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Q.1
Sol.

Q.2
Sol.

Q.3
Sol.

Q4
Sol.

Q.5
Sol.

Q.6.

Sol.

PART - A

The degree of freedom (D.O.F.) of a structure is the number of independent displacements or rotations
required to define its configuration or movement.

In a 2D structure, each joint may have up to three degrees of freedom (two translations and one
rotation).

A structure is kinematically determinate when all degrees of freedom are restrained; otherwise, it is
kinematically indeterminate.

For Plane Trusses:

1. Static Indeterminacy (D):
D=m+r-2j

where,

* m = number of members

* r = number of support reactions

* j =number of joints

2. Kinematic Indeterminacy (D,):
D, =2j-r

where,

* j =number of joints

* r = number of support reactions

For a Plane Frame:
1. Static Indeterminacy (D,):
D, =3m +r-3j
where,
* m = number of members
* 1 = number of support reactions
* j =number of joints
2. Kinematic Indeterminacy (D,):
D =3j-r
Each joint in a plane frame has three degree of freedom (Two translation + one rotation)

A rigid joint is a connection in a structure where the connected members do not undergo any relative
rotation with respect to each other.

In a rigid joint, the angle between connected members remains constant even under loading, and
both moment and shear forces are transferred between members.

Example: Beam-column connection in a rigid frame.

Lack of fit is the condition that occurs in a structure when its members are not fabricated to the exact
required length or dimensions.

Because of this small error in fabrication, initial stresses or strains are developed in the members
even before any external load is applied.

Example: A truss member slightly longer or shorter than designed causes internal stresses due to
lack of fit.

The following assumptions are made in the analysis of a plane truss:
1. All members are connected by frictionless pins (perfect joints).
2. Loads and reactions act only at the joints.

3. All members are straight and have uniform cross-section.
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Q.7.
Sol.

Q.8.
Sol.

Q.9.
Sol.

Q.10
Sol.

Q.11
Sol.

Hence,

Q.12
Sol.

4. The self-weight of members is negligible compared to applied loads.
5. Each member carries only axial force (tension or compression).

The Mohr-Williot diagram is used to determine the deflection of joints in a truss due to applied
loads, temperature changes, or lack of fit.

It helps in finding both the magnitude and direction of joint displacements graphically.
Application:

* Used in truss analysis to find joint deflections and member elongations or contractions accurately.

The ordinate of an influence line diagram (ILD) represents the magnitude of a function (reaction,
shear force, or bending moment) at a specific point on a structure due to a unit moving load placed
at different positions on the span.

* For support reaction — ordinate = value of reaction at that support due to unit load.

* For shear force — ordinate = shear at that section due to unit load.

* For bending moment — ordinate = bending moment at that section due to unit load.

Thus, ordinates show how these quantities vary across the span under a unit moving load.

* To determine the maximum value of reaction, shear force, or bending moment at any section of
a structure due to moving loads.

* To find the position of moving load which produces the maximum effect (reaction, shear, or
moment) in a structure.

The Distribution Factor (D.F.) for a member at a joint is given by:

DF.=
2K
where,
I )
e K= L = stiffness of the member,

* YK = sum of stiffnesses of all members meeting at the joint.

The relative stiffness (K) of a member depends on the end conditions.

e For both ends fixed: K :%

* For one end fixed and other pinned: K = E

the ratio of relative stiffness is:

K K redofived =3¢ 4|

fixed—pinned *

Therefore, ratio of relative stiffness = 3:4.

When a fixed beam is subjected to a moment (M) applied at its centre, the fixed end moments at both
supports are:

M, :+M and MB:—M
2 2

Explanation:
* The applied moment at mid-span is shared equally by both fixed supports.
* The directions of the moments are opposite, maintaining equilibrium of the beam.
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Sol.

Q.14
Sol.

Q.15
Sol.

Q.16
Sol.
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The Portal Method is an approximate method used for analyzing multistory frames subjected to
lateral loads such as wind or earthquake.

Its main assumptions are:

1. The points of contraflexure in beams and columns occur at their midpoints.

2. The shear at each storey is divided equally among all the columns of that storey.

3. The interior columns carry twice the shear of exterior columns.

4. Axial deformations of beams and columns are negligible.

The Cantilever Method is an approximate method used for analyzing tall multistory frames subjected
to lateral loads such as wind or earthquake.

Its main assumptions are:

1. The points of contraflexure in beams and columns occur at their midpoints.

2. The axial force in each column is proportional to its distance from the centroidal axis of the
frame.

3. The shear in each storey is resisted by these axial forces in the columns.

4. The deformation of the frame is similar to that of a vertical cantilever fixed at the base.

For a three-hinged arch,

H:MC
h

Where,

H = horizontal thrust,

M_ = bending moment at crown for the corresponding simply supported beam,
h = rise of arch.

* Here the arch is semicircular, so span L = 2R and rise h = R.

* For a simply supported beam of span L with UDL w per unit length:

M, = wl?
So,
w(2R)  w4R® wR’
M, = = -
8 8 2
Hence,
wR?
goMe_ 2 _|WR
h R 2
Horizontal thrust H = W_2R
PART -B

Static indeterminacy (D,):
It is defined as the number of equilibrium conditions, also referred as compatibility conditions,
required in excess of static equilibrium equations to fully analyze a statically indeterminate structure.

No.of unknown forces Equations of equilibrium
in member or at support reactions available

D =
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/Ds = Dgj + Dge
Total Degree of Degree
indeterminacy internal of external

static indeterminacy  Static
indeterminacy

For a 2D-framed structure :

Frames are rigid jointed structures. Restraining of deformation at support or any joint gives rise to
three internal reactions. (R, R, M) in each member.

At every joint, three equilibrium equations are available.

SF =0,5F,=0,5M, =0

Let
m = No. of members in a 2D framed structure
R = Total no of reaction
R, = Total no of external reaction from support
j = Total no. of joints in the structure
Then, R =3m + Re
D,=3m +R_-3j
Ex. A beam fixed at both ends

B

A

A

FBD
H,

A 4

M, M; )
R R,
Here R =3+3=6
1

D,=3m+R -3j=3x1+6-3%x2=3
Kinematic indeterminacy (D,):
It is defined as the total no. of unknown joint displacements at all joints or the total no. of available
degree of freedom at all joints.

D - Total possible degree No.of available support reactions which
£ of freedom generate as a result of restrained joint displacements

For a 2D-framed structure:

Each joint has three possible degrees of freedom, (Ax,Ay,GZ).

For a frame having j no. of joints

Total possible degrees of freedom = 3j

But some displacements will be constrained by the supports provided
Let R, be the total no. of external support reactions

D,=3j-R,
If the members are considered inextensible then there will be no axial deformations and
D,=3j-R -m

m = no. of members
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Ex:
A% QB
> ! -
j=2
R =3+1=
m=1
D,=3j-R =3x2-4=2(A,,0,,atB)
Q.17
Sol. {Total degree of static indeterminacy} = {Degree of external indeterminacy} + {Degree of internal
indeterminacy}
D, . =D, + Dy,
D, .= (Total no. of support reactions) - (Total no. of equations of static equilibrium)
=3-3=0
A B
Ha) JAN
" fz,
(- Support reactions = H,, R,, R ; equilibrium equations = > F, =0;>F, =0;>M =0
D, =m+r-2j
where, m = No. of members of the truss = 20
r = No. of support reactions = 3
j = No. of joints of the truss = 10
= D, ,,=20+3-2%x10=3
= Ds,i=Ds,tot-Ds,e=3-0=3
= Ds,i= 3
DS,€= 0
s, tot = 3
Q.18

Sol.  Muller-Breslau Principle

Influence line for any stress function may be obtained by removing the restraint offered by that
function and introducing a directly related generalized unit displacement at the location and in the
direction of the function.
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\ /D ILD for R,
) | /:_\ " ILD for RE

A B co>
/
! ILD for Re
A B C
i A \___’f"?ﬂl\\ it ILD for M.

ILD for shear at x-x,
A I\l l/ C

\J ]‘3\ C in between A & B
Q.19
Sol.
Force Method Displacement Method

1 |Also called 1 |Also called
Compatibility method or Stiffness method or
Method of consistent deformation or Equilibrium method
Flexibility method

2 |Unknowns in this case are Forces (Reaction, BM,| 2 [Unknowns in this case are Displacement (A)

SF)

3 |Force-displacement equation are written and| 3 [Force-displacement equations are written and
solution for unknown Forces is obtained from solution for unknown Displacement is obtained
Compatibility equations. from Equilibrium equations.

4 |Once unknown forces are known. The reactive] 4 |Once unknown displacements are known, internal
forces like BM, SF etc. are found using forces are found using compatibility and load-
equilibrium equation. displacement equation.

5 |Force method of analysis of indeterminate] 5 |Displacement method is suitable when degree of
structure is suitable when degree of static kinematic indeterminacy is less than degree of
indeterminacy is less than degree of kinematic static indeterminacy.
indeterminacy.

Q.20

Sol.  As per Betti's theorem, virtual work done by P-force system in going through the deformation
caused by Q-force system is equal to the virtual work done by Q-force system in going through the
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deformation caused by P-force system.

d

L 1
---------- R A

Fig A Fig B
= P6=1A
= A=PJ
We have to calculate A and for this we need to calculate §.
5=8y.d
c
§=|—y MO Iy
E E
5=0-204
E
0= _—Md[L}, A =cross sectional area of bar
E A
5=__“d[ 1 }
E |nd*/4
Pud x4
A=Pd=——
= nd’> xE
3
_ AP 4X0'3X10X12N —=1.911x10mm
ndE  3.14x10mmx2x10°N / mm
Q.21
Sol.

ry

2a
w/unit length

As the cantiever beam is supported freely at its free end, there will be one unknown in the analysis
of cantilever portion.

Let the reaction at common point D be 'R'".

Hence the FBD will be as shown below;

C
R
it length
w/unit leng . B 1
A
R p
a/2
< 2a b
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To determine R, we well use the compatibility equation. The compatibility equation is that deflection
of end B in span AD will be same as deflection of point B in span DC.

Deflection at point B, for the cantilever, (A;)

s
—3

2a

_|_
Ly

;U—h—«i—r\?’-‘

B

A —[Wa4+w_€‘3xa}w(¢)

“| 8EI ' 6EI 3EI

wa' wa' 8Ra’

Ay = + -
8EI 6EI  3EI
7 wa' 8Ra,
= B = —
24 EI  3EI
Deflection at B in span DC = A,
Ra’
Ay = ——
P 48EI
Thus from compatibility conduction
7 wa' 8Ra’ Ra’
- —_— —_ =
24 E1I  3EI  48EI
7 wa' Ra’ 8Ra’
= — = +
24 EI  48El 3EI
7 wa' _Ra’+128Ra’ _129Ra’
24 EI 48EI 48EI
7 wa' 129Ra’
= — =
24 EI 48EI
N 7% 48 wa=R
24x129
= R= ﬁwa
129

Here, F.B.D for cantilever beam,
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_1l4wa
a 129
Bending moment, diagram
@ I4X_E SFD
| 9 e
o b | , | 129
01144 wa ﬁv } 1awa 5
Parabolic —— 129 Linear
BMD
i3waz
258
SF =0
14wa
= - +wx =0
29
14a
= X=—
129
2 2
BM,_ - 14wa 8 (a N x) _owxt 14wa x(a +14_a)_z(ﬁj
129 2 129 129 2 129

BM,  =0.1144 wa’ (saggging)

2 2 2
BMA=14wax2a—Wa :28wa _wa
129 2 129 2
73 ) i
BM, =———wa" (hoggin
Ry (hogging)
Q.22
Sol.
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By strain energy method, we kown that deflection is given by
™
_oP i
S, = d (1)
o= Bl

Bending moment at any distance 'x' from point B is
M = P.x (consider hogging as +ve)
From figure, we can write

x=Rsin 0
M =P.Rsin 6 ...(ii)
Partially differentiating equation (ii), with respect to P, we get
oM
~—— =Rsind
op sin ..(iii)
we can also write dx =R.d6 (1v)

Putting values of M, and dx in equation (i), we get

P

5 = "¢ P.R sin O.R sin O.RdO
| EI

0

R3 /2 .,
8=, [ sin” 6de

0

3 /2 3|2 .
5 _ PR (l—cos26j_PR | (e_sm26j
*E 2 2EI|, 2

0
After integrating, we get
3
5, = nPR
4EI

Q.23

Sol. Given:

W/2L

AT,

El = Constant

Total uniformly distributed load = W

Seo
~.a

Let the deflection at elastic prop be 5, then according to question,
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d=AR
From compatibility condition:

\\% 4
5.—x(2L 3
T R R(2L)
384EI 48EI
3 3
o WL (L,
’ 48EI 6EI
SWL’
R - 48EI SWL
3 3
L) 8(L'+61EI)
6EI
Q.24
Sol.

®

2 El = constant

4 @

< L, EI >

As the no. of co-ordinates chosen are 2, the flexibility matrix will be a 2 x 2 matrix. To find out Ist
column of flexibility matrix, apply unit load in the direction @ and find out displacements in all co-

ordinate directions.

fij = Displacement in the direction i due to unit load applied in the direction j

= Element of ith row and j column of flexibility matrix

1x?

- 1T 3E

B IxI2?
' 2FI

CIxD?
? " 2EI
IxL
f, = El
Hence the flexibility matrix is

(] L’ /3El L?/2EI
/2Bl L/EI
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Q.25

Sol.

®
4
N
v )
RS

As the no. of co-ordinate directions are two, the stiffness matrix will be a 2 x 2 matrix.

To determine the Ist column of stiffness matrix we give unit displacement in the direction @© without
giving displacement in any other co-ordinate direction and find out the forces developed in all co-
ordinate directions. The elements obtained are

K, and K,

K,, = Force developed in the direction @ when unit displacement was given in direction @ without
giving displacement in any other co-ordinate direction.

K,, = Force developed in the direction @ when unit displacement was given in direction O without
giving displacement in any other co-ordinate direction.

Unit displacement given
in direction ®

‘ Unit displacement
6El, given in direction @
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Q.26

Sol.

Q.27
Sol.

12EI, = —6EI

30 021 2
ll ll

—6EI 4El, 3EI
— Klzzl—31;K22:l_zl+ 122
2

1 1

= K11 =

12EI,  —6E]
A A

= Stiffness matrix is [K]=

|— B —pje— b —>p|
3 o
l>

— 6m —>— 10m—

V, = Vertical reaction at A
V. = Vertical reaction at B
H, = Horizontal reaction at A
H_ = Horizontal reaction at B

@w > W

For equilibrium

2FE =0, 2F =0

2F =0

H,+H;=0 (1)

2E=0

V, +V,=30x16 x 300

V,+V, =780 ...(ii)
Moment about any point should be zero. Let us choose point B and equate moment about point B
equal to zero.

H,x4 +V, x16-30x16 x8-300x7=0

16V, +4H, =5940 ..(iii)
As point C is hinged. Moment at point C from both sides should be zero. Writing total moment from
left side of C and equate it to zero we get

H,x4 +30x6x3-V, x6=10

6V, -4H, =540 ..(iv)
Solving equation (i), (ii), (iii) & (iv), we get

V, =294.54 kN

V, = 485.46 kN

H, = 306.82 kN

H, = -306.82 kN
As it is mentioned clearly whether both support are at same level or not. We will assume that both
supports are at same level.
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+——— 125m Pi¢ 125m ——

A/WMW%YYWB T

C

) . . S L 250
Maximum sag will be at mid span, which is equal to 2% o5 10m

V, = Vertical reaction at support A
V, = Vertical reaction at support B
H, = Horizontal reaction at support A
H, = Horizontal reaction at support B
Now, F.=0
H, +H,
F,=0
V, +V,=10x250
V, +V,=2500
Equating moment about B to zero, we get
V,x250-10x 250 x 125 =0
V, =1250 kN
Putting value of V in equation (ii), we get
1250 + Vv, = 2500
V, = 1250 kKN
As cable is not able to transfer moment, bending moment at every point in a cable must be zero,
Therefore, bending moment at C is also zero.
(B.M), =0

=0

125
H,x10+V, x 125-10 x 125 x —= =0

10 125 1275 1250 125

H
A 10
H, =-7812.5 kN
10 kN/m
A Y Y Y Y Y Y Y VYN
78125 kKN +— B
T —» 7812.5 kN
1250 kN 1250 kN
C

Maximum tension in cable is at A or B, therefore
T VHa Va

To 781257 1250°

T, 7911.87kN

Let the equation of cable profile be
y=ax2+bx+c ()

Q@ +91-9828747676, +91-9462447676, +91-6367244454 L F-26/A, Gatta Stand, Tonk Road, Jaipur



