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Tests for wind-induced internal pressure of a
building with multiple openings on its windward wall

XU Hai-wei, YU Shi-ce, LOU Wen-juan
(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou310058, China)

Abstract: In order to understand wind-induced dynamic characteristic of internal pressure response for a building
with multiple openings on its windward wall, the unsteady Bernoulli equation was applied to deduce the internal pressure
governing equation for the multiple openings situation and the equivalent damping ratio of the system was derived through
linearization of the governing equation. Models with single and double openings on windward wall were investigated in a
wind tunnel, respectively. For each case, internal pressure was measured for six different internal volumes. The study
showed that the governing equation has high precisions to predict internal pressure fluctuation; increasing internal volume
leads to lower resonance frequency and larger equivalent damping ratio of internal pressure, but it has little effect on mean
internal pressure; when compared with the single opening case, the double-opening enlarges both Helmholtz resonance
frequency and equivalent damping ratio, therefore the R. M. S ratio between internal and external pressures of the double-
opening one model is smaller than that of the single opening situation at most wind azimuths; however, the maximum R.
M. S ratios between internal and external pressures for single opening and double-opening models are found at wind angles
of 75° and 60°, respectively.
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Fig. 1 analytical model for building

with multiple openings in windward wall
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Fig. 2 Schematic of

openings in windward wall
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Fig. 3 Pressure taps layout

for wind-tunnel test model

P 4 ASEADLAY -85 DR R 97 3 35 -5 ML P A
Fig. 4 Simulated mean velocity and turbulence

intensity profiles along with code provisions

MEREHE
(=

107 10° 100 0
v,

KI5 0.4 m ALkl KGH

20 40 60
JfHz MUl /)

80 100 120 140 °100 60 20 20 60 100

BT RHDSOT LA RS A s 2 P 24

K6 5 Bie A 3

Fig. 6 Experimental and theoretical

IhFRPEBEBE 5 Kaimal 3%

Fig. 5 Fluctuating wind velocity spectrum

Fig.7 Mean internal pressure

coefficient for model with

internal pressure spectrum

at 0.4 m height along with Kaimal spectrum

2.2 ERFTEAVERIE

N T BRI T RE AL RS BE L 18] 6 X 1V BB A
TFAURETY Py J 56 2 2538 A0 G J0L 5 45 R AT 1%
o BUEE I ISREE N : €, =1.3,C,=1.7,

double openings in windward wall

Cy= Cp=5. B 6 BWHPUE S S B EHG, ZIT L
TiHE(2) BERE WA SR N T A BK S L, % 1 25 Y
P RT3 1) P T 00 (A0 X A £ 1) B 5 s 1 D 9t
R TTRE(S) A BEAY o



5515 19

TRIFBSE « 0 KK T 22 TFFLA5 A8 BN T AR 5 85

%1 Helmboltz S ZI2 P 5iX 18 E
Tab. 1 tested and predicted Helmholtz frequency

WEBAEAR IS/ He  ER{A/He  4aXtiR2E/%
1V, 92.1 92 0.1
1.5, 76.3 77 1.0
2V, 66.6 68. 8 3.4
3V, 54.7 57 4.1
4, 47.6 49 3.0
4.5, 4.7 44 1.5
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Tab. 2 Resonance frequency and damping ratio for single

and double opening models at wind azimuth of 0°
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Fig. 12 Mean internal pressure coefficient

for single and double opening models
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