






Fault

규모 5.0
지진발생

지진 규모는 5.0으로 단일 값이지만,

진도는 진원거리 증가에 따라 대체로 감소하는 등급 값임
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● (Distributed by Earthquake Research Institute, the University of Tokyo, 2015)

1952 캄차카 지진 M 9.0

1957 앤드리노프 지진 M 9.1

1964 알라스카 지진 M 9.2

1960 칠레 지진 M 9.5

2011 일본 동북지방 태평양 지진 M 9.1

2004 수마트라 지진 M 9.0

2010 칠레 지진 M 8.8



Eurasian Plate

In a collision that began at least 40 million years ago, India has rammed 2,000

km into Eurasia and piled up the Himalayas and the lofty Tibetan Plateau.

Pinned against Siberia, parts of China and central Asia are squeezed aside.

Arrows on edge show motion along `(lavender strips) like the Altyn Tagh; those

lying flat show motion of crustal blocks. As the blocks carom and jostle, one pair

far from the impact zone are knocked apart, opening up a rift (plunging arrow)

that cradles Siberia’s mile-deep Lake Baykal, the world’s deepest lake.
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Site 

class
Description VS30 (m/s)

A Hard rock VS30 > 1500

B Rock 760 < VS30 ≤ 1500

C Very dense soil and soft rock 360 < VS30 ≤ 760

D Stiff soil 180 < VS30 ≤ 360

E Soft soil VS30 < 180

F Soils requiring site response analysis

Site 

class
Description VS30 (ft/s)

A Hard rock > 5,000

B Medium hard rock > 3,000 to 5,000

BC Soft rock > 2,100 to 3,000

C Very dense sand or hard clay > 1,450 to 2,100

CD Dense sand or very stiff clay > 1,000 to 1,450

D Medium dense sand or stiff clay > 700 to 1,000

DE Loose sand or medium stiff clay > 500 to 700

E Very loose sand or soft clay < 500

F Soils requiring site response analysis
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지반종류 지반종류의 호칭
분류기준

기반암 깊이, H (m) VS,Soil (m/s)

S1 암반 지반 1 미만 (3 미만) (기반암: VS ≥ 760 m/s 지층)

S2 얕고 단단한 지반
1~20 이하

260 이상

S3 얕고 연약한 지반 260 미만

S4 깊고 단단한 지반
20 초과

180 이상

S5 깊고 연약한 지반 180 미만

S6 부지고유의 특성평가 및 지반응답해석이 필요한 지반
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지반종류
유효지반가속도(S)

S ≤ 0.1 S = 0.2 S = 0.3

S2 1.4 1.4 1.3

S3 1.7 1.5 1.3

S4 1.6 1.4 1.2

S5 1.8 1.3 1.3

지반종류
유효지반가속도(S)

S ≤ 0.1 S = 0.2 S = 0.3

S2 1.5 1.4 1.3

S3 1.7 1.6 1.5

S4 2.2 2.0 1.8

S5 3.0 2.7 2.4
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Mechanical equipment for lifting 
the 63.5 kg hammer 76 cm high

Anvil

Guide bars

Drill rod

Weight of 63.5 kg

Sprit-spoon sampler

Slime

76 cm height 
drop

15 cm

15 cm

15 cm
30 cm

Seating

Blow  counts (N value) 

to drive the last 30 cm

Measure 
blow 
counts 

and 
dynamic 

energy

Obtain 
soil 
sample 

from 
sampler



Dynamic Signal Analyzer

Test 

Depth

Mechanical 

Source 

(Mok

Source)

S (SV or SH) Wave 

and P Wave 

Generated by Source

Crosshole Sources

Air Pressure

Velocity Transducer
(3-Component

Geophone Receiver)

Air Pressure

Triggering

Piezoelectric 

Source

Spring-loaded 

Source

WaveShearofTimeTravel

Receiver  toSource from Distance
=SV



Dynamic Signal Analyzer
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Mechanical 
Hammer
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Ray Path of 
Shear Waves
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Dynamic Signal Analyzer

Test Depth 
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Dynamic Signal Analyzer

Near Test Depth

Air Pressure

Far Test Depth
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Evaluation of Dynamic stability of structure

Dynamic analysis

Evaluation of Liquefaction of ground

SPT-N value
CPTu data
Vs profile

Cyclic Lab tests
1D/2D/3D nonlinear 

effective stress analysis

Simple method Detailed method

RC/TS test

CTX test

Borehole seismic tests,

Surface wave methods, etc.
Recorded earthquake

Artificial earthquake

In-situ tests

Determination of Ground Motion for Design

1D ground response analysisSeismic design guide

Determination of design peak ground acceleration

Equivalent-linear

2D/3D linear/nonlinear analysis

input earthquake

Site investigation and determination of input parameters

Non-linearDistrict guide seismic hazard maps

Determination of design section

Determination of seismic performance level

lab. tests



A

B
C

D

Fault rupture

Soil 
layers

Bedrock

VS

0.00

0.20

0.40

0.60

0.80

0.01 0.1 1 10

S
p

e
c
tr

a
l 

A
c
c
e
le

ra
ti

o
n

 (
g

)

Period (sec)

Equivalent Linear Analysis

Non Linear Analysis

0.00

0.20

0.40

0.60

0.80

0.01 0.1 1 10

S
p

e
c

tr
a
l 

A
c

c
e

le
ra

ti
o

n
 (

g
)

Period (sec)

Design Spectrum of D Site

Design Spectrum of C Site

Design Spectrum of B site



0 10 20 30 40 50

0

10

20

30

40

50

60

0

10

20

30

40

50

60

0 300 600 900 1200 1500

Frequency of Occurrence

D
e

p
th

 (
m

)

Shear Wave Velocity, Vs (m/s)

Data of WR

Num. Data per
Meter in Depth

0 0.001 0.002 0.003 0.004 0.005

0

10

20

30

40

50

60

0

10

20

30

40

50

60

0 10 20 30 40 50

Probability Density

D
e

p
th

 (
m

)

Frequency of Occurrence

Freq. Occurr.

Lognorm. Distrib.

Norm. Distrib.

2 StDev

1 StDev

Name of Layer
Repres-

entative VS 

Average
of VS

Stand. Dev. 
of VS

Fill 190 m/s (186 m/s) (99 m/s)

Alluvial Soil 280 m/s (283 m/s) (149 m/s)

Weathered Soil 350 m/s (353 m/s) (151 m/s)

Weathered Rock 650 m/s (651 m/s) (202 m/s)

(Bed Rock) (1300 m/s) (1289 m/s) (543 m/s)

0 500 1000 1500 2000 2500 3000 3500

0.000

0.001

0.002

0.003

0.004

0.005

0.000

0.001

0.002

0.003

0.004

0.005

0 500 1000 1500 2000 2500 3000 3500

P
ro

b
a

b
il

it
y
 D

e
n

s
it

y

Shear Wave Velocity, Vs (m/s)

Soft rock (or harder rocks)

Weathered rock
750

750



0

100

D
e

p
th

 (
m

) 0

10

20

T
im

e
 (

s
e

c
)

30

25

35
N

S

W

E

Cross Sections for

2D Seismic Response Analysis

Bed Rock
Weathered Rock

Weathered Soil
Alluvial Soil
Fill

Quadrilateral infinite 

elements for side-bedrock 

infinite boundaries

Triangle and quadrilateral 

elements for alluvial soil
( VS = 330 m/s, n = 0.3,

r = 1,835 kg/m3 )

Triangle and quadrilateral 

elements for weathered layer
( VS = 550 m/s, n = 0.3,

r = 1,989 kg/m3)

Triangle and quadrilateral 

elements for bedrock

( VS = 1,000 m/s, n = 0.2,

r = 2,244 kg/m3 )

Quadrilateral infinite 

elements for bedrock 

infinite boundaries

Input earthquake motion 

(vertically incident SH-wave) 

impinged on the boundary 

interface between bedrock and 

infinite bedrock

Quadrilateral infinite 

elements for bedrock 

infinite boundaries

N-S cross section for 2D seismic response analysis

Absorbing 
boundary

N S

W-E cross section for 2D seismic response analysis

W E

0

2

4

6

8

10

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Distance from West (km)

P
e

a
k

 F
re

q
u

e
n

c
y

 (
H

z
)

On Surface (AS16 motion)

On Surface (AS25 motion)



Infinite elements for 

bedrock boundaries

Hexahedral elements
for soil

(Vs = 330  m/s,n = 0.3)Infinite elements for 

soil boundaries

Infinite elements for 

side-bedrock boundaries

Ground volume for

3-dimensional analysis

Hexahedral elements
for bedrock

(Vs = 1,000  m/s,n = 0.2)

X
Y

Acceleration (g)

+ 0.47

+ 0.28

+ 0.10

- 0.09

- 0.28

- 0.47

- 0.65

Acceleration (g)Acceleration (g)

+ 0.70+ 0.70

+ 0.47+ 0.47

+ 0.23+ 0.23

0.000.00

-- 0.230.23

-- 0.470.47

-- 0.700.70

Acceleration (g)Acceleration (g)

+ 0.70+ 0.70

+ 0.47+ 0.47

+ 0.23+ 0.23

0.000.00

-- 0.230.23

-- 0.470.47

-- 0.700.70

Bedrock infinite 

boundaries

Soil infinite 

boundaries

Side-bedrock infinite 

boundaries

Input earthquake motion

(vertically incident SH-waves
of two-way components)

Ground Volume for analysis

SoilSoilBedrockBedrock



Fill

Alluvial Soil

Weathered Soil

Weathered Rock

Bed Rock

Geo-
Layer

VS 

(m/s)

FL 190

AS 280

WS 350

WR 650

BR (>1,000)

𝑇𝐺 = 4෍

𝑖=1

𝑛
𝐷𝑖
𝑉𝑆𝑖

𝑉𝑆30 = ൘30 ෍

𝑖=1

𝑛
𝑑𝑖
𝑉𝑆𝑖

𝐻 =෍

𝑖=1

𝑛

𝐷𝑖 𝑉𝑆,𝑆𝑜𝑖𝑙 = ൙෍

𝑖=1

𝑛

𝐷𝑖 ෍

𝑖=1

𝑛
𝐷𝑖
𝑉𝑆𝑖

A

B

C

D
E



▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪



▪

▪

▪

▪

▪

▪

▪

▪

▪



▪

▪

▪

▪

▪

▪

▪




