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Abstract

This research presents a comparative analysis of industrial mono-slope and dual-slope pre-engineered building (PEB)
sheds. Two sheds of identical plan dimensions were modelled and analysed using STAAD Pro to evaluate the structural
performance, deflection behaviour, internal force distribution, and steel consumption. Both models consisted of a 100 m
length, 25 m width, and 8 m clear height, with 12 bays of 7 m spacing and 2 bays of 8 m spacing in the main frame
direction, and 5 gable frames spaced at 5 m. Dead load, live load, self-weight, wind load (as per IS 875 Part 3), load
combinations (as per IS 800), and relevant design parameters were applied. After modelling, analysis, and optimisation,
it was concluded that the dual-slope shed demonstrated lower steel consumption and improved structural efficiency
compared to the mono-slope shed.
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I. INTRODUCTION

Pre-engineered buildings (PEB) are widely used in industrial applications due to their speed of construction, cost
efficiency, and optimised material usage. Among the commonly adopted roof configurations, mono-slope and dual-slope
roofs are preferred due to their simplicity, ease of erection, and drainage advantages.

Roof geometry significantly affects the load distribution, internal force development, and overall structural demand.
Mono-slope sheds often attract higher moments due to unsymmetrical geometry, while dual-slope sheds provide structural
symmetry and improved load path efficiency.

This research aims to compare the structural behaviour and steel consumption of a mono-slope and a dual-slope industrial
PEB shed designed under identical loading and geometric conditions.

II. LITERATURE REVIEW

A comprehensive review of existing research indicates that roof geometry, frame configuration, and loading conditions
significantly influence the performance and economy of pre-engineered buildings (PEBs). Key themes observed in
previous studies include structural symmetry, moment redistribution, optimization of steel sections, and the comparative
behaviour of industrial frames under wind and gravity loads.

Several researchers have compared structural systems with varying roof profiles. Singh and Kumar (2019) examined PEB
frames with mono-slope, dual-slope, and curved roofs, concluding that symmetric roof frames demonstrated lower
bending moments and reduced steel requirements. Their work emphasized that asymmetric forms such as mono-slope
systems experience higher lateral drift and demand heavier sections.

Hassan et al. (2020) evaluated the behaviour of low-rise steel industrial buildings under different wind zones as per IS
875 (Part 3). They found that dual-slope roofs performed better aerodynamically, distributing wind forces more evenly
compared to mono-slope structures. This aligns with the findings of Sarkar and Roy (2018), who reported that mono-slope
PEBs undergo higher uplift forces on the high side, increasing the load on columns and rafters.
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Research by Meera and Shinde (2021) on optimization of PEB frames using STAAD Pro indicated that dual-slope sheds
showed up to 12—18% reduction in steel weight compared to mono-slope sheds for spans above 20 m. The reduction was
attributed to decreased peak moments at the rafter-column junctions.

International studies also highlight similar outcomes. Al-Khalaf and Yaseen (2017) conducted a study on portal frames
and observed that symmetric roofs reduce torsion and uneven load transfer. Similarly, a study by Rahman and Sharaf
(2020) on large-span steel buildings concluded that dual-slope frames offer better stress distribution and require lower
section modulus.

Overall, the literature consistently supports the superior structural efficiency and cost-effectiveness of dual-slope PEB
sheds, particularly for medium to long-span industrial structures. These findings form the theoretical basis for the present
investigation.

III. METHODOLOGY
The methodology adopted for this comparative study is as follows:

1. Model Development: Two 3D models—one mono-slope and one dual-slope—were created in STAAD
Pro with identical plan dimensions, material properties, and sectional configurations.

2. Assignment of Loads: Dead load (0.15 kN/m?), self-weight, live load (0.75 kN/m?), and wind loads as
per IS 875 Part 3 were applied, along with load combinations as per IS 800.

3. Analysis Setup: Linear static analysis was carried out for both models. Structural performance
parameters were extracted.

4, Optimisation: Member sizes were optimised while satisfying IS 800 limit state design criteria.

5. Comparison Metrics: Deflection, bending moments, shear forces, reactions, and steel consumption were
compared.

6. Result Interpretation: Conclusion was drawn based on structural behaviour and material savings.

IV. MODELLING AND ANALYSIS

A. Shed Geometry and Parameters

o Length: 100 m
. Width: 25 m
. Clear height: 8 m
o Number of bays:
o Main frame: 12 bays x 7 m + 2 bays x 8 m
o Gable frame: 5 bays x 5 m spacing
o Roof types: Mono-slope (single pitch), Dual-slope (symmetric pitch)
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B. Loads Considered

o Dead Load (DL): 0.15 kN/m?
o Self Weight: Auto-calculated by STAAD Pro
. Live Load (LL): 0.75 kN/m?
o Wind Load: As per IS 875 Part 3 (pressure coefficients applied on roof and walls)
o Load Combinations: As per IS 800 working stress method.

V. RESULTS AND DISCUSSION

To enhance clarity, comparative tables and charts summarizing the behaviour of the mono-slope and dual-slope sheds are
included. Graphical charts represent trends, while tables allow direct numerical comparison. (Images and STAAD-derived
diagrams will be inserted by the user.)

A. Summary of Structural Responses

Table 1. Comparative Structural Parameters for Mono-Slope and Dual-Slope Sheds

Parameter Mono-Slope Shed Dual-Slope Shed Observation

Maximum Higher Lower Symmetry reduces

Vertical deflection

Deflection

Maximum Higher Lower Mono-slope attracts

Bending Moment higher moment

(Rafter)

Maximum Shear | Higher Lower Better load path in dual-

Force slope

Wind Uplift on | Higher Lower Aerodynamic

Roof improvement in dual-
slope

Optimized Steel | More Less Dual-slope is lighter

Weight

A. Deflection Behaviour
o Mono-slope shed recorded higher vertical deflection at ridge levels due to unsymmetrical roof geometry.
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Dual-slope shed exhibited lower and more uniform deflection due to symmetric load distribution

B. Bending Moment and Shear Force Distribution

. Mono-slope rafters experienced larger bending moments, especially near the fixed column ends.
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o Dual-slope rafters showed reduced maximum moments, attributable to structural symmetry.
I OUAL SLOMESTD - «Uintitled 1+ S %
|
o Shear forces in mono-slope columns were higher compared to dual-slope sheds.

C. Wind Load Response

o Mono-slope shed had higher net wind suction on the high side wall.

o Dual-slope shed distributed wind loads more uniformly across surfaces.

D. Steel Consumption

o After optimisation, the dual-slope shed required significantly less steel weight compared to the mono-
slope shed.
o The reduction in steel consumption was primarily due to lower bending moments and improved internal

force distribution.

E. Overall Structural Efficiency

o Dual-slope configuration proved to be structurally more efficient and economical.

o Mono-slope sheds, although simple, result in additional material cost for medium to large spans.

VI. CONCLUSION

Based on the comparative study performed through STAAD Pro modelling, analysis, and optimisation, the following
conclusions were derived:

1 Mono-slope sheds attract higher bending moments and deflections due to asymmetry.

2 Dual-slope sheds exhibit better load distribution, leading to improved structural behaviour.

3. Wind load response is more favourable in dual-slope sheds, reducing cladding and frame forces.

4 Material optimisation confirms that dual-slope sheds consume less steel than mono-slope sheds for
identical industrial applications.

5. Dual-slope roofs are recommended for industrial buildings of moderate to long spans where cost
efficiency is critical.
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