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Summary

This study was attemped to provide some fundamental data for the safety structural design
of biological production facility. Wind speed and snow depth according to recurrence intervals
for design load estimation were calculated by frequency analysis using the weather data of 60
stations in Korea.

The following results were obtained :

1. Type-I extremal distribution was selected for the probability density function of yearly maxi-
mum wind speed and snow depth, and the result of Chi-square goodness of fit showed highly
significance at most regions.

2. Design frequency factors for given number of samples and recurrence intervals were calculated,
and also design wind speed and snow depth as shown in Table 5~Table 6 and Fig.3~Fig4
were derived.

3. About 46.4% of the winds having maximum wind speed at every station was analyzed to
be same direction, and the consideration of this fact may improve the structural safety.

4. Considering wind speed and snow depth, protected cultivation is very difficult in Ullungdo
and the Youngdong districts, and strong structural design is needed in the Chungnam and
Junbuk west seaside against snow depth and the west-south seaside against wind speed in
Korea.

71 9 = AEANNAG, 7=, AA%F, 5, 34, NEEY
Key words - biological production facility, structure, design load, wind speed, snow depth,
frequency analysis

5 % I Jev, FEAQA FUd FRFHA FdAA 7

Aol € B EAYE ET Ut

HZ FUMTLET o] FAT4 QoiA
ol o] dnglen YR He dA, i
3} FAE Holx gld. 53] Eetad 248 F4
o2 § HEANALY HFe] FEERE o]FolA]

_1_

12 FANE X 72H GHA 2AE H2so}
¥ Aoz AZIU, EA) 48 JAAHY 72 2
o] B AAANTOIL B2 A7t FPsiol 31
b A4 Fze Ey HuRel AEsa 3



EHEERRBE(BLE B180)

€ AAolrt.

22X AN EF oA QoA 29
EE3} AHE AAsHY gty F23F GHA Y
oju] @ AjFae EAZ A BFHA Rahm, A
9 EE A FAMNEE 3SE AR dojFe=z
Adg AAsa oY

ANdEde HAPE FrEY) M A9
FAzE A FEH F2F AV AL H
olof o}, 2E7] MM AEALIALY 724
A71Eol ggsiojor & Zol:, o]l & 3o AA
3AF AL A A= B Yot}

BERINEE BAY UM nHMel 4
AdFoge nANE, WREAX T A &F,
A3 F, F3F, 129 R FE3F Fol glenk,
AZo] A9 gl UM e F3F % A4
3Fo] 7t & vF & AARY F3F % F43)
F& AN4de EEWEEH 289 dFAxE2 BH
AW7LE T3, 2 AW/ JdEe Fe
Nz FUPgW

oy FaFH AT Pe BAAY
7V3RR £A40] WAt oln] EAH Sle
AR 4B Yo, oL EFA AN AL
g AL} YT FHARE FH7) B ), v

23 HIo 4B VYBVZLE THAA IR

FPARA 8 F Je A5E AANY dast
ot

metr £ dAFdMe YEAINLY dATFE
AA7IE oldE ¢ VIZXNEE AT A&
EYeog, A9E d{UA ALY F5 % H4AA
AuE A=EAN3 AA7% BE QAZFS &
AAHEHE F3A

ME R HE

1. ARZXR Y 23

P 2471¢AFLAM £33 e HISS®
dlolElulol 28] AF 747) 71 &4 AT, 179
o)de #EARI Ae 607) XL MRS Q
Hux Age T4 % FAHML A8E AHEST
19503 ] 2R & A& A 87 BobA 19541 o] F
AgTE AR A 179404 A 36d71A9
AHg A 717 7HA 3 1o n(Table 3 ¥2), &4
229 ¥A+= Figld 2o

Fig.1. Location of the weather stations.
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Table 1. Relationship between standard du-
rable years and safety factors.

Item Durable year(yr) | Safety factor(%)
Glass house 20 50, 70
5 50
Plastic house 10 50, 70
15 50, 70

Table 2. Relationship between standard du-
rable years and mean recurrence in-
tervais.
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Fig.2. Comparison of Type- 1 distribution and

observed values of wind speed at Tae-
jeon.

Table 3. Results of 2 test and basic statistics for wind speed and snow depth.

. Period H, Maximum wind speed(m/sec) Maximum snow depth(cm)
Station 2 2
(year) (m) Mean Sq X Mean S X
Sokcho 68-89 89 215 3.84 6.19** 363 28.80 9.53**
Taegwallyong 72-89 10.0 17.2 4.00 15.50* 774 44.74 9.17**
Chuncheon 66-89 10.0 14.0 3.09 7.27** 14.8 7.88 0.95**
Kangnung 54-89 9.8 183 498 22.13 36.8 22.67 11594
Seoul 54-89 10.6 149 2.54 30.32 11.0 5.80 16.52
Incheon 54-89 11.0 21.2 7.58 19.79 10.5 6.56 2.24**
(continued)
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Table 3. Results of ¢ ? test and basic statistics for wind speed and snow depth.

Stati Period H. Maximum wind speed(m/sec) Maximum snow depth(cm)
avon (year) (m) Mean S 12 Mean S x?

Ullungdo 54-89 103 26.0 7.00 22.82 109.0 64.82 24.77
Suwon 64-89 10.6 13.0 6.60 35.90 10.3 6.00 1.02**
Seosan 68-89 11.8 149 274 4.56*" 14.8 7.99 3.57**
Uljin 72-89 13.6 21.6 471 14.46* 219 39.26 28.02
Cheongju 72-89 11.0 14.6 314 3.81** 13.7 6.71 1.95**
Taejeon 69-89 104 13.7 220 1.38** 10.5 5.40 3.79**
Chupungnyong | 54-89 16.3 164 223 47.25 13.5 7.62 5.27*°
Pohang 54-89 15.5 20.2 4.83 19.72 4.1 5.61 2.89**
Kunsan 68-89 14.5 238 3.40 6.51"" 173 843 0.88**
Taegu 54-89 23.6 174 402 9.47** 6.6 6.11 22.26
Jeonju 54-89 89 115 295 384t | 171 | 2841 g13*
Ulsan 54-89 10.8 17.5 4.86 12.18™* 22 294 4.79**
Kwangju 54-89 154 151 3.09 6.15** 143 585 3.28**
Pusan 54-89 17.8 23.7 443 39.83 1.8 2.77 0.01**
Chungmu 68-89 11.5 221 5.49 1043 22 299 6.75**
Mokpo 54-89 15.8 23.6 478 13.80* 153 9.82 12.05**
Yeosu 54-89 10.5 226 7.23 16.66 3.0 3.40 2.98**
Jeju 54-89 123 214 3.20 8.57** 7.2 5.51 3.31*
Seogwipo 61-89 | 100 194 437 | 1474 59 6.54 475"
Jinju 69-89 10.0 12.8 2.08 5.13** 43 364 1.30**
Kanghwa 73-89 5.5 134 332 631" 3.8 3.66 2.79**
Yangpyong 73-89 6.0 109 116 308" | 114 | 489 0.55**
Icheon 73-89 6.0 8.0 1.40 1.02** 123 5.44 2.06**
Inje 73-89 6.0 113 1.40 046" 134 6.37 2.29**
Hongcheon 73-89 6.0 7.8 0.89 2.86** 13.5 5.84 1.29**
Samcheok 73-89 6.0 10.3 2.09 6.66"" 209 14.74 3.18**
Jecheon 73-89 6.0 103 1.74 10.66** 134 6.30 047**
Chungju 73-89 6.0 9.6 2,28 11.40** 12.0 7.12 2.52*
Boeun 73-89 6.0 111 4.77 35.00 134 6.70 6.09**
Onyang 73-89 6.0 10.1 1.21 1.40** 13.0 6.49 1.76**
Taecheon 73-89 6.0 143 212 224 12.5 5.84 0.50**
Buyeo 73-89 6.0 109 1.56 2.05™* 11.8 6.23 1.45**
Buan 73-89 6.0 114 1.28 3.73** 260 16.22 7.24**
Imsil 73-89 6.0 8.6 143 3.00** 216 9.72 2.26**
Jungju 73-89 6.0 8.8 1.44 432** 26.0 13.81 5.25*
Namwon 73-89 6.0 99 143 0.94** 15.7 8.26 0.95**
Hampyong 73-89 6.0 130 0.73 494" | 157 7.00 231"
Seungju 73-89 10.0 99 145 2.73** 8.5 322 2.29**
Jangheung 73-89 6.0 119 262 0.89" 74 | 376 221*
Haenam 73-89 6.0 11.2 138 4.40** 83 3.53 2.30**
Koheung 73-89 6.0 114 4.06 10.69** 38 2.80 0.04**
Seongsanpo 73-89 6.0 14.7 335 234" 7.8 6.06 1.03**
Youngju - 73-89 6.0 14.6 2.07 6.62** 11.5 7.68 2.22**
Munkyong 73-89 6.0 118 2.82 2.80** 11.7 8.20 1.35**
Youngduk 73-89 6.0 13.2 291 4.38** 74 7.81 3.55*
Euiseong 73-89 6.0 10.7 1.20 1.48** 8.6 5.57 0.91**
Seonsan 73-89 6.0 147 143 507** 7.6 6.37 0.60™*
Youngcheon 73-89 6.0 12.2 3.75 525** 6.6 490 3.33*
Keochang 73-89 6.0 10.7 1.57 1.53** 104 6.77 0.88**
Habcheon 73-89 6.0 9.8 1.58 2.69** 6.6 6.07 146**
Milyang 73-89 6.0 12.2 1.95 5.28"* 4.0 334 0.41**
Sancheong 73-89 6.0 10.1 2.20 432" 83 6.05 1.70**
Keoje 73-89 6.0 129 2.68 3.85** 23 2.83 3.60**
Nambhae 73-89 16.0 134 332 12.65** 38 3.66 3.07**

* H, ! Height of anemometer above the ground, S,: Standard deviation

_4_



&-FR-E-FFADEERRS BRERE WY R

2. BT A

AEY Type ] SAEZY FEIY=FFA 4B)
€ A3} g5H 2L wIIEE BERSFE @
Add.

F(x) =expl —exp{ —alx—$)}] (5
AN y=ax—pZ2 2 31
F(x) =expl —exp(—y)] (6)

o] g} £§ WeibullF4|?d) oatd ¥F x71 &
AX xE 2H3Y gL

n 1
P(XOx) = = — =1 - P(X<x)
n+1l T

@)
714, T AE7I%olH, ne HAAALE 74
B} AE AR FF, me AAEE AL E A1H
AY & go2 HIYE o £9olv, 4(6)FH
ANl o3

y = -ln ( =In

) (8)
o] H3 tiA] A(8)L A(7d) 23ty

n+l-m (9)

ya = =ln ( ~-In
n+1

o]l 8ot AIF 2 yo(m=1,2, 0} A& BF p, 9
B 08 29 4(10)F (1D o3 73},

_Loa
TR m (10)
6y2 = — = (v~ py)2

v n =1 i ()

a3 #FEA F7H BAE 49 olelg) A

Type'l SAEEY rlld+F o, pE TSz F

ogry,
0=0,/c (12)
B=u—ua (13)

9 42 y=(x—p)ol tlate xo] @A Hx
g

x=p+(y—n) o/ o (14)
7} 8ot g2y NEAS KeE T4
Kp = ——H¥ (15)
Cy

3 Zo] H1, BEY 7] & AP g 7
EAFAE T I Table 49 2o

Table 4. Design frequency factors according to the recurence intervals,

Sample size Recurrence interval (yr)

(n) 8 15 22 30 8 57
17 1.4386 2.0737 24528 2.7571 3.1083 3.3821
18 1.4251 2.0552 24312 2.7331 3.0816 3.3532
19 1.4129 2.0384 24117 27114 3.0573 3.3270
20 1.4018 20231 23940 2.6917 3.0353 3.3031
21 13916 2.0092 2.3777 2.6736 3.0151 3.2813
22 1.3823 1.9964 2.3628 2.6570 2.9966 3.2613
23 13737 1.9845 2.3490 2.6417 29795 3.2428
24 1.3657 1.9736 2.3363 2.6275 2.9637 3.2257
25 1.3583 1.9634 23245 2.6144 2.9490 3.2098
26 13514 1.9539 23135 2.6021 29353 3.1950
27 1.3450 19451 2.3032 2.5906 2.9225 3.1812
28 13390 1.9368 2.2935 2.5799 29105 3.1682
29 1.3333 1.9290 2.2844 2.5698 2.8993 3.1561
30 1.3280 1.9216 2.2759 2.5604 2.8887 3.1446
31 1.3229 1.9147 2.2679 2.5514 2.8787 3.1338
32 13182 1.9082 2.2603 2.5430 2.8693 3.1236
33 13137 1.9020 2.2531 2.5350 2.8603 3.1140
34 1.3094 1.8961 2.2463 2.5274 2.8519 3.1048
35 1.3054 1.8906 2.2398 2.5202 2.8438 3.0961
36 13015 1.8853 2.2336 2.5133 2.8362 3.0878
37 1.2978 1.8802 22278 2.5068 2.8289 3.0799
38 1.2943 1.8754 2.2222 2.5006 2.8219 3.0724
39 1.2910 1.8708 2.2168 2.4946 28153 3.0652
40 1.2878 1.8664 22117 2.4890 2.8089 3.0584
) 1.1199 1.6347 1.9420 2.1887 24734 2.6955
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Table 5. Design wind speeds (in m. sec) according to the recumrence intervals.

. Recurrence interval (yr)
Station
8 15 22 30 43 57
Sokcho 374 40.0 417 429 444 45.5
Taegwallyong 322 34.9 36.6 379 39.5 40.7
Chuncheon 270 29.1 30.3 313 325 334
Kangnung 344 37.6 39.6 41.1 429 442
Seoul 26.7 283 293 30.1 310 316
Incheon 403 452 479 50.2 529 55.0
Ullungdo 454 49.8 524 54.6 570 59.0
Suwon 30.8 35.0 37.7 39.7 421 440
Seosan 26.7 28.5 29.5 304 314 322
Uljin 35.8 389 40.7 42.1 437 451
Cheongju 27.5 29.7 30.9 319 33.1 340
Taejeon 25.5 269 278 28.6 293 30.0
Chupungnyong 25.8 270 27.8 28.5 29.1 297
Pohang 33.1 359 376 38.9 404 41.7
Kunsan 35.6 37.7 389 39.9 41.1 420
Taegu 271 29.2 304 314 325 33.5
Jeonju 244 264 27.5 28.5 29.5 303
Ulsan 327 35.8 37.6 390 40.8 421
Kwangju 259 27.7 28.8 29.5 30.5 313
Pusan 350 37.5 390 40.2 41.5 426
Chungmu 38.6 421 443 459 479 49.5
Mokpo 36.3 39.0 40.7 42.0 434 446
Yeosu 418 46.4 49.1 513 53.9 55.8
Jeju 33.7 35.6 36.8 37.8 38.8 39.7
Seogwipo 34.7 37.6 393 40.7 423 435
Jinju 243 25.7 26.5 27.2 280 28.6
Kanghwa 30.2 33.0 34.5 35.8 37.2 385
Yangpyong 227 236 242 24.6 25.1 25.5
Icheon 19.5 20.6 213 219 224 23.0
Inje 23.6 24.7 254 259 26.6 270
Hongcheon 183 19.1 194 19.9 20.2 20.5
Samcheok 23.6 253 26.2 27.1 28.0 287
Jecheon 23.0 244 253 . 259 26.6 27.2.
Chungju 231 249 26.0 269 279 28.7
Boeun 29.4 333 35.5 374 39.5 410
Onyang 219 22.7 233 23.8 243 247
Taecheon 28.7 303 314 32.2 33.1 33.8
Buyeo 234 24.7 254 26.0 26.7 27.2
Buan 23.5 24.6 25.1 25.7 26.2 26.7
Imsil 20.3 214 22 22.7 233 23.8
Jungju 20.6 217 224 23.0 23.6 240
(continued)
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Table 5. Design wind speeds (in m.”sec) according to the recurrence infervals.

Recurrence interval (yr)

Station

8 15 22 30 43 57
Namwon 220 23.1 237 24.3 24.9 254
Hampyong 24.6 25.1 25.5 25.8 26.0 26.4
Seungju 20.2 212 2198 223 228 233
Jangheung 26.6 28.7 299 309 321 330
Haenam 23.5 24.6 253 25.7 264 26.8
Koheung 28.6 31.8 33.7 353 37.0 385
Seongsanpo 314 34.1 35.6 36.9 383 39.6
Youngju 2950 30.6 316 324 333 34.0
Munkyong 26.8 29.1 304 314 32.7 33.6
Youngduk 28.8 311 324 335 34.8 35.8
Euiseong 22.5 235 24.0 24.5 250 25.5
Seonsan 27.9 29.1 29.8 30.3 310 314
Youngcheon 29.0 320 33.7 352 36.8 38.1
Keochang 23.2 24.5 25.1 258 26.5 270
Habcheon 22.1 234 240 24.7 254 259
Milyang 25.7 274 282 29.0 29.8 30.5
Sancheong 23.6 254 264 27.2 28.1 289
Keoje 27.9 30.1 313 324 33.5 34.5
Namhae 24.8 26.8 28.1 29.1 30.2 311
Table 6. Design snow depths (in cm) according to the recumence infervals.

. Recurrence interval (yr)
Station

8 15 22 30 43 57
Sokcho 76.1 93.8 104.3 112.8 122.6 130.2
Taegwallyong 141.2 169.3 186.2 199.7 2153 2274
Chuncheon 25.6 304 33.2 355 38.2 40.2
Kangnung 66.3 79.5 874 93.8 101.1 106.8
Seoul 18.5 219 24.0 25.6 274 289
Incheon 19.0 229 25.2 27.0 29.1 30.8
Ullungdo 1934 231.2 253.8 2719 292.8 309.2
Suwon 184 220 242 259 279 29.5
Seosan 258 30.8 337 36.0 38.7 40.9
Uljin 77.8 102.6 1173 129.2 142.9 153.5
Cheongju 233 27.5 30.0 320 344 36.2
Taejeon 18.0 213 233 24.9 26.8 282
Chupungnyong 234 279 305 32.7 35.1 370
Pohang 114 14.7 16.6 18.2 200 214
Kunsan 29.0 34.1 37.2 39.7 42.6 44.8
Taegu 14.6 18.1 20.2 220 239 25.5
Jeonju 54.1 70.7 80.6 88.5 97.7 104.8
Ulsan 6.0 7.7 8.8 9.6 10.5 113
Kwangju 219 253 274 29.0 309 324
Pusan 54 7.0 8.0 838 9.7 10.4

(continued)
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Table 6. Design snow depths (in cm) according fo the recurrence intervais.

Recurrence interval (yr)

Station
8 15 22 30 43 57
Chungmu 63 82 9.3 10.1 112 12.0
Mokpo 281 338 37.2 40.0 432 45.6
Yeosu 7.4 9.4 10.6 115 12.6 135
Jeju 144 17.6 19.5 210 228 24.2
Seogwipo 14.6 185 20.8 27 249 26.5
Jinju 9.4 11.6 13.0 140 153 16.2
Kanghwa 9.1 114 12.8 139 15.2 16.2
Yangpyong 184 215 23.4 249 26.6 279
Icheon 20.1 23.6 256 273 29.2 30.7
Inje 226 26.6 29.0 31.0 332 349
Hongcheon 219 256 278 29.6 317 333
Samcheok 42.1 515 571 61.5 66.7 70.8
Jecheon 225 26.5 289 308 33.0 34.7
Chungju 222 26.8 29.5 316 341 36.1
Boeun 23.0 273 298 319 34.2 36.1
Onyang 223 26.5 289 309 332 349
Taecheon 20.9 24.6 26.8 286 30.7 323
Buyeo 2038 247 271 290 312 329
Buan 49.3 59.6 65.8 70.7 . 76.4 80.9
Imsil 356 418 454 484 518 545
Jungju 459 54.6 599 64.1 68.9 727
Namwon 276 328 36.0 385 414 43.6
Hampyong 25.8 30.2 329 35.0 37.5 394
Seungju 13.1 152 16.4 174 18.5 19.4
Jangheung 12.8 152 16.6 17.8 19.1 20.1
Haenam 134 15.6 17.0 18.0 193 202
Koheung 7.8 9.6 10.7 11.5 12.5 133
Seongsanpo 16.5 204 227 24.5 26.6 283
Youngju 22.5 274 303 327 354 375
Munkyong 235 28.7 31.8 34.3 372 394
Youngduk 18.6 236 26.6 289 317 33.8
Euiseong 16.6 202 223 240 259 274
Seonsan 16.8 20.8 232 - 252 . 274 29.1
Youngcheon 13.6 16.8 18.6 20.1 21.8 232
Keochang 20.1 244 27.0 29.1 314 333
Habcheon 153 19.2 215 233 255 271
Milyang 88 10.9 122 13.2 144 153
Sancheong 17.0 20.8 23.1 25.0 - 271 2838
Keoje 6.4 82 9.2 10.1 11.1 119
Nambhae 9.1 114 12.8 13.9 15.2 16.2
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(T=22yr) (T=30yr)

Fig.3 Design wind speeds(in m,”sec) according to recurrence intetvals.(=T)  (continued)
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(T=43yr) (T=57yr)

Fig.3 Design wind speeds(in m, sec) according to recurmence infervals.

(T=8yr) (T=15y»)

Fig.4 Design snow depths(in cm) according to recurrence intervals. ~ (continued)
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(T=43yn) (T=57yr)
Fig4 Design snow depths(in cm) according to recurrence intervals.
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60/ AGol, 18] YL 108 vee FEHAE
Bolglon, B 0/MAY Foll 347] A Fo] 17:d¢]
FZAEE BA3 oA 17do1 3] ARE A
9393, 23487 B 5040 oA zEE

AYA A7 Aot AAAEE 208 o149 &
AEE ol &3 Aol ATFHAW, FWY AR}
Bleratn o 71X YA fol B o] 7} ne g o)
fem2 & FAE g Aoz dddo

4 BEEN

AR FEY FFo| o=AE 4 F$, AYo)
U 843238 AV dE ASE AYsia, o
o] F2E9 o] HX Y= F AHE dAde
Ro| FZAL 2 AT Ao 2 A3 AU F&9
FE%E B4 1ot A= Table 73 23, F
hF & AN FYL YT 464% 2 7] 35~65% 9
HAE BAL, A9 g 90~100% = AU
oo, AU T4 THF A A 9T WYY
Aoz velgt,
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g Aol E 9rle gAY, e 20 1Y
He Z$dd A geide HRFFL a3
FE AE ARG 9Ye] € Aoz AyZ{,

Table 7. The most frequent directions of maximum wind speed.

Station Direction Percentage Station Direction Percentage
Sokcho W 63.6 Hongcheon w 529
Taegwallyong w 100.0 Samcheok w 41.2
Khuncheon W 37.5 Jecheon N4 64.7
Kangnung SwW 472 Chungju w 47.1
Seoul W 50.0 Boeun NW 353
Incheon w 30.6 Onyang w 58.8
Ullungdo S 36.1 . Taecheon S 529
Suwon W 53.8 Buyeo S 235
Seosan S 50.0 Buan S 47.1
Uljin W 389 Imsil S 412
Cheongju S 38.9 Jungju S 412
Taejeon N\ 47.6 Namwon w 353
Chupungnyong w 91.7 Hampyong N 47.1
Pohang N 66.7 Seungju W 353
Kunsan w 773 Jangheung NW 353
Taegu w 52.8 Haenam E 64.7

_Jeonju SE 333 Koheung E 47.1
Ulsan N4 36.1 Seongsanpo E 353
Kwangju S 30.6 Youngju NW 94.1
Pusan S 50.0 Murkyong w 529
Chungmu S 45.5 Youngduk W 294
Mokpo N 556 Euiseong W 529
Yeosu N, NE 27.8 Seonsan W 529
Jeju S 38.9 Youngcheon - NW 588
Seogwipo NE 31.0 Keochang NW 412
Jinju S 429 Habcheon S 353
Kanghwa W 58.8 Milyang S, W 294
Yangpyong W 471 Sancheong W 58.8
Icheon w 58.8 Keoje S 353
Inje S 58.8 Nambhae S 353
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