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Abstract

The main approach of this paper is paper is to study the effect of a natural phenomenon
known as tsunami waves and its attenuated seigraind loading in Sarawakian water
sourced from Manila Trench which situated for almost 1200km away from BBDP
platform. General practice is the design of fixed offshore platforms in Malaysia are
governed primarily by the wave forces at the sea. Howsee&mic analysis is not taken

i nto the design consideration simply becal
Eurasian plate in the sense of having very low seismic activity. There is, hence, a need
to assess this platform when the platform isialty seen to be exposed to a tsunami
threat in the nortieast of Malaysia at the Manila Trench. The project shall envelope a
simulation approach of regenerating the tsunami wave properties based on vital
geological parameters of the Manila Trench. As tieach ruptures, tsunami wave is
formed and followed by lateral ground movement of the earth. Calculation of the
attenuated lateral ground movement produced from the rupture is calculated through an
equation to predict the peak ground acceleration of engilistance in South China Sea
region. The project shall continue in finding the most severe direction by applying omni
directional 100 years storm wave as per designed and the maximum joint displacement
of that direction shall be picked as the worst diogc Primarily, the main body of the
project is ascertaining the tsunami wave height plus its attenuated ground acceleration
wi | | induced the failure of the platfor mods
joint displacement coming from the worstadition of force is analyze by using a finite
element software known as SACS 5.3. For each scenario, the input of tsunami wave
height is increased and analyzed by using static analysis withnsam pile interaction;

of which the static behavior of thegplorm will be then investigated. As expected, a
threshold of a tsunami wave height is obtained at a point where the platform leg fails.
Ultimately, the annual rate of exceedence is then predicted through return period of the

threshold tsunami wave heigihiat leads to the failure of the BAB® platform.
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Chapter 1

1. Introduction

Mal aysi ads econo toytbhe o and gas éxplaraion dnd predaction
because the abundance of oil supply on their seas. To extract the oil, offshore platform
are required for drilling, production and accommodatiohshe personnel purposes.
Significantly, these offshore lptforms are constantly being loaded by metocean
loadings; wave, wind and current specifically because Malagsibelieved to be
unassailable against lateral seismic loading since it is situated on a stable Eurasian plate.
However, far field earthquakesvesbeen felt on rare cases around the country sourced
from neighboring country such as Indonesia and Philippines. Reminiscing from the year
2004, Acheh was slammed by an earthquake @EM.3 and the effect was relatively
disastrous as it results to @ant tsunami that killed hundredof thousandsof
Indonesians,68 of Malaysianresidents were apparently killed and surprisingly the
tsunamieventravelled thousandsf kilometers away to the Eastern Coast of Africa
including Tanzania, Kenya and the isle of ddgascarEventhough this disastrous
effect will be more severe on the shorenpared to offshorehere are no discouiain
possibilities of platfor mo survavenftevitisvhalyi | i t y

the loadings.

Furthermore envisage artber active suwontinental crust rupture against another
oceanic crust at the Manila Trench which has the potential to recur as the Andaman
Trench, Acheh which might wipe away the offshore platform if it is to happeuns,
PETRONASmMust anticipte this poblemfrom jeopardizing the oil and gas business in
Malaysia. In the recemtays, it is undersbdand accepted by tltep managemerib not
considering any seismic and tsunami risks to the oil platform since the potential source
of seaquakes are just faff to be a hazard to the platforrilowever, studies had
convinced theexpertsto start to take this problem more serious as it is believde a

potential threat to their assets around Sarawakian waters.
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1.1 Problem Statement.

Almost all theoffshore platform residing in Malaysia are confined to the standard code
of design as what PTS standards being used. Offshore platform designs are limited;
where seismic loading is not taken into consideration previously because it is assumed
that Malaysias in the low risk zonef receiving seismic activitylThis paper is focused

on one potential source of seaqualkieich is from the Manila Trenchor known as
Manila Megathrustsituated Nortkeast of Malaysia with a distance of almost 1200km
away. It isbelieved bhat when the Megathrust ruptuseon, a big tsuami and a slight

ground acceleration will be felt around Sarawakian waters.

For that, BADPG, a drilling platformwill be represenng all platform around the
Baram Field, SarawakThe chosen platfm will be tested with two preminent
loadings which are ground acceleration that is produced from the intensity of the
seaquake by moment magnitude (mw) and the resultant tsunami wave loading that is
produced from the seaquakiéhus, a comprehensive diuwill be done to ascertain the
threshold intensity of the seaquake by moment magnitudeaetilially results to the
maximum lateral ground acceleration plus with the tsunami wave loading the platform

can withstand before the structure fail.
1.2  Objectives

1. Theprimary objective of this studyis to perform a computdrased simulatioon

the structural response of tBADP-G, a four legged jacket platform subjected
lateral ground acceleratiomsunami wave loadand PCSB operational metocean

loads.

Each of every earthquakebds moment magni tu
height, wave period and different lateral ground acceleration. By using TMRIA

software, the tsunami wave loading is simulated and then plotted into graph and the
maximum vave height and period is recorded for that particular wave profile.

Then, the attenuation of the ground acceleration from the seaquake is calculated by hand
using a formula suggested PAULOV & LIEW ) of where both of them had developed

Malaysiaspecific ground motion prediction equation for all earthquake sources.
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Lastly, by using SACS 5.3 software, the structursinsulatedby subjecting it with the
calculated attenuatedground acceleration, tsunami wave loading (generated from
TUNA-M2 of the maximum height and period of the wave) andrb&cean data under

operational condition As per PTS).

2. Thesecondiry objective of this study is taletermineBADP-G 6 structuralintegrity

by defining the point where thstructure fails.

Corresponding to the loading that the structure will face in every increment of the
seaquake intensity, the robustness of the platfrrohecked for evers e aquak e 6's
intensity incremento actually address to what failure mechanism will lead to the failure

of the platform.

1.3 Scope of study

BADP-G is taken to represent the whole fleet of Baram Fielcluse of the nature of

the design to be of one of the shallowest platform in Sarawakian waters. With this, wave
shoaling effect will be greater as the tsunami wave height will increase in height as the
depth of the water decreases. Thus, the increasgupémi wave height will further
increase the risk of the platform fracollapsingthus the latter assumption is seemingly

justified.

The structural model that was obtained from PCSB is not complete beforehand, and thus
the model is made available by ssgning missing members from the model by looking

at the design reports and to make sure that the scope of analysis of the report will cover
to the nearest approximation of the actual behavioral of the platform. In addition, a
complete set of data of thaesign reportsvas availablethus, the authochosethis
platform to perform the study.

12



Chapter 2

Literature Review and Theory

2. Manila Trench seismicity

In the recent study, it is proved that Manila Trench is seismically active as the tectonic
plates on the subduction zone are still moyiKgeemer, Holt, Goes, & Govers, 2000
Megawati et al., 20QRuangrassamee & Saelem, 2pF¥om a measurement based on

a GPS geodesy, the convergence rate on the trench is adout\Bear(Megawati et al.,

2009. At any point of time, the plates stresses has to be accontedloaiad the results

of the tsunamis estimated to rangieom 8.0 Mwi 9.0Mw but there are no guarantee

that the earthquake intensity will be at that ranghis is because by comparison from
previous events, 2004 Andaman Tsun@armmi Cc 0 S e i shatween 1215 metersi s
results to 9.3 ritcher scale while the megathrust is noted to have a maximum of 40 meter
slip on the median part of the tren@w®ao, Tkalich, Chan, & Megawati, 200Roh, Teh,

Liu, Ismail, & Lee, 2009

To predict Manila Trench true potential asaafield seismic and tsunantireat to the
offshore platform, a comparison is made with the Analarirench which recently
ruptured in 2004 with a moment magnitude of 9.3. Baftlthe trenches have more or

less the same characteristic; a Megathrust of two plates grinding each other and the
denser crust is subducting into the other, depth is less than 70km which categorized
them as a shallow subducting earthquake, both of themraven to be active and still
moving accumulating stress on the subduction zand, both can be considered-far

field earthquake by the distance from the focus of the subduction stress and the offshore
structure.

The United States of Geologic8urvey USGS), Earthquake Hazards Program had
alreadystudied the problem thoroughly and approximated that the zone of faulting is
almost 1300km long. Studies also shown that the northern part of the fault zone is
contributing to the primary shock fault rupture of almost 500km away. Due to the shock,
it may tigger the vicinity faulting around the primary shock zone but however, there is
no proven fact that the faulting correspond to a single slip of the each fault nor to remote

activity from the primary shock rupturing. It is suggested that also the widtheof
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faulting is nearly more than 150 and the maximum dislocation distance on the fault
plane is 20 meterdAll this parameters above play role in determining the resultant

moment magnitude of each earthquake.

Taiwan
Strait

Figurel: Study Area (Left) andlose up illustration of Manila Trench (right)

To compare with the oent Andaman Trench with the Manila Trench, several authors
had giving results on their respective pap&he summary of the geological features are

represented on a taklebelow.

Geological Andaman Trench (2004) Manila Trench (Soon)
= ="
Characteristic (Mw =29.3) (Mw =?)
Length of fault 1300km (USGS) A 980 km (Wang, X.

and Liu, R L, F)
A 990 km (Huang et

al., 2009)
A 1000km (Dao et al.,
2009)
Width 150km (USGS) A 20km (Wu &

Huang, 2009)
A 150km  maximum
(Dao et al., 2009

Coseismic Slip 20m (USGS) A 20m (Wu & Huang,
2009)
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A Lowest 5m &
Highest40m (Dao et
al.,, 2009; Megawat
et al., 2009)

Tablel: Geological Aspect comparison between Andaman and Manila Trench

After all this comparisp, ultimately we wanted to have an idea of what is the intensity

by moment magnitude of the earthquake does this Manila Trench potentially to be?
Based on the parameters above, we could predict that the geological parameters of the
Manila Trench compared to Andaman trench is nearly similar and expect that the
intensity of the earthquake to be somewhere around 8-9MMw; somewhere in that
range. However, the tsunami it can generated and the intensity of the earthquake lies on

many othefactor as well. As to complement the latter, it seems to be fairly justified.

This is supported b{Dao etal., 2009 Huang et al., 2009where based on their study
they simulated the worst case tsunami threat in the South China Sea would be@t 9Mw
greater which is quite as same as the Andaman Trench.

2.1Plate tectonic theory

Seismic waves are energy waves that is generated from rock breaking within the earth
and usually comes with an explosion. The explosion is usually driven by the sliding
betwea two plate tectonics which grind each other on a fault surface and develop stress
at t hat sur face. Eart hds rmcksuhderethe crastid ay er
responsible for the movement of the plate tectascit creates convection current

move me n t under the earthds crust making t he
boundaries. There are three types of tectonic boundaries which are convergent
boundaries, divergent boundaries and transform boundaries. Basically, convergent
boundaries hamgm when the plates collided converging towards each other creating
mountain ridges and trenches; Mountain ridges happens if collision between two
continental plates and oceanic trenches formed when two plates converging in the ocean
for one of the platessi subducting towards inside the earibivergent boundaries

happen when two plates diverge away from each other creating new ridges and
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meanwhile transformation boundary happen when two plates which slide sideways past

each other.

Manila Trench is class#éd as a Megathrust or by convergent boundaries from two
plates from the Eurasian plates subducting towards the Philiptéte as shown in

figure 2 below.

Eurasian g = " Philippine Plate
Plate Es s A Belt

2
o
Depth ( km)

150

Depth ( km)

200

250

100 200 300 400
’ Distance from the trench (km)

Figure2: Cross Section of the Manilaench

2.2 Seismic Waves
Seismic wave can be divided into two which are body waves afatewaves. Body
waves propagatglrough solid and liquid medium within the earth and surface waves

cm only propagate acsrcrossanly.t he sur face of

Body waves have two types of waves which are Primary Wavesye); longitudinal
or compressional waves which travee tfastest between all the waves, and Secondary
Waves (SWaves) ;traversingor shearing wave that moves horizontaldeto-side
motion or vertical upanddown which then introduces shear stress along the rock of
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where the waves propagates. Plus, the natural characteristic of the waves are analogous
with longer period with large amplitude inhibit it from travellimgo fluidal or gaseous
medium (Elnashai & Di Sarno, 2008The average speed of thengpressional wave is

in the range of 1.5 8 kilometer per hour (kph) while traversing wave travels more than

halves of the speed ofWaves depending upon the density of the rock it travels.

Surface waves travel rather much slower than body wave buimiyrcontribute most

of the destruction on the earth surface. These waves are generated from constructive
interference of body waves which travelling parallel to the ground surface and various
underlying boundariéglnashai & Di Sarno, 2008 There are two types of surface

waves which are Rayleigh and Love Wav&tost of the shakings felt from the

propagation ofRayleigh waves however, love wave travel much faster compared t
Rayleigh wavesLove waves or LQ are hoontally polarized surface waves and the

wave propagates side-s i de on t he e aatutalmdwwemestofr Raydegle . Th

wave rolls along the earth particle just like wave rolls across an ocean (Michigan Tech).

In terms of the properties of both of the
compressing and shearing waves careflected and refracted under the different layers

of rock density. The amplitude of these waves will decrease lineafytha increase of

the distance of X while the amplitude of surface waves will attenuate inversely
proportional tothe square root aflistance X. In addition, the influence of the energy
released by the earthquake are governed by the amplitude and the period of this
waves(Elnashai & Di Sarno, 2008Supposedly, the higher the amplitude and period of

the wave will results to a higher intensity of the earthquake.

Magnitude is a quantitative appatato measuréow intense the ground movement is
based on gedlogicalefault dinmefsgns. Recently, NRitcher) is used to
measure the highest amplitude of the seismic wave by using standardANdedon
seismographs. The natural period of the seismograph is recorded by 0.8 seconds and it is
capable to amplify wave period between-0.5seconds and wavelgths of 500m up to
2000m. However, ritcher scale has limitation as it is applicable only for small
earthquakes with Epicentral distances of less than 600km. Moreover, the scale is meant

to read seismic waves in localize region (can be used only in @aifolUSA)
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compared to other scale for examplg Ms and M, are widely accepted scales around

the world(Elnashai & Di Sarno, 2008As it can only estimate accurately the magnitude

of the earthquake up to 6.5 ritcher scale, but beyond that the scale progressively
underestimates the actual energy released by thareupf the earthquak@icCalpin,

1996

Body wave magnitude (gpis develop years later when it purposes is tasuee the P
waveds amplitude wunder the period of 1 s
wavelengths. However, this scale is highly suitable to measure deep earthquake depths
because compressional waves does not affect the depth source of energycétuse

used for Epicentral distance up to more than 100mashai & Di Sarno, 2008

Surface wave magnitude Ms to measure the amplitude of the LR waves (love waves)
with a period of 20 seconds and wavelengths up to 60kilometers (common distances for
earthquake). It can also tolerate Epicentral distanpe® 2000km away from epicenter

to the receiver. The limitation of the scale type it cannot be used under deep earthquakes

as like the body wave scale can(@nashai & Di Sarno, 2008

Ultimately, the best scale that can be applied to medsarmtensity of the earthquake

is by using moment magnitude {M By far, this is the most recent and widely used
scale and fundamentally differs from the earlier scgl€anamori, 1988The unique of

this scale lies on shearing that take place on the earthquake sources anod rielsted

to any wavelength of the seismic wave. Thus, ban be used to measure the whole
spectrum of ground motion and it is defined to be a function of the seismic moment, M

(Elnashai & Di Sarno, 2008The formula is shown as below.
D¢ 00

Where D is the averagksplacement or slip distance of the entire fault surface, A is the
area of the fault rupture andis the shear rigidity (modulus) of the crustal rock in the
vicinity area of the fault. Usually, is taken as 3:8.5 x 16" dyne/cnf for continental

crust . Then, the moment magnitude is calculated by using the formula below.

1T p &

c
c
aln
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Formula taken from (Papazachos, Scordilis, Panagiotopoulos, Papazachos, &
Karakaisis, 200%

Thus, moment magnitude is the most suitable scale that will be ustugk istudy
because it is applicable for all earthquake size; be it in small regional sized or the larger
size, can tolerate to any earthquake depths without any limitation of the Epicentral
distance. It relies only on the seismic moment which reflectiegatitual geological
parameters of the faults and it is accepted worldwide as to prove the point made by
Kanamori (1977).

2.3 Tsunami waves

Tsunami waves is different compared to normal operating waves in the ocean whereby
mostly the waves is basically widliven. Not only that, tsunami waves are
characterized aseries ofshallow water waves with long wavelength and periods which
possesse®hg wavelengths up to 100km away with a period over an hour. (Earth and
Space Sciences, University of Washington). Majority of tsunami wave generation is
generated from underwater earthquake or also known as seaq(iakmgdsive
underwater explosion)However, flank failure due to slope instabilir volcanic
eruption activity might have the potential to trigger tsunami wélvelsfeldt, Milbradt,

Pluss, & Schuttrumpf, 2007

Shallow water waves is classified by taking the ratio of depth against the wavelength
which results of less than 0.05 or 1/20dter depth, d/ wavelength, L < 0.05).
(Chakrabarti, 2006 Since tsunamis are typically shallovater waves, they are
governed by shallowvater wave equation. In using SACS softwallgere are no
guarantee that the software would actually reflect the actual behavior of tsunami wave
loading. However, the best way to simulate the real phenomenon is by treating the
tsunami wave loading by Solitary Waves theory (via interview Prof. KWiadohn

Expert in Offshore Structures).
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Figure3: A flat bottom surface of a-Bimensional wave motion

Water waves are excellent in carrying energy, transmitting energy from wind usually. In
tsunamis case, the energy releases from the rupture is dissipated to the particle of the
waters and thusli st ur bs t he bugewloniesof vaterr is displst, a
creating wave. Itspeed may reach up to 800km/hour at a deeper water but the speed
decreases as the wave approaches shore. Not only that, the wavelength will also
decreases thus forcing the energy per unit are of the wave to concentrated as the area is
decreasing as the depth of water i s decre.
height will slowly to increase as to contairettonstanenergy flux at a shallower water

depth. However, at this point of time, the period of the wave is constdnd@es not

change as the wave approaches the shore. After sometime, too much of wave height gain
decreases the stability of the wave results to water breaking; an event where water curls
forward and breaks. Typically, this happens when the height ofstheami wave is

almost the same as the local water depth. This is what we called ashading.
2.4Fixed Jacketoffshore platform (BADP-G)

Fixed offshore platform is a type of an offshore oil platform that is simply supported by
steel jacket structurevhich is constructed at fabrication site before it is upended and
launched into the sea. Typically, they are tubslaped and held by trusses to support
the rigidity of the jacket structure. Highlighted by Chakrabarti(2005), bettamded
structure iscalled as fixed because when their lowest natural frequency of flexural
motion is above the highest frequency of significant wave excitation. The structure

behave more as a unit of a body that need to resist dynamic metocean loading of the
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environment. Figre 4 is to show a typical jacket of an offshore platform. The jacket
legs is made tubular in shape to resist the drag forcdheotegs. Not only that, the
inside diameter is kept hollow to slot in piles. In the event of installation of this
structure, pes are inserted into the hollow slot on the jacket legs then acts as a guide to

drive the pile all the way down to the seabed.

Figure4: Typical Offshore Jacket Structure.

Depending upon the design on the spatial area of the site, a fixed péettetm may

have four up to eight legs to achieve stability against waves to prevent it from toppling
over. There are many functional classification of an offshore oil gas platforms. One of
the classification is wellhead platform where drilling activibgavellhead equipment is

used on the topsides. It is to support very few equipment such as wellhead control panel
and piping. Certain platform might also allow helipads; supported for helicopter landing
purposes during emergency evacuations. Process rpiatfare used for production

facilities and it is used to support in addition to equipment for production such as power
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generations, utilities and etc. Riser platform is used to support all incoming riser and
outgoing riser on a planned complex. Sometinbeislges are used to connect the main
platform to the riser platforms. The living quarters platform is another function platform
to support the personnel on the platforms. As a HSE practice, usually the living quarter
is placed faraway from any danger expes(far from processing platform) which has

the potential to explode and protected by reinforced walls.

2.5 Standard and Code of practices used.

For any offshore platforms own by PETRONAS, the standard code that is used widely
for the design of the strturre is by following the PETRONAS Technical Standard (PTS
34.19.10.30), Revision 7, working stress design. In the document explains the
requirements of the superstructure and substructure design, to detailing design of the
joints, beam to beam connectionsetocean loadings that is need to be considered and
whole lot of list to be covered. However, seismic requiremenbtisncludednside the

PTS because generally, Malaysia is considered in the low seismicity area of where
seismic activity is rarely to Ippen(seismic of zone 1 &)(API, 2000Q. Thus, since PTS

main reference is based on the American Petroleum Institute R&APRA WSD),
Working Stress Design, any code, guidelines of the design requirement regarding
seismic is referred to this document (API RRWSD).

2.6 Structural Response towardsseismic waves.

In the book of fundamentalf earthquake engineering ¢Inashai & Di Sarno, 2008

there are three response characteristic that govern the behavioral of the structure and its
foundation are the structural strength, ductility and stiffnBss, in APl undersection
C2.3.6¢ and C2.3.6dor seismic consideration purposes, it is enough to only consider

the strength and ductility requirements of the structure.

Strength is the capacity of the structure to resist the load and to endure theatiefor
or deformatbn capacity and wttility is the ability of a group of components or

structurebés to deform beyond its elastic
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Figure5: Definition of strength

In the figure5 above, shows the behavior of a body when it is subjected with horizontal
seismic force on proportional to the weight of the structure and it fixed meihber.
behaves more like a pendulum, the weight at the top of the structure acts as a counter
weight andwhen the pendulum swings, it creates tension at the string of where the
pendulum is tied. The further away the string from the pendulum, the higher the stresses
will be. The results of the lateral forces is the base shear at the bases of the structure.
offshore structure, the greater the height of the platform, the higher the natural period of
the structure will be, the higher the base shear it resul@strer & Freeman, 20p4An
adequate axial, flexural, and shear capacity is needed to withstand the base shear forces
created by théateral ground movement. Should any of the capacity fail to withstand the
stresses, there is a chance of member failure and not limited to the global failure. Thus,
it is important to check for the base shear in seismic concern.

Meanwhile, dictility is an important feature for offshore structure as it possess the
ability to withstand more loading without entering to any plasticity stage. In this case,
the performance of the structure is relying on the inelastic properties of the structure of
where the struare has passed through elastic phase. This gives the more flexibility in
terms of designing the structure economically without supersized section of the tubular
members and whatnoEigure 6 shows structural ductility after the structure is being
loadedafter sometime, with enough ductile requirements, the structure can still endure

large lateral displacement with a slight reduce of the total base shear.
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Figure6: Definition of structural ductility

2.7 Ultimate Strength analysis.

It is stated in the APRP 2A WD in 17.7.3 Ultimate Strength Analysis Procedure is to
demonstrate the structural competency in its strength and stability to survive the ultimate
strength loading. It is allowed to use linear global analysis first to determine of which
members ojoints will exceed the yielding and buckling strength. If a few of the localize
members or joins exceeded its yielding strength, then local overload consideration will

be put instead, otherwise, detailed global inelastic analysis is reqéirdd 2000

As prescribed in C17.7.3c.2, pushover analysis and-diomeain analysis are accepted
as to analyze the structure bgn-linear collapse analys{g\PIl, 2000. The main results

of such analysis is the Reserve Strength Ratio (RSR)iri & Bahaar).
2.8 Reserve Strength Ratio (RSR)

The reserve strength ratio (RSR) is thto of ultimate collapse capacity of the structure
against the design load for the structure. Similarly, a parameter that gives the ratio of
collapse capacity of a damaged structure against the design load. Typically, the
calculation of the RSR is heldy an annual probability of exceedence of 100 years
return periodPTS, 2012 Thus, the residuatrength factor (RIF) is defined as the ratio

of DSR against the RSR. RIF is a measure of the effect of the RSR when a member is
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damaged or losqErsdal, 200k The formula of RSR, DSR and RIF are shown as

below.
Y "Y'YG © h O°YY o1
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Where Qu is the ultimate load capacity, @dhe design load of the structure, Qr riget

ultimate load capacity under damaged conditions. Figure shows that the illustration of

the ultimate load capacity against deflection curve of kejastructure with indication

of the design load level arabllapse load level in intact or damaged condition.

Qu -

Qr

-

Qd |

Y

Figure7: lllustration of the O (ultimate capaciktyading) against the deformatipn

2.9 Baram Drilling Platform (BADP -G) designdata

BADP-G is a fourlegged drilling platform. The structure was mitd in 1994 in the
Baram field standing tall at the height of 15m water depth from the seabed. All the main
and skirt piles are 6fhch OD shimmed at the jacket structure. In the previous static
inplace analysis report by Technic Coflexip in the yedQfi2, The total jacket plus the
topside load is equal to 1766 millions tonnes. FigBrehows a vintage picture of
BADP-G and the summary of tiigharacteristic andesign data are shown in the table

below.
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dows Internet Explorer

Figure8: A Vintage picture of DrillingPlatform BADRG

Characteristic an®esign Data for BADFG (taken from SICS (April, 2014)

Platform Design Data Details
Platform Name BADP-G
Field Baram
Platform Type Fixed Steel Jacket
Platform Function Drilling
Heritage PETRONAS
InstallationMethod Lifting
Year Installed 1994
Design Engineer Protek
Longitudinal Framing X
Traverse Framing X
Manned No
Number of Bays 1
Number of Legs 4
Number of Piles 8
Number of Leg Piles 4
Number of Skirt Piles 4
Maximum Leg Diameter 1664mm
GroutedPiles No
Jacket Weight (Generic) 629T
Deck Weight (Generic) 962T
Maximum Crane Size 2T
Helipad Yes
Boat Landing Yes
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Shore Disénce 27km
Water Depth 15.5m
Design Air Gap 6.28 m
Design Deck Elevation 11.80 m
Design Code API
Design Life 25 years
Design Return Period 100 yeas
Design Wave Height 7.7m
Design Current Speed 175 cmls
Design Tide 0.9m
Design Caisson 2

Design Conductor 15
Design Riser 3

Design Marine Growth 152.40mm
Design Scour 1.5m
Design Deck Weight 962 T
DesignConductorSubsidence 38.1mm

Table2: Charactéstic and Design data of BADB

Chapter 3
3. Methodology

To perform the study, various steps will be carefully outliivethe current paper to represent
the overall activity ofthe analyses required. In the repothe authorhave outlinethree key

milestones for each maiactivity on findinghe sources and any analysist will becarried

Key Milestone 2 Key Milestone 3

Key Milestone 1

. Analyzing Determining
Inpuit Gathering respective effects Integrity
AGather relevant A Load analyzation A Check BADRG
information from (Flow Chart in the platform integrity
journal papers, books  slide) Find critical
and online article. members that cause
failure

AMeeting with experts
(Prof Kurian, Doctor 27
Shahir Doctor AP
Mus, DocBerihun
(geology aspect)



out in the study. The three key milestones are representefigure 9 adelow:

Figure9: Key Milestone of the Study

The definition of input gathering is more or less to research warknding the related

sources, finding best approach to solve the problem and asking experts opinions on how
to actually nAreplicatedo the best mdnenari o
here, we are looking on three inputs that is strictly dependent upon the intensity by
moment magnitude of the seaquake which are input for simulating the tsunami waves,

input for seismic analysis and input for operating wave condition as per PT&sugg
3.1 Input Gathering (TUNA-M2)

To simulate the tsunami waves, a set of geological data is needed to perform each and
every set of seaquake intensity to produce the tsunami wagksy is the set of data

which are needed to generate 4 tsunami wavesl&ad Mw of 7 up to 9.2 which was
suggested by Papazachos et al. (2004). The fault lines are divided by four segments and
the length, the strike angle (0), dip, and rake are kept constant. The depth of the trench is
markedwith 40kmlength(given by USGSpandthewidth and ceseismic slip have been
recalculate as it is necessary to do so becauseismic at that depth is not expected.
(CRUZ SALCEDO, 2011

The below are all the input parameters to produce each of the tsunami waves.

Sourc| locationofthefault | |ength(k | Depth | Width(k | Strike pip | Reke(| Slip
(0)
€ Longitude | Latitude m) (km) m) ) 0) (cm)

1.00 120.00 20.00 277.00 40.00 166.72 20.00 | 41.00| 79.00

2.00 119.51 17.20 254.00 40.00 166.72 1.00 36.00| 95.00 | 1282.3
3.00 119.46 15.00 238.00 40.00 166.72 359.00 | 40.00 | 98.00 3
4.00 120.65 12.85 210.00 40.00 166.72 | 310.00 | 25.00 | 90.00
Mw = 9.2

Corner location of the ) ) )
Sourc fault Length(k Depth Width(k Strike . Rake( Slip

Dip

e m) (km) m) ©) 0) (cm)

Longitude | Latitude
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1.00 120.00 20.00 277.00 40.00 144.54 20.00 | 41.00| 79.00
2.00 119.51 17.20 254.00 40.00 144.54 1.00 36.00 | 95.00 954.99
3.00 119.46 15.00 238.00 40.00 144.54 359.00 | 40.00 | 98.00
4.00 120.65 12.85 190.00 40.00 144.54 | 310.00 | 25.00 | 90.00
Mw = 9.0
Sourc Corner lfc;ﬁttion ofthe Length(k | Depth(km | Width(k Strike Di Rake( Slip
e : . m) ) m) ©) o | em
Longitude | Latitude
1.00 120.00 20.00 277.00 40.00 101.16 20.00 | 41.00| 79.00
2.00 119.51 17.20 254.00 40.00 101.16 1.00 | 36.00| 95.00 457.09
3.00 119.46 15.00 238.00 40.00 101.16 | 359.00 | 40.00 | 98.00
4.00 120.65 12.85 190.00 40.00 101.16 | 310.00 | 25.00 | 90.00
Mw = 8.5
Sourc Cormer l%ﬁttion ofthe Length(k Depth Width(k Strike Di Rake( Slip
€ Longitude | Latitude m) (km) m) © i 0) (cm)
1.00 120.00 20.00 277.00 40.00 70.79 20.00 | 41.00| 79.00
2.00 119.51 17.20 254.00 40.00 70.79 1.00 | 36.00| 95.00 218.78
3.00 119.46 15.00 238.00 40.00 70.79 359.00 | 40.00 | 98.00
4.00 120.65 12.85 190.00 40.00 70.79 310.00 | 25.00 | 90.00
Mw = 8.0
Sourc Corer Ifc;;ell;[ion ofthe Length(k Depth Width(k Strike Di Rake( Slip
€ Longitude | Latitude m) (km) m) ) i 0) (cm)
1.00 120.00 20.00 277.00 40.00 49.55 20.00 | 41.00| 79.00
2.00 119.51 17.20 254.00 40.00 49.55 1.00 | 36.00| 95.00 104.71
3.00 119.46 15.00 238.00 40.00 49.55 359.00 | 40.00 | 98.00
4.00 120.65 12.85 190.00 40.00 49.55 310.00 | 25.00 | 90.00
Mw = 7.5
Sourc Cormer Ig;e;;[ion ofthe Length(k Depth Width(k Strike Di Rake( Slip
€ Longitude | Latitude m) (km) m) ) i 0) (cm)
1.00 120.00 20.00 277.00 40.00 34.67 20.00 | 41.00| 79.00
2.00 119.51 17.20 254.00 40.00 34.67 1.00 36.00 | 95.00 50.12
3.00 119.46 15.00 238.00 40.00 34.67 359.00 | 40.00 | 98.00
4.00 120.65 12.85 190.00 40.00 34.67 310.00 | 25.00 | 90.00
Mw = 7.0
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Table3: Geological parameters for each seaguake intensity

Theseparameters are vital for input parameters in TUMA to simulate the tsunami

wave profile based on each of every seaquake intensity by moment magnitude. The

maximum achievable wave height and period is recorded to furtheit usgde the

SACS 5.3 softwar to simulate tsunami wave loadiagsolitary wave.

3.2. Attenuated lateral ground acceleration calculation.

Since the distance of the epicenter and the structure is far, the ground acceleration will

be further reduakas the seismic wasgdravel throughthe eartld s

energy. This ground acceleration can be further estimated by using a formula suggested

crust

and

by (AULOV & LIEW) where an empirical formula was developed to predict the

attenuating ground acceleration that can only be used for all SHA in Malaysia. The

formula that is going to be used are as follows.

For Shallow subduction zone (occur at the intexfac contacting sides of two plates.

Usually depth less than 70km).

In(PGA) = G + CM,, + CsM,2 + CsDe + CsD& + Csln (De+ €™P) + Ggh + GH3

of where
PGA Peak Ground Acceleration, in g
Mw Intensity of Earthquake by Moment Magnitude
Mp Body-WaveMagnitude
De Epicentral Distance, km
H Depth, km
Cli C9 Constants
The following table below are the related constant that is needed to be inputted into the
equations.
C1 C2 C3 C4 C5 C6 C7 C8 C9
-28.778| 3.18 | -0.147 | -0.002 | 0.000000000008314 0.295| 1.026 | 0.198| -0.00004771

Table 4: Constant from GC9
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3.3Input for seismic analysis in SACS

There are four important parameters that need to be considered which are the ground
acceleration (which is calculated by using formula in,32erall modal dampingthe

soil type, and the fluid damping.

Overall modal damping is taken 36 or 0.03 and fluid damping is ignored in this

study. A poor soil will experience soil liquefaction of where a saturated, unconsolidated

soil turns to a suspsion of water when during an earthquake. Thus, the soil will lose
some strength and behave more | ike a Aliqg
It is important to make sure that the soil type is taken into account in this study. The soll

parametes are given by PETRONAS inside pwiifile and shall be readable by SACS.
3.4 Analyzing Respective Effects of the loading.

By using static analysis with ndmear pile/structure interaction, the ground
acceleration of each o arried dueconsuerentlywdhktleed s ma
tsunami wave loading upothe structure. At any point where the DAByfgamic
amplification factoy exceed by 10% dynamic analysis should be taken into

consideration and not by static analysis.

For this analysis, SACS sufare will analyze all eight direction; each of every 46d

three loading typesimultaneously on the structure as shawrdigure 10.From here
Postvue will produce the relative displacement on the members, moment and forces.
Thus, the author can retriehe maximal mean leg displacement and maximal total

forces that can be further justified in this study.
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Figurel0: Loading direction for BADFG

3.5 Determining the structural integrity.

The structural integrity of the platform shall besss®d on every seaquak&ensity by

using static linemanalysis. Ifnone of the members excede yielding stress capacity,

the seaquake intensity is further increase by 0.5+ and the process continues. Should any
of the members start to yielthdthe dynamic amplication factor exceeds more tha

110%, a pushover analysis will be done to the platf.

From here, the base shear of the structure will be checked against the design base shear
of the structure by RSR. The RSR value should not be less than 1.32 as per PETRONAS
Carigali s recommendati ons. The ogureld al | f

below.
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Simulation of Tsunami wave

by using Tuna-M2

Variable, M,, =1
i=7.0;

*Mymax = 9.5 (Chile, 1960)

F Y

| Determine|
1) Tsunami Wave Height

2) Calculated the attenuated
ground acceleration using
empirical equation

Platform SACS analysis by using
load from

1) Cperating Wave
Load & 100 Years
Storm ( As designed)

2) Tsunami Wave load

3) Seismic load

Clarification & Discussion

- Type of failure
- Return period of such
event happening

M, =i+0.5

Didl the legs
of the

platform

yielded?

Figurell: Flow chart of the study activity.

3.6 Project Activities

The

studyods

det ail i

ng of

maj or act

Vi

the progress of the Final Year Projednhlhe figurel2 below. The KeyMilestone had

been already highlighted carefully based on fidgune the previous part of the report.
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Figurel2: Project Gantt Chart.

4. Resultsand Discussion

1 Tsunamisimulation results

4
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The results of the tsunami wave generated by IBawill be based on several
geological parameters that has been mentioned in the report previously. The parameters
such as coseismic slip of the fault, the depth, the width and etc pretty much govern of
how much the resultant simulated tsunami wave height. To measaezurate result of

the tsunami wave height, the software allows to place control points (CP) which are
points that is used to measure the wave height of the wave on a particular coordinates on
a map which what is known as bathymethy. In achieving @urate result of the
tsunami wave height, four control points are placed surrounding BAD#atform
enclosing it in the middle, and thus an average results of the wave iseigtardel on

each of the control points.

The simulation of the wave height tihe particular study is using an iteration of 1 until
40001 of taking the wave height on each moment of the time which last about 11 hours.
During this time, a number of wave height is plotted iat spreadshedhen it is
represeted in a graph form on gending upon six moment magnitude (7Mw, 7.5Mw...
until 9.5Mw). Early hypothesis is the higher the moment magnitude will yield a higher
wave height of the tsunami. Figure below are the results cfit@lated tsunami wave
heights depending upon the magdiuof the earthquake by moment magnitude (Mw)
and a table of the average maximum height of the tsunami waves for each magnitudes.

Tsunami Wave Height (m) vs. Time (Hr) (7.0 Mw)
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Tsunami Wave Height (m) vs. Time (Hr) (7.5 Mw)
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Tsunami Wave Height (m) vs. Time (Hr) (8.0 Mw)
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