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Comparison between R.C.C and Steel Structures by
Seismic Analysis

M.D. Vaseem and Dr.B.R. Patagundi

Abstract--- In India use of steel is less because of its high
cost. As the comparison of RC and steel structure is about its
cost and its seismic analysis becomes important for bare frame
which involves the parameters such as joint displacement,
story forces, story stiffness, story drift, natural time period and
base reaction. The seismic results that is static and dynamic
analysis method under the provision of IS 1893-2002 using a
zone-4 for 10 storied RC and steel structures is carried out by
using ETABS 2015 software and the estimation is carried by
MS Excel and slab design is carried by Mathcad prime
software. In dynamic method it uses Response spectrum
method. In the steel structure 10 story building is analyzed by
use of ISMB450 for beams and ISWB600 with cover plate of
400x20mm for columns. RC structure with steel columns at the
periphery of the structure which uses ISWB600 including cover
plate of 400x20mm and it is used at the 4 corners in another
model.

Keywords--- Joint Displacement, Story Forces, Story
Stiffness, Story Drift, Natural Time Period and Base Shear

l. INTRODUCTION

OST of the structures are built by RCC in India, but

steel structures are less in India as comparing to other
countries due to its cost, but steel structures have better
response during earthquake. For RCC structures beam
columns are rigidly connected as concrete is a brittle and
tough material but steel is a ductile and flexible material. For
economy point of view RCC frames have less cost than that of
steel frames.

The comparative study of RCC and steel bare frame
includes its cost and the seismic results such as joint
displacement, story forces, story drift, natural time period,
story stiffness and base reaction. The comparison between
static and dynamic analysis results can be compared, steel
frames possess more displacement than that of RCC frames.
Also other parameters like story forces, story stiffness, story
drift and base shear have more values for steel frames than
that of RCC frames. In most of the steel structures | section
gives better advantageous compare to the other sections. Steel
has more modulus of elasticity than that of concrete.

During the earthquake lateral movement of the structure
takes place to resist those seismic forces in the structures static
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method and dynamic method. In dynamic method response
spectrum method is used and for gravity loading vertical
movement of the structure takes place.

Also the composite construction essentially different
materials are completely compatible and complementary to
each other. Some of the structures with RCC frame with steel
columns at the periphery have more seismic results than that
of RCC frame with only steel columns at the corner. The
structural engineering community has the ability to influence
the direct consequences of these events by better
understanding the seismic response of building structures and
aiming to constantly improve their seismic design.

A. Statement of the Problem

The main focus of the present work is to analysis of multi-
storey RCC building and steel building and comparing its cost
and seismic results for 10 story building. For this purpose
frames are designed using ETABS 2015. Further the
performance by static and dynamic method for the bare RCC
and steel frames are carried out so that the seismic results such
as joint displacement, story forces, story drift, natural time
period and base shear values for static and dynamic analysis
can be found out. Also one RCC frame with peripheral steel
columns and RCC frame with steel columns at corners has
been used.

B. Objectives of the Study
The main objectives of the present study are as follows.

1. Generation of 3D building model

2. To analyse the multi-storey RCC and steel building by
static and dynamic analysis.

3. To perform lateral load analysis for different models.

4. To perform linear static analysis for RCC bare frame
and Steel frame by using ETABS 2015

5. To perform dynamic analysis by response spectrum
method for RCC bare frame and steel bare frame using
ETABS 2015.

6. To obtain the seismic results such as joint
displacement, story forces, story stiffness, story drift,
natural time period and base shear for different
building models.

7. To compare the joint displacement, story forces, story
stiffness, story drift, natural time period and base
shear of RCC bare frame and steel bare frame.

8. To compare the joint displacement, story forces, story
stiffness, story drift, natural time period and base
shear of RCC bare frame with steel columns at the
periphery and RCC bare frame with steel columns at
the 4 corners of the building.
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1. MODELING AND ANALYSIS

A. General

In earthquake resistant design, the structures are designed
by two methods that is static method and dynamic method. In
this study the RCC bare frame and steel bare frame are being
analysed and modeled by static and dynamic i.e, by response
spectrum method and the seismic results such as joint
displacement, story drift, story forces, story stiffness, base
shear and natural time period values are being compared also
the cost is being compared. Also the composite frames are
being modeled and analysed and results of those are being
compared.

B. Structural Modeling

In the present study of RCC and steel structures the models
are being analysed and modeled by static and dynamic
methods, in dynamic method, the analysis can be done by the
response spectrum method by using ETABS 2015 software. 10
story building of 4 models are being analysed and designed.
The tables and graphs are being plotted by M.S excel. For
steel bare frame the beams are used as ISMB 450 and the
columns used are ISWB 600 with cover plate of 400x20mm
which is attached on both sides that is top and bottom flanges
of the | section.

Figure 1: Elevation of RCC Frame

Figure 2: 3d View of RCC Frame

Figure 3: Plan of RCC Frame
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Figure 4: Plan of Steel Frame
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Figure 5: Elevation of Steel Frame
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Spacing of bays =4m in X direction and 3m in
Y direction

Story height =3m

Seismic zone =1V

Type of soil = Medium soil

Details of Sections
1) For RCC Frame

Beam =0.23m X 0.45m
Column =0.30m X 0.45m
Slab =0.125m
Figure 6: 3d View of Steel Frame Diaphragm = Rigid
Concrete =M25
DL OO O I O TR O FPAL [P Steel = HYSD500
2) For Steel Frame
Beam =ISMB450
Column = ISWB600 with cover plate
400x20mm
Slab =0.125m
Diaphragm = Rigid
Concrete =M25
Steel = Fe250

3) RCC Frame with Steel Columns at the Periphery
Figure 7: Plan of RCC Frame with Steel Columns at the

Periphery Beam =0.23x0.45m
Beaml =0.23m X 0.60m
3 Column =0.35x0.70m
- A — Steel Column = ISWB600 with cover plate
400x20mm
Slab =0.125m
[ Diaphragm = Rigid
Concrete =M25
Steel = Fe250
4) RCC Frame with Steel Columns at the Corners
Beam =0.23x0.70m
Column =0.35x0.65m
Steel Column = ISWB600 with cover plate
; 400x20mm
o Slab = 0.125m
Figure 8: Plan of RCC Fé&(l)r:wnee\r/;ith Steel Columns at the Diaphragm - Rigid
C. Details of Building Concrete = M25
Plan dimension =32x24m Steel = Fe250
Bays =8 bays in X direction and 8

bays in Y direction
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D. Analysis of the Model

The analysis can be done by Static and Dynamic methods.
In dynamic by the response spectrum method. The seismic
analysis can be done for RCC bare frame, steel bare frame,
RCC bare frame with steel columns at the periphery and RCC
bare frame with steel columns at the corners. By using
response reduction factor as 5 also the importance factor as 1,
damping value of 5% and zone-IV for all the four models by
referring IS 1893 (Part-1) 2002. The seismic values such as
joint displacement, story forces, story stiffness, story drift,
natural time period and base shear can be determined for static
and dynamic analysis.

Material properties considered for analysis
Grade of Concrete = M25
Density of Concrete = 25 KN/m3
Density of Masonry Wall =19 KN/m3
Grade of steel reinforcement =HYSD 500
Grade of steel used for steel structure=Fe250
Details of loading
Live load = 3 KN/m?
Floor finish =1.0 KN/m?
Wall load (for RCC frame) =11.143 KN/m

Wall load (for RC frame with steel columns at the
periphery) (0.23%(3-0.45)x19) = 11.143 KN/m

Wall load (for RCC frame with steel columns at the
corners) (0.23%(3-0.70)x19) =10.051 KN/m

Table 1: Details of Seismic Loading

Type of Structure 'S:peC|aI Moment Resisting
rame

Damping Ratio 5%

Seismic Zone factor (2Z) 0.24

Importance Factor (1) 1.0

Response Reduction Factor

(R) °

Load Combinations

1) For R.C.C Frame
DL+LL+WL+FF = 1.5
DL+LL+WL+FF+EQX =1.2
DL+LL+WL+FF+EQY =1.2
DL+LL+WL+FF+SPECX =1.2
DL+LL+WL+FF+SPECY =1.2

2) For Steel Frame
DL+LL+WL+FF = 15
DL+LL+WL+FF+EQX = 1.3
DL+LL+WL+FF+EQY = 1.3
DL+LL+WL+FF+SPECX =1.3
DL+LL+WL+FF+SPECY = 1.3

1. RESULTS AND DISCUSSION

A. General

The results are presented in the form of Tables and Graphs
for different types of building frame models such as the RCC
and steel bare frame. Also the RCC frame with steel | sections
at the periphery and RCC structure with steel columns at the
corners. The parameters such as design base shear, natural
period, joint displacement, story forces, story drift and story
stiffness are considered and the cost and seismic results are
being compared between RCC and steel frame also the seismic
results are being compared between RCC frame with steel |
sections at the periphery and RCC structure with steel columns
at the corners.

B. Seismic Results

The following are the seismic results obtained from
ETABS 2015 software.
1) Joint Displacement

The maximum joint displacement is obtained from the
static and dynamic i.e, response spectrum method of analysis
and comparison can be done between RCC and steel frames
also between RCC frame with steel columns at the periphery
and RCC frame with steel columns at the corners.

(a) For Static Analysis

Table 2: Comparison between RCC and Steel frame

RCC Frame | Steel Frame
Story Ux | Uy Ux | UY
mm | mm | mm | mm

Story10 | 12.1 | 14.2 | 16.8 | 20.4
Story9 | 116 | 13.7 | 16 19.7
Story8 | 10.8 | 12.8 | 149 | 185
Story7 | 9.8 | 116 | 134 | 16.8
Story6 |86 | 10.1 | 116 | 147
Story5 |72 |85 |95 |123

Story4 |57 |68 |73 |98
Story3 | 4.1 5.0 5 7.1
Story2 |25 |32 |28 |44
Storyl [10 [14 |1 1.8
Base 00 |00 |00 |00

25.0

200 B RCC Frame

15.0 UX mm
' B RCC Frame

10.0 24 UuY mm
Steel Frame

5.0 H UX mm
||| 4 m Steel Frame

0.0 A — Uy mm

SPB0355 55 5

Figure 9: Comparison between RCC and Steel Frame
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Table 3: Comparison between RCC Frame with Steel

Columns at the Periphery and RCC Frame with Steel Columns 16
at the Corner 14
RCC Frame with steel RCC Frame with steel 12 -
Stor Columns at periphery Columns at corner ®RCC Frame
Y Tux Uy UX uy 10 - - UX'mm
mm mm mm mm 8 || ® RCC Frame
Story10 | 14.5 16.5 11.1 14.7 uyY mm
Story9 13.8 15.9 10.7 141 6 1
Story8 | 12.7 14.8 10 132 4 | Steel Frame
Story7 | 11.3 133 9 11.9 UX mm
Story6 | 9.7 115 7.9 104 2 ! 1 -
Story5 [ 7.9 9.5 6.6 8.8 0 HUMBMMa fﬁ%ﬁ;ame
Story4 [ 5.9 7.4 5.2 7 O 0 D e © 16 <t o N @
Story3 [ 3.9 5.2 3.8 5.2 22222252228
Story2 | 2.1 3 2.4 3.4 ShREHEHHHHB
Storyl 0.7 1.1 1 15
Base 0 0 0 0 Figure 11: Comparison between RCC and Steel Frame
18 Table 5: Comparison between RCC frame with Steel Columns
16 H at the Periphery and RCC Frame with Steel Columns at the
14 ® RC Frame Corner
12 with steel RC Frame with_steel RC Frame with steel
Columns at Story Columns at periphery Columns at corner
10 14 periphery UX UX Uy UX Uy
8 HUHLIH mm mm mm mm mm
o MM o RC Frame Story10 [ 11.3 12.2 8.5 11
| ( Story9 | 10.9 11.9 8.3 10.7
4 - with steel Story8 | 10.2 11.2 7.8 10.1
3 I i . Columns at Story7 | 9.2 103 7.2 9.4
oI OE 0 0 gl periphery UY Story6 | 8 9.1 6.4 8.4
O o oo < oo o mm Story5 | 6.6 7.7 5.5 7.2
T5555555556& Storyd | 5 6.2 4.4 59
GPPPOODDDO Story3 3.4 4.4 3.3 4.5
Story?2 1.8 2.6 2.1 3
Figure 10: Comparison between RCC Frame with Steel Storyl | 0.6 1 0.8 1.4
Columns at the Periphery and RCC Frame with Steel Columns Base 0 0 0 0
at the Corner
14
(b) For Dynamic Analysis B RC Frame
. 12 with steel
Table 4: Comparison between RCC and Steel Frame Columns at
RCC Frame | Steel Frame 10 periphery UX
Story Ux | UY UX | UY mm
mm mm mm mm
Storyl0o | 92 | 103 | 125 | 145 8 " RC Frame
Storyd |89 |10 |12 | 141 6 | with steel
Story8 | 84 | 95 | 11.3 | 134 Columns at
Story7 | 7.8 |88 |103 | 124 4 1 periphery UY
Story6 6.9 |79 9 11.1 mm
StOI’yS 5.9 6.8 7.6 9.6 2 e inp | RC Frame
Story4 | 48 | 5.6 5.9 7.9 i | with steel
Sone 22 [25 24 33 R, b comsa
Ory : . . : cCorTowVwYTRYIIY Cornerux
Stoxooreeng
ooyl | 28 7 98 10 555555555 mm
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Figure 12: Comparison between RCC Frame with Steel

Columns at the Periphery and RCC Frame with Steel Columns
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C.

Design Results

R.C.C Frame

1) Design of Beams: Size = 230x450mm
All beams for all 10 stories are
Main bars: 2 No of bars 16mm diameter at top and
bottom.
Stirrups: (i) At corners 8mm diameter 150mm C/C
(ii) At middle of the beam 8mm diameter
200mm C/C
2) Design of Columns: Size = 300x450mm
All Columns for all 10 stories are
Main bars: 8 No of bars 25mm diameter
Stirrups:  8mm diameter 300mm C/C
3) Design of Slab: 125mm Depth
All Slab for all 10 stories are
1) R/F in +ve X direction =
300mm C/C
2) R/F in +ve Y direction =
300mm C/C
3) R/F in -ve
300mm C/C
4) R/F in -ve
300mm C/C
5) Distribution
300mm C/C

8mm diameter

8mm diameter

diameter

X direction 8mm

Y direction 8mm diameter

® ® ® ® ©®

bars are also 8mm diameter

Steel Frame

Rs.

1) Design of Beams: Size = ISMB 450

2) Design of Columns: Size = ISWB 600 with cover
plate(400X20mm)

3) Design of Slab: 125mm Depth

All Slab for all 10 stories are

1) R/F in +ve X direction = 8mm diameter @ 300mm
c/iC

2) RI/F in +ve Y direction =
c/iC

3) R/F in -ve X direction
C/C

4) R/F in -ve Y direction =
C/C

5) Distribution bars are also
C/C

Cost of the Building
Total cost of the R.C.C Frame = Rs. 14265804

Total cost of the Steel Frame = Rs. 45022788

Cost difference between R.C.C frame and Steel frame =
30756985

8mm diameter @ 300mm

8mm diameter @ 300mm
8mm diameter @ 300mm

8mm diameter @ 300mm

V. CONCLUSION

1) The seismic analysis by static and dynamic analysis
for the R.C.C and steel frame can be compared and the
seismic results can be obtained such as joint
displacement, story forces, story stiffness, story drift,
natural time period and base shear.

2) The cost difference between R.C.C and steel frame
can be calculated.
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3) The seismic analysis of the R.C.C frame with steel
columns ISWB 600 with cover plate at the periphery
and R.C.C frame with steel columns ISWB 600 with
cover plate at the corners can be analysed and
compared and the seismic results can be obtained such
as joint displacement, story forces, story stiffness,
story drift, natural time period and base shear.

4) The graphs can be plotted for the respective seismic
results.

5) Steel frame is more costlier than R.C.C frame.

6) The seismic results are more for Steel frame than the
R.C.C frame.
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