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Abstract

Since 1990s many skyscrapers have been built in Seoul. However, gusty winds occur among

tall buildings by descending turbulences due to the upper air blocking. This study aims to

investigate the wind characteristics of skyscraper prevailing wind direction. In order to evaluate

the building wind in this area, The wind speed and the wind direction were measured using

propeller type RM-Young wind monitor in this study. The maximum wind speed was recorded
by 15.1 m/sec and the main wind direction is WNW and NW. The ultimate purpose of this
study is to figure out the phenomena of building wind impact and also to provide essential

basic data for establishing proper guidelines in building wind impact assessment for

skyscrapers in Korea.

Key words : Skyscraper, building wind, Beaufort scale, wind speed
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SHL Sl 1508 4
o g A8 o] Fekol that ¢

= 339 21=HE Central Plaza (374 m) &
Hol =25 Z27 9} accelerometers 4 #|3}F
o] Al=stglom (L et al, 2003), 4 =419 A
TS A5k 3 259 SEAE A AsH
o I T5 4 2= 52 U539 HElasson
et al., 2006, Rotach et al., 1995, Nielsen et
al., 2000, Christen, 2003). =UollA= £&2A|
Aot adglo|A 9 opdEeAE FAC R THY A
S714 =% (Automatic Weather Station,
AWS)E A8t} 1d7F #=E st9loy I=H
A7E Beaufort 3 H52= 52t A+ 5ol ot

(Hd4, 2000).

O
[}

233 A= AY SEGFE7 A WEFE F
e sl Az A, AA7} o] FoiAfof sht
MEA] B8 FEFH7HL LA M 3U7E SAE A
BE RO 2 viRiRg 7L ool A| 1L glof 1L
Szl ofet F1 w74 g Riste] e gt
gt B7P7E o] Rl A AL A rh(MeAl, 2006a,
2006b, 2007). w2k & A7 2i5E FH
o) vighe 197 w53ko] o] w3t S4& #Ast
of 21FAE AY A SFIFH vV FE
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Ealhx|o]thFigure 1), A gt oz
A= Ho& uj5AH90 m)T Ho s B

NEFA] FAHol B2 glom diRegE

@ Wind Monitor

N B Geedonie
oY e I f AN/
¥z S 7 ;\{” ] studysite

Gl A W
G N . PP
umm-_*__

Figure 1. Study site
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Table 1. Highest Building in Korea 2. i
Number Buildings Heighttm)|  Use =
EH oL o AFX ZAMY Hlek 2 A&
1 | *Tower palace Three. Tower G | 204 |Residential ou T Ry ?] = o—— _;: N
2L 3l AL A~
2 | Mok-dong Hyperion I. Tower A | 256 |Residential gel RM-Young 3 SHTHAA
3 KLI63 Building 249 | Business CR1000 A= E4A 5 AAJsto] 12nich =713
4 | Mok-dong Hyperion I. Tower B | 239 |Residential &4 gl Z3E8 723 T 90064 1Y 27U HE
5  |*Tower palace One. Tower B| 234 |Residential 20074 119 2647HA] 1W7F T2H A2 E 302
6 Trade Tower 228 | Business tholg A7b01ES AR 2290 HA|
7  |*Tower palace One. Tower A| 209 |Residential 0 P gl -
o = L = o
8 |*Tower palace One. Tower C| 209 |Residential 18 H= 2l 24x2%365 17,520 gloftt.
9 Star Tower 204 |Residential = Z]'EE Beaufort 58 55 (0~122A)e] ¢
10 | Mok-dong HyperionI. Tower C | 201 | Business Aslo] E4& 5EFolA A RS QVPO 2 S A
11 The Sharp Star City, Tower A | 196 |Residential ZpE ges Be BAsd o5 7k Al
12 *Tower palace Two. TowerE | 191 |Residential = &5
P Ag selsigr, 2519

13 *Tower palace Two. Tower F | 191 |Residential

THS HERvE 28
1

14 Techono Mart 21 189 | Business th. Table 2914 2Xo] Beaufort €3 55+
15 SK HUB Sky 1 182 |Residential (8.0~10.7 m/s)5-El= B3R} 5ol vigre] 3
16 SK HUB Sky 2 182  |Residential oA A 5 65 FHEE $AS AR
v ASEMTower [/ 176 | Busnes ) stspu vz 2717} 22594 Eekhtip/fen.
18 Boramae Chereville 174 Resm}ermal wikipedia. org/wiki/Beaufort scale), & 9170
19 LG Gangnam Tower 173 | Business A= HaAh Bale] RS sk S0 55
20 Lotte Hotel Busan 173 | Business -
21 Hyundai 41 Tower 168  |Residential o ol o= uigt EAS B4k,
22 *Academy Sweet 167  |Residential
23 SBS Broadcasting Center 167 | Business Table 2. Beaufort scale and condition
24 “Daelim Acrovill One 163 |Residential Beaufort | Wind Speed Condition
25 *Daelim Acrovill Two 163 |Residential — (/s)
0 0-0.2 Calm. smoke rises vertically.
(source; hitp://www.emporis.com/en/bu/sk/st/tp/co/Zid=100160) 1 1315 | Wind motion visible in smoke.
L 2 1633 Wind felt on exposed skin.
At 212 ZFAGAZE FAH ot o] I Leaves rustle.
AR = A oA AY =2 elgAg A 33} 3 3.4-5.4 | Leaves and smaller twigs in constant motion.
(964 m) 2 v|Z=3le] thola 2 ofrtdn] A9 4 5579 Dust and loose paper raised.

Small branches begin to move.

E, B 1, 27 otE Fo] T £ ¢ 5 8.0-10.7 | Smaller trees sway.

AAE z3Z= FAEIGRZA 20079 7R & Large branches in motion.

A S Z030% 49125 2 5 Apap e 0 | OFI38 ning headn overend e
97le] AEo] HFHol e ReBA 2IUFAE 7 | 139171 Whole trees in motion. .
o 93t $7HEEo] 2} HHlElE ALo| o Eu} Effort needed to walk against the wind.
oV} AmSA AN fuiFol vie] el /8 | 172207 | G R e e

= 5 dutgo] ZaHA Hi= 3toltt, Table 10f4] 9 20.8-24.4 | Light structure damage.
FEAE 2 AR W AR 1S HES e 10 245-284 Treeg uprooted.

e Considerable structural damage.

11 28.5-32.6 | Widespread structural damage.

Considerable and widespread

12| 327408 damage to structures.

(source :http://en.wikipedia.org/wiki/Beaufort_scale)
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S diger @é}ﬁt} ¥ HiEE HH Aﬁ
AE 1313](22.6 %), FA1F 12131(20.9 %), &

= 729)(12.4 %) 56%0 2 %) % 383Q§A1
HA9] 66.1 %7t 5F T BAIZNA FEO] W

Ast g cHFigure 3T Table 3). 555
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Figure 3. Wind rose
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Table 3. Wind frequency by wind direction

ulere] 2/37h fB Al 213 FAR A =
S AFA ol nR  RolAk oS o

me e

REE 759 735 53 331429
%), 5% 2 %%%ow 7k7} 13](14.3 B R

ol 81§]Z E23E 173)(21.0 %) AEAF 153
(18.5 %), BF 123](14.8 %), EEAF 113](13.6
%) 2A E 553|(67.9 BE 7128191 555

4913)% AJ]'—&‘HT 1163)(23.6 %), '—-1‘/\‘]? 1033]
(21.0 %), BEAE 603]12.2 %), EF 443](9.0
%) 202 %EM 3233](65.8 %), AAH 2= A
qﬁi%~%—‘s—01 3833](66.1 B)E AAEl 2E 55
oA MEA~EZA L] FFFAS AT 5= 9
2lthTable 3).

30+ 9 A7 SEE WANEE BY 555
4913, 65w 813, 751 73] ¥ 5793 2A 56+
2 491/17,520 = 2.80 (%), 6532 81/17,520 =
0.46 %, 7552 7/17,520 = 0.04 %=A AHZ
02X 579/17,520 = 3.30 %] WAYHI =S HoF
a1 9len 21 £7HE42 90074 3Y 4% 25 6
Al $E5% 15.1 m/secE 7|S3F%tHTable 4).
231 7o) 7125 200749 39 4% o5 Y
7Whe- 71474 Zhd A o ARl sk Zhd A o

b

S

o]
A 2~8 mme] - old €% 30.5 mm
Direction | Level 7 6 5 Total(%) oo Nms WS Eulal RS

N 3 12 44 59(10.2) -/] 0T o= l O]’Oq ]' = ol T =
NNE 4 40.7) B33 Qltkhttp://www.kma.go.kr.). 2% 6
NE 0(0) AHE 6AB0E B HutdE= 0.6~3.5 m/sec
ENE 1 1(0.2)

E 1 1(0.2)

- Table 4. Wind frequency by Beaufort scale which is 5 or more
SEE 3 3(0.5) than that

SE 10 2 366.2) Beaufort scale | Description | (m/sec) (m/sec) |Frequency
SSE 2 10 51 63(10.9)

6 | 3866 b !

S 2 5 38066 7 | Neargale | 139-17.1| >14 5
SSW 1 18 19(3.3) >13.8 1
SW 2 14 16(2.8) >13 13

WSW 1 100.2) 5 Strong 108~13.8 >12 16
W 1 13 14(24) breeze >11 45
WNW 15 116 | 131(22.6) 2105 !
- ' } >10 81

NW 1 17 103 |121209) 5 I;Frrebil 80~107 | 9 147
NNW 1 11 60 | 72124 cese >8 263
Average 7 81 491 579(100) Total 579
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A7) RN = F 57938] 5 15A] 493](8.5
%), 16A] 473](8.1 %), 14A] 413](7.1 %), 124] 40
31(6.9 %), 13A] 383](6.6 %) <22 YEHE 24
LA FE 3 AIZHA(LANAZE ~ 2354 7F
)=} 2832](48.9 D)2 Rofl Zgol F= HAYs)
o 7 AA AR AR 0 541 83](1.4
%)AT} 0|9} Zro] HAEIE = o]mEr,} B3Pzt

W2 7o) Higo] Wol 11 9l AR R
Ach(Figure 4).

S 5 A7kl w2 F59 Aol & Tefstr] ¢
oto] FAREA S o83t A HAS AAISHI S
o vJ & 00509041 F-gtol 212.8284 7|24
3. Zaksto] AJ7bE AR E = 2ol 7} 93-S
E‘%OJ }OE‘EHTable 5. o= A tEES w55t
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Figure 4. Wind frequency by time

SF3ITE. Table 694 H5

o] ¥ AIZE (11A] ~ 184))

of 4ol YA AN E A vhepgon] &
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LY
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A9 B et ¥

Fa%0] i Aol BRESe
A 7.8 m/sec®] Ao| S HojFET 9)\1:}. S, A
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L
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FRANEFEI T T4 FRES
33t 0| S AL FaES B PR
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Table 6. Comparison of hourly wind speed between KMA

AWS site and study site
Time KMA-Gahngnam Study site Difference
(m/sec) (m/sec) (m/sec)

1 14 9.7 8.3
2 1.4 9.5 8.1
3 13 9.1 7.8
4 13 9.4 8.1
5 1.3 9.2 7.9
6 13 9.7 8.4
7 1.4 93 79
8 1.5 9.5 8.0
9 1.6 9.6 8.0
10 17 9.6 7.9
11 1.8 9.3 7.5
12 19 9.5 7.6
13 2.0 9.5 7.5
14 21 95 7.4
15 21 9.9 7.8
16 2.1 9.5 7.4
17 21 9.4 73
18 2.0 9.6 7.6
19 1.9 9.4 7.5
20 1.7 9.7 8.0
21 1.6 9.7 8.1
22 15 9.5 8.0
23 L5 94 7.9
24 1.4 9.8 8.4
Average 1.7 9.5 7.8

Table 5. ANOVA-test results for wind speed and time

Source of Variation SS* DF** MS** F P-value F critical value
Treatment 3908.67 1 3908.67 212.82 2.26E-44 3.85
Error 21231.66 1156 18.37
Total 25140.33 1157

*SS : Sum of Squares, **DF : Degrees of Freedom, ***MS : Mean Squares
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3.

MY

bl g

=

Beaufort 55 30]AF ¥ dRHI = 2= 39 149
3)(24.5 %), 497 29 7} 5831(10.0 %), 12¢€ 57
31(9.8 %), 8¥ 563](12.8 %)=C. &2 Ve o 7
HAEgL B2 92383411 %), AL 1553](26.8 %),
71 1133](19.5 %), o1& 733](12.6 %) +2.&2 1}
Bt o] 7 Akl AZ, 7HE =olgleH o
2 A7 WA cHFigure 5).

s gl 2 F&9| Ao] {EE Teld}|
9Jste] EAMRAHE o] 83 5A HHE HAlSH
ow 1 A3} 394 0.05904 F-go] 510.542
A 7122 3.858 Zatsto] dE HAIRIE = Ao

ZolAe] Fd
THFHERE 3Y 1423)F AEAF
3631(25.4 %), EA% 3038(21.1 %), E%F 203
(14.1 %), 124 573]F AEAF 162281 %), &
M 143)(24.6 %), B35 123)(21.1 %) +C.2 e}
worn 1295E 4974 = ALE Aol g
o YFOE AEAFT~FFo] 5o 3YFH
597 = AlH|Elob7| o] ksl H A o]5A 117]
ATp A7I%bo] w2 AU7FEA g 9] W3kt
Aol S e E~EATE WA 6YREEHE 5AF
Ago] AE L Y7 = HEjE 7 Te] o
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at)
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7F 92-& st tHTable 7). & 14+ At dA) 2 HEE~EEol FEEUS Holal oo 7
A BA AR oA n2ud o] ulatsl A g SEE SIS ofgtElo] B olFA 7Y F
7A] 39 9l4 TE Aaulo s 2ol Zagl AE UE FUHAL GHE ERATEIOl FEEdE
Aol T G Prlsks e gEAe] Ao HOlL AU
ot BoED o2 So] £ AA £ox|7ke] ASAEY FFS WA W 71 A AWS
SAolete Adol wet F5 S B Aol
7b S o o g v YRFETtolA AE Table 8. Comparison of monthly wind speed between KMA
A7k 5L on] gl AWE =237 ook AWS site and study ste
o - _ KMA-Gahngnam Study site Difference
13 H A Z o]
1= 'Jﬁ]_—l__% P — ﬁ?oﬂ i 1’]—]:’]—]1:]- 74] Eoﬂ ‘4 \_]_— %Q Month (HI/SGC) (m/sec) (m/sec)
= YRkl AR vlA] Ao &% A o] & 1 15 9.7 8.2
2 1.6 9.5 7.9
3 1.9 9.9 8.0
180 4 2.0 89 6.9
e 5 18 9.1 7.3
e 6 17 9.1 7.4
= 100
E . 7 1.7 9.3 76
H 8 18 10.1 83
60
v 9 17 9.5 7.8
20 I i . I ! I I I 10 14 9.2 7.8
NI HE B E NN EHEENEND 11 1.5 9.0 75
1 2 3 4 5 ;Dn":’ ] 9 10 11 12 12 14 96 32
Figure 5. Wind frequency by month Average 1.7 9.4 7.7
Table 7. ANOVA-test results for wind speed and month
Source of Variation SS* DF* MS*** F P-value F crit
Treatment 3897.69 1 3897.68 510.54 6.4E-94 385
Error 8825.38 1156 7.63
Total 12723.07 1157

*SS : Sum of Squares, **DF : Degrees of Freedom, ***MS : Mean Squares
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529 197 9l Hat 35 A= vlust 23
© 2 XY g FHdHdett F50] 9.4
m/secq] BH 137E0] gl A9 BodeHS
1.7 m/sec2A 7.7 m/sec?] Aol& HojF1 Qltk

(Table 8).
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