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Abstract: This paper investigates an approach for making comparison of seismic evaluation and corresponding costs 

according to design of concrete frames in different seismic zones of Bangladesh. Bangladesh, one of the world’s most densely 

populated countries with lower medium income, is vulnerable to earthquake hazards for its geological position. It is surrounded 

by Himalayan Arc, Shilong plateau in the north, the Burmese Arc, Arakan Yoma anticliorium in the east and complex Naga-

Disang-Jaflong thrust in the northeast which has made it suited to earthquake. Similarly, the Dauki Fault system along with 

numerous subsurface actives faults and flexure zone called Hinge Zone raises the earthquake risk factor higher. Therefore, the 

construction of multistoried building in the different seismic zones (Zone I, Zone II, Zone III) of Bangladesh seek several 

attention for making it stable to sustain the high magnitude of earthquake with economical design practice. A well known fact 

is that a code based high-rise construction not only safe for living but it also lessens the construction cost. In this research, it 

has been represented a comparative study of lateral displacement due to earthquake, construction cost and reinforcement 

consumption for building construction in different categories of multistoried building in the three seismic zones of Bangladesh. 

In the present study, earthquake load has been assigned by factorizing with specific zone factor for every zone. Finally, after 

conducting standard costing and estimation, it has been found that, it increases the cost of construction and amount 

reinforcement dramatically in the high seismic zone along with high lateral displacement as compared to the other earthquake 

zone. 
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1. Introduction 

Demand of land has been increased due to high growth 

rate of population in Bangladesh. So, there has been a 

noticeable increment in the number of multistoried building 

construction in the both categories of residential and 

commercial for supporting this increased amount of 

population. As it is not possible to expand the horizontal land 

then the most suitable solution for the growing demand is the 

construction of the multi-story structures in the available land. 

The research and development of high strength concrete, 

higher grade steel, new advanced construction technology 

and computer aided analysis methods have resulted a new era 

of all multistoried and tall buildings those are flexible, low in 

damping, slender and light in weight. But for the adopting the 

construction of multistoried buildings in the earthquake 

vulnerable area like Bangladesh draws attention for setting 

up some special prerequisite. For the modern urban 

development in Bangladesh, multistoried building 

construction is much needed in cost effective way along with 

the sustainable capability against high magnitude of 

earthquake. The acting loads on such structures spread its 

intensity as the story of the building increases. Similarly, 

high-rise building construction cost increases to resist the 

impact of earthquakes of high magnitude. Then, it shows 

significant changes in design loads, lateral displacements, 

construction cost according to the specific earthquake zone in 

case of high-rise multistoried buildings construction. Because, 

the loading of tall building varies from loading condition on 
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low and medium rise buildings in its accumulation in to 

much larger structural forces. So, in the high seismic zone, 

the rigidity and stability of building gets affected and it 

becomes necessary to design the structure preferably for 

lateral forces, moments, story and total horizontal deflection 

at top most story level by adopting a cost effective way.  

Earthquake is a natural phenomenon that leads to the huge 

devastation to the engineering systems and facilities and 

developed lateral load produces high stresses, produce sway 

movement or cause vibration. Therefore, it is very important 

for the structure to have sufficient strength against vertical 

loads with adequate stiffness to resist the impact of lateral 

force with minimum amount of deflection. So, most suitable 

way to survive through this unpredicted devastating natural 

disaster is by taking careful measures while planning and 

designing in these specified high seismic zones as well as in 

urban areas. So, there should have a focus on safe building 

design as well as in cost effectiveness. 

Reddy & Tupat discussed on the effect of zone factors on 

the basic of wind and earthquake loads for the higher 

building [1]. They also discussed about the wind loads and 

earthquake loads for a twelve storied RC framed. They 

focussed on the I-shape and cross shape structures. They 

initiated that wind loads are more hazardous for higher 

structures than the earthquake loads. Varma et al. analyzed 

about the seismic base shear of reinforced concrete frame 

structures in individual seismic zone. In these analyses the 

seismic base shear was determined when they used staad.pro 

and Etabs software package. They found that staad.pro is 

more reliable than Etabs for determining the seismic base 

shear of RC framed structures. Shakeeb et al. considered 

relative study on the variation of percentage of steel in 

different seismic zones of India [3]. According to their 

studies, they have been created on the seismology about 90% 

earthquake occurs due to tectonics. But they observed the 

variations of steel percentage in beams are more 

differentiated to columns. Kumar and Rao debated the 

differentiation of percentage of steel and concrete quantities 

of a RC structure in different seismic zones [4]. This 

discussion cleared on the comparison of percentage steel and 

concrete quantities when the building is designed for both 

gravity loads and earthquake forces in different seismic zones. 

In this project a comparative study has been conducted on 

3 building having different story level in three different 

earthquake zones of Bangladesh for having the clear picture 

of their deflection category, stability, loading conditions, 

construction cost and reinforcement consumption based on 

UBC and BNBC code. Computer aided analysis has been 

carried out by assigning earthquake zone factorized load on 

different structures having variety of height. Three phase of 

comparison is done with required analysis and estimation in 

the three different earthquake zone (zone I, zone II, zone III) 

of Bangladesh. 

PHASE 1: Comparison of lateral displacement on low rise, 

medium rise and high rise buildings. 

PHASE 2: Comparison of construction on low rise, 

medium rise and high rise buildings. 

PHASE 3: Comparison of reinforcement consumption on 

low rise, medium rise and high rise buildings. 

This study deals not only with the seismic evaluation as 

others do but it has been also concentrated on the 

comparative study of construction cost. 

2. Scope of the Study 

There are few investigations to be performed for the 

studies which are depicted below. 

i. Preparation of 3D building modules assigning required 

loading conditions. 

ii. Realization of maximum displace that could be 

developed while experiencing high magnitude of 

earthquake. 

iii. Determination of various percentages to steel from 

zone to zone. 

iv. For getting the idea of construction cost in zone of high 

seismicity. 

v. Thus this study can be used to have preliminary idea 

about construction costs in different seismic zones. 

3. Analysis Methodology 

In this investigation, an approach to evaluate the variation 

of steel ratio and lateral displacement in different earthquake 

zones has been done according to UBC 1994 using a 

commercial software Staad.Pro v8i. 

There are a number of provisions in UBC that are adopted 

for analyzing earthquake forces. They are: 

i. Static Analysis 

ii. Dynamic Analysis 

Static analysis can be broadly divided into following 

methods: 

a) Equivalent Static Force Method: In this method of 

analysis, a force distribution method is used. The 

earthquake force is applied as a static force in the 

required structures for analysis purpose. 

b) Pushover Analysis: This method of analysis involves 

pushing lateral loads with an increment by following a 

prescribed loading pattern until the building reaches at 

its target displacement. 

Dynamic analysis can be divided into following methods: 

a) Response Spectrum Analysis: This analysis permits a 

multiple modes of response of a building those are to be 

taken into consideration. For each mode, a response is 

read from the design spectrum, based on the 

modal frequency and the modal mass, and they are then 

combined to provide an estimate of the total response of 

the structure. 

b) Time History Analysis: This method of analysis can be 

referred to as both linear and nonlinear dynamic 

analysis.  

In this paper, for seismic analysis equivalent static force 

method is adopted. 

According to Bangladesh National Building Code, 

Bangladesh is divided into three zones based on the probable 
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severe intensity of ground motion resulting from seismic 

waves. These zones are: 

Zone I, Zone II & Zone III. Among the three zones Zone 

III is most seismic prone area while zone II is moderately 

severe. 

Three different storied buildings (six story, eight story& 

ten story) are used to analyze in these three zones. The 

specifications of the three buildings are following 

For Six Storied Building: 

Table 1. Specifications of six storied building components. 

Building Components Specifications 

Beam 300x400(mm) in cross-section 

Column 400x400(mm) in cross-section 

Slab 125 mm in thickness 

Floor Height 3000mm 

Total Height 18m 

Bay width 4.5 m 

 

Fig. 1. Six story building. 

For Eight Storied Building: 

Table 2. Specifications of eight storied building components. 

Building Components Specifications 

Beam 300x400(mm) in cross-section 

Column 450x450(mm) in cross-section 

Slab 125 mm in thickness 

Floor Height 300mm 

Total Height 24m 

Bay width 4.5 m 

 

Fig. 2. Eight story building. 

For Ten Storied Building: 

Table 3. Specifications of ten storied building components. 

Building Components Specifications 

Beam 300x400(mm) in cross-section 

Column 500x500(mm) in cross-section 

Slab 125 mm in thickness 

Floor Height 300mm 

Total Height 24m 

Bay width 4.5 m 

 

Fig. 3. Ten story building. 

Dead load includes mass of all building components and 

live loads are taken from UBC 1994. As staad.pro seismic 

load generator follows some certain codes, for that purpose 

here UBC94 code procedure has been adopted. The values of 

base shear as per BNBC2006 and UBC94 are almost same. 

Total load calculations have been done according to UBC 

94.According to UBC 94 following equations have been used: 

Design base shear 

� �
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�                                        (1) 
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�
�
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                                             (2) 

� � ��	����
�

�                                   (3) 

I= Structural Importance 

T= Structural period 

Ct=0.073(For Concrete structures) 

hn= Building height 

S=Site coefficient=1.5 

Rw is a numerical coefficient represents the inherent over 

strength and global ductility capacity of lateral force resisting 

system 

W is the seismic mass. 

Table 4. Table of Zone coefficients as per BNBC2006. 

Zone Coefficient 

I 0.075 

II 0.15 

III 0.25 

4. Results 

The main focus of present study deals with the different 
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lateral displacements, costs of buildings in different seismic 

zones and required reinforcements percentage in distinct 

seismic zones.  

Here, the graphical representation of the multistoried 

building with respect to lateral displacement has been 

presented in figure 5. Horizontal axis indicates the story 

while vertical axis indicates the lateral displacements in mm. 

The lateral displacement increases with the increase of the 

story. The differences among the models have been 

illustrated by the effect of zone coefficient. We can perceive 

that the lateral displacement changes gradually between the 

zone I and zone II. But here in zone 3 shows a noticeable 

increase which is really a remarkable change. For 

construction in zone III, we should analyze the buildings with 

more care following the regulations of corresponding 

building code of that zone. Because we already observed that 

the lateral displacement is abruptly change in zone III. The 

chart also give the idea that zone factor has the higher affects 

on higher storied buildings. The differences of displacements 

in different zones are higher in 10 storied building. It gives 

the output that buildings with more height are more 

susceptible to earthquake damage. 

 

Fig. 4. Chart for Lateral displacements with respect to Story levels. 

 

Fig. 5. Chart for costs with the variation of story level. 

The relationship between the costs of each model shown 

in figure 5 as we told before that each samples shows 

different phenomenon in different stage. The instruction of 

the number of story is exhibited in vertical axis and the 

cost of the story is exhibited in horizontal axis. As we all 

know that the cost is escalated with the escalating of the 

story. But this escalating is also caused by different kinds 

of reason. For constructing a multistoried building, we 

must preserve a few codes like UBC & BNBC. In figure 2, 

we can perceive that the cost quantity of zone III is 

rapidly changing with the respect of zone I and zone II. 

The effect of zone factor is also reflected in the cost 

quantity which shows that higher story buildings will face 

more construction cost. 

 

Fig. 6. Chart for Reinforcement ratio with respect to story level. 

The relationship between the story and the percentage 

of the reinforcement is shown in figure 6. The 

specification of the percentage of the reinforcement is 

arranged in vertical axis and the number of story is 

arranged in horizontal axis. We previously told that each 

zone shows the different types of changes. In figure 3, we 

notice that the percentage of the reinforcement increases 

with the change of the number of story. If we notice the 

changes of zones, we can observe clearly the radical 

change of zone 3. 

5. Conclusions 

The main focus of present study deals with the different 

lateral displacements, costs of buildings in different seismic 

zones and required reinforcements percentage in distinct 

seismic zones. 

From the analyses and discussions above, a number of 

assumptions can be found out. 

a. Seismic zone coefficients are liable for the increasing 

amount of cost of reinforcement. 

b. The increasing of reinforcement percentage get higher 

with the increments of building height. 

c. Increasing pattern of lateral displacements is controlled 

by height of story. 
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