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Abstract

Low-rise structures in cyclone-prone coastal regions are highly vulnerable to wind-induced structural failures,
particularly at the roofing level. Under a cyclonic wind speed, this study investigated the aerodynamic performance
of roofing shapes, including gable, hipped, hipped valley, and octagonal roofs. Each roof type was modeled by building
information modeling and simulated by computational fluid dynamics to assess the uplift forces and drag coefficients
on low-rise residential structures. Revit 2024 software was used to model houses, and simulations were conducted at
awind speed of 220 km/h. The simulations revealed that the gable roofs experienced strong wake formation and severe
suction-induced uplift, rendering them structurally weak. Hip roofs showed improved flow and produced stress zones
at the rear part of the house, offering aerodynamic instability. Hipped valley roofs faced uplifted suction over valleys
and structural stress at junctions. Octagonal roofs demonstrated symmetrical flow behavior, performed well overall,
exhibited low wind-induced commotion, and were highly suitable for cyclone-prone coastal regions. This study
indicated that roof profiles significantly transmit wind loads and improve building resistance to cyclones. The use of
octagonal shapes can reduce the wind force on coastal houses and contribute to the creation of safer and more
sustainable homes in areas frequently affected by cyclones.
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1 Introduction

Building roofs experience substantial wind uplift forces during intense wind events, which frequently result in flying
debris, water penetration, and severe roof component damage or even roof failure (Al-Chalabi & Elshaer, 2023),
causing interior damage. Because tropical cyclones cause widespread relocation, structural destruction, and economic
loss among coastal people, these areas are highly vulnerable. New design strategies that incorporate acrodynamic roof
shapes should be used to increase coastal communities’ resilience to natural disasters (Aly & Bresowar, 2016). To
align with the sustainable development goals 11 and 13, it is essential to address this global challenge strategically
(UNEP). In coastal areas 38% houses are damaged by blowing off roof (Ali et al., 2017). The coastal roofs are the
most vulnerable and susceptible to failure because of uplift and suction forces produced during severe cyclone (Dev
Sarma et al., 2023). The traditional pitched roofs on low-rise buildings experienced greater uplift and moments
(Razavi & Sarkar, 2021) than polygonal roof shapes do to resist wind loads (Singh & Roy, 2019). Many methods can
be used to determine the peak wind pressure on roofs, including the Quasi-Steady theory, full-scale on-site
measurements, reduced-scale wind tunnel tests (Ahmed et al., 2025) , and numerical simulations using computational
fluid dynamics (CFD) (Toja-Silva et al., 2018). CFD enables parametric simulations that assess the performance of
various configurations during the basic design stage (Ahmed et al., 2025) and can be carried out at full scale (Kaseb
& Montazeri, 2022). Previous studies have highlighted the effectiveness of integration of CFD and Building
Information Modeling (BIM) in enhancing wind flow, thermal comfort, and energy efficiency by analyzing
aerodynamics, ventilation, and heat transfer (Townsend et al., 2022 ; Zheng et al., 2023). In Bangladesh, now a days
many studiers show interest in aerodynamic performance using BIM and CFD for high-rise buildings. There is still a
lack of design for the low-rise structure in the coastal area, subjected to high winds for different geometries. This study
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probed four roofing shapes, including gable, hipped, hipped valley, and octagonal roofs, through BIM and CFD
simulations considering cyclonic wind. The novelty of this study lies in integrating BIM and CFD to assess and
compare the aerodynamic performance of four roofs in low-rise coastal homes under cyclonic wind conditions,
aligning with SDGs 11 and 13.

2 Methodology

For the study purpose four roofs have been created via Autodesk Revit 2024. These BIM models were incorporated
into the simulation process shown in Figure 1 to evaluate their performance. Furthermore, CFD simulations were
performed to analyze air flow patterns including turbulence, wake zones and vortex formation that impact the house
envelope during strong winds.

Generate
Wind Revit Import in Set Wind flow
. Analys.is used to Autodesk Define Boundaries . map,
integrating draw |—»| CFDfor |—> Materials |~ | and Initial direction
BIM and model wind conditions and vortex
CFD analysis formation

Figure 1. Workflow methodology for the study

2.1 Roof Geometrics and BIM Modeling

For this study, four unique roofing styles were chosen for their significance in the southeastern coastal area of
Bangladesh: Gable, Hipped, Hip-valley, and Octagonal. Table 1 displays the plan, elevation, and 3D perspective of
each dwelling. Autodesk Revit-2025 was used to develop architectural models featuring plans, elevations, and 3D
perspectives fore#eh residence with roof styles. The model included suitable material attributes accurately to represent
realistic structural properties.

Table 1: Geometric and structural specification of the four types of roofs

Roof Type Plan Dimension Eave Height Roofing Angle
Gable 7.32m X 3.66 m 3.05m 38.87°
Hip 7.32m X 3.66 m 3.05m 38.87°
Hip Valley 7.32m X 3.66 m 3.05m 38.87°
Octagonal @ 7.32 m (Inner Diameter) 3.05m 24.98°

2.2 CFD Simulation via Autodesk CFD 2024

The CFD simulations were performed in Autodesk CFD 2024. Geometry files were imported directly from Revit for
meshing and simulation. The computational domain was extended to prevent boundary effects and improve solution
stability. The Boundary and environmental conditions were configured as follows:

e  Wind velocity: 220 km/h (OCHA, 2007)
e  Airdensity (p): 1.225 kg/m?
e Inlet profile: Logarithmic boundary layer

e Solver type: Steady-state, incompressible flow
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e  Turbulence model: Realizable k—¢, selected for its improved prediction of flow separation, curvature effects,
and recirculating wake zones, as demonstrated in recent comparative CFD validations (Shah et al., 2023;
Xiong et al., 2022).

3 Results and Discussion

The CFD analysis of airflow around the gable roof shown in Figure 2(a) revealed that strong winds exceeding 500
km/h hitting the windward side led to flow detachment and the creation of a recirculating zone above the roof. A
downstream low-velocity wake was observed, suggesting turbulence and a pressure decrease because of the roof
shape. The analysis from the top view (Figure 2 (b)) revealed that airflow accelerated up along the edges of the roof
due to constriction, with separation occurring at the leeward edges, resulting in the formation of vortices and an
extensive recirculation area. This caused elevated pressure on the formation of vortices and an extensive recirculation
area. This resulted in increased pressure, leading to suction on the windward slope and turbulence on the leeward side.

(a) (b)

Figure 2. Wind flow map for the gable roof: a) side View and b) top view

The side view analysis of the hipped roof displayed in Figure 3 (a) revealed peak speeds of approximately 330 km/h
approaching the building, followed by a sudden reduction in speed and high-pressure accumulation in the windward
wall and roof. The upward airflow above the roof resulted in a recirculating wake and the formation of vortices,
indicating turbulence. The increased wind speeds across the roof suggested substantial uplift forces, which could risk
failure in houses that are not engineered. The top view analysis shown in Figure 3 (b) reveals wake vortices trailing
from the hipped roof, suggesting that airflow detaches near the edges of the roof. The wind velocity reached its highest
level around the perimeter of the structure. These phenomena heighten the risk of uplift and structural failure in houses
that are not securely anchored. The simulation of the Hip-Valley roof (Figure 4 (a) and (b)) indicated that peak wind
speeds surpassed 270 km/h, resulting in a significant downstream region of low-velocity, recirculating flow, flow
separation and increased drag. The top view illustrates flow divergence around the edges, with high-velocity zones on
the sides and a symmetrical wake extending far downstream. The presence of side vortices and flow deflection
suggested characteristics of a bluff body, which led to varying lateral forces that increased the loads at the corners and
along the rooflines.
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(a) (b)
Figure 3. Wind flow map for the Hipped Roof: a) Side view and b) top view
Compared with the other roofs, the octagonal roofs (Figure 5) displayed a central stagnation area in which the wind
velocity was noticeably lower. Wind flows faster around the sides, resulting in narrow zones of high velocity, and a

symmetric wake with low circulation and turbulence. The side and top views both illustrate airflow acceleration over
the roof due to constriction. Despite the reverse flow and turbulence close to the ground, the roof performed

comparatively well.
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(a) (b)
Figure 5. Wind flow map for the Hip-Valley Roof a) Side View and b) top view

Table 2 displays the vulnerable structural components that may incur damage from cyclonic winds, along with
engineering solutions and coastal appropriateness determined through CFD and BIM analysis for these four roofing

systems.
Table 2. Coastal suitability under cyclonic wind conditions
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Key Engineerin Coastal
Roof Type Structural Main Issue S g ng U
uggestion Suitability
Parts
Gable Wall-Rpof High drag, uplift, Hurricane clips, load
Joint, Ridge, . Low
Roof vortex path, corner bracing
Corners
Hipped Wlnd\yard High pressure, uplift, Slitene prells, s Moderate—
Wall, Ridge, anchorage, strong .
Roof corner turbulence . High
Eaves sheathing
Hip-Valley Valleys, Flow separation, side Re?lnforce valleys,
Edges, . rigid rafters, reduce Moderate
Roof . vortices
Rooflines overhangs
Octagonal Centfer Gt Wake zone, suction, Routl fra?“‘“g’ gtrong .
Roof Periphery, uplift anchoring, wind High
Rear Wall deflectors

4 Conclusion

Study has shown that roof geometry has an important influence on cyclonic wind resistance, especially in coastal
regions of Bangladesh. The gable roof is simple in structure but also generates considerable uplift pressure, which
makes it unsuitable for use in coastal areas. At the same time, the Hip and Hip-valley roof produces high uplift suction
in the roofing zone. The octagonal roof is the most aecrodynamically superior form of wind deflection, with fewer
pressure zones and increased structural stability. To ensure long-term safety and resilience, shorefront homeowners,
stakeholders, government and nongovernment agencies should collaborate through community participation, technical
support, and strict adherence to cyclone-resistant construction standards
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