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Abstract 

This paper presents the wind load distribution 

characteristic of arch-supported membrane structure 

based on CFD simulation. Geometric parameters of 

experimental model were selected based on study on 

some engineering projects constructed around the 

globe. Selected model is enclosed type and has three 

arches. CFD simulation was carried out in FLUENT 

software. SST-k-ω turbulence model was adopted to 

simulate wind flow. Result showed that area in the 

vicinity of immediate downstream zone of windward 

arch and central arch are the most critical zones. 

Moreover, influence of rise-span ratio was found quite 

significant. Effect of terrain category was found 

significant only in leeward area of models having 

larger rise-span ratio. 
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I. INTRODUCTION 

As the membrane structures are recently developed, 

wind load estimation and generalized design method 

are not fully established. Because membrane structures 

are flexible and very sensitive to wind load, it is 

necessary to study the load wind distribution 

meticulously. Otherwise, damage due to strong wind 

can be devastating. 

Generally, wind load for structures is represented by 

wind pressure coefficient in codes and standards. 

Many codes and standards provide wind pressure 

coefficients for regular and simple-shaped roof 

structures such as traditional pitched roof, flat, 

spherical, and saddle type. But the wind load 

distribution for complex-curved is not available. 

In real practice, many arch-supported membrane 

structures have been constructed globally such as 

SAGA Headquarters Amenity Building in UK, 

Chemical research Center in Italy, Covered Tennis 

Court in Italy and Municipal Sport Pavilion.These 

projects are presented in Fig. 1. It is necessary to 

conduct in-depth research on arch-supported 

membrane structure. 

Saga Headquarters Amenity Building has total 

coverage area of 2,000 m
2
, arch of span 56m and rise 

of arch of 13m. Similarly, Chemical Research Center 

in Italy covers the total floor area of 2,700m
2
. This 

membrane roof is supported by six arches. This is fully 

enclosed structure with arch span of 34m and arch 

arise of 15m in the middle. Membrane material used is 

PVC-coated polyester fabric with the tensile strength 

of 150kN/m. Another example is Covered Tennis 

Court in Gorle, Italy. This is fully enclosed structure 

and covers the floor area of 1584m
2
. Span of arch is 

22m and rise of arch is 3m.Material used for arch is 

steel and for membrane is PVC-coated polyester fabric. 

Study of engineering projects shows that generally 

span of arch is found in the range of 20m-60m and rise 

of arch also varies. So, membrane structure having 

arch span of 40m is consider as the study model with 

three different rise-span ratios.
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a) SAGA Headquarters Amenity Building, UK b) Chemical Research center in Venafro, Italy 

  
c) Covered Tennis Court in Gorle (Italy) d) Municipal Sport Pavilion 

Fig. 1. Arch-supported Membrane Structures 

 

 

II. LITERATURE REVIEW 

Theoretical estimation of wind load coefficients is 

very difficult for complex-curved roof surface. Wind 

tunnel test and CFD simulation are two way for 

estimation of wind load. As the wind tunnel test is very 

expensive, it is not possible to conduct wind tunnel test 

for every single design. So, CFD simulation is the best 

alternative because it is economical and appropriate for 

aeroelastic structures such as membrane [1]. Sun 

Xiaoying et al.[2] conducted CFD simulation on saddle 

shaped membrane structures and presented the effect 

of different parameters including wind speed, wind 

direction, rise-span ratio and eaves height. Similarly, 

W. B. Gorlin[3] emphasized the necessity of wind load 

standards. These days people are more attractive 

toward the complexed-curved membrane roof. 

TensiNet, a multi-disciplinary association, realized the 

importance of design methodology of membrane 

structure and started collecting wind load data on 

typical form of membrane structures. In 2015, 

TensiNet carried out a Round Robin Exercise 3 to 

collect wind tunnel and CFD data. The objective of 

this exercise was to provide wind load data for five 

different basic shapes of membrane structure. Wind 

load data collected for hyper and cone type was 

presented worldwide [4] to make reliable database for 

typical membrane structure. Similarly on hyperbolic 

paraboloid roof having circular, rectangular, square 
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and elliptical plans [5-7] in wind pressure coefficient 

for saddle roofs [8-9].  

Characteristics of wind load of some special roof 

structures such asmulti-bay horn-shaped membrane 

roof [10-11], cylindrical shells [12], hyperbolic 

paraboloid roof [13], saddle-shaped suspended roofs 

[14], hyperboloid roof of stadium [15], and typical flat 

roof[16]have already presented. 

In past years, research has mainly focused on spherical, 

cylindrical and saddle-shaped membrane structures. 

Relatively only few numbers of research have been 

conducted on arch-supported membrane structure. This 

paper presents the CFD simulation of arch-supported 

membrane structure under wind load in order to 

highlight the distribution characteristics of mean wind 

pressure coefficient. Moreover, effect of rise-span ratio 

and terrain category is presented. 

III. METHODOLOGY AND EXPERIMENTAL 

MODEL 

Rectangular-shaped arch supported membrane 

structure is selected as the study model. Model consists 

of three parabolic arches, two at the end and one in the 

center as shown in Fig. 2.a. Parameters consider for 

the model are listed inTable 1. 

 

 

 

 

Form Finding 

Process 

 

 

 

(a) Planar mesh  (b) Final form 

Fig. 2. Form Finding process 
 

Table 1. Parameters of experiments 

Parameters Model Prototype 

Rise-span ratio (f/L) 0.2, 0.35 and 0.5 0.2, 0.35 and 0.5 

Eaves height (H) m 0.2 m 10 m 

Span (L) m 0.8 m 40 m 

Spacing of Arch (B/2) 0.5m 25m 

Boundary wall condition Enclosed Enclosed 

Wind field Terrain B, Uniform Flow Terrain B, Uniform Flow 

 

In order to find the shape of roof surface with given 

parameters as listed above, firstly, rectangular plan 

grid is defined. Then structural elements such as 

membrane, cable and arch are defined in numerical 

model. Finally, form finding process is carried out to 

find the most stable shape for surface of roof. Form 

finding process required multiple iteration on finite 
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element analysis.Fig. 2shows the planar mesh and final 

form of experimental roof surface. 

After getting the final form of experimental model, 3D 

model of surface is developed in AUTOCAD software. 

Then this surface is imported into GAMBIT software 

and complete 3D model of enclosed arch-supported 

member structure is developed in GAMBIT. 3D-model 

is presented in Fig. 3. Moreover, developed 3D model 

is enclosed into box of wind tunnel.  After completing 

the meshing of integrated model of structure and wind 

tunnel box, boundary type is specified for all 

surrounding wall of wind tunnel. Ultimately, mesh file 

is exported.  

 

 

Fig. 3. 3D-model 
 

This mesh file is imported to FLUENT software. SST-

k-ω turbulence model is adopted to simulate wind flow. 

Simulation is carried out for terrain category B and 

uniform flow. Mean wind pressure coefficient, under 

45˚ wind direction as shown in figure,is extracted for 

different models under different terrain categories. 

Pressure coefficients is presented by using contour 

map and graphs to analyze the distribution 

characteristics of mean wind pressure coefficients. 

IV. CHARACTERISTICS OF WIND PRESSURE 

COEFFICIENT 

As the nature of surface of roof is complex-curved, 

distribution of wind pressure coefficient varies 

significantly. Distribution of wind pressure coefficient 

is not uniform all over the surface of roof. This section 

presents the characteristics of wind pressure 

coefficients by analyzing the distribution of wind 

pressure coefficient and comparative study of 

influence of different factors. 

A. Distribution of Wind Pressure coefficient 

In order to study the distribution of wind pressure 

coefficient, 45˚ wind direction is selected. Fig. 

4presents the contour of wind pressure coefficient 

under free flow (uniform flow) and flow under terrain 

category B. Model with rise-span ratio of 0.2 and 0.5 

are considered. It can be seen from all figures that 

structures experience maximum negative wind 

pressure coefficient in the vicinity of immediate 

downstream side of arch apex. This makes it as the 

most critical zone. As the wind strike obliquely, flow 

separation and vertex formation occur near to the arch 

apex creating higher negative wind pressure coefficient. 

Area next to windwards arch experience comparatively 

larger negative wind pressure coefficient that that of 

intermediate arch. However, area around leeward arch 

does not acquire negative wind pressure coefficient.  

In case of model with rise-span ratio of 0.2, small area 

in the downstream ofwindward and central arch 

experiences negative wind pressure coefficient in the 

range between –0.7 to -2. Rest of the area is controlled 

by positive wind pressure coefficient. Both area and 

intensity of negative wind pressure coefficient 

increases as the rise- span ratio increases from 0.2 to 

0.5. In case of rise-span ratio of 0.5, model experience 

negative wind pressure coefficients up to around –5. 

Almost all area, except small area in windward corner 

which is controlled by negligible positive wind 

pressure coefficient, is controlled by negative wind 

pressure coefficient. 

It can be seen from Fig. 4 that influence of terrain 

category is quite significant on model with larger rise-

span ratio. Distribution of mean wind pressure 

coefficient is almost similar and intensity coefficient is 

also same for the model with rise-span ratio of 0.2 

under both uniform flow and terrain B category flow. 

However, in case of model with rise-span ratio of 0.5, 

despite have almost same distribution pattern, intensity 

of mean wind pressure coefficient is comparatively 

larger under terrain B than that under uniform flow.   

In order to make more comprehensive study of 

characteristics of mean wind pressure coefficient, 
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influence of different rise-span ratios and terrain 

category is presented with the help of graphs. As the 

variation of wind mean wind pressure coefficient is 

significant along path N-N’, this path is selected to 

study the influence of key parameters. Fig. 5.ashows 

the analysis path N-N’.   

 

 

 

 

 

(a)f/L=0.2, Uniform Flow (b)f/L=0.2, Terrain B 

 

 

 

 

(c)f/L=0.5, Uniform Flow (d)f/L=0.5, Terrain B 

Fig. 4. Contour of mean wind pressure coefficient 
 

 

B. Influence of rise-span ratio 

Fig. 5present the influence of rise-span ratio on mean 

wind pressure coefficient under uniform flow and 

terrain category B flow.   

Under both flow condition, maximum negative wind 

pressure coefficient is observed at the distance of 0.4L 

from end N (windward corner end).Small area near end 

N experiences positive wind pressure coefficient. 

Intensity of this small positive wind pressure 

decreasesas rise-span ratio increase from 0.2 to 0.5. 

Rest of part is controlled by negative wind pressure 

coefficient. Negative wind pressure coefficient 

wind 
wind 

wind wind 
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increases as rise-span ratio increases. Maximum 

negative wind pressure coefficient of -4.7 and -5 is 

observed in case of model with rise-span ratio of 0.5 

under uniform flow and terrain category B flow 

respectively. 

C. Influence of terrain category 
This section presents the influence of terrain category 

on distribution of mean wind pressure coefficients. Fig. 

6shows the comparative study of mean wind pressure 

coefficient of model with rise-span ratio of 0.2, 0.35 

and 0.5 under uniform and terrain category B flow.  

Influence of terrain category is relatively less 

significant for model with rise-span ratio of 0.2 as 

compare to other model with higher rise-span ratio in 

leeward area. But, in case of windward area, effect of 

terrain category is negligible for model with rise-span 

ratio of 0.35 and 0.5 as compare with rise-span ratio of 

0.2.In windward area, all models experience greater 

wind pressure coefficient under uniform flow than that 

under terrain category B flow. But in leeward area, 

models experience greater wind pressure coefficient 

under uniform flow. 
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(a) Analysis Path N-N’ (b) Uniform Flow (a) Terrain Category B  

Fig. 5. Influence of rise-span ratio 
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Fig. 6. Influence of terrain category 

V. CONCLUSIONS  

CFD numerical simulation of arch-supported me’mbrane 

structures under wind load was carried out to study the 

mean wind pressure coefficient distribution 

characteristics considering the effect of rise-span ration 

and terrain category. Following conclusions can be 

drawn from this study; Area in the vicinity of immediate 

downstream of arch apex is the most critical zone as it is 

loaded with maximum negative mean wind pressure 

coefficient. As the rise-span ratio increases, both area 

and intensity of negative wind pressure coefficient 

increase significantly. Influence of terrain category is 
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significant in models with rise-span ratio of 0.35 and 0.5. 

Models experience greater wind pressure coefficient 

under terrain category B in leeward area.  Maximum 

negative wind pressure coefficient of -4.7 and -5 is 

observed in case of model with rise-span ratio of 0.5 

under uniform flow and terrain category B flow 

respectively. 
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