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— 1. Infroduction
—
. . - (a) Global average temp” FOr 100 years
Natural Disasters increases iy 74C 1 T
c i 3
due to the Climate Change 5ol LB
- . = ?
from IPCC (2007) § *U-J:— —:Ia_su
T
= expect that the tropical storm & 1
such as typhoon and hurricane will e~ T d
t then th ith the ri EE_EJ-H After 1993,
strengthen the power wi e rise 8 ool 3.1mm/yr |
of the sea surface temperature. £ s :
» At the end of 215t century, we = :ir;] Northern Hemis.'phsre SNOW cover :
prospect that the earth’s average _ ":_ 5
E L =
temperature will rise until < of  Affer 1978, g
= [ 2.7%/10yr ]
maximum 6.4 C and sea level will E " =
rise 59 cm . 3 | , L
18450 1971 1950 2000

Year

Fig. 1. Changes in temperature, sea level and northern hemisphere snow cover.
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Insurance Co
& Hazard

Prediction
Model

= HAZUS, HAZUS-MH, PHRLM etc.

» calculate the surface wind velocity considering topography and
various lands of facilities — forecast the location of damage and a
scale by classify of standardizes structure, which is standing on the
basis of the unified GIS data.

» International insurance company such as Munich Re etc.

: use a model forecasting loss of property damage.

» AIR Worldwide Corporation, Risk Management Solutions, ABS
Group Company made the model of forecasting more than 9 kinds of

disaster..

Atmospheric Environment & Information Research Center, INJE University.




» Typhoon track of type 2 and 7, which is affecting the Korean
peninsula , increases (Park et al, 2006)

In Korea » Establish Korea National Emergency Management Agency(2004)
: storm and flood damage mitigation with each county .

— attach weight to recovery

» rainfall : flooding, landslide, inundation, outflow of earth and sand etc.

» A strong wind({damage on structure) : structure failure, external wall
failure, roof and signboard failure, secondary damage of lives due to fly
materials, discomfort due to vibration of apartment, damage of ship etc.

) » Topography of Korea composed of coast and mountain area. : very
Wind careful consideration of wind load is needed.
damage P characteristics of wind, wind load assessment are needed.

* » Wind damage potential by typhoon [> preparation of law and plan of
natural disaster mitigation

Atmospheric Environment & Information Research Center, INJE University.
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WRRTRROSEU-this Study X
In order to estimate wind damage potential by -

I 1) we estimate the puten tial surfa.ce mammum wmd speed

3. Method Estimate wind damage potential by Typhoon

The Maximum Surface Wind speed )) Wind load to housing
et

“
= Franklin(2003) Housing Classification
= Axe(2005) N
= Vickery and Skerlj (2005) = the stories
= Roof type
v = Height

Side ratio
3-second Gust :

Atmospheric Environment & Information Research Center, INJE University.




" 4. Process of peak 3s gus

T and input variables

RDAPS 30km 700hPa wind Prediction
= RMW : 3 ways - et Radius of
. Cen.’rml pressure Ad justment Maximum winds
" Latitude Function g (RMW)
AWS location e Radial distance
information from typhoon
300m level
Wind speed
Landuse (USGS) et Roughness Length
10m level — 10m level
peak 3s gust wind speed

Atmospheric Environment & Information Research Center, INJE University.




E— 42. Case

xxxxxxxx

Case TyphoonRusa : 1I500LST August 31~ 0300LST Septembel

= Area range is 7.4km~30km from radius of maximum wind(RMW)
Area of typhoon

» AWS data

Method | = Wind Field Module of PHRLM
- Franklin(2003) : study on the wind speed profile of typhoon center by

the drop sonde
- Vickery and Skerlj(2005) : Gust Factor Model

Atmospheric Environment & Information Research Center, INJE University.
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Fig. 5. Mean wind speed profiles for
eyewall sondes released.
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Outer vortex

Ourer vortex (not in
Fhuh! level Evewall {conveclion) conveclion)
T nba i RS LR
50 hPa 0.80 0.80 c.75
025 hPa 0.71 0.75 c.75
1000 ft (305 m) 0.80 0.80 C.80

+ The surface maximum wind speed is similar with
80-90 % of 700 hPa wind speed( Franklin, 2003).

* But as the height gets lower, the difference of

+ wind speed between the center of hurricane and

« RMW gets more bigger(Fig. ).

+ S0 We need ad justment functionwhich is to
ad just wind speed according to the distance
between hurricane center and RMW.




4.3-Adjustment Function &

’ Ad justment
) Function(Ad j) )

Adj(Z A=) : according to the distance from typhoon center

Franklin (2003) Axe (2003). Adj(r) —1.05 -_1,;:;”“' (R 1 7 Ak0r)
= In the eye ~ 1.25

= In the eyewall ~ 1.15

= Just Outside the eyewall ~ 1.05
= Quter Vortex ~ 1.00

In this study, we use upper equation.
- Radial distance (r) : 1bm/s # = ¥4
- Radius of Maximum winds, RMW : R, .

RMW

30—74km 7.4km — | —74km 7.4~ 30km 30km —~ 300km

. ] | |
1.25 ‘ 1.00

Adj LIS 1.05

Fig. 6. 300m level increase factors to continuous distance from the RMW.

Atmospheric Environment & Information Research Center, INJE University.




& 3 functionto calculate the Radius of Maximum Wind

v Ap : pressure difference
(1013 hPa - pressure of
typhoon center)

InE_ . = 2.636 — 0.00005086Ap" + 0.0394399¢" <+« (2)| ¢ Laf and W : Latitude of

InF . = 20633 —0.0001900Ap= + 0.0007336 Lat* +¢ + + + (1)

ITEx

1TE

InE__ = 2.556 — 0.000050255Ap> + 0.042213032¢ Ce (3 iiicon center
v £:0.3

Table 1. The process of estimates for RMWV. RMW (km), WS wind speed (m/s)

e T e e [
n—

29.42 46.70 38.55 47 .44

793 2.9 29.42 46.70 38.55 47 .44

g 31 18 748 8.3 28.51 49 .45 40.35 90.34
765 1.7 28.51 49 .45 40.35 90.34

5 Q12 8.2 20.17 22.90 4086 2391

703 9.5 2184 22.90 4086 2391

821 0.3 24.14 56.68 40.50 o7.89

7 ' 03 818 11 21.73 56.68 40.50 o7.89

Atmospheric Environment & Information Research Center, INJE University.
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44-300m Level Wind Spee

peed x Adj = 300m level wind speed

Table 2. The process of estimates for 300m level wind speed. WS wind speed (m/s)

Iﬂ----

723 29.42 4670 3855 4744 110 1.09 1.10 3246 3206 3250

P 793 29 29.42 4670 3855 4744 111 1.10 111 3271 3231 3275

748 83 28.51 4945 4035 5034 111 1.10 111 31.70 3127 3174

I 765 17 28.51 4945 4035 5034 111 1.10 111 3167 3124 3171
- 912 8.2 20.17 9290 4086 5391 111 1.09 111 22.36 2195 2239

703 55 2184 9290 4086 5391 111 1.09 112 24.34 2390 2438

S 821 03 24.14 96.68 4050 5789 111 1.09 111 2684 2619 2689

818 11 21.73 96.68 4050 5789 111 1.08 111 2412 2353 2416

Atmospheric Environment & Information Research Center, INJE University.
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4:5Peak 3-second Gusi({IC
— " "
_\@ Peak 3-second gust _\@ Actual terrain wind speed at 10m
V3 = Va X Giopim.3 o= (U*a,/04) (In (10 /Zo0a))
where, Gy, 3 = Gust factor where, U* a = Actual terrain firction velocity (m/s)

. ) Friction velocity at 10m

- Open terrain » U0 = Vo x04/[Ln (10.0 /0.03)]

- Actual terrain  » Fa= U0/ | (Zoo/Zoa)] 0"

where, Zoa = Roughness length(m) based on upstream terrain

_\01 Surface wind speed for open terrain produced by the wind model

. Ln (10,/Zo0)
Vo = Uiz, 1300 /200 )

where, Zoo = Roughness length(m ) for the open terrain = 0.03

Atmospheric Environment & Information Research Center, INJE University.
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Table 3. The process of estimation for actual terrain friction velocity at 10m level. *WS : wind speed(

723 = 29.42 32.06 20.22 1.39 0.0001 0.93 26.79

. 793 2.9 29.42 32.31 20.38 1.40 0.0001 0.94 27.01

748 8.3 28.51 31.27 19.72 1.358 0.2 1.55 15.19

TR 765 1.7 28.51 31.24 19.70 1.357 0.2 1.55 15.17
Q12 8.2 20.17 2195 13.84 0.953 0.2 1.09 10.66

o 703 5.5 21.84 23.90 15.07 1.038 0.15 1.16 12.21

821 0.3 24.14 26.19 16.52 1137 0.15 1.27 13.38

’ : o 818 11 21.73 23.53 14.84 1022 0.15 1.14 12.02

“’ 10m wind speed considering real topography are similar with 0.6~0.9 of 700hPa wind
speed. This result coincide with Franklin's study(2003).

‘ The surface wind is similar with 0.5~0.6 of 300m wind speed. Because surface wind is
sensitive with roughness length. So we needs high reselution roughness length data.

Atmospheric Environment & Information Research Center, INJE University.
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—4:6. Gust Factor Mode

a Vickery and Skerlj (2005) — PHRLM(2003)
I

h order to use the Hurricane wind field model,

We compared Durst(1960), krayer and Marshall

(1992),and ESDU(1983) ,the proceeding studies about gust
factor and ESDU(1983)'s gust factor model was displaying the

gust factor well in the center of the hurricane .

24 i
2 3 N - Observed

29 | | | —=—DMeanof Obsarved [
2'1 | ____f________ F. | — —Krayer and Marshall (1992) |
20 £ Loy . | = = -ESDU,Zo=0.05m (Upper Line) |

o A + "% | = = =ESDU,Zo =0.03m (Lower Line) |
1.9 +-1M- _-++-L.q..|-|—i| _ S

I
18

17
16
15
14
13
12
11

10

Gusl Factor, Cg

15 20 25 30 35 40
One-hour Mean Wind Speed {m/sec)

[

|

|

-

-

|

B 10
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Gust factor

V3 = Va X Gionim 3 7+ Longitudinal turbulent intensity

Giomins = 1 + T3P; (3) =a,(z)/ U,

where, Gy, 3 = Gust factor

Standard deviation of the wind speed

f : Coriolis parameter

7.5 ({] 09 Ln( %’a] +0. -538)- =2(7.292 X107 sin (Laf))
o, (z) = * : Friction velocity {m/s)
[1 +0.156Ln [ f- Zr_]a )) Zoa: Roughness length based on

upstream terrain
n : Height scaling parameter based on

a height of 10m=1-6 7 (10 / &™)

o,(z) = standard deviation of the wind speed

Max 3s winds

_ 0.557 g, 123
P (3) = [ 2Ln (600, +7_£ t,fmp } 12) C.: the wind fluctuation cycling rates
o, (2,3) a,(z 3): Standard deviation of the
i = S = wind speed (lcycle/3 seconds)

P;(3) = peak factors for the max 3 second winds

Atmospheric Environment & Information Research Center, INJE University.




— 4.7. Result

———— - r! ‘
Table 4. The process of estimation for peak 3-second gust at 10m level. ®WS  wind speed( m/s)
723 - 29.42 3206 2679 093 2.74 2.37 2.51 1.26 33.67
15
793 29 29.42 32.31 2701 094 2.76 3.43 2.50 1.26 33.92
748 8.3 28.51 31.27 15.19 1.55 3.72 3.43 2.51 1.62 24.55
8 31 18
765 1.7 28.51 31.24 15.17 1.55 3.73 3.24 2.50 1.62 24.53
Q12 8.2 20.17 2195 10.66 1.09 2.67 2.32 2.50 1.63 17.36
21
703 9.5 2184 23.90 12.21 1.16 287 2.50 2.50 1.60 19.42
821 0.3 24.14 26.19 13.38 1.27 3.14 2.72 2.50 1.69 21.25
9 1 03

818 11 21.73 2353 1202 1.14 2.83 2.46 2.50 1.59 19.13

« Peak 3s gust at 10m level are 1.5 times more strong than 10m wind speed of real land(Va)
and are less than 300m wind speed

Atmospheric Environment & Information Research Center, INJE University.
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Detached Dwelling
& -

{hous eholds)

» The wind load is different with the story number,
= in this study we selected one story of detached dwelling
» The average area of detached dwelling : 62,81 ~ 95.56 v (199 ~ 299]

—o-1-Common Housing Types!. S & 7

» The most common residence area is under 85 (25.7% )

I=106

H Apartment unitin a
private house

E=SS Detached dwelling

B Apartment

Row house

E== Dewlling unit= inthe
building not intended

221

1=210F

SE BUDG IC GJ DJ UL GK GWCB CH JB JH GB GH J1J

Region

Fig. 1. Type of housing by region(2005).

{households)

600=10°

500=10° -
400107 4

J00=10° 4

200:10° +

100x10° -

o 4
SE BU DG IC GJ DJ UL GK GW CB CH JB JH GB GH )
Region
Fig. 2. Total area of detached dwelling
by region(2005).

Les=than 7
T~9 pyreong
9-14

14-19
19-29
2939

A|3%49

49-69
69-99
99 or more
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—b5:2-Roof Structure Types !-

» The roof types in Korea are variety and complex different with America.
= Jung(2006) classified the roof types of detached dwelling in Korea into 14 ty
main type : a gable roof, hipped roof

» Development of Web-based code for assessment of wind load on structures,
= Nam(2003) classified the roof types of detached dwelling in Korea into 6 types in order to
calculate wind load on structure

p flat roof, curved roof, leaned roof, gable roof, multi gable roof, saw roof

» impossibleto estimate the wind load considering all of the
factors so we considered just the 4 of the following : height of
structure, side ratio, roof type, story number

Atmospheric Environment & Information Research Center, INJE University.
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—— Table 1. Assumed structural type definitions (PHRLM, 2005)

Mo of Stories | Txrerior Wall Foof Materials | Iloof Type
Lype 1stary conciele blocks Sluglelile Gable
Lype2 | lstory conciele blocks SlungleTile Hip
Type 3 | 1story Wood Shingle/Tile Gable
Type Tstary Wood Shinzle/Tile Hip

2 story 1 story: concrete block: 2 story:
Type S wood Shingls/Tile Gable

2 story | story: conercte hlock: 2 story:
Type 6 wood Shingls/Tile Ilip
Lype? ZELug Wood Slungle/T1le Gable
Type & 2 story Woaod Slinizle/Tile Hip
Type 9 Istory concrete blocks Metal Gable
Type 10 Tstary concrete blocks Metal Hip
Type 11 Tstary Woaod Mlelal (Gable
Type 12 | 1story Woaod Metal Hip

2 stary lstory: concrete block: 2 story;
Type 13 wood Mlelal (Gable

2 story lstory: concrets block: 2 story;
Lype 14 wood Melal Hip
Type 15 < story Wood Mctal Gable
Type 16 | = story Wood Metal Ilip

= As you see in this table, in America they just selected
Gable Roof and Hipped Roof among many types (PHRLM, 2005)

= 50 we are going to decide the representative roof type out of many roof types

shown in the previous studylJung, 2006; Nam, 2003)

Atmospheric Environment & Information Research Center, INJE University.




o5t Common Roof Types

Table 2. The roof type distribution by year (Shin, 2002).

The first |Latein the [ The first |Latein the [ The first |Latein the| ,
half 70s 70s half 80 80s half 90 90s verdge

Flat 23.1 39.0 46.3 41.6 20.0 66.7 28.1 22.8
Eveblow 00 00 00 0.2 34.2 21.6 29.0 18.9
Gable 15.4 17.2 33.3 15.8 7.9 3.9 3.2 8.9
Hipped 23.8 43.8 20.3 37.3 2.3 2.0 3.2 15.6
Others 7.7 00 00 00 2.6 2.9 6.5 3.9

aThis table shows the roof types

distribution by years researched by Shin
and as you can see the flat, eyeblow, and

hipped are the most common types but

eyeblow and the flat are almost the same

so we can just devide into two types, flat Flat Roof Hip Roof
»

and hipped.

Atmospheric Environment & Information Research Center, INJE University.
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——63.roof Height ez,
Y

» Tn Korea the roof and ceiling height are very variety and complex but in western
structure's ceiling height is 2.4~3.2m and roof height is 2.6-~-3.0m(Oh, 1998)

= Previous study(Lee, 2006:; Choi, 2000) shows that the living room's ceiling height
is more than 2.1m and the room's ceiling height is 2.3~2.4m

» detached dwelling's ceiling height is usually 2.6m and detached dwelling's ceiling
height which is recently built by Korea national housing corporation is 2.7m.

(Lee SY, 2008; Han, 2007)

= ceiling height : 2.3m
= roof height : 2.6m

Atmospheric Environment & Information Research Center, INJE University.
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—5.4. Side Ratio

side rati

corresponding to the common area of 62.81~95.56

» |t is hard to get the plan type of detached dwelling, so we got it from apartment
which has the same area of the detached dwelling
» And from this plan type of apartment we are going to decide the side ratio.

&

» We choose 4 construction company that of the most executing construction work,
» Daewoo E$C, Daelim, GS E$C, and Samsung C$T
» We got the 110 plan types of apartments witch area is 62,81 ~95.56 v

Atmospheric Environment & Information Research Center, INJE University.




Table 3. the side ratio according to the area of apartment

Total area | Number of Averuge area
(pveﬂ'"ﬂ)

77.03

30

31

32

33

34

35
Total/Mean

17
47
25
17
110

76.84
75.52
84.85
86.61
84.92
84.95
81.53

1.4
1.3
1.5
1.5
1.6
1.6
1.5

The average of side ratio according to the
|detached dwelllings area between 62,81 and
95.56 1 is 1.5 as you see in this table,

(%) 85m 21 FH

» width : 11,300mmt
" l[ength | 7,530mm

Atmospheric Environment & Information Research Center, INJE University.




e Summary

To get the wind load potential by the typhoon we estimated the peak
3s gust on structure and as we surveyed the representative type and
characteristics of detached dwelling in Korea, the results are as
follow as;

1. 700hPawind > 300m level wind speed > 10m level peak 3s gust

2. Estimate the peak 3s gust of typhoon which had an influence in Korea
P The wind load is different for all types of residential building.

3.1 story detached dwelling average area range is between 62.81m and

95.56m P we selected 85m (25.7pyeong) which is the most common area

4. Most common roof types : Flat roof and Hip roof

B. average ceiling height: 2.6m
6. Sideratio : 15

Atmospheric Environment & Information Research Center, INJE University.




