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The Great Pagoda of Chiang Mai

Earthquake and Tsunami Risk in Thailand

Dr. Pennung Warnitchai
School of Engineering and Technology

Asian Institute of Technology

Tectonic Plates

Ishii et al., 2005
Nature

The 26 December 
2004 Megathrust
Earthquake

Magnitude: 9.3

Rupture Length: 
1200 km

http://staff.aist.go.jp/kenji.satake/Sumatra-E.html

 

 

Where do earthquakes occur ?

 
 

Tectonic Map of SouthEast Asia         
                         2455            2550

Seismicity Map of SouthEast Asia
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Kamala Beach, Phuket

Tsunami Flooding Maximum Water Level

Warning Siren Tower at Patong Beach, Phuket

Haiti Earthquake (Jan 12, 2010)

M 7.0, focal depth 13 km
Downtown Port au Prince

Death Toll > 200,000

 

 

 

 

                           

The Regional Integrated Multi-Hazard Early 
Warning System for Africa and Asia (RIMES)

Developed by ADPC,
Located in the AIT campus

 
 

Yogyakarta Earthquake (2006)
Magnitude = 6.2

Death Toll  = 5,000
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Christchurch Earthquake
(February 22, 2011)

M 6.3, Death Toll  > 200 
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Earthquake Motion: Kobe Earthquake, 1995

Kobe Earthquake (1995)

Magnitude = 7.2

Death Toll >  6,000

Active Faults in Thailand                                                                         
                        
Investigation of active faults: Fault Trenching in Taiwan

                                                         
Geological record of a past major earthquake found in a fault trench

 

 

 

 

 

                                                                  
            Fault Trenching in Kanchanaburi, Thailand
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Earthquake-induced Collapse of a Cathedral

Source: Dr. Yutaka Nakamura & Prof. Fumio Yamazaki

 

 

 

Effective Measures to Mitigate Earthquake Risk

Earthquake-resistant design of new buildings   

Outdated  seismic design code

Ineffective code enforcement 

Engineers are not familiar with seismic design

Additional cost of construction

Seismic retrofitting of some existing vulnerable buildings 
Difficult to evaluate seismic resistance of existing buildings

High cost

Need more research to develop practical retrofit measures 

Earthquake Prediction ?   

Earthquake Early Warning ?   

Post-Earthquake Emergency Response   
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Wenchuan Earthquake (2008), China

Magnitude = 7.9

Death Toll > 70,000

 

 

 

 

Global Seismic Hazard Map

Wenchuan EQ

 
 

 

 

 

 

This map shows               
contours of PGA                        
(in unit of g ) with 10% 
probability of 
exceedance in 50 years 

Seismic Hazard 

Map of Thailand

(11th World Conference 
on Earthquake 
Engineering, 1996)
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The 1st Ministerial Regulation for Seismic Design

Effective since Nov. 1997

Limited to 10 provinces

Limited to public buildings, 
essential facilities, hazardous 
facilities, and structures with 
more than 15-m high

Design requirements are 
similar to those of the 1985 
UBC Zone 2

 
 

 

 

Seismicity in Thailand and Surrounding Area 
1912-2007

Crustal Faults in and near Thailand Peak Ground Acceleration with 2% 
Probability of Exceedance in 50 years

Vs30 = 760 m/s

Information about crustal faults is 
mainly obtained from recent 

paleoseismic investigations in Northern, 
Western, and Southern Thailand.
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Peak Ground Acceleration with 2 % 
Probability of Exceedance in 50 years

Peak Ground Acceleration with 10 % 
Probability of Exceedance in 50 years (1996)

 
 

 

 

Revised Ministerial Regulation on Seismic Design
Effective since 2007

Buildings and structures in Bangkok and four neighboring 
provinces are required to be designed for the effects of 
distant large earthquakes.
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Seismic Risk in Bangkok due to Distant Large Earthquakes

 
 

 

 

 

The 1985 Michoacan Earthquake (Ms = 8.1)
The earthquake caused considerable destruction and loss of life in 
Mexico City, about 350 km from the EQ epicenter.  The number of 
deaths was more than 10,000.
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Earthquake Disaster in Mexico City (1985)

Much of the destruction was due to significant amplification 
of EQ ground motions by thick soft soil deposits.

Acceleration-Time
Histories of EQ 
Motions

Shake Table Experiment

Rock (No Amplification)

Very Stiff Soil 

Stiff Soil (Moderate Amplification) 

Moderately Soft Soil

Very Soft Soil (High Amplification)

Map showing Soil (Site) 
Conditions in Thailand
(derived from digital elevation 
data—SRTM30 and boreholes data) 

 

 

 

 

 

Soil Profile in Bangkok Area

The geologic setting at Bangkok appears 
qualitatively similar to the setting of Mexico City.

Bangkok is susceptible to the same type of soil 
amplification of EQ ground motions.
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Response Spectra of Ground Acceleration Records

                              
Spectral Acceleration (m/s2)

                    (      )
Natural Period (sec)

BKK, 784 km

SURIN, 765 km

PRACHUAB, 911km
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Soil Amplification of Ground Motions

+ Resonant Amplification of Building Responses

=  Risk from Distant Large Earthquakes
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Bangkok
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Seismicity Map of SouthEast Asia
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Single-Point Microtremor
Measurements in Bangkok

(2001-2002)

Sensor

Data Acquisition Unit

Research collaboration between 

AIT and EDM, NIED, Japan

Battery

GPS

 
 

 

 

 

Array Microtremor Measurement
(2008-2009)

To identify the shear wave velocity 
profile of the site

The technique is currently used for seismic 
microzonation of ‘Chiang Mai’ and ‘Kanchanaburi’. 

 
 

 

 

 

15 



 

 

Proceedings of 4th ATRANS Symposium “Toward Low Carbon Transportation for 
Sustainable Society: Bangkok Vision 2032  

(250th Anniversary)”  

Proceedings of 4th ATRANS Symposium “Toward Low Carbon Transportation for 
Sustainable Society: Bangkok Vision 2032  

(250th Anniversary)”  

26 – 27 August 2011 
Bangkok, Thailand 

ASIAN TRANSPORTATION RESEARCH SOCIETY 

 

 

 

 
 

 

 

 

Identification of Natural Periods of Tall Buildings in Bangkok
(2000-2004)
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Relationship between Natural Periods and Building Height

 
 

 

 

 

17 



 

 

Proceedings of 4th ATRANS Symposium “Toward Low Carbon Transportation for 
Sustainable Society: Bangkok Vision 2032  

(250th Anniversary)”  

Proceedings of 4th ATRANS Symposium “Toward Low Carbon Transportation for 
Sustainable Society: Bangkok Vision 2032  

(250th Anniversary)”  

26 – 27 August 2011 
Bangkok, Thailand 

ASIAN TRANSPORTATION RESEARCH SOCIETY 

 

 

 

 

 

Reversed Cyclic Loading Test of RC Columns 
with Non-seismic  Detailing (2001)

 
 

 

 

 

Testing of an Interior Slab-Column Connection (2003)
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National Standard DPT 1302:
Seismic Resistant Design of 
Buildings and Structures

Issued by Department of Public 
Works and Town & Country 
Planning,Ministry of Interior

(2009)

Model Code: ASCE 7-05

Require the values of SA at 0.2 sec 
and 1.0 sec with 2 % probability of 
exceedance in 50 yr for defining 
Maximum Considered Earthquake 
(MCE) ground motion

 
 

 

 

                  

(Design Spectrum)
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         2/3

SS = SA (0.2s)

S1 = SA (1.0s)SDS

SD1

                  (Design Spectrum) 

 
 

 

 

 

National Standard DPT 1301-50:
Seismic Detailing of Buildings and 
Structures

Issued by Department of Public Works 
and Town & Country Planning, 
Ministry of Interior

(2009)
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Effective Measures to Mitigate Earthquake Risk

Earthquake-resistant design of new buildings   

Outdated  seismic design code

Ineffective code enforcement 

Engineers are not familiar with seismic design

Additional cost of construction

Seismic retrofitting of some existing vulnerable buildings 
Difficult to evaluate seismic resistance of existing buildings

High cost

Need more research to develop practical retrofit measures 

Earthquake Prediction ?   

Earthquake Early Warning ?   

Post-Earthquake Emergency Response   

 
 

 

 

Earthquake Resistance   = 

Lateral Strength

+

Lateral Deformability

(elastic and Inelastic)

Key Concepts in Earthquake Resistant Design
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Soft/Weak Story

Abrupt Changes in 
Size of Members

Interruption of Columns

Interruption of Vertical-
Resisting Elements (walls)

T-shaped Plan Torsionally Irregular

Large Openings in
Diaphragm (Floor)

Drastic Changes in
Mass/Stiffness Ratio

Avoidance of Configuration Irregularity

 
 

 

 

Nonductile Reinforcement Details

No Joint Reinforcement

Lap-Splice in Potential Plastic Hinge Region

Construction Joints

Discontinuous Positive Beam Reinforcements

Short Embedment Length into Columns

Non-Uniform Shear Capacity

Non-Uniform Flexural Capacity

Low Transverse Reinforcement High Longitudinal Reinforcement
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Brittle Failure in Column

 
 

 

 

24 



 

 

Proceedings of 4th ATRANS Symposium “Toward Low Carbon Transportation for 
Sustainable Society: Bangkok Vision 2032  

(250th Anniversary)”  

Proceedings of 4th ATRANS Symposium “Toward Low Carbon Transportation for 
Sustainable Society: Bangkok Vision 2032  

(250th Anniversary)”  

26 – 27 August 2011 
Bangkok, Thailand 

ASIAN TRANSPORTATION RESEARCH SOCIETY 

 

 

 

 

Typical Commercial Concrete Buildings

Basic Problem : A large number of existing buildings are 

vulnerable to earthquake ground shaking !

 
 

 

 

3D-view generated by SAP2000 v10

 Non-seismic Detailing

 Strong Beam–Weak Column

 Soft/Weak First Story

 Torsional Irregularity

VULNERABILITY FACTORS
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Elastic Dynamic Response (Modal Analysis)

Lateral-Torsional Movement (period = 0.50 sec)  
 

 

 

 

66

Soft-story Collapse of Commercial/Residential Buildings 

in the 1999 Chi-Chi Earthquake (Taiwan)
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Seismic Performance Improvement Options

Solid walls should 

be replaced by 

nonstructural 
cladding

Shear walls are 

added at or near the 
open face

Strength and stiff 

moment-resisting 

or braced frame is 

designed for soft 
front wall

Torsion is accepted, 

and building is 

designed to resist the 

forces and minimize 

the distortion they 
cause 

 
 

 

 

 

                  

                                           

                                           

Cyclic Loading Test 
of a Non-ductile RC 
Column with CFRP 
Wrapping
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                                                                FRP

 
 

 

 

 

                                                    

       Buckling Restraint Braces
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Development of Seismic Resistant Precast 
Concrete Structures

Rocking Wall

Hybrid Precast Frame

 
 

 

 

 

Response Behavior of Rocking Wall-Hybrid Frame Structure
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