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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 ———

10 kN/m

C
: . . L 250
Maximum sag will be at mid span, which is equal to 35 25 10m
V., = Vertical reaction at support A

A
V, = Vertical reaction at support B

H, = Horizontal reaction at support A

H, = Horizontal reaction at support B

Now, 2F =0

= H,+H,=0
ZFy=0

= V, +V,=10x250
V, +V,=2500

Equating moment about B to zero, we get
V, x250-10 x 250 x 125 =0
= V, =1250 kN
Putting value of V, in equation (ii), we get
1250 + V, = 2500
= V, = 1250 kN
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.
= (BM). =0

125
H, X104V, x125-10 x 125 x —= =0

10><125><1275—1250><125

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

Maximum tension in cable is at A or B, therefore
Tmax = VHQA + Vi

T, =(7812.5) +(1250)’

T . =7911.87kN

Let the equation of cable profile be
y =ax*+bx +c (1)
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with A as origin and axes as shown below

10 kKN/m
| VaYatalatatalalaaavatelaseay:)
Um
y
R l
Boundary conditions are
(i) atx=0,y=0
Sy=ax’+ bx+c ...(id)
0=a.(0)>+ b.(0)+ ¢
~c=0

(ii) atx =250,y =0

y =ax*+ bx

= 0 =a.(250)? + b.(250) [-- ¢ =0] ...(1ii)
(iii) atx=125y=10

y =ax*+ bx

= 10 = a.(125)* + b.(125) ...(iv)

Solving equation (iii) and (iv), we get

a=-64x10*

b=0.16

Cable profile is

y = (-6.4 x 10*)x? + 0.16x (V)

To fine sag at 50m from one end, we have to put x = 50 in equation (v)

y = (- 6.4 x10*%).50>+ 0.16 x 50 = 6.4 m

Sag at 50m from one end will be 6.4m.

PART -C
| 20 Marks Questions l
Q.28
12t 12t

Sol. 4 ;Feg K ¢F7<L\ 4Fn;M N

- JV\ - 4

’ » F5 F13n Fﬂ 101\ F12

C /'~F"< »—<

4 D Fq E F
F.
ZA F1
- Ha—xA

RAT_____'_______—— 6@4m=24m —

Due to symmetry in loading
R, =R, =12t
Moment of forces about hinge M will be zero for forces on either side of M.
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= R,x12-H, x6-12x4 =0
12x12-H, x6-12x4 =0

_12x12-12x4 96

=16t
H, 6 6
H, =H; [From the equilibrium of horizontal forces]
Analysis of joint A
F? &

16 ¥
tan@ =3/4
sin@ =3/5
cos® =4/5

F, cos0+16 =0

-16x5
F = 1 =-20t=|F, =-20t
F,sin0+F, +12 =0

3
20x-+EK+12 29 =

Member JK and JC are zero force members because two non-concurrent members meet at joint 'J' and
no external force is acting at J

= F, =0

Once F,=0and F, =0, F, and F, and F, will also be zero force member because F, and F, are two non-
concurrent members meeting at joint C and no external force act at C.

At joint D
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Fia
P
.-I-"
&
| ’
Co .__.l' > .
L= {/]L"" D Ca
- 20
E, +20sin® =0
3
= Fy=-20x 5 =-12t
F; +20cosf =0
F, =20 = =16t
5
At joint K
F.
B
- 12
F,sin6-12 =0
F, =12x § =20t
3
4
F8C056+F7 :0 = F7 :_20>(g:—16t
At joint L
12
-16 L e
i, 0 =
-
Fll :_16t
At joint E
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20 ~12
Fi2

Resultant of -12t & -16t force will balance 20t load hence force in F,, = 0:
As there is symmentry about M, forces in corresponding members will be same. Hence the forces in
various members are as shown below.

P Q

. 17
3m

G H *

3m

Q.29
Sol.
D 20000 kg T
3m
H, etk C l
AN |
I 3m
R, | N Fy
] &
g | 20000:kg "RF

«—3 m—>«—3 m—>«—3 m—>

Degree of static indeterminacy of given truss (D) :
D,=m+r, -2j

m=9

r.=3

j=6
D,=9+3-2x6=0
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Degree of external indeterminacy = r_ - 3
=3-3
=0
Hence, the given truss is statically determinate.
Reaction Calculation :

From ZFy =0
R, + R, = 20000 kg
From ZFX =0
H, = 20000 kg
From IM, = 0@
20000 x 3 +20000 x 6 - R, x9=0
R, = 20000 kg
R,=0kg
Joint A :
P
/ AP tan6=1
A 0 1
< > sinf=—
20000 kg - 2
cos0 = i
Okg 2
+ve sign = Tension
—ve sign = Compression
ZFy =0 ZF =0
1
1
P,,sin0+0 =0 1 P, +P,,cosb-20000 =0
1
1
1
1
1
1
1
P, =0 P,,+0-20000 =0
P,, = 20000 kg (Tension)
Joint D :
tan0=1
1
cosf=—
V2
1
sinf=—
V2
>F =0 >F =0
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P,,sin45° + P, . cos45° + P, =0 P, sind5° =P, cos45°

P o _
0+ \/E s =0 DC ' DA
] B PDB =0 PDC =0
oint B :
Ppg
tan45°=1
1
P..< | > cos45°=—
AB B! 15 Py 2
' 1
' sin45°= —
| Py 2
ZFy =0 XF =0

P, + Py cos45° - P, =0

P,.=0 P,. =P,
P.. = 20000 kg (Tension)

Joint F :

tan45°=1

cos45°=

sin45°=

i 51

20000 kg

SF, =0 SF_ =0
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P_, sin45° + 20000 =0 P_ cos45° + P =0

b 20000 2000082 o
T sind5° 2 BF
P.. = —20000v2 kg P_. = 20000 kg (Tension)
(Compression)
Joint E :
“PCE
PBE
45° tan45°=1
45°= L
B Py cos45°= N
1
sin45°= —
2

20000 kg
A

SF =0
P_, + P, cosd5® - 20000 = 0
P_, + 0 - 20000 = 0
P, = 20000 kg (Tension)

Hence, the forces in the numbers of truss are as shown below :

20000 kg T
Okg
H, = 20000 kg 3 m
0 | ) |
<= > < < 3 R LR —— .
ﬁ: 20000 kg B \\_"20000'kg |\
5 2K20000~2 kg
I "0k « 3m
R,=0kg : 1 Fl
: 5 El" 720000 kg
i E 20000 kg
; ; : R, = 20000 kg

i<—3m—>:<—3m—>§<—3m—>i

[All values in kg]
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Q.30
Sol.  Let us take 100 kgf = 1 kN and analysing the truss by method of joints.

Let the vertical reactions at A and B be V, and V, respectively.
Let the horizontal reaction at A be H,.

(i) XF =0
y —_—
_VA+VB_
= V, =V,
(i) =M, =0
= Vo x7-7%x6=
= V. =6 kN
VA=6kN
(iii)ZFX=0
= -H, +7 =
= H, =7 kN

Considering joint A and assuming tensile force in both members AD and AC
Assuming tensile force as positive and compressive force as negative.

A

7 KNe=f---4-4d--mmoomomnoonnns
6 kN
3 6
tan0, = g =1 and tan, = 5 =2
1 2
sinf, = E sin@, = ﬁ
1 1
cosO, = E cos0, = ﬁ
= ZFX =0
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= F,,cos0, +F, . cos0,-7 =0

1 I:“AC .
= FADXﬁ+f"7=O (1)
and EFy =0
= F,,sin0 +F, sin,-6 =0
= FAT;+ 2\% =6 (i)

Solving equation (i) and (ii), we get
F,, = 11.314 kN (Tensile)

F,. = -2.236 kN (Compressive)
Considering joint B and assuming tensile force in members BD and BC.

....................... B ...
6 kN
3 6 3
tan0, = Z and tan@, = Z = E
3 NP
sin, = 5 sin@, = \/ﬁ
4 2
cos0, = 5 cos0, = _\/B
= ZFX =0
= -F,, cos0, - F,. cos6, =0
4 2
= EFBD + E F,.=0 ...(iif)
and EFy =0
= Fy,sinb, + F, . sinB, + 6 =0
3 3 _
= 5 F,+ ﬁ F,. =-6 ..(iv)

Solving equation (iii) and (iv), we get

F,p, = 10 kN (Tensile)

Fy. = -14.422 kN (Compressive)
Considering joint D, and assuming tensile force in CD
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C

= EFy =0
= -F,,sin0, - F, sin0, + F, . =0

1 3
= F,. =11.314 x E+1OX 5
= F,.=8+6
=

F,. = 14 kN (Tensile)

Q.31
Sol. 2000 kg/m
VY Y Y Y YT
Bm
1A
r [ 10m T
1
!
A
— 45m —*

For max BM at A - A, udl should be placed in such a way that section divides the load in same ratio
as it divides the span
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Sol.

Mains Practice Workbook

ZONE TECH

2000 kg/im

NV Y YT
® ; o-x

45 55m

x 45
6-x 55
5.5x =27 - 4.5x
10x =27
x=2.7m
6-x=33m

ILD for BM at section A - A is given as below

1x4.5x5.5

10

@

2475 2T -

BM at section A - A = (Area under udl) x (udl)

Conceptual Background:

1.8m
(L]
2475 18-0.99
5
1
- [5(0.99 +2.475)x2.7 +
_(0.99+2.475)x6

(2.475 2+ 0.99) y 3'3}

x 2000 = 20790 kgm

x 2000 kgm

Clapeyron's theorem of three moments: relationship among the bending moments at three consecutive

supports of a horizontal beam.

A

M, 1+2M,(I+1)+MI' =

a4
a,
X
X,

6a,x, 6a,x
11+ 2732

I r

= Area of BM diagram due to vertical loads on AB
= Area of BM diagram due to vertical loads on BC
= Distance from A to c.g for the BMD for AB
= Distance from C to c.g for the BMD for BC

If weight distributed uniformly i.e., udl on both spans, equation can also be written as,

A

w B w'

A

Y
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wl® w'®
M, T+ 2M, T+ 1)+ M(I' ==+
3 Moments equation of clapeyron's theorem is applicable for a continuous span where we get a

relationship among the bending moments at three consecutive supports of a horizontal beam.
To a calculate the central deflection, let use assume a support at centre of beam AB. Thus applying 3

moments equation, we get,

C
ANYW%\B
2 T 2 T
le i - —

Ly A
MA£+2MC[£+LJ+MBXi _W(2j W(2j
2 2 2 2 = +
4 4
N M 2wl 2_w_l2
= At aMe My =T T
As simply supported ends, = M, =M; =0

wi> 1 wl?

=X —=—
Mc 8§ 4 32

Now, to calculate reactions at C, we use FBD of beam

=

Rc, Rf‘.z M
c W B
AW\’V‘\ (.{ c i) (C{—W:TVM-DT
RAT TRr, IF" z Ry
R, -WU/2) Mc wl wi R, _W(l/2) M
T2 T2 a1 T2 T2
2
wl  wl wl  wl
S EEP3 < 4 16
5wl 5wl
= Ra ™76 = R ™96
5wl 5wl 5wl
=R. +R. = + =
= Re T8 8¢ =90 " 16 T8

Now using compatibility condition that the net downward deflection due to udl on span AB is equal
to net upward deflection due to R acting alone.

T ! s Te.
1 -
- ““--;—"—’ N
5 =8 R.I° 5wl ’ 5wl
= 1 27 48F1 8 48EI 384F]
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Swl ()

Thus the central deflection in a simply supported beam is 8L

Q.33

Sol. 30 kN/m
ACXYY Y Y Y Y Y Y Y Y Y Y Y Y YNC

4} I B% 21 4}

b 5m e e

It is a statically indeterminate structure with degree of indeterminacy equal to 1.
Let us assume the reaction R at support B. Therefore, we can also draw the above structure as
shown below, with the condition that deflection at B should be zero.

30kN/m
A C
Bt 2
Rs
R, Re
5m > 6m
65= 0
5 . A _30x11  6R,
upport reaction at A, R, 5 1
6R
=165 - —L i
R, 1 ..(1)
S . C _30x11 5R,
upport reaction at C, Rc 5 1
5R
=165-—=" ii
R, Tl ..(ii)
Moment in span AB at any distance 'x' measured from A
6R, X
M,, = (165 T jx —30.x.§
6R 2
M,; = (165 - 118 )X —15x ...(iii)
OM 4 _—bx .
= R, 1 . (iv)

Similarly, moment in span CB at any distance 'x' measured from C

5R; X
Mg =(165— T jx—30.x.—

2
5R )
M, = (165 - 113 jx -15x (V)
Mg _5x .
= R, 1 .. (vi)
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Total strain energy (v) in beam,

5 2 6 2
Mpdx Mg
= + dx
u=m ! 2E(2D)
5 21\/‘[AB aMAB 6 2MCB aMCB
. ou R oR
Deflection at, B (3;), 8y = = I - dx+I P dx
ORy 3 2F1 0 4EI

Putting value from equation (iii), (iv), (v) and (vi), we get

5 [(165 - 6;{13 jx —15x2}.(—i)1(jdx 6 [[165 - 51RlB jx - 15x2}(—§)1()dx
8y :j
0

EI +J‘ EI

0

Now, as there is a support at B, therefore deflection at B must be zero

i.e., 63 = 0
5 [(165 _6Ry jx—lSXZ}(—&()dx 6 {(165 _ SRy )x—lez}(—Sx)dx
11 11 11 11 =0
= | il
0 EI 0 2EI
After solving this equation, we get
R, =205.025 kN
6R 6x205.025
ion (i =165——L=165-———"—
From equation (i), R, T T
=53.17 kN
5R 5x205.025
From equation (ii), R, = 165 - 1—1B =165 22X
=71.807 kN
Shear force diagram
30 kN/m
ACCYYYYYY WY NYYYYYNYAC
/ X - B X A
53,10 kN 205.025 kN 71,807 kN
- 5m —re 6 m -

Portion AB ('x' measured from A)

S.F.=53.17 - 30x
S.F. (just left of B)=53.17 - 30 x 5 = -96.83 kN
Portion CB ('x' measured from C)

S.F.=-71.807 + 30x
S.F. (just right of B)=-71.807 + 30 x 6 = 108.13 kN
S.E.D. will be
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108.13

53.17
@ @ )
A B @
=)
71.807
96.83
Bending moment diagram
| 30 kKN/m ;
A Q(WWVVWVW cC
f— x —»! B4 e X —4
53.17 kN 205.025 kN 71.807 kN

Portion AB ('x' measured from A)
M =53.17x - 30.x.§ = 53.17x — 15x

Bending moment at B
M, =53.17 x 5 - 15 x 5 = -109.15 kN-m

dM

For maximum M, = - 0=x=177m,M,_, =4712kN-m

Portion CB ('x' measured from C)
M= 71.807x - 15x?

dM
For maximum M, > - 0=x=239m, M __ =85.94 kN -m
BMD will be
47.12 kN-m 85.94 kN-m
m ; m
1,77 ml é f«—2.39 m|
109.15 kN-m
Q.34
Sol. Fixed end moments
N :+3PL:+3X24X3:+z:+13.5kN—m
FBA 16 16 2
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l P
Conceptual Background: @ E) Mg

We knw that

o | T
A

Hence CQA E) <— Carry over moment
PL PL

PL — ==
' 8 16
A B} 3rL
AN 1
_3PL
Hence, Mg = +?
M, 40
MFBC :+T_+Z:10
Mz =10 kNm
Hence, 1\_/[FBA =+13.5 kNm
Mg =+10 kNm, M, =+10 kNm,
Slope-deflection equation :
- 3EI 8 3E(1.51)
A = Mpga + T(OB _TJ =135+ —(OB)
= M., =13.5+1.5EI6, (1)
2EI 38 2EI
MBC = MFBC + T{29B + GC — T; =10+ T{ZOB}
4EI0
= M,. =10+—=> ..(2)

261

= ou)

2EI 36
MCB = MFCB +T{26C + GB —T} =10+
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2EI0
= Mg =10+=—= -3
Joint equilibrium equation
Mg, + M =0
13.5+1.5EI0, +10 + 4EI0, -0
4

= 235 = 1.5+§ EI6,
= EI0, — -8.294

By putting this value in Eqn. (1), Eqn. (2) and Eqn. (3)
M,;, =1.06 kNm
M,. =-1.06 kKNm

M, =+4.47 kNm
F.B.D

l24 kN : o 40 kNm N
A v B 1.06 kNm/”~ 2 L N)
A V1.06 kNm AN v X
o ,,QJ WA

l«—15m ——>f— 1.5m ——|

)

4 47 kNm

[l

f— 15m —sf—1.5m —|

Bending moment diagram and SFD :

For Part AB
24 kN
A B
D )1,06 kNm
j T
e 15m —pe—15m —
R, +Ry =24
ZMB = 0
R, %3 =24x15-1.06
= R, =11.646 kN
and R;, =12.354 kN
From A to D M= R, x x =11.646x kNm

MI _ . = (11.646 x 1.5) = 17.469 kNm
From B to D (x from right side)

M =R, xx-1.06

MI_, .. =12.354x1.5-1.06
=18.531-1.06 =17.471 kNm

MI _, =-1.06 kNm, Hence the BMD will be
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17.47 kNm
BMD
1.06 kNm
Shear force diagram will be as shown below
11.646 kN
)
S 1.06 kN
SFD
For Part BC
1.06 kNm 40kNm
( ;B EKI § 4.47kNm
RBl : T Rc
|
le— 1,50 m —»je——1,5m —>]
EMC =i(]
XM =0
R,, x3-1.06+40 +4.47 =0
N R, - —40—4.§7+1.06 1447 kKN
Also, Ry +Rc =0
R, =+14.47 kN
BMD (Between B and E)
M =R; x-1.06
MIX:O = —106

MI 5, =-14.47x1.5-1.06 =-22.765
BMD (Between C and E) (x from right side)
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M =Rox—447
MI_, =—4.47 kNm

MI

x=1.5m

=+14.47 x1.5-4.47 =17.235 kNm

Hence the BMD for part BC can be known as follows

17.235
1.06
0
4.47
22.765kNm

SFD for part BC is shown as below

e ) SFD
By combining both part,

24 kN
l 40 kNm

5 A D
i 1

11.646 kN 2.116 kN

E ) 447kN | Be=Rp1 + Ry

§ = 12.354 -14.47

‘[ - 2116 kN
14.47 kN

11.646

22,765

12.354

- ; SFD

14.47

@ +91-9828747676, +91-9462447676, +91-636724445
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Alternative method for drawing BMD:

24 kN
l 40 kNm
A B _\ C
Ty Y 74 v-J
First draw the end moment diagram
1.06 1.06
C
A f) (’i )4_47
) t/ Nt 3

4.47

A C

After plotting end moments, Free moment diagram (assuming simply supported condition with
loading) is superimposed.

P
24 kN 4
A l B
S o @
[ 3m > —>
t
24x3=18
Free moment diagram for AB
40 kNm 2D

B N ¢

/ BMD @
40/3 40/3 ]
h——— 3m ——f

20

After superimposition, the BMD will look like as shown below
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20-2,765=17,235

y
1,06 +4,47 =2,765 20

B
1,06=0,53

2,06+447 = 2,765

Note:

Q.35

Sol.

The Bending moment diagram from both the method is same only the way of representation is
different.

In solid mechanics generally we deal with deterministic structures. Hence we can directly calculate
the unknown reactions and if someone can calculate reactions easily then the 1st method will
become easy to draw BMD or SFD.

In structure analysis part, we generally deal with indeterminate structures where we can't find
the reactions directly by using equilibrium equations. For that we have to estimate the end moments
first. Hence in these cases the fixed end moment method i.e. 2nd one will be easy.

For shear force, we have to determine reactions as in previous method, and after that we can
draw S.F.D. which will be some as in previous method.

90 kN 12 kN
] 20 kN/m 15m
3m—sje—— 4 m—> —
NNV Y NN N Y
‘T S SN
5m |
dg=12mm
5131.6 x10*

E =210 GPa, I = 51316 x 10* mm¢=""—

5131.6x10*

1012

EI =210x10° x =10776.36 kN —m?

Step- 1: FEMS due to applied loads and sinking of supports.
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90 kN

~90x3x4*  6x10776.36x0.012

. - — 104 kNm
FAB 7 7

90x3°x4 6x10776.36x0.012
wpa T 72 - 72

=50.29 kNm

_20x 5° N 6x10776.36 x 0.012

=-10.63 kNm

FBC 12 52

20x5*  6x10776.36x0.012
+ + >
12 5

M, =72.7 KNm
M,., = -18 KkNm

12 kN

G/ 15m i

Step-2: Distribution factors

Joint |Member | k sk DF:%
BA 77 049
B 0.2931 |
3 1 _ar
CITEae. 0.51
B |13%5"@m| |

Step-3: End Moment distribution
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Joint A B C D
DF Q \0,490,51| [1 0| =]
FEMS -104 50.28/-10.63 727 [-18 -

~54.7 0
EE,‘:.?“ & —27.35%
NetFEMS | -104 50.26/-37.98 +18.0 |18
Bal B —6.03|-6.28_
CoMm -3.02/ ~ 0
Final and -107.02 44.26/-4426 +18 |-18 -
momeants | —
Step-4: BMD
07.02 kN o 26 kN 26 kN
107. m 44. m 44. m 20 o 18 kNrn 12 kKN
F—3 m—=y
A B fe—— 5 m D
18 kN-m 5 m
90 kN 12 kN

1.6m

I__3m__,_4m_,4 20 kN/m i

L

i
Pointat /"
inflection

Point of
inflection

Q.36
Sol. In this frame Side sway occurs if there is a lack of symmetry either with respect to loading or with
respect to geometry.
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a'a'a'a’a’a Y Y Y Y4 R O R
|
|
|
|
|
|

TR, g T T |0 T

(Nonsway Analysis)  (Sway Analysis)

Distribution factors

Joint Member Relative Total Relative Distribution
Stiffness Stiffness Factor
BA 1/4 3/7
B BC 1/3 71/12 4/7
CB /3 8/17
C CD (3/4) x (21/4) = | 171/24 9/17
31/8

Nonsway Analysis
Objective: To find restraining force R.
Fixed end moment

10 kN/m
B f R
G
4m
A D
HA’ TIHTR & Hp

j—— 3Mm —

MFAB = MFBA =0

_ 2
_T10x3 50 kNm

M FBC

Mie = 7.50 KNm
MFCD = MFDC =0
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A B C
31| 4 8 9
7 17| 17
0 0 ~7.50 7.50 0 FEM
4321 +429 - -353 | -39 Bal
+1.605 ¥ ~1.765 ¥ % 4+2.145 C/0
, +0.756 +1.009 \__~ —1.009 | —1.136 Bal
+0.378 * _0.505 ¥ ™ 0505 C/O
, +0.016 +0.289 - -0.238 | -0.077 Bal
+0.016 * ~0.019 ¥ % 40.145 C/O
, +0.034 +0.034 \_~ -0.068 | —0.077 Bal
+0.051 ¥ ~0.019 % ™ _0.016 C/O
, +0.015 +0.019 ~0.018 | —0.018 Bal
3117 | 4248 ~4.248 5.468 | -5.468

Hence, M ,; =2.117, M, =4.248, M. =—4.248, M ; =5.468, M, =-5.468, M. =0
Note that we can avoid calculation of moments on legs AB and CD while doing moment distribution.
Moments of these legs can finally be obtained using equilibrium equation once M. and M, have
been calculated. For example, the analysis can be done in the central part follows:

A B C
4 8
7 17
0 0 =15 7.5
4 8
7.5x= ~T5x—
7N\~ AT
75x4 % w2
17 7
7'5><4>-<i —TSXEXE
17 ?Y 7T
| :
-4.248 +5.468

FEM

Bal

C/O

Bal

C/O
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Now, Mg, + My =0 = M, =-M; =4.248
M +Mgp =0 = Mgy =M, = —5.468
M., - M
Also, from (i) and (ii) ; M,; =M +%
2EI .
MAB = MFAB +T(9B) (1)
2EI ..
MAB = MFBA +T(293) ...(11)
Since 8 = 0 and end A is fixed
4248 -0
M,, =0+ T

M,y =2124=2117

<

be =0 [+ hinge]

Free body diagram
For part AB
Our aim is to calculate H

Wi
B A
TN 2117

A
2M; =0
= H, x4 =2117 +4.248
= H, =1.59125 kN
For part CD:
2M¢ =0
= Hy x4 =-5.468
= H, =-1.367 kN
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(-\C
5.468
4m

Hp &

> TR
D

Restraining force, R =H, +H, [from ¥, =0]
R =H, +H,

= R =1.59125-1.367

= R =0.22425 kN

Sway Analysis

* Remove all external loading

* Apply arbitrary sway force (S) opposite to the restraining force i.e., rightward in this case.

* Insway analysis, fixed end moment are not known in advance hence arbitrary values are assumed
for fixed end moments, like 100, 10 etc.

* Joint moment determined

* Arbitrary sway force determined

Actual sway force (R)

e (Correction factor determination; correction factor = Arbitrary sway force (S)

* Actual sway moment calculation = end moments x (correction factor)
* Total end moment = (Actual sway moment) + (Nonsway moment)
Sway analysis

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



ZONE TECH

Theory of Structure
6ELS s
L2 i 6E|2—2
{—\ 1 /é ﬁ LS
B A 7% 0.22425kN = R (active sway force)
,JI: \\\__‘-__,f ,‘r! :
R 8/ |
> i
:f ;
|_:1 |1 :J PI'
! i, L _
/ ¢ R I-1 B LQ
i: :
" e [l BELZS
N\ |_2
BE,5
E
6ELS

[Here only magnitude considered]

L21 =10

if we suppose,
M;,; =Mz, =-10[(-ve) sign taken because of anticlockwise moment]

then,
6E(21)5
Hence, T =
Micp =Mpe =20 [ 1, =21]
So,
A B c_____ﬁn
v 47 817 911;{'
m— _M
10 10 0 0 =20 =30 » considering all joints to be fixed
¥ +——+20|In actual case, joint D is hinged hence
o +10 BM at D is permanently released
10 =10 0 =10 0 |New FEM
’%4._2‘86 5714 4706 | 5.294 Bal
2.143 2353 X% 2867 felle}
-1.008 | —1.345 =1.344 [-1513 Bal
e Y
—0.504* 0672 © % 0673 cIo
0.288 0.384 . , 0317 | 0.356 Bal
0.144 " 0159 ™ 0102 cio
,—0.068 -0.091 . . -0.091 |-0.101 Bal
—0.034" -0.046 ¥ ™* 0046 cio
0.02 0.026 0.022 | 0.024 Bal

Calculation of H, :
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v |Bl
5.482 |
i .
—
M,, =-8.251
M;, =-6.482
ZMB = 0

H, x4 =8251+6.482
= H, =3.68325kN
Calculation of H

£
5.94
4m
D 6.482
‘___
Hp
MCD :_594
ZMC = 0

HD X 4 = 594:

= H, =1.485kN
P S (Arbitrary sway
force)
<H— TR TR < H
D
A
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Hence, Arbitary sway force = (S) = 3.68325 + 1.485 = 5.16825 kN

R 0.22425

Correction factor = S 516825

Actual end moments (for sway) are:
M,, = -8.251 x 0.04338 = -0.358 kNm
M,, = -6.482 x 0.04338 = -0.281 kNm
M, .= 6.482 x 0.04338 = +0.281 kNm
M, = 5.94 x 0.04338 = +0.2576 kNm
M, =-5.94 x 0.04338 = -0.2576 kNm
M,.=0x0.4338=0

=0.04338

= Total end moments :

Member (Non sway end (Actual sway end Total end Moment
moments) Moment)

AB 2117 -0.358 1759

BA 4248 -0.281 3.967

BC 4.248 +0.281 -3.967

CB 5468 +0.2576 5.7256

CD -5.468 -0.2576 -5.7256

DC 0 0 0

Determining the actual reactions:

10 KN/m
e VoV Vi Ve Wi Vi

<+—H,
VD

1.759 £
b e A
A

— 3 m —p|

2E =0
V,+V, =30
and >M, =0
= 1.759+V, x3 =10x3x3/2
= V, :45_—1'759:14.4137 kN =14.42 kN
= V, =15.58 kN

Part AB
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B
[ M
dm
Ha
Mag
A
- oMot May 175943967 4y
1 1
As H,-H, =0; = H,=144kN

Drawing Bending Moment Diagrams
For part AB,

14.42 kN
v
3.967@5— 1.44 kN

4 kN — 1,759
T REEREEE
14.42 kN 1.759
Fixed end moment diagram
Finding x,
1759 3957 _ 4-x _3.967
X 4-—x X 1.759
4 3967
= X 1.759
= x=094 and 4 - x =3.06 m

Since there is no loading in span AB, hence free moment diagram will not exist
For part BC,
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3.967 KN-m | ke 5.7256 KN-m
[ m
4 kN __( B OO N C e bR
—_—p
t—x 1 3m f
14.42 KN 15.58 KN
3.967 kN-m 5.7256 KN-m
6 C .3.
3.967 KN-m 5.7256 kN-m
3.967 71 5.7256
/ /
/ // A
10 kNlm
For T am T

le—1.442 m —>

For part CD,
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L8 i
144 kN
=&l =
5.7256
e -
i Sign to BMD given by looking from left
D 1.44 kN
:
w (End Moment Diagram)
15.58 kN

Ry

Since there is no loading on CD, hence free moment diagram will not exit
By combining all the parts together, we get

D 614 T 5.7256
3.967 =
3,067 e 5.7256
«1.442 m-»|
BMD
A 1750 D

Q.37

Sol. 50 kN

N PR

21 T
25m
| |
" 2l D
10 kN/m

jd— 2.6m ——pid— 2.5M—H»

The structure is symmetrical, hence symmetrical beam approach will be used. We will consider only
half of the structure i.e.,
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S ey
! ; T0kN/m
Joint [ Member [ Stiffnoss | B.7.
A L | 0.3:
AC 2E » 2
A 5
| 0.67
AE 4E » —
25 |
E 2.5
| 0.33
ED | o432
)
Fixed end moments
-PL 50x5
Mo = oo - =-31.25
MFAE =0
MFEA =0
2 2
Mo = WL 1057 o e
FED 12 12
Soipt TR TR E
o ARG RET EA | D
DF. 0.33 0.67 0.67 0.33
FEM | -31250 0 0 20.830
Bal 10420 | 20.830\ -13.890 | -6.940
co 0 -6.945% %10 415 0
Bal 2315 4630\ -6.943 | -3472
co 0 -3.472% N o305 0
Bal 1.167 2315\, -1543 | —0.772
co 0 ~0.772% % 1 157 0
Bal 0.257 0515 . -0772 | _038s
co 0 -{].3865 :70‘257 0
Bal 0.120 0257 0471 | -0.086
$um | 16972 | 16972 —a175 | o475
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= M,c =-16.972
From symmetry M, = 16.972
Similarly other end moment can be determined.

The free body diagram is as shown

50 kN

)

16.972  16.972

16.972 16.972

9.175 9175

et 9.175 9.175 had
¢ )

10 kN/m

PL 50x5
BMD will be (considering sagging as positive and hogging as negative) |M=—= =625

4 4

L

16.972 1,

TR ! e e
16.972 : 1625 N\ S

Q.38
Sol. Due to symmetry in geometry and loading of figure, there will not be any sway in the frame.
32 kN
|[¢—— 3m > 3m >|
B @ 7
g
O, O/
A i ¥

Ends A and D are fixed
0, =6,=0
Slope-deflection equations,

MFAB = MFBA = MFCD =M. =0

FDC
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32x6
M. = g < -24 kKN-m
32x6
M., = +T = +24 kN-m
2EI 4
Joint B, M;, =My, + 3 (20, +0) = 3 EIo,
2E(2I)
MBC = MFBC + 6 (2613 + eC)
2EI

24+ (20, +0,)

4 2
= gEIeB *3 EIO_ - 24
But, M,, +M, =0
4 2 4
= EI6 + TEIO -24+ S EIO, =0
= 4EIB, + EI6. = 36 (1)
Joint C,
12 '
0, = o (Clockwise) (-- 6, = -0,)
12 . _
Hence, 0. = “EH (Anticlockwise)
12 12
0, =0, 6,= ﬁ,ec=(—ve)EI,9D=O
Q.39
Sol.
10 kN 10 kN
3kN/m l l
: z
Aa/V\/W\/'W\ C D
ﬂ F—Z.Sm —><€-25m 2 Sm—p4-25m
I« 6 m bt 5m —Ie¢——5m —|
(A) Fixed end moment
—wl? -3x67
MFE = 12 = 12 = —9kN—m
+wl? 2
Mgz =—o- = %z%(N—m
M, = '?wl - '1?;5 = -6.25kN -m
M, = %"l = 105 625kN-m
Mg = "?wl = "1?;5 =-6.25kN-m
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+wl +10x5
Mg =5 = =0 =+625kN -m
(b) Slope deflection equations:
0, and 0, are zero because end A & D are fixed.
2F1 .
My = T[BB]_g ()
2EI .s
MBA = T[ZOB]+9 ...(11)
2EI ‘es
M,. = ?[293 +60.]-6.25 ...(iii)
2EI .
M, == [20c +0,]+6.25 (i)
2F1
M, =-=[26.]-6.25 (V)
2EI .
MDC = ?[OC ]"r 6.25 ...(VI)
(c) Equilibrium Equation:-
at joint B, M, + M, .=0
%[263]+9+%[26B +0.]-625 =0
EI{%+%+%6C}+2.75 =0
EI[%GB +%ec}+2.75 =0 e (Vi)
atjoint C, M, + M,=0
%[2% +GB]+6.25+%[26C]—6.25 =0
%[mc +0,] =0
8 26
El[g 6c +?‘3} -0 ...(viii)

By eqation (7) and (8)

165
" T 82FI

After substitiote 0, & 0. is slope deflection equations.
M,, =-9.67 kN-m
M,. =-7.65 kN-m
M., =-5.84 kN-m

165

e =
€7 328EI

M,, =+ 7.65 kN-m
M, =+5.84 kN-m
M,.=+6.45 kKN-m
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10 kN 10 kN

(Fpocama— b N7 | N,
967 4 7.67 JI¥7.67 . JT &5.84 6459 F

K_ 6 m 1) 5 m _N<_5 m _N
13.5 KN-m
12.5 kN-m 12.5 kN-m
+ 7.67 kN-m . 5.84 kKN-m + 7
9.67 KN-m|7 \| . Y / \I 6.45 kN-m

Q.40
Sol. Given: Diameter of bars=8 mm = 0.8 cm

E=2x10°kg/cm?

4
= =8m
Lea sin 30°

4
Leg = :4\/§m

sin 45°

C
500 kg

To find out the vertical and horizontal deflection component of deflection of joint C, we will use
castigliano theorem.

Ly Lyn
A

B

Vertical deflection of joint C = F

F=500 kg
R=0
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Horizontal deflection of joint C =—
OR F=500 kg

F CA F CB
§ 45°
30 R
E
U = Strain energy of system
U =Uc, +Ug
U — F(?AICA
A 2AE
U — FSBZCB
® 2AE
z FV = 0
= F.,sin30°+F.;sin45°-F =0
2E, =0 ..(1)
= —F., c0s30°+F.; cos45°+R =0 ...(ii)

From (i) and (ii)
F, (sin30°+cos30)-F-R =0

F+R

en =———————=0732(F+R)
sin 30° + cos 30°

_ F-F., sin30°
sin 45°

=-0518(F+R)+1.414F

F, = 0.896F — 0.518R|

— FCZA ZCA FCZZB lCB

2AE  2AE

AE = 2(0.8)2 cm? x2x10° kg / cm?® =100.48x10* kg

_ kg’ x800cm kg’ x565.685cm

= U " 2x10048x10°kg  2x100.48x10*kg
2 FZ
= Lkoem+—E  kocm
U =156 8 o x1776.053 0
oF oF

U | Foop oF
F ==+ 2F,
2x1256 2x1776.253
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oF, oF,
2F,.~CA DF “CB
@ B CA 6R N CB aR ]
oR 2%x1256  2x1776.253
ou 2x0.732(500) x 0.732 2 x(0.896 x500) x (0.896)
= — = cm +
AVe " oF [p-smis 2x1256 2x1776.253
3 0.427 cm x 0.452 cm
c 2
_ 0.879cm _ 8.79 mm 4395 mm 4
C 2
_au _ 2x0.732(500)x0.732  2x0.896x 500 x (-0.518)
Anc OR|E=500kg 2x1256 2x17776.253
~0.427 - 0.260

=0.0835 cm = 0.835 mm (—)

(+)ve value of deflections mean that deflectins are in the direction of force F and R i.e., downward
and rightward.
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