the three directions. A significant spread in the values is noted. The
ultimate capacity values varied between 1,500 kips and 3,600 kips for the three
directions. Participants G and L determined their ultimate capacity to be the same
irrespective of wave approach direction. In general, the values for the diagonal
direction were 3 to 15 per cent lower than for the two orthogonal directions.
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Reserve Strength Ratio (RSR): Figure 3-7 compares RSR values (generally

provided by the participants) in the three directions. A significant difference is
noted in the values among participants. The RSR values vary from 0.7 1o 2.5 for
Direction 1, from 0.6 to 2.2 for Direction 2, from 0.7 to 2.2 for Direction 3.

Some participants computed RSR using different load values. RSR is defined in
Section 17.5.2 as "the ratio of a platform’s ultimate lateral load carrying capacity
to its 100-year environmental condition lateral loading, computed using present
RP2A procedures.” Participant A used the Section 17 "design level" loading and
participant E used the load level corresponding to the Section 17 ultimate strength
metocean criteria. The tables indicate RSR values using their 20th Edition load

levels.

Figures 3-8(a) to 3-8(c) provide 3-D presentation of variation of the 20th Edition
reference load level and ultimate capacity values for the three directions. These
figures indicate that there is no clear pattern of variation in three directions and
the two quantities vary randomly among participants.

Component and Platform Failure Modes: Figure 3-9 presents a comparison of
component and platform failure modes obtained by participants for Direction 2
(270 degrees from True North). The component failures obtained by the
participants from the first member with a nonlinear event to formation of failure
mechanism are identified in this table with shaded blocks. The platform failure
modes identified by the participants are given in the bottom row of the table.

Participants established component failure modes and mechanism formation in the
jacket structure (K-braces and jacket legs). Participant F found pile yielding and
hinging as the only failure modes. Two participants (B and H) found yielding of
the jacket leg and pile sections and established pile yielding to form their failure
mechanism. Participant M found soil capacity to govern and did not find failure
of any components of the platform. Seven participants (A, C, D, E, G, [, and L)
found inadequate soil capacity to define failure in addition to other nonlinear

events in the jacket or pile.

Load-Displacement behavior: Figures 3-10 to 3-12 present the load-displacement
behavior of the platform by different participants. The patterns of variations for

the initial stiffness (linear part), stiffness change with component failures and the
ultimate capacity values are significantly different among participants. In general,
the ultimate capacity estimates by a majority of participants are between 1,500 kips
and 2,500 kips for any of the three directions. The capacity estimates of
participants A, J, and H are above this range. Participant H used increased soil
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35

shear strength in its analysis which could be the reasons for higher capacity
estimates.

The initial stiffness (linear part) indicates that the difference among the majority
of participants varies within 40 percent. The initial stiffness of participants M and
A are about 83 percent and 167 percent higher respectively, for the three

directions.

Participant A and K subsequently provided revised load-displacement behavior
which are included in Appendix A,

ULTIMATE STRENGTH ANALYSIS RESULTS (VOLUNTARY)

Six participants (B, C, D, J, K, M) provided ultimate strength analysis results, on a voluntary
basis, for a "Fixed Base" case. Several participants performed analysis not defined in the
required or voluntary portions of the Benchmark Basis Document and provided their results
to the project. Their results are discussed in this Section.

351

Fixed Base Case

The results for the Fixed base case for three wave approach directions are summarized in
Table 3-7. The ultimate capacity estimates per the participants are shown in Figure 3-13.
The results for the three directions are discussed below.

Direction 1: Four participants performed analysis for this direction and estimated
ultimate capacity varying from 3,270 kips to 4,200 kips. The load level at first
member with nonlinear event varied more significantly from 2,000 kips to 4,200
kips. Three participants noted leg yielding to govern failure of the platform.

Direction 2: Six participants performed this analysis. The ultimate capacity
estimate by participant J was significantly lower than those of other five
participants. Participant B reported strut buckling as the governing failure
mechanism, whereas all other S reported leg yielding to govern ultimate capacity
estimate. The load level at first member failure varied from 1,100 kips to 4,060

kips. The RSR estimate varied significantly.

Direction 3: The variation in ultimate capacity presented by five participants was
lower for this direction compared to that for the other two directions. Participant
B reported brace buckling to govern ultimate capacity, whereas three other
participants noted leg yielding to govern as for other directions. The lateral load
level when the first member experiences a nonlinear event was much lower for

participant M than for other participants.
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The following observations are made from comparison of the fixed base case results with
those including soil effects (Section 3.4):

35.2

For the two orthogonal directions (Direction 1 and Direction 3), the mean capacity
estimates for the fixed base case are higher by 48 percent. The corresponding
estimates of the standard deviations are lower by 30 and 50 percent and the
resulting COV’s half and one-third of those for the results for the cases with soil

effect included.

For the diagonal direction (Direction 2), the average mean capacity estimate for
the fixed base case is significantly higher at 86 percent. The standard deviation of
capacity estimate for the fixed base case for the diagonal direction increases by 68
percent, whereas it decreased for the two orthogonal directions. The decrease in
COV is moderate for the fixed base case for this direction.

Load-Displacement Behavior: Figures 3-14 to 3-16 compare the load-displacement
behavior for the fixed base cases. A significant variation is noted in the initial
stiffness (linear part) and post-failure behavior results provided by participants.
The figures indicate two distinct stiffness bands of behaviors with M defining the
lower bound and K defining the upper bound in all loading directions. The initial
stiffness variation is within 33 percent for the three directions for participants D,
J, and M. These represent a lower band for the stiffness estimates. The variation
in stiffness compared to that of the lower bound stiffness (M) is between 120 to
160 percent for B, C, and K results. These comprise an upper band for the

stiffness.

It is interesting to note that in case of the analysis cases with soil effect included
(Section 3.4), B and C showed lower stiffnesses and M showed a higher stiffness,
which is opposite to the behavior noted for the fixed base case. This may be due
to differences in considering fixity effect in their models.

Linear Elastic Analysis

Participants D, E, G, and L performed linear elastic analysis, with factors of safety included
or excluded, before initiating ultimate strength analysis. They used Section 17 Design Level
and/or Ultimate Strength loading criteria.

Participant D found overstressing of none of the elements of the platform when subjected
to Section 17 Design Level loads and noted that the soil capacity (compression) governs with
factor of safety exceeding 1.5, per RP 2A.

Participant E performed analysis for the diagonal direction and found overstressing of K
joints and pile sections, when subjected to Section 17 Ultimate Strength loads.

Trials JIP —~ Benchmark Analysis Final Report December 1904
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Participant G performed analysis for eight directions to predict expected failure modes. The
piles and segments of the jacket legs were found to be overstressed per RP 2A in several
of the approach directions, when subjected to the Section 17 Design Level loads.

Participant G also performed linear analysis by removing all factors of safety and noted that
piles had formed plastic hinges but none of the other members were overloaded, when

subjected to Section 17 Ultimate Strength loads.

Participant L analysis indicated that the pile axial loads exceed the punch-through and
pullout capacity of the soil, when subjected to the Section 17 Ultimate Strength loads.

3.5.3 Effect of Joint Capacity

Several participants investigated the effect of including or not including joint capacity in
their computer models. Only a few participants considered joint effects in their ultimate
capacity analysis models. Some of them found that the effect of joint capacity was minimal
on the ultimate capacity of platform (with pile/soil base case), whereas participant F found
that its effect was significant in defining ultimate capacity of the platform.

Participant K investigated effect of joint flexibility and noted that the joints have little
influence on the ultimate strength once their mean capacity is properly taken into account.
However, the participant states that the modeling of joints did impact the mode of failure

and post-peak response.

Some participants discussed modeling aspects of joints, which are given in Section 4.3
3.54 Load Level Estimates for Higher Return Periods

Participant H developed metocean parameter values for the 200 year and 500 year return
period storm cases. The magnitudes of maximum wave height were estimated as 69.2 fi.
and 78 ft. for the 200 year and 500 year return period cases respectively. The participant
reported maximum wave heights as 63 ft. and 68 ft. for 100 year return period storm and
Section 17 ultimate strength criteria cases. The increase in wave-in-deck loads were
significant for higher return period cases. For the 500 year return period case, the wave-in-
deck loads varied from 30 % to 50 % of the load on jacket for three approach directions.
For Direction 2, the total loads were reported as 2,318 kips, 3,209 kips and 5,002 kips for
the 100 year, 200 year and 500 year return period cases respectively.

The participant found that the ultimate strength could vary significantly depending on how
the pushover load is incremented from the 100-year loads to the ultimate failure. In
addition, due to these loads becoming an increasing component of the total base shear for
the higher return periods, further validation and calibration of the wave impact algorithm

are important issues.
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3.6 SUMMARY OF RESULTS

Table 3-8 and Figures 3-17 to 3-19 summarize variations in the metocean parameters, base
shear, ultimate capacity, and RSR values for the three approach directions for the base case
with pile/soil interaction included. These figures indicate significant variations in values
obtained by the participants. Note that values for all parameters were not made available
by all participants. Therefore, the range of values, mean, and COVs are based on available
information, which is limited in some cases.

Figure 3-9 presented comparison of failure modes and mechanisms. A significant variation
was noted among participants.

Based on the results for Direction 2, Figure 3-20 was developed to more clearly differentiate
the results obtained by participants. In this figure, a subjective classification is attempted
for wave height and base shear per RP 2A 20th Edition, and ultimate capacity of the
platform. These quantities are classified as very low (VL), low (L), medium (M), high (H),
very high (VH) on an assumed range of values for comparison purposes only. A single
value is noted for the "Medium" wave height as it was used by most participants.

Figure 3-20(a) indicates VL (< 1,500 kips) base shear values estimated by participants A and
D and VH (>3,000 kips) values by participant M. Participant G values are represented as
"High" and participant F values as "Low" in this figure. The values per the other seven
participants are in the "Medium" range (2,001 kips to 2,500 kips), whereas there is variation
in wave height values among them. Participant J did not provide values for one or both
quantities, and hence is not compared.

Figure 3-20(b) presents the assumed ranges for base shear and ultimate capacity for
classification purpose. Participant M’s 20th Edition base shear estimate is VH and ultimate
capacity is noted "High." The capacity estimates for Participants A and D are noted as
"High" and "Medium", whereas the base shear is in the VL category. Participant B’s
ultimate capacity estimate is in the VL category, whereas the base shear value is categorized
as "Medium.” Participant K did not perform analysis for this direction and participant J did
not provide reference level base shear values, and were therefore excluded from the figure.
Participant J ultimate capacity estimate is VH compared to others shown in the figure.
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Figure 3-1 Wave Approach Directions
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Per
| Mean | Cov (%) APITG

Wave Height
Section 17 (Ult. Str)

Wave Height
RP2A, 20th Ed.

50.80 84.60
S NN
5172 58.85

58.31 7 61.2

55.68 5 56.7

a) Metocean Criteria - Wave Height (ft)

In-Line Current Speed
Section 17 (Ult. Str.)

In-Line Current Speed
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b} Metocean Criterla - Current Speed (ft/sec)
Base Shear 1,243 2,780
SN ]
Section 17 (Ult. Str.) b 2,001 | 23
Base Shear s 2590
oSNNS 5
RP2A, 20th Ed. (S,,) = 1735 1 2
. 1,119 3,527
Load @ First Member ANNANANNNSANNNNY 1831 | 41
with NLinear Event
1,610 3,573
Ultimate Capacity (R) DONSSONNSANNANN] 2,513 22
c) Analysis Results - Load Levels (kips)
. 0.74 2.47
Reserve Strength Ratio
(RSR) [ L 1.51 37

d) Analysis Results - RSR

Figure 3-17 Summary of Variations of Metocean Parameters
and Analysis Results - Direction-1 (Revised)
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V. High » 65
Wave High 63.1-65
Helght | Medimm £
(e} Low 50 . 629
V.Low <60

< 1,500 1,012,000 | 2,001.2,500 | 2,501-3,000 > 3,000

V.Low Low Miadinm High V. High

20th Editlon Base Shear (Kips)

Participant J did not provide sufficient information (Ref. Table 3-2)
to be inchsded in this chart

a) Based on Selected Wave Height (20th Edition) and Base Shear

V. High > 2,700

Ulimate | High 2,301-2,760

Capacity | Mediom | 1,901-2,300

{Kips) Tow 1,501-1,900

¥.Low < 1,500

< 1,508 1,561-2,000 | Z001.2,500 | 2,501-3,000 > 3,008

V. Low Low Mediuen High V. High

20th Edition Base Shear (Kips)

Participant J did not provide sufficient information (Ref. Table 3-5) and
participant K did not perform analysis for Direction-2 to be inclnded in this chart

b) Based on Reference Level Base Shear and Ultimate Capacity

Fig. 3-20: Classification Bgsed on Wave Height and Analysis Results-Direction 2(Rev.)
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Table 3-8: Mean, Standard Deviation, and COV for Input Parameters and Analysis Results

Item Section 17, Ultimate Strength RP2A, 20th Edition, Load at Load at Ultimate Reserve
Metocean Load Criteria Metocean Load Criteria Ist Member }| Ist Member Capacity, Strength
Wave Ht., Current, Base Shear Wave Ht., Current, Base Shear, | with Linear with Ratio,
IR=10 NonLinear RSR =
H-17 U-17 $-17 H-20 U200 §-20 s1 Event Ru Ru/ §-20
(ft.) {ft/sec) (kips) (ft.) (ft/sec) (kips) {kips) (kips) (kips)
Mean 58.31 2.68 2.001 55.68 2.57 1,735 1,052 1,831 2,513 1.51
St. Dev. 4.04 0.74 466 2.57 0.73 439 332 147 547 0.56
Cov 0.07 0.28 0.23 0.05 0.28 025 0.32 041 0.22 0.37
Mean 65.77 3.69 2,659 6229 344 2,210 1,086 1,616 2,209 1.07
8t. Dev, 3.82 0.30 611 1.14 0.19 592 350 414 411 0.48
COoVv 0,06 0.08 0.23 0.02 0.06 0.27 0.32 (.26 0.22 0.45
Mean 6392 341 2,271 60.22 322 2,008 1,132 1.881 2,446 1.26
St. Dev, 3.80 0.37 504 1.57 0.34 386 256 681 539 0.46
Cov 0.06 0.11 0.22 0.03 0.1t 0.19 0.23 0,36 0.22 0.37
Average COVE. i B b s D n B R S
forThree | 006 . 016 | 023 | 003 | 015 - 0.34 0.22 0.40
Directions | = oo noo b e 2 ‘
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Per
| Mean [Cov (%)] APITG

Wave Height 54807 5402”6800
I 2 68
Section 17 (Utt. Str.) oo e 7151 Gym
Wave Height 8020 300 ’ 63
RP2A, 20th Ed. ot %288 1 &
in-Line Current Speed 4 3.83
Section 17 (Uit. Str.) (8)
In-Line Current Speed
34
RP2A, 20th Ed. 3.47 ® o
b) Metocean Criteria - Current Speed (ft/sec)
Base Shear 1A% 224 3.428
PR AN NN SN 11
Section 17 (Ult. Str.) —_— 2,921 23
Base Shear 1,1?_0__1713 281?___.3265 2316 12
RP2A, 20th Ed. (S, o - @7)
Load @ First Member “\\\\ 1639 | 23
with NLinear Event ’ (26)
1,496 3,143
Uttimate Capacity (R)) ANNNNANNNNNY 2,107 ég)
C) Analysis Results - Load Levels (kips)
. 0.57 1.13 2.21
Reserve Strength Ratio |  “2 L3 . 2 ; 0.8 o0
(RSR) m __________ . (45)

.

d) Analysis Resuits - RSR
#1 - Revised Ranges

#2 - Original Submittal Ranges (See Section 3)

#3 - Original Submitts,

I COV's

Figure A-2 Summary of Variations of Metocean Parameters

and Analysis Results - Direction-2
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Per
[ Mean | Cov(%)] APITG

Wave Height sar0™ 637%"  68.00
Section 17 (Ult. Str)) R BXEE3 65.09 (g)n 64.6
Wave Height $6.70 5985 £3.00
RP2A, 20th Ed. S 60.42 ('g’) 59.9
a) Metocean Criterla - Wave Height (ft)
in-Line Current Speed 283 3.90
Section 17 (Ult. Str.) L 3.41 (11 % 3.21
In-Line Current Speed
RP2A, 20th Ed. 311 12 2.94
(11)
b) Metocean Criteria - Current Speed (ft/sec)
Base Shear 1,331 1907 2,884
Section 17 (Ult. Str.) 1o -« - BOOOON] 2,441 (1 222 )
Base Shear 1,280 1680 2325 2,613
RP2A, 20th Ed. (S ) (R NN I 2,034 (1119)
Load @ First Member 1,080 3,417
1,550 3,439
Ultimate Capacity (R,) AN AN 2,399 | 22
(22)
) Analysis Results - Load Levels (kips)
Reserve Strength Ratio 0.57 181 .28
(RSR) T rrass B : 1.16 24
(37)

d) Analysis Results - RSR
#1 - Revised Ranges

#2 - Original Submittal Ranges (See Section 3)
#3 - Original Submital COV's.

Figure A-3 Summary of Variations of Metocean Parameters

and Analysis Results - Direction-3
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¥. High » 65
Wave | High §3.1-65
Helght | Medm | & F i
L) Low 66 - 6.9
V.Low <60

< 1,500 1,501-2,008 2,001-2,500 2,501-3,000 > 3,000

V. Low Low Medinm High V. High

20th Edition Base Shear (Kips)

Participant J did not provide sufficient information (Ref. Table A-2)
to be included in this chart

a) Based on Selected Wave Helght (20th Edition) and Base Shear

V. High > 2,700

Ultimate High 2,301-2,700

Capacity | Medium | 1,901-2,300

{Kips) Low 1,501,900

Y. Low < 1,500

« 1,500 1,501.2.000 2,001-2,500 2,501.3,006 = 3,000

VY. Low Low Mod bwcenr High V. High

20th Edition Base Shear (Kips)

Participant J did not provide sufficient information (Ref. Table A-5) and
to be included in this chast

b) Based on Reference Level Base Shear and Ultimate Capacity

Figure A-5: Classification Based on Wave Height and Analysis Results-Direction 2




"1 (+) TH *a0qe speo] yoop-tr-vaem pasapsuor) i
€T (+) A 'S 'O'H A09p Tef1a0 aa0qe spro| XOIP-UT-BARM, PAIDPISLIO) Th
3P S U0 PROY PUTM SIPTUL TeRls 95uq [ei0 L, TR

SHnsa Eennaqns pusduo geg Susiaar spednnred s Agruops saxoq Aed oy, # TN
PI'0 $6°0 9t $7'0 £0°0 ri'o $8°C L1 870 He ADD
ort 79 9Lz €90 §61 %0¢ 13 oce 8L pHT AN 1
FoL'l £9 7691 (144 8L'SS oF1°T $9 o'z €87 Lres L T
£66°1 £ 826’4 [ 0.9 . - - - - 224 W
. - . . 1 .
065°1 o1 0881 T 18 088°L oy o8’y 9L 3 51 [ 144 o6 %
- - 8r6't ] 8h6°1 Lk 4 0855 144 H
2091 0 009'1 £ s T66°1 0 P81 7L €95 517 {3
69%'L 09 SES'1 I oL'9g 0T $6 098'1 e at1e (44 THH
PLIT ] riL'e ¥t 0L'9§ $09°'7 ) o'z 88 0£"09 577 €8 &
. . A
150'7 £ 820°2 95°1 oL'Ys [ 7 4 8¥ e oLt o0Tte 144 k|
13 Ly £0%' 87T oL'9s o't 16 $S1°T L d or'1y 44 a
099°'1 06 081 s1'2 0L'95 $66°'1 00t S68°1 o o'ty $2T o
0791 901 vI§'l 4 oL'95 oT6'1 811 W't 097 80'19 [+ £4 K ww
£ sy 98¢ 80 0495 1 660°7 o6t £¥6°1 8¢ 0109 144 ” -y
TRy B i) [e=on)) i) (1) oy Ry /) T (RIGET
875 N oTH LTS L0 FAL (pey
“1eayg arng il BpRf Go eLn) ‘reang aseg peoy PRRL 00 “Waam) iy wag)
5101, PAFUARAL, | propasmm a13-uy “TH 2% lHeg, PAETAEM | pROTaARM apy-uy ST dampg HofaNg
FPH0] DAl SITIOUIRIBY UESNFTY PR PUE SRR (019 Proxidy
‘SOINPH 07 VTN W3nang apmung °21 vopsag FAHAL ey

(0N anu woay 3%a33p 577) T uondang SpBOY pue sIapEIRf UBAOIA JO uosieduio)) :f-v ajqe L




91 (+) "TH 3A0qE SpRO] FO3p-UT-0ARM PAIIPISUO)

4.
WEUTE (+) A9 50 199p om0 saoqe SPRO] Y3P-UT-0ABM PAISDISUO,) B
A33p SYE UD PEO] PHim SIPRUT Je0Tys aswq 10, TH
SIMSI [erwqns [euiduo Jtoy fusiaa symedionred ogp Ajpusps saxoq And ML, 31 N
e 8 e 47 100 e £L0 91'0 00 00 AOD
{ 7% m 5 519 00 £1¢ SL1 ¥ir Li'e 11 AU g
NEL 661 §91°7 ive 2979 126 e 6597 e S1'L9 ek 0
- T——— ——— w—— o vensmiststintrrmaa msirbtieren
6157 871 166°7 pse 90'¢9 062 W
111 4 €71 5 TA $5°¢ 00E9 we't ovl T8L'T #8E 090°89 oLt 1
oTre 9T 661 e %19 0£8'T 861 7E9'7 e ¥8'99 oLz i)
050 0 050'¢ 08¢ 0P 0LT r
1987 0 i9t'z HE 09 1567 0 sz 9t 599 oLT (z8) 1
$1€'7 o1l ¥EI'E o€ 00°59 766°C ot 295°C e 0089 0LT (TH H
o18'7 ] i1ixd ¥SE ] 6TH'e 66 oHe'E BEE 00°L9 07 {e8) D
€ILT 61 18¢°1 +5E 00'Ey FET'T #9¢ £8L'1 88 00°89 047 (w0 d
I15$'T iL O8E°7 LEE oren 0£T'E 7 AN e 2089 T4 |
W' ££1 6927 PSE 00'c3 1% osp 859'C i8¢ 00'89 oLz a
9ET'T £91 $90'7 e 00'¢y SE6'T 144 085°T 9%c 90'89 0LT o]
0T’y 811 200z 1333 00'c9 LL8T 98y 16£°7 e 00'89 0L i
LTH'T K 1641 6 00'E9 S6r't 06€ s01°g 88'¢ sri9 74 ¥
G iE)] (C15 I B €= T 1251 I B 7.+ ) [ €T 1§11 (oS TSSpY
618 . oLt oH AL Ln LR (0N
“amang swng prary el oo Ity awny proy 13%ef wo aniy mogg)
ool NIAIUOABA, | peor] dAmpy ULy “TH dAmg) oy, PAUOTIALp | pro]samgy LRy “TH aea BofsAIyy
$pRO] PR SRPUIET] TRIdGia SpEC’] puUR SRISUIEIR] GRad0IITY peosddy
‘woRIDy WOZ ‘YIdH RuIG FHIL) ‘LT HORdeg Faep jundinaey

(yrtoN anu . wioy 3018p L7) 7 uondAN :SpROT pue SJ3joureIR g UBADORRN JO uosireduro)) :7-v aquy




91 (+) T 240Gz SprO] Yo3p-u1-oABM PREDISUC

B
CET'TY (+) 'A3Y 'S'0'd X09p {0 anoqe speoy HIIP-UF-9ABM PATIPISUO;Y 2]
103p 34} GO PrOT PULA SapNouT Tedys seq [I0], TH
SHmsas renrwqns peurBuio Xog: Bursiaat sywedioned sy Ajyuapt saxoq Amd oy # BION
e £6'0 P10 Ire 700 (Al %0 st 43'] 00 AOD
27 se1 192 90 01 §87 811 133 0o T i
pEo'z Al 016"t e i g 17 b1 6L27 e 50°59 usapy
$70°7 801 076"t i 5865 $e¢ W
x4 af £71'Z Lee 577 ssL7 Lz 8797 69 ] [3 £ g
T 60¥ 658°1 LLT 56'19 WL [+134 5T 8 1699 18 (r) %
¥RE'T 0 Y887 o5E trse §1¢ £
L7 0 e sUt PT19 SSL'Z 0 1697 we 1959 SIE awi
7861 %1 43 41 214 swss sy 31 9617 ire oo $ig (T H
sTE't 0 STET 5t 0668 L06°T 6 LOG'L 3E oLty SI¢ €8 5
089'1 ot 6¥'1 PEE 00°E9 (LI 60¢ 88L't 113 00'89 31 (z) 4
s 44 'L LA8Y 06’55 s Ly €15 66 05'p9 sie Hq
66"t 08 161 ¥s¢ 06’68 6787 1 18T 00t 0re (183 a.
09%'1 ozt %L1 087 06°65 567°¢ S¥i 0817 't LB SI¢ s
96L°1 1£1 §99°1 €97 STes 91¢'7 [<1y 186' 58 9P st 1
191 921 1#9'1 67 ST68 8L 817 090'C e 86'F9 CE1Y ¥
(A E51E) 58) T i) L8] A Tany (=17 Ty 133 I3p)
o8 07N H L8 £1n LiH g0y
‘reayg g peoy pef oo "Iy ey peory wper uw sy, mogj)
mog TONT UL | proT] samp B i “IH avp e L WIAI-UIARA | peOasmpy ‘s “1H aampy OS]
T IPU0] PUR RIST0TETRG NESSTHIN SPRO] R SINAHEIE] UTaI0T Peorddy
‘wonipd 07 'vidd mSzang spenpy ‘1 tonsog 3amph  |auwdpnasg

(WaIoN anuy, woyy 22189p 1) ¢ noydaIq :speoy pue S1djouIRIE UBIDOIIA JO uosLied

.

L

oY) ¢~V aiqe],




Sinsal pennugns pewdue s Suistacr swediarred o Agnuapt soxoq Aesd oy

i# .-wm_dmm
70 vo 66D €70 PI0 £1°'0 AQD
€0 86§ L 1 0vz 90§ "AMT 98
1 L8P7 1261 £01°1 YLD 051 oy
———a —s —————— ——rh ihininpm ——is i e——
s 6Ty r95°7 126'1 - £66°1 : "
- - - - . 0651 088°1 b}
sa0m1q pus s¥yy . £L5' LZS'e - - 8¥6'1 f
uopRpanc IR 95°1 067 ver'l 0£6 0091 766'1 1
331 ypmaseIq ZioG g 69' L1787 0£9°1 0921 699°1 8£0'C H
1108 ‘g yL0 019} LIE'T - PLI'T POS'T )
- - - - - - - rvM
. . - - - 1502 08LT c]
uopepunog W £29'7 ¥6T'z SLE' 0581 W' a -
ofiEpuno g ' 0567 066'1 . 0991 $66'1 3
Bureaq og/Buipaid aptd /39) sy SE1 T98° L61°1 Lv8 0291 026'1 i o
. - . . - 1691 6607 ¥
() TEaoTa0) et do) oY) TSy
0TS My ny Ay IS 0TS L1-§
=4Sy lJesupaoN 01 = U1 1249 Joy PeO] N1
wsjueqIyy ‘opry qua Jeau mm ‘o1PH 4307 L] uopg
aamipeg piuang ‘Sprede)y Jaqmagy 181 Jaquagy is]
JSPOTN dangpeg 3AIH3Y spempyy )e peo‘ 1% peoy Juong sseg wedpLeg

pa1apisuod fos/apd ynm -+ (3JoN aniy, woay 3218sp §77) T uonRNQ IS)NSay

sisffeuy yiSusng arumy) p-v sqey,




Sinsar peptwqns eurdpio naw Susiast swredsoned s Aymuopt sovoq ferd A

BT i Eigng
076 £2°0 £To 50 e e ADD
8T8 8Ly Lie 08¢ pLT £I£ A1 I8
280 o1’y 6£9'1 9801 91eT 1167 By
o 160 9wp'2 006°1 . 6157 - R
4 Pous oL'e 6891 SiE' 11104 226" 1
Z+} BOpEpnO.| oLe 6891 &¥5°1 - oIyt 0£8'2 b |
saonig pus sBay . £P1'E $62'T - - 0s0's r
GoHNpuUnof AT 00’1 197 OLL'L $8L L9 i56't I
=ovig a0y ‘3ot ang £y $19'T 9£9'y 762y ] b d 7667 H
nos ‘=g 50 019°1 086 - 4187 sLH'E o
BupBuyy agnop and mopwpunog ' LEST LE6'] - €Ly PET'L |
Lpedm og L5'0 87 06T°1 . 4 0£T'e i
Hofsepuno 60 0077 066'1 00§'1 tor'e 801'c a
aopEpuno§ £6'e 0L0°7 026t - €77 $E6'7 D
Bupmoq gog/Buppad ang /Moy 150y 10 961'1 991"y LO8 A &S LIR'T H
Aipmdes oy 980 £pLt 09¢°i . LT0T $6b'7 v
T () ~([EaoRaay esiby G
o7-§ My ny wmaay s T8 L8
=4Sy amuppuoN oT=¥1 A9 Joy oy N
msjueysap ‘opey L IR Y Tmompd WL L1 Hopsag
anpnyg ypsuang ‘Sipeds) JIqUIdpY 15§ BGUIR 351
PO Jnje,] i sy 7% peory 1% pro] Jeg oveg WmdppLing
Po.1OPISU0D o UM - (1ION N, wouy 33188p 0L7) 7 uondang ‘S)nsay sisdpeuy yduang srewnyn :s-v aqey




Sinsas fengns puwduo oy Surstasy sredioned ay Agnuapy soxoq Keid oy

‘4 TR
$2°0 0 LE0 1€0 110 [48 AOD
L7'0 9§ 069 ovE T §87 ANI IS
11 66£'7 29%'1 180'1 PEG'T T ELES
H |!Illi Illa ;IEL’ n— — \._.-.l!....[.l. A rimm——— ﬁ
flog 621 £19'7 y41°7 - $70°7 - W
safid “ayser 189 vog'1 zo1 - $€TC §SL'T 1
7-) uoyEpuno g 069 £0'7 5091 - 892'¢ oL b |
saan1q pun s8ay - 6EP'E FAVAS - . 887 f
uopEpUNOy ayouf STl 8197 ST 866 LT $61'7 1
SR 210G S33| 4P i o1 §68°C #55°1 Tkl | 786°1 6V4'T H
08 i L9 055°1 090'1 - §7E'T L06'1 0
repiod 331 xRl fpunge) jajpf 151 §PS°C $06'1 . 089°1 791'7 a4
- - . . - LT Ard 09€'7 |
sogRpUno g 61 YoL'T SEKE 01b'1 +66°1 62r'7 a
BOPEPLN0 | | 0P’ 0012 - 0981 $6T°T D
Sugeaq fosBuppil aug Ba pag 60°1 96°1 981°1 149 96L'% 1094 |
nojssasdnn’y spg 6171 oTI'z 05yl - L9L51 8LT'T ¥
iy (etona0) TEIo]100) =) L5215 )
o8 oy Ay s 078 LIS
= 454 AE3UPTUON o1 =Ml 19491 28 PEOT NN
msjanyIN ‘opey s JEIOYT G1M ‘oRPd 40T LT Noppag
amipe g huang ‘Kypede)) IO 1] SO 15T
JIpO aanjwy iiad: | ayeuipii) 3 proy 18 peo’y dways oseq joedipaeg

PaapIsu0d jos/apid yiim -~ (Y)IoN LY, wody 32139p ST€) £ uondRA(Q YNsay sisAfeuy ySuong ewnn :9-y 2qry.




TET= HEN POV RIDE 12 0'p = g fonoeanqy o) munof  eage PG W Apersoy swed s} Smmotyy e

simof i Smemesy 7y
Fafresas penigrs prarduo soq S sxvedioned o & map: seroq fud ML i

neEy
50°¢ $0°0 x41] 8] 610 oo 2] e 910 o'y §to He ADD
it'e e vLi so7 S0 908 001y o8t $io 95¢ 008 81 AT IS
8] £Rv'e W% : 80T see'y 743 L ort's s1Lt
ong-y P Sy €41 715 1z BT feomagyppiidry] a5 $00'7 SIST | somg-ypitey | g7 L2 100'e g66'1 | ..”m% W
o] puw vaceig-y LA Py 016 90’7 s anoup 961 orL'y 150'y orr'e © RNy »e 261y 961'p L S Y e
g g sy - e 15€°¢ - s34 pam s8] - £s8't 1667 S pau s3] . 1 <oy . {7
Bwipyand Sy &1 9ie'e 0o1'1 o'z : .ww%.n
Tugpusq 3y "Wt w08'¢ sov's %' Sujpnaq 3y 7y o'y $08'€ 0Tt Buipuaq 20y 7 4 o8 06's 0991 ]
Supyonq g 17 'y rr's otr'T | deineeq g 1T osese 95'e ot | ama
{sdix) fsdyy) (3dyy) (sdyn) (sdye) (sdyy) sdry) 2L 1) (T2
oz-Say "y 1eAF TN ors TS g g N or-s 0T-Say ny AR 1N -8
[mr— = Hpedey fapne saquspy ] mang Iy = ‘Opredery [ ssqurgg | Cwang L T = ey lwpa ssquap | g
FPOW 2innn g USH | apvepin | s peoy ey PPEW simpey WSH | awwnin | opp e peoy sy FPOW ey LY | wewni | spwepeor | sy
(gr20) 33, Wolj 333958 167 (Muion 3nxz wosg 3satap g17) (mroN smiy, wouy 22ikap gry)
{-w3ayT T-wRNg 1-B0iss G wendpnieg

W) g paxiy ~ snsoy sshpny QBooag awupgy Lreungey 3oV Hgu)



{LEIEIRTSY)
SUORLI(]
oo o e 60 ¥eo s10 £0°0 €0 910 90°0 g}, 105
AOD *Brioay
(pasiaay)
£20 ETO ) €50 o0 | eexyyao
L R oA afeeAy
({4t 0 LE9 10 iro o 0o e (AR 0o AOD
Lo 9I8 069 ove Pz 90 LIyt £82 oF'o (A g
S1°t 66L'C 958°1 180°1 ¥e0' ire o9 T e B80S HEIy
6ro £T0 £T0 [AX 1] (A3 Yo'G 100 it'g ¥o o AOGD
810 8Ly Ly et YT st'o £80 £le LTO vt AN IS
880 Oz 6691 980'1 91E' iyt 3579 126'2 08¢ si'ig BN
¥eo PO 680 €0 ¥i0 §T0 €0 LANH 870 Yo AOD
1£0 865 i 147 o €90 £6'1 N 8L0 W A3 I8
[AR L8Y'T 126'1 £01°1 oLt 6L 8L'eS 0817 £8'2 Ly 6% Ll
(sdmy) (sdry) (sdpy) (sdpy) (3981 ] (sdmy) (3987) )
0T-§ My ng wasy IS 0T-s 6N 0T-H L18 LN L{i'H
= USY ARAUFTUON 01 =4
‘g €M Jeauf ynsa | ‘aeayg asey ‘HIDLENSY “IH dABA Ieayg Iseq SuaLmyy b 1 £ ETVFTY
yiduaag ‘Gpede; QWA 1] | Jaqmapy 5] BLIBILIT) PEOT UEII0RPN BN prOT] Unad0jaly
dalasay amuhn iv peo] e proy ‘uonPY YNNI ‘VIdY yiduanyg ajeumnin LY woneg unit

SHNSIY SISA[RUY put sisjRwmBIRg InduU] 40§ AQ)) PUE ‘UOHEIAI(Q plepue)S ‘uBaly :g-v ajqe




PARTICIPANT A

[ UopALQ - JoANYag JudmBdNdsig-peory g]-¢ anBig

Cid) 064 1D WeWedDidsq I8
t 24 L4 §C < $T z §l i 0 0

Hh



PARTICIPANT A

e

| g wenaaN(q - JojAvqag Jeawadwydin-pe] I andiy

€ woeq 0 juewsedordng pie)
r ’ $e L) §T 4 L 3] i




€ R0 - Jopavgag yramadndnq-peoy 71-g amndyy

We— | o» y ot ¢ Py T 1 ( 20

PARTICIPANT A

3133



PARTICIPANT K

L0 o

wtww

gy

1 UOpI341( - H01avya g JuIuIE|dsi-pBOTT [I-g andiy

L4 §'t

('1d) ¥o84 0 juswadvids|q joIoinT

€

§7

z

gl

g0

[}

.
b eesrsens

\4

AY

§¢

§'¢

(sdnd 0001 YO pLoT IS



PARTICIPANT K

R 4

14 g

£ U - 201aBYag IO WRIBSIQ-PrOT T]-g aandig

¢

('44) %22q |0 jUewedD|dsiq ooy
¢

57 z §' | g'0
\\
I — Il\\\..\l\.\”.‘_
o I \\\H\\\m
P .x‘
l.l......l.\\.\ S\k\\ ;
b —t
A -
ERRER SIS e I
9~ W= == sdB 9’z =
\\ ........ Ayoedes uespy
r

i
-

o~

w3
o

gt

(A 0001 YO PROT [DI9ID]



PARTICIPANT K

¢ UonIA( - 3587 sBY PaxLy - Lolavyag judwaduidsy-proT §1-¢ aan3iy

(') 1084 Io Juslwiedpidsiq piejo1

A Z g { 0 O
\M \\
P A
o
I « SPEPIRI \,\..\y\ \\
] . 0
e - e PN Y/ |
- | - — e
W_ -7 \\\\
- ™ I
P &7 \ \\
= I 4 5P 798°F = e
/7
\\\\\ Ledesy upapy
S A

§7

§'¢

§'v

(a0 0001 X0 PROT D0



€ UOHIA ~ ISVD ISUY PIxLY - 10jaulag W dsig-proy 9y-¢ aandig

(14) 3§08 o juswisonidsy iein]

PARTICIPANT K

3 §7 ., 4 &'l L $'0 0
0
$'0
{
W ¢ g
r
5 \\a_. L m
¢ \\ N -
st o ~ 5
\\ \ ~ -
£ ovnennns AN I Sy . m.
‘\u...éh.\\ Vi .\‘. 8T ﬂN
N .\-illl\.-\“.\..\ \q ..l-gnu\ ' -
U‘.i.-..ic —F t%l\\t-ll 4 g b - x m. m
[ ST l.....\‘..t.g\.. i\ﬁ.\ﬂ )
=g ™ _ — . vt §
1...../” \\ﬁ/ $dpy 759 L=
Ty Apoedey uBop —f ¢
17
¥ Y 4
g

1 fapr e B



Appendix B
API TG 92-5 Response to Participants’ Comments

This appendix provides reponse to the participants’ comments summarized in Section 4,
The comments received were discussed in brief at the final meeting held on October 18,
1994. The two documents received from the API TG are given in two parts of this

Appendix.

Part B.1: APITG 92-5 reply to Trial and Benchmark Participants’ Comments on Section
17

Part B.2: Metocean criteria and wave/current force calculation procedures for the Gulf

of Mexico PMB Trials JIP Benchmark Platform.

Trials JIP — Benchmark Anaiysis Final Report December 1994
B-1
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Part B.1: API'TG 92-5 reply to Trial and Benchmark Participants’ Comments on Section

17
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API TG 92-5 REPLY TO
TRIAL AND BENCHMARK PARTICIPANT'S
COMMENTS ON SECTION 17

The Task Group wishes to thank all Participants for their comments and questions.
Your input greatly assisted us in finalizing the Draft document and will continue to
belp in preparing the Final version of Section 17. Our reply is organized by Section
with no separate comments for Trial or Benchmark Participants. We have tried to

correct all noted typographical errors.

17.1 - GENERAL

1. Section 17 is intended to be and will be an addendum to the 20th Edition of AP]
RP 2A.

2. Participants are directed to the noted references for details on background and
philosophy. The main reason for including the complete reference title in the
text for this Draft edition is to assist in guiding uses to the right document for
any additional information desired.

17.2 - PIATFO}‘IM ASSESSMENT INITIATORS
1. The Draft version of Section 17 which will be published by the API shows
assessment initiators in Figure 17.5.2 with a question regarding regulatory
requirements. The decision to reference assessment initiators, rather than

state them explicitly in the flowchart, was based upon space limitations.

2. The question of joint strength is presently being addressed by the APL It is
recognized that the API joint strength formulas are in conservative. This was
considered in the definition of significant contained in 17.2.8.

3. There is no "defined” significance to the words "must”, "shall” and "should".

4. The wording in 17.2.6 is correct.

5. In 17.2.5 we are considering changing the first word "justified” to "judged
acceptable” and the phrase "justified as” to "determined to be".

6. The comments regarding Definition of Significant for loading less than 10%

which could induce failure of local elements that would in turn lead to overall
failure of the platform are being considered for the final version.

17.3 - EXPOSURE CATEGORIES
1. Unmanned bridge-connected structures should not be considered manned

unlesg their failure could be a hazard to any adjacent manned structure. A
clarification is plannped for the final version.

JIP-RESEARCH, PMB-TRIALS
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a regulatory requirement, or a possible "obsolescence” criterion {being
considered) will initiate the assessment of such platformas.

Note: If the only initiator is damage or increased loading which cannot, a
priori, be discounted as insignificant, the wording in section 17.2.6 does
imply that it would simply be necessary to demonstrate that such
changes were in fact “insignificant”. However, the intent of those
involved with developing acceptance criteria was that all manned or
significant environmental impact platforms should meet the criteria in
Tables 17.5.2a and b, even if there has been no change in strength from
the as-built condition. This could be achieved implicitly, through the
design basis check, or explicitly, through design level or ultimate
strength analysis.

For increased loading, only a wave loading analysis is necessary. For assessing
damage to a platform, structural analysis, at an element level up to a full
structural analysis (design level or ultimate strength) is required. Wording in
the final version of Section 17 will reflect this.

- The wording suggested for clarity prior to Section 17.5.2.4 will be incorporated

in the final version.

- Regarding the design basis check; the requirement for platforme to have been

designed to the 9th edition or later was based upon both the hydrodynamic
loading recipe and the design equations used to ensure adequate member and
Joint strength. Consequently it is not sufficient just to demonstrate that a
platform designed prior to 1977 meets the reference level loading in the 9th
edition.

- The word "requirements” in 17.5.2.3 and 17.5.2 4 refers to the specific

requirements listed in the referred procedures (17.7.2 and 17.7.3). There are
requirements and exceptions to requirements listed in these procedures.

. Asnoted in 17.5.1, the screening of platforms to determine which ones gshould

proceed to detailed analysis is performed by executing the first four components
of the assessment process; platform selection, categorization, condition
assessment and design basis check. For Seismic and Ice loading this is the
screening criteria and is discussed in more detail in OTC 7485 (1994). Greater
clarification might have been achieved with the wording "platforms that are not
screened out as acceptable for seismic (or ice) loading” may be .___.

Note: Section 17.4 (part of the Screening process) requires a Level [T survey.

. Regarding the question on explicit probabilities of failure:

There are no target criteria specified, nor is there a defined scope for all
failure probabilities to include (fire, blast, etc.). The language in the
commentary is purposefully vague, placing the burden of Justifying the
adequacy of criteria upon the owner. The benchmark study has

JIP-RESEARCH, PMB-TRIALS




4. Sufficient static push-over analysis should be performed to determine the
MINIMUM RSR.

5. in C17.7.3c.3.g, the phrase "(displacement generally greater than 10% of the
pile diameter)” will be deleted in the final version of Section 17.

JIF-RESEARCH, PMB.TRIALY




Appendix B.2

Part B.2: Metocean criteria and wave /current force calculation procedures for the Gulf
of Mexico PMB Trials JIP Benchmark Platform.
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S Chevron

API Correspondence Chevron Petroleum

TG 95-2 on Platform Assessment f:;f;"*;wcwaw
] A Facibilies Engineenn

WG3 - Environmental Loading . Products 3,“? Semgs

1300 Beach Boulevars
La Habra, CA 5053
December 14, 1994 P Bax 448
ta Habra, CA 95833-0446

Mr. Frank Puskar

Mr. Rajiv Aggarwal

PMB Engineering Inc.

500 Sansome Street

San Francisco, California 94111

Gentlemen:

Enclosed 1s a report from WG3 containing the “correct” metocean criteria and force
calculation procedures for evaluating the Gulf of Mexico Trials JIP Benchmark Platform.
The assessment criteria are based on APl RP2ZA-WSD 20th Edition, Draft Section 17,
Assessment of Existing Platforms, June 28, 1994. These criteria have been checked for

accuracy by TG 95-2 WG3 members.

Metocean criteria and force calculation procedures are provided for each of eight principal
directions (with respect to the platform). The criteria and procedures are for 20th edition
design forces, and Section 17 design level and ultimate strength analyses. The method used
to arrive at the criteria is described in enough detail so that the basis for the numbers would

be clear.

We understand that these criteria will be used by a number of participants to recalculate the
base shears in the JIP final report. WG3 asks that each participant highlight the steps where
they differ from the given criteria and send comments in writing to WG3, who will then
transmit the information to the Wave Force Task Group (being reinstated) for their use in
clarifying the 20th edition and Section 17 wave force recipes. Specifically we would like to
know what each of the participants used for: (1) wave height, (2) current, (3) storm tide,
(4) wave period, (5) wind speed, (6) marine growth, (7) wave kinematics factor, (8) current
blockage factor, (9) current profile, (10) drag and inertia force coefficients for both rough
and smooth members, (11) wave theory, and (12) conductor shielding factor. Some of this
information has been already provided in the JIP report. The Wave Force Task Group
would like to receive all pertinent information.



PMB Engineering Inc. 2.
December 14, 1994

Although there is room for specifying differing criteria because of misinterpretation of intent
and acceptable range on parameter values, the effect on base shear should be small and
would not result in the large range of base shears that resulted in-the JIP. Nevertheless
some improvements can be made towards clarification of the procedures. With your
information, the Wave Force Task Group will amend the text of the 20th editon and
Section 17 to provide for, hopefully, more uniform results on base shear when different
persennel use the documents.

Very truly yours,

0 ot

C. Petrauskas
Team Leader, WG3 of TG 95-2

enc: As noted above

cc w/enc:
WG3 Members
Jim Bole (Amoco, Tulsa)
Kris Digre (Shell Offshore, Houston)
Allan Reece (Shell Development, Houston
Roger Thomas (Phillips, Bartlesville)
Dave Wisch (Texaco, Bellaire)




METOCEAN CRITERIA AND WAVE/CURRENT FORCE
CALCULATION PROCEDURES THE GULF OF MEXICO PMB TRIALS

JIP BENCHMARK PLATFORM
C. Petrauskas (for WG3 of TG 95-2)
Tue, Dec 6, 1994

INTRODUCTION

The platform is located in the Gulf of Mexico at 28° 27’ N latitude and 91° 20' W
longitude (Ref 1). The water depth at the platform location is 157 ft (Ref 2). The
platform has four legs, and is oriented so that the diagonal directions are
north/south and east/west. Various analyses were required by the Trials JIP
using the APl RP2A WSD 20th ed wave forces (Ref 3).

This report defines the appropriate metocean criteria and wave force calculation
procedures to arrive at the platform base shears that are consistent with the
intent of (a) the guideline 20th edition design forces in Ref 3 and (b) Section 17
design level and ultimate strength significant-environmental-impact forces in
Ref 4. The results are given for all eight principal platform directions, although
only three principal platform directions (Fig 1) were used by most participants.

APl RP2A-WSD 20TH EDITION CRITERIA AND FORCES

Wave Heights

The platform is located in a region for which 20th ed metocean criteria are
applicable (Ref 3, Fig 2.3.4-2). The water depth is assumed to be equal to
Mean-Lower-Low-Water (MLLW). The omnidirectional wave height is 63 ft (Ref

3, Fig 2.3.4-3).

Wave heights, as a function of the required (for force calculations) wave
direction, are given in Table 1, column 2. The wave heights were obtained by
using the guideline design factors given in Ref 3, Fig 2.3.4-4, and taking into
account that the factors apply to the guideline design direction + 22.5° (Ref 3,
Sec 2.3.4¢3). Interpolation should not be used.




Storm Tide

The storm tide is 3.5 ft (Ref 3, Fig 2.3.4-7) for all directions. This is the sum of
storm surge and astronomical tide. The storm water depth for the benchmark

platform is 160.5 ft (157 ft + 3.5 ft).

Current

The current associated with the wave height for any given direction is a vector
quantity and will depend on storm water depth (MLLW + storm tide} and
longitude. The depth of 160.5 ft places the current in the “Intermediate Zone”
{Ref 3, Sec 2.3.4c4). To obtain the surface current, linear interpolation is
needed between the “Shallow Water Zone” and “Deep Water Zone” currents.
The procedure for interpolation is given by example in Ref 3, p. 123,
“Commentary on Mydrodynamic Force Guidelines, Section 2.3.4”. Note that the
example only provides the steps for a wave direction of 290°. Such an
interpolation has to be carried for all eight required directions given in Table 1.
From a practical point of view, the 160.5 ft water depth is sufficiently close to the
depth of 150 ft at the shallow-water-zone/intermediate zone boundary, that
interpolation may not be necessary. However, for completeness, the
interpolation was carried out for all eight directions.

“Shallow Water Zone” Current

The longitude of the platform is 91.33°. The surface current is a vector with a
magnitude of 2.1 kis (3.55 fps). Its direction, based on Ref 3, Fig 2.3.4-5, is
280°. For interpolation, the water depth is taken as 150 ft.

“Deep Water Zone” Current

In deep water only the component of the current in the direction of the wave is
important, the transverse current is negligible. According to Ref 3, Sec 2.3.4c4
the magnitude of the surface current in the principal wave direction (290°) is 2.1
kts. The magnitudes of the current for the rest of the wave directions, given in
Ref 3, Fig 2.3.4-4, are obtained by applying, to the 280° current, the same factor
that is applied to the wave heights. This current is assumed to apply to the
given direction + 22.5°. For interpolation, the water depth is taken as 300 ft.
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Interpolated Current at Platform Location

The interpolated infine and transverse currents for a water depth of 160.5 ftis
given in Table 1, columns 3 and 4, respectively. A negative inline current
means that the inline component of the current opposes the wave. A negative
transverse current is the transverse component that is directed clockwise with

respect to the inline component.

In performing the interpolation we noted that the example in the Commentary is
not consistent with the intent in the main text. Specifically, the check on whether
or not the infine current is = 0.2 kts should be performed after interpolation, not
prior fo interpolation as impiied by the Commentary. From a practical point of
view the sequence will not be too important for the most forceful waves.
However, for consistency, and validity of forces for all directions, the check
should be performed after interpolation. The example will be corrected in the
upcoming 21st ed.

Current for Design Guideline Forces

The appropriate sutface current for calculating the 20th ed design guideline
forces is given in Table 1, column 5. This is the same as the inline current in
column 3, except it is modified to make sure that the speed is =2 0.2 kis (see Ref
3, Sec 2.3.4c4). The current profile is uniform over the water column (Ref 3, Fig

2.3.4-6).

The author believes that it is sufficient to use the infine current for analysis.
However it is acceptable to include the transverse component of the current,
given in column 4, provided the specified vector current is consistent with the
inine component given in column 5. This issue will receive further attention by
the APl Task Group on Wave Force Commentary and a clarification will be
provided for the 21st ed of RP2A.

Wave Periods

The wave period is 13 sec for all directions (Ref 3, Section 2.3.4¢c5). This is the
period measured at a fixed point. For the purpose of obtaining wave kinematics
that may be superimposed on the inline current, the apparent wave period
(Tapp, period measured in a coordinate system with the wave) is needed. Tapp
is given in Table 1, column 8. it is based on the inline current in column 5 and is

calculated using Ref 3, Fig 2.3.1-2.




Wind Speed

The one-hour wind speed at an elevation of 10 m is 80 knots (Ref 3, Section
2.3.4¢7). '

Marine Growth

The thickness is 1.5” and extends from +1 ft to -150 ft (Ref 3, Sec 2.3.4d2).

Wave Kinematics Factor

For hurricanes the wave kinematics factor is 0.88 (Ref 3, Sec 2.3.4d1).

Current Blockage Factor

The platform has four legs and is considered to be a “typical” jacket-type
structure. The current blockage factor is 0.80 for end-on and broadside
directions and 0.85 for diagonal directions (Ref 3, Sec 2.3.1b4). The blockage
factor should be applied to the inline current given in Table 1, column 5.

Force Coefficients

Design waves for the Gulf of Mexico, that are associated with the most forceful
directions, are usually sufficiently high so that default values of the force
coefficients will apply. For other directions, the waves may be small enough
that the force coefficients need to consider wake encounter effects. However,

these directions may not control the design.

A simple measure of whether or not default values are applicable is
Umo*Tapp/D, where Umo is the maximum horizontal velocity at storm water
level and D is the diameter of platform leg at the storm water level (see Ref 3,
Sec 2.3.1b7). If Umo*Tapp/D > 30, default values apply; otherwise one needs
to consult the Commentary for appropriate coefficients. Default values of the
coefficients are: Cd(smooth) = 0.65, Cd(rough} = 1.05, Cm(smooth) = 1.6, and

Cm(rough} = 1.2.



Wave Theory

The appropriate wave theory should be selected from Ref 3, Fig 2.3.1-3. Other
wave theories such as Extended Velocity Potential and Chappelear may be
used if an appropriate order of solution is selected.

Conductor Shielding Factor

Ignore shielding (shielding factor = 1.0) because there are only four conductors
and the spacing is irregular.

SECT!ON 17 SIGNIFICANT ENVIRONMENTAL IMPACT CRITERIA
AND FORCES

Design Level Wave Heights
The omnidirectional wave height is 55 ft (Ref 4, Fig 17.6.2-2a),
Wave heights, aé a function of the required (for force calculations) wave

direction, are given in Table 2, column 2. The wave heights were obtained by
choosing, for each direction, the lower value of the 55-ft wave height vs the 20th

ed wave height.
Design Level Storm Tide

The storm tide is 3.0 ft (Ref 4, Fig 17.6.2-2a) for all directions. This is the sum of
storm surge and astronomical tide. The storm water depth is 160 ft (157 ft+ 3.0

ft).
Design Level Current

The appropriate surface current is given in Table 2, column 5. The currents
were obtained by choosing, for each direction, the lower value of 1.6 kis (Ref 4,

Table 17.6.2-1) vs the 20th ed current.

The current profile is uniform over the water column (Ref 3, Fig 2.3.4-6).




Design Level Wave Periods

Tapp is given in Table 2, column 8. it is based on the inline current in column 5
and is calculated using Ref 3, Fig 2.3.1-2.

Design Level Wind Speed

The one-hour wind speed at an elevation of 10 m is 65 knots (Ref 4, Table
17.6.2-1).

Design Level Marine Growth

The thickness is 1.5" and extends from +1 ft fo -150 ft (Ref 3, Sec 2.3.4d2).

Design Level Wave Kinematics Factor

For hurricanes the wave kinematics factor is 0.88 (Ref 3, Sec 2.3.4d1).

Design Level Current Blockage Factor

The platform has four legs and is considered to be a “typical” jacket-type
structure. The current blockage factor is 0.80 for end-on and broadside
directions and 0.85 for diagonal directions {(Ref 3, Sec 2.3.1b4). The blockage
factor should be applied to the inline current given in Table 2, column 5.

Design Level Force Coefficients

For the Trials JIP benchmark platform it is assumed that default values of force
coefficients apply for all load cases. The default values are: Cd(smooth) = 0.65,
Cd{rough) = 1.05, Cm(smooth} = 1.6, and Cm(rough) = 1.2.

The applicability of default values will be further addressed by the APl Task
Group on Wave Force Commentary and a clarification will be provided for the

21st ed of RP2A.
Design Level Wave Theory

The appropriate wave theory should be selected from Ref 3, Fig 2.3.1-3. Other
wave theories such as Extended Velocity Potential and Chappelear may be
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used if an appropriate order of solution is selected.
Design Level Conductor Shielding Factor

Ignore shielding (shielding factor = 1.0) because there are only four conductors
and the spacing is irregular.

Ultimate Strength Wave Heights
The omnidirectional wave height is 68 ft (Ref 4, Fig 17.6.2-2a).

Wave heights, as a function of the required (for force calculations) wave
direction, are given in Table 3, column 2. The wave heights were obtained by
applying the same factors that were applied to arrive at the 20th ed wave

heights.
Ultimate Strength Storm Tide

The storm tide is 3.0 ft (Ref 4, Fig 17.6.2-2a) for all directions. This is the sum of
storm surge and astronomical tide. The storm water depth is 160 ft (157 ft + 3.0

ft).
Ultimate Strength Current

The appropriate surface current is given in Table 3, column 5. The currents
were obtained using the same procedure that was used for the 20th ed currents.

The current magnitude is 2.3 kis {Ref 4, Table 17.6.2-1) as opposed to the 2.1
kts for the 20th ed.

The current profile is uniform over the water column (Ref 3, Fig 2.3.4-6).
Ultimate Strength Wave Periods

Tapp is given in Table 3, column 8. It is based on the inline current in column &
and is calculated using Ref 3, Fig 2.3.1-2.

Ultimate Strength Wind Speed

The one-hour wind speed at an elevation of 10 m is 65 knots (Ref 4, Table
17.6.2-1).




Ultimate Strength Marine Growth

The thickness is 1.5” and extends from +1 ft to -150 ft (Ref 3, Sec 2.3.4d2).
Ultimate Strength Wave Kinematics Factor

For hurricanes the wave kinematics factor is 0.88 (Ref 3, Sec 2.3.4d1).
Ultimate Strength Current Blockage Factor

The platform has four legs and is considered to be a “typical” jacket-type
structure. The current blockage factor is 0.80 for end-on and broadside
directions and 0.85 for diagonal directions (Ref 3, Sec 2.3.1b4). The blockage

factor should be applied to the inline current given in Table 2, column 5.

Ultimate Strength Force Coefficients

For the Trials JIP benchmark platform, it is assumed that default values of force
coefficients apply for all load cases. The default values are: Cd(smooth} = 0.65,
Cd(rough} = 1.05, Cm{smooth) = 1.6, and Cm(rough) = 1.2,

The applicability of default values will be further addressed by the API Task
Group on Wave Force Commentary and a clarification will be provided for the

21st ed of RP2A.
Ultimate Strength Wave Theory

The appropriate wave theory should be selected from Ref 3, Fig 2.3.1-3. Other
wave theories such as Extended Velocity Potential and Chappelear may be
used if an appropriate order of solution is selected.

Ultimate Strength Conductor Shielding Factor

Ignore shielding (shielding factor = 1.0} because there are only four conductors
and the spacing is irregular.
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TABLE iw‘(_‘revised ﬂnecgzx) _,
| i } ' -

Gu:dehne Desrgn Metecean and Wave Force Cntena for Gulf of Mexico
Benchmafk Piatf{)rm MLLWJST Static Analysis, zﬂth Ed AP! R?2A

1 2 3 4 5 6 7 8 9

Wave Dir Wave intline  Transverse !Infine Storm  |Wave Apparent  Wind Speed

{deg. towards, 'Height Current [Current Current Tide Period Wave ?(T-hr@!ﬂm}A

clockwise (1) Hkts) {kts) (kts}  {ft) (sec) Period  .(kts)

from North) {sec) |
90.0 44.1: -1.82 0.34 0.20 3.5 13.0 13.1 80.0
45.0 44.1 -1.02 1.60 0.20 3.5 13.0 13.1 80.0

0.0 53.6| 0.48 1.92 0.46 3.5 13.0 13.2 80.0

315.0 59.9 1.74 1.12 1.74 3.5 13.0 13.7 80.0
270.0 63.0, 2.07 -0.34 2.07 3.5 13.0 13.8 80.0
225.0 56.7 1.25 -1.80 1.25 3.5 13.0 13.5 80.0
180.0 47.3) -0.23 -1.92 0.20 3.5 13.0 13.1 8§0.0

- 135.0 44.1 -1.50 -1.12 0.20 3.5 13.0 13.1 80.0

Marine Thickness = 1.5" (from + 1.0 ft to -150.0 ft)
Growth

|

Wave Kin.| 0.88 |
Factor

Current [0.80 for end-on and tranverse directions
Blockage :0.85 for diagona! directions
Factor

Current |Uniform over the water column

Profile
| ;
Faorce H Umo*Tapp/D > 30 use default values, otherwise consult Commentary
Coeff, Umo = maximum horizontal velocity at storm water level
Tapp = apparent wave period | |
= platform leg diameter at storm water level
Default values are:; Cd{smooth) = 0.65, Cd{rough) = 1.05,
Cm(smo?th) = 1.6, and Cm{rough) = 1.2
Wave Select wave theory from Fig. 2.3.1-3, or use appropriate order

Theory of other equivalent theory, such as Chappelear or Velocity Potential
i | i |
Conductor|/Use 1.0 because there are only four conductors! !
Shielding jand the spacing is irregular
'Factor f i




TABLE 2 (revised 11Dec94) |

4
1

;

]

Significant Environmental Impact Design Level

Metocean and Wave Force Crlteria for{

Gulf of Mexzco Benchmark Platform, MLLW%S?* Statu‘: Analysrs

I 2 3 4 5 | 6 7 g 9
Wave Dir ‘Wave Inline Transverse |inline Storm [Wave [Apparent  Wind Speed
(deg. towards, 'Height Current Current Current Tide Period [Wave {1-hr&@10m)
clockwise {ft) {kis} (kis) (kts) {ft} {sec) iPeriod I{kts)
from North) | |(sec) :
90.0 44.1 1.8 NA 0.20 3.0 12.1 12.2 65.0
45.0 44 .1 1.6 NA 0.20 3.0 12.1 12.2 65.0
6.0 53.6 1.8 NA 0.46 3.0 12.1 12.3 65.0
315.0 55.0 1.8 NA 1.60 3.0 12.1 12.6 65.0
270.0 55.0 1.6 NA 1.60 3.0 12.1 12.6 65.0
225.0 55.0 1.6 NA 1.25 3.0 12.1 12.5 65.0
180.0 -47.3 1.6 NA 0.20 3.0 12.1 12.2 65.0
135.0] 44.1 1.6 NA 0.20 3.0 12.1 12.2 65.0
Marine Thickness = 15" (from + 1.0 ft to -150.0 ft)
Growth
fWave Kin. 0.88
|Factor
Current  0.80 for end-on and tranverse directions
Blockage |0.85 for diagonal directions |
Factor
[Current  |Uniform over the water column
Profile
o Force Use default values
o Coeff, Default values are: Cd{smooth) = 0.65, Cd{rough) = 1,08,
Cm(smooth) = 1.6, and Cm{rough) = 1.2
iWave Select wave theory from Fig. 2.3.1-3, or use appropriate order
ETheory of other ?quiva!em throw, such} as Chappelear or Velocity Potentia}
_Wiﬁw% ‘Conductor |Use 1.0 because there are only four conductors B
) /Shietding |and the spacing is irregular S
Factor 3 | E




TABLE 3 (revised 11Dec94)
Significant Eﬁvzronmentai Impact Ultimate Strength
Metocean and Wave Force Criteria for | '
Guif of Mexzco Benchmark Platform, MLLW=157", Static Analysis
1 2 3 4 5 6 7 8 9
Wave Dlr Wave Inline  {Transverse iinline Storm [Wave Apparent Wind Speed
{deg. towards, Height Current [Current Current [Tide Period [Wave (1-hr@10m)
clockwise {ft) {kis) {kts) {kts) {f1) (sec) Period {kts}
from North) {sec}
90.0 47.6; -2.01 0.37 G.20 3.0 13.5 13.6 85.0
45.0 47.6) -1.12 1.76 0.20 3.0 13.5 13.6 85.0
0.0 57.8 0.56] 2.11 0.50 3.0 13.5 13.7 85.0
315.0 64.6 1.90 1.23 1.90 3.0 13.5 14.2 85.0
270.0 68.0 2.27 -0.37 2.27 3.0 13.5 14.4 85.0
2250 61.2 1.37 -1.76 1.37 3.0 13.5 14.0 85.0
180.0 51.0] -0.28] -2.11 0.20 3.0 13.5 - 13.6 85.0
135.0 47.6 -1.65 -1.23 0.20 3.0 13.5 13.6 85.0
Marine Thickness = 1.5" {from + 1.0 ft to -150.0 ft)
__{Growth T
3 Wave Kin. 0.88
Factor
Current [0.80 for end-on and tranverse directions
Biockage |0.85 for diagonal directions
Factor
Current |[Uniform over the water colun
Profile
Force Use default values
Coeff. Default vaiues are: Cd(smooth) = 0.65, Cd(rough) = 1.05,
Cm(smooth} = 1.6, and Cm{rough) = 1.2
Wave Select wave theory from Fig. 2.3.1-3, or use appropriate order
3 iTheary of other equivalent theory, such as Chappelear or Velocity Potential
Conductor|Use 1.0 because there are only four conductors
B Shielding |and the spacing is irregular
Factor E




True .

North :
. ! 5
{50 Jr
Platform
,/ North
Direction—1
(225 from B
' $ True North)

Direction-2

(270" from

True North)

Direction—3
. (315 from
True North)

NOTE: The above three directions are basic directions
referred to in the tables and figures.
Tables 3-1 to 3-3 indicate normalized
directions (with respect to True North) used
in participants submittals.
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Appendix C
Supplemental Data from Participants

Part C.1: PMB letter dated October 25, 1994

Part C.2: Response from participants (onl
provided here)

y selected ones of réievance to Appendix A

Trials JIP — Benchmark Analysis Final Report
C-1

December 1994
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Appendix C.1

Part C.1: PMB letter dated October 25, 1994,

Trials JIP ~ Benchmark Analysis Final Report

December 1994
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October 25, 1994

Attention:
Subject: Trials JIP - Final Meeting Minutes

Gentlemen:

The final meetings for the Trials JIP project were held as scheduled on October 18 and 19
at PMB/Bechtel Houston offices and were attended by thirty four persons representing
various companies, Copies of the lists of attendees are enclosed,

The following items were agreed upon by a majority of the TAC during the meetings.
Trial Applications

Further Submittals

The two participants who have not submitted their Trial Application Reports shall submit
their reports by November I to PMB. These two participants are also required to
Summarize their reports in the format of the draft final report. They can mark-up, by
hand, ali applicable tables,

Information/Action Required of Participants

All participants are required to provide the following to PMB by November 13-
* Any comments regarding PMB’s draft report

= Where possibie, the participants are fequested to provide mirked-up copies of the
applicable tables or figures from the draft final report

The participants who have not summarized their results per the requirements of the Jip
are required to submit al nussing information bv November 15. Specifically, this nclides




October 25, 1994
Page 2

all information that is missing (indicated as a "?") from the tables in the PMB draft
report.

Those participants who have not submitted their ultimate capacity analysis shall submit
their results to PMB by November 15. These participants are also required to summarize
their information in the format of the PMB draft final report. They can mark-up, by

hand, all applicable tables.

Direction Provided to and Action Required of PMB

The TAC voted that the final report should include abbreviated copies of all participant
submittals including the following modifications:

All references to company names and identification will be removed from the report
covers. PMB will also attempt to remove all references to company names included
throughout the reports. Any references to software used for the analysis will remain

as is.

Only key figures of platforms will be included. These are platform orientation,
typical vertical and horizontal framings, pile drawings, soil shear strength profiles,
typical deck details.

Result plots (which do not impact interpretation of results) and all computer outputs
will be excluded.

PMB is to release the final report on December 15, 1994. Participants who do not
provide documents meeting the minimum requirements for participation in this JIP will
not receive the final report.

Benchmark Analysis

Information/Action Required of Participanis

All participants are required to provide the following to PMB by November 15:

Any comments regarding the draft report.

Identification of any errors or omissions made by PMB in the summary of their report
data. In such cases, the participants are requested to provide marked-up copies of the
applicable tables or figures from the draft final report.




October 25, 1994
Page 3

» Participants who have noted "Gross Errors” in their interpretation of the Draft
Section 17 or in their analysis are requested to submit a letter to PMB identifying the
errors. In these cases, participants are required to correct those tables in the draft
final report that are affected by their error. PMB will expand the summary tables to
reflect the elimination of all gross errors.  Participants may also submit a revised
document of their analysis. All re-submittals will be included as an appendix to the
final report and will be included as late submittals,

Participants are requested to identify the reasons for any "Gross Errors" or
misinterpretations. Such information will be compiled by PMB and incorporated in

a new Appendix.

response is solicited. This information will help participants more fully understand your
results.

Base case — with pile /soil effect considered

~ Wave-in-deck loading estimates?
Wave crest elevation used.

— How the conductors were modeled?
Were conductors modeled to contribute to foundation capacity?

— Load level at first member with LR. of 1.0, The member(s) shall be identified.
What increase in allowable stresses were considered in the computation of
LR.?

Fixed Base Case ~ without pile/soil effect considered

— How the fixity was incorporated into the model?

Direction Provided to and Action Reguired of PMB

The TAC voted that the final report will include complete copies of all participant
submittals including the following modifications:

»  All references to company names and identification will be removed from the report
covers. PMB will also attempt to remove references to company names included
throughout the reports. Any references to software used for the analysis will remain
as is.
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PARTICIPANT "A* DATA POINTS FOR PLOTS
(Draft Report Figures 3-11 thru 3-1 2)

Iw%

g Direction 2 Direction 3
Lat. Load Lat. Disp. Lat. Load Lat. Disp.

(kips) {feet) {(kips} (feet)
120 0.06
H 260 C.16 235 0.14
| ass 0.24 350 0.22
H 510 0.33 465 0.30
H 635 c.44 580 0.38
fL 1,375 1.06 1,375 0.83
1,500 1.24 1,545 1.1
t{ 1,685 2.05 1,660 1.23
q' 1,750 2.30 1,775 1.36
1,750 3.23 1,890 1.50
2,005 1.91
2,120 2.36




PARTICIPANT E

Subject: Trials JIP - Benchmark Analysis

Further to the Benchmark JIP meeting in October, we have prepared additional
information for your inclusion in the final report. The APl RP2A 20th edition wave

loads {(not in original report} are as follows:

Wave RPZA, 20th Edition -
Approach Metocean Parametors and Loads
’ Dirsction Wave Ht. in-—Line Wave Load | Wave—in- Total
Dicection {rom True Current on Jacket Deck Base Shoar
North) H~—20 u--20 520
(degrees) {ft) {ffsoc) {kips) {kips) (kips)
Dir 1 225 56.7 1.56 2028 23 2051
Dir 2 270 63.0 3.37 2380 1 2451
Dir 3 315 59.9 3.14 2202 44 2246

Our original current were presented as total currents relative to platform coordinates,
not in-line values as presented in the final report. The corresponding in-line values

are:
Dir 1 1.70
Dir 2 3.67
Dir 3 3.39

The RSR value for Direction 2 computed according to the enclosed 20th edition loads
is 0.97.



PARTICIPANT F

The draft final report and the discussions at the final project meeting suggested that our
submittal did not include any directionality effects in the analyses. You may recall that our
analyses used the same wave height and current, etc., for both the 270 degree and 315
degree wave approach directions. Indeed directionality WAS considered and it was
determined that the orientation of this particuiar platform justified using the full
directionality factor of 1.00 for both the end-on/broadside and diagonal directions. The
figure attached to this letter illustrates our logic.

The orientation of the platform of 45 degrees from true north puts the API RP-2A Figure
2.3.4-4 290° extreme wave approach direction almost directly between a “diagonal” and an
“end-on/broadside™ loading direction. The API RP-2A wave direction approach angles are
specified to apply to bands + 22.5 degrees. For this platform, a true diagonal direction
would be 290° - 20° = 270° and a true end-on/broadside direction would be 290° + 25° =
315°. Considering the high degree of uncertainty in extreme wave approach direction
(uncentainty certainly greater than 2.5%) and the degree of uncertainty in the survey of
platform orientation, it seems prudent to apply the full environmental load to both the 270°
and 315° wave approach analyses. It follows that if the full wave force is applied in the
315° analysis and the platform has symmetric framing that the 225° wave approach analysis
(the other broadside/end-on direction) is not necessary. Again, the attached figure best
tlustrates my point and our logic.

We as engineers and designers need to recognize that uncertainties exist in nature and in the
development of our design provisions. Itis important, particularly in the assessment of
existing structures where significant economic risk and significant threats to human safety
and the environment are at stake, that we fully understand the assessment process and the




PARTICIPANT G :
ADDENDUM TO BENCHMARK DOCUMENT

This addendum provides additional comments on the benchmark analysis results for
Participant G. These comments are a follow-up to the "Trials JIP - Benchmark Analysis"
meeting conducted by PMB Engineering on October 19, 1994, This addendum
addresses questions raised in the meeting regarding variations in the benchmark analysis
results among the participants and the possibility of errors or oversights that may have
been committed by some of the JIP participants.

Wave Loading

Participant G has reviewed its wave loading calculations on the benchmark platform and
maintains that the input parameters used and the wave loading calculations are correct.
This applies to the wave loading calculations for both the Section 17 Ultimate load (S-
17) and the 20th Edition reference level load (S-20) documented for Participant G.

With regard to wave loading on the deck, Participant G explicitly modeled the tubular
members at framing elevation +33.00 ft. and the tubular trussing between elevation
+33.00 ft. and +42.13 fi. (here, member wave loads were calculated the same as that for
the jacket members). Wave forces on the deck were considered only when the wave
crest exceeded elevation +42.13 ft_| which is the elevation of the cellar deck bottom of
steel. Other JIP participants may have included the framing and trussing between
elevations +33.00 ft and +42.13 ft as part of the silhouette area of the deck, which may
explain why some participants calculated much larger wave forces on the deck.

Ultimate Capacity

The ultimate capacity of the benchmark platform determined by Participant G represents
a lower bound of the results for all participants in the JIP. Two reasons can be cited to
explain why the ultimate capacity results for Participant G are lower than the other

participants:

Conductor modeling, Participant G conservatively modeled the well conductors only as
wave load elements. It is likely that other participants also modeled the conductors as
foundation elements, allowing the conductors to assist the piles in resisting wave shear
on the platform. Participant G agrees that modeling the conductors as foundation
elements is an acceptable practice, particularly for the benchmark platform (only four 36"
OD piles with one 48" OD and three 30" OD conductors).

Page i of 2




Soil modeling. The second contributor to the lower bound ultimate capacity by
Participant G deals with soil modeling. Participant G used cyclic P-Y curves to define
the soil lateral capacity, since it was considered that the cyclic criteria is more commonly
used by other operators and design consultants. However, Participant G considers the
cyclic criteria to be conservative in analysis of platform ultimate capacity and advocates
to use of static P-Y curve formulations. It is likely that some other JIP participants did
use static P-Y curves, contributing to higher calculated ultimate capacities.

If Participant G had included the well conductors in the foundation model and had used
static P-Y curves for the soil lateral capacity, a much higher ultimate capacity would
have been achieved for the benchmark platform.

Page 2 of 2




PARTICIPANT I

Wave Height va Direction

 Re. APIRP 2A 20th Edition (p.26)

"Wave heights are defined for eight directions as shown in Figure 2.3.4-4,

The factors should be applied to the omnidirectional wave height of Fig. 2.3.4-3 to
obtain wave height by direction for a given water depth. The factors are asymmetry
with respect to the principal direction, they apply for water depths greater than 40
ft., and to the given direction + 22.5°, Regardless of how the platform is oriented,
the 100-year omnidirectional wave height, in the principal wave direction, must be
considered in at least one design load case.”

Comment :

The Benchmark draft final report (PMB) showed that there is & variation of wave
heights selected by the participants even though the metocean ceiteria are the same.
This raised a question on how to intexpret the guideline provided by APIRP 2A
20th edition. For example, if the wave direction is happened to be in 222.5° from
the true north (see Fig. 2.3.4-4), then what wave height factor should be applied?
0.90 or 0.75? To be consistent, it is suggested that the interpolation of the wave
height factors between two principal wave directions should be made if the wave

direction is falling between them.



Reserve Strength Ratio, RSR = Rn / S-20

Comment :

The definition of the reserve strength ratio is clearly defined in API RP 2A Section
17.0 (draft). It is a good indicator to the strength of the platform in the normal
engineering practice, :

In review afBENCHMARKdraﬂﬁmImpcn(PMB}, it is noticed that the bass
shear (S-20) calculated by Participant "D (sse Tables 3-4,5 and 6) is much lower
than the average value, consequently, the RSR values provided by Participant "D*"

- are too high. Theresultscfstaﬁsﬁsaida:amsomcwhatskewed.ThisshouId be

mentioned, at least, in the final report.

Follow-up on BENCHMARK Study Project

Comment : _
The scope of work as proposed by PMB on BENCHMARK study has bean carried
out by PMB. Overall, PMB has done an excellent job on this project, Any
additional work required to identify the cause of difference in the analysis results
submitted by participants is beyond the current scope of wark. It is suggested that
some follow-up wark should be initiated to resolve any outstanding problems,
such as the explanation of why there is such a dispezsion even in the base shear
calculations etc, Is there any inconsistency of P-Y » T-Z and T-Q data generated by
participants on BENCHMARK study project?
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PARTICIPANT |

The following simplifications were made in the structural model »

. Conducter Support at the Mudline - The conductor support is & hings
support at the mudline (Ganstramts in X\Y and Z directions - displacements
only).

. Conductor Framing - The conductor framing is simplified. Did not use the

actual frarning as provided by PMB

. Conductor Modeling - Simplified. Use two equivalent conductors (Bach
conductor model consisting of two actual conductors), '

. Boat Landing - Simplified. Usc egnivalent rodel, but not the actual framing
configuration and member sizes provided by PMB,

. Wave Load on the Deck - For smxphmzy, the effects of wave load on the
deck are neglected.

Load at Ist Member with Linear LR, = 1.0 (Optional)

The lower S1 values reported by us arc due to the fact that the 15t member with LR,
= 1.0 is located at the mudline, which is a horizontal diagonal member connected to
the hinge support (conductor). Consequently, a portion of the lateral loads were
transmitted to the hings support through that particular member. This is a Iocal
cffect cavsed by the stuctural modeling, If the conductor support is propexly
modeled (extended into the mudline), that particular member might have less value
of LR, See the atrached sketch,



Wave Height vs Directi

Wave heights (H-17, H-20) of Directions 1, 2 and 3 as shown in Tables 3-1,2, and
3 of BENCHMARK draft report (PMB) were calculated nsing interpolation of the
wave height factors between two principal wave directions, For example, for
Direction 1 (225° from true North), the wave height factor is interpolated between
two principal wave directions ( 245" and 200 ), see FIG, 2.3.4-4 of APIRP 2A
20th Edition.
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A.l

Data for Environmental Loads (Ultimate Strength Analysis) :
Number of approach directions 4

Oricntation with respect to Plafform North 245 deg. (clockwise)

(205 deg.
Wave height 67.50 ft.
Wave Period 13.5 sec. (Tapp = 14.34 sec.)
Current Profile 3.88 ft / sec Constant
(from mudline to 159.5’ above mudline)
Current Direction Constant (231 deg. from platform north,
clockwise)
Storm Surge 25 ft.
Wind Speed @ 10m above msl 143.47 £t/ sec (97.82 mph)
Wave Theory Stokes 5th Order Waves

Wave Crest 42.63 ft.

Orientation with respect to Platform North 270 deg. (clockwise)

(180 deg..
Wave height 65.61 ft. |
Wave Petiod 13.5 sec. (Tapp = 14.18 sec.)
Current Profile 3.88 ft/ sec Constant
(from mudline to 159.5" above mudline)
Current Direction Constant (231 deg, from platform north,
clockwise)
Storm Surge 251t

Wind Speed @ 10m above msl 143.47 ft / sec (97.82 mph)
Wave Theory Stokes Sth Order Waves

Wave Crest 41.14 ft,




Orientation with respect to Platfarm North 225 deg. (clockwise)

(225 deg.

Wave height 64.53 ft. |

Wave Period 13.5 sec. (Tapp = 14.36 sec.)

Current Profilo 3.88 ft / sec Constant
{from mudline to 159.5' above mudline)

Current Direction Constant (231 deg. from platform north,
clockwise)

Storm Surge 2.5 ft.

Wind Speed @ 10m above msl 143.47 ft/ sec (97.82 mph)

Wave Theory Stokes 5th Order Waves

Wave Crest 40,40 f1.

Oricntation with respect to Platform North 180 deg. (clockwise)

(270 deg.
Wave height 56.23 ft.
Wave Pegiod 13.5 sec. (Tapp = 14.05 s¢ec.)
Current Profile 3.88 ft / sec Constant
(from mudline to 159.5" abovc mudline)
Current Direction Constant (231 deg. from platform north,
clockwise)
Storm Surge 2.5 ft.
Wind Speed @ 10m above msl 143.47 ft/ sec (97.82 mph)
‘Wave Theory Stokes 5th Order Waves

Wave Crest 34,21 fr.

-4-



a)

b)

PARTICIPANT J

We oniy carried out the “Section 17 Ultimate Strength® analysis and not the *"AP! RP2A
20th Edition” analysis, hence all our results in the RP2A 20th Edition section of tables 3-1
to 3-3 should be blank. However, we notice that the Total Base Shear resuits from our
Section 17 analysis have been incorrectly placed in the RP2A 20th Edition section of the
results tables. This obviously, also applies to the first 2 columns of tables 3-4 to 3-6.
Please could you see that this Is corrected.  For your aid we have included copies of the
three tables indicating where the c¢orrections should be made.

Also conceming the three tables described above, we were unable to supply the Wave
load on the Jacket and the Wave-in-deck loading as these were not provided by the
software which we used. We will, therefore have to leave those columns blank also.

In response to the specific questions raised at the meeting:
Wave-in-deck loading estimates, Wave crest elavation used?
No Wave-in-deck loading was calculated in our analysis due to restrictions in the

software.
How the conductors were modelled? Were conductors modelled to contribute to

foundation capacity?

Conductors were modelled as primary elements but were unable to carry any
horizontal components of locad.  The conductors did not contribute to the
foundation capacity.

Load level at first member with LR. of 1.0. The members shall be identified. What
increase in allowable stresses ‘were considered in the computation of 1.R.?

The load level of the first member with LR. (assuming this is the Utility Ratio) of 1.0
in our case Is the same as the load level of first member fallure, already provided
in our original report.  This Is due to the fact that in . the Utility Ratio is
calculated based on the ultimate strength of the member taking into account the
materlal properties and buckling considerations under combined loading. ltis not

-

-



based on the allowable stresses spacifiad in any codes with a percentage Salety

Factor added on.

How the fixity was Incorporated into the model?
- The model was taken to be fully fixed in ail directions at the mud line level.

Finally, we would like to offer a brief explanation of why our ultimate strength analysis
results were substantially higher than for other partners. We noticed from the resulls
summaries, that most partners located collapse in the piles while we located it in the legs
and braces. This was because our software doesn't yet model piles fully so we were
using non-linear spring stiffnesses calculated from a separate software package. This
meant that the failure of the springs could not be recognised in the analysis and so the
jacket remained intact until the next members in the failure sequence reached their limit

state, ie the legs and braces. This obviously means that we recognise yield at a later
stage to the other benchmark participants.
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PARTICIPANT K

Errors/Omissions in Analyses
We used a linear interpolation of the values in API RP 2A 20th Edn, Figure

2.3.4-4. rather than the prescribed +/- 22.5 degrees.

2. The centroid of the wind area was sTightly offset and a small torque about
the vertical platform axis was induced. Minor impact expected.

3. The wind Toad for the Ultimate Strength Analysis was based on the 20th
Edition for new platforms rather than Section 17 for existing platforms.

Very minor impact expected.

4. The wave blockage factor was assumed to be 0.845 in all directions, rather
than the values ranging from 0.80 to 0.85.

5. The modelling of the conductor grid was simplified with two ‘equivalent’
members attached te be major horizontal framing. It appears that early
failure of the lowest framing level for the required analyses submitted
for the wave from platform East might be attribute to this modelling
approximations. For the diagonal wave attack amalyses, the bending
stiffnesses were modified to improve the modelling, nevertheless Tocal

failure were still experience.
Continued. ...



Base Case - with Pile/soil effect considered:

Direction 1 Direction ¢ Direction 3
Deg fr TN  Deg fr TN Deg fr TN
225 270 315

- Wave in deck loading estimates: 39.9kips 197.7kips  249.6kips

- Wave crest elevation used: 134.1 ft  202.6 ft 202.6 ft
{0ft @ mudline)

- Conductor Modelling: Fach conductor was individually modelled for
hydrodynamic loading and stiffness above the mudline. The conductors were
pinned laterally but released vertically at the guides. Below the mudline
each conductor was modelled with static P-Y curves.

- Load Level at First Member IR of 1.0: This value was optional and was not
computed. If computed it would have been based on the 20th Edition for
new design with the 1/3 allowable increase and with minimum yield

strengths.
Fixed Base Case - Without Pile/Soil Effect Considered

The jacket legs and piles were fixed some 12 ft below the mudline representing
the depth of the inflection int he piles in a full analysis. Al] six degrees
of freedom were fixed and a subsegquent additional analysis with rotations
released, demonstrated only marginal increase in flexibility.

C6350L01.19 14 November 1594 Page 2 of 2




PARTICIPANT M

The uftimate capacities remain the same.






