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ABSTRACT

The integration of structural design software with local building codes is crucial for
ensuring both the efficiency and safety of building designs. This study explores the
comparative effectiveness of ETABS software against the Bangladesh National
Building Code (BNBC) in the context of structural design. ETABS, a leading tool for
structural analysis and design, offers advanced features such as automated seismic
analysis and material optimization. However, its default settings are based on
international standards, which may not fully align with BNBC’s specific requirements,
particularly in seismic design and load combinations.

This study aims to bridge the gap between ETABS and BNBC by evaluating how
ETABS outputs can be adjusted to meet BNBC standards. The objectives include
enhancing design accuracy, optimizing design processes, and mitigating risks
associated with structural failures. Through a detailed analysis, the study identifies
discrepancies between ETABS outputs and BNBC requirements, assesses the impact
of ETABS on material efficiency and cost, and highlights challenges in aligning
software outputs with local code provisions.

The findings reveal that while ETABS provides significant advantages in terms of
efficiency and material optimization, careful calibration is needed to ensure compliance
with BNBC. A hybrid design approach, combining ETABS’s automated capabilities
with manual verification against BNBC, is recommended to improve design accuracy
and reduce risks. Enhanced procedures for validating ETABS results and ongoing
professional development for engineers are essential for optimizing the design process
and ensuring public safety.

This study contributes to the field of civil engineering by providing practical
recommendations for integrating ETABS with BNBC, thereby advancing safe and
efficient building design practices in Bangladesh.
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CHAPTER-I

INTRODUCTION

1.1 Background

In the field of civil engineering, structural design and analysis are critical for ensuring
the safety, efficiency, and durability of buildings. Advanced software tools such as
ETABS, developed by Computers and Structures, Inc. (CSI), have transformed the
design process by providing powerful capabilities for structural modeling, analysis, and
optimization. ETABS is renowned for its comprehensive features, including automated
seismic analysis and efficient material optimization. However, integrating ETABS’s
capabilities with local building codes is essential to ensure that designs meet safety and
regulatory standards.

In Bangladesh, the Bangladesh National Building Code (BNBC) serves as the primary
standard for structural design and construction. The BNBC outlines rigorous
requirements for various aspects of building design, including seismic design, load
combinations, and material specifications. Given Bangladesh’s susceptibility to seismic
events, adherence to BNBC's stringent safety standards is crucial for safeguarding life
and property.

While ETABS offers significant advantages in terms of efficiency and material
optimization, it operates based on international standards and default settings that may
not fully align with BNBC’s local provisions. For example, ETABS's default load
combinations and seismic design parameters are often based on international codes that
may not be directly applicable to the specific requirements outlined by BNBC. This
misalignment necessitates careful adjustment and manual verification to ensure that
designs generated by ETABS comply with BNBC’s safety requirements (Hossain &
Ahsan, 2019).

Furthermore, ETABS’s material optimization features, while beneficial for reducing
material usage and costs, must be carefully calibrated to meet BNBC’s safety standards.
Excessive optimization can potentially lead to under-design of critical structural
components, such as shear walls and columns, which are crucial for seismic
performance (Patel & Shah, 2018). Therefore, engineers must balance the efficiency
gains from ETABS with the need for rigorous compliance with BNBC guidelines.
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This study aims to bridge the gap between ETABS software and BNBC by conducting
a comparative analysis of their design approaches. The focus is on understanding how
well ETABS meets BNBC standards and identifying the necessary adjustments to align
its outputs with local code requirements. By examining both the strengths and
limitations of ETABS in the context of BNBC, this study seeks to provide valuable
insights into optimizing the design process for enhanced safety and efficiency in
Bangladesh (Rahman & Alam, 2020).

The findings of this study are expected to offer practical recommendations for
improving the integration of ETABS with BNBC, thereby contributing to more
effective and compliant building designs. The integration of advanced software tools
with local building codes represents a critical step towards advancing the field of civil
engineering and ensuring the safety and resilience of structures in seismic-prone regions
(Uddin, Islam, & Khan, 2020).

1.3 Objectives

By comparing ETABS and BNBC, this research seeks to contribute to the following:

a) Enhancement of design accuracy: Identifying potential discrepancies between
software outputs and code requirements can lead to improved design practices.

b) Optimization of design processes: Understanding the strengths and limitations
of ETABS in relation to BNBC can help engineers streamline their workflows.

c) Risk mitigation: By validating ETABS results against code provisions, the study
can contribute to reducing structural failures and ensuring public safety.

©Daffodil International University



CHAPTER-II

LITERATURE REVIEW

2.1 General

Structural design and analysis have been significantly enhanced by advancements in
computational tools such as ETABS (Extended Three-Dimensional Analysis of
Building Systems). These tools have allowed engineers to model, analyze, and optimize
complex building structures more efficiently and accurately. However, the adoption of
building codes like the Bangladesh National Building Code (BNBC) remains a crucial
requirement in ensuring that building designs conform to regional safety standards. This
literature review explores the relevant studies, standards, and best practices concerning
the use of ETABS and BNBC for structural design, focusing on the strengths and

limitations of each approach.

2.2 ETABS Software: Capabilities and Applications in Structural
Design

ETABS, developed by Computers and Structures, Inc. (CSI), is widely regarded as one
of the most powerful tools for the design and analysis of buildings. ETABS is
particularly useful in multi-story building analysis due to its comprehensive modeling
capabilities, including dynamic analysis for seismic loads, automated generation of load

combinations, and the capacity to handle complex geometries and loadings.

Several studies have highlighted the effectiveness of ETABS in real-world structural
design. For instance, Sayali et al. (2016) performed a comparative analysis of high-rise
buildings using ETABS and STAAD Pro. The results demonstrated that ETABS had a
more user-friendly interface and greater efficiency in generating detailed models. Its
ability to perform nonlinear dynamic analysis was particularly useful for designing
buildings in seismic zones. In a related study, Sahu et al. (2017) investigated the seismic
performance of multi-story buildings using ETABS, concluding that the software
provided accurate predictions of building behavior during seismic events. The use of
response spectrum analysis in ETABS was particularly noted for its ability to predict

structural responses under varying seismic intensities.

Other researchers have focused on ETABS' material optimization capabilities.
According to Patel and Shah (2018), ETABS can significantly reduce material costs
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through optimization algorithms that help minimize concrete and steel consumption
while maintaining structural safety. The study emphasized that ETABS, when correctly
configured, can lead to substantial savings in high-rise construction projects. However,
they also noted that over-reliance on automated features could lead to design flaws if

not cross-verified with manual calculations or code provisions.

Despite these strengths, several limitations have been identified in the literature.
Karayannis and Golias (2019) discussed the risk of using standardized software settings
without careful calibration to local conditions, such as soil characteristics and local
construction practices. They argued that ETABS must be adapted to regional building
codes like BNBC to ensure that local safety and performance criteria are met. This point
underscores the importance of integrating BNBC provisions into any software-based

structural design, particularly for projects in Bangladesh.

2.3 Bangladesh National Building Code (BNBC): Context and
Provisions

The Bangladesh National Building Code (BNBC), first introduced in 1993 and revised
in 2020, is the legal standard governing all building designs in Bangladesh. It covers a
wide range of structural aspects, including material specifications, load combinations,
seismic design, and fire safety. The BNBC also accounts for regional hazards such as
earthquakes and cyclones, making it a critical reference for ensuring that buildings can
withstand environmental stressors specific to Bangladesh.

BNBC is primarily based on international codes like the American Concrete Institute
(ACI) standards and the Uniform Building Code (UBC). However, the provisions have
been modified to suit the unique geological and climatic conditions of Bangladesh. For
example, BNBC specifies seismic zoning for the country, dividing it into three zones
based on the level of seismic risk. Zone 3, which covers the southeastern part of the
country, is designated as the highest-risk zone, while Zone 1, which includes the

northwestern region, is considered low-risk.

In the context of structural design, BNBC provides detailed guidelines for the design
of reinforced concrete buildings. According to Khan et al. (2020), one of the key
strengths of BNBC is its clear prescription of load combinations and material strength
factors, which help ensure the structural integrity of buildings under various loading
conditions. The BNBC also includes extensive guidelines for seismic design, specifying
lateral load resistance, ductility requirements, and base shear calculations for buildings
in seismic zones. A study by Islam et al. (2021) emphasized that BNBC’s seismic
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provisions are critical for designing earthquake-resilient structures in urban areas like

Dhaka, where population density increases the potential impact of seismic events.

While the BNBC is comprehensive in its coverage of regional requirements, some
studies have pointed out challenges in its application. Rahman and Alam (2020)
discussed the difficulties faced by practitioners in fully adopting BNBC due to its
complexity and the need for expertise in both manual calculations and software-based
design. The study suggested that integrating ETABS with BNBC provisions could
streamline the design process, provided that careful attention is paid to ensuring that
software outputs align with code requirements. This highlights the need for comparative
studies that evaluate the alignment between ETABS and BNBC in real-world

applications.

2.4 Comparative Studies of ETABS and BNBC in Structural Design

There has been growing interest in comparing software-based design tools like ETABS
with local building codes such as BNBC, particularly in the context of seismic design.
Comparative studies have shown that while ETABS can handle complex loadings and
geometries, it is essential to ensure that the software's automated outputs comply with

regional codes to avoid non-compliance.

A notable study by Hossain and Ahsan (2019) compared the results of structural
analysis using ETABS with manual calculations based on BNBC for a mid-rise
residential building. The study revealed that ETABS provided more efficient design
solutions, particularly in terms of material usage, as it optimized the amount of concrete
and steel required. However, the study also found that ETABS underestimated the
lateral drift of the building under seismic loading compared to the manual BNBC
calculations, indicating potential discrepancies in the software’s default settings for
seismic design. This highlights the need for careful calibration of ETABS models to
ensure that they align with BNBC’s seismic design criteria.

In another comparative study, Uddin et al. (2020) examined the differences in material
consumption and structural performance between ETABS and BNBC for high-rise
buildings in seismic-prone areas. The study showed that ETABS often yielded more
conservative results in terms of material usage, with higher quantities of steel and
concrete required compared to the BNBC-based manual designs. However, ETABS
offered advantages in terms of time efficiency, as it significantly reduced the time
needed to complete complex structural analyses. The authors recommended that
designers cross-check ETABS results with manual calculations to ensure compliance
with BNBC, particularly for critical structural components like shear walls and

columns.
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While comparative studies have generally found ETABS to be a useful tool for
structural design, they also emphasize the importance of ensuring that its outputs are in
full compliance with BNBC. Several authors have proposed hybrid approaches, where
ETABS is used for initial design and optimization, followed by manual verification
using BNBC provisions. For instance, Ahmed and Karim (2021) argued that such an
approach could lead to safer and more cost-effective building designs, particularly in
seismic-prone regions. They further recommended that future versions of ETABS
include customizable settings that allow for easier integration with local building codes

like BNBC, thus simplifying the process for engineers working in Bangladesh.

2.5 Integration of ETABS with BNBC: Opportunities and Challenges

The integration of ETABS with BNBC has the potential to streamline the design process
for structural engineers, offering both efficiency and accuracy in building design.
However, this integration poses several challenges, particularly in ensuring that

software outputs meet the specific requirements of BNBC.

One of the key challenges identified in the literature is the difference in load
combinations used by ETABS and those prescribed by BNBC. Rahman et al. (2022)
conducted a case study on high-rise buildings in Dhaka and found that the default load
combinations in ETABS often differ from those required by BNBC, particularly in the
treatment of wind and seismic loads. The study suggested that engineers manually input
the BNBC load combinations into ETABS to ensure compliance, which could reduce

the risk of non-compliance in critical design areas.

Another challenge is the interpretation of seismic design requirements. While ETABS
is capable of performing advanced seismic analysis using response spectrum and time-
history methods, these analyses must be carefully calibrated to meet BNBC'’s specific
requirements. According to Sarkar and Haque (2021), ETABS can sometimes
underestimate seismic forces if the seismic coefficients and zone factors are not
properly adjusted to reflect BNBC's seismic zoning map. As a result, engineers must
ensure that the software settings are tailored to local seismic conditions to avoid
underestimating building vulnerability during earthquakes.

Despite these challenges, the integration of ETABS with BNBC offers significant
opportunities for improving building design in Bangladesh. By leveraging the
optimization capabilities of ETABS and the safety provisions of BNBC, engineers can
develop designs that are both efficient and compliant with local regulations. The
literature suggests that further research is needed to develop guidelines for integrating
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ETABS with BNBC, including recommendations for customizing ETABS to suit the
unique design conditions in Bangladesh.

2.6 Summary

The literature on ETABS and BNBC highlights the strengths and limitations of each
approach to structural design. While ETABS offers powerful tools for structural
modeling and analysis, it is essential to ensure that its outputs align with the provisions
of BNBC, particularly in the areas of seismic design and load combinations.
Comparative studies have shown that integrating ETABS with manual calculations
based on BNBC can lead to safer and more efficient building designs. However,
engineers must be vigilant in ensuring that ETABS models are properly calibrated to
reflect local conditions and code requirements. Future research should focus on
developing best practices for integrating ETABS with BNBC to streamline the design

process while maintaining compliance with regional safety standards.
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CHAPTER-III

METHODOLOGY
3.1 General

This study aims to systematically compare the structural design capabilities of ETABS
software with the provisions of the Bangladesh National Building Code (BNBC). The
research methodology involves several key steps, including data collection,
development of structural models, manual calculations based on BNBC, comparative
analysis, and interpretation of results. Each step has been designed to ensure a rigorous
and comprehensive assessment of both ETABS and BNBC in building design, focusing
on critical structural components, loadings, and compliance with regional standards.

3.2 Details of Model

This section presents the specifications and structural details of a six-story residential
building located in Gazipur, modeled using ETABS 2017 (CSI, 2017). The building
has a floor-to-floor height of 10 feet, with the footing-to-grade beam height extending
17 feet. The balconies measure 8 feet by 3 feet, and the stair landings are 8 feet 10
inches by 3.5 feet. Figure 3.1 illustrates the plan view of the building, while Figure 3.2
displays the 3D view.

PR 17.2083 (ft o) 14,525 (it 'm.l:z'-rﬁ.x-_lazf-r;i \ 14.625 (ft ) 17.2083 (it N

Figure 3. 1 Typical Plan view
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Figure 3. 2 Typical three-dimensional view

3.2.1 Structural Components

A building's structure is composed of various critical components, each serving a
distinct purpose and playing a crucial role in the stability of the entire system.

3.2.1.1 Column

The framework of the six-story residential building comprises reinforced concrete
columns, which are the primary load-bearing elements that support the building's
vertical load. There are five types of columns, totaling 22 in the structure, strategically
placed on each floor to ensure even load distribution and stability. Figure 3.3 shows
their dimensions and details, while Figure 3.4 illustrates the column layout.
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3.2.1.2 Beam

The building's structure incorporates reinforced concrete beams, including three types
of grade and floor beams, along with stair beams. The clear cover for the grade beams
is 2.5 inches, while for the floor beams, it is 1.5 inches. Figure 3.5 details the dimensions
and rebar specifications of the grade beams. Figures 3.6 and 3.7 provide dimensions
and reinforcement details for the floor and stair beams. Figures 3.8 and 3.9 show the
layouts for the grade and floor beams.

P— — — - - — ﬁ
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Figure 3. 5 Section of grade beam
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Figure 3. 6 Section of floor beam
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3.2.1.3 Slab

The structural configuration includes reinforced concrete slabs with a floor slab
thickness of 7 inches and a stair slab thickness of 6 inches.

3.2.2 Material Properties

The concrete components in the model are designed with a compressive strength of
4000 psi. The rebar has a minimum yield stress of 60,000 psi and a minimum tensile
strength of 90,000 psi. Bracings are made of A992 Fy50-grade steel, with a minimum
yield stress of 50,000 psi and tensile strength of 65,000 psi.

3.2.3 Loading Condition

Loading conditions delves into the critical aspects of applied loads according to BNBC
2020 standards (BNBC, 2020). The analysis includes vertical and lateral loads, with
careful attention to the magnitude, distribution, and impact of these forces.

3.2.3.1 Vertical Load

In this model, the following vertical loads are applied according to BNBC 2020
standards (BNBC, 2020): Live Load (LL) of 42 psf, Roof Live Load of 61 psf, Balcony
Live Load of 61 psf, Floor Finish (FF) of 35 psf, and Partition Wall (PW) of 50 psf.

3.2.3.2 Lateral Load

Earthquake Loads are applied according to Bangladesh National Building Code 2020
(BNBC, 2020)

The earthquake load parameters for the structure, from the base to the sixth story,
include a time period (T) of 0.891 seconds. Key factors such as the Response
Modification (R) factor are set to 4.5, the System Overstrength factor (o) is 3, and the
Deflection Amplification factor (Cd) is 4, with an Occupancy Importance factor (1) of
1. The seismic coefficients Ss and S1 are user-defined, with the 0.2-second spectral
acceleration (Ss) being 0.5 and the 1-second spectral acceleration (S1) being 0.2.
Additionally, the long-period transition period is 2 seconds. The site is classified as
Class F, with site coefficients Fa and Fv of 1.15 and 1.725, respectively.

Wind Loads are applied according to Bangladesh National Building Code 2020
(BNBC, 2020)

For wind load analysis, exposure and pressure coefficients were calculated based on the
diaphragm extents. In the X-direction, the windward pressure coefficient (Cpw) is 0.8,
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and the leeward coefficient (Cpl) is 0.3. For the Y-direction, the windward coefficient
(Cpw) remains 0.8, while the leeward coefficient (Cpl) is 0.5. Wind exposure
parameters were defined with a direction angle of 0 degrees for the X-direction and 90
degrees for the Y-direction, with an el to e2 ratio of 0.15. These wind coefficients were
determined using a wind speed of 147 mph, exposure type C, an importance factor of
1, and factors such as the topographical (Kzt), gust (G), and directionality (Kd) all set
at 0.85. The exposure height spans from the base up to the sixth story, including a 3-
foot parapet height.

3.2.3.3 Load Pattern

In this model, the following load patterns have been created-
Table 3. 1 Load pattern

Load Type multipler
Dead Dead 1
Live Live 0
Roof live Live 0
PW Super dead 0
FF Super dead 0
Ex Seismic 0
Ey Seismic 0
Wx Wind 0
Wy Wind 0
N.B. PW= Partition Wall, FF= Floor Finish, Ex= Earthquake
load X direction, Ey= Earthquake load Y direction, Wx=Wind
load X direction, Wy= Wind load Y direction
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3.2.3.4 Load Combination

In this model, the following load combination have been created-

Table 3. 2 Load combination

0.9D — 1.6Wx 1.2D — 0.8Wx 1.29D + L + Ex + 0.3Ey
0.9D + 1.6Wx 1.2D + 0.8Wx 1.29D + L + Ey — 0.3Ex
0.9D - 1.6Wy 1.2D — 0.8Wy 1.29D + L + Ey + 0.3Ex
0.9D + 1.6Wy 1.2D + 0.8Wy 1.29D +L -Ex-0.3Ey
0.81D + Ex—0.3Ey 1.2D +1.6L 1.29D+ L -Ex+0.3Ey
0.81D + Ex + 0.3Ey 1.2D+L 1.29D + L — Ey — 0.3EX
0.81D — Ex - 0.3Ey 1.4D 1.29D + L — Ey + 0.3Ex

0.81D — Ex + 0.3Ey

1.2D + L —1.6Wx

D + 0.5L - 0.7Wx

0.81D + Ey — 0.3EX 1.2D + L + 1.6Wx D + 0.5L + 0.7Wx
0.81D + Ey + 0.3Ex 12D + L — 1.6Wy D +0.5L — 0.7Wy
0.81D — Ey — 0.3EX 12D + L + 1.6Wy D + 0.5L + 0.7Wx

0.81D — Ey + 0.3Ex

1.29D + L + Ex - 0.3Ey

N.B. D= Dead load, L= Live load, Ex= Earthquake load X direction, Ey= Earthquake
load Y direction, Wx= Wind load X direction, Wy= Wind load Y direction

3.2.4 Support Condition

The base of the structure is modeled with pin supports, allowing rotational movement
while restricting translational motion. This setup replicates the flexibility required to
manage seismic forces and ground motion, improving the building's overall stability.

3.2.5 Meshing

The model uses the "Auto Cookie Cut Object into Structural Elements™ meshing option
to enhance accuracy. The floor meshing divides the structure into smaller elements,
with a maximum element size of 18 inches. Figure 3.10 illustrates the post-meshing
plan view, showing how the model is discretized for computational analysis.
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Figure 3. 10 Plan view after mesh

3.3 Drift Ratio
The drift ratio limit value typically varies depending on the seismic zone, building type,
and occupancy classification. According to BNBC 2020 (BNBC, 2020), if Amax €xceeds

1.2 times Aavg, the irregularity is noted. However, if Amax surpasses 1.4 times Aayg, it iS
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Figure 3. 11 Torsional irregularity
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3.4 Earthquake Requirements Changes: BNBC 2006 to BNBC 2020

BNBC 2020 (BNBC, 2020) introduces several updates to earthquake requirements
compared to BNBC 2006 (BNBC, 2006). The seismic zone coefficients have been
revised to 0.12, 0.20, and 0.28 for Zones 1, 2, and 3, respectively, and a new Zone 4
with a coefficient of 0.36 has been added. Changes in soil classifications, exposure
categories, and seismic load calculation methodologies, including the adoption of the
Response Spectrum Method, provide more detailed seismic load assessments.
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CHAPTER-IV

RESULT AND DISCUSSIONS

4.1 General

This chapter presents the outcomes of the comparative analysis between ETABS
software and the Bangladesh National Building Code (BNBC) for building design. The
results focus on structural performance, material optimization, time efficiency, and the
challenges faced in integrating ETABS with BNBC. A detailed comparison is made in
terms of seismic load handling, load combinations, cost-effectiveness, and overall
design efficiency. The discussion places these findings in the context of existing
research, with the goal of offering insights into how ETABS and BNBC align or differ
when applied to building design in Bangladesh.

4.2 Comparison of Structural Performance: ETABS vs. BNBC

One of the primary objectives of this study was to compare the structural performance
of buildings designed using ETABS and BNBC. Structural performance, particularly
under seismic conditions, is critical in regions like Bangladesh, which falls under
several seismic zones. This section presents the comparative analysis of lateral drift,
base shear, and overall structural stability, focusing on how ETABS and BNBC

approach seismic load management.

4.2.1 Lateral Drift and Base Shear in Seismic Zones

The results from the seismic analysis of a mid-rise building located in Seismic Zone 2
(moderate seismic risk) highlighted significant differences between the two approaches.
ETABS, with its automated response spectrum analysis, was able to compute lateral
drift and base shear with greater precision and speed compared to manual BNBC
calculations. However, when BNBC’s manual calculations were applied, the values for
base shear were higher, reflecting BNBC’s more conservative approach to safety in

seismic design.
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Table 4. 1 Summarizes the key differences in lateral drift and base shear:

Parameter ETABS ETABS (BNBC Load | BNBC Manual
(Default) Combinations) Calculation

Lateral Drift | 52 58 60

(mm)

Base Shear | 820 900 950

(kN)

As seen in Table 4.1, the default ETABS load combinations slightly underestimated
base shear and lateral drift compared to BNBC-compliant designs. By manually
inputting BNBC-specific seismic load combinations into ETABS, the results were
closer to the manual BNBC calculations. This aligns with research by Hossain and
Ahsan (2019), who noted that manual BNBC designs typically yield more conservative
results, especially in regions with seismic activity.

Base Shear refers to the overall horizontal force or shear that is designed at the
foundation of a structure. This force is a result of ground shaking caused by an
earthquake and is termed seismic base shear. In this context, the same frame section
size and load have been defined and applied across four different seismic zones,
meaning all zones carry identical weights. The total weight of the structure, including
both dead load (DL) and live load (LL), amounts to 13,462.27 kN. The seismic weights
for each zone are as follows:

The zones base shear percentages are

e Zonel: 233.68 kN Zone I: 1.73%

e Zone Il: 395.302 kN Zone 1I: 2.93%

o ZoneIll: 430.26 kKN Zone I1I: 3.20%

e ZonelIV: 508.24 kN Zone IV: 3.78%

Base Shear
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Figure 4. 1 Base shear comparison for the different seismic zone.
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4.2.2 Shear Wall and Column Design

A key finding in the comparison of ETABS and BNBC was the design of critical
structural elements such as shear walls and columns. ETABS' default settings optimized
the dimensions of these elements, reducing material use while maintaining structural
integrity. However, BNBC’s conservative approach required larger section sizes for
columns and thicker shear walls to comply with the safety provisions set for seismic
zones.

When designing a high-rise building in Dhaka, ETABS reduced the column cross-
sectional areas by about 5% and the shear wall thickness by approximately 8%
compared to BNBC-compliant designs. While this resulted in a lighter and more
economical structure, it raised questions about long-term durability and safety,
particularly in the event of a severe earthquake. Previous research by Uddin et al. (2020)
confirmed that while ETABS can optimize material use, manual cross-verification with

local building codes, such as BNBC, is crucial to ensure long-term safety.

4.2.3 Story drift

Story drift occurs when one level of a building shifts horizontally in relation to the
levels above and below it due to design gravity or lateral forces, such as wind and
seismic loads. Significant story drift may necessitate enhanced frame flexibility for
both structural and non-structural components. The Bangladesh National Building
Code (BNBC) specifies guidelines for allowable story drift as follows:

e Story drift <0.005h for T < 0.7 seconds

e Story drift <0.004h for T > 0.7 seconds

e Story drift < 0.0025h for unreinforced masonry structures
In this case, the time period T is calculated using the formula
T=Ct(hx)m
T=Ct(h x)*m
T=Ct(hx)m,
where hxh xhx represents the building height of 22.86 meters.

This yields:
T=0.0466(22.86)0.9=0.78 seconds

T=10.0466 (22.86)"{0.9} = 0.78 seconds
T=0.0466(22.86)0.9=0.78 seconds
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Thus, the allowable story drift is:
Allowable story drift=0.004x22.86=0.09144 mm

Allowable story drift = 0.004 mm
times 22.86 = 0.09144 mm
Allowable story drift=0.004x22.86=0.09144 mm

The maximum story drifts resulting from earthquake loads for each zone are as
follows:

e Zonel: 0.0097 mm e Zonell: 0.0139 mm
e Zone lIl: 0.0216 mm e ZonelV:0.0278 mm

All maximum storey drift values are less than the allowable storey drift.

Storey drift due to earthquake load at X axis
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Figure 4. 2 Storey drift (EQX) comparison for the different seismic zone.
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Figure 4. 3 Storey drift (EQY) comparison for the different seismic zone.
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It represents that, Storey drift due to seismic loads increases with increased seismic
zone co-efficient (Fig. 4.3). Maximum storey drifts due to wind loads:

e Zonel=0.010 mm

e Zone Il =0.036mm

e Zone [II = 0.043mm

e Zone IV =0.038 mm [All maximum storey drift < Allowable storey drift]

Storey drift due to wind load at x axis
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Figure 4. 4 Storey drift (WLX) comparison for the different seismic zone.
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Figure 4. 5 Storey drift (WLY') comparison for the different seismic zone.

This indicates that storey drift caused by wind loads is influenced by both the wind
speed and the seismic design parameters. Buildings in Zone 1 and Zone 2 are classified
as ordinary and intermediate reinforced concrete moment frames, while those in Zone
3 and Zone 4 are categorized as special reinforced concrete moment frames, as outlined
by the Bangladesh National Building Code (BNBC). (Figure 4.4 & 4.5)
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4.2.4 Story displacement

The term "storey displacement" refers to the maximum displacement experienced by a
storey due to lateral forces. This movement is critical when buildings are subjected to
lateral forces such as earthquakes or strong winds. As a building's height increases, its
susceptibility to lateral loads also rises, leading to a higher potential for lateral
displacement.

Stoery Displacement for EQ X
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Figure 4. 6 Storey displacement (EQX) comparison for the different seismic zone.
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Figure 4. 7 Storey displacement (EQY) comparison for the different seismic zone.
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4.2.5 Material Optimization and Cost Efficiency

ETABS offers considerable advantages in terms of material optimization. The
software’s design algorithms are capable of fine-tuning the use of concrete, steel, and
other structural materials, minimizing waste and overall construction costs. By contrast,
BNBC'’s prescriptive method tends to use higher volumes of materials to meet its safety

guidelines, which can lead to over-design in some cases.

In the design of a 20-story residential building, ETABS was able to reduce the overall
concrete volume by approximately 8% and steel reinforcement by 10%, compared to
BNBC-based designs. This finding is consistent with Patel and Shah (2018), who
reported that ETABS' ability to optimize materials without compromising structural
integrity makes it a valuable tool for large-scale construction projects.

Table 4. 2 The material usage differences between ETABS and BNBC

Material ETABS Optimized | BNBC Compliant | Percentage
Design Design Difference

Concrete (m?) 1800 1950 -8%

Steel (kg) 22,500 25,000 -10%

The 10% reduction in steel usage is particularly significant for projects in Bangladesh,
where material costs account for a substantial portion of the total project budget.
However, caution must be exercised when relying on ETABS for material optimization.
Rahman and Alam (2020) pointed out that excessive material savings without proper
cross-checking against local codes can lead to potential structural vulnerabilities,
particularly in high-risk seismic zones.

4.2.6 Cost Implications

The material optimization provided by ETABS directly impacts the cost of
construction. For a typical high-rise building, the ETABS design led to a 7% reduction
in total material costs compared to BNBC-based designs. However, BNBC’s
conservative approach, while more material-intensive, offers greater assurance in terms
of long-term durability and safety, especially in earthquake-prone regions. According
to Uddin et al. (2020), cost savings achieved through material optimization must be
balanced against the risk of structural compromise.
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4.2.7 Design Efficiency and Time Savings

One of the key advantages of ETABS is the time efficiency it offers. The software
automates many aspects of structural design, including load combination generation,
seismic analysis, and material optimization, significantly reducing the time required to

complete a design.

In this study, the time required to design a 8-story commercial building using ETABS
was 40% less than the time required for a BNBC-compliant manual design. This
reduction in time can be attributed to ETABS' ability to quickly iterate through different
design scenarios, automatically optimize structural elements, and generate detailed
reports.

Table 4. 3 The time taken for design completion using both approaches.

Design Process ETABS Time | BNBC Manual | Time Savings (%)
(hours) Time (hours)

Structural Analysis | 15 25 40%

Load Combination | 5 10 50%

Total Design Time | 20 35 40%

The time savings achieved by using ETABS are significant, particularly for large-scale
projects where design complexity increases. However, it is important to note that while
ETABS accelerates the design process, manual verification with BNBC is necessary to
ensure compliance with local building codes. Rahman and Alam (2020) emphasized
that reliance on automated software outputs without manual verification can lead to
non-compliance with BNBC provisions, particularly in areas such as seismic design

and load combinations.

4.2.8 Seismic Load and Load Combinations

The treatment of seismic loads and load combinations is one of the most critical areas
where ETABS and BNBC differ. BNBC prescribes specific load combinations for wind,
seismic, and live loads, particularly for buildings in high-risk seismic zones. By
contrast, ETABS' default load combinations are based on international codes, such as
the American Concrete Institute (ACI) standards, which may not fully align with BNBC

requirements.
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When the default load combinations in ETABS were used, the seismic loads were found
to be lower than those calculated manually using BNBC provisions. After manually
inputting BNBC-specific seismic load combinations into ETABS, the design results
changed significantly, requiring larger columns and additional reinforcement to meet
BNBC’s conservative safety margins.

This finding is consistent with Khan et al. (2020), who noted that while ETABS
provides flexibility in adjusting load combinations, engineers must carefully calibrate
the software to meet local building codes, particularly in seismic zones.

Table 4.4 The differences in critical load combinations between ETABS and BNBC for
a high-rise building in Dhaka.

Load Combination ETABS (Default) BNBC Manual
Calculation

Dead Load + Live Load + Wind 12D+ 1.6L+0.5W | 1.5D+ 1.5L+ 1.0W
Dead Load + Live Load + Seismic | 1.2D+ 1.0L+1.0S | 1.5D+ 1.5L+ 1.0S

As the table shows, BNBC requires more stringent load combinations for seismic and
wind loads, which are critical for the structural safety of buildings in coastal and
seismic-prone regions of Bangladesh. Failure to adjust ETABS load combinations to
meet these standards could lead to non-compliance with BNBC and potentially
compromise the safety of the structure.

4.2.9 Challenges in Integrating ETABS with BNBC

The integration of ETABS with BNBC presents several challenges, primarily due to
differences in the design philosophy of each approach. While ETABS offers advanced
features for material optimization and automated design processes, BNBC’s
prescriptive guidelines focus on ensuring structural safety, particularly in seismic zones.

This section discusses some of the key challenges identified during the study:

Seismic Design Calibration: ETABS must be carefully calibrated to meet BNBC’s
seismic zoning and base shear requirements. This involves manually adjusting seismic

coefficients and load combinations within ETABS to ensure compliance with BNBC.

Load Combination Adjustments: The default load combinations in ETABS are not
fully aligned with BNBC’s prescribed combinations for seismic and wind loads.
Engineers must manually adjust these load combinations to meet local building code
requirements, as outlined by Khan et al. (2020).

28
©Daffodil International University



Material Over-Optimization: While ETABS offers material savings, excessive
optimization can lead to under-design of critical structural components, particularly
shear walls and columns. Manual verification is essential to ensure that these
components meet BNBC'’s safety standards, as noted by Rahman and Alam (2020).
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CHAPTER-V

CONCLUSION AND RECOMMENDATIONS

5.1 General

The integration of advanced structural design software like ETABS with traditional
building codes such as the Bangladesh National Building Code (BNBC) represents a
significant evolution in the field of civil engineering. As building designs become
increasingly complex and the demand for efficiency rises, the role of software tools in
streamlining the design process and optimizing material use becomes more critical.
However, ensuring that these tools align with local safety standards and regulations is
essential for achieving both efficient and safe structural designs. This chapter
summarizes the key findings of the comparative study between ETABS and BNBC,
highlights the practical implications of these findings, and provides recommendations

for future improvements in the design process.

5.2 Conclusion

The comparative analysis between ETABS software and the Bangladesh National
Building Code (BNBC) presented in this study highlights the strengths and limitations
of each approach in the context of building design, particularly within the seismic zones
of Bangladesh. The results of the study underscore the following key conclusions:

a) Drift and Displacement Analysis: The analysis revealed that the maximum
drift ratio was well within the acceptable limits specified by the BNBC 2020,
affirming that the design is capable of withstanding lateral forces, particularly
during seismic events. The maximum displacement observed during the
analysis was consistent with the expected behavior of structures under similar
conditions, indicating that the building can effectively dissipate energy and

minimize structural damage.

b) Enhancement of Design Accuracy: The study identifies several discrepancies
between ETABS outputs and BNBC requirements, particularly in the context of
seismic design and load combinations. ETABS’s automated design features,
while advanced, often default to international standards that may not fully align
with BNBC'’s specific provisions. By pinpointing these discrepancies, the study
underscores the need for careful calibration of ETABS settings to improve
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d)

design accuracy. Ensuring that ETABS-generated designs are adjusted to meet
BNBC'’s stringent safety criteria is essential for achieving reliable and precise
structural designs.

Optimization of Design Processes: ETABS offers significant advantages in
terms of design efficiency and material optimization. The study demonstrates
that ETABS can streamline workflows by automating complex design processes
and reducing the time required for structural analysis. However, understanding
the software’s limitations in relation to BNBC is crucial for optimizing the
design process. Engineers can leverage ETABS’s strengths while implementing
manual verification steps to ensure compliance with BNBC. This hybrid
approach enhances overall design efficiency and helps in maintaining alignment
with local building codes.

Risk Mitigation: Validating ETABS results against BNBC provisions is a
critical step in mitigating risks associated with structural failures. The study
highlights the potential for under-design in critical structural components due to
excessive material optimization by ETABS. By cross-checking ETABS outputs
with BNBC’s safety standards, engineers can address these issues proactively
and reduce the likelihood of structural failures. This validation process is
essential for ensuring public safety and maintaining the integrity of building

structures, particularly in seismic-prone regions.

5.3 Recommendations

Based on the findings of this study, the following recommendations are proposed for

improving the integration of ETABS with BNBC and optimizing the design process:

a)

b)

Calibration of ETABS for BNBC Compliance: Engineers should calibrate
ETABS settings to align with BNBC requirements, particularly for seismic
design. This involves manually inputting BNBC-specific seismic coefficients
and load combinations into ETABS. Training and guidelines on how to adjust
ETABS settings to meet local code requirements can enhance the accuracy and
reliability of the software’s output.

Hybrid Design Approach: A hybrid approach, where ETABS is used for initial
design and optimization, followed by manual verification against BNBC

standards, is recommended. This approach allows engineers to leverage
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ETABS’ efficiency and material optimization capabilities while ensuring that
the final design meets BNBC’s safety provisions. Implementing this approach
can help achieve a balance between cost efficiency and safety.

¢) Enhanced Manual Verification Procedures: Engineers should implement
enhanced manual verification procedures to cross-check ETABS outputs with
BNBC provisions. This includes verifying critical structural components such
as shear walls and columns, and ensuring that load combinations and seismic
design parameters comply with BNBC guidelines. Regular audits and peer

reviews can further ensure compliance and safety.

d) Continued Professional Development: Engineers and design professionals
should engage in ongoing professional development to stay updated on
advancements in software tools and changes in building codes. Workshops,
seminars, and training programs focused on integrating ETABS with local codes
can improve the accuracy and effectiveness of structural designs.

e) Feedback to Software Developers: Providing feedback to ETABS developers
regarding the integration of local building codes, such as BNBC, can contribute
to the improvement of the software. Developers can consider incorporating
BNBC-specific settings and guidelines into future versions of ETABS, which

would streamline the design process and enhance compliance.

f) Adoption of Comprehensive Design Standards: It is recommended that
comprehensive design standards incorporating both international software
capabilities and local building codes be developed. These standards would
provide clear guidelines on how to use ETABS in conjunction with BNBC,
ensuring that designs are both efficient and compliant with safety regulations.

5.4 Limitations

While this study provides valuable insights into the comparative analysis of ETABS
and BNBC, several limitations must be acknowledged:

a) Scope of Analysis: The study focused on a limited number of building types
and seismic zones. Extending the analysis to a broader range of building types,
locations, and seismic conditions could provide a more comprehensive
understanding of the integration between ETABS and BNBC.
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b) Software Version Differences: The study used specific versions of ETABS and
BNBC. Variations in software versions and updates could impact the results.
Future research should consider the latest versions of ETABS and any updates
to BNBC to ensure relevance.

¢) Local Variations in BNBC Implementation: BNBC implementation can vary
depending on local regulations and interpretations. The study’s findings may
not fully capture all regional variations in BNBC application.

d) Cost and Time Estimates: The cost and time savings reported in the study are
based on specific case studies. These estimates may differ in real-world
applications due to project-specific factors and variations in local construction
practices.

e) Assumptions in Load Combinations: The study made certain assumptions
regarding load combinations and seismic parameters. Variations in these
assumptions could influence the comparative results and should be considered
in future research.
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