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Abstract  Original Research Article 

 

Building codes are the minimal requirements for design and construction to assure a safe and resilient structure. A 

building code recognized as the Bangladesh National Building Code (BNBC) is existent in Bangladesh (BD), just like 

in other developing nations. It's now a difficult task to comply with the code because of the extensive update after two 

decades. The main goal of this work is to compare the analytical and design requirements for lateral loads between 

BNBC2020 and BNBC1993. To do so, a large number of structural models are assessed using ETABS following the 

considered code procedure at different locations in the country.  It also compares the lateral load parameters such as zone 

coefficient, wind velocity, building period, story shear, base shear, drift, deflection, reinforcement ratio etc. The 

parametric comparison of the outcomes has demonstrated that BNBC2020 is more conservative and boosts the safety 

factor against lateral loads. Engineers will be able to comprehend the differences in lateral load between these codes 

after perusing this study. 

Keywords: BNBC, Earthquake, Wind, FEM, Design 
Copyright © 2023 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
The purpose of a building code is to establish 

minimum standards for design, construction, quality of 

materials, use and occupancy, location and maintenance 

of all buildings within the region to safeguard, within 

achievable limits, life, limb, health, property and public 

welfare. Building codes are a set of rules and minimum 

standards that a governing body uses to regulate 

structures. A building code not only addresses many of a 

society’s most important concerns including public 

health, safety and environmental protection but also 

addresses cost efficiency and investment expenditure. As 

a developing country, Bangladesh (BD) [1] has a code 

like other countries to protect buildings and the people 

and property inside them from earthquakes, windstorms, 

fires and other extreme events. In BD, the first building 

code or rule was formulated in 1993 and named 

Bangladesh National Building Code (BNBC-93) [2]. But 

the rule was not published as a gazette for the following 

13 years due to legal issues. That rule too had no 

specification about its implementing authority. The 

building code got legal status after the Building 

Construction Act 1952 was amended in 2006 [3]. Code 

updates spur innovation that creates better products and 

stimulates economic development [4]. State and local 

building codes need to keep up with continuing 

advancements in building science and technology. By the 

end of the year, many new products have emerged that 

were not contemplated by the previous model codes. The 

code must be updated to keep up with the times [5]. For 

which BD government initiated a revision of the building 

code in 2009. After going through a long procedure, an 

amended building code was finalized but had not been 

published in a gazette for several years. Finally on 11th 

February 11, 2021, the government published the 

Bangladesh National Building Code (BNBC-20) [6] in a 

gazette. Building construction across the country now 

needs to comply with the new code. But a transition in 

wind load and earthquake load provisions in the 

modernization code can be observed [2, 6]. From the 

previous study, it has been shown that the lateral load 

calculation method of BNBC93 is more or less similar to 

UBC94 [7] and BNBC20 like ASCE7-05 [8]. This paper 

focuses on the considered lateral load actions for 

structures at different locations in the country. 

Similarities and differences between the considered 

design codes are evaluated.  

 

METHODOLOGY 
To find out the disparity of lateral load between 

BNBC93 and BNBC20, first of all different parameters 

for lateral load are evaluated and compared for four 

compatible locations to cover the whole country. Then 
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for every considered location, several building models 

are built in ETABS [9] in which the structural 

configuration is regular and the structural system for 

lateral resistance is a special concrete moment resisting 

frame. The building geometry in plan 100ft x 45ft and 

variable building height is selected for the study as in Fig. 

1 & 2. Both code provisions are implemented on all 

models having similar circumstances, such as structural 

occupancy category, importance factor and soil 

condition. After analyzing all models, force and other 

outcome parameters are assessed and compared as a table 

or graph. The section and material properties of 

structural elements are fixed through the analysis as 

follows: all beams (12x20) in, all columns (15x20) in, 

concrete cylinder strength 4000psi and steel yield 

strength 60000psi. 

 

Figure 1: Typical floor plan and structural system of the studied building 

 

 
Figure 2: Three-dimensional finite element model (6, 9 & 12 storied) 

 

Modeling and analysis 

Using ETABS software, 3D finite element 

models were built for four distinct locations; i.e., Dhaka, 

Chittagong, Pirojpur, and Sylhet. This software is used 

for the analysis of engineering structures and it was 

recommended by Abdo [10] for the analysis and design 

of multi-story RCC buildings. The structural elements, 

beams and columns were assigned in the model as frame 

elements and slabs were modeled as thin shell elements. 

The shell elements were mashed by auto mesh. Supports 

were fixed at the base level. Rigid diaphragms were 

assigned to each floor. Self-weight and floor finish of 20 

psf were assigned as dead load and the live load was 

assigned 43 psf as a uniform load on the floor in each 

model. Wind and earthquake loads were assigned as per 

locations that comply with codes. 

 

RESULTS AND DISCUSSIONS 
Wind load in the considered codes 

The minimum design wind load on the building 

is determined based on the velocity of the wind, exposure 

conditions and the shape and size of the building. To 
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detect the discrepancy between the codes clearly, 

structure shape, size and exposure conditions are 

assumed to be similar throughout the research. Basic 

wind speed in BNBC20 is comparatively higher than 

BNBC93 which is compared in the bar chart Fig. 3. In 

BNBC93, basic wind speed is the fastest mile wind speed 

whereas BNBC20 is the 3sec guest speed.  

 

 
Figure 3: Compression of basic wind speed 

 

Though the basic wind speed is comparatively 

more in BNBC20 but the design wind load is less than 

BNBC93 in the structure (Fig 4 & 5). Design wind load 

is calculated projected area method as per BNBC93 and 

the analytical procedure as per BNBC20. The overall 

wind force in BNBC20 decreased from 2 to 40% as 

compared to BNBC93. Since the wind load is more 

generated in BNBC93, building deflection is also more. 

Table 1 represents the comparison of building deflection 

at wind load. In BNBC93 building deflection check for 

only wind load case whereas BNBC20 deflection check 

for (D+0.5L+0.7W) combination, where D = dead load, 

L= live load, W= wind load. Values are derived from 

code-specific cases in Table 1. 

 

 
Figure 4: Compression of total wind force at X direction 
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Figure 5: Compression of total wind force at Y direction 

 

Table 1: Difference between maximum deflection at selected locations 

Location 

BNBC 93 BNBC 20 

Maximum Deflection [in] Maximum Deflection[in] 

 6 storied 9 storied 12 storied  6 storied 9 storied 12 storied 

Sylhet 0.331 0.941 1.958 0.253 0.692 1.424 

Dhaka 0.384 1.091 2.269 0.293 0.801 1.647 

Pirojpur 0.589 1.672 3.478 0.434 1.186 2.441 

Chittagong 0.589 1.672 3.478 0.434 1.186 2.441 

 

Earthquake load in the considered codes 

Bangladesh can be affected by moderate to 

strong earthquake events due to its proximity to the 

collision boundary of the northeast moving Indian plate 

and the Eurasian Plate [11]. In this paper, the earthquake 

forces are determined on the basis of a base shear by the 

Equivalent lateral force (ELF) method [12]. Base shear 

depends on the seismic zone, building period, response 

reduction factor and seismic weight, etc. The design 

basis earthquake is taken as 2/3 of the maximum 

considered earthquake in BNBC20 where BNBC93 was 

considered full. Table 2 presents the comparison of base 

shear equations. 

 

Table 2: Difference between base shear equations 

BNBC93 BNBC20 

 

V =
ZIC W

R
 

V= Base shear, 

Z = Seismic zone coefficient, 

I = Structural importance coefficient, 

C = Numerical coefficient, 

W = Total seismic load, 

R = Response modification coefficient 

 

V =
2ZICs W

3R
 

V= Base shear, 

Z = Seismic zone coefficient, 

I = Structural importance coefficient, 

Cs =Normalized acceleration response spectrum, 

W = Total seismic weight, 

R = Response modification coefficient 

 

Seismic zone factor (Z) 

The seismic zoning map intends to indicate the 

maximum considered earthquake (MCE) motion in 

different parts of the country. Based on the severity of 

the probable intensity of seismic ground motion and 

damage, Bangladesh was mapped and divided into three 

generalized seismic zones in BNBC93 with zone 3 being 

the most severe. The seismic zoning map is revised in the 

update BNBC20 with provisions for four seismic zones 

with different levels of ground motion (Table 3). Each 

zone has a seismic zone coefficient (Z), which represents 

the maximum considered peak ground acceleration 

(PGA) on very stiff soil or rock (site class SA) in units of 

g (acceleration due to gravity). 
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Table 3: Comparison of the seismic zone and zone coefficient at the considered place 

Location 
BNBC 1993 BNBC 2020 

Seismic zone Zone Coefficient Seismic zone Zone Coefficient 

Pirojpur 1 0.075 1 0.12 

Dhaka 2 0.15 2 0.20 

Chittagong 2 0.15 3 0.28 

Sylhet 3 0.25 4 0.36 

 

Building Period (T) 

The building period plays an important role in 

the design of earthquake-resistant structures. For the 

determination of the lateral loads, it is first required to 

estimate the fundamental period of the building either 

theoretically or experimentally [13]. Though it depends 

on mass and stiffness [14], both codes use the empirical 

formula to find out the building period. The form T = Ct 

hm, where h = structural height, Ct & m = numerical 

coefficient, Tables 4 & 5 show the numerical coefficient 

difference between the codes and the approximate 

building period.  

 

Table 4: Comparison of the values for coefficients to estimate the approximate period 

Structural Framing systema BNBC93  BNBC20  

Ct m Ct m 

Concrete moment-resisting frame 0.073 0.75 0.0466 0.9 

Eccentric braced steel frame 0.073 0.75 0.0731 0.75 

Steel moment-resisting frame  0.083 0.75 0.0724 0.8 

All other structural systems 0.049 0.75 0.0488 0.75 
aStructural height in meters. 

 

Table 5: Comparison of Building period (T) 

Position 

BNBC93 BNBC20 

Approximate period [s] Approximate period [s] 

6 storied 9 storied 12 storied 6 storied 9 storied 12 storied 

Pirojpur 

0.646 0.877 1.087 0.637 0.918 1.189 
Dhaka 

Chittagong 

Sylhet 

 

Response Reduction Factor (R) 

The earthquake forces acting on the structure 

are reduced using the response modification/reduction 

factor (R) in order to take advantage of the inelastic 

energy dissipation due to inherent ductility and 

redundancy in the structure as well as material over-

strength. The value of the response modification factor 

(R) is significantly reduced in BNBC20 because of the 

enhancement of the design of basic earthquake motion. 

In this study, the lateral force resisting system is 

considered as a moment resisting system for which in 

Table 6 comparison is shown only for this structural 

system. 

 

Table 6: Comparison of Response Modification Coefficient between considered codes 

Basic structural system Seismic force resisting system BNBC93   BNBC20   

Moment Resisting Frame 

System 

Special steel moment frames 12 8 

Intermediate steel moment frames - 4.5 

Ordinary steel moment frames 6 3.5 

Special reinforced concrete moment frames 12 8 

Intermediate reinforced concrete moment frames 8 5 

Ordinary reinforced concrete moment frames 5 3 

 

Seismic weight (W) 

Seismic weight (W) is the total dead load of a 

building or a structure including partition walls, and 

applicable portions of other imposed live loads. In the 

case of dead load both code considerations are similar 

but for live load not equal. 

 

 

 

Base shear (V) & drift  

Seismic effects are reflected by base shear on 

the structure. Base shear is the essence of the seismic 

load. Fig.6 shows the comparison of building base shear 

for different heights of the building. It has been found 

that for earthquake design BNBC20 is more conservative 

than BNBC93 in Fig.6. Response modification is scaled 

down and the seismic zone factor is raised for earthquake 

load in BNBC20. It resulted in an increase in base shear 
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of the building of 1.5 to 3 times. Also, it can be realized 

that seismic zone transition has a great impact on base 

shear. According to BNBC20, every location’s base 

shear value is greater than BNBC93 which is reflected 

also comes in the drift ratio in Fig. 7. Although the 

permissible limits differ in both codes, the graph shows 

that the drift ratio average of 10 to 15 times is greater in 

BNBC20. The allowable drift ratio is 0.0025 for the 

study’s structure pursuant to BNBC93 whereas 0.020 in 

BNBC20 is 8 times more comparatively. 

 

Load Combination  

The load combination plays a significant role in 

the strength design method. The Load Factor is applied 

to the nominal loads. They persist in combination with 

other loads and are referred to as factored Loads. Table 

7 displays the load combinations for each of the codes 

that are compared. It can be observed that even though 

the wind speed rises in BNBC20, the overall wind force 

falls. In the load combination that is necessary for 

building design, the wind load factor is enhanced by 23% 

in BNBC20. Besides this, compared to BNBC93, the 

total base shear in BNBC20 ascended from 50 to 200% 

but the seismic load factor decreased by 30%. 

 

Reinforcement ratio 

In contrast to strained action results, 

reinforcement results are the most essential since they 

may be transformed into money. Additionally, the price 

of reinforcement steel is almost four times higher than 

concrete in BD. Column cross-sectional dimensions and 

concrete strength are adjusted for design in Table 8 

to order to assess the economic viewpoint. Fig. 8, 9 & 10 

respectively exhibit the reinforcing ratios for the 6, 9 and 

12-story buildings. According to studies, BNBC93 is 

much more conservative for reinforcement than 

BNBC20. It has been also noticed from the research 

study that wind combinations control the majority of 

building column design. BNBC20 column reinforcement 

is more than (0-75) % of BNBC93. As the amount of 

reinforcements rises, so will the building's cost.  

 

Table 7: Comparison of basic load combination 

BNBC93 Basic Load Combination BNBC20 Basic Load Combination 

1.4 D 1.4 D 

1.4D+1.7L 1.2D+1.6L+0.5Lr 

0.9D+1.3W 0.9D+1.6W 

0.9D+1.43E 0.9D+1.0E 

1.05D+1.275W 1.2D+1.6Lr+0.8W 

1.05D+1.4025E 1.2D+1.0L+1.6Lr 

1.05D+1.275L+1.275W 1.2D+1.0L+0.5Lr+ 1.6W 

1.05D+1.275L+1.4025E 1.2D+1.0L+1.0E 

D= Dead load, L= Live load,  

W= Wind load, E= Earthquake load. 

D= Dead load, L= Live load, Lr= Roof live 

load, W= Wind load, E= Earthquake load. 

 

 
Figure 6: Base shear based on ELF analysis 
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Figure 7: Maximum drift ratio based on ELF analysis 

 

Table 8: Column shape, size and properties for design 

No of stories 
Building 

height(ft) 

Column 

size(in) 

Concrete 

strength (psi) 

Reinforcement 

yield strength 

6 60 15*18 3000 60000 

9 90 15*20 4000 60000 

12 120 15*24 4000 60000 

 

 
Figure 8: Reinforcement (%) for 6 storied building 

 

 
Figure 9: Reinforcement (%) for 9 storied building 
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Figure 10: Reinforcement (%) for 12 storied building 

 

CONCLUSIONS  
Throughout the study, the lateral load 

provisions and results of analytical and design the 

widespread of 4 locations 60ft, 90ft & 120 ft height 

buildings were reviewed for both BNBC. Based on the 

findings, the following conclusions can be made: 

➢ A lower wind force is exerted by BNBC20 while 

having a faster wind speed than BNBC93. However, 

the most of building structure design is controlled by 

the wind combination as the wind load factor 

increases in BNBC20. 

➢ As a result of lengthening the building period, 

improving the seismic zone factor, and lowering the 

response modification factor, the base shear at 

BNBC20 is significantly enhanced compared to 

BNBC93. Because of this, the BNBC20 

combination has a low seismic load factor while yet 

providing a high level of earthquake protection. 

➢ The lateral load of the structure is significantly 

impacted by the seismic zone transition position in 

update BNBC20. 

➢ Due to a more conservative approach, complying 

with BNBC20 will become a stressful process that 

involves not only new structures but also extending 

or reorienting the existing structure. 

➢ Buildings that are designed and constructed in 

accordance with the BNBC20 code cost roughly 0–

75% more in steel, which slows down national 

development and leads to the reluctance of people to 

abide by the code's requirements. Further studies 

need to be made in this aspect. 
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