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ABSTRACT (120 words) 
This study is to gain an understanding and develop a test rig for high-rise building isolation for 

ground motion in vibration and noise phenomenon in Malaysia. In this study a 7-storey high rise 

building structure with actual scale will be developed. There are three types of simplify structure 

base such as a pure force, rigid body and short resonant beam. These bases will be connected 

to the ground structure of building via a single isolator. The outcome of this study is to express 

the frequency averaging energy transmission or the peak amplitude transmission to the ground 

structure motion in terms of approximate source and isolator mobility formulae. Theoretical 

predictions will be compared with experimental measurements. It is useful to predict an energy 

transmission from ground motion from building, more profound understanding and greater 

confidence on the approach will not be gained unless measurements can be made. The 

methods called frequency domain acceleration data and structural frequency response 

information will be used in this study. These methods are chosen because there is energy input 

to the structure at a single isolator, and then the energy will be transmitted through an isolator 

using acceleration at the top and bottom. The energy then will be absorbed by finite resonant 

structure using accelerations at one, two or four points. By right, after completing this study and 

experiment, the response on ground isolator of high-rise building can be understood in depth.  

 
Picture related to the research project 
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1. INTRODUCTION 
 

Recently, the advantage technology in seismicity engineering is become more relevant. It 

is becoming more important to understand because much active seismicity ground motion 

is increased in Europe, America and Asia region. Vertical and horizontal swing called 

vibration can be pleasant and useful as in massaging and therapeutic applications but it 

also unpleasant and harmful because it can lead catastrophic failures of components 

(M.A.Salim et al., 2011), (Fujita, 1994). Many researchers around the world have 

conducted detail study on ground isolator for high-rise building because this type of 

structure has a big potential to collapse during the big seismicity activity. 

 

Wang (2012) has studied the damage field happen at Wenchuan Earthquake. The high-

rise building is occurred in terms of serious damage and many innocent people are died 

during the disaster (Maniatakis et al., 2012). According to that, high-rise building is more 

sensitive in seismic activity. Besides, a stiffness analysis is conducted by Eom in 2011. In 

this analysis, inelastic design forces and deformations of individual members in structure 

are determined by linear analysis and the magnitude of secant stiffness is calculated (Eom 

at al., 0212). In order to draw a conclusion, the researcher has used frequency domain 

acceleration data and structural frequency response information to analysis the ground 

isolator response during the miniature of ground motion with small scale earthquake.  

 

Henry studied the building collapse from the Chrischurch earthquake in 2011 (Eom at al., 

0212). Till-up precast concrete buildings in Chrischurch are studied in detail for a ground 

isolator. The researcher has found that the ground isolator is not operating during the 

disaster. The collapse is due to the plane loading direction, both load bearing and cladding 

panel was not enough response caused by huge ground motion of seismicity activity. 

 

In ASEAN, a huge earthquake occurred in Padang Pariaman, Indonesia. This disaster kills 

1200 people, thousands of houses are seriously damaged and many buildings were 

collapsed (Rosyidi et al., 2011). Rosyidi investigated this disaster, and the researcher 

found that the quality of construction which did not meet the building code and the 

standard of requirements (Rosyidi et al., 2011). Besides that, in this location, they do not 

install any ground isolator to counter back the seismicity activity and because of that many 

building is not enough strength to stabilize the structure. 
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In this research, the focus is mainly on studying and developing the test rig including the 7-

storey high-rise building, ground isolator and miniature of seismicity motion in laboratory. 

Then, the frequency domain acceleration data and structural frequency response 

information method will be introduced to analysis the responses and finally will suppress 

the energy transmission from ground motion to structure.  

 

2. RESEARCH METHODOLOGY 
 

DESCRIPTION OF RESEARCH METHODOLOGY 
 

i. Literature review on related field 
a. To obtain an overview of high-rise building 

b. To obtain an overview about the frictional-type sliding isolators 

c. To obtain an overview about laminated rubber bearing isolators with 

and without lead-core 

 

ii. Design and fabricate the 7 storey of building 
a. The designs will be developed by referring the Suy’s design (Suy et al., 

2007). 

b. The calculation of structural integrity will be calculated using 

conventional method. 

 

iii. Design and development of laminated rubber metal spring 
a. Analytical model which is mathematical modeling of laminated rubber 

metal spring will be developed using Koh-Kelly and Haring theory. 

b. Numerical analysis using numerical software will be developed in order 

to verify the analytical model.  

c. Experimental test rig of laminated rubber metal spring will be developed 

based on the verification made before. 

d. The laminated rubber metal spring will apply to the 7 storey building. 

 

 

 

iv. Data analysis and discussion 
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a. The analytical model data analysis will be collected using MatLab 

software and it is available at Studio Komputer Umum, Fakulti 

Kejuruteraan Mekanikal, Universiti Teknikal Malaysia Melaka.  

b. The numerical model will be developed using Ansys software which is 

available at Pneumatics Laboratory, Fakulti Kejuruteraan Mekanikal, 

Universiti Teknikal Malaysia Melaka. 

c. The test rig will be developed at Measurement and Instrumentation 

Laboratory, Fakulti Kejuruteraan Mekanikal, Universiti Teknikal 

Malaysia Melaka. The software will use is DeweSoft and it is applicable 

for vibration analysis.  

 
3. LITERATURE REVIEW 
 

Building isolation of ground structures such as multi-storey buildings, nuclear reactor, 

bridges, sensitive equipment, mechanical parts, sensor and many more are designed to 

preserve structural integrity and to prevent injury to the occupants and damage to the 

contents by reducing the earthquake or vertical ground vibration and deformations in the 

structure (R.A.Ibrahim, 2008). The performance of these systems depends on two 

characteristics which are:  

 

i. The capacity if shifting the system fundamental frequency to a lower value, which is 

well remote from the frequency band of most common earthquake or vertical ground 

motion (R.A.Ibrahim, 2008). 

ii. The energy dissipation of the isolator (R.A.Ibrahim, 2008). 

 

Basically, all isolation systems can be classified into two main categories: 

 

i. Laminated rubber bearing isolators with and without lead-core (R.A.Ibrahim, 2008). 

ii. Frictional-type sliding isolators (R.A.Ibrahim, 2008). 

 

The first category has several practical applications while the second is still in the early 

stage of development around the world (R.A.Ibrahim, 2008). The main purposes of 

friction-base isolator is based on decoupling a structure from the damaging components 

of ground motion by introducing flexibility and energy absorption capacity through a 

system placed between the structure and its foundation (Kelly, 1986). Besides, rubber 
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bearings have been entensively used in base-isolation systems because the stiffness of 

the rubber and protect the structure integrity during the earthquake motion.  

 

The designation of rubber bearings involves the influence of nonlinear behavior during 

large deformation and the increase in stiffness due to aging (R.A.Ibrahim, 2008). A 

combination of laminated rubber bearings, viscous damper and friction elements is 

considered to seismically isolate a building of 7 levels (Suy et al., 2007). A smooth 

approximation of discontinuous characteristics friction was introduced in the analytical 

modeling of the structure (Suy et al., 2007). It was found that the dynamics of the 

superstructure largely influence the entire systems response. 

 

A number of overviews of the applications and performance of seismic isolation to 

structural systems were presented in open literature. A numerical algorithm for 

distribution of friction devices along the height of different structural systems was 

presented by Dimova (Dimova et al., 1995). The response of a rigid structure with 

frictional-base isolation system to a random ground motion excitation was the focus on 

the study. It also provided a comparison of the rms displacement and velocity responses 

as predicted analytically with those estimated by Monte Carlo simulation (Dimova et al., 

1995). In the final of the study, it concluded that the frictional-base isolators are highly 

reliable in reducing structural displacements and accelerations. 

 

Multi-storey buildings constructed with a kiw-rise podium structure form a major 

shortcoming in view of seismic design. For example, Shahrooz and Moehle 

experimentally and numerically demonstrated that relatively large inter-storey drifts of the 

setback structure were localized at the level just above the podium structure (Shahrooz 

et al., 1990). It was found experimentally that unfavorable seismic response implication 

did occur in the building complex in the rigidly connected case. This was in contrast with 

the friction damper, which exhibited effectiveness in reducing absolute acceleration and 

inter-storey drift responses of both buildings if friction level was appropriately applied.  

 
4. FINDINGS 
 

At the end of the study, the potential of laminated rubber metal spring is developed and it 

is decreased the ground motion for high-rise building, mechanical parts, automotive 

parts, sensitive instruments and many more. 
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5. CONCLUSION 
 

Static analysis of a laminated rubber-metal spring has been modelled using the Finite 

Element method. It was found that the deformation of the rubber due to load can be 

reduced by embedding layers of metal plates. However, this generates higher stress 

distributions compared to pure solid rubber and the stress concentrates mainly on steel 

plate layers. Strain distribution was observed to be high at the solid rubber isolator and it 

decreases on the laminated rubber-metal spring. For the latter, the critical parts of strain 

distribution still occur in the rubber layers. 

 

Steady state dynamic analysis of the models of laminated rubber-metal spring suggests 

that addition of metal plate does increase the vibration performance of the seismic 

isolation system. However, even more quantity of metal shims contain in a rubber 

isolator, the natural frequency of the system remain the same. Only the internal 

resonance show improvement as more metal shims embedded inside it. After adding the 

metal plate up to five layers, the performance was dropping thus making laminated 

rubber-metal spring with 4 metal plate the most reliable design for this study of dynamic 

analysis. 

 

Static and Steady state dynamic analysis done had done shows that laminated rubber-

metal spring with 4 embedded metal layers were the most optimize designs for the 

dimensions studied. However, this result does not affected by the changing of mass on 

top of the isolator for steady state dynamic analysis. Thus study on effect of mass on 

laminated rubber-metal spring is needed to be pursued. 
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