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In the present study, analysis and design of three structural systems i.e. RCC frame tube, steel frame tube and composite
megaframe with supercolumn is presented. For comparison of structural performance of these systems, 30 storey building

ABSTRACT

with plan dimensions 60.96m 36.576m and height 118.8m is considered. In addition to gravity loading, lateral loading
due to earthquake and wind are considered. Wind forces are calculated using Gust factor method as per IS875-Ill and
earthquake forces are estimated as per dynamic method of 1S1893. ETABS software is used for modelling and design of
structural elements. Analysis results in terms of natural time period, storey shear, overturning moment, lateral drift, storey
displacement, forces in critical members are compared for all the three structural systems. For the design of composite

structure, specifications of Euro Code 4 are followed. Based on the design of structural systems, consumption of basic
materials like concrete and steel is com-pared for all the three structural systems. Cost of the building with three structural
systems is also presented. Gravity load intensity per unit floor area is also calculated to understand variation in dead load.
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I Introduction

steel-concrete composite systems have become quite
popular in recent times because of their advantages against
conventional construction. Composite construction combines
the better properties of the both i.e. concrete in compres-
sion and steel in tension, they have almost the same
thermal expansion and results in speedy construction. The
use of Steel in construction industry is very low in In-
dia compared to many developing countries. Experienc-
es of other countries indicate that this is not due to the
lack of economy of Steel as a construction material. There
is a great potential for increasing the volume of Steel in
construction, especially the current development needs in In-
dia. Engineers are familiar with the problems involved in
constructing either steel or concrete building, as each
of these materials has its own peculiarity. Steel structural
members are generally fabricated as component consisting of
thin plate elements, so they are prone to local and lateral
buckling. Therefore, they are checked for the failure due to
buckling and instability, while concrete structural members are
generally thick and unlikely to buckle; but they are inclined to
creep and shrinkage with time. Therefore, a system compris-
ing steel-concrete-composite structure was developed to take
benefit of both the material. For building systems, steel-con-
crete composite structures are known as the most economi-
cal solution to the diverse engineering design requirements of
stiffness and strength. The strength and behavior of compos-
ite slabs are governed by the shear interaction between the
concrete and the steel deck. By the composite action between
the two, one can utilize their respective advantages to the full-
est extent. Structurally robust and aesthetically pleasing build-
ings are being constructed now-a-days by composite steel
concrete construction meeting the specific requirements of
large span, building height, soil condition, time, flexibility and
economy. The main benefits from the use of composite steel
concrete construction are in terms of construction time and
cost. The use of rolled steel section and prefabricated compo-
nent makes the composite construction fast track construction
compared to the cast in situ concrete

Il. OBJECTIVE

Steel-concrete composite systems have become quite popu-
lar in recent times because of their advantages against con-
ventional construction. Composite construction combines the
better properties of the both i.e. concrete in compression and

steel in tension, they have almost the same thermal expansion
and results in speedy construction. The objectives of the study
are

To provide a brief description to various components of steel
concrete framing system for buildings.

To investigate major parameters like cost, time, seismic re-
sponse of steel-concrete composite frames over traditional
reinforced concrete frames and steel frames for building struc-
tures

11l. COMPOSITE CONSTRUCTION

Steel-concrete composite construction means steel section
encased in concrete for columns & the concrete slab or pro-
filed deck slab is connected to the steel beam with the help
of mechanical shear connectors so that they act as a single
unit. In India, many consulting engineers are reluctant to ac-
cept the use of composite steel-concrete structure because
of its unfamiliarity and complexity in its analysis and design.
But literature says that if properly configured, then composite
steel-concrete system can provide extremely economical struc-
tural systems with high durability, rapid erection and superior
seismic performance characteristics.

IV. BUILDING DETAILS

The plan of the building is 60.96 X 36.57.Height of building is
118.8m .Bay in X direction 10 bay in Y direction 7.The centre
to centre distance between two grids is 6.1m and 5.25m re-
spectively
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Fig.1 Plan showing typical floor
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Table 3: Data for Analysis of Composite Structure

%(') Particulars Dimension/Value
1 Plan Dimension 60.96 X 36.57
Total height of the
2 buildinq9 118.8 m
3 Height of each storey [3.96 m
4 Height of parapet 1m
5 |Depth of foundation |4 m
Size of beams 6.0m
6 span ISMB 450
Size of beams 4.0m
span ISMB 300
Cold form .
Based on requirements
. . Deformed bars
Fig.2 3-D I level from E-TAB
ig.2 3-D and plan ground level view from S ~1Size of colurmns ISMB 450
Table 1: Data for Analysis of RCC Structure 8 m!ctness 0}‘ slak|>| ;ggmm
- - - ickness of walls mm
%é Particulars Dimension/Value Thickness of bracing
9 Seismic zone Y]
1 Plan Dimension 60.96 X 36.57 Wind speed 50 m/s
2 Total height of the building 118.8m Importance factor 1.0
3 Height of each storey 3.96m Zone factor 016
4 Height of parapet 1m Damping ratio 59%
5 Depth of foundation 4m 10 _[Floor finish 1.0 kN/m2
6 |Size of beams 6.0m span 450x600 Live load at all floors  [4.0 kN/m2
Size of beams 4.0m span 00455 Density of steel 7850 kg/m3
X Density of brick 20 kN/m3
7 Size of outer columns 450x1000 Kl Gradeyof Concrete M20
Size of internal columns 450x850 Grade of reinforcing
8 [Thickness of slab 140mm steel Fed15
Thickness of walls 230mm Soil condition hard soil
9 Seismic zone IV
Wind speed 50 m/s V. MODELING & ANALYSIS
Importance factor 1.0 The explained 3D building model is analyzed using Equivalent
Zone factor 016 Static Method. The buildings models are analyzed by using
Damping ratio 5% ETABS software. In composite structure the beam is modeled
70 IFloor finish 2 0KN/m2 as composite beam element and column is modeled as RCC
Live load at all floors 1'0 KN/m2 beam element and shear wall is modeled as RCC plate ele-
Density of 2;5 N/m 3 ment. In RCC structure the beam and column is modeled as
ensity Of kc)o_nﬁrete k m RCC beam element and shear wall is modeled as RCC Plate
Density of bric 20 kN/m 3 element .The different parameters such as maximum shear
T IGade of - VER forc,e axial force ,maximum bending moment and time period
rade of concrete
Grade of'rginforcinq steel Fe500 VI. RESULTS
Soil condition Storey Maximum Drift
hard soil Structural System  [Max. drift
Table 2: Data for Analysis of Steel Structure X direction Y direction
S.I |Particulars Dimension/Value RCC frame tube 0.000009 0.00043
NO Steel frame tube 0.000468 0.00075
1 [Plan Dimension 60.96 X 36.57 %%geﬁg?ne“wth 0.00043 0.00034
2 Total height of the building 118.8 m
3 Height of each storey 3.96 m
4 [Height of parapet 1m Maximum Displacement
5 Depth of foundation 4m Viax dion] 5
6 Size of beams 6.0m span ISMB 450 ax. displacement(m)
Size of beams 4.0m span Structural System o o .
ISVB 300 X direction |Y direction Permissible
7 Size of columns ISMB 450
8 [Thickness of slab 140mm RCC frame 0.0492  [0.132 0.237
Thickness of walls 230mm tube
Thickness of bracing Steel frame 0.119 0217 0.237
9 [Seismic zone v tube : : :
Wind speed 50 m/s Me anLrJ%rgrecolumn 0.134 0.096 0.237
Importance factor 1.0 -
Zone factor 016 Weight of Structure
Damping ratio 5% Weight of Structure in KN
10 |Floor finish 1.0 kN/m2
Live load at all floors 4.0 kN/m2 RCC 144388
ng:g g; f)tﬁi 335&‘;%“3 STEEL 128591 10.94 % reduced
11 [Grade of concrete M20 Composite 136718 5.31 % reduced
Grade of reinforcing steel Fe415
Soil condition hard soil
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Base Shear Due Earthquake and Wind

Base Base shear
structural |piraction  |shear due  |due to. 5(aseetghear
System to static Dynamic wind(kN)
EQUN) |EOGN)
X direction (6998 5555.31 6271.25
RCC Frame
Tube Y direction |6998 541031  [9256.25
X direction |3703 2834 6171
Steel Frame
Tube Y direction |3703 2967 9012
Me aframe X direCtiOn 4664 3600 5565
with super
column Y direction |11850 3608 8451
Modes and Time Periods
Megaframe
Mode RCC frame tube ?&%%I frame wit
supercolumn
Mode 1 3.66 UY) 3.29(UY) 2.83(UX)
Mode 2 2.80(UX) 3.01(UX) 2.6(UY)
Mode 3 2.06(RZ) 2.24(RZ) 0.95(R2)
Mode 4 1.11(UY) 1.00(UY) 0.82(UX)
1S1893(Part
il):2002 2.01 2.28 2.28
: Reduction |Reduction%
Property RCC  |[Steel [Composite %(Steel) |(Composite)
Maximum
Axial 11980 |10272 (9025 14.25 24.66
Force(kN)
Maximum
Shear
force(kN.m)
X axis 250.35(217.8 [170.17 13 32.02
Y axis 196.65 [180.67 | 150 8.12 23.72
Maximum
B.M(kN.m)
X axis 765.6 |707.4 |[652.05 7.60 14.83
Y axis 878.8 (684 661.5 22.16 24.72

Forces and Moments

VIl CONCLUSION
Composite structural system gives lesser displacement and
drift providing more human  comfort for higher stories

Axial forces in column have been reduced by 14.25% in steel
structure and reduced by 24.66 % in Composite structure as
compared to R.C.C.framed structure

Megaframe with supercolumn has minimum base shear due
to wind and steel frame tube has minimum base shear due to
earthquake as its lighter structure than other two systems

It is clear that the weight of Composite structure is reduced by
5.31% as compared with

RCCStructure. Hence cost of foundation is also reduced

Steel and composite structure gives more ductility to the struc-
ture as compared to the R.C.C. which is best suited under the
effect of lateral forces
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