rtatlon for

5‘% \71suon 2032

Session 2A: Assoc. Prof. Dr. Pennung Wamitchai

Presentation entitled:
Natural Disaster in Thailand: Earthquake and Tsunami Effect and Its Prevention

Blographlc Data of Speaker

Pennung Wamitchai

Asian Institute of Technology

km 42, Paholyothin Highway, P.O. Box 4, Klong Luang
Pathumthani 12120, THAILAND

E-mail: pennung@ait.ac.th

Pennung Warnitchai, received his doctoral degree in Civil Engineering from the Univ. Of Tokyo, is
currently the Coordinator of Structural Engineering field of study at the Asian Institute of Technology
(AIT) and Chair of Chapter on the effects of earthquakes and wind loads at the Engineering Institute of
Thailand (EIT). At AIT, he has been actively involved in researches and practices in the areas of
structural dynamics, earthquake engineering, wind effects on structures, bridge engineering, and disaster
management. He has also been recently leading a team of experts to develop the first official seismic
design standard for buildings and structures in Thailand.
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Tectonic Map of SouthEast Asia
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Tsunami Flooding

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

Located in.the AlT campus

Haiti Earthquake (Jan 12, 2010)
M 7.0, focal depth 13 km
Powntown Port au Prince
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' Death Toll > 200,000 *~

s Magnitude = 6.2

o
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Chrlstchurch Earthquake
(February 22, 2011)
M 6.3, Death Toll > 200

1 a 8 1 a l’ﬂy
wuAu b sunnus 5 Samasdiull
MaansIIa lalulseneing

Ju-iiou-i

13 w.n.2478 (1935)
17 n.n. 2518 (1975)

16-22 11.81. 2526 (1983)

11 n.41. 2537 (1994)
9 5.A. 2538 (1995)

21 5.A. 2538 (1995)
22 5.0. 2539 (1996)

16 W.A. 2550 (2007)
24 §i.n. 2554 (2011)

fFaunia

2. U
2. Yindavev 2. AN
2.MBETEA 9. nMoyauys
2. WU Q. G958
2. 999N 9. UN4
2. W31 Q. 1 EeN51

W3ULLAU Ine-a17-Wain
(1nd 2.maamav 9.1Fe518)
Usendan 1nd 9. 18ev518

Uszindawiin 1nd 9. 1Favse

YU
(3Amas)

6.5
5.6
5.3,5.9, 5.2 (3 Asa)
5.1
5.1
5.2
5.5

6.3
6.8

AR CH SOCIETY

~
N




Kobe Earthquake (1995)
Magnitude = 7.2

Death Toll > 6,000
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Investigation of active faults FauIt Trenching in Taiwan
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Geologlcal record of a past major earthquake found in a fault trench

$29A19995R8IRUIAREAINDIA LB MINUTaINIAY 2 /eTasLs
A.NYAULT Fault Trenchlng in Kanchanaburi, Tha|Iand




Effective Measures to Mitigate Earthquake Risk
Earthquake Prediction ?

Earthquake Early Warning ?

Post-Earthquake Emergency Response

Earthquake-resistant design of new buildings
Outdated seismic design code
Ineffective code enforcement
Engineers are not familiar with seismic design
Ad(ditional 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 retrofif measures

Earthguake-induced Collapse of a Cathedral

Source: Dr. Yutaka Nakamura & Prof. Fumio Yamazaki
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Global Selsmlc Hazard Map
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[ 1 Zone 0. MM V and below
[ Zone 1: MM VI

[ Zone 22 MM VIl

B Zone 3 MM WIII

B Zone 4. MM IX and above

Probable maximum intensity
(MM modified Mercalli scale)
with an exceedance probability
of 10% in 50 years (equivalent to
‘return period’ of 475 years)

for medium subsail conditions

Wenchuan Earthquake (2008), China N BB/

Magnitude =7.9

)
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Death Toll > 70,000
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Seismic Hazard
Map of Thailand

This map shows
contours of PGA

(in unit of g ) with 10%
probability of
exceedance in 50 years

(11th World Conference
on Earthquake
Engineering, 1996)
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Informatlon about crustal faults is

mainly obtained from recent
paleoseismic investigations in Northern,
Western, and Southern Thailand.

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
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Peak Ground Acceleration with 10 %

Peak Ground Acceleration with 2 %

Probability of Exceedance in 50 years (1996) Probablllty of Exceedance in 50 years
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Revised Ministerial Regulation on Seismic Design
Effective since 2007
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The 1985 Michoacan Earthquake (M, = 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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Soil Profile in Bangkok Area

Depth below Ground Surface, m

- Much of the destruction was due to significant amplification

of EQground motions by thick soft soil deposits.

Chao Phraya River
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Map showing Soil (Site)

{ Conditions in Thailand

; Werived from digital elevation
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Tectonic Map of SouthEast Asia
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Smgle-Pomt Microtremor

Measurements in Bangkok
(2001-2002)

Research collaboration between
AAIT and EDI\/I NIED Japan

¥ Data Acquisition Unit

* H/V Fourier spectrum ratio

Array Microtremor Measurement
& (2008-2009) :

\T" 3 9 8

et Ve o 3 e
* To identify the shearwave velocity
proflle of the site

- -1 M
The technique is currently used for seismic
microzonation of ‘Chiang Mai’ and ‘Kanchanaburi’.
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Identification of Natural Periods of Tall Buildings in Bangkok
(2000-2004)
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Vibration Mode Shapes
and Natural periods of
a High-rise Building

l; 05 1
Y1, T = 4.00 sec

Natural Period T (sec)
5.0 r T r r

15t Mode 2n Mode

4.0

2.0

1.0

0 50 100 150 260 250
Building Height H (m)
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Reversed Cyclic Loading Test of RC Columns
with Non-seismic Detailing (2001)
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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
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Sg = SA (0.2s)

dSuudnauavtufu
uarannau 2/3

S, = SA (1.0s)
dSuiAnauavtufin
uarannau 2/3

045,

Spectral Response Acceleration, S, (g)

To T 1.0 20 25

Period, T (sec)

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

NASIUSNDUMSIDNIUUDIENS Issued by Department of Public Works
Waehumumisata:iiousoonwuauliy EERRERT R Country Planning,
Ministry of Interior

(2009)

uvaw. 1301-50
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Effective Measures to Mitigate Earthquake Risk
Earthquake Prediction ?

Earthquake Early Warning ?

Post-Earthquake Emergency Response

Earthquake-resistant design of new buildings
Quldated-seismic-design-code
Ineffective code enforcement
Engineers are not familiar with seismic design
Ad(ditional 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 retrofif measures

Key Concepts in Earthquake Resistant Design

Lateral Strength

Earthquake Resistance = +

Lateral Deformability
(elastic and Inelastic)
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Avoidance of Configuration Irregularity

Soft/Weak Story  Interruption of Columns

~

hll

T-shaped Plan

Abrupt Changesin  Interruption of Vertical- Large Openings in  Drastic Changes in
Size of Members Resisting Elements (walls) Diaphragm (Floor)  Mass/Stiffness Ratio
Nonductile Reinforcement Details
Low Transverse Reinforcement High Longitudinal Reinforcement
A I

Lap-Splice in Potential Plastic Hinge Region || .

Construction Joints
- / Non-Uniform Flexural Capacity \ |

Non-Uniform Shear Capacity

LTI T ¥ [T

111
|

No Joint Reinforcement

Discontinuous Positive Beam Reinforcements

Short Embedment Length into Columns
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Basic Problem : A large number of existing buildings are
vulnerable to earthquake ground SEL

VULNERABILITY FACTORS

= Non-seismic Detailing
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Lateral-Torsional Movement (period = 0.50 sec)

Soft-story Collapse of Commercial/Residential Buildings
in the 1999 Chi-Chi Earthquake (Taiwan)

- & ‘A;' 4g‘u§E
_ Bangkok, Thailand
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Seismic Performance Improvement Options

Shear walls are
added at or near the
open face

Solid walls should
be replaced by
nonstructural
cladding

Torsion is accepted,
and building is
designed to resist the
forces and minimize
the distortion they
cause

Strength and stiff

moment-resisting
or braced frame is
designed for soft

front wall

ASRNAMAMILEIULA IEIAAUNSALFBNIUEN

Cyclic Loading Test

i N of a Non-ductile RC

» ) Column with CFRP
* Wrapping

~ Bangkok, Thailad>
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Development of Seismic Resistant Precast
Concrete Structures
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Building Stock
A Lifeline Systems z*

lity
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Collapse|

120 150

PGV (cm/s)

Vulnerability

Ground Shaking Intensity (PGA) caused by a moderate earthquake
(M,, = 5.9) with its epicenter located at about 7 km from the
downtown area of Chiang Mai (an assumed earthquake scenario)

o . da a
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Damage to Low-rise Concrete Buildings | Damage to Mid-rise Concrete Buildings
(1- to 3-story buildings) (4- to 7-story buildings)

Total Loss = 150,000 M Baht

No. of damaged : No. of damaged
buildings per , buildings per
square km square km

0-5 0-5
5-10 5-10
10-20 10-20
20-50 20-50
50-70 50-70

70 - 100 70 - 100
100 - 150 100 - 150
150 - 200 150 - 200
200 - 400 200 - 400
400 - 600 400 - 600
600 - 800 600 - 800

Casualties in Chiang Mai

Total Death Toll = 8000

0-30
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91-150
151-300
301-550
550 - 1000
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Development of Master Plan for

Earthquake Disaster Mitigation
and Preparedness

== and Mitigati
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