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Abstract 
 

Structural design in Malaysia has traditionally not considered earthquake and 
hurricane loading. The occurrence of several tremors in neighbouring 
countries has necessitated a relook at the seismic reliability of the existing 
structures. Major cities like Kuala Lumpur, Penang and Johor may have 
structures with significant seismic risk. The first step towards mitigation is an 
effective risk assessment. In this work two methods were used to assess the 
risk of the buildings namely Rapid Visual Screening and Extended analysis. 
The former was done by adopting the FEMA-154 procedure, which assigns 
the basic score depending on the building type, modified based on the number 
of storeys, the vertical and the plan irregularity, the year of code, Pre or Post 
benchmark and soil type. 95 structures were evaluated and the final score 
indicates that three buildings are at risk. The extended analysis started with 
simple vertical load analysis (the current practice) and then the earthquake and 
the wind loading were imposed. The integrity of the structures was evaluated 
in terms of serviceability deflections using UBC 1997, IS 875-3-1987 and IS 
1893. Under wind loads, the permissible deflections were exceeded at 40 m/s 
for 87 m height buildings; at 45m/s for above 70 m height buildings; at 50 m/s 
for buildings above 59.5 m height. Higher value of ground accelerations (>0.1 
g) results in exceedance of the serviceability values of deflections.  
 
KEYWORDS: Risk assessment, Rapid Visual Screening, Extended Analysis, 
Wind loads, Earthquake, Serviceability  
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INTRODUCTION 
Even though Malaysia is at least 350 km away from significant earthquakes, recent 
events in Sumatra in 2002 (Mw = 7.4), early 2003 (Mw = 5.8) and Aceh 2004 (Mw = 
9.1- 9.3 ) caused vibrations and panic in several cities in Peninsular Malaysia 
including Penang and Kuala Lumpur. Cracks were also reported in buildings in 
Penang due earthquake on 2nd November 2002 [1]. Seismic risk assessments of 
buildings in Malaysia are thus essential in order to identify deficient buildings and to 
retrofit them. 
 
 
LITERATURE REVIEW 
During an earthquake buildings vibrate, but not all buildings respond to an earthquake 
equally. If the frequency of oscillation of the ground is close to the natural frequency 
of the building, resonance (high amplitude and continued oscillation) may cause 
severe damage. Small building are more affected by high frequency earthquake waves 
(short and frequent). Large structures or high rise buildings are more affected by low-
frequency, or slow shaking. A skyscraper will sustain greater shaking by long-period 
earthquake waves than by the shorter waves. The behavior of a building during 
earthquakes depends critically on its overall shape, size and geometry, in addition to 
how the earthquake forces are carried to the ground [2]. Hence, at the planning stage, 
unfavorable features are to be avoided and a good building configuration chosen. 
Sometimes the shape of the building catches the eye of the visitor, sometimes the 
structural system appeals, and in other occasions both shape and structural system 
work together to make the structure a marvel. However, each of these choices of 
shapes and structure has significant bearing on the performance of the building during 
strong earthquakes. The wide range of structural damages observed during past 
earthquakes across the world is very educative in identifying structural configurations 
that are desirable versus those which must be avoided [3]. Codes of Practice also give 
recommendations on the EQ resistant features to be adopted in design [4][5][6][7][8]. 
 The earthquake forces developed at different floor levels in a building need to be 
transferred to the ground by the shortest path; any deviation or discontinuity in this 
load transfer path results in poor performance of the building [9]. Buildings with 
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vertical setbacks (like the hotel buildings with a few storeys wider than the rest) cause 
a sudden jump in earthquake forces at the level of discontinuity. Buildings that have 
fewer columns or walls in a particular storey or with unusually tall storey tend to 
damage or collapse which is initiated in that storey. Buildings on a sloping ground 
have unequal height columns along the slope, which causes ill effects like twisting 
and damage in shorter columns. There are discontinuities in the load transfer path if 
the building has columns that hang or float on beam at the intermediate storey. Some 
buildings have reinforced concrete walls to carry the earthquake loads to the 
foundation. Buildings, in which these walls do not go all the way to the ground but 
stop at an upper level, are liable to get severely damaged during earthquakes. 
 In general, buildings with simple geometry in plan have performed well during 
strong earthquakes [10]. Buildings with re-entrant corners, like those U, V, H and + 
shaped plans, have sustained significant damage. Many times, the bad effects of these 
interior corners in the plan of buildings are avoided by making the buildings in two 
parts. For example, an L-shaped plan can be broken up into two rectangular plan 
shapes using a separation joint at the junction. Often, the plan is simple, but the 
columns/walls are not equally distributed in plan. Buildings with such features tend to 
twist during earthquake shaking [3].  
 There is a very significant correlation between the number of stories and the 
severity of building damage. If all buildings conform to modern seismic design codes, 
then such a distribution would not occur, and a uniform distribution of damage would 
be expected. However majority of buildings in the earthquake stricken region lack this 
basic property. Increasing number of stories increase seismic forces linearly whereas 
the seismic resistances do not increase adequately. Accordingly, damage increases 
almost linearly with the number of stories. Studies on damage distribution for all 9685 
buildings in Düzce after the two earthquakes in 1999 showed that damage grades shift 
\ linearly with the number of stories [11]. As the number of stories increases, the ratio 
of undamaged and lightly damaged buildings decreases steadily whereas the ratio of 
moderately and severely damaged buildings increases in an opposite trend. This is a 
clear indication that the number of stories is a very significant, perhaps the most 
dominant, parameter in determining the seismic vulnerability of typical multi-storey 
concrete buildings in Malaysia. 
 When the provisions in the code are revised, assessment of structures becomes 
necessary to verify the safety of the structure under the new provisions. Potty and 
Nambissan [12] recommended the seismic retrofit measures for Elevated Steel Water 
Tanks when the seismic zone of the location of the structure changed from Zone 2 to 
Zone 3 in India. Assessments are also done on fleet of offshore structures to prioritize 
maintenance by Potty and Mohd Akram [13], Potty and Akram [14], and Potty et al 
[15]. Seismic evaluation is also undertaken when seismic events cause public concern. 
Seismic assessment of structures based on questionnaire survey were carried out by 
Narayanan and Sirajuddin [16] and Potty and Sirajuddin [17] and by non –linear 
analysis of masonry structures by Potty and Sirajuddin [18] in Kollam, India.  
 The basic wind speeds (3 second average) specified for different regions in India 
in IS 875-1987 are 33, 39, 44, 47, 50 and 55 m/s [19]. The design wind speed is 
calculated using the expression 
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 321 kkkVV bz ×××=  
 
 Where k1 = the risk factor; k2 = terrain, height and structure size factor and k3 = 
topography factor. The values of k1, k2 and k3 are obtained from tables in the code. 
The design wind pressure is calculated using  

 
26.0 zz Vp =  

 
 MS 1553: 2002 provides 50 – year return period wind speed for zone 1 (33.5 m/s) 
and zone 2 (35 m/s) [20]. Zone 1 corresponds to narrow belt on the coastal zone and 
zone 2 constitutes the other regions of Peninsular Malaysia. 
 Beaufort Scale constitutes a scale from 1 to 12; where the numbers 8 represents 
Gale (17.2 – 20.7 m/s); number 9 represents Strong Gale (20.8 – 24.4 m/s); number 
10 represents Storm (24.5 – 28.4); number 11 represents violent storm (28.5 – 32.6) 
and number 12 represents Hurricane (> 32.7 m/s). The Saffir – Simpson hurricane 
scale describes hurricanes as weak (32.7 – 42.6 m/s); moderate (42.7 – 49.5); strong 
(49.6 – 58.5); very strong (58.6 – 69.4) and Devastating (>69.5 m/s) [21]. 
 
 
Design Practice in Malaysia 
Design of structures in Malaysia follows British Standard BS 5400 [22], BS 8110 
[23], BS 5950 [24]) and other standards. They lack detailed and specific requirements 
on seismic load. Hence most engineers use AASHTO Specifications [25], Uniform 
Building Code [26] or EC8:2004 [6] However, the right ground acceleration for 
Malaysia has to be used. The choice is based on the importance of the structure and 
severity of failure. The design of Penang Bridge used higher value of ground 
acceleration compared to design of Bakun Hydroelectric Plant [27]. Prior to 26 
December 2004 earthquake, IEM in a position document approved by IEM council 
had several short and long term recommendations on issues regarding earthquake 
[28]. Short term initiatives included the need of more seismic monitoring stations in 
Malaysia, reviewing current Engineering Design and Construction Standards and 
Practices as well as suggesting the design of high rise buildings to cater for long 
period vibration. For long term, IEM has suggested the development or adoption of a 
suitable code of practice for seismic design and also recommended the introduction of 
earthquake engineering education curriculum in the universities. Sensitive and 
important structures are also recommended for seismic vulnerability assessment [28]. 
Seismic zone mapping carried out by SEER recommended for Peninsular Malaysia, 
the ground acceleration of 0.03g to 0.05g, while in East Malaysia, the level of 
acceleration recommended increases from Sarawak towards Sabah, due to existence 
of active fault in Sabah. Maximum ground acceleration for design in Sabah would be 
0.15g [29]. Considering the framework to carry lateral loads, the designer usually 
adopts three systems; moment resisting frames, braced frames, and shear wall. For 
skyscrapers, the more sophisticated framed tube systems and other complex framing 
system are adopted. Moment resisting frames are characterized as fixed or semi-rigid 
wherein the strength and the stiffness of the concrete frame are proportional to the 
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storey height and column spacing. At the same time, slab and walls systems can be 
designed as moment resisting frames. A steel braced frame contains diagonal x-braces 
and k-braces to resist lateral loads. For concrete frames, shear wall is usually 
constructed. Shear wall is characterized as reinforced concrete plane elements having 
length and thickness. 
 Majority of the buildings have height between 12m to 99m [30]. The aim of the 
current work is to assess the seismic vulnerability of buildings using two methods. 
RVS assesses the building vulnerability based on observation without involving any 
analysis. This was undertaken in Penang and Ipoh town. The second study involved 
the detailed analysis of buildings considering earthquake and wind loads. For low rise 
buildings, the effects of lateral load are considered minimum while for skyscrapers, it 
is assumed that lateral loads have been considered in design of the structural members 
and framing systems [31]. An important parameter is the type of framing system, 
which is kept constant so that the behaviour of structures towards the lateral loads can 
be fully associated with the height. Different types of framing systems usually carry 
different level of stiffness and flexibility. Figure 1 shows the height of application 
(maximum number of storeys) of different framing systems. 

 

 
 

Figure 1 Maximum number of stories Vs Type of framing system [32] 
 
 

METHODOLOGY 
The two components of the work are RVS and Extended Analysis. They are explained 
below. 
 RVS is very easy method of assessing the building vulnerability based on 
observation without involving any analysis [8], [33], [34]. RVS method visually 
identifies the parameters and ranks buildings that are potentially seismically 
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hazardous. This evaluation using this method takes less than 30 minutes and can be 
completed from the street view without entering the building. A performance score is 
calculated for each building based on numerical values on the RVS form for the 
features of the building [35]. The forms are available for 3 types of seismic regions 
namely Low, Moderate and High. Each Data Collection Form provides space to 
record the building identification information, draw a sketch of the building (plan and 
elevation views), attach a photograph of the building, indicate the occupancy, indicate 
the soil type, document the existence of falling hazards, develop a Final Structural 
Score, S, for the building from the basic score which depends on the building type 
(Table 1), indicate if a detailed evaluation is required, and provide additional 
comments.  

 
Table 1 Building type and Basic Score [8] 

 
BUILDING TYPE Basic 

Score
W1 Light wood-frame residential and commercial buildings smaller than or 

equal to 5, 000 square feet 
7.4 

W2 Light wood-frame buildings larger than 5, 000 square feet 6.0 
S1 Steel moment-resisting frame buildings 4.6 
S2 Braced steel frame buildings 4.8 
S3 Light metal buildings 4.6 
S4 Steel frame buildings with cast-in-place concrete shear walls 4.8 
S5 Steel frame buildings with unreinforced masonry infill walls 5.0 
C1 Concrete moment-resisting frame buildings 4.4 
C2 Concrete shear-wall buildings 4.8 
C3 Concrete frame buildings with unreinforced masonry infill walls 4.4 

PC1 Tilt-up buildings 4.4 
PC2 Precast concrete frame buildings 4.6 
RM1 Reinforced masonry buildings with flexible floor and roof diaphragms 4.8 
RM2 Reinforced masonry buildings with rigid floor and roof diaphragms 4.6 
URM Unreinforced masonry bearing-wall buildings 4.6 
 
 
 The performance score considers soil condition, earthquake resistance features, as 
well as the structure. No non-structure interiors are included in evaluation. In low 
seismicity regions, the Basic Structural Hazard Scores are calculated for buildings 
built before the initial adoption of seismic codes. For buildings in these regions, the 
Score Modifier designated as “Pre Code” is not applicable (N/A), and the Score 
Modifier designated as “Post Benchmark” is applicable for buildings built after the 
adoption of seismic codes. The score of each building is ranked and advanced analysis 
is undertaken if the score is less than 2 (Table 2). Though RVS is applicable to all 
buildings, its principal purpose is to identify (1) older buildings designed and 
constructed before the adoption of adequate seismic design and detailing 
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requirements, (2) buildings on soft or poor soils, (3) buildings having performance 
characteristics that adversely affect their seismic response [8]. The final score S 
typically range from 0- 7, with higher S scores corresponding to better expected 
seismic performance. 

 
Table 2 Expected Damage Level as a function of RVS score [8] 

 
RVS 
Score 

Damage Potential 

S<0.3 High probability of Grade 5 Damage; very high probability 
of grade 4 damage 

0.3<S<0.7 High probability of Grade 4 Damage; very high probability 
of grade 3 damage 

0.7<S<2.0 High probability of Grade 3 Damage; very high probability 
of grade 2 damage 

2.0<S<3.0 High probability of Grade 2 Damage; very high probability 
of grade 1 damage 

S>3.0 Probability of Grade 1 Damage 
 
 
 The extended analysis considers structures up to 40 m height, considering the 
limit of applicability of framed structures. The floor area of the structures also needs 
to be assumed. To avoid more complicated parameters and variables, the base areas of 
the structures are assumed to be square. Three different base areas are assumed (24m 
x 24m, 30m x 30m, 36m x 36m) to see the relationship between aspect ratio and 
structural displacement where column-to-column distance is assumed to be 6m. As 
each span length is same, all beam sizing will be assumed the same (0.15m X 0.45m). 
Slab thickness is assumed to be 0.15m. Column sizes vary with height (Table 3). All 
columns are assumed square and sizing are based on column sizing from real 
structures. 
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Table 3 Sizing of Members for modeling 
 

 
 
 
 Two general types of loading are considered namely vertical loads and horizontal 
loads. This includes the self-weight of the structure, DL and LL. Horizontal load or 
lateral loads include wind load and earthquake load. DL and LL for slabs are 2 kN/m2 
based on BS 6399 Part 1[36] and Part 2 [37]. Self-weight of structure and loading 
from brick walls are calculated based on density of concrete and bricks, which are 24 
kN/m3 and 22 kN/m3 respectively [38]. Static approach of wind load analysis as per 
UBC 1997 [26] places Kuala Lumpur under Exposure B. Exposure B is terrain with 
buildings, forest or surface irregularities, covering at least 20 per cent of the ground 
level area extending 1 mile (1.61 km) or more from the site. Basic wind speed for 
Kuala Lumpur area is 35.1 m/s, peak 3-second gust at 10m above grade for a 50-year 
return period [39]; [20]. The modeled frame structure will be imposed to wind speeds 
from 20 m/s up to 50 m/s (20 m/s, 25 m/s, 30 m/s, 35 m/s, 40 m/s, 45 m/s, 50 m/s). 
Earthquake loading is also assessed based on UBC 1997 [26]. While wind loading is 
directly related with the height of the structure, earthquake loading is governed by the 
total mass of the structure. The total mass of the structure and mass for each floor is 
evaluated by sizing of structural members. Live load is excluded. Malaysia falls under 
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zone 2A with seismic factor of 0.15 (Table 4). The importance factor is based on the 
function and occupancy of the structure. Importance factor of 1 is considered (Table 
5). R factor is based on framing system. For this analysis, ordinary moment resisting 
frame system is assumed with R factor of 3.5 (Table 6). The performance of structure 
toward earthquake loading is also dependent on the type of founding soil. Stronger 
soil will have lower coefficient with lower amplification of ground acceleration 
compared to softer soil. The soil is assumed to be type SA where Cv and Ca have 
values of 0.12 and 0.15 respectively (Table 7). The software used for analysis was 
STAADPRO [40]. 
 

Table 4 Seismic Factor (UBC 1997) 
Zone 1 2A 2B 3 4 

Z 0.075 0.15 0.20 0.30 0.40
 
 

Table 5 Importance Factor I (UBC 1997) 
Occupancy Category Seismic Importance Factor I 
Essential Facilities 1.25 

2 – Hazardous Facilities 1.25 
3 - Special Occupancy Structures 1.00 

4 - Standard Occupancy Structures 1.00 
5 – Miscellaneous Structures 1.00 

 
 

Table 6 Importance Factor R (UBC 1997) 
Basic Structural system Description of lateral resisting system R 

Bearing wall Concrete shear walls 4.5 
Building frame Concrete shear walls 5.5 

Moment resisting frame SMRF 
IMRF 
OMRF 

8.5 
5.5 
3.5 

Dual Shear wall SMRF 
Shear wall IMRF 

8.5 
6.5 

Cantilevered column elements Cantilevered column elements 2.2 
 

Table 7 Seismic coefficients Cv and Ca for Zone 2A 
 

Soil profile Type Cv CA 
SA 0.12 0.12
SB 0.15 0.15
SC 0.25 0.18
SD 0.32 0.22
SE 0.50 0.30
SF See footnote of Code  
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RESULTS AND DISCUSSION 
The results and discussion are organized into two sections namely (1) RVS and (2) 
Extended Analysis. 
 
 
Rapid Visual Survey 
RVS was used to assess 95 buildings in Penang (Georgetown, Gurney, Tanjung 
Bungah, Tanjung Tokong, Gelugor and Queensbay) and Perak (Ipoh City and 
Tambun)[41]. These locations consisted of Earthquake Zone II (Low Seismicity). The 
site survey helped in classification of all buildings into 3 types, C1 (Concrete 
Moment-Resisting Frame), C2 (Concrete Shear Wall) and C3 (Reinforced Concrete 
with Unreinforced Masonry Infill), based on their definition in FEMA 154. According 
to FEMA 154, the lateral-load-resisting system exists only in URM, C2 and C3 types. 
Thus among the fifteen different types of systems, the buildings in Penang & Perak 
Cities were found to be of C1, C2, C3 and URM types. The distribution of RVS 
scores of the 95 buildings surveyed is shown in Table 8. The results show that 40% of 
buildings had score greater than 4, 47.37% between 3 and 4, 9.47% between 2 and 3, 
2.10% between 1 and 2 and only 1.05% under 1. The results show that only 3 building 
assessed are under seismic risk. Seismically safe buildings have an S value of 2 and 
above (>2). The rest of the buildings assessed are assessed as safe to earthquake. 
Because Penang and Perak are far from earthquake epicenter, thus most of buildings 
are not highly affected by the low intensity seismicity. 

 
Table 8: Percentage Distribution of Building Score 

 
Score S Number of Buildings in the score range % 

0-1 1 1.05 
1-2 2 2.10 
2-3 9 9.47 
3-4 45 47.37 
>4 38 40.00 

Total 95 100 
 
 
Extended Analysis  
For assessing the behaviour of the structure under wind loading, the critical parameter 
is the maximum displacement of the structure. Serviceability check or deflection 
index consider H/100 to H/600 for maximum building deflection depending on 
building type and material used. The value assumed usually is H/400 and H/500 
[42][43]. Cooney and King [44] recommends the limit for the sway of columns due to 
wind as h/500 and less than 4mm per storey. Lateral frame deflections have 
historically been based on a first order analysis. In this analysis, maximum allowable 
deflection for a structure is taken as H/500. The structure is assumed to have failed if 
deflection is more than this value. Apart from that, structural members exceeding 
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maximum stress and deflection are also considered. The maximum displacement of 
structures of different height, base area and imposed wind loads was evaluated. It is 
observed that theoretically all buildings studied are safe for wind speed of 20 m/s, 25 
m/s, 30 m/s, and 35 m/s even though lateral loads had been excluded in the design 
(Table 9). This is the reason for the negligible structural damage for buildings in 
Malaysia where maximum basic wind speed is around 32 m/s to 34 m/s [20]. For each 
plan size, the practical range of heights for moment resisting frames has been studied. 
So for plan sizes 18 x 18, 24 x 24, 30 x 30 and 36 x 36, heights of 24.5 m, 87.5 m, 
87.5m, and 87.5 m respectively were considered.  

 
Table 9 Maximum Displacement of Structure at wind speeds up to 35 m/s 
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 For 40 m/s wind speed the maximum deflection exceed the permissible values 
only for 24 x 24 plan size and height of 87.5m (Table 10). For 45 m/s and 50 m/s 
wind speed, the maximum deflections exceed the permissible values for the cases 
shown shaded in Table 10. However, based on data taken from Malaysian 
Meteorological Department, highest maximum wind speed ever recorded was 41.7 
m/s, at Kuching, Sarawak on 15 September 1992. This means wind speed beyond 40 
m/s was only recorded during the last 20 years in a place located very far away from 
Kuala Lumpur, where high rise buildings are congested. For wind speed of 45 m/s and 
50 m/s, high rise buildings with more than 17 stories, will be severely affected by the 
lateral loads. Studies also show that low rise and medium rise buildings up to 15 
stories performed very well in resisting lateral load without any additional bracing or 
lateral design. This means that for buildings up to 15 stories / 53m, the loadings are 
governed by gravity instead of lateral loads. However, for buildings more than 15 
stories, the lateral loads gives more effect compared to gravity loads based on the 
gradient of the displacement curve. On the other hand, the relationship and trends 
between the base area and the displacement of the buildings are simply interpreted 
based on the Tables 9 and 10 and Figures 2, 3 and 4. 

 
Table 10 Maximum Displacement of Structure at wind speeds above 35 m/s 
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 To study the horizontal displacements of buildings due to different magnitude 
ground accelerations, IS 1893 [7] is used. Based on table 12, low rise and medium rise 
buildings seem to be able to survive in ground acceleration of 0.05g. SEER mapping 
shows that Peninsular Malaysia so far only experience ground acceleration between 
0.03g to 0.05g. Kuala Lumpur and Penang have not experienced 0.05g ground 
acceleration and no structural damage is reported due to earthquake so far. However, 
the study suggests that structural improvement for existing high rise with more than 
77 meter height is required when ground acceleration is considered. Ground 
acceleration beyond 0.1g will cause severe damages to all moment resisting frame 
structure regardless their height. Having examined both UBC 1997 [26] and IS 1893 
[7], it is seen that the behaviour of structures toward seismic load is independent of 
their base areas. Unlike wind loading where lateral load is represented by imposed 
area, seismic load is characterized by the weight of the whole structure. Lighter 
structures with lower base shear usually survive seismic load. As number of column 
usually proportionate to the weight of the building, proportional resistance also given 
by the column to resist seismic load. That explains the differences of deflection with 
respect to base areas are much lower compared to wind loading.  

 
Table 11 Horizontal displacement based on UBC 1997 for Zone 2A 

 

 
 

Table 12 Horizontal displacement for different ground accelerations based on IS 1893 
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restricted at 25 storey (87.5m). Moment resisting frames are not recommended 
for structures beyond this height. 

2. For new structures, it is recommended to consider seismic loadings for the 
design of low rise shop-house or bungalows as they are theoretically more 
vulnerable to seismic forces compared to medium rise structures 

3. As current condition in Malaysia, study shows that all structures are safe for 
35 m/s wind load and medium rise structures are safe for ground acceleration 
of 0.05g. These explain the zero documented structural failure so far due to 
these loads in Malaysia. 

4. However, all structures theoretically will fail if the magnitude of wind 
loadings and ground accelerations are slightly increased beyond typical 
condition on Malaysia. So, most of old structures without enhancement could 
possibly fail if geological conditions in Malaysia get worse than the historical 
events. 

5. Analysis using static method is considered as very conventional and 
conservative. Dynamic analysis method can be used as it includes the damping 
of the structures as well as the time factor of the loadings being imposed. It is 
always good to have comparison between the results of both static and 
dynamic analysis to see which one is more critical. 
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