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Seismicity in Thailand and Surrounding Area

1912-2007
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Seismicity in Thailand and Surrounding Area Peak Ground Acceleration with 2%

1912-2007 Probability of Exceedance in 50 years
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Sumatra Earthquake 2004
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2004 Tsunami, Kamala
Beach,Phuket
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2007 Ministerial Regulation Requires Seismic Design for Public
Buildings and Buildings 15 m or Highc_er
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NHNT¥NI (UBC 1976-1985)
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Hululausng q (Brs1dmANNNLIN 5.0%) VBINUTILULBINFINN

ST S [ Sw] S [Sa] S | S s |5 |
Taru (0.01s) | (0.2s) | (0.55%) (1.0s) | (2.059) (3.0s) (4.0s) (5.0s) (6.0 s)
1 0.360 0.360 0.360 0.181 0.085 0.041 0.034 0.024 0.022
2 0.352 0.352 0.352 0.193 0.151 0.084 0.047 0.030 0.024
3 0.262 0.262 0.262 0.265 0.166 0.085 0.052 0.035 0.026
a 0.287 0.287 0.287 0.207 0.163 0.078 0.032 0.023 0.020
5 0.191 0.191 0.191 0.199 0.168 0.094 0.053 0.037 0.028
6 0.272 0.272 0.272 0.154 0.150 0.077 0.042 0.031 0.026
7 0.246 0.246 0.246 0.181 0.132 0.084 0.051 0.036 0.030
8 0.162 0.162 0.162 0.075 0.041 0.025 0.015 0.010 0.008
9 0.214 0.214 0.214 0.156 0.107 0.048 0.022 0.014 0.011
10 0.179 0.179 0.179 0.049 0.035 0.023 0.014 0.010 0.008
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Earthquake Design and Expected Response
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Picture Credit: C.V.R. Murty, IIT Kanpur, Earthquake Tip Series



Poor Configuration

Interruption of Columns T-shaped Plan

Abrupt Changes in  Interruption of Vertical- Large Openings in  Drastic Changes in
Size of Members Resisting Elements (walls) Diaphragm (Floor)  Mass/Stiffness Ratio



Good Configuration
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“If we have a poor configuration to start with, all the
engineer can do is to provide a band-aid - improve a
basically poor solution as best as he can. Conversely, if
we start-off with a good configuration and reasonable
framing system, even a poor engineer cannot harm its
ultimate performance too much.~

Henry Degenkolb
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Collapse & Failure by Soft Story + Torsional Irregularity

e
Sitapila, 14 July 2015

S w-
Chautara, 15 July 2015

I T nnmmmmﬂ“w

.................................




{7/05/2016



S
o

P,

-

& | oo
AMLALHELEIHAIT

RN N

wilauemTy

” r\ |'-”::
- - .| T
(|
Fla
1 - ".:dl— ™
“&]/ -

At













JA 111 Rl 1l

111113811




. 4
o . e
1
nfwy - v u st
- weadey
=
gy wid
ooy
PN e —
“ -
wealeu

T R AL R L s g ol T —

D—

107

JI 1111l

-
Ll
N

s snuviesdou

Tulnaaf +

1100

R

- -
vy



-

.

a) -

W: m ..ll.l./

2 B x
58 ,

g gl

SO RNt |

ym g B L 8
‘R ILIEEEI Y

1
=]

ANSLAADUIN






»







Q
€

—

DTININA

QU

{ A ] Y] v Jdo 1 o J
ﬂ’ﬂll!;ﬁﬂﬁTﬂVIlﬂﬂﬁuﬁll NWUHDBN C]JﬂTﬂTﬁ!EffJﬁ‘]JﬁllW‘Vl‘ﬁ

e

{1 v o Jd v A 9
NAMIAIFUTUINT 0.25%-0.35% WHATVLANT T

d' 1 = Y] o J A 9 I
NAMITIFUTUNNT 0.75%-1% 1@ Az UUANTI 11AnN
WS UAINEUTUDANITATIN

v Y
1?13%@11!&3%@@‘5351!@1 ?ﬂllﬁﬂﬁ’éNﬁ‘]JﬂWﬂﬁlﬁﬂﬁ‘]JﬁllWﬂ Ulﬂ

1.5-2% ‘I’ii@@]"lﬂ’ﬂ ﬂ@uﬁfﬂu’lﬂﬁ

B, v B, o 1
TSI ULTIAANDONLUD IHNUAUHHEY AIN1TDIDIS VAN
1y, 1y, s
we3Uauing 3-4%



[

= < di = (%
LATHNAUNALANLNALNE LN AU

[ 1

WMANUARNLELAZATUAR LY 19U

\

Q a [~1
ANBUSNISLATNIUAN
AMANSNAANLUUSU

a & 'V
LL?\'ﬂu AR URAN

ANNLKUEIURS

\ UNNTFANILLVRNNLT N TALLEAN

1
\

UFnqasa liansEsumanLlaan




HHINNNIIVDNUVUD AT

=) d'd | Q)
“!umnmﬂwmuﬂu"lm

91015999052 U Tasea31ana N N edLaz )
5151951Uns g e



“Ductility” anumtien

AN HEIT A0 152

Q/ o

o Y 9 A o zg = v
O ‘V]”Ii‘l’iiﬂﬁﬁﬁﬁ?ﬁiﬂﬂﬁ?ﬂ%ﬂ?ﬁﬂ 15@@@@%“&'&13%?]31%%1&?]3
(Robust)

O d@a19nad91491n Extreme Event

0 mM5AouNDUNISTHINaIs (Warning)



Confinement

A Stress

>

Strain







Iiktility: Material Level
-

Confined
Concrete Show
Significant
Ductility

Design of
Ductile RC
Buildings Relies
on Confinement
as a Key to
Ductility


http://nisee.berkeley.edu/jpg/9187_3302_3765/IMG0034.jpg

Ductility

-

NM30dNNUDIATIATIIANN Code M¥iuAlHiN Confinement 1T

a2 =) N 1 2\ = 1 N
wmymnm‘numzmﬂmimﬂgiﬂuma Inelastic

——————— Seismic Load

AT T

/ \

‘J?(%*“’“ 7, @J\

oy — |\
1 - ¥

Iy -

-z C

588

@83

g A o E8¢

>33

25¢

2" Max. wall 2" Max 2" Max: ’%%g

" Pl o ... ) -Il o g =

Stirrups I.2 ‘QS‘NPA ]?D'S'[rgup Stirrups See Fig. 7-31 '2 D‘Sﬁn%' ."".',;‘3 )

\d hd 3 * @\l

.0 o —— L gO‘
: b d o o: " (9]
L & *+|T
Q) ==k N L 12
. J__L (Min.) See Fig. 7-30 — N i &
O Li i1 L1l L1 L L =1\ 1111 § §

- L] -

%: NEEE e s\ T | o 3=
= 11 AZAZZE 1 L | .1 N B Nk
. TT TN TTr1 P | TTTITI1 N
. o - ! H = s | Nl
-‘ . > Q
B o - - . D 4 o < i

be 4 > —— 8 ; K : - 5 I K3

A < No Sp//ce; . No Splice o 3

*

%, ! ==L Flexural Member - I RE!

. 8 |d==H A Ll <18 | |8

LN 1 A RS B
J .‘O- L] o “ .. d
IS N B T T -2
o e 1°* Q

= B p = L N ol

) = o>

o X o o|a

D b D

® Il B o s

y . @ S|

Q . ~|2

(%) ~ “ o Wz

] N NH

5 il " 9]

[e] =1

=

wwgeg

uwnjo)

uwnje)




Ductility in Flexural Elements
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Influence of Compression Reinforcement
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Shear Wall Failure in Past Earthquakes
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Shear Wall Failure in Past Earthquakes
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Special Reinforced Concrete Walls
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Tests of Older RC Slab-Column
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Test Results — Control Specimen

+

“ | |
PEAK LATERAL LOAD

INJECTABLE CRACKS | Ir'd PUNCHING FAILURE

F/ Vi & W v
/ 7’ 7 -
oA - .
,. =
3 :
—— //’r

Lateral Load (kN)

INJECTABLE CRACKS | ND1C Test Data a

= Backbone Curve

PEAK LATERAL LOAD

-6 4 2 0 2 4 - B 10
Drift (%)
Robertson & Johnson, 13WCEE, August 2004, Paper 143




1

N

Test Results

’ PEAK LATERAL LOAD

AENTIRE e = \ &\
! /4
1 PUNCHING FAILURE

> V / r’? d \
2 il -£=037 /8,
g L ) \
® C
° » ¥
= e <
® \ /
.§ -1 - /
N
/:7.-—-‘ MR ND4LL Test Data
PEAK LATERAL LOAD = Backbone Curve
& PUNCHING FAILURE . .
9 4 -2 0 2 4 6 8 10
Drift (%)

Robertson & Johnson, 13WCEE, August 2004, Paper 143



fa

Lateral Load (kN)

Test Results

44
33
22
11

0

-11

22

-33

I

PEAK LATERAL LOAD

PUNCHING FAILURE

ERAL LOAD

Drift (%)
Robertson & Johnson, 13WCEE, August 2004, Paper 143

NDSXL Test Data

= Backbone Curve




Test Results - Summary

» Punching failure leads to collapse
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CASE 1: SLAB NOT PART OF SEISMIC RESISTING FRAME: GIVEN FRAME DEFORMATION
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Common Shear Reinforcement at Column
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Common Shear Reinforcement at Column
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V = 0.086W = 713.3 kN
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Compressive Stress, fq
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Concrete Jacketing
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Concrete Jacketing




Concrete Jacketing
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Concrete Jacketing




Concrete Jacketing

—— Analysis (1.0Mp)
Analysis (0.85Mp)
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SECTION X -X
RC. JACKET DETAIL

DOWEL: DB10 @ 0.15

p DB10@ 100 (S1)

(82)

4N i

75 mm Jacket Thickness

Self-Compacting, Non-Shrink, Concrete

Dowel bars at 150 mm
All columns jacketed

o’

2]

22 3 24

Design A

—

i

s

(5

v

60

0 0/ e & 09 J_
1 4
658 1.5 8 11.5 8 6.5

—
60

* 150 mm Jacket Thickness
+ Normal Concrete

* No Dowel Bar

+  Selected colimng iacketed
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22 23 24

Design B




Specimen Column Section

: Column A Column B
Before retrofit , * Dib , * DI
—_—— 4 |« Retrofitted | 3 |« Retrofitted , 6
6.5 6.5 ‘
2.5 f%N O (0570 N 0
4 5_>| . x 235 | X 7 235 ;i%(\ 7
. Q . R\ . o )
10.5 tas * 1 10
30 60 60 ’ B Nl
10.5 I
4.5 235 235 I e_o ¢ 2%
(o] 22% (o] O
45 45 65 o N\o o i 65 o N\o ‘ N} i
10.510.5 T
4 K4
— be b ey bob by
30 6.5 8 31 8 6.5 6.5 8 31 8 6.5
60 60
Longi. bar (SD420W)[1 6-D16 Lonai. bar (SD420W)(1 12-D16 Longi. bar (SD420W) 12-D16
Trans. bar (SD350) D6@15 o ESDZSOW))E D10@15 Trans. bar (SD280W)( 1 D10@15
Use 135" hook. Tie balr (SD280W) (| D10@15 Tie bar (SD280W)[ D10@15
Clear cover 2.5 cm. . . . . Dowel anchor (SD280W)[] D10@15
Trans. bar : use 2 L shape steel with 135°-135" hooks Trans. bar : use 2 L shape steel with 135™-135" hooks

to assembly a hoop.
Tie bar : use 90°-90° hooks.
Clear cover 4 cm

to assembly a hoop.
Tie bar : use 90°-90° hooks.
Clear cover 4 cm

Material Information(’
D61 3500 kgf/cm? «
D1001 2800 kgf/cm? 6d,
D16 or largel] 4200 kgf/cm? L
Concrete Strength(] @ —_
Before retrofit 210 kgf/cm?
Retrofit 280 kgf/cm? /C; o
Unit : cm
N
J)

Courtesy of Prof. Fu-Pei Hsiao, Pu-Wen Weng, et al., NCREE
NAR BXERAAT



Test Result

Column A " Column B te= S
(w/o dowel anchor) . F : (with dowel anchor) . [
- Ly
¥ <M NB% v ;<u/ \u}g N
6.5 8 31 8 B.ST4 : T4

_ o Courtesy of Prof. Fu-Pei Hsiao, Pu-Wen Weng, et al., NCREI
NAR[Labs BREBUIE



Test Result

Shear strength increase 10% 26 kN/mm
Stiffness increase © /11 KN/mm
s00 i i
—Cloumn A i ! 396 kN
——Column B 400 A
- - -Analysis 300

- - - Non-retrofit

—_—— - = [ —

Lateral Force (kN)

-500
Displacement (mm)

Courtesy of Prof. Fu-Pei Hsiao, Pu-Wen Weng, et al., NCREE
NAR[Labs BREBUIE



Foundation Retrofitting
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NEW FOOTING ] -_L —_ e -__l'...... ! S —_
|

— o — - —4
(2.5x2.5x0.33 m) % I_:;:::: | | | | | | |
/// """" 1 KEY PLAN (PILE FOUNDATION)
L vvvvvv ——— / —— T S S S T J

T T LEAN CONCRETE (0.10 m)

T R A R R AR / / e R R A T A S e
KRk 3’1%@ RSN ~—___COMPACTED EXISTING GROUND
/ / / (ALLOWABLE BEARING 8 t/sq.m.)

2%

—
o
-
o
o
o
o
o

233

NAR[Labs BREBUIE



Wik .0

v—
e )

4T o

- -~ N o e
TR

3" Tomp s

i
]
H
H
i
3
F
§
H
§
§
&
3
7
3
H
&
3
H
§
3
2

i
LR
B
AR
i
1)



5 U 5 s o 0 O
A ———
'

2% 28 B b 71 Be

National Applied Research Laboratories

g7

NAR



.
-
R

National Applied Research Laboratories






3

ItfAnudanis
UMY -1 - 3

AnenEw

N
1&

w1 g A



1
@y

74

4;,
2.l

<~
S
3
3
»




g
C
0
'©
<
T
'©
S
60
c
0
=
)




©
c
0
'©
<
T
’ .m
S
00
c
0
<
o




a\ o % = =
ﬂ1§!ﬁ334ﬂ1ﬁ\‘]!ﬂ‘w1$ﬂjﬂﬂﬂﬂﬂuﬂ§ﬂ

(RC Wing Wall)

/A/ New Wing Wall
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) . Ca rbon fibre /
strap dipped into
epoxy resin

@9l composite

High Strength &
Stiffness Material
Light Weight
Minimal Disruption
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Structure Repair







- 030m- - - --0.30m

L

Bolt M8

Thickness 20 mm

2
0.45m N 5
3 4
e : 2 :
0.25m

2 Bolt M16
Bolt M12




trengthening (By Post-installed Anchor)




Strengthening with post-installed anchors [§¥

| [1ypical RC-SCF] | [ Typical PT-SCF
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Test Results After Repaired KM

Hysteresis Curve Energy Dissipation Curve
150 60000
----SM1 (Original) ~#-SM1 (Original)
SM2 (Repaired:&Strengthened) o -0-SM2 (Repaired & Strengthened)
100 1= et 50000
/)
) 7 s
Z 50 I < 40000
8 e / ) Eﬁ
S0 B ://}/ p—— 2 3000
= RS/ : /
= A =
% 50 calll 7 = 20000 i
- ! =}
lq /l { «— g
(M’ % i u"" U
-100 = 10000 M
-150 0

6 -5 4 3 2 -1 o0 1 2 3 4 5 6 0 5 10 15 20
Lateral Drift (%) Cvcle
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A Monolithic Steel
Vw o i Wall @ Framed
Brace
Post-Cast
o Wall
g
L,
=
z
=
]
Precast
#5]| Panels
A Oniginal
__.../-—_ Frame
| | | -
0.5 1.0 1.5
Lateral Drift (%)

Kitamura et al. (2004)



(FOEN 2008)
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(Buckling Restrained Brace, BRB)
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Brace Buckling

Earthquake Force
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Concept of BRB

[ Buckling Restrained Brace

Casing i ) _— Steel Core
Mortar/ T~
\_ i, Debonding material

EARTHQUAKE LOAD - RESISTS BY
STEEL CORE
MORTAR AND CASING - PREVENT
BUCKLING
DEBONDING MATERIAL - ALLOW
CORE TO SLIDE INSIDE CASING

Engelhardt and Fahnestock (2019)
AISC



BRB Variation

(c) Star Seismic



BRB Variation
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Combined RC-BRB System

o)
=

Energy dissipation (kN-m)
(¥'%)
S

No. of test cycle

S 10

15 20 25 30

"
<

.
<

)
<

<

<

0

——  Bare frame

—— Strengthened frame

0.1 02 03

05 1 2 3

Story drift (%)

Khampanit et al. 2014















