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Earthquake Direct Economic Loss Estimation of Building Structures
in Gangnam-Gu District in Seoul Using HAZUS Framework
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/] ABSTRACT /

For earthquake loss estimation of building structures in Gangnam-Gu district in Seoul, three scenario earthquakes were selected by
comparison of the response spectra of these scenario earthquakes with the design spectrum in Korean Building Code (KBC 2009), and
then direct losses of the building structures in the Gangnam-Gu district under each scenario earthquake are estimated. The following
conclusions are drawn from the results of damage and loss in the second scenario earthquake, which has a magnitude = 6.5 and epicentral
distance =15 km: (1) The ratio of building stocks undergoing the extensive and complete damage level is 40.0% of the total. (2) The amount
of direct economic losses appears approximately 19 trillion won, which is 1.2% of the national GDP of Korea. (3) About 25% of high-rise
(over 10-story) RC building wall structures, were inflicted with the damage exceeding moderate level, when compared to 60% of low-rise
building structures. (4) From the economical view point, the main loss, approximately 50%, was caused by the damage in the high-rise RC
wall building structures.
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Selection of the study region
* Gangnam-gu in Seoul
« Inventory study of building structures
« Site condition, Sy (assumed)

7

Earthquake scenarios

« Estimation of the magnitudes of
earthquake and distances from

General seismic performance
of building structures

« Capacity curves (HAZUS data)

« Fragility curves (HAZUS data)

epicenter corresponding to the
design spectrum of KBC 2009.
« Application of site condition of Sp.
« Construction of demand spectrum.
[ I
v

Damage estimation of the building structures

« Evaluation of seismic performance of the building structures
with capacity curves and demand spectra.

+ Determine the damage indices of the buildings.

« Estimation of the building damages with fragility curves.

i

Economic loss estimation of the building structures

« Estimation of direct economic loss
of the building structures due to damage of buildings.

Fig. 1. HAZUS framework for direct economic loss estimation
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Fig. 2. Comparison scenario earthquake spectrums with design response spectrum of KBC2009[8]

Table 1. Selected earthquake scenarios corresponding design
earthquake in Korea

Magnitude, My Hypocentral dist., R (km)
Scenario 1 (S.1) 6.0 15
Scenario 2 (S.2) 6.5 15
Scenario 3 (S.3) 6.5 20
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Table 2. Building inventory classified by building type

SiL S1M S1H CiL CiM CiH C2L Cc2M C2H C3L Total
Apgujeong 0 0 0 9 0 1 23 2 131 3 169
Cheongdam 12 4 0 293 34 10 427 70 78 370 1298
Sinsa 6 3 1 762 41 591 2 7 310 1725
Nonhyeon 1 0 0 682 152 1813 8 30 1061 3756
Samseong 0 0 3 426 188 932 4 112 235 1903
Daechi 2 0 0 501 103 47 893 5 184 335 2070
Yeoksam 0 0 1 808 303 168 1936 0 103 1007 4326
Dogok 0 1 1 344 12 17 266 0 147 0 788
Gaepo 1 0 0 236 2 2 872 0 521 214 1848
Irwon 0 0 0 143 0 0 448 0 195 237 1023
Suseo 0 0 0 50 0 4 45 0 82 0 181
Jagok 0 0 0 0 0 0 206 0 76 0 282
Segok 0 0 0 3 0 0 224 0 82 0 309
Yulhyeon 2 0 0 5 0 0 175 0 32 0 214
Total 24 8 6 4262 835 263 8851 91 1780 3772 19892
Table 3. Building inventory classified by general occupancy
Residential Commercial Religion Government Education Total
Apgujeong 153 5 1 2 8 169
Cheongdam 749 532 7 2 8 1298
Sinsa 603 1110 8 1 3 1725
Nonhyeon 2745 1001 6 2 2 3756
Samseong 1084 801 5 10 3 1903
Daechi 1404 650 5 3 8 2070
Yeoksam 2903 1391 10 9 13 4326
Dogok 402 372 3 2 9 788
Gaepo 1591 233 4 8 12 1848
Irwon 873 141 4 0 5 1023
Suseo 120 47 2 7 5 181
Jagok 280 0 0 0 2 282
Segok 302 3 1 0 3 309
Yulhyeon 206 5 0 3 0 214
Total 13415 6291 56 49 81 19892
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Fig. 6. Fragility curves for calculation of the probability of reaching
damage states (Apgujeong-Dong. C2H. Mw= 6.5. R=15 km)

Table 4. Relationship of probabilities and ratios of exceeding damage
states (Apgujeong-Dong. C2H. Mw= 6.5. R=15 km)

th”;fge Probability (P) Ratio (R)
None - 1-Ps=Rn 12.8
Slight 87.2 Ps - Pu=Rs 30.4

Moderated 56.8 Pm-Pe=Rwm 40.5

Extensive 16.3 Pe-Pc=Re 13.1

Complete 3.2 Pc=Rc 3.2

Table 5. Probabilities of reaching damage states located in Apgujeong-
Dong

Building S.1 (My8.0, Dist.15 km)
type Slight Moderate | Extensive Complete
C1L 0.190 0.321 0.099 0.021
C1H 0.247 0.289 0.081 0.018
C2L 0.228 0.277 0.119 0.011
C2M 0.295 0.247 0.029 0.008
C2H 0.327 0.183 0.030 0.005
C3L 0.223 0.282 0.173 0.023
S.2 (My8.5, Dist. 15 km)
C1L 0.129 0.379 0.249 0.093
C1H 0.158 0.406 0.267 0.113
C2L 0.179 0.339 0.254 0.060
C2M 0.241 0.422 0.132 0.044
C2H 0.303 0.405 0.131 0.032
C3L 0.147 0.303 0.305 0.130
S.3 (My8.5, Dist.20 km)
C1L 0.175 0.364 0.150 0.039
C1H 0.249 0.352 0.124 0.032
C2L 0.223 0.301 0.148 0.017
C2M 0.295 0.320 0.054 0.016
C2H 0.354 0.266 0.055 0.010
C3L 0.209 0.301 0.212 0.039
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Table 6. Ratios of replacement cost of each building type to located in Apgujeong-Dong

Scenario 1
Building type Occupancies
RES3B RES3C RES3D RES3F COM1 COM2 COM4 REL1 GOV1 GOV2 EDU1
C1L - - - - 0.0547 0.0569 0.0483 0.0490 0.0471 0.0452 -
C1H - - - - - 0.0386 - - - - -
C2L - 0.0464 - - - - - - - - -
c2m - - 0.0204 - - - - - - - -
C2H - - - 0.0138 - - - - - - -
C3L 0.0520 - - - - - - - - - 0.0544
Scenario 2
Building type Occupancies
RES3B RES3C RES3D RES3F COM1 COM2 COM4 REL1 GOV1 GOV2 EDU1
C1L - - - - 0.1354 0.1408 0.1200 0.1213 0.1172 0.1130 -
C1H - - - - - 0.1266 - - - - -
c2L - 0.1095 - - - - - - - - -
c2m - - 0.0597 - - - - - - - -
C2H - - - 0.0471 - - - - - - -
C3L 0.1271 - - - - - - - - - 0.1305
Scenario 3
Building type Occupancies
RES3B RES3C RES3D RES3F COM1 COM2 COM4 REL1 GOV1 GOV2 EDU1
CiL - - - - 0.0792 0.0824 0.0699 0.0708 0.0683 0.0656 -
C1H - - - - 0.0569 - - - - -
Cc2L - 0.0576 - - - - - - - - -
c2m - - 0.0305 - - - - - - - -
C2H - - - 0.0222 - - - - - - -
C3L 0.0676 - - - - - - - - 0.0705
olet F UM Eq. (7). Eq. (§)2 vl72840] 2720l AAleds 10
o125 4= Sl HAZUS O] vl 0. FoRE 02 e up2 E
ZTSHEE A4 9l0m, TLRA AR 7 Ao Al ] z 3
Tl FE s B RS o galo] AR dlSald) vz e g 6
o] Bl AR, Z17, i, WY 5 0] TR A 40| TR0 2 QI3 4 g
& ojujgick i
Table 60}z Y745 SIAIT A 5] 72 Y u|FRas 402 £ > .
QIgE A A o)shE HARE-2] vl&EA Uehfjo] SR Alst & I]Il IJII I]Il ||II _IJIL
oo 0

Som, ghol 10] = sy g1eo] Ha W A zHior ok ojnleitt.
C2L-RES3CHES oAM=, g A& 3] A Aziulgo] 4259
(259, 1771 A=) 02 72 3= QI A4 6.06 o ¢, w28
2 SR QIeE A4 13.7 & o] UERom, Ajzdul8of diek 734
& H120]0.0464(19.7 & /425 & ) = eyt Table 69]|4 RES3
(B~F)%= ¢ 7% B: 3~4, C:5~9, D:10~19, E:20~49, F: 500]4-2] Alt]
7F s 7 SR QuiskH 11 9} Sl 3ol A et wiek At
COM2-8-5e 9] CILZA ] A2 23] Alfe] o wet E Afiu)e-
©]5.69%(S.1), 14.08%(S.2), 8.24%(S.3) & E} 75| vlal| 7} 2A 1}
Efsom], RES3F-852] C2H ZE(0hitE) 2] 74$-1.38%(S.1), 4.71%(S.2),
2.22%(S.3)2 714 A9tk

Fig 112 7=+ 24712 2444 A wel ol 22E Hepdt. Fig.
H@E g3l 215 272E 94 AE(C2H)9] FA14 £40]3.8% ¢
(S.1),9.1 29U(S.2), 4.4 Z291(S.3) 0.2 7} AJufe] @ & 7 e KA 74A
£419147.3%, 47.0%, 44.8%9]| 3g515Ic) Fig. 11(b)= A2 §wof u}
< A3H Al FE HEHTh A T3] S 70.3%(S.1), 68.5%
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Table 7. Direct economic losses (unit: trillion won)

Scenario Structural Non—Structural Total
SA1 3.4 (42.6%) 4.6 (57.4%) 8
S2 7.9 (41.0%) 11 (59.0%) 19
S3 4.1 (42.3%) 5.6 (57.7%) 9.7

(S.2), 68.1%(S.3)7} =74 A% AH 2] 27.8%(S.1), 29.7%(S.2),
30.0%(S.3)7+ 418 1=0) A= Yelth 11 9] 8o HER QIet
ZAAREARZ 2% 50| Sl

Table 7oll= 213341 A8} ¢& A& Aefsisich Alvee
1(S.1, My = 6.0, R=15 km) ]| o3+ 7Pd=o] 254 A wjef=8% ¢
(US$ 6.96 billion) 0.2 25 || 2 o138t AA%] 410 3.4 2 H(USS
2.97 billion), H]TLZETS|Z Qlat HA|Z £410] 4.6 = Y(USS$ 3.99
billion)o] Itk AU 2(S.2, My, = 6.5, R=15 km)o]| 2Jgt gaj= 19
Z (US$ 16.7 billion) 0.2 25 a2 I3t A0 7.9 = ¢
(US$ 6.83 billion), H] 2213|213t £2A10] 11 2 Y(US$ 9.85 billion)
o]tk AU 3(S.3, My = 6.5, R=20 km)ol| ¢Jat 7la=9.7 2 ¢
(US$ 8.39 billion) & TRETFZ gt &4 4.1 = Y(US$ 3.55
billion), B -2 ET]3|& 13t £2410] 5.6 % (US$ 4.84 billion) ©.& 1}
ERyiTh

e
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1) 75 147)] 35l whet Raslgla, e U552 3850 5
Aol 912]8k= AL 2 7Pgste] ZUA S ALt om, 7=t A
o] 2uke-SD & 7F45k%T)

2) YUt A=EQ] F{oF= 2FX(Fragility Curve) 1} &JaF 2HX(Capacity
Curve) & HAZUS &} 131 21 0 & 714513tk

3) 7ol E A% B0 ARG RENEANRE BRI
v, 28 7294 W S0 AR FUT AL 1S AUE Ao
2 7Pgeiet &/ Eol whE B ulg-2 A8 vlg= A A
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HAZUSE= A%t MEAl ZE79 == XIZiofsio] ME XYY Zrzd o=

1) Seiufel alg uolat 741418 ol gato] 7 2 WA Bl e Wi
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20009] 7] ek B =Tt Fe) W 27]7 fARE A2 Afel |
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2] 220fA] FEFA W HE oo T AR &) RS HolAe
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49.19%5 LBtk CIHARS Alofstel, 2 72840 49 4%
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3) AR AUl B ) 2158 Aol ofgh MRl A 44
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