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Abstract 
 
Profile steel shell structures are used in roofing elements popularly due to aesthetic and economical use of 
materials.Profiled steel sheets are good alternative for roof cladding. Light gauge steel profiled sheets fastened 
with screws or nut-bolts are subjected to strong or fluctuating wind uplift forces that result in failure of the sheet 
in the vicinity of the fasteners. Differnt types of ribbed have great significance on the the structural strength and 
behaviour of profile steel sheet. The objective of this study is to investigate the structural strength and behaviour 
of different types of profiled steel sheet roofing elements under simulated wind uplift forces. A series of tests 
was conducted on various ribbed profiled steel sheet roofing subjected to wind uplift simulated pressure.Five 
differnt ribbed sheet namely; trim, klip-lok, spandek, arc-tangent and trapezoidal  profiled steel sheet are 
investiged in this research.Different ribbed types of profiled steel sheet and constantdiameter of screws with a 
constant span length was considered as base criteria to perform the tests.The failure loads, mode of failure and 
corresponding deflection for the sheets wereobserved. It was observed that the local diamond-shaped 
deformations may progressively develop around the screw fasteners at the support due to uplift load. It was 
found that structural behaviour of the roofing sheets under uplift loads was greatly dependent on differnt types 
of ribbed,the diameter of the screw and span length of profiled steel sheet. 
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1Introduction 
 
The usage of profiled steel sheeet has gained popularity due to its aesthetic and economy in material usage. 
Some popular practical implementation has been represented in Fig. 1.The light gauge steel profiled roofing are 
generally supported over cold-formed steel purlins or high quality timber battens. Screw and nut and bolt are 
common and popular method to connect this type of sheet with their structural support member. Some typical 
example are shown in Fig. 2. In areas with sustained wind pressure, structural performance under varying wind 
load becomes the governing criteria for structural design. Wind load can be predetermind from the interaction of 
wind flow with the surface of a building acting on the roof and walls of a building. A large number of research 
prove the predominant nature of wind suction acting on roof claddings, i.e., wind uplift (Holmes et al. 1990). 
Cyclone-induced sustained fluctuating wind uplift may cause fatigue damage to roofing sheets whilst short-term 
strong wind uplift could damage roofing sheet collapses (Beck and Stevens, 1979). Parsons (1976) considered 
only the maximum allowable loading that the sheet could sustain without permanent deformation for his 
extensive test of steel roofing under static and cyclic load. Beck and Stevens ran some static test simulating 
wind uplift pressure prior to perform fatigue test on the arc-tangent type roofing sheet. They found that a local 
diamond-shape deformation progressively developed on the crest of the corrugation under the head of the 
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central screw fastener, which was followed by an elastic buckle at a nominal fastener tensile reaction force of 
700 newton per fastener.Mahendran (1990) investigated the effects of cyclone washers, roofing spans and 
fastener spacing. Xu and Reardon (1992,1993) conducted research on screw fastened profiled roofing sheets 
subject to simulated wind uplift.Information regarding the structural behaviour of profiled steel sheet ubjected to 
wind uplift pressure is inadequate in public domain. So, this calls for a methodological approach to determine 
the behavior of profiled steel sheet under simulated sustained wind load. 
 
In this paper, an investigation is done to workout the structural strength and behavior of profiled steel sheet. A 
series of tests was performed on profiled steel sheet with varying type of profile, almost constant thickness and 
span of sheets and diameter of screws and bolts. Deflection under various loads, failure loads, failure modes and 
the load-deformation bahavior of bolted profiled steel sheet was investigated. All points of bolt were installed 
with cyclone washer to further increase the uplift pressure capacity. The performance and behaviour of observed 
sheet were also examined to suggest a specific type of profile for a specific purpose. 
 

 
 

Figure 1. Practical implemenation of profiled steel sheet 
 

 
 

Figure 2.Fixing method to connect profiled sheet to support 
 
2Methodology 
 
Wind loads exert large lateral load particularly on large and tall structures, radio towers, bridges with long span 
and structures with large openings. So, when designing such kind of structures, wind load play an important role 
deciding the criterion in final design. Roofing element with profiled steel sheet is subjected to tremendous uplift 
load an case of storms and cyclones, thus should comply with the prescribed code described in BNBC. The 
minimum wind load on structures thus need to be determuned on the basis of wind velocity, shape and size of 
structure and terrein exposure condition of the site. .  For building specification AISI state that the frame of a 
building must be designed to carry a pressure not less than 20 psf, on the vertical projection of the exposed 
surface of the finished structure. Wind load can be calculated based on Dutchman wind effect, ASCE 
recommendation and BNBC code. 
 
Dutchmen Wind Effect:  
Load,    P= KV2 = 29.65 lb/ft2              (1) 
Where,    K=0.003 
   V= 99.42 mph 

   n.=P
sin

= 29.65 ×
. °

sin 26.56°
=22.1lb/ft2    (2) 
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BNBC Code Wind Effect: 
For average condition,P= 0.002558 v2= 23.73 psf                                                                                         (3) 
 
Here,    V= wind velocity in mile/h 
   P= wind pressure in psf  
 
For Rajshahi city,  V= 155 km/h,= 96.31 mile/h 
 
Wind load as recomendatedinASCE (2005) final report is shown in figure 3. According to ASCE final report 
maximum wind force and suction pressure is 16.128 and 21 psf wind word and lee word directions respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 3. Wind load calculation according to ASCE final report (ASCE, 2005) 
 
 
 
3. Test Arrangement 
 
To simulate practicle consideration, there are three methods being used to test roofing sheets namely the air bag 
method, the midspan load method and the chamber method. Among the afformentioned three method, the 
midspan load method is the least expensive and easy to perform in a common structural laboratory.In the mid 
span load method,thelimited band pressure at themidspan across the full width of the sheeting is used to replace 
the uniformly distributed pressure over the entire sheeting surface. Correspondingly, an equivalent sheeting span 
should be used in the test to replace the sheeting span in the prototype such that the fastener reaction force and 
bending moment of the test sheet at the central support are the same as those of the sheet prototype (as a two-
span continuous beam). A force relationship between the mid span load on a test sheet and the average wind 
pressure on the sheet prototype is also established from the above modeling requirements. The midspan load 
method was considered primarily due to the practical consideration associated with the use of a commercial 
hydraulic testing machine as well as the difficulties related to the construction of a capable test setup using 
airbag method. The span length considered in this test was 2´6" with a width of 2´. Nine sheets distributed 
equally between three types of profiles were tested with metal cyclone washer having 1” diameter. A schematic 
representation in Figure. 4 shows the experimental setup with a hydraulic jack and load cell being the two major 
apparatus. A distributor plate with rubber loading pads was used to apply a narrow band of pressure to the 
bottom surface of the test sheet. 
 
Test arrangement of wind uplift pressure for various profile are represented in Figure.5. A distributor plate 
measuring 12" x12" was used to spread the load to a larger area and rubber loading pads were formed to 
coinside the shape of the profile of the sheet which helped to perform the task properly. Total reaction force on 
the fastener at the central support was obtained using a load cell. The average reaction force was worked out by 
subdividing the total load into the total no of fastener. A load cell of a capacity of 10KN was installed beneath 
the distributor plate to measure the total uplift pressure. Three dial gauges, graduated to 0.02 mm, were arranged 
at crest to measure the upward deflections. 
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Figure 4. Schematic View of Experimental Setup 
 

 
                                          (a)(b) 

 

 
 
(c)(d) 

Figure 5. Experimental setup of different type of profiled sheet 
 

4. Test Results and Discussion 
 
The test results were obtained from the experiment setup using apparatus mentioned earlier. The failure loads, 
failure modes and behavior of a specific profile is shown in Figure. 6 to Figure 8. The typical upward deflection 
of mid point located on the screwed crest obtained from deflection gauge were plotted against the prototype 
average pressure for theroofing sheets afformentionedearlier shown in Figure 9.The typical upward deflections 
located on the screwed crest are plotted comparatively against the prototype average pressure for trapezoidal 
shaped profile, arc-tangent type profile and tali type profile in Figure 9. When the prototype average pressure 
was below 3 kPa, 1.5 kPa and 5 kPa respectively, the overall structural behavior of the profiled roofing sheets 
predominantly linear and elastic. With the increase of prototype pressure, deflection started to increase with a 
steeper gradient. After 3.65kPa, 1.565 kPa and 5.21 kPa prototype pressure for trapezoidal shaped profile, arc-
tangent type profile and tali type profile respectively, the load suddenly dropped to 3.43 kPa, 1.48 kPa and 4.98 
kPa respectively but deflection kept increasing, thus the sheets failed evident from local buckle with a clear 
sound (Figure. 6(a), Figure. 7(a), Figure. 8(a)).  The local plastic buckling was followed by a distortion of the 
cross-section at the middle of the sheet without any further increase in load. After prototype pressure 6.22 kPa, 
1.959 kPa and 8.4 kPa respectively for trapezoidal shaped profile, arc-tangent type profile and tali type profile, 
the deformation was unchanged after the load was removed (Figure. 6(b), Figure. 7(b), Figure. 8(b)). Though 
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profiled roofing sheets were not torn apart by the applied load, the permanent deformation was enough to justify 
its failure. 
 
 

 
 

Figure 6. Failure mode of trapezoidal shaped profile steel sheet 
 
 

 
 

Figure 7. Failure mode of Arc-Tangent shaped profile steel heet 
 

 

 
 
 

Figure 8. Failure mode of Tali shaped profile steel sheet 
 
 
According to BNBC code, the uplift pressure due to wind effect is 23.73 psf. Again, according to ASCE code, 
the maximum wind force and suction pressure is 16.128 and 21 psf in windward and leeward directions 
respectively. The load bearing capacity of trapezoidal shaped profile roofing sheet, arc-tangent type roofing 
sheet, tali type profile roofing sheet subjected to simulated uplift pressure prior to permanent deformation was 
found 73.3 psf, 31.4 psf and 94 psf respectively. The bearing capacity of all the experimrnted sheets were 
greater than that recomended by BNBC and ASCE for wind uplift load. So, these types of sheets have potential 
to be used in low cost residential area as well as coastal area for disaster relief shelter with additional precaution. 
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Figure 9. Comparison of uplift pressure vs. deflection of various profile 

 
 
5 CONCLUTION 
 
The paper presents an experimental investigation regarding the capability to withstand simulated uplift wind 
pressure as well as their behavior under simulated load. A series of tests was performed on different types of 
profiled steel sheet that are easily available in local market and in vouge to justify their usage under different 
condition. The diameter of the bolt was taken as 5mm with 25 mm diameter metal washer. Sheets connected 
parallely proved to be better than connected vertically. The failure loads, modes of failure, the load-deformation 
behaviour of nut-bolt fastened profile steel sheet under simulated wind load were observed and presented with 
proper diagram. Sheets with washers showed better result in all aspect, but it hadn’t been represented as sheeting 
is done with washers in all conditions. The weakest of the all sheets under consideration was the arc-tangent 
type roofing sheet due to its thickness as well as its profile shape with a value 31.4 psf which passed the BNBC 
and ASCE recomendation with flying colours. This justifies the usage of this type of sheets under various 
condition mentioned earlier. 
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