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 Background: In the last few years, there have been a growing concern among 

engineers and some authorities in Malaysia regarding the seismic risk to critical 
structures and facilities. Their concern has become reality when the earthquake hits 

Sabah in recently  and it can be concluded that although the seismic risk in Malaysia is 

small compared to other countries such as Japan, but still has the potential it could be 
happened and in additional, there are numbers of earthquake happened in Malaysia in 

recently years [1,2]. From the previous study, Mexican earthquake phenomenon have 

shown that earthquake can have significant effect although at longer distance due to 
long period components of shear waves [3]. While the other study mentioned that the 

event with MMI Intensity of IV and above for peak ground acceleration more than 2% 

of gravity have occurred more than ten times since 1833. The epicentres of those 
earthquake events were just about 300 KM to 600 KM from Kuala Lumpur. Hence the 

engineering research in earthquake should be done seriously in order to predict the 
possibility of earthquake that could hit Malaysia. The generation of a Response 

Spectrum based on the Eurocode 8 provisions has shown that probable Elastic 

Response Spectrum Acceleration (RSA) calculated for Peninsular Malaysia is 4.5 m/s2, 
with maximum natural period, T of 0.619 s. This is done based on the recommended 

coefficients in the Eurocode 8 based on local soil conditions. However, it can be further 

improved in future with the availability of local annex. 
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INTRODUCTION 

 

 Research in earthquake engineering is required in Malaysia, with what was happen in Sabah recently, the 

activities of earthquake seismic needs to be taken seriously even in Peninsular Malaysia, seismic activity is still 

at low levels, but the possibility is still there as of other countries like Japan because it is impossible to predict 

natural events. The design of critical facilities has to be properly address, seismicity of Malaysia is closed to two 

the most seismically active plate boundaries, in the inter-plate boundary between the Indo-Australian and 

Eurasian Plates on the west and the inter-plate boundary between the Eurasian and Philippines. Tremors felt 

along the West Coast of Peninsular Malaysia are originating from large earthquakes in the active seismic areas 

of Sumatra and Andaman Sea [4] 

 Earthquake engineering is devoted to mitigating earthquake hazards. Earthquake engineering deals with the 

effects of earthquake on people and their environment and with methods of reducing those effects. Generally, 

seismic code to design dynamic load for civil structures such as building, retaining wall, dam, bridge and other 

structures are based on compilation of earthquake analysis, i.e. Seismotectonic, seismic risk, geotechnical and 

structural dynamic analysis [3]. It is important to be aware that Malaysia and the other low intensity earthquake 

regions are not so blessed that seismic risk problem can be totally ignored. In Malaysia, it is a common practice 

to ignore the seismic effects on structures in analysis and design, but if inquire about the evidences on how far 

we are free from earthquake problems, nobody could provide a rational and scientific basic. Therefore, this 

practice would be an extremely irresponsible practice that might cause extensive losses of public properties and 

lives.  

 Realizing the unawareness in considering seismic effects on structures and based on earthquake in Sabah 

that out of nowhere without any sign suddenly occurred, this research has been conducted to study the potential 

earthquake threat concerning Malaysia (Peninsular). 
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Methodology of Research: 

 The study has been conducted in following phase; allocating resources, journals and books collections, 

overview of seismic research in Malaysia and analysis and discussion. 

 

Phase 1: allocating resources: 

 Since seismic engineering and seismology is not a common practice in Malaysia, there were not much 

information in the internet and magazines. For this reason, the sources were mainly from Malaysia 

Meteorological Department, Library in University Teknologi MARA (UiTM), Universiti Kebangsaan Malaysia 

(UKM) and National Library. 

 

Phase 2: Journals and books collections: 

 After the list of resource have been done, the useful resources of journals and books that reflect the research 

of seismic earthquake were collected for further study. 

 

Phase 3: overview of seismic research in Malaysia: 

 Review about seismic research in Malaysia. The information then be used for the process of analysis and 

discussion. 

 

Analysis and Discussion: 

 The location and magnitude of earthquakes play interesting roles in affecting the damage levels. That being 

said, identifying the source of potential earthquakes from historical data is essential in the development of 

earthquake engineering to better suit specific locations. The extend of structural damage to buildings are greatly 

affected by the magnitude of the earthquake, the wave transmission path, geological properties of the area and 

also the distance from the epicenter to the location in consideration. 

 The Institution of Engineers Malaysia (IEM) has recently come out with various position papers to address 

the issues of earthquakes and also the development of earthquake engineering in Malaysia. One example of this 

paper is the “IEM Posit ion Document 2005: Posit ion Paper on Issues Related to Earthquakes”. Through 

various studies carried out over the years, the IEM has come up with the appropriate approximate value for 

magnitude of potential earthquakes that might and will affect Malaysia. The IEM has assumed a magnitude of 

level VI on the MMI scale for the intensity of probable earthquakes affecting Malaysia. A level VI on the MMI 

scale means that the earthquake is of moderate to strong and can be felt by humans indoors and also outdoors. 

Damage to typical reinforced concrete buildings ranges from very minimal to moderate structural damages 

which are repairable. The chances of architectural damages such cracks and falling of plasters is happening and 

however higher. As for poorly designed or constructed buildings, a slight collapse can be expected. 

 Thus, in process to learn the potential of earthquake, study on the effects of earthquake that ever happened 

was collected and summarized. The data obtained from the Malaysia Meteorological Department has been 

focused on the central region of Peninsular Malaysia, namely Pahang, Kuala Lumpur and Selangor. The central 

region is chosen due to this location has not only gone thorough development but is also constantly subjected to 

growing urban expansion. In other words, the central region of Peninsular Malaysia, namely Kuala Lumpur is 

riddled with many buildings and important structures and hence seismic and earthquake engineering 

considerations will be very vital for these places.  These locations are also chosen based on the highest recorded 

intensity in terms of near field and far field earthquakes. Data acquired are based on records of felt earthquakes. 

 

Near Field Felt Earthquakes: 

 For near field felt earthquakes, is usually taken from a location where local earthquake actually happened. 

Therefore, Bukit Tinggi, Pahang is chosen as a location for this papers research as a number of the highest local 

earthquakes all happened in this location. Other than that, the amount of multiple tremors felt in this area due to 

the movement of the Bukit Tinggi fault line (Bentong fault line) is also taken into account. It has been reported 

that up to 37 tremors were felt from year 2007 to 2009. The amount of tremors felt is very large as compared to 

other areas in the Peninsular Malaysia. The distance from Bukit Tinggi, Pahang to the city center of Kuala 

Lumpur is also another influencing factor. The approximate distance between both places is about 50 km, which 

is relatively nearby. The other reason for selecting Bukit Tinggi, Pahang as a research area is because of the 

availability of recorded data. Seismic data for 3 highest near field felt earthquakes in Bukit Tinggi, Pahang is 

shown in Table 1. 

 
Table 1: Record of near field felt earthquake and intensity [5]. 

No Date Time Depth 

(KM) 

Location Felt Area Intensity 

(MMI) 

1 7 oct 2009 21:51:11 3.0 Bukit Tinggi Pahang Bukit Tinggi Pahang III 

2 9 Dec 2007 12:55:00 4.9 

3 30 Nov 2007 02:13:00 2.3 
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 According the data recorded in Table 1, the highest felt earthquake in Bukit Tinggi is recorded on 7 October 

2009, with a magnitude of 4.23 on the Ritcher Scale, occurring at 10 km beneath the earth’s surface. The next 

two highest magnitude events both recorded a magnitude of 3.5 on the Ritcher Scale. An earthquake measuring 

a magnitude of 3.0 to 3.9 on the Ritcher scale is categorized as a minor earthquake. It is equivalent to a number 

II to IV on the MMI scale. Earthquake of this magnitude and intensity can usually only be felt by human and 

animals, with various sightings of objects vibrating or shaking. Damages to buildings are almost non-significant. 

An earthquake measuring a magnitude of 4.0 to 4.9 on the Ritcher scale is categorized as a light earthquake. It is 

equivalent to a number III to VI on the MMI scale. Earthquake of this magnitude and intensity more often do 

not cause severe structural damage. Only minor repairable damages are expected. All three recorded felt 

earthquakes recorded an intensity of number III on the MMI scale. This means that vibrations from these 

earthquakes can sometimes be mistaken as vibrations from machineries or moving vehicles. 

 Of all three data of recorded felt earthquakes gathered, the event that occurred at 9 December 2007 has the 

highest recorded felt depth. The record shows that this particular event can be felt up to 4.9 km into the ground. 

Second highest recorded felt depth is the 7 October 2009 event, where tremors can be felt up to a depth of 3 km 

into the ground. The 30 November 2007 event recorded a felt depth of 2.3 km into the ground. 

 Peak Ground Acceleration (PGA) value for near field felt earthquake will be focused on the highest 

recorded felt earthquake, which is the 7 October 2009 event (Ritcher scale = 4.23).  Location of earthquake is in 

Bukit Tinggi, Pahang, with a coordinate of 3.35 
0
N 101.82 

0
E. A total of three seismic stations have detected 

this event. Peak ground acceleration is recorded in both vertical component (into the ground or away from the 

ground surface) and also horizontal component (North-South component and East-West component). For 

simplicity, only one horizontal component with the highest ground acceleration is selected. Units used are 

centimetre per second square (cms
-2

) and in terms of gravitational acceleration (g). The highest peak ground 

acceleration recorded is 0.058800 cms-
2
 or 0.000060 g downwards in the vertical component and 0.115640 cms

-

2
 or 0.000118 g towards west in the horizontal component. The magnitude of waves arising from earthquakes is 

taken as the highest or maximum motion recorded by a seismograph. In Malaysia, magnitude of seismic waves 

are quantified into three elements, namely the body waves (Mb), local waves (Ml) and surface waves (Ms). 

Recording of moment wave magnitude (Mwp) to quantify seismic moment is not a practice here in this country. 

Magnitudes of seismic waves recorded from this seismic event are 4.23 for body wave (Mb), 3.13 for local wave 

(Ml) and no data is recorded for surface wave (Ms). In Malaysia, magnitude of body wave (Mb) is the 

determining parameter for the considered magnitude of an earthquake on the Ritcher scale.  

 
Table 2: Peak Ground Acceleration (PGA) value and phase data for near field felt earthquake [5]. 

Acceleration (cms-2) 

Z N E 

-0.0588 0.02320 -0.115640 

Acceleration (g) 

Z N E 

-0.00006 0.000084 -0.000118 

Magnitude 

MB MI Ms 

4.23 3.13 - 

 

Far Field Felt Earthquakes: 

 The highest felt earthquake in Kuala Lumpur and Selangor area to date is recorded on the 30 September 

2009, with a magnitude of 7.5 on the Ritcher scale, occurring at 91 km below the earth’s surface. This 

earthquake took place in Southern Sumatera, approximately 758 km away and in the direction of South-

SouthEast of Kuala Lumpur. The next two highest magnitude events recorded a magnitude of 7.3 and 6.7 on the 

Ritcher scale. Both events were recorded off the west coast of Northern Sumatera, which is approximately 343 

km away west of Kuala Lumpur. Unlike near field felt earthquakes, far field felt earthquakes happens hundreds 

of kilometres away from Kuala Lumpur. This being said, the magnitude of these earthquakes is no longer a 

parameter to be concerned as the intensity of these earthquakes is at more importance. The intensity of 

earthquake is the effect and damages brought about by the earthquake and is greatly affected by the distance 

from the epicenter. Hence this is an essential parameter when studying the effects of these earthquakes on 

Peninsular Malaysia. For the events occurring in 30 September 2009 (Ritcher scale = 7.5) and 14 May 2005 

(Ritcher scale = 6.7), even though with different magnitudes, the difference in location has resulted in both 

having the same effect on Kuala Lumpur and Selangor. Both events measure a V on the MMI scale. A V on the 

MMI scale indicates that these earthquakes are rather strong. Strong vibrations can be felt indoors and outdoors. 

Breaking or shattering of glass panels or windows might occur. Structural damages however are only limited to 

minimal to moderate repairable damages. The earthquake event on 28 March 2005 which is located off the west 

coast of Northern Sumatera, has higher magnitude (Ritcher scale = 7.3) and is located nearer to Peninsular 

Malaysia thus resulting in a higher value of felt intensity. It measures VI in Kuala Lumpur and VII in Selangor. 

A VI to VII on the MMI scale indicates that these earthquakes are strong to very strong. Noticeable light 
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structural damage can be seen. Building fixtures such as chimneys, plasters and lamps however will be prone to 

damages such as chipping, breaking and even falling off. The effects of these earthquakes are not life 

threatening but will still instill fear among residents. 

 Of all three data of recorded felt earthquakes gathered, the event that occurred at 30 September 2009 has the 

highest recorded depth of occurrence. The record shows that this particular event occurred 91 km into the 

ground. Second highest recorded depth is the 14 May 2005 event, where the earthquake occurred at a depth of 

63 km into the ground. The 28 March 2005 event recorded an occurrence depth of 47 km into the ground. The 

felt depth is assumed to be equals to the depth of occurrence as there are no data available for this parameter 

 Peak Ground Acceleration (PGA) value for far field felt earthquake will be focused on the highest recorded 

felt earthquake, which is the 30 September 2009 event. Location of earthquake is in Southern Sumatera, with a 

coordinate of 0.87 
0
S 99.7 

0
E. A total of twenty-two (22) seismic stations around the whole of Peninsular 

Malaysia have detected this event. Peak ground acceleration is recorded in both vertical component (into the 

ground or away from the ground surface) and also horizontal component (North-South component and East-

West component). For simplicity, only one horizontal component with the highest ground acceleration is 

selected. Units used are centimeter per second squared (cms
-2

) and in terms of gravitational acceleration (g). The 

highest peak ground acceleration recorded for vertical component is 0.967260 cms
-2

 or 0.000987 g downwards. 

This is recorded by the Pusat Sains Seismic Station (BKSM) in Bukit Kiara, Selangor. Highest peak ground 

acceleration recorded for horizontal component is 2.829260 cms
-2

 or 0.002887 g towards south. This is recorded 

by the Perbadanan Putrajaya (Level 9) Seismic Station (PYSM_B9) in Putrajaya, Selangor. Magnitudes of 

seismic waves recorded from this seismic event are 7.46 for body wave (Mb), 6.86 for local wave (Ml) and 7.6 

for surface wave (Ms). In Malaysia, magnitude of body wave (Mb) is the determining parameter for the 

considered magnitude of an earthquake on the Ritcher scale. 

 

 
 

Fig. 1: location of sources of potential earthquake threats on Peninsular Malaysia [6] 

 
Table 3: Peak ground acceleration (PGA) value phase data for far field felt earthquake [5] 

Station Acceleration (cms-2) 

Z N E 

PYSM_B9 0.532140 -2.829260 -2.441180 

BKSM -0967260 2.314760 1.209320 

Station Acceleration (g) 

Z N E 

PYSM_B9 0.000543 -0.002887 -0.002491 

BKSM -0.000987 0.002362 0.001234 

 Magnitude 

MB MI Ms 

7.46 6.86 7.60 
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Predicting Response Spectrum Acceleration (RSA) based on Eurocode 8: 

 Earthquake motions are divided into two components; the horizontal motion and also the vertical motion. 

Based on previous researches, it can be deduce that the horizontal earthquake motions are the main cause of 

damage on the earth surface. In Eurocode 8, the response spectrum proposed behaves in elastic manner, giving 

an assumption that the building will be subjected to elastic deformation. 

 

Figure. 

 
 

Fig. 2: Recommended shape of Response Spectrum based on different types of soil as per Eurocode 8. 

 

Value of Response Spectral Acceleration (RSA) in Peninsular Malaysia: 

 A set of analysis has been done based on soil condition in Klang Valey area. Soil type in this area is 

categorized as soft to stiff silty clay. 

 

 
 

Fig. 3: Elastic Acceleration Response Spectrum for Kuala Lumpur based on local site conditions. 

 

 Based on the graph plotted above, highest Se/ag value is at 4.5 m/s
2
. As explained earlier, the Elastic 

Response Spectrum, Se is divided by design ground acceleration based on soil type, ag to obtain the Elastic 

Response Spectrum in terms of acceleration.  

 

Predicting Response Spectrum Acceleration (RSA) based on UBC-85: 
Table 4: Response Spectrum parameters  

@ T (s) Se/ag 

T0 0 1.26 

TB 0.1 4.5 

TC 0.3 4.5 

TD 1.2 1.125 

T4 4 0.1 
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Table 5: Response Spectrum parameters calculated 

T (s) RSA (m/s2) 

0.0 4.466 

0.2 4.466 

0.4 4.466 

0.6 4.466 

0.619 4.466 

0.8 3.456 

1.0 2.765 

1.5 1.843 

2.0 1.383 

2.5 1.106 

3.0 0.922 

3.5 0.790 

4.0 0.691 

  

 
 

Fig. 4: Response Spectrum for Kuala Lumpur based on local soil conditions as per UBC-85. Soil is taken as soft  

to stiff silty clay for Kuala Lumpur and Klang Valey area. 

  

 Based on the graph plotted above, highest value of Response Spectrum Acceleration (RSA) is at 4.5 m/s
2
.  

 

Conclusion: 

 The objective of this research is to study the potential of earthquake threat concerning Malaysia 

(Peninsular). Years ago, study or research about earthquake in Malaysia is one of unpopular topic that most of 

researchers try to avoid. This is due to Malaysia is away from the tectonic plate boundary and possibility of 

earthquake will be happen in Malaysia is almost impossible. Based on one of the previous studies proved that, 

earthquake phenomenon have shown that earthquake can have significant effects although at longer distance due 

to long period components of shear waves [3]. While the other study mentioned that the event with MMI 

Intensity of IV and above for peak ground acceleration more than 2% of gravity have occurred more than ten 

times since 1833. The epicentres of those earthquake events were just about 300 KM to 600 KM from Kuala 

Lumpur, thus the possibility of earthquake to be hitting Malaysia (Peninsular) is still there. According to Prof 

Neslon Lam in here article published in [7], he elaborated that Peninsular Malaysia falls under the plate was hit 

by a massive earthquake, resulting in the 2004 tsunami. The seismic effects of the long distance earthquake 

could be felt in Malaysia and Singapore. Peninsular Malaysia is subjected to earthquakes that occur in long 

distance, including Sumatra as well as susceptible to local hazards. In additional, for Sabah and Sarawak, he 

mentioned Sarawak seems to be far away from these types of disturbances but the state has local earthquakes 

due to intraplate seismicity. While Sabah is affected by high seismic activity dominated by active faults in 

surrounding seas of Sabah and The Philippines and therefore it has high risk. [7] 

 To address the potential of treat, the Institution of Engineers, Malaysia (IEM) has formed a technical 

committee on earthquake, accordingly provided recommendation to be incorporated in the national Annex (NA) 

to the Eurocode 8 (EC8) recommended for the designing of building against seismic action.  Based on this code, 

the Geologist and Geotechnical Engineers should consider the model proposed in the annex in the geotechnical 

design especially in foundation and slope design. In 2012, (7) has come out with the summary under 

recommendation earthquake loading model for Peninsular Malaysia. This study mentioned about using and 

converting National Annex (NA) to EC8 in process study the earthquake. The study also covered the design and 

modelling of distant seismic hazard and suggesting the distant and calculation of earthquake model.  
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Recommendation: 

 Based on study, Peninsular Malaysia still has the potential to be hit by the earthquake. However it seems 

like being ignored. The development of seismic engineering in Malaysia is still at its infancy stage and hence 

there is still a lot of area needed to be improved. The practice of designing for seismic resistant building in 

Malaysia has yet to be common practice. Thus following is some of the recommendations that can be used for 

future research: 

 Detailing, frame or reinforcement systems to minimize structure failure due to earthquakes 

 Mitigation and technologies to curb earthquake damages 

 Dynamic analysis on regular buildings is also high rise buildings 

 Seismic analysis (both static and dynamic analysis) on structural and non-structural elements 

 Earthquake hazards and risk management for Malaysia.  
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