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Abstract— Civil Engineering is all concerning about the
planning, designing and constructing the Structures and
makes them able to combat the external loading acting over
the structures. Whereas the Structural Engineering is the
branch with which structural engineers deals to satisfy the
conditions such as strength and serviceability of the
structural members. To satisfy those conditions, technology
has introduced new advance software which provides the
best results without enhancing the requirements. To contend
in this emergent proficient market, it is need of a structural
engineer to save time so that the analysis and design of a
high rise building can be done easily by using a software
such as STAAD Pro and ETABS rather than the manual
methods. In analysis of a building or any other structure, all
the probable loadings acting on that structure are considered
and has to clear that whether the structure is safe or not
against the loading. Analysis and design of a structure are
major find out significant threats to reliability and stability.
The reason behind the framed structures is that the width of
load bearing walls of a building with more than four storey
turn into unusually thick as the brick is weak in compression
when compares to cement concrete. Generally a load
bearing walled building has 10 to 12 percent lesser floor
area than that of R.C.C framed structure. The knowledge of
the software is the essential requirement of today’s to go
with the technical pace of development of infrastructure.
The objective of this study is to check the computability of
the results obtained by using software for the design of
undertaken structure. For more accuracy, the results
obtained by software are validated with the manual methods
of design by Indian standards to achieve the accurate results.
For design, the basic elements of structures such as beams,
columns and a simple frame have been considered. The
results obtained for the analysis are equivalent altogether
apart from the frame when STAAD Pro and ETABS used.
Keywords: Analysis and Design, Multi-storied Building,
Load Combinations, Shear force

. INTRODUCTION

Structural analysisis the recognition of consequences
of loads acting  onstructures and its components. In
structural analysis the deformations in a structure should be
effectively lower than the permissible limits. The objective
of analysis of a structure is to design a structure with proper
strength, rigidity, safety etc. This analysis serves the purpose
of the general shape and the detailed dimensions of a
structure in order that it performs the role for which it is
produced and safely withstands the loads. The design of a
smaller building in the former times used to take at least a
week even as, the design  of most intricate structures can
now be done within a week with more accuracy with the
help of software [1,10] .

Structural design process is to find out the safe and
economical specifications which comprise determining the
member steel section, amount of steel, cross sectional area,
etc. to resist the internal forces. It not only requires
theoretical opinion and imagination but also have need of
the directive to persist design standards specified by the
code of design. Any project commences from the planning
to meet the specified requirement. Although the client may
be unaware of the impracticable conditions existing within
the site and have unprecedented expectations, it is the sole
responsibility of the structural engineer to undertake the
challenge to design the structure and meet the design
requirements accordingly strength, durability, economy and
safety. Therefore, Structural design is defined as the process
of analyzing and designing the structure with strength,
safety, serviceability and economy. The existing shortage of
land due to increase in the human population flare-up is
continually demanding the need of high-rise structures. As
the number of storey of the buildings increases, the structure
gets more prone to earthquake excitation and wind pressure,
thus resulting in subsequently entire failure of the structure.
Thus, for building tall structures, the analysis of the forces
due to earthquake and wind must be considered and
included in the ultimate design of the building.

Reinforce Cement Concrete (RCC) framed
structures are normally an assemblage of the slabs, columns,
beams, and foundation connected with each one and the load
transfers from top to bottom. Speed of construction is more
rapid for RCC framed structures as compared to
unreinforced frame structures [13].

The RCC structure needs to have the following:
1) High strength

2) Good bond in the concrete.

3) High toleration of tensile strain

4) Thermal compatibility.

STAAD stands for Structural Aided Analysis and
Design. It was developed by Research Engineers in Yorba
and later sold to Bentley systems in 2005. This is used in
performing the analysis & design of structures by structural
engineers. It helps to analyze and design about any type of
structure through its flexible Modeling surroundings and
superior features. STAAD Pro mostly used for all types of
RCC framed structures such as — buildings, bridges, towers,
industrial, dams, and other utility structures.

ETABS stands for Extended 3d Analysis of
Building Systems, is software developed in 1975. ETABS is
used to analyze and design by using grid-like geometry,
with a variety of load combinations. ETABS can also be
used for the most complex models, as well as nonlinear
behaviors. ETABS can also be used in the analysis and
design of beams, columns, slabs, shear walls, retaining walls
etc. Various construction materials can be apply to structural
members like concrete, steel, Reinforced Concrete etc.
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ETABS estimate the dead load and the resultant lateral and
gravity loads.

The most important purpose of this research is the
simulation tools for analysis and designing of structures, and
to find out shear forces, bending moments and details of the
reinforcement for the structural components and compare
the outcome on the basis of load capacity.

As many studies pass on, the progression of the
arising software manipulate the directive ways to analyze
and design any sort of structure. This study is concerning to
discover the influence of the software.

B Suresh et.al in (2012), [12] “has concluded that
STAAD Pro software is usually utilized in structures such as
buildings, bridges, towers, transportation, utility structures
and so on. In the analysis for earthquake and non-
earthquake, the support reactions and the forces at the beam
end are alike. The design is based on the RCC code i.e. IS
456:2000. The requirement of quantity of concrete and steel
are similar for both earthquake and as well as non-
earthquake design structures. Prashant et.al in (2012), [1]
has concluded that STAAD Pro and ETABS are the primary
design software’s in structural engineering at present. A lot
of groups of design using these software to meet their
challenges in design. This research mainly deals with the
analysis of a building by the use of STAAD Pro and
ETABS. The outcomes obtained from the design by the
software one by one by comparing the calculations of equal
structure designed as IS 456. It is clear that Etabs is best as
compare to Staad pro as it provides the detailing of the
structure. T.T. ISoonget.al in (2014,) [9] “has concluded that
the structures are designed with reference to the steadiness,
strength and rigidity. So an engineer has to design the
adequate structure without effecting all these considerations
and as well as functional life. D. Ramya, (2015): carried out
a study on comparative analysis and design of G+10
building by using Staad Pro and Etabs. They perform
analysis and design on similar structure with these two
softwares. They concluded that sometimes Staad Pro is good
nevertheless several times Etabs is much better because of
detailing of the structure. Aman, Manjunath Nalwadgi,
Vishal T, (2016) aimed on an analysis and design of G+5
commercial building by using STAAD Pro. They stated in
their research that structure is safe in shear and as well as
flexure for short term deflection and the amount of steel
required is also economic. V. Ramanjaneyulu, Dharmesh.
M, V. Chiranjeevi (2018): The analytic study is carried out
between the behaviors of regular structure with irregular
structure by using STAAD-PRO& ETABS. In conclusion
they concluded that in the design of the members of the
structure by both the software’s, 0.4-0.5% more steel require
in ETABS as compare to staad pro [15]. Rishanksharma,
Mahendra Saini (2019): has concluded in their research that
the analysis and design of a building with all possible
loadings using STAAD. Pro fulfill the challenges in design
are described in conceptual way. They also clear that for the
storage of the data not as much of space is required. STAAD
Pro V8i advanced software is quick, efficient, easy to use
and accurate method for analyzing and designing of the
structures. The deflection of various members under the
given loading combinations can also be determined. [14]

Il. MATERIALS & METHODOLOGY

This research is about the planning, analysis, and designs the
various components of a RCC frame residential building. In
the design, engineer has to make sure that the structure will
behave adequately during its design and also as functional
life. Even the designer has to ensure that either the structure
is safe or not under the action of loading and will not deform
excessively.

Structural analysis and design not only requires the
imagination and conceptual thinking but also relate with the
appropriate understanding of practical aspects, such as
recent codes of design and analysis and by plenty
experience. In detailing and analysis, engineers must have
technical understanding. The procedure of structural design
not only includes the calculation of the loads but also
includes the stresses and analyzing the results obtained for
the applied loads, designing the sections to support the
loads. The design of any structure consists of two main
types are as follows:

1) Functional design

2) Structural design

1) Functional Design:

The basic purpose of the structure should first and foremost
serve the function for which it is to be designed and
constructed. It should endow with blissful atmosphere to the
building. Thus, the planning of a structure must take into
consideration the appropriate provision of the needs,
ventilation, lighting, appearance etc.

2) Structural Design:

This engrosses the analyzation of the structural drawings,
checking the requirements, and designing the structural
members. Firstly it consists of collecting the information of
site and specifications for the design. Thus, Structural
design considerate the behavior of the members under loads
and designs them with respect to cost.

Stages in Structural Design:

— Planning of structure.

— Nature of the forces and accumulation of loads.

— Analyze the structure.

—  Member design.

— Detailing, Drawing and Preparation of schedules.

Study of different structure types

v

Select a structure for comparizon

'

Analysis

.

Design

¥
Compare the results

Flow Chart 1: Proposed Research Methodology
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A. Analysis and Design of Building
1) Analysis and Design of G + 5 Building by Staad Pro

S.No. Step Description
Create nodal By using add beam command;
1. points draw the beams &_columns
between the respective nodes.
n?gﬁ:gg;nszf Enter the qode point_s into the
2. b o STAAD file according to the
eams and o
positioning of column.
columns
D Vi £ To get the 3D view of structure,
3. 3D view o the transitional repeat command
structure . AT
in Y direction is used.
The supports at the base of
Assigning of structure are assigned as fixed.
4. Supports and Define type of material i.e.
properties RCC or steel and cross section
of beams and columns.
5 3-Dimentional 3d rendering view of the
' rendering view structure can be revealed.
Define the seismic loads by
using IS 1893:2002. Loads are
6. Seismic loads added in the load case details in
+X,-X, +Z,-Z directions with
specified seismic factor.
. Defined as per IS 875 PART 3
7 Wind loads in +X,-X and +Z,-Z directions.
Calculated as per IS 875 PART
1 for external walls, internal
8. Dead loads walls and for parapet wall
including the self-weight of the
given structure.
9. Live loads Assigned as pzr IS 875 PART
Load The Ioa_d combinations are
10. combinations added with suitable factor of
safety as per IS 875 PART 5.
1 Perform Perform the analysis and check
' Analysis errors.
At last, the concrete design is
done as per IS 456: 2000.
Define suitable design
12. Design commands for different

structural components and then
again perform the analysis for

errors.
2) Analysis and Design of G + 5 Building Using Etabs
S.NO. STEP DESCRIPTION
Create arid Open the ETABS, select new
oints gnd model then enter the dimensions
1. P of the grid and story of the
Generate the e .
building. It will generate the 3D
structure. .
structure itself.
Define the properties of material
from define menu. Add new
Defining of material beams, columns and
2. g slabs by giving the specified
property

details in defining. Define the
size of the section by selecting
frame sections.

Assigning of
Property

By using command menu, draw

the structural components such

as beams and create columns in
region for columns.

Assign the
Supports

Select the base of the structure
and select all the columns,
assigned the supports by assign
menu, then frame, then
Restraints then fixed.

Define loads

All the load considerations are
defined firstly and then assigned
and are defined as using static
load cases from define menu.

Dead loads

Assign for external walls and
internal walls.

Live loads

Assign for the entire structure
including floor finishing.

Wind loads

Assigned by giving wind speed

in X,X1,Z & Z1 directions and

wind angle as 0, 180, 90, 270
respectively

Seismic loads

Defined and assigned by giving
soil type, zone, and response
reduction factor in X and Y
directions.

10.

Load
combinations

Load combinations command in
define menu.

11.

Analysis

Perform analysis and check for

the errors.

12.

After analysis, by using Design
menu, perform concrete design
on the structure then concrete
design then select design
combo.

Go to design menu, concrete
frame design, start design \
check of structure then it will
performs the design for every
structural element.

Design

B. Description of Research Model

The

notations and assumptions adopted throughout the

research work are same as taken by 1S-456-2000 i.e. from
the design code of RCC.

Function of the building Residential
Number of stories G+5
No. of staircases 5
Type of structure R.C.C framed structure
Wall brick wall
Table 2.1: Statement of Structural Project
Height of Ground floor 3m
Floor Height 3m
Plinth Height 0.6m
Foundation Depth 240mm

Table 2.2: Geometric details of the structure

Grade of Concrete M30
Grade of Steel Fe415
Bearing capacity of the soil 300KN/m?

Table 2.3: Materials Used in Structure
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C. Load calculations of the Structure
1) Dead loads

It is defines as the constant load acting due to the Self-
weight of the components and permanent attachments or
additions. It acts evenly through the whole structure and
even remains constant through the life of structure. The
unit weights of the dead load for the different kind of

materials are specified in IS 875 part 1.

2) Wall load
a) Main wall load

Thickness of the main wall =

150 mm

= unit weight of brick * thickness of the main wall *(floor

height —beam depth),

=19.2x0.23 x (2.6) = 11.48 kN/m
b) Partition wall load = 19.2x0.115%(2.6) = 5.74 kN/m
Floor finish = 1.25kN/m?
Total floor load = 1.25 KN/m?
Load on building Resultant Value
.30*.45*25 =
D.L of the beam 3.375KN/m?
* * =
D.L of full brick wall R
D.L of half brick wall LTS A2 b =57
m
Slab weight 7.01 kN/m? Fig. 2.1: 3D model of whole structure
Slab wei_ght 14.71 KN/m? By STAAD-Pro
(depression)
Live Load (Slab) 4 kN/m?
Dead Load (Staircase) 9 kN/m?
L.L (Staircase) 4 kN/m?
Partial safety factor
il/s
(concrete)
Partial safety factor 15
(loads) 1
Partial safety factor 115
(steel)
Table 2.4: Loads acting on building
Material Density in kg/m®
PCC 24
rcc 25
Flooring material (c.m.) 20
Brick masonry 19.20
Table 2.5: Density of materials
1S-875-1 Dead Load.
1S-875 -2 Live Load.
1S-875-3 Wind Load.
1S-456 :2000 Concrete Design.
IS -800: 2007 Design of steel
1S-10262: 2009 Mix Design
1S-1893:2002 | Earthquake-Design.

Table 2.6: Codes for Design

Fig. 2.2: Solid section of whole Structure (ETABS)
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I1l. ANALYSIS AND RESULT

The advanced method used to discover out the result
obtained by STAAD Pro and ETABS, as these are well
known acknowledged software and currently used for
designing and analyzing purposes by industries. In this, a
building is modeled to find out the results. In this section all
the details and pictures are mentioned those are found while
analyzing a structure using ETABS and Staad Pro. Here the
results are mentioned taken from the software using for the
same model and at last some comparison were made and the
variations which are found while in this complete research
process.

A. Bending Moment

A bending moment is the response to a structural member
when an external applied force causing a structural element
to rotate. Theoretically, it is calculated by multiplying an
external applied vector force such as load or reaction by the
vector distance at which they are functional. It is sagacious
to calculate the moments while analyzing an entire element
at the ends, beginning, and centre and even at the end of the
uniformly distributed loads, and without delay below any
factor loads. In general, bending is due to the force acting
on a member. Methodically, bending moment can also be
calculated by multiplying the applied force with at right
angles distance. Bending Moment diagram in case of
uniformly distributed load is parabolic in nature while linear
as incase of point load.

B. Design Results of Sample Beam and Column

Column C6 of 2" storey from ETABS and Column 251 of
storey 6 from STAAD Pro of 2" storey are taken for
comprising the results of reinforcement.

Section Total Reinforcement ( mm?)

STAAD Pro. ETABS
Beam (450mm x 400mm) 1057 967
Column (dia-800 mm) 3535 3535

Table: 3.1 Steel Reinforcement
From above result as shown in table 3.1, the
ETABS gave area of steel required is lesser when calculated
by Etabs than that of Staad Pro in case of beam. In case of
column, the area of steel required is almost equal by both
the software.

C. Shear Force and Bending Moment of Column

Column C6 of 2" storey from ETABS and Column 251 of
2" storey from STAAD Pro are taken for comparison of
bending moment and shear force.

Forces STAAD Pro. ETABS
Axial Force 401.06 kN 189.00 kN
FX
Sheaxorce 42.25 kN 30.15 KN
Shea;ZF"rce 135.63 kN 114.75 kN
Bending 1.4 kKN-m
Moment MX 0.31kN-m
Bending 14811 kN-m |  165.32 kN-m
Moment

MY
Bending Moment
MZ
Table 5.2: B.M. and S.F. of a Sample Column
The Shear forces FX, FY, FZ of the structure which
are obtained in case of STAAD Pro are higher than that of
as compare to in case of ETABS whereas value of Bending
Moment are higher in case of ETABS than that of as
compared to in case of Staad Pro.
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Fig. 3.2: BM Diagram of Whole Structure by STAAD Pro

All rights reserved by www.ijsrd.com 490


https://en.wikipedia.org/wiki/Vector_(geometric)
https://en.wikipedia.org/wiki/Force

Comparative Analysis of RCC Frame Building by Using Staad Pro and ETAB

(I3SRD/Vol. 8/1ssue 4/2020/109)

3

Fig. 3.3: Shear Force Diagram by ETAB
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Fig. 3.4: Shear Force Diagram by STAAD PRO

IV. CONCLUSION

1. For the beams of the building, the area of required
steel is lesser when calculated by ETABS as
compared to STAAD PRO.

2. For the columns of the building, it is clear that the
amount of steel calculated by both the software is
almost equal.

3. The value of Shear force given by STAAD PRO is
lower than as Compared to ETABS.

4. ETABS provide the whole detailing of structure
while STAAD PRO is not able to provide the
whole detailing of structure.
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