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1. Introduction

Civil engineering is a broad field encompassing the planning, design, construc-
tion, and maintenance of infrastructure critical to society [1] [2]. It includes spe-
cialized sectors such as structural engineering, geotechnical engineering [3] [4],
transportation engineering, environmental engineering, water resources engi-
neering, and construction engineering management [5]-[7]. Each sector within
civil engineering addresses distinct challenges, yet collectively they contribute to
the safety, sustainability, and efficiency of infrastructure systems. Structural engi-
neering, for instance, ensures that buildings and bridges withstand various loads
and stresses, while geotechnical engineering deals with soil mechanics and foun-
dation stability [8]-[10]. Transportation engineering focuses on designing and
maintaining efficient transportation networks, whereas environmental engineer-
ing aims at minimizing ecological impacts and ensuring sustainable practices [11].
Water resources engineering addresses water management, flood control, and ir-
rigation systems, ensuring reliable and efficient water distribution [12]-[14]. Con-
struction engineering management integrates engineering principles with man-
agement practices to oversee project timelines, costs, and quality assurance [15].
Detailed analysis in each of these sectors is crucial for identifying potential vul-
nerabilities, predicting structural behaviors, and ensuring optimal performance
under varying conditions. Building codes serve as essential guidelines that stand-
ardize analytical approaches, provide minimum safety requirements, and incor-
porate current best practices from extensive research and real-world experiences
[16]-[18]. Hence, the continuous refinement and updating of building codes, such
as the BNBC, are indispensable to civil engineering practice, safeguarding public
safety, resilience, and sustainable development [19] [20].

Upgradation of Building Codes is a continuous process all over the world. They
need to be upgraded regularly based on recent research findings, lessons learned
from different events like storms, earthquake, building collapse during or after
construction, etc. [21] [22]. The Bangladesh National Building Code (BNBC) is
primarily used in Bangladesh to control building construction as well as to main-
tain and uphold buildings to specific standards [23]. BNBC was first compiled on
in 1993 and officially approved in 2006 [24]. The first version was based on Uni-
form Building Code (UBC 94) for lateral load analysis and American Concrete
Institute (ACI-318-99) standards for design code provisions. After that, in 2009,
a new committee was formed to update the code. By this time, American codes
were changed drastically and so are methods related to the analysis and design of
RC Frame structures especially the moment frame structures. In the previous code
of BNBC both WSD and USD methods were compiled partially but in the recent
codein lieu of the international standards the WSD method is nullified. In analysis
part, lateral load calculations methods and their parameter selections have been
changed a lot from the state-of-the-art research. Especially the effect of the sub-
soil strata in combination with ground acceleration and occupancy category are
identified in detail [22].
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The BNBC 1993 amendments were first recommended by Al-Hussaini, T. M.
et al. [25]. They thoroughly examined Peak Ground Acceleration (PGA), Spectral
Acceleration, a ground classification method, and an on-site response spectrum.
They demonstrated that the design and structural analysis provisions of BNBC
1993 need to be significantly improved. The literature on comparative analysis of
current codes in Bangladesh and around the world is referenced in the following
list. Ahmed M. M,, et al, [26] conducted seismic load analysis comparison of
BNBC 1993 and BNBC 2017 of an 8 storied hospital building at Sylhet (Very Se-
vere Seismic Intensity zone). The main differences between the BNBC 1993 and
2017 are presented by Sarothi S. Z. et al [27] to explore and measure the modifi-
cations in the estimation of both wind and earthquake loads with respect to struc-
tural and economic perspective. Using finite element analysis, they analyzed a
multistory commercial structure (16.5 m x 24 m) located in Chattogram for both
low and high-rise buildings (8 and 16 stories). Because of changes to the zone
coefficient (Z), response modification factor (R), and addition of Cs (normalized
acceleration response spectrum), seismic base shear has increased in BNBC 2017
relative to BNBC 1993. In contrast, BNBC 1993 displays a higher wind load than
BNBC 2017. Based on the analysis results, the design based on the updated code
requirements typically results in a higher safety margin and a less economical de-
sign than the design according to the prior code. To obtain a precise understand-
ing of improvements, Sakib M. S. et al [28] attempted to conduct a systematic
simulation analysis using the finite element technique (FEM) based on the previ-
ously proposed (BNBC 1993) and newly proposed (BNBC 2017) codes. They ex-
amined two multi-storied buildings (8 and 16 story), 16.5 m x 24.0 m commercial
steel building in Chattogram that had a concentric braced framing system and was
located on soft to medium stiff clay. They found that the rate of change in base
shear value decreases as story height increases due to wind and seismic forces, and
that base shear resulting from wind is slightly less in BNBC 2017 than it was in
BNBC 1993 due to a lower wind pressure coefficient. According to BNBC 1993
and BNBC 2015, Hassan M. M. ef al. investigated a comparative assessment of the
wind load effect in the city, obstructed, and unobstructed plain territory type
zones. To investigate their effects on structural analysis using both codes, they
looked at a multistory residential structure (20.0 m x 20.0 m) of 100 m height for
three exposure criteria (i.e., Exposure A, Exposure B, and Exposure C). In BNBC
2015, the rate of change in wind thrust relative to the number of stories appears
to be more stable. According to BNBC 2015, exposure A is 7% - 12% greater than
that of BNBC 1993. However, compared to BNBC 1993, exposure B and C are
significantly lower in BNBC 2015 by 2% - 10%. The comparative analysis of wind
force offered by BNBC 1993 and BNBC 2010 was studied by Faysal R. M. [29].
The authority has upgraded the wind provision in BNBC 2010 by taking the in-
fluence of surrounding structures and building height into account. As a result, it
is found that the wind load in urban areas (Exposure A) is considerably higher
(7% - 12%) than it was in BNBC 1993. In the meantime, compared to BNBC 1993,
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the wind load calculated from this new code for the blocked and unblocked plain
territory region (Exposure B and C) is much lower. Imam F. S. ef a/. compared the
seismic and wind analysis offered in the BNBC 1993 with the recommendations
made in the BNBC 2012 [30]. To identify the structural analysis differences be-
tween BNBC 2012 and BNBC 1993, they examined a typical multistory residential
building located in Dhaka, with an intermediate moment resisting frame system
resting on medium dense soil. The analysis was done for a range of story counts
(2 to 18), and it was discovered that maximum drift happens generally at the mid-
point of the building. The residential structure’s base shear as determined by this
new draft code differs greatly, and for wind load alone, BNBC 2012’s maximum
lateral displacement and inter story drift with respect to number of stories are
lower than BNBC 1993’s. One of the benefits of using BNBC 2012 for RC building
design is that it requires less reinforcement than BNBC 1993, making it a more
cost-effective approach. However, this is only relevant for Dhaka city. Bari et al
provided illustrations of how certain requirements for the tectonic assessment of
building codes are similar in BNBC 1993, BNBC 2010, NBC 2005, and ASCE 7-05
[31]. A seismic safety message for our nation at this location is communicated by
this study. According to this study, BNBC 1993 has the least amount of base shear
among the recommended values. The base shear values factorized for BNBC 2010
have significantly improved in lower elevated structures (B < 20 m) throughout
the state across its antecedent when compared to BNBC 1993. It is noteworthy
that the proposed BNBC 2010 code, which suggests higher base shear values, has
improved the earthquake safety factor. Atique and Wadud ef al [32] presented an
analysis of many design codes (BNBC-93, UBC-91, UBC-97, NBC-83, and Bang-
ladesh Outline Code, 1979) for wind and seismic analysis from around the globe.
The study examined the seismic activity of an office building measuring 15.6 m
by 15.6 m that is situated in the United States’ Zone 3 (UBC), in India’s Zone V
(NBC-83) and in Bangladesh’s Zone 3 (BNBC-93). After analyzing ten, fifteen,
twenty, and twenty-five story buildings, it was determined that developed nations
increased their seismic safety factor by recommending a higher base shear value.
It is notable that the proposed BNBC 2010 code, which suggests higher base shear
values, has improved the earthquake safety factor. The seismic design standards
in BNBC-93, in comparison to current codes under review, are the least conserva-
tive in the building industry and may result in a major loss of life and property in
a major earthquake. Abdullah ef al used ETABS software to perform a lateral load
analysis of two BNBC codes [3] [33]. A ten-story commercial building was se-
lected for a low-medium-high wind zone, and the same process was followed for
the seismic analysis. Their analysis predicted a decrease in the cost of construc-
tion.

In this research, three buildings are analyzed by varying their heights for a lo-
cation and for a particular soil stratum in both BNBC 2006 and in BNBC 2020
codes. After getting the analysis results, comparisons are made from different fac-

tors. Results are tabulated and discussed in the subsequent section with the rea-
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soning by references. The moment frame and the moment frame with shear walls
are used in this research for one zone only. Further research can be done in other

zones by varying framing conditions by varying sub-soil conditions.

2. Modeling and Analysis

Three multistoried buildings situated in the south-western part of Bangladesh
were chosen for the study with three possible cases for each of the buildings. The
first building is 3-span by 7-bay floor (60 m x 43 m plan area), the second building
is 2-span by 17-bay floor (114 m x 12.3 m plan area) and the third building is 5-
span by 8-bay floor (70 m x 50 m plan area). For option-01, the ground floor
height of the first building is 8.5m and the rest of the floor heights are 4.5 m. In
the case of option-02 ground floor height is reduced to 4.5 m to match the other
floors height. And in the case of option-03, all the floor heights are reduced to a
minimum height of a commercial building which is 3.6 m. In the case of the sec-
ond building, the ground floor height for option-01 is 6.0 m and the rest of the
floor heights are 3.5 m. In the case of option-02, the ground floor height is reduced
to 3.5 m to match the other floor height. And in the case of option-03, all the floor
heights are reduced to a minimum height of a commercial building which is 3.0
m. For the third building, the ground floor height of option-01 is 11.075 m and
the rest of the floor’s heights are 5.075 m. In the case of option-02, the ground
floor height is reduced to 5.075 m to match the other floor height. And in the case
of option-03, all the floor heights are reduced to an average height of a commercial

building which is 3.6 m. Line diagrams of the options are shown in Figure 1.
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Figure 1. Line diagrams showing different options for the se-
lected structures (a) Building 1 (b) Building 2 (c) Building 3.
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Total 36 number of models are developed considering the above criteria and
three different framing conditions (OMRF, IMRF, SMRF) for BNBC 2006 and
SMREF in the case of BNBC 2020 (Figure 2). In the case of the previous version,
considering the earthquake zone any framing condition can be adopted while
minimum requirement is special moment resisting frame in the later code for
multiple parameters.

After modeling the above options in finite element analysis software ETABS,
structures are analyzed and designed for dead loads, live loads, wind loads and for
seismic force. The dead load includes self-weight of the entire structural element
and other superimposed load (e.g., floor finish 1.5 kN/m? and partition wall 2.5
kN/m?). Live loads are varied, ranging from 4 to 10 kN/m? for different floors with
respect to the usage category. Wind loads are applied by providing the input pa-
rameters relevant to the codes. Design parameters for the wind load analysis are
listed in Table 1.

OMRF
—— Given height — BNBC 2006 IMRF
B1 —»—» Same height SMRF

L—> 3.6m height L »BNBC2020 — » SMRF

OMRF
—— Given height — BNBC 2006 IMRF
B2 ——»—>» Same height SMRF

—» 3.0m height L—»BNBC2020 —  » SMRF

OMRF
—— Given height —»BNBC 2006 IMRF
B1——»—» Same height SMRF

> 3.6m height L »BNBC2020 — » guRF

Figure 2. Considerations of the building framing for 3 options.

Table 1. Design parameter—Wind Load Analysis.

Wind load design parameter BNBC
2006

Wind load design parameter BNBC
2020

Analysis Method: Surface Area Method

Basic Wind Speed: 252 Km/hr
(Fastest mile speed)

Standard Occupancy Structure, IF-1.0

Exposure Category-A

Max Deflection Limit—h/500 for 100%
Wind effect

ETABS Analysis Algorithm—UBC94

Analysis Method: Analytical Method
Basic Wind Speed: 279 Km/hr
(3-s gust wind speed)
Standard Occupancy Structure, IF- 1.15

Exposure Category-A
Max Deflection Limit—h/500 for 100%
Wind effect
Topographic factor, K - 1.00
Directionality Factor, Ka - 0.85

ETABS Analysis Algorithm—ASCE 7-05
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Seismic loads are also applied by providing input parameters for the earlier ver-
sion and for the later version design spectral acceleration (in units of g) is calcu-
lated manually and then given the input as user coefficient in the finite element

analysis model. Design parameters for seismic analysis are listed in Table 2.

Table 2. Design parameter—Seismic Load Analysis.

Seismic load design parameter Seismic load design parameter
BNBC 2006 BNBC 2020
Seismic Zone Coefficient, Z = 0.075 Seismic Zone Coefficient, Z = 0.12
Site Classification = S3 Site Classification = SD
Site Coefficient = 1.5 Site Coefficient = 1.35
Importance Factor = 1.25 Importance Factor = 1.50
Time Period = Ch Time Period= C,h

Seismic Design Category:

Frame System—OMREF, IMRF, SMRF . .
D (High Severity)

Frame System & Reduction Coefficient—
Structure Reduction Factor—5, 8, 12 SMREF (R = 8 for B1, R = 7 for
B2 & R = 8 for B3)

ETABS Analysis Algorithm—User

ETABS Analysis Algorithm—UBC94
$ Analysis Algorithm—UBC9 Coefficient

For all cases concrete compressive strength (£) is considered 30 MPa and rebar
yield strength (£) is taken as 415 MPa.

Seismic provisions are also taken from ASCE-7-05 that is based on Maximum
considered earthquake (MCE) as the design basis earthquake. Both the numbers
and the distributions of Seismic zoning map are changed in the later version. In
BNBC 2006 Seismic Zoning Map gives the design ground motion values based on
estimated PGA for a return period of 200 years while it is 2475 years in BNBC
2020. Soil effects are considered by the Site Coefficient S and by the Response
Spectrum. A constant normalized acceleration response spectrum is taken in the
previous code while it is variable with structure (building) period, site coefficient
and the damping correction factor in the later code. The design basis earthquake
ground motion is selected at a ground shaking level that is 2/3 of the Maximum
considered earthquake (MCE) ground motion (BNBC 2020) [34]. Elastic re-
sponses are defined by three different structures (building) period while it is based
on one structure period in the previous code. The seismic design category is also
introduced, and this is the functions of soil factor, zone coefficient and occupancy
category. In the previous version framing condition is dependent upon zone co-
efficient only. A contribution of the live load for calculating seismic force is taken
for all values. The vertical distribution of shear force is transformed from linear

to exponential. Deflection amplification factor Cd is introduced. Site class was de-
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18000 17305

termined by SPT value only while it can be determined by SPT value, undrained
shear strength value and by shear wave velocity in the later code. Seismic force is
already factored in the later version, that’s why load factor 1 is used in the load
combinations [35].

3. Results and Discussion

In Figure 3 and Figure 4 seismic base shear values are depicted for BNBC 2006
and BNBC 2020. Most of the base shear values for BNBC 2020 are greater than
the values for BNBC 2006.

Abbreviations and Acronyms

Define abbreviations and acronyms the first time they are used in the text, even
after they have been defined in the abstract. Abbreviations such as IEEE, SI, MKS,
CGS, sc, dc, and rms do not have to be defined. Do not use abbreviations in the

title or heads unless they are unavoidable.
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Figure 3. Comparison of seismic base shear for (a) building 1 and (b) building 2.

In the case of building 1, seismic base shear is approximately 18% greater than
the previous code and for building 2 it is approximately 87% greater than BNBC
2006 code provisions (Figure 3). In building 3, it is approximately 11% greater
than the previous code calculation (Figure 4). In Figure 4(b) seismic base shear
values for all the buildings of all the options are depicted to get a comprehensive

picture of shear force variation for different framing conditions.
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From Figures 5-8 wind load values are depicted for BNBC 2006 and BNBC
2020. Though basic wind speed is increased in the later code but most of the wind
load values for BNBC 2006 are greater than the values for BNBC 2020. From

Figure 5 it is seen that wind load values are almost halved in the later code
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Figure 7. Comparison of wind load variation for (a) building 1 and (b) building 2.

for flat roof RC frame structure. The main causes are the gust coefficient (G)
value, which has significantly dropped and is now between half and three-fourths
of the BNBC 2006 [33] [36]-[38]. Additionally, the internal pressure effects during
the design wind pressure calculation are lowering the building’s overall wind
pressure [39]-[41]. In the case of building 3 (Figure 6), the wind load values are
one-third to one-fourth of the wind load values of BNBC 2006. The key reason

here is the increased variation of gust response factors G, with the gust coefficient
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Figure 8. Comparison of concrete volume for (a) building 3 and (b) all the buildings.

G in the lower height regions. In Figure 6, the base shear values for all the build-
ings for the wind load application are depicted to get a comprehensive picture of
shear force variation at different heights of the buildings for the two codes.

BNBC 2020 follows ASCE-7-05 wind load provisions which are based on 3s gust
wind speed while the previous version used fastest-mile wind speed as the basis of
basic wind speed [33]. The 3 s gust speed is generally 150 percent hourly wind
speed of fastest-mile wind speed which is averaged in a period of 3 seconds while
the fastest-mile wind speed is averaged over 30 to 60 seconds. In the later code the
wind load factor has increased from 1.3 to 1.6. Therefore, loads derived from the
wind speed map multiplied by the wind load factor represent the “ultimate load,”
which is estimated to have a 500-year return period [42] [43]. Other major
changes include introduction of topographic factor K, and directionality factor
K Another major change is the inclusion of internal pressure for the main wind-
force resisting system (MWEFRS) for all types of structures based on enclosure
classification [44] [45]. Buildings are classified into enclosed, partially enclosed,
and open depending upon amount and nature of openings in walls and in roofs
[46]-[48].

In Figure 7 and Figure 8, volume comparisons of concrete are depicted for
BNBC 2006 and BNBC 2020. Most of the concrete volume values for BNBC 2020
are lower than the values for BNBC 2006. Several factors are contributing here to
the volume variations e.g., load combinations, load factors, design reduction fac-
tors etc. [49]. All these things have changed and thus contribute a lot in the final
analysis and results. From the combined volume comparisons of all the buildings
we can see that there is a significant variation in the overall concrete volume values
between the codes.

DOI: 10.4236/0jce.2025.152010

176 Open Journal of Civil Engineering


https://doi.org/10.4236/ojce.2025.152010

M. S. Islam et al.

In BNBC 2006 most of the components of building 1 are governed by the seis-
mic force that’s why there are variations in concrete volume for different framing
conditions. But in the case of building 2 and 3 almost all the components are gov-
erned by the wind forces and for that there are very minimal levels of concrete
volume variations among different framing conditions.

Concrete volume has become lower in the updated code because the buildings
are in a high wind zone and low seismic area [31]. In the later code wind force is
reduced while seismic force is increased. But here the wind is the key factor of
determining the design force of the structural elements and for that total concrete

volume of the structures are significantly reduced.

4. Conclusions

Numerous research are taking place all over the world and with the help of the

research findings analysis and design equations and methods are updating con-

tinuously and so are the necessity of code update is required for all the nations

[50]-[52]. But for the end user, it is the cost that is the key concern of whatever

changes take place [50] [52]-[54]. In this research, analysis of three buildings is

done by two codes and finally, cost comparisons are shown from the output re-
sults. Based on the results presented in this paper, the major findings can be sum-
marized as follows:

* 3-s gust wind speed is used in the updated code. Though this speed is more
than the previous wind speed used in the earlier code, the overall wind load
effect is reduced in the later code. And if a member or most of the members of
a structure are governed by the wind load combinations then overall economy
can be achieved by the updated code.

* Maximum considered earthquake (MCE) with a return period of 2475 years is
used in the later code. Two-thirds of MCE is taken as the design basis seismic
force calculation and from these it is seen that seismic force is significantly
increased in the later code and thus contributing more to governing member
design.

* From the output results it is seen that the BNBC 2020 code is more cost-effec-
tive than the BNBC 2006 code in case of a high wind zone and a low seismic
zone.

* The overall impact can’t be explained by analyzing it in one area only. For this,
buildings with different geometry, different heights, and different framing
conditions should be analyzed in different areas of the country with different
soil profiles. From that analysis the overall picture can be depicted, and overall

observations can be made.

Acknowledgements

Department of Civil Engineering of Bangladesh University of Engineering and
Technology for the software facility and for the postgraduate research laboratory
facility.

DOI: 10.4236/0jce.2025.152010

177 Open Journal of Civil Engineering


https://doi.org/10.4236/ojce.2025.152010

M. S. Islam et al.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

(1]

(3]

(4]

(7]

(10]

(11]

(12]

Ashiq, H.M., Sabab, S.R., Kabir, M.U., Zahid, C.Z.B. and Hassan, M.R. (2024) A Case
Study on the Potential Benefits of Using Expanded Polystyrene Geofoam to Mitigate
Seismic Impact on Structures. Hybrid Advances, 7, Article ID: 100336.
https://doi.org/10.1016/j.hybadv.2024.100336

Emtiaz, M., Imtiyaz, M.N., Majumder, M., Idris, I.I., Mazumder, R. and Rahaman,
M.M. (2023) A Comprehensive Literature Review on Polymer-Modified Asphalt
Binder. CivilEng, 4, 901-933.

Al Shafian, S., Talha, S.A., Hossain, M. and Shahin, H.M. (2021) Understanding the
Effect of Degree of Saturation on Compressive Strength Behaviour for Reconstituted
Clayey Soil of Dhaka. The 11th International Conference on Geotechnique, Con-
struction Materials and Environment, Kyoto, 3-5 November,2021, 242-246.

Ahmad, K.I, Abrar, M., Al Shafian, S. and Shahin, H.M. (2018) Correlation among
the Soil Parameters of the Karnaphuli River Tunnel Project. GEOMATE Journal, 15,
86-90.

Arafat, M., Nafis, S.R., Sadeghvaziri, E. and Tousif, F. (2020) A Data-Driven Ap-
proach to Calibrate Microsimulation Models Based on the Degree of Saturation at
Signalized Intersections. Transportation Research Interdisciplinary Perspectives, 8,
Article ID: 100231. https://doi.org/10.1016/].trip.2020.100231

Al Shafian, S., Imtiyaz, Md.N. and Emtiaz, M. (2023) A Finite Element Approach to
Investigate the Deformation Behaviour in Deep Excavation for TBM Launching
Shaft. International Journal of Civil Infrastructure, 6, 36-40.

Sobhani, Md.G., Imtiyaz, Md.N., Azam, Md.S. and Hossain, M. (2020) A Framework
for Analyzing the Competitiveness of Unconventional Modes of Transportation in
Developing Cities. Transportation Research Part A: Policy and Practice, 137, 504-
518.

Sayem, A.S.M., Tousif, F. and Hasnat, A. (2014) A Study to Assess the Suitability of
Using Polypropylene in Concrete as a Partial Replacement of Coarse Aggregate. The-
sis, Islamic University of Technology (IUT).
http://103.82.172.44:8080/xmlui/handle/123456789/978

Majumder, M. (2020) An Approach to Counting Vehicles from Pre-Recorded Video
Using Computer Algorithms. Master of Civil Engineering, Louisiana State University

and Agricultural and Mechanical College.

Ashiq, H.M., Sabab, S.R., Joy, J.A., Zahid, C.Z.B. and Kabir, M.U. (2024) Analysis of
Cement-Stabilized Soil on Road Embankment Employing Finite Element Analysis—
A Case Study. Engineering Research Express, 6, Article ID: 045101.
https://doi.org/10.1088/2631-8695/ad7d63

Gurrala, L., Anowar, R. and Morais, A.R.C. (2024) Probing Supercritical CO; to Im-
prove the Susceptibility of Semicrystalline Polyethylene Terephthalate to Enzymatic
Hydrolysis. ACS Sustainable Chemistry & Engineering, 12, 7713-7723.

https://doi.org/10.1021/acssuschemeng.3c08286

Majumder, M. and Wilmot, C. (2023) Automated Vehicle Counting from Pre-Rec-
orded Video Using You Only Look Once (YOLO) Object Detection Model. Journal
of Imaging, 9, 131.

DOI: 10.4236/0jce.2025.152010

178 Open Journal of Civil Engineering


https://doi.org/10.4236/ojce.2025.152010
https://doi.org/10.1016/j.hybadv.2024.100336
https://doi.org/10.1016/j.trip.2020.100231
http://103.82.172.44:8080/xmlui/handle/123456789/978
https://doi.org/10.1088/2631-8695/ad7d63
https://doi.org/10.1021/acssuschemeng.3c08286

M. S. Islam et al.

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

Kabir, M.U., Islam, M.S., Nazrul, F.B. and Shahin, H.M. (2023) Comparative Stability
and Behaviour Assessment of a Hill Slope on Clayey Sand Hill Tracts. /nternational
Journal of Engineering Trends and Technology, 71, 11-24.
https://doi.org/10.14445/22315381/ijett-v71i1p202

Tareque, T., Tousif, F., Billah, M.A., Jabir, A.A.M. and Mirmotalebi, S. (2023) Com-
prehensive Analysis of the Effects of Superplasticizer Variation on the Workability
and Strength of Ready-Mix Concrete. Open Journal of Civil Engineering, 13, 756-
770.

Al-Shafian, S., Imtiyaz, M.N. and Emtiaz, M. (2023) Deformation Behaviour Analysis
Using Finite Element Method during Deep Excavation in Dhaka City. The 8th World
Congress on Civil, Structural, and Environmental Engineering, Lisbon, 29-31 March
2023, 139-1.

Kassem, E., Bayomy, F., Jung, S.J., et al. (2019) Development and Evaluation of Per-
formance Measures to Augment Asphalt Mix Design in Idaho. FHWA-ID-19-261.
https://rosap.ntl.bts.gov/view/dot/56901

Ahmed, T., Chowdhury, L.F., Sobhani, Md.G., et al. (2023) Enhancing Urban Mobil-
ity: Exploring the Potential of Exclusive Motorcycle Lane Using VISSIM. J77Ts, 13,
644-656.

Imtiyaz, M.N. (2021) Estimating Future Crash Rates on Roads in Louisiana. Master
of Science in Civil Engineering, Louisiana State University and Agricultural and Me-
chanical College.

Lee, M.S., Tousif, F. and Jin, X. (2021) Examining the Mobility Needs and Challenges
of Older Adults in Urban, Suburban, and Rural Environments. The Transportation
Research Board 100th Annual Meeting, Washington DC, 5-29 January 2021.
https://trid.trb.org/View/1759298

Mizan, M. and Majumder, M. (2016) Experimental Investigation of Unreinforced and
Reinforced Masonry Slab. Global Journal of Researches in Engineering. E Civil and
Structural Engineering, 16, 6-14.

Imtiyaz, M.N., Sobhani, M.G. and Emtiaz, M. (2023) Features Desired in Public
Transport in a Developing City: Users’ Perspective. Journal of Transportation Tech-
nologies, 13, 632-643. https://doi.org/10.4236/jtts.2023.134028

Ahmed, S.T., Kabir, M.U.,, Zahid, C.Z.B., Tareque, T. and Mirmotalebi, S. (2024) Im-
provement of Subgrade California Bearing Ratio (CBR) Using Recycled Concrete Ag-
gregate and Fly Ash. Hybrid Advances, 5, Article ID: 100153.
https://doi.org/10.1016/j.hybadv.2024.100153

Jamal, M.U.A.M. (2015) Safety Management Issues in Construction Industry of
Bangladesh. http://lib.buet.ac.bd:8080/xmlui/handle/123456789/3416

Shafi, S.A. (2010) National Building Code and Its Implementation. Round Table Dis-
cussion on Implementation of National Building Code.

Al-Hussaini, T., Hossain, T. and Al Noman, M.N. (2012) Proposed Changes to the
Geotechnical Earthquake Engineering Provisions of the Bangladesh National Build-

ing Code. Geotechnical Engineering, 43, 1-7.

Ahmed, Md.M,, Roy, S. and Haque, M. (2019) A Comparative Study on Seismic Load
Analysis by BNBC-1993 and BNBC-2017. Proceedings on International Conference
on Disaster Risk Management, Dhaka, 12-14 January 2019, 16-20.

Sarothi, S., Sakib, M.S., Hasan, M., Akther, A., Rabbi, T. and Amanat, K. (2019) Com-
parative Analysis of RC Frame Structures Following BNBC 1993 and 2017 Versions
of Code for High Seismic and High Wind Zone.

DOI: 10.4236/0jce.2025.152010

179 Open Journal of Civil Engineering


https://doi.org/10.4236/ojce.2025.152010
https://doi.org/10.14445/22315381/ijett-v71i1p202
https://rosap.ntl.bts.gov/view/dot/56901
https://trid.trb.org/View/1759298
https://doi.org/10.4236/jtts.2023.134028
https://doi.org/10.1016/j.hybadv.2024.100153
http://lib.buet.ac.bd:8080/xmlui/handle/123456789/3416

M. S. Islam et al.

(28]

(29]

(30]

(31]

(32]

(33]

(34]
(35]

(36]

(371

(38]

(39]

(40]

[41]

[42]

[43]

Sakib, M.S., Sarothi, S., Hasan, M., Akther, A., Rabbi, T. and Amanat, K. (2019) A
Comparative Study of BNBC 1993 and 2017 Provisions for the Design of Multistoried
Steel Buildings in High Wind and High Seismic Zone.

Faysal, R.M. (2024) Comparison of Wind Load among BNBC and Other Codes in
Different Type of Areas. International Journal of Advanced Structures and Geotech-
nical Engineering, 3, 265-271.

Imam, F.S., Tahsin, S. and Hassan, A. (2014) Comparative Study on Lateral Load
Analysis by BNBC—1993 and Proposed BNBC—2012. International Journal of Sci-
entific & Technology Research, 3, 58-61.

Bari, M.S. and Das, T. (2013) A Comparative Study on Seismic Analysis of Bangla-
desh National Building Code (BNBC) with Other Building Codes. Journal of the In-
stitution of Engineers (India): Series A, 94, 131-137.
https://doi.org/10.1007/s40030-014-0053-3

Atique, F. and Wadud, Z. (2001) A Comparison of BNBC-93 with Other Building
Codes with Respect to Earthquake and Wind Analysis. 8¢h East Asia- Pacific Confer-
ence on Structural Engineering and Construction (EASEC-8), Singapore, December
2001.

Abdullah, F., Islam, Z., Abu Turab Asif, M. and Alj, S. (2021) A Comparative Study
of Lateral Load Analysis Considering Two BNBC Codes Using ETABS Software.
American Journal of Civil Engineering, 9, 118-126.
https://doi.org/10.11648/j.ajce.20210904.13

(2020) Bangladesh National Building Code 2020.

Charney, F.A. (2015) Seismic Loads: Guide to the Seismic Load Provisions of ASCE
7-10. American Society of Civil Engineers.

Islam, S., Shahin Hossain, Md., Ul Kabir, M. and Islam, M. (2023) Provision of Build-
ing Codes in the Context of Seismicsite Characterization and Liquefaction Suscepti-
bility Assessment. GEOMATE Journal, 25, 50-58.

Wu, Z., Emtiaz, M. and Louisiana Transportation Research Center (2022) Quality
Management of Cracking Distress Survey in Flexible Pavements Using LTRC Digital
Highway Data Vehicle. FHWA/LA.21/659. https://rosap.ntl.bts.gov/view/dot/61217
Alkuime, H., Tousif, F., Kassem, E. and Bayomy, F.M.S. (2020) Review and Evalua-
tion of Intermediate Temperature Monotonic Cracking Performance Assessment
Testing Standards and Indicators for Asphalt Mixes. Construction and Building Ma-
terials, 263, Article ID: 120121. https://doi.org/10.1016/j.conbuildmat.2020.120121
Asghari Mooneghi, M., Irwin, P. and Gan Chowdhury, A. (2014) Large-Scale Testing
on Wind Uplift of Roof Pavers. Journal of Wind Engineering and Industrial Aerody-
namics, 128, 22-36. https://doi.org/10.1016/j.jweia.2014.03.001

Arifurrahman, S., Akid, M., Majumder, M. and Khair, S. (2013) Scenario of Clinical
Waste Management: A Case Study in Khulna City. Global Journal of Research in En-
gineering, 13.

Majumder, M., Forhad, E., Khair, S. and Hasan, M. (2014) Sustainability of Recycla-
ble Polymer by Producing Fiber Reinforced Polymer (FRP) from Khulna City, Bang-
ladesh.

Ghosh, S.K. (2008) Seismic and Wind Design of Concrete Buildings: 2006 Ibc,
Asce/Sei 7-05, Aci 318-05) (I-Code Reference). Intl Code Council.

Mehta, K.C. and Coulbourne, W.L. (2010) Wind Loads: Guide to the Wind Load Pro-
visions of ASCE 7-05. American Society of Civil Engineers.
https://doi.org/10.1061/9780784408582

DOI: 10.4236/0jce.2025.152010

180 Open Journal of Civil Engineering


https://doi.org/10.4236/ojce.2025.152010
https://doi.org/10.1007/s40030-014-0053-3
https://doi.org/10.11648/j.ajce.20210904.13
https://rosap.ntl.bts.gov/view/dot/61217
https://doi.org/10.1016/j.conbuildmat.2020.120121
https://doi.org/10.1016/j.jweia.2014.03.001
https://doi.org/10.1061/9780784408582

M. S. Islam et al.

(44]

(45]

[46]

(47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

Lin, S., Chuang, W., Xu, L., El-Tawil, S., Spence, S.M.]., Kamat, V.R., et al. (2019)
Framework for Modeling Interdependent Effects in Natural Disasters: Application to
Wind Engineering. Journal of Structural Engineering, 145, Article ID: 04019025.
https://doi.org/10.1061/(asce)st.1943-541x.0002310

Mehedi Hassan Masum, Md., Akter, A., Akter, S. and Hossen, J. (2018) Comparison
of Wind Load among BNBC-1993 and Proposed BNBC-2015. Proceedings of the 4th
International Conference on Civil Engineering for Sustainable Development (IC-
CESD2018), Khulna, 9-11 February 2018, 4323-1-4323-12.

John, G., Clements-Croome, D. and Jeronimidis, G. (2005) Sustainable Building So-
lutions: A Review of Lessons from the Natural World. Building and Environment, 40,
319-328. https://doi.org/10.1016/j.buildenv.2004.05.011

Ahsan, A., Mat Ali, M.].B., Rashid, M.R., Kabir, M.U., Shafiquzzaman, M., Imteaz,
M., et al (2025) Sustainable Leachate Treatment by Integrating Electrolysis with
Palm-Shell Activated Carbon Contactor for Environmental Protection. Scientific Re-
ports, 15, Article No. 560. https://doi.org/10.1038/s41598-024-84157-x

Zahid, C.Z.B., Kabir, M.U., Rafid, Md.Z., T. et al (2024) Testing of Light-Frame
Wood Structure Due to Wind Loading: A Review. Progress in Engineering Science,
1, Article ID: 100019.

Ellingwood, B. (1980) Development of a Probability Based Load Criterion for Amer-
ican National Standard A58. National Bureau of Standards.

Kothari, C.R. (2004) Research Methodology: Methods and Techniques. New Age In-
ternational.

Wilmot, C.G. and Louisiana State University Dept. of Civil and Environmental Engi-
neering (2017) ITE Trip Generation Modification Factors for Louisiana: Research
Project Capsule. Research Project Capsule 18-4SS.
https://rosap.ntl.bts.gov/view/dot/34581

Emtiaz, M., Alauddin Al Azad, A.S.M., Shahin, H.M. and Al Shafian, S. (2017) Nu-
merical Analysis of a Reinforced Concrete Slab-Column Connection Subjected to
Lateral & Vertical Loading. Proceedings of the International Multi- Conference of En-
gineers and Computer Scientists, Vol. 2.
https://www.iaeng.org/publication/TMECS2017/IMECS2017 ppl1041-1045.pdf
Hoque, T. and Majumder, M. (2014) Performance of Stone Dust as Partially Replac-
ing Material of Binding Material and Fine Aggregate on Strength Properties of Mor-
tar.

Shahin, H.M., Kabir, M.U. and Islam, S. (2023) Comprehensive Study on CPT-Based
Liquefaction Vulnerability Assessment: The Case Study of Araihazar, Bangladesh
Monitoring. 2nd International Conference on Advances in Civil Infrastructure and
Construction Materials, Dhaka, 26-28 July 2023, 119-128.

DOI: 10.4236/0jce.2025.152010

181 Open Journal of Civil Engineering


https://doi.org/10.4236/ojce.2025.152010
https://doi.org/10.1061/(asce)st.1943-541x.0002310
https://doi.org/10.1016/j.buildenv.2004.05.011
https://doi.org/10.1038/s41598-024-84157-x
https://rosap.ntl.bts.gov/view/dot/34581
https://www.iaeng.org/publication/IMECS2017/IMECS2017_pp1041-1045.pdf

	Impact of Code Changes on the Design of RC Frame Structure
	Abstract
	Keywords
	1. Introduction
	2. Modeling and Analysis
	3. Results and Discussion
	Abbreviations and Acronyms

	4. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

