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Abstract: The action of internal pressure cannot be neglected in wind-resistant design of large-span structures, high-rise buildings, 
and low-rise residential buildings. In this study, the internal pressure characteristics were first measured in still air in a completely 
closed building structure without any leakage. Then a series of wind tunnel tests were conducted to study the probability density 
distribution characteristics of the internal pressure responses in a nominally sealed building with background leakage. The mean 
and peak internal pressure responses associated with different background leakage distributions and wind directions were further 
investigated, and the experimental results were compared with those suggested by the Chinese wind load code GB50009-2012. 
The results indicated that the internal pressure in the completely closed building was non-stationary, and varied significantly when 
collected at different time points. Furthermore, a period of about 24 h was observed from the measured time history of internal 
pressure over 9 d. The internal pressure in a nominally sealed building structure nearly fitted a normal Gaussian distribution. When 
background leakage was uniformly arranged on the surface of the building, the mean internal pressure coefficient remained un-
changed with increasing background leakage, varying within the range from −0.15 to −0.14, indicating lower magnitudes than the 
value of −0.2 suggested by the Chinese wind load code. The minimum negative peak internal pressure coefficient was −0.255 
when the peak factor was 3.5, indicating a lower magnitude than the value of −0.326 calculated in the Chinese wind load code. 
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1  Introduction 
 

Internal pressure is an inevitable problem in 
wind-resistant design of large-span structures, high- 
rise buildings, and low-rise residential buildings. 
Wind engineering researchers have studied this area 
for many years, focusing mainly on theoretical re-

search (Holmes, 1979; Sharma and Richards, 1997; 
Yu et al., 2008; Guha et al., 2011) and wind tunnel 
experiment studies (Yu et al., 2006; Oh et al., 2007; 
Pan et al., 2013; Yu, 2016) of the steady-state internal 
pressure of rigid single-cell buildings with dominant 
openings. When background leakage and roof flexi-
bility are considered, the internal pressure governing 
equation can be further developed. Its effectiveness 
and precision have been verified through wind tunnel 
tests. 

In respect of a multi-room building with a 
windward dominant opening and a partition wall 
opening, Saathoff and Liu (1983) indicated that the 
governing equation of steady-state internal pressure 
could be established for each opening, so that the 
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time-varying internal pressure response for each room 
could be obtained. However, the governing equation 
they adopted still had some limitations. For a two- 
compartment building, a loss coefficient was intro-
duced to describe the damping characteristics of an 
orifice, then more appropriate governing equations 
were developed (Guha et al., 2013a). After taking 
background leakage into account, the governing 
equations of internal pressure were further improved 
(Yu et al., 2012, 2019). 

In respect of wind-induced internal pressure 
overshoot in a building with an opening, a specially 
designed polyethylene membrane was used by 
Stathopoulos and Luchian (1989) to simulate the 
sudden breakage of a window or door. Experimental 
results showed that the transient overshooting of in-
ternal pressure was not as high as the subsequent 
steady-state peak fluctuations. The same conclusion 
was reached by Tecle et al. (2013), who used a digital 
servo motor system to simulate the sudden failure of a 
door or window during wind tunnel tests. However, 
they indicated that the limited time response of the 
opening mechanism might be a reason why signifi-
cant overshooting was neither expected nor observed. 
Later, Guha et al. (2013b) numerically investigated 
the transient response of internal pressure following 
the creation of a sudden opening. They showed that 
significant overshooting of internal pressure, higher 
than the subsequent steady-state resonant values, was 
possible when the opening was created almost in-
stantaneously during the occurrence of high external 
pressure nearby. 

Although wind engineering researchers have 
investigated steady-state and transient wind-induced 
internal pressure responses using wind tunnel ex-
periments and numerical simulation, few studies have 
examined the internal pressure characteristic of a 
completely closed building structure. Neither have 
there been systematic investigations of the internal 
pressure response in a nominally sealed building with 
background leakage. Internal pressure in a nominally 
sealed building has been considered to some extent 
when studying the internal pressure of a building with 
a dominant opening. Ginger et al. (1997) conducted 
full-scale measurement of internal pressure for a 
typical nominally sealed low-rise building, and 
pointed out the mean internal pressure coefficient was 

−0.14 and the internal pressure fluctuations were 
significantly lower than the external pressure fluctu-
ations. Internal pressure fluctuation above the char-
acteristic frequency was attenuated. Wind tunnel ex-
periments were carried out by Oh et al. (2007) to 
investigate the internal pressure characteristics of a 
low-rise building with only leakages (nominally 
sealed building) or with a dominant opening. The 
maximum internal pressure coefficient was 0.1 in the 
nominally sealed case. Kopp et al. (2008) also indi-
cated that the maximum internal pressure coefficient 
of a nominally sealed building would never be above 
0.1. 

The internal pressure characteristics of a com-
pletely closed building formed the basis of this study 
of the wind-induced internal pressure response of a 
nominally sealed building. If quantified leakage holes 
are arranged on the surface of a completely closed 
building, the leakage ratio can be exactly defined. 
Currently, studies of the mean and peak internal 
pressure responses in a nominally sealed building 
with an exact background leakage ratio are of great 
practical value to the wind-resistant design of both 
long-span structures and low-rise residential build-
ings. Generally, external pressure distributions are 
always obtained by wind tunnel experiments, while 
the internal pressure is determined according to wind 
load codes rather than wind tunnel tests. As for a 
nominally sealed building, the mean internal pressure 
coefficient is ±0.2, and the peak internal pressure 
coefficient is ±0.326 at the reference height of 20 m in 
terrain category B, when the gust effect is considered, 
according to the Chinese load code GB50009-2012 
(MOHURD, 2012) for the design of building struc-
tures. However, the rationality of the internal pressure 
value suggested by the load code is directly associated 
with the safety and economy of building structures. 

In this study, the internal pressure characteristics 
of a completely closed building were first investi-
gated. Then, the probability density distribution of the 
fluctuating internal pressure in a nominally sealed 
building was studied to determine a method for cal-
culating the peak internal pressure. Finally, the mean 
and peak internal pressures were investigated in detail 
under different background leakage conditions, and a 
comparison of our results with the values suggested 
by wind load code is discussed. 
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2  Experimental setup 
 

A 1:100 scale model of a typical large-span 
building (such as a single-story industrial building) 
was constructed with plexiglass plate of 5 mm thick-
ness, and two lateral rib stiffeners were applied to 
ensure enough strength and stiffness. The dimensions 
of the prototype building were 80 m×40 m×20 m for 
length, width, and height, respectively. The maximum 
leakage area was determined according to the defini-
tion of the absolute background leakage ratio (ε) 
suggested by Ginger et al. (1997) as follows: 

 

4 3Effective leakage area
[10 10 ].

Surface area of the building
,        (1) 

 
For this model with a total surface area of 8× 

105 mm2, the maximum leakage area was 800 mm2. 
Background leakage was simulated by 114 circular 
holes each with a diameter of 3 mm. All the circular 
holes were uniformly arranged on the four walls ra-
ther than the roof, considering rain-resistant design, 
so 39 holes were arranged on each front and back wall 
and 18 on each of the left and right walls. In addition, 
one internal tap was installed at the bottom of the 
model (Fig. 1). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
To systematically investigate the internal pres-

sure responses in a nominally sealed building under 
different background leakages, 70 work cases were 
conducted (Table 1). In cases 1 to 8, the effects of 
different uniform leakage ratios on internal pressure 

were studied. In cases 9 to 23, the effects of leeward 
wall leakage ratios on internal pressure were inves-
tigated when the leakage holes in the front wall were 
half opened uniformly. The effects of windward wall 
leakage ratios on internal pressure were studied in 
cases 24 to 38 when the leeward wall leakage holes 
were half opened. Cases from 39 to 53 were designed 
to obtain the unfavorable negative internal pressure. 
The variation of internal pressure with wind direction 
was investigated in cases 54–60 and 61–70 when the 
leakage holes in each wall were all opened and half 
opened, respectively.  

Wind tunnel tests were performed in the bound-
ary layer wind tunnel at the South China University of 
Technology, China. The test section is 5.4 m wide and 
3 m high. Terrain category B with a power law ex-
ponent of 0.15, which stands for a suburban flat ter-
rain, was simulated according to the Chinese load 
code (GB50009-2012) for the design of building 
structures. The simulated normalized velocity profile 
(V/VH), turbulence intensity distribution (Iu), and 
power spectrum density (Su) of approaching wind at 
roof height (H) are shown in Fig. 2, where VH and σu 
are the mean value and standard deviation of the  
approaching wind velocities, respectively. Lu is the 
turbulence integral scale at roof height. V, f, and Z are 
the approaching wind velocity, frequency, and height, 
respectively. Fig. 3 presents an image of the wind 
tunnel and building model. To improve the experi-
mental precision, the mean internal pressure and ref-
erence wind velocity were obtained using three 
pressure sensors (No. 9033) with calibration precision 
from the Pressure Systems Incorporation (PSI), USA. 
The sampling frequency was 10 Hz. Fluctuating in-
ternal pressure was obtained by pressure sensor 
“measurement” with a sampling frequency of 330 Hz. 
This sensor was also made by the PSI. The reference 
wind velocity at roof height was about 7.2 m/s. The 
test sampling time was 62.06 s, so amount of data of 
the internal pressure tap was up to 20 480. 

To conduct comparative analysis, another 1/200 
scale model was constructed to simulate a super 
large-span building (such as exhibition center). The 
prototype building was 280 m×140 m in plan and 
40 m in height. Background leakage holes were uni-
formly arranged on the surface of the model, and the 
maximum absolute leakage ratio ε was 10−3. Then, 
wind tunnel tests were carried out according to some 
of the cases shown in Table 1. The simulated wind  

Fig. 1  Exploded view of the wind tunnel model sketch 
showing basic dimensions, locations of leakage holes and 
internal tap, and wind direction (unit: mm) 
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parameters are presented in Fig. 4, and an experi-
mental model image is shown in Fig. 5. 

Assuming that the time history of internal pres-
sure at the internal tap is Pi(t), the non-dimensional 
internal pressure coefficient CPi(t) can be expressed as 
 

i
Pi 2

a H

( )
( ) ,

0.5

P t P
C t

V


                           (2) 

 
where P∞ is the static pressure, ρa is the air density, and 
VH is the mean reference wind velocity at roof height. 

Then, the mean internal pressure coefficient PiC  and  

Table 1  Experimental cases 

Case 
Leakage ratio, η (%) Wind  

direction (°) Front wall Back wall Left wall Right wall 

1 12.5 12.5 12.5 12.5 0 

2 25 25 25 25 0 

3 37.5 37.5 37.5 37.5 0 

4 50 50 50 50 0 

5 62.5 62.5 62.5 62.5 0 

6 75 75 75 75 0 

7 87.5 87.5 87.5 87.5 0 

8 100 100 100 100 0 

9–23 50 0–100 0 0 0 

24–38 0–100 50 0 0 0 

39–53 0–100 100 100 100 0 

54–60 100 100 100 100 0–90 

61–70 50 50 50 50 0–90 

Note: leakage ratio η indicates the number of opened holes in the wall/the total number of holes in the wall 

(b) 

Fig. 2  Simulated wind parameters 
(a) Mean velocity profile and turbulence intensity distribution; 
(b) Power spectrum density of approaching wind at roof height 
(scale 1/100) 
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Fig. 3  Image of the wind tunnel and building model (scale 
1/100) 
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the standard deviation of the internal pressure coeffi-

cient PiC  are as follows: 
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where CPi,j is the jth value of the time history of in-
ternal pressure coefficient, and the amount of sam-
pling data N=20 480. 
 
 
3  Results and discussion 
 

A building in a nominally sealed condition is 
relative to the state of completely closed, so it is 
necessary first to investigate the internal pressure 
characteristics of a completely closed building. In this 
section, the internal pressure characteristics of a 
completely closed building are first discussed, then a 
quantitative analysis of the mean and peak values of 
the internal pressure response for buildings with 
background leakage (i.e. in a nominally sealed con-
dition) is described. 

3.1  Completely closed building 

The measured time histories of internal pressure 
in the completely closed building model with dimen-
sions 80 cm×40 cm×20 cm are shown in Fig. 6. The 
results indicate that the internal pressure of a com-
pletely closed building is non-stationary. The internal 
pressures collected at different time points vary sig-
nificantly, and the time histories of internal pressure 
are very similar to those when the internal tap is 
blocked. Therefore, once the observed time history of 
internal pressure is similar to that shown in Fig. 6 
when the internal tap is unblocked, it can be con-
cluded that the building model is completely closed 
without any background leakage. 

The variation of internal pressure in a building 
model changing from a completely sealed state to a 
nominally sealed state is presented in Fig. 7. The 
internal pressure is non-stationary within the first 24 s, 
and then decreases to zero rapidly when a leakage 
hole occurs at 24 s. Fig. 8 illustrates a comparative 
analysis of the internal pressures in completely closed 
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(a)

(b) 

Fig. 4  Simulated wind parameters for large-span building
model 
(a) Mean speed profile and turbulence intensity distribution; 
(b) Power spectrum density of approaching wind at roof 
height (scale 1/200) 

Fig. 5  Image of the wind tunnel and a large-span building
model (scale 1/200) 
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and nominally sealed building models. The internal 
pressure in the nominally sealed building model 
fluctuates slightly around zero, while in the com-
pletely closed model it fluctuates significantly and 
shows an increasing trend over the whole 3-min 
timeframe. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
To further explore the variation of internal 

pressure in a completely closed building over a rela-
tively long time, internal pressure was sampled for up 
to 9 d in a silent environment in a completely closed 

building model. The sampling frequency was set as 
1 Hz. The measured time history of internal pressure 
plotted in Fig. 9 shows that: (1) The internal pressure 
shows an increasing trend on the whole, with a 
maximum internal pressure of 2.2 kPa and a mini-
mum internal pressure of −0.25 kPa. (2) A period of 
about 24 h is observed from the internal pressure time 
history, which suggests that the internal pressure in a 
completely closed building might be related to the 
ambient temperature. (3) On the 9th day, the internal 
pressure rapidly decreased to zero when a leakage hole 
was opened and a very strong air jet could be heard. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.2  Nominally sealed building 

Different numbers of small leakage holes opened 
on the surface of a completely closed building model 

Fig. 7  Variation of internal pressure in a building model 
from a completely closed state to a nominally sealed state 
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Fig. 9  Variation of internal pressure in a completely 
closed building model over 9 d 

Fig. 8  Comparative analysis of the internal pressures in a 
completely closed building model and a nominally sealed 
building model 
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Fig. 6  Time history of internal pressure in a completely 
closed building model 
(a) Collected the first time; (b) Collected the second time 
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can be used to accurately simulate different back-
ground leakage ratios. If the original building model 
is not completely closed (i.e. has background leakage), 
the simulated background leakage ratio cannot be 
reliable. To accurately investigate the internal pres-
sure responses in a nominally sealed building, the 
variation of the mean and peak internal pressure re-
sponses with different background leakage ratios was 
studied in the following wind tunnel experiments. The 
building model was first kept strictly completely 
closed and then some small leakage holes were 
opened on its surface to accurately simulate different 
background leakage ratios. 

Fig. 10a demonstrates the variation of the mean 

internal pressure coefficient PiC  with the relative 

leakage ratio φ1 (the leakage ratio η on the leeward 
wall/the fixed leakage ratio η=50% on the windward 
wall). The variation of the mean internal pressure 

coefficient PiC  with the relative leakage ratio φ2 

(leakage η on the windward wall/the fixed leakage 
ratio η=50% on the leeward wall) is shown in Fig. 10b. 
The results indicate that the variation of the mean 

internal pressure coefficient PiC  with the relative 

leakage ratio for both small and large roofs was nearly 
the same. That is, the size of the building model had 
little influence on the mean internal pressure response 
in the nominally sealed building. Therefore, the next 
analysis focused on investigating internal pressure 
responses in the nominally sealed building with a 
small roof.  

3.2.1  Probability density distribution 

To determine a method for calculating the peak 
internal pressure coefficient, it is necessary to analyze 
the probability density distributions of fluctuating 
internal pressure coefficients. The probability density 
distribution curves are presented in Figs. 11 and 12 
when the leakage ratio η of each wall was 50% and 
100%, respectively. In both figures, the measured 
internal pressure coefficients were close to a standard 
Gaussian distribution. Statistics of skewness s and 
kurtosis k of the internal pressure coefficients in all 
the cases are shown in Fig. 13. The skewness values 
were concentrated from −0.5 to 0.5 and the kurtosis 
values from 2.5 to 3.5, which are very similar to the 
corresponding values (s=0 and k=3) in a standard 
Gaussian distribution. As a result, the internal pres-

sure response in a nominally sealed building ap-
proximately obeys a Gaussian distribution and the 

peak internal pressure coefficient PiĈ  can be deter-

mined by 
 

Pi Pi Pi
ˆ ,C C Cg                                 (5) 

 
where g is a peak factor (2.5 and 3.5 are taken in later 
analysis). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

3.2.2  Uniform background leakage distribution 

A uniform background leakage distribution 
means that each wall of the building model has the 
same background leakage. Fig. 14 (p.495) demon-
strates the variation of the mean and peak internal  

Fig. 10  Variation of the mean internal pressure coefficient 
C

Pi
 with the relative leakage ratio φ1 (a) and the relative 

leakage ratio φ2 (b) 
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pressure coefficients with the absolute background 

leakage ratio ε. It can be seen that: (1) PiC  varied 

within the range −0.15–−0.14 with different absolute 
background leakage ratios, which indicates that the 
mean internal pressure coefficient remains unchanged 
with increasing background leakage. In addition, the 
mean internal pressure coefficients were negative and 
lower than the value of −0.2 suggested by the Chinese 
wind load code. (2) When the peak factor g was 2.5 or 
3.5, the corresponding maximum peak values of the 
internal pressure coefficient under different absolute 
background leakage ratios ε were −0.063 and −0.033, 
respectively, while the corresponding minimum val-
ues were −0.224 and −0.255, respectively. The peak 
internal pressure coefficient did not change rapidly. 
According to the Chinese wind load code, the gust 
factor G is 1.63 at roof height, so the minimum peak 
internal pressure coefficient could be obtained as  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

−0.245 from the equation Pi PiĈ GC . The calculated 

value of −0.245 was close to the wind tunnel-tested 
value of −0.255 when the peak factor g was 3.5, 

Fig. 13  Values of skewness and kurtosis in all cases 
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Fig. 12  Probability density distribution of fluctuating 
internal pressure when the leakage ratio η=100% with a 
wind direction of 0° (a) and 60° (b) 
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which indicates lower magnitudes than the value of 
−0.326 suggested by the wind load code. This shows 

that the tested gust factor Pi Pi
ˆ /G C C  (−0.224)/ 

(−0.15)≈1.5 in a nominally sealed building was 
smaller than that suggested by the wind load code. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

3.2.3  Influence of wind direction 

The effects of wind direction on internal pressure 
responses were investigated in wind tunnel experi-
ments when the leakage ratio η on each wall was 
100% or 50% (Fig. 15). Only wind directions from 0° 
to 90° were examined due to symmetry. It can be seen 

that: (1) PiC  varied from −0.145 to −0.09 when the 

leakage ratio on each wall was 100%. The maximum 

value of PiC =−0.09 occurred with a wind direction of 

90°, while the minimum value of PiC =−0.145 oc-

curred with a wind direction of 45°. (2) The range of 

PiC  was wider, varying from −0.17 to −0.11 when the 

leakage ratio on each wall was 50%, with a minimum 
value of −0.17 at a wind direction of 50°, and a 
maximum value of −0.11 at a wind direction of 90°. 
However, both values were lower than the value −0.2 
suggested by the Chinese wind load code. (3) As for 
the peak internal pressure coefficient, the maximum 
positive value of the peak internal pressure coefficient 
failed to reach zero even when a higher peak factor 
g=3.5 was adopted, i.e. the peak internal pressure 

coefficient remained negative at all wind directions. 
The minimum negative value of the peak internal 
pressure coefficient did not exceed −0.27, which in-
dicates a much lower magnitude than the value of 
−0.326 calculated by the wind load code. 

3.2.4  Influence of relative leakage ratio 

To investigate the effects of different wall leak-
ages on internal pressure responses, the leakage ratio 
η of one wall was fixed while those of the other walls 
were changed in wind tunnel experiments. A relative 
leakage ratio φ (total leakage ratio η of the walls with 
changed holes/total leakage ratio η of the walls with 
fixed holes) was adopted to represent different back-
ground leakage distributions.  
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Fig. 14  Variation of the peak internal pressure coefficient 
with the absolute leakage ratio (cases 1–8) 
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Fig. 15  Variation of internal pressure coefficient with 
wind direction when the leakage ratio on each wall was 
100% (a) and 50% (b) 
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3.2.4.1  Fixed leakages on windward wall and no 
leakage on either sidewall 

Variation of the mean and peak internal pressure 
coefficients with the relative background leakage 
ratio was studied by changing the leakage ratio η of 
the leeward wall under the condition that both side-
walls were completely closed and the leakage ratio η 
on the windward wall was fixed at 50%. The effects 
of the relative leakage ratio φ on both the mean and 
peak internal pressure coefficients were remarkable 
(Fig. 16). The most unfavorable situation occurred 
when the relative leakage ratio φ was zero, producing 
much higher mean and peak internal pressures. The 

mean internal pressure coefficient PiC  reached its 

maximum value of 0.51 and the corresponding posi-
tive peak internal pressure coefficient reached 0.85 

when the peak factor g was 3.5. In addition, both PiC  

and PiĈ  decreased with increasing φ. PiC  was close 

to zero when φ was 1.25, and then the internal pres-
sure changed into suction and slowly decreased. 

When the relative leakage ratio φ was 2.0, PiC  

reached its minimum value of −0.07, which indicates 
a much lower magnitude than the mean internal 

pressure coefficient PiC =−0.15 in the case of a uni-

form leakage distribution, and the minimum negative 
peak internal pressure coefficient was calculated as 
−0.2 by adopting g=3.5. 
3.2.4.2  Fixed leakages on leeward wall and no 
leakage on either sidewall 

Under the condition that both sidewalls were 
completely closed and the leakage ratio η on the 
leeward wall was fixed at 50%, the variation of the 
mean and peak internal pressure coefficients with the 
relative background leakage ratio φ is shown in 
Fig. 17, when the leakage ratio η of the windward 
wall changed from 0 to 1. Clearly, the variation trend 

was opposite to that presented in Fig. 16. PiC  reached 

its minimum value of −0.21 when the relative leakage 
ratio φ was zero, and the corresponding negative peak 
internal pressure coefficient was −0.34 when the peak 

factor g was 3.5. Subsequently, both PiC  and PiĈ  

increased with increasing φ, and PiC  was close to 

zero when φ was 0.75. Then, the mean internal pres-
sure changed from negative to positive and slowly 

increased. The maximum value of PiC  was 0.26 when 

φ was 2.0, i.e. all the windward leakage holes were 
opened, and the corresponding positive peak internal 
pressure coefficient was 0.5 when the peak factor g 
was 3.5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3.2.4.3  Fixed leakages on leeward wall and both 
sidewalls 

When the leakage ratios η on the leeward wall 
and both sidewalls were all set at 100%, the variation 
of the mean and peak internal pressure coefficients 
with the relative leakage ratio φ was as shown in 
Fig. 18, when the leakage ratio η of the windward 

wall changed from 0 to 1. PiC  varied within the range 

from −0.326 to −0.143, and with an increasing trend. 

Fig. 16  Variation of the internal pressure coefficient with 
the relative leakage ratio (cases 9–13) 
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Fig. 17  Variation of the internal pressure coefficient with 
the relative leakage ratio (cases 24–38) 
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The maximum and minimum values of PiĈ  were 

obtained when φ achieved its maximum and mini-
mum values, respectively. The maximum positive 
peak internal pressure coefficient failed to reach zero 
even when the peak factor g was adopted as 3.5. 
However, the minimum negative peak internal pres-
sure coefficient reached −0.48, which is higher than 
that when the leakage holes on both the windward 
wall and the sidewalls were completely closed and 
there were background leakage holes only on the 
leeward wall. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
4  Conclusions 
 

In this study, internal pressure characteristics 
were first investigated in a completely closed building 
model. Different numbers of small leakage holes were 
opened on the surface of the model to accurately 
simulate different background leakage ratios. Wind 
tunnel experiments were conducted to study the in-
ternal pressure response in a nominally sealed build-
ing model. The probability density distribution char-
acteristics of fluctuating internal pressure were ana-
lyzed to determine a method to calculate peak internal 
pressure. The effects of uniform absolute leakage 
ratio, wind direction, and relative leakage ratio on the 
mean and peak internal pressure coefficients were 
examined in detail. The main conclusions are as  
follows: 

1. Internal pressure in the completely closed 
building was non-stationary, and the internal pres-

sures collected at different time points varied signif-
icantly. A period of about 24 h was observed from the 
internal pressure time history sampled over 9 d. 

2. The effect of building model dimensions on 
the mean internal pressure in a nominally sealed 
building may be negligible. 

3. Wind-induced internal pressure in the nomi-
nally sealed building approximately obeyed a 
Gaussian distribution. 

4. For the building with uniform background 
leakage on each wall, the mean internal pressure co-
efficient varied within the range from −0.15 to −0.14, 
which indicates lower magnitudes than the value of 
−0.2 suggested by the Chinese wind load code 
(GB50009-2012). The minimum negative peak in-
ternal pressure coefficient was −0.255 when the peak 
factor was 3.5, which also indicates a lower magni-
tude than the value of −0.326 calculated from Chinese 
wind load code. 

5. The maximum positive mean and peak inter-
nal pressures occurred only when background leak-
ages appeared on the windward wall while the other 
walls were completely closed. The maximum positive 
mean internal pressure coefficient was 0.51, and the 
corresponding peak internal pressure coefficient 
reached 0.85 when the peak factor was 3.5. 

6. The minimum negative mean and peak inter-
nal pressures occurred when the windward wall was 
completely closed while background leakages ap-
peared on the other walls. The minimum negative 
mean internal pressure coefficient was −0.33, and the 
corresponding peak internal pressure coefficient was 
−0.48 when the peak factor was 3.5. 
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中文概要 
 

题 目：名义封闭结构风致内压的试验研究 

目 的：在确保模型气密性绝对良好的前提下，通过设置

不同的背景泄漏，详细研究不同背景孔隙率和风

向角下的平均和峰值内压水平，为工程结构抗风

设计和规范修订提供指导和依据。 

创新点：首次探究了完全封闭结构的内压特征，并在此基

础上系统研究了不同背景孔隙率和风向角下名

义封闭结构的风致内压变化规律。 

方 法：1. 在静态空气中进行压力测试，获得完全封闭结

构的内压特性（图 6~9）。2. 在完全封闭结构的表

面开不同的孔隙；通过多参数风洞试验（图 3 和

表 1），获得名义封闭结构的平均和峰值风压变化

特征（图 14~18），并与中国建筑结构荷载规范

（GB50009-2012）进行对比分析。 

结 论：1. 完全封闭结构的内压呈非平稳状态，长达 9 d

的观察结果表明内压呈现一定的周期性。2. 在均

布背景孔隙下，平均内压系数仅在−0.15~−0.14

范围内波动，且低于中国建筑结构荷载规范的取

值−0.2。3. 当峰值因子 g 取 3.5 时，最高负极值

风压系数为−0.255，低于由规范计算得到的峰值

内压系数−0.326。 

关键词：内压；风洞试验；完全封闭；背景泄漏 
 


