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ABSTRACT: In today’s architecture, the use of space structures is very common and has attracted
the attention of designers. Various forms of these structures can be seen in architectural designs and
structures, and one of these types of structures is spherical domes. To calculate the wind load on all
structures, one of the most important coefficients required is the wind pressure coefficient (Cp), which
actually considers the effect of the geometry of the structure in the calculation of the wind load on the
structure. In the loading codes, the coefficient (Cp) is provided for some geometries. In this article, the
effect of wind load on spherical domes with three height-to-span ratios of 0.25, 0.5 and 0.75 has been
investigated. Also, the effect of surface roughness has been studied in this research.The maximum of
negative pressure coefficients (suction) for domes with a height to span ratio of 0.25, 0.5, and 0.75 are
obtained as -0.86, -1.07, and -1.22, respectively. In domes that have protrusions in the covering roofs,
these protrusions cause a general change in the wind pressure coefficients compared to the wind pressure
coefficients in the domes with a the covering becomes without protrusions; Therefore, the most effective
position of the projection is when the projection of the dome is placed at an angle of 90 degrees to the
direction of the wind (#=90°), in which case the pressure coefficients jump from negative values to
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positive values to Cp=+0.7 it arrives.

1- Introduction

In recent years, the construction industry has focused on
the development of steel and composite structures due to the
advantages of ease and speed of construction, effective use
of materials, lightness and strength of structures [1]. Space
structures (three-dimensional trusses) are one of these types
of structures. In practice, space structures are usually used for
roof coverings and, due to their inherent nature and various
structural features, they either lack internal support or have
minimal internal support. Given that most of these types of
structures are lightweight structures, wind load is usually
considered as the dominant lateral load. Structures must be
designed so that, in addition to bearing gravity loads, they are
also resistant to lateral loads such as wind. The requirement
for a robust design under wind influence is to accurately
obtain the wind pressure distribution coefficients on these
types of structures. In fluid mechanics, there are two ways
to calculate various parameters of the fluid flow field such
as velocity and pressure. The first method is the numerical
solution of the Navier-Stokes equations and continuity
in computational fluid dynamics, which are numerically
solved using various methods such as the finite difference
method, the finite volume method, and the finite element
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method [2]. The second method is to conduct experimental
tests in wind tunnels, which is considered one of the most
efficient methods. Spherical domes are one of the common
types of domes, in which the wind pressure coefficients
change with the height-to-span ratio. Many studies have
been conducted on the effect of wind load on structures
[3-10]. In this study, the wind pressure coefficients
on spherical domes with three height-to-span ratios of
0.25, 0.5, and 0.75 have been investigated, and the wind
pressure coefficients have been obtained using wind tunnel
tests and numerical modeling based on computational fluid
dynamics using Ansys software. Figure 1 shows examples
of spherical domes with different height-to-span ratios
and coverings. The covering of this type of structure,
such as that seen in Figure 1, can include concrete, wood,
corrugated metal sheets, etc.

The pressure coefficient (Cp) depends on the geometry of
the building, and the values of this coefficient are available
in various codes. This coefficient is obtained by dynamic
analysis of wind flow behavior. According to the codes, the
pressure or suction caused by the wind on a component or
the entire surface of a structure or building is obtained from
equation (1).
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Fig. 1. Some examples of spherical domes with differ-
ent coatings

Fig. 2. Details of the tested models with wind tunnel
components
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The dimensionless pressure coefficient Cp is defined as
equation (2).
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2- Wind tunnel test

One of the appropriate methods for investigating the
effect of wind on structures is to use wind tunnel testing,
and the use of this method is recommended in most codes.
In Figure 2, the spherical dome models are shown along with
images of the wind tunnel. As can be seen in this figure, to
measure the wind pressure, a hole must be made at each point
where the wind pressure is desired, and a hose is installed in
each hole to measure the pressure, and the hose is connected
to the pressure measurement sensor on the other side. Due to
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Fig. 3. Details of the spherical dome models studied

the limited number of sensors to measure the wind pressure
coefficients, twenty holes are made on each model. The
models are placed on a graduated plate in the wind tunnel
and rotated 5 degrees to 90 degrees each time, and the wind
pressure coefficients are measured at each angle. The wind
inlet speed in numerical analyses and wind tunnel tests is
considered to be 20 m/s.

In Figure 3, spherical dome models are shown along with
images of the wind tunnel. As can be seen in this figure, to
measure wind pressure, a hole must be made at each point
where the wind pressure is of interest, and a hose is installed
in each hole to measure the pressure, and the hose is connected
to the pressure measurement sensor on the other side.

3- Numerical modeling

Simulations were performed using CFD method in
ANSYS Fluent . The k-epsilon model was used in this study
due to its good agreement with the experimental results. In
Figure 4, the contour of the pressure coefficients on the domes
S, M, and L resulting from numerical modeling is observed.
The pressure coefficients are also plotted in Cartesian and
polar coordinates. It is observed that with increasing the
height to diameter ratio of the dome (k), the maximum
positive pressure coefficients and also the maximum negative
pressure coefficients (suction) increase.

4- Numerical modeling of domes with protrusions in the
cover

In this section, with the aim of investigating the effect of
creating protrusions in the roof covering similar to what is
presented in Figure 1, the effect of these protrusions has been
investigated. In Figure 5, the creation of protrusions on the
surface has been investigated. Figure L-1 has four protrusions
that divide the roof into four areas. The number of protrusions
gradually increases until in sample L-8, the number of
protrusions in the roof reaches 18. These domes have been
modeled in the software and the results are presented. In
Figure 5, the contour of the pressure coefficients on these
domes has been drawn. With the increase in the number of
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Fig. 4. Contour of wind pressure coefficients along with
a graph of these coefficients in spherical domes result-
ing from numerical modeling

these protrusions on the surface of the structure, the change
in the pressure coefficients is clearly evident.

5- Conclusions

In this paper, the effect of wind load on spherical domes
was investigated and the wind pressure coefficients on this
type of domes were presented using wind tunnel testing and
numerical modeling based on computational fluid dynamics
(CFD). The following results were obtained from the research.

As the height to opening ratio of the dome increases, the
maximum negative pressure (suction) values increase. In
domes with a low height to opening ratio, a larger area of the
dome is subjected to suction, so that in the wind tunnel test, it
is observed that domes with low heights are pulled upwards
from the bottom of the tunnel under the influence of wind
load.

The maximum positive pressure coefficients obtained
from numerical modeling in domes S, M and L are equal to
0.66, 0.78 and 1.02, also the maximum negative pressure
coefficients (suction) for the mentioned domes are equal to
-0.86, -1.07 and -1.22 respectively. By observing the pressure
coefficient contours, it is observed that the pressure coefficient
is almost constant at 6=150° to 6=180° for all domes.

C). The most effective position of the protrusion is when
the dome protrusion is at =90°, in which case the pressure
coefficients jump towards positive values to Cp=+0.7.
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Fig. 1. Some examples of spherical domes with different coatings
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Fig. 5. Results of wind pressure coefficients on domes
obtained from wind tunnel testing
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Table 1. Details of the domes examined in the research
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Fig. 6. Comparison of wind pressure coefficients on a spherical dome with different roof coverings
(roughness) obtained from wind tunnel testing

Jio sl 05 plosl ANSYS Fluent [\4] ,5 CFD s, jl solizs
o) aBisle)]l s b caslie gl sl > 4 k-epsilon
J> sl JEsl dbslee 9o 3l k-epsilon Jae sl o eslil suiss
o 30l (sl (5 BT e 5 (K) wiadl (pin (55,
9 [V+] Jones and Launder L.y k-epsilon sl Jse a8
bt (o554 568 g porie (wlel i [YV] Launder and Sharma
bt Gyso 4 jsy sla il scdly axwys Boussinesq [YY]
Loy Jdo 3 gy lo (A5 NS (o0 pui bawgie (S 25 L

D (o ole ©yge 4 (25

nn " ij

7, =24,(S,-S,6,/3)-2pks, /3 (¥)

ey (5o (55 855 sl S el (G5 A jSny L4,
Oy gl odwiz (655l oins JUi K ey joSung oims plis P
e Gl g )T anjsSny cal S5)S s

39 oo iy wiad] B s puo g 4]

o=c f .ok’ (%)

sl 3 Jols Jubos g 55 lawgs ool cund 4 Jao cups €,

Ao

(VoSe) (i Hlid ol s il Cpaiorad sl VYY) 90/AN 4 /55 L
e VYD g N F gAY iy i 0k S sladiS (gl
Hid oy mos Sl (K)ilod & )] s il 381 L 59 oo omaliie
pd A 395 (o0 odalie B JS5 53 bz b (oo I e
2 jlid caolps & UK T (o Cundy 00282 13 08 2l > hie jlut
el 048 sy glite Gidigy dw LM 05 9 S 05 ()
@y badd b 3 ol Jig o ead (ilefl lasS e
i b ) i s (g5 (sdes s sty b oS ) s
S5 )3 88 polailen LS jLis Colpd Olyess g o (605 5 (o) 2
by 5 (Wood) e Lide dwy 4 o ol odalie LB
ol 9 2 )L elys @l g Conload j (saNd) anls alwges S0

Goue silw oo -F
@ (CWE) ol wsipe o Sluslro o9y atsdS Jlo 8+
Al owss il Slabre ¥l Saldy sbasls J (S plge
)l by ) (oo (oBg) ©ygoh Lol 5k G Jlite
e Gilodnd Jed 5l alagby) sl anily (gpSeds cépiy
S5 oSk S gisk gl CYolae (e By (DNS) (oriiee
i le by (gilwand coleiyy 9 (RANS) 5us) (g, jlesss

b laggjloand g e oguone SYolas > sl g, lsiea; (LES)



B gLy L 1415 0 gy i Jo 9 3L Jig (550 dagl i Y IS

Fig. 7. Wind tunnel boundary conditions and meshing model of a dome with vertical grooves
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Fig. 8. Contour of wind pressure coefficients along with a graph of these coefficients in spherical domes
resulting from numerical modeling
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Fig. 10. Contour of pressure coefficients on spherical domes (L) with Prominence created on the structure
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Fig. 11. Pressure coefficient diagram on L-shaped spherical domes with protrusions created on the structure
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