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ABSTRAK

Kajian ini berkenaan dengan analisis seismik ahli struktur luar pesisir yang kritikal di
Malaysia dengan matlamat untuk mengira maklum balas dan menilai kapasiti rintangan
struktur untuk memuatkan gempa bumi. Walau bagaimanapun, keadaan sempadan
struktur luar pesisir dianggap sebagai tetap kepada tanah dan interaksi tanah telah
diabaikan. Kajian ini dijalankan kerana gegaran berlaku di Malaysia telah dilaporkan
beberapa kali yang disebabkan oleh gempa Sumatra dan Filipina. Oleh itu, jurutera-
jurutera bimbang tentang kelemahan seismik struktur luar pesisir kerana kekurangan
pertimbangan pemuatan seismik dalam prosedur reka bentuk bangunan Malaysia.
Dengan ini, platform luar pesisir telah dianalisis dengan menggunakan SAP2000 di
bawah pelbagai jenis analisis termasuk Analisis Getaran Bebas (FVA), Spektrum
Respon (RS) dengan menggunakan lengkung spektrum tindak balas Eurocode 8 dan
Analisis Sejarah Masa (THA) memandangkan data gempa El Centro 1940. Kod reka
bentuk yang digunakan untuk struktur keluli ialah Eurocode 3. Data-data faktor alam
sekitar yang dipertimbangkan adalah seperti ketinggian gelombang, tempoh gelombang,
halaju arus dan pecutan gerak tanah. Angkutan alam sekitar seperti gelombang dan
beban angin telah direka dengan merujuk kepada kriteria reka bentuk APl (American
Petroleum Institute). Sebagai kesimpulannya, struktur luar pesisir adalah stabil dan
mampu menahan kepada gempa bumi. Reka bentuk struktur luar pesisir dapat
memberikan ketahanan yang mencukupi terhadap kesan seismik dan sebahagian besar
strukturnya berada dalam keadaan baik.



ABSTRACT

The paper deals with the seismic analysis of a critical member of wellhead offshore
platform in Malaysia with the aim to compute the response and assess the resistance
capacity of the structure to earthquake loading. However, the boundary condition of the
offshore structure is assumed as fixed to the ground and soil interaction has been
neglected. This study is conducted due to tremors occurred in Malaysia caused by
Sumatra and Philippine earthquakes have been reported several times. Thus, engineers
are concerned about the seismic vulnerability of offshore structures due to lack of
earthquake consideration in Malaysia’s building design procedure. With this, wellhead
offshore platform is analyzed using Finite Element Modelling (FEM) by SAP2000
software under different types of analyses including Free Vibration Analysis (FVA),
Response Spectrum (RS) by using response spectra curves of Eurocode 8 and Time
History Analysis (THA) considering El Centro 1940 earthquake data. The design code
for the steel frame is Eurocode 3. All the environmental factors data are given such as
ranges of wave height, wave period, current velocity and ground motion acceleration.
The environmental loadings such as wave and wind load have been designed by
referring APl (American Petroleum Institute) design criteria. In conclusion, wellhead
offshore platform is stable and capable to withstand the earthquake. It can be concluded
that the design of the offshore structures can provide sufficient resistance against
seismic effects and most of the part of the structure was in good condition.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Malaysia is the third-largest exporter of liquefied natural gas in the world and
the second largest oil and natural gas manufacturer in Southeast Asia (US. Energy,
Information Administration, 2011). In spite of the low price of global crude oil, Oil and
Gas sector is still playing a crucial role in our country because it subsidizes around 20
to 30 % to the Gross Domestic Product (GDP) in Malaysia. It recognized as an
important and priority sector by Petroliam Nasional Bhd (PETRONAS, the National QOil
Company) and Malaysia’s Government due to the massive multiplier effect developed
by this sector with more than 3,500 companies that work in oil and gas (O&G) in
Malaysia (PWC, 2016). This showed that the petroleum industry is still a major element

of the worldwide economy.
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Figure 1.1 Gross Domestic Products First Quarter 2018
Sources: Department of Statistic Malaysia, 2018

The processes involved in petroleum industry are exploration, extraction,

refining, transporting, and marketing of petroleum product. Petroleum, as known as



crude oil and natural gas which are a mixture of hydrocarbon molecules that made up
by the dead bodies of plants and animals, mostly was the small marine life that had
lived millions of years ago. Basically, these petroleum reservoirs are located at
thousands of feet below the surface. Hence, drilled wells are required to install to the
reservoirs in order to reveal or determine oil and gas for multiple functions
development and economic uses. Generally, one or more exploratory wells and several
development wells may require for a sizable petroleum reservoir. An exploratory well is
to identify petroleum reservoir purposes while development well is to manufacture
discovered oil and gas. Oil and gas reserves is the volumes of oil and gas discovered

within the petroleum reservoir (Light, 2011).

(Gas Natural gas \

Natrurally occurring
hydrocarbons

Crude oil
Heavy oil

Organic Liquid Petroleum

Associated gas
sediments

Tar sand bitumen

NG

Lignite Conversion required
Subbituminous 5 to produce
Goul Bituminous hydrocarbons
K_Solid Anthracite
Oil shale J

Figure 1.2 Relationship of crude oil to other fossil fuels
Sources: (Speight, 2015)

There are two advanced drilling techniques for oil and gas: offshore drilling and
onshore drilling. Onshore drilling indicates that the deep holes are drilling under the
earth’s surface while offshore drilling refers to drilling underneath the seabed. In term
of cost, onshore drilling will be more economical than offshore drilling as the timeline
of the contract is often shorter. However, offshore drilling is adopted in Malaysia as
most of the reserves are discovered beneath the seabed (US. Energy, Information
Administration, 2011). Unlike onshore drilling, offshore drilling will be facing more
challenges on the stability issues due to the shear depth of water before reaching the
seabed. Hence, the platform must remain stable and secure by facilitating some

anchoring to the ocean floor. These platforms use either in the fixed or floating platform.
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The types of offshore drilling platforms including fixed platform, compliant towers, sea
star, floating production system, tension leg platform, subsea platform and SPAR
platform (Devold, 2002).

(@) (b)
Figure 1.3 a) Onshore drilling and b) offshore drilling
Sources: Devold, 2002; Speight, 2015

The design lifetime of the offshore structures must be at least 25 years or more
depending on the reservoir capacity. Offshore platforms are either constructed in huge
steel or concrete structures to explore and extract the oil and gas from the petroleum
reservoir. In terms of the response of the structure and loading system, it leads to the
construction of offshore structures is more complicated compared with onshore
structures. This is because of the high level of uncertainties and high dependency on the
environment condition that increases the complexity of design and construction process
as the offshore structure used have been extended from shallow to deep water (Mukhlas
et al., 2016). This is the most challenging and inventive task for the engineers to design
the best offshore structure platform that is reconcilable with that tremendous

environmental condition (A S Kharade; and S V Kapadiya, 2014).

However, there are some design considerations that are crucial for engineers to
be taken humourlessly such as the peak loads created by cyclone wind, strong waves
and seismic load as well. According to Marto, Tan, Kasim, & Mohd.Yunus, (2013),
although Malaysia is considered as relatively low seismicity but it is important for
engineers to take into account to the design as Malaysia is bordered by the most two
seismically active plate boundaries which are on the west and east from the inter-plate
boundary between the Indo-Australian and Eurasian Plates and the inter-plate boundary



between the Eurasian and Philippines Sea Plates respectively. Most of the earthquakes
came from these plate boundaries have been felt in Malaysia. Tremors felt in the west
coast of Peninsular Malaysia are generated from large earthquakes in the seismic area
of Sumatra and the Andaman Sea whereas East Malaysia is affected by tremors from
large earthquakes at Southern Philippines and Northern Sulawesi. Besides, Peninsular
Malaysia (e.g., Bukit Tinggi, Jerantut, Temenggor, and Kuala Pilah) and East Malaysia
have experienced few of earthquakes from the local origin which are considered as an
active fault that exists in Peninsular Malaysia, Sabah and Sarawak (Malaysian

Meteorological Service, 2009).
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Figure 1.4 Plate Tectonic
Sources: (Hatheway, 1996)

As a consequence, these structures are necessary to be analyzed in all possible
manners to prevent structural failure and loss of life of workers as they are located long
away from the shoreline (A S Kharade; and S V Kapadiya, 2014). The objective is to
design a structure which is durable and indestructible that can resist the unfavorable

conditions of high winds, wave’s effect, earthquakes, and tsunami.
1.2 Problem Statement

Malaysia is inching closer to seismic zones and will not immune to earthquake
forever. Although Malaysia is located on the stable Sunda plate, it still affected by
earthquake tremors as it is near to seismically active earthquake sources of Sumatra
(Manafizad, Pradhan, & Abdullahi, 2016). Besides that, the pressure on the land is

4



accumulating due to the Australian, Eurasian and Philippine plates are moving and
pushing into us. Hence, it seems unpreventable to investigate the hazard and risk from
earthquake and consider earthquake-resistant in the building design due to reformation
in the core of Sunda-land.

EARTHGUANE

| [ | | | @it - 0.0 26 Do 2004 A

INDOSPEA ACTIVE PRONE -/ CONVERCGENRCE

SUNDALAND VOLCANDES e avsia (O M =87 28 My 2005 y F PACFIC PLATE

2 : -.!I J AT 1Y awy

. ¢ N

- ‘,‘
’ o
et L | aeoxan pLock
g CONTIWUES TO -
FUSH AGANS T PHLPPINE PLATE PACIFIC
EUVRASH

MIVAN OCEAN

RDGE i 3 PLATE
™A M A oS A A | i T Sy
' J?'QV:JA:,“..'J -CH U.-.‘: !r' RALIAN N ‘ _.:_;‘ ‘ \'A--'\—/,
PLATE N - X
- N pea I N
A A B . A , L A ———l,
( ; \ — ‘»“-c:f D
i ';-1 N
z COMEAGENCE OF A
PLATE KINEMATICS MDUNAUSTRALIAN PLATE am
AT « 6 o) {
PRESENT DAY o

Figure 1.5 Earthquake-prone region of Malaysia
Sources: (Marto, Tan, Kasim, & Mohd.Yunus, 2013)

Repeated earthquake or multi-event earthquake is defined as the first tremor is
followed by other tremors. This is because of the nature of earthquake and it can occur
in a few hours after the first one, and extend to a few days. Therefore, buildings are
against to the seismic action loads more than one time during a great earthquake event.
The buildings may subject to the damages from minor to moderate after undergoes the
first tremor, followed by another tremor, resulting in stiffness and strength degradation
of the overall system.

Moreover, in Malaysia, structural steelwork buildings were designed according
to the BS5950 code of practice or Eurocode 3: Design of steel structure, which does not
specify any provisions for seismic forces. Although the references of Uniform Building
by-laws have stated that to be considered seismic forces in the building design it does

not state what values and measures should be used. After experienced several tremors,

5



the Malaysian start to questionnaire about the integrity and the structural capacity of
existing structures in Malaysia to resist earthquake load in future without fail. In
addition, they also interested in how vulnerable a building to the seismic effect or the
seismic responses from the structure depends on the ground motion modeling.
Therefore, it is important to determine the necessity of seismic design consideration for

wellhead offshore structure to prevent structural failure.
1.3 Objectives
The main objectives of this research are:

i. To obtain the earthquake resistance capacity of wellhead offshore

platform in Malaysia due to El Centro earthquake by using SAP 2000.

ii.  To compute the seismic performance of wellhead offshore platform in
Malaysia by considering El Centro earthquake.

iii.  To provide a desirable result for performance evaluation parameters of
wellhead offshore platform in Malaysia by identifying specific demand

parameters.
1.4 Scope of Study

This research is about the seismic response of wellhead offshore structure due to
surrounding earthquake. Hence, there are some scopes that need to be followed,
reviewed from time to time in order to the objective of this research. The research

scopes are as follows:

i.  The offshore structure is located on East Coast of Peninsular Malaysia,

Terengganu.

ii.  The study will only consider wind load, wave’s buoyant forces, current
loading and earthquake load from surrounding as the lateral and vertical

forces that act on the structure.

iii.  The software used for computational analysis and structural modeling of
the structure is SAP2000 version 18.



iv.  The analysis of seismic is conducted as follows to determine the seismic
response of a wellhead offshore structure by utilizing the available

historical seismic data from EI Centro earthquake:

e Free vibration analysis is to obtain the natural frequency, period and

the deformed shape of the wellhead offshore structure

e Time history seismic analysis is to be carried out by referring to the
time history of the earthquake in El Centro 1940.

e The response spectrum seismic analysis is to be carried out by using
response spectra curves of Eurocode 8, EC8.

v.  The structure is considered to be fully fixed at the base restraint and soil
interaction has been neglected in the analysis. The connection in the

member is assumed as rigid as the details in the drawing are confidential.

vi. ISO 19901-2:2004 (Modified), Petroleum and natural gas industries —
Part 2: Seismic design procedure and criteria of the American Petroleum
Institute, APl 2014 are used for the consideration of seismic design
procedure and criteria to the structure (ANSI/API-RP 2EQ).

vii.  The consideration of design criteria for loading are referred to American
Petroleum Institute: Recommended Practice for Planning, Designing and
Constructing Fixed Offshore Platform — Working Stress Design, 21%
Edition, December 2000 (API-RP2A).

viii.  The consideration of the structural design is referred to Eurocode 3:
Design of steel structure — Part 1-1: General rules and rule for the

building.
1.5  Significance of Study

The knowledge about the seismic actions and structural response based on the
fundamental concept of earthquake engineering nowadays was created in 70 years ago.
Today, the transformation of the new seismic knowledge to practice is not completely

done as there are many initial concepts keep changing and updating due to the progress



in research works for achieving a satisfactory level of seismic design. For the
development of Engineering Seismology and Earthquake Engineering, structural
response analysis is the most common method used by major researchers as the
structural response can be fairly predicted from the modeling. However, the
uncertainties in the ground motion are the major challenge in seismic design due to
unforeseen forces at an unpredicted time as these events occur below the earth. Hence,

it IS necessary to reassess the seismic resistance of the building.

Studies like this are meant to determine the seismic structural response of
wellhead offshore platform structure that located in East Coast of Peninsular Malaysia
based on model-based computer simulations. This may help to improve the seismic
design of the structure to reach a satisfactory level and design a building that can
withstand an earthquake without failure. Hence, the main objective of this research for
identifying the necessity of the implementation of seismic designs consideration in
designing offshore structure in Malaysia. Besides that, studies also contribute to
reducing human and economic losses by solving the balance between earthquake
demand and structural capacity of the structure.

Moreover, studies also help in improving the understanding of behavior and
collapse mechanism of the structure under different types of the earthquake in order to
establish new methodologies that able to consider different design knowledge for the
structure located in low to moderate and string seismic area. In addition, the
development of next-generation performance-based codes can be enhanced. This is
because of accumulated results able to transfer from the research to design practice and
to upgrade any existing gap between the studies. This may help consultants to aware of
hazards and risks created by the earthquake and use locally developed parameters in
their design assessments. Hence, implementation of the seismic design is important and

helps to keep buildings steady during the next big earthquake.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter will be emphasized on the causes of earthquakes for a good
understanding of the overall geophysical process of the earthquake. The sources that
induced the propagation and measurement of seismic waves through earth will briefly
discuss. The next section will cover the details of offshore platform structure to provide
a good understanding of the background. Design criteria considered used for the
structure including the method of seismic analysis and current design practices in
Malaysia are then briefly discussed. The final section will cover the seismic response

from the structure of the seismic analysis.
2.2  Earthquake

Earthquakes are one of nature’s greatest hazards that produced an unexpected
and tremendous destruction of life and property. There are four modes of generation —
tectonic, volcanic, collapse, or explosion. This natural hazard, however, did not kill
people but the collapse of the structure caused by it can do. The structure can be
damaged by an earthquake in three different ways: (a) ground failure, (b) other effects
produced by the earthquake that may affect the structure indirectly, and (c) ground
vibration on which the structure stays. As an example, some possible ground failures
are ground cracking, landslides, soil liquefaction at surface faulting and the common
indirect effect that may vandalize a structure is Tsunami. Among these three earthquake
effects, ground shaking is the most destructing to structures as the ground is moving
vertically and horizontally that caused the structure on the shaking ground oscillating

according to these motion and experiences massive stress and deformation.



Basically, an earthquake is a phenomenon that involves the motion or vibrating
of the earth’s crust by waves that coming from a source of disturbance that sudden
release of energy inside the earth. Figure 2.1 illustrated the energy is released by the
brittle failure on faults and carried by the propagation of seismic waves. The initial
point of earthquake rupture is known as focus or hypocentre. The epicentre is the point
that directly above the hypocentre earth’s surface. The earthquake focus is due to the
sliding of Earth’s mass takes places in pieces that called Tectonic Plates which will be
briefly discussed in the following sub-chapters.

| Epicentral Distance |

| | Site
Epicentre

Focal Depth

Figure 2.1 General illustration of an earthquake rupture scenario
Sources: (Hatheway, 1996)

2.2.1 Plates Tectonics Theory

Earth is made up of four layers: inner core, outer core, mantle, and crust. The
upper part of the earth is divided into two different properties layers. The upper layer is
rigid such as lithosphere that made up of crust and mantle whereas the lower layer
known as asthenosphere which is at 700km depth. The Earth’s crust was composed of
continental crust and oceanic crust. Figure 2.2 below depicts the inner structure of the

earth.

The theory of plate tectonics stated that lithosphere is divided into seven large
segments known as major plates and a large number of minor plates. Both continental
crust and oceanic crust are including in tectonic plate. The most important plates among

the 52 important tectonic plates which are: African (continental plate), North and South
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American (continental plate), Antarctic (continental plate), Indo-Australian (continental
plate), Eurasian (continental plate) and Pacific plate (oceanic plate) which can be shown
in Figure 2.3. The lithospheric plates can be floated in a complex pattern, moving with a
velocity of about 2-10 cm/year on the soft rocks that underlying asthenosphere. This
theory requires a source that can generate tremendous force is acting on the plates that
offered by convection currents created by the thermos-mechanical behavior of the

earth’s subsurface.

Upper mantle

Crust

Lower mantle

Outer core
(liquid)

Inner core

Radius

Figure 2.3 Intcrnal structure of the carth.

Figure 2.2 Inner earth
Sources: (Kramer, 1996)

Figure 2.3 Major Plates
Sources: (Manafizad et al., 2016)
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According to continental drift concept, it states that two lands with large masses
are initial linked-in-chains but drift apart from each other, mid-ocean ridges is formed
(underwater mountain system) due to a hot mantle move upward to the earth’s surface
at the ridges, then convective circulation occurs. Figure 2.4 showed the derivation of the
energy of convective flow in the mantle, formed an extra crust on the lithosphere that
flows on the asthenosphere and cools in the surface. The newly formed crust will
eventually spread outwards as the continuously upwelling of molten rock and sink
underneath the sea surface as it cools down. This phenomenon called seafloor

spreading.

Quter core

]—___\
Vil
Figure 2.4 Conventional current below Earth

Sources: (Gioncu & Mazzolani, 2011)

As plate glides over the asthenosphere, the continents and ocean move with it.
They may knock against their neighbors at boundaries. The great forces thus generated
at plate boundary that caused earthquakes. There are two types of earthquakes, one is an
inter-plate earthquake which occurs at the plate boundaries; another one is an intra-plate
earthquake which occurs on the plate and far from plate boundaries. Basically, there are

three types of plate boundaries can be grouped in inter-plate interaction:
i.  Divergent boundaries

Divergent boundaries are areas that two plates are moving away from each other
due to the rising of molten lava. One of the examples of divergent boundaries is The

Mid Atlantic Ridge (mid-ocean ridges, also called spreading centres).
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ii.  Convergent boundaries

It happens when two plates are moving toward each other and collide as they are
slowly moving in front or opposing to each other. Example of convergent plate
boundaries is subduction zones. It can be ocean-ocean convergent boundaries, ocean-

continent convergent boundaries, and continental-continental convergent plates.
iii.  Transform boundaries

It can be formed by two plates slide to each other side-by-side along the same
fault with opposite direction. Transform faults and other strike-strip faults are some
examples of transform boundaries. One of the famous examples of transform
boundaries is San Andreas Fault which located along the boundary of North America

and Pacific plates.
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Figure 2.5 Types of interplates boundaries

Sources: (Datta, 2010)

2.2.2 Fault

Fault can be explained as the discontinuity in the rock mass and moved along
with the movement which had occurred in the past. Large faults in the Earth's crust are
caused by the action of plate tectonic forces from the boundaries forming in between
the plates, for example, subduction zones or transform faults. Elastic strain energy is

build upon a fault, by held statically by friction between the rocks, until the stress
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accumulated and exceed the strength; the slip occurs along the fault line and released
the energy stored in the waves form. This process can refer to Elastic Rebound theory.
Most of the earthquakes are caused by the suddenly released energy and associated with

rapid movement on active faults.

An active fault is the faults that have been undergoing deformation for a long
time ago and can be continued to deform with time. As mentioned before, the focus or
hypocentre of an earthquake is the point on the fault where rupture starts to occur.
Earthquakes are classified into shallow focus, intermediate focus, and deep focus: but
most of the dangerous earthquakes are from shallow focus. There are three types of
fault movements which are normal, reverse, and strike-slip movements shown in figure
2.6. These movements involving the extension, compression, and lateral movement of

the Earth’s crust respectively.

Normal Fault .
: Reverse Fault

Fault plane

Fault plane

Left-Lateral Strike Slip Fault Right-Lateral Strike Slip Fault

Figure 2.6 Types of fault
Sources: (Hatheway, 1996)

2.2.3 Seismic Waves

Seismic waves are the energy waves caused by the sudden breaking of rock in
the Earth. These seismic waves carry the energy from one location of the earth to
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another through many layers and finally to the surface and cause the destruction. Body
waves and surface waves are two main types of seismic wave that radiating from the
fault break (hypocentre sources) to the site. Body waves are waves that travel through
the interior part of the earth with a period of 1 second and surface waves travel along

the surface of the earth with a period of 20 seconds.

The body waves are P waves (primary) and S waves (secondary) that propagate
through the Earth’s crust. These two waves were recognized by Richard Dixon Oldham,
a British geologist, and seismologist in early seismology. P wave will push and pull the
rock by compression and expansion, caused the rock particle to oscillate backward and
forward in the same direction as the waves transmit. Sound waves showed same
properties which are short duration and small amplitudes which bring relatively little
damage potential only. They are the fastest waves compared with other, having
velocities of about 5-7 km/sec, and thereby this wave has a very high frequency. Since
P wave is the first waves to arrive, they can be used for accurately recorded and

determine the earthquake location.

S wave is the second type of body wave which moves the rock up and down
(vertical, SV) or side to side (horizontal, SH) and vibrating perpendicularly to the
direction of the wave propagates. This introduced the shear stresses in the rock along
with their paths. They are slower and move with 3 to 4 km/sec but larger amplitudes
and longer periods which may cause significant damage as compared to P wave. The

velocity may be described by Navier’s equation (Udias, 1999):

V= [Eaw 2.1
P p(1+v)(1-2v)

G E 2.2
Ve= 7 = Jmamw

Where
v is the Poisson’s ratio
E is the Young’s modulus of the elastic medium

G is the shear modulus
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P is the density

For surface waves, there are L waves (love) and R waves (Rayleigh), which
travel along the Earth’s surface. Kulhanek, 1990 has stated that surface waves can carry
a massive amount of energy from shallow shock and are the main cause of the
destruction of high population areas from the earthquake. Surface waves are more
destructive due to low frequency, long duration, and large amplitude. L wave is caused
by SH body waves and move the ground from side-to-side with a velocity of 2-4.4
km/sec while R wave is the combination of P and SV waves which move the ground up
and down and side-to-side in the same direction as the wave is transmitting. To sum up,
P waves is the first, followed by the S wave after some time; surface waves will be
arriving after a short time with increasing of ground motion amplitude. All the seismic
types will be shown in Figure 2.7.
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Figure 2.7 Seismic wave types
Sources: (Hatheway, 1996)

2.2.4 Earthquake Measurement
2.2.4.1 Magnitude
Magnitude is one of the most fundamental parameters to describe an earthquake.

It is a total energy released from an earthquake in the form of seismic waves that
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including energy required forming new cracks in rocks, the energy dissipated through
friction and energy elastically radiated through the Earth. However, we only interested
in radiated energy as it can shake the building and recorded by seismographs. The
seismic energy released by the earthquake is referring to a magnitude scale by
seismologists. Each earthquake has their own unique amount of energy, but the

magnitude values for the same event may vary due to different estimation methods.

There are a lot of definitions of magnitude: Richter magnitude or local
magnitude, energy magnitude, moment magnitude, body-wave magnitude, etc. Hence,
we must be very careful when we using the data of earthquake magnitude if the used
scale is not declared. Among the magnitude scales, Richter scale is the most commonly
used to express the seismic energy released by each earthquake. As a general guideline,
an earthquake with a magnitude between 4.5 to 5.5 is considered as local; a seismic
event with magnitude 6.0 to 7.0 is considered as large, and destructive earthquake is
those magnitude larger than 8.0. The most common magnitude scales are described in

the following section:
I.  Local magnitude (M)

To measure the maximum seismic wave amplitude A (in microns) from a record
of a seismic event that using Wood-Anderson seismograph located from the epicenter at
a distance of 100 km. The natural frequency of seismograph is 0.8 s and it has a critical
0.8 damping ratio and 2800 for the amplification factor. This scale is applicable for the
small and shallow earthquake in California and for epicenter distances less than 600km.

Magnitude, M is calculated by the following:

ML = log(A) —log(4,) 2.3

Where A is maximum amplitude (in microns) recorded on a standard short
seismometer, and Aq is calibration factor that based on the distance where the distance <
100km.

ii.  Body wave magnitude (mp)

Gutenberg and Richter (1956) proposed my to measure the amplitude of P-waves

with a period of 1.0 second. This scale is considered as worldwide scales and is suitable
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for deep earthquakes that have few surface waves and for epicenter distances more than
1000km. It will not affect the depth of energy source and able to measure distance
events not less than 600km. Magnitude, my that related to amplitude, A and period T of

P-wave is given by:
mp = log (%) + o(4) 2.4
Where A is the actual ground motion amplitude in microns, T is a corresponding
period in seconds, and o(A) is a function of distance A (in degrees).

ii.  Surface wave magnitude (Ms)

It is a worldwide scale and to measure the period of the amplitude of LR-waves
that have 20 seconds. Surface wave magnitude is normally used for great epicenter
distances large earthquakes (>2000km). However, it is not suitable to be used for
indicating relatively small and deep earthquake in specific regions. The relationship

between amplitude A, period T, distance A and Msis given by:
M; = log (%) + 1.66 log(4) + 2.0 2.5

Where A is spectral amplitude in microns, the horizontal component of the
Rayleigh wave with a period of the 20s, T is the period of the seismic wave in seconds,

and A is the epicenter distance in km.
iv.  Moment magnitude (M)

This is the best measure of the size of an earthquake that introduced by
Kanamori (1977) as it is used for measuring the whole spectrum of ground motion

which can be defined as the seismic moment function, M,. The seismic moment is
M, = GAU 2.6

Where G is the material’s shear modulus surrounding the fault (approx.
32000MPa in the crus and 75000 MPa in the mantle); A is the fault area (length xwidth)

in m?; U is the longitudinal displacement of the fault in m.
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The seismic moment is obtained from seismograph that using a fault with very
large rupture area as the point source for a long time wave. Hence, a magnitude based
on seismic moment will be the most accurately explains the size of the largest
earthquake since the seismic moment is a strain energy measurement that released from

the whole fracture area. Moment magnitude, M,, that has related to seismic moment is

as following:
MW = élogloMo - 60 27
Where My is in Nm, or
My = =l0g1oM, — 10.7 2.8
Where M, is in dyne-cm.
Table 2.1 Richter scale
Description Magnitude Average annually
Great & and higher 1
Major 7-7.9 18
Strong 6-6.9 120
Moderate 5-5.9 820
Light 4-490 (200 (estmated)
Minor 3-3.9 49 000 (estimated)
Very minor <3.0 Magnitude 2-3 about 1000 per day

Magnitude 1-2 about 8000 per day

Sources: (Datta, 2010)
2.2.4.2 Intensity

Intensity is the measurement of the observed destruction at a particular location.
This intensity is different from the location from the epicenter; it will be greater when it
IS nearer the site and lesser when it is far away. It is a qualitative description of the
effects of an earthquake at a specified site and used for interpretation of historical data
such as the establishment of location, the rate of recurrence, and earthquake size.
Modified Mercalli Intensity (MMI) was used to describe the effect of earthquakes,

19



composed by twelve different grade denoted by Roman numerals I-XII. Each level of
intensity and degree of intensity provide a qualitative description of earthquake effects
and evaluation of destruction together with the magnitude Richter scale. The lowest
intensity indicated the earthquake is insignificant and small whereas the highest
intensity showed the destruction of an earthquake is under catastrophic level where the
damage is nearly total and large rock masses are displaced. However, the measurement

of earthquake size should be according to the released energy at the focus.

Table 2.2 Modified Mercalli intensity (MMI) scale
Intensity Evaluation Description Magnitude
(Richter scale)
| Insignificant Only detected by instruments 1-1.9
I Very light Only felt by sensitive people; oscillation of hanging objects 2-29
111 Light Small vibratory motion 3-39
v Moderate Felt inside buildings; noise produced by moving objects 4-49
A Slightly strong  Felt by most people; some panic; minor damage
Vi Strong Damage to non-seismic resistant structures 5-5.9
VI Very strong People running; some damage in seismic resistant structures and
serious damage to un-reinforced masonry structures
Al Destructive Serious damage to structures in general
IX Ruinous Serious damage to well-built structures; almost total destruction 6-6.9
of non-seismic resistant structures
X Disastrous Only seismic resistant structures remain standing 1-1.9
Xl Disastrous in General panic; almost total destruction; the ground cracks
extreme and opens
XII Catastrophic Total destruction 3-8.9
Sources: (Datta, 2010)
2243  Ground Motion

Ground motion is another important parameter for earthquake measurement. It
is the movement of the earth’s surface from the waves that generated by sudden slip on
a fault. Characteristics that are covered by ground motion parameters are the amplitude
of motion, the frequency of motion, and duration of motion. This seismic measurement
parameter of ground motion including peak ground acceleration (PGA), peak ground
velocity (PGV), the ground displacement which is shown in Figure 2.8. Peak ground
acceleration is measured by the accelerogram where the velocity and displacement are
obtained through direct integration of the accelerogram. Acceleration provides the most
accurate measure of an earthquake’s intensity. They can provide a basis for dynamic

analyses of structures but they do not have any direct correlation to the seismic
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coefficients that used in the engineering design. On the other hand, ground velocity is
directly corresponding to the energy transmitted to the structure and the intensity of
damage caused. It provides a more accurate estimation of the potential damage to the
flexible structure such as tall building, bridges etc. Ground displacement is used for the
design of underground structures. It cannot use to determine ground motion due to the

displacement is related to the lower frequency range that is hardly determined.

Peak ground acceleration (PGA) is peak horizontal ground acceleration (PHA),
that commonly used to determining the intensity of ground shaking and it is the highest
value in the record. For example, a PGA value of 0.6g (g, the acceleration due to
gravity, 9.81 m/s®) produced a movement of ground that exerts a maximum horizontal
force that equal to 60% of its weight on a rigid structure. All points in the structure will
experience the same PGA. Vertical acceleration is not considered due to static gravity
load of the structure neutralize the dynamic vertical force created by vertical
acceleration produced by an earthquake. Hence, in the design code, the vertical
acceleration is taken as 1/3 to 2/3 of the horizontal acceleration and maximum
horizontal acceleration in two horizontal directions is equal. Usually, strong ground
motions carry powerful energy with high shaking frequency within the range from 0.03
to 30 Hz. The longer the duration of the earthquake, the bigger the stress it carries to
the building.
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Figure 2.8 Strong motion record from El Centro, 1940.
Sources: (Datta, 2010)
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2.3  El Centro Earthquake, 1940

The Imperial Valley in south-eastern Southern California was hit with a moment
magnitude of 6.9 and extreme intensity of X based on the MMI scale on May 19, 1940.
The earthquake was classified as a typical moderate-sized destructive event with a
complicated energy release signature (Trifunac & Brune 1970). It was the strongest
earthquake to be recorded to hit the Imperial Valley and caused widespread damage to
irrigation systems and nine people are dead during the event. At the time; it had a
population of about 40,000 and caused $6 million worth of property damage (Southern
California Earthquake Data Center, 2018).

Figure 2.9 The collapse of these walls in the business district of Imperial
caused the deaths of four people.

Sources: (Southern California Earthquake Data Center, 2018)

Figure 2.10  The collapse of the 100,000 gallon city water tank at Imperial.
Sources: (Southern California Earthquake Data Center, 2018)
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It was the first recorded major earthquake by a strong-motion seismograph
located next to a fault rupture (Hough, S.E., 2004). According to Gioncu & Mazzolani,
(2011), the ground motion of 1940 US EI-Centro earthquake is crucial in the evolution
of seismic design, being the first earthquake that recorded in the form of digital which
could be used in structural analysis. Due to the limitation of the understanding about an
actual attribute of different types of the earthquake, the record was applied for structural
analysis and design throughout the world for many years. Hence, this accelerogram is
then used and applied in this study to determine the critical member of an offshore

platform in Malaysia.
2.4 Seismicity in Malaysia

According to Malaysian Meteorological Department, Malaysia is located in
inactive seismic fault zones, hence, mostly 90% of buildings in Malaysia were designed
without considering any seismic provision. However, since Malaysia is surrounded by
Indonesia and the Philippines, which are two of the most seismically active countries in
this region with frequent earthquakes, therefore, Malaysia still facing a certain degree of
earthquake threat from both distant earthquakes. Nowadays, the earthquake happened in
Malaysia, for instances, the earthquake in Malaysia at Ranau, Sabah (2015), Lahad
Datu, Sabah (2012), Tasik Kenyir, Terengganu (2010), and Bukit Tinggi, Pahang
(2007). Those earthquakes have caused heavy damage to the property and crack to the
building, supposedly the engineer should have designed the building with considering
earthquake effects, yet, they still design the building without considering earthquake
effects. Marto et al., (2013) has conducted a study about the seismic impact in Malaysia
and stated that microzonation study should be conducted for current developing cities
for future consideration of the reactivation of ancient fault in Malaysia.

Jabatan Mineral dan Geosains Malaysia (JMGM) undertook a study of the
seismotectonic setting of Malaysia. They concluded that Malaysia is a low seismicity
country except for Sabah. These earthquakes started to occur since 2007 as presented in
Table 2.3. According to Marto et al., (2013) has commented that reactivations of
ancient inactive fault due to the intraplate stress built up after 2004 Megaquake
happened in Aceh, Indonesia. Although East Malaysia, especially Sabah is seismically

active and known as earthquake-prone area of Malaysia, Peninsular has experienced
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some tremors as well. The 2007 Bukit Tinggi earthquakes, of magnitudes 3.5 may have

occurred along the Bukit Tinggi Fault Zone within Peninsular Malaysia.

Table 2.3 Local earthquake occurrences in Malaysia
No. Location Magnitude Year
1 Ranau, Sabah 6.0 2015
2 Lahad Datu, Sabah 4.6 2012
3 Mersing 3.2 2012
4 Niah, Sarawak 3.3 2010
5 Tasik Kenyir, Terengganu 2.7 2010
6 Kuala Pilah, Negeri Sembilan 3.3 2009
7 Manjung, Perak 3.2 2009
8 Jerantut, Pahang 2.6 2009
9 Bukit Tinggi, Pahang 35 2007
Sources: (Bernama, 2010a, 2010b; Cheng, 2016; Noorliza Lat & Ibrahim, 2009; S.Bedi,
2012)

Based on historical records, subduction zone and strike-slip fault in Sumatran
are two external sources that originated the earthquakes in Malaysia. According to
Manafizad, Pradhan, & Abdullahi (2016), large earthquakes came from these two
active areas did created ground motion to the western part of West Malaysia. Seismic
source zones are considered within a radius of 500 km from the site. They stated that

any outside of this radius may not significantly affect by the peak ground acceleration.

According to Malaysian Meteorological Service, 2009, Sarawak has
experienced earthquakes of mainly local origin. Since 1874 up to now, a total of 21
earthquakes with magnitude ranging from 3.5 to 5.3 were recorded, with the MMI scale
of VI, suggesting a frequency of an earthquake every 6-7 years. In Sabah, it had
experienced 65 earthquakes of magnitude ranging from 3.3 to 6.5, with the Maximum
Mercalli Intensity scale of VIII, suggesting a frequency of an earthquake every 1 year.
Below figure 2.11 is the Earthquake and Tsunami Hazards Maps, it identified 5 Risk
Zones based on Maximum Mercalli Intensity (MMI) and Peak Ground Acceleration
(PGA) data: (i) Sabah has Zones 1 (in central and eastern Sabah with an MMI scale of
VIII), Zones 2 (in central and eastern Sabah with an MMI scale of VII), and Zones 3 (in
western Sabah with an MMI scale of VI); (ii) Sarawak was identified as having Zones 3
(in northern and central Sarawak with an MMI scale of VI), Zones 4 (over much of
Sarawak with an MMI scale of V) and Zones 5 (in western and southwestern Sarawak

with an MMI scale of 1V); and (iii) Peninsular Malaysia was identified as having Zones
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4 (in western Peninsular Malaysia with an MMI scale of V), Zones 5 (along the inner
western Peninsular Malaysia with an MMI scale of 1V) and the lower Zones (along the

central and eastern belts of the Peninsula with MMI scales of 111 and II).

MAXIMUM OBSERVED INTENSITY (MMI Scale)
PENINSULAR MALAYSIA (1805-2007); SABAH AND SARAWAK (1875-2007) Zone 1 VI
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Figure 2.11  Earthquake hazard zonation
Sources: (Malaysian Meteorological Service, 2009)

In 2005, Jabatan Kerja Raya (JKR), in collaboration with IKRAM Structure
Assessment Sdn. Bhd. (formerly known as IKRAM Research Centre Sdn Bhd) and
Structural Earthquake Engineering Research (SEER), University Technology of
Malaysia, conducted a study to assess the vulnerability to earthquakes of selected 65
public buildings at a total of thirteen locations including townships, cities, and districts
in Peninsular Malaysia, Sabah, Sarawak, and Labuan. Five buildings were evaluated at
each site. The selection of buildings was depend on the type of structure, design,
building height, soil type, etc in order to determine a broad spectrum of the various
types of buildings in Malaysia. The selected public buildings subjected to earthquake
forces were checked by using established methodologies known as ATC 21 & ATC 22

and conducting linear and non-linear dynamic analysis on susceptible buildings.

In the study’s findings, from the total of 65 buildings inspected, 60% are low-
rise buildings, 15.4% medium-rise, and 24.6% are high-rise buildings. Based on the
ATC-21 evaluation, it showed that more than 50% of the selected buildings on every
site required for further investigation. 55% of evaluated buildings in Peninsular

Malaysia needed detailed evaluation, while in Sabah and Sarawak, 56% and 60%
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respectively of the evaluated buildings needed detailed evaluation. Due to the limited
time and information on the building (drawing documents and construction data), only

80% of the critical buildings were evaluated in detail using the ATC22 procedure.

In short, the study showed that the buildings’ structural system is not critical to
earthquake load. Most of the buildings in Peninsular Malaysia were in good condition
and at least 50% of the selected buildings in Sabah and Sarawak were found to suffer
from concrete deterioration problems. The connections between subsystems were found
to be adequate. Besides, the highest damage index of building at moderate earthquake
level indicates that there no significant damage to the structure, but some non-structural

damages can be expected.
2.5  Offshore Structure

Offshore structure is built to manufacture the hydrocarbon oil and gas for
development purposes that mostly used in every end-use sector such as residential,
commercial, industrial in manufacturing and agriculture, transportation, and electric
power. According to Mukhlas et al., (2016), the offshore structure can be classified into
two types which are fixed and floating. There is five major areas of operation from
exploration to transportation of oil: (i) exploration, (ii) exploration drilling, (iii)
development drilling, (iv) production operations and (v) transportation. The lowest deck
must keep a minimum distance at approximately 1.5m or more from the waves crest
considering the maximum expected level of water from the combination of wave height
and tides. After seismic field surveying, one or more exploration wells are drilled.
Factors that are considered in the evaluation of the development plans are number of
wells needed, type of production facilities, number of facilities, and pipeline or tanker
off-loading.

There are three major categories of offshore structure: (i) fixed platform, (ii)
compliant platforms, and (iii) floating platforms. The fixed platform consists of jacket
platform, gravity platform, and jack-up rigs; compliant platform includes guyed tower,
articulate tower, and tension leg platform, while floating platform comprises of
semisubmersible, floating production unit (FPU), floating production, storage, and

offloading (FPSO) and spar. Types of the offshore structure are shown in Figure 2.12.
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Figure 2.12  Type of offshore structure
Sources: (Maske, Maske, & Shiras, 2014)

2.5.1 Offshore Wellhead Platform Support Frame

Wellhead platform is used for drilling and supporting the wellhead equipment
such as wellhead control panel and piping and helicopter landing structure for
emergency evacuation. The majority part of wellhead platform is built in steel which is
piled jacket or welded spaced frame with deck structures to support other operational

activities.

There are two typical fixed platform concepts: the jacket based platform is
applied to shallow water and the gravity based platform is used for deep water. For
shallow water, the progress of design and construction of the topside are proportional to
the drilling which products are allowed to start only after installed deck. For deep water,
the drilling will start after the platform is built and completely installed, this causes the

production will start in between 1 to 2 years after the platform installation.

Detailed of the structure is shown in figure 2.13. A major component of offshore

platforms are:

a) Superstructure: It consists of deck and equipment for the functioning of
the platform

b) Substructure: It supports the deck and transmits the load from the
substructure to the foundation.
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¢) Foundation: It supports both substructure and superstructure and
transmits the load to the seabed.

d) Mooring system: it is used to for station keeping of floating platform by
the anchor.

Flare Boom

Quarters

Figure 2.13  Fixed offshore platform
Source: (S. Nallayarasu, 1981)

2.6 Code of Practices for Offshore Structure

The offshore structures must be safely functioning with a design lifetime of 25
years or more. Potty, Akram, & Khamidi, (2012) stated that there are over 200
installations have been operating for more than 40 years. In Malaysia, there are 48% of
the platforms have exceeded their 25 years design life where 28% of Sarawak, 12% of
Sabah region and the remaining 8% of Peninsular, Malaysia (Zawawi, Liew, & Na,
2012). If the structures are not well designed and constructed with adequate strength, it
will lead to the failure of the structures. To ensure the safety of the structures against
seismic sufficiently, there are different types of design codes used to design offshore
structure in different countries. Current practices code that used in Malaysia will be

explained in the following.
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2.6.1 Seismic Design Guideline

There are three design codes used frequently in seismic design: API-RP2A, 1SO
19901-2:2004 and Eurocode 8. API-RP2A provide detailed information about the
considerations need to be taken during the design process of the offshore platform
where ISO 19901-2 is mostly described more detailed about the seismic design

procedure.
2.6.1.1 API-RP2A

API-RP2A outlined specific guidelines that can be used in the planning, design,
and construction of offshore platforms. The seismic design platform depends on the
expected ground motion, risks involved and acceptable damage to the platform. To
determine the seismic level, a first determination is exposure category intended for the
platform. These are including the life safety consideration refer to the human life on the
platform and failure consequence such as the expected damage to the operation and
environment. Safety of life will involve three categories which are manned-
nonevacuated, manned-evacuated, and unmanned. The consequences of failure

involved high level, medium level, and low level.

According to Brown, 2003, design of the platform to resist earthquake forces is
to fulfill two requirements, strength requirement and ductility requirement. Strength
requirement is used to design for Strength Level Earthquake (SLE) to ensure platform
has adequate strength to withstand an earthquake and not suffer any massive structural
damage. Return interval of these earthquakes normally is in between 100 to 500 years.
For ductility requirement, it is used to design Ductility Level Earthquake (DLE) for
providing sufficient reserve capacity to the platform to prevent collapse. Probabilistic
Seismic Hazard Assessment (PSHA) and Deterministic Seismic Hazard Assessment
(DSHA\) shall be addressed later.

2.6.1.2 1SO 19901-2:2004

ISO 19901-2:2004 outlined the design requirement and guidance of the
procedure for the seismic design of offshore structure. The requirement is applicable to
both steel structures and concrete structures. It also briefly explained the effect of

seismic events on floating structure and partially buoyant structures. Another series of
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similar design of codes are API-RP2A, Eurocode 8, Eurocode 5, International
Organization for Standardization, 1ISO 19901-4:2003 and 1SO 19902:2007. All of these
are approved and incorporated under European Committee for Standardization (CEN).
The study will be referred to as the ISO 19901-2:2004 for the determination of seismic
design procedure as it has proven to provide a better outline of the seismic design

procedure and more user friendly than API-RP2A (Trevon, 2009)

It identified two levels of earthquakes need to be considered in seismic design
which are Extreme level Earthquake (ELE) and Abnormal Level Earthquake (ALE).
ELE is used to design ultimate limit state (ULS) for strength and stiffness to ensure no
major damages occur to the structure during design service life and ALE is to ensure
that the structure has sufficient reserve strength and energy dissipation requirements
without loss of integrity. There are two alternative procedures for seismic design: (i)
simplified method and (ii) Detailed method. Simplified method is used when seismic
consideration is unlikely to disturb the design of structure where detailed method is for
seismic consideration that contributes great impact on the design. The selection of the
appropriate procedure depends on the exposure level of structure and expected intensity
and characteristics of seismic events (Joseph, 2009). Below figure showed the design

procedure for seismic analysis.
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Eurocode 8

By 2002, there are 10 sets Eurocode have been developed and published, two
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Seismic design procedure

cover the basis of structural design and actions, one covers geotechnical design and six
cover aspects specific to concrete, steel , composite steel and concrete, timber, masonry
and aluminium and last one cover all aspect of seismic design. Since it covered all
aspect of seismic design, it gives the option to low seismicity countries not to apply it at
all. Eurocode 8 has 6 parts: Part 1 (EN1998-1): “General rules, seismic actions, rules
for buildings”; Part 2 (EN1998-2): Bridges; Part 3 (EN1998-3): “Assessment and




retrofitting of buildings”; Part 4 (EN1998-4): “Silos, tanks, pipelines”; Part 5 (EN1998-
5): “Foundations, retaining structures, geotechnical aspects”; Part 6 (EN1998-6):

“Towers, masts, chimneys” (Fardis, 2004).

In this study, we are only focused on Part 1 of the EN-Eurocode 8 includes also
the general provisions such as performance demands, seismic loading, analysis
procedures, general concepts and rules applicable to structures beyond buildings. It
covers concrete, steel, a composite of steel and concrete, timber and masonry buildings,
and buildings with base isolation in separate chapters. Analysis procedure is including
for the design is linear modal response spectrum analysis and nonlinear dynamic which

known as response time history.

Modal results in the response spectrum analysis are combined through the
attentive application of the SRSS or CQC rule to determine displacement and internal
forces at the level of the final seismic action effects. SRSS or CQC rule will combine
and calculate lateral forces in that story for each mode from modal story acceleration
for analyzing the structural system. The input for Response time history analysis in 3D
should use at least 3 pairs of different records, the mean elastic spectrum of which
should not fall below by more than 10% of the design seismic action. In all analysis
methods, 5%-damped elastic response spectrum or the target displacement for nonlinear
static analysis, or acceleration time-histories for nonlinear dynamic analysis represent
seismic action. The spectrum depends on PGA chose for the analysis results

corresponding to the hazard level, with multiplication by the suitable importance factor.
2.6.2 Environmental Load Design Guideline

The worldwide leading structural code for the specific offshore structure is the
API-RP2A. 1t provides the specific guidelines on the design requirement and
characterization of environmental load that are to be used in planning, design, and
construction of offshore platforms, including foundation and additional constructs. The
consideration of environmental load is composed of wind, wave, and current loads. All

the formulation of the environmental load is referred to API-RP2A.
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2.6.3 Structural Design Guideline for Steel Structure

There are several design codes available for designing a safe structural building
or other civil engineering works. Each country will have their own favorable design
codes, as in Malaysia is moving toward implementation of Eurocode from British
Standard practice (Suriati & Yusoff, 2015). It was approved by CEN on 16 April 2004
and comprises 20 documents dealing with different aspects of the steel structure. In the
Civil Engineering courses in Malaysia’s local universities, they implement Eurocode
BS EN 1993-1-1:2005 in the learning syllabus for manual calculation of allowable
stress of the structural member such as tension, compression, bending and shear to

compare the result from software analysis.
2.7 Design Criteria for Offshore Structure

Some important design consideration must be taken including (i) water depth at
location, (ii) soil at sea-bottom and in-depth, (iii) wind speed, (iv) waves, current, (V)
ice (fixed, floes, icebergs), and (vi) earthquake. In this study, the analysis of offshore
structure is only considered dead loads, live load, wind load, waves load, earthquake
load, and current load. Basically, offshore structures are designed to resist various types
of loading that are greater in magnitude and complexity than onshore structure. Types
of loading applied to the structure are shown in Figure 2.15 and will be briefly

explained in the following section.

La 8Lkt |
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Mo & Mc &M, Mo & Mc 2 M,

Figure 2.15  Loads on an offshore platform. (V, self-weight of topside; M,, moment
with eccentric loading of platform; Ly, lateral wind load; L, lateral current load; L.,
lateral wave load, My & M; & M,, moment related to lateral loadings, and E, seismic

load)

Source: Dean, 2008
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2.7.1 Dead Load

The dead load will be divided into two types: structural dead loads and facility
dead loads. Structural dead loads will include all fixed items such as primary steel
structure, secondary structural items such as boat landing, stiffeners, handrails, deck

plating and small access platform in the platform deck, jacket, and bridge.

The primary steel structure are calculated automatically in the computer
program when used to analyze the structure; while the weight of secondary structural
steel items needs to calculate and apply to the appropriate locations. Facility dead load
is the weight of structure that built for drilling or wellhead type platform that supports
several equipment and facilities. The weight of the items shall be calculated and applied
at the appropriate location since they do not provide any stiffness to the integrity of the

structure.
2.7.2 Live Load

Live loads are a temporary movable load that could vary in magnitude, position,
and direction applied to the structure. They will only apply to areas such as temporary
or long-term storage, lay down area for material transfer to the boat, an open areas like
walkways, access platform and helicopter loads in helipad. These loads shall be

considered in the analysis of the offshore structures.
2.7.3 Wind Load

Wind load shall be calculated according to API RP2A guidelines. Wind loads
are a dynamic load that occurred in nature similar to wave loads. It only contributes
loads less than 10 percent to global loads of a conventionally fixed steel template in
relatively shallow water. In contrast, it can be significant loads to the structure in deeper

water and for compliant design.

Forces on flat surfaces are assumed to act normal to the surface where the forces
exerted on vertical cylindrical objects are assumed to act in the direction of the wind
from all angle of wind approach to the structure. An appropriate formula should be used
that take into account the direction of the wind in relation to the attitude of the object if

the forces on objects whether in flat surfaces or cylindrical objects are not in vertical
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attitude. The designer should consider the effect of local wind including the
concentration of pressure and internal pressures in the design. Details of the formulation

will be discussed in the following chapter.
2.7.4 Waves Load

According to Reddy, D.V, and Swanmidas, 2014, winds are the cause to the
generation of waves in the ocean by transferring different kinds of kinetic energy
intensities to the ocean water over large areas. The forces on structures are caused by
the motion of water due to the waves is higher than wind loadings. For deeper waters or
where platforms tend to be more flexible, the static analysis may not appropriately
explain the real dynamic loads exerted to the platform. Hence, the load analysis of such

platforms requires involving the dynamic action of the structure.

The strength of the waves depends on its height which can be obtained from
crest to trough (Figure 2.16). Besides that, it also imposed buoyant force and cyclic
loading on offshore structure. The force exerted by waves can be determined by using
Morison’s equation. Morison’s equation expresses the wave force as the sum of an
inertia force that proportional to the particle acceleration and a non-linear drag force
that proportional to the square of the particle velocity. As a result, it can only be applied

when D/L < 0.2, where D is the diameter of the member and L is wavelength.
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Figure 2.16  Waves characteristic
Source: (Afolalu, Ajayi, Ikumapayi, & Adejuyigbe, 2015)
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2.7.5 Current Load

As a result of wind blowing across the ocean surface, it creates a dynamic
friction pressure on the ocean water. The equilibrium of the ocean water surface
interrupted by the transference of kinetic and potential energies from air to the water
and cause surface current and waves (Reddy, D.V, and Swanmidas, 2014). There are
two types of ocean currents depend on their nature which is tidal current, and wind-
driven current. Current created by wind-driven are small in nature and it varies linearly
with depth whereas tidal currents vary nonlinearly with depth (S. Nallayarasu, 1981).
The current forces that act on the structural member can be determined by neglect the
wave’s conditions in the Morison’s equation. Briefly, discussion on the formula used

will be discussed in next chapter.
2.7.6 Earthquake Load

Earthquake loads are to be imposed as a separate environmental load and
combined with other environmental loads like wind, waves, etc. Structures located in a
seismic offshore region are generally analyzed and designed for two levels of
earthquake intensities: (i) strength level earthquake intensity and (ii) ductility level
earthquake intensity. For the strength-level earthquake, which is defined as having a
mean recurrence interval equal to 200 to 500 years, the structure will be designed to
respond in an elastic manner. For the ductility level earthquake, defined as the
earthquake intensity close to the maximum possible earthquake intensity at the site, the
structure will be designed for inelastic response; the structure should also have adequate

reserve strength to prevent its total collapse.

If the expected earthquake strength is low, then the effects of an earthquake can
be neglected in the design process; if the horizontal acceleration is small but greater
than 0.05g, then the structure should be analyzed by spectral analysis method for
determination of earthquake force demands (American, 2007). There are many modes
need to be considered for response spectrum analysis to representing an appropriate
response. It also needs to consider a minimum two modes that are the highest from the
overall response for each of the three principal directions including significant torsional
modes. The design response needs to be averagely calculated from the maximum values

for each of the time histories considered. Ductility analysis of traditional jacket-type
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structures is needed no acquired if the structure is located in the area where the intensity
ratio is equal or less than 2 of rare and intense earthquake ground motion to strength

level earthquake ground motion.
2.8 Seismic Response of the Structure

Study of the seismic response is required to design earthquake resistance
structures that allow significant damages will not occur to the structure under strong
earthquake. The response includes the magnitude, distribution of the resulting forces
and displacement of the structure. A building will experience a complex series of
oscillation due to the continuous shaking of the base during an earthquake where the
inertia mass of the building is trying to resist this motion and cause distortion to the
building. It can be 3 cases for the ground shaking motion: (1) when the ground shaking
is slower than nature oscillation of the building, the period of structure will be
approximately same as the displacement amplitude of ground; (2) if the ground motion
period same as the structure, large dynamic amplification of the motion occurs; and (3)
when the ground shaking is faster than the natural period of structure, the structure
experiences less motion than the ground. There are three methods used in this study to
determine the seismic response of the wellhead offshore platform that located in Kuala

Terengganu: free vibration analysis, time history analysis, and response spectrum.

Free vibration analysis is used to determine the natural frequencies, natural
periods and corresponding vibration modes of the structures. It is the simplest form of
dynamic response that may exist from the structure without considering ground motion
and damping. Whether the system is damped or undamped, the oscillation of frequency,
o will be the same, amplitude changed only. For damped oscillation, the amplitude will
be reduced to zero where undamped oscillation has a constant amplitude. The formula

of natural frequencies, f and natural periods, T is as below:

f=w/2n=1/T 2.9

T=2m/w=1/f 2.10

Where ® = radians/second; f = number of vibration in time, Hertz or

cycles/second; T = time required to complete one cycle of vibration.
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According to Elshafey, Haddara, & Marzouk, (2009) the displacement will only
have slight effect if the frequencies are far from the value of model’s natural frequency.
The peak frequencies become closer to the model’s natural frequency will contribute to
the major effect of aspects. Park, Koo, & Kawano, (2011) stated that maximum
displacement will occur when the seismic motion’s period is closer to the natural period
of the model. Shreyasvi & Shivakumaraswamy, (2015) also stated the probability of
undergoing damage of buildings that have lesser time periods due to high-frequency
ground motion is higher as they are more susceptible to high-frequency ground motions
which create resonance effect. According to Gerhard W. Leo, (1991), buildings in
excess of 7 stories usually have a natural frequency less than 0.6 Hz. Building from
three-to-seven stories resonates at 0.6 to 2.5 Hz. One-to-two story buildings resonate at
2.5 Hz or more. Larger earthquakes are known to have a greater proportion of their
energy concentrated in lower frequency ranges and are, thus, relatively more hazardous

to taller buildings

Time history analysis is the most complicated method of dynamic analysis for
building and the most accurate means of representing earthquake actions. It used the
mathematical model of the building that subjected to accelerations from earthquake

records to represent as the expected earthquake at the base of the building. Each
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earthquake record is unique having different peaks, duration and dominant period. It is
applicable to both elastic and inelastic analysis. Inelastic analysis, the stiffness is
assumed to be constant along the whole duration of an earthquake; wherein the inelastic
analysis, the stiffness is only constant along the incremental time.

A response spectrum is used to find the peak response of a structure during an
earthquake form the seismic response spectrum. It is the most famous tool in the
seismic analysis of structures as the response of the structure is according to the
frequency content of ground motion and its own dynamic properties. It is a plot of the
maximum response of displacement, acceleration or spring force against the period of
vibration, the natural frequency of vibration or the circular frequency of vibration.
There are computational advantages in using the response spectrum method of seismic
analysis for the assumption of displacements and member forces in structural systems.
Response spectra also able to determine the maximum structural responses under linear
range, for obtaining lateral forces developed in structure due to the earthquake and
facilitating in earthquake-resistant design of structures. When earthquake ground
motion data is available, response spectra is very useful in understanding and allow
engineers to visually imagine how buildings will perform and to determine deficiencies

and potential damage during a major damaging earthquake.

It can divide into two systems which are elastic and inelastic. The elastic system
assumes a linear relationship between structural force and displacement and the
response spectra only represent maximum responses. The inelastic system is for
economical design use of ductility of the structure to reduce the force demands as an
elastic system for strong ground motion will be uneconomical due to large force
demands. Multiple modes of response of a building are considered based on their modal
frequency and modal mass to provide an estimate of the overall response of the

structure.

After conducting dynamic analysis, there are several results could be obtained
related to the dynamic response of the structure. Below table showed the result obtained

by other researchers with using different inputs in the dynamic analysis.
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Table 2.4

Result of dynamic response from different input in the analysis

Author

Input

Output

Ahmad, Adnan, Nazir,
Ramli.N, Ali, Ramli.M,
2017

Li-Jeng, Hong-Jie, 2014

Park, Koo, Kawano, 2011

Bargi, Hosseini,
H.Tadayon, 2011

Elshafey, Haddara,
Marzouk, 2009

Dynamic analysis of fixed
offshore platform by using
SAP2000. Load
considerations are Aceh

earthquake loading, wind and

wave load. Free vibration
analysis, Response spectrum
analysis, and Time history
analysis are carried out.
To determine the
displacement, velocities,
acceleration of typical node
of Tower Crane by using
SAP 2000 considering 2
kinds of earthquake ground
acceleration.

Dynamic response analysis
of offshore platform due to
seismic motion with various
maximum seismic
accelerations and shear wave
velocities of soil.
Using simultaneously wave
and earthquake loading to
analyze the seismic response
of fixed jacket offshore
platform.

Dynamic analysis of four-
legged jacket with a
combination of diagonal and
k-bracings.

Design interaction ratios vary but
less than 1.0s and the maximum is
0.888. From the free vibration
analysis, The maximum value of
natural period for free vibration
analysis is 0.577s. The maximum
displacement is 17.708m.

The maximal displacement,
velocity, and accelerations
obtained from the nodal point
located at the highest position. The
maximal displacements of the
typical tower crane due to
earthquake excitations can be large
to more than 1 meter and the
associated maximal velocity and
acceleration can be greater than 4
m/s and 40 m/ s2, respectively
Period of seismic motion that close
to the natural period of the
structure will tend to provide a
maximum response.

The highest model period is 2.02s.
It concluded the maximum
response of displacement under a
combination of earthquake and
wave loads are more than
maximum displacement response
of earthquake load alone.

The maximal displacement,
velocity, and accelerations
obtained from the nodal point
located at the highest position. The
maximal displacements of the
typical tower crane due to
earthquake excitations can be large
to more than 1 meter and the
associated maximal velocity and
acceleration can be greater than 4
m/s and 40 m/ s2, respectively

Source: Elshafey et al., 2009; Ahmad et al., 2017; Bargi, Khosro; Hosseini, S.Reza;
H.Tadayon, Mohammad; Sharifian, 2011; Li-Jeng & Hong-Jie, 2014; Park et al., 2011
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CHAPTER 3

METHODOLOGY

3.1  Planning of Study

The whole process of the study will be briefly discussed in this chapter. To
ensure the efficiency of the project work, planning and scheduling have been conducted
in the initial stage before starting the work. In this study, the modal used in the dynamic
analysis is wellhead offshore platform and the purpose of the study is to determine the
critical member of the structure under seismic excitation. The software used for
computational analysis and structural modeling of the structure is SAP2000 version 18.
After the modeling has been done, the response spectrum, time history, and free

vibration analyses will be performed.

For the response spectrum analysis, it will be analyzed by using the curve of
response spectra in Eurocode 8 (EC8). Time history analysis will be conducted by
referring to time history of the earthquake in Aceh 2004. For the free vibration analysis,
it is obtained by SAP2000 to provide the natural frequency, natural period and the mode
shape of the structure. All the responses from the wellhead offshore platform structure
due to surrounding earthquake will be determined. The result obtained by response
spectrum and time history analysis will be compared and discussed in details.

For the load combinations, it involved a dead load of the structure, live load,
environmental loads and earthquake load. The environmental loads such as current
load, wave load and wind load for the wellhead offshore platform will be governed by
the location of the structure in the Malaysia region and will be determined all the loads
by using API design criteria standard. Moreover, manual calculation of allowable stress
of the structural member will be performed and implemented Eurocode 3 for comparing

the result obtained from software.
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3.2 Information and Data Collection

The information and data needed for the conduct the modeling and analysis

including:

I.  Structural drawing of wellhead support frame to show the layout,
dimension, and details of the structure.
Il.  Location, material, size and section used of the offshore structure.

[1l.  Environmental data from the site location including wind speed,
maximum wave height, wave period, current velocity, maximum tide,
storm surge.

IV.  El Centro, 1940 ground motion data from PEER Center.

3.2.1 Detailing Description

The type of offshore structure used in this analysis is wellhead support frame
which is known as deck framing or topside, the upper part of wellhead offshore
structure that located at Terengganu, Malaysia. The support frame consists of three
floors: main deck, mezzanine deck, and weather deck. Figure 3.2 and 3.3 clearly
showed the side view and plan view of wellhead frame. The total height of the structure
is about 8 m tall and the elevation of each floor is 4 m height. The dimension of the
platform is 14.725m x 13.366m.

The primary structural steel used in the framing is seamless tubular with
diameter 406 mm times wall thickness (W.T) 25.40 mm and the material used is high
strength steel with a yield strength of 355 MPa. Usually, the primary structural steel is
used as a bracing member and the main frame of the structure. For the secondary
structural steel, it has two different diameters and wall thicknesses which are 273 @ x
25.4 mm W.T and 168 @ x 21.95 W.T. Both secondary structural steel is also using
S355 high strength seamless tubular and functioned as an internal member. The design
of this structure complies with America Institute of Steel Construction, Manual of Steel
Design, Allowable Stress Design, 9™ edition and American Petroleum Institute APl RP-
2A.
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Figure 3.2 Side view of wellhead support frame
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c) Weathered deck frame

Figure 3.3 Plan view of wellhead support frame
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3.2.2 Material Description

Before we define the section properties of tubular used in the SAP 2000
analysis, we need to define the material used first. In this analysis, we implement S355
high strength steel that minimum yield strength, f, is equal to 355 N/mm?* and ultimate
tensile strength, f, is 430 N/mm?. The modulus elasticity, E of high strength steel used
is 210 000 N/mm?, where shear modulus, G of 81 000 N/mm? and Poisson’s ratio, v of
3.0. After complete define of material, we can proceed to section properties of steel.
There is total three types size of tubular utilized which are 406 @ x 25.4 W.T (main
structural steel), 273 @ x 25.4 mm W.T (internal member), 168 & x 21.95 W.T (internal

member).

:3(: Material Property Data X

General Data

Material Name and Display Color 5355 |.
Material Type Steel
Material Notes. Modify/Show Notes...
Wieight and Mass Units.
Weight per Unit Volume KM, m, C L
Mass per Unit Volume 7.849
Izotropic Property Data
Modulus of Elasticity, E
Poizson, U
Coefficient of Thermal Expansion, A
Shear Medulus, G B0769231.
Cther Properties for Steel Materials
Minimum igld Stress, Fy
Minimum Tenzile Stress, Fu
Effective Yield Stress, Fye
Effective Tensile Stress, Fue

Figure 3.4 Data of material properties
3.2.3 Loads Description

In this sub-chapter, detailed information regarding the load combination of dead
loads, live loads, wind load, wave load, current load, and earthquake load will be briefly

discussed.
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3.2.3.1 Dead and Live Loads

The computational software SAP2000 will automatically calculate the self-
weight of the wellhead platform offshore. Hence, dead loads other than self-weight of
the structure and live loads are required to search and collect. The table below listed out

the dead loads and live loads will be applied to the structure:

Table 3.1 Dead loads and live load description
No. Load description Weight (MN)
1 Jacket appurtenances weight 0.339
2 Topside dead loads 0.393
3 Topside live loads 1.150
4 Piping & equipment weights 0.400
TOTAL 2.282

3.2.3.2 Environmental Loads

Environmental loads were obtained from the data of MeteOcean. It is direct
response and depending on the location and is not a permanent value that can be used in
all places. Environmental criteria used for wellhead offshore platform will be based on
the location in Terengganu and is clearly showed in Table 3.2. Environmental loads
such as wind, wave, and current load will be determined by referring to the provided
criteria in Table 3.2 and formulation that obtained from API-RP2A.

Table 3.2 Environmental criteria used at Terengganu

MSL Types of data Unit Design condition

47.629 m Wave height m 10.79

Wave period S 10.90

Current velocity m/s 0.75

Wind speed m/s 21.80

Maximum tide m 2.00

Storm surge m 0.40

3.2.3.3 Wind Load

Wind load is one of the environmental loads and it is subjecting to elevations
and duration. In this study, wind profile and gust and wind drag force will be
considered for the design of wellhead platform offshore according to API-RP2A.
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Wind profile and gust considered the design wind speed, u(z, t) (m/s) at height z

(ft) above sea level and corresponding to an averaging time period t(s), where t < t, =

3600 sec during strong wind condition. The formula is given by:

10m.

Uz ) = U(2) X [1 - 041 X I(2) X In()] 3.1
Where the 1 hour mean wind speed U(z) (ft/s) at level z (ft) is given by:
U@) = U, X [1+ € xIn(5,7)] 3.2

C=5.73x10"%2 x [1+ 0.0457 x U,]*/? 3.3
Where the turbulence intensity, 1,(z) at level z is given by:

lu(z) = 0.06 X [1+0.0131 x U,] x(ﬁ)—o.zz] 34
Where U, (ft/s) is the 1 hour mean wind speed at 32.8 ft or approximately to

The wind drag force for an object caused by the wind speed is determined as:

F=(p/2) Xu?C,A 3.5
Where

F = wind force [N],

p = density of air [1.22 kg/m?],

U = wind speed [m/s],

Cs = shape coefficient [Table 3.3],
A = area of object [m?]

Table 3.3 Shape Coefficient, C

Projected Area by perpendicular wind Shape Coefficient, C
Beams 1.5
Sides of buildings 15
Cylinder sections 0.5
Overall projected area of the platform 1.0
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3.2.3.4 Wave Load

Wave loads on a member of the structure can be determined by the total of a
drag force and an inertia force by using Morison equation 3.6 as below. For typical
design conditions, global platform wave forces of unshielded circular cylinders can be
computed according to Table 3.4. These values are a suitable to use for the case of a
steady current where waves are neglected or the case of large waves with Umo Tapp/D >
30. Umo represented the highest velocity of the horizontal particle at storm mean water
level under the wave crest from the two-dimensional wave kinematics theory; Tapp
represented the period of the apparent wave, and D represents the diameter of platform
leg at storm mean water level. Furthermore, circular cross-sections element need to
group as either “smooth” or “rough” based on the expected amount of marine growth

for accumulating at the time of the loading event.

F =Fy+ F = Cp e AU+ G 2V D) 3.6

Where

F = hydrodynamic force vector per unit length acting normal to the axis of the

member [N/m],
Fp = drag force per unit length acting to the axis of the member [N/m],

F, = inertia force vector per unit length acting normal to the axis of the member
[N/m],

Cq = drag coefficient [Table3.4],
Cm = inertia coefficient [Table 3.4],
w = density of water [N/m?],

g = gravity acceleration, [m/s’],

A = projected area normal to the cylinder axis per unit length (= D for circular
cylinders), [m],

V = displaced volume of the cylinder per unit length (= nD%4 for circular

cylinders), [m?],
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D = effective diameter of the circular cylindrical member including marine

growth [m],

U = component of the velocity vector (due to wave or current or both) of the

water normal to the axis of the member'm/s],

|U|= absolute value of U [m/s],

sU . .
5 — component of the local acceleration vector of the water normal to the axis

of the member [m/s?]

Table 3.4 Drag coefficient, C4 and Inertia Coefficient, Cp,

Marine Growth Drag Coefficient, Cy4 Shape Coefficient, C
Smooth 0.65 1.6
Rough 1.05 1.2

According to API-RP2A, it stated that the Morison equation neglect the
component’s convective acceleration in the calculation of inertia force. Lift forces, slam

forces, and axial Froude-Krylov forces also neglected.
3.235 Current Load

The current force that exerted on the wellhead structure can be calculated by
Morison’s equation with ‘Z—Lt' = 0 where no wave condition is applied. The formula is
generated from equation 3.6:

w w oU
F=Fp+ F =0y AUIUI+ Cn V(G 3.6

F =FD=CD%A U|U| 3.7

3.2.3.6 Earthquake Load

To determine the seismic load, the seismic analysis is being done using the
SAP2000 version 18 by response spectra curve under Eurocode 8, 2004 for the response

spectrum analysis. Time history will be utilized the collected earthquake data that
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obtained from Pacific Earthquake Engineering Research Center and also analyzed
through SAP2000. The data used is of El Centro earthquake May 19", 1940.

The earthquake data collected is in North (N) direction as it the most critical
vibration compared to other direction. All the data is in a notepad document and need to
be transferring the data into Microsoft Excel file for data filtering and graph plotting
purposes. From the graph, we would be able to determine the maximum critical
acceleration and compare the data easily. Figure 3.5 showed the earthquake data from
East direction has been transferred to MS Excel file.

0.02 0.00354
0.04 0.00099
o.06 0.00428
0.03 0.00758

0.1 0.01087
0.12 0.00682
0.14 0.00277F
0.16 -0.00128
o.18 0.00368

0.2 0.00364
0.22 0.0136
o.24 0.00727
0.26 000094
0.28 0.004a2

0.3 0.00221
0.32 0.00021

Figure 3.5 Transferring earthquake data from East direction in MS Excel

In the data, there are some values which are in positive and negative values.
Hence, formula code of =MAX (-MIN (Range); MAX (Range)) is implemented to
determine the maximum data among the data. The maximum values of acceleration
obtained for N direction are 0.32g at time 2.006 seconds. The graph of time (s) versus

acceleration (g) has plotted and the result is shown as below:

Time (sec) versus Acceleration (g)

o
s

=]
w

Q
[N

o
h

Acceleration (g)
=]

0.1 | 1

W
‘.i ' Il f 20 —— Ak Centro
o |
! |1 |

-0.2

-0.3

0.4

Time (sec)

Figure 3.6 Time (s) vs Acceleration (g) in E-direction

50



3.3 Load Combination

Wellhead offshore platform has been modeled by SAP2000 version 18. Free
vibration analysis can be performed at the initial stage since it does not including any
loads on the structure but by the linear elastic material behavior (modal load) of the
structure. Since Time history and Response spectrum are analyzed in the study, the
loads considering in the analysis including dead loads, live loads, modal load,
environmental load consists of wind, wave and current, time history load and response
spectrum load. Several combinations of load cases are implementing the analysis as
below:

I.  Free Vibration analysis (FVA)
Il.  Dead load (DL) + Live load (LL)
[1l.  Environmental load (EL)
IV. Dead load (DL) + Live load (LL) + Environmental load (EL) + Time
history load (TH)
V.  Response spectrum (RS)

Furthermore, the results that are expected to acquire from SAP2000 are as:

I.  The modal shape of the wellhead offshore platform
Il.  Natural period and natural frequency of wellhead offshore platform
[1l.  Maximum unity check of all structural member
IV.  Maximum shear and bending stress in the member under various load
cases
V. Joint displacement, velocity, and acceleration under different types of
load combination

34 Resistance Capacity for Structural member

The following sub-section will show the formula of member’s resistance that
will be used for purpose of manual calculation checking according to Eurocode BS EN
1993-1-1:2005.
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3.4.1 The resistance of Cross Sections

The resistance of cross section is the maximum design value that can be

supported by the member. It considered in tension, compression, bending, and shear.
3.4.1.1 Tension

For sections with holes (bolt), the design tension resistance, N¢ rgq Should be
taken as smaller of design plastic resistance of gross section, Ny, rg and design ultimate

resistance of the net cross section at the hole, Ny, rq:

Af,
NpLrd = — 3.8
YMo
0.94
Nurd = 0-94netfu 3.9
YMm2

Where

A = area of cross section [m2],

f, = yield strength [N/mm?],

f, = ultimate strength [N/mm?],

Ymo = partial factor for resistance of cross section what class is [1.0],

ymz = partial factor for resistance of cross section in tension to fracture [1.25]
3.4.1.2 Compression

The design resistance of the cross section for uniform compression should be
determined as below:

For Class 1, 2, 3 cross sections:

Aly 3.10

NC,Rd =
YMo

Where
A = area of cross-section [m2],
fy = yield strength [N/mm?],
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ymo = partial factor for resistance of cross section what class is [1.0]
3.4.1.3 Bending moment

The design resistance for bending about one principal axis of a cross-section is

determined as follows:

For Class 1 or 2 cross sections:

Wpify 3.11

Mcrd = Mpird =
Ymo

Where

W, = plastic section modulus [cm?]

fy = yield strength [N/mm?],

vmo = partial factor for resistance of cross section what class is [1.0]
3.4.14  Shear

For plastic design, design shear resistance, V. rq iS the design of plastic shear
resistance, Vi, ra. In the absence of torsion, the design of plastic shear resistance, Vi rd

is given by:

Ay(fy/V3 .
Verd = Vpird = LUN9) 3.1
YMmo

Where

A, = shear area (circular hollow sections and tubes of uniform thickness, 2A/x),

[m?],

A = cross-sectional area [m?]
3.4.2 Buckling Resistance of Members
3.4.2.1  Uniform Members in Compression

A compression member should be verified against the buckling as follows:
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For Class 1, 2 and 3 cross sections:

XAfy
YMm1

A= RF =93.9¢
fy

_Ler 1

T

Nbrd =

® = 0.5[1+ a(X —0.2) + A?

1
X = gverme < 1O)

Where
x = reduction factor for bucking mode,
® = value to determine reduction factor, ¥,

A = non-dimensional slenderness,

1= slenderness value to determine relative slenderness,

€ = strain,

A = Cross sectional area [m?],
fy = Yield strength [N/mm?],
L = buckling length [mm],

i = radius of gyration [cm],

a = imperfection factor,

ym1 = partial factor for resistance of members to instability [1.0]
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Buckling curve
Buckling | S 235
Cross section Limits about g 275

axis S5 355 S 460
5 420
hot finished any a ap

Hollow
sections

© cold formed any c c

Figure 3.7 Selection of buckling curve for a cross section
Sources: Eurocode 3, 2005

Table 3.5 Imperfection factors fro buckling factors, a

Buckling curve Imperfection factor, a

o 0.13
0.21
0.34
0.49
0.76

Sources: Eurocode 3, 2005

o O T o

3.5  SAP2000 Computational Program

SAP2000 is the most integrated, productive and practical engineering software
for structural analysis and design of any type of structural system, ranging from 2D to
3D. Integrated modeling templates, code-based loading assignments, advanced analysis
options, design-optimization procedures, and customizable output reports all coordinate
across a powerful platform which makes SAP2000 very useful for practicing
professionals. It is object-based program where a complex model can be generated and
meshed with powerful built-in template including simple beams, 3D truss, 3D frame,
pipe etc and integrated design code features that can automatically generate wind, wave,
and seismic load with comprehensive steel and concrete design code such as AASHTO,
Eurocode, British Standard, American Petroleum Institute, Hong Kong Codes of

Practices, Singapore Code of Practice etc.

It also possesses standard and sophisticated analysis process which makes
SAP2000 more practical and productivity for any analysis such as simple static, linear
elastic, dynamic and nonlinear — inelastic. For instance, engineers are able to quickly
obtain the result of bending moments, shear force, axial force, and deflection of the

structural members of the building that is modeled with different elements such as
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beams, column, slabs with different loading and support restraints according to a
different code of practice used. SAP2000 can easily handle large multi-story projects
with ease and provide desired specific result including the area of steel, concrete
quantity, and size of an element required for the safety of the structure.

The output of SAP-2000 is available in the form of 3D perspectives of deformed
and un-deformed shape. Besides that, it also allows animation of different mode shapes
and deformed shapes where can be seen in different output parameters by multiple
windows. Moreover, the size of beam, column, and area of steel are directly displayed
on the frame members in concrete structure whereas, for steel structure, the section size
and shape are directly displayed on each member of a structure. Lastly, the output
design results in SAP-2000 will automatically revise the change input parameter

without re-analysis.
3.5.1 Checklist of SAP2000 Modelling and Analysis

To ensure the efficiency of the overall analysis in SAP2000, below are the

checklist to show the steps in modelling and analysis of wellhead platform:

I.  Define the type of model
Il.  Create, define, and coordinate the grid system for the model
I1l.  Define material and frame section properties
IV.  Construct the frame geometry by assigning the member
V.  Assign the restraints at the base of the structure
VI.  Define all load patterns and load combination
VII.  Assign the loads at specific frame element or joint
VIII.  Define function of Time History and Response Spectrum
IX.  Run the analysis of model
X.  Review analysis result and output table

XI.  Check the structural design

3.5.2 Steps in SAP2000 Modelling and Analysis

Step 1: Define the type of model
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First, click the File Menu > New Model command, select the unit of the project

in “kN, m, C” and template of 3D Frame for wellhead offshore platform.

M Mew Maodel | x|

Femm Moted Inhaiz aton Srogact el

o Irutabor Mode hem Cleladks vath Ures ErT - Wil Sihae Ik

Iritalize Model hom an Esstirg Fis
5 Tnassas T Tnsams ' Frames

Sebncd Templabe

Fark

qrid el Fleam

Irctengroaird Selid Mecek Pripa: e
Corcrete Plates

Figure 3.8 Select the modal type and unit
Step 2: Setting up the coordinate of grid line

Click the Define menu > Coordinate System/Grids command to display the
Coordinate/Grid system form shown in Figure 3.9, then insert the grid value of the

structure accordingly to the drawing for easily modelling the structure in next stage.

¥€ Define Grid System Data s
Grid Lir
System Name GLOBAL
X Grid Data
Grid ID Ordinate (m) Line Type Visible Bubble Loc Grid Color
0 Primry Yes Ed N [ Ao
B 1381 Primary Yes End |
c 7525 Primany Yes End | ——
o 13.366 Primary Y End | ]
¥ Grid Data
Grid ID Ordinate (m) Line Type Visible Bubble Loc Grid Color
0 Primary ves st [N [ Ao
2 14 Primary Yes Start |
Delete
3 7.3625 Primary Yes Start I [ Glueto Grid Lines
. 13.325 Primary Yes Start |
s 14725 Primary Yes Start I Bubble Size
Z Grid Data
Grid D Ordinate (m) Line Type Visible Bubble Loc Trrier e
0 Prmary 2 End Add
z2 4 Primary v End
25 8 Primary ¥ End Delete
Cancel

Figure 3.9 Define grid system data

Step 3: Define material and frame section properties
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Click the Define menu > Materials command to display the Define material
form shown in Figure 3.10. Click the Add New Material Quick for insert new material
S355. Next is to define frame section, click the Define menu > Section properties >
Frame properties > Import New Property. For our case, select the Circular Hollow
Sections (CHS) from the steel list.

Defing Matenals

Makanal: Chick te:
Add New Materis Quick .|
AS92F Y ackd Niore Mkl |
Add Copy of Matesal |
Modiy/Show Matenal |
|

[heiete Matenal

[T Show Advanced Propesties

Figure 3.10  Define material types

3¢ Material Property Data X

General Data
Material Name and Display Color 5355 .
Material Type Steel
Material Motes Modify/Show Notes...

Weight and Mass Units
Weight per Unit Volume KN, m, C ~
Mass per Unit Volume

Izotropic Property Data
Modulus of Elasticity, E 2 100E+08
Poiz=on, U 0.3
Coefficient of Thermal Expansion, A 1.170E-05
Shear Modulus, G 80769231

Other Properties for Steel Materials
Minimum Yield Stress, Fy 355000.
Minimum Tensile Stress, Fu 510000.
Effective Yield Stress, Fye 350500.
Effective Tensile Stress, Fue 561000.

|:| Switch To Advanced Property Display
Cancel

Figure 3.11  Material properties data
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x Pipe Section .
Section Name Turbular 168d Dizplay Color .
Section Notes | Modify/Show Notes...

Dimensions Section

Outside diameter ( 3 ) n1es

Wallthickness ( tw } 0.022 / \

3
Properties

Material Property Modifiers Section Properties..

+ 5355 o Set Modifiers... Time Dependent Properties.

0K Cancel

Figure 3.12  Define pipe section
Step 4: Draw the frame geometry by assigning member section properties

Wellhead offshore structure is modeled by assigning the frame element
according to the sizing of the member based on the architectural drawing. After
assigning all the frame geometry, added the slab on the structure and makes the slab and
the frame connected with each other by using “Auto-mesh” function. In meshing tool,
try to increase the mesh size instead of using default mesh size for obtaining an accurate
result. Lastly, assigning and add the restraints of the structure as fixed support at the

base.

Figure 3.13 3D modeling of the structure
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Figure 3.14  Restraint at the base
Step 5: Define load cases

Define all the load cases that will be applied to the structure. Load cases
including dead load, live load, environmental load and earthquake loading. First is to
define load pattern for each loading. After calculating the dead load and live load, then
applied to the structure as gravity load. Click the button Define > Load cases, set the
load case as Linear Static analysis type. Next is environmental load data. The load
patterns of each of the environmental load have been defined. APl 4F 2008 design
codes have been implemented in the wind load case for both X and Y direction. While
wave and current load have been implemented AP1 WSD 2000 as the design code. In
load cases, wind load is set to Linear Static analysis and wave load is set to multi-step

static.
:x: Define Load Patterns *
Load Patterns Click To:
Self Weight Auto Lateral
Load Pattern Name Type Multiplier Load Pattern
1
0
0 APIWSD2000 +
0 API4F 2013
WIND_Y Wind 0 APl 4F 2013
hd Show Load Pattern Notes. ..

Cancel

Figure 3.15  Define load pattern for each loading
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E Define Load Cases

Load Cases Click to:
| AddNewloadCase.. |
MODAL Modal | Add CopyofloadCase.. |
LNWE Linear Static
WAVE Linear Multi-step Static | Modify/Show Load Case... |
WIND_X Linear Static
WIND Linear Static |§| | Delete Load Case |
TH_E_1 Linear Modal History
TH_E_U2 Linear Modal History
TH_N_UA Linear Modal History EI Dizplay Load Cases
TH_N_U2Z2 Linear Modal History
RS_U1 Response Spectrum | Show Load Case Tree... |
RS U2 Respense Spectrum
TH_AC Linear Modal History
| ok | | Cancel |
Figure 3.16  Define all load cases
E Analysis Model - Area Information *
Location Assignments Loads
ldentification
Area Object 151 Area Element | 151-2
Load Pattern DEAD
Gravity Load
Coordinate System GLOBAL
uz 5.752 KN m.C o
Load Pattern LIVE
Gravity Load
Coordinate System GLOBAL
Uz -5.843
Cancel
Figure 3.17 Dead load & live load
53¢ Load Case Data - Linear Static
Load Case Mame Notes Load Case Type
[pEsD | | setDefiame | | Wodityshow.. | |Statk: « || Design.
Stiffness to Use Analysis Type
(® Zero Initial Conditions - Unstressed State ® Linear
) Stiffness at End of Nonlinear Case (O MNonlinear

Important Note:

Loads Applied
Load Type

Loads from the Monlinear Case are NOT included in the current

case

Load Pattern

Load Pattern

Figure 3.18

() Monlinear Staged Construction

Mass Source

| MSSSRC1

Dead load case data
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x Load Case Data - Linear Static

Load Case Name Notes Load Case Type
|LIVE Set Def Name Modify/Show... Static ~ || Design...
Stiffness to Use Analysis Type
@ Zero Initial Conditions - Unstressed State @ Linear
O Nenlinear

O Nenlinear Staged Construction

Loads Applied

Mass Source
Load Type Load Name Scale Factor MSSSRC1
Load Pattern ~ | LWE
Load Pattern Add
Modify
Delte

Cancel

Figure 3.19  Live load case data

For wind load case, the data on wind coefficients, exposure height, and wind
exposure parameters were inserted as showed at below.

3 API4F 2013 Wind Load Pattern *®
Exposure and Pressure Coefficients Wind Coefficients
Ref. Wind Velocity (Knots) 42.38
SSL Multiplier, Alpha 1.
Shielding Factor 0.85

Wind Exposure Parameters

Wind Direction Angle 0

Exposure Height

; 2
Maximum Glokal £ o

Minimum Global Z 0.

Figure 3.20  Wind load pattern data
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B¢ Load Case Data - Linear Static X

Load Cazse Name Notes Load Case Type
|WIND_X Set Def Name Modify/Show... Static ~ | Design...
Stiffness to Use Analysis Type
@ Zero Initial Conditions - Unstressed State @ Linear
St at End of Nonlinear Case O Monlinear

the Nonlinear Case are NOT included in the current (O Monlinear Staged Construction

Loads Applied Mass Source
Load Type Load Name Scale Factor | MSSSRC1
Load Pattern ~ | WIND_X v

Load Pattern WIND_X N Add
Modify

Delete

Figure 3.21  Wind load case data

The wave and current load part, the wave and current data have been inserted

accordingly based on the environment data criteria at Terengganu.

}{ Wave Load Pattern x

Wave Load Pattern Parameters

Wave Characteristics Default Add Modify/Show Delete
Current Profile WCURA1 Add Modify/Show Delete
Marine Growth None Add S Delete
Drag and Inertia Coefficients AP| Default Add odify/Sho Delete
Wind Load None Add odify/Sho Delete

Include Buoyant Loads

“ertical Reference Elevation for Wave

Global Z Coordinate
of Vertical Datum

Wave Load Pattern Discretization

Waximum Discretization Segment Size 1.524
Wave Crest Position Other Vertical Elevations Relative To Datum

Global X Coord of Pt on Initial Crest Position Mudline from Datum -47.629

Global ¥ Coord of Pt on Initial Crest Position High Tide frem Datum 2

Number of Wave Crest Positions Considered

Wave Direction Sea Water Properties

I III I ¢ o L4 < <

Wave Approach Angle in Degrees Water Weight Density 10.3

Show Wave Table Show Wave Plot

Cancel

Figure 3.22  Wave load pattern
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m Wave Characteristics
Edit

Wave Characteristic Name Default

Wave Factors Wave Type

Wave Kncnas Facor -
Storm Water Depth '

Wave Data Wave Theory

Wave Height 10.79 (®)  Airy Wave Theory (Linear)

! From Selected Wave Theory

) User Defined

Wave Period ) Stokes Wave Theory Order

) Cnoidal Wave Theory Order

N [

Figure 3.23  Wave characteristics

H Current Profile Data x
Edit

Current Profile Name |WCU R1 |

Current Profile Factors

Current Bleckage Factor
Current Profile Stretching Option _

Data Iz Specified at This Number of Elevations

Number of Elevations

Current Prefile Data

“ert from Datum Current Welocity Current Direction

: - = = ==

i

Figure 3.24  Current profile data
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J3¢ Wave Plot (Wave Characteristic: Default, Current: WCUR1) X
Display Type
Wave Height -1079m Vertical Datum -&m @ ciick for Values
Wave Period (Stationary) =10.9 Sec Mudline (ML) from Datum =-47.629 M yyave O Contours
Apparent Wave Period = 10.9 Sec Storm Water Depth =47629m O Arows
(O Vertical Cut
(O Horizontal Cut
ZiX Scaling Ratio
® Default |[0.3252
O User
Zwave Calculated Wave Length = 173.9332 m (Airy) D S T e
[] show Values at Pointer
| Modityshow wave | [ Refresh View |
| Show Wave Table | | Done |
x Load Case Data - Linear Multi-step Static
Load Case Mame Notes. Load Case Type
[wave | | Set Def Name | | Modify/Show... | |Multi-step Static - || Design...
Stiffness to Use Mass Source
@ Zero Initial Conditions: - Unstressed State | LEEEEL
Stiffness at End of Nonlinear Case o
Important Note: Loads from the Monlinear Case are NOT included in the current
case
Loads Applied
Load Type Load Name Scale Factor
Load Pattern ~ | WAVE 1.2
Load Pattern 2 |
Figure 3.26  Wave load case data

Step 6: Define function of Time History and Response Spectrum

Define the functions of Time History by attached the ground motion which in
the notepad file and adjusting time interval based on the seismic data. In our case, we
only have N direction of Time History function; hence we applied in U1 direction only.
If there are different directions then we applied seismic data in a different direction.
Moreover, load applied at U1 and U2 in each direction are determined. For Response
Spectrum, load applied for both U1 and U2 are considered in the analysis. Therefore,
total of two response spectrum load cases is performed. Moreover, the modal load case

is set at maximum 12 numbers of modes shape in this study.
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x Time History Function Definition x

Function Name TH_ALC

Function File Values are:

File Mame Browse... me and Functio

clusersiasusidocuments\zsap2000iel-centro. b

Header Lines to Skip 0
Prefix Characters per Line to Skip ]
Characters per ftem
Number of Points per Line 1
Convert to User Defined View File
Function Graph
TT
N
Iy
I I
I
INEN NI
Display Graph (282293 , 3.104E-04

oK -

Figure 3.27  Define time history function

x Load Case Data - Linear Modal History

Load Case Name Notes Load Case Type
|TH_AC Set Def Mame Modify/Show... Time History ~ || Design...
Initial Conditions. Analysis Type Solution Type
@ Zero Initial Conditions - Start from Unstressed State @ Linear @ Modal
O Nonlinear O Direct Integration
e History Type
@ Transient
Modal Load Case O
Periodic
Use Modes from Case MODAL it
Loads Applied Mass Source
Load Type Load Name Function Scale Factor | Previous (MSSSRC1)
Accel U ~ | TH_AC w981

i fiiacflast oo

Modify
A Delete
[] show Advanced Load Parameters
Time Step Data
Number of Output Time Steps 100
Output Time Step Size 0.1

Other Parameters
Modal Damping Constant at 0.05 Modify/Show...

Cancel

Figure 3.28  Linear modal history case data
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Spectrum Period, Tb
Spectrum Period, Tc
Spectrum Period, Td
Lower Bound Factor, Beta

Behavior Factor, g

Figure 3.29

x Load Case Data - Response Spectrum

Load Case Name
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Figure 3.30
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Load Case Data - Modal
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Figure 3.31  Modal load case
Step 7: Analysis the Model

Define the load combination will be used in the analysis as shown in Figure xx.
Then start to run the analysis. After running the load cases analysis, check the steel
structure accordance to EuroCode3, the critical member and maximum unity check of

the entire structures member are determined.

3 Define Load Combinations =

Lead Combinations Click to:

DL + LL Add New Combo...

EL

RS Add Copy of Combo...
DL + LL + EL + TH_&C
Modify/Show Combo...

Delete Combo

Add Default Design Combos. ..

Conwvert Combos to Nonlinear Cases. ..

Cancel

Figure 3.32  Define load combination
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x Set Load Cases to Run x
Click to:
Caze Name Type Status Action Run/Do Not Run Case
DEAD » | Linear Static  |Finished a |Run ~ : -
MODAL Modal Finished Run Show Case...
LNVE Linear Static Finished Run
WAVE Linear Multi-step Static Finished Run Delete Results for Case
WIND_X Linear Static Finished Run
WIND_ Y Linear Static Finished Run
TH_E_U1 Linear Modal History Not Run Do not Ri | RunDoMNotRunAl
TH_E_U2 Linear Modal Histery Not Run Do not Ru
- = Delete All Results
TH_N_UM Linear Modal History Not Run Do not i | e AlResu |
TH_N_U2 Linear Modal History Not Run Do not Ru
RS_U1 *|Response Spectrum ¥ |Finished % |Run W | o e e |
Analysis Monitor Opticns |:| Model-Alive
() always Show I Bun Now |
() Mever Show
(®) Show After D seconds | LE | | FETEE |

Figure 3.33  Set load case to run
Step 8: Display result and output table

After performed all the analysis, the result can be obtained from Display tab in

the menu and used for report purposes.

embled Joint Masses — O

File  View Format-Filter-50rt  Select  Options

Units: As Noted Assembled Joint Masses
Fitter:
Joint MassSource U uz2 u3 R R2 R3 CenterX CenterY CenterZ
Text KN-s2/m KN-s2/m KN-s2/m KN-m-s2 KN-m-s2 KN-m-s2 m m m
}—— MSSSRCA 0.5% 0.5% 0.5% 0 0 0 0 14.725 0
2 MSSSRC1 0.88 0.88 0.88 0 0 0 1.881 14725 0
3 MSSSRC1 0.88 0.88 0.88 1] 1] 1] 7.825 14725 1]
4 MSSSRC1 0.59 0.59 0.59 1] 1] 1] 13.366 14725 1]
5 MSSSRC1 1.08 1.08 1.08 0 0 0 0 13.325 0
6 MS3SRC1 143 143 143 0 0 0 1.981 13.325 0
7 MSSSRC1 288 288 288 0 0 0 7.825 13.325 0
] MSSSRC1 1.43 1.43 1.43 0 0 0 13.366 13.325 0
9 MSSSRC1 1.42 1.42 1.42 0 0 0 0 7.3625 0
10 MSSSRCA 0.85 0.85 0.85 0 0 0 1.981 7.3825 0
1 MSSSRCA 158 158 158 0 0 0 7.825 7.3825 0
12 MSSSRCA 098 098 098 0 0 0 13.366 7.3825 0
13 MSSSRCA 1.06 1.06 1.06 0 0 0 0 1.4 0
14 MSSSRCA 1.43 1.43 1.43 0 0 0 1.981 1.4 0
15 MSSSRCA 255 255 255 0 0 0 7.925 1.4 0
MSSSRCT 143 143 143 0 0 0 13,366 14 0

1

16
Record:

nf14uﬁ [ AdaTabes. | [ Done

Figure 3.34  Result output table
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CHAPTER 4

RESULTS AND DISCUSSION

4.1  Summary of Analysis

Wellhead offshore platform has been modelled by SAP2000 version 18. Free
vibration analysis is performed at the early stage since it does not including any loads
on the structure but by the linear elastic material behaviour (modal load) of the
structure. Earthquake analysis such as Time history and Response spectrum are
analysed in the study, the loads considering in the analysis including dead loads, live
loads, modal load, environmental load consists of wind, wave and current, time history
load and response spectrum load. Several combinations of load cases are implementing

to the analysis as below:

I.  Free Vibration analysis (FVA)
Il.  Dead load (DL) + Live load (LL)
[1l.  Environmental load (EL)
IV. Dead load (DL) + Live load (LL) + Environmental load (EL) + Time
history load (TH)
V.  Response spectrum (RS)

Furthermore, the results that are expected to acquire from SAP2000 are as:

I.  Modal shape of the wellhead offshore platform
Il.  Natural period and natural frequency of wellhead offshore platform
[1l.  Maximum unity check of all structural member
IV.  Maximum shear and bending moment in the member under various load
cases
V. Joint displacement, velocity, and acceleration under different types of
load combination
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4.2 Wellhead Offshore Modelling

The model of wellhead offshore platform has been performed by using SAP
2000 version 18 shown in Figure 4.1. There are some assumptions and linear properties

have been made and used to model the structure:

I.  The geometry, dimension and details of the structure are according to
actual structural drawing of wellhead support frame.
Il.  Location, material, size, and section used of the offshore structure are
represented similarly to the actual structure.

1. Environmental data from the site location including wind speed,
maximum wave height, wave period, current velocity, maximum tide,
storm surge.

IV.  The ground motion of Al- Centro Earthquake, 1940.

V.  The support of the structure is assumed to be fixed on the ground instead

of piled.

lI / 0 v‘l\

Figure 4.1 3D model of the wellhead support frame
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4.3  Free Vibration Analysis

Free vibration analysis of the frame has been carried out by only considered the
modal in SAP2000 software. It is about the deformed shape of the frame that has set in
an initial input for motion and allowed it to vibrate freely. The mode is a standing wave
that will affect all the components of the system under a constant frequency. This mode
concept is only taken as a general characterization of specific states of oscillation as

there is no real system that can perfectly fit under the standing wave framework.

In the analysis, the model number we applied to the frame is up to twelve (12)
types of mode shape. The natural frequency, natural period and deformed shape of each
modal of the wellhead support frame have been acquired. The summary of the results
has been tabulated in Table 4.1 and graph plotted in Figure 4.2. Generally, the mode
shape represents the shape that the structure will vibrate in free motion and the same
shape tends to dominate the motion of the structure during an earthquake. The first
three modes of vibration are the most interest because they usually have the largest
contribution to the structure’s motion. The natural period of the first mode is the longest
and follows by the second mode and third mode. The first three mode shapes are shown
in Figure 4.3 (a), (b) and (c) respectively. The grey color lines showed the original
shape of the wellhead offshore frame, where the blue color lines showed the deflected
shape of the frame. Generally, the result is quite acceptable and logical as the structure
is a two story building and its natural frequency should not lesser than 2.5 Hz.

Table 4.1 Modal period and frequencies

Mode Natural Period, T Natural
(sec) Frequency, f (Hz)

1 0.1060 9.4344
2 0.0878 11.3889
3 0.0776 12.8815
4 0.0767 13.0347
5 0.0752 13.2988
6 0.0720 13.8862
7 0.0717 13.9418
8 0.0652 15.3343
9 0.0607 16.4723
10 0.0605 16.5394
11 0.0596 16.7784
12 0.0593 16.8748
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Figure 4.3
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4.4  Time History Analysis

Time history earthquake analysis has been performed on the wellhead offshore
structure by referring to the ground motion of El Centro obtained from the PEER
Center. El- Centro Earthquake occurred on May 18, 1941, at Imperial Valley with
magnitude 6.9 on the Richter Scale or 0.32g of ground acceleration. Figure 4.3

presented plotted graph of time versus acceleration.

Figure 4.4 Time (sec) versus Acceleration (g)

It is used to determine the dynamic response of a structure under the action of
any general time-dependent loads. The results obtained from this analysis are time-
varying displacements, velocities, and accelerations of the wellhead offshore structure
in X, y and z directions under El- Centro Earthquake loading. The most critical part of
joint of the structure is joint 37 after analyzed by computational software, SAP2000.
The analysis of time history results in different directions are presented in Table 4.2 and
graph plotted showed in Figure 4.5 to 4.7. The table presented only the maximum
response of the investigated model to the seismic excitation. Basically, all the peak
responses occur in X-direction among other directions. The maximum displacement of
0.0010 m occurs at 2.5s; for velocity, the maximum value is 0.028 m/s occurred at 4.9s,
and maximum acceleration happened at 2.5s with 1.1220 m/s’.

Table 4.2 Time History Displacement, Velocities, and Acceleration of Joint 37 in 3

directions
Displacement, m Velocities, m/sec Accelerations,
Joint Direction m/sec2
Min Max Min Max Min Max
37 X -0.0008 0.0010 -0.0385 0.028 -3.9020 1.1220
37 Y 0.0000 0.0000 -0.0003 0.0002 -0.0259 0.0081
37 Z -0.0002 0.0004 -0.0122 0.0088 -1.4460 0.3469
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Figure 4.7 Comparison of acceleration history in x, y and z-direction at Joint 37

45  Response Spectrum Analysis

In order to perform the dynamic analysis and design of a structure to be built at
a particular location, the actual time history record is required. However, it is not
possible to have such records at each and every location. Furthermore, the seismic
analysis of structures cannot be simply conducted based on the peak value of the ground
acceleration as the response of the structure depends upon the frequency content of
ground motion and its own dynamic properties. To solve all these difficulties,
earthquake response spectrum is the most famous instrument in the seismic analysis of
structures. There are computational advantages in using the response spectrum method
of seismic analysis for prediction of displacements and member forces in structural
systems. However, the calculation only considered the maximum values of the
displacements and member forces in each mode of vibration by using smooth design

spectra that are the average of several earthquake motions.

Response spectrum analysis has been performed according to Eurocode 8 2004.
The overall response of the system is calculated by combining maximum modal
responses specified by one of the mode combination methods (SRSS, CQC, GRP, etc.).

Based on results from the modal analysis, Complete Quadratic Combination (CQC)
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method is applied for the combination of maximum modal responses. CQC method is
proposed as it will provide a more accurate result compared to SRSS. According to Xi-
Yuan ZHOU, (2004), SRSS method has good accuracy only when the modal
frequencies are well separated; while CQC is good in closely spaced modes of
oscillation. For directional combination type option, Square Root of Sum of Square
(SRSS) option is applied due to horizontal (U1 and U2) are having similar scale factor.
The response spectrums with 0%, 2%, 5 % and 10% damping ratio used in spectrum
analysis at joint 37 wins three directions are presented in Figure 4.8. Figure 4.8a

presented the maximum response of the model to the correspondent response spectrum.
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Figure 4.8 Pseudo-Spectral Acceleration in X, y and z-direction at Joint 37

4.6  Linear Analysis

There are several combinations of load cases that been applied in this linear
analysis, these consist of combination of dead load (DL) + live load (LL),
environmental load (EL), dead load (DL) + live load (LL) + environmental load (EL) +
time history load (TH) and response spectrum load (RS). The most critical frame
element in this offshore structure has been determined which is frame element 25 with
0.51 unity ratio. Moreover, the results of the various combinations of load case of this
frame element have been determined and presented in the table and diagram form. The
result and output obtained consist of the shear force diagram and bending moment

diagram

Table 4.3 showed the shear force diagrams of four (4) types of different
combination of load cases that was applied in this linear analysis. The result of the shear
force diagram for the combination of dead load (DL) + live load (LL) linear analysis is
shown as below. From the shear force diagram, the maximum shear force is -449.44 kN
which happen at the frame element 25. From the maximum shear stress result, shear
stress and allowable capacity check have been calculated and tabulated in the table 4.4,
which is -14 796.77 kN/m? and 130 464.21 kN/m? respectively.

Moreover, the result of the shear force diagram for the combination of
environmental load (EL) also showed as below. Wind load, wave load, and current load
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are the load that comprised in this environmental load analysis. From the shear force
diagram, the maximum shear force for environmental load analysis is 22.86 kN which
happen at the frame element 25. From the maximum shear stress result, shear stress and
althe lowable capacity check has been calculated and tabulated in the table 4.3, which is
752.64 kN/m? and 130 464.21 kN/m? respectively.

For the result of combined load cases of dead load (DL) + live load (LL) +
environmental load (EL) + time history load from El Centro (TH) are determined, the
shear force diagram has obtained as showed in table 4.2. The maximum shear force of
this analysis which happens at the frame element 25 is -427.38 kN. From the maximum
shear stress result, shear stress and althe lowable capacity check has been calculated and
tabulated in the table 4.3, which is -14 070.47 kN/m® and 130 464.21 kN/m?

respectively.

Lastly, the response spectrum (RS) analysis have been performed, the shear
force diagram has been obtained as showed in table 4.2, the maximum shear force of
this analysis which happens at the frame element 25 is 9.45 kN. From the maximum
shear stress result, shear stress and allowable capacity check have been calculated and
tabulated in the table 4.3, which is 311.18 kN/m? and 130 464.21 kN/m? respectively.

Among all the load combination cases, the biggest shear force and shear stress
obtained from the analysis is the load combination with dead loads and live loads (DL+
LL) which are —499.44 kN and -14 796.77 kN/m? from SAP2000 respectively. The
smallest moment and bending stress are belonging to fourth cases: Response Spectrum,
which has only 9.45 kNm and 311.18 kN/m? respectively.
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Table 4.3 Shear force diagram for several load combination at element 25

Load Shear Force Diagram
Combination

RESUILEIL Sied]

DL +LL Shear V2

—440 444 KN
atl.m

Re=zultant Shear

EL Shear V2

22 861 KN
at.m

22 861 KN
atl.m

Reszulttant Shear

DL +LL + Shear V2
EL+TH_AC

-475 982 KN
at.m

437 333 KN
atl.m

RS Resultant Shear

Shear V2

5.452 KN

at 1.48063 m
-9.452 KN

at 1.48063 m

Table 4.4 Shear stress and allowable capacity check for several load combination
at element 25

Load Combination Design shear Shear stress,  Allowable shear Allowable shear
force, Veq five (KN/m?) force, Vi, ro stress, Fy (kN/m?)
(KN) (KN)
DL+ LL -449.44 -14 796.77 3962.78 130 464.21
EL 22.86 752.64 3962.78 130 464.21
DL+LL+EL+TH_AC -427.38 -14 070.47 3962.78 130 464.21
RS 9.45 311.18 3962.78 130 464.21

Table 4.4 showed the bending moment diagrams of several combinations of load
cases that was applied in this linear analysis. The result of bending moment diagram for
the combination of dead load (DL) + live load (LL) linear analysis is shown as below.

From the bending moment diagram, the maximum bending moment is -667.58 kNm
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which happen at the frame element 25. From the maximum bending moment result,
bending stress and the allowable capacity check has been calculated and tabulated in the
table 4.5, which are -245 307.52 kN/m? and 480 677.45 kN/m?” respectively.

Moreover, the result of bending moment diagram for the combination of
environmental load (EL) also showed as below. Wind load, wave load, and current load
are the load that comprises in this environmental load analysis. From the bending
moment diagram, the maximum bending moment for environmental load analysis is
31.93 kKNm which happen at the frame element 25. From the maximum bending
moment result, bending stress and the allowable capacity check has been calculated and
tabulated in the table 4.5, which are 11 733.58 kN/m® and 480 677.45 kN/m?

respectively.

For the result of combined load cases of dead load (DL) + live load (LL) +
environmental load (EL) + time history load (TH) are determined, the bending moment
diagram has obtained as showed in table 4.4. The maximum bending moment of this
analysis which happens at the frame element 25 is -636.77 kNm. From the maximum
bending moment result, bending stress and the allowable capacity check has been
calculated and tabulated in the table 4.5, which are -233 986.45 kN/m? and 480 677.45

kN/m? respectively.

The response spectrum (RS) analysis have been performed, the bending moment
diagram has been obtained as showed in table 4.5, the maximum bending moment of
this analysis which happens at the frame element 25 is 14.83 kNm. From the maximum
bending moment result, bending stress and the allowable capacity check has been
calculated and tabulated in the table 4.6, which are 5 448.14 kN/m? and 480677.45

kN/m? respectively.

Among all the load combination cases, the biggest bending moment and bending
stress obtained from the analysis is the load combination with dead loads and live loads
(DL+ LL) which are -667.58 kNm and -245 307.52 kN/m? from SAP2000 respectively.
The smallest moment and bending stress are belonging to fourth cases: Response
Spectrum, which has only 14.83 kNm and 5 448.14 kN/m? respectively.
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Table 4.5 Bending moment diagram for several load combination at element 25

Load Bending Moment Diagram
Combination
Re=zultant Moment
DL+LL Moment M3
-B67 5765 KN-m
atd. m

Resuftant Moment
EL Moment M3

31.9316 KN-m
atd.m

31.9316 KN-m
atl.m

Resultant Moment

DL+LL + Moment M3
EL+TH_AC
534 6668 KN-m
at0.m
£36.7675 KMN-m
at0.m

Resuttant Moment

RS
Moment M3
14.8265 KN-m
atl.m
-14 8265 KN-m
atl.m
Table 4.6 Bending stress and allowable capacity check for several load
combination at element 25
Load Combination Design Bending stress, Allowable Allowable bending
moment, Mgq f, (KN/m?) bending stress, Fp, (kN/m?)
(kNm) moment, My, rp
(kNm)
DL +LL -667.58 -245 307.52 1308.11 480 677.45
EL 31.93 11 733.58 1308.11 480 677.45
DL+LL+EL+TH_AC -636.77 -233 986.45 1308.11 480 677.45
RS 14.83 5448.14 1308.11 480 677.45

86



4.7  Result Comparison of SAP 2000 and Manual Calculation

In order to determine the safest design for our structure, a variety of design
analysis options has been considered including manual calculation or computational
software calculation. Then, both calculations were compared to indicate that our design
is safe and sound and to check is there any differences between the calculations. For the
manual calculations, we only analysed for element 25 (beam) as it is the most critical
member in the structure with 4 types of load combination cases including dead load
plus live loads (DL + LL), environmental loads (EL), time history loads with dead
loads, live loads and environmental loads (DL + LL + EL + TH_AC), and response

spectrum (RS).

Below shown is the comparison of manual calculations and design calculation
using SAP2000 verl8. We have checked and compared the final PMM
demand/capacity ratios obtained from both manual calculation and SAP2000
calculation. All steel frames are showing passed the stress/ capacity check as the ratio is
less than 1 for all load combinations cases as shown in the table below. In the
calculation of SAP2000, the most critical ratio of the element in this offshore model is a
beam member 25 with 0.51 ratios under the load combination of dead loads and live
loads. Compared with manual calculation, the most critical ratio of the member in this
offshore model is 0.52 ratios for the same element. The percentages difference is only
1.96% which is the second smallest differences in the comparison. For environmental
loads cases, it is the maximum percentages differences between the manual and
SAP2000, 25% where 0.025 ratios are from manual calculations and 0.020 for
SAP2000. Moreover, both demand/capacity ratios calculations are same for time history
combination load which is 0.49. In the end, for response spectrum cases, the differences

between both ratio calculations are about 10%.

Based on the comparison between manual calculations and software analysis,
the differences might be explained by rounding error made during calculations. For
instances, SAP2000 has rounded off the value of plastic modulus, Wy, and elastic
modulus, W¢, to 3 decimal places only, while manual calculation is using exact value in
the table properties of section based on BS EN 1993-1-1:. 2005, which lead to the
slightly difference of bending moment resistance, hence ratio will difference a little.
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Among all the load combination cases, the biggest ratio obtained from the
analysis is the load combination with dead loads and live loads (DL+ LL) which is 0.51
from SAP2000. In short, we are blessed to obtain a safe and stable design for our

structure and the results are shown below.

Table 4.7 PMM Demand/Capacity Ratio between manual calculation and

SAP2000
Load Combination Element Frame PMM Demand/ Capacity ratio Percentage
Design number Manual SAP2000 Difference, %
Calculations

DL+LL Beam 25 0.520 0.510 1.96

EL Beam 25 0.025 0.020 25.00
DL+LL+EL+TH AC Beam 25 0.490 0.490 0.00
RS Beam 25 0.011 0.010 10.00

4.8  Summary of Analysis

At the end of the analysis, all elements’ unity check has been executed; the final
P-M demand/capacity ratios are obtained and displayed in figure 4.8 below. All the
analysis and design sections matched for all steel frames and all steel frames passed the
stress/capacity check as the maximum ratio is only 0.51 which is less than 1.0. The
most critical frame member in this wellhead offshore platform is beam element 25
showed in table 4.8. Deformed shape of the structures for each load case combination

also shown in this summary of the analysis.
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Figure 4.9 PMM Demand/Capacity Ratio of Wellhead Offshore Structure
Table 4.8 Unity Ratio of Structure Member
Frame  Design Section Design  Maximum Load Combination
Number Type Unity
Check
1 Turbular 273d Beam 0.12 DL+LL+EL+TH_AC
2 Turbular 273d Beam 0.12 DL+LL+EL+TH_AC
3 Turbular 273d Beam 0.15 DL +LL
4 Turbular 406d Beam 0.25 DL +LL
5 Turbular 406d Beam 0.21 DL +LL
6 Turbular 406d Beam 0.17 DL +LL
7 Turbular 406d Beam 0.27 DL + LL
8 Turbular 406d Beam 0.28 DL +LL
9 Turbular 406d Beam 0.34 DL +LL
10 Turbular 406d Beam 0.25 DL +LL
11 Turbular 406d Beam 0.21 DL +LL
12 Turbular 406d Beam 0.17 DL +LL
13 Turbular 273d Beam 0.12 DL+LL+EL+TH_AC
14 Turbular 273d Beam 0.12 DL+LL+EL+TH_AC
15 Turbular 273d Beam 0.15 DL +LL
16 Turbular 273d Beam 0.10 DL+LL
17 Turbular 406d Beam 0.11 DL +LL
18 Turbular 406d Beam 0.11 DL +LL
19 Turbular 273d Beam 0.10 DL+LL
20 Turbular 406d Beam 0.20 DL+LL
21 Turbular 406d Beam 0.40 DL +LL
22 Turbular 406d Beam 0.40 DL +LL
23 Turbular 406d Beam 0.20 DL+LL
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24
25
26
27
28
30
31
32
29
33
34
35
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 273d
Turbular 406d
Turbular 406d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 273d

Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam

0.20
0.51
0.51
0.20
0.12
0.31
0.30
0.12
0.06
0.15
0.14
0.10
0.09
0.26
0.28
0.22
0.10
0.11
0.09
0.06
0.15
0.14
0.05
0.25
0.25
0.05
0.06
0.13
0.13
0.06
0.06
0.15
0.15
0.06
0.04
0.05
0.05
0.04
0.08
0.16
0.17
0.15
0.25
0.18
0.36
0.33
0.21
0.15
0.25
0.18
0.08
0.16
0.17
0.12
0.16

DL+LL

DL +LL

DL +LL

DL+LL
DL+LL+EL+TH_AC

DL +LL

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC

DL +LL
DL+LL+EL+TH_AC

DL +LL
DL+LL+EL+TH AC

DL +LL

DL+LL
DL+LL+EL+TH AC

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC

DL+LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC

DL+LL

DL+LL
DL+LL+EL+TH AC

DL +LL

DL+LL

DL +LL
DL+LL+EL+TH AC

DL +LL

DL +LL

DL+ LL

DL +LL

DL +LL

DL+ LL

DL+ LL

DL +LL

DL+ LL

DL+ LL
DL+LL+EL+TH_AC

DL +LL

DL+ LL
DL+LL+EL+TH_AC

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL
DL+LL+EL+TH_AC

DL +LL

DL +LL
DL+LL+EL+TH_AC

DL +LL

DL +LL
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80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
156

Turbular 273d
Turbular 273d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d

Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Beam

0.16
0.12
0.18
0.35
0.35
0.17
0.27
0.49
0.49
0.27
0.15
0.31
0.31
0.15
0.03
0.06
0.07
0.04
0.08
0.09
0.07
0.05
0.14
0.22
0.16
0.31
0.18
0.22
0.23
0.13
0.09
0.19
0.18
0.23
0.24
0.19
0.14
0.11
0.13
0.22
0.16
0.31
0.18
0.22
0.23
0.13
0.03
0.06
0.07
0.05
0.07
0.09
0.07
0.05
0.11

DL +LL

DL +LL
DL+LL+EL+TH AC

DL +LL

DL +LL
DL+LL+EL+TH AC

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC

DL +LL
DL+LL+EL+TH_AC

DL +LL
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC

DL+ LL
DL+LL+EL+TH_AC

DL +LL

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC

DL +LL

DL +LL
DL+LL+EL+TH_AC

DL +LL
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC

DL+LL
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
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163
164
165
166
167
168
173
174
175
176
177
178
36

110
111
112
113
114
115
116
117
142
143
144
145
146
147
148
149
150
151
152
153
154
155
157
158
159
160
161
162
169
170
171
172
179
180
181
182
183
184
185
186
187
188

Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d

Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Brace
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam

0.03
0.17
0.13
0.03
0.18
0.13
0.35
0.36
0.40
0.40
0.18
0.18
0.03
0.27
0.17
0.17
0.28
0.03
0.03
0.03
0.04
0.07
0.07
0.04
0.02
0.01
0.03
0.01
0.02
0.03
0.03
0.04
0.04
0.04
0.08
0.06
0.25
0.08
0.09
0.12
0.10
0.16
0.11
0.11
0.12
0.10
0.16
0.11
0.11
0.09
0.06
0.25
0.08
0.09
0.03

DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC
DL+LL+EL+TH AC

DL +LL
DL+LL+EL+TH_AC

DL +LL

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC

DL +LL

DL +LL

DL +LL

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC

DL +LL

DL +LL

DL +LL

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC

DL +LL
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC

DL +LL

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC

DL +LL

DL+ LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL+LL

DL +LL

DL +LL

DL+ LL

DL+LL
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC

DL+LL

DL +LL

DL +LL
DL+LL+EL+TH AC
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189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243

Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d

Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam

0.03
0.04
0.04
0.04
0.03
0.01
0.03
0.01
0.02
0.21
0.13
0.13
0.21
0.09
0.09
0.09
0.09
0.03
0.27
0.20
0.20
0.27
0.03
0.04
0.04
0.07
0.10
0.10
0.07
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.05
0.04
0.04
0.09
0.09
0.17
0.09
0.09
0.11
0.10
0.12
0.10
0.11
0.11
0.10
0.12
0.09
0.10
0.09

DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL
DL+LL+EL+TH AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH AC

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC
DL+LL+EL+TH AC

DL +LL

DL+ LL
DL+LL+EL+TH AC
DL+LL+EL+TH AC

DL +LL

DL +LL

DL +LL

DL +LL
DL+LL+EL+TH_AC

DL +LL
DL+LL+EL+TH_AC

DL+LL

DL+LL
DL+LL+EL+TH_AC

DL+LL
DL+LL+EL+TH_AC

DL +LL

DL +LL
DL+LL+EL+TH AC
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244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298

Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 273d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d

Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam

0.09
0.17
0.10
0.09
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.13
0.14
0.13
0.14
0.13
0.13
0.13
0.13
0.02
0.42
0.18
0.18
0.42
0.02
0.03
0.03
0.04
0.08
0.08
0.04
0.03
0.03
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.03
0.12
0.09
0.18
0.09
0.11
0.11
0.08
0.20
0.10
0.10
0.11

DL +LL

DL +LL

DL +LL

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL
DL+LL+EL+TH AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC

DL+ LL

DL +LL

DL +LL
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC

DL+LL

DL +LL

DL +LL

DL+LL
DL+LL+EL+TH_AC

DL +LL

DL+LL

DL+LL

DL +LL

DL +LL

DL+LL
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299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
411
412
413
414
340
342
343
345
346
348
349
351
352
354
355
357
358
360
364
366

Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 168d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d

Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam

0.08
0.20
0.09
0.10
0.12
0.09
0.18
0.10
0.11
0.02
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.15
0.16
0.16
0.15
0.09
0.09
0.09
0.09
0.11
0.05
0.05
0.11
0.14
0.10
0.10
0.14
0.07
0.09
0.07
0.09
0.05
0.01
0.05
0.02
0.02
0.05
0.02
0.05
0.05
0.02
0.05
0.02
0.01
0.05
0.02
0.05

DL+LL

DL +LL

DL +LL

DL+LL

DL +LL

DL +LL

DL +LL

DL+LL
DL+LL+EL+TH AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH_AC
DL+LL+EL+TH AC
DL+LL+EL+TH AC
DL+LL+EL+TH_AC
DL+LL+EL+TH AC

DL +LL

DL+LL

DL+LL

DL +LL

DL+LL

DL+LL

DL +LL

DL +LL

DL+LL

DL +LL

DL+ LL

DL +LL

DL +LL
DL+LL+EL+TH AC
DL+LL+EL+TH_AC

DL +LL

DL+ LL
DL+LL+EL+TH AC

DL +LL
DL+LL+EL+TH AC

DL+ LL

DL +LL

DL +LL

DL+ LL
DL+LL+EL+TH_AC

DL +LL

DL +LL

DL +LL

DL +LL
DL+LL+EL+TH_AC

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL

DL +LL
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367
368
369
370
371
372
373
374
375
376
377
378
379
380
383
384
385
387
388
390
391
393
394
396
397
399
400
402
403
405
406
408
409
415
416
418
419
421
422
424
428
430
431
433
434
436
437
439
440
459
460
461
462
463
464

Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
Turbular 406d
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465 Turbular 273d Beam 0.01 DL+LL+EL+TH _AC

466 Turbular 273d Beam 0.01 DL+LL

467 Turbular 273d Beam 0.01 DL+LL+EL+TH_AC
468 Turbular 273d Beam 0.01 DL+LL+EL+TH AC
469 Turbular 273d Beam 0.01 DL+LL+EL+TH AC
470 Turbular 273d Beam 0.01 DL+LL+EL+TH_AC
471 Turbular 273d Beam 0.02 DL+LL+EL+TH AC
472 Turbular 273d Beam 0.01 DL+LL+EL+TH AC
473 Turbular 273d Beam 0.03 DL+LL+EL+TH_AC
474 Turbular 273d Beam 0.01 DL +LL

476 Turbular 273d Beam 0.02 DL+LL+EL+TH AC
477 Turbular 273d Beam 0.02 DL+LL+EL+TH_AC
479 Turbular 273d Beam 0.00 DL+LL+EL+TH_AC
480 Turbular 273d Beam 0.01 DL+LL+EL+TH AC
482 Turbular 273d Beam 0.02 DL +LL

483 Turbular 273d Beam 0.02 DL+LL+EL+TH_AC
485 Turbular 273d Beam 0.01 DL+LL+EL+TH_AC
486 Turbular 273d Beam 0.01 DL+LL+EL+TH AC
488 Turbular 273d Beam 0.02 DL +LL

489 Turbular 273d Beam 0.02 DL +LL

491 Turbular 273d Beam 0.01 DL+LL+EL+TH AC
492 Turbular 273d Beam 0.01 DL+LL+EL+TH AC
494 Turbular 273d Beam 0.02 DL+LL+EL+TH_AC
495 Turbular 273d Beam 0.02 DL+LL+EL+TH AC
497 Turbular 273d Beam 0.01 DL +LL

Graph of bending stress and shear stress under varies load combinations have
been plotted in Figure 4.10 and 4.11. It is clearly showed that the maximum bending
stress occurred at the load combination of dead loads and live loads, 245 307.52 kN/m?
which still within the allowable bending stress, 480 677.45 kN/m? This means the
structure still able to resist the bending stress although the stress is quite higher. This
also proved that the intensity of the earthquake is not strong enough to cause the
structure to collapse. The reason for the result of load cases of dead load, live load,
environmental load and time history load is slightly less than the load cases of dead and
live load because of the counteractive between the stresses. Counteract in between the
stresses may occur and act against stress and lead to the result of decreasing or

neutralizing by its force.

Similar to the bending stress, the maximum shear stress occurred at the load
case of dead loads and live loads, 14 796.77 kN which do not exceed the allowable
stress, 130 464.21 kN. The load cases of dead load, live load, environmental load and

time history load is slightly less than the load cases of dead and live load. For response
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spectrum cases, it contributed the least bending stress and shear stress among all the

cases.
Bending Stress (kN/m2) versus Load Cases
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Figure 4.10  Graph of Bending Stress versus Load Cases

Shear Stress (kN/m2) versus Load Cases
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Figure 4.11  Graph of Shear Stress versus Load Cases

Joint displacement under varies load cases has been performed since it is the
most critical part of the structure. Joint 37 has the maximum value of displacement
among other joint connection. Hence, the result of the joint displacement for joint 37
has been tabulated and illustrated in Table 4.9 and Figure 4.12. The maximum
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displacement is 0.001969 m in U1 direction under load cases of DL + LL + EL

+TH_AC. For U2 direction, it is observed that the maximum displacement is 0.001078

m caused by response spectrum case. However, DL + LL result in the maximum
displacement in U3 direction, -0.002143m. Among all the directions, DL + LL in U3

direction is the maximum displacement.

It’s clear that the static analysis gives higher values for maximum displacement

of the structure among all load cases rather than other methods of analysis, especially in

dynamic analysis.

Table 4.9 Joint Displacement in different load combination at joint 37
Load Combination Joint Ul u2 U3
DL +LL 37 -0.000276 0.000022 -0.002143
EL 37 0.001218 0.000149 0.000486
RS 37 0.001541 0.001078 0.000473
DL+LL+EL+TH_AC 37 0.001969 0.000178 -0.001299

Joint Displacement (m) versus Load Cases in
Three directions
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3 -
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oLl e - DL+LL+EL+
TH_AC
U1 -0.000276 0.001218 0.001541 0.001969
mu2 0.000022 0.000149 0.001078 0.000178
us -0.002143 0.000486 0.000473 -0.001299
Load Cases
Figure 4.12  Graph of Joint Displacement versus Load Cases in Three Directions

Joint velocities under varies load cases also performed ad determined in this

study. The result of the joint displacement for joint 37 has been tabulated and illustrated

in Table 4.10 and Figure 4.13. RS load case has the maximum velocity for all U1, U2,
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and U3 compared to other load cases. It can be observed that DL + LL load case and EL

load case do not carry any movement to the structure as the load applied is a static and

vertical load which result in zero velocity to the joint 37.

Table 4.10  Joint Velocities in different load combination at joint 37
Load Combination Joint Ul U2 U3
DL+LL 37 0 0 0
EL 37 0 0 0
RS 37 0.0946 0.0768 0.0285
DL+LL+EL+TH _AC 37 0.0280 0.0002 0.0088

Joint Velocities (m/sec) versus Load Cases in
Three directions

. o1
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E o007
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o
DL 1L - RS DL+LL+EL+
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mU1 0.0946 0.028
muz 0.0763 0.0002011
U3 0.0285 0.0088
Load Cases
Figure 4.13  Graph of Joint Velocities versus Load Cases in Three Directions

Joint velocities under varies load cases also performed ad determined in this

study. The result of the joint displacement for joint 37 has been tabulated and illustrated

in Table 4.11 and Figure 4.14. RS load case has the maximum acceleration for all U1,
U2, and U3 compared to other load cases which are 5.8781 m/s? 5.4686 m/s® and
1.7378 m/s. It can be observed that DL + LL load case and EL load case do not carry

any movement to the structure as the load applied is a static and vertical load which

result in zero acceleration to the joint 37.
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Table 4.11

Joint Acceleration in different load combination at joint 37

Load Combination Joint Ul u2 U3
DL + LL 37 0 0 0
EL 37 0 0 0
RS 37 5.8781 5.4686 1.7378
DL+LL+EL+TH AC 37 1.1217 0.0081 0.3469

Joint Accelerations (m/sec2) versus Load

Cases in Three directions

7
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mul [} [} 5.8781 1.12173
muz 0 0 5.46852 0.0081
u3 0 0 173784 0.34688
Load Cases
Figure 4.14  Graph of Joint Acceleration versus Load Cases in Three Directions

Figure 4.15

Deformed shape of DL + LL
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Figure 4.16  Deformed shape of EL
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Figure 4.17  Deformed shape of DL + LL + EL + TH_AC
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Figure 4.18  Deformed shape of RS
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CHAPTER 5

CONCLUSION

51 Conclusion

As Malaysia is inching closer to seismic zones and will not immune to
earthquake forever, this study is conducted based on a real-life project of wellhead
offshore platform in Terengganu region to check the earthquake resistance capacity of
wellhead offshore platform in Malaysia due to El Centro earthquake by using SAP
2000. All the specification of the material, size and section details of the structure was
followed by structural drawing. The objective of the study has been achieved, whereby
the seismic performance of wellhead offshore platform in Malaysia has been computed
and provided a desirable result for performance evaluation parameters in the offshore

structures.

In order to determine the seismic response of a wellhead offshore structure,
seismic analysis including free vibration analysis, time history analysis, response
spectrum by utilizing the available historical seismic data from El Centro earthquake.
The results obtained were the modal shape, natural period and natural frequency of
wellhead offshore platform; maximum shear and bending moment in the member under
various load cases; and critical joint displacement, velocity, and acceleration under

different types of load combination.

It is recommended that further studies about the seismic analysis of the structure
are carried out to continuously monitor the seismic response and the necessity of
seismic design consideration for wellhead offshore structure to prevent structural
failure. Besides that, this is also to prevent any uncertainties as Malaysiaa is affected by
active seismic activity from the nearby inter-plate earthquakes, with regard to the recent

Ranau, Sabah earthquake, other local faults may be reactivated in the coming future.
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Based on the finding of the research, the conclusion that can be made in the

following:

Vi.

Vil.

viii.

The simulation of the wellhead offshore structure model is not fully
100% represent the actual structure. This is due to the earlier
assumptions made on the restrains at the base condition and the joint
connection of the offshore structure. The restraint at base condition of
the wellhead offshore platform is assumed fixed to the ground as a
replacement for pilled and soil interaction is also neglected. Moreover,
the connection of the offshore structure was not designed according to
the EuroCode3 design specification. The stress that applied to the
connection is assumed to be within the connection capacity thus
connections of the members are not defined in SAP2000.

Wellhead offshore structures in Malaysia region are capable of resisting
this type of seismic activity based on the study since the maximum shear
stress and bending stress is within the allowable capacity checks after
several combination load cases have been applied.

Element unity check has been performed; the final steel P-M interaction
ratios are determined and displayed. All steel frames passed the stress/
capacity check as the ratio is less than 1 as shown in table 4.8. The most
critical frame member in this offshore model is a frame member 25 with
0.51 ratios.

From the free vibration analysis, the highest value of the natural period
is 0.1060 sec of mode shape 1.

The maximum shear force that happens at the most critical frame
element 25 is -449.44 kN when loading combination dead load + live
load being applied.

The maximum bending moment that occurred at the most critical frame
element 25 is -667.58 kNm when loading combination dead load + live
load being applied.

The highest value of displacement is -0.002143m in U3 direction which
occurred in the dead load and lives load case at joint 37.

The highest value of velocity is 0.0946m/s in Ul direction which

occurred in the response spectrum load case at joint 37.
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ix.  The highest value of acceleration is 5.8781 m/s® in U1 direction which

occurred in the response spectrum load case at joint 37.

5.2 Recommendations

For the future studies, the consideration of the soil interaction and joint
connection of the offshore structure should both be included in the analysis. This is
because the earthquake loads transfer from the ground surface and transfer the
horizontal loading to the upper surface. Hence, it might have slightly different effects
on the results and actually happened on site if neglecting the soil interaction in the
analysis. In fact, most of the failures of the steel structure occurred at the joint
connection between the members. The main reason leading to the failure is due to the
higher stress at the connection. Thus, the welded joint should be modeled in
computational software, SAP 2000 according to EuroCode3 for detailed analysis.

In addition, for improving the accuracy on the seismic response study, the
earthquake data should be always updated, so that the higher intensity of the earthquake
would be considered for the design analysis of structure to prevent failure. For
instances, according to United States Geological Survey (USGS), the earthquake with
magnitude 5.9 occurred at the Ranau, Sabah lately has Killed at least 18 people on
Mount Kinabalu, some climbers have injured, some building has damaged seriously,
water supply was disrupted in the area around Kundasang and Ranau, rockfalls trigged

in the mountain area.

There are some short term and long term recommendations that might help
Malaysia to prevent losses of life and building damages from the earthquake. Firstly, set
up seismic monitoring stations in Malaysia. The current five numbers of seismic
monitoring stations in Peninsular Malaysia should be increased to at least one (1)
station per state so that sufficient data could be collected for better decisions making to
the analysis in the future. Besides that, set up building acceleration instrumentation
devices on the building to obtain the acceleration at different story height. It is
recommended in ACI code that such devices have to be installed on at least three
positions of high-rise structures, i.e. at the base, at mid-level, and at the top, in order to

obtain accurate and reliable readings of the building response.
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Furthermore, seismic vulnerability studies of existing important buildings or
structures in high-risk areas are conducted. (a) This can be done by using appropriate
seismic vibration measuring devices to the structures for recording seismic response to
a certain degree of accuracy. Not only that, Institution of Engineer Malaysia (IEM)
should always review current engineering design and construction standards and
practices in Malaysia. This is important as the current standards do not consider the

possible vibration forces, principally due to the earthquake.

For long-term measures, Board of Engineer Malaysia (BEM) and Institution of
Engineer Malaysia (IEM) should develop or adopt a suitable code of practice for the
construction industry with proper guidelines that are needed for the design engineers as
a long-term solution. In addition, these proposed documents need to be updated and

revised in every five (5) years, when new findings appear.

Some sensitive structures like bridges, transmission towers, dams and other
residential buildings shall be checked for vulnerability when exposed to the seismic
ground motion. Periodic Inspection should be conducted for buildings of over 10 years
old and over five (5) stories under The Street, Drainage and Buildings Act. Ministry of
Education Malaysia can also implement and introduce earthquake engineering as a
subject in the Universities and other tertiary institutions of higher learning.
Alternatively, it can be an extension or continuation to the university’s general
engineering study on dynamic analysis of rigid bodies, structural frames, and

foundation subsoils.

Last but not least, CIDB research might accumulate a substantial research fund
for earthquake engineering research and also include monitoring and risk assessment
works. Research and development represent an important part of the initiation of

earthquake engineering programme.
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APPENDIX A
GRID SYSTEM DATA

X Grid Data Y Grid Data Z Grid Data
Grid ID Ordinate Grid ID Ordinate Grid ID Ordinate
A 0.000 1 0.0000 Z1 0
B 1.981 2 1.4000 Z2 4
C 7.925 3 7.3625 Z3 8
D 13.366 4 13.3250

5 14.7250
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APPENDIX B
MODAL SHAPE OF OFSHORE PLATFORM

=0.0878 sec; f=11.3889 Hz)

Mode 2 (T
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113
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APPENDIX B: CONTINUED
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= 0.0605sec; f = 16.5394 Hz)
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APPENDIX C
MANUAL CALCULATION

Load Description

The load combinations of dead load, deck loads, wind, wave, current and

earthquake loads have been defined.

Self-weight and functional loads

The self-weight and functional loads of wellhead offshore platform are listed in
Table 3.1.

Table 3.1 Dead loads and live load description
No. Load description Weight (MN)
1 Jacket appurtenances weight 0.339
2 Topside dead loads 0.393
3 Topside live loads 1.150
4 Piping & equipment weights 0.400
TOTAL 2.282

Dead and Live Loads
Dead load =0.339 + 0.393 + 0.400 = 1.132 MN
Uniform dead load = (1.132 x1000) kN +(14.725 x13.366) m*
= 5.752 kN /m?
Live load = 1.150 MN
Uniform live load = (1.150 %1000) kN =+(14.725 %13.366) m?

= 5.843 kN /m?
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Environmental Loads

The environmental loads are based on the metocean data. Table 3.2 shows the
environmental criteria for the offshore structure which located in Terengganu.

Table 3.2 Environmental criteria used at Terengganu

MSL Types of data Unit Design condition
47.629 m Wave height m 10.79
Wave period S 10.90
Current velocity m/s 0.75
Wind speed m/s 21.80
Maximum tide m 2.00
Storm surge m 0.40

Therefore all the environmental loads which including wind, wave, and current
action were calculated by using the provided environmental criteria and formula from

American Petroleum Institute (API).
Wind load

The wind profile, gusts and wind drag force are calculated using following

equations that are taken directly from the API RP 2A-WSD practice.

Wind profile and Gusts
U@) = U, X [1+C xIn(5,7)]

z = 8000 mm = 26.247 ft

U, = 21.8 m/s = 71.522 ftls
1
C =573x 1072 x [1 + 0.0457 X U, ]2

1
=5.73 x 1072 x [1 + 0.0457 x 71.522]z

=0.118
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26.247

lu(z) = 0.06 X [1+0.0131 X U,] x(%s)—ozz]

lu(z) = 0.06 x [1+ 0.0131 X 69.641 ft/s] X ((o22l)-022]

32.8

= 0.121 ft/s

U@z, 1) = U(z) X [1 = 0.41 X L(2) X In()]

U(z 1) = 69.641 X [(1 — 041 X 0.121 X In(5e-)]

= 83.787 ft/s
= 25.54 m/s
Wind Speed and Force Relationship
The wind drag force on object should be calculated as:
F=(p/2) Xu?C,A
Cs = Overall projected area platform = 1 (From table 3.3)
p = 0.0023668 slug/ft® = 1.22 kg/m® (From API RP 2A-WSD, 2.3.2.c)
u = u(z,t) = 25.54m/s
A = 2n 11 h = 21(0.203)(8) = 10.204 m?
F = (1.22/2) x(25.54)2(1)(10.204) = 4.060 kN
Wave load

Based on American Petroleum Institute (API), the drag coefficient, C; and

inertia coefficient, Cr, are according to the following:
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Table 3.4 Drag coefficient, C4 and Inertia Coefficient, C,

Marine Growth Drag Coefficient, Cq4 Shape Coefficient, C
Smooth 0.65 1.6
Rough 1.05 1.2

The wave load above sea water level was considered as rough:

sU
F = CD%A Ulu| + C,,%V(E)

_ 10300
= 1.05 (2 (9.81)) (0.406)(0.75)]0.75| +

10300, [ 7(0.406)>  m(0.3552) 0.75
L.2( 9.81 )[ 4 4 ](1OOX365X24X6OX60)

= 125.89 N/m
While the wave load below sea water level was considered as smooth:

SU
F = CD%A UlU| + C,,%V(E)

10300
—0.65 (2 (9.81)) (0.406)(0.75)]0.75| +
10300, [ 7(0.406)>  m(0.3552) 0.75
L.6( 9.81 l 4 o 4 ](100x365x24x60x60)
= 77.929 N/m

Current load

In order to calculate the current force on the structural members, no wave

conditions need to be applied, by substitute the ‘Z—lt] =0.

w

F =CD5

AU|U|

10300

= 0.65 (M) (0.406)(0.75)]0.75|

= 77.929 N/m
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Design for Restrained Beam

Load Combination: DL + LL
1) Design Load

Shear force, Vgqg

ALK

—

il

=-449.44 kN

Bending moment, Mgq = -667.58 KNm

2) Try Section
d =406 mm
t=25mm
M = 235 kg/m
A =30000 mm?

i =135 mm

| = 57400 cm* = 5.74 x 108 mm*

W, = 2690000 mm?
W, = 3642000 mm®
G = 81000 N/mm?

E = 210000 N/mm?
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3) Design Strength
Refer to Table 3.1 (continued), Eurocode 3 (Part 1-1)
For steel grade S355,
t=25mm <40 mm
f, = 355 N/mm®
f, =510 N/mm?
4) Section Classification
Referring to Table 5.2, Eurocode 3 (Part 1-1)

Tubular sections,
235
€= ’F = 081
€= (0.81)* = 0.66

—o =1624 < 50¢® = 50(0.66) = 33

d 406
t

L . . d
The section is classified as Class 1 since " meets Class 1 standard.

5) Shear Resistance of Section

I. Maximum external design shear force, Veg = -449.44 kN = 449.44 kN

Ii. Shear resistance of the section, V¢ rq

Verd =VpiRd
fy
Vpird = el
P YMo
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ymo = 1.00 (EC 3: Part 1, 6.1 NOTE 2B)

fy = 355 N/mm?2
A, = 2A/n = 2(30500)/n = 19417 mm? (Circular Hollow Sections)
~ A = Toyter” — MWrinner”

= 1(203)? — n(177.5)* = 30500 m?

355
(19417)C5)

Vpird = = 3979695.6 N = 3979.70 KN

1.00

iii. Design Check

Vea _ 449.44
Vera 397970

=0.11<1.0
The section is satisfactory.
6) Bending Moment Resistance of Section
I. Maximum external design moment, Mgq = -667.58 KNm = 667.58 kNm

ii. Moment resistance for Class 1 cross section, Mc rd

M¢,rd = Mpird
Mpird = Wolly (for Class 1)
YMmo
Moira = (3642(1’0000)(355) — 1292910000 Nmm = 1292.91 kNm

iii. Design Check

Meq _ 667.58

= = 0.52 < 1.0. The section is satisfactory.
Mcpg 129291
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7) Combined Bending and Shear Resistance

Referring to Shear Force and Moment diagrams, a section where the moment is
maximum is considered, the mid-span section where Vgq = -449.44 kN and Mgq = -
667.58 kKNm.

FUERUILAIIL Sedl

Shear V2

_— | 9444 KN

at0. m

Re=sultant Moment

Moment M3

-567.5765 KN-m

"‘-----——"" at0. m

a) Shear force at the maximum moment, Vgq = -449.44 kN
b) 0.5*V rq¢= 0.5 (3979.70) = 1989.85 kN
c) Since Vg = 449.44 KN < 0.5 V¢ rg = 1989.85 kN

The shear, Vg4 is small and it does not affect the moment resistance, M, rq. The
beam section is able to carry the most critical combination of bending and shear. No
reduction in the yield strength of the steel, f, and the design moment resistance remains,
Mc, ra=-1292.91 kNm.

8) Resistance of Cross-sections

N M M
ed + y,ed + z,ed <1
Nra Myra MzpRa

0.639  667.58  0.386
+ + <
10781.54 ' 1292.91 ' 129291

0.52 < 1 (ok!)
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Load Combination: EL
1) Design Load
Shear force, Vgq =22.86 kN

Bending moment, Mggq = 31.93 KNm

2) Try Section
d = 406 mm | = 57400 cm* = 5.74 x 10° mm*
t=25mm W, = 2690000 mm?
M = 235 kg/m W, = 3642000 mm®

A = 30000 mm® G = 81000 N/mm?
i =135 mm E = 210000 N/mm?
3) Design Strength
Refer to Table 3.1 (continued), Eurocode 3 (Part 1-1)
For steel grade S355,
t=25mm <40 mm
f, = 355 N/mm?
f, = 510 N/mm?
4) Section Classification
Referring to Table 5.2, Eurocode 3 (Part 1-1)

Tubular sections,

235
E= ’7 =0.81
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¢ = (0.81)* = 0.66

d
Tt % =16.24 < 50&* = 50(0.66) = 33

) ) . ) d
The section is classified as Class 1 since T meets Class 1 standard.

5) Shear Resistance of Section
i. Maximum external design shear force, Vggq = 22.86 kN

Ii. Shear resistance of the section, V¢ rq

Verd =VpiRrd
fy
V LRd = Av(ﬁ)
P YMo

ymo = 1.00 (EC 3: Part 1, 6.1 NOTE 2B)
fy = 355 N/mm2

A, = 2A/n = 2(30500)/n = 19417 mm? (Circular Hollow Sections)
~ A = Touter” — MWinner”

= 1(203)> — 7(177.5)° = 30500 m?

(19417)(3—j§5‘
Vpird = 100 = 3979695.6 N = 3979.70 kN
iii. Design Check
Vea _ 2286
Vera 397970
=0.01<1.0

The section is satisfactory.

125



APPENDIX C: CONTINUED

6) Bending Moment Resistance of Section
I. Maximum external design moment, Mgq = 31.93 KNm

ii. Moment resistance for Class 1 cross section, Mc rd

M¢rd = Mpird
Mpira = <222 (for Class 1)
YMo

Myiga = (3642(1’0000)(355) = 1292910000 Nmm = 1292.91 kNm
iii. Design Check
Meg _ 3193

= =0.03<1.0
Mcpg 129291

The section is satisfactory.
7) Combined Bending and Shear Resistance

Referring to Shear Force and Moment diagrams, a section where the moment is
maximum is considered, the mid-span section where Vgq = 22.86 kN and Mgq = 31.93
KNm.

Resultant Shear

Shear V2

22851 KN
[ | [ - 22361

22861 KN
at0.m

Resultant Moment

Moment M3

31.9316 KN-m
at0.m

-"r - 31.9316 KN-m

atd. m

a) Shear force at the maximum moment, Vgq = 22.86 KN

b) 0.5V g = 0.5 (3979.70) = 1989.85 kN
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c) Since Vgq = 22.86 kN < 0.5 V¢ rg = 1989.85 kN

The shear, Vgq is small and it does not affect the moment resistance, M, rq. The
beam section is able to carry the most critical combination of bending and shear. No
reduction in the yield strength of the steel, f, and the design moment resistance remains,
Mc, ra=1292.91 kNm.

8) Resistance of Cross-sections

N, M M
ed + y,ed + z,ed <1
NRd My,Rd Mz,Rd

1.461 31.93  0.932
+ + <1
10781.54 = 1292.91 ' 1292.91

0.03 < 1 (ok!)
Load Combination: DL+ LL + EL + TH_AC
1) Design Load
Shear force, Vgq =-427.38 KN

Bending moment, Mgq = -636.77 KNm

2) Try Section
d = 406 mm | = 57400 cm* = 5.74 x 10° mm*
t=25mm W = 2690000 mm?
M = 235 kg/m W, = 3642000 mm®

A = 30000 mm? G = 81000 N/mm?
i=135mm E = 210000 N/mm?

3) Design Strength
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Refer to Table 3.1 (continued), Eurocode 3 (Part 1-1)
For steel grade S355,
t=25mm <40 mm
f, = 355 N/mm®
f, = 510 N/mm?
4) Section Classification
Referring to Table 5.2, Eurocode 3 (Part 1-1)

Tubular sections,

_ [235 _
£= /fy 0.81

¢’ = (0.81)> = 0.66

= — =16.24 < 50¢ = 50(0.66) = 33

d 406
t 5

L . . d
The section is classified as Class 1 since " meets Class 1 standard.

5) Shear Resistance of Section

i. Maximum external design shear force, Vgg = -427.38 kN = 427.38 kN

ii. Shear resistance of the section, V¢ rq

Verd =VpiRd
fy
Vot pg = Av(ﬁ)
P YMo

ymo = 1.00 (EC 3: Part 1, 6.1 NOTE 2B)
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fy = 355 N/mm?2
A, = 2A/n = 2(30500)/n = 19417 mm? (Circular Hollow Sections)
~A= ﬁrouterz - ﬁrinnerz

= 1(203)% — 1(177.5)* = 30500 m?

(19417)(3—\/5;)
Vpird = 1o - 3979695.6 N = 3979.70 kN
iii. Design Check
Vea __ 427.38
Vera 397970
=0.11<1.0

The section is satisfactory.
6) Bending Moment Resistance of Section
I. Maximum external design moment, Mgq = -636.77 KNm = 636.77 kNm

ii. Moment resistance for Class 1 cross section, Mc rd

M¢rd = Mpird

Mol rd = M;j’;iy (for Class 1)

Mg = om0 — 1292910000 Nmm = 1202.91 kN
iii. Design Check

Meq _ 63677

= =0.49<1.0
Mcpg 129291

The section is satisfactory.
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7) Combined Bending and Shear Resistance

Referring to Shear Force and Moment diagrams, a section where the moment is

maximum is considered, the mid-span section where Vgq = -427.38 kKN and Mgq = -

636.77 KNm.

Resultant Shear

Shear V2

-425.982 KN

]| 4259
427 383 KN
atd.m

Resultant Moment

Moment M3

-634 6668 KN-m
at0.m

e 636 7675 KN-m

at0.m

a) Shear force at the maximum moment, Vgq = -427.38 kN
b) 0.5*V rq= 0.5 (3979.70) = 1989.85 kN
c) Since Vgq = -427.38 KN < 0.5 V. rg = 1989.85 kN

The shear, Vgq is small and it does not affect the moment resistance, M, rq. The
beam section is able to carry the most critical combination of bending and shear. No

reduction in the yield strength of the steel, f, and the design moment resistance remains,

Mc, rg=-1292.91 kNm.
8) Resistance of Cross-sections

N M M
ed + y,ed + z,ed <1
Nra Mygra MypRa

1.216 636.77 1.642
+ + <1
10781.54 129291 1292091

0.49 < 1 (ok!)

Load Combination: RS
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1) Design Load
Shear force, Vg =9.45 kN

Bending moment, Mgq = 14.83 kNm

2) Try Section
d = 406 mm | =57400 cm* = 5.74 x 10® mm*
t=25mm W, = 2690000 mm?
M = 235 kg/m W, = 3642000 mm®

A = 30000 mm® G = 81000 N/mm?
i =135 mm E = 210000 N/mm?
3) Design Strength
Refer to Table 3.1 (continued), Eurocode 3 (Part 1-1)
For steel grade S355,
t=25mm <40 mm
f, = 355 N/mm?
f, = 510 N/mm?
4) Section Classification
Referring to Table 5.2, Eurocode 3 (Part 1-1)

Tubular sections,

235
E= ’7 =0.81

¢ =(0.81)> = 0.66
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d
Tt % =16.24 < 50¢” = 50(0.66) = 33

) ) e ) d
The section is classified as Class 1 since T meets Class 1 standard.

5) Shear Resistance of Section
i. Maximum external design shear force, Vgg = 9.45 KN

Ii. Shear resistance of the section, V¢ rq

Verd =VpiRd
fy
V LRd = Av(ﬁ)
PL YMo

ymo = 1.00 (EC 3: Part 1, 6.1 NOTE 2B)
fy = 355 N/mm2

A, = 2A/n = 2(30500)/n = 19417 mm? (Circular Hollow Sections)
~ A = Touter” — MWinner”

= 1(203)? — n(177.5)* = 30500 m?

(19417)(3—j§5‘
Vplrd = T 00 = 3979695.6 N = 3979.70 kN
iii. Design Check
Vea _ 945
Vera 397970
=0.002<1.0

The section is satisfactory.

6) Bending Moment Resistance of Section
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i. Maximum external design moment, Mgq = 14.83 KNm

ii. Moment resistance for Class 1 cross section, M¢rg

Mc¢rd = Mpird
M = 222 (for Class 1)
YMo
55
Mpire = (36422(:)‘:))(3 ) — 1292910000 Nmm = 1292.91 kNm

iii. Design Check

M 14.83
—ed — =0.011<1.0
Mcpa 129291

The section is satisfactory.
7) Combined Bending and Shear Resistance

Referring to Shear Force and Moment diagrams, a section where the moment is

maximum is considered, the mid-span section where Vggq = -449.44 kN and Mgq = -

667.58 KNm.

Rezultant Shear

Shear V2

9.452 KN
at 1.49063 m

-9.452 KN
at 1.49063 m

Reszultant Moment
Moment M3

14 8265 KN-m
at0.m

-14. 8265 KN-m
atd.m

a) Shear force at the maximum moment, Vgg = 9.45 kN
b) 0.5*V rg= 0.5 (3979.70) = 1989.85 kN
c) Since Vgq = 9.45 kKN < 0.5 V¢ rg = 1989.85 kN
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The shear, Vgq is small and it does not affect the moment resistance, M¢ rq. The
beam section is able to carry the most critical combination of bending and shear. No
reduction in the yield strength of the steel, f, and the design moment resistance remains,
Mc, rg=-1292.91 kNm.

8) Resistance of Cross-sections

N, M M
ed + y.ed + z,ed <1
NRd My,Rd MZ,Rd

4.268 14.83 0.519
+ + <1
10781.54 129291 1292091

0.011 < 1 (ok!)
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