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ABSTRACT

The torsional response causes the displacement of the shear wall of a building. In this 

study, five stiffness eccentricity are varied with respect to nine constant strength 

eccentricity which are made as the parameters. An asymmetric reinforced concrete 

building then is used as the model structure. Seven-pair of earthquake of single 

earthquake (GM1) are then applied onto the structure using RUAUMOKO-3D that 

produced displacement at the stiff shear wall and flexible shear wall of the model. The 

method is then repeated by applying seven-pairs of earth sequential earthquake (GM2). 

The centre of stiffness, CS, centre of strength, CV and centre of mass, CM are collected 

from RUAUMOKO-3D. The data then are extracted by using Microsoft Excel. The 

displacement of CV and CS are average to the displacement of CM to get normalised 

displacement. It is found that when CSs are further from CM the displacement are 

insignificant compared to when CVs are further from CM. Another outcome shows that 

the flexible shear wall has higher displacement than the stiff shear wall. Finally, the 

results for GM2 have higher displacement than GM I.
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ABSTRAK

Tindak balas putaran menyebabkan sesaran terhadap dinding ricih sesuatu bangunan. 

Untuk kajian ini lima, sifat esentrik kekentalan berubah mengikut sembilan sifat esentrik 

kekuatan telah dijadikan sebagai parameter. Struktur model bangunan konkrit dibina 

berdasarkan bangunan konkrit tetulang simetrik telah dijadikan sebagai model. 7 

pasangan germpa bumi daripada satu gempa bumi (GM1) diterapkan ke atas struktur 

menggunakan RUAUMOKO-3D yang dihasilkan sesaran oleh dinding ricih keras dan 

dinding ricih fleksibel. Kaedah ini diulang semula ke atas struktur dengan gempa bumi 

berulang (GM2). Pusat kekentalan bangunan, CS, pusat kekuatan bangunan, CV dan 

pusat jisim bangunan, CM adalah data yang boleh didapati daripada RUAUMOKO-3D. 

Data tersebut akan diekstrak menggunakan Microsoft Excel. CV dan CS akan 

dibahagikan dengan CM untuk mendapatkan graf sesaran yang telah dinormalisasi. 

Daripada kajian didapati apabila CS jauh daripada CM nilai sesaran tidak menunjukkan 

impak yang tinggi seperti apabila CV jauh daripada CM. Selain itu, data terkumpul juga 

menunjukkan, sesaran dinding ricih fleksibel lebih tinggi daripada dinding ricih keras. 

Akhir sekali, GM2 menunjukkan bacaan sesaran yang lebih tinggi daripada GM I. 

tx
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CHAPTER 1

INTRODUCTION

1.1 Introduction

This chapter demonstrates an overview of the effect of destruction on the 

reinforced concrete building due to the sequential earthquake. Objectives and scope of 

studies are discussed in this chapter.

1.2 Background

According to the Oxford dictionary, seismic is known as earthquakes or other 

vibrations of the earth and its crust. Earthquakes are classified as one of a natural 

catastrophe as it is caused by natural phenomena of the earth. It is classified as one of 

natural catastrophe because it causes losses of life, decreasing the economic value of a 

country and damage to the infrastructure of a country where it will take several months 

or years to recover back from the catastrophe. The vibration, displacement and shaking 

of ground cause earthquakes as it is produced by the movement of the ground. An 

earthquake happened at the epicentre as it is directly above the earth hypocentre or focus 

where the earthquake originates. Hypocentre is where the origin of the earthquake 

happened and it is the initial point where the faults begin to rupture.
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Hypocenter 
(Focus)

Epicenter

Figure 1.1: Hylwccntrc and Epicentre (Wikipcdia, ? Ul Vii)

Sequential earthquakes are rare occasions that will happen during a natural 

catastrophe, all the regions that are near to a fault in the world took some precaution as it 

is an unpredictable occasion. According to Abdelnaby (2012), a series of earthquakes can 

be categorised as fore-, main- and after-shocks or known as sequence of independent 

earthquakes from proximate fault segments but it is hard to identify as it is hard to be 

detected. A series of earthquakes happened due to the first earthquake that accumulates 

strains that cause high stress at a different location and thus to release the strain and stress 

and to completely stabilized the faults systems, sequential ruptures happened and causes 

the multiple earthquakes. A structure that is built using reinforced concrete is prone to be 

vulnerable to sequential earthquakes. Aftershocks are also known as a smaller earthquake 

that happened after the main shock. An aftershock mostly happened near to the fault 

rupture or any other faults within the main shock as it is being affected by the strain and 

stress of the first rupture. Abdelnaby (2012) said that if an aftershock happens to be higher 

than the main shock, the original main shock will be classified as a foreshock.

Main shock 

Foreshocks 
ý 

Aftershocks

Z) 

ý 
c
v+1 -M  EN m
ý 
ý hdrGgrýý;, ̂  1 

_ __..... . .. ý--". - , ý . .

Time

Figure 1.2: Illustration of an Earthquake Sequence (Abdelnaby, 2012)ihi1. i
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Aftershock has a high possibility of causing damage to a building structure as it 

is cannot be predicted in the terms of time, location and what does triggering the 

aftershock and it will damage more the lower structure as it has a small amount of stiffness 

and strength capacities.

Independent earthquakes are not formed by a nearer earthquake as the strain of 

the nearest earthquake does not cause the independent earthquake. Independent 

earthquake might happen nearer to another earthquake and happen to hit the same area 

within the seismic zone. Figure 1.3, is an example of an independent earthquake that can 

be seen from the 1999 Turkey Earthquake, Izmit earthquakes occur on 17 August with 

7.4 Mw while Duzce earthquake happened on 12 November with 7.2 Mw. Even though 

the Duzce Earthquake happened at the same area as Izmit Earthquake, Duzce Earthquake 

does not affected by the strain from Izmit Earthquake and it cannot be classified as 

sequential earth as the epicentre of each earthquake is at a different location.

BULGARIA Emit 1999 Düzce 1999
.,....

ie (7.4 Mw) iý (7 . i Mw) 8 L A C K S E A

ý 
ý 
o W 
ý

Figure 1.3: 1999 Earthquake at Izmit and Duzce (Bohnhoff et al., 2013)

During these few years, few researchers have done research about the collapsing 

of building under sequential earthquake. Most of the research concludes that the collapsed 

of a building under sequential earthquakes are due to the loss of strength and stiffness of 

the buildings thus causes the failure of structure systems. These failure scenarios can be 

seen in figure 1.4, that happened during 1970 known as the 1970 Gediz earthquake which 

is also known as 1970 Kutahya-Gediz earthquake with a magnitude of 7.2 on Ms in scale. 

A series of earthquake that happens individually does not associate the nearest strain of 

the proximate fault segment even though it might be close to a rupture location they might 

strike the same area one after another.

3



Figure 1.4: 1970 Gediz Earthquake; (a) Left; After the Main Shock (b) Right; the 
Aftershock

As discussed above, the collapsing of a building structure are the outturn due to 

sequential earthquakes. According to Abdelnaby (2012), the current building code such 

as ISO 3010, Eurocode 8 and Uniform Building Code do not really consider sequential 

earthquake effects in design and assessment because of the difficulty on developing and 

administering a model.

In designing a building under seismic area, there are few factors that need to be 

considered. The first factor is torsion, where it is the major cause of a collapsing of a 

building. Uneven mass distribution at the centre of the mass CM can cause "torsion" that 

will generate stress concentration. A building generally will damp out any vibrations by 

absorbing the vibration. The ductility of a building is important when designing a building 

in a seismic area as it considers the nature of the material used in a building a good design 

and quality material affect the deformation of a building. Building configuration also 

important as they determine where the forces of seismic distributed. Last but not least is 

the strength and stiffness of the building. Strength in this study is the strength of a 

structure which is mainly focussing on carrying load bear and resist when forces are 

exerted on it without any failure in shear, elongation or yield (Lorant, 2016).
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1.3 Problem Statement

Based on the past research, the current building code such as ISO 3010, Eurocode 

8 and Uniform Building Code do not really consider sequential earthquake effects in 

design and assessment because of the difficulty on developing and administering a model. 

It is said that sequential earthquake brings more damages than a single earthquake. The 

building code also more focusing on elastic displacement as building is design to be 

elastic torsional and not inelastic as they believe that strength eccentricity and stiffness 

eccentricity work independently and not interrelated to each other.

The model that is being used in by the past research using the same stiffness in 

some simplified model and the variation of stiffness eccentricity with respect to the 

position of the centre of mass and strength eccentricity has not yet discussed. Extensive 

research regarding torsion of a building can be seen more than displacement. Also based 

on the past research, a point is picked and the value of the point is assumed with increasing 

the value to the nearest round numbers.

Therefore this study will use a 3D-model based on the Mohamed Noor (2016) and 

Rashidi and etc. (2017) that have been modified the value with seven (7) consecutive 

earthquake for all of the ground motion. The study will also more focusing on 

displacement instead of torsion.

Figure 1.5: Past Research; One-storey Asymmetric Building Simplified Model (De 
Stefano and Pintucchi, 2008)
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1.4 Objectives

The objective of these studies is as below: -

1. To determine the elastic and inelastic displacement with varying the stiffness 

eccentricity to a constant strength eccentricity of one-storey reinforced concrete 

building when sequential earthquakes are applied to the structure. 

2. Investigate the effect of sequential earthquake on one storey building by varying 

the centre of stiffness to a constant centre of strength.

1.5 Scope of Study

This study is a further study from Mohamed Noor (2016) and Rashidi, Majid, 

Fadzli, Faisal, and Noor, (2017) thesis and the building generic building model adopted 
from De Stefano and Pintucchi (2008). One storey of an asymmetric reinforced concrete 
building was constructed using RUAUMOKO-3D program in order to get the 

displacement of the shear wall in z-direction and x-direction. The modelled building was 
designed with a centre of mass CM, a centre of strength CV and centre of stiffness CS. 

The value of the strength eccentricity is varying between each lapse of earthquakes. 7 

pairs of near-fault and far-fault ground motions were tested and recorded using the 

RUAUMOKO program to get elastic and in-elastic displacement in the direction of delta- 

z and theta-x. The lateral displacement of the flexible wall and stiff wall are calculated 

and compared through a graph.
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1.6 Thesis Layout 

Below is the explanation of the thesis structure. 

Chapter 1 discuss the background, project problem statement, objectives that need 

to be achieved, the scope of studies and the thesis layout.

Chapter 2 study and review the past research on ground motion, seismic responses 

of building towards earthquake, irregular structure, strength eccentricity and the elastic 

and inelastic displacement.

Chapter 3 presents the adopted structure model, modified structure model, ways 

of collecting data using RUAUMOKO-3D and ways of analysing data to achieve the 

objective.

Chapter 4 is showing the graphical analysis that can be made from the normalised 
displacement graph. 80 graph is being discussed in that chapter.

Chapter 5 is the conclusion that can be made from the discussion that has been 

discussing in chapter 4 and recommendation for future study are proposed in the chapter. 

And the check whether the objectives are achieved or not.
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