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ANALYSIS AND DESIGN OF RESIDENTIAL BUILDING
OF 2BHK UNDER GHMC

B. Kiran Kumar, D. Venkatesh, K. Akhila, A. Rajeshwari,
D Neeraj Kumar, B. Vinay Kumar
Dept. of Civil Engineering, SVITS, Mahbubnagar, Telangana, India.

ABSTRACT: The project comprises the development of plans, elevations, and sectional view of a
Residential Reinforced Concrete building of ground floor, using Auto-cad 2008. Structural loads
(Gravitational loads only), Dead and Live loads are only considered for the design of structure, and the
loads considered are as per IS: 875 — Part-I & II. The analysis and design of the building skeletal fame is
performed by using STAAD Pro V8i package for factored (Limit state of strength) combination(s). The
structural displacements in vertical and horizontal directions of the building are permitted to the
limitations as per IS: 456 — 2000, for un-factored (Limit state of serviceability) combination(s). Structural
elements like Slab(s) are designed manually and foundation design is done using STAAD foundation. The

reinforcement details are furnished according to the codal provisions and presented in this report.
ABOUT STAAD PRO

STAAD Pro is a Structural Analysis and design computer program originally developed by Research Engineers
International in Yorba Linda, CA. In late 2005, Research Engineer International was bought by Bentley Systems.

STAAD Pro allows structural engineers to analyse and design virtually any type of structure through its flexible

modelling environment, advanced features and fluent data collaboration.

STAAD Pro is one of the leading structural analysis and design software which supports more than 100 steel,

concrete and timber design codes and has the largest worldwide user base.

It can make use of various forms of analysis from the traditional 1st order static analysis, 2nd order p-delta
analysis, geometric nonlinear analysis or a buckling analysis. It can also make use of various forms of dynamic

analysis from modal extraction to time history and response spectrum analysis.

In recent years it has become part of integrated structural analysis and design solutions mainly using an exposed
API called Open STAAD to access and drive the program using an VB macro system included in the application
or other by including Open STAAD functionality in applications that themselves include suitable programmable
macro systems. Additionally STAAD Pro is added direct links to applications such as RAM Connection and
STAAD Foundation to provide engineers working with those applications which handle design post processing
not handled by STAAD Pro itself. Another form of integration supported by STAAD Pro is the analysis schema
of the CIM steel Integration Standard, version 2 commonly known as CIS/2 and used by a number modelling and

analysis applications.
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Utility of building : RESIDENTIAL BUILDING OF 2BHK UNDER GHMC

No of stories : C+G+7

Shape of the building : Rectangle shape

No of Story : 7 Story

No of staircases 12

Type of construction : R.C.C framed structure

Types of walls : brick wall

Geometric details:

Ground floor :3m

Floor to floor height :3m.
Materials:

Concrete grade : M20

All steel grades : Fed15 grade
Bearing capacity of soil : 250KN/M2

Design of multi storied residential building:
General:

A structure can be defined as a body which can resist the applied loads without appreciable deformations.
Structural engineering is concerned with the planning, designing and the construction of structures. Structure
analysis involves the determination of the forces and displacements of the structures or components of a structure.
Design process involves the selection and detailing of the components that make up the structural system. The

main object of reinforced concrete design is to achieve a structure that will result in a safe economical solution.
The objective of the design is

» Foundation design

» Column design

» Beam design
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»  Slab design

These all are designed under limit state method
Limit state method:

The object of design based on the limit state concept is to achieve an acceptability that a structure will not become
unserviceable in its life time for the use for which it is intended. I.e. it will not reach a limit state. In this limit state

method, all relevant states must be considered in design to ensure a degree of safety and serviceability.
Limit state:

The acceptable limit for the safety and serviceability requirements before failure occurs is called a limit state.
Limit state of collapse:

This is corresponding to the maximum load carrying capacity. Violation of collapse limit state implies failures in
the source that a clearly defined limit state of structural usefulness has been exceeded. However, it does not mean

complete collapse.
This limit state corresponds to:

»  Flexural

» Compression
» Shear

» Torsion

Limit state of survivability:

This state corresponds to development of excessive deformation and is used for checking member in which

magnitude of deformations may limit the rise of the structure of its components.

» Deflection
» Cracking

» Vibration

2.1CALCULATION OF LOADS

Dead and live loads at plinth level (0.00)

Dead load of brick wall (230 mm thick) 0.23*3*20
=12.0 KN/m
Dead load of brick wall (115 mm thick) = 0.115*3.0*%20 =6.0kN/m

Dead and live loads at Floor level:
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Dead load of slab (125 mm assuming)

Floor finishes

Total floor load

Live load (On floor, accessible) =
Dead and live loads at Roof level:
Dead load of brick wall (230 mm thick)
(Parapet wall)

Dead load of slab (125 mm assuming)

Water proofing

Total floor load

Live load (On floor, accessible)

PLAN OF THE STRUCTURE
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0.125*25

3.0 KN/m2

1KN/m2

3.0+1.0

= 4.0 kN/m2

2.0 kN/m2

0.23*0.45*20

2.07 N/m

0.125%25

= 3.0 kN/m2

= 3.0 kN/sq.m

3.125+3.0

= 6.125kN/m2

1.5 kN/ m2
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1210 1208 181 185

p19 pi7 12 509 06 03

1057 Wmss 1 1034 Wmsz
452 /rmmsu 445%2”/ 4% 36
904 Wgoz 9 881 879
B85 63 mpsy/ 672 869
7

75 Wms

p18 316 B11 808 05 02

/rfr
58 56 | 6 575 573
rs1 b4y D44 pat 03 035
FI 30 % |7 [ ]
84 82 11174 ul ZLBG Load3: ShearY
7 @ o

DEFLECTION DIAGRAM OF FRAMES

T g

‘\ 51\? /1\ \517/ “ T 505 50
| ‘ |

oW 1nsﬁr i | : 2

\‘ - TN H

o\ W “Mk W
| |- |

| 385 ‘Lm ‘37 i ‘372 it}

Fos W

oW W om
rﬂ rts MM W

1] 182 I i gs Load 3: Displacement
b B
ISSN: 2456-4265

© IJMEC 2023 133




v International Journal of Multidisciplinary Engineering in Current Research - IMEC

Volume 8§, Issue 5, May-2023, http://ijmec.com/, ISSN: 2456-4265

Load3: BendngZ

SHEAR FORCE DIAGRAM OF WHOLE STRUCTURES
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Load3: Displacement

Unfactored Support Reactions Summary:
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DELECTION CHECK
Deflection Summary of Whole Structure
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Lateral deflection developed in the structure = 4.927 mm

Permissible limit =H/500

=20500/500 =41 mm

=4.927 <41 mm (SAFE)

Vertical deflection developed in the structure =0.068

Permissible limit (minimum of)  =L/350 or 20 mm

=26160/350 = 74.74 mm

=0.068 <74.74 (SAFE)

BEAM NO. 57 DESIGW RESULTS

a0 Fadl5 (Maini Fed13 (Sec)

LENGTH: 50000 mm  SIZE: 500.0 mm X 500.0 mm  COVER.: 23.0 mm

SUNMARY OF REDVF. AREA (Sg.om)

EECTION 00mm 12300mm 25000mm 37500mm  5000.0mm

TOP 7871 48133 48133 48133 228.86
EEDYF.  (3qmm) _{Sq mm} (Sqmm) (Sq.mm} (g wmm)

BOTTOML 48133 48133 48133 48133 481.33
BEMMF. (Sq.mm) _{5q mm) (S5qrmm) (Sq.mm) {Sq.mm)

SURMMARY OF PROVIDED REINF. AREA

EECTION 00mm 12300mm  25000mm 37500mm  S000.0rmm

TOP 110 7 10 L% 11-10 I
EEDNF. 1 J.EI_\'EEEI: 1 ia}'e:(s} 1 1&’_\'&1(5:] 1 IEEE['(S:I 1 h}U[S) SHEAFR DESIGE] RESULTS AT DESTANCE 4 (EFFECTIVE DEPTH) FROMFACE OF
THE SUPPORT

BOTTOM 7-6 710 1108 T-10i =100

REDF. 1layersl Ilaver(s) Dlayers)  1lwems)  1lapes(s) SHEAR DESIGNRESULTS AT $20.0 num AWAY FROM START SUBPORT
VY= 10330h= -0.111D= 11

) i i ) Provide 2 Lezzed & @ 180 mm cic

SHEAR Zlegped#i 2lezzed 81 2lesmed & Zlegred 81 Ilegged 37

PELF. @190 mmce @180 mmes @ 180 mmc @ 180 mme'c (@ 180 mm o' SHEAR DESIGNRESULTS AT 320.0 mun AWAY FROM END SUBPORT
V¥=-10601M¥= 4.121D= 17
Provide 2 Legzed & @ 180 mmcic
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Fig 8.1: Geometry of beam no. 1
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Fig 8.2: Property of beam no. 1
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| | Geometry [ Propety | Loading | Shear Bending | Deflection | Concrete Design
Beam Mo =1
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Fig 8.3: Shear bending of beam no. 1

| Geomely | Propety | Loading | Shear Bending | Deflection | Concrete Desian |
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Fig 8.4: Deflection of beam no. 1
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| [ Geome | Foprty | Loading | Shear Bering | Dcion, Coet Desr

Beamno =1 Desgn cace : 5455
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Fig 8.5: Concrete design of beam no. 1

COLUMN N0.7 DESIGN RESULTS
blak) Fells(Madl)  FedlS{(Sec)
LENGTH: 15000 mm CROSS SECTION: 3000 mm X 4000 mm COVER: 40.0 mm

** GUIDING LOAD CASE: 4ENDIJOINT: | SHORT COLUMN
REQD. STEEL AREA 31560 Sqom.
REQD. CONCRETE AREA- 3945056 Sq.mm.
MAIN REINFORCEMENT: Provide 8- 12 dia. (0.75%, 904.78 Sqmm.)
(Equally distributed)
TIE REINFORCEMENT: Provide & mm dia rectangular tes @ 190 mm cic

SECTION CAPACITY BASED ON REINFORCEMENT REQUIRED (KNS-MET)

Buz 144408 Muozl: TL4G Muyl: 260

INTERACTION RATIO: 021 {as per CL 30.6, IS436:200)

SECTION CAPACITY BASED ON REINFORCEMENT PROVIDED (KNS-MET)

WORSTLOAD CASE: 3

ENDIOINTS  Puzif143 MuzB479  Mup6810 TRAO3S
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| | Geometry | Propeity | Loading | Shear Bending | Deflection | oncrete Design |

Beamno. =34 Design code : 15-456
Design Load Design Parameter
Load 30 Fy(Mpa) 415
Location | End 1 FeiMpa) 25

0,500 Pu(kns) |2324596 As Regd(mm?) | 3570

' Wz(Kns-Mt) [ 247.37 Az (%) 150
Wy(Kns-t) | 70.12 Bar Size 20

Bar No 12 lllllll
—_——f
0500 m
| Frint ] | Cloze ‘

Fig 8.6: Concrete design of column no. 34

CONCLUSIONS:

The present G+5 structure is analyzed for both gravity and lateral loads (wind and seismic loads). The analysis
data base is prepared for worst load combination. The following conclusions are drawn from the analysis. Fixed
end moments in the frames of beam ends arrived by Moment distribution methods are par with the moments
arrived by Numerical methods. Calculated Steel quantities and provided sizes in the structural members are found
to be practical. Beams designs are carried in Limit state method and checked for important limit states (Flexure
and serviceability). Same is the case with Columns and others. Moment distribution method is applied for all three
cases of Substitute frame with different load combinations for the Frame at 3rd story floor and in second bay and
comparison is made for the max forces. Loads and Design guidelines are considered from IS -456:2000, IS -875-
partl, Part-2 .Column and beam designs are followed as per SP: 16 and detailing is followed as per SP: 34. Slabs

are designed as one way and the depth, output steel quantities are found to be practical.
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IS 456-2000 Code Of Practice For Plain & Reinforced Concrete

Reinforced concrete — Ashok.K. Jain.

Limit state theory & Design of reinforced concurred by Dr. V.L Shah & Late. S.R.Karvy and shah.

www.Bentley.com

www.staadpro.com

IS CODES:

e IS 456-2000 ( Design of RCC structural elements )

e IS 875-Part 1 (Dead Load )

e[S 875-Part 2 (Live Load )

e IS 875-Part 3 (Wind load)

o IS 875-Part 4( Snow load)

e IS 875-Part 5 (Combination loads)

e IS 1893-2002 (Earthquake load)

o ® N

e  SP-16 (Depth and Percentage of Reinforcement)
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