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Abstract. The wind tunnel test research on the open ring-arched large-span roof,
based on the wind tunnel test results, analyzed in the wall under different opening
rate of the ring-arched local roof shape factor change rule. The results show that:
As the opening rate increases, wind pressure on the outer edge of the roof de-
creases. When the opening rate is 74% or more, its effect on wind pressure is
minimal, with a shape factor difference of around 0.7 between closed and open
states. Openings near the outer edge can reduce high negative pressure areas.
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1 Introduction

With the rapid development of society, large-span roofs are widely used in various
types of large public buildings, such as stadiums and airports [1]. Depending on their
function and aesthetic requirements, large-span structures feature different open forms
[2]. However, open large-span roofs have two main characteristics: first, they have low
damping and lightweight properties, making them wind-sensitive structures. Current
load standards do not fully apply to the actual conditions of open large-span buildings
[3]. Second, the wind load mechanism for open large-span roofs is more complex than
that of typical enclosed large-span roofs, as there are both upper and lower windward
surfaces influenced by internal and external pressures. As a result, the engineering
design is more challenging [4].

In recent years, numerous wind resistance experiments on open large-span roofs
have been conducted by domestic and international scholars. For example, Pan Dan [5]
conducted wind tunnel model tests on both unperforated and perforated open-type
semi-circular arch large-span roofs. Under wind angles of 30°, 60°, and 90°, due to
the airflow moving against the slope, there was significant flow separation at the
windward side, resulting in the highest negative wind pressure coefficient. However,
after perforating the wind-sensitive areas of the roof, the wind pressure at the wind-
ward edge was reduced, with a maximum reduction rate of 53.5%. Killen et al. [6]
studied the effect of the ventilation rate between a canopy roof and the stands on wind
loads on the canopy roof, finding that ventilation slightly reduced the canopy wind
load by approximately 10%. Kim et al. [7] investigated the wind pressure variations
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on an open dome roof with different opening rates and found that the minimum wind
pressure coefficient at the outer edge of the roof interior increased as the opening rate
increased. Open large-span roofs often face uneven and rapidly changing wind pressure
distribution due to their open nature. Existing load standards are typically designed for
enclosed structures. Therefore, this paper studies the characteristics of local average
wind pressure variations on circular arc roofs with different wall opening rates by
comparing multiple wind tunnel tests on circular arc stadiums. The findings aim to
provide a basis and reference for future design standards of such roofs.

2 Wind Tunnel Test

In this study, four stadiums were selected for wind tunnel tests, all of which are
ring-arch cantilever structures with partial openings. The selected stadiums are
Ma'anshan Stadium, Taizhou Stadium, Maoming Stadium, and an Indonesian Stadi-
um. The rigid body model wind tunnel tests for these stadiums were conducted in the
TJ-3 atmospheric boundary layer wind tunnel at the State Key Laboratory of Disaster
Prevention in Civil Engineering at Tongji University. This wind tunnel is a
closed-circuit vertical low-speed wind tunnel with a test section width of 15 meters,
height of 2 meters, and length of 14 meters. The models were constructed with suffi-
cient strength and stiffness to prevent deformation and significant vibrations at a test
wind speed of 15 m/s. In the wind tunnel tests, the geometric scale ratio for the
Maoming Stadium model was 1:150, for the Taizhou Stadium and Indonesian Stadi-
um models it was 1:200, and for the Ma'anshan Stadium model it was 1:280. For the
Maoming Stadium, wind pressure measurements were taken every 10° for a total of
36 wind directions, while for the other stadiums, measurements were taken every 15°
for a total of 24 wind directions. The wind profile used in all tests adhered to the
"Category B" terrain profile defined by the Chinese load standard. Measurement
points were distributed on both the upper and lower surfaces of the stadiums, and the
wind tunnel test models for each stadium are shown in Table 1.

Wind pressure data were obtained using rigid model wind tunnel tests, and the shape
coefficient for the ith measurement point on the roof surface was calculated using the
following formula:
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In the equation: P, and P, is the pressure on the outer and inner surfaces of the
measurement point I; J" is the wind speed at the reference height; Z, is the height

is the height of the ith
measurement point; ¢ is the roughness index of the landform where it is located, such

of the selected reference point for wind pressure analysis; Z,

as B class landforms take 0.16; £ is the wind load shape factor for roof surface

measurement point.
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Table 1. Wind tunnel test models for each stadium

Ma'anshan Stadium Taizhou Stadium Maoming Stadium

A

— et =
Indonesia Stadium Indonesia Stadium
(Wall openings) (Wall closure)

3 Characteristics of Changes in Localized Shape Factor of
Roofs under Different Opening Rates

Each stadium selected specific roof measurement points at wall openings or apertures
to compare and analyze the variation of shape coefficients of local roof sections under
different wall opening rates. This study aims to clarify the variation patterns of shape
coefficients for local wind loads on ring-arch roofs under different wall opening rates.
The strip positions of measurement points used are shown in Table 2, representing the

measurement columns and the corresponding wall opening rates at the walls as listed in
Table 3.

Table 2. Selection of measurement point areas for each stadium

5

b ._Z_:. .Slrip i :
b Strip 1 A J s - i
Maoming Stadium Ma'anshan Stadium Taizhou Stadium Indonesia Stadium
Table 3. Representative site columns and open rates
. survey Openness of the wall under
stadiums . . . note
point series the measurement point

Indonesia Stadium Strip 1 0% confined
Maoming Stadium Strip 1 12% open hole

Ma'anshan Stadium Strip 1 74% wide open
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Taizhou Stadium Strip 1 82% wide open

Indonesia Stadium Strip 1 100% wide open

Note: The open hole ratio for open hole stadiums is the area of open holes divided by the area of the fa-
cade; the opening ratio for open stadiums is the height of openings divided by the height of the fagade.

Fig. 1 gives a comparison of the changes in the roof shape factor under windward
winds for strip 1 of the column of measurement points selected for each stadium, with
the measurement point numbers for each strip ordered from the upper roof from the
inside to the outside. (Define the windward leading edge of a circular roof as the outer
gable and the inner gable away from the windward leading edge)

From Fig. 1 the stadium shape factor changes can be seen: in the windy down near
the ring-arch roof eaves position, the roof curvature changes dramatically, due to the
impact of air flow separation leads to increased negative pressure, are shown as a
stronger wind suction; roof eaves wind pressure is more stable, for the micro-negative
pressure or micro-positive pressure (wind pressure).
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Fig. 1. Variation of local roof shape factor under different opening rate

In Fig. 1 a is the wall opening hole, b, c and d is the wall opening and e is the wall
closure, the comparison reveals significant differences in wind pressure on the outer
edge of the roof at different opening rates. Fig. 2 shows the variation in shape coeffi-
cients of the outer edge of the roof at different opening rates, for example, the shape
coefficient of the outer eaves of the roof in the Indonesian Stadium (enclosed) is
around -1.3, while the Maoming Stadium, with a wall opening rate of 12%, has a
shape coefficient of around -1.2. In contrast, the wall opening rates of Ma'anshan Sta-
dium, Taizhou Stadium, and the Indonesian Stadium (open) are all greater than or
equal to 74%, with the shape coefficients of the outer eaves of the roof ranging from
-0.4 to -0.5. As the opening rate increases, wind pressure on the outer edge of the roof
gradually decreases, with a maximum shape factor difference of around 0.7. When the
opening rate is 74% or more, the size of the wall opening rate has little impact on the
wind pressure of the roof's outer edge. The reasons may include enclosed wall surfaces
obstructing airflow, resulting in stronger flow separation, thereby increasing wind
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suction on the eaves of the roof. As the openness ratio of the walls increases, more wind
can enter through openings, gradually reducing wind suction on the roof eaves.
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Fig. 2. Variation of shape factor at different opening rates of the outer edge

It can be observed from the comparison between Stadium "a" and Stadiums "b", "c",
"d", and "e" in Fig. 1 that when the wall opening rate of 12%, which is relatively small
compared to the opening rate of b, ¢, d, the wind pressure on the eave of the ring-arched
roof cover has a small impact on the shape factor of the minimum in -1.3 or so; but near
the position of the wall openings in the eave of the roof cover of the negative pressure
decreases, the shape factor of the - 0.9 or so, therefore, in close proximity to the eave of
the ring-arch roof cover opening can be appropriately reduced near the openings
Therefore, the negative pressure at the eaves of the ring-arch roof can be appropriately
reduced near the openings, and the high negative pressure area at the eaves of the
ring-arch roof can be reduced.
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Fig. 3. Variation of shape factor for representative measurement points in the Indonesian Sta-

dium with wind direction angle

It can be observed from Fig. 3, comparing the variation of shape factor for repre-
sentative measurement points on the inner and outer eaves under open and enclosed
conditions in the Indonesian Stadium, that when the walls are open, the trend of wind
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pressure variation on the outer eaves of the local roof is minimally affected by changes
in wind direction angle, whereas the wind pressure variation on the inner eaves is
significantly impacted by changes in wind direction angle.

4

Conclusions

The preliminary conclusions obtained from comparing the characteristics of local wind
pressure variations on ring-arch roofs under different wall opening rates in multiple
ring-arch stadiums are as follows:

As the opening rate increases, wind pressure on the outer edge of the roof gradually
decreases. When the opening rate is 74% or more, the size of the opening rate has
minimal impact on the wind pressure of the outer edge. The maximum difference in
shape factor between closed and open states is around 0.7.

When the wall opening rate is low, such as 12%, the impact on the wind pressure
of the outer edge of the circular arc roof is minimal. The minimum wind pressure
on the outer edge of the ring-arch roof is similar to that when the wall is closed.
However, openings near the outer edge of the ring-arch roof can slightly reduce the
negative pressure in these areas, thereby decreasing the high negative pressure zones
on the outer edge of the ring-arch roof.

When the walls are open, wind pressure on the outer eaves is barely affected by wind
direction changes, while the inner eaves are more influenced.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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