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1. INTRODUCTION

11

Scope & History

This study deals with the structural assessment of Shell Ol Co. Piatform Waest
Delta 103 “A” according to AP guidelines {Ref. 4.1},

The platform is located in Louisiana offshore waters, in 223 ft. of water. It has 8
tegs, double battered and K-braced.

The platform design drawings were signed on 9/30/64 (Ref. 4.2) and were
released for construction on 3/24/65.

On 9/20/90, the walkway at elevation (+) 9' - 4 5/8" was repaired to replaced

12 3/4" dia. x ¥2" horizontal jacket member between the column axes A2, A3, A4
and B2, B3, B4, as well as to cover 6 . long section of horizontal jacket
member with 12" thick rolled plate between A1, A2, and B1, B2 (see Drawing No.
D-64-18A0 of Ref. 4.2).
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PURPOSE OF STUDY

The purpose of this study is to demonstrate the application of the draft APl assessment
process (Ref. 4.1) which gives guidelines to prove the fitness for purpose of existing

platforms.

The study was initiated by the Minerats Management Service (MMS) due to concern of
the adeguacy of older structures and recent occurrence of powerful hurricanes,

According to draft AP! guidelines (Ref. 4.1, Section 17.2), existing platforms shail
undergo the assessment process if one or more of the conditiens noted below exist:

a) No assessment is required for platforms decommissioned or ready (o be
removed {e.g. wells plugged and abandoned).

b) Assessment is required if:

1) Manning condition is changed 1o a more restrictive ievel,

2} Addition of new facilities to the platform increases the original
operational loads.

3) The structure is altered such that new combined environmental and
operational lpading is significantly increased beyond original design
icading.

4) During any inspection which is required and defined (per Ref. 4.1,

Section 14.4), a significant damage to primary structure is found.

(Significant is defined as a 10% increase in lcading or decrease in total
capacity.)

Selection of Shell's West Deita 103 "A” platform for this assessment is nol based on any
of the requirements listed above. It was merealy based on the availability of platform
data and Shell Qit Co.'s permission 1o use it for the assessment exercise.
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SUMMARY OF RESULTS

Shell’'s West Delta 103 “A” platform does not pass the assessment requirements of the
draft Section 17 of AP RPZA-WSD (20th Edition),

The assessment process took place at the following consecutive levels and the findings
are summaries accordingly:

a)
b}
c)
d)
€)

f

Condition Assessment

Design Basic Check

Design Analysis Check

Ultimate Strengih Check

Pushover Strength Check | {for the purpose of overall stability)

Pushover Strength Check I (with failing diagonals in truss planes 1 through 4
rernoved and 90° loading only)

it is believed that failures are the result of:

a)
b)

3.1

3.2

3.3

weak soil layers at the top 50" below the mudline
unfavorable rough surface assumptions for jacket members (with Cp = 1.05 and
Cu= 1.4), which develop high wave forces.

Condition Assessment {see Seclion 8.3}

311 Platform is not damaged.

3.1.2 Deck height is inadequate - bottom elevation of 40° is less than required
elevation of 48",

Design Basic Check (see Section 6.4)
3.2.1 Design basic check is bypassed due to 3.1.2.

Dasign Analysis Check {see Section 7.2)

Structure fails due to the following failures;
3.3.1 Pile Related Results {Section 7.2.3}
3.3.11 Scil Failure (Axial Compression)
No soil failure.
3312 Pile Failure {Bending & Compressive Sirass)

Stress U.C. > 1 only @ Pile Head Joint 182 for Load
Cases 6, 7. and 8.
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3.3.2  Jacket Member Results (Section 7.2.4)

3.3.2.1 Diagonal Member Buckling

a)

D)

o

Jacket Plane Rows 1,2, 3, 4

Compression diagonais from mudhine (Elev, -223% to
Elev, -166" are atl failing for L.C. 8 {90" direction).

KLir= 996, D/t =64
Jacket Plane Rows 1 & 3

Compression diagonals from Elev. -68' to Elev. -26.5
are failing for L..C. 8 (80" direction).

KL/r=120, Dit = 40
Jacket Plane Row 4

Compression diagonal from Elev. -14.5' {o Elev. -68' is
failing for L.C. 8 (80" direction}.

Kl/r=113.7, Dit = 64

3.3.2 Joint Can Analysis Results (Section 7.2.5)

No punching shear failure in design level analysis.

34 Ultimate Strength Check (see Section 7.3)

Structure fails due to the following failures:

341 Pile Related Results (Section 7.3.5.7)

3.4.1.1 Soil Failure (Axial Compression) (Section 7.3.5)

Soif failure in skin friction & end bearing for pile head 182 in L.C.
6 (45° direction).

3.4.1.2 Pile Failure (Bending & Compressive Siress) (Section 7.3.6)

All pile head joints develop plastic hinges in critical load case
(L.C. 8).

Pile 182 develops further plastic hinges at pile depths 50" io 30°
below the mudline, making itself unstable. For this reason, a
pushover analysis was performed by replacing Pile 182 with
reaction loads assumed to happen gt the time of U.C. = 1
cecurring at Joint 182 (see Section 7.3.6 .4},



P

iy

W R LNORR & ARSOCIATES, NG,

NOEr

COMSULTING ENGINERRE

MMS PLATFORM ASSESSMENT
SHELL WEST DELTA BLOCK 103 “A”
JULY, 1894

3.4.2

3.4.3

3.4.4

Jacket Member Resulis (Saclion 7.3.7)

a)

0}

.0

d)

Jacket Plane Rows 1, 2, 3, 4

Compression diagonais from mudline (Elev, -223" to Elev. -168’
are all fakiing for L.C. 8 (in Pltane 2, L.C. 7}.

KlLir= §8.8, D/t = 64

Jacket Plane Rows 1 & 3

Compression diagonals from Elev. -68' to Elev. -26,5" are failing
- Truss Row 1 in L.C. 7 (87.5" direction}, and Truss Row 3 for
L.C. 8 {80° direction).

KLir= 120, D/it = 40

Jacket Plane Row 4

Compression diagonal from Elev. -14.5" {o Elev. -88’ is failing
for L..C. 8 (80" direction).

KL/r = 1137, D/t = 84
Jackei Planes A & B
Jacket Legs - 1A and 4B are failing in inelastic buckiing.

Jacket Diagonals (see Section 7.3.7) - Truss Planes A and B1
are failing in compression and bending.

Joint Can Punching Shear Resulis (Section 7.3.8)

a)

D}

Punching shear failure in chord members at all mudiine level
joints {except 181) where chord is 17 thick.

Further failures in five other chord joinis at higher elevations
where chord thickness is ¥2" thick.

Conclusion of Ultimate Strength Analysis

3.4.41

3442

Platform Assessment in Ultimate Strength Analysis fails
due {o:

a} Pile 182 collapses {foundation failure).
s) Jacket diagonal and leg buckle.
<) Punching shear failure in jacket feg chords.

Pushover Analysis will be performed for L.C. 6 {45°
direction} to simuiate load distribution that will occur in
jacket / pile structure before Pile 182 coillapses.
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3.5

Pushover Strengih Check | (see Section 7.4)

intended to demonstrate the load redistribution when the ultimate strength of Pile
182 is reached (45° direction). Resulis showed that overall pite stabilily remains
intact, but jacket local members and joints are still failing.

3.5.1

3.5.2

3.5.3

354

Pie Related Resulls (Section 7.4.3)

3.5.1.1 Soil Failure (Axial Compression) {Section 7.4.3.1)
No soil failure in skin friction and end bearing of piles.

3.5.1.2 Pile Failure (Bending & Compressive Stress) (Section 7.4.3.2)
All piles except conductors fail by forming plastic hinges at pile
head regions. No secondary hinge formation occurs along the
pile depth. The failures are therefore considered local in nature
and the platform foundation will remain intact.

Jacket Member Failure

See Section 3.4.2 (Ultimate Strength Analysis considers more critical
load direction).

Jotnt Can Failure

See Section 3.4.4 (Ultimale Strength Analysis produces more failed
joints).

Conclusion of Pushover Strength Analysis |

3541 Pushover Strength Analysis | shows that there is not a
foundation failure, as indicated by Ultimate Sirength
Analysis.

Before Pile 182 coliapses, a redistribution of loads and
deformations will take place.

In Pushover Analysis |, no piles coliapse.

3542 The failure of the jacke! is due to local member and joint
can punching shear failures.



- E r MMS PLATFORM ASSESSMENT
| SHELL WEST DELTA BLOCK 103 “A"
W, ), LNDER . ASSDGUTEE, G, JULY, 18594

CONSULTING ENCGINEERE

Spnr

36 Pushover Strength Check ii (Failing Diagonals in Truss Planes 1 through 4
Removed)

The intent of this check was to find out if the platform has any reserve strength
ieft when failing diagonals in 90° direction truss planes are removed.

36.1 Pile Related Results (see Section 7.5.3)
3.6.1.1 Soil Failure (Axial Compression) (Secticn 7.5.3.1)
No soil failure in skin friction and end bearing of piles.
3.6.1.2 Pile Failure (Bending & Compressive Stress) (Section 7.5.3.2)

Piie Numbers 162, 172, and 182 collapse due to double plastic
hinge formation,

3.6.2 Jacket Member Failure

Jacket collapses due o failure of:

a) Jacket legs between E1. -223° (mudline) and El. -114.5’

b) Piles inside legs between EL -223" and EI. -114.5°

c) Jacket diagonals in vertical planes between £l -223' and El -68'
d) Jacket horizonials in vertical planes El -223' and -166°

e} Jacket diagonals in horizantal planes EIL -223°, -168°, -114.5", -G8
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4.1 AP RPZA-WSD 20th Edition with Drafi Section 17 (April 1, 1884)

4.2 Drawing Set No. D-64-19 and 22 for / by Shell Oil Company (New Orleans
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Well, 223" Water.”

4.3 Soit Report No. 64-237-5 dated February 22, 1865, by McClelland Engineers,
1018 Richard Bldg., New Crleans, LA.

4.4 Applied Hydraulics in Enginearing, Henry M. Morris & James M. Wiggert, 2nd
Edition, John Wiley & Son, 1972,

4.5 Answers marked on faxed questions, by Sheli Offshore Inc., New Orleans, LA,
Fax from M. E. Celebi of W. H, Linder & Associates, to Mark Hanson of Shell
Offshore, dated 5/17/94, 08:45 (See Appendix).

48 StruCAD=3D Program Version 3.42 (September 1993), Structural Software, Inc.,
Housten, TX.

47 Drawing Set No. 255A-90-4A & 4B by Shelf Gffshore Inc., "Equipment Layout,

Upper Deck & Lower Deck, West Delta Block 103 Platform "A", West Delta 105
Field.”
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ASSUMPTIONS

The following assurnplions used in this study stili require verification:

5.1 Load intensities for deck & equipment {Section 7.1.3.3), uniform deck loads,

5.2 Rough surface assumptions for jacket members {with Cp = 1.05 and Cy = 1.40).

53 Marine growth distribution (Section 7.1.3.5.1}.
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METHODOLOGY

The assessment process is done following the guidelines in Section 17.5 of Ref. 4.1.
There are six major components used during this process:

6.1 Select Platform for Assessment

When one or more conditions noted in Ref. 4.1, Section 17.2 exist(s). See also
Section 2 of this study.

6.2 Establish the Exposure Category

Fer Ref. 4.1, Section 17.3, there are six categories (as shown below:

Exposure Category

i
l l

s -

For Life Safety For Environmental impact
Manned, Non-Evacuated * Significant Impact
Manned, Evacuated Insignificant Impact

_...{ Unmanned

* As per industry practice in Guif of Mexico not applicable.

Sheil West Delta 103 "A” piatform is categorized as follows (Ref 4.5):
For Life Safety ———=>  Manned Evacuated
For Environmental - insignificant Impact
8.3 | Collect information and Perform Condition Assessment
Per Ref, 4.1, Sectien 17 .4, the foliowing information is required:

53.1 Generzl

6,3.1.1 Current inventary of platform’s structural condition.
6.3.1.2 Current inventory of facilities.
6.3.1.3 Al information gathered shall be up-to-date, accurate,

and shall reflect aciual conditions. Any assumptions
made shall be specified and reasonable.

- 10 -
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N ) 6.3.2 Surveys
6.3.2.1 Topside Survey - Level | per Section 14.3.1
a) Accuracy of drawings should be verified,

8] If not accurale, or drawings do not exist, additional walk-
arcund surveys may be required for topside structure,
facility, framing details, and exposure category.

6.3.2.2 Underwater Survey

a) As minimum Level Il per Section 4.3.2 (existing or new
survey),

b) Additional surveys Levei Il & IV per Sections 14.3.3 and
14.3.4 to verify suspected damage, deterioration due to
age, lack of joint cans, major modifications, lack of /
suspect accuracy of platform drawings, poor inspection
records or analylicat findings.

6.3.2.3 Soil Data

Many cider piatforms were instalied based on soit boring
information at considerable distance away from the installation
site.

Avaitable or near-site soil borings and geophysical data should
be reviewed and considered assessment.

Uiz .

8.3.4 Resulis of Condition Assessment for Shell W.D. 103 "A”
6.3.4.1 Platform is not damaged.
6.3.4.2 Deck height is inadequate. Ref. 4.1, n, 30, Fig. 2.3.4-8 requires
a deck height of +48', Bottom of lower deck beams are at
elevation +40'.
6.3.4.3 Topside survey has not been received.
8.3.4.4 Underwater survey has not been received.

6.3.4.5 Soil data used (Ref. 4.3) is for aciual platform site.

5.4 Design Basis Check

This screening process is performed per Ref. 4.1, Section 17.5 and 17.8, also
shown in Fig. 17.5.2,

If the platform passes the Design Basis Check, the assessment process ends. if
not, the assessment continues into analysis level.

P
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6.5

6.0

6.7

6.8

Design Level Analysis

Design Level Analysis is performed in 3D computer model. (See Section 7,
*Calculations,” and Sub-Section 7.2).

Ultimate Strength Analysis

Ultimate Strength Analysis is performed by removing safety factors and using
mean vield stress instead of nominal yield stress (see Section 7.3).

Pushover Strength Analysis |

Pushover Strength Analysis | is performed to assess the global strength of the
piatform so that the pile foundalions do not collapse (as was appearing in the
Ultimate Strength Analysis). The methods used in Ultimate Strength and
Pushover Analyses are the same, except for the representation of “ultimate
capacity of failing pile” in Ultimate Strength model (see Sections 7.3.5.2.4 and
7.4).

Pushover Strength Analysis 1

Pushover Strength Analysis H is performed to establish the reserve strength of
the jacket afier iis vertical plane diagonals failed in 90° direction Ultimate
Strength Loading. Since the failing diagonal members were compression
members {i.e. buckling failure) they were removed in the computer model used
for Pushover Strength Analysis 1. The locading in Pushover analysis is the same
as in the Ultimate Strength Analysis in 80° direction (see Seclion 2.5).
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