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Abstract 

Nowadays, many Indonesians commonly use metal trapezoidal corrugated roofs for 

their residential needs. Nevertheless, the roofs often deformed or failed due to heavy 

rains or storms, especially in tropical regions like Indonesia. Therefore, a new model 

was investigated and proposed in this research to enhance the stiffness-to-weight 

ratio of the roofs. Computational simulation was conducted to compare the existing 

and the proposed model of the roofs. The addition of some small folds in certain 

positions successfully increases the stiffness-to-weight ratio of the roof by 11.58% 

compared to the existing model. 

 

1 Introduction 

Metal trapezoidal corrugated roofs is one of the most popular types of roofing in Indonesia for 

various applications in residential areas, including canopies, garages, and the main roof of a house [1]. 

The popularity of the roof is because it is easier to install, lighter, and cheaper compared to tile and slate 

roofs. Moreover, metal corrugated roofs are known to be more durable than polycarbonate, zinc, or 

UPVC roofs [2]. Not only that, but the production process of the roof is also relatively simple and easy to 

scale up the production capacity [3]. 

Although it is popular, metal corrugated roofs have a main weakness in their inability to withstand 

loads of heavy rain and storms in tropical regions like Indonesia, which is causing some deformation or 

failure in the roof [4]. The failure commonly occurred in the roof, which is applied for low slope roofs, 

like canopies. In practice, the construction workers reduce the span between roof supports to avoid this 

failure. But this approach increases the material usage to accommodate the additional structure and make 

the metal corrugated roof less economical. 

One of the solutions to increase the roof stiffness without significant addition of material usage is 

by modifying the cross-sectional geometry [5]. This method aims to eliminate the need for additional 

structure so the roofing system would still be economical. The main challenge, besides maintaining 

adequate draining performance, is to ensure that the stiffness-to-weight ratio of the modified roof cross-

sectional design is better than the existing design. 

The common method used by roofing industries to enhance roof stiffness is by adding localized 

folds at specific locations. However, the corrugated roof designs from different manufacturers are 

typically not interchangeable. Therefore, this research aims to investigate and propose a new cross-

sectional geometry model of the metal corrugated roof which improves the stiffness-to-weight ratio, 

enabling the new roof model to withstand more load while maintaining material usage and compatibility 

with existing roof design. 
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2 Research Methods 

2.1 Product Design Specification 

The design process commenced with the definition of user specifications for the metal trapezoidal 

corrugated roof. The new model of metal trapezoidal corrugated roof must meet the following 

requirements: 

1. The thickness of the roof sheet shall be 0.42 mm. 

2. The effective width of the roof shall be 760 mm. 

3. The overall height and width of the roof’s hill and valley shall be the same as the existing roof 

design. 

4. The roofing material shall utilize a G550-grade metal base, in accordance with applicable 

standards. 

5. It must possess sufficient strength and stiffness to function as a roof structure with internal purlin 

spacing of up to 1.2 meters. 

6. It must exhibit an increase in stiffness of at least 10% compared to the existing model. 

2.2 Simulation Environment 

Subsequently, a simulation environment was developed using Free-CAD, incorporating loading 

parameters, boundary conditions, and support types [6]. Figure 1 illustrates the free-body diagram used in 

the computational analysis. The roof model is supported at both ends using simple pinned supports. The 

load is modeled as a uniformly distributed load representing the effect of rainfall. The magnitude of the 

applied load on the roof is 25 kg/m2 [7], or 245.25 N/m2. 

 

Figure 1. Free body diagram of the computational analysis model 

2.3 Validation 

The validation of this research was conducted using a simplified geometry, and the results were 

verified through analytical calculations to ensure the accuracy of the numerical model. An analytical 

calculation was performed based on the free-body diagram illustrated in Figure 1, assuming a simply 

supported beam with a rectangular cross-section measuring 760 mm in width and 5 mm in thickness. The 

mechanical properties of the material are listed in Table 1. The beam was subjected to a uniformly 

distributed load, and the maximum deflection was calculated using classical beam theory, as expressed in 

Equation (1) [8]. This calculation resulted in a maximum deflection of 3.19 mm. 

                                                                 (1) 

where, 

δmax : maximum deflection (m) 

w  : distributed load (N/m) 

L  : span length (m) 

E  : elastic modulus (Pa) 

I  : moment of inertia (m4) 

 

245.25 N/m 
2 

1.2 m 
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On the other hand, a computational simulation was conducted by applying a uniform pressure load 

of 245.25 N/m² on the top surface of the beam. To replicate the simply supported condition, boundary 

constraints were applied at both ends of the beam by restricting translation in the z-direction only, as 

shown in Figure 2, while allowing free movement in other translational and rotational directions. Under 

this simulation setup, the resulting maximum deflection along the z-direction was found to be 3.28 mm, 

which closely matches the analytical result with a deviation of only 2.98%. Therefore, the simulation is 

valid [9]. 

Table 1. Mechanical Properties of the material [7] 

Propertes Value 

Steel Grade G550 

Yield Strength (MPa) 550 

Ultimate Tensile Strength (MPa) 550 

Density (kg/m3) 7400 

Elastic Modulus (GPa) 200 

Shear Modulus (GPa) 80 

Poisson Ratio 0,3 

 

 

(a)                                                                           (b) 

Figure 2. (a) Load and (b) boundary constraints of the computational simulation 

2.4 Design and Evaluation 

A commercially available trapezoidal metal corrugated roof profile, as illustrated in Figure 3, was 

then subjected to reverse engineering and evaluated under certain load conditions via computational 

analysis. Based on the analysis, a new model of cross-sectional geometry was developed iteratively, as 

shown in Figure 4, by adding small folds in regions exhibiting high deflection in the previous simulation, 

while maintaining product specification. The fold was added at the region with high deflection based on 

the simulation of existing design. This design was selected because the addition of local folds in high-

deflection areas could increase the local moment of inertia thereby enhancing stiffness without 

significantly increasing the material usage [10]. The revised model was then evaluated under the same 

computational conditions, and its performance was compared with the existing model to assess 

improvements in stiffness-to-weight ratio. 
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Figure 3. Existing cross-sectional geometry of trapezoidal corrugated roof 

 

Figure 4. Proposed cross sectional geometry of trapezoidal corrugated roof

3 Result and Discussion 

The existing cross-sectional geometry of the trapezoidal corrugated roof with a thickness of 0.42 

mm is illustrated in Figure 3. The geometry was modelled using Free-CAD software by sketching the 

cross section and applying an extrusion operation to generate the full roof sheet model. Subsequently, the 

loading conditions and boundary constraints were applied in accordance with the free body diagram 

presented in Figure 1, following the same simulation setup as described in the validation section. Upon 

completing the computational simulation, the resulting maximum deflection along the z-direction was 

found to be 0.95 mm, as shown in Figure 5. 

Based on the results obtained above, a modified cross-sectional geometry of the trapezoidal 

corrugated roof was proposed. The primary strategy to reduce maximum deflection is to increase the 

structural stiffness, which can be achieved by enhancing the moment of inertia of the cross-sectional area. 

While increasing the material thickness or the hat height of the profile can improve stiffness [11], such 

approaches tend to raise material usage inefficiently. Therefore, introducing localized folds at specific 

positions—illustrated in Figure 4—serves as an effective method to increase the moment of inertia 

without significantly increasing the material consumption [10]. 



Zidan Yusron Wijanarko, et al. 
 

5 

 

JIM Vol.7 (2) 2025 

 

 

Figure 5. Simulation results of existing trapezoidal corrugated roof 

The proposed geometry was subsequently modelled and simulated using Free-CAD software, 

following the same simulation procedure as described previously. The results show a significant reduction 

in maximum deflection along the z-direction, decreasing by 11.58% to 0.84 mm, as shown in Figure 6. 

This improvement was achieved with only a 1.36% increase in material usage. Furthermore, the structural 

performance was increased by 13.10% improvement in the stiffness. A detailed comparison between the 

existing and proposed models is presented in Table 2. 

 

Figure 6. Simulation results of proposed trapezoidal corrugated roof 

 

Table 2. Detailed comparison of existing and proposed model 

Properties Existing Proposed Improvement 

Maximum deflection (mm) 0.95 0.84 11.58% 

Stiffness (Nm2) 6970.26 7883.04 13.10% 

Weight (kg) 3.69 3.74 -1.36% 

Stiffness-to-weight ratio (Nm2/kg) 1888.96 2107.76 11.58% 
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These improvements are due to the increase in the load-carrying capacity and transverse shearing 

rigidity on the proposed model [11]. Both properties significantly affect the stiffness of a structure 

subjected to bending moment load. The folds at the appropriate location could act as a stiffening ribs and 

limit both lateral and vertical deformation. This modification could enhance the stiffness-to-weight ratio 

of the structure. 

4 Conclusion 

 This research successfully proposes a new cross-sectional geometry for a trapezoidal corrugated 

metal roof with an 11.58% improvement in stiffness-to-weight ratio. The results confirm that modifying 

cross-sectional geometry by adding small folds at specific locations can significantly improve the 

stiffness without substantially increasing material usage. It is hoped that these findings will contribute to 

the further improvement of design practices in related industries. 

 Furthermore, this study demonstrates the potential benefits of using computational simulations to 

modify and evaluate the roof geometry prior to fabrication. The iterative approach of developing the new 

geometry model of the roof could help identify an optimum model that achieved the expected stiffness-to-

weight ratio. Future research may focus on evaluating the proposed model under real loading conditions 

and considering manufacturing constraints to ensure the proposed model is feasible for large industrial 

scale. 
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