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Wind Tunnel Tests on the
Horn-Shaped Membrane Roof

Yuki Nagai, Akira Okada, Naoya Miyasato and Masao Saitoh
College of Science and Technology, Nihon University

Japan

1. Introduction

Membrane structure is tensile surface structure consisted by textile. The materials used for
architectural membranes generally consist of a woven fabric coated with a polymeric resin
(Seidel & David, 2009). For example, PVC coated polyester fabrics and PTFE coated glass
fabrics are commonly used. Membrane structures provide widespan enclosures of great
spatial interest and variety require minimal supporting elements of "hard" structure and
provide very good overall levels of natural daylight. Membrane structures create various
forms. In the architecture and civil engineering area, membrane forms and systems are
divided into two categories, namely “pneumatic membrane” and “tensile membrane”
shown in figure 1 (Saitoh, 2003). The pneumatic membrane such as “BC Place (1983)”
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-shaped Membrane
Wave Type Hanger Type Strut Type
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Fig. 1. Structural Systems and forms of Membrane structures
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(Janberg, 2011a) and “Tokyo Dome (1988)” (Shinkenchiku-Sha Co. Ltd., 1988) is supported
by internal pressure. On the other hand, the tensile membrane keeps stabile by form and
tensile force of itself. For example, “high point surfaces”, which are called “horn-shaped
membrane” in this paper, are pulled to one or more high points from inside or outside.

A Wind load is the most dominant load for light-weight structures such as the membrane
structures. Therefore, verification against wind load is important for membrane structures.
The engineer usually use the wind tunnel test and CFD simulation to evaluate the wind load
for membrane structures. In recent years, the CFD simulation becomes major with the
development of computers. But the wind tunnel test for membrane is sometimes useful to
evaluate the wind pressure, because the membrane structure has complex form.

From this points of view, this paper describes about wind tunnel tests of a membrane roof
focusing on the horn-shaped membrane roof.

The horn-shaped membrane roof divides into ‘stand-alone type’ and ‘multi-bay type” as
shown in figure 2. The stand-alone type is consisted by one unit horn-shaped membrane,
and it is often used as temporally space without wall. On the other hand, the multi-bay type
consists several horn units, and it is used as roofs of parking spaces, stands without wall,
and as roofs of gymnasium hall with wall. These horn shaped membrane structures are
supported by cables, struts, and so on.

In general, there are three types of wind-tunnel test on the membrane roof, namely “Local
Pressures Test”, “ Area and Overall Wind Loads Tests” and “ Aeroelastic Tests” as shown in
figure 3 (Cermak & Isyumov, 1998).

According to American Society of Civil Engineers (ASCE), “local pressure tests” use scaled
static models instrumented with pressure taps (see figure 3(a)). These tests provide
information on the mean and fluctuating local pressures on cladding and roof components.
“Area and overall wind loads tests” are tests of wind load on specific tributary areas, using
scaled static models and spatial or time averaging of the simultaneously acting local
pressures (see figure 3(b)). These tests provide information on mean and fluctuating wind
load on particular tributary area due to external or internal pressures, or both. “Local
pressure tests” and “area and overall wind loads tests” measure wind pressures and wind
forces acting on buildings around buildings. These wind tunnel tests need to consider the
model scale depending on wind scale and time scale.

On the other hand, “aeroelastic tests” use dynamically scaled models of buildings and
structures (see figure 3(c)). These tests provide information on the wind-induced response of
buildings and structures due to all wind-induced force, including those which are
experienced by objects that move relative to the wind. In addition, these tests measure the
overall mean and dynamic loads and response of buildings and structures, including
displacements, rotations and accelerations. These tests have to consider stiffness scale in
addition to model scale. This paper focuses on the local pressures tests. The wind local
pressure around membrane roof was measured by scaled static models, and then wind
pressure coefficients were calculated by dynamic pressure.

In these tests, it is important to model the wind in the wind tunnel in order to obtain wind-
effect data representative of full-scale conditions. In general, natural wind around buildings
is duplicated using turbulent boundary layer flow which simulates a velocity scale, an
aerodynamic roughness length of terrain, a gradient wind height of boundary-layer, and a
scale of turbulence. The methods of modeling wind and similarly model are shown in
guidelines and building standards of each country.

This paper reports results under a uniform flow in the chapter 4 and 5, because of
comparing effects for the model scale, the velocity and etc. as simply as possible. And then,
chapter 6 presents the result under a turbulent boundary layer flow.
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Kashiwa no Mori, Japan (2008)

(b) Multi-bay Type

Fig. 2. Examples of the horn-shaped membrane roof (Saitoh & Kuroki, 1989; Janberg, 2011b;
Shinkenchiku-Sha Co. Ltd., 1992; Shinkenchiku-Sha Co. Ltd., 2007)
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(a) Local Pressures Test (b) Area and Overall Wind Loads Tests
(b) Area and Overall Wind Loads Tests ...
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(c) Aeroelastic Tests

Fig. 3. Three types of the wind tunnel tests for membrane roofs

1.1 Past research about the wind tunnel on the horn shaped membrane structures
Wind pressure coefficients of typical building type such as box-type are defined in
guidelines and standards in each country, but wind pressure coefficients of complicated
shapes such as the horn-shaped membrane roof have not been sufficiently reported yet.

The basic studies, which were about the theory and the analysis method, on the horn-
shaped membrane roof were reported by F. Otto, M. Saitoh et al and also shown the wind-
pressure coefficients of the horn-shaped membrane roof under regulated conditions in
several reports and books (Otto, 1969; Saitoh & Kuroki, 1989; Nerdinger, 2005). In the resent
years, studies on the numerical simulation against the horn-shaped membrane roof were
reported by J. Ma, C. Wang et al (Ma et al.,, 2007, Wang et al., 2007). Furthermore,
dissertation by U. Kaiser indicated wind effects on weak prestressed membrane structure
which is 30m horn shaped membrane by aeroelastic models (Kaiser, 2004).

There are many other references on this field. However, the basic date for the wind-force
coefficient of the stand-alone and the multi-bay horn-shaped membrane roof has not been
sufficiently reported yet.

1.2 The composition of this paper

This paper composes nine chapters and three main parts as shown in figure 4. This paper
describes three types of test. Before these tests, chapter 2 shows a form of the horn-shaped
membrane roof and example of a technique to find this shape. Chapter 3 shows definitions
of symbols and calculation formulas on this paper. Chapter 4 and 5 show wind tunnel tests
under the uniform flow; stand-alone model tests parameterized model scales and velocity in
chapter 4, and multi-bay models parameterized the number of the horn-unit in chapter 5.
These tests indicate mean wind pressures around the horn-shaped membrane structures
under the uniform flow. Chapter 6 shows wind tunnel tests of the stand-alone model under
the turbulent boundary layer flow. In this chapter indicate mean wind pressures and peak
wind pressures and compare these results with the results under the uniform flow.
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Uniform flow

Stand-alone model ----- Parameter; model scale, velocity in the wind tunnel

Chapter 4
o Multi-bay model -------- Parameter; the number of the horn-unit---------- Chapter 5
Turbulent boundary layer flow
— Stand-alone model Chapter 6

Fig. 4. The composition of this paper

2. Form of the horn-shaped membrane roof

The horn-shaped membrane roofs have several kind of planar shape, namely a circle, a
square and a hexagon based horn-shaped membrane roof. This paper describes about the
square based horn-shaped membrane roof. In general, the membrane structure needs to find
appropriate forms to resist external force. ‘European Design Guide for Tensile Surface’ by
TensiNet presents some methods of form-finding for the membrane structures (Forster &
Mollaert, 2004). This paper used nonlinear finite element method to find the appropriate
form on the square based horn-shaped membrane.

In this paper, the membrane material was defined as low stiffness material (see figure 5). On
the other hand, a strut was defined as high stiffness material. A strut was transferred point B
from point A in order to get the appropriate form using FEM analysis. A rise-span ratio H/L

Initial condition ‘

Membrane Materials

© © Membrane :
........B
Strut S, Young's modulus Ew,f=0

Shear modulus G=0

Iy 4 Strut:
L Young's modulus E=

Obtained fOrm | -

.
--.--.--A

-

L
i
—

L
Displacement H is distance between point A and point B.

Fig. 5. Form finding method on the horn-shaped membrane structures
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was defined as the ratio of a span L to a height of the horn-shaped roof H, and an
appropriate form of H/L=0.2 was obtained by finite element method with geometrical
nonlinear in this paper. Additionally, the top of strut was L/10 and there wasn’t a hole on
the middle of the horn-shaped roof. The final shape get three-dimensional curved surface.

3. Definitions of symbols and calculation formula on this paper

The wind pressure coefficient was calculated based on The Building Standard Law of Japan
(The building Center of Japan, 2004), Recommendations for Load on Buildings 2004
(Architectural Institute of Japan, 2004) and ASCE Manuals (Cermak & Isyumov, 1998).
Definitions of the symbols in this paper are shown in figure 6. As for the signs of wind
pressure coefficient, the positive (+) means positive pressure against the roof and the
negative (-) means negative pressure against the roof.

Cpo; External wind
pressure coefficient

gina M " Th direction 6 Oix O .
» V)

Z Cpi; Internal wind h
o X pressure coefficient
Ao e
. L . . L .
[Section] [Plan]
Fig. 6. The definitions of symbols in this paper
The wind pressure coefficient is obtained from follows;
Cpj = Cpoj — Cpij Q)
Pij — Ps Poj — Ps
Cpij =——— , Cpoj =—— 2
4z q=
-1 —
z=—pP0z 3
9:=—p 3)

in which Cpj is the wind pressure coefficient at measurement pressure tap j, Cpy is the
external wind pressure coefficient at measurement tap j, Cy;j is the internal wind pressure
coefficient at measurement tap j, P;j is the internal pressure at measurement tap j, P, is the
external pressure at measurement tap j, Ps is the static, or the barometric, pressure at a
reference location, p_lz is the mean value of dynamic pressure at the reference location z, p is
the density of the air, and v is the mean value of wind velocity at the reference location z.
In this paper, the reference location z with the uniform flow means the position of the pitot
tube. On the other hand, the reference location z with the turbulent boundary layer flow was
obtained from the following equations;
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H
=h+— 4
z 2 @)

in which h is the eave height of the roof, and H is the rise of the horn-shaped roof.
Particularly, the mean value of wind pressure coefficient C,_..n and the peak value of wind
pressure coefficient C,_peqk are expressed respectively as follows;

Cp _mean = Cpo _mean — Cpi _mean (5)

(6)

Cp _ peak, max = Cpo _ peak, max— Cpi _ peak, min
Cp _ peak, min = Cpo _ peak, min— Cpi _ peak, max

in which Cyo_mean and Cpi_mean are the mean value of external and internal wind pressure
coefficient, Cpo_pesk and Cpi pear are the tip value of external and internal wind pressure
coefficient.

Additionally, Cpi_mean, Cpo_means Cpo_peak and Cpi_peak are given by the following equations;

Cpi _peuk = Pi __mean 7 CPO _ Pé’ﬂk = M (7)
gz gz

Cpi —mean = Pi __me‘m 7 CPO_meun = PD __mean (8)
gz gz

in which P; yesn and Po_mean are the mean value of internal and external wind pressure on the
pressure measurement tap respectively, and P; yexx and P,_pear are the tip value of internal and
external wind pressure on the tap. In case of the enclosed type which is constructed with
side walls, P; is neglected on these calculations.

4. The wind tunnel test on the stand-alone model under the uniform flow

In this chapter, the authors focus on Reynolds number, i.e. the model scale and the wind
velocity, under the uniform flow on the stand-alone model. This study aims to clarify about
the relationship between Reynolds number and the wind pressure coefficients obtained
from wind tunnel tests.

Generally, the Reynolds number Re is shown by the following equation and it is closely
related to the aerodynamic characteristics (Cook, 1990).

_ ULy
v

Re )
in which U is characteristic wind velocity, Lp is characteristic building dimension, v is
kinematic viscosity of the air; v=0.145x104[m2/sec] at 15 degrees. Several studies have
reported about Reynolds number around a cylinder as shown in figure 7 and these studies
indicated influence of Reynolds number on the curved surface shape. The horn-shaped
membrane roof has three-dimensional curved surface. Therefore, the authors presume that
the aerodynamic characteristics around the horn-shaped membrane roof show some effect
depending on changes of Reynolds number. From the point of view, this chapter examine
the influence of Reynolds number on the horn-shaped membrane roofs.

www.intechopen.com



332 Wind Tunnels and Experimental Fluid Dynamics Research
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Fig. 7. Reynolds number Re around cylinder

4.1 Outline of tests

These tests measured local wind pressures on the stand-alone model using the Gotingen
type wind tunnel as shown in figure 8. The Pj-Ps, which P; is the pressure at the
measurement pressure tap j and Ps is the static pressure at the pitot tube, was measured
directly by the laboratory pressure transducer as a differential pressure and represents the
wind pressure acting at the particular pressure tap location j within the computer as sown in
figure 9.

Main parameters are the model scale and the wind velocity depending on Reynolds number
Re. Tablel shows conditions on this test. This test used the uniform flow in order to clarify
the influence of the parameter (i.e. the model scale and the wind velocity). The wind
velocities used the value at the pitot tube. This test neglected friction by the floor.

The six types of model which is open type and enclosed type in each model scale (i.e.
20cmx20cm, 30cmx30cm, and 60cmx60cm), were prepared for this test as shown in figure 10
and figure 11. These models were made from acrylic plastic and have 21 taps on the
20cmx20cm model and 30cmx30cm model, 39 taps on the 60cmx60cm model.

Fig. 8. Gotingen type wind tunnel facility in Research Institute of Science and Technology,
College of Science and Technology, Nihon University
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Fig. 9. The wind pressure acting at the particular pressure tap location j

Wind Tunnel Facility Gotingen type Wind Tunnel
Flow Uniformed Flow

Sampling Speed 500Hz

Sampling Time 10sec

Wind Velocity

4m/sec, bm/sec, bm/sec, 7.5m/sec,
9m/sec, 10m/sec, 15m/sec

Rise-Span Ratio H/L

0.20

Model Scale

20cmx20cm, 30cmx30cm, 60cmx60cm

Wall

Open Type / Enclosed Type

Table 1. The parameter of the test

Open Type

15em

Wall

Enclosed Type

Fig. 10. Experimental models; open type and enclosed type
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60cm x 60cm

L
RS o A s o
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wind

=60cm

20em.30cm

=
L

1L=20cm.30cm L=60cm

Fig. 12. Location of Pressure taps; 21 taps on the 20cmx20cm and 30cmx30cm model, and 39
taps on the 60cmx60cm model.

4.2 Result of tests

The external wind pressure coefficients Cp,, the internal wind pressure coefficients C,; and
the wind pressure coefficients C, of each the scale models on the open type are shown in
figure 13. The horizontal axis is x/L which is the ratio of the distance from the peak of a roof
to a side of roof (see figure 6). The maximum points of the wind pressure coefficients C,
were moving to windward from leeward depending on the change of the velocity.
Particularly, the velocity affected the external pressure coefficients C,, and the negative
pressure became larger as the wind velocity is increase. On the other hand, the internal wind
pressures C,; on the 20x20 model and 30x30 model indicate the same tendency, but the
internal wind pressure around x/L=0.05 on the 60cmx60cm model was bigger than C,; on the
20cmx20cm model and 30cmx30cm model.

The result of the enclosed type is shown in figure 14. In this model, the internal pressure
coefficients C,; was neglected. The velocity didn’t effect on the wind-forced coefficient on
each model, but the value around x/L=0.2-0.4 changed as the model scale was large.

The wind pressure coefficients depending on Reynolds number which was calculated
according to equation (9) are shown in figure 15. This chapter defined a side length L as the
characteristic building dimension Lp. In the open type, when Reynolds number was 2.06x10>
and 3.10 x105, the wind pressure coefficients showed the same tendency. On the other hand,
in the enclosed type, as the Reynolds number was high, the negative pressure became
smaller at x/L=0.2.
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In particular, the results of figure 13 and figure 15 clarified that the wind pressure
distributions changed near Re=1.2x10> on the open type. Based on these result, the
distribution of the mean wind pressure coefficient, which are Re>1.2x10> and Re<1.2x105,
on the open type are shown in figure 16. This distribution illustrated great distinctions
between Re>1.2x10> and Re<1.2x105 around the tip of the roof. These tests clarified that
every test has to choose the appropriated model scale and velocity depending on the test
conditions.

Wind Velocity
.ﬁdﬁ— Y | < -timincc B Smeec 4 Gmisec & 7.5misec
== Dmigec == 10mizsec “» 15misec

), ' : | 4~Smisec i
" _,_//_\ LD /\ R e
e —_ H"‘-\___

I:6 LB 1.5
{a-1) 200mrm=200mm (a-2} 300mpn300mm {2-3) 600mm=600mm [

7 3 0.5 0.6 08 |

| fb-;-!} 300mm=300mm | {}_}&} mxﬁﬂﬂlﬂn |

{b) The mean intermnal wind pressure coefficient Cpi_mean

B~15m/sec

oS 02 5% 0E 08 0
0.5 i i
-, |
1.0 // \
g, g
LH - o ;
_| (e-1) 200mmn=200mm l J (-2} 300mm=300mm | |_ (e-3) 600mm=&00mm

(c) The wind pressure coefficient Cp_mean

Fig. 13. The mean value of the external wind pressure coefficient Cy, _mern and the internal
wind pressure coefficient C,_nean i and the wind pressure coefficient C,_yeqn under the uniform
flow on the open type.
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Wind Velocity
*!d A Srenne - Amis & 5mis & 6m/s 4 7.5mis
J y
=~ 9mis - 10m/s - 15mls
A5 g5
-0 ! 10
T 05 : 05
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& 05| 05
10 | \‘\__ 10
LA | J
[b-1] 20cm=20cm [b-2] 30cm=30cm

[b-3] 60cm=60cm

Fig. 14. The mean wind pressure coefficient C, under the uniform flow on the enclosed type.

Re =82 x 10 . Re =206 x 10° | Re =3.10 x 10°
» A - —&— 20cm x 20cm, 6mis - 20cm x 20cm, 15mis
wind ~» 30cm x 30cm, 4m/s {3 30cm x 30em, 10mfs |~ 30cm x 30cm, 15m/s
-~ B0cm x 60cm, 5mis - 60cm x 60cm, 7 5m/fs

[a] Open Type [b] Enclosed Type

Fig. 15. Comparing the wind pressure coefficients obtained under each Reynolds number

Re<1.2x105

(b) Re >1.2x105

Fig. 16. Contour of the wind pressure coefficient on the open type
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5. The wind tunnel test on the multi-bay model under the uniform flow

In most cases, the horn shaped membrane structure is used as the multi-bay type. The
number of horn unit depends on the scale of the building and building uses. This chapter
focuses on the number of the horn-unit. This experiment was carried out to clarify about the
relationship between the number of the horn-unit and the wind pressure coefficient.

5.1 Outline of tests

The experiment used same facilities and the measurement method as chapter 4. A model
scale of a horn unit was 20cm x 20cm and the maximum number of unit was 5 wide, 7 bays
(see figure 17). The measurement was carried out adding horn units from n=1 to n=7 in the
leeward side and the wind pressures were measured with each case (see figure 17). The
pressure measurement taps were set up maximum 104 taps on the 5 wide, 7 bays model
roof. These tests measured the mean wind pressure under the uniform flow as well as
chapter 4. Additional conditions of this test show in table 2.

Fig. 17. The experimental model; 5 wide, 7 bay model
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® Pressure taps

[plan]
n= ife =, A - L = 3
n=H _ s = L = &
n=3 = i = =i
n=1 7 n : the number of bay
[elevation]

Fig. 18. Parameter and pressure measuring taps on the multi-bay model

Wind Tunnel Facility Gotingen type Wind Tunnel

Flow Uniform Flow

Sampling Speed 500Hz

Sampling Time 10sec

Wind Velocity 5m/sec, 10m/sec, 12.5m/sec,
14m/sec, 15m/sec

Rise-Span Ratio H/L 0.20

Model Scale 20cmx20cm(n=1), 100cmx140(n=7),

Wall Open Type / Enclosed Type

Table 2. The parameter of the test
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5.2 Result of tests

The mean wind pressure coefficients with the velocity 10m/s show in figure 19, because
almost parameter indicated the same result.

These results clarified that the unit numbers had little influence on the distributions of the
wind pressure on each model. However, the value around boundary areas indicated the
different value from the value of the inside area. These results provide that the n=5 model is
able to estimate the value of n=7 model. Therefore, as an example, the distribution of wind
pressure coefficient on the open type (n=5) shows in figure 20. But it is necessary to consider
other conditions, particularly another wind direction, because these views depend on
regulated conditions.

L " One bay —_»— Three bays L~ Five bays —{>— Seven bays
-20 1 207
| Wind Yelocity 10m/s | Wind Velocity 10m/s
g -
§ 10 2
| ¥
5 05 . illl u
(6] | Ji !
0.0 |
0 L1 i} 7
05 -
) e e ]
wind 1. ! ]
(a) Open Type (b) Enclosed Type

Fig. 19. The mean wind pressure coefficient under the uniformed flow with 10m/s

) o !

wind

Fig. 20. Contour of wind pressure coefficient on the open type (n=5)
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6. The wind tunnel test on the stand-alone model under the turbulent
boundary layer flow

In general, structural engineers use wind pressures obtained from wind tunnel tests or
simulations under the turbulent boundary layer flow when they design buildings. This
chapter shows the wind tunnel test under the turbulent boundary layer flow in order to
confirm the turbulent intensity around the horn shaped membrane roof. Additionally, this
result is compared with the results under the uniform flow in chapter 4.

6.1 Outline of tests

The wind tunnel facility is same as chapter 4. The turbulent boundary layer flow was made

by the blocks which are made from styrofoam (see in figure 21 and 22). Two types of flow

were prepared for this test as follows;

a. Turbulent intensity is 16%, wind velocity is 7.2 m/s at approx. z=150mm, using twenty
seven the100x100x100mm blocks.

b. Turbulent intensity is 25%, wind velocity is 5.7 m/s at approx. z=150mm, using twenty
seven the100x100x150mm blocks.

The turbulent intensity was calculated as follows,

(10)

where o, (z) is root mean square value of wind speed fluctuation at height z ,V(z) is mean

wind speed at height z.

Fig. 21. Photo of the facility and the model under the turbulent flow
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Block size
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Fig. 22. Outline of wind tunnel facility and layout of turbulent blocks

The 20cm x 20cm model was used in this test as well as chapter 4 and chapter 5. It was
assumed that a model scale was 1: 50, a velocity scale was 1/5 at the full scale wind speed
30m/s. In this case, time scale was 11/125. In this chapter, the velocity pressure to calculate
wind pressure coefficients was obtained from the mean velocity at z=150mm. Table 3 shows
the experimental conditions. The main parameters are two types of the wind directions and
the wind flows and the walls. The models and measurement taps show in figure 23. This test
provides the mean wind pressure coefficients and the peak wind pressure coefficients by the
equation (5)-(8).
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Wind-Tunnel Facility Closed Circuit Wind Tunnel

Flow Turbulent boundary layer flow
Sampling Speed 500Hz

Sampling Time 20sec

Turbulent intensity (1z) (@)15%, (b)25% (at z=150mm)
Rise-Span Ratio H/L 0.20

Model Scale 100cmx20cm(n=1), 100cmx140(n=7),
Wall Open Type / Enclosed Type

Wind Direction Odeg, 45deg

Table 3. The parameter of the test

- JJ C fo—a—9 9 o089
45deg 3 geton: A EC LS b
B |#-a & -8 @
08-ttity
)) A @8
Odeg 01 {10

-

Open Model

Enclosed Model
® Pressure Measurement taps

Fig. 23. Experimental models and measuring points

6.2 Result of tests

The distributions of the wind pressure coefficient show in figure 24 and 25.The figure 24 is
the result of the open type and the figure 25 is the result of the enclosed type. These figures
show half panel of roof based on symmetrical shape.

Generally, peak wind pressures around corner of roofs distinct from distributions of the
internal area. However, this test showed that wind pressure coefficients around the middle
of roof (i.e. the top of roof) were the maximum negative value. Furthermore, the wind
direction influenced to the value of wind pressure coefficients. The peak value of wind
pressure coefficients depended on the turbulent intensity, the peak wind pressure
coefficients of 1z=25% exceeded the value of 1z=16%.

The mean wind pressure coefficient, max./min. peak wind pressure coefficient at line A is
shown in figure26 and 27. In addition to these results, the mean wind pressure coefficients
with Re=1.0%105 under the uniform flow, which showed in chapter 4, are illustrated in figure
26 and 27. The mean wind pressure coefficient indicate same tendency despite the difference
of the flow. However, the turbulence affected the peak wind pressure coefficient on each
model.

As for the open type, the mean wind pressure coefficients under the turbulent flow
indicated almost the same as the mean wind pressure coefficient under the uniform flow.
On the other hand, as for the enclosed type, the mean wind pressure coefficients under
1,=25% and it under the uniform flow illustrated the different value.

www.intechopen.com



Wind Tunnel Tests on the Horn-Shaped Membrane Roof 343

lz=16%

[a]T urbulent Intensity

(a) Mean windforce coefficient (b) Max_ peak windforce coefficient (c) Min peak windforce coefficient

Fig. 24. Contour of the wind pressure coefficient on the open model; comparison of
turbulent intensity 16% (upper part) with 25% (lower part)

[a]Turbulent Intensity Iz=16% [a]iz=16% [a]Iz=16%
=7 LN B e ey RN

» -

wind

Iz=16%

[a] Turbulent Intensity

(a) Mean windforce coefficient (b) Max. peak windforce coefficient (c) Min. peak windforce coefficient
Fig. 25. Contour of the wind pressure coefficient on the enclosed model; comparison of
turbulent intensity 16% (upper part) with 25% (lower part)
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Fig. 26. Comparison of mean wind pressure coefficient with peak wind pressure coefficient
on the open type
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Fig. 27. Comparison of mean wind pressure coefficient with peak wind pressure coefficient
on the enclosed type

Figure 28 and 29 show the comparison of mean wind pressure coefficients with peak wind
force coefficients on the open type at the measuring point 01, 04, 15 and 21.

The open type and the enclosed type show the same tendency at each measuring point.

The measurement point 01 indicated that there is great distinction between the maximum peak
wind pressure coefficient C,_pear,max and the minimum peak wind pressure coefficient C,,_peak,min
with 0, but the result of 45 degree didn’t indicate distinction between the C, peamax and the
Cp_peak,min, the distinction between the C,_pesmar and the C, pear,min at the measurement point 15
and 21 is relatively small with each degree. The measurement point 04 shows the same
tendency as the measurement point 01 with 0 degree. These results clarify that the areas
affected by wind degree and the areas unaffected by wind degree were available on the roof.
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Fig. 28. Comparison of mean wind pressure coefficients with peak wind force coefficients on
the open type at the measuring point 01, 04, 15 and 21
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Fig. 29. Comparison of mean wind pressure coefficients with peak wind force coefficients on
the enclosed type at the measuring point 01, 04, 15 and 21

7. Conclusion

In this paper, the characteristics of the wind pressure coefficients on the horn-shaped
membrane roof were presented by the wind tunnel tests. Particularly, the followings are

clarified that;

e The wind pressure coefficients of the stand-alone model depended on the model scale

and the wind speed.

e The value of the turbulent intensity affected on the value of the wind pressure

coefficient, particularly at the top of the roof.

e As for the multi-bay model, the increasing number of horn unit had no effect on the
distributions of the wind pressure coefficients except for the boundary area.
Furthermore, the representative distributions of the wind pressure coefficient were shown

on each parameter.
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