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P.Code: CEO1 SSC-JE : 2022 (Mains) : Test Series

I1.(a) Determine the crippling load for a T-section of dimension 10 cm x 10 cm x 2 ¢cm and of length 5 m when it
is used as strut with both of its ends hinged. Take Young's modulus, E =2 x 10° N/mm? (overall depth =10
cm, width of flange = 10 cm, width of web = 2 cm and thickness of flange = 2 cm).

T-Ha= S9! SR 10 cm x 10 cm x 2 cm 8 3R HTS Sm 6, & AV fhUlehT drs &1 HeiRor o |
o Il RN fe=ote ¥ge & oy SuaiT har SIrdn & | AT |4ieged E =2 x 10°N/mm? &d TeRTS =
10 cm, FelvoT &1 dlels = 10 cm, 99 &I dlelE =2 cm 3R Felwol & Alcls =2 cm © |

[20 Marks]

Sol.:

Given : Dimensions of T-section= 10 cm x 10 cm x 2 cm
Length actual, [ =5m=15000 mm
Young's modulus, E =2.0 x 10° N/mm?.

First of all, calculate the C.G. of the section. The given section is symmetrical about the axis Y-Y, hence the
C.G of the section will lic on Y-Y axis.

Y
I: 10§cm :I
— i x
2 cm
X i —X
10 cm
i y
| A A2
—» 2§cm|<—
Let v = Distance of C.G. of the section from bottom end.
For the flange, we have a, =10 x2=20cm’
y, = Distance of C.G. of area a, from the bottom end
=8+1=9cm
For the web, we have a, =8x2=16cm’
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y, = Distance of C.G. of area a, from bottom end

8 _
> =4 cm

_ay tay,

Using the relation, a +a,

]
|

_ 20x9+16x4 _ 180+64
T 20+16 36

=6.777 cm

Moment of inertia of the section about the axis X-X,

10x23 2x8
Ixx:( 5 +2O><2.2232)+( B +16><2.7772)

— (6.667 + 98.834) + (85.333 + 123.387)
=314.221 em’

Moment of inertia of the section about the axis Y-Y,

_2x10* | 8x23

Lv="17 *12

=166.67+533=172 cm*
Least value of moment of inertia is about Y-Y axis
I =172 cm*= 172 x 10* mm*
Since the strut is hinged at both of its end
Effect length, L, =/=5000 mm
Let P = Crippling load

Using equation, we get

P = Bl _ 7 x2.0x10°x172x10"
L2 50002

=135805.7 N Ans.

1.(b) A Cantilever beam 20 cm wide and 25 cm deep projects 2m out of a wall and is carrying a point load of 80
kN at the free end as shown in Fig. Find the slope and deflection of the cantilever at the free end. Take E =
210 GPa.
T 2m Dbeleiiay 8RA fOEad! diels 20em 3R Te¥TE 25cm & o gad R R b 80kN T fa=g
AR IR AT & | S o # fegman M & $Elelor o)A & qad R oR @1 9 9ei9vr S $Ifory |
Siafs E=210 GPa g |

80KN
A l

B
«— 2m >

[10 Marks]
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Sol.:

Given data;
B =20 cm
D =25cm

SSC-JE : 2022 (Mains) : Test Series

=200 mm
=250 mm

L =2m=2 x10° mm
W =P =80 kN =80 x10°N

0, =%y, ?
E =210 GPa =210 x10° —
mm
BD? 200x250°
Moment of Inertia I = = X =260.42 x 10°mm*
12 12
WL?
0, =
2EI
80X 10°N x(2x10°mm)?
2%x210%x10° x260.42%x10°mm*
B 80x10° x4x10°N - mm*
2x210x10° x 260.42 x10°N — mm?
= 2.92 x 102 Radian
WL 80x10° x(2x10°)°
Y6 T 3EL 3%210x10° x260.42 x10°
80x103x8x10°

3x210x10° x260.42x10°

1.(c)

Draw the shear force and Bending moment diagrams. Also
negative value for the both.

3.90 mm

{l Solution End.

write down maximum positive and maximum

T 3 M fom @ ford sraeuvr 9o 3iR da el v Wifer | <1 & forg sifdida g iR

e ad FoMcHd A9 T forfaw |

k— 10kN/m —> 18 kN
A B lc
fe— Sm —— 2m —

[20 Marks]
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Sol.:

For reactions at A and B.

Now for shear force

1) In BC section

SSC-JE : 2022 (Mains) : Test Series

+ve sign because clockwise direction.

(i1) SF in AB Section

at
=

at
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18 kN
10kN/m B
YN
A I S5m 2m —» ¢
17.8 kN’\ +  |I8kNgpp
«1.78m—~ — :
322 kN
15.842 kN-m
. +
~1.78m L BMD
36 kN-m'
SR, = 251
R, = 50.2 kN
R, + R, = (10 x 5) + 18
R, = 68 - 50.2
R, = 178 kN
% 18 kN
|
SF. =+ 18 kN
SF, = +18 kN
X
10 kN/m L
A
X
X
17.8 kN
SF, = 17.8 kN
SF, = 17.8 — 10.x (Linear)
=0
SF, = 17.8 kN
=35
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= SF, = 17.8 - (10 x 5)
SF, = -32.2 kN

So, the shear force diagram is shown in fig.

Now for Bending moment :

(i) BM in BC - Section

18 kN

|

< C

A— #

BM,, = -18.x (Linear)
Negative sign is due to hogging B.M.

at x = 0;
= (BM), =0
at X = 2;
= (BM), = -18 x 2

(BM), = -36 kN-m
(i1) For AB-Section

X
10 kN/m L

X

17.8 kN

X
BM, = 17.8x - IO.X.E (2°-parabola)

at x = 0;

= (BM), =0

at X = 5m;

= (BM), = -36 kN-m

So, BMD is shown by fig.

For maximum BM

dM
— =0=178-5x2x=0
dx
‘ _ 17.8 _ 178
al X 5x2) 78 m
78
(BM),,, = (17.8x1.78) = (10x1.78x =)

15.84 kN-m
{l Solution End.
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1.(d) The stepped steel shaft shown in figure is subjected to a torque T at the free end and a torque 2T in the
opposite direction at the junction of the two sizes. What is the total angle of twist at the free end if the
maximum shear stress in the shaft is limited to 70 N/mm?. Assume the modulus of rigidity to be 8.4 x 104N/

mm?.

JTHIT H faEmr T W wid Awe & Jad R ) T Sfd AR M 1 SR & IR & e
R faudia fem # 2T Sfe v gam & | Af emve # 3rfedhdd Jrueuor yfded 70 N/mm? & Hiffg 8
q9 Had Y UR el ARIS PIVT &1 BT | BORAl AUIE 8.4 x 10*N/mm?>t |

[10 Marks]

Sol.:

Torque on the shaft BC =T
Torque on the shaft AB =T -2T=-T
Hence the two shafts are subjected to a torque of same magnitude but of opposite sense.
Hence the shaft BC which is of smaller diameter will be subjected to a greater shear stress than the shaft AB.
Equating the torsional strength of the shaft BC to the external torque, we have,

nd®
576 =T
3
T = W = 1718060 N-mm
Let the twist of the shaft BC be 6, _ radians,
T _ Cebc
ch - Lbc

0 _ 1718060 1800
be (nx504) 8.4x10*
32

=0.06 radian

info@engineersacademy.org < +91 809 444 1 777 > www.engineersacademy.org



P.Code: CEO1 SSC-JE : 2022 (Mains) : Test Series

Similarly the twist © , of shaft AB is given by

_ 1718060 1200
b (nxlOO“) 8.4x10*

32

=0.0025 radian

Since the directions of twist 6, and 0_ are opposite to each other.
Net angle of twist of the freeend = 0, — 0,
=0.06 - 0.0025
=0.0575 radian
=3°.295 say 3°18' Ans.
{l Solution End.

2.(a) A cantilever of length 2 m carries a point load of 20 kN at the free end and another load of 20 kN at its

centre. If E = 10° N/mm? and I = 10® mm* for the cantilever then determine by moment arca method, the
slope and deflection of the cantilever at the free end.

U Dhelellor [STHS! dF 1S 2m 8, & Jad Y 9k 20 kN &I 4R T 837 © | 31X 20 kKN &1 ST AR
@5 U AT BT & AfX E = 10°N/mm? 3R [ = 10° mm* & T9 3MgLl &=l fafe &1 wewar 4
GHlefloR W & Jad AR R @9 9 9o sird o |

[ 20 Marks]
Sol.:
Given, Length, L =2m
Load at free end, W, =20 kN = 20000 N
Load at centre, W, =20 kN = 20000 N

Value of E = 10° N/mm?
Value of I = 10¥ mm*
First draw the B.M. diagram,
BM. atB =0
BM.at C =-20 x 1 =-20 kNm
=-20x 10% x 10> N-mm
BM.atA =-20x1-20x2

=-60 kN-m =-60 x 10° x 10° N-mm
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B.M. diagram is shown in figure

20 kN 20 kN
A3 cl
N VVB
@ | 3
54— Im e Im —
C

B.M. Diagram

To find the area of B.M. diagram, divide the figure into two triangles and one rectangle.

Now, AreaA, = 2% CDxBC = 2x20xI

=10 kNm?=10 x 10* x 10° N-mm? (.- m? = 10°® mm?)
= 10'° N-mm?

Similarly arca A =CDxAC=20x1=20kNm’

and AreaA, = %XFDXEF

_ %x1x40 — 20 kKN/m?

Total arca of B.M. diagram, A=A +A +A =10+20+20=50 kNm
=50 x 10® x 10% N-mm? (. m? = 10° mm?)
Slope and deflection at the fixed end is zero.
Let 0, = Slope at the free end B

Then according to the moment area method

Arca of BM. diagram

O, = EI
3 6
= 20X X0 0,005 radiSol.
Let v = Deflection at the free end B.
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Then according to moment area method,

AX .
Ye T BRI (1)

Now let us find X or AX.
Then total moment of the bending moment diagram shout B is given by

A-X =AX+AX, +AR,

_ 2 1 2
= 10><(3 ><1)+20><(1+ 2)+2O><(1+ 3 ><1)
= 29430+19% _ 70 v
3 3
=70 x 10* x 10° N-mm?
=7 x 10"* Nmm? (- m* = 10° mm?)
=7 x 10" Nmm?
Substituting this value in equation (i), we get
7x108
Ve = TP x10F 7 mm Ans.

{l Solution End.

2.(b) Calculate the moment of Resistance of the given beams. If the maximum stress is 100 N/mm?,

& W W & forg smegel ufeRk @1 o N | At siffedd gfied 100 N/mm?2 g |

KK 190 a

& 5

<10> (i1)

(all dimensions in mm) Diameter = 100 mm

[ 20 Marks]
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Sol.:

) For the given beam
Kk 190 |
5 A
15
L%
530 <€10>

(all dimensions in mm)
Since the section is symmetric about both axes, So the Neutral-axes will pass through geometrical-center.

Moment of Inertia of the section.

_ 190x350° (190 -10)x520°
- 12 12
I = 5251508333 mm’

Bending stress

A M
f-1
So, M= —
y
So, moment of Resistance of the Beam is
100 x 525150833.3x107°
M = = 190.96 kN-m
7)
.. 2
(1)
'Y
D =100 mm
X\ X

L
Moment of Inertia L, = aD4

T
L. = ax(IOO)4 = 4908738.52 mm*

XX
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Since bending stress

o M
So, moment of resistance
M = f-I  100x4908738.52
oy 100
2
Given maximum stress
f = 100 N/mm?
M = 9.81 kN-m

{l Solution End.

2.(c) Draw shear force and bending moment diagrams for the loaded beam shown in figure.

MR H fA@Y T IR eRF & (Y da- gef NG 3R Feb1 MYl NG Wi (S2) |

30 kN/m
15 kN
A C D { B
Im 3m Im E 1Im
RA RB

[20 Marks]

Sol.:

1
R, + R, — —x30x3-15 = 0

R, + R, = 60 kN
Moment at 'A’

1 2L
R . x6-15x5—- — x30x3—+1| =0
B 2 3

R, x 6=75+ 45{2X3+1}
3
210

R, = =~ =35 kN, R, = 60 - 35 = 25 kN
SF, = 25 kN
SF, = 25 kN

1
SF, = 25— x30x3 =~ 20 kN

SF, =-20 — 15 = =35 kN

E

SF, =-35 + 35 =0 kN

B
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Let SF be zero at a distance 'a' from C

1
F=25—5X10aXa=O

X

5a% = 25
a=224m
30
WX
l[— a —»
— 3 —>
w, 30
a 3
w =10a
¢ X Y ,=W 30 kN/m
<« 224 15 kN
A . \I' . B
Im: C: 3m D 1m E: Im T
. < . S
R, =25kN : : : Rp=35kN
25kN 25kN : ; :

M = 25x - % x 30 x 3(;;-%—1]—15@;—5)
M, = 25x — 45(x - 3) - 15(x - 5)
x=0, M, =0 kN-m
1, M. =25 x 1 =25 kN-m
x =4, M = 25 x4 —45(4-3) = 55 kN-m
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x =35, M, = 25x5-45(5-3) -15(5-5)
= 35 kN-m
x=6, M, = 0 kN-m
Maximum B.M. : Atx =324

M 25 ! (aj
= - — X X —
< X 3 WX a 3

=25 ! 10 (aj
= - — X X —
X 5 a a 3

x =3.24

1 2.24
(M), =25 % 324 — — = 10 x 247 x (=5~

ma:

= 62.27 kN-m
{l Solution End.

3.(a) Determine Euler's crippling load for an I-section joints 300 mm x 150 mm x 20 mm and 5m long which is
used as a strut with both ends fixed. Take E = 2 x 10°> N/mm?

U [-section STrel & foTT 3MIeR & fhufeiv T <le &I o1 &, S 300 mm x 150 mm x 20 mm 3R 5
m T B | S S 3Tag R & 1T U 31dhs (strut) & ©U H IYANT fobar Srar 81 E=2 x 10° N/

mm? % |

[25 Marks]

Sol.:

Given : [ = 5m

N
E=2x 10—
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Moment of inertia about X-X axis

i150x3003 —ix130x2603
12 12

—
I

XX

3.375 x 10% —= 1.904 x 108
1.471 x 10®* mm*

M.I. about yy axis

Yy

2X%X2OX1503+%X260X203

11250000 + 173333.33
11423333 = 1.142 x 107 mm*

Least moment of inertia is Iyy

p—
I

1.142 x 10" mm*
Column with both end fixed

LS00
5 = 5 = mm

Effective Length (L)

2Bl wx2x10° x1.142x107
AN (2500)2

3606748.2 N
= 3606.7 kN
{l Solution End.

3.(b) A solid circular shaft of 100 mm diameter is to transmit a maximum torque of 70620 Nm. Find the shear
stress at :

100 mm T &1 BIF JAThR IS 70620 Nm BT AfIhed deT ATl FATRT BRell & | Al deidl Hiadel
EIGECa

0 Centre of shaft
AT & d&s W
(i)  Outermost fibre of shaft

e B 6IIS‘?ICI"I hlgd¥ UX
[15 Marks]

Sol.:

Given D = 100 mm
T = 70620 N-m

Polar moment of Inertia

T 4
I, = —D
P32
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T
55(100)4 = 9817477 mm*

(i) Shear stress at the centre of the shaft,

T
We know 1 = —
I R

at the centre R=0
T 1

Ip 0

T=0

(ii) Shear stress at the outer most fibre of shaft.

D 100
At the outer fibre R = > = By = 50 mm
T T
70620 x10°

9817477 50

70620 x 10° % 50
9817477

359.66 N/mm?

A
I

{l Solution End.

3.(c) The tensile test has been performed on a 50 mm long steel tube having 18 mm external dia. and 12 mm
internal dia. The axial load of 2kN produced a stretch of 3.36x 10 *mm and a lateral contraction of the outer
dia of 3.62 x10~* mm. Calculate young's modulus, poisson's ratio and the bulk modulus for the material.

12mm 3M<IR® T 18mm 18T TH 3R 50mm I steel tube TR d-Td G¥eTor fobam am | forem 2kN
BT &I AR 3.36 x 10°mm BT [dHULT U= BT & 3R 3.62x 10~ & d1gd ATH UR UIEd contraction
I~ BT ol Ul & Ty AT AP, Ui SIUTd SR AT AUl Bl ITUMET B!

[20 Marks]

Sol.:

Given data
/=50 mm D= 18 mm D. = 12 mm
P=2kN =2 x10* N
Al =336 x 103 mm
Ad = 3.62 x 10* mm
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E= 2u=9? K=2?

P 2x10°N
Stress (o) = — = ——=170.7 2

A Tas-y mm

Al 336x10°mm

Strai = — = —— =672 x 107
rain (&) = o 50mm
c 70.7 N
Young's modulus E=—=—F""—""=5=1052 x10° 2
g 6.72x10 mm
od -4
lateral strain = 24 36210 2.01x10°
d 18
- _8d/d_ Ad/d  201x107
possion's ratio W= ST A 672 x10°
=0.2993
E = 3K (1-2p)

10.52x10° = 3K( 1 — 2 x 0.2993)
K = 8.74 x10° N/mm?
{l Solution End.

4.(a) Determine the diameter of a solid shaft which will transmit 300 kW at 250 rpm. The maximum shear stress
should not exceed 30 N/mm? and twist should not be more than 1° in a shaft length of 2m. Take modulus of
rigidity = 1 x 10° N/mm?,
& 3N WiUe &I &Y S1d ST ST 250 rpm UR 300 kW UTaR CHARIE &RAT & | 2m o TS dl 9ue
# afferhad SawHYYT Yfdael 30 N/mm?> ¥ ST <81 8141 @18V 3R feave 1° | SAr&r 81 i1 =1y |
FHORAT AIH = 1 x 105N/mm? 8

[20 Marks]

Sol.:

Given :

Power transmitted, P =300kW =300x 10°W

Speed of the shaft, N =250 rpm

Maximum shear stress, 7 = 30 N/mm?

Twist in shaft, 0=I"= % =0.01745 radian

Length of shaft, L =2m = 2000 mm

Modulus of rigidity, C =1 x 10° N/mm?

Let D = Diameter of the shaft,
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Power is given by the relation,

-
or 300 x 10° = 72”230”
T = 300x10°x60
21 x250
=11459.1 N-m
= 11459.1 x 10* N-mm
) Diameter of the shaft when maximum shear stress,
T =30 N/mm?

Maximum torque transmitted by a solid shaft is given by equation as

T = %X‘EXD3
11459100 = {£x30xD?
A (16x11459100)“3
%30
= 124.5 mm
(i1) Diameter of shaft when twist should not be more than 1°.
Using equation
T _¢Co
J L

wherel] = Polar moment of inertia of solid shaft

T
= —D4
32
11459100 _ 10°x0.01745
T B 2000
- D4
32
Dt = 32x2000x11459100

10°x7tx0.01745
=13377.81 x 10*
D =(13377.81 x 109" =107.5 mm ...(11)
The suitable diameter of the shaft is the greater of the two values given by equations (i) and (i1)
Diameter of the shaft = 124.5 mm say 125 mm.
{l Solution End.
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4.(b)  Write the difference between force method and displacement method of analysis. Also write the examples of
force method and displacement method.

fagayor @& g1 fafey 3R favenmu= fafer § srar forfRaw | g1 fafer ik faxemu= fafr & Saror Y forfaw |

[10 Marks]
Sol.:
S.No. Force Method Displacement Method
or Or
Compatibility Method Equilibrium Method
Or Or
Flexibility Method Stiffness method
L Number of additional | Number of additional unknowns

unknowns in this case are | in this case are equals to Dx.

equals to Dy.

2. Unknowns in this case are | Unknowns in this case are
forces Rxn, S.F., M.B.) displacement (A, @)

3. Force-displacement equations | Force-displacement  equations

are written and solution for | are written and solution for
unknown forces is obtaned | unknown  displacement is
from compatibility equations. | obtained from  equilibrium
equations.

4. Once unknown forces are | Once unknown displacement are
known, then remaining forces | known then remaining forces are
are found using equilibrium | found using compatibility and
equations. load displacement equations.

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

degree of Kinematic
indeterminacy.

Examples of force Methods

. Castigliano's theorem

. Strain energy method

. Virtual work method

. Claperon's three moment equation
. Column analogy method

Flexibility matrix method
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Examples of Displacement Methods

. Moment distribution method
. Slope deflection method

. Stiffness matrix method

. Kani's method

{l Solution End.

4.(c)  Abar of varying sections, rigidly fixed at A and D subjected to axial forces. Determine the force in each
portion of the bar and the displacements of point B and C. Portion AB, of length 1 m has area of cross-
section 2000 mm?, portion BC of length 1.5 m has area of cross-section of 3000 mm?, while portion CD has
a length of 2m and area of cross-section of 4000 mm?. Take E = 200 kN/mm?.

T IR e Haed 9Rad=a S f6 A 3R D R ®oR w9 A fhaw & dorm oefia gdf & 3efia 21
IR & YAH AN H 9 iR g B T2 € W fawermas &1 feriver aX | 91T AB fora!l o T 1m @ e
i T &=F%el 2000 mm2 2 3R ART BC forga! afF s 1.5 W1 & @1 C/S &9%a 3000 mm2 8 eIl
9N CD f @ &=Tg 2m § 3R C/S &ahel 4000 mm* & | E = 200 kN/mm*

A C D
4 B \
z
Re—2  100kN—» 200 kN —» R,
«— Im —»¢———— 15m > 2m —ﬁ
[15 Marks]
Sol.:
ZF =0
R, + R, =300 kN (1)
A B B C C D
R +— @ —— R, ——» @ «— R, —» @ «— R,
(100-R,) (100-R,)
Support A and B are rigidly fixed
AAD = O
AAB_ABC_ACD =0

R, xIx10° (100-R,)x1.5x10° R,x2x10° _
2000xE 3000xE 4000xE

R, =300 - R, from equation (1)

300-R
05R,-50+05R, - [ff*j =0
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1.5R, -200 =0
R, =+133.33 kN (tensile)
R, = 166.66 kN (compression)
Force in member AB = 133.33 kN tensile
Force in member BC = 33.33 kN (tensile)
Force in member CD = 166.66 kN (compressive)

o _ PL _ 133.33x10°x1x10°
Elongationin AB = AE — 2000x 2 x10°

A, =0.333 mm (—)

_ _ PL _166.66x10°x2x10°
Contractionin CD = AE ~ 1000 x 2 xLO°

A, =0.4166 mm (=)

{l Solution End.

4.(d)  The bar shown in figure is subjected to a tensile load of 160 kN. If the stress in the middle portion is limited
to 150 N/mm?. Determine the diameter of the middle portion. Find also the length of the middle portion, if
the total elongation of the bar is to be 0.2 mm. Young's modulus is given as equal to 2.1 x 10° N/mm?.
U qR R 3 4§ Q@ 3 gdR 160 kN &7 T 9l @91 8311 & Ifa ¥ |17 4 fcael 150 N/mm? d
AT & T W 9N & AT Bl TUET B AT A 9N b AFTg B 0T B | AT IR BT el
fOeR 0.2 mm & | AT AYAF 2.1 x 10° N/mm? &1 71 5 |

160 kN 160 kN
<— 6 cm DIA 6 cm DIA ——
e 40 cm >
[15 Marks]
Sol.:

Given : Tensile load, P =160kN =160 x 10°N
Stress in middle portion, c, = 150 N/mm*
Total elongation, dL =0.2 mm
Total length of the bar, L =40 cm =400 mm
Young's modulus, E =2.1 x 10° N/mm?
Diameter of both end portions, D, =6 cm = 60 mm

Area of cross-section of both end portions,

A = %><602 =900 © mm?

160 kN 160 kN
~—— 6 cm DIA 6 cm DIA ——

| 40 cm >
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D, = Diameter of the middle portion

L, = Length of middle portion in mm

Length of both end portions of the bar,

L, =400 -L,) mm

1

Using equation (1.1), we have

For the middle portion, we have

or

Stress = IA(;:S
P
G, = A, where A, = %Dﬁ
150 = 160000
T D2
4 2
D3 = 4100080 _ 1358

D, = 1358 =36.85 mm

Area of cross-section of middle portion,

A = %36.85% 1066 mm’

Now using equation, we get

Total extension,

or

or

or

or
or
or

or

_P|L L,
dL = E[AlJFAJ

_ 160000 (400-L,) =L,
T 2.1x10°| 900m 1066

0.2

[ L,=(400—L)and A, = 1066]

0.2x2.1x10° _ (400-L,) , L,

160000 ~ ~ 900m 1066
_ 1066(400—L,)+900xL,
0.2625 = 9007 x 1066

0.2625 x 900 & x 1066 = 1066 x 400 — 1066 L, +900% x L,
791186 = 426400 - 1066 L, +2827 L,
791186 - 426400 = L(2827 - 1066)
364786 = 1761 L,

364786
>~ 71761

=207.14 mm
=20.714 cm

L

{l Solution End.
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5.(a) Write the difference between statically determinate and indeterminate structure.

Rer wu 9 giRa g feiRa WRawr & 9 fav faRau |

[10 Marks]

Sol.:

S.No.

Determinate Structures

Indeterminate Structures

Equilibrium conditions are fully

adequate to analyse the structure.

Conditions of equilibrium are not

adequate to fully analyse the structure.

Bending moment or shear force at
any section is independent of the

material property of the structure.

Bending moment or shear force at any

section depends upon the material

property.

The bending moment or shear
force at any section is independent
of the cross-section or moment of

nernia.

The bending moment or shear force at
any section depends upon the cross-

section or moment of inertia.

Temperature variations do not

cause stresses.

Temperature variations cause stresses.

No stresses are caused due to lack

of fit.

Stresses are caused due to lack of fit.

Extra conditions like compatibility
of displacements are not required

to analyse the structure.

Extra conditions like compatibility of
displacements are required to analyse

the stmucture along with the

equilibrium equations.
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5.(b)  Analysis the frame shown in figure below using slope deflection method.
fom W e & Ba &1 ga faemer Al | foveor &l |

120 kN
C
B 2m @ 2m Q
2m
30kN
Z8N ®
2m
A
TR

[25 Marks]

Sol.:

Here, there is no horizontal sway as member BC is fixed at C. (fixed hinge). Thus, degrees of
freedom =2, 1.e. 0, and O, while 6, = 0.

Fixed end moments

_ _PL _ 4
Mg, = Ry =30 ]
=—-15kN/m
M,,, = 15kN-m
_ 4 _
M, =120 x & =—60 kNm
M,, =60kN-m
Slope deflection equations:
[ 2EI1(26, +65;) .
MAB = _—4 —15;
[ 2E1(0, +26;)
M, =T +15
[ 2% 2EI(26; +6.) .
MBC - | 4 ~60;
_ [2x2EI®, +26.)
M., = 4B < :|+ 60
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Equilibrium Equations
o o 60 .
At hinge; M, =0, giving 0, + 26 = “El (1)
At point B, M, + M, =0 gives
EIO, + 15+ 2EI0, + EI0, —60 =0
o 45 .
On simplification, we get, 305 +0. = Tl ..(ii)

Solution of equations
On solving equations (1) and (i), we get,
30 . —45 . .
O =4y (clockwise) and 0, = — 1~ (anticlockwisc)

On substitution these values, final moments are as follows:

AB 4

2EI( )(2><30)
M. = +15 =45 kN-m

BA 4

2><2EI( )(2><3O 45)

M, = 7 ~60

=—45 kN-m

4EI( )(30 2 x 45)
M._ = +60 =0

CB 4

Here, although A is fixed, incidentally M, = 0.
The free body diagram for the frame is as shown below.

120 kN
5 | c
B 2m 2m
45 kNm X
om 45 kNm
30 kN
— >
2m

Al
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Here the end moment diagram is
45 kN-m

®

45 kN-m

(*P)

Note that BM has been plotted on tension side.

To give the sign to the BMD, we sit inside the frame and give sign as per bending moment seen
from point P.

BM as seen from 'P' for portion AB is hogging hence (—) ve sign is given.

BM as seen from P for portion BC is hogging hence () ve sign is given.

2. Free moment diagram is drawn for the loading condition shown below.
120 kN
T 2m 2m T
2m
30 kN —»

2m

4—
The free moment diagram with sign is as given below.

120 kN-m
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3. The free moment diagram and the end moment diagrams are superimposed as shown be-
low.
45 _
45 kKN-m 120 - 7— 97.5 kNm

This is the final bending moment diagram.
Note that instead of giving (+)ve and (-)ve sign, we can also given symbols like ™ or w.
This symbol shows that tension is produced on 3-side.

Thus the BMD can also be shown as

{l Solution End.
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5.(c0  Abeam of uniform section and of length 2L is freely supported by rigid supports at its ends and by an elastic
prop at its centre. If the the prop deflects by an amount A times the load it carries and if the beam carries a

total distributed load of W, show that the load carried by the prop is

5W
8(1+ 61Ex)

L3

AT WU 3N TS 2L BT U 9 Wdd w9 (R W) doR awelq 4 vafdid € iR sud &5 )
U AR U9 gRT 99 8 afe uig, §9 W) o1 dls &1 A o fRifid siar € iR afe M w® g

UDL W T 31T & o9 fa@m &1 v drs _ W g
8(1+61Ex)
L3
A
A B
I Te I

4 L > < L -
[25 Marks]
Sol.:
Let, the prop reaction be = P
load on beam = W
UDL = w it length
oL per unit lengt!
. 1
Reaction at ends = R = E(W_ P)
The deflection at the prop is given by
du 1 oM
5§ =—=—|M ~ dx
© oP EIJ * oP
Since the prop deflects by an amount A times the load it carries, we have 6, = —PA
1 oM,
Hence, -PA = ﬁJMX P dx
1 oM
-P=—|M X d i
P=m! M p -
For any section distant x from A,
2
M = (W pyx— WX
2 2Lx %2
M, _ x
o 2
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Put this value in equation (i)

L 2
p= 2 [{lwopyx WX {—f}dx
AEL; |2 2Lxx2 (| 2

47k
PAEI Wx
2

_ i(W-P);é -
12 32L

0

PAEL _ wr' pU wr' swr' pr’

2 12 12 32 9% 12
(58 1)
L 8
SW

P - —
sy
{l Solution End.

6.(a) Inthe frame work shown in figure, the member AB, BC and CA have area of ¢/s '2a’ and the member DA, DB
and DC have area of ¢/s 'a'. find the force in the member DA due to a load 10 kN applied horizontally at A.
i H 3Ry R o 4 §a AB, BC 3iR CA &7 cfs 819hel 2a' & 3R &R DA, DB 3R DC &1
c/s &TBA 'a' Tl A TR IS ©F F IR T 10 kN IR & BRI DA H §f &l gaT o |

[25 Marks]

Sol.:

M=6j=4r=3

D =m-(2j-3)
=6-(2x4-3)
=6-5=1

Frame is one degree redundant.
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AD as redundant, replace it by tensile force T at the joint A and D. Then

u =0=ZP B_PL =0
T oT A

At the joint D, resloving horizontally,
PBD = PDC

Resolving vertically

P cos45° + P, cos45° =T

T

BD:PDC:\/E

At the joint A, resolving vertically

PABsine =T+P,. sin ©

Horizontally
... (i1)

P, .cosO +P, cosO =

10
; —3 =0.948
Slne—\/ﬁ .

R

= =0.316

cos 6 Ji0

Solving (1) and (2), we get

=0.527 T + 15.85 (comp)
=15.85-0.27 T (tension)

AC

Resolving horizontally at B
P.. =P, cosO - P, cos 45°

BC

P. . = (0527T+15.85)0.316- T !

_X—
= NoNp
P,.=-0344T+ 5 (tension)
Member | Length | Area P oP/dT (P.a—P.L)a
JdT A

AB 3.16 2A | (.527T+15.85) | -0.527 | 0439T+13.2
AC 3.16 2A | 1585-0527T | -0.527 | -13.2+0.439T

BC 20 | 2A | -0334T+5 |-0334| 0.112T-1.67
BD V2 A T/\2 1/42 0.707T
CD V2| A T/\2 1/2 0.707T
AD 2.0 A T +1 +2T

Sum | 4404T-1.67
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