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SECTION "A"
t20Q.x 1:20marksl

Mark [X] in the most appropriate option.

l. A rod 10 mm x l0 mm cross-section is carrying an

axial tensile load 10 kN. In this rod the tensile stress

developed IS

[ ] o,:200 MPa [ ] o,: 100 MPa

[ ] o,:200 GPa [ ] o,: 100 GPa

Consider the Free body diagram as shown in Figure l '

Determine the Force comPonent A*'

[ ]40kN [ ]8okN
t l2oklr [ ]lokN

An l8-m-long steel wire of 5-mm diameter is to be

used in the manufacture of a pre-stressed concrete

beam. It is observed that the wire stretches 45 mm

when a tensile force P is applied. Knowing that E :200
GPa, determine
(a) the magnitude of the force P, (b) the corresponding

normal stress in the wire.

I I 12.82 kN,600MPa

[ ] 10.82 kN,400MPa

(:y

C

().6 rn
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.t: rl

[ ] 9.82 kN, 500MPa

| 12.82 kN,500MPa
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Figure I

4 The shear stress at a point in a shaft subjected to a torque is--'
[ ] Directly proportional to the polar moment of inertia and to the distance of the point

form the axis

[ ] Directly proportional to the applied torque and inversely proportional to the polar

moment of inertia

[ ] Directly proportional to the applied torque and polar moment of inertia

i 1 tnu.tt.ty proportional to the applied torque and the polar moment of inertia

In power transmission shafts, if the polar moment of inertia of a shaft is doubled, then

what is the torque required to produce the same angle of twist?

| ) 1/4 of the original value | ) ll2 of the original value

[ 1 tu*. as the original value [ ] Double the original value

what is Section Modulus of the Rectangular beam cross section?

[ ](1/4)bh2 [ ](l/12)bhz t l(l/6)bh2 [ ](l/2)bh2

5

6.



7 The principal stresses or, oz and ot at apoint respectively are 80 MPa, 30 MPa and -40
MPa. The maximum shear stress is-.
[ ]25MPa [ ]35MPa [ ]s5MPa [ ]60MPa

8. The second moment of a circular area about the diameter is given (D is

the diameter)

l)nDal4 llnDall6 llrDal32 llnDal64

9 For a general two dimensional stress system, what are the coordinates of the centre of
Mohr's circle?

[ ](o,-oyl2),0 [ ]0,(o*+oylz)
[](o.+orl2),0 []0,(o*-or/2) rt
Consider the Mohr's circle shown in Figure 2

What is the state of stress represented by this circle?

[ ] o*: 6y+O,T*y:0
[ ] o"* or:O,t*rf0
[ ] o*:0, oy: T*y*0
[ ] o.f 0, oy: T*y: 0

10.

14.

-) on

1l For a circular shaft of diameter d subjected to torque T, the maximum value of the shear

stress is

I 164Tlnd: I l32Tlnd3 [ ]16T/nd3 [ ]8T/rd3

12. In I-Section of a beam subjected to transverse shear force, the maximum shear stress is

developed at the

13.

[ ] Centre of the web [ ] top edge of the top flange

[ ] bottom edge of the top flange [ ] side of the web

A simply supported beam of length'l' is subjected to a symmetrical uniformly varying load

with zero intensity at the ends and intensity w (load per unit length) at the mid span. What

is the maximum bending moment?

[ ]3w12/8 | lwl2ll2 | iwl2l24 | l5wl2/t2

A simply supported beam is loaded as shown in the Figure 3. The maximum shear force in

the beam will be

w 2W w

c -r{.- c --+F- c -+-c
Figure 3

Figure 2
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15.

t6.

17.

t ls t l4

0 0 JUL 2423

ln a cantilever beam, if the length is doubled while keeping the cross-section and the

concentrated load acting at the free end the same, the deflection at the free end will increase

[ ]2.66times [ ]3times [ ] 6 times [ ] 8 times

A lean elastic beam of given flexural rigidity, EI, is loaded by a single force F as shown in

Figure 4. How many boundary conditions are necessary to determine the deflected center

line of the beam as shown below?

Urrcleflected
position

F

Figure 4

t l3

(P*) is given

[ ] P* :EIl x2 [ ] P* : n2EU 3L2

18. Slenderness ratio of a column is defined as the ratio of its length to its

A pin-ended column of length L, modulus
sectional area I is loaded centrically by a

[ ] Least radius of gyration

[ ] Maximum lateral dimension

l)2
of elasticity E and second moment of the cross

compressive load P. The critical buckling load

[ ]P*:xEIlL2 [ ]P*=vLEUL2

[ ] Least lateral dimension

[ ]Maximum radius of gYration

19. The maximum distortion energy theory of failure is suitable to predict the failure of
type of materials

[ ]Brittle
[ ] Plastics

20. Which one of the following graphs represents Von Mises yield criterion?
g:

g: g:
.I

Gt

(a) o) (c) (o

[ ]a t lb [ ]c t ld

leDucti
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SECTION "B''

Attempt ALL questions. Assume suitable data if necessary'

l. An aircraft tow bar is positioned by means of a single hydraulic cylinder connected by a

25-mm-diameter steel rod to two identical arm-and-wheel units DEF. The mass of the

entire tow bar is 200 kg, and its center of gravity is located at G. For the position shown in

Figure 1, determine the normal stress in the rod. t6]

Dirrrcrrsiotts itt tttttt

I l;() l)
rfi)

{50

2:)0

ti0 500 675 s15

Figure I

2 A bar in the shape of a solid, truncated cone of circular cross section is situated between

two rigid supports which constrain the bar from any change of axial length. The

temperature of the entire bar is then raised to A T. Assume that cross sections perpendicular

to the longitudinal axis of symmetry remain plane and neglect localized end effects due to

the end supports. Determine the normal sffess at any point in the bar. t6]

Figure 2
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J.

4.

In medical (Orthopedic) applications it is occasionally necessary to lengthen a main
bone of a human leg or arm. This situation may arise if the bone has healed in a wrong
configuration after some accident, or alternatively the improper length may due to a
birth defect. One way to accomplish this lengthening is for the surgeon to weaken the
bone through the introduction of one or two cuts neat the outer surface of the bone, then
attach the mechanical system as shown in the Figure 3 to the exterior of the leg. This
system consists of a pair of metallic rings which encircle the leg, with the rings being
connected by a pair ofparallel brass rods which are threaded at each end. The distance
between the rings can be varied over the months of treatment by tuming the nut at each
end of each rod. Typically, the bone has a cross-sectional area of 774.192mmz (l.2in2)
amodulusofelasticityof 31715.88355N/mm2 (4.6" l06lb/in2),andalengthof gin.
The two brass rods have a total cross-sectional area of 32.258 mm2 (0.05 in2), a modulus
of 93079.223456 N/mm2 (13.5 x 106 lb/in2), and 32 threads (per 25.4 mm = per inch).
Ifthe nut at the end ofthe bar is turned l/8 of a revolution to stretch the bone, determine
the axial stress arising in the bone. (Consider the system is assumed to be within the
linear elastic range of action of the material.) t6]

Figure 3

The W360 x 79 rblled-steel beam AC is sirnply supported and carries the uniformly
distributed load shown in Figure 4. Draw the shear and bending-moment diagrams for the
beam and determine the location and magnitude of the maximum normal stress due to
bending. t5ljl li\'rrr
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Figure 4
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Shaft BC is hollow with inner and outer diameters of 90 mm and 120 mm, respectively.

Shafts AB and CD are sotid and of diameter d. For the loading shown, in Figure 5

determine (a) the maximum and minimum shearing stress in shaft BC, (b) the required

diameter d of shafts AB and CD if the allowable shearing stress in these shafts is

65 MPa. t6l

0.7 m

0.5 m

20 nrnr

d

3(X) nrnr
A

120 rnrn

T.r=6kN'm ll
Tt: l'tkN'm

"f c: ,rrr7l(C

k\.
T,,

l) ,D ,.) mln
26 20 nrnr

=6k\j 'rn

6.

7

Figure 6
Figure 5

Two steel plates have been welded together to form a beam in the shape of a T that has

been strengthened by securely bolting to it the two oak timbers shown in Figure 6. The

modulus of elasticity is 12.5 6Pa for the wood and 200 GPafor the steel. Knowing that a

bending moment M:50 kNm is applied to the composite beam, determine t6]

a. the maximum stress in the wood,

b. the stress in the steel along the top edge.

The simply supported prismatic beam AB carries a uniformly distributed load w per unit

length as shown in the Figure 7. Determine the equation of the elastic curve and the

maximum deflection of the beam. t5l

1.5 k\t{' l.; k\
I
I

iit
I

I Arl R

A

t, 0.{ rn 0.1 rn
0.2 rrr

Figure 7

Figure 8

Beam AB is made of three planks glued together and is subjected, in its plane of symmetry,

to the loading shown in Figure 8. Knowing that the width of each glued joint is 20 mm,

determine the average shearing stress in each joint at section n-n of the beam. The location

of the centroid of the section is given in the sketch and the centroidal moment of inertia is

known to be I : 8.63 x lQ-6.4. t5]

r- l)

,r

8

m l.- l(x) rrrrrr *l



9 For the state of plane stress shown in Figure 9, determine
a. the principal planes,

b. the principal stresses,

c. the maximum shearing stress and the corresponding normal stress.

tsl

l0 \t l,a

-[(] \fi,a

.50 \tPa

Figure 9

Explain in detail about Maximum Shear Stress (Tresca / Guests) Theory, mentioning the

Region of Safety for safer design using Maximum Shear stress theory. 15]
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Ta,tl<

Typicol Properties of Selected
(51 Unirs)

Moteriots Used in Engineeringl'5 Al3APPENDIX B

Steel
Structural (AST\I-A36)

H i gh-strenqth-lorv-iillor
ASTIU-A709 Grirde 3'15

ASTNI-A913 Cracle'150

AST\[-A992 Grade :l-15

Quenched & ternperecl

AST\I-A709 Crirde 690

Stainless, AISI 302

Cold-rolled
Annealed

Reinforcing Steel

lvledium stren$h
High strength

Cast Iron
Criw Cilst Iron

4.SVc C. ASTNI A-lS
\lalleable Cxt Iron

2ch C. lc/c Si.
ASTN'I A-.I7

Alloy 2014T6
!Jloy-2fi?4-T4
AIloy-5aSGHl16
Alloy 6061-T6
Alloy 707aTO

Moteriol

Coefficient

12. I

93.6

23.2

II 21
7860

7860

7860

7860

7860

i200

21

ti
2l

ls

L2

50
17.3
17.3

11.7

11.7

I
13

19

16

r7
11

15
-l

I
bD

r)

48
jl0

20

0.5

12. I 10

Copper
Osqen-lree copper

(9!1.97c Crrl
Annerrlecl
H ard-clra',r'rt

Yellop.Brass' (659o Cu,35Vc Zr)
Cold-rolled
Annealed

Red Brass
(857o Cu, l57o Znj

Cold-rolled
Annealed

I rrI lrrorlzr'
(Sli (lu. SSn. -lZnr

s9 t0
s9 l0

s47A

8470

18.7

18.7
I S.0

Manganese bronze 8360
(63 Cu. 25 Zn. 6 Al, 3 NIn, 3 Fe)

Alurninurn bronze 8330
(8I Cu.4 Ni,4 Fe. ll Al)

21.6

16.2 6

Ultimote Strength Yield Strength3

Tension,

MPo MPo

r45

r00

330

250

345
450

3-15

2;10

95
.r00

395

230
244
500

70

265

215

435
7A

l"l5

165

70
IJ

73

i2
70

72

69

12

11.220t)

200
200

200

200

r90
1S

2W
200

ii.2

105

105

120

120

9;

120

120

105

110

ii.2
77.2

i7.2

ID

ic

r70 655 240

320
2r0

330u5 620

474

bDD

400

450

550
450

760

260
5i0

220
390

620 900

300
2X)

585
270
310

(TtblL'contintrcd u page All)

Exponsion, Elongotion
l0-6/'c in 50 mm

11.7

11.7

r r.7

Lt.i

16.9

16.9

7920

7920

?Em
7860

7300

27tO
28m
2800
2630
2ita
2800

20.9
20.9

Modulus Modulus
of of
Elosticity, Rigidity,
GPo GPo

5heor,
MPq

' Comgres-
Tension, sion,'
MPo MPo

{-{
.ll

39

39

44

*1

520
260

250

60

150

DJ

230

r30
140



APPENDIX C

W Shopes
(Wide-Flonge Shopes)

57300
25600

32900

18800

19700

13000

20100

t4400
9480

6650

70300

27500
15500

44 5710

39 4960

32.9 4190

Properties of Rolled-Steel Shopes
(Sl Units)

tf
I-r-:

It
a

t_

249

108

x
t,,

X

) At7

2560

Y

!v920 x 449

201

wi60 x 257
t4i

w610 x 155

101

!v460 x 158

113

74

52

w360 x 551

216

122

94i
904

772

754

475

462

457

450

54t
93.7

53.3

29.3

1310

401

3950

1430

480

86.9

53.3

73.9

47.5

67.6

66.3

4I.9
3r.0

108

l0l
63.0

618
97
tlu.D

66i
257

6t2
602

\E28

2S2

61.6

455

376
363

351

JA.'

348

91.6

63.3

16.7

o..J /

8. 16

3.7r
2.91

M6
452
I IJ

83.9

95.4

58.2
.15.9

37.8
t-/

26.4

l.f wide-flange shape is designated b1- the letter !V follorved bv tlre nouinal depth in rnillirneters and the ma-ss in kilograrns Iler rneter

(Table continued on page A18)

421
305

42.7
20.1

24.0
r5.2

8780

3250

18500

7190

391

356

381

26i
2i.2
17.0

16.6

13.2

323

297
3,130

1660

8870
4.110

t2.i
10.5

ZJt

243
1290

i62
4230

2520

284

279
19r
152

23.9

17.3

14.5

10.8

r5.0
10.8

9.02

7:6)

795
,)D4

J''J

212

3340

2390

1460

941

199

196

187

179

419

394

25i

67.6
2i.7
2t.7

1,30

l6l
1,5.1

2260 9950

iLz 3800

367 2020

42.2

17.:l

r3.0

6E8

5;8
|i5

1{6
l.{-r

1-{ I

121

102

E2.8

l7l
128

t2i

9.78

10.7

8.51

6.86

6.,1E

5.8{

Areo Depth
Designotionf A, mm? d, **

Axis Y-Y

,, S" rr
io6 mma lb3 mm3 mm

ii.8

Flonge
Axis X-X

11, mm

Thick-
nesswidth

56 mm l*. mm

Web
Thick-

ness t,
106 mm4 mm3

s,
103

rx

mm
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APPENDTX D Beom Deflections ond Slopes

Beom ond Looding Equotion of Elostic Curve

,:#€-3Lr)

,, :-j;-*kt-4Lr']+6L!r)
' 24El'

NI ,
r/ : -- -t-" 2El

For .r = 
jL:

v=fi1et-312r)

P61 .1 ( d:

,:#["-(l'-b'b1
. Pa2b2

For.r=a: y=-JEIL

11 : -{=(.t{ - 2l.t'l + L'}.r)
' 21EI'

v=-*ErL(.r3-L!-r)
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Slope ot End
Moximum
DeflectionElostic Curve

PL2

2EI
PL3

3EI

L
I

v

o

u'L
6Et

u;L4

8EI
r

v

o

ML
EI

ML2

2Et

U

-t

PL3

48EI

PL2+-_ 
I6EI

v

I

.t

For a > b'.

Pb(L2 - b\]/2
g\/-3EtL

IE _E
at.r,, = ! 3

Pb(L! - b2\o - -----:---------:-u{ - 6ErL
Pa(L2 - a2)0.- +

6EIL

U

b
a

B r
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Iri

,cLt\+
21Et

SrLa
:]E.lEI

v

;L-4 ll,,,n

ML2

9v-3Er
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onl
MLee: - JEI
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