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Bangladesh frequently faces devastating tropical cyclones due to its
geographical location. The Bangladesh National Building Code (BNBC)
2020 introduces specific wind exposure provisions to ensure structural

Published: January 2025 safety and resilience against high winds. These provisions define critical

. design parameters, including wind speeds, topographic factors, and

g:r{"‘l’;’dr:fh: Cost. Wind. Cvelone importance levels, based on geographical conditions. This study

Disagster A » Lyclone, investigates the impact of BNBC 2020 wind exposure provisions on the
construction costs of high-rise buildings. Using ETABS 2016, three 15-
story dual-system RCC buildings were analyzed under varying wind
exposure categories, with uniform earthquake provisions. Results revealed
significant cost variations, with material requirements increasing by up to
22% in higher wind exposure categories. This research contributes
valuable insights into the relationship between wind exposure provisions
and construction costs, aiding stakeholders in optimizing structural
designs and budgets for cyclone-prone regions like Bangladesh.
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Introduction:-

Urbanization and population growth in Bangladesh have created a growing demand for high-rise buildings,
particularly in densely populated and land-constrained areas like Chittagong. These structures efficiently utilize
limited land but also face significant challenges from lateral wind loads and wind-induced forces. As building height
increases, so does the sensitivity to wind loads, requiring meticulous analysis to ensure cost-effectiveness and safety.
Structural engineers are tasked with selecting appropriate components to resist lateral forces while adhering to
reliability, serviceability, and occupant comfort standards.

High-rise structures in Bangladesh must also withstand natural disasters, such as cyclones, which are frequent due to
the country’s geographical location. The Bangladesh National Building Code (BNBC) 2020 introduces wind speed
categorizations and exposure classifications based on zones, terrain types, and local conditions. These provisions
account for factors such as gust impacts, internal pressures, and topographic influences to calculate design wind
pressures. Using ETABS 20186, this study analyzes multiple wind exposure scenarios within the same seismic zone
near Chittagong.
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While many civil engineers are trained in linear analysis, designing wind-resistant buildings demands specialized
expertise to understand complex structural behavior under varying lateral and axial loads. Previous research has
compared building codes and evaluated high-rise performance under diverse wind speeds, but limited studies have
addressed the specific impacts of BNBC 2020’s wind exposure classifications on structural components and
associated costs.

The primary objective of this study is to identify variations in structural component sizes, reinforcement
requirements, and construction costs resulting from different wind exposure categories as defined by BNBC 2020.
By bridging this knowledge gap, the study aims to provide valuable insights and recommendations for engineers and
stakeholders to design cost-effective, resilient high-rise buildings tailored to Bangladesh’s unique wind exposure
conditions.

Literature Review:-
While numerous studies have examined various aspects of wind loads, there is a notable lack of research focused on
the cost estimation of building materials influenced by wind loads in Bangladesh.

Faysal (2014) conducted a comparative study of BNBC 1993, BNBC 2010, NBC-India-2005, IBC 2009, and ASCE
7-05, evaluating wind loads using factored general wind pressure. The findings revealed that BNBC 2010's wind
load provisions for urban areas (Exposure A) are marginally higher than those of BNBC 1993. Conversely, in
obstructed and unobstructed open terrain areas (Exposures B and C), BNBC 2010's wind load values are
significantly lower than BNBC 1993. Moreover, BNBC 2010's provisions are comparable to ASCE 7-05 and
slightly less conservative than IBC 2009. For urban and obstructed terrains, NBC-India-2005 emerged as the most
conservative, whereas BNBC 1993 exhibited the highest conservatism for unobstructed open terrains.

Masum, Akter, Hossen, and colleagues (2018) evaluated the wind load provisions in BNBC 1993 and the
proposed BNBC 2015. Their study assessed parameters such as basic wind speed, height and exposure coefficients,
gust factors, sustained wind stresses, external stress coefficients, and design wind stresses. The results highlighted
that BNBC 2015's wind load provisions for urban areas are significantly higher compared to BNBC 1993, whereas,
for obstructed and unobstructed terrains, the wind loads are considerably lower.

Verma (2016) conducted a comparative analysis of building responses to wind loads using wind loading codes from
four countries: Japan (AlJ-RLB-2004), India (IS 875-3), Hong Kong (CP-2004), and New Zealand
(AS/NZS1170.2:2002). The study focused on a 200-meter tall square building subjected to static wind loads and
compared parameters such as design wind stresses at varying heights, gust factors, base shear, and base bending
moments. The findings underscored significant differences in outcomes among these codes, with Indian standards
exhibiting unique design requirements.

Sarothi, Akter, Amanat, and colleagues (2019) explored the variations in the design and analysis of RC frame
structures in high seismic and wind zones, specifically in Chattogram, Bangladesh. Utilizing finite element analysis
(FEA) with both older and newer building codes, the study revealed that newer codes typically resulted in less
economically efficient designs due to higher safety margins. However, these designs offered enhanced resilience
compared to those adhering to older codes.

The BNBC 2020 divides Bangladesh into three wind exposure categories—A, B, and C—based on ground surface
roughness, which is determined by natural topography, vegetation, and constructed facilities. As illustrated in
Figure 1: Basic Wind Speed Map, the country is categorized into zones with varying wind speeds and exposures.
For each wind direction considered, the upwind exposure category is evaluated for two upwind sectors extending 45
degrees on either side of the selected wind direction.

Ground surface roughness is further categorized to define exposure conditions. Surface Roughness A includes urban
and suburban areas, wooded regions, or terrains with closely spaced obstructions, such as single-family dwellings or
larger structures. Surface Roughness B covers open terrains with scattered obstructions of heights generally less than
9.1 meters, including flat open country, grasslands, and water surfaces in cyclone-prone regions. Surface Roughness
C represents flat, unobstructed areas and water surfaces outside cyclone-prone zones, such as smooth mudflats and
salt flats.
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Based on these surface roughness categories, the three exposure classifications are defined. Exposure A applies
where Surface Roughness A conditions prevail for a distance of at least 792 meters or 20 times the building's height,
whichever is greater. For buildings with a mean roof height of 9.1 meters or less, the upwind distance can be
reduced to 457 meters. Exposure B serves as the default classification when neither Exposure A nor Exposure C
applies. Exposure C is applicable where Surface Roughness C conditions prevail for a distance greater than 1,524
meters or 20 times the building height, whichever is greater. Exposure C also extends into downwind areas of
Surface Roughness A or B for 200 meters or 20 times the building height, whichever is greater. In transitional zones,
the category resulting in the largest wind forces is used, although intermediate exposures may be determined through
a rational analysis based on recognized literature.

The classification of exposure categories is crucial for designing the Main Wind-Force Resisting System (MWFRS).
For buildings and other structures, wind loads for the MWFRS are determined according to the relevant exposure
category for each wind direction. For low-rise buildings, wind loads are calculated using velocity pressure
coefficients corresponding to the exposure category that produces the highest wind forces at the site.

The Building Frame System, which provides resistance to both gravity and lateral loads, plays a central role in
structural integrity. These systems can include shear walls, braced frames, moment-resisting frames, dual systems,
and special structural systems. Each system is designed to ensure the stability of buildings under the influence of
wind forces, contributing to both safety and serviceability.

Methodology:-

The study aims to assess the impact of wind load on the analysis results and required construction materials for a
150-foot-tall structure in three different exposures in Bangladesh. It considers key design criteria, including
structural dimensions, material properties, and loads, such as dead loads, live loads, floor finish loads, partition wall
loads, and wind loads, based on a clayey sand (SC) soil profile, concrete compressive strength of 4000 psi, and steel
yield stress of 60,000 psi. Load combinations are applied following BNBC-2020 standards to analyze variations in
member sizes and reinforcements. Moment-resisting frames are adopted as the structural system for their efficiency
in resisting lateral loads. Horizontal deflection due to wind loading is evaluated using the load combination D + 0.5L
+ 0.7W to ensure serviceability. Stability checks are conducted to verify equilibrium, component sizes, and
reinforcements, ensuring the structure's safety under varying wind conditions. The models, developed for 150-foot-
tall moment-resisting frame structures with uniform dimensions, are analyzed using ETABS software, which is
employed for detailed structural analysis and design. Supporting figures generated in ETABS 2016, such as the plan,
column layout, front elevation, and 3D visualization, illustrate the results effectively.
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Fig. 1:- Basic wind speed map (BNBC, 2020).
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Fig. 3:- Column layout of selected structure. (ETABS 2016).
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Fig. 4:- Front elevation of selected (150ft. height) structure (ETABS 2016).

Fig. 5:- 3D of selected (150ft. height) structure (ETABS 2016).
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Result and Discussion:-

Three 150-foot-tall buildings in varied Bangladeshi exposures were examined and developed as part of the study.
The needed reinforcement, component size, and tale displacement were compared. Seismic loads in accordance with
BNBC 2020 were taken into account. The cost differences between exposures, the storied deflection, component

size, and the number of reinforcements needed per square inch of the structure were also compared

in the results.

The maximum base shares in the X and Y directions are as follows: A - 521kip (X) and 1580kip (), B - 668kip (X)
and 1886kip (Y), and C - 754kip (X) and 2283kip (Y). Figure 6 shows the total base share for lateral loads in

exposures A, B, and C.

Total reaction of a corner column in three different exposures A, B & C are 7.15kip, 12.4kip &

14.3kip in X

direction and 2.24kip, 3.4kip and 4.3Kip in Y direction respectively. (Shown in the figure 7) On the other hand

moment also sharply increase with respect to exposure A, B & C are 20 Kip/ft, 35.7Kip/ft & 37.9 Kip/ft.

2500
Total Base share

2000
—~1500
o
~
1000
©
@©
o
— 500
0
Exposure A Exposure B Exposure C
W X(kip) 521 668 754
mY(kip) 1580 1886 2283

Fig. 6:- Total base share for three different exposures.
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Fig. 7:- Reaction at (5-A).
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Fig. 8:- Reaction (Corner column) for three different exposures.
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Total reaction of a centre column in three different exposures A, B & C are 11.60 Kip, 14.5 kip &16.8 kip in X
direction and 2.07 kip, 2.3 kip and 2.5 kip in Y direction respectively. (Shown in figure 9) On the other hand
moment also sharply increase with respect to exposure A, B & C are 19 kip/ft., 20.3 kip/ft. & 21.5 kip/ft.
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Fig. 9:- Reaction at (4-C).
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Fig. 10:- Reaction (Centre column) for three different exposures.

Storied Deflection

Storied deflection for lateral loads in three exposures is shown in Figure 11 for A, B & C exposure. Allowable
displacement (L/500) due to lateral loads is also too compared with actual displacements in three different
exposures. The maximum story displacements of this building in different exposure A, B&C are 2.37 inch, 2.32 inch
and 2.30 inch respectively. It’s found that the story deflection of this building due to wind load are 2.1%, 0.86%,
more than exposure A in exposure B and exposure C respectively in three wind exposure of Bangladesh. It is found
that the deflection at different exposure due to lateral loads is less than its allowable limits for three wind exposure.

3.5

25

m Deflection (in)

15 - m Allowable(in)

0.5 7

Exposure A ExposureB Exposure C

Fig. 11:- Stories deflection for three exposures.
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Fig. 12:- Maximum story displacement.

Column Size

Different size of column shows bellow the table,where total number of column in different three exposure is same
but same size not applicable in different exposure.Table 1 shows 24’’x24°’ column size needed 04 numbers in
exposure A,but that size not applicable in others two exposure,on the other hand 30°’x 30°” column size needed 10
numbers in exposure A,but the same size column 14 numbers needed for other two exposures.

Table 1:- Different column size and number for three exposures.

Column size Exposure A Exposure B Exposure C
Number of columns Number of columns Number of columns

24°°x 24> 4 No’s Not Applicable Not Applicable

287’x 28> 14 No’s 14 No’s 14 No’s

30°x 30> 10 No’s 14 No’s 14 No’s

337°x 33> 2 No’s 2 No’s 2 No’s

Column Reinforcement (Corner Column)

Table 2 shows the reinforcement area (in2) of a corner column (5-A) is 7.29 squre inch,12.69 squre inch, & 14.99
squre inch in three different exposure respectively and reinforcement increase 42.55% and 51.36% more then
exposure A in exposure B and exposure C respectively.
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Fig.13:- Corner column (5-A).

Table 2:- Different column reinforcement for three exposures.

Location Exposure Exposure A Exposure B Exposure C
Column Size(inch) 24x24 28x28 28x28
< Reinforcement (in2) 7.29 12.69 14.99
©
% Reinforcement Increase (%) 42.55 51.36
o
Corner Column (5-A)
< 16
£ 14
©
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<
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Fig. 14:- Different column reinforcement area for three exposures.

Column Force (Corner Column)

Figure 15 shows different force (kip) for a corner column (5-A) is 651.35 kip,727.96 kip and 746 Kip in three
different exposure respectively and the force increase 10.52% and 12.68% more then exposure A in exposure B and

exposure C respectively.

79




Corner Column (5-A)

760
740
720
700
680
660
640
620

600

Force(Kip)

EXPA

EXPB EXPC

Fig. 15:- Different column force for three exposures.

Column Reinforcement (Center Column)

Table 3 shows the reinforcement area (in2) of a center column (4-C) is 10.89 squre inch,17.31 squre inch, & 22.38
squre inch in three different exposure respectively and reinforcement increase 37.09% and 51.34% more then
exposure A in exposure B and exposure C respectively

Table 3:- Different column reinforcement for three exposures

Location Exposure Exposure A Exposure B Exposure C
Column Size 30X30 30X30 30X30
:-r) Reinforcement (in2) 10.89 17.31 22.38
3}
S Reinforcement Increase (%) - 37.09 51.34
o

Table 3 Different column reinforcement for three exposures

Center Column (4-C)

N
o

[EEN
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Fig.16:- Different column reinforcement area for three exposures.

80




Column Force (Center Column)
Figure 17 shows different force (kip) for a center column (4-C) is 1504.82 kip,1533.54 kip and 1546.46 Kip in three
different exposure respectively and the force increase 1.87% and 2.70% more then exposure A in exposure B and

exposure C respectively.

Center Column (4-C)

1550
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1500 -
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1480 - T T

Fig. 17:- Different column force for three exposures.

Force (Kip)

Beam Size
Different size of floor beam shows bellow the table 4,where same size not applicable in different exposure.Table

shows Grid (3-4) beam size is 18°°X28”” in exposure A,24’’X36’’ in exposure B and 25°°X 40°” in exposure C .

Floor Beam size Exposure A Exposure B Exposure C
Grade Beam 15" x 24" 15" x 24" 15" x 24"
Grid 3-4 18" x 28" 24" x 36" 25" x 40"
Other 15" x 28" 15" x 30" 15" x 32"

Table 4:- Different beam size for three exposures.

Beam Reinforcements(Grid-3)

Table 5shows the variation of reinforcement on Grid-3 in different three exposures. Maximum positive
reinforcement is 1.29 squre inch, 1.4 squre inch, & 1.41 squre inch in three different exposure respectively and
reinforcement increase 7.85% and 8.5% more then exposure A in exposure B and exposure C respectively.

(I L . .

Fig. 18:- Beam reinforcement at Grid-3.
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On the other hand, maximum negative reinforcement is 2.01 squre inch, 2.04 squre inch, & 2.03 squre inch in three
different exposure respectively and reinforcement increase 1.5% and 0.98% more then exposure A in exposure B
and exposure C respectively.

Table 5:- Different reinforcement for three exposures.

Location Exposure Exposure A Exposure B Exposure C
Grid 3 Flexure | Max "+ 1 1.29 1.4 1.41
Reinforcement
Max "t 2,01 2.04 2.03
Reinforcement
Stirrup 2leg10 mm @ 4" 2leg10 mm @ 4" 2leg10 mm @ 4"

Beam Reinforcements(Grid-C)

Table 6 shows the variation of reinforcement on Grid-C in different three exposures. Maximum paositive
reinforcement is 3.9 square inch, 4.10 square inch, & 4.61 square inch in three different exposures respectively and
reinforcement increase 4.87% and 15.4% more than exposure A in exposure B and exposure C respectively.

; g ; 20 (1 LT T L g L L

I I DD I I

Fig. 19:- Beam reinforcement at Grid-C.

On the other hand, maximum negative reinforcement is 4.15 squre inch, 4.45 squre inch, & 4.97 squre inch in three
different exposure respectively and reinforcement increase 6.74% and 16.5% more then exposure A in exposure B
and exposure C respectively.

Location Exposure Exposure A Exposure B Exposure C
Max "+
Reinforcement 3.9 41 4.61
Flexure
Grid C Max PRL 4.45 4.97
Reinforcement
Stirrup Grid 1-3, 4-5 3leg 10 mm @ 4" 3leg 10 mm @ 4" 2leg 12 mm @ 4"

Table 6:- Different reinforcement for three exposures.
Shear wall Reinforcements

Same size is considered for shear wall in all exposures. Reinforcement is nearly same for higher exposure because of
increased framing system.
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Fig. 20:- Shear Wall.
Cost Variation (Considering LGED 2018-19 rate schedule for the cost variation)
Location Exposure Exposure A | Exposure B Exposure C
. Column Size 30X30 30X30 30X30
@)
= Reinforcement (Ton) 3.02 5.62 6.67
g Reinforcement Increase (%) | - 46.21 54.32
3 Cost(tk) 3.06 Lac 5.69 Lac 6.75 Lac
Cost Increase (%) - 46.26 54.72

Table 7:- Different weight of reinforcement for three exposures.
Total required weight of reinforcement for center column (4-C) at exposure B and C is 2.60 ton and 3.65 ton more

than exposure A.

Location Exposure Exposure A Exposure B Exposure C
Column Size 24X24 28X28 28X28
< Reinforcement (Ton) 1.7 2.3 29
Qv Reinforcement Increase (%) - 26.28 42.67
E’ Cost(tk) 1.72 Lac 2.33 Lac 2.94 Lac
S Cost Increase (%) - 26.07 41.37

Table 8:- Different weight of reinforcement for three exposures.

Total required weight of reinforcement for corner column (5-A) at exposure B and C is 0.60 ton and 1.20 ton more

than exposure A

Location Exposure Exposure A Exposure B Exposure C
o Beam Size 15x28 15X30 15X32
?E" Reinforcement (Ton) 0.36 0.51 0.55
% Reinforcement Increase (%) - 29 34
Cost(tk) 0.36 Lac 0.51 Lac 0.55 Lac
Cost Increase (%) - 29.41 34.55

Table 9:- Different weight of reinforcement for three exposures.
Total required weight of reinforcement for side beam A (1-5) at exposure B and C is 0.15 ton and 0.19 ton more

than exposure A
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Conclusion:-

The design of buildings, particularly high-rise structures, requires civil engineers to integrate wind resistance into
their analysis and design processes. While linear analysis remains the foundation of their education, engineers must
evaluate wind forces to understand the behavior of structures under lateral and axial stresses, especially as buildings
become taller and more exposed. Ensuring occupant comfort at higher levels necessitates careful selection of load-
bearing components and strict adherence to reliability and serviceability standards under challenging wind
conditions.

Buildings in Bangladesh must also withstand natural disasters such as cyclones. The 2020 Bangladesh National
Building Code (BNBC) provides guidelines for determining fundamental wind speeds based on geographic zones by
considering factors such as structural importance, exposure, topography, directionality, and wind speed. Design
wind pressures are established by incorporating gust effects, external and internal pressure coefficients, and
adjustments for roof slope, vegetation, and the built environment.

This study utilizes the finite element software ETABS 16.2 to model and analyze the response of a 15-story Main

Wind-Force Resisting System (MWFRS) structure under three distinct wind exposure conditions within the same

seismic zone in Chittagong. Wind loads prescribed in BNBC 2020 were applied, and materials for beams, columns,

and deflection were evaluated using Microsoft Excel. The analysis produced the following key findings:

1. Base Shear: Total base shear at the X-direction is 521 kips, 668 kips, and 754 kips for Exposures A, B, and C,
respectively. Similarly, in the Y-direction, it is 1,580 kips, 1,888 kips, and 2,283 kips for Exposures A, B, and
C, respectively.

2. Column Reactions: The reaction at the central column (4-C) in the X-direction for Exposures B and C is 20%
and 31% higher, respectively, than Exposure A. Similarly, in the Y-direction, the increase is 10% and 17%,
respectively.

3. Column Sizes: The required column sizes increase by approximately 26.53% in Exposures B and C compared
to Exposure A due to higher wind loads.

4. Corner Column Reinforcement: The required reinforcement for the corner column (5-A) increases by 42.52%
and 51.36% for Exposures B and C, respectively, compared to Exposure A.

5. Corner Column Weight: The additional reinforcement weight for the corner column (5-A) is 0.60 tons for
Exposure B and 1.20 tons for Exposure C compared to Exposure A.

6. Beam Sizes: Beam sizes need to increase by 6.67% and 12.5% for Exposures B and C, respectively, compared
to Exposure A.

7. Beam Reinforcement: Positive reinforcement requirements for beams increase by 7.85% and 8.49% for
Exposures B and C, respectively, compared to Exposure A.

8. Overall Column Reinforcement: Total column reinforcement required for the 15-story building increases by
17.53% for Exposure B and 22.18% for Exposure C compared to Exposure A.

These findings highlight the significant impact of wind exposure on the structural design of high-rise buildings in
Bangladesh. As wind exposure levels increase, larger column and beam dimensions, as well as higher reinforcement
quantities, are necessary to ensure structural safety and serviceability. The study underscores the critical role of wind
considerations in the design process, particularly in regions prone to high wind pressures and extreme weather
conditions.
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