
 

 

  

Abstract—The paper aims at investigating the effect of number 

of story on different structural components of reinforced concrete 

building due to gravity and lateral loading. For the study, three 

building models having same building plan of three, six and nine 

stories are analyzed and designed using software package. All the 

buildings are residential and are located in Dhaka city of Bangladesh. 

Lateral load including wind and earthquake loading are applied to the 

building along both longitudinal and transverse direction as per 

Bangladesh National Building Code (BNBC, 2006). Equivalent static 

force method is followed for the applied seismic loading. The present 

study investigates as well as compares mainly total steel requirement 

in different structural components for those buildings. It has been 

found that total longitudinal steel requirement for beams at each floor 

is 48.57% for three storied building, 61.36% for six storied building 

when the total percentage is taken as 100% in case of nine storied 

building. For an exterior column, the steel ratio is 2.1%, 3.06%, 

4.55% for three, six and nine storied building respectively for the first 

three floors. In addition, it has been noted that total weight of 

longitudinal reinforcement of an interior column is 14.02 % for three-

storied building and 43.12% for six storied building when the total 

reinforcement is considered 100% for nine storied building for the 

first three floors.  

 

Keywords—Equivalent Static Force Method, longitudinal 

reinforcement, seismic loading, steel ratio.  

I. INTRODUCTION 

EINFORCED CEMENT CONCRETE (RCC) is a 

construction technology which evolved with the evolution 

of different structural materials in the 18th century during the 

Industrial Revolution. Industrial Revolution brought in new 

technology which helped in the manufacture of various 

materials. During the last three decades, increased design and 

construction of high-rise reinforced concrete buildings are 

noted. Current trend indicates that in the future there will be 

an increase in the heights of this type of construction. Several 

factors account for this rapid development of reinforced 

construction, which may range from economic factors, like the 

lack of a strong steel industry in certain countries, which 

makes high-rise steel buildings very expensive as compared to 

high-rise concrete ones, to aesthetic requirements and 

architects' personal preferences [6]. The structural design of a 

building is usually carried out considering the massive vertical 

compressive dead load, live load, lateral load including 

earthquake load, snow load, wind load etc. Every component 
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is designed according to the load it carries and its position in 

the structure. The study of the design of RCC components 

leads to understand the basis of RCC design and the method of 

its implementation [5]. A comparative study has been carried 

out on total longitudinal reinforcement requirement of 

columns and beams of six-storied RC building located in 

Dhaka and Sylhet of Bangladesh [4]. 

The main objective of the present study is to investigate the 

effect of number of story on different structural components of 

three, six and nine story building having the same layout plan. 

At first, three RC buildings have been modeled and then linear 

static analysis has been performed under gravity load 

including dead load, super dead load, live load and lateral load 

including wind and earthquake load. Then structural design of 

different structural components such as columns and beams 

has been performed. Finally, a comparative study has been 

carried out on steel ratio, total longitudinal steel requirement 

for columns at different positions such as corner, exterior and 

interior locations of those buildings. Another comparative 

study is done on total longitudinal steel requirement for beams 

at each floor of those buildings [7]. 

II. MATERIAL AND GEOMETRIC PROPERTIES  

For modeling, the material properties used for the structure 

have been given in Table I. Normal weight concrete has been 

chosen for those buildings.  

 
TABLE I 

MATERIAL PROPERTIES  

Properties Values 

Weight per unit volume of Concrete, N/mm3 (k/in3) 2.356 ×10-5 (8.68 × 10-5) 

Modulus of Elasticity of Concrete, MPa (ksi) 20,000 (2900) 

Poisson’s ratio of Concrete 0.2 

Compressive strength, fc 
/, of Concrete MPa (ksi)  27.58 (4) 

Yield strength of Steel, fy, MPa (ksi) 413.69 (60) 

 

In the present study, three structural models of three, six 

and nine storied residential buildings have been taken into 

account. Different dimensions of columns used for the study 

are given in Table II.  

As like as columns, beam sizes are also different for various 

storied building. The size of exterior beams, interior beams, 

grade beams, stair beams all are different for those buildings. 

But all buildings have uniform slab thickness of 5 inch. The 

dimensions of beams are given in Table III. 

III. STRUCTURAL MODELS 

In the present study, three structural models of three, six 
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and nine storied residential buildings have been modeled, 

analyzed and then designed using structural analysis and 

design software package ETABS [2]. All the buildings are 

located in Dhaka city of Bangladesh. Those models include 

different structural components such as Reinforced Concrete 

(RC) columns, beams (i.e. grade beams, floor beams, stair 

beams etc.), shear walls for lift cores and slab. There is also an 

overhead water tank and a staircase. The dimension along 

longitudinal direction is 29.85m (97.9ft) and transverse 

direction is 9.91m (32.5ft). The longest bay is 5.97m (19.58 ft) 

long in longitudinal direction and the shortest bay is 4.95m 

(16.25ft) long in transverse direction. The height of each 

storey is 3.049m (10ft). All structural models are consisting of 

same beam-column layout as architectural design is the same 

for all. The Architectural plan has been given in Fig. 1. A 

generalized column-beam layout plan of those building 

models is shown in Fig. 2. Three dimensional view of three, 

six and nine storied building models are schematically shown 

in Fig. 3. For the analysis, all the loads including the wind 

load and earthquake loading are calculated as set forth by the 

provision of Bangladesh national building code BNBC, 2006 

[1]. Linear static analysis has been performed for the study. 
 

 

 

 

Fig. 1 Architectural Plan of three, six and nine storied building 

 

 

Fig. 2 Column-beam layout Plan (all dimensions are in feet) 
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 (a)                                    (b)                 (c) 

Fig. 3 3D view of (a) Three storied building (b) Six storied building (c) Nine storied building

 

 

                                                        (a)                                                                                                      (b) 

Fig. 4 Steel ratios, ρ (%) of (a) Interior column 2B (b) Exterior column 3C at different story level 

TABLE II 

GEOMETRIC DIMENSIONS OF COLUMNS  

Column ID 
Three Storied  

 m×m (inch×inch) 
Six Storied 

 m×m (inch×inch) 
Nine Storied  

m×m (inch×inch) 

C1 4.27× 4.27 
(14×14) 

4.27× 4.27 
(14×14) 

4.88× 6.1 
(16×20) 

C2 4.27× 4.88 

(14×16) 

4.27× 4.88 

(14×16) 

4.27× 6.1 

(14×20) 
C3 4.27× 6.71 

(14×22) 

4.88× 7.32 

(16×24) 

4.27 ×7.93 (14×26) 

C4 4.27× 5.49 
(14×18) 

4.88× 5.49 
(16×18) 

4.88× 6.71 (16×22) 

C5 3.66× 6.1 

(12×20) 

3.66× 6.1 

(12×20) 

5.49× 7.62 (18×25) 

C6 3.66× 3.66 

(12×12) 

3.66× 3.66 

(12×12) 

4.27× 6.1 

(14×20) 

 

 
 

 

TABLE III 

GEOMETRIC DIMENSIONS OF BEAMS 

Name of 
Beam 

Three Storied  
m×m (inch×inch) 

Six Storied  
m×m (inch×inch) 

Nine Storied 
m×m (inch×inch) 

Exterior 

Beams 

3.05× 6.1 

(10×20) 

3.66 ×7.32 

(12×24) 

4.27× 6.71 

(14×22) 
Interior 
Beams 

3.05× 6.1 
(10×20) 

3.05× 6.10 
(10×20) 

4.27× 7.32 
(14×24) 

Grade 

Beams 

3.66× 4.27 

(12×14) 

3.66× 3.66 

(12×12) 

3.66 ×4.88 

(12×16) 
Stair 

Beams 

3.66× 4.27 

(12×14) 

3.66× 4.27 

(12×14) 
3.66× 4.27 

(12×14) 

IV. RESULT AND DISCUSSION 

A. Steel Ratio for Different Columns 

Steel ratio of a column is defined as the ratio of steel area 

and gross area of the column section [3]. For the building 

models at hand, the column design has been done with the aid 
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of a useful software package PCA-Col. The comparison of 

steel ratio, ρ (%) for three storied, six storied and nine storied 

buildings is clearly shown in Fig. 4. 

B. Steel Weight for Different Columns 

Fig. 5 shows the variation of longitudinal steel weight in 

corner, exterior and interior column per floor only for the first 

three floors for three, six and nine storied building. 

 

 

Fig. 5 Longitudinal steel weight in columns per floor (first 3 floors)  

                                                                                

As shown in Fig. 5, it has been observed that total steel 

weight of exterior column 3C for six storied building is 38% 

and for three storied building, it is about 22% of nine storied 

building while steel weight is considered as 100% for nine 

storied building. In addition, total steel weight of interior 

column 2B for six storied building is 59% and for three storied 

building, it is about 30% of nine storied building. In case of 

corner column 1A, total steel weight for six storied building is 

44% and for three storied building it is about 25% of nine 

storied building. 

C. Longitudinal Steel Weight for Beams 

 

Fig. 6 Steel weight per unit length of beam in longitudinal direction 

 

From Figs. 6 and 7, it has been clearly observed that 

longitudinal steel weight per unit length of exterior and 

interior beams along both longitudinal and transverse direction 

at each floor are more or less same. 

Structural design of beams is kept same for each floor. The 

comparison of total longitudinal steel weight of beams at each 

floor for those buildings is shown in above bar graph 8. If total 

weight of longitudinal reinforcing bars in beams of nine 

storied building is considered as 100 % then in case of six 

storied building, total weight of steel bars is 61.36 % and for 

three storied building, it is about 48.57 % of nine storied 

structure. 

 

Fig. 7 Steel weights per unit length of beam in transverse direction 

 

 

Fig. 8 Total Longitudinal steel weight of beams at each floor 

V. CONCLUSION 

The following conclusions have been drawn from the 

present study: 

• For an exterior column, steel ratio (ρ) is 2.1%, 3.06%, 

4.55% for three, six and nine storied building respectively 

for the first three floors. In case of an interior column, 

steel ratio (ρ) is 1.56%, 2.47%, 3.42% for three, six and 

nine storied building.  

• For the first three floors,Total longitudinal steel weight of 

an interior column for six storied building is 59% and for 

0

50

100

150

200

250

Exterior 3C
Interior 2B

Corner 1A

54,02 74,09

38,28

92,6

146,32

67,91

246,55 246,95

154,35

Lo
n

g
it

u
d

in
a

l 
st

e
e

l 
w

e
ig

h
t/

fl
o

o
r 

(k
g

)

Column Locations

3 storied

6 storied

9storied

Exterior Beam 3

Interior Beam 2
0

5

10

15

3-Storied
6-Storied

9-Storied

6,91 7,27 8,63
6,84 6,885

10,9

S
te

e
l  

w
e

ig
h

t 
 p

e
r 

u
n

it
 l

e
n

g
th

 (
k

g
/m

)

Number of Story

Exterior Beam 3

Interior Beam 2

Exterior Beam A

Interior Beam B
0

5

10

15

20

3-Storied
6-Storied

9-Storied

4,42

7,16

14,5

4,57
7,72

14,96

S
te

e
l 

w
e

ig
h

t 
 p

e
r 

u
n

it
 l

e
n

g
th

 (
k

g
/m

)

Number of Story

Exterior Beam A

Interior Beam B

844,74

1067,3

1739,29

0 500 1000 1500 2000

Story 3

Story 6

Story9

Longitudinal steel weight (kg)

9storied 

 

 

 

6storied 

 

 

 

 

3storied 

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering

 Vol:9, No:2, 2015 

220International Scholarly and Scientific Research & Innovation 9(2) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
iv

il 
an

d 
E

nv
ir

on
m

en
ta

l E
ng

in
ee

ri
ng

 V
ol

:9
, N

o:
2,

 2
01

5 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

02
81

9/
pd

f



 

 

three storied building, it is about 30% of nine storied 

building. In case of a corner column, total steel weight for 

six storied building is 44% and for three storied building, 

it is about 25% of nine storied building. 

• The total weight of longitudinal reinforcing bars of beams 

per floor for three, six and nine storied building is 0.844 

tons, 1.0673 tons and 1.739 tons respectively. 

• Total longitudinal steel weight of beams per floor for 

three storied building is 48.57% of nine storied building 

and in case of 6 storied building; it is about 61.36% of 

nine storied building whereas 100% is considered for nine 

storied building. 
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