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S'05 : 4 FN : MC 403/PR 403 (96) 

MECHANICS OF SOLIDS 

Time : Three hours 

Maximum 11111Iks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 

ANY TWO from Group B and AIL from Group C. 

All parts;of a question ( ~, b, etc) should be 

answered at one place. 

Answer should be brief and to-the-point and be supple­

mented with neat sketches. Unnecessary long answers 

may result in loss of marks. 

Any missing data or wrong data may be assumed suitably 

giving proper justification. 

Figures 011 the right-hand side margin indicate full marks. 

Group A 

1. (a) Define creep. Draw a typical curve and explain three 

stages of the creep. 4 

n,cr) 
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(b) Draw shear force and bending moment diagrams for 
the beam shown in figure below and label the salient 
values and the corresponding locations. I 0 

21<.N 

:t 
c 

(c) Explain the concepts of the fo)fu~g" matetial 
properties a11d state 1he3 YJliflJ: 6 

(i) Ductility 

(ii) Hardness 

(iii) Toughness. 

2. (a) Draw a free body diagrams of tl(e· wftofe system" 
link AC and pulley D. 6 

B 

A 

4 fN · MC 4 01/PR 40J. (96) ( 2 ) i Continued; 

(b) Find the reactions at the supports and the forces in 

all the-links. 6 

(c) A specimen of 15 mm diameter and 200 mm long is 

subjected to tensile test and data at proportional 

and elastic limits were recorded as below: 

Limit Stress (MUa) 111crease in Reduction in 

Length(mm) diameter (mm) 

Proportional 340 . 00·90 ? 

~ 350 01·00 0-()225 

Find modulus of elasticity, Poisson's ratio 

and the reduction in diameter. 8 

3. (a} Distinguish between the following: 

{i) Resilience and toughness 

(ii) Malleability and ductility 

{iii) Endurance life and endurance strength. 

( b ) The maximum shear stress at a point in a stressed 

body is given as 1·58 MPa. The direct stress on the 

plane of maximum shear stress is 1.5 MPa and the 

principal plane makes an angle of 28° from x-aXis. 

6 

Find the state of stress at that point. 10 

(c) Distinguish between statically determinate and 

statically indeterminate beams. 4 

4FNMC 403/PR 403(96) ( 3 ) ··., O•cr) 
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4. (a) Draw dimensional sketch of specimens used for lzod 

and Charpy tests. Explain the two tests. 4 

(b) Th,e aluminium bar With a cross-section area of 

160 mm2 carries the axial loads at the positions shown 

in the Ftg. Given that E = 70 GPa, compute total 

change in length of the bar. ' 10 

~~~r------~:---------,to\cM 
~ ~~5~ .-..!okN F 

If )f( ~( 0•'-t --'li 
~,.,_, 1-0..., 

(c) Draw Mohr's circles for the following state of 

stresses: 

GroupB 

S. (a) A rigid batof negligible weight is~~PQrted as shown 

· in the Fig. If W = 80 kN, ·~the temperature 

diimge of the assembly fu,1i~ID cause a tensile stress 
' ' :~~~-:'~ -<~: . -. 

6 

4 FNMC 403/PR 403 (96) (Continued) 

of 55 MPa in the steel rod. Use the following data: 14 

Area (mm2) a ere> 
Steel rod 320 11·7x w- 6 

Bronze rod 1300 18·9 X 10- 6 

E(GPa) 

200 

83 

(b) A 1 m and 16 mm diameter bar is subjected to an 

axial pull P which induces a maximum stress of 

150 M:Pa. Assuming that E for the bar material is 

200 GPa; calculate the strain energy stored in the bar 

if load is reduced by 30%. 

6~ . (a} A disc ~f uniform thickness is 9.15 mm in diameter 

and has a pinhole tn the centre. If the density of 

material of the dtsds 7800 kg/ m3 and Poisson's ratio 

is 0· 3. Fmd mliximum hoop stress developed if the 

6 

disc rotates at 3000 rpm. 8 

4 FN MC 403/PR 403 (96) ( 5 ) (Tum Over) 
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( b ) Prove that the maximum shear stress in a rectangular 

cross-section beam is 1·5 times of the average shear 

stress. Derive the formula for shear stress. 4 

(c) A cylindrical pressure vessel is fabricated from steel 

plate and has a thickness of 20 mm. The inner 

diameter of the vessel is 450 mm, and its leq,ga 

is 2m. Determine the maximum internal pressure tilt 
can be applied if the longitudinat stress is limited to 

140 MPa and the circumferential stress is limited to 

60MPa. 3 

7. (a) A 6 m shaft, 100 mm in diameter is made of a btiule 
' material for which the allowable stress m 'tensioa ot' 
·.compression is 40 Mt>a. ;:r&e s~ ~!t 
simultaneously the axial compres~ive load P= 200 iN 
and. the torque T. Calculate the maximum allowaf)le. 

value of T using theory suitable for brittle material. 12 

( b ) State the assumptions ma4e for developing torsion 

equation. 

( c) Derive from fundamentals the torsion equation. 

8. (a) A 10m long solid steel shaft transmit 20 k W of power 

at 2 Hz. Determine the smallest safe diameter of the 

shaft if the shear stress is not to exceed 40 MPa and 

'the angle of twist is limited to 6 .. in a length of 3 m. 

2 

6 

Use G=SOMPa. 6 

4 FN MC 403/PR 403 (96) ( 6 ) (Continued) 

( b ~ A cantilevei beam is composed of two segments with 

rec;:aangu'-ctoss-section as shown in Fig. The width 

of each sediolt is 5 nun but the depth are different 

. as ~wn ifl tfte fiBure. Detetltline the . maximum 
beltdilf8" su-es& in the beam. Wllat sef<litionalload P 
must be applied at B such that stresses at A and B 
·become eq,.aat 0 

(ct A: close coiN helical s~'is requitedi to have 

. ·.t®au; coiJ~t towtte:~--ttil'Wof ta~ The 

, sprm, wUJa.ny all ~~~ ~ SQPNi ~d tlte 
.'tilax~s~s1re.&sis~~:r#ei~SON/mm2• 
nilcUtme·~ diatl)efei o{~:.me a='80Qfa. 4 

- ' '·:('_:·. ·- . 

1 x20 

+;~1i"·Iftfte PoiSsolf& utio is o-2S;; tbiratihor Young's 
· · · · modulus to modulus of rigidity is···· ·· · 

(4} 3·0 

(b} 2·5 

(c) 1·5 

(d) 3·5 

· t FNMC 403/PR 403 (96) ( 7 } {Tum Over)· 
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( n·) A bar of diameter d and length I is made up of a 

material with modulus of elasticity E, and density 
Q. If the bar is hanging from a ceiling, the total 
elongation under its self weight is 

(a) Qf 
4E 

(b) 2Qf 
E 

(c) Qf 
2E 

(d) 3Qf 
2E 

(.iill The radius of Mohr's circle is equal to 

, {a) half of the sum of the two principal stresses 

(b) half of the difference of two princip~ stresses 

(c) "Sum of the two principal stresses·· 

( d) difference of the two principal stresses 

(iv) A beam of rectangular cross-section (width 120 mm 

and thickness 10 mm) is bent in a lO m radius. If 

E is 200 GPa, then the magnitude of the pure 

moment is 

(a) 0·2kNm 

(b) 2kNm 

(c) 2kNmm 

(d) 0·02 kN m 

4FN MC 403/PR 403 (96) { 8 l (Continued) 

( v) How many equations of static equilibrium are there 

for a body in three-dimension space ? 

(a) two 

(b) three 

(c) six 

f d) infinite 

( vi) Which kind of the property will be of prime 

consideration if one chooses the material for 
immersion water heater? 

(a) Mechanical property 

(b) Thermal property 

(c) Chemical property 

(d) All are equally important 

( vii) Which material has zero ductility? 

(a) cast iron 

(b) brass 

(c) chalk 

(d) all 

( viii) Mild steel forms neck before it breaks. Neck 
formation starts 

(a) before limit of proportionality 

4FNMC 403/PR 403 (96) ( 9 ) 
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(xiv) For a beam shown in figure below, the maximum 
positive bending moment is equal to maximum 
negative bending moment, the value of 11 is 

1 
(a)-

-J2 
(b} 21 

*-
1 

{c)-

4Yz 
(dl-

1
-

z-fi 

( x v) If a circular shaft is subjecte6 to a torque T and 
a bending moment M, the. ratio. of the QlaXimum 
bending stress to the . m~mum shear stress is 

given by 

(a) 2M 
T 

(b) M 
T 

4FNMC 403iPR 403{96) { 12 ) {Continued) 

(c) 2T 
M~ 

( d)I Datadncomplete 

(xvH In: tlie figure shown below locate the point; of 

maximum stress 

(a~ A 

(c) C 

(d.t D 

( xvii) A thin cylindrical shelf of inter~ qijuneter lJ and 

thickness t is subjected to· internal pressure p, 

the change in diametet:·is given by 

(a) pd (2- v) 
4tE 

(b) plY (1- 2 v) 
4tE 

4FNMC 403/PR 403 (96) ( 13 I (Tum Over) 
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(c) pD
2 
(l-2v) 

2tE 

(d) pd (2- v) 
2tE 

(xviii) A rectangular beam is cut ovt of a cylinder of 

diameter D. The depth of the strongest beam will 

be 

(a) ~~D 

(b) ./~D V3 

(c) ~iD 

(d) ~~D 
( xix ) A simply supported beam of span 1 and flexural 

rigidity EI carries a unit. point load at its centre. 

The strain energy in the beam due to bending is 

p 
(a) 48 El 

p 
(b) 192E/ 

p 
(c) 96 EI 

13 
(d) 16 EI 

· ;\IMC 403/PR 40~(96) ( 14 ) ! Continued) 

{xx) For a helical closed coiled spring when subjected 
to an axial. compressive load, the stresses 
produced in the spring wire will be 

(a) compressive stress and direct shear stress 

(b) compressive stress and torsion shear stress 

(c) direct shear stress and torsion shear stress 

(d) bending stress and direct shear stress 

4FN:MC 40~/PR 40~ (96) ( 15 ) BG-500 
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W'05: 4 FN: MC 403/PR 403 (1496) 

MECHANICS OF SOLIDS 

Time : Three hours 

Maximum marks : 100 

Answer FIVE questions, taking ANY 1WO from Group A, 
ANY 1WO from Group B and AIL from Group C. 

AU parts of a question (a, b, etc) should be 
answered at one place. 

Answer should be brief and tG-the-point and be supple­
mented with neat sketches. Unnecessary long answers 

may result in Joss of marks. 

Any missing data or wrong data may be assumed suitably 
giving proper justification. 

Figures on the right-hand side margin indicate fuU marks. , 

Group A 

1. (a) Two equal cylinders, each weighing 900 N are pmced 
in a box as shown in Fig. 1 {a). Neglecting friction 
between the cylinders and the box, estimate the 
reactions at A, B and C. 10 

(Tum Over) 
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( b ) What do you understand by statically determinate 

and statically indeterminate structures? Explain. 10 

2. (a) Define the shear force and bending moment at a 

section of a beam. Explain the utility of drawing shear 

force and bending moment diagrams for a beam. 8 

(b) A simply supported beam as shown in Fig. 2(b) is 
2 · 5 m loi!g between the supports. It carries two 

concentrated loads of 70 N and 40 N at 1 · 5 m and 

2 · 0 m respectively to the right of left support. 

Calculate the reactions R 1 and R2 and draw the 

shear force and bending moment diagrams. 12 

3. (a) Define the state of plane stress at a point. 

Enumerate the conditions for plane stress problems. 

Using these conditions write down the equations 

describing completely the relationship between 

stresses and strains. 

( b ) At a pomt in a stressed body the normal stresses are · 

83N/mm2 (tensile) on a vertical plane and 27 · 5 
N/mm2 (compressive) on a horizontal plane. 

Complementary shearing stresses of 41 · 4 N/mm2 act 
on these planes. Determine the principal stresses and 
maximum shearing stress at this point. 12 

4. A steel specimen is tested in a standard tension test to 

evaluate several mechanical properties. The dimensions 

of the specimen and observations made during the test 

are given as per-below: 

Diameter of the specimen 
Gauge length 
Load at upper yield point 
Load at lower yield point 
Maximum load 
Fracture load 
Gauge length at fracture 
Diameter of-fmctme section 
Strain at a load of 20 kN 

MC 403/PR 403 (1496) ( < ' 

= 12·5mm 
=62·5mm 
=42·5kN 
=4l·OkN 
=72·5kN 
=51·25kN 
=80·5mm 
=9·5mm 

=7·76x w- 6 mm/mm 
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Determine: (i) the yield strength, (ii1 the ultimate 
tensile strength, (iii) the % elongation, (iv) modulus 
of elasticity, ( v) modulus of resilience, ( VI) fracture 

stress, ( vii)% reduction in area, (viii) modulus of 

to~hness. 20 

GroupB 

S. (a) What is Generalised Hooke's law? Write the 

governing equations. 6 

( b ) What largest internal pressure can be applied to a 

cylindrical tank 1 · 8 m in diameter and 14 mm wall 

thickness if the ultimate tensile strength of steel used 

is 540 MPa and a factor of safety of 3 is desired? 14 

6. (a) A steel cylinder with an inside diameter of 200 mm 
and an outside diameter of 300 miii1S subjected to 

an internal pressure of 70 MPa. Determine the 

·maximum tensile stress in the cylinder. 10 

(b) A turbine rotor is required to have a uniform stress 

of 150MPa at a speed of 3200 rpm. The rotor is 

to be 30 mm thick at the centre. What will be its 

thickness at a radius of 40 mm? Assume Q = 7800 

7. (a) A close-coiled helical spring is to have a stiffness of 
900N/m in compression, with a maximum load of 

45N and a maximum shearing stress of i20N/mm2
. 

The solid length of the spring is 45 mm. Find the wire 
diameter, mean coil radius and number Q[soils 

G = 40,000 N/mm2
. 10 

MC 403/PR 403 (1496) ( 4 (Cootinu" 

(b) Compare the weights of equal lengths of hollow and 
solid shafts to transmit a given torque for the same 

maximum shear stress if the inside diameter is ~ of 

the outside. 10 

8. (a) State Castigliano's theorem? How it can be used to 

find the deflection under axial load ? Explain. 6 

(b) List various theories of failures. What theories are 

followed by brittle materials ? 4 + 2 

( c ) A rectangular beam 6 em x 4 em is 2m long and is 

simply supported at the ends. It carries a load of 1 kN 

at mid-span. Determine the ml!-"-imum bending stress 

induced in the beam. 8 

Groupe 

9. Write down the short answers to the following: 2x 10 

(i) What is cumulative fatigue damage? 

( ii) What is a creep curve ? How are various stages in 

creep identified ? 

( iii-}-.What is hardness of a material, define? 

(iv) What is auto-frettage? 

( v) What is a point of contraflexure ? 

· ( vi) What assumptions are made in siriiple theory of 

bending? 

( vii) How is the shearing stress distributed over the 

circular cross-section of a shaft, when subjected to 
a torque? 

( 5 ) \Turn Over) 
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(b) A rod of length L tapers uniformly from a diameter 
D at one end to a diameter d at the other. Derive 
the expression for the extension caused by an axial 
load P. The material has Young's modulus of 
elasticity E. 10 

2. (a) Distinguish between statically determinate and 

statically indeterminate beams. Show the difference 

by suitable examples with sketches. 

(b)- A beam 10m long is simply supported at its ends and 

carries concentrated loads of 40 kN and 50 kN at 

distances of 3 m from each end. Draw the sheruing 

force and bending moment diagrams. Show the 

4 

maximum values in the diagrams. 8 

(c) For two-dimensional stress system, show that: 

and 

( d) The state of stress at a point in a loaded machine 

member is given by: 

o .. = 40 MPa, o Y =55 MPa and 't-.y = ± 30 MPa. 

Determine the principal stresses and the maximum 

shearing stress at the point. Find out the planes on 

4 

which they act. 8 

4. ( a ) A Tensile Test has been carried out on a steel tube 

of external diameter 1·8 em and bore 1·2 em. An axial 

load of 2 kN produced a stretch, on a length of 5 em, 

( c) Obtain the expression for the maximum bending 

moment of a beam of length L and flexural rigidity 

El, fixed horizontally at both ends, carrying a. central 

concentrated load W. Draw the bending moment 

diagram of the beam. 

3. (a ) Explain strain compatibility relations for two­

dimensional stress analysis problems. 

8 of 3·36 x w- 4 cm, and a lateral contraction of the 

outer diameter of 3 ·62 x 10- 5 em. Calculate: 

(b) Write the generalized Hooke's law to relate 

strain-stress for: 

( i) two-dimensional state of stress 

(ii) three-dimensional state of stress. 

4 

4 

4FN _ >..•r M•< PR 403 ( 1496) ( 2 ) ( Continued) 

( i) Young's modulus of elasticity 

(ii) Poisson's ratio 

(iii) Bulk modulus of the material. 10 

( b ) Describe in detail any two of the Material Testings: 10 

( i) Fatigue ·est to determine endurance strength 

4FN:MC403/PR403 (1496) ( 3 l (Tum Over) 
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(ii) Izod Impact Test 

{iii) Brinell Hardness Test. 

GroupB 

5. (a ) A steel tube 7 · 5 em external diameter and 5 em internal 

diameter houses within it a copper bar 5 em in diameter 

of exactly the same length. The two pieces are rigidly 

fixed together by two pins 18 mm in diameter, one 

at each end passing through both bar and the tube. 

Calculate the stresses induced in the copper bar, steel 

tube and the pins if the temperature of the combination 

is raised by 50°C. Take: 

E 5 =210GPa, a 5 =11·5x10-6 peroC 

Ec=lOSGPa, ac=17xl0- 6 per°C. 

( b ) Derive the expressions for hoop and longitudinal 

stresses induced in a thin cylindrical shell of internal 

diameter d and wall thickness t subjected to an 

10 

internal fluid pressure p. 10 

6. (a) In a hydraulic press, the cylinder has an internal 

diameter of 30 em. The cylinder has to withstand an 

internal pressure of 1 0 MPa, without the materiiu 

being .. stressed beyond 20MPa. Determine the 

thickness of the metal and the stress on the outer 

surface of the thick cylinder. Sketch the diagram 

showing the variation of radial and hoop stresses 

across the '"all thickness. 10 

4FN:MC403/PR403 (1496) ( 4 ) (Continued) 

(b) A steel disc of uniform thickness rotates at uniform 
angular speed 'w' without any angular acceleration. 
The density of the disc material is 'Q'. Derive the 
expressions for principal stresses a1 and a2 induced 
in the disc. 10 

7. (a) The internal diameter of a hollow shaft is two-thirds 
of its external diameter. Compare its resistance to 
torsion with that of a solid shaft of the same density 
and allowable strength of the material. The total 
weight of the two shafts are identical. 10 

(b) A close coiled helical spring of wire diameter d, mean 
coil radius R, number of turns of the spring coil n is 
subjected to an axial compressive load W. The spring 
material has a modulus of rigidity G. Derive the 
expression for the deflection of the spring. 10 

8. (a ) Explain the following two theories of failure: 8 

(i) Maximum shearing stress theory 

(ii) Maximum energy of distortion theory. 

(b) (.j) Derive the following beam bending formula: 

M=!!._=E 
I y R 

(ii) A-cantilever beam of rectangular cross-section 

( 10 em breadth x 20 em depth) is subjected to a 

concentrated load of 1000 Nat the free end. The 

length of the beam is 3 rn. Find the maximum 

bending stress induced in the beam. 

6 

6 

4FN:MC403/PR403 {1496) ( 5 ) ( Tu..-n Over) 
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2. (a ) Obtain relationship between shear force and bending 

moment. 6 

( b I Draw the SFD and BMD for the following beam 
shown in Fig. 1. 14 

Fig.l 

3. (a) Explain the construction of Mohr's circle when a 
member is suspected to biaxial ·perpendicular 
unequal and like principal stresses induced in plane 
stress condition. 10 

( b) A rectangular block of material in plane stress 
condition (MPa) is suspected to a tensile stress of 

220N/mm2 on one plane and a tensile stress of 
94N/mm2 on a plane at right angles, together with 

a shear stress of 126 N/mm1 on the same planes. Find 
analytically the direction of principal planes, 
magnitude of principal stress, and the magnitude of 
greatest shear stress. 10 

4. I a I The following data refer to a mild steel specimen 
tested in laboratory : -

I i) Length of the specimen 300mm 

( 1i ) Diameter of the specimen 25mm 

4FN MC40~/PR40~(1496) ( 2 ) (Continued) 

(iii ) Extension of the specimen 0·045mm 

(iv ) Load at yield point 127·65kN 

( v ) Maximum load 208·60kN 

(vi) Length after failure 375mm 

( vii) Neck diameter 17·5mm 

Determine the Young's modulus, yield point stress, 

ultimate stress, d, percentage reduction in area, e, 

percentage increase in length of safe stress adopting 

a factor of safety 2. 12 

( b ) Draw and explain the key stages in stress-strain graph 

for a ductile material. Compare the same with the 

graph of brittle material. 8 

GruupB 

S. (a ) What is thermal strain 1 Obtain an- expression for it. 6 

( b ) A steel bar is placed between two copper bars each 

having the same area and length as the steel bar is 

at 15° C. At this stage, they are rigidly connected 

together at both ends. When the temperature is rai~;ed 

to 315° C, the length of the bars increase by 1·5 mm. 

Determine the original length and fmal stress in bars. 

E 5 =2·lxl05 N/mm2 and Ec=lxl05 N/mm2 • 

as= 0·0000 12 per degree Centigrade and 

ac =0·000175 per degree centigrade. 14 

4FN:MC'4m/PR 401 114QI>l r < 1 
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S'09: 4 FN : MC 403/PR 403 ( 1496) 

MECHANICS OF SOLIDS 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY lWO from Group A, 

ANY lWO from Group B and AIL from Group C. 

All parts of a question (a, b, etc. ) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in Joss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate fuU marks. 

Group A 

1. (a ) Define the following: ( i) Proportionality limit , 
( ii) Elastic limit, (iii) Yield point , ( iv) Ultimate 
stress , ( v) Rupture strength. 

(b) The following data refer to a mild steel specimen 
tested in a laboratory: 

Diameter of the specimen = 25 mm 
Extension under a load of 15 kN = 0·045 mm 
Original length= 300 mm 
Load at yield point= 12 7 ·65 kN 
Maximum load= 208·6 kN 
Length of the specimen at failure= 375 mm 

8 
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Neck diameter= 17·75 mm 
Estimate (i) Young's modulus, ( ii) Yield point, 
(iii ) Ultimate stress , (iv ) Percentage elongation , 
( v) Percentage reduction in area, and (vi) Safe 
stres·s, using a factor of safety 2. 12 

2. (a ) Define ( i ) modulus of elasticity , ( ii ) modulus of 
rigidity, (iii) bulk modulus and establish the relation 
among them. 8 

(b) If a tension test bar is found to taper uniformly from 
(D- a )mm diameter to (D+ a )mm diameter, 
show that the error involved in using the mean 

diameter to calculate the Young's modulus is 
(10a/D) 2 percent. 12 

3. (a ) The composite bar, consisting of steel and aluminium 
components as shown in Fig. 1 , is connected to two 
grips at the ends at a temperature of 60° C. Find the 
stresses in two rods when the temperature falls to 20 oc 
(i ) if the ends do not yield , ( ii) if the ends 

yield by 0 ·25 mm. Take I; = 2 x 105 

and~ =0·7x10 5 N/mm 2
, as= 1·17x1o-s and 

a
8 

= 2·34 x w-5 per °C. The areas of steel and 

aluminium bars are 250mm 2 and 375mm 2
, 

respectively. 12 

Steel Aluminium 

250mm2 

J< .,.;:......_ __ 800 mm --~~~(- 400 mm-~ 

Fig. 1 

S'09:4FN:MC403/PR403(1496) ( 2 ) (Continued) 

(b) A bar 30 mm x 30 mm x 250 mm long is subjected to 

a pull of 90 kN in the direction of its length. The 

extension of the bar was found to be 0 ·125 mm, while 

the decrease in each lateral dimension is found to be 

0 ·00375 mm. Find the Young's modulus, Poisson's 

ratio, modulus of rigidity and bulk modulus for the 

material of the bar. 8 

4. {a) What do you mean by principal stresses and principal 

planes ? Derive the expressions for normal stress and 

shear stress varying with inclination of the plane. 8 

(b) The principal tensile stresses at a point across two 

perpendicular planes are 80 N /mm 2 and 40 N tmm 2• 

Find the normal and shearing stresses , the resultant 

stress , and the obliquity on a plane at 20° with the 

major principal plane. Also, find the intensity of stress 

which acting alone can produce the same maximum 

strain. Take Poisson's ratio= 0 ·25. 12 

GroupB 

5. (a) What are statically determinate beams? When are 

they statically indeterminate? What do you mean by 

bending stress and shear stress ? 8 

(b) A timber beam is freely supported on supports 6 m 

apart. It 'carries a uniformly distributed load of 

12kN/m and a concentrated load of 9kN at 2·5m 

from the left support. If the stress in timber is not 

S'09:4r"N:MC403/PR403 (1496) ( 3 ) (TurnOver) 
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to exceed 8 N /mm 2 
, design a suitable section making 

the depth twice the width (Fig.2). 12 

9000N 
12000N/m 

IE---b~ 

01 
(a) (b) 

Fig.2 

6. (a ) Give a derivation of the flexure formula for pure 

bending of a beam given below : 5 

o M E 
-=-=-
y I R 

( b ) Explain combined direct and bending stress. When 
is the combined _ stress tensile and when is it 

compressive? 5 

( c ) A steel beam of hollow square cross-section of 
60mm outer side and 50mm inner side is simply 

supported on a span of 4 m. Find the maximum 

concentrated load the beam can carry at the middle 

of the span , if the bending stress is not to exceed 

120N/mm 2
• 10 

7. (a ) Derive the torsion formula 

T 09 't ---
I L r 

-~'OQ·4FN·MC"40~/PR40ll1496l I 4 l ( Continued l 

where T = torque applied , I= polar moment of 

inertia , G = modulus of rigidity , 9 =angle of twist , 

L =length of shaft, 't =shearing stress and r= radius 

of shaft. 6 

( b ) What do you mean by torsional section modulus and 

torsional stiffness ? 4 

( c ) A metal bar of 10 mm diameter, when subjected to 

a pull of 23·55kN, gave an elongation of 0 ·30mm 

on a gauge length of 200'mm. In a torsion test on the 

same material , a maximum shear stress of 

40·71 N/mm 2 was measured on a bar of 50mm 

diameter, the angle of twist measured over a length 

of 300 mlil being 0°21 '.Determine the Poisson's ratio 

of the material. 10 

8. (a ) Explain strain energy in torsion. Show that the 

maximum strain energy per unit volume is 't 2 I 4 G. 

( b ) Two shafts of the same material and of the same 

lengths are subjected to the same torque. If the first 

shaft is of solid circular section and the second shaft 

is of hollow section whose internal diameter is 

two-third of the outside diameter , compare the 

5 

weights~ of two shafts. 12 

(c) Why are hollow shafts recommendedfortransmitting 

heavy torques ? 3 

S'09:4FN:MC403/PR403(1496) ( 5 ) (TurnOver) 
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Groupe 

9. (A) Write short notes on any five of the following: 2 x 5 

(i) Stress-strain diagram of mild steel 

( ii ) Modulus of resilience 

( iii ) Stress due to an impact load 

(iv ) Mohr's circle 

{ v) Middle quarter rule for a circular column 

( vi) Compound sha~t 

(vii) Fatigue and creep 

( viii) Thermal strain. 

(B) Choose the correct answer for the following: 1 x 10 

(i ) The prope:Jty of a material by virtue of which a 

body returns to its original shape after removal 

oftheloadiscalled 

(a ) plasticity 

( b ) elasticity 

( c ) ductility 

( d) resilience. 

( ii ) The impact strength of a material is an index of 

its 

(a ) toughness 

( b ) hardness 

( c ) tensile strength 

(d) fatigue strength. 

S'09:4FN:MC403/PR403(1496) ( 6 ) (Continued) 

(iii} The intensity of stress which causes unit strain 
is called 

(a ) bulk modulus 

( b) modulus of rigidity 

( c) modulus of elasticity 

(d) principal stress. 

(iv) The bending moment in a beam becomes 

maximum when the shearing force 

(a ) becomes minimum 

( b) becomes zero 

l c) becomes negative 

( d) changes its sign. 

( v) A beam of length L carrying a uniformly 

distributed load of w kg per unit length is 

supported freely at the ends. The bending 

moment at mid-span will be 

(a) wL/4 

(b) wL2!2 

(c) wL2/4 

(d) wL 2i8. 

( vi ) The ratio of shear modulus to the modulus of 

elasticity, if Poisson's ratio is 0 ·25, will be 

(a) 0-4 

(b·) 0·25 

{c) 4 

(d) 0 ·5. 

S'09:4FN:MC403/PR403(1496) ( 7 ) (Tum Over) 
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S'10:4FN:MC403/PR403 (1496) 

MECHANICS OF SOLIDS 

Time : Three hours 

Maximum Marks :I 00 

Answer f1VE questions, taking ANY 1WO from Group A, 
ANY 1WO from Group B and AIL from Group C. 

AU parts of a question (a, b, etc. ) should 

be answered at one place. 

Answer should be brief and to-the-point and be supplementet 

with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate fuD marks. 

Group A 

(a) A bar oflength 1 and cross-section ax b is subjected 

to an axial tensile force P. Cut the beam by a plane 

which is inclined to axis at an angle 9. Show the free 
body diagram of the bar. What are the stresses on the 
cut cross-section ? 1 ( 

(b) Show the stress-strain diagram for a mild steel 
specimen under tension. Remember mild steel shows 
marked yield behaviour. Show on the diagram elastic 
limit, upper yield point, lower yield point and ultimate 
strength. Give reason why ultimate tensile strength is 
greater than yield strength after defining the yield 
strength. 1 r 
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2. (a ) Figure 1 shows three short columns, each with 

cross-sectional area of 100 mm2, ~upporting a 
weightless rigid beam. Where should a force P be 
applied with respect to A so that initially horizontal 
beam remains horizontal after load application? 12 

l·5m 

B 

Brass Aluminium Steel 
Fig. I 

(b) 

Modulus of elasticity : 

Aluminium, E= 69 x I03 N/mm2 

Brass, E= 103·5N/mm2 

Steel, E=206x I03 Nfmm2 

The state of stress at a point in a body of material 
is shown in Fig. 2. Find principal stresses and show 
on diagram with reference axis of original shearing 
stress. Identify a loaded member which will have the 
state of stress as shown in Fig .2 and what will be 
the fracture surface if load is increased to cause the 
fracture. 

y 
~ 

lOt'·· 
~ 

~---------------x 
Fig.2 

8 

3. (a ) Figure 3 are shows a loaded beam. Write equations 

for bending moments and shearing force for sections 

between A and B, B and C, and C and D. Draw 

shearing force and bending moment diagram for beam. 

In which curve the beam deforms between B and C, 

Identify a practical situation where this type of loading 

is obtained. 12 

3115 

Fig. 3 

(b) Specifications for timber block of Fig.4 require 

that the stresses do not exceed the following : shearing 

parallel to grains, 9 N/mm2 and compression 

perpendicular to gram 17·25N/mm2
• Determine the 

maximum value of axial load P that can be applied 

without exceeding the limits. 

L:}1s 
B 

p--~~~E----p 
200mm 

Fig: 4 

Depth x width ofse~tion = 12·5 x 75 mm2 

8 
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4. (a) State Hooke's law and define constants of elasticity 
as E, G, y and K. How many of these are independent 
for an isotropic elastic material? 

(b) State generalized Hooke's law for six stress and six 

strain components. What is an orthotropic elastic 
material and how many of elastic constants are 
independent for this material? 

(c) Two rigid yokes B and C of Fig .5 are 

securely fastened to 50 mm square steel bar AD. 

Determine total elongation of 5 · 5 m length. 

4 

6 

E=2x 105 N/mm2• 10 

400 

3m )~ 1·5 m ~E lm .,1 

( All forces in kN ) 

Fig. 5 

GroupB 

340 

S. (a ) Show that, for a cylindrical vessel with a shell 
thickness of one-tenth of inner radius and subjected 
to only internal pressure, the error involved in 
computing the hoop stress by thin cylinder formula 
is approximately 5 %. 10 

(b) A simply-supported beam over a span of 6 m carrier 
is concentrated on load Pat a distance of 1·5 m from 

left-hand support. The beam has 100 mm x 300 mm 
rectangular cross-section. Determine the maximum 
permissible value of P, if the bending stress is not to 

exceed 8 · 25 N /mm2 when (i) 100 mm side is 
horizontal, and ( ii ) 300 mm side is horizontal. 10 

6. (a) Show that the shearing stress on inside of the coil 
of a close coiled helical spring is larger than that on 
the outside. Calculate the factor by which stress on 
the inside is higher. Calculate the total stress on the 
inside. 10 

( b ) A turbine rotor disc is 600 tnin in diameter at the blade 

ring and is keyed to shaft 50 mm in diameter. If the 
minimum thickness is not less than 12·5 mm, what 
should be its thickness at the shaft for disc to have 
uniform stress of 210 MPa at 10,000 rpm. The density 

7. (a) 

of disc material is 7800kg/m3
. 

A composite shaft is made of three segments AB, BC 
and CD. All three are joined with common axis. The 
material, diameter, length and modulus of rigidity of 
three segments are given below : 

AB- Material 1, d 1 = 50 mm, L 1 = 1200 mm, 

0 1 =59 x 103 N/mm2 

BC-Material2,--d2 =45mm, L2 =800mm, 

0 2 =71 x 103 N/mm2 

CD-Material3, d 3 =35mm, L 3 =400mm, 

G3 = 82 x 103 N/mm2
• 

What torque this shaft can carry at section D, if angle 

10 

of twist between fixed section A and D, 00 A = 6°. 10 
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( b ) In Fig. 6, the bar on left is copper and that on right 

is steel. The diameter of each bar is 60 mm. The gap 

between the bars is 0·25 mm. Determine the (i) total 

force on each bar, if temperature is raised by 40°C, 

and ( ii) deformation in each bar. The distance 

between the supports remains unchanged. 

asteel = 11· 5 X 10-6 per deg C 

acopper = 16 · 5 x 10-6 per deg C 

E 11ee1 =2·1 X 105N/mm2
, 

Ecopper = 113 X 105 N/mm2
• 

~opper steel ~ 

r-·-----~1~....1 -----(~ 
f 5oo mm . ~ IE-I<-5o_o_mm_~~ 

0·25 mm 

Fig.6 

8. ( a ) Choose a small plane element of size dx. and dy in 

): - y plane. Calling normal stresses as c" and o Y and 

shearing stress 't :r.r, derive the equatio:n of equilibrium. 

Assume body forces in x- and y-direction as 

10 

Xand~ 5 

( b ) A torque T twists a shaft of length L, the angle of 

twist heing 9. Develop an expression for strain en.ergy 

stored in the shaft in terms of T, L , G and J. 5 

(c) A spring is coiled closely to have 10 coils of 50 mm 

mean diameter from steel rod of 5 mm diameter. 

Calculate the deflection under an axial load of SON. 

Compare this deflection with the deflection of the 

rod from which the spring is made if the same 

load is applied along the axis of the rod. Also, 

calculate stresses in spring and the rod. 

E=2·1 x 105 N/mm2, G=0·84x 105 N;mm2
• 10 

Groupe 

9. Answer the following in brief : 2x10 

( i) What is the information obtained from an impact test? 

(ii) How do you find ductility of a malerial from tension 

test? 

(iii) Which of (a ) and ( b ) is statically determinate and 

indeterminate? 

wl=w 

( 
~mm, 

(a) (b) 

(iv) Draw Mohr circle for state of pure shear. 

( v) H u, v and w are displacement components of a point 

in elastic body along x-, y-, and z- all.es, 

respectively, write expression for strains. 
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W'l0:4FN: MC 403/PR 403 (1496) 

MECHANICS OF SOLIDS 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

AU parts .of a question. (a, b, etc .. ) should 
be. answer,ed at one place . . 

Answer should be brief and to-the~oint and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) Draw the stress-strain diagrams of mild steel and 
cast iron, and explain the difference. 4 

(b) Define the· following: (i) Proportionality limit, 
(ii) Elastic limit, (iii) Yield point, and (iv) Ultimate 
stress. 

.(c) The following data refer to a tensile test conducted 
on a mild steel bar : 

( i) Diameter of the steel bar = 30 mm 

(ii) Length= 250 mm 
( iiz) Extension at a load of 100 kN = 0·14 mm 

6 
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l. 

(il') Load at elastic limit= 230 kN 

(v) Maximum load= 350 kN 

(v1) Total extension= 54 mm 
(vi1)Diameter of the rod at failure= 22·5 mm. 

Caicuiate the Young's moduius, the stress at eiastic 
limit, the percentage elongation, and the percentage 
decrease in area.. tO 

(a) Define the modulus of elasticity(£), the modulus 
of rigidity (G), the bulk modulus (K), and establish 
the relation among them as given below : 

E = 9KG/(3K +G) 

(b) There is a 2% error in the determination of G If 
E is ass\uned to be correctly determined, what 
will be ·the error in the caicuiation oi Poisson's 

10 

ratio when its correct value is 0·2? 8 

(c) What do you mean by complementary shear 
stress ? 2 

3. (a) Describe the graphical method of Mohr's circle 
construction for evaluation of principal stresses 
and principal planes. 10 

(b) The principal stresses at a point in a bar are 
200 N/mm2 (tensile) and 100 N/mm2 (compressive). 
Determine the resultant stress in magnitude and 
direction on a plane inclined at 60° to the axis of 
the major principal stress and also the maximum 
shear stress in the material at the point. 10 

4. (a) What do you understand by bending stress and 

(b) Distinguish between statically determmate ana 

statically indeterminate beams. 4 

(c) Write the shear and moment equations for the 

beam loaded as shown in Fig. 1, and draw the 

shear force a..nd bending moment diagrams. Find 

the section where maximum bending moment" 

occurs. 12 

20 kN/m 13DO kN 

A rm~w.u..K.I: :!Ujnw.n.a&.;n 0.,_}'-B-. __ ___:C;-___4_m_-=1~+ r- t Sm t 
R, 2 

Fig. I 

Groap iJ 

S. (a) Give a derivation of the flexure formula for pure 

bending of a beam given below : 5 

a M E 
y=y= R 

(b) Explain combined direct and bending stress. When 

is the combined stress tensile and. when is it 

compressive ? 5 

(c) A steel beam of a hollow square section of 60 mm 

outer side and SO mm inner side is simply­

supported on a span of 4 m. Find the maximum 

concentrated load the beam car. carry at the 

middle of the span, if the bending stress is not to 

exceed 120 N/mm2
• 10 
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6. (a) Derive the torsion formula 
T GO T -:;=T=-:y 

where J is the polar moment of inertia. 

(b) A solid circular shaft is to transmit 300 kW at 
I 00 rpm. If the shear stress is not to excee~ 
80 N/mm2

,. find the diameter of the shaft. What 
percentage saving in weight would be obtained, if 
this shaft is replaced by a hollow one whose 
internal diameter is equal to 0·6 o( the external 
diameter, if the material, the. length, and the 

5 

maximum s~ear stress remain the same. 12 

(c) What do you mean by torsional stiffuess ? 3 

7. (a) What is thermal stress? Show that the thermal 
stress in a bar of tapering section is given by 8 

cr, = Eallt (d1 I d2) 

(b) A steel rod, 2.5 m long, is secured between two 
walls. If the load on the rod is zero at 20 °C, 
compute the stress when the temperature drops to 
-20 °C. The cross-sectional area of the rod is 
1200 mm2

, a.= 11·71J111/(m °C) and E = 200 GPa, 
assuming that the (i) wails--are rigid, and (ii) walls 
spring together a total distance of 0·5 mm as the 
temperature drops. 10 

(c) What do you mean by complementary shear 
stress ? 2 

8. (a) Define 'fatigue strength' and 'fatigue life' of steel. 3 

(b) Describe a standard fatigue test to determine the 
endurance of mild steel material. 7 

9. 

(c) Describe the following impact tests clearly 
indicating the difference between them as regards 
the specimen and support fixtures for doing the 
experiment: (i) IZOD test, and (ii) Charpy test. 10 

Group C 

(A) Briefly describe any five of the following: 5 x 2 

(i) Generalized Hooke's law 

(ii) Visco-elfiStic behaviour of materials 

(iii) Toughness. of materials and its quantification 

( iv) Strain energy in torsion 

(v) Castigliano's theorem 

(vi) Neutral axis of cross-section of a beam 

(vii) Yield criteria of a metal. 

(B) Choose the correct answer and write the Jetter 
code accordingly for each of the following : I 0 x 1 

(i) The property of a material to sustain large 
strains at fracture is called 

(a) toughness. 
(b) ductility 
(c) resilience 
(d) yield strength. 

(il) Torque in a solid shaft of diameter d and 
shear stress cr _ is given by 

~ - -

(a)·( 1t/64) crs d 3 

(b) (1t/32) crs d 3 

(c) (1t/l6) crs d 3 

(d) ( 1t/8) C1
8 

d 3 
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S'11 :4FN :MC403/PR403 (1496) 

MECHANICS OF SOLIDS 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY 1WO from Group A, 
ANY 1WO from Group B and AU.. from Group C. 

All parts of a question (a, b, etc. ) should 

be answered at one place. 

Answer should be brief and to-the-point and be supplemented 

with neat sketches. Unnecessary long answers may 

result in Joss of marks. 

Any missing or wrong data may be assumed suitably giving 

proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) Three cylinders A , B, C weighing 100 N, 300 N, 
200N, and radii 100mm, 250mm, 150mm, 
respectively are placed on a rectangular channel of 
width 500 mm. Neglecting friction, determine the 
reactions at different contact points. 12 

I 

E 

~500mm )I 
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t b) What effort will be required to apply horizontally to 

move a body of weight W up along a plane inclined 

at an angle a with horizontal, if the angle of friction 

between the body and the plane is~- 8 

l. (a) A horizontal beam, with equal overhangs a on 

both sides, is simply-supported over two supports at 

a distance 1. The beam carries a uniformly 

distributed load. What should be the ratio between 

a and 1 so that magnitude of maximum moment is 

minimum. 10 

( b ) Find the maximum load that can be placed at the 

centre of a simply-supported rectangular beam 

200mm wide and 300mm deep of span 4m, if the 

maximum permissible bending stress and shear stress 

are 60N/mm2 and 6N/mm2
, respectively. 10 

3. (a) Derive the expressions for normal stress and shear 

stress on a plane inclined at Q with x plane when 

normal stresses in x plane and y plane are a .. 

and a Y, respectively and shear stresses on these planes 

are 1: and -1: , respectively. 10 xy xy 

( b ) In a two-dimensional stress analysis system, the 
normal stresses at x plane, y plane and the plane 

bisecting x andy plane are 100N/mm2
, 20N/mm2 

and 40 N ;mm2 , respectively. Find the principal stress, 
maximum shear stress and inclination of the principal 

planes with x plane. 1 0 

4. (a) A 4 m long beam is fixed at both ends. A concentrated 

load of 5 k.N acts at a distance of 1·5 m from the left 
end. Assuming flexural rigidity to be uniform, draw 
the shear force and bending moment diagrams. 10 

(b) Estimate (i) Young's modulus of elasticity, (.ti") 

Yield point, (iii) Ultimate stress (nominal), (iv) 

Ultimate stress (actual), ( v) Percentage elongation, 

and ( vi) Percentage reduction of area from the 

following data on tensile test of a mild steel specimen 

of dia 25 mm and length 300 mm : 10 

(I) Extension under a load of 10 kN = 0·03 mm 

(II) Load at yield point = 130 kN 

(m) Load at failure =212kN 

(IV) Length of specimen at failure = 390 mm 

( V) Neck diameter= 16·75mm. 

Group B 

5. (a) Find the expressions for circumferential and 

longitudinal stresses developed in a thin cylinder of 

length 1, radius r and thickness t when both ends are 
closed and cylinder is su~ jected to an internal pressure 
p . Also, find the change in volume, if Young's modulus 
of elasticity and Poisson's ratio of the material are 
E and f.t, respectively. 12 

( b ) A thick cylinder of internal diameter 600 mrn and 

thickness 60mm is subjected to internal and external 

pressures of 2N/mm2 and 0·1 N/mm2
, respectively. 

Find the longitudinal stress. 8 
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6. ( a ) A solid circular shaft of 1 00 mm diameter and 4 m 

length is fixed rigidly at both ends. At a distance of 

1m from left end, a torque of 25 kN-m is applied. 

Find the angle of twist of the rod at the point of 

application of the torque and the maximum shear 

stress developed in the shaft assuming modulus of 

rigidity of the shaft material as 8 x 1 04 N/mm2
. 12 

(b) Derive the expression for stiffness of a closed coil 

helical spring. 8 

7. (a) Write the expressions for generalised Hook's law. 3 

( b ) Write the expressions for modulus of rigidity ( G) and 

bulk modulus (K) in terms of Young's modulus of 

elasticity (E) and Poisson's ratio (!!). Establish the 

relation between E, K and G. 5 

(c) A rod ABC (length and cross-sectional area of the 

portion ABare 2m and lcm2
, respectively and those 

of the portions BC are 1 m and 0·5 cm2
, respectively) 

is fixed between two supports 3m apart. If the 
temperature of t!-Js rod is increased by 30°C, find the 
stresses developed in the two portions when the 
( i) supports are unyielding, and ( ii) supports yield 
by OAmm. 12 

8. (a) For an element subjected to a normal stress a, prove 

that strain energy stored per unit volume is a2!2E, 
where E is the Young's modulus of elasticity. Hence, 
prove that strain energy stored in bending of a flexural 

member per unit length is 1t12 !2 El, where M is the 
bending moment at the section and El, the flexural 
rigidity. 1 0 

( b ) A cantilever beam of length '1' and flexural rigidity 

EI is loaded with a uniformly distributed load of 

intensity w. Find the slope, and deflection at the free 
end by using Castigliano's theorem. 10 

Groupe 

9. Choose the most appropriate answer for the following: 
20x 1 

( i) Torsional stiffness of a cylindrical rod of length '1 ', 

polar moment of inertia of the cross-section about 

centre J, moment of inertia of the cross-section about 

diameter I, Young's modulus of elasticity E and 

modulus of rigidity G is given by 

(a) 3EIII 

(b) 4Elll 

(c l GJI 1 

(d) GJ 

( ii) The IJlaterial property, which can be attributed to 
drawing it a small cross-section by application of 
tension, is 

( a ) plasticity. 

(b) elasticity. 

(c) ductility. 

( d) malleability. 

(iii) At the neutral axis in a rectangular beam, the normal 
and shear stresses, respectively are 

(a ) zero and maximum. 

(b) maximum and zero. 

( c ) zero and minimum. 

(d) zero and zero. 
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( iv) The elongation of a tapered rod of length 1, diameters 

d 1 and d2 at the ends, Young's modulus E, under 

a tensile force, T, is given by 

(a) 4171n d 1d 2 E 

I b) s TI 1 [n ( d1
2 + dn E] 

(c) 16771[n(d 1 +d
2

)
2 E]; 

(d) 477 I [n ( d1
2 + d2

2
- d 1 d 2 ) E). 

( v) The phenomenon of slow extension with time under 

constant tension is called 

(a) plasticity. 

(b) yield. 

(c) fatigue. 

(d) creep. 

! vi) A simple beam of span L is loaded by two 

concentrated loads W each at distance L /4 from 

each end. The maximum bending moment will be 

(a) WL/8 

(b) WL /4 

(c) WL/2 

(d) WL 

( vii) For beam, if the deflection at section x is y and 
flexural rigidity of the beam is EI, the shear force 
at section x is 

(a) (EJ) d 2yldx 2 

(b) (-EI) d 2y!dx 2 

(c) (- EI) d 3y/ dr~ 

(d) (EJ) d-~y/ dx 3 

S'll:4FN:MC403/PR403(1496) ( 6) (Continued) 

( viii) If the depth of a beam is halved and width is doubled, 
the deflection will be 

(a) one-fourth. 

(b) half. 

(c) twice. 

(d) four times. 

(ix) The angle of twist for a solid circular shaft of length 
L and diameter D subjected to a torque will be 
proportional to 

(a) TL I D 4 

(b) TLID 3 

(c) TD/L 2 

(d) TD 3 / L 

( x ) Maximum slope of a cantilever of length L and 

flexural rigidity El, subjected to a couple Mat free 
end, will be 
(a) ML/2EI. 

(b) MLIEI 

(c) ML 212EI 

(d) ML 2/3E/ 

(xi) The equivalent design moment for circular shaft to 

be designed on the basis of principal stress, when 

subjected to a bending moment Manda torque T 

simultaneously, is 

(a) YM2 + T 2 

(b) M+YM 2 + T 2 

(c) ( M + + Tz) 12 

(d) YM2 +4 T 2 

S'll :4FN:MC403/PR403(1496) ( 7 ) (Tum Over) 
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W'11:4FN: MC403/PR403(1496) 

MECHANICS OF SOLIDS 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question (a_, b, etc. ) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
prope,. justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) Explain the phenomenon of sudden stretching of the 

specimen at the yield point in tension test. c 
.} 

(b) What is strain hardening ? How can the undesirable 

effect of strain hardening be removed ? 5 

(c) Differentiate between hardness and toughness. How 

are these two determined in the laboratory ? Explain 

in brief. 5 

(d) What is ductility of the material ? How is the ductility 

measured? 5 
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.2. (a) A flange coupling, joining two $ections of the shaft, is (b) In a piece of material, a tensile stress, f,, and a 

required to transmit 300 kW at 1000 r.p:m. If eight shearing stress q act on a given plane. Show that the 

bolts are to be used on a pitch circle diameter of principal stresses are always of opposite sign. 4 

160 mm, fmd the diameter of the bolts. Allowable mean (c) At a point in a material, there are normal stresses of 
shear stress is 80N/mm2 • 6 

30 N/mni2 and 60 N/mm2 both tensile together with a 
(b) Two rods A and B of equal free length hang vertically shearing stress of 22·5 N/mm2• Find the values of 

60 em apart and support a rigid bar horizontally. The principal stresses and inclination of principal planes to 
bar remains horizontal when carrying a load of5000 kg the direction of the 60 N/mm2 stress. 8 
at 20 em from rod A . If the stress in B is SO N/mm2

, 

find the stress in rod A and the areas of A and B. Take Group B 

EA = 200,000 N/mm2 and E8 = 90,000 N/mm2
• 8 5. (a) Express stresses aX' ar and <rz in terms of strains Ex, 

(c) What is volumetric stress and volumetric strain? How Ey and Ez using generalized Hook's law. 5 
is the volumetric strain determined when a circular . 

(b) 
rod is loaded axially? 6 

A steel rod of cross-sectional area 600 mm2 and a 
coaxial copper tube of cross-sectional area 1000 mm2 

3. (a) A beamAB 3m long, is simply-supported atAand B. are firmly attached at their ends to form a compound 

It carries a 16 kN concentrated load at C, 1· 2 m from bar. Determine the stresses in steel and in the copper 

A and a uniformly distributed load of 5 kN/m over the · when .the temperature of the bar is raised by 80°C. 

remainder (portion CB) of the beam. Draw the shear Take £steel= 200,000 N/mm2
, £copper= l 00,000 N/mm2

, 

force and bending moment diagram and determine the asteet = 11 x 10-6 per °C and acoppcr = 16·5 x 10-6 per °C. 10 

value of maximum bending moment. 8 (c) What do you understand by plane stress and plane 

(b) A beam of 8m span is built ill; horizontally at the ends strain problems ? Give examples. 5 

and carries a distributed ioad of i 6 kN/m in addition to 
a concentrated load of 60 kN. at 3m from left end. 6. (a) Determine the hoop and longitudinal stresses set-up in 

Find the reactions and fixing moments. Draw the a thin boi1er cylindrical shell of circular cross-section 

resultant bending moment diagram. 12 5 m long and 1· 3 m internal diameter when the internal 

4. (a) A 75 mm diameter compound bar is constructed by 
pressure reaches a value of 240 kN/m2• What will 
then be its change in diameter ? The wall thickness of 

sl1rir.king a circular brass bush on to t.lte outside of a th.e boiler is 25 mm. Take E = 21 0,000 N/mm2 and 
50mmdiametersolidsteelrod.Ifthecompoundbaristhen v= 0·3. 6 
subjected to an axial compressive load of 160 kN, 
determine the load carried by the steel rod and brass (b) Find the ratio of thickness to internal diameter 

bush and the compressive stresses set up in each material. for a thick tube subjected to internal pressure when 

Take E-' = 210,000 N/mm2 and E'r:tros$ = 90,000 N/mm2
• 8 

the ratio of pressure to maximum stress is 0 5. 8 
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(c) A steel solid disc of uniform thickness and of diameter Group C 
500 mm is rotating about its axis at 3000 r.p.m. 

9. Choose the correct answer for the following : 10 X 2 Determine the variation of circumferential and radial 
stresses in the disc. Take p = 7700 kg/m3 and v = 0·3. 6 (i) There is always a limiting value of load up to which 

the strain totally disappears on the removal of the .., (a) A beam ofi-section of moment of inertia 954 cm4 ai1d load. The stress corresponding to this load is called I • 

depth 14 em is freely supported at its ends. Over what span 
(a) elastic limit. can a uniform load of 5- kN/m run be carried, if 

the maximum stress is 60 N/mm2 ? What additional (b) yield stress. 

central load can be carried when the maximum stress (c) proportional limit. 
is 90 N/mm2 ? 10 

(d) ultimate stress. 

(b) A flywheel, weighing 500 kg, is mounted on a shaft 
(ii) Temperature stress developed in a bar depends upon 

75 mm diameter at mid-way between bearings 0·6 m 
which of the following: 

apart. If the shaft is transmitting 30 kW at 360 r.p.m., 
calculate the principal stresses and the maximum shear (a) Coefficient of linear expansion 

stress at the ends of vertical diameter. 10 (b) Change of temperature 

A close coiled helical spring of circular cross-section 
(c) Modulus of elasticity 

8. (a) 
(d) All of the above. extends 1 mm when subjected to an axial load Wand 

there is an angular rotation of 1 radian when a torque 
(iil) In a cantilever beam, carrying a load whose intensity 

Tis independently applied about the axis. If Dis mean 
varies uniformly from zero at the free end to w per 

coil diameter, determine the ratio TIW in tenns of D unit run at the fixed end, the bending moment changes 
and poisson's ratio v. 6 

with the following : 

(b) Prove that, in an open coiled helical spring subjected (a) Parabolic law 
to an axial load, the value of the maximum shear stress 

(b) Cubic law is the same as in a close coiled helical spring of the 
same dimensions. 6 (c) Linear law 

(c) A rod 1m long is 10 cm2 in area for a portion of its (d) None of the above.· 

length and 5 cm2 in area for the remainder. The strain (iv) The strength of the beam mainly depends on 
energy of this stepped bar is 40% of that of a bar 10 cm2 

(a) bending moment. in area and 1m long under the same maximum axial 

stress. What is the length of the portion lO cm2 in area? 8 (b) e.G. ofthe section. 
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S'l2:4FN: MC 403/PR403 (1496) 

MECHANICS OF SOLIDS 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question (a, b, etc. ) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) Cylindrical roller A, weighing 1500 kg having diameter 
50 em, and another cylinder roller B, weighing 1200 kg 
having diameter 42 em, are kept in a horizontal 
channel of width 72 em. Curved surface A touches 
the base of the channel and one vertical face of the 
channel, and curved surface of B also touches the other 
vertical face of the channel. Assuming no friction, find 
the reaction at all the contact points. 10 

(b) Find the elongation of a tapered bar of length I and 
· radii d1 and d

2 
at the ends under a tension T, if 

Young's modulus of elasticity of the material is E. I 0 

2. (a) With the help ofMohr circle, establish the relation 
between Young's modulus of elasticity, E, modulus of 
rigidity, G, and Poisson's ratio, J.l. 10 

(Turn Over) 
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(b) In two-dimensional stress analysis, the normal stresses 
along x plane, y plane and along the pfaae bisec;ting 
these two planes were 100 MPa, 40 MPa and 80 MPa, 
respectively. Find the principal stresses and maximum 
shear stress developed. Also, find the inclination of 
principal planes with x plane. 10 

3. (a) A beam AB of length I 0 m is simply-supported at left 
end A and at distance of9 m from A. The beam is 
subjected to clockwise couple of 0·9 kN-m at left end 
.4, a concentrated load of J ·8 kN at a distance I m 
from A, a distributed load of intensity 0·45 kN/m from 
2 m from A upto right-hand support and a concen­
trated load of 0·9 kN at right end B. Draw the shear 
force and bending moment diagram, indicating maxi­
mum values and location of the points of contraflexure, 
ifany. 12 

(b) Find the degree of statical indeterminacy for the 
following cases : 2 + 2 

(I) A beam fixed at both ends 

(i1) A truss with J3 members with 7 nodes supported 
on two hinges externally. 

(c) State what do you mean by equilibrium equation and 
compatibility condition. 4 

4. (a) Draw a typical stress strain curve for mild steel under 

tension, describing briefly the salient points. 10· 

(b) A bar of length 3 m is fixed rigidly at beth endS. The 
cross-sectional area is 1 00• mm2 throuiJhout At a 
distance of 1 m from left en4 a force of 20 kN is 
applied along its axis towards right. Compute the thrust 

at supports takingE=2·1 liC l0'Nimm2.Also, find the 

stress developed in different portions. 10 

S'I2:4FN:MC403/PR403(1496) ( 2 ) ( ConiLnued) 

Group B 

5. (a) Given Young's modulus of elasticity E= 2x105 N/mm2 

and Poisson's ratio J..l. = 0·5, find the normal strains 

deveioped in x,y and z directions, if the normai stresses 
developed in these directions are 120 MPa, 60 MPa 
and -80 MPa, respectively. 6 

(b) For a I m long uniform metallic rod with E = 2 x 105 

N/mm2 and (l = I ·2 X 1 o-6/°C, fixed at both ends, 

determine the stress developed in the member for a 
temperature rise of 40 °C, if the cross-sectional area 
of the rod is 100 mm2 and also the support reactions. 6 

(c) A solid rectangular beam of width I 00 mm and depth 
200 mm is 4 m long and simply-supported at its ends. 

If this beam is subjected to a uniformly distributed load 
of intensity I kN/m, find the maximum bending stress 
and shear stress developed in the beam. 8 

6. (a) A pipe of 400 mm internal diameter and 560 mm 

external diameter contains a fluid at a pressure of 
100 N/mm2• Find the maximum and minimum hoop 

stresses developed and also the radial pressure at a 

distance of 240 mm from the centre. 8 

(b) A cylindrical shell, with internal diameter of 1 m and 

thickness of 10 mm, is subjected to an internal 

pressure of 80 N/mm2• Estimate the maximum shear 

stress developed in the shell. 2 

(c) A thin uniform steel disc of diameter 40 em is rotating 

abdut its axis at I200 revolutions per minute. Assume 

density of steel as 7850 kg/m3, g = 981 m/sec2 and 

Poisson's ratio of steel as 0· 3. Find radial stress and 

circumferential stress at centre and at outer periphery. 10 

S'l2:4FN :~C403/PR403 (1496) ( 3 ) (Turn Over) 



AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)      EMAIL: pcourses@hotmail.com    Ph: (01332) 266328    Web: www.amiestudycircle.com 

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

71

7. (a) A hollow circular shaft of200 mm internal diameter 
and thickness 50 mm transmits power at200 rpm. The 
angle of twist over a length of 1 m is found to be 0·5 
degree. Calculate the maximum shear stress deve­
loped and the power transmitted. Take G = 0·8 x 105 

N/mm2
• 8 

(b) If solid bar of I 00 mm dia is replaced by a hollow bar 
of internal diameter 100 mm with same cross­
sectional area and of the same material, find the 
percentage increase in allowable torque. 6 

(c) A closed coil helical spring is made with 12 mm dia 
wire having a mean diameter 160 mm and 10 
complete turns. Find the maximum shear stress deve­
loped and the deflection when a load of 400 N is 
applied. Modulus of rigidity of the wire may be taken 
as 0·84 x 105 N/mm2• 6 

8. (a) A cantilever beam of3 m length is subjected to a con­
centrated load P in addition to a uniformly distributed 
load of intensity w over the entire length. Calculate 
the strain energy stored in the beam. Assume flexural 
rigidity to be EI uniform over the length. 8 

(b) A solid circular shaft is subjected to a bending moment 
of 50 kN-m and a torque of 10 kN-m. Design the 
diameter of the shaft by using the theory of maximum 
(i) principal stress, (ii) shear stress, and (iii) strain 
energy . .a~ssume Poisson's ratio as 0·3, yield stress as 
250 N/mm2, and a factor of safety of 1· 5. 

Group C 

12 

9. Choose the correct answer for the following : 10 X 2 

(1) A transversely loaded beam will be unstable, ifthe 
end supports are 

(a) one hinge other roller. 

S'l2:4FN:MC4031PR403(1496) ( 4 ) ( Continued) 

(b) both hinged. 
(c) both roller. 
(d) one fixed and other hinged. 

(ii) For a thin cylinder of radius rand thickness t, sub­
jected to an internal pressure p, the maximum radial 
pressure is 

(a) p 
(b) prlt 
(c) pr/2t 
( aj negligible. 

(ii1) A thin rim of radius r is rotating about its axis at an 
angular speed w rad/sec. If the specific weight of the 
material is y, the maximum stress developed is 

(a) yw2r/g 
(b) yw2r/2g 
(c) yw2r 2 

(d) ygw2fr2 

(iv) If instead of gradual development a tensile load is 
suddenly applied, the maximum stress developed will 
be 

(a) same. 
(b) half. 
(c) double. 
(d) triniP ,-J -·r·-· 

(v) If, in a beam, a single load Pis applied gradually and 
the deflection under the load point is o, the strain 
energy stored in the beam will be 

(a) Po 
(b) Po/2 
(c) Po2 

(d) Po212 

S'I2:4-FN:MC403/PR403 (1496) ( 5 ) (Turn Over) 
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W'l2:4FN: MC403/PR403 (1496) 

MECHANICS OF SOLIDS 

Time : Three hours 

Maximum Marks : I 00 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question (a, b, etc. ) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) Define hardness. What is the necessity of hardness 
testing ? Describe any one method to find hardness 
of a given material. 

(b) What is a gauge length ? What factors should be 
considered in selecting the gauge length in tensile 
testing? 

(c) Define shear. Differentiate between single and double 
shear with examples. 

(d) Differentiate between ductile and brittle materials. How 
is the ductility measured ? 

2. (a) A bar of uniform cross-sectional area 'A' and length 
'L' hangs vertically from a rigid support of the density 

5 

5 

5 

5 
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raised to 270UC. If the room temperature is 20UC, find 
of a material of the bar as p kg'm3• Derive the the increase in the stresses in brass and steel. Given : 
expression for maximum stress induced and elongation a.,= 18·7 x 10-6tc~ a,= 11·6 x J:0-6/oC, E, == 100 GPa, 
produced in the bar due to its own weight. 8 E = 200 GPa. 10 

.f 

(h) If the tension test bar is found to taper from (D + a) em (b) A straight bar of uniform cross-sectioo is toaded in 
diameter to (D- a) em diameter, prove that the error axial tension. Determine the normal and -sbearin.gstress 
involved in using the mean diameter to calculate Young's intensities on a plane inclined at an angle 9° to the axis 
modulus is ( 10 a/Df percent. 8 of the bar. Also, determine the magnitude and direction 

(c) Define the terms shear stress, shear strain, bulk modulus of the maximum shearing stress in the bar. 6 

and Poisson's ratio. 4xl (c) Using Mohr's circle, derive an expression for normal 

(a) A beam AB, 15m long. is simply-supported at points 
and tangential stresses on a diagonal plane of a material 

3. 
subjected to pure shear. 4 C and D, 10m ~the overhangs AC and DB being 

2m and 3 m, respectively. The beam carries a distributed Group B 
load of 20 kN/m over the whole length a Ions with 4l 

5. (a) What is the relation of stress-strain in three-dimensional load of SO kN at A and 80 kN at B. Draw to scale the 
body? 6 

SF and BM diagrams giving maximum values and ltadna 
wherefrom these occur. Also, find the points of contn- (b) Derive compatibility equations for plane strain distribution 
flexure. JO in cartesian co-ordinates. 4 

(h) How are the distributions of loading the shear force (c) A copper sleeve, 21 mm internal and 27 mm external 
and bending moment related to each other? Are there diameter, surrounds a 20 mm steel bolt, one end of the 
any pre-conditions for the relationship? 3 sleeve being in contact with the shoulder of the bolt. 

(c) A built-in beam of span 10m carries a U .O.L. of The sleeve is 60 mm long. After putting a rigid washer 
on the other end of the sleeve, a nut is screwed on the 

1 5 kN/m on the entire span along with two point loads 
bolt through 10°. If the pitch of the threads is 2·5 mm, 

of200 kN each at distances of 3m and 7m from left 
find the stresses induced in the copper sleeve and steel 

c;:nd. Find the fixing moment and the deflection at the 
bolt. Take E = 200 GN/m2 and E = 90 GN/m2• 10 

centre. 7 s c 

6. (a) A spherical vessel of 0· 75 m diameter is made from 4. (a) A brass tube of20 mm internal diameter and 20 mm 
II mm steel plate and is jus.t filled with water at 

external diameter surrounds a 18 mm shank of a steel 
atmospheric pressure. When an additional 0·000 88 J m3 

bolt. After putting rigid washers on the two sides of of water is pumped in, the pressure rises to 5·8 MN/m2 

the tube, the nut is rotated such that it is just tight and (gauge). Find the bulk modulus of water. For steel, 
no load is exerted on the tube by the washers. The take E = 200 GN/m2 and Poisson's ratio= 0·286. 8 
length of the tube is 200 mm. The temperature is then 
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S'l3:4 FN:MC 403/PR403 (1496) 

MECHANICS OF SOLIDS 

Time : Three hours 

Maximum Marks : I 00 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question (a,b,etc.) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) Distinguish between statically determinate and 
statically indeterminate beams. 4 

(b) A cantilever beam of uniform flexural rigidity EI and 
length I is loaded by a concentrated load W at the 
mid-span, whereas the cantilever is propped at the free 
end. Level of the prop is the same as that of the fixed 
end. Determine the reaction at the prop. Also, draw 
the shear force and bending moment diagrams. &. 

(c) A restrained beam AB carries a point load W at a 
distance a from support A and b from support B. If 
both the supports are at the same level, determine the 
end moments and sketch the SFD and BMD. The beam 
is fixed rigidly at both ends. 8 
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2. 

3. 

(a) A rod of square section of side D at one end tapers to 
a square section at the other end. If its length is /, find 
the increase in length if it is ·subjected to an axial pull P. 

(b) A horizontal bar AB, assumed to be rigid, is supported 
by two identical wires CE and OF (Fig. 1 ). If each wire 

8 

has cross-sectional area A, determine the tensile 
stresses cr

1 
and cr

2 
in wires CE and DF, respectively. 12 

F 
·.·.·.·.·.·.·.·.·.·.·.· ............ . . . . . . . . . . . . . 

b ~( b 

Fig. I 

I 

·:·.:·.=·.:·.:·.:·.:·.: 

p 

(a) Define 'fatigue strength' and 'fatigue life' of steel. 

(b) Describe a standard fatigue test to determine the 

2 

endurance limit of mild steel material. 8 

(c) Describe the following impact tests clearly indicating 
the diffeience bet'.veen them' as regards the specimen 
and support fixtures for doing the experiment : 5 + 5 

(i) IZOD test 

(ii) CHARPY test 

4. (a) Describe the graphical method of Mohr's circle 
construction for evaluation of principal stresses and 
printipal planes. 10 

(b) A state of stress in a piece of elastic material is given 
by cr = 800 MPa, cr =- 600 MPa, and t =± 500 MPa. 

" y xy 
Find the (i) principal stresses and the position of the 

5. 

planes on which they act; and ( ii) position of the planes 
on which there is no normal stress. Solve the problem 
analytically using transforn1ation equations. 

GroupB 

(a) Enumerate the difference between thin and thick 
cylinders under internal pressure. 

(h) Derive the expressions for hoop and longitudinal 
stresses for a thin cylinder of internal diameter d, 
material thickness t, and subjected to internal fluid 

10 

4 

pressure p. 6 

(c) A thick cylinder of steel, having an internal diameter 
of 10 em and an external diameter of 20 em, is 
subjected to an internal pressure of 80 MPa and an 
external pressure of 10 MPa. Find the maximum 
normal and shearing stresses in the cylinder and 
calculate the change c;tf external diameter. Given : 
E = 200 GPa and Poisson's ratio= 0·3. iO 

6. (a) A steel bar, 4 em in diameter and 5 m long, is heated 
through 60° C with ends clamped before heating. 
Estimate the thrust exerted by the steel bar on the 
clamps. Given: E = 21 0 GPa and coefficient of 
thermal expansion, a = II X ·I o-6 per °C. If the clamps 
have yielded by 0·05 em, what would be the· thrust 
exerted? 8 

(b) Write and explain the generalized Hooke's law for an 
isotropic material. 4 

(c) A mild steel bar, 6 m long, is 5 em in diameter for 3m of 
its length and 2·5 em in diameter for the remaining 
length. The bar is in tension and the stress on the 
smallest section is 112 MPa. Find the total elongation 
of the bar and the change in diameter at the smallest 
section. Given : E = 200 GPa and Poisson's ratio= 0·15. 8 
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7. (a) Describe the 'Tresca' yield criterion. Show the failure 
envelope in a two-dimensional stress space. 4 

(b) Distinguish between plane stress and plane strain 
problems of elasticity. Give one example each for 
both. ' 6 

(c) Enumerate the following for two-dimensional problems 
of elasticity : lO 

( i) Differential equations of equilibrium 

(ii) Boundary conditions 

(iii) Compatibility equations 

(iv) Airy's stress function and the bi-harmonic 
equation. 

8. (a) Two shafts of the same· material and same lengths are 
subject to the same torque. If the first shaft is of 
solid circular section and the second shaft is of hollow 
circular section, whose internal diameter is two-third 
of the outside diameter, and the maximum shear stress 
developed in each is the same, compare the weights of 

9. 

two shafts. I 0 

(b) A close coiled helical spring, made out of 8 mm 
diamet~r wire, has 18 coils. Each coil is of 8 em mean 
diameter. If the maximum allowable shear stress in the 
spring is 140 MPa, determine the maximum allowable 
load on the spring and elongation of the spring. 
Also, determine the stiffness of the spring. 
Take G = 82 GPa. 10 

Groupe 

(A) Briefly describe the following : 5x2 

(i) ~tress-strain curve for mild steel showing salient 
points. 

(ii) Castigliano's theorem 

(iii) Moment area theorem 

(iv) Toughness of materials and their quantification 

( v) Visco-elastic behaviour of materials. 

(B) Choose the correct answer for the following : 5 x 2 

(i) A state of stress is shown as below : 

I nr400MPa 
~I II 

400 MPa = txy ~---

The principal stresses a,t the point are : 

(a) o 1 = - 400 MPa, o2 = - 400 MPa 

(b) o
1 
= o

2 
= 400 MPa 

(c) o
1 

= 800 MPa, o
2 
=- 800 MPa 

(d) o
1 

= 400 MPa, o
2 
=- 400 MPa, 

(ii) Tresca's yield criterion refers to 

(a) maximum octahedral shear stress. 

(b) maximum shear stress. 

(c) maximum normal stress. 

(d) maximum strain energy. 

(iii) Identify the Goodman law for fatigue design : 

(a) 

(b) 

(c) 

(d) 

(om I au)+ ( oJ oe) = l. 

(om I o., )2 + ( oJ rle) = 1 

(omloy)+(oa/oe)= 1 

(·a Ia i+(o /o i= 1 m y a ~ 
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W'13: 4FN:MC403/PR403 (1496) 

MECHANICS OF SOLIDS 

Time : Three hours 

Maximum Marks : I 00 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question (a,b,etc.) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) A block weighing 50 N is placed on a plane inclined at 
45° with horizontal, the coefficient of friction between 
t.~e pla.'le and the block being 0·5. The block is att.ached 
with an. inextensible string passing over a smooth 
pulley..., the other end of the string being vertical and 
attached with a weightless pan over which weights 
can be placed. Find the range of values of the weight, 
W, which can be placed on the said base so that the 
block does not move on the plane. 

(b) Find the force required to be applied horizontally at the 
level of the centre of a sphere of radius 30 em and 
we.ight 1 kN across a hump of 6 em high on a 
horirontal road. 

14 

6 
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2. (a) A right circular solid cone of radius rat the base and plane are respectively 8 X J 0-4
, 2 X 10-4 and 6 X 10-4

. 

height his hanging with its apex downward and axis Find the principal strains and magnitude of maximum 

vertical with its base fixed with a horizontal plane. Find shear strain. 7 

the extension of the cone under its self-weight, if Youngs (c) The normal stresses in a two-dimensional stress 
modulus and density of the cone material are E and p, analysis in two mutually perpendicular planes are 
respectively. 10 100 MPa (tensile) and 80 MPa (compressive) and 

(b) Find the shortening of a solid truncated cone oflength magnitude of shear stress on these planes is 40 MPa. 

I and diameters d1 and d2 at two ends under an axial Find the principal stresses, principal planes and 

compression C, if Young's modulus of elasticity of the magnitude of maximum shear stress. 6 

material is E. 10 Group B 

3. (a) A beamABCD oflength 10m is simply-supported at 5. (a) Find safe RPM ofa2 m diameter thin uniform circular 
two supports B and C of 8 m apart with overhangs ring of cross-sectional area 1 em, if the density of 
BA of 1·5 m on left side and CD of 0·5 m on right side. material and permissible tensile stress respectively are 
In addition to a uniformly distributed load of intensity 7850 kg/m3 and 144 N/mm2

, respectively. 8 
10 kN/m over BC, a clockwise couple 14 kN-m at 

(b) A thin uniform solid circular disc of diameter 40 em is a distance of 4·5 m from A, a vertical downward load 
5 kN at A and a vertical downward load of 10 kN at D rotating about its axis at 1200 rpm. Calculate the 

are acting on this beam. Draw the shear force and maximum principal stress and shear stress developed 

bending moment diagram indicating the salient features. 12 in the disc assuming density and Poisson's ratio of the 
disc are 7850 kg/m3 and 0·3, respectively. What will 

(b) A beam oflength /, uniform flexural rigidity is fixed at be the above values, if in this disc a central hole is 
its left end and simply-supported at right end is made of diameter 1 0 em ? 12 
subjected to a transverse load P at a distance a from 

(a) A thin cylindrical shell of 0·6 m dia, I m long with shell left end. Draw the shear force and bending moment 6. 

diagram. 8 thickness 3 mm with both ends closed contains a fluid 
at a gauge pressure of0·9 MPa. Assuming the outside 

4. (a) The cross-sectional area of AB oflength 2/ over its atmospheric pressure at 0·1 MPa, find the hoop stress 
left half is twice that of the right half. The bar is and longitudinal stress developed in the shell. Derive 
rigidly fixed at its end and is subjected to a force Pat the formula used, if any. Also, find the maximum shear 
lhe centre acting rightwards along its axis. Find the stress developed. 10 
support reactions. 7 

(b) A thick cylindrical shell closed at both ends is made of 

(b) Ina two-dimension case, the longitudinal strains in x 5 em thick plate to contain a gas at a pressure of 

plane,y plane and a plane inclined equaJJy tox andy 5 ·0 N/mm2. If the interne! diameter of this shell is 
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30 em, find (i) longitudinal stress, (ii) radial stress at 
radius 17·5 em, and (iii) hoop stress just inside and 
outside of this shell. 10 

7. (a) A hollow shaft is used to transmit a torque oflOONm. 
If the permissible shear stress is 70 MPa and 
permissible twist is 3° per metre length, find the inside 
and outside dimension of this shaft taking modulus of 

rigidity as 80 GPa. 10 

(b) For a closed coil helical spring made of a 3 mm dia 
wire with 3 em mean iadius and 25 numbei of tuins, 
calculate the safe load of the spring, if the permissible 
shear stress is 140 MPa. Also, find the corresponding 

maximum deflection taking modulus of rigidity of the 
spring material as 84 GPa. 10 

8. (a) A simply-supported uniform solid rectangular beam of 
span 5 m carries a uniformly distributed load of 
intensity 8 kN/m. If the permissible bending and shear 
stresses are 130 MPa and 10 MPa, respectively, 
determine the dimension of the beam. 10 

(b) A solid circular shaft of diameter 10 em is subjected to 
a maximum torque of 16 kN-m and a maximum 
bending moment of 20 kN-m simultaneously at a 

critical section. If the elastic limit in simple tension is 
250 N/mm2, find the factors of safety as per 

(i) maximum principal stress, an<! (ii) maximum stress 
theories of elastic failure. 10 

Group C 

9. Choose the most appropriate answer for the following: 10 :x 2 

(i) The number of independent elastic constants for a 

homogeneous isotropic material is 

(a) 1 

(b) 2 

(c) 3 

(d) 9 

(ii) If a composite bar of copper and steel is cooled, then 
the copper bar will be under 

(a) tension. 

(b) compression. 

(c) shear. 

(d) torsion. 

(iii) The correct relation ultimate stress ( U), actual 

breaking stress (A), and nominal breaking stress (N) 
is given by 

(a) U>A>N 

(b)A>U>N 

(c) N>A> U 

(d) A>N > U 

(iv) In Charpy and lzode impact tests respectively, the 

specimens are supported as 

(a) simply-supported and cantilever. 

(b) cantilever and simply-supported. 

(c) simply-supported in both cases. 

(d) cantilever in both cases. 

( v) Limit of proportionality depends upon 

(a) cross-sectional area. 

(b) typeofloading. 

(c) type of material. 

(d) All of the three above. 
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