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ABSTRACT

While current structural design standards provide wind pressure coefficients for
arched roofs, it remains unclear whether these values can be applied to similar
configurations such as roofs with two connected arches. This study focuses on the
internal and external pressure distribution on the low-rise building with double-arched
roof. Wind tunnel test and computational fluid dynamics (CFD) simulations were
conducted to identify the mean and peak wind pressures acting on the roof and flow
pattern around the building. Four opening conditions on the entrance with closed, open,
and two semi-closed types were discussed with its effect on the internal wind pressure.
It was found that positive net pressure with downward wind load can occur in the valley
between the two arched roofs. While semi-closed opening increases the internal wind
pressure, its effect on the maximum net pressure needed to be evaluated by considering
both positive and negative pressures. Wind direction with most critical wind pressure was
not perpendicular nor parallel to the building orientation. Thus, wind loads for oblique
wind directions should also be considered in the structural design phase.

1. INTRODUCTION

In the wind-resistant design of low-rise buildings, roof damage caused by uplift wind
load is one of the main concerns. Wind loads acting on the roof are strongly influenced
by the geometric characteristics, such as shape of the roof and surrounding conditions.
Opening configurations have also been widely investigated because it directly affects
internal pressure and consequently influence uplift wind loads (Guha et al, 2011; Wang
and Li, 2015). Changes in opening configurations not only affect the magnitude of internal
pressure but can also change the vortex shedding frequencies, modifying the resonant
behavior of the structural response (Xu and Wang, 2018). Previous studies usually have
primarily focused on relatively small openings, such as windows and ventilation openings.
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This study investigates the effects of large entrance openings spanning an entire wall
section on the wind loads acting on a building.

A double-arched roof building was selected as the target structure, and the variation
of wind loads under different entrance opening configurations was examined. Wind
tunnel test was conducted to evaluate the changes in pressure coefficients on the
building surfaces. In addition, computational fluid dynamics (CFD) simulation was also
performed to provide higher resolution information of pressure distributions and
surrounding flow structures.

2. OPENING CONFIGURATION

A double-arched roof building with openings on both end walls was selected as the
target structure. Fig. 1 shows the four opening configurations in single entrance,
consisting closed, open, and semi-closed types. By applying different combinations of
opening configurations to the two entrances at each end of building, total of six cases
were investigated as shown in Table. 1.
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Fig. 1 Opening configuration of entrance

Table. 1 Combination of opening configuration

Case Opening Combination Case Opening Combination
1 0-0 4 P-0O
2 S-0 5 P-P
3 S-S 6 C-C

3. EFFECT OF OPENINGS

Fig. 2 presents the force coefficients of the building under different opening
configurations. The maximum lateral forces were observed in Case 1 and 4. For uplift
forces which are negative vertical forces, semi-closed opening configurations resulted in
significantly higher uplift wind load. Among these cases, the asymmetric opening
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arrangement between the two entrances further amplified the wind load, leading to the
largest uplift force in Case 2.
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(b) Vertical force coefficient

Fig. 2 Wind force coefficient with different opening configuration

4. CONCLUSIONS

This study investigated the effects of opening configurations on the wind loads
acting on a double-arched roof building. The results confirmed that the opening
configuration significantly influences both horizontal and vertical wind loads, and the
most unfavorable opening type was identified for each loading direction. Since wind-
induced damage in low-rise buildings is generally dominated by uplift loads rather than
lateral loads, semi-closed opening configurations may be considered unfavorable from
the perspective of wind-resistant design.
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