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Earthquakes do not kill people, but the buildings do. With the exception of 

tsunamis and landslides, most earthquake related fatalities are caused by the 

collapse of people’s homes upon them or by fires following the earthquakes. 

 

Earthquakes represent the largest potential source of casualties and damage 

for inhabited areas due to natural hazard. Although the location varies, the 

pattern is the same: an earthquake strikes without warning, leaving cities in 

rubble and killing tens to hundreds of thousands of people. 

 

The death toll from the 6.9-magnitude earthquake that hit the Indonesian 

island of Lombok more on 9th August 2018 has surged to 436. 
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https://ourworldindata.org/
natural-catastrophes 
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Figure 1: Recorded natural disaster events  worldwide  



https://ourworldindata.org/
natural-catastrophes 
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Figure 2: Recorded annual deaths from natural disasters    



https://ourworldindata.org/
natural-catastrophes 
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Figure 3: Global deaths from natural disasters    



An earthquake is a phenomenon resulting from the sudden release of stored 

energy in the Earth’s crust which creates seismic waves. Currently, the 

understanding of earthquake characteristics has considerably increased, due 

to the tragic experience from several recent earthquakes.  

 

As a consequence of the direct observations and subsequent studies, now it is 

possible to quantitatively predict strong motions for dangerous earthquakes, 

provided that the source mechanism, wave travel path and site geological 

conditions are correctly modeled (Huang, 1983, Kawase, 2004). 
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Seismic waves are the wave of energy caused by the sudden breaking of rocks 

within the Earth. Seismic waves radiating from the fault break to the site are of 

two main types namely, body (P and S) and surface (L and R) waves as shown 

in Figure 4. 

 

 

 

Figure 4: Seismic waves propagate during 

earthquake (Gioncu & Mazzolani, 2010)  

1. Introduction cont. 



• Magnitude 

• Depth & Source-site Distance 

• Earthquake faulting 

• Rupture propagation 

• Attenuation 

• Geologic type 

• etc. 

• Soil effect 
• Basin Effect 

• Surface topography 
Effect 

• etc. 

Engineering Seismology 
             
                 Earthquake Engineering 
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Figure 5: Engineering Seismology versus Earthquake Engineering    



Peninsula Malaysia is located near the Sumatra Island, which it is situated in the 

Ring of Fire. On the other hand, Sabah is located at the intersection of three 

major tectonic plates, the Eurasian Plate to the North, the Indian-Australian plate 

to the West and South and Pacific-Philippine Sea Plate to the East as illustrated 

in Figure 6-7. Peninsula Malaysia will experience the tremor when a major 

earthquake hits the Sumatra region. 

 

Generally, Malaysia is known as a safe country from earthquake. However, this 

statement is overruled due to the recent earthquakes activities occurred mainly in 

East Malaysia.  

2. Earthquakes in Malaysia 



 

 

Map of earthquake 

 
 
 

 

Figure 6: Global seismic hazard map 

(https://www.gfz-potsdam.de/en/GSHAP/)  
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Figure 7: Major tectonic in Malaysia (Tongkul, 1999) 
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Seismic threat in Peninsular Malaysia: 

1.  Far-field earthquake: 

• Sumatra fault 

• Subduction zone 

 

2.  Local faults: 

• Kuala Pilah 

• Manjung 

• Bukit Tinggi, Pahang  

• Temengor 

• Kenyir 
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Figure 8: Potential earthquake threat to Peninsular Malaysia  

(Shakri and Sanjery, 2015) 

Subduction Zone 

Sumatra fault 
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2. Earthquakes in  

Malaysia cont. 

(Mustaffa et al., 2017) Figure 9:  



A devastating  earthquake event occurred on 26th December 2004 with 

magnitude 9.0Mw originated from West Aceh, Sumatra, Indonesia. The tremors 

were felt along the west coastal areas in Peninsular Malaysia and triggered panic 

to the public. This event has put an alarm to the effect of earthquake from 

Indonesia that can be disastrous to the public safety and the existing structures. 

 

On 26 May 1991, an earthquake with the magnitude of 5Mw damaged several 

columns of a school structure in Ranau. A weak earthquake of 3.5Mw magnitude 

triggered in Sandakan at 12.23 pm on 14 October 2010. This earthquake 

epicentre is located at 5.3 North latitude and 117.3 East longitudes, 108 km 

southwest of Sandakan, Sabah and was triggered from local fault. 
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On 5th June 2015, a moderate earthquake with magnitude 5.9Mw hit  Sabah 

at 16 km northwest from Ranau. The tremors were also felt in Kundasang, 

Ranau, Tambunan, Pedalaman, Tuaran, Kota Kinabalu, and Kota Belud.  

 

Moreover, several buildings suffered some form of damage due to this event. 

It is very important to observe the structural performance (damage) shortly 

after the earthquake (Ates et al., 2013). 
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The time-history of Ranau earthquake in 2015 is shown in Figure 10. This 

earthquake  had damaged several buildings (Figure 11- Figure 14) due to the 

fact that the previous design only considered gravity and wind loading. 

Obviously, no seismic type of detailing was used in the design. 
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Figure 10: Ranau earthquake 
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Figure 11: Observed damages in Ranau town (Roslee and Tongkul, 2018) 
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Figure 12: External and internal damage of a local mosque 

(Roslee and Tongkul, 2018) 
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Figure 13: Damaged and cracked walls (Roslee and Tongkul, 

2018) 
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Figure 14: Damaged column (Roslee and Tongkul, 2018) 
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Table 1: List of local earthquake in Malaysia (MMD, 2015)  
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Urban vulnerability to natural hazards such as earthquakes is a function of 

human behavior. It describes the degree to which socioeconomic systems and 

physical assets in urban areas are either susceptible or resilient to the impact 

of natural hazards.  

 

Over the past two decades, vulnerability has come to represent an essential 

concept in hazards research and in the development of mitigation strategies at 

the local, national, and international levels (White and Haas 1975, Hewitt 

1997, Mileti 1999, Alexander 2000).  

 

Therefore,  the  earthquake  vulnerability  of  building structures has remained 

a key area for the researchers in  order  to  minimize the  hazards  of  

earthquake  as much as possible. One of the possible ways to re-strengthen 

the existing buildings is using seismic retrofitting technique (Figure 15) but the 

building  should  be  seismically  evaluated in the first place. If a building is not 

seismically evaluated, in that case the application of retrofitting is of no use 

(Alam et al., 2013).   

 

3. Building Vulnerability  
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Figure 15: Retrofitting technique for existing structures 

(https://theconstructor.org) 

3. Building Vulnerability cont.  

Existing RC 

building without 

any seismic 

consideration 

have nonetheless 

some inherent 

capacity to resist 

earthquake 

actions of some 

intensity ranging 

from 1% - 20% 

[Low rise is 

between 15-

20%](Kim and 

Kim , 2004) 



It is apparent that earthquakes 

tends to damaged structures 

mainly the existing structures 

designed without considering 

seismic loading. 

 

Therefore, Malaysia National 

Annex is developed a national 

annex for allowing Seismic loading 

is taken into consideration in 

designing.  
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Figure 16: Seismic Hazard Map of Malaysia  
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Malaysian National Annex (MS EN 1998-1, 2017). 

Figure 17: PGA (%) contour map of Peninsular Malaysia and Sabah 
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4. Cost Analyses for RC Building 

(Theivigaa and Shaharudin, 2018) 

Scope of Study 



 

 

4. Cost Analyses for RC Building 

(Theivigaa and Shaharudin, 2018) (Ramli, 2018) 



 

 

4. Cost Analyses for RC Building 

(Theivigaa and Shaharudin, 2018) 
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Modelling 

(Theivigaa and Shaharudin, 2018) 
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(Theivigaa and Shaharudin, 2018) 

Loading 
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Load Combination 
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4. Cost Analyses for RC Building 

(Theivigaa and Shaharudin, 2018) 
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(Theivigaa and Shaharudin, 2018) 
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(Theivigaa and Shaharudin, 2018) 
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(Theivigaa and Shaharudin, 2018) 

Results 
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Results 



 

 

4. Cost Analyses for RC Building 

(Theivigaa and Shaharudin, 2018) 

Results 



 

 
1. Improve earthquake monitoring. 

 

2. Improve understanding of earthquake occurrence. 

 

3. Improve fundamental knowledge of earthquake effects. 

 

4. Improve the seismic design of structures. 
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The Way Forward 
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1 2 

3 4 

ROLE 
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1 1. Awareness Courses 

 

2. 2D frame analysis and design  – not suitable 

for irregular floor and high rise structures 

 

3. 3D design – time consuming, may need 

bidirectional earthquake analysis 

 

4. Choice of  Analysis -  Linear Elastic / Non 

Linear Elastic 

 

5. Software as a tools – commercial software is 

available in the market 
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2 

1. Familiar with special detailing such as the 

construction details at column-beam 

connection  

 

2. New detailing and closely spaced links 

 

3. Competent seismic retrofit Contractor – 

training & courses  
 

5. Way Forward cont. 
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1. Implementation of Seismic Code  

 

2. Cost for budgeting purposes – the 

anticipated increase in the cost for adopting 

seismic loading  

 

3. The rise in the market price for incorporating 

Seismic Code – sales and rentals 

 

4. Others – the appropriate calculation for 

insurance rates/fees, public versus private 

buildings  
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1. Most of the structural design employ 

“conventional” design for RC (EC2) and Steel 

(EC3) 

 

2. No stand alone and compulsory courses to 

include seismic design & detailing in the 

current syllabus  

 

3. Initiative at FYP level introducing seismic-

related design topics 

 

4. Master program  
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1. Data on cost implication for projects incorporating seismic loading is still 

lacking. A thorough study is needed in order to provide more realistic 

project cost estimation to many relevant agencies   

2. Klang Valley is categorized as low to moderate seismicity. Generally, the 

construction practices in Malaysia follow proper regulation and posses 

good workmanship compared to poor country with uncontrolled growth of  

megacities  such that even small earthquakes may turn into catastrophic 

failure. 

3. The role and contribution of various stake holders such as engineer, 

contractor, project owner and educators in shaping the seismic resistant 

structure in the future should be synchronized with the implementation of 

the Malaysian National Annex (MS EN 1998-1, 2017). 

6. Conclusion 



Thank You 


