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Introduction

In every aspect of human civilization we needed structures to live in or to get
what we need. But it is not only building structures but to build efficient
structures so that it can fulfill the main purpose for what it was made for.
Here comes the role of civil engineering and more precisely the role of
analysis of structure.

There are many classical methods to solve design problem, and with time
new software’s also coming into play. Here in this project work based on
software named staad pro has been used.

Few standard problems also have been solved to show how staad pro can be used
in different cases. These typical problems have been solved using basic
concept of loading, analysis, condition as per IS code. These basic
techniques may be found useful for further analysis of problems.
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Scope of work

Following points will be covered in project work

% Study of design of various elements of building

% Planning of various components of a building with column positioning

% Introduction of STAAD.Pro

% Modeling of the building in the STAAD.Pro giving all boundary conditions
(supports, loading etc...)

» Analysis and Design of various structural components of the modal building

¢ Study of analysis Data of the software

¢ Detailing of beams, columns, slab with section proportioning and

reinforcement.
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AIM OF PROJECT

This project aims for relearning of concept of structural design with the help of
computer aids. Briefly we have gone through following points through out of the

project work.

» Understanding of design and detailing concept.

» Main objective i.e. learning of STAAD.Pro software package.

» Learning of analysis and design methodology which can be very useful in the
field.

» Understanding of earthquake resistance design concept.

» Approach for professional practice in the field of structural engineering
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Introduction of Analysis and design

Analysis : Analysis of the structure means to determination of the internal forces
like axial compression bending moment, shear force etc. in the
component member for which the member are to be designed under
the action of given external load.

Design : The design is process of section percussion from the analysis
results by using suitable analysis method.

The aim of design is to achievement of an acceptable

probability that structures being designed will perform
satisfactorily during their intended life.

CIVIL ENGG. DEPT., SMT.S.R.PATEL ENGINEERING COLLAGE DABHI-UNJHA



Design of Structural Elements

The design of any structure is categorized into the following two main types:

\/
0’0
\/
0’0

Functional design
Structural design

Stages in structural design :

» The process of structural design involves the following stages:
+¢ Structural planning
¢ Action of forces and computation of loads
¢ Method of analysis
s Member design

¢ Detailing, drawing and preparation of schedules
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BEAM

» There are three types of reinforced concrete beams
¢ Single reinforced beams
¢ Double reinforced beams
¢ Flanged beams

Single reinforced beams :

In singly reinforced simply supported beams steel bars are placed
near the bottom of the beam where they are effective in resisting in
the tensile bending stress.
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Double reinforced beams:

It is reinforced under compression tension regions. The necessities of steel
of compression region arise due to two reasons. When depth of beam is
restricted. The strength availability singly reinforced beam is in adequate.
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Flanged beams:

There are two types of flanged beam

1. T-beam
2. L- beam
L' b' B
D
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1 o000
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COLUMN

A column may be defined as an element used primary to support axial
compressive loads and with a height of a least three times its lateral dimension.

The strength of column depends upon the strength of materials, shape and size of

cross section, length and degree of proportional and dedicational restrains at its
ends.
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SLAB

Slabs are most widely used structural elements forming floor and roof of
building. Slab support mainly transverse load and transfer them to supports
by bending actions more or one directions.

On the basis of spanning direction: It is two type one way slabs and two
way slab.

One way slab: When the slab is supported on two opposite side parallel
edges, it spans only in the directions perpendicular to the supporting
edges. It bends in one directions and main steel is provided in the
directions of the span. Such a slab is known as one- way slab.
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One way simply supported slab
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Design steps:

a) Effective depth (d):
As per 1S: 456-2000, P.37, Cl.23.2.1

I/d=20* M.F.
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b) Effective span: (IS 456-2000, P 34)

¢) Reinforcement requirements
Minimum reinforcement : ( As per IS: 456-2000, P.48, Cl.26.5.2.1)

For Fe-250 pt = 0.15% of total c/s area (b*D)
For Fe-415 }
For Fe-500 pt = 0.12% of total c/s area

d) Check for cracking : (as per 1S:456-2000,P.46 )

e) Check for deflection:

Allowable 1/d=20* M.F.
Find Actual I/d

f) Checking for development length (Ld) : (as per 1S:456-2000, P.44, Cl.26.2.3.3 (¢))
Ld shouldbe<1.3M1/v+Lo
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One way continuous slab:

In case of large halls, auditoriums, marriage halls, etc. the length is divided into

equal bays by providing beams perpendicular to length. The slab provided over
such area is called one way continuous slab.
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Design steps:

¢ For calculation of S.F. and B.M., 1S: 456-2000, P.36.

% As the coefficient for D.L. and L.L. are different, for D.L. and L.L. are
calculated separately:.

* In one way continuous slab, negative bending moment will be produced at the
top of intermediate supports. Thus, negative reinforcement is provided over
intermediate supports.

*» For B.M. calculations, coefficient gives in IS: 456, table-12 is multiplied by wi2.
¢ For S.F. calculations, coefficient gives in IS: 456, table-13 is multiplied by wl.

% Maximum shear occur at the support next to the end support. Therefore, slab
must be checked for shear at this support.

¢ The slab must be checked for deflection at the locations of maximum positive
B.M.

¢ The slab must be checked for development length at the end support.
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FOOTING

Foundations are structural elements that transfer loads from the building or individual
column to the earth .If these loads are to be properly transmitted, foundations must be
designed to prevent excessive settlement or rotation, to minimize differential settlement

and to provide adequate safety against sliding and overturning.

pad footing

Isolated \ )
Column footing ( \

sloped footing

\ S
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Problem definition

Plan of residential Building

 Analysis and design of structural components of G+5 storied building
 Analysis for — Earthquake load

» Location —surat

« Masonry blocks — Siporex

«S.B.C.-15T/m?


PLAN.pdf
PLAN.pdf
PLAN.pdf

Introduction of staad. Pro.

It is one of the effective software which is used for the purpose of analysis and
design of structure by the structural engineers. Our project is aimed to complete

with the help of Staad.pro
Staad pro gives more precise and accurate results than manual techniques.

Features
« Analysis and design tool

GUI based modeling
Input file/Output file

Results as per Indian & other standards

Report generation
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++ Creating Reaction File (REA). . 15:47:51
= ++ Calculating Section Forces
DO ++ Creating Section Force File (BMD). .. 15:47:53
by ++ SECT DISF member 2605 1230 of 1234
= ++ Creating Section Displace File . :
i C ing Section Displace File [SCH) 15:47:54
K ++ Creating Element Stress File (EST). .. 15:47:54 : :
I + Creating Elenent JT Stress File (EIT). . 154755 B gt Assigned Goomery
++ Creating Element JT Force File (ECF). . 15:47:56 Toagle A
++ Creating Design information File (DGN). . oggie Assign
++ Creating Surface Element Force File (SLE). .. 15:47:58
SIRFACE 11 OF 2t - Sekd Dol Commands..
Parameters.. Parameters..
] 1l )
Assignment Method
154812 Assign To Selected Beams
0 Error(s), 608 Warning(s) Assign To View
@ Use Cursor To Assign  ————————
Assign To Edit List SgleciCowylec
‘ Close ‘ | Help |

For Help, press F1 Modeling Mc Load 5: DL+LL Input Units; kN-m



Out put file of beam Out put file of column

File Edit View Help File Edit View Help
[smanngn nj@anEe
=zl 7%2. 2050 To 2121 2138 To 2210 2227 To 2255 2316 TO 2388 2405 To 2477 2454 TO 2566 - =l PAGE 2133 Ends Here
WARNING 793. 2583 TO 2609 WARNING DXF IMPORT OF LINE PIAN.DXF -- DAGE NO. 2134

SYARNING- JOINT NO, 10 = BAGE 771 Enda Here FHWARNING- JOINT NO, 1( +
#HWARNING- THIS STRUC“? DXF IMPORT OF LINE PLAN.DXF -- PAGE No. 772 HWARNING- THIS STRUCT[? I
SYARNING* about Floor/t ™ #WARNING* about Floor/| = REQD. STEEL AREA 700.00 5q.mm.
SWARNING- NO MEMBERS WARNING- NO MEMBERS FEQD. CONCREIE RRZR:  E8800.00 Squmm-

MAIN REINFORCEMENT : Provide 4 - 16 dia. (0.52%, 804.25 Sg.mm.)
#WARNING: IF THIS UBC/IE HWARNING: IF THIS UBC/IE o
SYARNING - THERE WERE e SHWARNING - THERE WERE (Eaually distributed)

TIE REINFCRCEMENT : Provide 8 mm dia. rectangular ties @ 250 mm c/c
“HWARNING - INSTABILITY M25 Fed15 (Main) Fedl5 (Sec.) FHWARNING - INSTABILITY
s ARNING - INSTABILITY FHWARNING - INSTABILITY SECTION CAPACITY BASED ON REINFORCEMENT REQUIRED (ENS-MET)
#HWARNING - INSTABILITY LENGTH: 5432.5 mm SIZE: 230.0 mm X 700.0 mm  COVER: 40.0 mm FEWARNING - INSTABILITY
#HWARNING - INSTABILITY HHWARNING - INSTABILITY Puz : 1154.38 Muzl : 3171 Muyl : 21.56
#HWARNING - INSTABILITY FHWARNING - INSTABILITY
wRWARNING - INSTABILITY SUMMARY OF REINF. ARER (Sq.mm) SHVARNING - INSTABILITY INTERACTICN RATIC: 0.37 (as per Cl. 39.6, I5456:2000)
#HWARNING - INSTABILITY FHWARNING - INSTABILITY
ARNING - INSTABILT) SECTION 0.0 m 13568.1 m 2716.3 m 4074.4 m 5432.5 mn SVARNING - INSTABILITY SECTION CAPACITY BASED ON REINFORCEMENT DROVIDED (ENS-MET)
*WARNING - INSTABILITY ToR 308.56 308.56 308.56 308.56 308.56 "WARNING - INSTABILITY WORST LOAD CASE: 16
FAWARNING - INSTABILITY REINF. (5g. mm) (5g. mm) (8g. mm) (3g. mm) (3g. mm) *#WARNING - INSTABILITY END JOINT: 224 Puz : 1225.65 Muz : 52.58 Muy : 35.18  IR: 0.&7
#HWARNING - INSTABILITY FHWARNING - INSTABILITY
FAWARNING - INSTABILITY BOTTOM 308.56 308.56 308.56 308.56 308.56 FANARNING - INSTABILITY
“HWARNING - INSTABILITY REINF. (Sq. mm) (Sq. mm) (Sq. mm) (8q. mm) (8q. mm) FHWARNING - INSTABILITY
#HWARNING - INSTABILITY FEWARNING - INSTABILITY
“HWARNING - INSTABILITY FEWARNING - INSTABILITY
#HWARNING - INSTABILITY HHMARNING - INSTABILITY COLUMN NO. 388 DESIGN RESULTS
#WARNING - INSTABILITY SUMMARY OF PROVIDED REINE. AREA #HYARNING - INSTABILITY ‘
#HARNING - INSTABILIT #HWARNING - INSTABILIT ues TR fain) Tl (Sec
S WARNING - INSTABILT) SECTION 0.0 mm 1358.1 mm 2716.3 mm 4074.4 mm 5432.5 mm SYARNING - INSTARILIT
A ARNING - ISTABLLTY AARNING - INSTABILTY LENGTH: 2800.0 mm CROSS SECTION: 250.0 mm X 350.0 mm COVER: 40.0 mm

TOP 4-104 4-104 4-101 4-101 4-101
FHWARNING - INSTABILITY REINF. 1 layer(s) 1 layer(s) 1 layer(s) 1 layer(s) 1 layer(s) FHWARNING - INSTABILITY *¥% GUIDING LOAD CASE: 4 END JOINT: 42 SHORT COLUMN
#HWARNING - INSTABILITY FHMARNING - INSTABILITY
#HWARNING - INSTABILITY EOTTOM 4-101 4-101 4-101 4-101 4-101 FHWARNING - INSTABILITY
EWARNING - INSTABILITY REINF. 1 layer(s) 1 layer(s) 1 layer(s) 1 layer(s) 1 layer(s) AAMARNING - INSTABILITY REQD. STEEL RREL @ 700.00 8g.mm.
#ANARNING - INSTABILITY #HYWARNING - INSTABILITY REQD. CONCRETE AREA:  86800.00 Sq.mm.
sWARNING - INSTABILITY SHEAR 2 legged 81 2 legged 81 2 legged 81 2 legged 81 2 legged 81 SHYARNING - INSTABILITY MAIN REINFORCEMENT : Provide 4 - 16 dia. (0.92%, 804.25 Sg.mm.)
SWARNING - INSTABILITY REINF. @ 140mmec/c @ 140mmec/c @ 140 mm o/c @ 140 mm c/c @ 140 mm c/c S#HYARNING - INSTABILIT (Equally distributed)
SWARNING - INSTABILITY SSUWARNING - INSTABILITY TIE REINFORCEMENT : Provide 8 mm dia. rectangular ties @ 250 mm c/c
::x:g:;:g i:g:g:ﬁ DAGE 772 Ends Here iiixii:;:g i:gig;ﬁ SECTION CAPACITY BASED ON REINFORCEMENT REQUIRED (ENS-MET)
DXF IMPORT OF LINE PLAN.DXF -- PAGE No. 773

#HWARNING - INSTABILITY FHWARNING - INSTABILITY Puz :  1194.38  Muzl : 32.07  Mugl : 21.80
“HWARNING - INSTABILITY = FHWARNING - INSTABILITY =
{ ’II b 1 /II ) INTERACTION RATIO: 0.38 (as per Cl. 39.6, IS456:2000)

RESULTS OUTPUT FOR BAR COMBINATION RESULTS




Out put file of shear wall

File Edit View Help

|#|=|@|n

WARNING

WARNING : THE LOAD COM #
WARNING : THE LOAD COW
WARNING : THE STOREY DF
WARNING : THE STOREY DF
WARNING : THE LOAD CON
WARNING : THE LOAD COW
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD COW
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD COW
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE STOREY DF
WARNING : THE STOREY DF
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD COW
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD COW
WARNING : THE LOAD COW
WARNING : THE LOAD CON
WARNING : THE LOAD CON
WARNING : THE LOAD COW
WARNING : THE LOAD COW
WARNING : THE LOAD CON
WARNING : THE LOAD CON _
WARNING : THE LOAD CONﬂ
WARNING : THE LOAD CON =

4 »

DXF IMPORT OF LINE PLAN.DXF

PAGE 4804 Ends Here

-- PRGE NO. 4B05

SHEARWALL NO. : 1 DESIGN CODE : IS 456-2000
WIDTH : 1.80 M FC : 30.00 MPA
HEIGHT : 2.80 M FY : 415.00 MPA
THICKNESS : 150.00 MM CONC. COVER : 25.000 MM
EDGE ELEMENTS : MIN. REINFORCING RATIO :
WIDTH : 360.00 MM HORIZONTAL : 0.00200
THICKNESS : 150.00 MM VERTICAL : 0.00120

REINFORCING SUMMARY (REBAR SPACING/AREA UNITS: MM/MM*2

RESULTS

LEVEL GOV.LOAD  HORIZONTAL/ VERTICAL/ EDGE/
(M) NO. FOR (RATIO) / (RATIO)/ (RREL/RATIO
HOR./
VERT./
EDGE/
LINE HOR. LINE VER. LINE
-0.84 3/ 8 DIA @ 167.00/ 10 DIZ @ 33.75/ 3 NO3. 8 DI&/
14/ ( 0.00201) [ 0.01601) ( 150.855/ 0.00070)
3/

NOT REQUIRED

NOT REQUIRED

-0.56 3/ s oDIa§ 167.00/
14/ ( 0.00201)
3/

NOT REQUIRED

16 D12 @ 77.14/
( 0.01862)

NOT REQUIRED

3 Nos. & pIa/
( 150.855/ 0.00070)

-0.28 3/ 8 DIR @ 167.00/
14/ ( 0.00201)
3/

NOT REQUIRED

10 D12 @ 25.12/
( 0.02134)

NOT REQUIRED

3 NOS. 8 DIR/
( 150.855/ 0.00070)

NOTE :

ALL HEIGHTS ARE IN LOCAL COCRDINATE SYSTEM OF THE SURFACE.

NUMBER CF REINFORCING LAYERS IN EACH DIRECTICN : 1

Total Page: 4847 | [NUM|



Column design as per IS : 456:2000
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File Edit View Help
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|#]= @ nnee
—
WARNING
RESULTS

TOTAL APPLIED LOAD 3
TOTAL REACTION LOAD 3
TOTALAPPLIED LOAD 4
TOTALREACTION LOAD 4
TOTAL APPLIED LOAD 1
TOTAL REACTION LOAD 1
TOTALAPPLIED LOAD 2
TOTAL REACTION LOAD 2
CONCRETE DESIGN
ANALYSIS RESULTS
MEMBER FORCES ALL
SUPPORT REACTION ALL
STORY DRIFT
SHEARWALL DESIGN

SECTICN CAEACITY BASED CN REINFORCEMENT REQUIRED (ENS3-MET)

Puz : 1850.91  Muzl : 74.54  Muyl : 47.65

INTERACTICN RATIO: 0.%4 (as per Cl. 3%.6, IS456:2000)

PAGE 2208 Ends Here

DXF IMPORT OF LINE PLAN.DXF -- PRGE NO. 2209

COLUMN N O. 1578 DESIGN RESULTS

M25 Fe4l5 (Main) Fe4l5 (Sec.)

LENGTH: 4500.0 mm CRO3S SECTION: 200.0 mm ¥ 6€80.0 mm COVER: 40.0 mm

*% GUIDING LOAD CASE: 4 3HORT(2) /BRACED LONG(¥)

(]

REQD. STEEL ARER
REQD. CCNMCRETE ARERA:
MRIN REINFORCEMENT :

1632.00 Sqg.mm.
202368.00 Sqg.mm.
Provide 16 - 12 dia. (0.89%,
(Equally distributed)

1805.56 Sg.mm.)
TIE REINFORCEMENT

: Provide 8 mm dia. rectangular ties @ 190 mm c/c

SECTION CRPACITY BASED ON REINFORCEMENT REQUIRED (ENS-MET)

Puz : 2784.60 Muzl : 163.72  Muyl : 63.57

INTERACTICN BATIO: 0.44 (as per Cl. 39.6, I3456:2000)

COLUMN N 0. 1879 DESIGN RESULTS

M25 Fe4l5 (Main) Fed4l5 (Sec.)

LENGTH: 4500.0 mm CRO3S SECTION: 200.0 mm ¥ 350.0 mm COVER: 40.0 mm

Total Page: 4847 | [NUM|



File Edit View Help

Column design as per IS : 13920

&= @ a

WARNING

RESULTS

TOTAL APPLIED LOAD 3
TOTAL REACTION LOAD 3
TOTALAPPLIED LOAD 4
TOTALREACTION LOAD 4
TOTAL APPLIED LOAD 1
TOTALREACTION LOAD 1
TOTALAPPLIED LOAD 2
TOTAL REACTION LOAD 2
ANALYSIS RESULTS
MEMBER FORCES ALL
SUPPORT REACTION ALL
STORY DRIFT
SHEARWALL DESIGN
CONCRETE DESIGN

“**NOTE: SCME OF THE BEAMS CONNECTED TC THE COLUMN NO. 1978
ARE NOT DESIGNED. HENCE ONLY SHEARR FORCE FROM ANALYSIS
WILL BE CONSIDERED FOR SHEAR DESIGN.

CCLUMN N Q. 1578 DESIGN RESULTS
M25 Fe4l5 (Main) Fed4l5 (Sec.)
LENGTH: 4500.0 mm CRCSS SECTION: 300.0 mm X 680.0 mm CCVER: 40.0 mm

*% GUIDING LOAD CASE: 4 3HORT(2) /BRACED LONG(¥)

REQD. STEEL ARER H 1632.00 8q.mm.

REQD. CONCRETE AREA: 202368.00 Sqg.mm.

MAIN REINFCRCEMENT : Provide 16 - 12 dia. (0.89%, 1809.56 Sg.mm.)

(Equally distributed)

CONFINING REINFORCEMENT : Provide 10 mm dia. rectangular ties @ 75 mm c/c
over a length 750.0 mm from each joint face towards
midspan as per Cl. 7.4.6 of IS-13520.

4 number overlapping hoop along with crossties
are provided along Y direction.
(Clause 7.3.2 of IS8-13520)

TIE REINFORCEMENT : Provide 8 mm dia. rectangular ties @ 150 mm c/c

SECTICN CAPACITY BASED ON REINFORCEMENT REQUIRED (ENS-MET)

Puz : 2784.60 Muzl : 165.72 Muyl : 65.57

INTERACTICN BATIO: 0.44 (as per Cl. 39.6, I3456:2000)

PAGE 4869 Ends Here
DXF IMPCRT CF LINE PLAN.DXF -— PAGE NO. 4870

COLUMN N 0. 1879 DESIGN RESULTS

Total Page: 4870 | |NUM|
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