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Pancake Collapse in Gongabu, Kathmandu

(Nepal EQ, M7.8, 25 April 2015)
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Earthquake Disaster in Mexico City (1985)

Much of the destruction was due to.

i e significant amplification of EQ ground motions by tbif{soft soil deposits .

~

. the presence of many long—-period structures (tall buildiq(s‘é\
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Map showing Soil (Site) Conditions in
Thailand

(derived from digital elevation data—SRTM30 and

boreholes data)
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D2 (240-300) Moderately Soft Soil
D3 (180-240)

E (<180) | Very Soft Soil (High Amplification)
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Soil Profile in Bangkok Area

: A5 Tunide 'nﬁ'ziz?'el Chao Phraya River

7 So{a/am// / 7 ////

mw The geologic setting at Bangkok appears qualitatively similar to the setting of
vy [Vexico City.

4 " .
.

Bangkok is susceptible to the same type of soil amplification of EQ ground

motions.
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nansznusalaseaiasan LAUAY L7

Categories of Structural Damage

Damage state Functionality Repairs required Expected outage
None (preyield) (1) No loss None None
Minor/slight (2) Slight loss Inspect, adjust, patch <3 days
Moderate (3) Some loss Repair components <3 weeks
Major/extensive (4) Considerable loss Rebuild components <3 months
Complete/collapse (5) Total loss Rebuild structure >3 months

I
74
Soil Foundation Flexure Shear
damage damage damage damage  Faulting e Secondary case

\ v ] |\ )
o Soil Problem o Structure Problem
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1. Damage as a result of Problem Soils

Liquefaction

1955 Niigata, Japan Earthquake 1999 Turkey earthquake
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Before landslide

1. Damage as a result of

Structure
supported

Problem Soils

unstable
soil

Earthquake induced Landslide

Steep slope
or location
» of previous
landslide pucture

unstable
soil

After landslide

1999 Chi—-Chi Earthquake, Taiwan
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1. Damage as a result of Problem Soils @il [

SE
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1. Damage as a result of Problem Soils

Earthquake induced Landslide

1999 Chi—-Chi Earthquake, Taiwan 1995 Kobe earthquake, Japan
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1. Damage as a result of Problem Soils @'/[:EI€ & E)Y
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Damage as a result of structural Problems Cpuummtm FzJ]JLJr:—,)
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high bending
rarments

Uquefed
layer

Crushing or Bending failures

Uqueféd
layer

Connecting failure
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2. Damage as a result of structural Problems

(Foundat]on Fa]Jure)

2011 Tohoku Earthquake
1971 San Fernando Earthquake
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2. Damage as a result of structural Problems ( SOTLISLOLY, )
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2. Damage as a result of structural Problems (‘ff)rsbnzﬂ J\/JUHJEHD

Shear walls $
de = ~ 3 . ‘
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Light Side
of Building

Earthquake

Ground Shaking of Building
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2. Damage as a result of

structural Problems

(Comprass]ou falure or; SUJLJIIJID
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2. Damage as a result of structural Problems

ATNLEYHIBLUY
N19LR28% (shear
failure) TwRaNB2
NYNITLAUITWIN
N L‘ﬁa\‘iﬁ]’]ﬂ Loma

Prieta Earthquake
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2. Damage as a result of structural Problems

USHIURANLESNATNZIG LN N2 8 N
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2. Damage as a result of structural Problems

N193URALAEAINAITARNHAIINLAKEIFS Lbag 119
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LAY Nele Northridge Earthquake




nansznusalaseaiasan LAUAY L7

a o

2. Damage as a result of structural Problems @@L CETEETITEE
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LEZAIWLAY NS
\3aw Anels Haiti @
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nansznusalaseaiasan LAUAY L7

2. Damage as a result of structural Problems gLl R @ el =

N1SIURALUULRDWABIATHEZNI

Qs

N153UANYARAaAIK-161 (beam-

column joint failure)

N159URALWOIINN19RWNLET (column shear failure)

Lb89710 Northridge Earthquake



nansznusalaseaiasan LAUAY L7

2. Damage as a result of structural Problems




nansznusalaseaiasan LAUAY L7

2. Damage as a result of structural Problems

/ e Strong Beam — Weak Column failure

N153UR 2898 1A1ISLUUNLSYNIN taNdDU-

ATWLYS 91N Haiti Earthquake bAELEKAIN
ATWAIOUH BN BARIA LA NAIE UTWLEN Column yielding but beams is not
AWIALANTLETH LAANLwUSHIUNERENIN Wenchuan Earthquake



nansznusalaseaiasan LAUAY L7

2. Damage as a result of structural Problems

Punching shear failure

Guindulman, Bohol collapsed during the 2" shock



nansznusalaseaiasan LAUAY L7

2. Damage as a result of structural Problems

Seismic
force

Opening

Short column

Compression
strut

Length of
raised infill to
beam soffit

Reduced
opening




nansznusalaseaiasan LAUAY L7

2. Damage as a result of structural Problems
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Shear failure
of coupling beam
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Damage as a result of structural Problems | il ufe U EcREl
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nansznusalaseaiasan LAUAY L7

2. Damage as a result of structural Problems

Brick Fragment

AINNLAgN I aRalASIaS19L%ha9a1n Nepal
Earthquake ZWUNINISIURADIATIATT WUUABAH
WA lRENINANNGELEEIARIINNITNINAN 82D IDIATS
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Irregularities )

m AN lsiannanaastalAs9a319 (Plan Structural Irregularities)
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AN LHANLEAND LU L LIRS

AN AN aNa Y dANIUE (Stiffness irregularity) B3atuNaau
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AN LHANLEHND LU L LIRS

B AnnldadIaNa2aINIa (Mass  irregularity)  © H133
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150 209dWNEANY
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AN LHANILEAND LULUIR

M mﬂaﬂ,&iaaiﬂl,aawmaL‘smmﬁmaegﬂme‘[uumﬁe (Vertical
Geometrical Irregularity) : H5LWULWBITIUZDITZUUA BN IS
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B AN LNADLEE9 WSS UIUDIDIA
21ATSAIUNTIULSIATUDT I LU

1L13Ad (In-Plane Discontinuity in

Vertical Lateral-Force—Resisting

Element) : 23WNA190LHNDI28LEY
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» anulaiasinanaluidenisia (Torsional Irregularlty) - N5t
Almazunsuiulssianladauds (Not Flexible) :
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AN LH AN ANV IEII LASIFSA

s a2 laiasitianasinnrsiiguwnidagrolu (Re-Entrant
Corners) : LABHILATIFSIIRAITUURTUNIWISIAUE1I R A NWS
dmagneln vldiAadnin lnefdimiwini szazanalwunas
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AN LH AN ANV IEII LASIFSA

a’d > 0.15 %32
b/B>0.15
®
Y ¥
- ay/d > 0.15 W38 ayd > 0.15
) A . b/B > 015
a a;
— L_’ amﬂaﬁi"mmiayuﬁ“mm”w"'m?u

SNC ;
O ® "’L :

ayA > 0.15 %30 a4 > 0.15
b/B> 0.15 %30 by/B > 0.15

@) anulisdusaannsiiyaindhiely
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= anubidafiasvaslnazsunss (Diaphragm Discontinuity) :
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B N13.82999031N52UIU (Out-of-Plane Offsets) : LHDLAWNS
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HWININ15UIZLAY 8819918 (Basic Methods)

JUseiliwaaasd1ean (Visual inspection)
e

[~} 1 1
LWUN15M59d88U8 819918 Iﬂ‘&l

RA1915UNT9209lASIAS19 NN B
N15719622093%aI%wLASIaS19 318579
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400000000

LEUAN LIRS D L

b) Corners
and Curves
.. poor

(c) Separation joints make complex plans
into simple plans

(a) too tall (c) too large in plan
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LUIN19N1TUIZLHY 2819918 (Basic Methods)
Usztiua8 81861 (Visual inspection)
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HWININ15UISLAY 8819918 (Basic Methods)
Usziiiunrgsanan (Visual inspection)

http://www.nicee.org

Earthquake
oscillations

Stiff upper storeys:
Small displacement between
adjacent floors

Soft ground storey:
Large displacement between
foundation and first floor

(b) Ground storey columns severely stressec

N6l Soft story — LHG NN



HUINN1TUTLLAU 2819978 (Basic Methods)
Usziiuaad18mn (Visual inspection)

http://www.nicee.org

Uniform

"""""""" & Planar Frames :
_.T!in both X- and
Y-directions
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Earthquake
Ground
Shaking

: Unequal :
| Planar Frames |

One L g— in Y-direction |
Planar Frame :

in X-direction

Unusually
. Tall

(b)

Toiwanla KINRNISHIAIBZENINIA — LHA
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HUINN1TUTLLAU 2819978 (Basic Methods)
Usziiua8 819601 (Visual inspection)

http://www.nicee.org

Weak Beam )
l / /Weak Column
T | I
‘ @
Strong
Beam
Strong &
//" Column —-/

Weak-Column
Strong-Beam a wa d a I I
Design N1379URAAIDIANILUUNLITNIT L1 U-ATU

w9 (weak column-strong beam) L#8931n

Strong-Column
Weak-Beam
Design
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HWIN9NTTUSLLAY 8819918 (Basic Methods)

Usziiiunrgsanan (Visual inspection)

il . .
Ta IJ':_J':_J':_-':_.' ] J'- -

Light Side A s
of Building :

Earthquake
Ground Shaking

Heavy Side
of Building

LHINFUNTUNG WANINNIAADY
laseasnelddsinanan sinazaauua

Tun1seruueivaulna (in)

http://www.nicee.org
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Movement
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(b) Building on slopy ground



LUIN19N15UIZLAY 8819918 (Basic Methods)
Usziiiunlga18m (Visual inspection)
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Column
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Portion of
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LUIN19N1TUIZLHY 2819918 (Basic Methods)
Usztiua8 81861 (Visual inspection)

http://www.nicee.org

Floating Column Setback Column . o
[/ 4 \ 4
Load
l [

| | - Path
A

Load Path
|

TN
itherman, 198

(b) [

=

PR

R ==
Adapted from: Arnold and |

-
T R R R B 0 = S Load Z /
(a) (b) L =i & o’
Load follows stiffer structural /;' é/
o @ 1 I o v elements in structure — it bends z
BIVRWNVSOTITNUBIIATT LS IILY and detours, when structural 2 L
: 4 e da o | v & elements are not in same plane. £ =
FLAIVIDNLNINNLAILIIND Y AT (a) ) W
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LUIN19N1TUIZLHY 2819918 (Basic Methods)
Uszriiumradnamn (Visual inspection)
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AuHlAS9Ia319 (Structural Indices)

a’/d . shear span to depth ratio

=» Height value - Flexural failure

N/[A gf’c] . Normalized axial load ratio

=» Height value - Low ductility

av /M . Normalized shear/flexure
=>» Large value — Flexural failure
P, . Longitudinal reinforcement ratio

=» Height value - Compression failure

pP. . . Transverse reinforcement ratio
s,min

=>» Height value - Height ductility



LUIN19N15USELAYN YUFS (Advanced Methods)

wUat 2 351na 9 lAkA A1s3iAsisHLuuLBaEu
(linear analysis) W&z N153LATIEHUUULSITILEY (nonlinear

od o

analysis) lRgufazisgiannsauenlnnsitAszRLULY J8m
(static) %38 WadR (dynamic) lRBNAE

[=]

] . @ odd.l a =
1) Linear static procedure (LSP) LUnI57918gn lnedSeuLiau
ORINEINABILTIABANGILATIESIS (DCR) Farran1zAulATIass
ﬁ (%4

HanwzaNN1S LazgUaneUns



LUIN19N15UIELAYR YUFS (Advanced Methods)

2)  Linear dynamic procedure (LDP) L¥n1znulAs9asnanla
Unf faelduseifianansmawwinanlrilunisiAsieh

3)  Nonlinear static procedure (NSP) ¥iN1ANSHANLASIHIIIIA
F9N15LARaWNLUIRNIELAERSIFaUN IS IZBIRI 5 5197
18150 RN LA NI HHS D LN

4) Nonlinear dynamic procedure (NDP) LUuiGNAAIN
axLdeRgIgn wasadldiianlunisulsua



Demand (D)

(w5908 111N

LRFLHT BN

NIATFIW LTW M,
V. #38 P)
u u

V = ZIKCSW

%L T 2oc00 26 gl P [ S Capacity (C)

Ultimate Moment diagram Ultimate Shear diagram

.5

stird—=RB9mm.@0.20m. stir3—RBImm.@0.20m. © stird—=RB9mm.@0.20m.

(C5) per-2n0 1o (C8)ans - oot (Na93ey Ldw M, V. 138 P )

0.50 0.50 0.30 +O.25+

71 T ] 2-DB 25 mm.
3 20-DB 28 mm. 2 12-DB 28 mm. 2-DB 25 mm. 9
pt ot o 1-DB 25 mm. S
stird—RB9mm.@0.20m. stir3—RB9mm.@0.20m. % stir—=RB9mm.@0.20m.
o 2-DB 25 mm.

1-DB 25 mm. stir—=RB9Imm.@0.15m.
2nd — 4th floor 4th floor—Roof

2-DB 25 mm.




Linear static procedure (LSP)

Load flowchart

Check whether member
Y/ € Sr— yields or not
l Mub/Mnb>1 Or Muc/Mnc>1 (1
) Check whether shear
Check whether member fails failure occurs before
' irst? o
§ no Mnln/ R/fim ora(i]?jlul\r}llnncflrst. == member yielding by
— MM <1 <1 comparing 3 values _|
Beam cirteria nb © " ub nb ViulVj>1 or Vi/Vep>1 | no
2 4 or Vy/Vpe>1 l
Check whether investioate
member fails by \ 4 g i
shear before Column criteria structure unti
L no reach failure mode
yielding? by yieldin
M, /M,  Flexural criteria | 1?|/o>\//vchartg
V. IV, v \ 4
yes Check shear after V/Vop is maximum :
" Shear criteria | yielding Beam shear failure
BS =1.25 M n o1 VUC/VnC is the maX-imum
av, ho : Column shear failure
or V, ¢ Vju/Vjn is the maximum
JS=125—>1 - 1oi i
. > Beam : Joint shear failure
sl flexural
'Vju/an > Vub/an Vye fallure _____ i _____
-Joint shear failure BS>JS :Beam shear failure 1;
- V!V o>Vl Vi after yielding I
‘Beam shear failure JS>BS :Joint shear failure Same procedure as beam |
after yielding L |




Linear static procedure (LSP)

Check whether member fails in

beam or column first?

Yielding flowchart

no yes
¢ M <1And T <1 *
Beam M_ /M, M., Column
cirteria criteria
Check whether qo—> Flexural criteria — §L —
member fails by shear I ame |
before yielding? - * | procedure |
M 4 Check shear after yielding | _asbeam
aVip BS =1.25"1 1
yes av, _nop Beam flexural
v or /. failure
Shear criteria JS=125— 31
\ 4 i
-Vul/Vin > Vip/Vip yes
:Joint shear failure BS>JS :Beam shear failure

:Beam shear failure

JS>BS :Joint shear failure
after yielding
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RANNUSIUYDINTISILASIZHA B LHLT ALY

a9

-

Base Shear, V

b.
Roof Displacement, A

TAUseA BN U BAILNBABILTILH WA LHINTLH 1R B
lA59a579 lRgAae 9 nanawnIznInIsiAaawneseana1nns (1
YAAIVAN) HAMNINUNIBNINNIIAINISLARERALUINY WD

U
Il add |

158N3135%31 Push over Analysis



Base shear, V

RANNUSIUYDINTISILASIZHA B LHLT ALY

- g SN WLAINLARIAITNE NN WS
N SLHI9 WSINAN AU AISLARAWN 158N
VIR s Y T o
= = qubAef1a9 (capacity curve)

- _ - Effective stiffiness
-7 at displacemént, d

__Collapse
i |, Umited
; Safety  /
. D
-
d:

Lateral Displacement at Roof
Increasing earthquake demand —®
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RANNUSIUYDINTISILASIZHA B LHLT ALY

a9

*  A15TASIEHlASIESS BenlduuudasilAsigsie 3

2°D
3D
=n.

f1H1aNABARMANURIaguUU s B

*  FINIIANINUAYANYUWNAIEANLANULASIAS1LA Lo

‘ z//ﬂ\ Stress — strain of concrete

Stress — strain of steel

TN
/ Backbone curves
; for column
N
A />~ Backbone curves
NS, for beam
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RANNUSIUYDINTISILASIZHA B LHLT ALY

a9

>

Demand curve

c
2 'O/ LS CP Performance point
® Pd /
2
S \ PP / C
& /,\.6/ Capacity curve
-g ¢ 2 S P
o
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rResldual strength
Ay * 4 - -~

Operational ' Damage control 'Limited safety

Hazard

Spectral displacement
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ASLASNATRILASIFS © ATNSIN
N

Shear Wall with ]

(]

LU NI1INd N

Infilling Wall

”

SLHININTISLES N

Steel Framed ]
| Brace (Internal) ; PN\

Adding Seismic Slit
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Column

[ Steel Framed ]
Strengthening | Strengthening

Brace (External)
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Concrete
(mortar) /

: ’ = _ 1 i Center steel product \
i g e - s Buckling constraining material —_BRBF — — CBF
- ; : 1 ’ 2 3000 TQIKN) S5 <00 -
post-installed anchors are embedded after removing - Dysp [nal, Dlsp [na]
han_]g_ing wall, standing wall and wing wall in the ] JIIITY L _;0 a:) -:ao s'o : ¢
existing RC frame steel panel - =
0 — with .
— i - 2 wo _m
RC simecral vpening . 3
(a) Retrofit (b) Non-retrofit
Foroe acting on e
! i (tightening force from die) x :
[ = =
\Ros [oie. . TP EEE ’ —_—
strokejmen) Connection: secured in place with

(a) Configuration and mechanisn (b) Hysteresis loops of damper four prestressing bars (23 mm dia.)

el
= headed smuds are welded all along steel frame of = %*_E g
Steel framed component is installed in R.C smucture steel srucmural part = B = : =
part and zaps around its four interfaces are grouted
with pressurized non-shrinkage mortar.

* Connection wilh oundation: connected ndrecl by postconstrucion anchors
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(b) inlet ports are opened and
epoxy is fed into system until
completely submersed
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(a) inlet ports are sealed
and vacuum is drawn

atmospheric
pressure
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(c) inlet ports are closed
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https://www.mcfamily.or.kr/mobile_th/livinginfo/earthquake.php
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https://www.mcfamily.or.kr/mobile_th/livinginfo/earthquake.php
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E:/เครื่องที่ห้อง/Movies/9.0 unreleased videos japan earthquake 2011 [360p].mp4
E:/เครื่องที่ห้อง/Movies/9.0 unreleased videos japan earthquake 2011 [360p].mp4
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