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Abstract

West Malaysia is occasionally affected by tremors
originating from large earthquakes in the Sumajpéate
margin. The maximum observed intensity so far wasrv
the Modified Mercalli (MM) scale. East Malaysia has
experienced earthquakes of local origin which savhe
them resulted in some damage on properties and even
human injuries. Beside of the local earthquakesst Ea
Malaysia also affected by large earthquakes |dcataver
Southern Philippines and in the Straits of MacasSatu
Sea and Celebes Sea. The maximum observed inteosity
far was VII on MM scale.

The Malaysian Meteorological Service (MMS) is a
Government institution, which is responsible for
monitoring earthquake activities of the countryo do so,
MMS is operating twelve seismic stations, while M#S
Head Quarter in Petaling Jaya, Selangor operatea as
national seismic center.



1. Introduction

Malaysia is situated on the southern edge of thedtan Plate (Figure 1). It is
close to the most two seismically active plate laauies, the inter-plate boundary
between the Indo-Australian and Eurasian Plateb@mvest and the inter-plate boundary
between Eurasian and Philippine Plates on the easge earthquakes in and around
these boundaries could extend and have extendddlaysia. East Malaysia, beside of
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Figure 1. Major tectonic plates around Malaysia

affected by large earthquakes located over SoutRéitippines and in the Straits of
Macassar, Sulu Sea and Celebes Sea, these twe altsdehave experienced earthquakes
of local origin. Several possible active faults édeen delineated and local earthquakes
in East Malaysia appear to be related to some emthThe maximum intensities
observed (MM scale) so far were VI for West Malayand VII for East Malaysia.

It is important to be note that earthquakes doneed to be of large magnitude to
produce severe damage, because the degree of ddemageds not only on the physical
size of an earthquake but also on other factorls asavhere and when an earthquake
occurred, the population density in the area corestand secondary events such as fire.



2. Tectonic Setting Of Malaysia

Malaysia is close to the most two seismically\acplate boundaries (Figure 2).
In the west, Indian Ocean plate moves northeast atad subducts under the Sumatra

Figure 2. Plate boundaries around Malaysia

with an estimate velocity of the order of 7 cm/yédre direction of the plate movement
under Sumatra Island makes the angle of almost aighle. The force generated by the
movement of this Indian ocean plate has yieldeteatgSumatran fault which divides
Sumatra island into two blocks, west block and bastk. These two blocks move
relatively each other at which the west blocks nsaverthwest ward while east block
move at the opposite direction i.e. Southeast wkind. Sumatran fault is segmented into
19 segmentsNatawidjaja, 2001] from the most north Sumatra up to Lampung at almo
the most south of Sumatra Island. From geodeticsoreaent it is found that each
segment of the fault do not have same relativelgorgy. It is observed that the northern
segments have velocity higher than of the soutle. aterage velocity of the relative
movement of the block at northern side is at tireobf 3.7 cm/year while at the
southern out is only about 2 cm/ye®IGA, 1999].



At the east of Malaysia, the Philippine plate nowestward with an estimate
velocity of the order of 8 cm/year (Figure 2). 8l micro faults in Sabah could be
generated by the movement of this plate.

3. Seismic Activity
31 West Malaysia

In terms of seismic activity, West Malaysia is sified as a seismically stable
area. No earthquake has originated from the al@ugh the flooding of the Kenyir
Dam in Terengganu during 1984 - 1987 did createesseismic activity (maximum
magnitude was 4.6 on the Richter scale). Although from the threat of local
earthquakes, West Malaysia is still consideredenable because it lies close to
Sumatran fault and Sumatran Subduction zone. Leaigbquakes that originated from
these two active areas did create considerablyngkonotion over western part of West
Malaysia.

Earthquakes from Sumtran Subduction Zone

The Sumatran subduction zone accommodating tgedapart of the plate
convergence has produced two giant historical gagke: 1833 event (Mw=9) and 1861
event (Mw=8.5). In the last 170 years, a total®fevents of magnitudes between 5.6
and 9.0 originated from this subduction zone weleih West Malaysia (Figure 3). The
closest distance from earthquake source in thidwsttion zone to the coast of West
Malaysia is about 400km.

The recent Bengkulu Earthquake occurred in the Samaubduction zone on 4
June 2000 (Mw?7.8) which epicentre was about 650kom fJohore Baharu and about
800km from Kuala Lumpur had shook several buildiimgdohore Baharu and Klang
Valey. Hundreds people rushed out of their higk-bsilding down to the ground level.
Minor crack in the building wall was reported irhdoe Baharu. The maximum observed
intensity in Johore Baharu and Kuala Lumpur wasreded of about VI on MM scale.

Earthquakes from Sumatran Fault

The Sumatran active fault consists of 19 geonadtyidefined segments
separated mostly by stepover structures. Thesedmabntinuities have limited the
magnitudes of large historical fault ruptures tonsen Mw 5.2 and 7.7. The closest
distance from earthquake source in this fault éodbast of West Malaysia is about
260km (Figure 4).

The 1995 event with magnitude of about 7.0 on RicBtale and about 450km
from coach of Johore had shook many high-rise mgklin Johore. The maximum
observed intensity in Johore Bahru was estimatebofit VI on MM scale. The 1996
event with magnitude of about 5.4 on Richter Sealé about 300km from coast of
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Figure 3. Earthquake sources of the Sumatran subduction zone
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Figure 4. Earthquake sources of the Sumatran fault



Perak had shook many high-rise buildings in PenBegak, Kuala Lumpur and Selangor.
The maximum observed intensity in Penang, Sitiawaonoh, Lumut, Kuala Lumpur
and Petaling Jaya was estimated of about VI on dMes
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Figure 5. Epicentre of felt earthquakes in East Malaysia



3.2 East Malaysia

East Malaysia on the other hand, is classified adarately active in seismicity.
The area has experienced earthquakes of locahaxigh magnitudes of up to 5.8 on the
Richter scale (Figure 5). Beside of the local eprtkes, East Malaysia also affected by
large earthquakes located over Southern Philippintethe Straits of Macassar, Sulu Sea
and Celebes Sea.

Sabah

Sabah is prone to earthquake activities if comptoexther parts of Malaysia.
Sabah has suffered several earthquakes of modeegpeitude Some of these quakes
have caused structural damage to buildings ana otfrastructures and injuries to
humans lLeyu, C. H., 1980]. One of the worsy earthquakes occurred in 197&wén5.8
magnitude on Richter scale temblor rocked LahadiDahe maximum observed
intensity in Lahad Datu and Kunak was estimateabafut VIl on MM scale. In 1991, an
earthquake of magnitude 4.5 on Richter scale sRaslau, resulting in structural damage
to a school. . The maximum observed intensity indRiawas estimated of about VI on
MM scale.

Eastern Sabah is also exposed to tremors causearthyjuakes in the southern
Philippines and the Celebes (Figure 5). The maximbserved intensity produced by
this long-distance earthquake was VI on MM scale.

Sarawak

Sarawak has experienced of several earthquakesadforigin. In the last 35
years, a total of three earthquake occurred inv&gcavith maximum observed intensity
of IV on MM scale. Beside of having earthquake$ootl origin, Sarawak was also
affected by long-distance earthquake that origihditom Southern Philippine and the
Straits of Macassar, Sulu Sea and Celebes SeandaXienum observed intensity in
Sarawak produced by this distant earthquake was MM scale.

4. Seismograph Network In Malaysia

Seismic wave radiated by a sudden release enetbg arth will propagate to
all direction and will arrive at a certain placgdading to its velocity and the distance of
the source to the place.

If several sensor at different places are operateddetect the seismic waves
approaching them, then a set of data of arrivag tivill be obtained. Using this data
someone can trace back where the waves come from.



The precision of tracing back the source will sgigrdepend to the quality of the
data, which has several factor such as: timingesyspointing up the seismic phase,
position of the source with respect to the statiets, beside the variety of the response

Figure 6. Seismological stations of Malaysia

of the earth passed by the waves. It is emphasiesgithe importance of the network
configuration with respect to the seismic sournecdse of Malaysia, it will not be easy
to get a good epicenter determination for the gadkes that take place in the west of
Sumatra as well as at outside of Sarawak and Sabah.

To locate seismic epicenter and its magnitudeséemologists require seismic
data from the seismic stations. The quantity aralityuof the data will determine the
accuracy of the epicenter's location. The quanfityata means the number of time
arrival of seismic phase used in the seismic detetion, while the quality means the
clock's precision used, the distribution of theaigtawith respect to the epicenter and the
exact pointing out of the seismic phase (this délpend to the signal to noise ratio of the
signal).

Malaysian Meteorological Service (MMS) serves asonal information centre
for seismology. MMS provides information, advicelaconsultation related to
earthquake to users such as engineers, architeti{ganners for socio-economic
development of the country. The MMS started to aggeseismic stations in 1979 by
installing four Kinemetrics Short Period (vertic@imponent) seismographs at Petaling
Jaya (KLM), Kluang (KGM), Ipoh (IPM) and Kota Kibalu (KKM).

As more and more high-rise buildings and largelgas$tuctures are being built
urged MMS to continue with the seismological obation at different parts of the
country. Three more stations, one at Kuala Teremgg@&TM), and the other two at
Tawau (TSM) and Kuching (KSM) were installed durit86 to 1988. To meet the



increasing demand for seismological informatiothi& country, five more stations were
installed (Kuala Lumpur (FRM), Kudat (KDM), Sandak¢gsDM), Bintulu (BTM) and
Sibu (SDM)) during 1992 to 1998. Three of the tatiaiwelve stations (Figure 6) are
equipped with the Strong-motion accelerographsSileu, Bintulu and Sandakan.

Experience tells us that with this network, the Mi&tSalready enough capability
for the detecting and identifying earthquake in armlind Malaysia with some degree of
accuracy for the first hour after the event.

4, Conclusions And Recommendations

Sumatran subduction zone has potential to prothec&uture giant earthquake of
magnitude up to about 9.0 (Mw) and Sumatran faast pontential to produce the future
large earthquake of magnitude up to 7.7 (Mw). Tddbated seismic waves from the
long-distance earthquake can be amplified on its fzathe sites. The response of a
building is dependent on the type of structuratays and the local geological
conditions. The great Mexico City earthquake of3 &stifies that major earthquake not
only cause devastating losses locally, but canl@astdangerous to tall buildings on soft
soils several hundred kilometers away. For the oafiee Mexico City earthquake, many
tall modern buildings were destroyed at a distaofa@bout 300km from the epicentre,
while small older constructions were left unharmedther word, the incoming seismic
waves that might have been attenuated to a harmegkfication were amplified locally
by the surface layer of soft sediments. The higk-and large engineering structures
typically resonance with the predominant frequeoicthe incoming seismic waves thus
will amplify the earthquake shaking.

Giant earthquake similar to the size of the 183®&9.0) event in the
Sumatran subduction zone may produce ground mati@idave a very long duration of
about 300 s with a predominant period between dds2a7 s, which is very close to the
natural periods of the medium- and high-rise bagdvidely found in Malaysia. Large
earthquake similar to the size of the 1892 (Mw@wvgnt in the Sumatran fault may
produce same effect to the medium and high-riskliogs in Malaysia. Other than that,
some active faults in Sabah has potential to predoe future moderate local earthquake
of magnitude up to 5.8.

The recent Bengkulu Earthquake which epicentreatasit 650km from Johore
Baharu and about 800km from Kuala Lumpur had stsaderal buildings in Johore
Baharu and Klang Valey. It gave valuable clues aldat essential design elements
must be incorporated into structures in Malaysiagiieering work should be well
planned, designed and built because they coul&pased during their life time to
important seismic intensities due to earthquakedhin magnitudes.

Presently anti-seismic regulations not applieMalaysia. In order to ameliorate
the seismic safeguard of the population and to eaffethe economic development,



Malaysia should dispose its own anti-seismic retijpia adaptable to specific condition
in the country, land management, disaster preveria environment protection. The
Malaysian Meteorological Service alone could nadentake such an enterprise. This
seminar will answer this question.
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