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SUMMARY of STOCHASTIC RESULTS

The collapse mode of the first two platforms analysed (ie the lifted platform
in shallow water and barge launched in deep water) is caused by the failure
of the diagonal bracing members joining the main legs. Once these bracing
members become ineffective the main legs will fail soon after in bending.

The statistical strength of these structures has been based on the

strength of the diagonal bracing members only.

Hovever, the analysis of the four leg lifted platform in deep water shows
that the bracing members remain effective and the collapse is caused by the

failure of the legs at the critical height.

the following is a summary of the resulting stochastic strengths. The

deterministic strengths are also tabulated for comparison purposes.

l LIFTED PLATFORM in SHALLOW WATER see Section 3 of Report |
No of LEGS = 6-: WATER BEPT§~T_35:§W o I
! Stochastic Strength | Deterministic Strength |
55,4MN Standard Deviation of 1,83 | 49, IMK !

BARGE LAURCHED PLATFORM in DEEP WATER see Section 4 of Report *
No of LEGS = B8 : WATER DEPTH = 138.0m

LIFTED PLATFORM in DEEP WATER see Section 5 of Report |
Ko of LEGS = 4 : WATER DEPTH = 141.3m |




Page 1 of Section 1

1} STOCHASTIC COLLAPSE STRENGTH of a REDUNDANT MULTI-MEMBER STRUCTURE

i} Basis of the Method

All statistical calculations are undertaken using Llcoyd's Register Offshore
Division's Level IXIT Risk Analysis Program. This program is an entirely

in~house development.

The forces applied to the platform are transmitted through the members to
the piled foundations, At any section through the structure {see Figure 1
section A~A) a number of loadpaths are available to transfer the load on
the upper structure to the members below. Collapse of the platform through

this section will only occur when all of these loadpaths are fully utilised.

The theoretical strength of any loadpath depends on the component strengths
of the members and joints comprising this route. The theoretical strengihs
used in the deterministic collapse analyses undertaken are based on the
strength formulae far joints and members in the API and AISC codes.
Documented comparisons between these theoretical strengths and achieved

test strength failures allow a stochastic strength of the joints and members

to be estimated.

LR's Level I1I Risk Analysis Program offers several facilities.

Two facilities, namely the '-OR-' and the '-PLUS~', are particularily
relevant to this type of analysis. Selection of the '-0OR-' facility
produces the failure strength of a system having a number of componeﬁts
in series, whilst the '~PLUS-' facility sums the statistical strengths
of a number of components in parallel. Thus, using the '-OR-' facility,
the statistical strength of sach loadpath may be obtained by processing
its component jeint and member sirengths. The '~PLUS~' facility enables
the determination of the collapse strength of the platform through a

section by summing the statistical strengths of the available loadpaths.

The final stochastic collapse strength of the overall structure is obtained by
undertaking similar calculations at otfher critical sections and then Ffinally

processing these secticpal statistical strengihs using the '-0R-' facility.
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1} STOCHASTIC COLLAPSE STRENGTH of a REDUNDANT HULTI-MEMBER STRUCTURE

i} Basis of the Method {(cont]

The basic statistical process is demonstrated by the solution of a simple
example shown in Appendix A and discussed in the following section.
Statistical distributions of member strength used are typical but have

assumed vaiuges.

ii} Simple Example Demonstrating the Statistical Process

bn idealised pin-jointed framework is analysed and illustrated in Appendix A.

Phe structure is shown in Figure A.1 and the member loads for the two

independent lcadpaths are given on Figure A.2.

Table A.l gives the utilisation ratios at the end of the deterministic

collapse analysis.
The deterministic collapse lead Pec = Pl + P2 = 35 kips.

Table A.2 gives the safety ratio { mean theoretical strength/test
strength } and the coefficient of variation between the theoretical
and observed test results for the different member types. These values

have been assumed and Kormal distributions are taken to apply.

Table A.3 gives the lcad path strengths based on failure of the different
component members. These values are obtained by a proportional adjustment
of the load in the appropriate loadpath to give a utilisation ratio of
pnity on the member. The safety factor iz then removed to obtain the mean
strength. Finally, the standard deviation is determined by multiplying

the mean strength by the appropriate coefficient of variation.

pipts A.1 te A.5 show the basic load path strengths based on failure of each

of the component wmembers.

The combined probabilities for the twe ioadpaths based on any member falling
are given in Plots A.6 to A.B. These resulls are abtainsd using the '-OR-°

Facility in the Level III Program.
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1} STOCHASTIC COLLAPSE STRENRGTH of & REDUNDANT MULTI-MEMBER STRUCTURE

ii} Simple Example Demonstrating the Statistical Process (cont)
Plot A.9 gives the stochastic collapse strength of the structure
corresponding te both load paths failing. This result makes use of the

'-PLUS-' facility in the Level II1 Program.

The complete risk calculation is i1llustrated by a statistical distribution
of loading given in Plot A.10. The associated risk is shown on Plot A.1l.
The conservative part of the risk is due to truncation of the upper and
lower tails of the distributions. Should this component part prove

significant, extension of the tails would be reguired.

The stochastic collapse strength shown in Plot % has been normalised
and the resulting distribution is shown in Plot 12. The derived mean and

standard deviation are quoted.

iii) Discussion of Results for Pin-jointed Frame Example

Comparing the deterministic collapse strength of 35 kips with the mean

and standard deviation derived for the stochastic collapse distribution
(Plot A.12) gives a safety ratio of 0.875 and a coefficient of variation

of 0.04 . Hence, the coefficient of variatien for the siraﬁgth of the

total structure is less than the coefficients of variation of the component
members whilst the the safety factor associated with the final strength is

intermediate to that for the compongnt members.
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1} STOCHASTIC COLLAPSE STRENGTH of a REDUKDART MULTI-MEMBER STRUCTURE

iv} Generalising the Method

tnitially, the horizontal force applied to a fixed steel platform is
predominantly carried by tension and compression in the diagonal bracing
members. If the main legs are battered then a proportion of the horizontal
force will be balanced by the endlcad in the main legs and piles. As
vielding of the diagonal bracing members occcurs a significant proportion
of any further applied horizontal loading is transmitted as shear and

bending of the piles and main legs which will eventually yield in bending.

In order to recognise the relative importance of the various loadpaths as

the collapse progresses, a special program {Loadpath Weighting Program) has
been written to calculate the proportion of the horizontal force being
carried by the various members crossing a given height level on the structure.
The use of this program will be demonstrated using the results obtained

previously for the collapse analyses of a 2D braced test frame.

v} Example in the use of Loadpath Weighting Program

The overall test structure is shown in Figure B.l1 of Appendix B. The
critical section under consideraticn is given by the line A-A. Table B.1
gives the distribution of internal forces prior to yielding. In this' linear
elastic condition, the diagonal braces are carrying 98.4% of the horizental

applied force almost exclusively as member endload.

In Table B.2 both the diagonal brace loadpaths have yielded. Brace 20 is
limited by a jcint failure at node 14 whnilst brace 2i is yielding in tension.
Both legs are still behaving linear elastically but are now carrying some

20.6% of the horizontal applied loading as shear forces in the members.

Pables B.3 and B.4 show the main legs increasing the proportion of horizontal
force they carry with beoth approaching yislding, where fallure of the

srructure at this sectios wonld pccur. The progress is traced in Pigure B.Z.
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1j STOCHASTIC COLLAPSE STRENGTH of a REDUNDANT MULTI-MEMBER STRUCTURE

vi} Hethod of Calculation of Stochastic Collapse Strength of Test Frame
Calculation of the collapse strength of the frame would be similar to the
caleulation for the pin-jointed frame shown in Appendix A.

Four loadpaths would be included in the calculations:

1. member 20 ~OR~ joint 14 - QR joint 12
2. member 21 -OR- joint 13
2. member 22

4, member 23

The joints given are the brace end joints at the chord/brace interface,

and the -OR- denotes the use of the '-OR-' facility in LR's Level III
Program which combines statistical distributions of paths in series. The
level of load in each loadpath would be taken from the horizontal forces HF
on Table B.4. Statistical distributions for each type of failure would be
raken from comparisons between test and theory.

The stochastic collapse strength through this section P{A-A) is calculated as:
P(A-A) = path 1 -PLUS- path 2 -PLUS- path 3 ~PLUS~ path 4

where -PLUS- denotes combining the individual path strengths evaluated above

using the LR's Level III Program '-PLUS-' facility for parallel events.

The overall stochastic collapse strength of the frame would be obtained by
repeating the calculations across other critical sections and then using the
'~-QR-' facility to process the collapse strengths at the chosen critical
sections thus resulting in the determination of the overall stochastic

collapse strength of the structure.
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2} GENERAL METHOD used for EVALUATING the STOCHASTIC COLLAPSE STRENGTHS

The loadpath weighting program {section 1. iv} has been used to give the
contribution of the component members to the total horizontal force
transferred through a selected critical horizontal level in the finally

achieved collapse state of each platform.

The subsequent statistical analysis has been simplified by ignoring any
further strength remaining across a level once all the main diagonal bracing
member loadpaths in either the X or ¥ direction have yielded. A member

loadpath will fail when either the member or a joint at its ends yields.

Pable 2.0 gives the safety factors and coefficients of variation assumed for
joint and member failures for all the analyses undertaken. These values have
been estimated for the different components and loadings and may be easily

replaced if more accurate estimates become available.

Type Safety facter Coeff. of variation
COMPRESSTIOR 0.8 g.1
TENS 10N 0.9 6.05 )
JOINT FAILURE 0.85 06.08

Table 2.0 Approximate Safety Factors and Coefficients of Variation
used in estimations of Probabilistic Collapse Strength

of Platforms in sections 3,4 and 5
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3} STOCHASTIC COLLAPSE ANALYSIS for the LIFTED PLATFORM in SHALLOW WATER

i} Member Forces through the selected Critical Platform Bay

The selected critical bay lies between elevations -22.0m (z=14.6m) and -8.0m
(z=28.6m) and a diagrammatic view of this structure is shown on Figure 3.1.

Tne direction of the chosen storm wave is shown on the diagram.

Table 3.1 gives the horizontal components of member forces at a cutting
height of 2i.6 m. From the table column of HX/HX totals it is seen that the
X direction shear is predominately carried by endload in the four x;wise
bracing members, there being no leg batter in the X2 plane. The HY/HY total
shows that 72% of the Y direction shear is carried by the three Y-wise
bracing members with the remainder being mainly resisted by axial force in

the battered legs and piles.

*he interaction ratiocs in the piles and legs are still reasonably low
through this section and will be capable of withstanding any further
required increase with the statistical variation of brace forces. As the
braces yield then further force transfer through this section will be
achieved by bending of the legs and piles. The amount of force that may

be transferred by this method is relatively small and is ignored.
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3} STOCHASTIC COLLAPSE ANALYSIS for the LIFTED PLATFORM in SHALLOW WATER

ii} Statistical distributions for critical members and joints

Tables 3.2 and 3.3 give the mean strengths and standard deviations for

the critical members and joints in the selected collapse zone.

Table 3.4 documents the probability distributions required in the calculation
of the probabilistic collapse strength of the platform through this critical

zone. The ranges used for numerical integration are also given.

Figures 3.2 to 3.B show sample distributions at various stages of the
analysis, whilst figure 3.9 gives the estimated probabilistic collapse

strength through this section.

iii} Discussion of results

The finally achieved probabilistic collapse strength through the chosen
¢ritical section has a mean strength of 56.3 MN and a standard deviation
of 1.9]1 MN., This compares with the deterministic collapse strength of
49.3 MN, calculated with safety factors included.

To gauge the effect of other critical zones on the overall probabilistic
strength of the platform a second zone having the same probabilistic
strength as that calculated above is assumed to exist. This reduced the

mean strength to 55.4 MN with a standard deviation ¢f 1.63 HN.
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4} STOCHASTIC COLLAPSE ANALYSIS for the BARGE LAUNCHED PLATFORM in

i} Member Forces through the selected Critical Platform Bay
The probabilistic collapse strength is caiculated with the wave in the
global X direction.
The selected critical bay lies between elevations -72m {2=66.0m) and -42m
(z=96.0m) and a diagrammatic view of this structure is shown on Figure 4.1.

The direction of the chosen storm wave is shown on the diagram.

Table 4.1 gives the horizontal components of member forces at a cutting
height of %0m. 'The HX/HX total shows that 73% of the X direction shear is
carried by the six X-wise bracing members with the remainder being mainly

resisted by axial force in the battered leg members.

The interaction raties in the legs are still reasonably low through this
section and will be capable of withstanding a further increase with the
statistical variation of brace forces. As the braces yield then further
force transfer through this section will be achieved by bending of the legs.
The amount of force that may be transferred by this method is relatively

small and is ignored.

ii) Statistical distributions for critical members and joints \
Tables 4.2 and 4.3 give the mean failure strength and standard deviation

for the critical members and joints in the selected coliapse zone.

Table 4.4 documents the probability distributions required in the calculation
of the probabilistic collapse strength of the platform through this critical

zone. The ranges used for numerical integration are also given.

Figures 4.2 to 4.7 show sample distributions at various stages of the
analysis, whilst figure 4.8 gives the estimated probabilistic collapse
strength through this section. Figure 4.9 shows a normal distribution of

this probabilistic collapse strength.
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4} STOCHASTIC COLLAPSE ANALYSIS for the BARGE LAUNCHED PLATFORM in

DEEP WATER

iii} Discussion of results

The finally achieved probabilistic collapse strength through the chosen
critical section has a mean strength of 193IMN and a standard deviation
of 5.56MN. This compares with the deterministic collapse strength of
l168MN, calculated with safety factors included.

To gauge the effect of other critical zones on the overall probabilistic
strength of the platform a second zone having the same probabilistic
strength as that calculated above is assumed to exist. This reduced the

mean strength to 190MN with a standard deviation of 4.64MN.
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5} STOCHASTIC COLLAPSE ANALYSIS for the LIFTED PLATFORM in DEEP WATER

i} Member Forces through the selected Critical Platform Bay

The selected critical bay lies betveen elevations -103m {(z=38.3m) and -7im
{z=70.3m} and a diagrammatic view of this structure is shown on Fiqure 5.1,

The direction of the chosen storm wave is shown on the diagram.

The collapse of the first two platforms analysed {see Section 3 & 4) is
caused by the failure of the diagonal bracing members joining the main
legs. Once these bracing members become ineffective the main legs will
fail soon after in bending, The statistical strength of these structures

has been based on the strength of the diagonal bracing members only.

In the analysis of this four leqg lifted platform in deep water however,
the bracing members remain effective and the collapse is caused by the
failure of the legs at the critical height.

The legs are initially all in compression duve to gravity lcading,.

Figure 5.2({a) shows the direction of the wave loading and the position

of the neutral axis for the initial loading with all legs fully effective,
At a load factor of 1.7 leg 2 will take no further compression and

Figure 5.2(b) shows the new neutral axis position with further bending
being resisted by compression in legs 3 and 4 and tension in leg 1. When
leg I yields at a load factor of 2.6 further loading causes significant
bending of legs 3 and 4 which fail soon after. The compression and tension
in legs 1 and 2 throughout the leoading process ig given in Fiqure 5.3. The
deterministic strengths used for legs 1 and 2 are F3l and F22 respectively.
Assuming that the actual leg strengths are ¥Fal and Fa2 the revised overall

strength of the structure can be determined using the following procedure.
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5} STOCHASTIC COLLAPSE ANALYSIS for the LIFTED PLATFORM in DEEP WATER

i} Member Forces through the selected Critical Platform Bay (cont)

The load factor at yield of leg 2 ,LF2, would become
LF2 = 1.7*{Fa2-F12}/(F22-F12) —-=- {1}
and at this load factor the endload in leg 1, Fnl would bhe

Fnl F1l + LF2%(FP21-F11})}/1.7 -—- {2}

B

The load factor at the failure of leg 1, LF1l will be
LFl1 = LF2 + (F21-Fnl}*(2.6-1.7}/(F31-F21}) == {3}
Therefore, the load factor for the overall strength of the structuré,
LS = LF1 + 0.3{allowance for the bending strength of legs 3 & 4)
--- (4)
Substituting {1}, (2} and {3} inte (4) gives

LS Ci*faz2 + C2*Fal + C3 == {5}

i

where €1, C2 and €3 are constants calculated f£rom known values,
Thus, LS = €1 * statistical strength of leqg 2 +

C2 * statistical strength of leg I + €3 ---{6}

Mean strengths for leg 1 and Z are now determined by multiplying the load

factor for failure by the base shear for the environmental load.

i) Statistical distributions for c¢ritical members

Table 5.1 give the mean failure strength and the standard deviation for

the critical leqg members in the selected collapse zone.

Pable 5.2 documents the probability distributions required in the calculation
of the probabilistic collapse strength of the platform through this critical

zone, The ranges used for numerical integration are also given.

FPigures 5.4 and 5.6 show sample distributions at various stages of the
analysis, whilst figure 5.7 gives the estimated probabilistic collapse

srrength through this section.
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5} STOCHASTIC COLLAPSE ARALYSIS for the LIFTED PLATFORM in DEEP WATER

iii) PDiscussion of results

The finally achieved probabilistic collapse strength through the chosen
critical section has a mean strength of 91.6MN and a standard deviation

of 5.22MN. This compares with the deterministic collapse strength of
BO.3MN, calculated with safety factors included. To gauge the effect of
other critical zones on the overall probabilistic strength of the platform
a second zone having the same probabilistic strength as that calculated
above is assumed {0 exist. This reduced the mean strength to B8.6MN with

a standard deviation of 4.31MN.
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Appendix A

Stochastic collapse strength of a
pin-jointed framework
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Loadpath Member Force Utilisation
P =20 CD ~20 0.8
AC 28.28 1.0
Po =15 BC 15 0.9
BD -21.21 1.0
AB 15 0.7
Table A.1: Member forces and utilisation ratios
from deterministic collapse analysis
Member type Safety ratio Coefficient of variation
Compression 0.8 6.1
Tension 0.9 0.05
Table A.2: Statistical data for member types
Loadpath mean |Loadpath standard
Loadpath Member strength deviation
P CD 31.25 3.125
AC 22.22 1.11
Py BC 18.51 0.925
BD 18.75 1.875
AB 23.80 1.19
Table A.3: Loadpath mean strengths and standard deviations

based on specified member failures
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Appendix B

Stochastic collapse of
tubular test frame
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