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Equivalent Analysis on Wind-induced Vibration of Membrane Structures Considering
Solid-fluid Interaction

WFFE4E 4 © Yuangi Li (Tongji University)  #iLsidH 243 - &5 W 0=

% — U — R : curved membranes , membrane structures , Equivalent
method

A

This project mainly focuses on realization of numerical estimation on wind-
induced vibration of membrane structures considering solid-fluid interaction
with equivalent effect of air flow around membrane units in FE analysis. 75
The main research contents includes: 1) Experimental investigation on
added mass of curved membranes; 2) BLWT Experimental investigation of
wind-induced vibration of scaled membrane structures; 3) Equivalent
method on wind-induced vibration analysis of membrane structures
considering solid-fluid interaction.

An equivalent dynamic analysis method for wind-induced vibration of
membranes considering solid-fluid interaction by the added mass concept is
established, and the corotational formulation is used for nonlinear dynamic
analysis. On account of different added mass models, two simplified .
aeroelastic models were discussed, one with added mass for the first mode ; T
and the other with added mass considering the effect of the geometric shape, :

velocity and acceleration. Based on the wind pressure time histories
obtained from wind tunnel tests on the rigid model, the wind-induced
vibration in time domain was analyzed. The programme is compiled by C++.
The elastic modulus of the membrane is 4.3MPa. Fig.1 compared the test
results and the dynamic analysis results on the displacement of measuring g %
point D1 of the membrane with prestress level PO, P1 and P2, respectively. " vewavams () P2 prestress level %

RMS displacement (mm)
F L\ w

ic shape, velocity and acceleration
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Fig.1 RMS displacement at point D1 of the circular membrane %

WEMMEWMERA LR R T LICET R

e - M 2 (S TEOE AN FEHE M2 ZE B S HEAE) HLSHE - EH B
F—U— R FERNL, EEY -~V RAE=2 Y 7 xR
s

HEPINLEATOMERIZ LV . FEBNLIZ X ANMEORTEREITSEICH ELTETEY . mm~cmff & OFH
WEBTFRERIES LR o TETWS, F-, BARICBW T, RIEHE [HbO0X] 2807 “EREXRE
RV AT L OFBENRFHH SN TRY . KEODOGPS, 17 @ “GLONASS” | BRIND “Galileo” Z&. D
FEEMNL S AT 2OFFIC LY, HEMNAW-S EZ THRIHRERRENEHESh-oodH 5, £72. SO
K B RN EML, MEREDHRTIH AL . BAOFEITHRANBR S ED T D, A
eI, RN Z OSSO AL 23045 2 & T, EM OB SR (E, i) ~oiEHz2 AL
LTW5, Hrio, smfa., MEROESEYOREEZEN L, BB THAMEEHOTFT — & LIz LT, f
BRI AT ONGE =2 V) 7 ~O#HA O LB 2 MEd 5 & &b, R, RSO KERFO AN
S EEY O MGAZIT S, B HFEIZR S OEMAFNT 7200242 T v 7l L . #irg7e
B ZFHT 57202~ T 4 v 72T 272, 7272 L, 8 ARFEZIEHR P T@E SN T H A LT
S FERPRE Loz, M@z LIC, B (XD 2 RHiAA, MEIEN 2 52X TOIEFEEIT 9,
TIAE T AR L E W 2 28 (RTK) & 2J8 21548 (PPP) 2 -, EAFRE S L 0 | BN T Ommfk O ZEG7 51 &
FERR L7 2 & T BEFONHEE S CIZMIENREE Tl o B O INTZ 5 BLEE7-, £7-. BIfrF
KIZHOW L, K2R TERICUERRTKIC X DRI G2 R CE -2 L COANZEROE~1 05D 1T
DAAFNTOEANDAREMNDH D & D RIARE IR,

#i{zlm]

ot

H1iREIE S




2014 Wind Effects Bulletin Page 5

-

ABAREV AT LOBREEFMICET SR

WRFEAREA ks B CRAERFRFB) e - 5 I

;:U—F:t%%m7V4\%@ﬁ%\m@$% %@LWWW

S : Cpos '

RO T K LR — R EAET D72, RiBT 5 LENRES, o Bk 1y ' =
BEEB LA ) — AR — b LCRBPEREAIER ShThy, 12 D
FARIZ 50 5 KBS  20014E 7 5201 LED L0FE RTS8, 590K D a9 [ =
2,685, 5T3KW~FILAEIC /2 572 &, WEBQHMITHML TV 5, HARENT 08 /”?/«\ﬁ .

1L H AR TR E RS [RBYEH T LA FCF ks sE | (JIS C 8955, op | 4.8 0.7Cp0s
DIFIISEMET, ) AEDTHY, ZRCESOTRISNSG Z ERZL, 0 S PR ——
LI LG, JISOH & 7o T BRI 2 0 BRNcITbhz b D TH Y, R

VIFIFHBERHE L TN AT Y — 7 =K TS0 R LR EIE KB E (2) EBID ST A S5 (d=3m)
VAT A EIIE L TW o T,

KRR, ABSERBOE LR L 5% OB, WA EDEEDIE, 0 —
KEHIER S AT A ORGFE - it AL B 2 Scilikaias, mmekst - 52 " S —
DOEEA O, A% OB AT 12, 06 [——§— 4 s

SRR O FHITBAIZ D, FHEETFICHRE SN TV EAIIb Ay, 3 L 24 7§ ¢ & ¢
WEEEOS 1L, MERHOMETHY, BHEICHT IREFOMHBAR 12 —5I = oE
RRRALOHSIERLTWS, 72, ThAbidF =y s To4ar 27 It e 15 &
LPRNZ ENRERMETH S, MEBREHIET DIEHRA DN L bk 18 Craea
EIAED—R RTINS, M FRERABERICOWTIE, AHY—F— 20 i ® %
RRELESHOT LA 2REB LS4, &Y LR ABERICOWTIE, K BR0C)

BT, (%, GEEFEMREORRICRE LI b#EshTnd, % (b) BRI D FEALLF 249 /8 0 £R 3 (d=3m)
7o M ERREIE T LA SRR ERREE T LA OREIMREIZ OV T, RN @1 it RERABERTLA DR DR
FLOLNIEMEFBELREINTEY (K1) . FRHE S EITTIS (8955  mmus, #hrEHABEL L oRtHEDFET
DWEZIT TOEE b D, oy . (X202,

HABREZRARIEME, BE1, pp.167-170,2013.8

.
o S

ES

\_(43) 538 5 iz 7z o J

¥ e 353

SHEM T EEMEREREREE 7 AV BN ERE &K O X T LOMBIEREFMEICET WA

MR - M W ORGSR E) LRSS - & H B
F—U—F AN MHEE

BRIEP7 —
BUE, BAROPIALiEE LTS BV EBEHRA R L o7 | [8 8 6 naxaden
b, HEWAOREE TEBARUE, ABKB)SZ<BISATNS, | |8 6 u e e

Z'KBjj‘ﬂ(Ecj, 9§@E#L:ELL&EKFT%7KV_ b @Hjﬁ:ﬁﬂ% 375)—;%]%7&571‘: #A Qa 5;’(5)7]& .
b, BEBICIE N & AT 5 FBM B o Tl e B |
b, ZNEEEZ, =7y ZEEHWTHIKEDOENEETET5F | |(m 'ns'.sc“m ® UEYRVEVEVEVEVE
E7R EAREN ZF T D7D DEKDONDFIENAFEIITE T, L 5 om om om e o L

o 5 ®M&E) 10 1

000€

L, :i’h%@ﬂ”ﬂﬁ??ﬁbi%ﬁiﬁiiﬁféJﬁlﬁﬁ@%%@%fgéﬂfwfﬁ
W, 72, BT v UR—TEBOEES 2SR E U CEHMd 5 J7iE M2 ZTEEELNE

Ehf TWAN, — N ARMIZEED KB TET , ‘ - =
RO s ey ITEEEIECE D, Ty e 7y AFNOBARER
AW T, BURTERER T 2 —0 IREMTREE = g
BERBRAER ) T, BRI & AT & RO AR &7
EADKL — FOTEMES ERIOICHREAT 5 - L2 HB LT 5.
B2 2 BT ) & KT & 6 S B TR, B S — b ORLES b Z/

&
&

éﬂﬁwﬁé@é:kﬁﬁﬁ?élkﬁ%ﬁb,Eﬁ%yyﬂ—mﬁgm [\ - w0
B U= Bk s — b 7 & oM TR 05 5 84 L7 & - B
RIETIENF ¢ 2 S—NOENE LB SETHAS — FEIRBISED By | S |

Ll / i
PHFEDRER, FIEM & BEEMOMICE  EOHELJEN)TF ¥ v /3— |’

FHNTY— MEKICHIFT AL EE ST A—2 L LT, A9 %o m  we @ 0 0 w0 s
FHLENC BT AENE ) EACE D RRETE (K1, K2), KIZ, /K scHoBBEORS W, (N  BCHOBHEDE W, (N)
U— MIEEFMEO 2R/ L2 6, BEICIER T 28mE 13, M3 EEEENES, KEHOH
TEEBFAPHOSEDTEEILLFI L, KPENIHEOEBEOEIIHT 5 2 & 1%




2014 Wind Effects Bulletin Page 6

4 )
RIBOMRY > EBOBREL MY 55 ORE

WFIEATE - e x W] (BRIRT) LSS - R B2
F—U— K ®\HRET/ PIVEHIl LESH#ST L —%—#H|
WFER R

FEAB DI E A .2 2 WS UT 0O 38 S XA 2SR oD THEEL U,
FD=, L—X—FHl, ENFER, LESERAMIIEHL, m&
PRI OIRTHEL ZH LN TDH E L BT, ZOMELZHNTT
X VAT TNMCEDAERIBET AN TAZLIC Lo
TR EOEBRIC LV EEOR AL, S OIIBES R
HWWEMROFANZ FIHE L 92 FEEEY H9 2 & 2ilHi, A
TN I OBIESHCHE D = L R R EDOEB O & THENL T 5 F
BETHDHT-0, HEBEOLLNATTE 2ol L& G RED
RN Z D Z ENTE D L1227 T, B A
3@%@% 0T 0%y A MERAFREE T EAUIWERICRE < 'k 1 @ifgh 5 RH7-10MED > < (115
B LhitF s, EOBEE SR — X — CRZT-B
EROBGMN 2155 5B, ex i ZINETIIELESE By
BmEOREFILEORE 2 EAMNICED, A7 LAHO R A N
H U CIRFE D2 R EERE & EREICHIE T 2 Fik & 5w &, X112
AT LY IZOLK FEEOWBIOFEEF AR T L L H Ik T,
BB VAR AT IZ L 2 BRI Y DR 2 124 3 2 WP HIZLESIC
X B FEHERr— L OEERIEN OVREENT %, OpenFOAM %
fE->THEh L, AP T7TIZL bR AR L, [EHEL)
BN DIRESARIC L - THFKARSEZFZE L, K2R 7T &
AR S Tz AR PRI KT B IR FEE OWE & S8 9 12 P EL

L7,
Fofic b, EEMGILINC L 52— VTR 5 T *
A (E), G5 < 2 L— 212 LB BB SO A (I 2 ERENFRIE 3
\_ B L— 5 — BRI < )OSR TS T, LT
Sl R

2R HRBEETH o EBREEIFOHEE LEERER

WF9EA 345« Horia Hangan (Canada Western University)
LY - I IER

F—U— R wARRKQFR A

IR A

ARG R A % B E TR D NS EABRBEEI T O i & 1T
Do

AAEFEDWFFET Y = A K A % U A K5 (University of
Western Ontario, UWO) & HUR T35k (Tokyo Polytechnic
University, TPU) & O P72 BT — & & L CThiigk @
RXIE L HIBLCBE T 2 EBRSG A i (K1) #1T-o7, &IZ,

¥

L TPU & UWOD B R o S ST 7 AU Ty L AATORAE DI D EANRO B2 X 2 15T

X\

i L7z B o fF a3 1R,

Tornado Incidence: Frequency Characteristics of Japanese Tornadoes (1) Parameter Value
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* Monte Carlo Simulations for 30,000 years L [ o

+ Minimum Return Period = 4,000 years/sq.km annual occurrence rate Maximum tangential wind 84m/s

in Oklah inimum in Nevada 2" ) speed Ut(=Umax — C)
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Study on wind flow characteristics around super tall buildings with various cross section

M4 ERE  Prof. Qingshan Yang(At R EKRZF) i e < N o (N 2T N e e 7
F—D— K AR

M7 For the square model, the angles of the wind directions have a great influence on mean wind velocity distribution. the
mean wind speed up ratio distribution around the square model from O degree to 45 degree at 22.5° intervals, the wind
distribution as the figure shows, when the wind direction change from Odegree to 45 degree, the mean wind velocity and the
area of the speed increased region become larger. It can be seen in Fig.1 Fig. 2, i) The corner modified can be significant
decreased the wind speed at the pedestrian height around the buildings. ii) The twisting angle is an important factor affecting
the mean wind speed distribution around the buildings Fig.10shows the relationship between Normalized Speed up AreaA”; ,
and the twisting angle of wind direction in 0 degree and 45 degree. It can observed that when the wind direction in 0 degree,
the Normalized Speed up Area A™, ; of the helical buildings are larger than the square building. iii) Compare with the setback
building, the SH zone of the sethack & 45 R building was increased almost 30% in O degree; and in 45 degree, it decreased
almost 10%. It can be conclude that for super tall buildings, even in 200 meter height, the section of the building also affect
the pedestrian level height wind speed.

g

F oo FFES
4 &

R\

Figure 1 Wind speed up area Flgure 2 Wlnd speed up area
ratio of the square type ratio of the square type building
\_ building in 0 degree in 45 degree

~

e Fy
EREEMICERATIRAMEICE X B Interference Effect IZB89 28H%

ZE4ERE Achal Mittal (Indian Institute of Tchnology) AR HE OB, BA SERE
F— 7 — Fhigh-frequency pressure measurement technique :

M7 Figures 1 show contours of maximum interference factors (1Fs) for mean along-wind base moment coefficients on the
principal building with different breadth ratios of the interfering building for all wind directions. It should be noted that the
effect of interference was increased with increase in the breadth ratio of the interfering building. Another interesting
observation was that the highest value of maximum IF for mean along-wind base moment coefficient on the principal building
occurred where the interfering building was placed in oblique arrangement, and the most critical location for the interfering
building to generate high mean along-wind base moment coefficients was at (X/B, Y/B)=(1, 1) for Br=0.7 and (X/B, Y/B)=(1.5,
1.5).

Figure 2 show correlation of mean interference factors between different breadth ratios and the data are regressed as linear
expression. The MIFs between different breadth ratios show good correlations. It is clear that MIFs increase rapidly with the
increase of breadth ratio.

Figure 3 show span-wise coherence function and phase angle of across-wind local force coefficients between height levels
(levels 9-8, 9-5, 9-3 and 9-1) of a principal building with and without an interfering building at significant locations of (X/B,
Y/B) = (1.5, 1.5) for the specified wind directions at which RMS across-wind base moment become the maximum.
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Figure 1. Maximum Interference Factors for mean

Figure 2. Correlation of mean interference
\along-wmd base moment coefficients between two tall factors between different breadth ratios
buildings
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Figure 1 Wind tunne| measurement and test apparatus  tyrpulent boundary layer are illustrated in the Fig. 2.

Study on wind-driven natural cross ventilation of a building

e 3% : HeeChang LIM(Pusan National University) il s5ifH24 3« KA [E B
F%— T — [ : cross ventilation , surface-pressure distribution

First, the wind tunnel tests were conducted in the turbulent boundary layer wind
tunnel (Fig.1) of the Wind Engineering Research Center at Tokyo Polytechnic
University in Japan. This wind tunnel is an open-circuit, low-speed wind tunnel
designed for wind environmental assessment and ventilation studies. Most of
7 EErmEErearamara (he experiments were conducted in the end-part test section of the tunnel, where
. i 2003 S0 s s nsees e the sectional dimensions were 1.2 m width, 1.0 m height, and 14 m length, with
a maximum wind speed of approximately 30 m/s. The details of the generated

Wind tunnel

it 60 60 128 108 36 3
Block size o

One of the priorities of this study was the validation of the surface pressure
around square models with different height. To achieve this, we carried out
| pressure measurements and precise analysis based on the non-dimensional
- parameter Cp. Fig. 3 depicts the variation of the averaged surface pressure Cp
along the axial centerline of the cube obtained in the wind tunnel. It also
graphically compares our results to those obtained by others in previous studies.
As shown in the figure, the current surface-pressure profile is reasonably well
located in the middle of the others, which means that the turbulent intensity and
other inflow conditions are slightly different, but not identical, so that it can be
easily conjectured that the surface-pressure distribution around the cube could
be different based on the inflow boundary condition.

In order to observe the effect of different height on the surface pressure around
the building, we performed three different buildings. These surface profiles are
the fundamental pressure to estimate the impact of wind load inside the
Figure 3 Mean surface static pressure along the  hyilding, which can be used to estimate the thermal comfort for the indoor
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