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DEVELOPMENT OF “Super HRC SYSTEM”
INVESTIGATION OF WIND ENVIRONMENT EVALUATION AROUND A VOID
AND DESIGN WIND LOADING BASED ON WIND TUNNEL TESTS

Morimasa WATAKABE'!
Nobuyuki [ZUMI*2
Yoshihiko YAMAMOTQO™

Theincreasing number of high-rise buildings has posed various examinationsin thefield of wind environment and structurd vibration
for advanced structural design. Following wind tunnel tests on scale models of both Building-A and Building-B from alatest project,
this paper presents the wind environment eval uation of hallways around avoid, the estimation of design wind loadings and the evaluation
of strong-wind induced vibrations on high-rise structures. Conclusions obtained by the wind tunnel tests are as follows:

(1) The wind velocity distribution in avoid during north wind excitation shows that the velocities increase in the direction of height of
both Building-A and Building-B. However, the values of wind velocities are smaller than half the values of standardized wind
velocities. It is confirmed that the wind around a void has no bad influence on the wind environment.

(21t is confirmed that the wind tunnel test results of both Building-A and Building -B show that the values of design wind loading are
approximately thirty percent of the values of design earthquake loading.

(3)It is confirmed that the roof peak acceleration values of both Building-A and Building-B are much smaller than the values of
recommended level suggested by the guideline of A.l1.J. for the evaluation of building sway during strong wind excitations.

*1 FETSERT  *2 AREHE
*1 Technical Research Inst., *2 Architectural Design Dept.



Super HRCY A7 Ls-BARERER CIEEDRHE
EARERICE D < R4 FRRREFM S R ARTEDRE

1. 1FCHIC

SR ONSEYNE, HEETTHKEE 1 THICTES
NTV3EEEYBO—MICHERIND, YT,
JEfIsRfl, icEnEnREE, REERMNLEL, &
SICHRICIFREEICmD» > TR TV R HIKTH %,
SIGAEYNE, FHEEEANCER TEESN TS AR, B
MOBEEK 2 HTH 5, ABIEE S 179, FHEiBIEH
50m X #950m, B RHIZE XK 153m, T-HEITEIEH 50m X £ 50m
OEEEERYTH D, BEEYOMERFNCEEL T, 7
g 5 U CRIC KT 20k 4 T st 217 5 B U
TW3, £9 ., WMildRA REfZE L, ZORA Fik
JLEERI OO & Db > THE D, LD DOmKH R A
FWIC ERSIRDNFEE L, KA RAICH 2548 FADE
BEOBENRZIN, Fio. 28 & BREEEEy
THO, mmZet. EHAEICE LU THRFZT 2080
HBEEZONT, AHE T, YFHHEEY O R AR
AW EREER K D, KA RZEBNICDOEN ST
DJRERELFTAM, RSB O A E O RE & Ui
RS 330 B SR RERTMIC B 9 2 Mt 217 o 72

2. RRRERE

2.1 HERER

FEE, AR 7T« —7 ¥ ReV— ¥ X7 Lk
ROy 7 o)V E B U 2S5 I T I L
Te o A U7 EIRE. RS2 m. &E 2mo
BB R T B % o F2hii L 1= BT 3 G ) O FHAS,
R DOR E X B R CEBRNAZIZ LT 1/550 ICHE
RUET7ZUNVETHD, NEBICIZEMBERAE =—)
Fa—THHNEEINTV B, TEHEEIZ, NEmITN
HWEFLDRT TH O, BYEEmIC R 3 5 2281 2
ET BT LICKD, BYRIRICERT 2245001, Rt
TEEZEE Ulz, T OFEEYIEES X ORLIEYE
TEAE 1800 mn D FIFE O HitHiAR I BLiE U 7z SRR O E]
FHEEIIORT, AEBRTIE, FEEYSEL YEYIC
NIF T8 ERT 570, BRI AL B
RO FRRINE 2 Al & LER990m OHiFHZ IR Uz
(X -12M1),

2.2 RIARSR

FLERIF D EIR N ARIC DWW TE, ket it E L O |
Az JB NI 5728, Z—7—7)VE Ll
AV —BIUETTRATOY I 2i#ET 5 LIk
D, ELEESE 2R E T BT, SLRESUENIC BT % F
RGEDEE DA RKDONEHEHI TR E NS,

g Sy
Fist fgze
i g

BE -1 ZBRRRONER

-1 RELBRER

Z [0

ZCT.

U, & JRGRPR D 5 8 & Z nmoD £ 00 P Jak

U, & JRGFPR D 5 @ & H nmD I £ oD P gl

a I NEHEH
ARFEBRTIE, FERRA S /RE 145452 ICED & M5 i
WEBIEHEIX KN TH 2 T & MR O % T O
1,500 DL DB D) £ TOREEN 500n Z#EA 5 &
B, HIREREX I EAGE Uiz, TAUTHD, AR
55 C O JEI N AU TR G D SRIE /3 DN E 4R ()
20.20 & UTzo &7z, BIANKHROGLAGEE  HPITHAL
S ICBT BEHFERD/ ST — AT MU, HAREE
PR EIGE - AR (LLF, MRS & T.5)
B BEICROE LT, TORPZRK - 21SRd s THJaE,
ALV E DIRE A M G AT EHED /ST — ARG h )LD
ARG B OBUEMIC X <HISEN TV 2,

*1 BAhRZT *2 RRATHD

2



2.3 ERETREE
R RS 1454 =ZITHEV, YEHEEY) DR ET R &
B Uz, REHEEBEHOBROREMZE 1 IR,
= -1 FEERELBAOREME

MRSy M (Zb=5m, 76=450m, a=0.20)
B © 50 4, 100 £F, 500 4
HAEEH (V) 34n/s : HUAYTHIX
T (p) | 1.225kg/m

JEIHE A

FERICK D, FHEEYEE ) OREHE=E (U) 13X
A H5KE S,
U=V,ER
T, E, Hﬁ@ﬂ:p NTREC R HBIIRIHSE R
Hﬁ@ffu 3 A0 R B0 B A M DY S o 3
(Zb<HKZG). RAIc KD KRF %,
E=1.7(H/Z6)

A 57/ CIEEREHRGEO FEEAR S 50 FHEY TH D, %
NLLEDORRFHEGEREIC OW TR s h Ty, L
W UARM T IR = 100 35 X U 500 O EHE
WKOWTEMETT 2 R0EHH 5 Tz, JRED FFE AR
BRE (o HEIHRD %2, BRI ZSE I L TRlic
KORDIz, "BENTAEREE 21TRT,

_ 054+ 0.1In(r)
" 054 +0.1In(50)

® -2 RETRE (REEEXS )

TR GG Uy
r=50 4 47.9 n/s
r=100 4F 51.3 m/s
=500 4F 59.7 m/s

3. ®q F\WUJQUILIEUE

3.1 ARASHE

RA RWNETABEROINRZ G H - 21TR9, LT
M L 7 2403 D QR Tid. HRHHEX 7 728 5E
LT -3ITRY & 5 HMIRDEZ BTN THBLL, Ao
RN DR E 7z HIE LTz,

BE -2 RREER AR FILRIOREORR)

Zm(cm) Zm(cm)
120 120
0.202
80 80
40 40
0 0
0 4 8 12 0 0.2 0.4
THEE  (n/s) flhoims
T RENES T IhoRE DREST
RARSROREST (tREEEXSI)
NS/VAR
10° ]
I
F
Awoq [
Y o e
A ; |
10 2 ba i
II
Spo
4 2 ,
\ 1
; l
10-2 | i
10° 102 10? 10° 10 10°
NLz/U

BRRZEED/INT —ANYT FIVBERT
-2 BRARSR

% -3 BRRKR

o oE H D
Uz/Uzr (2/1r)°?

I h o8 X o |0.20~0.30 (Z=10m)

0. 15~0.20 (Z=50m)

WU 0. 13~0.17 (Z=100m)
B X
Rﬁzﬁém 450m

Uz EE 2B B TR

Uzr D HHES X 7 r BT B RE
VTS ISR B B B O (R
JFEGROMEX. AR, BEIDOARA FNHULOEHNE
BOTE-UTRTHELNVE L, ML %5 & THE
NBZEFODMESE L L TDREI D DEOD 2 &[T D
WTSEM Uz, AIEICIEBGRGERT b/~ 7 A,
[HW-100) ZHv, oY —Ta—JiTy Rya—%1
Te U, BA FNEGEDOSRE A Mz ERE I & 752 &
Sl Uiz,

3.2 ARAIERER
HERERIT LU IORT RS L TR T 2 A TUEEL
7zo
U

i

U
R, jRICHT 5 midtt
U 0 sUCHT 2 1 aid



U BT LR OM | 74,60 RSB E (RS
WiGE) TOTRE (DU HRE i & 05

&K -4 KA FREAFRAEME

JENIE HitFrE ()
54F R A R 172.6n #H 4
39FR A R 125.5m AH 4
30FR A R 9.7m HH 4
1I6F R A4 Rep 51.8m #H 4
FR A R 9.6m H 4
B 45F R 4 Krh 143.9m H 4
Tk 3IFR 4 K 99.8m FH 4
24FR A R 77.4m FH 4
1IFR 4 R 35.4m H X4
3FR A R 9.6m #H X4

HIERERZ L -5IRT, MANICDOWTOMEE, A
B, BRiEE, WELANIVHEL &5 IChtVEGEIZ B
TREADHERTE R, TOHRIT. BEYILEEmEIC Y
feo Tz @M, BOEHH»5RA FRAAD, KA FA%Z L
AT20OMNENTZLEZLONS, F@EITIDLI %
HENREL, KA RNTHEERICEZIZEFNANESE
LT, RA RN EEEBIE E R A E <
Bolz6DEEZA B, BB TEH, BEOKRA RHEHED
ABE D EDOMER LTz, TOMEMICEL TR, A
RO, i U TRIOREEMN D % 7= i i bEE
Y72 AN D 5N TS D, BEOILINICIE & E
BRI 7 <. ARRIC BEATERE I IS 2 72 % ElAb e < IRE U
BlHEEZSLNDS, A SICDVTORERIZ, AR, B
e sic, A RNOEEIZFE . B NS TIED
ALNOEEETE S HINIZIE A MHITIZ>TNS T
DR TE Tz, WERRIE., FEBIEERERSMHE
miEdH B H, ML x5 id 2 R4 RO JEEEIE .
FAERHEI N U TR LU & 55 <R A RZERINICHEE %
AR R AD IR ISR B LN T E MR T E 7,

&® -5 KA FRBAEMEICHIT B EEL

N JEGHEL
WEE e | mas
54F KA Rrfuk | 0. 52 0. 19
39F KA Rrfk[ 0. 39 0. 18
& [Pk 0. 24 | 0. 15
16F A1 R 0. 19 0. 15
SFARA R 0. 04 0. 07
B | 45F R+ Rrpt| 0. 58 0. 18
M| 31FRA Rrpk| 0. 53 0. 16
24F 3RA Rrpge| 0. 17 0. 22
1FAA Rk 0. 10 0. 30
3F A Fuk[ 0. 06 0. 29
4 [EERER
4,1 RERIEIE
JEERE S, BsRE 10BIic 8L 1 EY4720 30
MEREE L L, B TRARERTENNET 2 AJEEMEN

X -3 AOREROESR

BT Eh SEBEHICEEARDRDEANE E Lz, HIEA
BT ABEA 31355, BN 297 s DEE610/TH B, T—
ZHOTEZ, TV VT 3330z & LS
110 RN S % 8 BRI D 2048 DT — 2 K D
il R, RAME, MEZRS, E5IC6EDT
VY UTIVEE LTRDIZ, 2DEIILTELNE
HHE R TORENICZENFNOEHE R Z # TEY
EERTHD LEMRRICERT B2 R T, BIFR
BOERIIK - 3ITRT,

FD
HUIREC Co =g b
FS

WO CsT4 Bn
F
XAEESFE  Cx =g g

F
YAENEE O =g an

XD 1T — A MRB Cwx =g

M
YD dEBIE— A Y MRS Cuv =g

~ q4B%H

ZHEDHED E— X MEE Cuz

FD : @5 MK Ay, FS @ B A 75 mrkeE A,

FX @ X3S, FY @ Y K

MX @ X #fiAE O HEElE— A 2 b

MY @Y A O BRfElE— A > b

NZ @ ZEE DD E— A > b

q - FEHEHE T (ARREHE S 175.2nic B %)

H: REFRMEE (A 175.2n M4, BHE : 146.5n+H
£l

B RERMIE (A, BEEE & 49.9m #H2YH)

4.2 REER
AR, BEROJEGI & 25 R DT, R,
RABREZ TN TN -4 ~K - 5189,
ABICBNTIE, K-4&0 Xhgm (Y i@l okig
BlE—X b)) ORSIREBORABERIEO R @A
—90° JEEETAEL, Y 51 (XA D OfElE—A > )



3.8

T
-1.50 |

-180 150 -120 -850 60 -3 0 30 60 80 120 150
MERA C)

XEBY DEEE—AV MR

m : | —
|

-050 i

-180 -150 -120 -%0 60 -3 0 0 60 90 120 150 180
AEMA )

. YRIEY OEEIE— A MRS
Cuz
0.20 T ‘ J i
e

Car ‘ i
’.-.‘=‘ e cer
-020

-180 -150 -120 -90  -60 -0 0 30 60 .90 120 150 180
MERA ()

RUNE—AUMES

-4 ARDOERA L BDFEDOREF

Q.10

0.00

=0,10

|

Omx OWEl  COR M. SH skl

-180 -150 =120 -90  -60 =30 0 30 60 90 120 150 180

150 E—

-180 -130 -120 -80 60 %0 0 30 80 %0 120 150 180
MEARR ()

YHRY DESE—ACMER

0600g

-0.20 ;
-180 -150 -120 -0 60  -30 © 0 60 90 120 150 180

AERA C)
RLhE—FHRE

-5 BROEAMA L ANFHRDEF

DA IHREL D R KBREHE O AR R —175° 5t ¢4
C. IRV DR R D I RIBERAE D i K l& — 20° 3L
ETHELCBH T LML E TR STz, BRICEWTE, K-
5K0. Xl CY o OfsfElE— X > b)) DOESIFR
BOmABHEHEO R A A 85° EFETAT, Yl
(X O OEEE— A > b)) OEJIRE D K B#E
DRI A A —175° JLfE T L, HENTTIRDE SR
BORAKBHEEDORAIZ—175° AFETETS T EHHS
melxoi,

5. ISERER

5.1 Xo YARDISERS
YR DJRISEIFHTIE AT BIVE—ZIEIC KD |
RIS K> OBEZENZRDTz, 7aF, XITH. Y 51

DZEMDE— RBXUHENSADOE— RRIERE—RE
R 378, ZOEMF TN Lz,
ISEZNL DT X(2)

X(2) = (27zn0’;A2M H (%J

ZCT M EEEIE— R kO TFEE
Ny © 1 ROBEHIRBIEL
M, @ —RICE R
H: @it X

IEE LN DB ) O © o, (2)

Owm + n,Sh,) %(Zj
(27n4)*M | H 4h, o,° H

o.(2) =

T T, Oy HEfHlE— A > b O =
h, 1 ROBEEH

%;%Z:%@%—xyb@x&bbwﬁi
M
REZERDEAN X o

X max = X + 9oy

T g:i¥—777r&— =,2In600n, +12

5.2 Z8iHEY ORSEEMA
ISR DTN 8(2)

N, z
(27n0) %1, (H)
CTT W, LR B— A F DT
I N1 KRB D— LB E—A > b
WAL DB OFEHERZ © 0,(2)
POz {1+nn08(n0)}%(2)

(27mo)2|1 4h, O'Mz2 H

6(2) =

04(2) =

ZCT7T O vz JWNT— A - DOREHE(R
¢ T—REDEWVIC X B IR
h, R 1 JIRBIOE R
D05(0) : grnge— 2> LORAY FILRE
Owmz

JEBEZNIFH DRAME  Omax (2)
Omax (Z) = 6 (Z) + 904 (2)

5.3 X\ Y ARDGENERE
JEE N DRERE © 04 (2)

¥
Y 7 nyS(ng) . z
UX(Z)_MlH{4h1 (;.MZO } (Hj

JNBENLEE DRAAE & X e (2)
X max (Z) =00y (Z)

RIT, BRI K > TH I 2 B O S B hins
W LT NSRRI RIS K DR T,



EENEEORERE & 0,,(2)
¢O-MZ{ 4 nos(no)}%(z)'l_

H

049(Z) = 4h o2
1 MZ

Iy

CCZT L :EYRELOALED S il X T OREE
JVENTRE DIKAE @ X g ax (2)

X om ax (Z) = gz,,o'xe(z)

P EXO | RNIRENZE 58 U 7= @Yl O B hE
TR X vRediz,
Oy > Oy OHH

X max (2) = gzo-x(z) + 0o (2)
Oy < Oy DOHH
X max (2) = O'X(Z) + gzao'xa(z)

fRTIC FIW T2 SR D 1 ROEEIREE n,. —fR{t
PR, —HRLARIEE— A2 k1, —HRLHEEEsh, &
i% -6 L‘:ZT—\‘@—O

& -6 HZEMDHET

IN: B
X il 1 ;ﬁﬁ#ﬁm& 0.300 Hz 0.361 Hz
Y A1 ;ﬁﬁﬁ#ﬁb’éﬂl 0.303 Hz 0.341 Hz
zmm;@omz;mﬁéf@w 0.405 Hz 0.458 Hz
~ & Ml{t R 3 gorxiokg | 2,722 10%g

—EEEE— X b
L
—MHEREEEE h,
=149
WA h,
(=50, 100, 500 4F)

1.619%10° kg | 1.084%10° kg-w?

0.015 0.015

0.030 0.030

6. BEFHARATEDERE & EFEREDFTH

6.1 HERE
@S Z COHRALEE Y7z D O/KFRIED FEEZ LT
IZRY

- _ z\#

W(2) = Cqy B(ﬁ)
. ERXho C7 LR EMET S XS I
720

— C-Cy 2C,, -C

C,—— — =
C_CM ﬂ C'CM

C - RAREOEE
Cy BT — A ¥ MRE DT fE
—Ji. ZHEED OIRD E— X ORESMIE Rk
g2 MR K D RD T,

M,(Z)=Cy,qu4B?

Cuz © ZHlA D DR T— XV MR
AT AR EDOEIEDTRE T WD IE, FiETRL
T2 ISE N DR o x (D Z W TRAIC K D Rz,
W (Z) = m(Z)(22n,)? o (Z)
n(2): B InlcBFBHN I LD DEE
ROE—AY MTOWTHRKRIC, AR TRUZIGE
N OREERZ 0,(2) ZHOWTRRICK D RDiz,

M ,(Z)=1(Z)(2an4)%0,(2Z)

1(2): 7o OWEEEE— A2 b

KBRS KO D E— XV F DEXEOHE D
i, FEBELCr.as. ik D, ZNENFRUTED
BE LT,

Wina (Z2) = W(Z) + gW(2)

M zma (Z) = M 2 (Z) + gM , (2)

6.2 BETARTEDRERER

ABICOWTIE 2D . X AHBRTY HHDRKE
F RS AR K & 72 2 i — 20° . —90° BXU—
175° OHBFAICER L. FHHEAR 50 45, 100 435 X T 500
IR LTSRS, BRICDOWTIZABEE AR X 5T, Y
Fimds KO Z i o OREEHH BT E D RK & 7% 2 ' A
85° BXU—175° OBAICIEH L. B 504E, 100
B XU 500 FEICDNTROD Tz, ABTRS F2 AR —
175° DEFHDOREIHEREAO—HIZK - 6 ITRT,
BOE LA SRIE. AR, BRE BICHIERED 3 BIFEE
IFOETH O, a2tz +ncRTETWVwA T
LR LTz,

6.3 HEFICHIT B BIEEEEEHE

WHIAYITH D A, BHiELEEBOLERETH
378, HARERZERFW ORENC B9 2 B EERT
filifedt - Ffgai Y (Ig, BAEMAEHGfeE & eSS 13
D&, RO EIEIUCKTT B EEERERHT 21T - T2
MR AR, BEEHOmMERGE & Rk, mAOERNT
AT BIVE—ZIVIITIC X % Hike Lz,

AR 1 FEDJEGEIE , R EMERERHMlfE ST R E N B A
ST (B E 74.6m) TOFCER (15.4n/s) ZHLic, HiZk
TIFHREX 7 CYUgitsid I, &g rritiskid Vit & L
72) DEVWBIURESTDEVWEZE LT, XDELSIC
RELT,

U,=15.4(550/74.6)°-4(175.2/450)°%=21.9n/s

JNERHIENIE 2 X - 7T ISR o OB RHIALE I 5% T i
YO EREE L. AR, BERZNZTNCOWT, bz
ER LI XTTMEB KUY T OISERANNEL DR K2
RDTz WEMNTIE, WHEEMDRCIETH S C L Z2EE
ICANT, EEE.5% 288 U CTHEM LTz, sRIERFD
HNCHRENC B 5 faEPERE e T MERERHM R T TSR &



XA [ BEMRE =505 Y7 A, — BRM=50%

—— RRMM=100% —— BEBR=100%
-| m—mmpkg=s00 50 | - | e— I = 5004

0 05 1 15 2 25 3 0 05 1 15 2 25 3
EEAMANQ(X107N) B ABAQ(x107N)

— —— BERM=50F
XF5 —— BRI =50F YA H
— BRI =100 |

50 S o o | e— AR = 5004 50

— B =100%|
— 5 = 5004

0 05 1 15 2 25 3 0 05 1 15 2 25 3
BRI E—AY bM( X 10°Nm) BRfEE—A2 PM( X 10°Nm)

ZaYy | ERmMM=sox
— R = 1005
o | =R =500

- 6A
a =-175° , =50
100 500

0 0.2 04 06 08 1
BHRLYE—AVFM( X 10°Nm)

gboooooboobooobooboobooboobooon
AC0OBOO0ODOOOOOOOODOOOOOOOO1000
gobbobooooooooooooooboboboooooo
gobo-sio0oooooooboobooboobnoo
gbo-700000b000bO0o0bOobocbobbooobo
gbobooooboobooboobboobs-10000
gbobooooooobo

-7

Hon gooo |obod jgoooo
gooooo
0 0 goo goo gono
d d d gon gono gono
ggoooo

gbobobooooboobobooboobobooooo
goboboooboobobooboooooboboooon
gbooboooooboboboooboobobooboooon
gboboooboobobobooooobobobooboo
ogbobooooboboobooboooobobooo

Lx t»x

(@ ADDODOOOa,b (b) BOOOOOc,d

0-7 A0 ,BO000000O0O0O

0 AEbihs
A BiEd# =

—~ -3

b

N .

AL

X ~ |

® H-1 \\
~ | .

®
>

N

0.1

—_

RE%# (H2)

KERSICET 5 E AT
O-8 A00BOODOOOODO

(1) ADOBOOOOOOOOUOOOOOOODOOOOO

gboooooboobooboboboboobobo bo

gbooboobooboooboboboooobobooDbo

gboobooboobooobooboboboooboobooDbo

obobooooobon

(2) DO0OoOoooooooooooooooooooo
gboboboboboobobobobobobo
gbooboboboobobobobo

(3) DoooUoOoooooooooooooooooo
boboboboboboboboboboobo
gbobooboobooboboooooooboon

ogoono

1) 00oooooooooo(@oooooooooo
obobobobobobob,20000

2) 00O00ODOoO00oDbDOoobOOoO ,0obpoog ,19930

3) Jooooooooo ,ooooo, 20000

4) 0000000 0000000000000O0o0oo
oooooogeln





