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Detailed Explanations

2. (b)
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N Tyl )
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As we know that, T = _bdg' 2 y
To findout, Trax = 7

Given that (1)1/4th of depth i.e.

2 2
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(y=dl4) bd 4 4
120 = 23 (e?)
= = bd® 16
= 120 = gl—gt
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3 3 320
Tmax = ETanzng =160 MPa
3. (d)
Wilunit length
L AS

Deflection at mid span

Oy = (Smid—span) = 384 EI
If L =(2L) then

169,
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4, (b)
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a+b a+b
Maximum B.M occur @C =
BM)oy =
5. (a)
Given, Diameter of shaft =
Maximum shear stress =
.. From torsion formula we know that
Tmax —
R
for solid circular shaft, Trax =
T =
T =
6. (d)
From given Mohr’s circle,
AB=1_ . =
.. Major principal stress, (o) =
.. Minor principal stress, (0,) =

. Principal stresses are (+ 9MPa, — 1MPa)

P
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200m
50 MPa
T
nD*
32
16T
nd®
50 N/mm? ><n><(200)3 mm®
16
78539816.34 N-mm
78.5 km
R=5MPa (R = radius of Mohr’s circle)

OA+AD=4+5=9MPa

AE-OA=5-4=1MPa (butitis (—ve))
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7. (b)

1. Conjugate beam method is applicable for both prismatic as well as non-prismatic beams for which it is

M
easy to draw 12 diagram.

2. Ifreal beam is determinate and stable, conjugate beam will also be determinate and stable.

w

4. SFD of conjugate beam is the slope curve of given real beam.

+ MIEI

A B
Deflection of C, with respect to tangent at A

BMD of conjugate beam is deflection curve/elastic curve of the given real beam.

tic = O, =Areaunder M/EI diagram x (C.G of area about point C).

(M L L)
5. = | =—x=x—
¢ Er 2 4

5 ML2
C ™~ 8EI
12. (d)
T T+ Tg=T
A o /é » B
—— | ——— —>—>T
T I ( J T I B
AT e N 2L/3 i
i TB«_ e TB
—— o= T = TB
T,=T-T,
As end is fixed, 0,5=0

0pc+t0p =0

(T-Tg)L/3 +(_ TB.2L/3)

Glp Glp ) ~ 0
L 2L
T-Tg)= = Tz.=
( 5)3 573
STB =T
T
Tg = 3
2T
Th= 73
B0 = 0c-6,=6¢
2T L
o _ 33_2I
¢ GIp 9GP
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13. (b)
Net BM at P= (Fx 3)—(Fx2) = F=300N-m
Bending causes compressive stress at P

3
o 300x10° g5 67 (MPa) (©)

30x 30°
6

Horizontal force, F = causes axial tensile stress of
F 300
G_Z = 30x30 - 0.33 MPa (T)

At extreme fibre stress shear stress due to bending is zero.
. The resultant stress at Pis compressive.

14. (a)
Given, g = 8x10™
e, = 4x10%
o, = —glerues) - T (8107 +0.5x4x107)
- 1-(0.5)
= 100 kN/m? = 100 kPa
15.  (b)
) \/\ )
| o

Size of rectangular section (b x d) cutout from circular log of wood

From AACD, P = bP+d? (1)
2 p(D?-b?

Section modulus, z = bg _ ( . )

for the beam to be strongest z should be maximum

az
ab = °
D?-3p%2 =0
D
°= 73
From equation (i), ? = %+ a?
d2 = Dz_izﬁ

.. Size/dimensions will be (b x d) d

I
ﬁ
»

S
I
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X
o
T
N—

www.madeeasy.in © Copyright: MADE EASY



12 | Civil Engineering mFIDE EASYH

India’s Best Institute for [ES, GATE & PSUs

16. (c)
Given, D = 500 mm
Allowable bending stress for the wood = 6 MPa

|

3m 3m
Let P (in kN)
P 3P
(BM), ., = (Ex:s):? kN-m
2
Bx gD
L _bf N \V3) D
) 6 93

(500)°
z = = 8018753.739 mm3
93

From fixture formula

f M
Ymax 1
M
max = 7
6N ,
M = fi, Z = — 5xB018753.739 mm
3P 6
7><1O N-mm = 6x8018753.739 N-mm
P = 32.075kN
17. (b)
‘[ y
h=100 mm /,/
[
j«—— b =200 mm ——|
Given, g = 195x10°°
_ 6
€, = 125 x 10
o 1001
a0 = 50072
0 = 26.56°
N B cos? ¢+ 1Y sin2g
fop = T > 2
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(195><10‘6

~125%107°) 195107 (~125x107°)

gpp = 1.31x 107
.. Change in length of diagonal OD

+ cos(2x 26.56)
2 2

Aop = on-€op = (V1007 +2002 | x1.31x10 _ 00208 mm

19. (b)
W/unit length T
A 200 mm
‘ 3m l
[«<—200 mm—=|
fo = 5N/mm?2 Let w in (kN/m)
M .
Z = 5 N/mm2 (b = d) for square section
2 b &P
= 5N/mm? J=" =2
Z / 6 6
Wx(3) x10°
200 x (200)°
6
W = 1.48 kN/m
21. (d)
1 10 MPa
40 MPa
50 MPa <— — 50 MPa
10 MPa
~. Principal stresses
G, +0 6,—-0
X y X y 2
2
50+10 50-(-10
Gy, = 5 J_r\/[ ; )J +(4O)2 =20+ 50
o, (major principal stress) = 70 MPa
6, (minor principal stress) = —30 MPa
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22. (a)
2 kN 6 kN
B A
A Y l ¢
e = |
l 1m | 1m 1m {
1_M=_ZKN 1+M=—1OkN
2 : 2 v
: : w=—
i 5 : 6 kN dx
; : dN
: : +ve = ==
v dx
SFD
: L4KN
. BM.D

6 kNm

. Maximum BM occurs at the right support and its value is 6 kN-m

23. (a)
Maximum deflection
w
| | w
A | L 3El
w
s
B L 8EI
m\’\ﬁ\v\ w
¢ I 30E7
Tl
I 120ET7
24. (a)

Loop/Circumferential stress

PD
Given, o, = 2_1‘ = 80 MPa
PD 80 -
Circumferential strain, g, = 4_1‘E'(2_ ) = m(2—0.28)=3.44><10 4
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25. (b)
Direct stress, o, =
Bending stress, o, = —
To avoid tensile stress,
Total stress =
P 6Pe _
bh  bh? =
e <

26. (d)
For vertical deflection at point B to be zero

ie. & =
i
L —
27. (c)
As per maximum shear stress theory
(les,maximum) =
1000 —(-500)
———— <
2
(FOS) =
(FOS) =
28. (c)
CcEards P
O=€ecando = A
P
i
e =

Poisson’s ratio =

€ longitudinal =

o>

PI®  (Pa).? 0 1

3EI 2EI A

2
3

N <

fy

(FOS).2

2000 20 4

1500 15 3
1.33

Strain in lateral direction

Strain in longitudinal direction

Elateral

u
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€ lateral

€ lateral

d

29. (c)

_pP_ 0.42x120x10°
AE m

Z><(o.08)2 x3x10°

= 8 =3.3422 x 1073

D

=3.3422 x 1073

3.3422 x 103 x 8 = 0.026 cm ~ 0.03 cm

a 1000 kg
A 4P | 4P
é Tm im TC
2m A iAs
M, =0
100x3-P,x2-P,x4 =0
3000
P, +2P, = > =1500
Also, from similarity of triangles
As _ Aa
4 = 2
A, = 2Aa
/DS'LS _ 2 Pa'La
AE, — AE,
Ps Ls _ ’Da La
4x20000 ~6x7000
(&) _ 2x4x20000 _ 80
F,) —  6x7000 21
P80
P21
.. From equation (i),
21
%Ps+2Ps = 1500
P, = 662.98 ~663 kg

. Load taken by steel bar 663 kg.
30. (d)
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