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1. Causes and damages

Recent earthquakes

e Kobe EQ e Turkey EQ e Taiwan 921 EQ
— Magnitude 7.2 _ M7.8 _ M73
— 1995.1.17 ' '
— Death 5500 — 1999.8.17 — 1999.9.21
— Injury 40,000 — Death 12,000 — Death 2,000

— loss 9,600 billion yen — Injury 6,000 — Injury 3,000




Recent major earthquakes

Date Location Death Magnitude major damage

1906.04.18 US, San Fransico 3000+ | 7.8 fire

1923.09.01. Japan, Tokyo 100000 | 8.3

1976.07.27. China, Tangsan 655000 | 7.9 biggest damage in
recent years

1985.09.19. Mexico, Mexicocity 10000 | 8.1 soft soil effect

1988.12.07. Armania, 2 I|E} 25000 | 7.0

1990.06.20. Iran, 7}A L] sj{ & ot 40000 | 7.3

1995.01.17. Japan, Kobe 25000 | 7.2 epicenter at city center
Vertical vibration

1999.08.17 Turkey, 0| =0| 12000 | 7.8

1999.09.21 Taiwan 2000 | 7.3

2000.01.26 India, T XIE 2} 25000

2003.12.26 Iran, S5 26000 | 6.5

2004.12.26 Indonesia, Sumatra 234000 | 9.0 Tsunami

2005.10.08 Pakistan, 5% 18000 | 7.6

2008.05.12. China, Sichuan 80000 | 7.8 Intraplate EQ

2010.01.12. Haiti, ZEEEZZA 150000 | 7.2

2011.03.11 Japan, Tohoku EQ 27000 | 9.0+ Biggest in history
NPT damages
Long duration vibration
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Losses per EQ

Nations Total Death toll
China 1.9 million
India 0.33 million
Iran 0.11 million
Japan 0.17 million
USA 0.001 million
Losses : EQ Magnitude B

population density '

industry development ‘

Number of EQ Ave. death per EQ
greater than M6

9 210,000

3 110,000
14 8,000
17 10,000
14 70

preparation is important
earthquake design
and strengthening



Movement of earth crusts (tectonic plate movement)
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Convection of melted magma



https://www.youtube.com/watch?v=Ey3GZ_ZNtVY

Subduction zone
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California in US

Lateral faults, transform boundary

Figure 1-7. A simplified fault map of California. (From The San Andreas Fault, by Don L. Anderson. Copyright 1971 by 9
Scientific American, Inc. Al rights reserved.)
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earthquake

epicenter=-...__

Point on the Earth's surface
located directly over the focus, T
where the most violent tremors '

are felt.

depth of focus e P o SRR
Distance between the focus......... .. | AEEVEES e N> 35 C i _ERLEEE
and the epicenter; it can reach ' U S - SRR \ .

700 km.
fault-——"" W 1\ \ seismic wave
Fracture in the Earth's crust | B\ \ \B | ... Vibrations generate
separating two blocks that slide “that disperse in all
against one another during an causing shaking of
earthquake. surface.

focus

Point in the Earth's crust where
an earthquake is triggered. Also
called the hypocenter.




body waves and surface waves

ISMIC Waves

Se

P WAVE

Figure 1-12. Ground motion near the ground surface due

to S waves. (From Nuclear Explosion

s and Earthquakes,

Figure I-11. Ground Motion near the ground surface due to P waves. (From Nuclear Explosions and Earthquakes, by

Bruce A. Bolt. Copyright 1976 W. H. Freeman and Company. Used with Permission.)

by Bruce A. Bolt. Copyright 1976 W. H. Freeman and

Company. Used with Permission.)
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Figure 1-14. Ground motion near the ground surface due

to Rayleigh waves. (From Nuclear Explosions and

Figure 1-13. Ground motion near the ground surface due

to Love waves. (From Nuclear Explosions and

Earthquakes, by Bruce A. Bolt. Copyright 1976 W. H.

Freeman and Company. Used with Permission.)

Earthquakes, by Bruce A. Bolt. Copyright 1976 W. H.

Freeman and Company. Used with Permission.)
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Direct damage : soil failure

After

Before Earthquake | During Earthquake Enithaiai

K| 2to| oM A3t (liquefaction)
Liquefaction occurs when M >6.0

Fig. 4. Soil liquefaction process



Direct damage : land slide, snow slide

Figure 1-19. Aerial view of Mt. Huascaran and the debris

avalanche that destroyed Yungay and Ranrahirca in May

1970 Peru earthquake. (Photo courtesy of Servicio 14
Aerofotografico National de Peru and L. Cluff.)



Direct damage : ground uplift, distortion

Figure. 1-20 Ground uplift along the fault in the 1999 Chi-Chi Earthquake (Photo by Dr. Farzad Naeim).
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Indirect damage : Tsunami
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Wave length = hundreds kilometers
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Tsunami Damage in Hawaii caused by 1960 Alaska EQ

After tsunami

Before tsunami Figure 1-21 Damage at Hilo, Hawaii, due to tsunami of May 23, 1960. (Photos courtesy of R. L. Wiegel.)
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Tsunami in 2004 Indonesia Sumatra




Tsunami in 2004 Indonesia Sumatra

BANDA ACEH SHORELINE
6/2312004 1212812004
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Nuclear power plants were destroyed.

Not by EQ but by tsunami

Diesel engine for cooling down the nuclear
power heat was flooded.

&

(U8 Wagntuce 83
‘g_ Location near the east coast of Honshu, Japan
9 Time March 11 2011 05:46:23
w

i
o o

Tsunami Travel Times

“Tsunami travel time contours in hours, beginning from the carthquake origin time.
£

L

* TideGage |
¢ DART

30"

-60°
West Coast and Alaska Tsunami Warning € r
120° 150° 180° 210° 240° 270° 300°
Event ID: Ihvpd9 Origin Time: 05:46:23 (UTC)
Earthquake Magnitude: 9.0 Date: ¥11/2011

Earthquake Location: [38.322N, 142.369E], "near the east coast of Honshu, Japan"



Indirect damage : fire

Northridge, 1994

breakdown of Gas pipes, Electric lines, and water lines




Direct damage : vibration of buildings

AMPLIFICATION OF FORCES
{ i
f

SIGNIFICANT INTERSTORY DRIFT

= A
TS T A

Figure 14-1. Conventional Structure
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= Chile Earthquake,

2010 M=8.8
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"= Nepal Earthquakes, 2015.04, M=7.8

In Nepal, there were
many prominent
cultural heritages. And
some of them were
registered as UNESCO
world heritage.

Several temples on
Kathmandu Durbar
Square, a  UNESCO
World Heritage Site, and
also Dharahara tower,
built in 1832, collapsed
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(b) (c)

Figure 10-18. Damage to columns of the 4-story Olive View Hospital building during the February 9, 1971 San Fernando,
California, earthquake. (From Ref. 10-38.) (a) A wing of the building showing approximately 2 ft drift in its first story. (b)
Spirally reinforced concrete column in first story. (¢) Tied rectangular corner column in first story.
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2. Principles of earthquake design

Earthquake load = inertia force caused by ground vibration

M, F=ma
M 49,
m@+a,)+cv+ku=0
M
3
—_— |\/|3<’:13 ma"‘CV"'kU——ma
Mz T
—_ M2a2 T =21, ]—
Ml
— M,a, Major parameters
1. Ground accel. (regional effect) ag

/777777777777

M
dg Tg 2. resonance (cyclic effect) Tg vs T
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Variation of maximum accelerations of structures according to the dynamic

period : S EfAH E &

(elastic response Spectrum)

Response spectrum — key feature of modern earthquake design codes

N

ag &2l (resonance)
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A A 24 E & (Design Response Spectrum)

Soil factor : magnification factor

. Sﬁ = E.Dl T

gResponse émodifiaﬁl%n tor : reduction factor

——— _
Te——

Lr Uy
B =
T

2
L

I, T 1.0 T(F7])
Response modification factor (218’3 | =) : decrease of earthquake
load when ductility (inelastic deformation) of the structure is good. A

reduction factor

Soil factor : increase of earthquake load for soft soil deposit 29



Nature of EQ loading : EQ is not load but displacement

Thus, Eq load is not uniform, but varies with ductility of structures.
The purpose of EQ design is not to endure the force but to sustain the displacement.

m@+a,)+cv+ku=0

ku<F
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Spectral Displacement



M X512 (Base — Isolation)

Before Earthquake During Earthquake

Super-
Structure

ral '. "
| Isolation System 7 7

L1 T | o 1R

Fig. 17. Schematic diagram of a building with vibration

1solation

m(a+a,)+cv+ku=0

Al

> —

By base—-isolation, ku (resistance) is limited to very small value.
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3. Design considerations

= Lessons from significant
earthquakes led to the
incorporation of more
advanced codes for the
construction of new buildings

= Big change in design codes

- Old design codes : focused on
increasing strength of structures
- New design codes : increasing
ductility capacity of structures

Earthquake occurrence and design codes in US

San Francisco

Santa Barbara
First UBC

Seismic Provisior

El Centro
Introduction of

Dynamic method
LA building code

Loma Prieta
Nothridge ’—m

EZE—@ arc-33

Guidelines

m—Q First IBC

Publication

m—‘ Latest IBC

32



3. Design considerations

Mexico Earthquake
Soil effect
Mexico city sitting on

Soft soil deposit

o . PGA=170 cm/s®
-i70
SCT _

SCT Response Spectra

Prepared 10/85

wo

o } 150 crm/s’ } 18 crv's’
=170 -170

Campos Teacalco

East-west component response spectra for the SCT site, September 19, 1985
quake. .

Mexico
city

~ 400 km 33

epicenter




Effect of soft soil
Damage to
High-rise buildings

-Resonance between
soft soil deposit and
high-rise buildings with
long dynamic periods

Aerial view of Nuevo Leon Looking Northwest
Time and Location of Slide: 9/26/85

Aerial view looking northwest of the collapsed Nuevo Leon Building.
Hundreds died in the collapse. .

BmM 75m 30m

Mexico City Clay
Earthquake at Rock 3 4

Ref: Gazetas (1989) SCT

Wilam Stone (NES)
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Pino Suarez Towers Looking North
Time and Location of Slide: 9/27/85

View looking north of the Pino Suarez Towers. Originally there were five struc-

tures at this site. Three central 21-story buildings and two flanking 14-story
buildings. These government office towers were one of the few steel frame

Edgar V. Leyendecker
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Collision between adjacent
Buildings

)
mmm
T
san
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ity
Iuls

Fig. 12. Influence of the distance between adjacent
buildings

Wikan Stom (N8S)

Aerial View of Continental Hotel

Time and Locatlon of Slide: 9/26/86

Aerial view of the Continental Hotel, where different sections of the building
collapsed when pounding or hammering occurred at nonstructural Joints. .

36



Hammering of Unequal Height Buildings

Prepared 10/85

Building hammering was widespread in Mexico City. This slide depicts colli-
sion between two buildings of unequal height,

37
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Pounding Damage
Time and Location of Slide: Hotel De Carlo, October 1, 1985

Damage caused by pounding results in intermediate floor collapse. Note that
in spite of severe structural distortion, much glass is unbroken.

Chris Amold
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Soft story failure
mechanism

- When the stiffness or strength
of a story is relatively small,

the majority of inelastic deformatio
can be concentrated to the story.

Chris Arnold

Lower Floor Collapse

Time and Location of Slide: Downtown Mexico City, October 1, 1985

Collapse of a number of lower floors of a commercial building. Upper floors
remain intact. Note open first floors contrasted to upper floor with the conse-
quent stiffness differential probably leading to the failure.
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Effect of Irregular shapes

- when torsion occurs in a plan,
the deformation of corner columns
Is significantly greater than those of

Interior columns.

- In this case, three-dimensional
dynamic analysis should be performed

to consider the torsional effect.

- Shape of buildings is a crucial factor

for earthquake safety
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Building Distortion

Time and Location of Slide: Downtown Mexico City, December 15, 1985

Severe distortion of building that is triangular in plan to fit the site requirement
at a multiple street intersection. Form of building results in the torsional behav-

ior shown.

Chris Arnold



Symmetry In Plan

Asymmetry in Plan

Irregularity in Elevation

42



Fig. 10. Poor elevation shape

Floor Plans with Good Earthquake-Resustance

=

Fig. 11. Influence of plane shape on seismic resistance
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Two crucial effects
Additional force due to torsion
Large deformation at corner columns

Load Resisting
Elements {typ)

Symmetry

44



Damage of nonstructural
elements

- non-structural elements
can cause more loss of lives and

Infill Wall Damage

Time and Location of Slide: Downtown Mexico City, December 15, 1983

Typical patterns of damage in unreinforced masonry infill wall. Note damage
concentration towards bottom of walls.

C;wis Arn_old
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Damage of nonstructural
elements

- secondary effect

Falling of nonstructure elements, fire
can cause additional casualties and
economic loss.

-Fixing nonstructural elements
IS H RS H AR
MES 1Yol We

16. Prevent furniture from falling down during an
carthquake
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Armenian Earthquake

ARMENIAN EARTHQUAKE
December 7, 1988

BLACK
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MAP OF THE AFFECTED AREA

This slide shows the portion of Armenia atfected by the magnitude 6.8 earthquake of December 7, 1988,
Cities that were most seriously impacted were Spitak (a city of about 25,000 inhabitants located in the
epicentral region), Leninakan (a city of about 290,000 inhabitants located 40 km (24 nules) from the epi-
center, Kirovakan (a city of about 225,000 located about 35 km (21 muiles) from the epicenter, and
Yerevan (the capital, with 1.2 milhion people, located about 100 km (60 miles) from the epicenter.

275 |=llnl 4l 7orzs TvlmllTes=tm 1R 1]
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Damage of masonry
structures

-Unreinforced masonry
Weakest structure under EQ.

Heavy structure without connections

Limitations in masonry structures

- height limitation

- connection between slab and brick
wall

- cross walls are required.

Phodgmohed by H. S Lew. Nasanal inssu e for Sendards and Tecmdagy

DAMAGE TO LOAD BEARING STONE MASONRY WALL
BUILDING IN SPITAK

[here are no ties between the oor planks and the wall. The ground shaking m the epicentral regron was
100 great for ths ineffective lateral force resisting systenm,
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Damage of

Precast concrete
structures

- Joints and details of PC
YA RO Z2|)
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HAESH MM = AHE S|
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DAMAGE TO 9-STORY PRECAST CONCRETE FRAME
BUILDINGS IN LENINAKAN

This shide shows collapsed and damaged nme-story precast concrete frame butldmgs m Leninakan. Poor
duaphragm action due 1o lack of conpections between the floor planks (Nexwore precast hoor panels ) con-

inbuated w the Gunlures.

49
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FAILURE MECHANISMS OF PRECAST CONCRETE
FRAME-PANEL BUILDINGS

faken af 10:00 wm. on December 24 in Leninakan

shvows the atlure of Noor planks of a bulding under construction which was to become the new buldmg
of the Polytechnic Institute. The floor planks, of hghtweight concrete, hollow- core, and approxmmately
4 11 x 6 11 x 8 anches are sunply supported on the beams over s 2 o 3 inch seat. There are no ties between
the planks or between the planks and the beam reinforcement.
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PRECAST CONCRETE PANEL BUILDINGS

lu the Sovset design of precast concrete panel bukdings. virtually every precast mienor wall 15 used as a
locsd-bearg element havimg shear capacity. Thas design gives a sulll redundant strocture. Floors and rools
are precast concrete planks. but with positive mirastroctural connections between the vanous elements.

ln thas shde. 1aken & noon m Lempakan on December 27, the performance of precast frame-panel and pre-
caast pamnel bualdmgs can be compared. Many precast [rane-panel buldmgs 1 Lenmakan collapsed and are
shown m the Joregreand. inchuding one uixder constructhion. Precast panel bunkbings. m contrast. peclormed
very well and are shown standing in the background. The difference n performance 15 due 1o the basic daf-
ferences m thear design & well as possibly 1o specihic claractensnics of the ground motoa. Sate amplifi-
calaon m the 1.0 10 2.5 second band was found 1 the strong motion records of the aftershock sequence
recocded m Lenmakan may bave generated a greater load on the conerete frame-panel butldmgs



Loma Prieta
Earthquake

LOMA PRIETA EARTHQUAKE
SANTA CRUZ
October 17, 1989

Surface Rupture
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Damage of
Nonstructural
elements

- Loss of human

San Francisco
118 km (70 miles) from the Epicenter

Bulkdmg officials and volunieers mspected more than 8,500 buildings: 260 were rated s "unsale”™ and
1400 a8 "limited entry.” This shde shows the clagsae Gulure of @ end wall of an unrainforced masonry
bunkimg at Bluxome and Sixth Street. Six people were Killed 1n a car outside of the butlding by the fallng

masonry.



Soft story failure

Fograohed by EV. Legendakar USGS

Marina District of San Francisco

[he soft story weakened this structure. The level of ground shaking and the wfluence of the land fill on

lquefacton and/or ground motion amphilication were factors that also contributed 1o the damage,
Rrome Shear weil
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Detail of Failure: 1-880

A view kookmyg north at the west sude of three type 2 bents. These beats meluded prestressing of the upper
girders. In thes particular mode of falure. only the east colums of the upper frunes fuled.
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Close Up of Joint Failure: Embarcadero Freeway

fhe reasons for damage to the Embarcadero Freeway are hikely 1he same as the reasons for the damage
10 1880, namely: 1) the structure was binlt prior 1o the adoption of modem seismie design entena, sud
2) both lecations expertenced lrge ground displacements. The damage correlated with that portion of 1he
Embarcadero Freeway where a tmnsition s the bent conliguratson occurred,
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Damage in
Reinforced
Concrete

members

Reinforcing Details: 1-280

A closesup view of remtorcing details of Balure zone 1 beat S1. Note anchorage Lulure of tes,
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Failure of Columns

: lateral
reinforcement

(b)

Figure 10-18. Damage to columns of the 4-story Olive View Hospital building during the February 9, 1971 San Fernando,
California, earthquake. (From Ref. 10-38.) (a) A wing of the building showing approximately 2 ft drift in its first story. (b)
Spirally reinforced concrete column in first story. (c) Tied rectangular corner column in first story.
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Fig. 15. Comparison on standard detail (left) and bad
detail (right) regarding to hoops and tie bars.

§ =9 Long. bars

e /22" X 22 Colymn
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2 v 3
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Exterior Column
T
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Figure 10-38. Detail of column transverse reinforcement.
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Soil liquefaction

- . N B .
- A \N S
! Iy
s bSeadbedad .Im
Before Earthquake ' During Earthquake After
Earthquake

)t the ground nlure 20ne « eruplhing onto the Manna Greea (Shde 12) and
s, through cracks m garage and basement Moors, and next o bukdings (Shde
o near Cervantes). At most Jocabons, ejected sand was dark gray m color,
edged from the Bay bottom; however, at a few locations, epected matenal was
& charactenstics ol nearby dune sad (Shde 14, aken 21 Scon and North Pors

Fig. 4. Soil liquefaction process
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Nonstructural
elements

[ .:5.' . “_‘/_.1)-\‘"~\‘ .
L "‘."\ - 3 - “ e—
» ~ b~ e oty

Brick Facade Collapse

While most of the bunkdings in the Marina dusinet are wood-Irune structures, many have an ornamental
brack Facade. During the strong ground shakmg. guite a number of these facades beciane unsttached from
the buikhing and crasbed down onto the ssdewalk or street.



Soft story

Slides 32 to 35:
'Soft-Story" Building Deformation
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Soft story

Nonductile Concrete Buildings

Anathar tona afundaamhla sanstimentinn o tha nandostila vaiafraenad sanovata
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Strong column-
Weak beam

- Z=R YOI BIA, 34
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Nonductile Concrete Buildings

Shear weail
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|
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Fracture of steel in
welded
connection

Steel Buildings
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1994 Northridge Earthquake (0| =2)

e A4'

Failure of bridge columns caused by the lack of lateral reinforcement

o “55
e R . _.u‘\‘“‘_ilﬁﬁr_,?p
g s T . -~ 3_,_.4;7__..' L

L T e T Pron UGYDL Cone.
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Kobe earthquake

Collapse of a typical multi-story apartment building in Nishinomiya.

0l £7td SICE /2
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Irregular structure

Slide 16-17:

A number of buildings built on city-block corners sustamned partial collapse at the comer
of the building, or failed completely,
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Soft story

Slide 18-20:

Partial or full collapse of a single story i buildings was the common failure for most of
the larger buildings. The particular story that sustained partial of full collapse varied from
building to building. First-story failure was more common than mid-level or uppper-story
collapse.
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New earthquake
Design code

- Requirement of
ductility details

-AEMNME 277
197538 O|F MZ &l
AE2 3 =42 82X
OrOrC|

LS AA

i W

=

£
1 \:\:_{ —TNINNINGE

, Fi
e e e
).

3

Severe damage to relatively modem hotel structure in downtown Kobe. While the major-
ity of partial or complete collapses appear to be older, reinforced- concrete buildings (pre-
19735), severe structural damage was also observed for buildings of steel or composite con-

struction.

70



Old earthquake
codes :

Strength
requirement

Pre-1971 Concrete Frame Buildings

First story collapse of non-ductile concrete frame building. Collapse of soft first
story concrete frame buildings were common..



Pre-1971 Concrete Frame Buildings

Collapse of another soft first story non-ductile concrete frame.

72



Newer Concrete Frames

Five-year-old 6-story concrete frame with garage level collapse. This was an excep-
tion to the rule of good performance of newer concrete buildings. Note, however,
that there were ductile detailing problems in the columns and the building had a
severe vertical (soft-story) uregularity as well as a plan uregularity causing torsion.,
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Steel Frame Buildings

Mid-rise steel braced frame parking garages. There were many similarly damaged
garages utilizing this construction type, common in Japan. As in the U.S., braced
frames such as these suffered damage due to lack of connection strength and ductil-
ity. However, collapses were rare.
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Steel Frame Buildings

Older steel frame parking garage with bracing in one direction and moment frames
in the other. The moment frames experienced fracture at the welded flange connec-
tions with cracking extending into the web,
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1995 Kobe Earthquake (& =)

Fracture of steel tube column with thick plates
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2008 Sichuan earthquake

Big EQ. in China since 1976 Tangsan EQ.

Intraplate EQ.

Depth

May 12, 2008

6 km (4 mi)

Epicenter

31.021°N 103.367°E

Areas affected

Total damage

Building and infrastructure damage,
landslide, formation of landslide dams
almost 80% of buildings destroyed




2008 Sichuan earthquake in numbers

87,150 4,800,000

Number of people killed and missing Mumber of people left homeless

T.QM $1 37.5hn

Strongest earthquake to hit China since 1950 Money spent on rebuilding the affected areas

1,700km

Distance from epicentre to Shanghai, where tremors were felt

Ten costliest earthquakes, 1900-2013
Estimated direct loss at time of event (USD, Purchasing Power Parity adjusted)

Tohoku, Japan, 2011

Sichuan, China, 2008 |, 5191,913m

Kobe, Japan, 1995 $77,967Tm
Morthridge, United States, 1994 $47,547m
Indian Ocean Tsunami, 2004 $34,000m
Christchurch, New Zealand, 2011 %30,278m
Maule, Chile, 2010 $27,328m
lzmit, Turkey, 1999 $23.339m
Irpinia, ltaly, 1880 $23,077Tm
Miigata, Japan, 2004 £19,240m

Source: CATDAT Damaging Earthquake Database, v5.1800, 26.03.2013



e Earthquakes in daytime

e Collapse of schools and hospitals.

School collapse



Hualian Earthquake (Mw = 6.4), Taiwan, 2018-02-04




Hualian Earthquake (Mw = 6.4), Taiwan, 2018-02-04




Hualian Earthquake (Mw = 6.4), Taiwan, 2018-02-04




4. Earthquake in Korean Peninsular

Legend

"\ Piate boundary
~ Stress trajectory

Direction of
\.\ the maximum horizontal
compressional stress

Plate name abbreviations

O°N

AMU - Amurian Plate

AUS - Australian Plate
EUR - Eurasian Plate

IND -Indian Plate

NAM - North American Plate
OKH - Okhotsk Plate

PAC - Pacific Plate

PH]I - Philippine Sea Plate
SOM - Somalian Plate

SUN - Sunda Plate
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Historical earthquakes in Korea (AD 2 ~ 1904)
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Inland earthquakes greater than M=4.5 in Korea

WAHA XT (1936) M=5.1

o o x|l (1952) M=6.2 5 MAGNITUDE
a[A X (1978) M=5.2 42 -k

54 X (1978) M=5.0 - S O s
AbZ K| 7 (1980) M=5.0 /{ // O B
=z X|Z (1981) M=5.0 - ~ .
A2 X[ (1982) M=5.1 39N s & ¢ 3
27 x| (1982) M=50 w59 \ |
2 Ak X| 7 (1994) M=4.6 AN |
o A x| 3 37N ‘v Jid l
=4t X[ (1994) M=45 S ﬁ

gL X% (1994) M=4.9 36N } ' O ‘\
A X% (1996) M=4.5 L T ek B
o= = S5N ~ “é gyl oy
WHEX K (2003) M=5.0 MR -
SXKE  (2004) M=52 N . |
A=K & _ [ - S —
S__._I_ | (2016) M 58 33lefilfl 124EFE 125E 126E 127E 128E 129E 130E 131E 132E
ZEK| A (2017) M =54
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PyeoungYang Earthquake in 1952/3/19

« largest EQ since 1905
e It occurred during Korean War

. BHHIE X|E
JIX|E 2 o

R Il
7|20 7|gret X XY SN

=7t ré'#’ﬁ. &

e measurements

Rustanovich et al.(1963): M=6.3

FEE R MERFRIBERFC(1987): Ms=6.5
Z48E(2001): M=6.5

Ishikawa et al.(2008): Md=6.5

USGS : Mw=6.3
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Hongsung EQ, 1975, M=5.0




Kyungju EQ (2016. 09. 12) M= 5.8

Hoximun Sta.: MAS  262.7477gar”
e 2 72

The first (pre-) shock: ML 5.2, 19:44  _ =" o S
The main shock: M. 5.8, 20:32 S T -
Focal depth: 13km (relatively deep) \
\
, )
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Show window shattered

Failure in an already poor (non-
engineered) construction

Typical corner cracking at
opening

Steel Structures & Seismic Design Lab, Dept. of Arch and Arch Engrg, SNU
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Damage observed in a 3-
story RC Building (Ulju,
Ulsan)_ ceiling and brick
wall failure

Steel Structures & Seismic Design Lab, Dept. of Arch and Arch Engrg, SNU
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The most impressive failure mode_ “short-
column” shear failure

One of the well-known seismic failure modes observed in a Buddhist temple: so called “short-
column” shear failure

Never imagined to see.... Steel Structures & Seismic Design Lab, Dept. of Arch and Arch Engrg, SNU
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Pohang EQ (2017.11) M=5.4

Epicentral distance is only a few kilometers
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Pohang EQ (2017. 11) M= 5.4

Epicentral distance is only a few kilometers
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Pohang EQ (2017. 11) M= 5.4

Short column effect
By masonry wall
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Piloti column : soft story mechanism




School damage
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http://www.ggilbo.com/news/articleView.html?idxno=421291



School damage
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Non-structural damage
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Pohang EQ (2017.11) M=5.4

Falling of masonry wall

Falling of ceiling



Non-structural damage
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Earthquake in Seoul Area
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Magnitude
2lE| 2 (B0 Richter magnitude, 2|5|E 2, 2|5|E{X| Xl A|)= X|ZIe| ZEE LIEHY=
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http://sense.contentlink.co.kr/sense/clk_pop.php?code=datawave_kr_by_affiliate_keywordlink&status=ing&afd=nocut2_web&is_click=yes&keyword=%B9%CC%B1%B9
http://sense.contentlink.co.kr/sense/clk_pop.php?code=datawave_kr_by_affiliate_keywordlink&status=ing&afd=nocut2_web&is_click=yes&keyword=%C7%D9%C6%F8%C5%BA
http://sense.contentlink.co.kr/sense/clk_pop.php?code=datawave_kr_by_affiliate_keywordlink&status=ing&afd=nocut2_web&is_click=yes&keyword=%C8%AD%BE%E0

Intensity

Intensity Shaking Description/Damage
| Not felt  |Not felt except by a very few under especially favorable conditions.
Il Weak Felt only by a few persons at rest,especially on upper floors of buildings.
Felt quite noticeably by persons indoors, especially on upper floors of buildings. Many people
11 Weak do not recognize it as an earthquake. Standing motor cars may rock slightly. Vibrations simila
r to the passing of a truck. Duration estimated.
Felt indoors by many, outdoors by few during the day. At night, some awakened. Dishes, win
IV Light dows, doors disturbed; walls make cracking sound. Sensation like heavy truck striking buildin
g. Standing motor cars rocked noticeably.
Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable ob
V' Moderate |,
jects overturned. Pendulum clocks may stop.
Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen pl
Vi Strong .
aster. Damage slight.
Damage negligible in buildings of good design and construction; slight to moderate i
VIl Very strong |n well-built ordinary structures; considerable damage in poorly built or badly designe
d structures; some chimneys broken.

Damage slight in specially designed structures; considerable damage in
ordinary substantial buildings with partial collapse. Damage great in

S . .
evere poorly built structures. Fall of chimneys, factory stacks, columns, monum
ents, walls. Heavy furniture overturned.
Damage considerable in specially designed structures; well-designed frame structure
Vielent |s thrown out of plumb. Damage great in substantial buildings, with partial collapse. B
uildings shifted off foundations.
Extreme Some well-built wooden structures destroyed; most masonry and frame structures destroyed

with foundations. Rails bent.

The Modified Mercalli
(MM) Intensity Scale,
developed in 1931 by the
American seismologists

Building construction
quality assumed per the
1930's US west coast
practice, modified in the
1950’s
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