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ABSTRAK

Kajian ini dilakukan untuk mengkaji tingkah laku seismik bagi struktur tangki air
bertingkat konkrit disebabkan oleh pemuatan gempa bumi Acheh dan EI-Centro. Struktur
tangki air bertetulang tinggi digunakan secara meluas dan dianggap sebagai
perkhidmatan yang penting di banyak bandar. Keselamatan dan tingkah laku mereka
kritikal semasa gempa bumi kuat kerana mereka menyumbang kepada keperluan penting;
air minuman, jika berlaku kebakaran, dll. Oleh itu, struktur ini tidak sepatutnya runtuh
supaya ia boleh digunakan untuk pelbagai kemudahan orang ramai. Reka bentuk struktur
ini mesti menahan pemuatan gempa bumi kerana Malaysia telah mengalami beberapa
kejadian gempa bumi akibat pemuatan gempa bumi yang berlaku di negara-negara jiran
terutamanya Indonesia yang telah mendedahkan struktur yang sedia ada kepada risiko
yang mungkin tidak dapat menahan pemuatan gempa ini. Banyak bangunan di Malaysia
tidak direka mengikut kod yang menentukan peruntukan seismik. Tingkah laku struktur
jenis ini diperhatikan kepada model dan menganalisis struktur tangki air bertingkat yang
tertumpu kepada beban gempa yang berbeza menggunakan Program SAP2000 dan juga
untuk menentukan bentuk mod terbaik analisis getaran bebas. Banyak kajian
menumpukan pada tingkah laku, analisis dan rekaan seismik pada tangki, terutamanya
dalam tangki tanah. Dalam dekad yang lalu, kebanyakan kajian ini menumpukan pada
tangki yang tinggi. Selain itu, kajian ini juga untuk menentukan prestasi struktur tangki
air bertingkat konkrit semasa daya gempa bumi terjadi. Semua data beban gempa telah
diambil dari Jabatan Meteorologi Malaysia (MMD). Eurocode 8 yang
mempertimbangkan peruntukan seismik telah digunakan untuk menganalisis spektrum
tindak balas. Dari analisisi ini, kelemahan struktur tangki air bertingkat konkrit dan ciri
dinamik akan diperoleh dan digunakan untuk mereka bentuk struktur yang lebih selamat
pada masa akan datang.



ABSTRACT

This research is done to study the seismic behaviour of concrete elevated water tank
structure due to Acheh and El-Centro earthquake loading. Concrete elevated water tank
structure was widely used and considering as important town services in many cities.
Their safety and behaviour are critical during strong earthquakes as they contribute for
essential requirements; drinking water, fire fighting’s in case of fire accidents, etc. Hence,
these structures should not collapse so that they can be used in meeting essential needs.
The design must resist the earthquake loading since Malaysia have been experienced few
earthquake events due to the earthquake loading that occurred in the neighbouring
countries especially Indonesia that have expose local existing structure to a risk which
may not withstand the earthquake loading. A lot building in Malaysia is not design
according to code that specifies the seismic provision. The behaviour of this type of
structure is observed to model and analysed the concrete elevated water tank structure
subjected to different earthquake load using SAP2000 Program and also to determine the
best mode shape of free vibration analysis. Many studies focused on the seismic
behaviour, analysis and design on tanks, particularly in ground tanks. In the last decade
most of these studies have concentrated upon the elevated tanks. Besides that, this
research also to determine the performance of concrete elevated water tank structure
during earthquake force. All the data of earthquake load were taken from Malaysia
Meteorological Department (MMD). Eurocode 8 that considering seismic provision were
used for response spectrum analysis. From the analysis, the vulnerability of concrete
elevated water tank structure and dynamic characteristic will be obtained and used for
design a safer structure for future.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Earthquake measuring 7.5 magnitude struck Central Sulawesi on September 28,
2018 has re-created the people's anxiety about the dangers of natural disasters and the
fears of such a catastrophe can happen to us. It is a large-scale earthquake and produces
large-scale impacts too. Most of buildings have collapsed and many people are trapped
in the ruins of the dead or seriously wounded. We need to be grateful that our country is
almost free from catastrophic earthquakes. Every time natural disasters occur in
Indonesia, such as the enormous earthquake and Aceh tsunami in 2004, the earthquake
in Lombok in July 2018, and the latest earthquake in Sulawesi, Malaysians asked the
same question whether the earthquake paths are approaching us. The tectonic features
that have affected Peninsular Malaysia can be divided into two; the far field earthquakes
and the near field earthquakes (Marto, Tan, Kasim, & Mohd.Yunus, 2013).

The entire surface of the earth is dynamic, always moving slowly like the growth
of human nail. There is a moving part faster (reaching 8 cm a year). This region produces
gigantic magnitude earthquake and is often known as an earthquake lane or some that
calls it a Fire of Ring. In Southeast Asia, this line can be dispersed up to 500 km
associated with large and very large earthquakes. Its position includes the islands of
Sumatra, Java, Bali, Lombok, Nusa Tenggara, Sulawesi and the Philippine archipelago.

The earthquake path is still not change. In terms of geological position and
geography, Malaysia is out of this path. Malaysia faces a small and medium scale
earthquake. In Peninsular Malaysia and Sarawak, scientific records show that
earthquakes are now only very low, just a small shake and no disaster. In Sabah,
especially in the Tawau, Lahat Datu and Ranau areas, there have been a number of



moderate earthquakes. Sting causes minor damage, but no death. Most earthquakes in the
world occur along the boundaries of the tectonic plates and are called Inter-plate
Earthquakes (Design, 2005).
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Figure1.1  The Fire of Ring

Source: (Marto et al., 2013)
1.2 Problem Statement

Malaysia can be said to be free from earthquake and categorized in low seismicity
group (Vaez, Bin, & Zare, 2016), but yet we can feel the tremors at certain places. After
encountered several tremors that comes from neighbouring nations, Malaysian begin to
make a judgement on the probity of existing structures in Malaysia to resist the
earthquake effect. In Sabah and Sarawak, they experienced the earthquake more than the
peninsular Malaysia. A 4.0 magnitude earthquake hit the Mount Kinabalu area, some 16

km west of Ranau at about 28 June 2016 on Friday.

Also due to urbanization, industrialization and development happening around
the world demand for high-rise buildings has increased day by day (Shejul, 2017). And
it has been reported that a lot of buildings in Peninsular Malaysia still in a good



performance and minimum 50% of selected buildings is known to felt or experience the
concrete deterioration issue due to the vibration during earthquake. The seismic crisis
affected buildings and infrastructures with a total damage besides of fatality. We should
consider the vulnerability of the elevated water tank structures to the seismic effect. The
building in Malaysia including the elevated water tank should be designed to consider the
seismic effect since the minor disaster had already occurred. A lot of structures in
Malaysia had been design according to BS8110 which is not considering any seismic

provision.

In a real earthquake situation, the first vibration is always subsequent by other
vibration. This is the natural behaviour of earthquake and may arise not many hours after
the previous one, and may occur constantly to a few days. In engineering view, it also
known as repeated earthquake or multi event earthquake. Thus, during a huge earthquake
event, structures are imposed to the action of tremors load more than one. The structure
may expose to the minor to medium damage after experiencing the first quake resulting
in strength and stiffness degradation of the global system. One of the major problems that
may lead to failure of these structures is earthquakes (Algreane, Osman, Karim, & Kasa,
2011). If these structures are not repaired, they are expected to having worst damage that
lead to collapse. Therefore it is necessity of seismic loading consideration for water tank
structure in Malaysia.

1.3 Research Objectives

The main objective of this research is to study the seismic performance of
elevated water tank structure due to earthquake while the sub objectives of this research

are:

a) To determine the vulnerability of existing critical elevated water tank under

earthquake loading.

b) To study the behaviour of elevated water tank under major and minorearthquake

loading.

¢) To study the dynamic characteristics of elevated water tank under different types

of loading.



1.4 Scope of Study

In this research, the earthquake resistance and performances of storage

structure will be investigated. The scopes of this study are:

a) Type of structure that will be used is concrete elevated water tank.

b) Structural modelling and analysis by SAP2000 Program.

¢) The load consideration will include live load, dead load and earthquake load of
Acheh and EI-Centro provided by Malaysia Meteorology Department (MMD).

d) Involved three types of analysis; free vibration analysis, time history analysis and

response spectrum analysis.
1.5  Significance of Study

The outcomes and findings of this research are to analyse and study the seismic
performances of elevated water tank under different earthquake loading. It may be useful
for seismic behaviour assessment of storage structure and can contribute to understanding
the effect. The analysis result determined from the study may be used to develop and
determine the seismic design criteria to increase the safety factor of elevated water tank

structure in Malaysia from severe destruction of earthquake.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter will be cover on the causes of the 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 of this chapter will focus on the details of the elevated water
tank structure to provide a good understanding of the background. The 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

SAP2000 Program, which is the software that used to analyse the model.
2.2  Earthquake and Ground Shaking

An earthquake is the shaking of the surface of the earth, resulting from the sudden
release of energy in the Earth’s lithosphere that creates seismic waves. Earthquakes have
a potential to paralyze human life by causing disturbance to infrastructure and lifeline
facilities because it is one of the major natural calamities (Bansode, 2018). The seismicity
or seismic activity of an area refers to the frequency, type and size of earthquakes
experienced over a period of time. At the Earth’s surface, earthquakes manifest
themselves by shaking and sometimes displacement of the ground. When the epicentre
of a large earthquake is located offshore, the seabed may be displaced sufficiently to
cause a tsunami. Earthquakes can also trigger landslides, and occasionally volcanic

activity. The epicentre is the point at ground level directly above the hypocentre.


http://www.geologypage.com/2016/05/tsunami.html

Figure 2. 1 Epicentre and Hypocentre

Source: http://www.seismo.ethz.ch/en/home/

The earth has four major layers; the inner core, outer core, mantle and crust. The
crust and the top of the mantle make up a thin skin on the surface of our planet. But this
skin is not all in one piece — it is made up of many pieces like a puzzle covering the
surface of the earth. Not only that, but these puzzle pieces keep slowly moving around,
sliding past one another and bumping into each other.

Exosphere

Thermosphere
Mesosphere
e

Upper Mantle

Mantle

Outer Core

Inner Core

Figure 2.2  The layers of the Earth

Source: (Andrei, 2018)


http://www.seismo.ethz.ch/en/home/

These puzzle pieces are called tectonic plates and we called the edges of the plates
are plate boundaries. The plate boundaries are made up of many faults, and most of the
earthquakes around the world occur on these faults. Since the edges of the plates are
rough, they get stuck while the rest of the plate keeps moving. Finally, when the plate has

moved far enough, the edges unstick on one of the faults and there is an earthquake.

While the edges of faults are stuck together, and the rest of the block is moving,
the energy that would normally cause the blocks to slide past one another is being stored
up. When the force of the moving blocks finally overcomes the friction of the jagged
edges of the fault and it unsticks, all that stored up energy is released. The energy radiates
outward from the fault in all directions in the form of seismic waves like ripples on a
pond. The seismic waves shake the earth as they move through it, and when the waves

reach the earth’s surface, they shake the ground and anything on it, like our houses.

Shaking and ground rupture are the main effects created by earthquakes,
principally resulting in more or less severe damage to buildings and other rigid structures.
The severity of the local effects depends on the complex combination of the earthquake
magnitude, the distance from the epicentre, and the local geological and
geomorphological conditions, which may amplify or reduce wave propagation. The

ground-shaking is measured by ground acceleration.
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Figure 2. 3  Plates tectonic jigsaw puzzle of the Earth

Source: Allen (2013)
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2.3 Source of Earthquake

A fault is a fracture or zone of fractures between two blocks of rock. Faults allow
the blocks to move relative to each other. This movement may occur rapidly, in the form
of an earthquake - or may occur slowly, in the form of creep. Faults may range in length
from a few mm to thousands of km. Most faults produce repeated displacements over
geologic time. During an earthquake, the rock on one side of the fault suddenly slips
with respect to the other. The fault surface can be horizontal or vertical or some arbitrary

angle in between.

Earth scientists use the angle of the fault with respect to the surface (known as
the dip) and the direction of slip along the fault to classify faults. Faults which move
along the direction of the dip plane are dip-slip faults and described as either normal or
reverse (thrust), depending on their motion. Faults which move horizontally are known
as strike-slip faults and are classified as either right-lateral or left-lateral. Faults which

show both dip-slip and strike-slip motion are known as oblique-slip faults.
2.3.1 Dip-slip Faults

a) Normal thrust
The footwall moves away from hanging wall which caused by the tension.

b) Reverse thrust
The footwall moves forward the hanging wall which caused by the
compression.

—

/‘&

——

Normal Reverse

Hanging Wall

Figure 2.4  Dip-slip faults

Source: https://www.groovylabinabox.com/its-not-my-fault/


http://earthquake.usgs.gov/learn/glossary/?term=fault
http://earthquake.usgs.gov/learn/glossary/?term=creep
http://earthquake.usgs.gov/learn/glossary/?term=dip
http://earthquake.usgs.gov/learn/glossary/?term=dip%20slip
http://earthquake.usgs.gov/learn/glossary/?term=normal%20fault
http://earthquake.usgs.gov/learn/glossary/?term=thrust%20fault
http://earthquake.usgs.gov/learn/glossary/?term=strike-slip
http://earthquake.usgs.gov/learn/glossary/?term=right-lateral
http://earthquake.usgs.gov/learn/glossary/?term=left-lateral
https://www.groovylabinabox.com/its-not-my-fault/

2.3.2 Strike-slip Fault

a) Right-lateral
The displacement of the far block is to the right when viewed from either

side.
b) Left-lateral
The displacement of the far block is to the left when viewed from either

S

Figure 2.5  Strike-slip fault

Source: https://www.groovylabinabox.com/its-not-my-fault/

2.3.3 Oblique-slip Fault

Has both horizontal (strike-slip) and vertical (dip-slip) movements that are
measurable. Most faults have both types of movement, but one is much greater than the

other. The oblique fault has significant movement in both directions.

P4

g |

Figure 2.6  Oblique-slip fault

Source: https://www.groovylabinabox.com/its-not-my-fault/


https://earthquake.usgs.gov/learn/animations/strikeslip.php
http://earthquake.usgs.gov/learn/glossary/?term=right-lateral
http://earthquake.usgs.gov/learn/glossary/?term=left-lateral
https://earthquake.usgs.gov/learn/animations/strikeslip.php
https://www.groovylabinabox.com/its-not-my-fault/
https://www.groovylabinabox.com/its-not-my-fault/

2.4  The Nature of Earthquake Shaking

Earthquake waves are also called seismic waves. These waves are of three types.

These are:
241 Primary waves or P-waves

These are push and pull waves. They are also called longitudinal waves. These
waves resemble sound waves, since both are compression-dilatation or compression
rarefaction waves. In these waves each particle vibrates to and from in the direction of
propagation. P waves pass through gases, liquids and solids in the same manner. These
waves travel outward from the point of disturbance in all directions in straight lines. They
are the fastest of all earthquake waves. Their average velocity is 5.3 km a second and a
maximum of 10.6 km/s. P waves are the first to reach the epicentre. The path followed
by these waves through the earth is concave.

Ground is shaking this way
— f— f— —

ﬁ Waves are traveling this way

Figure2.7  P-waves

Source: https://earthquake.usgs.gov/data/

2.4.2 Secondary waves, S-waves or Shear Waves

Which is also called transverse waves. In these waves the particles vibrate at right
angles to the direction in which they travel (the direction of propagation). S waves pass
only through solids. They cannot pass through liquids. In the same kind of rocks, the
speeds of travel of P and S waves are different because they depend on different
properties. The only motion felt on ship is from the P-waves, because S-waves cannot
travel through water beneath the ship. A similar effect occurs as sand layers liquify in

earthquake shaking, which is appropriately known as liquefaction (Waves, 2010). The
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velocity of S waves depends on its density and rigidity. Even though the velocity of S
wave is less than that of P wave, the former (S wave) is more destructive. These waves

cause the rocking motion of the earth.

S Waves

Figure2.8  S-waves

Source: https://earthquake.usgs.gov/data/

2.4.3 Surface Waves or L-waves

They reach the earth's surface after P and S waves. Surface wave travels with a
lower velocity than the other two around the surface of the earth. Surface wave is very
destructive. There are two types of L waves: (i) Rayleigh Waves (ii) Love Waves.
Rayleigh waves are characterised by the motion of particles in elliptical orbits in the plane
of propagation. In the second kind of waves i.e. love waves, the motion of particles is
horizontal and at 90° angle of the direction of their movement. Both of these waves
provide very valuable information for distinguishing between the continental and oceanic

types of crust.

A
-y
3 = X
T

Figure2.9  L-waves

Source: https://earthquake.usgs.gov/data/
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2.5  Measuring Earthquake

The definition of a number of ground motion parameters, named intensity
measures (IM), simplifies the description of a strong ground motion and links the seismic
hazard with the structural data required for the solution of earthquake engineering
problems (Lagaros et al., 2014). Magnitude and intensity measure different
characteristics of earthquakes. Magnitude measures the energy released at the source of
the earthquake. Magnitude is determined from measurements on seismographs while
intensity measures the strength of shaking produced by the earthquake at a certain
location. Intensity is determined from effects on people, human structures, and the natural

environment.
2.5.1 Seismometer

A seismometer is an instrument that measures and records motions of the ground,
including those of seismic waves generated by earthquakes, nuclear explosions, and other
seismic sources. Records of seismic waves allow seismologists to map the interior of the

Earth, and locate and measure the size of these different sources (Started, 2002).

Figure 2. 10  Photograph of a simple AS-1 vertical seismometer used in IRIS’
Seismographs in Schools program

Source: (Started, 2002)

A seismogram is a graph output by a seismograph. It is a record of the ground
motion at a measuring station. The energy measured in a seismogram may result from an

earthquake or from some other source, such as an explosion.
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Seismograph is another term used for seismometer, though it is more

applicable to the older instruments in which the measuring and recording of ground

motion were combined than to modern systems, in which these functions are separated.

Both types provide a continuous record of ground motion; this distinguishes them from

seismoscopes, which merely indicate that motion has occurred, perhaps with some simple

measure of how large it was.

2.5.2 Magnitude

The magnitude is a number that characterizes the relative size of an earthquake

(Earthquake, Size, & The, 1929). Magnitude is based on measurement of the maximum

motion recorded by a seismograph. Several scales have been defined, but the most

commonly used are;

3)
b)
c)
d)

Local magnitude (ML), commonly referred to as "Richter magnitude”
Surface-wave magnitude (Ms)

Body-wave magnitude (Mg)

Moment magnitude (Mw), based on the concept of seismic moment, is
uniformly applicable to all sizes of earthquakes but is more difficult to
compute than the other types.

All magnitude scales should yield approximately the same value for any given

earthquake.

Table 2. 1 Modified Mercalli Intensity (MMI) Scale compared to Ritcher Magnitude

Intensity Evaluation Description Magnitude
(Ritcher
Scale)
I Insignificant Only detected by instruments 1-1.9
] Very light Only felt by sensitive people; 2-2.9
oscillation of hanging objects
Il Light Small vibratory motion 3-3.9
v Moderate Felt inside buildings; noise 4-4.9
produced by moving objects
\Y/ Slightly strong  Felt by most people; some panic;
minor
VI Strong Damage to non-seismic resistant 5-5.9
structures
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VIl Very strong People running; some damage in
seismic resistant structures and
serious damage to un-
reinforced mansory structures

VIl Destructive Serious damage to structures in
general
IX Ruinous Serious damage to well-built 6-6.9

structures; almost total
destruction of non-seismic
resistant structures

X Disastrous Only seismic resistant structures 7-7.9
remain standing
XI Disastrous in General panic; almost total
extreme destruction; the ground cracks
and opens
XIl Catastrophic Total destruction 8-8.9

Source: Datta (2010)
2.5.3 Intensity

The intensity is a number that written as a Roman numeral, describing the severity
of an earthquake in terms of its effects on the earth's surface and on humans and their
structures. There are several intensity scales. Two commonly used ones are the Modified
Mercalli Intensity (MMI) Scale and the MSK Scale. Both scales are quite similar and
range from I (least perceptive) to XII (most severe), but the ones most commonly used in
the United States are the Modified Mercalli Intensity scale. The intensity scales are based
on three features of shaking - perception by people and animals, performance of
buildings, and changes to natural surroundings (Design, 2005). There are many intensities
for an earthquake, depending on where you are, unlike the magnitude, which is one

number for each earthquake.

Table 2. 2 Modified Mercalli Intensity Scale

Intensity Effects PGA
(gals)
I Not felt. Marginal and long-period effects of large <1
earthquakes.
I Felt by persons at rest, on upper floors or favourably 1-2
placed.
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VI

\l

VI

IX

Felt Indoors. Hanging objects swing. Vibration like
passing of a light truck. Duration estimated. May not be
recognized as an earthquake.

Hanging objects swing. Vibration like passing of heavy
trucks: or sensation of a jolt like a heavy ball striking the
walls. Standing motor cars rock. Car alarms activated.
Windows, dishes, doors rattle. Glasses clink, crockery
clashes. In the upper range of IV wooden walls and
frames creak.

Felt Outdoors. Direction estimated. Sleepers wakened.
Liquids disturbed, some spilled. Small unstable objects
displaced or upset. Doors swing, close open. Shutters,
pictures move, pendulum clocks stop, start, change rate.

Felt by all: many frightened and run outdoors. Persons
walk unsteadily. Windows, dishes, glassware broken.
Knickknacks, books etc. off shelves. Pictures off walls.
Furniture moved or overturned. Weak plaster and
masonry D cracked. Small church and school bells ring.
Trees, bushes shaken (visibly or heard to rustle).

Difficult to stand. Noticed by car drivers. Hanging objects
quiver. Furniture broken. Damage to masonry D
including cracks. Weak chimneys broken at roof line.
Fall of plaster, loose bricks, stones tiles cornices
unbraced parapets, and architectural ornaments. Some
cracks in masonry C. Waves on ponds; water turned
turbid with mud. Small slides and caving in along sand
or gravel banks. Large bells ring. Concrete culverts
damaged.

Steering of motor cars affected. Damage to masonry C:
partial collapse. Some damage to masonry B, none to
masonry A. Fall of stucco and some masonry walls.
Twisting, fall of chimneys, factory stacks, monuments,
towers, elevated tanks. Frame houses moved on
foundations if not bolted down; loose panel walls thrown
out. Decayed piling broken off. Branches broken from
trees. Changes in flow or temperature of springs and
wells. Cracks in wet ground and steep slopes.

General panic. Masonry D destroyed; masonry C heavily
damaged, sometimes with complete collapse; masonry B
seriously damaged. General damage to foundations.
Frame structures shifted off foundations if not bolted
down. Serious damage to reservoirs. Underground pipes
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broken. Conspicuous cracks on ground. Sand boils,
earthquake fountains, and sand craters.
X Most masonry and frame structures destroyed with their 500-1000
foundations. Some well-built wooden structures and
bridges destroyed. Serious damage to dams, dikes,
embankments. Large landslides. Water thrown on banks
of canals, rivers, lakes etc. Sand shifted horizontally on
beaches and flat land. Rails bent slightly.

XI Rails bent greatly. Underground pipelines completely out **
of service.
XIl Damage nearly total. Large rock masses displaced. Lines **

of sight and level distorted. Objects thrown into the air.

Notes:
* PGA is the effective Peak Ground Acceleration during the earthquake. That is the

maximum horizontal ground acceleration excluding high frequency spikes. 1 gal = 1
cm/sec/sec. Since the intensity of gravity (g) is about 10 meters/sec/sec 10 gals is about
1% of gravity
** At the highest intensity levels damage potential is determined increasingly by the
effects of ground failure. Most types of ground are unable to sustain prolonged
accelerations much greater than 500 gals.
Masonry A. Good workmanship, mortar and design: reinforced especially laterally and
bound together using steel, concrete etc. Designed to resist lateral forces.
Masonry B. Good workmanship and mortar. Reinforced but not designed in detail; to
resist horizontal forces.
Masonry C. Ordinary workmanship and mortar. No extreme weaknesses like failing to
tie in at corners but neither reinforced nor designed to resist horizontal forces.
Masonry D. Weak materials such as adobe; poor mortar; low standards of workmanship;
weak horizontally.

Source: (Datta, 2010)

2.6 Water Storage Tank

A water tank is used to store water to tide over the daily requirement. In the
construction of concrete structure for the storage of water and other liquids the
imperviousness of concrete is most essential (H. Patel, 2015). Also, it is inevitable part
of water supply system, and extensively used for storage and processing of variety of

liquid like material such as water, petroleum product, liquefied natural gas, chemical fluid

16



and wastage of different forms. Elevated water tanks features to look for are strength and
durability, and of course leakages can be avoided by identifying good construction
practices (C. N. Patel & Patel, 2012).

2.7  Types of Water Tank
2.7.1 Based on Location
In general, there are three kinds of water tanks (Assistant, 2010):
a) Elevated water tank
b) Underground water tank
c) Water tank resting on ground

2.7.1.1 Elevated Water Tank

Elevated water tank also known as overhead water tank. Elevated water tanks
of various shapes can be used as service reservoirs, as a balancing tank in water supply
schemes and for replenishing the tanks for various purposes (Ashwini, Chethan, &
Bhavya, 2018). Elevated tanks have many advantages. It did not require the continuous
operation of pumps. Short term pump shutdown does not affect water pressure in the
distribution system since the pressure is maintained by gravity (H. Patel, 2015). It is filled

either with mains supply or from underground water tank.
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Figure 2. 11  Elevated Water Tank
2.7.1.2  Underground Water Tank

These tanks are built or placed underground. Water is filled into these tanks
from mains. Water in it is pumped to fill overhead tank or is pumped directly to the floors.
The tanks resting on ground like clear water reservoirs, settling tanks, aeration tanks etc.
are supported on the ground directly. The walls of these tanks are subjected to pressure

and the base is subjected to weight of liquid and upward soil pressure. The tanks may be
covered on top (Bhandari & Singh, 2014).
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Figure 2. 12  Underground Water Tank

2.7.1.3  Water Tank Resting on Ground

It is a secondary water storage tank. These tanks are built (R.C.C water tank)
or placed (plastic water tank) on ground or floor of any building. They are used in
emergency when overhead and underground water tanks are empty. The wall of these
tanks was subjected to pressure and the base is subjected to weight of water. These tanks
are rectangular or circular in their shape (ThalapathyM, VijaisarathiRP, SudhakarP,
SridharanV, & SatheeshVS, 2016).
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Figure 2. 13 Water Tank Resting on Ground

2.7.2 Based on Shape
From the shape point of view, water tanks may be of several types. These are:
a) Circular tank
b) Conical or funnel shaped tank
¢) Rectangular tank
2.7.21 Circular Tank

Circular tank was usually good for very larger storage capacities the side walls
are designed for circumferential hoop tension and bending moment, since the walls are
fixed to the floor slab at the junction. Circular tanks have minimum surface area when
compared to other shapes for a particular capacity of storage required. Hence the quantity
of material required for circular water tank is less than required for other shapes

(G.S.Suresh, 2009). The bottom slab is usually flat because it’s quite economical.
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Figure 2. 14  Circular Tank
2.7.2.2  Conical or Funnel Shaped Tank

This tank is best in architectural feature and aesthetic this tank has another
important advantage that its suitable for high staging the tank’s hollow shaft can be easily
built (ThalapathyM et al., 2016). It can be economical and rapidly constructed using slip

from processing of casting. They can also be built using pre-cast concrete elements.

Figure 2. 15 Conical or Funnel Shaped Tank
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2.7.2.3 Rectangular Tank

The walls of rectangular tank are subjected to bending moments both in
horizontal as well as in vertical direction. The analysis of moment in the wall is difficult
since water pressure results in a triangular load on them. The magnitude of the moment
will depend upon the several factors such as length, breadth and height of tank, and
conditions of the support of the wall at the top and bottom edge. If the length of the wall
IS more in compression to its height the moment will be mainly in vertical direction i.e.
the panel will bend as a cantilever. If, however, height is larger in comparison to length,
the moments will be in horizontal direction, and the panel will bend as a thin slab
supported on the edges. The wall of the tank will thus be subjected to both bending

moment as well as direct tension.

Figure 2. 16 Rectangular Tank

2.7.3 Based on Materials
According to their materials, water tank can be classified into four which are:
a) Concrete water tank
b) Steel water tank
c) Fiberglass water tank

d) Poly (plastic) water tank
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2.7.3.1 Concrete Water Tank

Concrete water tank can be installed either above or underground. The latter is
a good option if in short on space as they can be constructed in such a way to allow for
load bearing, for example, under a driveway. Given the material, they are very heavy and
often poured on-site or delivered in sections that are then basically cemented together.
Concrete is also an energy intensive product that requires a great deal of heat and water
in its production. Additionally, the components need to be mined — but the same goes for

any material.

Figure 2. 17 Concrete Water Tank

2.7.3.2  Steel Water Tank

Stainless steel tanks are still the number one choice in industries, and the
advantages of using a stainless-steel storage tank can outshine other available choices.
The biggest advantage of these tanks is their extreme durability, which is highly greater
than other types of tanks stainless steel storage tanks remain the most excellent choice in
terms of compatibility, durability and rationally priced. These tanks require little
maintenance in comparison to the other available options. When it comes to storage tanks,
the excellence of stainless steel is far more remarkable and outstanding
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Figure 2. 18  Steel Water Tank

2.7.3.3  Fiberglass Water Tank

This is another long-lasting option that can be installed above or below ground.
Fiberglass tank resist corrosion and are not generally affected by chemicals. As fiberglass
tank tend to allow more light in than other types of tank materials, this can encourage the
growth of algae, so they should be painted or gel coat applied. Fiberglass can also tend

to be brittle, leaving it prone to cracks.

Figure 2. 19  Fiberglass Water Tank
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2.7.3.4  Poly (plastic) Water Tank

Poly tanks are made from polyethylene; a UV stabilized, food grade plastic.
The tanks are light and you only need a sand base to place them on. Many poly tanks
carrying a 25 years warranty, although many claim 15 years is a more realistic lifespan.
They are also usually the second cheapest of the options. One of the major disadvantages
of polyethylene is the material is made from petrochemicals. However, polyethylene
tanks can still be easily recycled after 15 years, so it’s just a matter of breaking the tank

up and then carting it away to a recycler.

Figure 2. 20 Poly (plastic) Water Tank

2.8 SAP2000 Program

SAP2000 Program is a Structural Analysis Program that used to analyse and
design any structural system. The software provided 2D to 3D model of structure. The
programs in SAP2000 Program is including the analysis in loading such as seismic, wind,
vehicle and waves which can be generated to structure. Besides, SAP2000 is the first
finite element program created where we can obtain the outputs such as model response,
displacement, bending moment and shear. Moreover, it strongly useable in this research
study which we need to do the analysis related to time history and seismic load.
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2.9 Summary

Earthquake event occurred when the tectonic plates released from underneath of
earth. It caused by the sudden slips that happened in the Earth’s crust. When the
earthquake happened, the seismic waves move in all directions and there were two types
of the seismic waves which are body waves and surface waves. The strength or size of
earthquake can be determined by the magnitude scale where the largest magnitude is 9
meanwhile the smallest magnitude is 1. In this research, the structure that will be analyse
Is storage tank which is elevated water tank. The elevated water tank usually used to store
water that later will be distributed to the citizen. It will be analysed with the Acheh
earthquake data. The analysis of the model will be conducted by using SAP2000

Program.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter provided the best method that used to achieve the objectives of this
research. Problem statement are conducted to observed and gather the problems and
directly identify the solution. Elevated water tank structure has been selected to be the

model in this research.

Data used during conducting the project are time history earthquake data from
Acheh and Al-Centro obtained from the Malaysian Meteorological Department. Data was
taken from Acheh because Indonesia are the nearest country to Malaysia and from the

previous study, it shows some of earthquake are affecting Malaysia.

The analysis of the elevated water tank structure was conducted by using
SAP2000 Program, which its study the acceleration, displacement and dynamic of the
elevated water tank structure during earthquake. SAP2000 Program has been known with

specialty in analysing a structure in term of seismic performance.

The analysis will show the behaviour of elevated water tank structure when the
earthquake loading imposed on it. The results of the analysis were obtained and discussed

in detail in the next chapter.
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Start

Gather all earthquake data
and draw the water tank

Modelling the structure of
elevated water tank 1n

SAP2000 Software

Amalyse the structure without
seismic loading

Analyse the structure with
seismic loading

Eesult, analysis and
discussion

Figure 3. 1

Finish

Flowchart of analysis using SAP2000 Program

Information and Data Collection

During this stage, all the related data, studies, facts and important
information for this research and analysis are being collected. The collecting data

process is concentrated on the main topics of this project as follows:

1. Location of the case study of the water tank.

The design used for the analysis is one of the water tank design from Malaysia.

2. Drawing of the water tank.
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3.3

The drawing contained the details of the design such as the height of the water
tank, the diameter of water tank and the capacity of the water tank.

Material used and types of the water tank.

For this analysis, the materials used for the structure is reinforced concrete (RC)
and it is an elevated water tank.

Earthquake data for seismic analysis.

The earthquake data used in this research is from the Al-Centro and Acheh
Earthquake that occurred in 2004. The data is acquired from the Malaysian

Meteorological Department.

Analysis

The elevated water tank has been modelled and analysed using SAP2000 which

is an integrated software for structural analysis and design. The free vibration analysis,

time history analysis, and response spectrum analysis have been performed in this study.

The loads that being considered in this study consist of dead load, live load, modal load,

time history load and also response spectrum load. There are several combinations of

load cases that were applied in this study. The load combination consists of:

Free Vibration Analysis (FVA)

Dead Load (DL) + Live Load (LL)

Dead Load (DL) + Live Load (LL) + Earthquake Load (EL) from Acheh
Dead Load (DL) + Live Load (LL) + Earthquake Load (EL) from EI-Centro

The result obtained from this study are as follows:

3.4

Natural period and natural frequency of the elevated water tank structure
Displacement, acceleration and velocity of elevated water tank joints under free

far earthquake loading
SAP2000 Program

SAP 2000 is a standalone finite element based structural program for the analysis

and design of civil structures. It offers an intuitive, yet powerful user interface with many

tools to aid in quick and accurate construction of models, along with sophisticated

technique needed to do most complex projects. SAP 2000 is objects based, meaning that
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the models are created with members that represent physical reality. Results for analysis
and design are reported for the overall object, providing information that is both easier
to interpret and consistent with physical nature (H. Patel, 2015).

The first step was to create a modal for the structure. New models may be created
with very little effort using pre-programmed templates (User & Manual, 2011). After the
modelling has been done by computational software, SAP2000 Program, free vibration
analysis, time history analysis and response spectrum will be performed. Load
combinations will involve dead load and live load of the structure, and earthquake loads.
Free vibration analysis will be obtained by SAP2000 Program to provide the natural

frequency, natural period and the mode shape of the structure.

Data used during conducting the project are time history earthquake data from
Acheh and EI-Centro obtained. Data was taken from Acheh because Indonesia are the
nearest country to Malaysia and from the previous study, it shows some of earthquake
are affecting Malaysia. The finite element analysis software SAP2000 nonlinear is
utilized to create 3D model and run all analyses. The software is able to predict the
geometric nonlinear behaviour of space frames under static or dynamic loadings, taking
into account both geometric nonlinearity and material inelasticity (Patil & Kumbhar,
2013).

3.4.1 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 the elevated water tank:

I. Determine the type of the model of structure to be used
Il. Create, define and coordinate the grid system for the model
I1l. Detailed the section frame properties
IV. Construct the frame geometry by assigning the member
V. Assign the restrain at the base of the structure
V1. Define all the load case and load combination
VII. Assign the loads at the specific frame element or joint
VIII.  Define the function of Time History and Response Spectrum
IX. Run the analysis of model

X. Review analysis result and output table

30



XI.  Check the structural design

3.4.2 Steps in SAP2000 Modelling and Analysis

Step 1: Determine the type of the model of structure to be used

B3 New Model *

Mew Model Initialization Praject Informatian

(¢ | Initialize Model from Defaults with Units kM. m. G ﬂ Modify/Show Info

" Initialize Model from an Existing File

Select Template

Blank

Grid Only 20 Trugses 3D Trusses 2D Frames

3D Frames whall Flat Slab Shells Staircagses Storage
Shuctures

R3S

Underground Solid Modelz Pipes and
Concrete Plates

Figure 3.2  Select the model type and unit

Step 2: Setting up the coordinate of grid line

Define Grid System Data
Units Grid Lines
System Name [GLoBAL [km.m.C = Quick Start
# Grid Data
Grid 1D \ Ordinate: \ Line Type \ Wisibility | Bubble Loc. | Grid Color +
1 A Ril] Primary Shiow Start
2 B 45 Primary Shiow End
3 C 225 Primary Show end R
4 D 0. Prirnary Shiow End _
5 E 225 Primary Show end R
B F 45 Prirnary Shiow End _
7 G 55 Primary Shaw Stat B
5 -l
* Grid Data Display Grids as
Grid|D | Oidinate | Line Type | Visibiiy | BubbleLoc. | GridColor = ¢+ Drdinates (" Spacing
1 1 -4.8971 Frimary Show Start
2 3 -3.8971 Frimary Show End
3 4 0. Frimary Show End B [ Hide Al Grid Lines
] 5 38971 Primaty Show End R I Glue to Grid Lines
5 4.8971 Primary Show Stat
B
7 Bubble Size  |2.4384
o | -l
Z Grid Data
Feset to Default Calor
GridID | Ordinate | Line Type | Visibiity | Bubble Loc. | i‘
1 21 -15. Prirnary Shaw End
2 z2 0. Frivay  Show Erd =
3 z3 125 Prirnary Shaw End
4|
| 5 |
| & |
ma =
3 -

Figure 3.3 Define grid system data
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Step 3: Define material and frame section properties

Define Materials

[relete i aternial

— Materials — Click. to:
4000Psi Add New Material Quick... |
ig;g%gg Add New Material.. |
Add Copy of katerial.. |
Maditp/Show Material . |
|

[~ Show Advanced Properties

Cancel |

Figure 3.4  Define material types

Material Property Data

Shear Modulus, G

— General Data
Matenial Mame and Dizplay Colar |4EIDEIF'si -
M aterial Type IEuncrete ;I
Material Motes Madity/Show Nates.. |
—weight and bazs itz
wheight per Unit Yalume |23.5531 IKN, m, C ;I
Masz per Unit Volume W
— lzobropic Property Data
Modulus of Elasticity, E IW
Poisson's Ratio, U |E|2—
Coefficient of Thermal Expanzion, & IW

I'I 0356431

— Other Properties far Concrete M aterials

Specified Concrete Comprezsive Strength, fo

Shear Strength Beduction Factar

|2?5?9.E|32

[ Switch Ta Advanced Property Dizplay

o ]

Cancel

Figure 3.5  Material properties data
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Step 4: Draw the frame geometry by assigning member section properties

Figure 3.6 3D modelling of the structure

Joint Restraints

— Restraintz inJoint Local Directions

[¢ Translation 1 v Rotation about 1
[ Translation 2 [ PRotation about 2
B Translation 3

— Fazt Restraints

| A 5
ITI Canicel I

Figure 3.7  Add restraint at the base
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Step 5: Define load cases

Define Load Patterns

— Load Patterns —Click T
Self wheight Auto Lateral
Load Pattern Mame Type tultiplier Load Pattern addlileoadlRaten) I
[DEAD DEAD =~ Modify Load Pattem |
LIvE LIVE 1 Modify Lateral Load Pattern.... I
Acheh QUAKE 941 Eurocode8 2004 J
ElCentra QUAKE 9.81 Eurocoded 2004 Dslste Load Pattsm |

Show Load Pattern Mates. . I

Cancel |

Figure 3.8  Define load pattern for each loading

Define Load Cases

—Load Cazes — Click to:

Load Case Mame Load Case Type Add Mew Load Caze.. |
Linear Static:

kODAL b odal Add Copy of Load Case... |
LIVE Linzar Static:

Acheh Lirnear Madal Histary Modify/Show Load Caze... |

El-Centro Linear Modal Higtary
Rezponce Spectur| Response Spectrum ﬂ Delete Load Case |
ﬂ — Dizplay Load Cazes
Show Load Caze Tree... |

Cancel |

Figure 3.9  Define all load cases
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Load Case Data - Linear Static

— Load Caze Mame Motes — Load Caze Type
[DEAD Set Def Name | { Modify/Show.. | | | [Static | Design.. |
— Stiffrezs to Uge — Analyziz Type
" Zera Initial Conditions - Unstressed State f* Linear
{" Stiffress at End of Honlinear Caze I 'I ™ Monlinear
Important Mote:  Loads from the Monlinear Caze are MOT included  Maonlinear Staged Construction
in the current caze

— Loads Applied

Load Hame Scale Factor

.

Load Type
Load Patterr_ v || DEAD

MCIdIf_'.J

Delete

Cancel |

Figure 3. 10 Dead load cases data

Load Case Data - Linear Static

[Crve Set Def Name | Madity/Shaw. . |

— Load Caze Mame " Maotes

— Load Caze Type
IStatic

;I Deszign... |

— Stiffrness to Use
% Zemo Initial Conditions - Unstreszed State

I j‘

Important Maote:  Loads fram the Manlinear Caze are MOT included
in the curent caze

{" Ghffness at End of Honlinear Case

—Analysiz Type
% Linear

= Mornlinear

= Monlinear Staged Constuchion

— Loads Applied

Load Mame Scale Factor

[t

Load Type
Load Patterr || LIVE

Ml:ldlf_','

Delete

Cancel |

Figure 3. 11 Live load cases data
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Step 6: Define function of Time History and

Response Spectrum
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Figure 3. 12  Define Time History function

Load Case Data - Linear Modal History

 Load Caze Mame

Mote:
Madify/S

IAcheh

SetDefNameI

(

Load Case Type

haw... |

LI Design... |

ITime History

~ Initial Condition:

& Zero Initial Canditions - Start fram Unstressed State

" Continue from State at End of Modal Histary

current case

I jv

Important Mate:  Loads from thiz previous case are included in the

—Analyzsiz Type Time History Type

~Modal Load Caze

Usze Modes from Caze

IMDDAL vl

@& Linear & Modal

= Monlinear  Direct Integration
 Time History Mation Type———————————

& Transient

" Periadic

~ Loads Applied

[~ Show Advanced Load Parameters

Load Type Load Mame Function Scale Factor
deoel  v|[uU2 ~llscHEH  ~|[am
Accel [ ACHEH
Accel u3 ACHEH

A Add |
Modify |

v

Delete |

— Time Step Data

Mumber of Dutput Time Steps

Output Time Step Size

— Other P.

I Constant at 0.05

Modal D amping

Modify/Show... |

Cancel |

Figure 3. 13 Linear m

36

odal history case data




Response Spectrum EuroCode 8 - 2004 Function Definition
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Figure 3. 14  Response Spectrum Eurocode 8 function
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Load Case Data - Modal
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Figure 3. 16 Modal load case

Step 7: Analysis the model
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Figure 3. 17  Define load combination
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Figure 3. 19  Result output table
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3.5 Summary

As a conclusion, this chapter explained the steps used in this research using
SAP2000 Software. Before the analysis was conducted, the model of the structure of the
elevated water tank was constructed. The design of the tank was from one of the elevated
water tanks in Malaysia. The earthquake data that used to analyse the structure was
applied on the structure. The time history used by the analysis was time history from

Acheh. After the analysis was run, all the objectives of the research were determined.
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CHAPTER 4

RESULT AND ANALYSIS

4.1 Introduction

This chapter will explain details about the result and discussion of the seismic
analysis of structure of the concrete elevated water tank under the data of Acheh and Al-
Centro earthquake. SAP2000 Program with version 15 was used to analysed the model

of elevated water tank.
4.2 Characteristics of the Concrete Elevated Water Tank

For this structure of elevated water tank, it used different size and types of beam
and column. In this research, characteristic that being used is continuous concrete beam

250 x 500 mm. The characteristics of column of this elevated water tank is 800 x 300 mm
4.3  Analysis of Concrete Elevated Water Tank

The analysis of this structure of elevated water tank by using SAP2000 Program
consists of several types of load which are dead load, live load and earthquake load. The
analysis can be performed on the basis of external action, the behaviour of structure or
structural materials, and the type of structural model selected (Ibrahim, Farrukh Anwar,
& Hashmath, 2017). All the loads are being analysed by four sets of load cases

combination, which are:

I.  Free Vibration Analysis (FVA)
ii.  Dead Load (DL) + Live Load (LL)
iii.  Dead Load (DL) + Live Load (LL) + Earthquake Load (EL) from Acheh
iv.  Dead Load (DL) + Live Load (LL) + Earthquake Load (EL) from El-Centro

4.4  Free Vibration Analysis (FVA)

The modal analysis will show the deformed shape, natural period and natural
frequency for each mode. The shape of each mode would be different from each other.
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The movement of the structure also called as free vibration mode. The vibration modes
are horizontal, vertical and torsional. One of the most important problems accounted in
structural engineering is the vibration analysis of beams subjected to static loads. The
boundary element formulation for the free vibration analysis of structures characterized
the behavior utilizes in this work to find the natural frequencies and the influence function
of the concrete elevated water tank (Wasmy, Abdullah, Abbas, & Aubad, 2015). method
is one of the mainly used numerical procedures for structural analysis. Its applications to
both static and dynamic problems are widespread (Daneshmand, Liaghat, Lari, &
Abdollahi, 2008). In seismic design, we only consider the horizontal movement as the
time history or earthquake ground motion moves in horizontal. The total of mode display
Is 12. But in majority cases, the first three modes are the most important for the structural
analysis.

The figures shown as follow containing the data and mode shape for the 12

mode of concrete elevated water tank:

Deformed shape = Mode 1
Period, T = 1.31694
Frequency, f = 0.75933

Figure4.1  Mode shape 1
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Deformed shape = Mode 2
Period, T =0.78342
Frequency, f = 1.27645

Figure4.2  Mode shape 2

Deformed shape = Mode 3
Period, T =0.78342
Frequency, f = 1.27645

Figure4.3  Mode shape 3
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Deformed shape = Mode 4
Period, T =0.26233
Frequency, f = 3.81199

Figure4.4  Mode shape 4

Deformed shape = Mode 5
Period, T =0.26233
Frequency, f = 3.81199

Figure4.5  Mode shape 5

44



Deformed shape = Mode 6
Period, T =0.18678
Frequency, f =5.35392

Figure4.6  Mode shape 6

Deformed shape = Mode 7
Period, T = 0.15958
Frequency, f = 6.26626

Figure4.7  Mode shape 7
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Deformed shape = Mode 8
Period, T = 0.15958
Frequency, f = 6.26626

Figure4.8  Mode shape 8

Deformed shape = Mode 9
Period, T =0.12568
Frequency, f = 7.95697

Figure4.9  Mode shape 9
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Deformed shape = Mode 10
Period, T = 0.12568
Frequency, f = 7.95697

Figure 4. 10 Mode shape 10

Deformed shape = Mode 11
Period, T = 0.10621
Frequency, f = 9.41493

Figure 4.11 Mode shape 11
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Deformed shape = Mode 12
Period, T = 0.10548
Frequency, f = 9.48078

Figure 4.12 Mode shape 12
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Figure 4. 13 Natural Period, T
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Figure 4. 14  Natural Frequency, F

Table 4.1 Tabulated period and frequency of modal analysis

Mode Period (sec) Frequency (Hz)
1 1.31694 0.75933
2 0.78342 1.27645
3 0.78342 1.27645
4 0.26233 3.81199
5 0.26233 3.81199
6 0.18678 5.35392
7 0.15958 6.26626
8 0.15958 6.26626
9 0.12568 7.95697

10 0.12568 7.95697
11 0.10621 9.41493
12 0.10548 9.48078

45  Virtual Work Diagram

Virtual work diagrams can be used as an aid to determine which elements should
be stiffened to achieve the most efficient control over the lateral displacement in

SAP2000 Program based on its virtual colour.
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The virtual work diagrams for elevated water tank structure based on different
load cases and displacement are illustrated as follows:

| [ B2 Relative Virtual Work/Volume (DEAD/DEAD) ] -

6.30
5.85
5.40
495,
450,

4.05 ]
3.60
3.15
2.70

225
& 1.80
G 1.35
X 0.90
o 0.45

4

Figure 4.15 Forces — Dead, Displacement — Dead

| [ %2 Relative Virtual Work/Volume (DEAD/LIVE) | -

Figure 4. 16 Forces — Dead, Displacement — Live
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Figure 4. 17 Forces — Live, Displacement — Live
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Figure 4.18 Forces — Live, Displacement — Dead

4.6  Time History Analysis

The load combination analysis showed the behaviour of the elevated water tank
structure when the earthquake loading occurred. In this analysis, the movement of ground
motion earthquake will have the effect on the displacement and acceleration on the
structure. Random joints on the structure are selected to show the result of the spectral

displacement and acceleration of the joint. The time-history for this analysis is the
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combination of two load cases which are Acheh and Al-Centro earthquake load. Five
critical joints were selected to see the acceleration and displacement for both earthquake

in X and y direction. The results are illustrated in the form of bar chart below:

Displacement of Ul
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0.00006
0.00004
0.00002
; WD

2959 .
2961 3079

Displacement (m)

3084
3099
2959 2961 3079 3084 3099
m Acheh 0.000018 0.000019 0.000119 0.00011 0.000021
mEl-Centro  0.000018 0.00011 0.000119 0.00011 0.00002
Joint
m Acheh ®mEI-Centro
Figure 4.19  Maximum joint displacement in x-direction
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Figure 4.20 Maximum joint displacement in y-direction
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Acceleration of Ul
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Figure 4. 21  Maximum joint acceleration in x-direction
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Figure 4. 22 Maximum joint acceleration in y-direction

From the bar chart, both joint displacement and joint acceleration has the highest
value for EI-Centro. The highest displacement for U1 is obtained from joint 3079 which
is 0.000119 m and for acceleration is 5.42951 m?/s at joint 191 While, for U2, the highest
displacement obtained is at joint 3099 with the value of 0.000115 m and the acceleration
is 5.4289 m?/s at joint 213. All the highest value is obtained from load cases with El-
Centro earthquake data due to force produced by the near location of seismic force.
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4.7  Response Spectrum Analysis

Response spectrum is a plot of the peak or steady-state response (displacement,
velocity or acceleration) of a series of oscillators of varying natural frequency, that are
forced into motion by the same base vibration or shock. Modal analysis leads to the
response history of the structures to a specified ground motion however; the method is
usually used in conjunctions with a response spectrum (Open & Journal, 2017). The
resulting plot can then be used to pick off the response of any linear system, given its
natural frequency of oscillation. One such use is in assessing the peak response of
buildings to earthquakes. They give the maximum response values of a single degree of
freedom (SDOF) system subjected to a given earthquake accelerogram (University,
2013). Response spectrum analysis as a linear dynamic method is quite accurate than the
equivalent static one (Mahmoud, Genidy, & Tahoon, 2017).

Earthquake response spectrum is the most popular tool in the seismic analysis of
structures. There are many advantages in using the response spectrum method of seismic
analysis for prediction of displacements and member forces in structural systems. The
method of analysis involves, calculation of only the maximum values of the
displacements and member forces in each mode of vibration using smooth design spectra
that are the average of several earthquake motions (Bansode, 2018). The resulting plot
can then be used to pick off the response of any linear system, given its natural frequency
of oscillation. One such use is in assessing the peak response of buildings to earthquakes.
The science of strong ground motion may use some values from the ground response
spectrum (calculated from recordings of surface ground motion from seismographs) for

correlation with seismic damage.

Response spectra can also be used in assessing the response of linear systems with
multiple modes of oscillation (multi-degree of freedom systems), although they are only
accurate for low levels of damping. Modal analysis is performed to identify the modes,
and the response in that mode can be picked from the response spectrum. These peak
responses are then combined to estimate a total response. A typical combination method
is the square root of the sum of the squares (SRSS) if the modal frequencies are not close.
The result is typically different from that which would be calculated directly from an

input, since phase information is lost in the process of generating the response spectrum.
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The main limitation of response spectra is that they are only universally applicable
for linear systems. Response spectra can be generated for non-linear systems, but are
only applicable to systems with the same non-linearity, although attempts have been
made to develop non-linear seismic design spectra with wider structural application. The

results of this cannot be directly combined for multi-mode response.

Response spectrum with 0%, 2%, 5% and 10% damping ratio used in this
spectrum analysis that present the maximum response of the structure for x direction in
term of time period at joint 2959, 2961, 3079, 3084 and 3099 are due to spectral
displacement presented in Figure 4.23 until Figure 4.32:

1 | R ] ® 4 1
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Figure 4. 23  Displacement (Acheh) at joint 2959
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Figure 4. 24  Displacement (EI-Centro) at joint 2959

Response Spectrum Curves
File
Frequency <Cycles/Second=>
100 — Legend
907 .
= . Jaint 2351
L a0 : = Diirection =
E g Factaor 1.00=00
; 70 : Widening 0.00 %
1 eo= E Damping 1 is 0.00
z E‘ Dramping 2 i 0.02
. 80 = = Cramping 3 i 0.03
- — Dramping 4 = 0.05
1 40 : = Damping 5 iz 0.07
1 4 E_ Damping & is 0.10
: )
1l =20%
5 1.0 _
] Te+00 1e+01 Te+02 Te+03 | RS ]

Figure 4. 25 Displacement (Acheh) at joint 2961
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Response Spectrum Curves
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Figure 4. 26  Displacement (EI-Centro) at joint 2961
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Figure 4. 27 Displacement (Acheh) at joint 3079
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Response Spectrum Curves
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Figure 4. 28 Displacement (EI-Centro) at joint 3079
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Figure 4.29 Displacement (Acheh) at joint 3084

58




Response Spectrum Curves
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Figure 4. 30 Displacement (EI-Centro) at joint 3084
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Figure 4. 31 Displacement (Acheh) at joint 3099
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Response Spectrum Curves
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Figure 4. 32 Displacement (EI-Centro) at joint 3099

Response spectrum with 0%, 2%, 5% and 10% damping ratio used in this
spectrum analysis that present the maximum response of the structure for x direction in
term of time period at joint 191, 207, 213, 249 and 264 are due to spectral acceleration
presented in Figure 4.33 until Figure 4.42:
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Figure 4. 33  Acceleration (Acheh) at joint 191
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Figure 4. 34  Acceleration (EI-Centro) at joint 191
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Figure 4. 35 Acceleration (Acheh) at joint 207
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Figure 4.36  Acceleration (EI-Centro) at joint 207
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Response Spectrum Curves
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Figure 4. 37  Acceleration (Acheh) at joint 213
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Figure 4. 38  Acceleration (EI-Centro) at joint 213
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Response Spectrum Curves

File
i E Frequency <Cycles/Second=
150 — — Legend
136, .
= Juaint 249
120, = Direction ¥
= =) Factor 1.0000
105, - ‘@' widening 0.00 =
90, 2 Damping 1 iz 0.00
E g Damping 2 is 0.02
7h - Dramping 3 iz 0.03
= = Damping 4 iz 0.05
BO. : = Damping 5 iz 0.07
45 — E“_ Dramping & iz 010
30
15,

Te+00 Te+1 1e+0Z

1e+03

Figure 4. 39  Acceleration (Acheh) at joint 249

Response Spectrum Curves
File
Frequency =Cycles/Second=>
0.0 — Legend
540 _
3 Joint 243
- 48.0 - = Direction =
= 1= Factor 1.00=00
; 420 = ‘E Widening 0.00 &
1 360 2 Diamping 1 is 0.00
: E Damping 2 is 0.02
4 300 = Cramping 3 iz 0.03
= = Dramping 4 iz 0.05
1 24.0 = = Damping 5 iz 007
: 'IBEI_: E_ Dramping B iz 0.10
L . E @
120 _
EO
) | LAl
Te+00 Te+1 Te+02 1e+03 I (S, TS0

Figure 4. 40  Acceleration (EI-Centro) at joint 249
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Response Spectrum Curves
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Figure 4. 41  Acceleration (Acheh) at joint 264
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Figure 4. 42  Acceleration (EI-Centro) at joint 264
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4.8 Summary

At the end of the analysis, all elements’ unity check has been executed: the final
natural frequency, natural period and dynamic characteristics; displacement and
acceleration are obtained. All the analysis and design sections matched for all frames
passed the stress capacity check.
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5.1

CHAPTER 5

CONCLUSION AND RECOMMENDATION

Conclusion

Based on the research, the conclusion that can be made consist of:

Vi,

SAP2000 Program can consider the earthquake load

Modal analysis from the software SAP2000 produce 12 mode shape which
each of the mode shape give different frequencies and natural period value.
The modal analysis also shows that mode shape 1 is the best mode shape
since it has highest value of natural period.

The simulation of the concrete elevated water tank structure model is not
100% represents the actual structure. This is due to the assumption made on
the restraint at the based condition and the joint connection of the concrete
elevated water tank structure. The restraint at base condition of the concrete
elevated water tank structure is assumed to be fixed to the ground as a
replacement for foundation. Moreover, the connection of the cantilever
retaining wall structure was not designed according to the EuroCode3
design specification.

Based on the analysis, the critical joint is at joint 3079 where it has the
highest average of displacement value from EI-Centro which is 0.000119 m.
Based on the analysis, the critical joint is at joint 191 where it has the highest
average of acceleration value from EI-Centro which is 5.42951 m?/s.

The building structure in Malaysia shall be design with considering the

earthquake loading.
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5.2 Recommendations

Recent earthquake event that occurred in Ranau, Sabah has opened many eyes on
the structure affected by the earthquake. The earthquake or time history in Ranau, Sabah
can be used to analyse the structure in Malaysia in the future. Even though it is an average
magnitude value, it can be the reference in the future to enhance the safeguard of the

population.

For the future study, researcher need to consider the earthquake loading in the
design of the building in Malaysia. Even though the earthquake that happened in
Malaysia in small scale as Malaysia is nearest to the major tectonic plates on the Earth’s
surface, it still can make a building collapse. The seismic regulations must adaptable with
the specific condition of the country, the land management, disaster prevention and

environment protection.

Analysis the different types of the elevated water tank used in Malaysia region
can be done in the future study and we should consider the volume in the water tank either
it is fully or half fill. Hence, it might have slightly different effects on the result and
actually happen on site if neglecting the volume of the water tank in the analysis. The
data used in the analysis should be always updated, to increase the accuracy on the
seismic study.

In addition, the researcher can also analyse the behaviour of the material of the
structure used when the earthquake approaches the structure. By doing the analysis, the
structural engineer can design the structure with the recommendation material strength
based on the result and analysis that have achieved in the research. It is also necessary
that new studies should be carried out related to fluid-structure- foundation/soil

interaction for elevated tanks (Livao & Do, 2004).
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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 -5.5 1 -4.8971 Z1 -15
B -4.5 2 -3.8971 Z2 0
C -2.25 3 0 Z3 125
D 0 4 3.8971
E 2.25 5 48971
F 4.5
G 55
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