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1. Causes and damages

Recent earthquakes
• Kobe EQ

– Magnitude 7.2
– 1995. 1.17
– Death 5500
– Injury 40,000
– loss 9,600 billion yen

• Turkey EQ

– M 7.8

– 1999. 8. 17

– Death 12,000

– Injury 6,000

• Taiwan 921 EQ

– M 7.3

– 1999. 9. 21

– Death 2,000

– Injury 3,000
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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, 스피탁 25000 7.0

1990.06.20. Iran, 카스피해연안 40000 7.3

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

1999.08.17 Turkey, 이즈미 12000 7.8

1999.09.21 Taiwan 2000 7.3

2000.01.26 India, 구자트라 25000

2003.12.26 Iran, 동남부 26000 6.5

2004.12.26 Indonesia, Sumatra 234000 9.0 Tsunami

2005.10.08 Pakistan, 동북부 18000 7.6

2008.05.12. China, Sichuan 80000 7.8 Intraplate EQ

2010.01.12. Haiti, 포르토프랭스 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 Number of EQ 
greater than M6

Ave. death per EQ

China 1.9 million 9 210,000

India 0.33 million 3 110,000

Iran 0.11 million 14 8,000

Japan 0.17 million 17 10,000

USA 0.001 million 14 70

Losses : EQ Magnitude

population density

industry development                                        preparation is important
earthquake design 
and strengthening
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Movement of earth crusts (tectonic plate movement)

Convection of melted magma
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Subduction zone

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

Lateral faults, transform boundary
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Seismic waves : body waves and surface waves
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Direct damage : soil failure

지반의액상화(liquefaction)
Liquefaction occurs when M >6.0
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Direct damage : land slide, snow slide
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Direct damage : ground uplift, distortion
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Indirect damage : Tsunami

1960년 알래스카지진에 의한 하와이의 피해Wave length = hundreds kilometers
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Tsunami Damage in Hawaii caused by 1960 Alaska EQ
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Tsunami in 2004 Indonesia Sumatra
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Tsunami in 2004 Indonesia Sumatra
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Tsunami in 2011 Japan Tohoku EQ

Nuclear power plants were destroyed.
Not by EQ but by tsunami
Diesel engine for cooling down the nuclear 
power heat was flooded. 
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breakdown of Gas pipes, Electric lines, and water lines

San Francisco, 1906, M=7.8 Northridge, 1994

Indirect damage : fire
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Direct damage : vibration of buildings
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Patricia Grossi et al, The 2010 Maule, Chile Earthquake: Lessons and Future Challenges

 Chile Earthquake, 2010  M=8.8



San Francisco Earthquake 

 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

Before the 
earthquake

After the 
earthquake

http://www.instituteofopinion.com/2015/04/nepals-earthquake-learning-
the-lessons-from-the-past/

April 2015 Nepal earthquake

http://www.huffingtonpost.co.uk/2015/04/27/nepal-earthquake-before-
and-after-pictures-show-devastation-78-magnitude-tremor-
_n_7150656.html

Before the 
earthquake

After the 
earthquake
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Earthquake load = inertia force caused by ground vibration

2. Principles of earthquake design 

1M

2M

3M

4M

44aM

33aM

22aM

11aM

ga

K

M
T 2

Major parameters

1. Ground accel. (regional effect)

2. resonance (cyclic effect)  

( ) 0gm a a cv ku   

F ma

ga

gT  vs gT T

gma cv ku ma   



27

inertia force
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Variation of maximum accelerations of structures according to the dynamic 
period : 응답스펙트럼 (elastic response Spectrum)

Response spectrum – key feature of modern earthquake design codes

1T 2T
3T 

Low-rise Intermediate High-rise

T

a

ga 공진 (resonance)

F ma

Dynamic amplification
=  vs gT T

gT
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설계스펙트럼 (Design Response Spectrum)

Response modification factor (반응수정계수) : 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

Response modification factor : reduction factor

Soil factor : magnification factor
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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.

max y   

( ) 0gm a a cv ku   

ku F
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면진구조 (Base – Isolation)

( ) 0gm a a cv ku   

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

1906

1925

1940

1989

1994

1927

1943

1992

2000

2015

San Francisco

Santa Barbara

El Centro

Loma Prieta

Nothridge

First UBC 
Seismic Provision

Introduction of 
Dynamic method 
LA building code

ATC–33
Guidelines

First IBC
Publication

Latest IBC

 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
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3. Design considerations

Mexico Earthquake

- Soil effect

Mexico city sitting on

Soft soil deposit
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Effect of soft soil

Damage to

High-rise buildings

-Resonance between

soft soil deposit and

high-rise buildings with

long dynamic periods
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Collision between adjacent 

Buildings
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Soft story failure

mechanism

- When the stiffness or strength

of a story is relatively small,

the majority of inelastic deformation

can be concentrated to the story.
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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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Two crucial effects 
Additional force due to torsion
Large deformation at corner columns
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Damage of nonstructural

elements

- non-structural elements

can cause more loss of lives and 

Economy than structural elements.
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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

가구를비롯한비구조재의

적절한고정이필요
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Armenian Earthquake



48

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.
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Damage of

Precast concrete 
structures

- Joints and details of PC
조립식구조인프리캐
스트콘크리트구조는
적절한상세를사용하
지않을경우붕괴를초
래할수있다. 
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Loma Prieta

Earthquake
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Damage of

Nonstructural

elements

- Loss of human
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Soft story failure



55



56



57

Damage in 

Reinforced

Concrete 

members
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Failure of Columns

: lateral 
reinforcement
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Soil liquefaction
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Nonstructural 
elements
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Soft story
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Soft story
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Strong column-

Weak beam

-주요부재이면서, 취성
거동을나타내는기둥
보다는보에소성힌지
가발생되도록유도
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Fracture of steel in 
welded 
connection

-재료적으로연성인강
구조의취약한부분은
접합부. 특히용접접합
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1994 Northridge Earthquake (미국)

Failure of bridge columns caused by the lack of lateral reinforcement
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Kobe earthquake
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Irregular structure
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Soft story
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New earthquake

Design code

- Requirement of 
ductility details

-연성상세를요구한
1975년이후신축된구
조물은큰손상을받지
않았다. 
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Old earthquake 
codes :

Strength 
requirement
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Fracture of steel tube column with thick plates

1995 Kobe Earthquake (일본)



Date May 12, 2008

Magnitude 8.0 M

Depth 6 km (4 mi)

Epicenter 31.021°N 103.367°E

Areas affected China

Total damage
Building and infrastructure damage, 

landslide, formation of landslide dams
almost 80% of buildings destroyed

Max. intensity XI

Casualties
69,195 dead

(21st deadliest earthquake of all time)
18,392 missing

2008 Sichuan earthquake

Big EQ. in China since 1976  Tangsan EQ.
Intraplate EQ.





School collapse

• Earthquakes in daytime

• Collapse of schools and hospitals.



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
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4. Earthquake in Korean Peninsular
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Historical earthquakes in Korea (AD 2 ~ 1904)

삼국사기등
역사서에 나타난 피해

100 people death
Aftershock EQ for several days
Liquefaction이 발생

-- evidences of
Potential strong earthquakes
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Inland earthquakes greater than M=4.5 in Korea

• 쌍계사 지진 (1936) M=5.1

• 평양 지진 (1952) M=6.2

• 속리산 지진 (1978) M=5.2

• 홍성 지진 (1978) M=5.0

• 삭주 지진 (1980) M=5.0

• 포항 지진 (1981) M=5.0

• 사리원 지진 (1982) M=5.1

• 울진 지진 (1982) M=5.0

• 울산 지진 (1994) M=4.6

• 울산 지진 (1994) M=4.5

• 홍도 지진 (1994) M=4.9

• 영월 지진 (1996) M=4.5

• 백령도지진 (2003) M=5.0

• 울진지진 (2004) M=5.2

• 경주지진 (2016) M = 5.8

• 포항지진 (2017) M = 5.4
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PyeoungYang Earthquake in 1952/3/19

• largest EQ since 1905 

• It occurred during Korean War

• 한반도 지진위험도 평가에 중요한 의미를
가지므로, 관측기록에 기반한 지진원 특성의
정량화가 필수적임

• measurements

Rustanovich et al.(1963): M=6.3

中国国家地震局科技情報中心(1987): Ms=6.5

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

Heunghae Elementary School



Piloti column : soft story mechanism



School damage

기둥, 내력벽손상 / 피복탈락및균열

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

경북 포항 00초등학교



비구조재손상및탈락 / 땅꺼짐현상

School damage



Non-structural damage



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

• Intensity (역사지진)

– 진도 5이상 59회

– 진도 6이상 23회

– 지진피해보고 8회

• Magnitude(계기지진)

– 규모 2.0 이상 24회

– 규모 4.0 이상 2회
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릭터 규모(영어: Richter magnitude, 리히터 규모, 리히터지진계)는 지진의 강도를 나타내는

용어로서, ML 단위로 표기한다. 1935년, 미국의 지질학자 찰스 릭터(Charles Richter)가 지

진파를 측정해 지진의 에너지를 추정하는 방법을 개발했다.

릭터 규모는 지진계에서 관측되는 가장 큰 진폭으로부터 계산된 로그값를 바탕으로 만들어진

단위이다. 예를 들어, 릭터 규모 5.0의 지진이 갖는 진폭은 릭터 규모 4.0의 지진보다 진폭이

10배 크다.(위키피디아 참조)

지진 발생 시 방출되는 에너지는 그것의 파괴력과도 밀접한 관계가 있다. 흔히 TNT(핵폭탄의

폭발 에너지의 단위)로 화약의 폭발 에너지량을 환산한 수를 리히터 규모와 비교한다면 리히

터 규모는 1.0부터 10.0까지 표시가 된다. 이에 따라 리히터규모 1.0- TNT 32kg/ 2.0-1t/3.0 

- TNT 32t/4.0 - TNT 1kt (천톤)/5.0 - TNT 32kt(3만2천톤)/6.0 - TNT 1Mt (1억톤)/ 7.1 -

TNT 50Mt(50억톤)/8.0 - TNT 1Gt /9.2 - TNT 31.6Gt /10.0 - TNT 1 teraton 등이다.

히로시마에 최초로 사용된 원자폭탄의 경우 약 15kt(1만5천톤) 정도의 폭발력을 지녔다고 하

니 리히터규모로는 4.5 정도에 해당된다. 2004년 12월 동남아 해저에서 발생한 지진은 규모

9.0 로 히로시마 핵 250만개와 맞먹는다고 한다. 

Magnitude

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
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Intensity
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