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Abstract 
Open circuit boundary layer wind tunnel tests were carried out for two span trough canopy roofs to measure 
wind pressure distribution over upper as well as lower roof surface. Models were made of plywood and 
Perspex sheets. These models were made on a scale of 1:100 vis-a-vis prototype building considered. 
Total seven wind incidence angles were considered and wind pressure distribution over upper and lower roof 
surface was measured. The results obtained from the experimental work are reported in the form of cross 
sectional variation of coefficient of pressure at mid section of the span and contour plots over complete upper 
and lower roof surface. It was observed that wind pressure coefficient over two span trough canopy roof 
surface is highly influenced by direction of wind incidence. 
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Introduction 
Wind loads are calculated to design civil engineering 
structures by using relevant code of practice of various 
countries. Standards on wind loads of various countries 
((AS/NZS:1170.2(2002), ASCE:7-02-2002, BS: 63699 
(1995), EN:1991-1-4(2005) and IS:875 (part-3) (1987)) 
provide information about wind loads on trough canopy 
roofs. The information available in these codes is not 
sufficient to safely design a two span trough canopy roof. 
Therefore, boundary layer wind tunnel tests were carried 
out on two span trough canopy roof models with seven 
wind incidence angles. Pressure coefficients were 
obtained for upper as well lower surface of two span 
trough canopy roofs. The results thus, obtained are 
presented in the form of cross sectional variation of 
pressure coefficients and contour plots of pressure 
coefficients for upper and lower surface of trough canopy 
roof. 
 
Materials and methods 
Model description: The dimensions of prototype building 
considered are length=30 m, width=30 m and height to 
eaves=15 m. Two types of models namely plywood and 
Perspex sheet were made on a scale of 1:100. Hence, 
the dimensions of the models were length=300 mm, 
width=300 mm and eave height=150 mm (Fig. 1). 
The angle of trough canopy roof was taken as 10⁰. Total 
50 pressure points on upper roof surface and  
50 pressure points on lower roof surface were made  
(Fig. 2 and 3). Pressure points were placed closer to 
each other on edges and corners to observe variation of 
wind pressure. 
 
Wind flow characteristics: Open circuit boundary layer 
wind tunnel of Indian Institute of Technology Roorkee 
(India) was used for the experiments.  

 
 

Fig. 1. Dimensions of the model. 
 

 
 
 
 

Fig. 2. Pressure points on the roof surface of the model. 
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Fig. 3. Perspex sheet model of trough canopy roof. 

 
 

Fig. 4. Two span trough canopy roof model  
inside wind tunnel. 

 
 
 
This wind tunnel has a test section of 15 m length with 
the cross sectional dimensions as 2 m x 2 m. Mean wind 
velocity profile corresponding to terrain category 2 is 
obtained by using floor roughening devices. Barrier wall, 
vortex generators and cubical blocks of size of 150 mm, 
100 mm and 50 mm were used for this purpose. The two 
span trough canopy roof models were placed at the 
center of turn table inside wind tunnel (Fig. 4). This turn 
table can be rotated from 0⁰ to 360⁰ to ensure change in 
wind incidence angle. 
 
Measurement techniques: One span of wooden model 
and another span of Perspex sheet model were joined 
together to make a two span trough canopy roof model. 
Perspex sheet model roof surface was instrumented and 
wooden model was not instrumented. Initially roof span 
made of Perspex sheet was placed on windward side 
and wind was made to hit it perpendicular to ridge of the 
model, thus making it 0⁰ wind incidence angle. 

Wind pressure was measured over upper surface of 
trough canopy roof. Turn table was rotated so as to 
change the wind angle to 15, 30, 45, 60, 75 and 90⁰. 
Thereafter, position the wooden roof span and Perspex 
sheet roof span were interchanged and similar procedure 
was followed to measure wind pressure over upper 
surface of trough canopy roof. Similar procedure was 
followed for the lower surface of the roof model also. 
 
Results and discussion 
Mean wind pressure coefficient (Cp) was calculated for 
both upper and lower roof surfaces of two span trough 
canopy roofs. Results are presented in the form of cross 
sectional variation of pressure coefficient (Cp) at mid 
span and contours plot for complete upper and lower roof 
surface. At 0⁰ wind incident angle, windward edges of 
upper roof surface of both the spans are subjected to 
suction. The maximum suction is on first span and its 
value is -0.31. The upper roof surface of second span is 
subjected to more wind pressure and maximum value of 
wind pressure coefficient is 0.3. Windward lower roof 
surface of both the span is subjected to pressure with 
maximum pressure on first span as 0.60 and reducing 
subsequently. The leeward lower roof surface of both the 
span is subjected to suction with maximum value as -0.2 
on first span and then reducing subsequently (Figs. 5-7).  
 

 
Fig. 5. Cross sectional variation of Cp at mid section on upper 

and lower surface at 0⁰ wind angle. 

 
 

 
Fig. 6. Contours of Cp on upper surface at 0⁰ wind angle. 
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Fig. 7. Contours of Cp on lower surface at 0⁰ wind angle. 

 
 
At 45⁰ wind incidence angle, windward edges of both the 
spans are subjected to suction with maximum value of 
suction as -0.30 on first span. Rest of the upper roof 
surface is subjected to moderate wind pressure. 
Windward slope of lower roof surface of both the span is 
subjected to pressure and leeward slope is subjected to 
suction both reducing subsequently. The lower roof 
corners of windward edges are subjected to extreme 
pressure of 0.5. The upper roof corners of windward 
edges are subjected to extreme suction of -0.25 (Figs.  
8-10).  
 
Fig. 8. Cross sectional variation of Cp at mid section on upper 

and lower surface at 45⁰ wind angle. 

 
 

Fig. 9. Contours of Cp on upper surface at 45⁰ wind angle. 

 
 

Fig. 10. Contours of Cp on lower surface at 45⁰ wind angle. 

 

At 90⁰ wind incidence angle, trough canopy roof surfaces 
are subjected to moderate suction and wind pressure.  
The windward edge of upper roof surface is subjected to 
suction with maximum value as -0.24. The windward 
edge of lower roof surface is subjected to pressure with 
maximum value as 0.02 (Figs. 11-13). 
 
Fig. 11. Cross sectional variation of Cp at mid section on upper 

and lower surface at 90⁰ wind angle. 

 
 

Fig. 12. Contours of Cp on upper surface at 90⁰ wind angle. 

 
 

Fig. 13. Contours of Cp on lower surface at 90⁰ wind angle. 

 
Conclusion 
Based upon the findings of the study, the following 
conclusions were made:  
1. Wind pressure over upper roof surface of second 

span increases significantly for 0⁰ wind incidence 
angle. Maximum wind pressure over upper roof 
surface of second span is found to be 0.30 which is 
almost twice of that of first span. 
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2. At 45⁰ wind incidence angle, the windward corner of 
upper roof surface is subjected to suction with 
maximum value as -0.25. The lower roof corners of 
windward edges are subjected to extreme pressure of 
0.5. 

3. When wind pressure distribution over upper and lower 
roof surface is combined it is found that windward 
edges and corners are subjected to extreme suction 
which will result in blowing off roof sheeting. Hence, 
additional provision for fasteners is required to 
prevent the roof sheeting from blowing off. 
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