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Fig.4 Records of wind speed and wind direction during observation

— 466 —



gooooooobbbobooooooooooon
gooboboooooboobbooooboobobbooon

goobobobovgigenonogooooooon
goooooboobbbbobooooooooooobo
goooooobbbbobooooooooobooobob
goooboooooo

3. goono

3.1 JOoO0oogggd
goooooiebi1ben 1703200 08080300
gooboObObOO0O000Fig400DOOO0O0OODODO
gooloobobobbbbooooooooobobo
gobbooooo22o0bbb00oooobboorenb

goobDilom/sO0goonon

hj\é

N
0 \

A1 Y]

]
L]

Case2 Case3 Case4 Case5 Case6  Case7
'é \ [] uln|
Case8 Case9 Casel0 Casell Casel2 Casel3

Fig.5 Cases for measurement

360
+ 300
n240
1 180
120

- 60

000002000000 30
D000000006ms s
oooooOg200000 :;20
nopoooooooo 3,

00000 029.4m/s0 O 5
00o00O0oO0oOoooon ;10
0o00O000O00oOo0o 5
O0O000O0O0o00O0O0 0
0000o0oo0O0o0ooo 0 60 120
O0O000O0O0o00O0O0

O0O0000O0o00o0O0 6 .
oooO0O0O00o0ooao gs 7777777 Westside
DDDDDDDDDDDDI§4
0000o0oo0O0o0ooo aﬁf;; 7777777777777777777
00000000000 él \Wf"'.ﬂ%
00000000 Figs0 § 0 Ji/ f‘”‘ LA _.W,. ””u”
000O0O0CaseD D000 &

oDo0ooooo D)

FigeO O OODODODO 0 60 120
204m/s0000000D0

0190 10 60 230 500 O ) . |
0000000000 T L

gooobDoood(Fig3no
ooooH)ooooobbo

Pressure coefficient

D00 (Fig3000O00) 2
000O0O0oO0ooooon -3 F----{ - Eastside
0ooooo0oO0O0O0O00O 8 -4 |
0000000 DoO0n S v
00000000000 -6 - |

0 60 120

gobooboooboon
ooo277000g0oon
Illen/sOOOODOOOO
oobo40000000DO

240

300
Time(second)

360

oy ,,p\ il

F'"’Y‘” W

TR vl']w v

360 420

internal pressure in a room

— 467 —

—— Outer skin Cavity ——Room -
240 300 360 420 480 540
Time(sec)

Fig.6 Records of wind speed, wind direction, pressure on outer and inner skin and
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ggoooooooooboobobbbooboooo
goooooooooobooobobobboboooog
goooooooooobooobbbbboboooo
gooodooooooooboobbobobobooooo
gooooooooooobooobbbboboboooog
ggjoooooooooboobbbbobooooo

— 468 —

Wind direction



goooobo

Fig8OD OO OoOoOOOOoooooDOo
gboboboboboboooo
oooo0DbO0O0Fig8OOOOooooO
ggoog@oHhoooobobbobob
goobbooooobooobooo
goobobboooooobooooo
0320 000006.5m/s0000O00O
goboboo2/s00nooogon
gbobooboooyooooooo
gooooboboooooooooobo
goobobobooboboooo
gboboboboboboooo
gooboboo

3.2 00000000000 (C
ooooo)

Pressure coefficient

! @ Mean pressure coefficient

~ O Peak pressure coefficient

290 300 310
Wind direction (degree)

Fig.9 Mean and peak pressure coefficients at a center point of a west

face (10 minute mean reference velocity pressure)

O Mean pressure coeflicient(Mean wind speed)
O Peak pressure coeflicient(Peak gust)

Fig6080 0O ODDOOO0DOOO0DDOO 1.4  @Ppeak pressure coefficient(Peak gust, Mean wind direction)
0oo00O00100000000000 12 Lo T R S S
00000000 DOoO0DOoOo0Do ! ! o ! !
OOFig6000O0000000000  § 1 (-7 T P &
0000000000000000 %0‘87 o o % %@oo; o o ;
00000000010 000000 g © 0, & 0 O%lo o
DoooooO00oDoOooooOon 06 0 © 0 @8 O o X O?ngoooi
O000DOFg90 000000000 §0.4 | o Oi
00000000000000000 ! ! ! ! !
00000000000000 (100 02 F---- e e P T -
0000000000000000 . ‘ ‘ ‘ ‘ ‘
000)MOOOO00O000000
00000000Fegsd 000000 250 260 270 280 290 300 310 320 330 340

Wind direction (degree)

gooboooobboooooobob

Figl0 Mean and peak pressure coetficients at a center point of a west

goooboos3iso@modg4soooo

face (10 minute mean and peak gust reference velocity pressure)

gooobobo)yyoboouoooooboo
gooooooobooobobobbbbboooogo
goobobobobboooo@o))ybooooboooo
gooooooobooobobobbbboboooogo
goobobboooooboboooosgoooobooo
oo
FiglooDooooooOooooooooooo
goooooobobobobobobobobbobboooogoo
go@oOyooboooooboo@moooboon)
gooooooobooobbobobobobooooogo
ooooobobbiocb 00000000 ooon
gooooooobooobobbobobobobooogg
gobooobooob(@uooooboooioHood
gooooooobooobbbbbobboonoogo
goboooooobogobobooobooo@wo
gooooiHoboooooooobobbbogoo

gooobbooooobobobooooboobboooon
FigloDOOOOOoOooOOoOooooooooooo
goooooooooobooobbbobboboooog
gobobooboooboooboboooobo@oooo
Hhoooboooooooooooooooobooooo
goooobobooo2ombOO0OD0OOO0O0OO0O00O00
gooooooooooboooboboboboboooo
ggooooooooobooobbbbooboooo
goobobbooooooboboooooobo2ro000O0O
goooooooooobooobbbobboboooo
ggoooooooooboobbbbobooooo
gooooooooooboooboboboboboooo
ggooooooooobooobbbbooboooo
goobobboooooboboboooon

— 469 —



00000000000000000
0000D00000000000000
0000000 (Fig.100 O O)0 Fig.100
000000000000000000
000000000000000000
000000000000000000
00000000000000000
000000000000000000
00000000000000000
000000000000000000
000000000000000000 0

Ratio of peak pressure

gobooobooboooooooooboo 0.00

gboobooboobooooboo
Uoo0oo0000d4dFig1o000000340
goobobbooooobboooooo
goobobboooobbboooooo
gooobobooooobbooooobob
ggooooooobooobbbbbboooogo
gooooooobooobobbobbbobboooogo
gooooooobooobbbbbboboooogo
gooooooboboobobobobbboboooogo
gooooooobooobobbbbbboboooogo
gooboobobObbOOobobODbbOoOoUoboboDbDOoOg
goboooobboooobobbooooooboobooo
goobobbooooobobooooboboubmbbOO
goooboboogoo

Fig.11

3.3 DOooooooono
gooooooooooboobobbobooboboo
ggoooooooooobbbbbbooooogo
goooooooboobobobobbbbboooogo
ggoooooobooobbbbbbooooogo
goooooooboobobobobobbobboooogoo
goooooooboooboobobbbboooogo
goooooooboobobobobobbobboooogoo
goooooooboobobobobbbbboooogo
goobobooooobobbooooooboboooooo
goooooooboobobobobbbbboooogo
goooooooboooboobobbbboooogo
goooooooboobobobobobbobboooogoo
goooooooboooboobobbbboooogo
goobbooooo
goooooooooobooobbbbobboo
ggoooooobooobbbbbbooooogo
goooo0oo.0ol0O00O0O0OFig11000.01000
goooooooboooboobobbbbooooogo
gooooooboboobobobobbboboooogo
goooooooboobobobbbbbboonoogo
goobogoooboboooooobbooooboo

0.20 0.40 0.60 0.80 1.00
Averaging time

Variation of normalized peak pressure coefficient with

averaging time

goopooboooeesonobobobobooonogn
goobloHzOOooooOoObOoOoooooooooo
goooobogoo

goodooooooobos4boobobobbbboo
goz2poohboooobobOOOfgo4b D86
gooboobobogosocbboooobooooboooo
gooooooooooboobbbboboboooo
goobboooooooboboboooooooog
gbooobo40bObO0OOobOoOobOODbDOO
goobobooooobobbooooo

gooooooooooooooobobobboo
gooooooooooboobbbboboooo
gooodooooooobooobobbobooboooo
goooooooooobooobbbbobobooo
ggoooooooooboobobbbobooboooo
goooooooooobookooboboobooog
gooooooooooboobobbbooboooo
gooodooooooobooobobboboobooog
gooobobobooooooeooo)yoossoooo
goooobobobbboooooobobDDFigsd
gooooooooooobooobobobboboboooo
gojoooooooooboobobbbobooboooo
gooooooooooobooobobobboboboooo
goobooboooooooooboobos4tnnon
goobobooobobooobobobogooo2m
goooooooooobooobbbbobobooo
gooooooooooboobobbbooboooo
o20000000O0DOO0OO0ODOODODbDOObDOOD
goooobogog

3.4 J00000000oooogogo
Fig70OOOO0OOOO0OOOODOOODOOOOOO

— 470 —



ooooooooooon
ooooooooooo
ooooooooooo
FigdODOOQoooooOo
ooooooooooo
ooooooooooon
Fig.120 OCase20 OO O O
goooooooooon
oo0ooooooooo
obooOooooooDon
oo0ooooooooo
ooooooooooo
O000Fig12000030
oooooooooooo
oooooooooooo
oooooooooooo
oooooooooooo
goboooooooooog
oooooooooooo
ooboooooooooog
oooooOogoooooog
oooooooooooo
oooooooooooog
oooooooooooo
oooooooooooo
ooooooo0Im/sO0O
oooooooooooo
opoooood

Fig.12000O0DOOOOO
oooooooooooo
oooooogoooooo
oooooooooooo
opooooooooooo
oooooooooooo
opooooooooooo
oooooogoooooo

gooooboboooooo

goobooobobbooooo
gooboboooooo
gooooboobboog
goooobbbooooo
goimgiben22040 0
gio7oob0ssoonoan
Case2U 1600 100 0 0O 00O
goolobbboOoooo
goooobbbooooo
gooooobbobooodoao
goooobobooobDao

~

w2
W

Pressure coefficient
[ ]

—— Outrer (Top+Bottom)/2 Bottom ——Middle ——Top ---
|

320 321 322 323 324 325 326 327 328 329 330

Fig.12

Top open

Top

Middle

Position

Bottom

Bottom open

Time(sec)
Pressure coefficient on the west inner skin at the cavity side
—O— Outer skin
—o— Cavity

Average of prssure at top and bottom openings

0.6 0.7 0.8 0.9 1 1.1

Mean pressure coefficient

Fig.13 Mean pressure coefficients on the outer skin and the inner skin at the cavity

side, gray line shows the average of pressure coefficients at the openings.

Top open

Top

Middle

Position

Bottom

Bottom open

3.5

—O—Outer skin
—8— Cavity
Average of prssure at top and bottom openings

Mean pressure coefficient

Fig.14 Peak pressure coefficients on the outer skin and the inner skin at the cavity

side, gray line shows the average of pressure coefficients at the openings.

— 471 —



Fig.130 0 Fig.140 00000000 14 -

O Ordinary skin © Outer skin @ Inner skin =~~~ T

00000000027700000 ‘ o ‘ ‘
| | | |

0000000000000000 . i
0000000000000000 ¢ || g0 o © : l l l
5 | | | |

0o000000OoO0ooOooooOOo 2 og ogo° ® 0 | 5.0 @ o
DooO000000000000 8 08 fo [ og® %0 1 O o e o
S 30 o @ %o o q.} .CDOQQ o)) !

0000000000000000 8 @ o® o o o> a‘ |
06 - T g @ e e § g

D00DO000000000000 e ® g e ‘
o= | | | |

Figld0000000000000 5046 e g - cP. —————————————— |
0ooDO00DO0O00oOooooo & Qo o © | | |
02 1 o % 0B o oOooo}od38 }S@O?Q ® oo}

0000000000000000 | ° e ) |
0000000000000 0o0 0 1 1 1 |
00D00000000000000 250 260 270 280 290 300 310 320 330 340

gbogoboooooooooboon
goooobo

Wind direction (degree)

Fig.15 Peak wind force coefficients on an ordinal single skin and the outer

3.5 DO0O0OoOoboooooo
ooono

goooooooooobooobobbbobboo
ggoooooooboooobbbbobbooooogo
goooooooboobobobbbbboooogoo
gooooooobooobobobbbboboooogo
O0Case20 0000000

Fig. 150 00000000000 DDODOCase200
goodooooobooooboobobbbbooooogo
goobObbOoodtrig1s0O0OO0O0ooooO0On
UlFig.looOObOO0oOooooobobooooooooo
gooooooobooboobobbboboboooogoo
ggoooooooooobobobbbbboooogo
goodooooobooooboobobbbbooooogo
gooooooobooboboobbbbbboooogo
goooboooooboboooooobboo

gooooooooooooobobboboboboo
ggoooooooooobobobobbbobooooo
goobooboboooooogobbbOoOoogod
voeoOODOOODOOOo0200000000OC0CDO
ggooooooooboobobobb20bb0oooon
gooobpgeooooooooon

3.6 JO0OOODOOOOOOoOnOo
Fig.leDODODODOODOODOODODDOOOOOODO
UbO000OFigle0 0000000 0ODOOOODO
goooooOOooobOOooboboOooboobooooo
ob0sHzDO0DODO0O0o00ooogoooo-3/s0000
gbobooooboboooobsHz0o0oooooo-3
opboboooDbOoooo

Fig.170 Case2(0 0 O O 110 6m/s00 0 0O 0O 0 2770)
goooooOOoOooOOooboboOooDboOobooooo
goooobooooboooboboooboobooooo

skin and the inner skin

1
G
@ 0.1
g
=
5]
&
2 0.01
o
(=9
0.001
0.1 1 10
Frequecy, n

Fig.16 Power spectrum of wind speed

ggooooooooooboobbbbobooooo
gooobmoaesngooobooooooooo
goooooooooobooobbbbboboooo
ggoooooooooooboobbobbooooo
gobooooobobooooboboo-25s00000
obOO0Fig170000000O
goobobbO0ooobobobmuog4dHz00DOO
gooboobobooooooyoobobboooooobobg
beHzOOOOOOOOOOOODOOOOOOO
goooooooooobooobbbbbobobooo
gooooobooobboooooobobooooo@
goooH)foooobboooooooooooo

— 472 —



Frequecy, n

oouENIUPY

Fig.18 Admittance of pressure on the outer skin to the

inner skin at the cavity side.

OO 1 tr—cr-r - Ar T T
Holt4 - - @) - —1tF——l—+ -+ ==k +i-—+—-
[

0.0001

(n)Su ‘wnioads 1Mo

O Cavity

0.00001

0.000001

0.001

10

0.1

Frequency, n

(u)Su ‘wnioads oMo J

Fig.17 Power spectra of pressure on outer skin and

inner skin at the cavity side

0.0001

gooooooobooobbbbbbooooogo
ooobobb0mmOo2Hz0 000000000000

gooooooobooobobobbbboooogo
gooooooboboobobobbbobboooogoo
goooooooboobobobobbbbboonoogo
gooooooobooobbbbbbooooogo

goo

0.00001

FiglsUOoDODoooooooboooooooooog
goooooobobooobobobbbbbboooogo
gooooooobooobobbobbbboooogo
dfrigOOODOOO0OOODOOOOODODOOO0

0.000001

10

0.1

ooobooOoo0oobob77Hz00000O0OO0OOOO

goobobboooooboboooooobboo

Frequency, n

Fig.19 Power spectra of pressure on the outer skin, the

FigouDoODooooooooooooooog
gooooooobooobbbbbobboooogo

inner skin at the cavity side and wind force on

the outside skin

gooooooboboboobobbbbbboooogo
gooooooobooobbbbbbboonoogo
gooooooobooobbobobobobooooogo
gobobo0O0o0d2Hz00000000D0OC0C0000

3.7 DO0O0OO0OO0oO0obOOoOooboOooboo

uon
gooooooooooooooobobooboobobooo

ggjoooooooooboobbbbobooboooo
goobbbooobobbcase2000DOODOOO
goooooooooobooobbbbboboooo
ggooooooooooboobbbbooooo
gooooooooooboooboboboboboboooog

gooooooobooobobobbbboooogo
goooooooboobobobbboboboooogoo
gooooooobooobobbbbboboooogo

goobobboooobobobooobb40bbOO0OOn

— 473 —



gooooon
Fig.200210 Case20 110 0 00O O 1

—O— Case2(277)
—@— Case3(298)
—O0— Case4(288)
—— Case5(288)
—O— Case6(293)

West Outer West Cavity

Fig.20 Mean pressure coefficients for the various cases

O0D0000D00000D0O0O0D
D00000000000O0O00 0.8
000000000000000 & 06 |
[}
000000000000 O00 504,
00D0000000000000 g
000000000000 O00 §02’
0DO0000000000000 % 0
O0D0000000000000 §027
O0Case20 000000000 §3047
000000000 O000O0D :
0001:326000000000 -0.6
00D0000000000000 08 L
iD0000000000000
00D0000D00000000D
000000000000 O0D .
0000000000 000O0D0
000000000000 O0D 0.8 r
00000O0000000000 0.6 -

oo400000D0D
Ugo0bOo00bDbOO00OcCase3
gooobboboooooooog

04 -
02 r

—O— Case7(294)
—@— (Case8(295)
—— Case9(300)
—O— Casel1(292)

gooooobobobooo

Mean pressure coefficient
(=)

000000000000000 -0.2
0000000000 D0O0D0O0 04 -
O0000000O00D0O00O0 06 L
000000000000 000 os |

b0bO0O00OCase4d0 00000
gboobooobobobooboo -1+
gooobobogoooooooo

West Outer West Cavity

ast Cavity  East Outer

Fig.21 Mean pressure coefficients for the various cases

gboobooobobobooo
gooboobboooooooog
gooooooobooobooboobobbbbboooogo
CaseS060 CasedU D 00O ODODOOODODOODO
gobboooobobooooobboooobobooo
gobobOb0OOCesse4 DO OOOOCDODOOOOOODO
gooooooobooobobobbbbboooogoo
gooooooobooobooboobobbbbboooogo
goobobooo

CaseSU U0 00000 O0OOOOOOOOOOO
gooooooobooobobobbbbooooogo
gooooooobooobobobbbbboooogoo
gooooooobooobobobbbbooooogo
gooooooboboobobobbboboboooogoo
CasellDOOODOOODODOOODODOOODODOODODO
ggooooooooooboobobbobobooooogo
goobobbooooobboooooo

4. OO

4.1 0000000000000
33000000000000000000000
00000000000000000000000
000000000D00000000000000
000000000D00000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000 p, (0000000000000 p, ()0
000000000D00000000000000
000000 S (w00Mmoooono

S (w)=S, (w)-2Co(w)+S,, (@) (1)

— 474 —



oooos, (w),S, (w)0oD0000O000000
000000000000000000 co(w)0d
00000000000000000000000
oooood
(h0OODOOO0ODOO0OOO00O000000000
00000000000000000000000
00000000000000000000000
0000000 Fig22000000000000
co(w)/{/s (0)s () DODDOODD00D0.8HZ
00000000000000000000000
00000000000000000000000
0000000010000000000000Fig.19
00000000000000000000000
000O00008H000000000000000
000003H2000000006H20000000
00000000000000000000-0500
00000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
00000000OFg180 00000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
oooo

4.2 JO00OOOOOOOO
joboobooooooobobboooooboboog
gooooooboboobobobobobboboboooogoo
gooooooobooobobobbbboooogo
gooooooobooobbbbbbooooogo
goobboooooobbooooobobooooon
ggoooooobooobbobbbboooogo
goooooooboobobobbbobboooogoo
goobObb0O00o0o0b0ODb00000O00 Harris(1990),

Pressure coefficient

Lioooay | 11
Zos b
Zos %
204 | e Ga
S 0.2 %
g0
g | | [ O A |
802 F-— g
% [N [
S04 | e
@) | [ | |
06 b-----eooalil Lo dLLLu

Frequency n

Fig.22 Normalized co-spectrum between pressure
fluctuations on the outer skin and the inner skin at the

cavity side

Holmes(1979),Liu(198) 0 000000000000
00004,4,00000000000000000
OO0p,p,:00000000000000000Q)0
0ooooO

|

|p1 _pi|:_pU1 kl
2 2
1

|p2 _pi| :EpUzkz

000 p00000p000000U,U,0000
OOD00000000000000000000
D00000@G)

UA =U,A, G3)
00000000000000000000000

2
ptyp A4
p=———",y=—" “)
1+y A

1

gooo
stgooobboooooobobooobobooad

Room == Estimate (Room)- - - -

Time (sec)

Fig.23 Records of pressure fluctuations in cavities and room

— 475 —



0.001

0.0001

Power specrum, nS(n)

0.00001

0.000001
0.1 1 10

Frequency, n

Fig.24 Power spectra of internal pressure in the room

gobooobogoao Case2d

0OO0o0oDO0O0oOoDOoO00DOoan -
y=18050000 0.8 F----
O00oO000O0DOoDOon 0.6 -
0oo0O0000000o0000 04 oo

goboboooboooboao
goboooboooobooobooo

Smeasue/Sestimate

Frequecy,n

Fig.25 Ratio of power spectra

(9, B

Cp1=l,Cp2=-O.2

0oo0bDFig230 0 0O OFig.23
ooo¢ooooobbogoo
goobooooobbogoo
goboboooboooboao
gooooos3sggooooo
goboboooooobbooo
goboooboooobooobooo 0
goobobooo
Fig240 0O OOO0ODOO
goooboooboboobooo
gooobooobooboo
Oob2Hz0000000000D00O00O002Hz00
goooooooboobbbbbobooooooooo
Fig2s0 0D 0OO0O0OoOoOooOoooooooboooon
goobObb0O0o0o0oobbOoO0oo2Hz000 0 7HZO
goobbbooooHzODODOOoOooooDoooo
goobobbOooooobosgobbooo

Fige0 00 0ODOOO0OO0ODODOOOOODOOO
gooooooboboboobobobbobboooogo

Internal pressure coefficient

1 1.5 2 2.5 3
Ao/A

Fig. 26 Effect of open area on internal pressure

goobobbooooboioobobboooooboooo
gooboto-1o0bObObOO0oO0oOoobOoooboooo
gooddoooobooobob2o000ooooooon
gooooooooooboobbbobboboooog
goooooooooooobo-eshbboobog
gosooooooouoo7obboboolicoonog
o200 oboobo-0200D00ODODDOOO
gooodooooooobooobobobobooboooog
ggoo-os00bbO0OO0oooooobobobbOn

— 476 —



Pressure coefficient

490 495 500 505 510

Time (sec)

Fig.27 Comparison between original pressure fluctuation and f7 component of wavelet

Pressure coefficient

Time (sec)

Fig.28 Comparison between original pressure fluctuation and g5 component of wavelet

goo@oeooboooooooobobooooogo
gooooooobooobobobbbboooogo
gooooooboboobobobbbobboooogoo
goobboooobobboooobobboooon

4.3 000D0D0OOOOOOO
() 0O0DO0ooooo
Oo00o000o0O0ooO0O0oO00000o0ooo0o0o0oon
go00o0o0ooooooooooooooooooa
Oo00o0o0ooooooooooooooooooa
go00oO0oO0O0oOoOoooooooobooooooooa
Oo00o0o0ooooooooooooooooooa
Oo0000000o0o0ooOoO0oO0o0b0000o0oo0oooa
go00o0o0ooooooooooooooooooa
ooooooooooooao
go00oO0oO0oOoo0ooooOoooO0ooooooooono
0000000000000 (Chui(1992)y00000
go00oO0oO0O0oO0oOoooooooobooooooooa
go00o0o0ooooooooooooooooooa
Oo0000000o0o0ooOoOO0o0b00000oo0oooa
goooooooooooooooooo
go0oO0oO0o0o0oooOoOoooO0o0oooooooono
Oo0000000oo0ooooOooOoo0ob0b00o0oo0ooooa
20070 10 60 230 550 100 0 O 510 O O 40960 (O
goboooogooih)ooobbooobbobooo
gooooOooo0oo0oO0oO0o0ooooooooooo200

00000000000000000409600000
00000000 £,()000000000MM00
00000D000000000000000000
00000000000000000000000
00000g,, ()00 f(H0000000000
f,(»000000000000000000000

g, O=f,0O-1,0 )

0ooo

Fig.270 f()0000000000Fig280 g (f)
0000000000000000 £@¢000
156Hz0 000000000000,0000000
00000000000000000000000
00000000000 0g (£)00.78Hz0 0000
00000000000000000000000
000000000000000

) 00oo0oooooooooo

gjddddodooooooooooboobooboo
goooooooooobooobbbbboboooo
ggooooooooooboobbobobobooboooo
gooooooooooboooboboboboboboooog
ggoooooooooboobbbboboooo
gooooooooooboooboboboboboboooog
goooooooooobooobbbbboboooo
ggooooooooooboobbobobobooboooo

— 477 —



Pressure coefficient
—_

-0.5

330

Time (sec)

Fig.29 Comparison between original pressure fluctuation and f7 component of moving average

3.5
3
2.5
2
1.5
1
0.5
0
-0.5
-1
-1.5

Pressure coefficient

330

Time (sec)

Fig.30 Comparison between original pressure fluctuation and g5 component of moving average

gooboobooo

Fig200 00000 f(nOD0OO0O0D000O0000
0000000000 0070000000002%=32
goooooooboobobobobobbboboonoogo
gooooooobooobobbbboboooogoo
U00OHaartDOOOOO0OO0OO0O0O0O0O0O0O0O0000
o000 UUUHaaro g g
goooooooboobobobbbbobooos20d
gbobobobobooboooooboooooog
Fig2o00 0O 0OO0Ooo0obOOoOO0oOooooooooooo
goobODbO0O0Fg2000000000000ODOOO
gguooooobooobobobbbobooooogg
gooooooobooobobobobbbboboooogo
gooooobbbOb0ooOoooooboDoDFig3onoO
g (nOO0D0DO00D0DO0ODDO0DDO0OO00O000O0
goooooooboobobbobbbbboonoogo
goooooooboobobobbbboboooogo
goobbooooobooo

5. 00O

godooooooooooooobooboooboooo
oo400000D00000O0DDOOO0OODDOO
ggooooooboooboobbbbbbooooogo
goobboooon
(H boboooboooobobooboboobooboboboobooon

@

3)

4

®)

(6)

(7

®)

(€))

— 478 —

goooooooooooooooooooo
ugoooooooooooooooooooo
gooobooao

M0 000000000000000000
goobobogo2bbO0oooobO
goooooooooooooooooooo
goobbooobobboooooboboooon
goooooooooooooooooooo
goooooooooooooooooooon
goobo@ooyo2booogeoooon
gooooooooooooooooooon
ugoooooooooooooooooooo
goooooooooooooooooooo
ugoooooooooooooooooooo
goobobooobobbooooobbooooon
goooooooooooooooooooo
uooououoooooooooooooooo
goooooooooooooooooooo
goooboooooboobooo
goooouoooooooooooooooo
gooboboooobooboooooboo
uooououoooooooooooooooo
gobo22000bobbo0oooboooobooboog
goobbooooo
ooooouoooouoooooooooooo
ogooooooooooooooooooo



ugooouoooooooooooooooo
goobboooboboboooon

g d

gogddooooooooooooboobooboobooo
goooooooboobobobobbbbboonoogo
gooooooobooobbbbbbooooogo
gooooooboboobobobbbobboooogoo
gooooooobooobobobbbboooogo
gooooooboboobobobbbobboooogoo
gooo

gogd

Jodooogoooaesn:.ooooooooood
00D00o0o0oDoooooDoooooooooog
000000D0d0D030000pp.51-59.
000000000000 O0OOoOoOogd 2o04):0
goooooooopooooooooooDooOOoOo
0000000 o0ooooooooooonO
pp-335-340

gogdgd@eooe):0 000000000000 OO0
000000000000 00D0000000049
0 B, pp473-486

Chino, N., Iwasa, Y., Hagiwara, T., Matagi, Y. and
Sato,H., (1993): Wind load acting on double composite

exteriors - A study on internal pressure of double

composite exteriors, Jour. Struc. Constr. Engng, AlJ,
No.448, June, pp.29-36.

Chino, N., Iwasa, Y. and Sato, H. (1997): Field
measurements of wind load on double composite
exteriors, AlJ Jour. Technol. Des. No.4, March,
pp.25-30.

Chui, C.K. (1992): An Introduction to Wavelet,
Academic press

Inculeta, D. R. Navarro, M.G. Isyumov, N(2007): The
effects of an open double facade on structural and
cladding wind loads, Proceedings of The 12th
International Conference on
pp.-319-326

Harris, R.I. (1990): The propagation of internal pressures

Wind Engineering,

in buildings, Jour. Wind Engineering and Industrial
Aerodynamics, Vol.34, pp.169-184.

Holmes, J.D (1979): Mean and fluctuation internal
pressures induced by wind, Proc. 5th Int. Conf. on
Wind Engineering, Fort Collins, CO, Pergamon, Oxford,
1980, pp.435-450.

Kawai, H. (2007): Wind force on double skin fagade with
building high grazing, Proceedings of The 12th
International Conference
pp-311-318

Liu, H. and Saathoff, P.J.(1981): Building internal
pressure: sudden change, Jour. Eng. Mech. Div.
A.S.C.E., Vol.107(EM2), ,pp.309-321

on Wind Engineering,

Filed Measurement of Wind Pressure on Story-High Double Skins with Open Windows

Hiromasa KAWALI, Hiroaki NISHIMURA*, Masayasu SUZUKI** and Yutaka OURA***

* General Building Research Corporation of Japan

** Kajima Technical Research Institute

*#%* Sankyo Tateyama Aluminum ,Inc

Synopsis

Wind loads on double skin facades are investigated by field measurements using a model with 4 full

scale double skin windows. Peak wind loads on the outer and the inner skins at a windward side are 29% and

86% of wind loads on an ordinaryl single skin respectively. Pressure in a cavity between the outer skin and

the inner skin is the average of pressure at top and bottom open air inlet. Internal pressure in a room can be

estimated by the theory derived from pressure loss and mass conservation. Time-frequency characteristics of

pressure fluctuation was investigated by a multi-resolution analysis combined with moving average, which

may be more suitable than a wavelet analysis for a non-stationary random process as like pressure fluctuation

in natural wind.

Keywords: double skin, peak wind load, internal pressure, moving average, multi-resolution analysis
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