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. PROGRAM OUTCOMES:

B. TECH - PROGRAM OUTCOMES (POS)

PO-1

Apply the knowledge of mathematics, science, engineeringfundamentals, and an engineering
specialization to the solution of complex engineering problems (Engineering knowledge).

PO-2

Identify, formulate, review research literature, and analyze complexengineering problems reaching
substantiated conclusions using first principles of mathematics, natural sciences, and engineering
sciences (Problem analysis).

PO-3

Design solutions for complex engineering problems anddesign system components or processes that
meet the specified needs with appropriate consideration for the public health and safety, and the
cultural, societal, and environmental considerations (Design/development of solutions).

PO-4

Use research-based knowledge and researchmethods including design of experiments, analysis and
interpretation of data, and synthesis of the information to provide valid conclusions (Conduct
investigations of complex problems).

PO-5

Create, select, and apply appropriate techniques, resources, and modernengineering and IT tools
including prediction and modeling to complex engineering activities with an understanding of the
limitations (Modern tool usage).

PO-6

Apply reasoning informed by the contextual knowledge to assesssocietal, health, safety, legal and
cultural issues and the consequent responsibilities relevant to the professional engineering practice
(The engineer and society).

PO-7

Understand the impact of the professional engineering solutionsin societal and environmental
contexts, and demonstrate the knowledge of, and need for sustainable development (Environment
and sustainability).

PO-8

Apply ethical principles and commit to professional ethics and responsibilities and norms of the
engineering practice (Ethics).

PO-9

Function effectively as an individual, and as a member or leader indiverse teams, and in
multidisciplinary settings (Individual and team work).

PO-10

Communicate effectively on complex engineering activities with the engineeringcommunity and with
society at large, such as, being able to comprehend and write effective reports and design
documentation, make effective presentations, and give and receive clear instructions
(Communication).

PO-11

Demonstrate knowledge and understanding of theengineering and management principles and apply
these to one’s own work, as a member and leader in a team, to manage projects and in
multidisciplinary environments (Project management and finance).

PO-12

Recognize the need for, and have the preparation and ability to engage inindependent and life-long
learning in the broadest context of technological change (Life-long learning).




. PROGRAM SPECIFIC OUTCOMES

PROGRAM SPECIFIC OUTCOMES (PSO's)

PSO-1 Professional Skills: The ability to understand, analyze and develop computer programs in the areas
related to algorithms, system software, multimedia, web design, big data analytics, and networking
for efficient design of computer-based systems of varying complexity.

PSO-2 Problem-Solving Skills: The ability to apply standard practices and strategies in software project
development using open-ended programming environments to deliver a quality product for business
success.

PSO-3 Successful Career and Entrepreneurship: The ability to employ modern computer languages,
environments, and platforms in creating innovative career paths to be an entrepreneur, and a zest for
higher studies.




3. ATTAINMENT OF PROGRAM OUTCOMES AND PROGRAM SPECIFIC OUTCOMES:

Program
Program -
. Specific
S.No Experiment Outcomes
. Outcomes
Attained _
Attained
WEEK-I | Program using arrays and function for matrix multiplication PO-2,PO-3 PSO-1
PSO-1
Programs to draw bending moment and shear force diagrams ; -
WEEK-2 | oo J 9 PO-2,PO
graphicsin C 3
WEEK-3 Program for design of slab using excel PO-2
WEEK-4 | Program for design of beam using excel PO-3 PSO-1
) ) PO- PSO-1
WEEK-5 | Program for design of column using excel 3
) ) ) PO- PSO-1
WEEK-6 | Program for design of footing using excel 3
WEEK-7 | Analysis of Truss using STADD pro PO-2,PO-3 PSO-1
WEEK-8 | Analysis of Multistoried space frame using STADD pro PO-2,PO-3 PSO-1
WEEK-9 | Analysis of Bridge Deck Slab using STADD pro PO-2,PO-3 PSO-1




4. MAPPING COURSE OBJECTIVES LEADING TO THE ACHIEVEMENT OF PROGRAM

OUTCOMES:
Program Specific
Course Program Outcomes Outcomes
Objectives
POL | PO2 | PO3 | PO4 | POS | PO6 | PO7 | PO | POY | 7O | FO [T | PSOL | PSOZ1 PSQ
| VoA v v
. VY VA




5. SYLLABUS:

ADVANCED CAD LAB

Il Semester: M.Tech Structures
Course Code Category Hours / Week Credits| Maximum Marks
L T P C CIA | SEE | Total
AlIT101 Core
- - 3 2 30 70 100
Contact Classes: Nil | Tutorial Classes: Nil Practical Classes: 36 Total Classes: 36
OBJECTIVES:
The course should enable the students to:

Learn how to analyze a problem and design the solution for the problem.

I.  Analyze the different structural members and give efficient design for the structure

I. Strengthen the ability to identify and apply the suitable algorithm/program/design method for the
given real world problem.

LIST OF EXPERIMENTS

WEEK-1 | MATRIX MULTIPLICATION
Program using arrays and function for matrix multiplication
WEEK-2 | BENDING MOMENT AND SHEAR FORCE

Programs to

draw bending moment and shear force diagrams graphics in C

WEEK-3

DESIGN OF SLAB

Program for

design of slab using excel

WEEK-4

DESIGN OF BEAM

Program for

design of beam using excel

WEEK-5

DESIGN OF COLUMN

Program for

design of column using excel

WEEK-6

DESIGN OF FOOTING

Program for

design of footing using excel

WEEK-7

ANALYSIS OF TRUSS

Analysis of Truss using STADD pro

WEEK-8

ANALYSIS OF MULTISTORIED SPACE FRAME

Analysis of

Multistoried space frame using STADD pro
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WEEK-9 ANALYSIS OF BRIDGE DECK SLAB

Analysis of Bridge Deck Slab using STADD pro

Reference Books:

1.
2.

3.
4,

5.

Design & Construction of Multistoreyed Buildings- PWD Association — TamilNadu, Chepauk.
Structural Design of Multi-storeyed Buildings —Second edition U.H.Varyani-South Asian
Publishers, New Delhi

Learn Staad Pro- Rajendran, Design Tech, Civil Cadd centre,Coimbatore-641012

Hand book of Reinforced Concrete Design —V.L.Shah & S.R.Karve- Structures Publication,
Pune.

Microsoft excel 2013 Bible by John Walkenbanch

Web References:

1.

http://www.academia.edu/5782510/Bridge_Design_using_the_ STAAD.Pro_Beava AASHTO_C
ode

https://www.academia.edu/5108944/Seismic_analysis_of plan_irregular_multi-
storied_building_using_ STAAD_pro
http://onlinecivilforum.com/site/index.php/2016/10/23/rcc-design-excel-sheet/

SOFTWARE AND HARDWARE REQUIREMENTS FOR A BATCH OF 24 STUDENTS:

HARDWARE:
Desktop Computer Systems: 24 nos

SOFTWARE:
Application Software: STADD PRO



http://onlinecivilforum.com/site/index.php/2016/10/23/rcc-design-excel-sheet/

6. INDEX:

S.No Experiment Page No
1 MATRIX MULTIPLICATION 9
2 | BENDING MOMENT AND SHEAR FORCE 11
3 DESIGN OF SLAB 17
4 DESIGN OF BEAM 25
5 DESIGN OF COLUMN 31
6 DESIGN OF FOOTING 36
7 | ANALYSIS OF TRUSS 42
8 ANALYSIS OF MULTISTORIED SPACE FRAME 58
9 ANALYSIS OF BRIDGE DECK SLAB 62




WEEK-1

MATRIX MULTIPLICATION

AIM:

To write a program using arrays and function for matrix multiplication

Hardware & Software required:

Computer with specified configuration with installed C programming language software

ALGORITHM:

1. Start

2. Read the operator to be p

3 Using the switch statement for operator.
a) Case "*’: call mull()

4. Stop

Procudure for Multiplication of Matrices

1. Start

2. Read the value of two matrices using nested for loops

3. Display the two matrices using nested for loop

4. Then multiply two matrices using the following statement using nested
for loop c[i] [j] = c[i] [il + a[i] [p] *bIp][i]

5. Display the resultant matrix using nested for loops.

6. Stop

C Program for Multiplication of Matrices
/*to find product of two matrices*/

void findproduct(int a[][10],int b[][10],int r,int d,int )
{

int i,j,k;

int m[10][10];

for(i=0;i<r;i++)

for(j=0;j<c;j++)

{

m[i][i]=0;

for(k=0;k<d;k++)
r}n[i][i]=m[i][i]+a[i][k]*b[k][i];

pr- | ntf("\t**********************************\n") ’

printf("\tThe product of two matrixes is:\n");
pr-intf("\t**********************************\n") ’

printmatrix(m,r,c);

¥




INPUT: Enter the choice + or *
*

OUTPUT:

A=111B=100

111010

111001

Resultant Matrix is:

111

111

111
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WEEK-2

BENDING MOMENT AND SHEAR FORCE

AIM:

Programs to draw bending moment and shear force diagrams.

Hardware & Software required:

Computer with specified configuration with installed Microsoft Office
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Cantilever with Load W18 x50
at ary pctint
Effect of load P only IMPLIT
Load, P =|15000 Ios feet 18
Load location in inches, a =80 24 inches =] fest ™ 12
Seam span im fast, Lf =18 it = 215
Location in inches from free end, <« =120 24
AlSC Beam Section =W 18x50
Beam wsight per foot, w =350 Iosfft
Seam section modulus about x-x, Sx =108 im™3
Section 2nd moment of area about x-x, | =284 ™4
Modulus of elasticity, E =|28000000 losfim™2
Allowalkls tension/compression siress, Fa = 22000 losfim™2
CALCULATE
Beam span in inches, L= LF* 12
= 211G 24
Right support force, R = P
= 15000 Ios
Max beam shear force, W = - R
= -15000 Ios
k= (L - &)
= 13G 24
Moment at = if = = &, M=zl = - P%[x - &)
= 500000 im-lbs
Max moment. Mm = -F " b

Beam Deflection due to P only
Max beam deflection atx =0, Yy

Beam deflectiomatx < a, v

-20<0000 in-lbs

CALCULATE contimused
{P*bB"2/(E"E*I1}"{3"L - b)
o_830 in

(P 2B "E* 1" (3L - 3"= - b}

0.248 in Jx = a Mot OK
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Beam deflection at = = a,

Beam deflection at x = a,

Max allowable deflection

End Slopes dus to P only

Beam left end slop=. 9L

Beam right end slope,

=1

BB E)
0.441 in
(Pl - X" ZE"E" 113" - L + x)

0.252 in Jx = a OK
L/ 350
0500 in

CALCULATE continued
(PL*2) F (27E™1)

00123 radians

a

CASE-B CANTILEVER WEIGHT LOAD w LB/FT

Beam Shear & Moment Diagrams

=

¥ -
|
}-’1_- i
|

Cantilever

M=

with Umnifornrm Load

Effect of beam weight only

Total b=am weight. W
Right support force, Re

Plax be=am shear force, W

Beam shear force at =,

CALCULATE contimuead

we © LT

1080 Ibs
Wy

1020 Ibs
Rz

1080 Ibs
- (w12

-500 Ibs

12
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RMax beam moment. Mm =

Momesnt at =,

Effect of beam weight only

Beam deflection due to load w at =, yx

‘Max beam deflection dues to load w,

Pl 2

Yo

Rax allowable deflection

Effect of beam weight only
End Slopes

Seam l=ft end slops. 3L

Beam right end slop=, B8R

CASE-C CANTILEVER WEIGHT AND

SET = =L ABOVE FOR MAX MOMEMT

Total moment at = if x = a, Mx=

Moment stress at =,

Safety Factor at =,

Fx

SFx

- w12y L2 F 2

-116840 in-lhs
[ 12} 2 )
-ZE000 in-lhs

CALCULATE contimusd

e 12 W24 E (3L - 47LA3"x + xhd))

0.014 in
(Pwc 123 LA § (S"E™)
0.048 in

L f 350

0.8500 in

CALCULATE contimusd
a1 23} F (G"E™)
D.0002842 radians

o

0.o17

CONCENTRATED LOADS

M1 + W2

-538000 in-lbs I = a, OK |
Pl & S

5820 Ibsfint2

== _,' ::

.74 SFx = 2.00, oK

Total Cantilever Deflection due to beam weight and load P.

Principal of Superposition

WWithin the elastic limit the total deflection at a point in a beam is equal o the sum of the

deflections due to all of the apllied loading systems.

Total beam deflection at = if = < a, yy

Max beam deflection at free end. yowex =

RMax allowable deflection

Total Beam Slope at =
ot =

Total beam end slope (at x = 0],

13

W T ¥

0260 in Jx = a, OK |
Yuem F Wz

O.B77 in

Li & 380

D500 in

a_j_ + EB

D.01258 radians o.72




CASE-A CONTINUOUS BEAM PINNED WITH CONCENTRATED LOAD

Beam Shear & Moment Diagrams
Two Equal Spans
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|
Continuous Beam Pinned

Concentrated Load

Effect of load P only INPUT
Load, P =]5000
Load location in inches, a =100
Beam span in feet, LT =118
Load location from left support, x =120

Beam Section =W12x72
Beam weight per foot, w =72 Ibs/ft
Beam section modulus, Sx =]97.40 in*3
Section moment area about x-x, | =597 in*4

Modulus of elasticity, E =|25000000 Ibs/in®2

Allowable stress, Fa =]22000 Ibs/in™2
CALCULATE
Beam single span ininches, L= Lf* 12
= 216 in
b=L-a
=116 in
Left support force, Ry =Va, = (P*b / (4*L*3))(4*L"2 - a*(L + a))
= 2231 Ibs
Supportforce atx =L, Rz = - (P™a/ (2"L"3))(2"L"2 - b*(L + a))
= -1405 Ibs
Right support force, Ry = Va, = (P*b / (4*L*3))*(L + a)
=35 Ibs
Max moment at x =a, Mal = (P*a*b/(4"L*3))*(L + a))
= 223052 in-bs
Momentatx =L, Ma2 = - (P*a*b/ (4L 2))*(L + a)
= -98208 in-bs
Shear, Va2 = (Pa/ (4"L"3))"(4*"L"2 + b™(L + a))
= 2769 Ibs

15

feat 10
inches =} feet* 12
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CASE-B CONTINUOUS BEAM PINNED WITH DISTRIBUTED LOAD
Beam Shear & Moment Diagrams
Two Equal Spans
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Continuous Beam Pinned
Concentrated & Distributed Loads
CALCULATE continued
Case C = Case A+ Case B
Left support force, R; = Ve, = val + Vb1 feet 10 |
= 2798 Ibs inches =] feet ™ 12 |
Support force at x = L, Ry = Ve, = a2 + Vb2 = 120 |
= -2215 Ibs
Right support force, R3 = Vcs = Va3 + Vb3
= 86 Ibs
Case C = Case A+ Case B
Max moment at x = a, Ma = Ma1 + Mb1
= 249843 in-lbs
Moment at x =L, Maz2 = Ma2 + Mb2
= -115704 in-lbs




WEEK-3

DESIGN OF SLAB

AlIM:
To write a program for design of slab using excel.

HARDWARE & SOFTWARE REQUIRED:
Computer with specified configuration with installed Microsoft Office
PROCUDURE:

Manual Procudere:
Design of Slabs

*Reinforced concrete slabs are classified into
1. One way slabs

2. Two way slabs

3. Flat slabs

4. Flat plates

One way Slabs

*When slabs are supported on two opposite edges continuously or when the load transported in
one direction only on supporting the slab on four edges.

In one way slabs the direction in which loads are transmitted is called the span.

*One way slabs are usually made to span in the shorter direction since the corresponding bending
moments and shear forces are the least.

*Steel reinforcement is also provided in span direction.
*Reinforcement is also provided in the transverse direction to distribute any unevenness that may
occur in loading and for temperature and shrinkage effects in that direction. Such a steel is called

distribution reinforcement or secondary reinforcement.

*The main reinforcement is calculated based on the bending moment and should not be less than
the minimum specified by the code.

Loading on Slabs
17




*Loading on the slabs consist of

1. Dead weight of the slab

2. Dead weight of floor finishes

3. Weight of fixtures

4. Weight of partitions

5. Live load or imposed load

*Live load varies depending upon the use and types of building.

*For design purpose, live loads are considered as either acting on the full span or assumed to be
absent altogether in the span.

*In continuous slabs, these are so placed as to get the maximum bending moment and shear
effect in the structure.

In the design of slabs for other structures like bridges, the effect of partial loading of the slab
may have to be considered.

*According to IS:875, the loading on slabs for buildings are calculated as follows:
*Self weight at 25kN/m? for R.C.

*Finishes and portions at 1.5kN/m?

*Characteristic imposed loads, depending upon the type of building.

*For roofs = 1.5kN/m?2 with access
= 0.75kN/m?2 without access

*For floors = 2.0 kN/m 2 for residential floors
= 3.0 kN/m? for office floors
Arrangement of Loading

*In buildings, the live load is arranged to get critical values of bending moments and shear
forces.

*To get the maximum sagging moment, the alternative should be loaded with live loads.

*To get the maximum hogging moment, alternative adjacent spans should be loaded with live
load.

18




*If'the live load is less than three fourth of dead load, then all spans are loaded with live loads, in
addition to dead loads. [i.e. DL>1.33LL]

Analysis of Slabs spanning in one way under udl

*One way slabs are analyzed as beams of unit width.

*IS: 456 allows use of simple coefficient for calculation of moments and forces for continuous
beams and slabs of uniform loading with more or less equal spans and continuous, if the

difference in span are not more than 15 percent of the larger of the spans.

*For obtaining the bending moment, the coefficient shall be multiplied by the total load and
effective span.

*For shear force, the coefficient shall be multiplied by the design load.
Design for shear in slabs

*While designing slabs, thickness is so chosen that the shear can be resisted by concrete itself,
and slab does not need extra shear reinforcements.

In extreme cases, where thickness tends to be very large that shear reinforcements are allowed
to be used for slabs.

*When the slab thickness is less than 300mm, the slabs show increased shear strength.
*Enhanced shear is equal to ktc, where “k” is called the shear strength enhancement factor.

Table 14: Shear Enhancement Factors

*K varies from 1.30 for 150mm or less to 1.0 for slabs of thickness 300mm or more.
1
400 |*
|22 {ﬂ} <1.0
d d

Design of Slabs
According to IS: 456

1.No shear reinforcement should be provided if D <200m
2.Design slabs without extra shear reinforcement.

3. If D > 200mm, spacing of shear reinforcement can be increased to “d” instead of “0.75d” as in
beams.

4. Maximum shear should not be more than that prescribed in 1S:456.
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5. Spacing for bars in slab for main reinforcement
1.3d or 2.300mm whichever is smaller
6. Spacing of bars in slab for secondary steel

1.5d or 2.450mm whichever is smaller

1. Minimum cover to the steel in slabs is 20mm.
2. Minimum distribution steel is 0.15% of bD for MS and 0.12% of bD for HYSD.
3. Diameter of reinforcing bars shall not exceed one eight the total thickness.

4. Basic effective span—to—depth ratios is applicable to slabs also.

5. M, = f.A, = (leverarm) is useful for calculating the required area of steel reinforcement.

Design of One Way Slabs

1. Assume depth based on deflection and percent steel.

2. Determine maximum BM assuming one meter width and effective span.

3. Determine effective depth of slab from Mu= kfckbd2 and b = 1000mm, find D =d + Cover.
4. Check slab depth for shear

5. Determine depth for satisfying all requirements and determine steel required for the moment.
6. Check for minimum distribution steel.

7. Select a suitable diameter of main reinforcement and determine its spacing.

Moments in Two way Restrained Slabs with Corners Held Down
Analysis by Coefficients

*Restrained slabs are defined in codes as those slabs which are cast integral with RC frames and
which are not free to lift up at the corners.

*These slabs may be continuous or discontinuous at the edges. Those which are discontinuous at
edges are also referred to be simply supported.

*Coefficients specified in 1S:456-2000, Table 26 in Annexure D can be used for analysis of such
slabs.

Moments in Two way Restrained Slabs with Corners Held Down
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Analysis by Coefficients

*Conditions to be satisfied for use of these coefficients are:
1.Loading on adjacent spans should be the same

2.Span in each direction should be approximately equal.

*The span moment per unit width and the negative moments at continuous edges for the slabs are
calculated from the equations in terms of “Ix”,

M, =awl
for short span

M, = a'waf
for longer span

Design of Two-way Slabs

*Restrained two way slab is divided into middle strip and edge strips. Middle strip is forming
three-fourth of slab width in width directions.

*Torsion steel must be provided at discontinuous edges as specified in code.

«Coefficients are given in Table 26 of IS: 456-2000. These coefficients are derived from the
yield line theory of slabs.

*Table given for coefficients is applicable for slabs carrying uniformly distributed loads not for
concentrated loads, for which analysis should be done, separately.

*Span moments/edge moments per unit width are calculated by determining ratio of “ly” and
“Ix” and for different edge conditions.

Coefficients for Moments

*Slabs restrained against corners lifted up

e ba+2n, +1.5n,]
= 1000

end = Number of discontinuous edges = 0,1,2,3 and 4.

m+:3[3—.J13m; €, +C,) 1

9 r (o +Crz)2
« C =1.0foradiscontinuous edge

=(7/3) for continuous edge

“1’9

*Subscripts “s” and “I1” denote “short edge” and “long edge”
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*Subscripts “1” and “2” represent two edges in short and longer direction
Important Design Issues from Table 26
1.Edge moments of continuous supports are 1.33 times the span moments.

2.Long span moment coefficient”ay” is a constant for given end conditions of slab, irrespective
of the span ratios.

3.Short span coefficient varies sharply with variation of the ratio of spans

4.While using Table 26 for a series of slabs, moments calculated at an interior support will
sometimes be different on two sides of that support because of the differences in continuity
condition of slabs on opposite sides of support.

Arrangement of Reinforcements

*While using design of two-way slabs with the help of coefficients, restrained slabs are
considered to be divided into middle and edge strips.

*Moments given in Table 26 apply only to middle strips, and no further redistribution is allowed
for these moments.

*Edge strips have to be reinforced only with nominal minimum steel for crack control.
Arrangement of Reinforcements

*Middle strip should have steel (+ve and —ve ) calculated for various sections. In edge strips ,
steel is placed as positive steel at the bottom of slab.

*Negative moments may be experienced at discontinuous edges since, in practice, they are not
supported on rollers but partially restrained at their ends. The magnitude of this moment depends
on the degree of fixity at the edge of the slab and is intermediate.

Arrangement of Reinforcement

*Usual practice is to provide at these edges top reinforcement for negative moment equal to

As per 1S:456.2000, 50 percent of the steel provided at mid span should be extended along these
edges, and the negative steel has to extend into the span 0.1 times the span length from the face
of the beam.

Design of Two-way Slabs

*The slab thickness should be calculated based on the greater value of the negative B.M on the
short span.

Mu — K.f.'ckbd 2

Hence
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*Total thickness = d (short) + 0.5 + cover

*Total thickness = d (long) + 0.5 + @ + cover

The slab should satisfy span/effective depth ratio to control deflection.
—Simply supported = 28
—Continuous =32

*Depth of slab selected from deflection criterion will be generally greater than the minimum
required from strength criterion.

*Short span steel will be placed in the lower layer.

Restrained moments are obtained for the middle strips only. The reinforcement is distributed
uniformly in the middle strips.

*Each direction is to be provided only with the minimum reinforcement placed at the bottom of
the slabs. In addition, corner steel reinforcement should be provided at the discontinuous edges.
Corner reinforcement consists of two mats, are placed on the top and the other at the bottom of
the slab, with each mat having steel in both x and y directions.

*Where the slab is discontinuous on both sides of a corner, fall torsion steel has to be provided.

The area of the full torsion reinforcement per unit width in each of the four layer should be as
follows.

*(Area of full corner steel ) = [3/4][Area required for the maximum span per unit width in each
of four layers]

*These steels are to be provided for a distance of one-fifth the short span .

Based on the Manual Procudere, excel sheet should be designed
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Design of Slab in EXCEL

SlabNo. [ ] Total No.of Slab [ 1 ]

—

=

" - d - =

LDl" L . . . . Il
e 20 mm CLEAR _r D= 150 |mm
COVWER
YEle [T YHe [
200 L=[ 5000 Jmm X B=[ 4000 [mm 200 |imm

&
¥
&
¥
&
¥

One way | Two way Slab

Project :-
Name of work :-

T . Dia of | Mos. of | Length of bar| Wt. Of bar Cluantity In
Na. Discription bar in Bar in mm Ko/t Kg
1 |Main steel ] 28 5470 0.395 60.50
2 |Distribution Steel ] 26 4470 0.395 4591
3 |End Support Main steel (Top) 10 24 3120 0.617 46.20
10 30 3120 0.617 5775
[Total Cluantity of steel Dia of Kg. Cuantitity of all
Bar beams (Kg)
] 106.405 106.4051
10 103.952 | 103.95216
12 0 0
16 0 ]
20 0 i
25 0 ]
32 0 i
Total | 210357 21035726
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AIM:

WEEK-4

DESIGN OF BEAM

To write a program for design of beam using excel.

HARDWARE & SOFTWARE REQUIRED:

Computer with specified configuration with installed Microsoft Office

PROCUDURE:
Manual Procudere:
DESIGN FOR BEAM

U RCC beam is subjected to bending moments and shear.

U Due to the vertical external load, bending compresses the top fibers of the beam and

elongates the bottom fibers.

O The strength of the RCC beam depends upon the composite action of concrete and

steel.

WORKING STRESS METHOD

The Stresses in an element is obtained from the working loads and compared with
permissible stresses.

The method follows linear stress-strain behavior of both the materials.
Modular ratio can be used to determine allowable stresses.

Material capabilities are under estimated to large extent. Factor of safety are used in
working stress method.

The member is considered as working stress.
Ultimate load carrying capacity cannot be predicted accurately.

The main drawback of this method is that it results in an uneconomical section

LIMIT STATE METHOD

The stresses are obtained from design loads and compared with design strength.
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* In this method, it follows linear strain relationship but not linear stress relationship (one
of the major difference between the two methods of design).

« The ultimate stresses of materials itself are used as allowable stresses.

» The material capabilities are not under estimated as much as they are in working stress
method. Partial safety factors are used in limit state method.

LOAD ACTING ON A STRUCTURE
DEAD LOAD:

®,

% DEAD Load is self-weight of the various components in the building.

LIVE LOAD:
% LIVE Load is the external superimposed load on a structure.

Uniformly distributed load.

>
» Uniformly varying load.
» Concentrated load.

>

Arbitrary load.

Beam Beam
wWwall wali wwal wWwall

(i) CONCENTRATED LOAD (i) U.D.L.

Beam Beam
%Wau wail % Z/g‘ Vwail . \:vall %

(iii) UNIFORNMLY VARYING LOAD (iv) ARBITRARY LOADING
FiG. 8

o i i, b, il N N il i dot il Vo VLAY

TYPES OF BEAMS
O Simply Supported Beam.

Fixed Beam.
Cantilever Beam.

Continuous Beam.

o O 0O O

Overhanging Beam.
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U Cantilever, Simply supported beam

| . =

(a) Cantilever (b) Simply supported
== = e
(c) Overhanging (d) continuous
= ] [ =
() Fixed ended (f) Cantilever, simply supported

SIMPLY SUPPORTED BEAM
O Itis a beam that is freely supported at two ends on walls or columns.

O Inactual practice no beam rests freely on the supports ( columns or walls)

—
i e

.-/-F).-
i

3 -
e
- - r
i i
o s ""r’
it
- L -

- e

FIXED BEAM
O In this beam both ends of the beam are rigidly fixed into the supports.

O Main reinforcement bars and stirrups are also provided

= fixed end 7
}3 beam E}"i

CANTILEVER BEAM:
O One end of the beam is fixed to wall or column and the other end is free.

U It has tension on top and compression on bottom
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CONTINIOUS BEAM

O A continuous beam is a statically indeterminate multi span beam on hinged support.

The end spans may be cantilever, may be freely supported or fixed supported. At least
one of the supports of a continuous beam must be able to develop a reaction along
the beam axis.

OVERHANGING BEAM:
In overhanging beam its end extends beyond column or wall support.

Overhanging of the beam is the unsupported portion of the beam, it may be on side or
both the sides.

L
Ry . {tﬂs N

T. a

TYPES OF RCC BEAMS:
SINGLY REINFORCED BEAM:

Singly reinforcement beam have steel provided only one side tension an another side
compression. tension takes steel load or tensile load and compression takes concrete or
compressive load.

DOUBLY REINFORCED BEAM
Doubly reinforced sections contain reinforcement both at the tension and at the

compression face, usually at the support section only
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Beam Design

Beam Data
width
depth
clear cover to main

Material Grades
Concrete
Steel

200 mm
600 mm o
15 mm eff depth
20 MPa
415 MPa
Moment| 123 KN-m Mu/bd®
AKUmax
Mulim
Mulim/bad*

Beam is designed as Singly Reinforced Beam

Area of Steel Tension (Ast)  Compr (Asc)
Percentage 0613 % e
Area of Steel 6592 sgmm

Tension Reinforcement

Type Bar dia Nos Area of Steel
Layer 1 25 mm 2 982 sqmm
Layer 2 16 mm 2 402 sgmm
Layer 3 - 2

Total Steel Provided 1384 sgmm

Compression Reinforcement

Provided Steel OK

Type Bar dia MNos Area of Steel
Layer 1 12 mm 2
Layer 2 -
Layer 3

Total Steel Provided

36 mm = cc+ sdia + mdia/2
865 mm =d-d
1.93
270 = (7001400 *(0.87 *fy)) *d
176 = 0.36%ck*bryumax*{d-(0.42*xumax))
276

Refer Table 2 SP 16 pg 48

1.226 %

#VALUE!

Shear Force (Vu)
1.771 .
ic 0.562 r Table 61 SP 16 pg 17! or
{emax 28 Refer Table J SP 16 pg 175
Type Bar Dia Nos Area of Steel
Layer 1 16 mm 2 402 sgmm
Layer 2 12 mm E 452 sgmm
Layer 3 -
Total Steel Provided 855 sgmm

Sectional Dimensions OK
Shear Reinforcements required

Type of stirrup 2 legged
Stirrup diameter 8 mm
Spacing 150 cic

=(0.65 * V(0.8*fck) *V(1+5B) -1)) / (6B )

0.757 %
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Steel Calculation

=rade Check
7.1
SRB DRE
a 0.75 =(0.87435/100) * (fiwfck)~ a 075  |.=(0.87425900) * (finfck) "
b -3E11 ={0.87/100) * (fix) b 3611 [.=0.87A00) * (Rl
c 1530 =Mubd® c 2762 |.=Mulimibd®
-p 0.613 = (b &d(b*-4ac))/2a -g 0955 |[.=-{bxiib 4ac))i2a
Ast Bo2 =(p*hl) 100 Aztlimn 1075 [.={p"b /100
Muz2 -52 =M - Mulim
Ast? S2TE | =Mu2i0.87 ) a-dl)
Ast 81 =Astim+Ast2
d'id 0.10
fac 303 Refer Table FSP 16 pg 13
feo 802 | .=0466%ck
Asc -291 =Mu2dfec-foc)*(d-a’))
Min steel % 0.205 =0 B5% / fy
Ast GEH
Asc =291
Min Steel 231 =(0.85*b*d) / fr
Max Stesl 4516 =0, 04%h*d)
Ast GEH
Asc
Shear Calculations
Pt provided 0757 ={As*T00MTbd
Pe provided ={Asc*{00){b*d)
B 3.068 =05 ck)6.89*PF)
Shear Capacity of Concrete (Ws) 63 =Lethtd
Shear Stg to be caried by Stirmup (Vus) 137 =Vu-Ve
Spacing i @
actual reg 150 ={Asv 08Tl Vus 55
rin 454 =(Asv*0. 87 b0 4) & S
max 423 =0.75d R
M 300 =200mm =2
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WEEK-5

DESIGN OF COLUMN

AIM:

To write a program for design of Column using excel.

HARDWARE & SOFTWARE REQUIRED:

Computer with specified configuration with installed Microsoft Office

PROCUDURE:
Manual Procudere:

Design of column

Reinforced Concrete Columns

A column is a very important component in a structure. It is like the legs on which a structure
stands. It is designed to resist axial and lateral forces and transfer them safely to the footings in

the ground.

You can manually calculate the superimposed loads on a column in a structure using a simple
process outlined in this linked article. You might also like this RCC Column design app which

can then be used to calculate longitudinal steel reinforcement in a column for a given axial load.

Columns support floors in a structure. Slabs and beams transfer the stresses to the columns. So, it

is important to design strong columns.
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3mm diameter lateral
tTlese 192mmc/C

Section

| ———— 4—12mm diome ter

o bars
= Bmm diameter lateral
Tiese 192mmc/cC

Plan

Reinforced Cement Concrete Column Plan and Section

A column is defined as a compression member, the effective length of which
exceeds three times the least lateral dimension. Compression members whose
lengths do not exceed three times the least lateral dimension may be made of

plain concrete.

The axial load carrying capacity of a column is deduced from the formula

P.=0.4 fx Ac +0.67 fy Asc as per 1S 456-2000.

Please see the link for formulas to calculate axial loads in columns. | would recommend using
advanced structural design software like ETabs or Staad Pro for design of structures. Column
design does not depend only on axial loads, but also on many other factors. There are bending
moments and tortional forces induced due to beam spans, wind loads, seismic loads, point loads

and many other factors.

In this article, we are going to discuss in detail the basis of classification of columns and

different types of reinforcement required for a certain type of column.

A column may be classified based on different criteria such as:
1. Based on shape

e Rectangle
e Square

e Circular

e Polygon

2. Based on slenderness ratio
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http://www.civilprojectsonline.com/wp-content/uploads/2010/05/column.jpg

The ratio of the effective length of a column to the least radius of gyration of its cross section is
called the slenderness ratio.

e Short RCC column, =< 10

e Long RCC column, > 10

e Short Steel column, =<50

e Intermediate Steel column >50 & <200

e Long Steel column >200
3. Based on type of loading

e Axially loaded column
e A column subjected to axial load and unaxial bending

e A column subjected to axial load and biaxial bending
4. Based on pattern of lateral reinforcement

e Tied RCC columns
e Spiral RCC columns
Minimum eccentricity

Emin > 1/500 + D/30 >20

Where, | = unsupported length of column in ‘mm’

D = lateral dimensions of column

Types of Reinforcements for columns and their requirements
Longitudinal Reinforcement

e Minimum area of cross-section of longitudinal bars must be atleast 0.8% of gross section
area of the column.

e Maximum area of cross-section of longitudinal bars must not exceed 6% of the gross cross-
section area of the column.

e The bars should not be less than 12mm in diameter.

e Minimum number of longitudinal bars must be four in rectangular column and 6 in circular
column.

e Spacing of longitudinal bars measures along the periphery of a column should not exceed
300mm.

Transverse reinforcement
e It may be in the form of lateral ties or spirals.
 The diameter of the lateral ties should not be less than 1/4™ of the diameter of the largest
longitudinal bar and in no case less than 6mm.

The pitch of lateral ties should not exceed
o Least lateral dimension
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e 16 x diameter of longitudinal bars (small)

e 300mm
Helical Reinforcement

The diameter of helical bars should not be less than 1/4™ the diameter of largest longitudinal and
not less than 6mm.

The pitch should not exceed (if helical reinforcement is allowed);

° 75mm
1/6" of the core diameter of the column
Pitch should not be less than,
e 25mm
e 3 x diameter of helical bar

Pitch should not exceed (if helical reinforcement is not allowed)

Least lateral dimension
e 16 x diameter of longitudinal bar (smaller)

e 300mm
Conspany”s Mame: Consultamts |[Fob e ABC/I001
artmentTivil Enginesring "I)eslgn v LIV
Clhernst- || 17-Mdar17
Project: |[FPage ¥ 101

SPREADSHEET oF DESIGHN OF RECTANGULAR COLUMNMN SECTION BY LIMIT STATE METHOD
for AXLAL COMPRESSIWVE LOAD & BlAXIAL BEMNDING MOMENTS, INCLLIDIMNG
SLENDERMNMESS EFFECT, AS PER 1S:456-2000

Calculstes ranse of safie loads fior a Column Section with sfven Concrete srade and Reinfosrcement

and checks a ef the section for the dven loads.

Colummn DimseassioTs:

Breadth, &' = 230 |

Diapth, T = 450 | momo

Concrete Grade = B zs - T b,

Tield Strength of Steel, fir = 415 - B’ bl

Dietails of Reinforcement: T x

IMHamsater of bars = 20 |

MNo. of bars omn 230 mon face = 2

Mo of bars on 450 mon facre = 5 W

Total mumber of bars — 10 COTUNN SECTIOMNM

Total &, = 3142 JR— (Delao. nos. of bar ﬂ_‘.‘l.a‘l:-r.a.‘l:l.be

Parcentame of Reinforcement — 3 035 = 4% O K o in e sectonateach

Applied Ttincate Loads (Ses feuras on maxy pasal Effectve Lengsth Unsuppoated Column Type

Col. [Asdal T.oad|Inirial Meovent B4, o (ko) Fritial Meormment B, (Moo L, () | L, (m) Langth I (o) Braced or
Mk Pu D B s ee oo M o+ oy I"'I-u_q.:' i< o 3| Mhunn v cnb Unbraced
1 350 £V 1.31°7 [T 0258 3 000 3000 3000 | Braced -
2 4] L+] 0 L] a O LR L] LR B L] | Braces -
3 0] [+] a o L4} LD LeRCain L] DD | Braced -
4 o] [+] a o o LD D000 000D | Braces -
5 0] [+] Q o] Q LD D000 0.0 | Braced -
L o L4} o ] Lo} 000 D000 O | Braced -
[ary 4] L+] 0 L] a O LR L] LR B L] _unbraced -
CE o L#] 0 L] a OO0 LER ] L L] | Braces -
L= 4] L+] 0 L] a O LR L] LR ] | Unbraced -
10 0] [+] Q o] Q LD D000 0.0 Braces -

[Mote: * ar Ml we Mo indicares moment is +we for single carvarnre bending, and —we for double corvanare bending.
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Company’s Mame ||I_i"|_E_E Consultants [Fob B | ABC/ 1001
DrepartmenitCivil Enginesring ":Iesa'g:l. bv: || LERTY
Clisn | | I 17-Mar-17
Project: | |[Paze 2o, I C/102
P:‘L-‘ M, or ’I" Inimial hMoments WL & b,
Mlpn L
4 l{uwi-:'}"{unl 1_t
’ //"" N\ Addn Moments B & B
Dieflacted Fe pf duoe to slendemess
" shape lll"-.:",
At Ry
L - =
Sinsle Curvature Double curirasums LUonbraced Elende-r Colummn
{Colomn with side swaw)
Braced Slender Columm
For calenlanens of Final Design Momenrs, see worlkshesr on "Slenderness efifl =
Summary of Resulis:
o Final Desizn Moments | Peromssibls Moosemnts }-{a.‘.'_. TE:IE.I]_E Sj?ii [ﬁ]z' _[ﬂ_ﬁ'
Ceol. |Axial Load in Steel (IWoam™) || Bfua Bluyps Status
bk (kI R KN | DL (kDo) | B (EMma) | B (Do £, - 1o b less thizm 1.0
1 350 30000 13 40 15074 G052 IZ1 03 | 27075 2 183 Revize Secnon
-2 a 0.0 LERL 141 0 | 3809 | 345 .23 000D Secoon O EL
3 0 0.0 LER L 141 .05 3809 | 345 .23 000D Secoon O FL
4 a 0.0 LER 141 03 3409 | 345 .43 000D Secoon O E
5 a 0.0 LERL 141 0 3809 | 345 .23 000D Secoon O E
s a 0.0 LER L 141 .05 3809 | 345 23 000D Secoon O FL
7 0 D 0.0 14008 3509 | 345 .43 0000 Secion L ED
8 a 0.0 LER 141 .0 3809 | 345 .43 000D Secton O EL
S a 0.0 LERL 141 .0 3809 | 345 4% 000 Secoon O F
140 0 D 0.0 14008 3509 | 345 .43 0000 Secion L ED

See Charts for range aof permissible values of Pu with M ,.; and M, o

35




WEEK-6

DESIGN OF FOOTING

AlM:
To write a program for design of Footing using excel.

HARDWARE & SOFTWARE REQUIRED:

Computer with specified configuration with installed Microsoft Office

Reinforced Concrete Footings

Footing comprises of the lower end of a column, pillar or wall which i enlarged with projecting courses
S0 as to distribute load.

Footings shall be designed to sustain the applied loads, moments and forces and the induced
reactions and to ensure that any settlement which may occur shall be as uniform as possible and
the safe bearing capacity of soil is not exceeded.

In sloped or stepped footings, the effective cross-section in compression shall be limited by the
area above the neutral plane, and the angle of slope or depth and location of steps should be such
that the design requirements are satisfied at every section.

Design Procedure of Column Footings | Foundation Design

Here is a step-by-step guide to Column Footing Design:

"

omm dia bar< @ _<xaremc <

T6mm dia bars @ . X<ammcc

1T6mm dia bar< & XxXsrmmocc

700mn
[

Plan

36
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http://en.wikipedia.org/wiki/Column

Step 1

Area required for footing

Square = B = (w+w1)/P0

Where, Po = safe bearing capacity of soil
w1l = self weight of footing

w = self weight of footing

For Rectangle = b/d = B/D

A=Dbxd

Net upward pressure on the footing

a/p = W/IA

Step 2

Bending Moment

Critical section for maximum bending_moment is taken at the face of the column
For a square footing,

M, = g x B/8 (L — a)?

My = q X L/8 (B — b)?

M,y = q X B/8 (L —a)°

Step 3

To fix the depth of the footing shall be greater of the following:
Depth from bending moment consideration
d = V(M/Qb)

where, Q = moment of required factor
Depth from shear consideration

Check for one way shear

Check for two way shear or punching shear
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Critical shear for one way shear is considered at a distance ‘d’ from face of the column.
Shear force, V =qB [ (B — b) d]

Nominal shear stress, Ty=k . T,

Te= 0.16Vfck

Step 4

Check for two way shear

Critical section for two way shear is considered at a distance at a distance d/2 from all the faces
of the column.

SF,V=q[B?—(b+d)j]

SF,V=q[LxB-(a+d)b+d)]

Nominal shear stress, Ty= V/2((a+d)(b+d)d) —— {for a rectangle
v= V/4((b+d)d) —— {for a square

w=k. T

k=05+p>1 ; [Beta = ratio of sides of the column
Te= 0.16Vfck

Area of steel, Ast = M/((o)stjd)
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ISOLATED FOOTING WITH BIAXIAL MOMENT

CALCULATION FOR BOTTOM STEEL

Mu about X1 X1 = { pe max x length®/2)= 90.27 KN-m per meter
- Mulimit = 450.81 KM-m per meter
A= 0.5f 1— 11— 4.6M, bd The section is singly reinforced
Nz V' Fabd?
Hence, Ast = 640.194 mm*
Min Ast = 484.800 mm* (0.12 % for slab, ¢l 26.5.2.1)
Spacing required = 176.66 mm (considering max of above two calculated values of Ast)
Spacing provided= [ 150[mm
pt provided = 0.19 %
pt reguired = 0.16 %
provide a maximum : 0.19 %

Hence provide 12 mm dia bar @ 150 mm c/c parellel to length of focting ( || to Z)

Mu about N1 N1 = { pe max x length?/2)= 93.30 KN-m per meter

Calc. Ast = 662.496 mm? The section is singly reinforced

Min Ast = 484.8 mm? (0.12 % for slab, ¢l 26.5.2.1)

Spacing = 170.71 mm (considering max of above two calculated values of Ast)
Spacing provided = rnm

pt provided = 0.19 %

pt reguired = 0.16 %

provide a maximunm : 0.19 %

Hence provide 12 mm dia bar @ 150 mm c/c parellel to breadth of footing ( || to X)
IArrangemenl of bottom reinforcement as per above design is shown below

— 12 mm dia bar @ 150 mm c/c

./ k'

.J— 12 mm dia bar @ 150 fnm c/c

1 1
r
™ »l -
[ Footing Length 1650 mm | Breadth 1450 mm
| Sec 11 |
45 230
634
L1] X1 X —
! b
| !
a E
R —
z_|__ - - 4 1z
N1 _i . | v B I T
_i a l_ — e — . a a___ |
] L.
2 . i 7}
I P! r
196 : X
| L1 Breadth 1450 mm
- 854 *| »
Footing Length 1650 mm 206
PLAN
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CHECK FOR ONE WAY SHEAR :

One way shear at critical section L1- L1

Distance of critical sec. from edge of footing =

Shear force Vs =pe max x 0,196 x Tm width of footing =
Shear stress 7= ¥s/bd = 0.243 N/mm*

T.= 0.32 N/mm*

=]

tv = tc hence Q.K.

One way shear at critical section L2- L2

Distance of crtical sec. from edge of footing =

Shear force Vs =pe max x 0.206 x Tm width of footing =
Shear stress 7= Wslbd = 0.256 Nimm*
Te = 0.32 N/mm=

L
tv < tc hence O.K.

CHECK FOR TWO WAY SHEAR
Ref. ¢l 34.2.4 and cl.31.6.3 of IS 456 - 2000

Allowable shear stress 7, Jjiowatie = k7o
ke={05+blc)= 1011111111 =1
Hence, k.= 1

Te= 0.25 (fck)™” = 1.118033989 N/mm*
Ty slowsble = Ks X 1o = 1.118033989 N/mm*

Shear force Vs=501476(1.65x145-0854x0634)=

Length of crtical section = 2 x ( 854 + 634) =
Area of the critical section (length of critical secxeff. d ) =
Hence shear stress 1, = 0.772 N/mm*

tv < allowable hence O.K.

0.196 m
98.289 KN

0.206 m
103.304 KN

928.26 KN
2976 mm

1202304 mm?*

1 Footing Size Design
Load Pu 1500 KN
Design Load P 1100 KN
Moment in x dir Mux 30 KN-m
Moment in y dir Muy 30 KN-m
Column size cX 450 mm
cy 450 mm
SBC q 150 KN/sgm
Footing Size required Areq 7 33 sgmm
. . L 3.30 meters
Footing Size Provided B 2.40 meters
Area Provided A prvd 7.92 meters
Zx 317
Zx 4.36
Net upward pressure Nup 150 KNm2

Footing Size OK
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450

o o
B= 2.40 meters i+l
/‘ )
e T £
o .~ E
L e 2
. - e D
Ll ) J
250 mmy), | * \® - —= . . 7

—=> 16 mmdia @ 125 mm cic

1
|—) 16 mm dia @ 125 mm cic
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WEEK-7

ANALYSIS OF TRUSS

AlIM:
To determine the Analysis of Truss using STADD pro

APPARATUS:
STADD pro software, compute,

PROCEDURE:

Entering Job information.

Truss model geometry

Defining member properties ,sections
Assigning Loads(Load Cases and combination)

Defining Pre-Analysis Print out, analysis type and Post-Analysis print out

I e

Defining Design Requirements

How to Start Staad Pro

The Pic below shows how to start Staad Pro

B STAAD,Pro 2004 4 .a Section Wizard ’
5 Startup » (3 sTAAD.etc »
2 Structural Office » (5 STAAD.foundation 8
2 Volo Yiew Expeess » (2} STAAD.Pro 2004 Learning Resources  »
& Winamp » 2B Mesher

2 Yahoo! P 3 OpenSTAAD Reference Documentation
50 FREE MP3s fromeMusk!  B° REID Application Assistant

1= Adobe Reader 6.0 %] Revison History

& Internet Explorer F STAAD.Pro Oniine Documentation

3 s 70
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In New File select

1. Truss

2. Units (here KN and mm in this example)

wWhere do you ssant to 9o 7

] ~dc8eam
0 Ads Pisee
) Ads Sokd
] Open Stucture Wioad
] Opon: STAAD E ditoe

~

For a pew file, select the

vpe of structure vou want

| to solve. Here select truss

| ype

| Select from bere the umits,
i thar we will deal with.

| Assume that we bave nun,

| kN

= I

<1

j

Provede
(Defore Dushdey yous

+ Deplay thes dalog box at the Stanup

<Back | Fren |

rioemation abau the b [Le chent's name., Kb Me. engnes:s rrvoived. et |

Cancel |

Heo |

The staad Graphical interface will appear as shown in below picture
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Building Model (structure) Geometry

e Defining Truss Geometry

One of the methods that you can construction lines and then draw on these lines the truss members

Noting that the no. of construction lines is excluding Ist line..
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After clicking Snap Node/Beam ,use the mouse and connect between nodes created at the intersections of

construction lines
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Node and beam labels are a way of identifying the entities we have drawn on the screen, and very useful

when dealing with the output results
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3. Defining member properties, sections

-
-
1 &

@ Satip o
Property ;

*Z Geometry

| 7 General
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T b load | B-Suppart | & Spec | M

[ 4 Design | 0, aaysspren
[ 8 materia

Property

In which we can define or choose sections properties of the members of the truss.
Spec.: In which we can define or choose members’ specifications.

Support: In which we can define the supports properties (restraints).

Load: In which we can define the applied loads, load cases, load combinations.
Material In which we can define the material properties (ex. E, density, etc.)
Assume Preliminary

Sections:

x
Secton ]sd,g.n#| '
Ref Sechon Matenal

M Highight Asmigned Geometry
Ed. | D |

[ Vams SectonDataoase || Dene. |
M. Ticknesss UsecTatle.. |
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All Top and Bot chords are one size L 55*55*3
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By clicking on the support icon the shown window will appear. We have to create new kinds of supports

: Supports - Whole Structure }j
Aef  Description

1 (/] w7 (27

Supports

ER | Cese |  Dpeete |

~ Assigrenent Method
¢ Assign ToSelected Hodes
" Assign To View

% Use Cussor To Assign
" Assign To Edi List

AL50n | Close Help l
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Use the mouse and click on the nodes according to its support type as shown below
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e 4. Defining Loads
The creation and assignment of load cases involves the following two steps:

Modeli

o SQup
| 14 Propenty
z
il

8 gpoc

2
4

| 9 waterial § - Load &- suppont

:

1. First, we will be creating all 3-load cases.

2. Then, we will be assigning them to the respective members/nodes

load
- (¥ Definttions

[0 Vehicle Definitions

[B] Time Histoty Definitions

D] Wind Definitions

0] Seismic Definitions

(28 Load Cases Details

New, Add I

e a0}
Assignment Mothod

Oowl

For example
Dead Load Case can be Load Case No.1
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Also, we can define load combinations according to required.

For example, we can create a load combination
1.25D.L.+15L.L+0.8W.L.

Create Mew Defiutinns | Laad Cases [ Load Berm |

Dttt Lot Camm | Lot o |

B Define Combinstons
]
B Corbnsbon Leadpir 4 Kane | [TNRMATON LOIE CAST 4
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 shss
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And In Dead Load Create the Self weight as
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5. Defining pre-analysis print out, analysis type, and
Yodslizg post-analysis printout.

In wiuch we are telfing the progrm what
s the propenies that we require 1o be
revonded and printad w e oulpul files
before performing the analysis.

) !

T2 which we are choosing from different
types of stocnaal analysis. The amalysis type
we are roqared 10 do is 3 ks sAlic lype

==
=
4

In which we are telling the peogram what
are the properties that we require 1o be
recorded and printed m the output files
after peyferming the amalvsis

[ Troapn | Ay Lpcem

i

| v e | Y- Aeslpisibene e | % Goanany | @ g

]

To specity the Analysis
; g command, first go to
¥ & 2 o Trit Cossmends
—| Analysis/Print Page
Loy P RN - IR ndy e i | Oew
lrom the left swde of the et IR
i crecn. P en
" et
e Fhen, chick on the ¢ Loatdss
E E Analysts sub-page [rom 2
- Saper Loec
A the second row of £ Vi Sm
b b0 pages as shown below -
iE|E pag %
-1 H
: i : % : : vasvasesn
: ' Staries : -
13 Choose Statics Check rem, s R T T
b 3 and Click Add then ~ ’
"}" | Close
&l

After Creating the commond of (Perform Analysis-Check);We have to assign the members that want to

be this type of analysis for it.
Click Assign and then use the cursor and choose all the members,thus all the members should be

highlighted as shown below.

53



http://2.bp.blogspot.com/_Z_G2vpC6FXg/S_vg0dH_PyI/AAAAAAAAALo/8ykwipniKi4/s1600/3.jpg
http://1.bp.blogspot.com/_Z_G2vpC6FXg/S_viK-sI71I/AAAAAAAAALw/oUd1plXDAVE/s1600/4.jpg
http://1.bp.blogspot.com/_Z_G2vpC6FXg/S_vizdGewbI/AAAAAAAAAL4/qihl5JZgrAU/s1600/5.jpg

ﬂ
@

._';'
@
v
« 9
3
v
v
)
3 A3 4 CTAB G ‘
v PERFOAMANALYSS FTRNT STATCS DEC
3 i

o |
™ ity Dbt Comeaie l
FLTT T

? - s

x PR iw"ll‘.ﬁnl nbl

To add the Pre-Print Commond click" Define Commands"
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Pre-Print

For example here we have choosen to print the support reactions,member forces,joint displacements
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Post Print Commands
Support reactions
Analysis results
Member Forces

Max Forces
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Add which property you need and then use cursor to ASSIGN to which member in the truss

X
Section Duplacemert | Force | Max Force | StoyDrit | Cg | Suface Forces
Mermber Stessas | Element Forcas/Shesses | Mode Shapss | Elemant Suass Sobd

Loaclit | Secton | JoerDuplacement | Member Foces
SwoutRescions | AndpsisResds | Member SectionFerces
Thes command has no addilional parameiess
Adves
o add | | ome | Hw |

6. Defining Design Requirements
Steps

1. To Specify steel design parameters, go to Design/Steel page from the left side of the screen. Make sure

that under the Current Code selections on the top right hand side ,Canadian is selected.

Curwt Cooe [Cormton
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[

There are many Design Commands in the STAAD Design subroutine. Here, we will use only to Check

Code, regarding adequacy of members.
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7-Analysis & Viewing Results
STAAD Performs Analysis and Design simultaneously. In order to Perform Analysis and Design, select

the Run Analysis option from the Analyze menu

Analyze Mode Window Help

When you select the Run Analysis option from the Analyse menu, the following dialog box appears. We
are presented with the choice of 2 engines. The STAAD engine and the STARDYNE Advanced
Analysis engine. The STARDYNE Analysis engine is suitable for advanced problems such as Buckling
Analysis, ModaL Extraction using various method ,etc

STAAD engine is suitable for this tutorial. Click on th Run Analysis button.
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The soloving process is shown in pop up screen.

+4 Processing Elenent Stilfness Matrix 17.42:35 &
+4 Processing Glcbal Stiffness Natrix 17 :42:3%
++ Finished Procsssing Global Stiffness Metrix 0 wec
++ Processing Trisagular Factorization 17:42:38
++ Finished Triangular Factorization 0 sec
++ Calcalating Joist Displacesssts 17:42:37
+4 Finished Joint Displacesent Calculation 0 sac
++ Calculating Mender Forces 17:42:37

++ Analysis Successfully Coaplsted ++
++ Calculating S=cticn Forces
++ Parforaing Steel Design

++ Start Steel Design 17:42:37
++ Finished Dewign 0 s=c
++ Creeting Displacessnt Fils (DEP) 17:42:37

++ Cresting Rescticm File (REA) ..

++ Calculating Section Forces

++ Cresting Sectics Force File (EMD)

++ Cresting Sectios Displace File (SON)

++ Cresting Design inforastion File (DGN)

++ Done 17:42:39

¢ Exror(s), 0 Varnixg(s)

ox End STAAD Pro Rim Elapsed Tine = 5 Secs
o Outpat Vraitten to File:
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WEEK-8

ANALYSIS OF MULTISTORIED SPACE FRAME

AlIM:
Analysis of Multistoried space frame using STADD pro

HARDWARE & SOFTWARE REQUIRED:

Computer with specified configuration with installed STADD Pro Software

PROCUDURE AND ANALYSIS STEPS

STAAD

Staad is powerful design software licensed by Bentley .Staad stands for structural analysis and
Design Any object which is stable under a given loading can be considered as structure. So first
find the outline of the structure, where as analysis is the estimation of what are the type of loads
that acts on the beam and calculation of shear force and bending moment comes under analysis
stage. Design phase is designing the type of materials and its dimensions to resist the load. this
we do after the analysis.

To calculate s.f.d and b.m.d of a complex loading beam it takes about an hour. So when it
comes into the building with several members it will take a week. Staad pro is a very powerful
tool which does this job in just an hour’s staad is a best alternative for high rise buildings.
Now a days most of the high rise buildings are designed by staad which makes a

compulsion for a civil engineer to know about this software.

These software can be used to carry rcc ,steel, bridge , truss etc according to various country
codes.

Staad foundation:

Staad foundation is a powerful tool used to calculate different types of foundations. It is

also licensed by Bentley software’s. All Bentley software’s cost about 10 lakhs and so all
engineers can’t use it due to heavy cost.

Analysis and design carried in Staad and post processing in staad gives the load at

various supports. These supports are to be imported into these software to calculate the footing
details i.e., regarding the geometry and reinforcement details.

This software can deal different types of foundations

SHALLOW (D<B)

1. Isolated (Spread) Footing

2.Combined (Strip) Footing

3.Mat (Raft) Foundation

DEEP (D>B)

1.Pile Cap

2. Driller Pier

1. Isolated footing is spread footing which is common type of footing.

2. Combined Footing or Strap footing is generally laid when two columns are very near to each
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other.

3. Mat foundation is generally laid at places where soil has less soil bearing capacity.
4. pile foundation is laid at places with very loose soils and where deep excavations are required.
So depending on the soil at type we has to decide the type of foundation required.
Also lot of input data is required regarding safety factors, soil, materials used should be
given in respective units.
After input data is give software design the details for each and every footing and gives
the details regarding

1. Geometry of footing

2. Reinforcement

3. Column layout

4. Graphs

5. Manual calculations

These details will be given in detail for each and every column.
Another advantage of foundations is even after the design; properties of the members can be
updated if required.

The following properties can be updated

Column Position

Column Shape

Column Size

Load Cases

Support List

The multistoreyed frame represents the center line diagram of the building in staad pro. Each
support represents the location of different columns in the structure. This structure is used in
generating the entire structure using a tool called transitional repeat and link steps. After using
the tool the structure that is created can be analyzed in staad pro under various loading cases.
Below figure represents the skeletal structure of the building which is used to carry out the
analysis of our building.

All the loadings are acted on this skeletal structure to carry out the analysis of our building.
This is not the actual structure but just represents the outline of the building in staad pro.
A mesh is automatically created for the analysis of these building.

|

T

]
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Load Conditions and Structural System Response :

The concepts presented in this section provide an overview of building loads and their

effect on the structural response of typical wood-framed homes. As shown in Table, building
loads can be divided into types based on the orientation of the structural action or forces that they
induce: vertical and horizontal (i.e., lateral) loads. Classification of loads are described in the
following sections.

Building Loads Categorized by Orientation:
Types of loads on an hypothetical building are as follows.
Vertical Loads

Dead (gravity)

Live (gravity)

Snow(gravity)

Wind(uplift on roof)

Seismic and wind (overturning)

Seismic( vertical ground motion)

Horizontal (Lateral) Loads:

Direction of loads is horizontal w.r.t to the building.
Wind

Seismic(horizontal ground motion)

Flood(static and dynamic hydraulic forces
Soil(active lateral pressure)

Dead load calculation

Weight=Volume x Density

Self weight floor finish=0.12*25+1=3kn/m"2

The above example shows a sample calculation of dead load.
Dead load is calculated as per IS 875 part 1

Generally for any structure live load is taken as 25 N/mm for design.
Live loads are calculated as per IS 875 part 2

Wind loads:

In the list of loads we can see wind load is present both in vertical and horizontal loads.

This is because wind load causes uplift of the roof by creating a negative(suction) pressure on the
top of the roof

After designing wind load can be assigned in two ways

1. collecting the standard values of load intensities for a particular heights and assigning of the
loads for respective height.

2. calculation of wind load as per IS 875 part 3.

We designed our structure using second method which involves the calculation of wind load
using wind speed.

In Hyderabad we have a wind speed of 45 kmph for 10 m height and this value is used in
Calculation

60




Floor load:

Floor load is calculated based on the load on the slabs. Assignment of floor load is done

by creating a load case for floor load. After the assignment of floor load our structure looks as
shown in the below figure.

The intensity of the floor load taken is: 0.0035 N/mm:2

-ve sign indicates that floor load is acting downwards

Load combinations:

All the load cases are tested by taking load factors and analyzing the building in different
load combination as per 1S456 and analyzed the building for all the load combinations and
results are taken and maximum load combination is selected for the design

Load factors as per 1S456-2000

Live load | dead load wind
load

1.5 1.5 0

1.2 1.2 1.2
0.9 0.9 09

When the building is designed for both wind and seismic loads maximum of both is taken.
Because wind and seismic do not come at same time as per code.
Structure is analyzed by taking all the above combinations.
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WEEK-9

ANALYSIS OF BRIDGE DECK SLAB

AlM:
Analysis of Bridge Deck Slab using STADD pro

HARDWARE & SOFTWARE REQUIRED:

Computer with specified configuration with installed STADD Pro Software

PROCUDURE AND ANALYSIS STEPS

The combination of STAAD.pro and STAAD.beava can make your bridge design and analysis
easier. STAAD.pro is first used to construct the bridge geometry and STAAD.beava is used to
find the AASHTO 2002 load positions that will create the maximum load response. The
maximum load response could be any of the following:

1. Maximum plate stresses, moment about the local x axis of a plate (Mx), moment about

the local y axis of a plate (My) etc. used to design for concrete deck reinforcement.

2. Maximum support reactions to design isolated, pile cap, and mat foundations.

3. Maximum bending moment or axial force in a member used to design members as per

the AASHTO code.

4. Maximum deflection at mid span.

These loads that create the maximum load responses can be transferred into STAAD.pro as load
cases to load combinations for further analysis and design. Figure 1 shows the bridge design
procedure discussed above.

STAAD.pro is used to
create Geomerty
and Properties are
assigned.

1

AASHTO 2002
Maximum Response
Generated in
STAAD. beava

N

Loading from STAAD. beava
is transferred into STAAD. pro
for further analysis and
design.

Figure 1: Bridge Design process in STAAD.pro
Creating the Bridge Geometry/Structural Analysis
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Figure 2 shows a bridge with the dimensions.

Figure 2: Bridge Dimensions

Step By Step Procedure
1. Open STAAD.pro with the default units of Kip-Ft and use the Space option.

2. Click the Next button and select the Add Beam mode. Click Finish.

3. The goal of the next few steps is to draw the stick model of the Bridge Structure (i.e. the

beams and the girders). Select the X-Z grid option. Create two grid lines in the x direction at

80ft spacing. Create four grid lines in the z direction at 10ft spacing.

4. Click on the Snap Node/Beam button and draw the beams and the girders as shown below.

First draw five 160ft girders. Then draw the 40ft beams in the z direction.

5. Click on Geometry->Intersect Selected Members->Highlight. STAAD.pro will highlight all

the beams that intersect each other no common nodes. To break these beams at the intersection

point, click on Geometry->Intersect Selected Members->Intersect

6. The beams have been created. The columns will now be created using the translational repeat
command. Select nodes 6, 14, and 7 using the nodes cursor as shown below. The node

numbers may vary depending upon how the model was constructed. Select Geometry-

>Translational Repeat from the menu. Select the y direction for the translational repeat and

select enter a Default Step Spacing of -25ft
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7. The deck of this bridge structure will be created in the following steps using the Generate
Surface Meshing Tool. In reality, spacing of beams etc. may not be regular and hence it may
become difficult to create the deck of the bridge using the Generate Surface Meshing Tool. The
Parametric Meshing Mode could become very useful in these circumstances.

8. Select the Geometry->Generate Surface Meshing tool from the menu. Select four nodes that
outline the 160ft x 40ft deck. Simply click on node 1, 3, 11, and 10 and select node 1 again to
complete the command. Select the Quadrilateral Meshing option.

9. 2ft x 2ft element size is adequate for this type of model. Hence input the parameters as shown
below.

10. The mesh will be created. To view the mesh properly, you will need to click on the Setup
Control Tab on your left.

11. You should note that the girders and beams are automatically broken down into smaller
elements. In reality, the girders are physically attached to the deck hence it is ok to mesh them.
The concrete beams parallel to the z-axis are not attached to the deck. The load from the deck is
transferred to the 40ft steel girders. The load from the girders is then transferred to the concrete
beams. Hence, we should merge the beams in the z direction. Select the Select->Beam Parallel
To->z from the menu.

12. Select Geometry->Merge Selected Members to merge the split concrete beams. Select each
entry and press the Merge button.

13. By merging the beams together, the concrete column to beam connectivity is lost. Hence,
click on Geometry->Intersect Selected Members->Highlight. STAAD.pro will highlight all the
beams that intersect each other no common nodes. To break these beams at the intersection
point, click on Geometry->Intersect Selected Members- >Intersect.

14. The geometry has been created. The properties and specifications have to be assigned.

Fnr'ﬁra'.e Ciack Flate elements - 12in thick
Maternal - Concrets

Stesl Girders — Parallel to = axis 407 Beam =slemenis — W24X 1032
Maternal — St=el
Offset = 0.5 « Depth of Beam + 0.5 thickness of slab
=0.5x 2044987 At + 0.5 x 1ft = 1.5220835 ft at both
ends.

Concrate Beam — Parallel to the =z 2t » 2ft Sections

axis Mai=sral — Concrete

Offset = 0.5 x Depth of Concrete Beam + Depth of
Steel Beam + 0.5 thickness of slab = 0.5 = 2ft +
2.044187 ft + 0.5 = 1ft = 3.544187 ft at both ends.
Concrate Columns 2t Circular Sections

Maternal — Concrate

Offset = Depth of Concrete Beam + Depth of Stee
Beam + 0.5 thickness of slab = Zft + 2.0441687 ft + 0.5
® 1ft = 4 8441871t at the end conneciaed to the
concrete beams.
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15. Click on the General->Property control tab on your left and click on the Section Database
button.

16. Select the W24x103 section from the American W shape database and click on the Add
button.

17. Select the W24x103 section that has been created. Click on the Select the Select- >Beam
Parallel To->X from the menu and click on the Assign button on the right.

18. Select the Define button on the right and select the Circle section profile. Input a 2ft
diameter and press the Add button.

19. Select the Rectangle section profile and input 2ft in the YD and ZD input boxes. Press the
Add button. Press the Close button.

20. Select the Cir 24 section that has been created. Click on the Select the Select->Beam Parallel
To->Y from the menu and click on the Assign button on the right.

21. Select the Rect 24.00x24.00 section that has been created. Click on the Select the Select-
>Beam Parallel To->Z from the menu and click on the Assign button on the right.

22. Press the Thickness button the right and input 1ft in the Node 1 input box and press the Add
button.

23. Select the newly create Plate Thickness entry in the Properties dialog box. Select all the
plates using the Plates Cursor and press the Assign button.

24. Select the Spec sub-control tab on the left.

25. Press the Beam button. Select the Offset tab. Select the start option from the location
selection box. Select the local option from the Direction selection box. Input an offset of -
1.5220835 in the Y input box. Press the Add button.

26. Press the Beam button. Select the Offset tab. Select the End option from the Location
selection box. Select the Local option from the Direction selection box. Input an offset of -
1.5220835 in the Y input box. Press the Add button.

27. Assign these specifications to the steel girders parallel to the x-axis. Select the START
LOCAL 0 - 1.52208 0 specification that has been created. Click on the Select->Beam Parallel
To->x from the menu and click on the Assign button on the right.

28. Select the END LOCAL 0 -1.52208 0 specification that has been created. Click on the Select
the Select->Beam Parallel To->x from the menu and click on the Assign button on the right.
29. Repeat Steps# 25 to 28 for the concrete beams but use a y-offset of -3.544167 ft at both ends.
For Step# 28, you will need to select beams parallel to the z-axis.
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30. For the columns assign a local x-offset of 4.544167ft at the end connected to the concrete

beams.

31. Click on the View->3D Rendering in the menu.

32. Select the General->Support tab on the left and click on the Create button in the right hand

side Data Area. Click on the Add button (i.e create a fixed support entry).

33. Select the newly created S2 Support 2 entry and using the nodes cursor select nodes 16, 17,

and 18. Click on the Assign button.

34. Select the General->Load tab on the left and click on Load Case Details on the right hand

side in the Data Area.

35. Click on the Add button on the right. Input the “Dead Load” in the Title input box. Select

“Dead” in the Loading type selection box. Press the Add button. Click the Close button.

36. Select the newly created 1: Dead Load entry in the data area. Press the Add button. Select the
Selfweight item and press the Add button.

37. Click on the Analysis/Print control tab item on the left and press the Add button.

38. Click on the Analyze->Run Analysis menu. Use the STAAD Analysis option and click on the

Run Analysis button.

39. If the analysis completed successfully, you should look at the exaggerated deflected shape of

the bridge under the action of selfweight. Try to find out any connectivity problems etc. You can

go to the Post-Processing mode by clicking on Mode- >Postprocessing command in the menu.

40. You can look at the bending moment diagram for the bridge by clicking on the Beam-

>Forces control tab on your left in the Post-Processing mode.

41. You can look at the stress distribution diagram for the bridge by clicking on the Plate control

tab on your left. Select the Max Absolute stress type from the Stress Type selection box and

click on the Ok button.
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