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Recent Earthquakes in Korea



2007.1.20 오대산지진

 진앙: 37.6889˚N, 128.5841˚E

 깊이: 10 ~ 15km (추정: 13.1 km)

 규모: ML=4.8 (mb=4.3)

 진도
 진도 V : 강릉, 평창
 진도 IV : 속초, 춘천, 원주, 영월, 태백, 삼척
 진도 III : 철원, 경기 동부지역, 충북 북부, 경북

북부지역
 진도 II : 서울, 경기 서부, 충남, 충남 남부, 전북, 

전남, 경북 남부지역(포항, 추풍령), 경남
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2007.1.20 오대산지진
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2016.9.12 경주지진

이철호, 최근 포항/경주 지진의 지진공학 및 구조공학적 비교분석 및 시사점, 한국강구조학회, 2018.2.21
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2016.9.12 경주지진
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박광순, 경주지진 이후, 우리는 무엇을 준비할 것인가? 한국방재학회, 2017.2.17



2017.11.15 포항지진
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정성훈, 포항 지진의 개요, 한국지진공학회, 2018.1.26



2017.11.15 포항지진
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이철호, 최근 포항/경주 지진의 지진공학 및 구조공학적 비교분석 및 시사점, 한국강구조학회, 2018.2.21



2017.11.15 포항지진
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정성훈, 포항 지진의 개요, 한국지진공학회, 2018.1.26



2017.11.15 포항지진
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정성훈, 포항 지진의 개요, 한국지진공학회, 2018.1.26



2017.11.15 포항지진
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정성훈, 포항 지진의 개요, 한국지진공학회, 2018.1.26



경주지진 vs 포항지진 출처: 2018 이철호
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Seismicity of Korea
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Number of Earthquake Occurrences

내진보강사업 적정성 검토 및 지원 연구 최종보고회 발표자료, 2019.5.10, 한국시설안전공단/한국지진공학회



한반도의 지진 - 국내 활성단층과 최대지진 규모
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 지진규모와단층길이

규모 7.3 구마모토 지진: 약 50km 활성단층 운동(파쇄)

 한반도의 활성단층

 현재 확인된 활성단층은10여 개

 최대길이는 약 1.5km  (대부분 1km 이하)

 최대 잠재지진 추정의 불확실성

 개발로 인한 지표의 단층흔적 소멸

 접근 제한으로 연장선 확인 불가능

 향후 수 km 이상의 단층 발견 가능성 고려

최대규모 7.0에 상응하는 지진하중 도출

이철호, 2017 한국지질자원연구원, 2012

규모 단층 길이 규모와 에너지

5 1 km

6 수 km 규모 1증가  에너지 32배

7 수십 km 규모 2증가  에너지 1000배

8 ≃ 100 km

9 수백 km 규모 4증가  에너지 백만 배
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한반도 주변의응력 분포

지헌철, 한반도의 지진학적 환경과 경주 지진의 의미, 2016.12.9
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동일본 대지진으로 인한 한반도의 지각 이동

지헌철, 한반도의 지진학적 환경과 경주 지진의 의미, 2016.12.9



Basis of Seismic Design Codes in Korea



Historical vs. Instrumental Earthquakes

Epicentral Distribution of the 

Historical Earthquakes

2 A.D.-1904

Epicentral Distribution of the 

Instrumental Earthquakes

1978 - 2008

• Historic documents

• The Annals of the Choson
Dynasty (1392 AD – 1910 
AD)

- 389 events greater than or 
equal to V on MMI scale

- Over 45 events greater than 
or equal to VII on MMI

- Maximum intensity IX on 
MMI

• Large uncertainty in the 
seismic hazard assessment

• 1st seismic hazard maps for 
the development of seismic 
codes in 1997
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Seismic Hazard Maps
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Design Earthquake Level
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Seismic Building Design Codes
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1988



Structural Steel for Seismic Design



Properties of High Performance Steel

26Technical Innovation for Structural Engineering TI Structural  Engineers



Test Specimens and Set Up

Specimens for the experiments

Name
Connection 

Type
Steel Section Size

JR1

WUF-B

SM490

Beam: 

H-612x202x13x23

Column: 

H-414x405x18x28

JR2 SHN490

JR3

WUF-W

SM490

JR4 SHN490

 The depth of the beam is typical for low-to-midrise steel buildings in Korea,

 The column section was determined considering the strong column-weak beam theory

 Loading (Disp. Control) protocol was based on AISC Seismic Provision, 2005. 
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Test Specimen Design

JR2 (WUF-B, SHN490) JR4 (WUF-W, SHN490)

Weld access holes were fabricated according to FEMA350 

Horizontal stiffener is added to prevent the local flange buckling of the column 

The panel zone is stiffened by doubler plate to reduce the shear deformation.
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Connection Test Result

JR1(SM490)

Beam BF Fracture

3% rad. 1st cyc. 

Bolt Slip

Upon Test Completion

JR2(SHN490)

Beam TF Fracture

4% rad. 1st cyc.

Bolt Fracture 

Upon Test Completion
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Summary of Test Results

Speci

men
Type Steel Failure Mode

(% rad.)

Energy
(kN-mm)

JR1

WUF-B

SM490
Beam BF Fracture 

near Weld Access 

Hole
1.05 2.0 121,000

JR2 SHN490
Beam TF HAZ 

Fracture
1.23 3.0 443,000

JR3

WUF-W

SM490
Beam TF HAZ 

Fracture
1.22 3.0 475,000

JR4 SHN490
Beam TF HAZ 

Fracture
1.17 4.0 681,000

pq

pM

M max
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Design Implication from Test Results

Specimen Type Steel
Interstory

Drift

Suggested Frame 

System

JR1
WUF-B

SM490 2% Intermediate

JR2 SHN490 3% Intermediate

JR3
WUF-W

SM490 3% Intermediate

JR4 SHN490 4% Special

Interstory drift demand according to AISC, 

 Ordinary Moment Frame (OMF): 1% 

 Intermediate Moment Frame (IMF): 2% 

 Special Moment Frame (SMF): 4%

Comparison of Energy Dissipation
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MAK Tower Project

∙ Ulaanbaatar, Mongolia.

∙ Office, Retail

∙ 190m (1 story below and 43 story above the ground )

∙ Steel Special Moment Frame + RC Core wall

∙ Architectural Design : Seohan Architecture

∙ Structural Design : Chang Minwoo Structural Consultants 

∙ Gen. Contractor: Lotte E&C
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Design Issues on Beam-Column Connections

• Large Steel Beam-Column Connections

(BH-900x500x40x40, H-900x300x16x28)

• Weak-axis/Skew Connections

• Weld Access Hole Geometry

• Flange Field Weld vs. Shop Weld with Bracket

Outriggers

Inclined 

Columns
Podium

Tower
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Seismic Force Resisting System

Type D B tw tf Steel

H 496 199 9 14 SHN490

H 500 200 10 16 SHN490

H 482 300 11 15 SHN490

H 488 300 11 18 SHN490

H 612 202 13 23 SHN490

H 582 300 12 17 SHN490

H 588 300 12 20 SHN490

H 594 302 14 23 SHN490

H 692 300 13 20 SHN490

H 800 300 14 26 SHN490

H 900 300 16 28 SHN490

BH 600 300 15 30 SN490

BH 600 300 20 40 SN490

BH 800 300 30 40 SN490

BH 900 300 20 35 SN490

BH 900 350 30 40 SN490

BH 900 500 40 40 SN490

• Dual system with special moment frames selected per IBC 2006.
• Korean Building Code (KBC 2009) used for steel frame design
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Nonlinear Response History Analysis

H2

H1

B1

5F

10F

15F

20F

25F

30F

35F

40F

45F

0 0.01 0.02 0.03 0.04 0.05

Story Drift Ratio

H1-Dir. Story Drift Ratio
H1 : Chi-Chi
H1 : Nenana
H1 : Denali
H1 : Loma Prieta
H1 : Hecotr
H1 : Chi-Chi 03
H1 : San Fernando
H1 : Avg.
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Story Drift Ratio

H2-Dir. Story Drift Ratio
H2 : Chi-Chi
H2 : Nenana
H2 : Denali
H2 : Loma Prieta
H2 : Hecotr
H2 : Chi-Chi 03
H2 : San Fernando
H2 : Avg.

T
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I 
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outrigger outrigger

podium podium
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Nonlinear Response History Analysis

Plastic Zone

outrigger
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Structural Design of Tallest Building in Korea



Height

555 m (1,821 ft)

Floor Count

123 above ground

6 below ground

Floor Area

304,081 m2

Client

Lotte Corporation

Architect

BAUM(AOR)

KPF(SD, DD)

Structural Engineer

Chang Minwoo(EOR)

LERA(SD, DD)

Thornton Tomasetti

(Peer Review)

General Contractor

Lotte E&C

LOTTE WORLD TOWER



Tall Buildings in Seoul

Courtesy of SkyscraperPage.com

Seoul 

International 

Finance 

Center
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Lateral Resistance 

System

Core Wall + Outrigger / Belt 

Truss + Mega Column

Core Wall RC Wall (t=2000~500mm)

Outrigger Steel (L39~44, L72~76)

Belt Truss Steel (L72~76, L104~107)

Mega Column RC Mega Column (3.5 x 3.5m2)

Slab

Office & 

Officetel

Steel Beam +

Deck Slab

Hotel Flat Slab

Foundation Mat Foundation (t=6500mm)

Material

Concrete: fck = 30 ~ 80MPa

Rebar: fy = 400~600MPa

Steel: fy = 235~650MPa

BELT TRUSS

Structural System

P
re

m
iu

m
 

O
ff

ic
e
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Lateral Load

HFFB Model                      Aeroelastic Model

 Wind Load

Code: KBC 2009

Exposure: B

Basic Wind Speed:

V=26 m/s(for drift check)

V=30 m/s(for strength design)

 Seismic Load

Code: KBC 2009

Site Coefficient: S=0.176 (Seoul)

Response Modification Factor: 4.0

Importance Factor: IE=1.5

Seismic Design Category: C 
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Response acceleration for wind load

Lateral Load
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 Size : 72m X 72m X 6.5m

 Allowable Bearing : 3,000 ㎪

 Reaction : 2,590㎪ <  3,000 ㎪ (O.K)

 fck = 50 ㎫ (Low heat- High flexible 

Concrete)

 Φ1,000 PRD Foundation Reinforcing : 

To minimize settlement under core walls 

and mega columns

Foundation
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 B06 ~ B01

 RC Beam + RC Slab

 Max. Effective Span = 17m

RC Slab

(THK. = 150)

Mega Column

(3500X3500)
RC Beam

(1000X900)

Perimeter Girder

(1000X1000)

Core Wall

(THK. = 2000)

Shuttle Elev. Wall

(THK. = 1600)

Sub Column

(1000X1000)

Underground Level
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 L013 ~ L038

 Steel Beam + Deck Slab

 Story Height = 4500mm

 Max. Effective Span = 17m

Deck Slab

(THK. = 130)

Mega Column

(3200X3200~2800X2800)

Steel Beam

(BH-480X350X20X40)

Spandrel Girder

(BH-1200X550X25X50)

Core Wall

(THK. = 1200~1800)

Office Level
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Office Level
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 L044 ~ L071

 Steel Beam + Deck Slab

 Story Height = 3900mm

 Max. Effective Span = 15m

Deck Slab

(THK. = 150)

Mega Column

(2800X2800~2000X2000)

Steel Beam

(BH-480X300X15X30)

Spandrel Girder

(BH-650X600X20X80)

Core Wall

(THK. = 600~800)

Officetel Level
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 L074 ~ L101

 Flat Slab

 Story Height = 3600mm

 Max. Effective Span = 12m

[A-A’ Section]

Perimeter Column

(Box - 400X20X50)

Flat Slab

(THK. = 225,280)

A A’

Perimeter Beam

Steel Column Drop Panel

(THK = 500)

Hotel Level
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Lateral Resisting System

Core Wall

Mega

Column

Outrigger

Web Member

Outrigger

Lower Chord Outrigger Connection Post

P1

P2

Location
Size

Web Lower Chord
Material

39F~44F

72F~76F
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Mega Column
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Outrigger Truss
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Belt Truss
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72 ~ 76F

: Outrigger 

+ Belt truss

104 ~ 107F

: Belt truss

Belt Truss
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2nd Belt Truss
(104 F ~ 106 F)

107F
~TOP

[Lantern: Bracing Elevation]

Lantern
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Lantern
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Lantern
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Structural Health Monitoring System
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Structural Health Monitoring System
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In/Out side Temp.

Date & Time

Dynamic Safety Ratio

Static Safety Ratio

Power Reservoir Ratio

Wind & 

Bldg Vibration 

Direction

Magnification : 10,000 

Bldg Vibration 

Animation

Site Connection 

Status

Wind Speed

Residential Comfort Index

ComfortableUncomfortable

Dynamic 

levels

Structural Health Monitoring System
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Our Technologies Realize Your Dream


