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ABSTRACT  

 

Bangladesh is located in a seismically active region and the ground shakes during an 

earthquake. As a result, the base of a building experiences movement. Therefore, it is necessary 

to ensure that structures are adequately designed to resist horizontal loads. By following BNBC 

guidelines the risk of failure in newly built infrastructure due to wind and earthquake loads can 

be minimized. According to the latest Bangladesh National Building Code 2020 (BNBC 2020), 

the country has been divided into four seismic zones: Zone-I (low seismic intensity), Zone-II 

(moderate), Zone-III (severe) and Zone-IV (very severe). Each zone has a different seismic 

coefficient. This paper compares seismic zone analysis of a multi-story (G+9) residential 

building across all four seismic zones, both with and without shear walls. The main objective 

is to examine how the building responds to earthquakes under the updated seismic zoning and 

to evaluate the effects of shear wall placement. Four locations representing the four seismic 

zones are considered: Rajshahi (Zone-I), Dhaka (Zone-II), Rangpur (Zone-III) and Sylhet 

(Zone-IV). Structural analysis is carried out using ETABS (Extended Three-Dimensional 

Analysis of Building Systems), focusing on story displacement, drift, stiffness and other key 

parameters. The results show that incorporating shear walls has a significant effect on building 

design, reducing displacement and improving overall structural stability. 

Keyword: Building framing system, Shear wall, Seismic Zone, Base Shear, Drift, Stiffness, 

Sorey Displacement  
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NOTATION 

BNBC Bangladesh National Building Code 

Z Seismic Zone 

I Structural Importance 

R Response Factor 

T Time period 

V Base Shear 

EQX Earthquake in X-direction 

EQY Earthquake in Y-direction 

WX Wind in X-direction 

WY Wind in Y-direction 

OMRF Ordinary Moment Resisting Frames 

SMRF Special Moment Resisting Frames 

IMRF Intermediate Moment Resisting Frames 
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CHAPTER 1 

INTRODUCTION  

 

1.1 General  

Bangladesh is a developing country. Our economic is increasing day by day. Our construction 

arena is progressing with our economic. Some of large constructions are built in this country 

in a recent era. In spite of construction growth, we need to consider the tectonic geometry of 

beneath the country. 

An earthquake a shaking of the ground caused by the sudden breaking and movement of large 

sections (tectonic plates) of the earth’s rocky outer most crust. The edges of the tectonic plates 

are marked by faults (or fractures). Most earthquakes occur along the fault lines when the plates 

slide past each other or collide against each other. Earthquakes can range in size from those 

that are so weak that they cannot be felt to those violent enough to toss people around and 

destroy whole cities. Hence, structure in such locations need to be suitably designed and 

detailed ensure stability, strength and serviceability with acceptable levels of safety under 

seismic effect. 

Bangladesh is positioned at the juncture of several active tectonic plate boundaries. Moreover, 

it sits a top of the world’s largest river delta at close to sea level, facing both the risk posed by 

a quake and secondary risks of tsunamis and flooding in the quake’s aftermath (Seeber, 2012). 

Tectonic framework of Bangladesh and adjoining areas indicate that Bangladesh is suited 

adjacent to the plate margins of India and Eurasia where devastating earthquakes have occurred 

in the past. Bangladesh is surrounded by a number of tectonic blocks which have produced 

earthquakes in recent times. The present generation of people in Bangladesh hasn’t witnessed 

any major earthquake. During the last seven or eight years, the occurrence and damage caused 

by some earthquakes (magnitude between 4 and 6) inside the country or near the countries 

border, has raised the awareness among the general people and the government as well. 

However, occurrences of the earthquake both inside and the of the country and around major 

cities indicate that earthquake hazard exists for the country in general and the cities in 

particular. Considerations of earthquakes forces in structural design, city planning and 

infrastructure development is therefore a perquisite for future disaster mitigation (American 

Museum of Natural History, 2013). Geographically Bangladesh is located close to the two 
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seduction zones created by two active tectonic plates: the Indian plate and the Eurasian plate. 

Moreover, the country's surrounded by the Himalayan Arc, the Shillong Plateau and the Dauki 

fault system in the north, the Burmese Arc and Arkan Yoma Anticlinorium in the east, and the 

Naga Disa nng Haflong thrust zone in the northeast ( Ali M.H, 1998). The capital city in 

vulnerable to the earthquake as the country is in an active region in terms of vertical and 

horizontal movement of tremor.  

 

1.2 Background of the study  

Bangladesh is an earthquake prone country. So, all building must be earthquake resistant with 

proper planning and structural design. In BNBC 2006, the total area of the Bangladesh has been 

divided into three earthquake zones such as Zone-I, Zone-II and Zone-III. According to 

probable magnitudes of earthquake, Bangladesh has been divided into four seismic zones, 

namely major damage zone, moderate zone, minor zone and negligible zone (BNBC, 2020). 

But based on the severity of the probable intensity of the seismic ground motion and damages, 

Bangladesh has divided into four seismic zones i.e. Zone - 1, Zone - 2, Zone - 3 and Zone - 4. 

 

Several studies have been carried out on seismic action in various aspects by different 

researches. But very few studies have been carried out on shear wall locations effects due to 

seismic load in Bangladesh. The seismic risk and construction cost of a same building analyzed 

and designed for different zones in Bangladesh followed by BNBC,1993 (Choudhury J.R, 

1993) [3]. Very limited of studies have been done on this aspect. It needs to be explored to 

design earthquake resistant building and find out the required quantity of materials for four 

seismic zones in Bangladesh. 
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Figure 1.1 : Seismic Zoning map BNBC 2006 
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Figure 1.2 : Seismic Zoning map BNBC 2020 
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1.3 Objectives of the study  

 

This research work is aimed at the overall study of the effects of the seismic zones on the high-

rise buildings with or without the shear walls. These things lead to the following specific 

objectives: 

(i) To identify the effects of the zones co-efficient on the high-rise buildings in 

parameters with and without shear wall. 

    

1.4 Outline of the study 

This study has been conducted by considering approximately 3200 square feet (80ft x 40ft) 

layout plan of intermediate dual framing concrete structures. For structural analysis and design 

of this building under seismic considerations frame will consider as an intermediate reinforced 

concrete structure (dual system). Elevation of the building is considered G+9 that means ten 

(10) storied building. The structure will firstly analysis without shear walls i.e. column 

supported structure in the four seismic zones. Then the same structure will introduce with shear 

wall only in the lift core area in the four seismic zones then the parameters like drift ratio, 

stiffness, displacement will be considered of the structure. Again, the same structure will 

analysis with the shear wall in the outer periphery area and the effects will be record and finally 

will compare the results among the structured considered the location of the shear wall and the 

seismic zones. Architectural drawing and detailing will prepare by Auto CAD. Structural 

analysis and design of this structural will be carried out by ETABS 2016 software. Structural 

drawing and seismic detailing also will be prepared by Auto CAD. MS Excel will be used to 

find out the analysis results. Comparative study will be carried on the structural frames such as 

beams and columns, shear walls among four seismic zones. All of this comparison will be 

presented graphically. 
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CHAPTER 2 

LITERATURE REVIEW  

2.1 General 

 

Bangladesh is a moderately seismic region. It is a known fact that earthquakes do not occur 

just anywhere. It tends to cluster around defined areas or lines. Bangladesh and its adjoining 

areas are situated in the northeast part of the Indian subcontinent where earthquakes frequently 

occur. This region lies along the border of Eurasian and Indo-Australian plates. The Plate 

Tectonic theory states that the earth's crust is composed of plates which move relative to one 

another because of natural forces acting on these plates. Ninety percent earthquakes occur 

along the boundary of these tectonic plates. Earthquake also occurs due to volcanic eruption, 

manmade activities such as reservoir induced, excavation; mining etc. This chapter reviews the 

seismic environment prevailing in Bangladesh as a part of the evaluation of seismic risk. 

Important tectonic features of Bangladesh and evolution of seismic zoning maps are also 

discussed. Short description of some historical earthquakes and some recent earthquakes are 

also presented. Structural system, seismic design philosophy, seismic detailing and seismic 

effect reduction technology are also discussed here. 

 

 

2.2 Literature Review 

 

Several studies have been carried out on seismic action in various aspects by different 

researches. But very few studies have been carried out on shear wall’s location effects due to 

seismic load in Bangladesh. The seismic risk and construction cost of a same building analyzed 

and designed (Rahman, 2011) for different zones in Bangladesh followed by Bangladesh 

National Building Code (BNBC, 1993). Bangladesh has divided into four seismic zones 

according to BNBC - 2020 which was only three zones in previous BNBC. Present study will 

be carried out for a comparative study on effects of the shear location in the same structure for 

four seismic zones in Bangladesh will be followed by BNBC - 2020. Very limited of studies 

have been done on this aspect. It is helpful to an engineer to know the difference for a same 

structure in different seismic zones. Various researches carried out on seismic action are given 

below: (Huang, 2005) carried out research for seismic loss estimation for Sylhet city. Objective 

of the study was improving our understanding of seismic risk and supporting enforcement of 
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seismic provisions of building codes. (Haque, 2007), carried out a relationship between 

earthquake intensity and attenuation for Bangladesh and its surrounding area. The objective of 

this study was to find out re-estimate the earthquake intensity of major historical earthquake of 

Bangladesh on EMS and develop a relationship between intensity - attenuation for Bangladesh 

and its surrounding area. (Sharifuddin, 2001), conducted research work on earthquake hazards 

analysis for Bangladesh. The objective of the research work was to develop a homogeneous 

and complete earthquake catalogue and seismic hazard map. 

 

To do this work, we first need an architectural plan. To design a building, which is what we 

need first, then we need to plan our column layout using CAD software. We need to arrange 

our layout plan correctly, where the axes are given in the correct size. Then we need to arrange 

our design software ETABS to model. One thing to keep in mind here is that no dimension is 

wrong. We have to apply loads according to BNBC 2020, where the self-load, dead load, live 

load, floor finish, wind load, earthquake load, and load combinations will be applied 

accordingly. Once the loads are applied properly, we will go to the serviceability check, after 

which the initial design will come. Everything we have done so far is under the scope of 

statistical analysis. After that, we have to think about the frame. We have talked about frames 

in BNBC, which is known as frame check. You cannot give all types of frames anywhere you 

want. The earthquake intensity in all areas is not the same, so BNBC Bangladesh has four 

zones. The frame will come from the seismic design category, then the final design will come. 

So far, the superstructure design part will be completed. BNBC has given us many checks. The 

purpose is to check how resilient the building is to earthquakes. Its impact is visible in our 

country. Its impact is constantly increasing. I wanted to show how stable a building is under a 

zone. Now, while showing it, I have had to use many parameters in the design, which is 

according to the code of Bangladesh. So, I think that considering the current situation, people's 

lives are at risk, using earthquake-resistant building design and technology will get rid of the 

risk. 

If we consider the perspective of Bangladesh, we will see that some areas of Dhaka and Sylhet 

are earthquake zones where the building design will have to be done with special moment 

resisting frames. The cost of constructing the building will be much higher than other buildings, 

about one and a half times more, and we will have to design it properly keeping in mind the 

effects of earthquakes according to the design of the country. 
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CHAPTER 3 

METHODOLOGY  

Architectural Plan  

 

Column Layout plan (CAD) 

 

                     ETABS            model  

 

Loading  

 

Serviceability Cheeks  

 

Preliminary Design  

 

                                         Framing Cheak          Building Frame                                                      

                                                                          Moment Resisting Frame   

                                                                          Dual Frame  

Superstructure 
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3.1 Introduction  

This chapter includes the design procedure of the structure at different seismic zones in 

the Bangladesh with a specific plan of a structure. The structure will analyze according 

to BNBC (Bangladesh National Building Code) 2020 gazette version of the building 

code in the Bangladesh. In the analyze we will follow the coefficients of wind effects 

and obviously earthquake factors depending on the height and zones coefficients  

 

3.2 Plan and Story of the Structure  

In this study we have chosen a typical building structure plan for analyze. The plan is regular 

shape and the plan consists of approximately 3616 square feet area. The plan contains a ground 

floor plan for using parking and other floor are typical for living. The story of the structure is 

considering as high-rise building of ten (10) storied as we mention it (G+9) storied building. 

The typical plan is shown following. Unit A=1116sft, Unit B=1023sft, Unit C =1023sft, 

common space= 454sft  

Figure 3.1 : Typical  floor plan 
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3.2.1 Floor Plan with Shear Wall  

This structure is introduced with shear wall at the lift core area and the outer area. The shear 

wall is the essential structural element to increase the stiffness of the structure and control the 

drift of the structure. Shear wall also helps the structure to resist the eccentricity of the structure. 

The common practice of the shear wall design is placed the shear wall at the lift core area. But 

the shear wall can be placed the any other area of the structure where it is needed. The structure 

we analyze in the study we placed the shear wall in different areas and compare the result. The 

following plan shows the position of the structure. 

 

 

Figure 3.2 : Shear wall in the lift core area and other corner 
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Figure 3.3 : No shear wall in the lift core, stair case and other corner 

3.3 Design Consideration  

To analyze the structure, we have followed the BNBC code. According to the BNBC code we 

consider the design parameter such as live load consideration, load combination, zone co-

efficient etc. 

3.3.1 Live Load  

Unlike dead load, live load refers to the transient or moving loads that structures experience 

due to human occupancy, furniture, vehicles, and other temporary factors. Live load very in 

magnitude and location over time, as the intended use and occupancy of the structure 

influences them. 
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Table 3.1 : Live load from BNBC 

Occupancy or use Uniform 

KN/m2
 

Concentrated  

KN 

Apartments (See Residential)   

Access floor system 

Office use  

Computer use  

 

2.40 

4.80 

 

9.0 

9.0 

Armories and drill room  7.20 -- 

         BNBC                    part VI                                                                      Chapter 2 

Occupancy or use Uniform KN/m2 Concentrated KN 

Assembly area and theaters  

     Fixed seats (fastened to 

floor) 

     Lobbies  

     Movable (assembly) 

     Stage floor  

2.90 

4.80 

4.80 

4.80 

7.20 

--- 

--- 

--- 

--- 

--- 

Balconies (exterior) 

On one-and two- family 

residence  

Only, and not exceeding 19.3 

m2  

2.40 

4.80 

--- 

 

3.3.2 Wind Load  

The basic wind speed is different in different areas of the country depending on the exposure 

category of the building. In this study we have consider four different areas of the country 

and these are followings  

Table 3.2 : Basic wind speed (m/s) 

S/L Location Basic wind speed, (m/s) 

1 Rajshahi  49.2 

2 Dhaka  65.7 

3 Chattogram  80 

4 Sylhet  61.1 
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Figure 3.4 : Basic Wind speed map  
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3.3.3 Earthquake Load  

The purpose of earthquake resistant design provisions in this code is to provide guidelines for 

the design and construction of new structures subject to earthquake ground motions in order to 

minimize the risk to life for all structure, to increase the expected performance of higher 

occupancy structure as compared to ordinary structure, and to improve the capability of 

essential structure to function after an earthquake. It is not economically feasible to design and 

construct building without any damage for a major earthquake event. The intent is therefor to 

allow inelastic deformation and structure damage at preferred location in the structure without 

endangering structure integrity and to prevent structure collapse during a major earthquake. 

3.3.3.1 Seismic Zone, Z 

Seismic zones are classified depending on the ground crust, tectonic plate beneath the earth 

crust. BNBC 2020 has classified the four types of seismic zones in the Bangladesh. 

Previously we have shown the zone map in the study. 

Table 3.3 : Seismic Zone Coefficient (Ref. BNBC) 

Seismic 

Zone 

Location  Seismic 

Intensity  

Seismic 

Zone  

Coefficient, 

Z 

1 Southwestern part including Barisal, Khulna, 

Jessore, Rajshahi  

Low  .12 

2 Lower center and Southwestern part including 

Noakhali, Dhaka, Pabna, Dinajpur, as well as 

Southwestern corner including Sundarbans  

Moderate  .20 

3 Upper central and Southwestern part including 

brahman aria, Sirajganj, Rangpur  

Severe  .28 

4 Southwestern part including Sylhet Mymensingh, 

Kuri gram  

Very 

severe  

.36 

 

 

 



15 
 

Site Classification Based on Soil Properties 

Table 3.4 : Site Classification Based on Soil Properties 

Site                              Description of soil 

profile                     

Class                          profile up to 30 meters 

depth 

                                          

Average Soil Properties in top 30 meters 

Shear wave          SPT Value, N     Undrained 

shear 

velocity, V, (m/s)  (blows/30cm)  strength, 5, 

(kPa) 

SA  Rock or other rock-like 

       geological formation, 

       including at most 5 m of 

      weaker material at the surface. 

  

SB  Deposits of very dense sand, gravel, or 

very 

       stiff clay, at least several tens  of meters 

        in thickness, characterized by a 

       gradual increase of mechanical properties 

       with depth. 

   > 800                         --                             --  

 

 

 

 

360-800                      >50                             >250 

SC     Deep deposits of dense or medium 

dense 

          sand, gravel or stiff clay with thickness 

         from several tens to many hundreds of    

         meters 

SD   Deposits of loose-to- medium 

cohesionless 

        soil (with or without some soft cohesive    

        layers), or of predominantly soft-to- firm 

        cohesive soil.  

SE   A soil profile consisting of a surface 

       alluvium layer with V, values of                         

      type SC or SD and thickness varying 

      between about 5 m and 20 m, underlain 

by 

 

180-360                  15-50                        70-250 

 

 

 

 

<180                         <15                             <70 

 

 

--                               --                                   --       
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S1     Deposits consisting, or containing a 

layer    

        at least 10 m thick, of soft clays/silts 

with a 

      high plasticity index (PI> 40) and high 

water 

      content 

S2     Deposits of liquefiable soils, of 

sensitive 

         clays, or any other soil profile not 

included  

         in types SA to SE or Si 

< 100                        --                              10-20 

(indicative) 

 

 

 --                             --                                --  

 

 

Occupancy Category of Buildings and other Structures for Flood, Surge,  

Wind and Earthquake Loads 

Nature of Occupancy  Occupancy  

 

                                                                                                                                                   

Category 

Buildings and other structures that represent a low hazard to human life in the event of                     

 failure, including, but not limited to: I      

         .   Agricultural facilities 

         .   Certain temporary facilities 

         .   Minor storage facilities                                                                                                      

All buildings and other structures except those listed in Occupancy Categories I, III and IV              

II 

 

Buildings and other structures that represent a substantial hazard to human life in the                       

III 

 event of failure, including, but not limited to:  

1. Buildings and other structures where more than 300 people congregate in one area 

2. Buildings and other structures with day care facilities with a capacity greater than 150 

3. Buildings and other structures with elementary school or secondary school facilities 
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 with a capacity   greater than 250 

4.  Buildings and other structures with a capacity greater than 500 for colleges or adult 

 education facilities 

 5. Healthcare facilities with a capacity of 50 or more resident patients, but not having  

surgery or emergency Treatment facilities 

  6. Jails and detention facilities 

Buildings and other structures, not included in Occupancy Category IV, with potential to  

cause a substantial economic impact and/or mass disruption of day-to-day civilian life  

in the event of failure, including, but not limited to: 

.            Power generating stations" 

.            Water treatment facilities 

.            Sewage treatment facilities 

.            Telecommunication centers 

Buildings and other structures not included in Occupancy Category IV (including, but not 

limited to, facilities that manufacture, process, handle, store, use, or dispose of such substances 

as hazardous fuels, hazardous chemicals, hazardous waste, or explosives) containing sufficient 

quantities of toxic or explosive substances to be dangerous to the public if released. 

 

In our study we consider the four different locations which is situated on the four seismic 

zone in the country for the better result of the study. The locations and the zones are 

following. 

 

Table: 3.5 Zone Coefficient 

SL NO  Location  Seismic Zone Coefficient, Z 

1 Rajshahi  0.12 

2 Dhaka  0.20 

3 Chattogram  0.28 

4 Sylhet  0.36 
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3.3.3.2 Structural Important Factor, I  

This is the coefficient that accounts the importance of structure for post- earthquake activities. 

The earthquake lateral force is multiplied by factor called structure importance co-efficient and 

are designed for a higher level of force so that the possibility of this structure being undamaged 

during an earthquake remains higher. But in BNBC 2015(draft), importance co-efficient is 

denoted by I for all cases. In BNBC 2015, importance co-efficient is described for four different 

cases. 

Table: 3.6 Importance Factor I (Ref. BNBC) 

Occupancy Category  Importance Factor I 

I, II 1.00 

III 1.25 

IV 1.50 

 

3.3.3.3 Response Modification Factor, R 

Response Modification Factor is one of the seismic design parameters to consider nonlinear 

performance of the building structure during strong earthquake. Relying on this, many seismic 

design codes led to reduce loads. In other works, response modification factor is the ration of 

strength required to maintain the structure elasticity. In fact, the response modification factor 

(R) reflects the capability of a structure to dissipate energy through inelastic behavior. Systems 

undergoing inelastic response during severe earthquake incidence. In BNBC 1993, it is known 

as response modification coefficient. It is the factor by which the actual base shear force that 

would develop if the structure behaver truly elastic during earthquake is reduced to obtain 

design base shear. Response modification factor values for different structure systems 

described the following.  

 

 

 

 

 



19 
 

Seismic design category of building  

Site  

class  

Occupancy category I,II and III Occupancy category IV 

Zone 1       Zone  2     Zone 3       Zone 

4 

Zone 1       Zone  2     Zone 3       Zone 4 

SA 

SB 

SC 

SD 

SE,S1,S2 

B                   C                C                  D 

B                   C                D                  D  

B                   C                D                  D 

C                    D               D                 D  

D                   D                D                 D 

C                   C                C                  D 

C                   C                D                  D  

C                   C                D                  D 

C                   D                D                 D  

D                   D                D                 D 

Response Reduction Factor, Deflection Amplification Factor and Height Limitations for Different 

Structural Systems 

 

Seismic Force-Resisting 

System 

Response 

Reduction 

Factor, R 

System  

Overstrength 

Factor, 

Deflection 

Amplification 

Factor Cd 

Seismic  Seismic   

Seismic 

 Design   Design    

Design 

Category  Category 

Category 

B               C            D 

Height limit (m) 

A. BEARING WALL SYSTEMS 

(no frame) 

1. Special reinforced 

concrete shear walls 

2. Ordinary reinforced 

concrete shear walls 

3. Ordinary reinforced 

masonry shear walls 

4. Ordinary plain masonry 

shear walls 

5 

 

4 

 

2 

 

1.5 

2.5 

 

2.5 

 

2.5 

 

2.5 

5 

 

4 

 

1.75 

 

1.25 

NL            NL           50 

 

NL            NL           

NP 

 

NL            50           NP 

 

18            NL           NP 

 

B. BUILDING FRAME SYSTEMS 

(with bracing or shear wall) 
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1. Steel eccentrically 

braced 

frames, moment resisting 

connections at columns 

away from links 

2. Steel eccentrically 

braced 

frames, non-moment- 

resisting, connections at 

columns away from links 

3. Special steel 

concentrically braced 

frames 

4. Ordinary steel 

concentrically braced 

frames 

5. Special reinforced 

concrete 

shear walls 

8 

 

 

 

7 

 

 

 

6 

 

3.25 

 

6 

 

2 

 

 

 

2 

 

 

 

2 

 

2 

 

2.5 

4 

 

 

 

4 

 

 

 

5 

 

3.25 

 

            5 

 

NL            NL           50 

 

 

 

NL            NL           50 

 

 

 

NL            NL           50 

 

NL            NL           11 

 

NL            NL           50 

 

 

 

 

C. MOMENT RESISTING 

FRAME SYSTEMS (no shear wall) 

1. Special steel moment frames 

2. Intermediate steel moment frames 

3. Ordinary steel moment frames 

8 

4.5 

3.5 

3 

3 

3 

5.5 

4 

3 

NL        NL       NL  

NL        NL       35 

NL        NL       NL 

4. Special reinforced concrete moment 

frames 

5. Intermediate reinforced concrete moment 

frames 

6. Ordinary reinforced concrete moment 

frames 

8 

5 

3 

3 

3 

3 

5.5 

4.5 

2.5 

NL        NL       NL 

NL        NL       NP 

NL        NL       NP 
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D. DUAL SYSTEMS: SPECIAL MOMENT FRAMES CAPABLE OF RESISTING AT 

LEAST 25% OF PRESCRIBED SEISMIC FORCES (with bracing or shear wall) 

1. Steel eccentrically braced frames 

2. Special steel concentrically braced frames 

3. Special reinforced concrete shear walls 

4. Ordinary reinforced concrete shear walls 

8 

7 

7 

6 

2.5 

2.5 

2.5 

2.5 

4 

5.5 

5.5 

5 

NL        NL       NL 

NL        NL       NL 

NL        NL       NL 

NL        NL       NP 

 

E. DUAL SYSTEMS: INTERMEDIATE MOMENT FRAMES CAPABLE OF RESISTING 

AT LEAST 25% OF PRESCRIBED SEISMIC FORCES (with bracing or shear wall) 

1. Special steel concentrically braced frames 

2. Special reinforced concrete shear walls 

3. Ordinary reinforced masonry shear walls 

6 

6.5 

3 

2.5 

2.5 

3 

5 

5 

3 

 

NL        NL       11 

NL        NL       50 

NL        50      NP 

4. Ordinary reinforced concrete shear walls 5.5 2.5 4.5 NL        NL       NP 

 

 

 

Values for Coefficients to Estimate Approximate Period 

Structure type                                                Ct                   M 

Concrete moment-resisting frames              0.0466            

0.9 

Steel moment-resisting frames                     0.0724           

0.8 

Eccentrically braced steel frame                  0.0731          

0.75 

All other structural systems                         0.0488           

0.75 

Note: Consider moment resisting 

frames as frames which resist 100% of 

seismic force and are not enclosed or 

adjoined by components that are more 

rigid and will prevent the frames from 

deflecting under seismic forces. 
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Approximate Fundamental Period. The approximate fundamental period (Ta), in s, shall be 

determined from the fol- lowing equation: 

Ta = Ct hn 

where he is the height in ft above the base to the highest level of the structure and the coefficients C, 

and x are determined from 

Spectral Response Acceleration Parameter Ss and S1 for Different Seismic Zone 

Parameters Zone-1 Zone-2 Zone-3 Zone-4 

 Ss 0.3 0.5 0.7 0.9 

S1 0.12 0.2 0.28 0.36 

Site Coefficient Fa for Different Seismic Zone and Soil Type 

Soil Type Zone-1 Zone-2 Zone-3 Zone-4 

SA 1.0 1.0 1.0 1.0 

SB 1.2 1.2 1.2 1.2 

SC 1.15 1.15 1.15 1.15 

SD 1.35 1.35 1.35 1.35 

SE 1.4 1.4 1.4 1.4 

Site Coefficient Fv for Different Seismic Zone and Soil Type 

Soil Type Zone-1 Zone-2 Zone-3 Zone-4 

SA 1.0 1.0 1.0 1.0 

SB 1.5 1.5 1.5 1.5 

SC 1.725 1.725 1.725 1.725 

SD 2.7 2.7 2.7 2.7 

SE 1.75 1.75 1.75 1.75 

Site Dependent Soil Factor and Other Parameters Defining Elastic Response 

Soil Type S Tb(S) Tc(S) Td(S) 

SA 1.0 0.15 0.40 2.0 

SB 1.2 0.15 0.50 2.0 

SC 1.15 0.20 0.60 2.0 

SD 1.35 0.20 0.80 2.0 

SE 1.4 0.15 0.50 2.0 
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Table 3.7: Response Reduction Factors (Ref. BNBC) 

Frame Systems Response Reduction Factors, R 

 

Special Steel Concentrically braced frames 6 

Special reinforced concrete shear wall 6.5 

Ordinary reinforced masonry shear wall 3 

Ordinary reinforced concrete shear wall 5.5 

 

3.3.3.4 Base Shear, V 

Base shear is an estimate of the maximum expected lateral force that will occur due to seismic 

ground motion at the base of a structure. Calculations of base shear (V) depend on soil 

conditions at the site and proximity to potential sources of seismic activity (such as geological 

faults). Probability of significant seismic ground motion and the level of ductility and over 

strength associated with various structural configurations and the total weight of the structure 

are also responsible for base shear variations. Base shear also depends on the fundamental 

(natural) period of vibration of the structure when subjected to dynamic loading Base share, 

V = Sa x W 

Here, Sa = 2 ZICs / 3R 

Notation 

Sa Spectrum acceleration 

Z Seismic zonal coefficient 

I Structural importance factor 

Cs Normalized response spectrum acceleration 

R Response modification factor 
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3.3.4 Load Combination 

Provisions of this Section shall apply to all construction materials permitting their use in 

proportioning structural members by allowable stress/strength design method. When this 

method is used in designing structural members, all loads listed herein shall be considered to 

act in the following combinations. The combination that produces the most unfavorable effect 

shall be used in design. 

Basic Load combination: 

1. 1.4(D+F) 

2. 1.2(D+F+T) + 1.6(L+H)+0.5(Lr or R) 

3. 1.2D+1.6(Lr or R) + (L or 0.8W) 

4. 1.2D + 1.6W+L+0.5(Lr or R) 

5. 1.2D+1.0E+1.0L 

6. 0.9D + 1.6W + 1.6H 

7. 0.9D + 1.0E+1.6H 

 

3.3.5 Drift 

Drift is defined as the lateral displacement. Story drift is the drift of one level of a multistory 

building relative to the level below. Inter story drift is the difference between the roof and floor 

displacements of any given story as the building sways during the earthquake, normalized by 

the story height. Lateral deflection is the predicted movement of a structure under lateral loads 

and story drift is defined as the difference in lateral deflection between two adjacent stories 

during an earthquake or large lateral forces. The design story drift of each story shall not exceed 

the allowable story drift as obtained from table for 

any story 
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Table 3.8: Allowable story drift limit 

 

Structure 

 

Occupancy Category 

I and II III IV 

Structure, other than masonry shear wall structures, 

4 stories or less with interior 

walls, partitions, ceilings and exterior wall 

systems that have been designed to 

Accommodate the story drifts. 

 

 

0.025 hsx 

 

 

 

0.020 hsx 

 

 

 

0.015 hsx 

Masonry Cantilever shear wall structures 

Other masonry shear wall structure 

All other structures. 

0.010hsx 

0.007hsx 

0.020hsx 

0.010hsx 

0.007hsx 

0.015hsx 

0.010hsx 

0.007hsx 

0.010hsx 

 

3.3.6 Story Displacement 

Story Displacement is the lateral displacement of the story relative to the base. Story 

displacement is the absolute value of displacement of the story under action of the lateral forces. 

The overall sway (horizontal deflection) at the top level of the building or structure due to wind 

loading shall be limited to 

1/500times of the total height of the building above ground. 

 

3.4 Model 

Same size of structural elements is considered for four seismic zones in Bangladesh. So, the 

quantity of materials is varying for same structure in different seismic zones in Bangladesh. It 

is discussed in chapter four. The models are run in three types structure i.e. without shear wall, 

shear wall at the lift core area and the shear wall at the outer area in the four specific location 

Chattogram, Dhaka, Sylhet and Rajshahi. 
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Figure 3.5 : ETABS models without shear wall  
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Figure 3.6 : ETABS models with  shear wall  
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Figure 3.7 : Analysis of the structural without shear wall  
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Figure 3.8 : Analysis of the structural with shear wall  



30 
 

 

CHAPTER 4 

TEST RESULTS AND ANALYSIS 

 

4.1 Introduction 

Analysis and design has been carried out for ten story building heights of buildings (100 feet) 

is selected for this comparative study different for four seismic zones in Bangladesh. At first 

comparisons are carried out on analysis results such as story displacement, story drift and base 

shear in four seismic zones in Bangladesh. Comparisons also carried out on design results of 

those structures. The variation of the design parameters are observed of the structures and 

compared the results among the four seismic zones. 

4.2 Result Analysis 

The structure (100 feet height) is analyzed as an intermediate moment resisting frames (dual 

system). Loads are considered as per BNBC, 2020 which has been already discussed in chapter 

three. Results have compared on story displacement, story drift, base share, required 

reinforcements for four seismic zones in Bangladesh. 

4.2.1 Story Drift 

In general, to find the story drift of level "X", you would take the story displacement of level 

"X", and subtract it from the story displacement of level "X-1". For example, the story drift of 

level 4 is equal to the total story displacement of level 4 minus the story displacement of level 

3 

4.2.1 Story Displacements 

Story displacement for lateral loads at X and Y directions are shown in Figure 4.1 for four 

seismic zones. For the shear wall in the lift core area the max displacement are in zone Wx -

0.33, 0.46 in and the displacement in zones Wy  for the zones0.64 , 0.80 

Story displacement for lateral loads at X and Y directions are shown in Figure 4.2 for four 

seismic zones. For the without  shear wall in the lift core area the max displacement are in zone 

Wx 0.95,0.85 in and the displacement in zones Wy  for the zones 1.13,1.10 
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Story Drift for seismics without shear wall   

 

 

 

Figure 4.0 : Story Drift for seismic without shear wall 
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Story Drift for seismics with shear wall   

 

 

Figure 4.1 : Story Drift for seismic with shear wall 
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                             Story displacement for wind with shear wall 

 

 

 

Figure 4.2 : story displacement for wind with shear wall 
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Figure 4.3 : story displacement for wind without shear wall 
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4.2.2.2 : Torsional Irregularity for seismic impact without shear wall  
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4.2.2.3 : Torsional irregularity cheek from BNBC without shear wall  

 

 

Figure 4.4 Torsional irregularity cheek from BNBC without shear wall 
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     4.2.2 : Torsional Irregularity for seismic impact with shear wall  
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4.2.2.1 : Torsional irregularity cheek from BNBC with shear wall  

 

Figure 4.5 Torsional irregularity cheek from BNBC with shear wall 
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4.2.3 Stiffness 

Stiffness for the structure with shear wall has shown in figure 4.5. In this figure, the 

maximum stiffness 

Ration show the table    

 

 

 

Figure 4.6 : Stiffness for Seismic with shear wall 
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4.2.3.1 : Stiffness cheek for BNBC 2020  
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4.2.3.2: Stiffness without shear wall has showing 4.6 in the figure the maximum stiffness 

ration shows the table  

 

 

Figure 4.7 : Stiffness for the seismic without shear wall 
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4.2.3.3 : Stiffness cheek for BNBC 2020 without shear wall  
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4.2.4 Base Shear 

Base shear is an estimate of the maximum expected lateral force that will occur due to seismic 

ground motion at the base of a structure. Calculations of base shear (V) depend on soil 

conditions at the site. Proximity to potential sources of seismic activity (such as geological 

faults) Figure 4.10,4.11 shows the total base shear of this selected structure are percentage of 

weight, respectively in four seismic zones. 

 

 

 

 

 

 

 

 

 

 

Figure: 4.8 Base shear in II Zone with shear wall 
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Figure: 4.9 Base shear in II Zone without shear wall 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.1 General 

Bangladesh is located in a tectonically active region close to the plate boundaries of the Indian 

plate and the Eurasian plate. The effect of earthquake is more severe in an underdeveloped and 

a densely populated country like Bangladesh than any other developed countries. According to 

building codes, earthquake resistant structures are intended to withstand the largest earthquake 

of a certain probability that is likely to occur at their location. This means the loss of life should 

be minimized by preventing collapse of the buildings for rare earthquakes while the loss of the 

functionality should be limited for more frequent ones. Accurate historical information on 

earthquakes is very important in evaluating the seismicity of Bangladesh in close coincidences 

with the geotectonic elements. The aim of this study is to give an idea of the structural engineer 

about the costing of same structure in four seismic zones in Bangladesh. It may insist to contract 

proper seismic resistance building in four seismic zones of Bangladesh. To fulfill the aim of 

the study two different heights (150 feet and 80 feet) of building are considered as individual 

buildings are analyzed and designed separately, for four seismic loads as per BNBC-2020. All 

these buildings are analysis considered intermediate moment resisting frame (dual system) with 

constant wind load. Selected structures are designed by using ETABS - 2016 considering 

seismic loads as per BNBC 2015 in four seismic zones of Bangladesh. Seismic detailing of 

various structural elements is done based on BNBC 2015.Finally, structural drawing is 

prepared of these building for cost estimation. The following conclusions could be done as per 

height of the structures. 

5.2 Conclusion 

After an extensive and systematical study, the following conclusions could be derived as per 

height of the structure. 

1. The Story Displacements are varying with the location of shear wall and it is controlled with                  

the use of shear wall rather than without shear wall. 

2. Drift are also same as the story displacement of the structure i.e. drift is minimum while 

using shear wall rather than without shear wall. 
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3. Stiffness in increased by using shear wall rather than without shear wall. 

4. Base shear are increasing with the zone change, but remain same with shear wall and without 

shear wall. 

5.3 Recommendation 

This research can be done many following ways: 

1. The study can also be effective while considering the beam and column effects of four zones.  

2. The variations of reinforcement in beam and column with zones can also be study. 

3. The cost evaluation of the structure can also be study with zone coefficient. 
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