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Abstract

The most efficient measures to reduce damage from natural disasters include activities which prevent disasters in advance,
decrease possibility of disasters and minimize the scale of damage. Therefore, developing of the risk assessment model is
very important to reduce the natural disaster damage. This study estimated a typhoon damage which is the biggest damage
scale among increased natural disasters in Korea along with climate change. The results of 3-second gust at the height of 10
m level from the typhoon ™Maemi' which did considerable damage to Korean in 2003, using the wind data at the height of
700 hPa. September 12th 09 LST~13th 12 LST period by the time a typhoon Maemi approached to the Korean peninsula.
This study estimate damage amount using 'Fragility curve' which is the damage probability curve about a certain wind speed
of the each building component factors based on wind load estimation results by using 3-second gust. But the fragility curve
is not to Korea. Therefore, we use the fragility curves to FPHLM(FDFS, 2005). The result of houses damage amount is about
11 trillion 5 million won. This values are limit the 1-story detached dwelling, 62.51~95.56 m” of total area. Therefore, this
process is possible application to other type houses.
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H AF-E o]-8-310] 2003 B} F Maemi ] A5 A2t
T 29| d59 719 FHEEE AT At =
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m2ka  1996WHE] ulz Federal Emergency
Management Agency(FEMA)O|A = A5 Ta)E &
Aoz Helsp| g 27t 7 Ak AuA
2"l(National Emergency Management Information
System, NEMIS) 2] dH2 HAZUS-MHE /&3l
t}. HAZUS-MHE= GIS 7|5k 241 A3l 9Jad ®7p &
zegoiz, b Ajel 9% B 93 =T A
8 53, o W &4 T2 24, v H7 o 4
So] 222 FIIHOIY 2, 2006). EA) Ashol S
mgo] FEs] X @e gelfelel RS
HAZUS-MH¢} Zro] B45E AJA|S: 7dkstr]of ¢F
A BE A4 E0] GIS Inventorys}7} E]ojof 3}, o]
oF FAlo 574 Al AlS o= g wjsfy AHy
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g 3(2008a)-2 o]t Al &2 Aol Ha
8E AAsE AR Al FolNE T s
B7t 78 2 (3, 2007) S dide s 2yE A
3t1A} 8t o] ¢atof|Al, Florida Department of
Financial Services (FDFS)oj|A] 728} 3 A=A AR5}
o A& A5 Foll U= sEARe] digt A&z
<2l Florida Public Hurricane Loss Model(FPHLM)
(FDFS, 2005)-& ©1:83}o 1] Aol 3H=4] 28519ict:
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o) Zg-sto] AT el F UG A A4He] F&VE o]
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e o) E 28§38 AR 2003 B Maemi
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£ Ao A= 2003'd EfF Maemi7} 3= o] A
=31 9¢ 129 09 LST~13¢ 12 LST 7|7t 5919
700 hPa®] vlgg o]-gste AFF(ALE 10 my&
etk & AolMe 49 10m 1= S5
o]-&3}o] gust factorE AL, gust factorE o}-&
Btof WA 7hse | ie7HE< 3-second gustE 7
B4t 3-second gustE F7gsh=t] Ta3 71 FA=
= AGEE APEsie 29ed ARE, 7Y
Regional Data Assimilation Prediction System
(RDAPS)(714H, 2003) 30 km 7H2 AF2E o5}
gom, H¥& Maemi®] §JA12} 2417192 Regional
Specialized Meterological Center(RSMC) Tokyo-
Typhoon Center 2} Best Track(RSMC, 2003) A2 &
ARSIy A4S S8 ofu g} gust factor A4
o= HQ3l EX|o]8L+ United States Geological
Survey(USGS)(USGS, 2003) A2E o|&s}gon,
Gust FactorS AAl= 748 FPHLM(FDFS, 2005)
o we} Engineering Sciences Data Unit(ESDU,
1983)] kol wte} 2§81k,

B}F MaemiZ} $HIM=E Fashs 717 B¢t Al -
= Sejol wh Fhsst Aojaisjele 29517) 9
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Lol AEste] w7 7|17 tio.g A 8she
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S efste] Ab| 7172 243Hlt. RDAPS 30 km &}

E 0]8-5}04 700 hPa2 X E 10 m L% 347149

3

o f

A T4 Franklin et al.(2003)9) Q1 HhHL2 A4
ek

AT FAgolA eigol gt HdFEatd
(Radius of Maximum Wind, RMW)o| T Q3] 0|
Aol A= RMW AP 4] 5 -ajuteto]] 29 2o
= WrlEE S 2008a) FEMAS] 4] (1)FEMA,
2003)< ol-83toich AR 717t BilE AR 1Ejn
AAFEl RMW = Table 13} ZHch

of

]_

InR,,. = 2.556 — 0.000050255A0% + 0.0422430324)

(1)YFEMA, 2003)
where, Ap = central pressure deficit
W = latitude of typhoon

700 hPa H}2HS 0] 8-510] 300 m TLEO] FE&S =
BsheE] 2AAA)7H asks )t Zo] A
AYRIh wirh Yokt A EEl7) $isto] Adj A4
A)(Axe, 2003)& o} &3lo] Aelo] e Zhzte] Fe
APEIAT

Uspg = Upyy > Adj (2)(Axe, 2003)

Table 1. Information of the typhoon Maemi

300 m L2 F&£2 o]f3ke] 10 m L) &
£ 348}31 3-second gustE A= o= gust
factor7} LRSITE 10 m LEQ] FLE AJS2Ask=
oM dlF el AxH A-Z|IE &sfjof
gk 2] (3)T 7o) 300 m &0 F&E Y X F
A9 10 m 11X FEH(Vo) 2.2 AARSITHPowell at
al,, 1996). AAHE Vo g o]83to] 7k 2ol 4] 9]
npaEw(Uro)E 131, afgR| o] AA7| Zo] 2}
BE AMEste] AR 2P A2 abEE T (U*)E Al
Abslol(2] (4)), o1FA 3R] S-S of8-she] AA
Ao 2] 10 m &= F(Va)yZ APg3ich 2+ A
H A&7 doli= EX] o] &% Ao P == it
e AMgstnh webA 30 km HAE Hito = o
E Ao AR X FofA ER| o] & LT} FEE
£ 797} Stk A E Vars ofFof 47lske gust
factor & o]-g-5}ed A)(5)2} o] A3t

Ln(10/ Zoo)

Vo = Usoo 11773007 Z00)

(3)(Powell, 1996)

U'a = U'o /(o] Zoa)]*07 (4)(ESDU, 1983)

V3 = V;l, x Gl[)m'm.S (5)(ESDU> 1983)

where, V3 = Peak 3-second gust(m/s)

Giomin 3 = Gust factor

300 m ME9] F&& 0183t Varka] AXket A
H= Table 29} Zch AlA] 2| &L 22310 m L%

H Central Pressure AP RMW
Y M D Lat. Long.
(LST) (hPa) (hPa) (km)
9 30.5 126.5 930 83 33.06
n 15 32.7 127.1 935 78 37.77
18 33.9 127.5 945 68 42.76
2003 9 21 34.9 1283 955 S8 47.52
03 37 129.8 970 43 56.04
13 09 39.1 131.8 975 38 62.50
12 40.5 134.6 980 33 67.50

* ATl T F4719e) 7122 1013 hea 2 H .
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Table 2. Estimation of the 10m level wind speed(Va)

CahE - Hax

Region Uspo (m/s) Zoa (m) Vo (m/s) U'o (m/s) U'a (m/s) Va (m/s)
Seoul 58.900 0.8 37.149 2.558 3.225 20.365
Busan 80.656 0.15 50.871 3.503 3.924 41.203
Daegu 89.354 0.15 56.357 3.881 4.348 45.646
Incheon 75.941 0.15 47.898 3.298 3.695 38.794
Gwangiu 78.640 0.15 49.600 3.415 3.826 40.173
Daejeon 73.249 0.15 46.200 3.181 3.564 37.419
Ulsan 89.354 0.15 56.357 3.881 4.348 45.646
Gyeonggi 75.941 0.15 47.898 3.298 3.695 38.794
Gangwon 63.469 0.15 40.031 2.756 3.088 32.423
Chungbuk 60.261 0.15 38.008 2.617 2,932 30.784
Chungnam 73.249 0.15 46.200 3.181 3.564 37.419
Jeonbuk 89.350 0.15 56.355 3.880 4.347 45.644
Jeonnam 78.640 0.15 49.600 3415 3.826 40.173
Gyeongbuk 89.354 0.15 56.357 3.881 4.348 45.646
Gyeongnam 80.656 0.15 50.871 3.503 3.924 41.203
Jeju 70.686 0.15 44.583 3.070 3.440 36.110

o) F&(Va) 787] Zolof meh 300 m B
9] ¢k 0.6~0.8 v]Z }El), Franklin et al.(2003)2]
Aol AT 2R} A% 0.8 SARE WS
Bl

3.2, Gust factorg 0l88t 3—second gust M3

AR A1 ZoA2] 10 m T F&4-& o]83}0] 3-second
gustE AFYE17] YSA= gust factor7} BRFHE),
Vickery and Skerlj(2005)+= 3| 2]#|219] vigh?} » g
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* ~4
e (6XESDU, 1983)
Ln(—)
Zoa

where, u* = Friction velocity(m/s)

n=1-6f (179) (T)(ESDU, 1983)

where, 1, = Height scaling parameter based on a height
of 10 m

JF Coriolis parameter = 2(7.292 x 10° sin(Lat.))

AR n, u*, Zoa} fE o] &3to] F&of et &
FHA Ou2)E AL 4= 3lem, of o Fof of
shod 325 13] F7]o] tigt e 9IS 1sine

Ou(2)E o]&3tod 329 gist MRS k4] 8~
N).
* 10 16
7.5nu (0.09Ln |—— ]+ 0.538]"
o, (z) = ( ( Zoa) )

(1 +0.156 Ln(f .“*ZOG))
(8)(ESDU, 1983)

—0.68
o, (z3)=0,(2) (1—0.193 (% + 0.1))
(9)ESDU, 1983)

Table 3. Estimation of the 3-second gust(V3)

HELERE 357

where, I; = the integral scale time parameter(Z=10 m)
=3.132" =4.96

Cre Al (10)3 o] I, & o]g3ted Akto] 7Hs3t
o, tolA] AAkSE Ou(z), Ou(z,3)8} G o834 2
o} 3% uighol] tht peak factorS AXIRICH(A] (11)).

0.654
(0.0007 +0.213 (3*) )

1,

cr(3) =

(10)(ESDU, 1983)

where, C; = the wind fluctuation cycling rates

0.557 o,(23)
V2in(600Gr) | o, (=)
(11)ESDU, 1983)
where, P{(3) = the peak factors for the max 3 second winds

P3) = v2ILn (600 Gr) +

A (13)31} Zro] gust factorS 7-317] H3A4)+= peak
factor®} A EHFAE Tyo] BRJIEZ A (12)2 2
o] Ou2)¢} UnE o83t T Altsict. Akt At
£ 2] (13)2 o83k 3x0 it gust factorE A4t
3 % glom), oAl AATE 4] ()2} 2o Vash gust
factorZ Z3}od 3-second gustSE AP E 4= 9tk gust

Region Va (m/s) 0u(z) 0u(z,3) P«3) T Giomin3 V3 (m/s)
Seoul 20.365 0.126 0.109 2.4994 0.0062 1.015 20.680
Busan 41.203 2433 2.112 2.4994 00059 1.148 47.284
Daegu 45.646 2.682 2.328 2.4994 0.0587 1.147 52.349
Incheon 38.794 2.305 2.001 2.4994 0.0594 1.149 44.555
Gwangiu 40.173 2.374 2.062 2.4994 0.0591 1.148 46.108
Daejeon 37.419 2.223 1.930 2.4994 0.0594 1.148 42975
Ulsan 45.646 2.682 2.328 2.4994 0.0587 1.147 52.349
Gyeonggi 38.794 2.305 2.001 2.4994 0.0594 1.149 44,555
Gangwon 32.423 1.943 1.367 2.4994 0.0590 1.148 47.284
Chungbuk 30.784 1.848 1.605 2.4994 0.0600 1.150 35.404
Chungnam 37.419 2.223 1.930 2.4994 0.0594 1.148 42975
Jeonbuk 45.644 2.681 2.327 2.4994 0.0587 1.147 52.344
Jeonnam 40.173 2.374 2.062 2.4994 0.0591 1.148 46.108
Gyeongbuk 45.646 2.682 2.328 2.4994 0.0587 1.147 52.349
Gyeongnam 41.203 2.433 2.112 2.4994 0.0590 1.148 47.284
Jeju 36.110 2.152 1.868 2.4994 0.0596 1.149 41.487
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factor2} 3-second gust(V3) A4t A1LE Table 30 L}
ehsich

g% (2)
il U;L

where, Tj = longitudinal turbulent intensity

(12)(ESDU, 1983)

Un = wind speed at 10 m elevation

Giomis =1+ T4 Py (3)
(13)(ESDU, 1983)

where, Giomins = the gust factor

3-second gust$l V3= AA] R Fofl412] 10 m F<
(Vay mmste} o LI~15uje] F£e M)
Gust factor A} THA S Ao} A7) Zo]
(Zoa)7h WIS MR ZHgsiad], A= Al - 29
Zoa7} 0.15~0.80] SFE| LR Zoa7} 7187191 0.03
A 7B V3= oF 1.8~2.64} S7H8l ATk
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Fig. 3. Fragility curve generation for 60% overall structural
damage(FDFS, 2005).
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Fig. 4. Family of fragility curves for a particular structural
type(FDFS, 2005).

Table 4. Assumed probabilities of occurrence of sub-damage modes Oi conditional on wind speeds intervals associated with

the wind speed D(FDFS, 2005)

v (m/s) 45 50 55 60 65 70

P(O1]v) 6% 10% 5% 5% 5% 0%
P(O.]) 4% 30% 40% 35% 20% 10%
P(Osl0) 0% 10% 40% 60% 75% 90%
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Fig. 5. Components of a single family home(FDFS, 2005).
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Fig. 6. Front of damage survey form for recording the
building characteristics(FDFS, 2005).
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(FDFS, 2005).
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Table 6. Example of damage vulnerability matrix
3-second gust Roof cover Roof Sheathing
(mph) DS1 DS2 DS3 DS1 DS2 DS3
(<25%) (25%-50%) (>50%) (<25%) (25%-50%) (>50%)

30 0.23523 0 0 0.102 0 0
35 0.27574 0 0 0.14778 0 0
40 0.33153 0 0 0.19617 0 0
45 0.3458 0 0 0.24545 0 0
80 0.45979 0 0 0.43452 0 0
85 0.46966 0.00005 0 0.90602 0 0
95 0.47621 0.00376 0 0.4665 0 0
100 0.46856 0.01376 0.00001 0.94554 0.00024 0
105 0.45261 0.03299 0.00013 0.47451 0.00173 0
115 0.38344 0.10012 0.00589 0.89047 0.02644 0.00001
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Table 7. Repair costs ratios for subassemblies of masonry
homes in Central Florida(FDFS, 2005)

Component Repair Ratios
Roof Sheathing 5%
Roof Cover 7%
Trusses 9%
Exterior Walls 22%
Windows 4%
Shutters 2%
Entrance Door and Sliding Back Door 1%
Garage 1%
Un-modeled Non-Structural 35%
Plumbing 10%
Mechanical 7%
Electrical 7%

Total 110%
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Table 9. Damage cost of ordinary detached dwelling by region

Region Total Damage cost Region Total Damage cost
(Si-Do) households (thousand) (Si-Do) households (thousand)
Seoul 52,849 122,399,605 Gangwon 84,934 806,246,611
Busan 41,676 368,613,176 Chungbuk 80,537 639,604,317
Daegu 28,613 295,620,502 Chungnam 140,860 124,588,627
Incheon 29,551 300,094,689 Jeonbuk 119,632 1,236,000,139
Gwangiu 22,008 200,047,344 Jeonnam 163,954 1,490,022,969
Dagjeon 21,261 188,050,462 Gyeongbuk 180,106 1,860,798,458
Ulsan 14,230 147,019,877 Gyeongnam 127,189 1,124,868,262
Gyeonggi 127,629 1,296,091,001 Jeju 25,592 226,357,529
Total 11,547,788,794
428
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Table 8. Estimation of components damage(95 mph)
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Damage State M Cost
. ean
Components DS1 DS2 DS3 Ratio
(<25%)  (25%-50%)  (>50%) Damage (won)
Roof cover 0.47621 0.00376 0 0.07 0.035598 1,779,900
Roof Sheathing 0.4665 0 0 0.05 0.023325 1,166,250
Wall 0.46121 0 0 0.22 0.101466 5,073,300
Window 0.4027 0 0 0.04 0.018508 925,400
Total 8,944,850
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