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Determination of wind pressure coefficients on spherical domes called onion domes
(defined in standard 400)
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ABSTRACT: Wind force is one of the lateral loads in the design of structures. One of the parameters
for calculating wind force on structures is called pressure coefficient (CP), which is related to the
geometry of the building. The design codes provide the pressure coefficient of conventional buildings.
In the absence of these coefficients in the design codes, wind tunnel testing or numerical modeling
should be used. Numerical method based on computational fluid dynamics (CFD) has been used in
modeling to simulate wind flow. The model used in computational fluid dynamics in this research is
the K-¢ (Standard) model. The sphere is modeled with a diameter of 50 cm and the results of numerical
modeling are compared with the results of the wind tunnel test presented in reference [2]. The dome is
made with different height to span ratio, with increasing height-to-span ratio to maximum The negative
pressure (suction) obtained at an angle of 900 increases as this value reaches —2.24 in dome 122, and it is
also observed that at an angle of 1500 to 180 o the pressure coefficient is constant for all domes. Finally,
the equation the wind pressure coefficients of this type of dome is presented.
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1- Introduction

The use of dome structures to cover all types of roofs is
very common, especially for covering stadiums and meeting
halls. One of the common types of domes is the onion dome
(according to standard 400). Figure 1 shows the exterior of
two onion domes. For a long time, spherical domes have been
built all over the world with construction materials such as
brick and stone. In determining the wind pressure coefficients
on these domes, considering that the geometry of these domes
is close to the spherical dome, usually the wind pressure
coefficients of spherical domes are used in determining the
coefficients. Wind pressure is used in the design of these
domes, due to the absence of wind pressure coefficients for
this type of dome in the regulations, in this article, wind
pressure coefficients are used using fluid dynamic analysis
and modeling in ANSYS software. Examples of this type of
dome are presented in the regulation of Iran’s space structures
(publication number 400 of the country’s planning and budget
organization).

Many researches have been done on the effect of wind load
on domes, two examples of these studies are: The research
that Sadeghi et al.(2017) presented using numerical modeling
of wind pressure coefficients on scallop domes[1], also in
this research the equation of wind pressure coefficients in
spherical domes and scallop domes has been presented as well
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as in another research (2018) considering Taking the effect of
the group of spherical domes, wind pressure coefficients on
spherical domes have been presented[2], Blocken [4] outline
the past, present and future of wind engineering and give a
comprehensive account of the wind engineering.

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).

leWquCng (1)

The dimensionless pressure coefficient Cp is defined as
equation (2).

P—D
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2- Verification of numerical modeling

In this section, with the aim of verifying the results of
numerical modeling, the results of the wind tunnel test on the
spherical dome reported in reference [2] have been examined
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Fig. 1. Two examples of spherical domes known as
onion domes
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Fig. 2. Comparing the results of numerical modeling
using ANSYS software with the results of wind tunnel
testing [3]
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Fig. 3. Contour of wind pressure coefficients on domes
with different height to span ratio (view from above)

and the results of numerical modeling have been compared
with the results of the mentioned reference. The mentioned
structure has a diameter equal to 200 mm.

3- Investigating wind pressure coefficients on domes with
different height-to-span ratios

In this section, the pressure coefficients on the mentioned
domes with 4 height-to-span ratios are evaluated, In Figure
3, the contour of the pressure coefficients on the domes can
be seen.

Figure 4, shows the changes in the wind pressure
coefficients on domes 120 and 121 at different height levels,
the symmetry in the pressure coefficients is evident due to
the symmetry of the dome, with the increase in the ratio of
the height to the span of the dome, the negative pressure
coefficient increases at an angle of 90 degrees.
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Fig. 4. Variation of Cp on domes 120 and 121 at differ-
ent height levels

Table 1. The amount of parameters used in Eq.3

Dome 120 121 122 123

K=H/D 0.72 1.45 223 6.78
A -0.078 -0.095 024  -0.266
B -0.27 -0.26 -0.17  -0.037
C +0.26 +0.37 +1.01  +1.019
D -0.13 -0.15 -0.11 -0.366
E -0.27 -0.25 -0.19  -0.159
F -0.46 -0.92 -1.01  -1.031

Fig. 5. Wind velocity vectors in the vicinity of domes
120 and 121

In Figure 5, the streamline is drawn in the vicinity of
domes 120 and 121, the decrease in the distance of the flow
lines indicates the increase in speed, in some parts of the
models, a vortex flow is observed, which occurs due to the
separation of the flow from the surface of the dome.

4- The equation of wind pressure coefficients on the
studied domes

Due to the absence of pressure coefficients on this type
of domes in the codes, in this study, using different models
of these domes, we present sinusoidal equations with the
same general form for all models to determine the pressure
coefficients for all types of this type of structure. The
presented values can be easily calculated for each point.
This equation was obtained using MATLAB software with
pressure coefficients on the domes.

Cp = f xc0s(2.60) + g xsin(6)

f=Ah* +Bh+C
g=Dh’ +Eh+F 3)
H==

H
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5- Conclusions

In this article, the wind flow was validated using the
computational fluid dynamics method and using the standard
turbulence model in a computational model, and in the
following, the mentioned model was used to investigate the
airflow and its dynamic parameters around onion domes. The
aim is to find the governing equation of the wind pressure
coefficients on this type of domes, the following results are
obtained from the research.

a) By increasing the ratio of height to span, the maximum
negative pressure (suction) that is obtained at the angle
B=90 increases, so that in dome 122 this value reaches
-2.24.

b) By changing the ratio of height to opening, the maximum
value of positive pressure that occurs on the face facing
the wind is constant and equal to 0.8.

¢) By observing the contours of the pressure coefficient, it
can be seen that the pressure coefficient is constant for
all domes at an angle of approximately 150 degrees to an
angle of 180 degrees.

d) In the values of the ratio of the height to the opening of
the domes that have not been investigated in the research,
it is possible to obtain wind pressure coefficients for the
dome with a different ratio of height to the opening by
using interpolation.
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Fig. 1. Two examples of spherical domes known as onion domes
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Fig. 2. Boundary conditions and wind tunnel dimensions for numerical modeling in ANSYS software
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Fig.10. Contour of wind pressure coefficients on domes with different height to opening ratio (view from above)
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Fig. 11. Variation of Cp on domes 120 and 121 at different height levels
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Fig. 12. Contour of wind pressure coefficients on domes with different height to span ratio
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Fig. 13. Diagram of wind pressure coefficients on domes at 0.1 and 0.4 height
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Table 1. The amount of parameters used in Eq.3
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Fig. 15. Comparison chart of wind pressure coefficients obtained from numerical modeling and equation 3

045 (o) y 3».0.70“ 3y aS Lm.\.uf FHIN L &Loa)l Cnand )‘ d)JJLQA Jo
Comd b3S (6l 1) 0 5La3 cul e (2bgps Sl oslatnl b gy canl

D9l Cawd 4 glize ilad 4 glis)|

Xbo
[1] Blocken B. 50 years of computational wind engineering:
past, present and future, Journal of Wind Engineering

and Industrial Aerodynamics. 129(2014), 69-102.
[2] Cheng, C. M., & Fu, C. L, Characteristic of wind loads

on a hemispherical dome in smooth flow and turbulent
boundary layer flow, Journal of Wind Engineering and

Industrial Aerodynamics, 98(6-7) (2010), 328-344.

[3] Chevula, S., Sanz-Andres, A., & Franchini, S,
Aerodynamic external pressure loads on a semi-circular

bluff body under wind gusts, Journal of Fluids and

Y.y

6 785 4 -0

5 Slwbre OVl Selins gy S8 40k gl dlie ol
oo Sluwlbre Jae 5 ) standard il i 5l eslazel b
sbayiahl 95k by (So5e (wyp lp ysSde Jio aedl )3 g 00
ol 8l Ban a3 4B S K 4 gl slarS S o (St
Pl il ) @l el LS Sl g cnl 59y 2 3k 5Le3 ul s oS
Dy oo ol 3u85

545 (G5 e L6 e bas 4 ¢l s 1 L
QI WY A5 53 o8 (590 4 oo Gl 09 o0 ol B0 445
Sy o =VIVY 4 )lade

L augly 55 48 55 o0 onlito )bty (slayslS sanlio b
Gl ol asS slad (gly Hlid (o pd a3 VAL 4ol3 b as o V-

e il s | ol s cunlio cisllas N S5 osalin b
a0 odaldio 0ud &l dsleo | Jols il o



between wind load by wind tunnel test and in-site
measurement of long-span spatial structure, Wind &

structures, 14(4) (2011), 301-319.
[13] Kim, R. W,, Lee, I. B,, Yeo, U. H., & Lee, S. Y,

Estimating the wind pressure coefficient for single-span
greenhouses using an large eddy simulation turbulence
model, biosystems engineering, 188(2019), 114-135.

[14] Hu, W., Bohra, H., Azzuni, E., & Guzey, S, The uplift
effect of bottom plate of aboveground storage tanks
subjected to wind loading, Thin-Walled Structures,
144(2019), 106241.

[15] Chen, Z., Li, H., Wang, X., Yu, X., & Xie, Z, Internal
and external pressure and its non-Gaussian characteristics

of long-span thin-walled domes, Thin-Walled Structures,
134(2019), 428-441.

[16] Kim, Y. C., Yoon, S. W., Cheon, D. J., & Song, J. Y,
Characteristics of wind pressures on retractable dome
roofs and external peak pressure coefficients for cladding
design, Journal of Wind Engineering and Industrial

Aerodynamics, 188(2019), 294-307.
[17] Enajar, A., El Damatty, A., & Nassef, A, Semi-

analytical solution for gable roofs under uplift wind

loads, Engineering Structures, 227(2021), 111420.
[18] Bani Vahid, Sadeghi Hossein, and Tousi

Alireza, Determination of wind pressure coefficients
on cylindrical roofs (Barrel roofs), Journal of
Structural and Construction Engineering. (2022).
[19] davarzani hamidreza, ahmad ganjali, hossein
sadeghi, and rasul mohebbi, Determination of wind
pressure coefficients on cylindrical storage tanks, using
wind tunnel testing and numerical modelling, Journal of

Structural and Construction Engineering,(2022).

Structures, 54(2015), 947-957.

[4] Kateris, D. L., Fragos, V. P., Kotsopoulos, T. A.,
Martzopoulou, A. G., & Moshou, D, Calculated
external pressure coefficients on livestock buildings and

comparison with Eurocode 1, Wind & Structures, 15(6)
(2012), 481-494.

[5] Lin Zhao, Xu Chen, Yao Jun Ge, Investigation of
adverse wind loads on large cooling tower for the six —

tower combination, Applied Thermal Engineering,105
(2016),988-999

[6] Qiu, Y., Sun, Y., Wu, Y., & Tamura, Y, Modeling the
mean wind loads on cylindrical roofs with consideration
of the Reynolds number effect in uniform flow with low

turbulence, Journal of Wind Engineering and Industrial

Aerodynamics, 129(2014), 11-21.

[7] Rizzo F, Wind tunnel tests on hyperbolic paraboloid roofs

with elliptical plane shapes, Engineering Structures;
45(2012), 536-558

[8] Sadeghi, H., Heristchian, M., Aziminejad, A., &
Nooshin, H, Wind effect on grooved and scallop
domes, Engineering Structures, 148(2017), 436-450.

[9] Sadeghi, H., Heristchian, M., Aziminejad, A., & Nooshin,
H, CFD simulation of hemispherical domes: structural

flexibility and interference factors, Asian Journal of

Civil Engineering, 19(5) (2018), 535-551.

[10] Vizotto I, Ferreira A M, Wind force coefficient on
hexagonal free form shells, Engineering Structures, 83
(2015), 17-29

[11] Rajabi, E., Sadeghi, H., & Hashemi, M. R,
Wind effect on building with Y-shaped plan,

Asian Journal of Civil Engineering, (2022), 1-11.
[12] Liu, H., Qu, W. L., & Li, Q. S, Comparison

4708.

DOI: 10.22060/ceej.2022.21115.7626

R. Gholizadeh, H. Sadeghi, Determination of wind pressure coefficients on spherical domes
called onion domes (defined in standard 400), Amirkabir J. Civil Eng., 54(12) (2023) 4697-

20 gl )l i (il & digSy

FY+A



