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Abstract

The final year project titled ‘Parametric Study for the Critical Tubular Joints of the
Jacket Structure’ was carried out with the aim of studying the trends of the joint of the
submerged jacket structure accordingly to its conditions. To achieve the aim of the
project, several objectives been designed. Firstly is to study different load case of the
jacket and to determine the critical joint trends of the jacket when the jacket subjected
to several different loading conditions. Extensive literature review was conducted in
order to come up with ideas about the offshore structure, joint of the jacket structure,
environmental forces and the SACS program review, which the software been used to
run the analysis. The research been carried out for the five fixed jacket models with
various loading conditions, as all the data been input to the SACS program, analysis
been carried out on the jacket structure. The result of the joint can with the maximum
unity check been focused and been analyzed. The results then been presented in the
graphical form, which shows the relationship between depth of the critical joint and
total weight of the model, and depth of the critical joint and the water depth.
Environmental and the model weight were the significant elements that contribute to the
depth of the critical joint. From the graphical results presented the trends of the critical

joints been determined.
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CHAPTER 1
INTRODUCTION

1.1 Background Study

Platform structures are commonly utilized for various purposes including offshore
drilling, processing and support of offshore operations. Jacket type structures are
attractive in relatively shallow water regions. A jacket is supporting structure for deck
facilities stabilized by leg piles through the seabed. The size of a jacket is dependent on
deck size, pile dimensions and environmental loads. In jacket design, operational and
environmental loads are very important and must be investigated intensively to secure
during their operation life. To confirm the stability, several analysis including in-place,
fatigue, dynamic, load-out, transportation, lifting, and launching are performed. Due to
complexity of the operation, there is not a straightforward guideline or procedure for the

analysis.

Offshore structures, as mentioned, are very much subjected to the oscillated forces such
as wind, wave, current and tidal force. Damages that caused by these forces are
concerned. Failure that might occur comprises member failure, joint failure as well as
corrosion of the structure. Analysis was carried out from the fabrication stage, towards
the load-out, transportation, upending and installation of the structure; this is to ensure

the safety of the structure,

Joint is a location which prone to failure. In offshore engineering, tubular joints are
widely encountered to be used as supporting structure. As this element is frequently
subjected to cyclic loading, failure such as punching and fatigue were commonly found

at the joint.

Parametric Study of the (ritice! Tubnlar Joint for the Jacket Stracture 6
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1.2 Prqblem Statement

For the design of the offshore structure, one of the main concerns is the checking of the
jacket joints. The checking of the joints for tubular to tubular comprises punching shear

check as well as the fatigue check.

The fatigue is mainly due to the small flaw occurring at the joint, with the cyclic
loading this caused the joint prone to fail due to fatigue. Another reason fatigue occurs
is due to the stress distribution at the joint. Joint is connected by connecting the brace to
the chord, with the abrupt change in geometry, it will resulting the localized stress
increase and cause failure. The location of the critical joints for a fixed jacket is a
necessary determination during the design stage. Currently design of the jacket carried
only a unity check which detail check needed such that in specific conditions, the

location for the critical joints shall be in the specific range.

As mentioned, the joint failure is the most common found failure mode occurred for the
jacket platform. The failure might due to human errors, which human errors are not
modeled. Based on the results of the analyses by Kvitrud, 2001 and the historical data,
human errors are probably the dominating cause of accidents connected to the structural
failure. Current market, there are invalid of the proper guidance for the fresh person of

the industry. Thus, this could be the main reason that the human errors occurred.

Besides, there are large uncertainties associated with the maximum load effects on an
offshore structure due to environmental loading processes such as wind, waves, and sea
ice and earth quakes. These uncertainties arise from variability in the loading process
parameter, limitations in the quality and quantity of the data used to characterize these
parameters, and inaccuracy of the idealized models used to estimate loads. The sources
of uncertainty determine its sensitivity to the amount of information available to

designer.

Parametric Study of the €ritical Tubalar Joint for the Jacket Structure 7
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1.3 Objectives

i.  To study different load case of the jacket structure.
ii.  To study the effect of the in-place jacket when topside been removed.
iii.  To determine the critical joint when different load combination been applied.
iv.  To determine the trends of the critical joint trends when subjected to various

water depth, environmental conditions as well as different loading.

1.4 Scope Of Study

The Final Year Project II was carried out in a variety of manner to achieve the project

goal.

i.  Literature review
Literature review of the research has been carried out through out the FYP II
duration. Books, e-journal, internet resources, and codes such as API-RP-2A
been used to gain a better understanding of the research. Information and
knowledge of the basic load cases, loading combinations, offshore jacket, and
the most significant the characteristic and other information of the jacket joint

was gained from the resources.

il.  Software Analysis (SACS)
SACS 1V is software with the general purpose three dimensional static structural
analysis programs. It could model a large array of structures from simple two
dimensional space frame analysis to complex three dimensional finite element
analyses. The program could be used for nonlinear static analysis when coupled

with PSI module or Dynamic Response Modules.

SACS 1V refers to three of the program modules of the SACS system, namely

the pre-processor module Pre, the solver module Solve and the posf processor

Paremetric Study of the Lritical Tubuler Joint for the Jacke! Structure 8
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module Post. The post processor module, Post, can be executed as part of SACS
IV or as an individual analysis step. This manual addresses the features and
capabilities of the Pre and Solve modules and includes the procedure used to run
Post as Part of SACS IV. The Post manual addresses the execution of the post
processor as a separated step and includes a detail discussion of the program’s

capabilities.

Hi.  Analysis of Results
Results from series of analysis are analyzed. An attempt is also made to generate
the trends of the critical joint depth, when subjected to different water depth,

environmental conditions, and different loading conditions.
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CHAPTER 2
LITERATURE REVIEWS

2.1 Malaysia Oil and Gas Industry

Oil and gas industry in Malaysia began on 1972, while the decline in contribution of
tin, petroleum and natural gas were discovered in offshore oilfields at Sabah,
Sarawak and Terengganu. The first onshore discovery of oil was in Miri. During

1930s, the very first offshore oilfield been discovered in Sarawak.

Before 1974, Malaysia offshore was divided into two concessions area; offshore of
Peninsular Malaysia was awarded to Esso Production Malaysia Inc. (EPMI), while
east Malaysia awarded to Sarawak Shell Berhad (SSB) and Sabah Shell Pet. Co. Ltd.
This will allowed other oil companies to bid for any of the PSCs. As a return of these
concessions, the oil companies paid a small royalty and taxes (5%) to the State
- Government, where by that time petroleum was under controlled by the State

Government,

Under Petroleum Development Act 1974, Petroleum National Berhad in short
PETRONAS, been awarded the right on the entire ownership and the exclusive rights,
power, liberties and privileges of exploring, exploiting, winning and obtaining

petroleum whether onshore or offshore of Malaysia.
It is been stated by PETRONAS that the PSC duration for exploration is S-year,

development for 4-year, and 20-year for production. After 29 years of operating, all
of the facilities will be returned to and owned by PETRONAS.

The oil production rate in Malaysia increased from 81,000 bbl/day in 1974 to
770,000 bbl/day in 2005, while 53.5 billion cubic meters for natural-gas in 2005.

Parametric Study of the Critical Tubulur Joint for the Jacket Strueture 10
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During 2004, Malaysia's oil reserves stood at 4.84 billion barrels while natural gas
reserves increased to 89 trillion cubic feet (2,500 km?). This was an increase of 7.2%.
The government estimates that at current production rates Malaysia will be able to
produce oil up to 18 years and gas for 35 years. 56% of the oil reserves exist in the
Peninsula while 19% exist in East Malaysia. The government collects oil royalties of

which 5% are passed to the states and the rest retained by the federal government.

2.2 Offshore structure

Offshore structure could be categorized based on the water depth, whereby it could
be categorized as shallow water, deep water and ultra-deep water. Shallow water
structure is the structure that sits on the seabed, which normally held in place by pile.
The selection of offshore structure is based on the depth of water from the mean sea
level to the seabed. There are several types of offshore structures, such as fixed steel

platform; jack up rig; semi-submersible; drill ship; and tension leg platform.

Fixed steel platform structure consists of topsides; jackets, drilling; compression

modules; process modules and living quarters.

Jacket is the substructure that submerges in the sea and anchored onto the seabed,
supporting a deck with space for drilling rigs, production modules and living quarters
(topside). The height of jacket is based on the water depth from mean sea level to the
seabed, and the height of the 100-year return storm wave for the region. This part of
the structure is subjected to the loading from topside, wind load, wave load as well as
the current load. These are the reasons for the members of jacket to be designed as
tubular sections instead of square sections, where it can reduce the force acting on the
legs. Jacket is normally constructed by using steel. Due to the expose of steel to the

sea water, the tendency for it to corrode is high.

Paraetric Study of the Critical Tubular Joint for the Jacket Structure
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2.3 Tubular Joints in Qffshore Structures

In offshore structures, circular hollow sections or tubular members are used almost
exclusively. The reasons are to reduce the drag coefficient to relatively low and
smaller hydrodynamic loads, equal lateral strength in all directions, minimal stress
concentrations in joints and outstanding buckling strength (Gandhi & Berge, 1998).

Offshore structures are made of welded tubular joint that display geometrical
discontinuity. Joints of an offshore structure are formed at locations where cross
members are welded onto the main legs of the structure. Under design wind and
wave loadings, the forces in each cross member are seen to be transmitted directly to

the wall of the leg.

The structural joints of a platform must be check to insure that each joint can
withstand the forces transmitted by the members which make up the joint. Bach joint
comprises one or more members (branches or braces) which frame into a larger
diameter member referred as the chord. The large variation in stress exists at the
intersection of the branches and chord, which must be accounted for when
determining the thickness of the chord. A Iot of experimental and theoretical effort
has gone into the development of stress analysis technique currently used to
determine the stress distribution around a tubular joint. Computer programs have
been developed to aid the designer in developing the data required to permit the

proper design of tubular joints for both static and cyclic loading.

Joints subject to stresses which vary with time should be checked for resistance to
fatigue. Fatigue analysis, such as dynamic analysis, is complex and involves
considerable time and effort, but should be part of the design procedure for most

areas of the world.

Parametric Study of the dritical Tubular Joint for the Jacket Structure
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2.3.1 Types Of Offshore Structure Tubular Joint

Types of the tubular joint could be categorized as follow:

T and ¥ I | %7
joints : \7‘}
B i %,m.___yf-i)
)]
Y joint
8 &= 890
01 = 82
o Ideally : D, = D,
X joints 1, =t
N and k
joints
Kioigit o
844~ 90 65, = 90
KT joints

Source of Design of Offshore Structure Lecture Notes

Figure 2.1: Types of Tubular Joint

2.3.1.1 T-joint and Y-joint

T-joints made up of a single brace which perpendicular to the chord (T
joint) the axial force acting in the brace is reacted by bending in the chord.
Where by Y-joints made up of a single brace which inclined toit. Ina Y

joint, the axial force is reacted by bending and axial force in the chord.

Parametric Study of the Critical Tubnlar Joint for the Jacket Structure
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2.3.1.2 X-joint

X joints include two coaxial braces on either side of the chord. Axial
forces are balanced in the braces, which in an ideal X joint have the same
diameter and thickness. In fact, other considerations such as brace length,
which can be very different on each side of the chord, may lead to two

slightly different braces. Angles may be slightly different as well.

The important point to note is the balance of forces in the braces. If the
axial force in one brace is far higher than the one in the other brace, the
joint may be classified as a Y (or a T) joint rather than an X joint. Where
by the members whose perpendicular load components are reacted across

the chord is treated as X joints.

2.3.1.3 N-joint and K-joint

N-joint and K-joint comprises two braces. The one of the braces of N-
joint may be perpendicular to the chord. Both of the K-joint braces are
inclined, The ideal load pattern of these joints is reached when axial

forces are balanced in the braces, i.e. net force into chord member is low.

In the Iogic of the recommended classification scheme of API RP 2A,
members whose axial load component perpendicular to the chord is
essentially balanced by axial loads in other member of the same side of
the joint are treated as K joints (Pecknold et. al., 2007).

Parametric Study of the Critical Tubular Joint for the Jocket Struciure
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2.3.1.4 KT-joint

KT-joint comprises 3 braces, which the load pattern for these joints is
more complex. Ideally axial forces should be balanced within the braces,

i.e. net force into chord member is low.

2.3.2 Failure Mode Of Joints
2.3.2.1 Punching shear

Joints of an offshore are formed at location where cross members are welded
onto the main leg of the structure. Under design wind and wave loadings, the
forces in each cross member are seen to be transmitted directly to the wall of
leg. The possibility accordingly exists of punching shear failure through the
wall if its thickness is too small (Dawson, 1983). |

The acting punching shear is the shear stress developed in the chord by
the brace load. Allowable punching shear values in the chord wall are
determined from test results carried out on full scale or on reduced scale
models. To ensure against punching shear failure of the joint, it is
necessary that the shear stress be less than the shear yield stress of the
material, with a suvitable factor of safety. This may be roughly being 0.4

times the tensile yield stress.

2.3.2.2 Fatigue failure

Metals which are subject to continuously varying or alternating loads can

fracture at values of stress considerably less than the ultimate value found

Paranetric Study of the Critical Tubular Joint jor the Jecket Structure 15
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during static tests. Experimental evidence has indicated that fluctuating
stresses, in some cases smaller than the elastic limit, will induce fracture if

repeated a sufficient numbers of time (McKenzie, 2004).

Thus damage can be initiated at any of these critical points due to fatigue,
caused by repeated stress cycling and range of stress to which element is
subjected, in spite of taking proper care in the design and fabrication of
the joints (Alam and Swamidas, 2001; McKenzie, 2004). furthermore, the
tubular joint of these structures are subjected to fatigue or corrosion
fatigue damage due to high-stress concentration, possible weld defects,

cyclic wave loading, and simultaneous corrosion (Murthy et. al., 1998).

Such failure could occur for the actual stress never exceeding the yield
stress of the material. The higher the cyclic stress, the lower the number
of cyclic needed for failure. Due to the abrupt change of the geometry at
the end of the cross member framing into a joint, localized stress
increased exist there so the fatigue failures can generally be expected at

the end of cross member or in the weld material of the joints.

The crack may be initiated at the saddle or crown or any other location
around the hot spot region, depending on the nature of loading in
members meeting at the joint (Berge 1996). Also, fatigue life is found to

reduce significantly under marine environment.

In other hand, it has been know for a long time that chord wall thickness
influences the fatigue performance of tubular joints. The fatigue strength
decreases with increasing chord wall thickness. Such an effect had long
been recognized in welded plates. However, in the absence. of sufficient
information on tubular joints, the welded plate correction factor was

adopted for all welded fabrications (Gurney, 1982). Various design

Paramelric Study of the Critical Tubular Joint for the Jackel Structure
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guidance recommended different correction factors with respect to a

reference thickness.

Fatigue design of tubular joint is based on S-N Curves. The design curves
are essentially empirical, and have been derived by a procedure that on a
notional basis corresponds to a lower confidence limit of experimental
data. Various code authorities have recommended different S-N Curves
for different types of joint detail. Most of there S-N Curves deal with
hotspot stress definition (Gandhi & Berge, 1998).

2.4 Environmental Loading { Design Parameter)

Before the response of the proposed offshore structure can be analyzed, it is
necessary to have quantitative estimates of all the significant loadings that the
structure is likely to experience in the ocean environment. The environment may be
characterized mainly by over water wind, by surface waves, and by currents that exist

during severe storm conditions.

Environmental loads are dependent on conditions that change randomly with time.
The structure should be design for the maximum load that occurs due to the loading
process during its design life. Over water wind during storm conditions is significant
in the design of offshore structures because of the large forces it can induce on the
upper exposed parts of the structures. Surface waves during storm conditions are also
of major importance in the design of offshore structures because of the large forces
produced on submerged parts of the structure by the accompanying water motion.
Finally, currents at a particular site can contribute significantly to the total forces
exerted on the submerge parts of the structure. Currents refer generally to the motion
of water that arises from sources other than surface waves. Tidal currents, arises from

the astronomical forces exerted on the water by the moon and sun, wind-drift currents

Parametric Siudy of the Critical Tubuler Joint for the Jacket Structure
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from the drag of local wind on the water surface, river currents from the discharge of
rivers, and ocean currents from the drag of large scale wind system on the ocean
(Dawson, 1983).

Basically, design of an offshore structure to withstand the maximum load that it will
definitely experience during its planned lifetime due to extreme oceanographic
factors ( wind, waves, and currents) or other environmental conditions (earthquakes,
ice, mud-slides). Environmental loads on offshore structures are calculated from
inexact estimates if extreme environmental condition using mathematical models that

are themselves inexact.

The basic design parameters provided through studies are:
¢ Wind
* Waves
¢ Currents

*  Water levels

The relative importance of these parameters depends upon the types of activities or
development involved, water depth and other environment factors. Some region of
the world have such calm conditions that platform dead loads are the deciding factor
for design and knowledge of water level change is used only to set deck elevations.

Figure 2.2 shows the oceanographic design parameters.

Parametric Study of the Critical Tubulor Joinl for the Jacket Structure
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Figure 2.2: Oceanographic Design Parameters.

2.4.1 Winds

Knowledge of winds blowing over the ocean is important for the following
factors:

¢  Wind loads

® Wave generations

¢ Surge generations

¢ Current generations

The large scale horizontal atmospheric circulation is caused by the distribution
of high and low pressure cells around the earth. Due to the seasonal heating and
cooling, the distribution and strength of these cells may change, caused reversal

in the flow of air and severe changes in local weather. The northeast and

Parametric Study of the Criticel Tubular Joint for the Jackel Structure 19
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southwest monsoons observed in the South East China Sea are results of these

seasonal changes.

The atmosphere moves in response to pressure gradients and in the absence of
other influences, moves from high to low pressure. The Coriolis acceleration,
cause by rotation of the earth, deflects the wind to the right in the northern

hemisphere and to the left in the southern hemisphere.

The “surface” wind is the wind at a reference height of 10m. Below 10m, wind
direction changes very little but wind speed continue to decrease as the surface
is approached. Due to atmospheric turbulence, wind speed is never constant,
even over time periods as short as a few minutes. Thus the term “wind speed”
always referred to the mean speed over some time interval. Within any relatively
long time interval, say an hour, it is possible to find a relatively short time
interval, say 15 minutes, over which the mean wind speed is greater than the
mean over the longer interval. That is, for any particular storm, the maximum 15
minutes mean speed is greater than the maximum one hour mean speed, which
in turn is greater than the maximum six hour speed. The “gust” speed is used in
the calculation of maximum wind load on structures. For a fixed jacket structure,

the wind may represent 10 percent or less of the total design load.
2.4.2 Waves

Waves are constant features of almost any natural body of water and this is
particularly true of the ocean. The distribution of wave energy in the ocean is
associated with the displacement of the ocean surface, and the wind is the

primary source. Wave could basically categorize as follows:
¢  Simple harmonic waves that generated by wind. Wave generation occurs

in the fetch area over which the wind blows more or less uniformly. The

waves generated at fetch area are called seas and are very irregular.
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Waves that propagated out of the fetch area are called swell. Swell
propagation is dispersive which the energy spreads directionally as it
propagates. The wave energy dispersant is concern, which the wave
refraction, for example, spreading the wave energy in the direction of wave

travels. This is significant when loaded to the offshore structures.

Irregular waves which real ocean waves are irregular. They might be
thought of as a composite of many simple two-dimensional sinusoidal
waves having different amplitudes, periods, phase angles and directions of
propagations. Real seas are composed of many frequencies, thus the real
wave spectrum obtained from a Fourier analysis of a wave record can be

represented by a continuous curve.

2.4.3 Currents

Currents are important because they produce hydrodynamic forces on structures

and floating systems. The significant of the current are the near-surface current

may offset moored or dynamically positioned vessels, while the sub-surface

current may impact the running of equipment through the water column and can

exert large forces on the marine risers. Currents amplify wave forces through the

nonlinear coupling in the drag force term of Morison’s equation. Currents could

be classified into three categories such that circulation, tidal and storm generated

currents.
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2.4.4 L.oad Combinations

Combinations of environmental processes are particularly relevant to offshore
structures, for which combinations of wind, wave, current and ice loads often
govern the design. Many design codes recognize this and allow for reductions in
the maximum individual loads when the act in combinations. However, most
codes give little guidance regarding the magnitude of reduction for combinations
of environmental loads. The lack of definitive guidance in the codes on the
required design criteria leaves the engineer with two choices; either to develop
design criteria from site specific environmental data, or to use conservative
solutions that ignore the potential reductions due to no simultaneous peaking of
individual loads. The development of design criteria of combined environmental
loads involves the derivation of the probability distributions of the maximum
value of a random process that is defined as a combination of two or more
random processes, which is then used to select a design combined load based on

a specified probability of exceedances (Nessim. et. al., 1995),
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CHAPTER 3
METHODOLOGY

3.1 Introduction

The in-place analysis would be conducted with module named SACS. This is a program
well-known in the Oil and Gas industry where it is been used to run the analysis for the
offshore structure in various stages such as load out, transportation, installation or
upending, and in-place. This program can stimulate the motion of the structure being at
the in-place condition. Thus this program been chosen to run the analysis for my

research to determine the critical joint which subjected to various loading conditions.
3.2 SACS modeling

To conduct a parametric study, five jackets are modeled. The prime characteristics of
the jackets are shown as shown in both table 3.1 and table 3.2. In the joint can input
data, the allowable stress increase factor 2.0 is applied. To investigate the trends of
jackets, various loading conditions are considered as summarized in table 3.2. Besides,
a constant wind, wave, current respectively and constant for all the elements would be

applied in the modeling.

Table 3.1 Characteristics of the jackets

Platform Water Depth g::;tli:i Water weight Wave Wave Mgﬁ’:;:n
(m} ) Density Height (m) | Period (s) (ms)
TKJT-D 49.85 -A8.77 1.028 8.78 12.0 2.04
TKJT-C 50.63 -48.77 1.028 8.81 12.0 2,04
BTJT-A 40.54 -40.54 1.020 5.10 6.6 0.82
WLDP-D 2743 -27.43 1.020 6.80 9.4 1.01
F6DP-A 93.00 -85.65 1.020 5.30 1.6 0.41
FeP-A 93.00 -85.65 1.020 530 11.6 0.41
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Table 3.2 Loading conditions
Topside Weight | Jacket Weight | Total Weight
Platiorm (N} (kN) (kN)
TKJT-D 301.665 4436.931 4738.596
TKJT-C 714.448 4547.794 5262.242
BTJT-A 1561.416 11202.484 12763.900
WLDP-D 2302.380 13269.968 15572.348
FEDP-A 14733.184 56453.113 71186.297
F6P-A B8688.798 50381.51 58070.308
3.3 SACS analysis result

The result would be listed in the output listing files which list out the result for in-place
and the joint can analysis. From the result, critical joint conditions as the unity check,
acting stresses, and punching shear allowable stress for both models with and without
topside would be studied. Unity check, critical joint depth, water depth and the weights

of the model would be the consideration for the presentation of the parametric study.

3.4 Parametric study

From the results of the analysis, trends of the critical joints in terms of critical joint

depth, water depth, total weight of the model would be presented in the graphical form.
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CHAPTER 4
HAZARD ANALYSIS

4.1 Common Medical Problem

Through out the project, ergonomics is the main issue that need to concern on.

Ergonomics is a way to work smarter but not harder by designing of tools, equipment,

work stations and task to fit the jobs to the worker. Computer ergonomics is the most

concern issue which more than 20 hours needed for a week to work at the computer for

the analysis of this project. Following are some of the common medical problem and

the ways to avoid it.

4.1.1

4.1.2

Eye Strain

Position your terminal at right angles to the window if possible; avoid
facing directly into bright light (coming at you from behind your
computer screen).

Install an anti-glare screen,

Adjust the brightness controls on the screen until they are comfortable to

your eyes.
Carpal Tunnel Syndrome:

Adjust your chair or table height to have your elbow angle at 90-100
degrees.

Position your keyboard so that you don't have to bend your hands
uncomfortably upward to reach the keys; place a raised wrist rest on the
table in front of the keyboard if necessary.

Clinch your fists, hold for one second, then stretch your fingers out wide

and hold for 5 seconds,
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+ Organize your workday, if possible, to intersperse other tasks with your
coroputer work so that you're not sitting at the computer for several hours
without a break.

* Hold the mouse loosely and click lightly,

4.1.3 Neck and Back Strain;

*  Check your posture - sit up straight. Thanks Mom.

* The monitor screen surface should be approximately 18-24 inches away
from your torso.

* Preferably chairs should be on wheels, have backrest tilt adjustment, and
have arms.

* Be sure you have enough desktop space for work papers and other

-equipment.
4.1.4 Conjunctivitis (itchy, bloodshot eyes) and Dermatitis:

* Be sure the screen doesn't flicker or wave - this could indicate that
service or adjustment is needed.
* Look away from the screen periodically.

* Don't forget to blink - your eyes need the moisture.
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4.2 Ergonomic of Workstation

As the time spending on the workstation is extending, the design and the arrangement of

the workstation can impact the comfort, health and productivity. Following are the

concerns regarding ergonomics of the workstation and the ways to avoid it.

4.2.1

4.2.2

Work Area

The work area should be large enough for accommodation, atlow the full

range of activities involved in working out with the study.

. Place the items you use most frequently directly in front of you.
. Avoid overcrowding computer work areas.
Desk/Workstation

Standard furniture cannot accommodate everyone’s needs. Adjustable

furniture may be needed for the workstation that share or use by many

peoples.

. The desktop should be organized so that frequently used objects
are close to the user to avoid excessive extended reaching.

. The work surface should have a matte finish to minimize glare or
reflections.

. The area underneath the desk should always be clean /

unchittered to accommodate the user’s legs and allow for
stretching.
. A document holder should be used if documents are referred to

during keying. The document holder should:

. Be stable and adjustable (height, position, distance, and angle of
view).
. Support your document on either side of the monitor.
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. Be at the same distance from your eyes as the display screen to
avoid frequent changes of focus and you should be able you to

look from one to the other without moving your neck or back.
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5.1 Resulss

CHAPTER §
RESULTS & DISCUSSION

5.1.1 Variant Loading Conditions

Environmental forces are the most significant load that needs to be resisted by

the jacket at the in-place conditions. The first consideration of the analysis is to

subject the jacket structure to its location environmental forces. Where by the

structures of the analysis is mainly structure surrounding Malaysia. Table 5.1

shows the results of the analysis by the SACS analysis software.

Table 5.1: Result summary of in-place analysis when subjected to various

loading conditions

Parametric Study of the Lritical Tubuler Joint for the Jacket Structure

Platform | Water Depth \AT,;‘;‘]t Cﬂﬂ%‘;ﬂh Jggm C“"ﬁ%i"'”‘
WLDP-D 2743 15572.348 | 12.192 X
TKIT-D 49.65 4738.596 48.768 K
TKIT-C 50.63 5262.242 48.769 K
FGDP-A 93.00 71186.297 8515 T
F6PA 93.00 50381.50 85.65 T
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Figure 5.1: Relationship between the Critical Joint Depth and Water Depth

When Subjected To Different Loading Conditions.
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Figure 5.2: Relationship between the Total Weight of the Structure and the
Critical Joint Depth.

5.1.2 Constant Wind

Previously, each of the jacket models subjected to the environmental force of the

respective locations. To study in different trends of the critical joints, a constant

wind load of x-direction and y-direction are 8.659kN and 19.393kN respectively.

Table 5.2 shows the results of the analysis when loaded by constant wind load.
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Table 5.2: Result summary of in-place analysis when subjected to constant wind

load.
Water Total Critical joint Joint
Patform Depth Weight Depth Type
BOV-A 72,21 3471.216 58.131 X

TKJT-D 49.65 4738.596 48.768
TKJT-C 50.63 5262.242 48.768

F6P-A 93,00 50381.50 85.650
F6DP-A 93.00 | 71186.297 85.150

—~ |~ |R|R
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Figure 5.3: Relationship between Critical Joint Depth and Water Depth When
Subjected to the Constant Wind Load.
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Figure 5.4: Relationship between the Total Weight of the Structure and the
Critical joint depth When Subjected to the Constant Wind Load.
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5.1.3 Constant Waves and Currents

Another consideration is constant the wave and current subjected to the jacket

structures. To run the analysis wave height 11.8m and wave periods 12.6

seconds been considered. Following are the cuwrrent forces subjected at the

different depth fractions.

Table 5.3: Constant Current at Different Depth Fraction.

Depth Constant
Fraction C(l:rr‘:z;'t

0.00 0

0.01 0.52
0.05 0.66
0.10 0.73
0.30 0.85
0.50 0.91
0.75 0.97
1.00 1.01

From the analysis, table 5.4 shows the results of the analysis. Whilst figure 5.5

and 5.6 shows the trends of the critical joint depth related to the water depth and

the total weight of the structures.

Table 5.4 : Result summary of in-place analysis when subjected to constant

waves and currents.

Platform Water Total Critical joint Joint
Depth Weight Depth Type
TKJT-D 49.65 4738.596 48.768 K
TKIT-C 50.63 5262.242 48.768 T
BOVA 72.21 3471.216 58.131 X
F6DP-A | 93.00 71186.297 85.15 T
F6P-A 93.00 50381.50 85.65 T
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Figure 5.5: Relationship between Critical Joint Depth and Water Depth When
Subjected to the Constant Wave and Current Load.
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Figure 5.6: Relationship between the Total Weight of the Structure and the
Critical joint depth When Subjected to the Constant Wave and Current Load.

5.1.4 Constant Wind, Wave and Current

By fixed the wind, wave and current to the entire models of analysis, the models
could be set in the same conditions, which the wind, wave and current data of
the previous analysis been considered for this analysis. Table 5.5 shows the

results of the analysis when the loading been constant.
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Table 5.5: Result summary of in-place analysis subjected to constant wind,

waves and cwrrents.

Platform Water Total Critical Joint Joint
Depth Weight Depth Type
TKJT-D 49.65 4738.596 48.768 K
TKJT-C 50.63 5262.242 48.768 K
BOV-A 72.21 3471.216 58.131 X
FEDP-A 93.00 71186.297 85.150 T
F&P-A 93.00 50381.50 85.650 T
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Figure 5.7: Relationship between Critical Joint Depth and Water Depth When
Subjected to the Constant Wind, Wave and Current Load.
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Figure 5.8: Relationship between the Total Weight of the Structure and the
Critical joint depth When Subjected to the Constant Wind, Wave and Current
Load.
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5.2 Discussion

From the graphs that sflows the relationship between critical joint depth and water depth,
basically a similar graph form been determined. To analyst the graph, water depth is the
concern. Where by as the water depth increased, the forces subjected to the Jacket will
increase. As mentioned the wind forces normally will contribute more or less 10 percent
to the environmental forces. The 10 percent subjected to the shallower structure, as
compared to the deeper structures, would give a more significant impact to the depth of
the critical joints. The depth critical joint moved upwards to shallower water for the
shallow water structures. In other hand, the deeper water structures with a greater load

subjected would remain the critical joint at the nearly bottom of the structures.

It is most significant shown at the graphs of relationship between the total weight of the
structure and the critical joint depth. From the graphs, it could be observed that the
critical joint depth is proportional to the total weight of the jackets. Where by the
critical joint of the shallow water, which the structures subjected to less force and total
weight of the jackets, moved upward towards the water surface as compared to the

deeper water jacket.

Thus, besides the total weight of the structures, the environmental forces as well,
contribute a significant portion to the trends of the critical joints. As proved in The
Overview Of Offshore Engineering — Vol. 1, the design of the platforms are influenced
by a great number of factors including space, deck load, number of wells and the
structural loading, but all must consider the oceanographically and meteorological

environment.

On the other hand, the yield strength of structural steels varies with temperature and
loading rate. According to Arrhenius shows that the yield strength increases with
reduction if temperature or increase in sirain or loading rate. Where as in term of
fracture toughness, as a higher loading rate results in a higher yield strength, a lower

toughness or an upwards shift obtained at higher loading rates (Zhao & Burdekin, 2004).
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Thus the results of the analysis proven that the greater the loading rate would resultant
higher yield strength.

5.3 Joint type of critical joints

Table 5.6: Results Summary of Joint Type with Different Loading Conditions

Platform | Various foad Constant Constant Constant
Current & Wave Wind Load
WLDP-D X X X X
TKIT-D K K K "
F6DP-A T T T =
FGPA T T T T

Besides the depth of critical joint, another comsideration is the type of joint for the
critical joints. According to API, HSE, ISO and NORSOK, which similarly defined
that classification of the joint, should be based on a combination of geometry and axial
load path within each plane on a conservative basis. Furthermore, the influence of the
can in resisting overall bending and preventing ovalisation is more significant for T and
X-joint whereas loads would transfer in the gap region for the K-joint. Thus it is
necessary to identify the classification of the joint for further analysis (HSE, 2002).
According to APL it has long recognized that joint classification should be based on
Ioad pattern as well as geometry. Classification is relevant to both fatigue and strength

considerations.

After the analysis had been carried out for different loading conditions, it could be
defined that the most of the critical joints is type T-joint. As observed, 45 percent of the
critical joint for the models consist of T-joints. In a T joint, the axial force acting in the
brace is reacted by bending in the chord. Thus it could be explained that the critical
joints were mainly influenced by the resistance to the overall bending and the
prevention of ovalisation of the joint. Besides, K-joint contributed 35 percent for the

critical joints of the jacket structures, which the forces been balanced within the braces
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of the joint. Load path within a joint a very different, thus it is necessary to determine

the joint geometry trend.
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CHAPTER 6
CONCLUSION AND RECOMMENDATIONS

6.1 Conclusions

From this study, the following conclusions are made for the trends of critical joints for

the in-place condition.

¢ Tor the in-place condition, the depth of the critical joints affected by the

environmental load and the total weight of the models.

¢ The trend of the critical joints when subjected to different load conditions

been found.

¢ Relationship of the critical joint depth and water depth as follow:
o Variant loading condition
®  Dyarer= 1.0331Ducrisicat joine — 8.71
o Constant wind load, constant wave & current, and constant
environmental load gives the same relationship:
" Duwaer = 0.8518Dcritical joint ~ 4.2196
¢ Relationship of the critical joint depth and the total weight of the structure as
follow:
o Variant loading condition
" D= -W°+ W2- 0,0087W + 84.945
o Constant wind load, constant wave & current, and constant
environmental load gives the same relationship:
*  Dyer= -W’+ W?-0.0079W + 81.787

* The results of this critical joint analysis can be very useful for the checking

of the design of jacket structure especially for the inexperience designer.
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6.2 Recommendations

As the analysis been carried out, it has been found some constraint and some
recommendations to improve the research work. Following are some of the

recommendations to improvise the project.

6.2.1 Models

Model is the main source of this analysis. The problem of the current work is
lack of models for analysis. As we know that, the more results analyzed, the
more accurate the reading will be. Only 5 models been used for the present
work. In additions, the range of the water depth, loading and other properties
were limited. Thus the graphs plotted lack of accuracy. It is recommended
that more models should be vused to work out with a more accurate reading.
By having models with various loading conditions, water depth,
environmental loads and other aspect, more accurate and more detail results

could be determined.

Besides, models of the present work are focused around Malaysia. It is
recommended that models around the world shall be used for the analysis, if
possible. This is because by using models from various fields, the trend of
the critical joint could be seen more clearly and more detailed results could

be determined.
6.2.2 Results and analysis
As mentioned, due to lack of models, the analysis is limited. The analysis

could be carried out for more conditions besides the locations of critical

depth, classification of joints and loading conditions.
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It was recommended to consider the models from various fields. By
considering the various locations, data comparisons could be worked beyond
the zone or region around the world. Comparison could be carried out such

as comparing the data from Gulf of Mexico to the data from Persian Gulf.

The present work was focused on the in-place condition of the offshore steel
jacket structure. It is recommend that the analysis could be carried out for
the other stages such as load out, lifting, upending and even during
operations conditions. The analysis could be carried out along the stages, as
the design and checking had been carried out for the stages, the

recommended trend of the critical joints could be referred.
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cs0L 2.0M02
opPd4 2.0p05
SEQ3 2.5E04
%02 2.5X03

2.0M03

2.0P06

2.5e05

2.5X04

2.0M04

2.0P07

2.5E06

2.5X08

7.5100.0C TC NOD 0.10

2.0P01

2.0008

2.SEG7

2.5X06

FLUCD, 95PT
2.0P02 2.0003
2.5E01 2.5802
2.5808 2.5%01
2.5%07 2.5%08

1.7%



SACS Refease b,2 carrel
FGP-A PLATFORM TOPSIDE INPLACE ANALYSIS (TOTAL SUBSIDENCE)

**JOINT CAN OPTIONS*™*
**% JOINT CHECK PROGRAM DPTIONS ***
(BASED ON 2000 API CODE)
OUTPUT FOR ONLY UNITY CHECKS GREATER THAN D.950 IN JOINT CRDER
FULL OUTPUT SELECTED (UNITY CHECK ORDER)
MINIMUM GAP ALLOWED = 7.50 CM.
MAXIMUM GAR ALLOWED = 10C.00 M,
NO REDESIGN SELECTED
API RPZA Z1ST EDITION
FORMULAS 4,3.1«3A AND 4.3.1-38 USED FOR PUNCHING SHEAR UNITY CHECKS
SPECIAL UNITY CHECKS -
100 - SUM OF BENDING UNITY CHECKS IS GREATER THAN 1
200 - EXCESSIVE CHORD STRESS RESULTED IN A NEGATIVE ALLOWABLE
FORMULA 4.1-1 USED FOR MEMBER STRENGTH 3JOINT ANALYSIS

*kEd CODRDINATE SYSTEM =hve+

THE LOCAL COORDINATE FOR BRACES IS DEFINED BY
LOCAL X - ALONG AXIS OF MEMBER

POSITIVE FROM JOINT ONE TO JOINY TwO
LOCAL Y - IN PLANE OF SRACE AND CHORD

POSITIVE FROM CHORD TO BRACE
LOCAL Z - DETERMINED BY RIGHT HAND RULE

FACS Release 5.2 carrol
FEP-A PLATFORM TOPSIDE INPLACE ANALYSIS (TOTAL SUBSIDEWCE)

wiwdt JOINT CAN LOAD CASE REPORT +*=w*

L%I? tggg TYPE gﬁgu Fﬁgn LG FACTOR  RC  FACTOR  LC  FACTOR  LC FACTOR  LC
1 CsO1l  BASIC YES  2.000
2 OM0Z BASIC  YES 2.000
3 oMI3  BASIC YES  2.000
4 oMP4  BASIC YES  2.000
5 QP01 BASIC YES  2.000

OP0Z  BASIC  YES 2.000
OPG3  BASIC  YES 2.000
P04 BASIC  YES 2.000
OPO5S  BASIC  YES 2.000
10 OPO6  BASIC  YES 2.000

[T- IS N

11 oPO7 BASIC YES 2.000
12 GPD8  BASIC  YES 2.000
13 SE01 BASIC  YES 2.000
14 SECZ  RASIC  YES 2.000
15 SEO3  BASIC  YES 2.000
16 SE04  BASIC  YES 2.000
17 SE0Y  BASIC  YES 2.000
18 SEC6  BASIC  YES 2,000
1% SEOV  BASIC  YES 2.000
20 SEG8  BASIC  YES 2.000
21 SX01 BASIC  YES 2.000
22 SX02  BASIC  YES 2,000

DATE 26-FEB-Z008 TIME 16:

p=99920000
JCN PAGE

L1:09

VERSION 6.0.0.1

10=09980000

DATE 26-FEB-2008 TIME 16:21:09

FACTOR

LC

JCN PAGE

FACTOR

2

3



SACS Release 5,2 carrol I0=99995000
F5P-A PLATFORM TOPSIDE INPLACE ANALYSIS (TOTAL SUBSIDENCE) DATE 26-FEB-2008 TIME 165:21:09 IOV PAGE
HaHbk IOINT CAN LOAD GASE REPQRT *wa
LOAD LCAD TYPE PRINT  AMOD LC  FACTOR LC  FACTOR LC  FACTOR LC  FACTOR LC  FACTOR LC  FACTOR

NG, CASE OPTION FACTOR

23 SX03 BASIC  YES 2.000
24 sx04 BASIC  YES 2.000
25 sXO5 BASTIC YES 2.000
26 SX08 BASIC YES 2.000
27 SXO7  BASIC  YES Z.000
28 sx08 BASIC YES 2.000

SACS Release §.2 carrol I0=994990000
F6P-A PLATFORM TOPSIDE INPLACE ANALYSLS {TOFAL SUBSIDENCE) DATE 26-FEB-2008 TIME 16:21:08 )CN PAGE
**1LH6INT CAN DETATL REPORT® X
{UNITY CHECK ORDER)
CHORD - ALCTING STRESSES T RwE PUNCHING SHEAR
COMMON CHORD BRACE ¥¥®%%* CHORD *¥*¥* JOINT GAP *** BRACE ** BRACE LCAD *CHORD** ERACE * ALLOWABLE STRESSES
JOINT JOINT JOINT 0O.D. wT FY TYPE a.0. WT ANGLE CASE SRSS FA op8 IPB FA QPB IFB
=] e} N2 M M M DEG K/MMZ  N/MMZ O ON/MMZ O N/BME OR/MMZ O N2 N/
1530 2030 1630 149.86 3.810 243.0 T 76.20 2.540 §82.91C8Q1 3.74 25.60 4.18 5.03 62.756 112.97 198.40
T M2 3.55 21.84 2.99 B.01 66.10 112.97 19%.40
T M3 3.18 32.97 4.35 B.07 64.82 112.97 198.40
T oM0d 3.06 44,57 B.4r 7.70 63.24 112.97 198.40
T 0pPOL 5.48 19,69 3.20 6.66 62,76 112.96 198.40
T QPO2 3.96 21.95 2.67 8.09 £6.28 117.96 198.40
T 0PQ3 3.54 33.07 4.43  8.15 64.94 112.97 198.40
T 0PO4 3.35 44.68 6.49 7.78 €3.33 112.97 198.40
T OrJS5 4.39 48,11 7.98 6.35 62.76 112,96 198.40
T 0P06 6.00 45.62 8,43 4.94 62.76 112.85 198,40
T opp7 6.52 34.46 6,43 5,12 62.75 112.95 198
T oPDE 6.75 22.97 4.53  5.57 62.75 132.95 198.40
T SEOL 5.77 0.83 1.73 5.77 12.96 198,40
K 7.50 SE02 2,72 8.3 0.39 8,18 91,27 112.97 198.40
T SE03 2.45 26,98 1.43 9.77 72,48 112.97 158.40
T SEQ4 2.41 46,92 6.94 7.77 66.11 112.97 198.40
¥ SE0S 3.25 55.47 10.95 5.24 7 132,97 198.40
T SEO6 6.22 48.34 9.0% 2.90 62.75 .95 198.40
T SEG7 7.41 29.18 7,72 1.80 62.75 112.94 158.40
T SEQB 7,50 9.65 2,26 4,18 62.75 112.94 198.40
T SXG1 4.80 -4.88 2.68 4.77 112.96 1
¥ 7.5 SHD2 1.96 72.33 0,35 7,19 100.63 117.97 198.40
T 5X03 2.17 20.51 Q.45 B.78 40 112.97 198.40
T SX04 2,17 39.68 5.93 6.80 67.24 132,97 138.40
T SKO5 2.47 48,22 9.93 4.26 62.77 112.97 198.40
T $X06 5.20 41.34 8,07 1.9 62.76 112.96 188.40
T SX07 6,38 22.69 6.72 0,80 62.75 11z.95 193.40
T SX08 6.46 3.92 1.2¢ 3.17 62.75 112.95 198.40



SACS ReTease 5.2 earrol Ip=49930000
FBP-A PLATFORM TOPSIDE INPLACE ANALYSIS (TOTAL SUBSIDENCE) DATE 26-FEB-2008 TIME 16:21:09 JCN PAGE 6

**IOQINT CAN DETATL REPORT™* *
(UNITY CHECK ORDER)

CHORD = ACTING STRESSES b BUNCHING SHEAR i
COMMON CHORD BRAGE **+*I% CHORD **+&* JOINT GAP *** BRACE ** BRACE LOAD *CHORD** BRACE *  ALLOWABLE STRESSES URLITY

JOINT JOINT JQINT GQ.D. WT By TYPE Q.p Wt ANGLE CASE SRSS FA OPR IeB FA OPB P8 CHECK
™ ] /M2 o I ™ BEG K/MMZ  N/MMZ N/MMZ O N/MMZ O N/MMZ O N/MM2 N2
1900 2400 1800 149.86 3.810 248.0 T 76.20 2,540 82.91c50L 4.40 25.06 3,97 4.78 62.76 112.96 198.40 0.426
T oMo 6.25 45.03 6.99 4,21 62.75 112.95 1%8.40 0.759
T onMo3 6.73 33.82 4.91 4.3% 62.75 112.95 155.40 0.570
T 4 8.90 22.18 85  4.77 62.75 112.95 198,40 0.376
T 0POL 5.27 47.52 7.82 6.03 62.76 112.96 198.40
T oPd2 6.38 44.98 V.57 4.47 €2.75 112.95 198.40 0.762
T OPQ3 6.86 331,77 5.49 4,85 62.75 112.95 188.40 0.573
T 0PQ4 7.04 22,13 3.47 5.03 62.75 112.95 158.40 0.378
T oprds 6.35 18.89 2.73 6. 62.75 112.95 188.40 G.327
T 0PJE 5.29 21.68 2.95 7.93 64.63 112.96 198.40 0.366
T 0oPO7 .84 32 4.79 7.97 63.76 112.96 198,40 0.553
T orD2 4.71 44.53 6.94 7.B5 62.76 112.96 198,40 0
T SECL 3.86 55.04 11.41 4,86 62.76 112.97 198.40 0.943
T $E0Z .20 47.91 8,06 2.47 62.7% 112.95 198.40 0.810
T SED3 7.44 25.39 6.83 1.50 62.75 112.94 198.4C C.49%
T 5E04 7.48  9.10 1.34 3.75 62,75 112.94 198.40 0.159
T SEQS 6.62 0.45 2,53 5.63 62.79 112.95 198.40
K 7.5 SEDE 4.00 7.88 1.24 8.13 90.99 112.96 198.40 114
T SE07 3.14 26.85 2.09 9.54 71.11 112.97 198.40 0.410
T SEQ8 3,184 46.75 7.56 7.61 B5.31 112.97 198.40 765
T SX01 3.04 48.39 10.43 3.8% 62.77 112.97 188.4C 0.831
T SX02 5.30 41.26 7.16 1.52 62.76 112.96 198.40 ©.698
T SX03 6.55 23.01 5.96 0.55 62.75 112.95 1598.40 0.400
T SX04 B.5% 3 0.55 2,81 62,75 112.95 198.40 0.073
¥ $X05 5.73 -4.66 3.40 4,66 65.79 112.96 198.40 0.095
X 7.50 5X06 3.10 2,51 0.3¢ 7.14 100.62 112,97 198.40 0.048
T SX07 2.38 20,97 1.0% 8.55 74,15 132.97 196.40 0.311
T 5X08 2.37 40.09 6.50 6.82 66.12 112.97 198.40 0.649

SACS Release 5.2 ! carrol ID=89930000
FEP-A PLATFORM TOPSIDE INPLACE ANALYSIS (TUTAL SUBSIDENCE) DATE 26-FEB-2008 TIME 16:21:09 ICH PAGE 7
**JQINT CAN CETAIL REPORT** !
{UNITY CHECK ORDER)

CHO * ACTING STRESSES hlakid PUNCHING SHEAR e
COMMON CHORD BRACE *¥#r&#% CHORD *3&&+ JOINT QAP *** ERACE *¥ BRACE LOAD *CHORD** BRACE *  ALLOWABLE STRESSES UNITY
JOINT JOINT JOINT 0,D. WT FY TYPE 0.D. il ANGLE CASE SRSS FA QPB Ire FA OFB Ire CHECK

o™ N N L= B o] DEG N/MMZ N2 /M2 KAMMZ N/MM2 O NJMME NSMMZ

1500 2000 1600 149.86 3.810 248.0 T 76.20 2.540 62.91Cs01 3.15 24.98 4,17 4.84 62.77 1312.97 198.40 0.426
T oM02 3.58 44,12 7,52 7.38 65.91 112.97 198.40 0.718
T oMG3 3.26 3z.80 5.61 7.74 6%.07 112.97 198.4
T aMo4 .26 21,23 4.1% 7.77 74.08 112.97 198.40 0.321
T arel 4.32 47.43 7.76 5.84 112.96 198.40 0,803
T P02 3.54 44,18 6.90 7.20 64.58 112,97 198.40 0,728
T P03 3.22 32.87 4.99 ?7.56 67.40 112.97 198.40 0.525
T CP04 3,20 21,36 3.53  7.%9 71,50 112.97 198.40 0.325%
T PGS 4.19 18.77 3.61 6.21 64.95 112.96 198.40 0.317
T OPOS 5.05 22.27 4.26 S5.11 62.76 112.96 198.40 0.384
T OPGY §.36 33.6L 5.94 4.70 62.76 112.96 198,40 0,572
T aPOE 5.38 45.15 7.65 4.47 62.76 112.96 198.40 0.765
T SEQL 3.73 55.03 10.6% 4.73 62.76 112.97 198,40 0.93%
T SEO2 2.56 46.56 7.09 7.02 66.66 112.97 198.40 0.744
T SEOY z.15 27,13 1.8 8.90 74.30 112.97 198. 0.396
K 7.50 SEQ4 181 7.66 1.47 7,52 100.63 112.97 198.40 0.102
K 7.50 SEGS 3.95  0.33 1.64 5.40 100.62 112.96 198.40 0.023
T SEOE 5.14 9,13 1.92 3.86 62.76 112.96 198,40 0.162
T SEQ7 6.03 28.48 7,08 1,76 62.76 112.95 198.40 0,494
T SEQS 5.81 48,05 7.74 2.66 62.76 112.96 198.40 0,816
T SHO1 3.06 48.39 9.75 3.86 62.77 112.97 198.40 0.827
T sa02 2.05 39.94 6.07 6.12 67.55 112.97 19 0.631
T SX03 1,81 21.27 0,87 7.99 77.84 112.97 198.40 0,299
K 7.50 SXC4 i.52 2.57 0,50 6.6Q0 100.63 112.97 198.4C 0.047
T SX0S 3.31 -4.77 2,54 4,50 62.77 112.97 198.40 0.096
T SHO6 4.46 3.76 1.07 2.97 62.76 112.96 198.40 ©.071
T SxQ7 5.32 22.60 6,25 0,89 62,76 112.96 198.40 0.395
T SAD8 5.07 41.40 &.89 1,80 62.76 112,96 193.40 0.60%




SACS Relesse 5.2
F&P-A PLATFORM TOPSIDE TNPLACE ANALYSTS (TOTAL sunsrnENcr}

COMMON CHORD BRACE #¥#*%¥ CHORD #*%¥% J0INT GAP *¥+ BRACE **
JOINT JOINT JOINT 0O.D. 0.D wr
]

1930 2430 1830 148.86 3.810 248.0

SACS Releasa 5.2
FE8P-A PLATFORM TOPSIDE INPLACE ANALYSIS (FOTAL SUESIDENCE)

**TJOINT AN ETATI®L

COMMON CTHORD BRACE #*¥%&x* CHORD ****+ JOINT GAP *** ERACE **
JGINT 3OINT JOINT G.D. WT FY
™

516

5702

5703

™ N2
45.12 0.970 248.0

WT TYPE
M n/mmz

*TEIJIO0INT C(AN DETATIL
Ll

M

AAdAd A 4RAAAAAAR TAA A A-AA A A

7.50

TYPE
N

Afd g A A A A A A A A A A A A A AT A A =

NITY CHECK ORDER)
CHORD

ANGLE CASE
M &)

76.20 2,540 82.91cs0l
om0z
oM03

( WITY c:nscx ORDER)
HORD

C.0. W ANGLE CASE
=] o DEG

45.12 0.97¢ 84,34CS01

REPORT*™*

* ACTING STRESSES
BRACE LOAD *CHORD**

SRSS

N/MMD N /MME

3.85
7.1%

13 40 L RS R AR LD £ i O F= ) S Gh U 80 = 00 WD 2 I L
ORHEOOWRNR WO GO WD TR A bW e

1 P L3 OO O 1 R P S ) S U R U B D G O LT S

FA

N/MMZ

55

NE RGO h H

B 3 1 GO G QN I K0 8 I O 4D 33 e B 00 0w

*
*

ELa

ID=09290000
DATE 26-FEB-2008 TIME 16:21:09

JCN PAGE

PUNCHING SHEAR
ALLDWABLE STRESSES

QFg
NII-NZ N/MMZ N/MM2 /M2

M Rk OB~ 00 R g~

T O G 0y O 03 L L ) B 1 D
BERSROULE AR ARG

1FB
112,97 198.40
112,95 198.40
112.94 198.40
112,95 198.40
112.96 198.40
12.95 198.40
312,95 198.40
112.95 198.40
112.96 198.40
112,37 198.40
112.97 198.40
112,97 198.40
112,98 195.40
112.9% 198.40
112,94 198.40
112.95 193.40
112.96 198.40
112.97 198.40
112.97 192.40
112,97 198.40
112,96 198.40
112.95 198.40
112,85 198.40
112,95 198.40
112.97 198.40
112,97 192.4
112.97 198.40
312.57 198.40
1099990000
ICN PAGE

DATE 26-FEB-2008 TIME 16:21:09

REFORT* >

* ACTING STRESSES
BRACE LOAD *CHORD**

SRES FA on
B/MM2Z N2 N/WM2
10.88 ~-3.84 15.79
19.52 -6.69 25.82
45.51 -2.60 17.70
65.02 1,89 0,1%
28.03 -9.18 0,12
19.19 -7.54 27.75
44262 -3.45 19.83
64,05 1.03 2,

52,34 5.83 44.68
14.71  2.60 71.29
27.38 -1.80 61.37
43,94 -5.89 43,90
57.14 -14.50 19.68
23.18 -i3.,13 79.70
63.26 -3.78 48.24
112,10 4.05 29.1
76.53 11.22 54,79
18,00 8.46 115,62
48,79 -1.11 &1.98
95.33 -8.64 63.89
52.01 -13.80 22.39
21.67 -12.58 82.93
61.89 -3.19 51.35
110.68 4.59 33,44
75,11 11.90 53.99
16.70 9.25 113,19
48,68 -0.26 79.75
95,79 -7.79 B1.71

*
*

IPB

R

FA

PUNCHING SHEAR
ALLOWABLE STR ESSES

130.17

OPE
N/MMZ  H/WMZ NMMZ NIMHE

155.82

181,67
139,12

L]

DO0COODOO0D0
=]
~
]

9



SAUS REIEBEE S.4 Pw98980000
FEP-A PLATFORM TOPSIDE INPLACE ANALYSIS {(TOTAL SUBS.'EUEMCE) DATE 26-FEB-2008 TIME 16:21:09 aCN PAGE 10

**JOINT CAN DETAIL REPORT®™™
(UNITY CHECK ORDER)

CHORD * ACTING STRESSES odkx PUNCHING SHEAR bl
COMMON CHORD BRACE #H¥¥%% CHORD *#¥hs JOINT GAP *** BRACE ** SRACE LOAD *CHORD** * ALLOWABLE STREESES UNITY
JOINT JOINT JOINT 0 0. WT Y TYPE 0.0 ur ANGLE CASE  SRSS OPB IPE CHECK
] N2 o] Q‘R o] DEG N2 N/MMZ NMZON/MMZ me? N/MMZ N/I-MZ
1725 1622 1656 £6.04 1.505 248.0 X §6.04 1.905 67.45CsQ1 27.17 25.88 6.41 16.53 62 00 174.78 198.40 C.476
X oM0Z  25.19 29.08 8,30 21.37 Q0 174.78 198.4C 0.544
X oM03  32.82 36.7% T.96 23.18 EZ 100 17478 198.40 0.673
X OMO4  41.16 43.99 .64 24.34 62.00 174.78 198,40 0.794
X OPOL  26.16 25.08 8.67 20.3%9 62,00 174.7 40 0.478
X P02 5 28.84 3 21.24 6. 74.78 198.40 0.540
X OPO3 32.88 36.51 B8.10 23.06 62.00 174.78 193,40 0.669
X oP04  41.41 43.75 7,78 24,72 62.00 174.78 198.40 6.790
X OPQS 46,07 43,47  7.90 322.85 62.00 174.78 198.40 0.780
X QP06 46,46 - 8.21 22.26 62,60 174.78 198.40 0.716
X OPO7  39.00 31.93 8,50 20.76 %52.00 174.78 198.40 0.589
X oP08  30.76 24.79 8,76 18,90 62.00 174.7§ 193.40 0.469
X SEO1  12.8§8 10.88 7.76 21.01 62.00 174.78 192.40 0.249
X SE02  11.8% 12,95 7.35 16.97 $2.00 174.78 158.40 0.382
X SE03 24,41 33.20 6.67 21.27 62.00 174,78 193,40 Q.608
X SEQ4  38.94 45.79 6.24 22.66 62.0C 174.78 158.40 0.818
X SEOS 49,83 45,90  6.31 14.23 62.00 174.78 198.40 0.792
X SEQE  48.64 36.96 4,92 13,91 74.78 198.40 0.662
X SEQ7 36,02 23.60 V.48 .23 62.00 174.78 198.40 0.437
X SE08  22.41 11.39  7.75 12.49 62.00 174,78 198.40 9,233
X £X01 8.43 4.9 6,50 17.22 7 174, 98 .40 0.139
X 5X02 5. 13.95 6.11 13,17 62,00 174.78 193.40 0.273
X Sx03  17.76 26.71 5.45 17.1% E2.00 174,78 193.40 0.4%0
X SX04 1.7l 38.79 5.05 19.29 62.00 174.78 193.40 0.6%0
x s¥05  42.60 38.93  5.10 9.87 62.00 174.78 198.40 0.66%
X $X06  41.44 30.18 5.868 14.65 82.00 174.75 193.40 0.538
x 07 29,23 17.16 6.21 11.18 6€2.00 174.73 198.40 0.319
X SX08  16.37 5.45  6.47 8.72 62.00 174.78 198.40 0.12%
SACS Release 5.2 arrel ID=99990000
F6P-A PLATFORM TOPSIDE INPLACE ANALYSIS (TOTAL SUESIDENCE) DATE 26-FER~2008 TIME 16:21:09 JCN PAGE 11
**JOINKT CA PDETALIL REFORT*®
(UNITY CMECK QRDER)
CHORD * ACTING STRESSES * kTR PUNCHING SHEAR il
COMMON CHORD BRACE *¥+*** CHORE ***** JOINT GAF *** BRACE ** BRACE LOAD *CHORD** BRACE * ALLOWABLE STRESSES UNITY
JOINT 2OINT JGINT 0.D. wr FY ‘TYPE 2.0. MT ANGLE CASE SRSS FA OPB IPB OPB Irs CHECK
o] cM N/M2 ™M <M o™ DEG N/MMZ  N/MMZ  N/MMZ N2 HfMM? N/MREZ  N/MMZ

1705 1608 1654 66.04 1,905 248.0 X 66.04 1,905 67.45C501 26.88 25.23 6.27 15.44 62.00 174.78 198.40 C.462
X OMO2  39.71 44.63 7.92 2%.72 62.00 174.78 198.40 0.502
X oMd3  31.30 37.65 8,38 22.47 62.00 174.78 198.40 (.686
X oMd4 23,40 29,80 8.91 20.63 52.00 174.78 198.40 0.555
X oR1  45.71 7.55 21.16 62.00 174.78 198.40 0.764
X oPO2  40.71 43.67 7.72 23.42 62.00 174.78 1598.20 0.785
X oPO3 32,32 36.69 2,19 22.17 82,00 174.78 198,40 0.669
X aP04 24,44 28.83 8,71 20,33 62.00 174.78 198.40 0.538
X OR35S 25.57 24.18 B.74 19.07 62.00 174.78 198.40 0.458
X QP06 30.93 23.48 R.49 17.37 €2.00 174.78 198.40 0.443
X oPQ7 39,12 28.05 18,88 62.00 174.78 1938.40 0.559
X QPDB  45.92 38.32 7.57 20,41 62,00 174.78 193.4Q 0.639
X SEQL  49.79 45.24 5.92 11.98 62,00 174.78 198.40 0.774
X SEO2 8.36 45,65 6.15 22.62 62.00 174.78 198.40 Q.813
X SEQ3 24,23 33,68 6.77 20.95 62.00 174.78 198.40 0.61%
X SE04 10,95 20,45  7.79 16.69 62.00 174.78 193,40 0.391
X SEOS 12.80 10,25 7.78 21.22 62,00 174.78 198.40 239
X SEQ6  23.04 9.95 7.4]1 11.20 62.00 174.78 198.40 206
x SEQ7  36.42 21.96 6.89 13.33 00 174.78 198.40 0.404
X SE0R  49.354 3%.31 5.99 17.02 62.00 17 198.40 0.628
X $X01 42,91 38.77 4.76 8.14 62.00 174.73 193.40 0.657
X sX02  31.6 9.09 4.97 18.75 £2.00 174,78 193.40 0,693
X SX03 18.02 27.63 5.56 17.37 62.00 174.7 .40 0.505

X SX04 5.41 14,87  6.51 13.39 £2.00 174.78 193.40 0
X SX05 §.57 4.78 6.55 17.95 174.72 198.40 0.140
X SX06  17.14 4,42 6,20 7.86 52.00 174.78 1938.40 0,105

X sX07 29,92 16,106 5,71 9.80 62.00 174.78 198.40 .
x SX0B 42,45 28.95 4.8} 13.21 62.00 174.73 198.40 0.513



FGR-A PLATFORM TOPSIDE INPLACE ANALYSIS (TOTAL SUBSIDENCE)

COMMON CHORD BRACE *#¥%*% CHORD *¥*** JOINT GAP *** BRACE **
JOINT JCINT JOINT 0.D. WY TYPE
=]

1725 1756 laz2z

SACS Release 5,2

M N2
66.04 1.905 248.0

**JIO0INT CAN ETAIL

EE a3 e s et S Rt

™

CUNITY CHECK ORDER)
ORD

C.0. Wl ANGLE CASE
m fed DEG

66.04 1.270 67.45C501

F6P-A PLIITFORM TOPSIRE TNPLACE AMALYSTS (TOTAL SUESIDENCE)

COMMON CHORD BRACE ¥*¥*%% CHORD *%¥%T JOINT GAP **+ BRACE =
0.0
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**JOINT CAN DETATL REPORT™ ™
{UNITY CHECK ORDER)

CHORD * ACTING STRESSES # wRR PUNCHING SHEAR %+
COMMON CHORD BRACE *W**&¥ CHORD ***** JOINT GAP *** BRACE ** GRACE LOAD “CHORD** BRACE ® ALLOWABLE ETRESSES UNITY
JOINT JOINT JOINT 0.0. WT FY TYPE 0.0, WT  ANGLE CASE SRSS FA _ OPE 1P CHECK
<] ™ N2 ™ ™ DEG N/MMZ  R/MMZ N/MMZ N2 N/mz m/mz Nﬂmz
2006 1500 2500 71.12 1.90C 248.0 X 71.1Z 1.588 77.B0CSQ0L  4.77 5.58 0.01 6.48 57.41 161.85 193.86  0.188%
X oM0Z  13.81 31.69 3.05 9.06 57.35 161. 73 193.55  0.585
X OMO3 18,33 3C.88 0.93 8.54 57.30 161.63 193.28  0.567
X OMD4  20.73 27.25 1,02 7.83 57.26 161.56 193.11  0.502
X oPol 9,92 15.83 3,33 9,32 57.38 161.80 193.72  ©.309
X oPQ2  10.50 27.42 2,95 B.73 57.38 161.79 183.70  ©.509
X OPO3  14.36 26.61 0.84 8.21 57.35 161.72 183.52  0.491
X oP04  16.61 72.98 1,12 7.50 57.32 16].57 193.40  0.428
X oPOE  6.50 10.01 2.78 7.54 £57.40 161.84 193.83  0.301
X OPOE  11.61 -1.68 2.7l 7.81 75,38 161.87 193.90  0.050
X oPO7  i7.21 -1.13 1.00 @2.A1 75.38 i61.87 193. 0.043
X OPDS  20.07 2,42 9,32 57,42 161.87 183,90  0.073
X SEGL  14.81 16.74 11.00 8.82 57.42 151.87 103.90  0.344
X SEG2  18.82 36.76 7.92 57,32 161.66 183.38 0,673
X SECY 26,73 36.62 2,04 5.36 57.16 161.35 182.59  0.660
X SEC4 2816 78.02 1.20 5.67 57.13 161.30 182,44  0.510
X SEOS .80 3.94 10.46 4.85 57.3% 161.78 193.69  0.113
X SEOE  15.20 -16.20 3.88 5.05 75.38 161.87 193.80 0,738
X S€07  29.87 -16.27 2.3¢ B.06 75.38 181.57 193.50  0.244
X SEQ8  32.82 -8.,14 1.64 8.14 75,38 161.87 193.80  0.13%
X SXOL  13.51 14.88 31.07 7.47 57.42 161,87 193.80 3
X sxgz  17.i0 34, 4.69 5.55 57,31 161.66 193.36  0.630
X SX03  27.04 24,59 2.07 4.03 57,15 161.34 192.56  0.521
X S04 28,16 25.94 4,37 57.13 161.30 192,44  0.469
X sX0§  10.97 2,26 10.45 3.57 57,38 161.78 193.68  0.082
X $X06 18.16 -17.64 3,86 3.78 75.38 161.87 193.90  0.254
X SX07  28.54 -17.64 2.26 6.77 75,38 161.57 193.90  0.258
X SN08  31.12 -%.60 1.72 6.82 75,38 161.87 193.90¢ 0,151

SACS Release 5.2 10=99990000
FEP-A PLATFORM TOPSIDE INPLACE ANALYSIS (TOTAL SUBSIDENCE) DAYE Z6-FEB-2008B TIME 16:21:09 JCN PAGE 15

*TIO0INT CAN ODETAIL REPORTH ™
(UNITY CHECK ORDER)

CHORD > ACTING STRESSES * owax PUNCHING SHEAR ~ *o#

COMMON CHORD BRACE **#%¥x CHORD *4#+* JOINT GAP *** BRACE **  BRACE LOAD *CHORD** |w.: ¥ ALLOWABLE STRESSES  UNITY
JOINT JOINT JOINT o o, WT TYPE 0.D. WT  ANGLE CASE SRSS FA IPB FA  OPB  IFR CHECK

™ mez ™ M M DEG N/WZ N2 N/mz N/MMT N/MM2 O ON/MMZ N M2

3036 2530 3530 60,96 1.580 248.0 X €0.96 1.270 83.21c304 3,10 -1.57 ©0.85 0.73 70.63 157.03 i86.10  0.028
X% omo2  18.03 6.80 2,16 (.20 §5.5% 156.81 187.52  0.131

X oM03  20.36 12.61 1.52 0.58 3§5.56 156.74 187.%6  0.223

X oMO4  17.46 12.42 5.4 0.86 55,60 156.82 187.56  0.746

X OPO1 6,21 -5.64 4.41 .04 55 157,01 188.05  0.096

X or0Z  19.44 1.98 0.11 55.57 186.77 187.42 0.155

X opP03  21.75 13.37 1.7t .67 55,54 156.70 187.25  0.248

X oPD4 18,75 13.78 L5.64 0.95 55.58 156.79 187.47  0.271

X oROS 6.80 0,94 7.04 1.47 55,69 157.0% 188.04 045

X OP06  16.24 -12.65 4,37 1.60 72.88 157.04 188.12  0.192

X QFO7  17.86 -17.44  0.24  0.$5 73.00 157.04 188,17  0.241

X GPD8 14,15 -37,52 2.91 0.0l 73,06 i57.04 1B8.]17  0.325:

X SEGY 18,14 -10 17.49  2.23 73,01 156.85 187.64  0.2i0

X SEG2 36,70 20.29 3.68 1.00 156,07 185.84 .383

X SEG3  43.04 31,27 2.30 .46 55.03 155.71 184.70  0.578

X SE04 3791 32,35 8.B3 1.68 55.18 156.01 185.47 0,623

X SEO5S  16.03 6,41 18,38 2.74 1 156,85 187,65  0.191

X SED6  33.89 -23.52 5.98 1,54 73,07 157.04 188.12 0.347

X 5§07 39.10 -34.14 0.93 1.3¢ 73.13 04 188,12 0,473

X $SEQ3  32.81 -34.06 5,67 2.68 73.13 157.04 188.12  0.490

x SX0L  16.09 -9.50 17.64 2,37 73.01 136.85 187.64  0.702

X sx02 36.38 21.05 3.8B3 1.13 55.23 156.00 185,68  0.397

X 3 42,80 31.97 2.16 0.58 S55.04 155.72 184, 0.590

X Sx04 37.90 33.10 8.70 1.58 §5,18 156.01 185.47  0.636

X $x05  15.85 6.8 13.23 2,62 55.62 156.45 137.66 0,200

X SX06 34,15 -23.05 5.82 1.41 73.1L 157.04 138,17 0,339

X Sx07 33,59 -33.73  1.09 1.1& 73.13 157.04 188.12  0.467

X sx0§  33.48 -33.64 5.85 2,83 73.13 157.04 183.12  0.486



