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ABSTRACT 

 

 Retaining wall structures in Malaysia region are placing more emphasis on lateral earth 

pressure rather than seismic effect. However, Malaysia actually experienced tremors due to the 

earthquakes occurred in the neighbouring countries. Therefore, the main objective of this research 

is to study the behaviour of retaining wall structure under earthquake loading and to determine 

acceleration and displacement of retaining wall structure during earthquake. Hence, a finite 

element seismic response simulation of a retaining wall structure using SAP2000 has been 

presented.  

 

Time history, response spectrum and free vibration analysis has been carried out and 

compared throughout this study. Generally, retaining wall structures in Malaysia region are 

capable of resisting low seismic activity based on the study. This is happen because the design of 

retaining wall structures for lateral earth pressure can provide sufficient resistance against potential 

low seismic effects. 
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ABSTRAK 

  

 Struktur tembok penahan di rantau Malaysia meletakkan lebih penekanan kepada 

tekanan bumi sisi dan bukannya kepada kesan seismik. Walau bagaimanapun, Malaysia 

sebenarnya mengalami gegaran daripada gempa bumi yang berlaku di negara-negara jiran. Oleh 

itu, objektif utama kajian ini adalah untuk mengkaji tingkah laku struktur dinding di bawah beban 

gempa bumi dan untuk menentukan pecutan dan anjakan struktur tembok penahan semasa gempa 

bumi.  

 

 Oleh itu, simulasi balas unsur seismik struktur tembok penahan menggunakan SAP2000 

telah dibentangkan. Sejarah masa, spektrum tindak balas dan analisis getaran bebas telah 

dijalankan dan dibandingkan sepanjang kajian ini. Secara umumnya, struktur tembok penahan di 

rantau Malaysia mampu untuk menahan aktiviti seismik yang rendah berdasarkan kajian yang 

terdahulu. Ini berlaku kerana reka bentuk tembok penahan dinding untuk tekanan bumi sisi boleh 

memberikan ketahanan yang mencukupi terhadap beban seismik yang rendah. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 BACKGROUND OF STUDY 

 

In Malaysia, there are several types of retaining wall that commonly used in 

construction. Retaining wall is mostly used in highway and dam construction. A retaining wall 

can be used to prevent soil from being wash away, through erosion. The wall will prevents 

rainwater from irrigation activities and washing away the soil. Landscaping a sloped garden 

poses a great challenge. The sloping causes lateral pressure that may lead to the movement of 

soil downwards. We need to build retaining wall which will redistribute and accommodate the 

lateral pressure and allow us to make landscape without the soil sliding downwards. 

 

 

From USGS record, there are around 500, 000 earthquake occur each year. In Malaysia, 

there is no earthquake disaster occur except a few in Sabah and Sarawak with just a very small 

magnitude. Although there are just a few small magnitude earthquakes in Malaysia, the nearest 

country like Indonesia is the country that constantly experience earthquake. Since Indonesia is 

located in the eastern of Malaysia, he following chapter will discuss about how earthquake 

occur in Indonesia can affect retaining wall in East Coast of Malaysia. 
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1.2 PROBLEM STATEMENT 

 

Malaysia is located beyond the seismically active zone, but it is still questionable 

whether the numerous cantilever retaining wall structures in Malaysia region shall be design to 

withstand an earthquake ground motion. In fact, parts of Sabah and Sarawak coastal area are 

very close to the seismically active area and have experience the tremors truly owing to the 

earthquakes occurred in the neighbouring countries. Sabah has experienced an earthquake with 

6.0 magnitudes in 2015 that cause the peaks of Kinabalu Mountain to collapse.(USGS) 

 

 

The current Malaysian retaining wall structural design practices focus more on lateral 

earth pressure analysis rather than seismic effect. We cannot ensure whether the retaining wall 

structure is safe at a specific level of earthquake acceleration. Therefore, the necessity of 

seismic design consideration for retaining wall structure in Malaysia due to surrounding 

earthquake should be determined.sec2. 

 

 

1.3 OBJECTIVES OF STUDY 

 

The main objective of this research is to study the seismic performance of retaining wall 

structure due to earthquake while the sub objectives of this research are: 

 

a) To study the behaviour of retaining wall structure under far field earthquake loading. 

b) To determine the displacement and acceleration of retaining wall structure during 

earthquake. 

c) To study the dynamic characteristics of retaining wall structure. 
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1.4 SCOPE OF STUDY 

 

In the proposed study, the effect of retaining wall due to earthquake in Indonesia will 

be investigated. In this research, the study of the architecture drawing of a cantilever retaining 

wall will be done. The case study will be related to the Indonesia earthquake that affected the 

cantilever retaining wall in Malaysia. The modelling analysis of the retaining wall structure will 

use SAP2000. This research was recommended to test the typical retaining wall by using these 

analysis factors: 

 

a) Free vibration analysis 

b) Response spectrum earthquake analysis 

c) Time history earthquake analysis 

 

 

1.5 EXPECTED OUTCOME 

 

The expected outcome of the analysis results will show the response of retaining wall 

structure under earthquake loading and all the outcome of the analysis will be done by using 

analysis software which is SAP2000. 

 

 

1.6 SIGNIFICANT OF STUDY 

 

The outcomes and findings of this research are to study and analyse the seismic 

performances of retaining wall structure under earthquake loading. It may be useful for seismic 

behaviour assessment of typical wall structure and can contribute to understanding the effect of 

accounting parameters of seismic performance of existing retaining wall structure. The analysis 

results obtained may be used to develop some earthquake design criteria to increase the safety 

factor of retaining wall structure to prevent the damage caused from earthquake. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 EARTHQUAKE 

 

In general sense, the word earthquake is used to describe any seismic event whether 

caused by human or nature that generates seismic waves. According to geologist, before the 

existing of human, the earth has suffered earthquakes for millions years. An earthquake is the 

perceptible shaking of the surface of the earth, resulting from the sudden release of energy in 

the earth crust that creates seismic waves. It can be violent enough to toss people around and 

destroy a whole city. The seismic activity of an area refers to the frequency, type and size of 

earthquakes experienced over a period of time. Earthquakes are measured using observation 

from seismometers. Usually earthquake with smaller magnitude than five that reported by 

national seismological observatories are measured most on local magnitude scale, known as 

Richter scale. This scale can be divided into three parts which are weak for magnitude three 

and below, medium for magnitude between three and seven, and strong for magnitude that 

higher than seven. The largest earthquakes in historic time have been occurs in Valdivia, Chile 

with magnitude 9.5 on May 22 1960. 
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Strong earthquake potentially cause serious damage over larger areas depending on their 

depth. If the point of the earthquake is near to the surface, it will cause more damage to the 

structure on the surface. An earthquake’s point of initial rupture is called its focus or hypocenter 

while epicenter is the point directly above the hypocenter at ground level. When the epicenter 

of large earthquake is located offshore, the seabed may be displaced sufficiently to cause 

tsunami. Earthquake can also trigger landslides and volcanic activity. There are two types of 

earthquake which are inter-plate earthquake and intra-plate earthquake. The inter-plate 

earthquake is the most common earthquake occurred in the world which it is occur along the 

plate boundaries. Meanwhile, the intra-plate earthquake occurs further from the boundaries. 

 

 

 

2.2 SEISMIC WAVES 

 

Seismology is the study of earthquakes and seismic waves that move through and 

around the earth. A seismologist is a scientist who studies earthquakes and seismic waves. 

Seismic wave’s amplitudes decrease as travel distance increase, due to phenomena like 

geometrical spreading, scattering attenuation, and intrinsic attenuation. ( Farrokhi, M. & 

Hamzehloo, H. J Seismol, 2015 ). There are several different kinds of seismic waves, and they 

all move in different pattern. Seismic waves can be divided into two main parts which are body 

waves and surface waves. 

 

 

2.2.1 BODY WAVES 

 

Body wave is a seismic wave that travels through the earth rather than across its surface. 

Body waves usually have smaller amplitudes and shorter wavelengths than surface waves and 

travel at higher speeds. Primary waves and secondary waves are body waves. 
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2.2.1.1 P-WAVES 

 

P-Wave is one kind of body waves that also known as Primary Waves. This is the fastest 

kind of seismic waves and consequently the first to arrive at seismic station. P-Wave can move 

through both form of material, solid rock and fluids. It pushes and pulls the rock as it moves 

through just like sound waves push and pull the air. 

 

 

 

 

 

Figure 2.1: Direction of Propagation for P-Waves 
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2.2.1.2 S-WAVES 

 

S-Wave is the second type of body waves that also known as Secondary Waves since it 

is the second wave you feel in an earthquake. S-Wave is slower than a P-Wave and only can 

move through solid rock. This property of S-Wave led seismologist to conclude that the earth’s 

outer core is a liquid. The S-Wave move rock particles up and down or side to side 

perpendicular to the direction that the wave is travelling in known as the direction of 

propagation. 

 

 

 

 

Figure 2.2: Direction of Propagation for S-Waves 
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2.2.2 SURFACE WAVES 

 

Surface wave is a seismic wave that only travel through crust and have a lower 

frequency compare to body waves and it can be easily distinguished on a seismogram as a result. 

Although they arrive after body wave, it is surface wave that are almost entirely responsible for 

the damage and destruction associated with earthquakes. The strength and damage cause by 

surface wave are reduced if the hypocentre is deeper. Surface wave also can be divided into two 

categories of waves which are Love Wave and Rayleigh Wave. 

 

 

2.2.2.1 LOVE WAVES 

 

Love Wave are named after A.E.H love, a British mathematician who worked out the 

mathematical model for this kind of wave in 1911it is the fastest surface wave and moves the 

ground from side to side. Confined to the surface of the crust, Love Wave produces entirely 

horizontal motion. 

 

Figure 2.3: Direction of Propagation for Love Waves 
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2.2.2.2 RAYLEIGH WAVES 

 

Rayleigh Wave is named after Lord Rayleigh who mathematically predicted the 

existence of this kind of wave in 1885. Rayleigh wave rolls along the ground just like a wave 

rolls across a lake or an ocean. Because it rolls, it move the ground up and down and side to 

side in the same direction that the wave is moving. Most of the shaking felt from an earthquake 

is due to the Rayleigh Wave which can be much larger than the other waves. 

 

 

 

Figure 2.4: Direction of Propagation for Rayleigh Waves 
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2.3 CAUSE OF EARTHQUAKE 

 

2.3.1 PLATE TECTONIC 

 

The earth outer shell known as lithosphere is consisting the crust and uppermost mantle 

that divided into a patchwork of large tectonic. This tectonic plate is move very slow relatively 

to each other. There are seven to eight major plates and many minor plates in this world. 

Varying between 0 to 100mm per year, the movement of a plate is driven by convection in the 

underlying hot and viscous mantle. 

 

The relative motion of the plates is horizontal. They can occur underwater or on land. 

Because of the friction, the plates cannot simply glide past each other. Rather, stress builds in 

both plate and when it exceeds the threshold of the rocks, the energy is released and causing an 

earthquake. 

 

 

 

Figure 2.5: Major Plates 
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2.3.2 FAULT 

 

Fault is a thin zone of crushed rock separating blocks of earth’s crust. When an 

earthquake occurs on one of this fault, the rocks on one side of the fault slips with respect to 

the other. Faults can be centimetre to thousands of kilometre long. The fault surface can be 

vertical, horizontal or at the same angle to the surface of the earth. Faults can extend deep into 

the earth and may not extend up to the earth’s surface. 

 

 

 

Figure 2.6: Varieties of Fault 
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2.4 EARTHQUAKE MEASUREMENT PARAMETERS 

 

2.4.1 MAGNITUDE OF EARTHQUAKE 

 

Magnitude is the maximum motion that record by a seismograph. Size of an earthquake 

is determined by the magnitude that recorded by seismograph. The higher the magnitude 

recorded by seismograph, the larger the earthquake. Earthquake magnitudes are most 

commonly measured using the Richter Scale ( Kusky, 2008). In 1935, Charles F. Richter, a 

California seismologist has introduced the magnitude Richter scale. The magnitude scales are 

calculated using the zigzag trace on the seismograph. 

 

 

 

Figure 2.7: Modified Mercalli Intensity Scale Compared to Ritcher Magnitude 
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2.4.1.1 LOCAL MAGNITUDE SCALE, ML  

 

The first widely used method is Richter scale and also known as local magnitude scale, 

ML. This scale was developed by Charles F. Richter in 1934. It used a formula based on 

amplitude of the largest wave recorded on a specific type of seismometer and the distance 

between the earthquake and the seismometer. This scale is specific to California earthquake. 

 

 

2.4.1.2 SURFACE WAVES MAGNITUDE SCALE, MS  

 

Surface wave magnitude scale, (Ms) is one of the magnitude scales used in seismology 

to describe the size of an earthquake. It is based on measurements in Rayleigh surface waves 

that travel primarily along the uppermost layers of the earth. It was initially developed in 1950 

by the same researchers who developed the local magnitude scale (ML) in order to improve 

resolution on larger earthquakes. The successful development of the local magnitude scale 

encouraged Gutenberg and Richter to develop magnitude scales based on teleseismic 

observation of earthquakes.  

 

 

2.4.1.3 MOMENT MAGNITUDE SCALE, MW  

 

Moment magnitude (Mw) was introduced in 1979 by Hanks and Kanamori and has since 

become the most commonly used method of describing the size of a micro seism.  Moment 

magnitude measures the size of events in terms of how much energy is released.  Specifically, 

moment magnitude relates to the amount of movement by rock (i.e. the distance of movement 

along a fault or fracture) and the area of the fault or fracture surface.  Since moment magnitude 

can describe something physical about the event, calculated values can be easily compared to 

magnitude values for other events.  The moment magnitude is also a more accurate scale for 

describing the size of events. 
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2.4.2 INTENSITY OF GROUND MOTION 

 

The increase in the degree of surface shaking (intensity) for each unit increase of 

magnitude of a shallow crustal earthquake is unknown. Intensity is based on an earthquake's 

local accelerations and how long these persist. Intensity and magnitude thus both depend on 

many variables that include exactly how rock breaks and how energy travels from an earthquake 

to a receiver. These factors make it difficult for engineers and others who use earthquake 

intensity and magnitude data to evaluate the error bounds that may exist for their particular 

applications. 

 

 

 

2.5 RETAINING WALL 

 

Retaining wall is a structure that retains any material such as earth to prevent it from 

sliding or eroding away. It is designed so that it can resist the material pressure of the material 

that it is holding away. 

 

 

 

Figure 2.8: Type of Retaining Wall 
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2.5.1 CANTILEVER RETAINING WALL 

 

Cantilever retaining walls are constructed of reinforced concrete. They consist of a 

relatively thin stem and a base slab. The base is also divided into two parts, the heel and toe. 

The heel is the part of the base under the backfill. The toe is the other part of the base. Cantilever 

wall are usually of reinforced concrete and work on the principles of leverage. Have much 

thinner stem, and utilize the weight of the backfill soil to provide most of the resistance to 

sliding and overturning. These walls are classified as yielding as they free to rotate about the 

foundation because of the lack This is the most common type of earth retaining structure. The 

cantilever retaining wall constructed of reinforced Portland-cement concrete (PCC) was the 

predominant type of rigid retaining wall used from about the 1920s to the 1970s. Earth slopes 

and earth retaining structures are used to maintain two different ground surface elevations. 

 

 

2.5.2 GRAVITY RETAINING WALL 

 

It is that type of retaining wall that relies on their huge weight to retain the material 

behind it and achieve stability against failures. Gravity retaining wall can be constructed from 

concrete, stone or even brick masonry. Gravity retaining walls are much thicker in section. 

Geometry of these walls also helps them to maintain the stability. Mass concrete walls are 

suitable for retained heights of up to 3 m. The cross section shape of the wall is affected by 

stability, the use of space in front of the wall, the required wall appearance and the method of 

construction. 

 

 

2.5.3 PILING RETAINING WALL 

 

Piling retaining walls can be either of a permanent or temporary nature. A wide variety 

of materials, steel, plastic or concrete, can be installed using percussion, hydraulic or vibratory 

hammers. Interlocking sheet pile walls are used for many applications including cofferdams, 

basement walls, pits and marine structures. 
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2.5.4 ANCHORED RETAINING WALL 

 

An anchored retaining wall can be constructed in any of the aforementioned styles but 

also includes additional strength using cables or other stays anchored in the rock or soil behind 

it. Usually it is driven into the material with boring, anchors are then expanded at the end of the 

cable, either by mechanical means or often by injecting pressurized concrete, which expands to 

form a bulb in the soil. Technically complex, this method is very useful where high loads are 

expected, or where the wall itself has to be slender and would otherwise be too weak. 

 

 

 

2.6 SAP2000 

 

The SAP name has been synonymous with state-of-the-art analytical methods since its 

introduction over 30 years ago. SAP2000 follows in the same tradition featuring a very 

sophisticated, intuitive and versatile user interface powered by an unmatched analysis engine 

and design tools for engineers working on transportation, industrial, public works, sports, and 

other facilities. 

 

From its 3D object based graphical modelling environment to the wide variety of 

analysis and design options completely integrated across one powerful user interface, SAP2000 

has proven to be the most integrated, productive and practical general purpose structural 

program on the market today. This intuitive interface allows you to create structural models 

rapidly and intuitively without long learning curve delays. Now you can harness the power of 

SAP2000 for all of your analysis and design tasks, including small day-to-day problems. 

 

Complex Models can be generated and meshed with powerful built in templates. 

Integrated design code features can automatically generate wind, wave, bridge, and seismic 

loads with comprehensive automatic steel and concrete design code checks per US, Canadian 

and international design standards. 
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Advanced analytical techniques allow for step-by-step large deformation analysis, 

Eigen and Ritz analyses based on stiffness of nonlinear cases, catenary cable analysis, material 

nonlinear analysis with fibre hinges, multi-layered nonlinear shell element, buckling analysis, 

progressive collapse analysis, energy methods for drift control, velocity-dependent dampers, 

base isolators, support plasticity and nonlinear segmental construction analysis. Nonlinear 

analyses can be static and/or time history, with options for FNA nonlinear time history dynamic 

analysis and direct integration. 

 

From a simple small 2D static frame analysis to a large complex 3D nonlinear dynamic 

analysis, SAP2000 is the easiest, most productive solution for your structural analysis and 

design needs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



18 
 

 

 

 

 

CHAPTER 3 

 

 

RESEARCH METHODOLOGY 

 

 

3.1 PLANNING OF STUDY 

 

For the planning of the study, it was done in the first month of semester. The scope of 

the study and problem statement was decided along with research title. Cantilever retaining wall 

has been identified for the modelling and analyses using software SAP2000. During early stage 

of this study, time history earthquake data have been obtained from Malaysian Meteorology 

Department (MMD). The data then being used during this study to analyses the cantilever 

retaining wall structure model. 
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Figure 3.1: Flowchart of Study 
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3.2 INFORMATION AND DATA COLLECTION 

 

During this phase, the important information and data for modelling and analysing the 

structure need to be obtained so that the research study will go smoothly. The information and 

data needed are as follow: 

i. Location of the case study for the retaining wall structure 

ii. Typical retaining wall use in East Coast Malaysia 

iii. Material used for the retaining wall structure 

iv. Earthquake data from Malaysia Meteorology Department (MMD) 

 

 

3.2.1 RETAINING WALL STRUCTURE 

 

The type of retaining wall structure used in this analysis is cantilever retaining wall 

structure. This cantilever retaining wall structure is the existing retaining wall structure that 

located in Pasir Gudang, Johor. Figure 3.2 shows the dimension of this cantilever retaining wall 

structure.  

 

 

Figure 3.2: Dimension of the Cantilever Retaining Wall in unit millimetre 
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3.2.2 MATERIAL PROPERTIES 

 

Cantilever retaining wall are usually made of reinforced concrete and work on principle 

of leverage. This wall will use Portland Cement Concrete (PCC) as the main material and will 

be reinforced with 12mm in diameter reinforced bar. 

 

 

 

Figure 3.3: Material Property Data 
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3.2.3 LOADING 

 

The basic pressure loading to be considered for the design is normal loading which 

include static earth pressure, water pressure and pressure due to live loads or surcharge. In 

general, the resulting design pressure for earth retaining structures should not be less than the 

pressure due to a fluid of unit weight 5 kN/m3. 

 

 

3.3 LOAD DESCRIPTION 

 

3.3.1 LATERAL EARTH PRESSURE 

 

Lateral earth pressures are analysed for either "Active," "Passive" or "At-Rest" 

conditions. Active conditions exist when the retaining wall moves away from the soil it retains. 

Passive conditions exist when the retaining wall moves toward the soil it retains. At-Rest 

conditions exist when the wall is not moving away or toward the soil it retains. 

 

Conditions for active, passive and at-rest pressures are usually determined by the 

structural engineer. Basically, at-rest pressures exist when the top of the wall is fixed from 

movement. Active and passive pressures are assumed when the top of the wall moves at least 

1/10 of 1% of height of wall in the direction away from, and toward the soil it retains, 

respectively. Some theorize that at-rest pressures develop over time when a retaining wall is 

constructed for the active case. 
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Basic lateral earth pressure shall be assumed to be linearly proportional to the depth of 

earth and taken as: P=kγsz, where: 

 

p = basic lateral earth pressure (KSF) 

k =  coefficient of lateral earth pressure taken as, ko, for walls that do not deflect or 

move, or, ka, for walls that deflect or move sufficiently to reach minimum active 

conditions. 

γs =  unit weight of soil (KCF) 

z =  depth below the surface of earth at pressure surface (FT) 

 

The resultant lateral earth load due to the weight of the backfill shall be assumed to act 

at a height of (h\3) above the base of the wall, where h is the height of the pressure surface, 

measured from the surface of the ground to the base of the wall. 

 

 

3.3.2 EARTQUAKE LOADING 

 

3.4 ANALYSES 

 

The cantilever retaining wall have 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: 

i. Free Vibration Analysis 

ii. Dead Load + Live Load 

iii. Dead Load + live Load + Free Vibration Analysis 
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The result obtained from this study are as follows: 

i. Mode shape of cantilever retaining wall 

ii. Natural period and natural frequency of the cantilever retaining wall structure 

iii. Displacement, acceleration and velocity of cantilever retaining wall joints under 

free far earthquake loading 

 

 

3.5 SAP2000 COMPUTATIONAL PROGRAM 

 

The SAP name has been synonymous with state-of-the-art analytical methods since its 

introduction over 30 years ago. SAP2000 follows in the same tradition featuring a very 

sophisticated, intuitive and versatile user interface powered by an unmatched analysis engine 

and design tools for engineers working on transportation, industrial, public works, sports, and 

other facilities. 

 

From its 3D object based graphical modelling environment to the wide variety of 

analysis and design options completely integrated across one powerful user interface, SAP2000 

has proven to be the most integrated, productive and practical general purpose structural 

program on the market today. This intuitive interface allows you to create structural models 

rapidly and intuitively without long learning curve delays. Now you can harness the power of 

SAP2000 for all of your analysis and design tasks, including small day-to-day problems. 

 

Complex Models can be generated and meshed with powerful built in templates. 

Integrated design code features can automatically generate wind, wave, bridge, and seismic 

loads with comprehensive automatic steel and concrete design code checks per US, Canadian 

and international design standards. 
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Advanced analytical techniques allow for step-by-step large deformation analysis, 

Eigen and Ritz analyses based on stiffness of nonlinear cases, catenary cable analysis, material 

nonlinear analysis with fibre hinges, multi-layered nonlinear shell element, buckling analysis, 

progressive collapse analysis, energy methods for drift control, velocity-dependent dampers, 

base isolators, support plasticity and nonlinear segmental construction analysis. Nonlinear 

analyses can be static and/or time history, with options for FNA nonlinear time history dynamic 

analysis and direct integration. 

 

From a simple small 2D static frame analysis to a large complex 3D nonlinear dynamic 

analysis, SAP2000 is the easiest, most productive solution for your structural analysis and 

design needs. 

 

 

3.5.1 CHECKLIS OF SAP2000 MODELING AND ANALYSIS 

 

Modelling and analysis of cantilever retaining wall are done using SAP200 program. 

Checklist and step in modelling and analyse the cantilever retaining wall are as below: 

 

i. Define the coordinate of grid systems for the model 

ii. Define materials and structural section properties 

iii. Determine area section of the model 

iv. Determine the restrains at base condition 

v. Define all load cases 

vi. Define function of Time History and Response Spectrum 

vii. Analyse the model 

viii. Display result in output table 

ix. Check for structural design 
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3.5.2 STEPS IN SAP2000 MODELING AND ANALYSIS 

 

Step 1: Define the coordinates of grid line 

  

First, we need to define our coordinate of the grid line which can be done by selecting 

the “Define Grid System Data” template. We also need to define the unit of this project which 

is “KN, m, C”. 

 

 

Figure 3.4: Define Grid System Data 
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Step 2: Define material and structural section properties 

 

 Define all type of materials and section properties which are presented in this cantilever 

retaining wall structure. Material type of structural steel has defined and used all along the study 

and together with its standard and material property data. 

 

 

Figure 3.5: Material Properties of Data 
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Step 3: Define area section of the model 

 

Modelled the cantilever retaining wall by assigning the section area according to the 

architectural drawing. Select fixed support as the restraints of the cantilever retaining wall at 

the base condition. 

 

Figure 3.6: Shell Section Data 

 

 

Figure 3.7: Assign joint Restraint 
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Step 4: Define load cases 

 

Define all load cases for the cantilever retaining wall structure accordingly, the load 

cases consist of dead load, live load, modal and time history. 

 

 

Figure 3.8: Define Load Patterns 

 

 

 

Figure 3.9: Dead Load Case Data 
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Figure 3.10: Live Load Case Data 

 

 

Figure 3.11: Time History Load Case Data 
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Step 5: Define functions of Time History and Response Spectrum  

 

Function of Time History were defined by attached the seismic data from the MMD.  

 

 

Figure 3.12: Time History Function 

 

 

Figure 3.13: Response Spectrum Function 
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Step 6: Analysis of the model 

 

There are several combinations of load cases data that was applied in this analysis 

which are consist of:  

 

i. Free Vibration Analysis (FVA) 

Select the modal load cases and run the analysis 

 

 

Figure 3.14: Modal load Cases 

 

12 mode shapes, natural frequency and natural period of the cantilever retaining wall 

structures were determined through this analysis. 
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ii. Dead Load (DL) + Live Load (LL) 

Select the dead load and live load cases and run the analysis. 

 

 

Figure 3.15: Dead Load + Live Load Cases 
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iii. Free Vibration Analysis (FVA) + Dead Load (DL) + Live Load (LL) 

 

Select dead load, live load, and time history load and run the analysis. 

 

 

Figure 3.16: Dead Load + Live Load + Time History Load 

 

After running the load cases analysis, acceleration and velocity of cantilever retaining 

wall based on joint number can be determined. 
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Step 7: Display result and output table 

 

 After performed all the analysis, the result obtained from this study are as follows: 

i. 12 mode shapes of the cantilever retaining wall structure 

ii. Natural period and natural frequency of the cantilever retaining wall structure 

iii. Joint displacement, velocity and acceleration under combination of load cases 

 

 

 

Figure 3.17: Result Output Table 
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CHAPTER 4 

 

 

RESULT AND DISCUSSION 

 

 

4.1 CANTILEVER RETAINING WALL STRUCTURE ANALYSIS 

The cantilever retaining wall have 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: 

iv. Free Vibration Analysis 

v. Dead Load + Live Load 

vi. Dead Load + live Load + Free Vibration Analysis 

 

The result obtained from this study are as follows: 

iv. Mode shape of cantilever retaining wall 

v. Natural period and natural frequency of the cantilever retaining wall structure 

vi. Displacement, acceleration and velocity of cantilever retaining wall joints under 

free far earthquake loading 
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4.2 CANTILEVER RETAINING WALL STRUCTURE MODELING 

 

The cantilever retaining wall structure has been modelling using SAP2000, an integrated 

software for structural analysis and design. Figure 4.1 shows the 3D model for the cantilever 

retaining wall structure. This structure was modelled using the linear properties and the 

structure was assumed to be fixed on ground instead of footing throughout the modelling 

process. 

 

 

4.3 FREE VIBRATION ANALYSIS 

 

Modal analysis or also been call as free vibration analysis is the structure with the 

motion without any of external forces or support motion. The structure which is free standing 

landing staircase will be move away from its equilibrium position because of the modal 

analysis. 

 

Any physical system like structure can be vibrating at any time. Naturally the vibration 

occurs because of the frequency. This is showing that earthquakes bring frequency to the earth 

and will making the ground vibrate. The modal shapes which will be vibrating which have been 

assumed are properties of the system and this can be decisive empirically by using Modal 

Analysis. 

 

From the modal analysis or free vibration analysis, will obtain of the natural period, 12 

mode shape of staircase, natural frequency, joint and lastly is displacement. Each of the mode 

shape of stairs produce different of the natural period, natural frequency, circle frequency and 

lastly is eigenvalue. 

 

The table below shown 12 mode shape of staircase: 
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Mode 

Natural 

Period, 

T (sec) 

Frequency, 

f (Hz) 
 

1 0.04815 20.76 

 

2 0.03055 32.73 
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Mode  

Natural 

Period, 

T (sec) 

Frequency, 

f (Hz) 
 

3 0.01635 61.15 

 

4 0.01160 86.21 
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Mode 

Natural 

Period, 

T (sec) 

Frequency, 

f (Hz) 
 

5 0.00903 110.74 

 

6 0.00803 124.61 
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Mode 

Natural 

Period, 

T (sec) 

Frequency, 

f (Hz) 
 

7 0.00712 140.39 

 

8 0.00646 154.89 
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Mode 

Natural 

Period, 

T (sec) 

Frequency, 

f (Hz) 
 

9 0.00605 165.34 

 

10 0.00581 172.17 

 
 

  



43 
 

 

Mode 
Natural 

Period 
Frequency  

11 0.00564 177.17 

 

12 0.00524 190.93 
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4.4 TIME HISTORY EARTHQUAKE ANALYSIS 

 

Time history analysis have been performed on the cantilever retaining wall structure by 

referring to the earthquake data obtained from Malaysian Meteorological Department. Figure 

below show the graph of time data versus acceleration data. The result obtain from this analysis 

is time history responses at all joints of the cantilever retaining wall. 

 

 

Figure 4.1: Graph of Time History Data 

 

 

4.5 RESPONSE SPECTRUM ANALYSIS 

 

Response-spectrum analysis (RSA) can be said as a linear-dynamic statistical 

analysis method which measures the contribution from each natural mode of vibration 

as to indicate the likely maximum seismic response of an essentially elastic structure. 

Besides, RSA is simply a plot of the peak or steady-state response in the terms of 

displacement, velocity or acceleration of a series of oscillators of varying natural 

frequency which are forced into motion by the same vibration in the function of 

structural period for a given time history and level of damping. 

https://wiki.csiamerica.com/display/kb/Damping
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Below is the response spectrum analysis for x and y direction in term of time 

period. The staircase RSA shown in 5 specs which are: 

1. Spectral Displacements 

2. Spectral Velocities 

3. Pseudo Spectral Velocities 

4. Spectral Accelerations 

5. Pseudo Spectral Acceleration 

 

Displacement Acceleration 

Joint no. 7 

 

Joint no. 7 

 

Joint no. 72 

 

 

Joint no. 72 
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Displacement Acceleration 

Joint no.95 

 

 

Joint no.95 

 

 

Joint no. 109 

 

 

Joint no. 109 

 

 

Joint no. 125 

 

 

Joint no. 125 
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4.6 SUMMARY OF THE ANALYSIS 

 

In the end of this study, the mode shape, displacement and velocity of the cantilever 

retaining wall structure have been determined. The mode shape result has been obtained from 

the free vibration analysis while displacement and velocity of cantilever retaining wall have 

been obtain from response spectrum analysis. All sections and joints passed the stress capacity 

check since the shape of the structure is rigid. 
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CHAPTER 5 

 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

 

5.1 CONCLUSIONS 

 

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

 

i. The simulation of the cantilever retaining wall structure model is not 100% represent 

the actual structure. This is due to the assumption made on the restraint at the based 

condition and the joint connection of the cantilever retaining wall structure. The restraint 

at base condition of the cantilever retaining wall 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. 

 

ii. The cantilever retaining wall is still can withstand the seismic response from Acheh as 

from the time period that analysed by SAP2000, it shows that the cantilever retaining 

wall is rigid. This is due to the distance from Acheh to Malaysia is far away since when 

the seismic travel to a long distance, the magnitude will become smaller. 
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iii. 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. 

 

iv. The value for displacement and acceleration of the joint is different according to axis 

and the joint number. 

 

 

 

5.2 RECOMMENDATIONS 

 

For future study, the footing and the restraint of the cantilever retaining wall should be 

consider in the study. This is because the earthquake load transfer from the ground surface to 

the upper surface. It might have slightly different result if the footing and the restraint of the 

cantilever retaining wall is being consider in the study. Engineers also need to consider the 

seismic loading in when designing the cantilever retaining wall. Nowadays, Malaysia happens 

to be affected by the seismic event that occur in neighbouring countries regularly. Even 

Malaysia also have their own seismic activity. For example, an earthquake with magnitude of 

5.9 that hits Ranau Sabah in 2015. Even though it occurs once in a moon light in Malaysia, we 

need to take precaution in this matter. So, engineers need to consider earthquake loading in 

designing cantilever retaining wall in future. 
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