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An Experimental Study on Characteristics of Wind Pressure on
Long-Span Roof of the Kwangju World Cup Stadium
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ABSTRACT : In this study, the wind tunnel test for Kwangju World Cup
Stadium with long span roof was carried out and its results were considered
in the two roofs: one is the case of one roof, and the other is the case of two
roofs which are identical. In this experiment, a 1/400-scale model was used.
As a result of measuring wind pressure in the case of one roof and then two,
when two roofs are set up, wind load for structural frame decreases by 35%,
compared to that of one roof. These results show that the current criteria for
wind loadings, which specify that wind pressure on the roof depends only on
the altitude, have limitations for adoption, and a wind tunnel test is
essential to design.
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1. Introduction

The Kwangju World Cup Stadium is cur-
rently under the construction after finishing
its design. The Kwangju World Cup Sta-
dium is structured with a long-span roof
with a space frame design, of which the
major axis is about 150m in the north-
south direction, set up on the west and
east side (Fig. 1). The long span roof with
the space frame structure is relatively.
weak under wind load, and it is known
that the structure can have a problem of
dynamic behavior. In order to predict the
exact dynamic and static behavior caused
by the wind load, it is required to measure
wind pressure effects on the long span
roof: The best method for this is a wind
tunnel test. In the original specifications,
it was plann- ed to set up only one roof on
the west side, but consequently it was
decided to build another roof on the east
side. The wind tunnel test was carried out
and its results were considered in the two
roofs: one is the case of one roof, and the

'j L E e

other is the case of two roofs under the
consideration that the roofs are identical.
In the view of external form, it means that
the area covering the roof is changed. Also,
under this situation, the change of wind
load was considered.

2. Wind Tunnel Test
2.1 Scale Model for Experiments

In this experiment, a 1/400-scale model
was used, which was made of acryl and
built using CNC(Computer-aided Numeri-
cal Control) to raise its elaborateness. The
holes of wind pressure were installed at
regular intervals on the surface of the
model. Those were made of aluminum pipe
whose inside diameter is 0.9mm. Each pipe
is related to polyvinyl chloride tubes,
which are gathered to the lower part of the
model and then connected to a multi-point
pressure anemometer which is in the lower
part of a turn table. The holes of external
pressure and internal pressure were built
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Fig. 1 Kwangju World Cup stadium
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(a) model for external wind
pressure measurement

(b) model for internal wind
pressure measurement

Fig. 2 Model for wind pressure measurement

respectively, and a total of 412 holes of
external pressure were installed: 188 on the
west-side roof surface, 188 on the east-
side roof surface, 12 on a main electric
sign. 12 on a auxiliary electric sign, and
12 on a control center. A total of 376 holes
of internal pressure were installed: 188 on
the west-side roof surface and 188 on the
east-side. Fig. 2 illustrates the scale model
for experiments.

2.2 Wind Velocity for Design and Air
Current of Wind Tunnel

As a result of considering roughness
specification B of the current construction
criteria and revising the tunnel altitude to
the height of the roof surface (58m), a
wind velocity of 37.3 m/s was produced.
Therefore, the design wind velocity pressure
is 87.0 kef/m® Fig. 3 illustrates the dis-
tribution of wind velocity and turbulence
intensity inside the wind tunnel. The alti-
tude revision index took aim at « =0.22 by
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Fig. 3 Distribution of wind velocity and
turbulence intensity

the ground configuration B, and the standards
of the Japanese Architecture Society were
adopted since there are no domestic standards.
Fig. 4 illustrates the wind velocity spectrum
of wind dynamic convection.
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Fig. 4 Spectrum for variation wind velocity

2.3 Measurment (tems

There are three measurement items of
these experiments.
~ Average wind pressure and its coefficient

(Cp,,)

- Maximum wind pressure and its coefficient .

(Cp,.)
~- Minimum wind pressure and its coefficient
(Cp,.)

2.4 Measurement Conditions
The wind velocity( Uy), the upper side

velocity of the model’s roof inside the wind
tunnel, is about 5.85 m/s. The experiment

Wind pressure coefficient

.. . S

Wind direction

Fig. 5 wind pressure coefficient for
structural frame

498

120 160 180 210 240 270 0 30 380

of wind pressure was carried as the direction
of wind was changed at regular intervals of
10°. The measurement conditions were as

follows:

Wind pressure coefficient

- model scale: 1/400

- wind velocity scale: 1/6.4
(design wind velocity: 37.3 m/s,
wind velocity of tunnel:5.85 m/s)

- time scale: 1/62.5
(measurement time: 10 s,
real time: 625 s)

- sampling frequency: 200 Hz
(time period: 0.3 s)

- total number of data: 200 HzX10s.
=2000/ch

- average shifting time of every
3 data: average 0.015 s.
(real time: average 0.9 s)

- measurement number: 3 times

3. Result of Wind Tunnel Test

3.1 Wind Pressure Coefficient in the
Case of the Model with One Roof

Fig. 5 and Fig. 6 illustrate the wind pressure
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Fig. 6 wind prassure coefficient for
exterior materials
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Table 1. Wind pressure coefficients of one roof (in the west side)

content working direction wind direction external coeff. internal coeff. summat'ion of
coefficients
structural downward 140° 0.31 0.66 0.97
frame upward 250° -1.82 -0.98 -2.80
exterior downward 140° (159 pt) 1.28 1.39 2.67
materials upward 250° (134 pt) -3.78 -1.30 -5.08

coefficients for structural frame design and
exterior design of each direction of wind.
The coefficient for structure design was the
average value of each maximum and min-
imum coefficients, and that for exterior
design is the maximum value among them.
Also, the summation of the wind pressure
coefficient is defined to add the external
wind pressure coefficients to the internal
in the same direction. Table 1 summarizes
maximum values for design.

As the figures illustrate, while the coef-
ficients for structure and exterior design
showed few changes in the range of 0 to
170°,
range of over 180 degrees. The wind di-

they change sharply when in the

rection was defined from zero degrees of
south wind moving clockwise. therefore,

The change rate of the pressure coefficient

Wind pressure coefficient
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(a) roof of the west side

of the wind blowing inside the roof is higher
than against the roof surface. Especially,
it is known that the wind pressure of
“upward direction(of lifting the roof surface)”

increases sharply®”.

3.2 Wind Pressure Coefficients of the
Model With Two Roofs

Fig. 7 and Fig. 8 illustrate the results of
the experiment, which are summarized in
Table 2. When the same roofs are set up
on the west and east side, the change of
wind pressure in the range of 180 to 360°
(in case of the east roof 0 to 170" ) was
alleviated compared to the case of one roof.
It is estimated that the wind blowing
inside the roof is subsided by the roof on
the other side.
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(b) roof of the east side

Fig. 7. Wind pressure coefficient for structural frame
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Fig. 8 Wind pressure coefficient for exterior materials

Table 2. Wind pressure coefficients of two roofs

roof content ;{:;E;i wind direction ex;s;x}:l internal coeff. S‘:(r::?ﬁit;o[&s()f
structural downward 150° 0.37 0.48 0.85
roof of the frame upward 230° -1.22 -0.61 -1.83
west side exterior downward | 150" (157 pt) 1.12 1.11 2.23
materials upward 230° (64 pt) -3.00 -Q.77 -3.77
structural downward 230° 0.33 0.71 1.04
roof of the east] frame upward 50° -1.10 -0.65 -1.75
side exterior downward | 210" (218 pt) 1.19 1.12 2.31
materials upward 40" (264 pt) -2.91 -0.79 -3.70

4. Consideration

4.1 Wind Pressure In Accordance with
Roof Area

Fig. 9 and Fig. 10 illustrate' the change
of wind pressure(of the west roof) in
accordance with the roof area by compa-
ring Fig. 5 to Fig. 7 and Fig. 6 to Fig. 8.
As the figures illustrate, upward wind pressure
as well as downward wind pressure decreased
as the area covering the roofs increased.
As mentioned earlier, in the case of an
extensive roof area, upper wind pressure

against the adverse wind decreased sharply
because the roof alleviates the wind blowing
into it.

4.2 Wind Load
Roof Area

in Accordance with

The wind load naturally decreases as
wind pressure coefficients decrease. In the
case of the Kwangju World Cup Stadium, it
was considered how much wind load can be
dropped off. To compute wind load, the
following equation was used, and Table 1
and 2 were referred to for wind pressure.

R uH =R



Wind pressure coefficient
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Fig. 9 Wind pressure for structural frame
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Fig. 10 Wind pressure for exterior materials

Table 3. Design wind load in accordance with roof area (in case of west roof)

content structural frame exterior material

downward winds load| upward winds load downward winds load upward winds load
one roof 65.2 kef/m” -188.2 kgf/m’ 179.4 kgf/m* -341.4 kef/m®
two roofs | 57.1 kef/m” (-12%) |-123.0 kef/m’ (-35%) | 149.9 kgf/m” (-16%) | -253.3 kef/m® (-26%)

We = g X (Cpomar + Copmax ) X A
where, ¢y(wind velocity pressure for design)
=1/2-¢ -

area(m?)

U} = 87.0kgf/m? A : roof

Cromarr Crwmax ° max./min. value of ex-

ternal/internal wind pressure coefficient
5. Conclusion

The above is the summary of the results
of a wind tunnel test for wind pressure on
the long-span roof of the Kwangju World
Cup Stadium. As a result of measuring
wind pressure in the case of one roof and
then two, when two long-span roofs are set
up, wind load for structural frame de-
creases by 35%, compared to that of one
roof. Therefore, as the area covering the

roof is extensive, air current streaming
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inside the roof decreases, that is the wind
load per unit of area decreases, although
the same roofs are set up on the same
altitude. These results show that the
current criteria for wind loadings, which
specify that wind pressure on the roof
depends only on the altitude, have limi-
tations for adoption, and a wind tunnel
test is essential to design.
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