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Figure 1: Total Buildings Built in Year 2004 in Bangkok

Figure 2: Total New Buildings During 1999 to 2004 in 
Bangkok City

Introduction
The recent two large-scale earthquakes have 
brought remarkable changes to various aspects 
of  our life. Everyone from the general public to 
seismic experts is highly concerned about the  
possibility of  such an event in the future and its 
consequences. Authorities in many cities have 
star ted working on the development and im-
plementation of  provisions to design structures 
for better public safety. Thailand, being one of  
the countries worst hit by the tsunami but rela-
tively less shook by the earthquake itself, is also 
undergoing several changes in design and con-
struction of  new structures, and, in evaluation 
and improvement of  existing structures. This 
article attempts to provide an overview of  the 
recent changes in Thailand in relation to earth-
quake-resistant design of  buildings.

The following graphs (source BMA) gives an 
overall statistics for the construction of  build-
ings in Bangkok in last few years. A total of  
about 800 buildings were built or under con-
struction in Bangkok city in year 2004, which 
has an estimated population of  13 million.  It is 
obvious from these graphs that the construction 
of  building has been increasing  in recent years 
and also that there are promising trends towards 
its continuation in next couple of  years. 

Overall Statistics of  Building 
Construction in Bangkok City

Over a century of  construction industry in Thai-
land, it is difficult to find official records indi-
cating that a building was designed explicitly for 
earthquake-resistance. Until year 2003, the key 
characteristics of  design of  typical high-rise 
buildings (over 20 stories for the purpose of  ar-
ticle) in Bangkok are:
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Figure 3:  Seismic Source Map and the Epicenters of 
Earthquakes Occurred from1910 to 2000 [1,2].

• Over 90% of  the buildings are  Reinforced  
Concrete.

• Because of  soft soil condition, mat  
foundations, 2 to 3m thick supported by large  
diameter (60cm to 180cm) deep (20-60m) bored 
piles.

• Post-tensioned slab system with RC shear  
 wall.

• In addition to usual loads such as dead, live, 
temperature loads; most of  the buildings are 
designed to resist wind loads of  about 70-110 
mph.

• No provisions in terms of  design load or de-
tailing were made for earthquake. 

Revolutionary Changes 
in Public Awareness
Most of  the occupants of  the highrise buildings 
in Bangkok perceived different levels of  shaking 
during the following earthquakes, especially peo-
ple living on floors above the 10th. 

The above earthquakes, especially the one on 
Dec 26th, have brought about a revolutionary 
change in public awareness of  seismic activities 
and earthquake-resistant design of  buildings.  It 
is common in Bangkok to see a potential cus-
tomer of  a highrise residential unit inquiring 
about earthquake-resistant design of  a building. 
Several of  them also ask for official certification 
that a building has been designed for a certain 
level of  earthquake-resistance. Recent market 
studies carried out by residential developers (e.g. 
Major, Goldenland) have indicated that peo-
ple seem willing to pay 5-15% more for space 
in a building designed for earthquake-resistance. 

Seismicity of  Bangkok
Thailand lies in the eastern part of  the Andaman-
Sumatra belt.  Nutalaya et al. [2] identified twelve 
seismic source zones in this region (Figure 3). 
Warnitchai [1,3] have further carreid out a com-
prehensive study on the seismo-tectonic features 
of  the Burma-Thailand-Indochina region.  The 
major active faults are rather far from Bangkok 
between 400 and 1000km.  Some active faults are 
found in the western parts of  Thailand at around 
120 to 300km from Bangkok; however, their seis-
mic activities are low in terms of  recurrence in-
terval but are capable of  producing large magni-
tude earthquakes.  The study indicates that there 
are at least seven active faults in northern Thai-
land (Zone G) and five active faults in western 
Thailand (the lower portion of  Zone F).  It was 
estimated from their expected rupture dimen-
sions that an earthquake of  maximum magnitudemaximum magnitudemagnitude 
(MW) 6.8 to 7.2 and 7.3 to 7.5 could be generated 
in northern or western Thailand, respectively. 

More than 20 earthquake ground shakings have 
been felt in Bangkok in the last 200 years.  Al-
though some of  the ground shakings were strong 
enough to cause alarm among the people, there 
has been either no or very trivial damage to the 
structures in Bangkok due to ground motions.  
Table 2 lists significant earthquake events felt in 
Bangkok in the past 100 years.  The epicenters 
of  the earthquakes are shown in Figure 3 with 
gray circles. 

Warnitchai and Lisantono [3] conducted a proba-
bilistic seismic hazard analysis in Thailand and 

Table 1:  List of significant earthquake felt in Bangkok in the past two years

Location Date Coor-
dinate

Focal 
Depth

Mag-
nitude
(RS)

Distance 
from
BKK

North
Sumartra,Indonesia

22 Jan 
2003 NA NA 7 1,000 km

Center of  Mynmar 22 Sep 
2003

19.4 N 
96.2 E NA 6.7 NA

North 
Sumatra,Indonesia

26 Dec 
2004

3.3 N 
95.95 E 30 9.15 1,260 km
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No Earthquake
location Date Epicentral

coordinates
Focal Depth 

(km) Magnitude Epicentral distance from 
Bangkok (km)

1 Mandalay * 23 May 1912 21N 97E 35 8.0 (Ms) 870

2 Pegu * 5 May 1930 17.3N 96.5E 35 7.2 (Ms) 580

3 Pyu * 4 December 
1930 18.2N 96.4E 35 7.2 (Ms) 660

4 Andaman* 14 February 
1967 13.7N 96.5E 30 5.6 (mb) 440

5 Tak * 17 February 
1975 17.6N97.9E 6 5.6 (mb) 500

6
North Sumatra 

Island 04 April 1983 5.7N 94.7E 85 6.6 (Ms) 1100

7 Kanchanaburi * 22 April 1983 14.92N 99.05E 32 5.9 (Ms) 210

8
Chinese-Vietnam 

Border 24 June 1983 21.7N 103.3E 18 6.1 (mb) 910

9
North Sumatra 

Island1 22 January 2003 4.5N 97.5E 33 5.8 (mb) 1200

Table 2:  Summary of the earthquake events felt in Bangkok [4].

Figure 5: Proposed Elastic Response Spectrum Curve  for 
Bangkok City –Low Earthquake (50% Pe)

Figure 4:  Seismic Hazard curve for Bangkok [3].

proposed a seismic zonation map for Thailand.  
According to this study, Bangkok lies in Zone I  
(0.025g < PGA0 < 0.075g), where PGA0 is the 
peak ground acceleration having a 10% probabil-
ity of  exceedance (Pe) in a 50-year period; how-
ever, this study does not consider the site effect.  
Another study carried out by Warnitchai et al. [1] 
identified that the soil profile underlying Bangkok 
has the ability to amplify earthquake ground mo-
tions by 3 to 6 times for low intensity input mo-
tions (peak rock acceleration smaller than 0.02g) 
and by 3 to 4 times for relatively stronger input 
motions (peak rock accelerations larger than 
0.02g).  They identified three factors as the main 
cause of  hazard.  First, several regional seismic 
sources that may contribute significantly to the 
seismic hazard of  Bangkok are capable of  gener-
ating large earthquakes.  Second, the attenuation 
rate of  ground motions in this region appears to 
be rather low, and third, the surficial deposits in 
Bangkok have the ability to amplify earthquake 
ground motions by 3 to 4 times (Figure 4).  

At the time of  writing this article, the seismic 
design regulation in Thailand prescribes design 

requirements similar to the 1985 UBC Zone 2 
requirements for ten provinces, which do not in-
clude Bangkok.  Hence, most of  the buildings and 
structures in Bangkok have been designed and 
constructed without any consideration of  seis-
mic loading.   However as mentioned  the section 
“Revolutionary Changes in Public Awareness” 
above, though there are no legal regulations are 
in place at this time, the incorporation of  seismic 
loads in design of  structures is being driven by 
increasing public awareness and demand.

Development and Legal 
Implementation of  the 
Seismic Codes

Proposed Earthquake Loads 
for Structures in Bangkok
Based on the seismic hazard assessment of  the 
greater Bangkok region, three earthquake design 
levels  have been proposed as represented by thehave been proposed as represented by theas represented by the 
following response spectrum curves (Figures 5, 
6 and 7). It is obvious from the shape of  these 
response spectrum curves that they are different 
from design codes used in the US, Japan, India 
and other countries. The main difference is the 
major shift in the peak response acceleration 
zone of  the curve towards a long time period. 

Response Spectra for Different 
Soil Types

Response Envelope
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To our knowledge, the following three buildings 
are the first to be designed explicitly for the 500 
year return period earthquake.  The design of  
these buildings has been taken by the engineers, 
developers and researchers as one of  the major 
revolutionary changes in the Thai construction 
industry.  

The First Three Tall Buildings 
Explicitly Designed 
for Earthquake

Figure 9:  Perspective View  of The Infinity Tower (35 story 
high-end residential towers), 3D FEM Model of a Tower 
and Typical Floor Plan

Figure 8:  Perspective View  of Watermark Chaopraya (35 
and 55 story high-end residential towers), 3D FEM Model 
of a Tower and Typical Floor Plan

For several reasons, the design loads (response 
spectrums) recommended by the international 
model codes for seismic design including UBC-
97 and IBC-2000 are not directly applicable to 
Bangkok city soil condition. One of  the most 
important points in this regard is that there is 
no easy and practical way to generate the local 
design response curves as recommended by IBC-
2000 based on the concept of  short period spec-
tral acceleration (Sds) and 1-second spectral ac-
celeration (Sd1). Most of  this structural analysis 
and design work is done using computers which 
becomes a major limitation in applying the built-
in response spectrum functions and other appli-
cable factors. 

 
A seismic analysis method called ‘Modal Push-
over Analysis’ was adopted as the basis for the 
analysis of  the above buildings to estimate the 
earthquake load effects. The key concepts of  this 
method are summarized here:

 
1. Create the 3D Finite Element (FE) model of  
the building.

2. Refine the FE model to improve the free vi-
bration results so that they match closely with the 
results obtained from various field tests (ambient 
vibration methods) carried out in Bangkok. Some 
important refinements are the realistic estimation 
of  building mass, incorporation of  effects of  
non-structural components, soil-structure inter-
action and effective cross-sectional properties of  
the members.

Design Concepts and Methods 
for the First Three Buildings

Response Envelope

Response Spectra for Different 
Soil Types
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Figure 7 : Proposed Elastic Response Spectrum Curve  for 
Bangkok City –High Earthquake (2% Pe)

Response Envelope

Response Spectra for Different 
Soil Types
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Figure 6: Proposed Elastic Response Spectrum Curve  for 
Bangkok City –Medium Earthquake (10% Pe)
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3. Identify the primary modes of  vibration 
(translational and rotations) required to achieve 
about 80% mass participation.

4. Estimate various lateral pattern loads such 
that when applied to the building produce  lateral 
deformations which are as close as possible to 
the individual mode shapes of  the building.

5. Based on the seismic hazard assessment re-
sults, estimate top displacement of  the building 
(using response spectrum curves).

6. Scale up or down the lateral pattern loads  
used in step 4 in proportion to the top displace-
ment demand obtained from step 5.

7. Compute the story shear, overturning mo-
ment and corresponding member actions (M,V, 
P) due to individual lateral loads. 

8. Combine the results of  each mode along each 
principle direction using the SRSS  method.

9. Combine the earthquake loads obtained from 
step 8 with other loads applied to the building 
using code based combination factors (ACI or 
IBC). 

Additional details on this method are available on 
the article ‘Modal Pushover Analysis’ in this issue 
of  the publication.

The following are the key issues that the authors 
foresee for the future of  seismic resistant design 
of  structures in Thailand and in the region:

• Increased general awareness of  the public to-
wards earthquake-resistant design.

• Regulatory authorities will realize the impor-
tance of  increasing public safety and its econom-
ical implications.

• Researchers, academic institute and individual 
engineers will pay more attention towards earth-
quake related activities.

• Increased demand of  seismic evaluation and 
retrofit of  existing buildings.

• The “Why to pay little extra for something 
which may happen once in a hundred years?”  
mentality will slowly disappear.

 

Future Trends
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