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PART A 

 

1. Young's modulus is defined as the ratio of stress below the proportional limit to the 

corresponding strain. It is a measure of the rigidity or stiffness of a material. In terms of the stress- 

strain curve. 

 

2. There are four types of friction: static, sliding, rolling, and fluid friction. 

 

3. Polar moment of inertia is defined as a measurement of a round bar's capacity to oppose torsion. It is 

required to compute the twist of a beam subjected to a torque. 

 

4. If slenderness ratio less than 12, it is short column If greater than 12 it is long column. 

 

5. Stiffness is the displacement produced by the force along the same degree of freedom. 

Part B 

1.                   
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TENSILE TEST: 

One of the most important tests applied to metallic materials is the tensile test. In tensile test the 

specimen (Fig.)is stretched by an increasing load and the resulting stress-strain graph produced. Such a 

graph indicates the behaviour of material under tensile load. A stress-strain diagram for ductile material 

is shown in Fig. The salient points marked on the curve are as follows: 

A= Proportional limit 

B = Elastic limit 

C = Yield point 

D = Ultimate strength 

E = Rupture/Breaking point 

 

All these values are calculated on the basis of the initial cross-sectional area of the specimen. The 

proportional limit is the maximum stress at which stress is directly proportional to the strain. Elastic limit 

is the maximum stress at which the material regains its deformation on removing the load. Yield point is 

the minimum stress at which the specimen is deformed without a noticeable increase in load i.c.. strain is 

increased without noticeable increase in stress. 

The tensile strength or ultimate tensile strength is the maximum stress that a material can withstand,  

without fracture, under tensile load. This is also known as the maximum stress or tenacity. Beyond the 

point D, deformation is concentrated at one part of the cross-section. A localized reduction  of the cross-

sectional area appears on the specimen, the load drops and, at a certain moment, failure occurs. 

 

   

2.   

 

Solution.  

 

Given : W = 300 N; µ= 0.3 and α = 25° 

 

P = Magnitude of the force, 

which can move the body 

 

F = Force of friction. 
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Resolving the forces horizontally, 

 

F = 300 cos 25° = Px 0.9063..(i) 

 

and now resolving the forces vertically, 

 

R=W - P sin 25° = 300 - P sin 25° = 300 - P x 0.4226 

 

We know that the force of friction (F), 

 

0.9063 P= µ.R = 0.3 x (300-0.4226 P) = 90 – 0.126 

 

 

0.9063 P +0.1268 P = 90   or     1.0331 P = 90 

 

P = 90/1.0331 = 87.1 N Ans. 

 

 

3. FAILURE OF A RIVETED JOINT : 

 

A riveted joint may fail in any of the following ways (Fig.) 
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(a) Shearing of the rivet. 

(b) Crushing (bearing) of rivet or plate 

(c) Tearing (tensile failure) of the plates 

(d) Shearing of edge before the rivet 

(e) Tearing of the plate between rivet hole and the edge. 

 

 

(a) Shearing of the rivet : The rivet body is under direct shear, and if sufficient diameter is not 

provided the joint will fail by the shearing of the rivet. If the rivet is sheared off at one section, then it 

is said to  be in single shear and if it is sheared off at two sections, it is said to be in double shear. 

 

(b) Crushing (or bearing) of rivet or plate : The crushing or bearing is the action of a compressive 

force that is not uniform over the area. If the stress induced due to such forces (bearing stress) is 

greater than the limiting value, crushing or bearing of the plate or rivet may takes place. 

 

(c) Tearing (tensile failure) of the plates The presence of the holes for rivets decrease the strength  

of plates. If the resisting area of the plate is not sufficient, then the plate will be teared off at 

minimum cross-section i.e., section across the holes) 
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(d) Tearing of the plate between rivet hole and the edge : This failure is due to insufficient distance 

 between edge of the plate and rivet hole. 

 

 

4.  

 

 

TYPES OF BEAMS: 

 

Depending upon the end conditions there are different type of beams. 

 

The most common types are : 

 

1. Cantilever beam, 

 

2. Simply supported beam, 

 

3. Overhanging beam, 

 

4. Continuous beam, and 
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5. Fixed (Restrained or encastred or built-in) beam. 

 

1. A Cantilever beam is rigidly fixed at only one end. When a load is applied to the cantilever a 

reaction and a resisting moment are produced at the fixed end. 

 

2. A simply supported beam is supported at its ends. There are vertical reaction at the supports but no 

resisting moments. 

 

3. An overhanging beam projects beyond one or both of its supports and is subjected to loads outside 

the support as well as between them. There are reactions at the supports but no resisting 

moments. 

 

4. A continuous beam is supported on more than two supports. 

 

5. A fixed beam is a beam with both ends rigidly fixed. There are reactions and resisting moments at 

the ends. 

 

TYPES OF LOAD 
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The types of load that can be carried by beams can be classified as follows: 

 

1. Concentrated or point load 

 

2. Distributed load 

 

          (a) Uniformly distributed load, and 

 

          (b) Uniformly varying load (triangular load). 

 

1. Concentrated or point load is one which can be considered to be applied at a point. 

 

2. Distributed load : A load that is spread along the beam over the entire length or part of its length is 

called distributed load. 

 

              Distributed load that spread uniformly (i.e., the rate of loading over the beam is uniform) 

over the beam is called uniformly distributed load (u.d.l.). Distributed load that spread non uniformly 

i.e., rate of loading varies from point to point along the beam is called non-uniformly distributed 

(varying) load, If the load is zero at one end and increases uniformly to the other end, then it is 

usually referred as triangular load. 

 

5) 

 Springs are used in a wide range of types and sizes. The following types are most commonly used in 

industrial applications. 

 

1. Helical springs 

2. Leaf or Laminated springs 

               The coil or helical spring consists of a wire or rod wound into a helix and is primarily 

intended for axial direct compression tension load. Helical springs may be further classified as 
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(a) Close - coiled helical springs 

(b) Open - coiled helical springs 

              In close-coiled helical springs, the angle of helix is less than 10'.e., the pitch (distance 

between the similar points on the adjacent coils of the springs) in close-coiled helical spring is very 

small as compared to open-coil helical spring. 

 

              The leaf or laminated spring is made by placing steel strips one over the other. All the strips 

of different lengths are bent to the same radius. The strips are clamped together tightly at one or more 

sections. Leaf springs are common shock absorbing devices used in automobiles. 

 

6)    

 

 

 

 

 

 

Consider a rectangular section of width b and depth d as shown in the figure above.  

Consider an elememtary strip of depth dy at a distance y from xx axis  

Area of strip = b.dy 

Moment of inertia of the elemental strip about XX = da.y2 = ( b.dy)  y2 =b y2 .dy 
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7)    
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PART C 

III) a)    Elastic Constants :-  

  The relation which determine the deformation produced by a given stress system acting on a 

particular material. These factors are constant with in elastic limit. 

E – Modulus of elasticity 

G – Modulus of rigidity 

K – Bulk modulus 

 µ - Poisson’s ratio 

 

Relationship between modulus of elasticity (E) and bulk modulus(K). 

E = 3K ( 1 - 2𝜇 ) 

Relationship between modulus of elasticity (E) and modulus of rigidity (G). 

E = 2G ( 1 + 2𝜇 )  

 

Relation among three elastic constants 

E = 
9 𝐾𝐺

𝐺+3𝐾
 

 

III) b) 

 Original volume, V= L x b x t 

                                      = 300 x 50 x 40 mm3 = 600000 mm3 
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         The longitudinal strain (i.e., the strain in the direction of load) 

         (dL/L ) = Stress in the direction of load / E 

 

          But stress in the direction of load 

                                                             =  P/Area =P/bt 

                                                             =(300 x 103) / (50 x 40) 

                                                             = 150 N/mm2 

                                                     dL/L = 150/2x 105 

                                                             = 0.00075 

           Now volumetric strain is given by equation 

                                                        ev   =dL/L (1-2µ) 

                                                             = 0.00075(1-2 x 0.25) = 0.000375 

 

            Let dV  = Change in volume. 

           Then , dV/V  -   represents volumetric strain 

                      dV/V= 0.000375 

                          dV= 0.000375 x 600000 = 225 mm3 

 

IV)  

a) Shear stress is the amount of force per unit area perpendicular to the axle of the member 

          It is denoted by 𝜏. 

         The formula to calculate average shear stress is force per unit area 

         𝜏 = F/A 

         where: 

                  𝜏 = the shear stress; 

                  F=the force applied; 

                 A = the cross-sectional area of material with area parallel to the applied force vector 

                        The units of shear stress are. N/m or Pa (Pascal). If a bar is subjected to a direct load, and          

hence a stress the bar will change in length. If the bar has an original length L and changes by an amount 

dL, the strain produce is defined as follows 
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                                                                   Strain = 
𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑙𝑒𝑛𝑔𝑡ℎ

𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ
  = 

∆𝑙

𝑙
 

 

 b) Solution.  

Given,  l =6 m = 6x 103 mm;  d = 25 mm ; t = 100o-60 o = 40 o 

𝛿𝑙 = 1 mm: E = 200 GPa = 200 x 103 N/mm2 and ∝ = 12 x 10-6/ 0C 

 

Stress in the rod when the ends do not yield 

We know that stress in the rod when the ends do not yield, 

𝜎1 = ∝ . 𝑡 . 𝐸 = (12 x 10-6) x 40 x (200 x 103 ) N/ mm2 

      = 96 N/ mm2 = 96 MPa  Ans. 

 

Stress in the rod when the ends yield by 1 mm 

We also know that stress in the rod when the ends yield, 

𝜎1 =  [∝ 𝑡 - 
∆𝑙

𝑙
] E =[ (12 x 10-6) 40 - 

1

6 𝑥 10
 3 ] 200 x 103 

                                          = 62.6 N/ mm2 = 62.6 MPa Ans 

V)  

a)  THEOREM OF PARALLEL AXIS 

 

                      It states that the moment of inertia of an area about any axis is equal to the moment 

of inertia about a parallel axis passing through its centroid plus the area multiplied by the square of the 

distance between the axes, 

 

Mathematically 

 

                                 IAB= IG + Ah2 

 

IG -  M.I. about centroidal axis (axis passing through centroid).  

A - Area of given figure. 
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h - Distance between centroidal axis and given axis 

IAB - M.I. about axis AB. 

 

 

b)  First of all let us  find out centre of gravity of the section . As the section is symmetrical about yy axis 

therefore its centre of gravity will lie on this axis . Let the bottom face of the section be the axis of 

reference 

 

1. Rectangular ,  

 

      a1   = 300 x 200 =60000 mm2  

      y1 = 300 / 2 = 150 mm 

 

2. Circular hall,  

      a2 = 
𝜋

4
 x 1502   = 17670 mm2  

      y2 = 300 -100 = 200 mm  

  

We know that the distance between centre of gravity of the section and bottom face ,  

    y11 = 
𝑎1𝑦1−𝑎2𝑦2

𝑎1−𝑎2
 = 

(60000 𝑋 150 )–(17670 𝑋 200)

60000 −17670
 = 129 mm 

 

we also know that moment of inertia of rectangular section about an axis through its centre of gravity and 

parallel to the x-axis 

     IG1 = 
200 𝑥( 300)3

12
   = 450 x 106 mm4  

and distance between centre of gravity of rectangular section and x x axis 

     h1 = 150 – 129 = 21 mm 

 

therefore moment of inertia of  rectangular section about xx axis. 

                                = IG1 + a1h12 

                                = 450 x 106 + (60000 x 212) 
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                                = 476.5 x 106 mm4 

similarly moment of inertia of circular section about an axis through its parallel axis to x x axis 

 

IG2 = 
𝜋

64
   x 1504 = 24.85 x 106 mm4 

and distance between centre of gravity of circular section and x x axis 

h2 = 200 – 129 = 71 mm 

moment of inertia of circular section about XX axis 

      = IG2 + a2 x h22 

      = 24.85 x 106  + ( 17670 x 712) = 113 . 9  x 106 mm4 

 

now moment of inertia of whole section about x x axis 

Ixx  = 476. 5 X 106 - 113 . 9  x 106 = 362.6 x 106 mm4        Ans 

VI)  

a) The moment of a force about a point is the product of the force (P) and perpendicular distance (x) 

between the point and the line of action to the force (P.x). This moment is also called first moment 

of force. If this moment is again multiplied by the perpendicular distance (x) between the point and 

the line of action of the force (P.x (x) = P.x2 , then the quantity is called moment of inertia. 

 

Radius of gyration is defined as the distance from the axis of rotation to a point where the total 

mass of the body is supposed to be concentrated, so that the moment of inertia about the axis may 

remain the same. Simply, gyration is the distribution of the components of an object. 

 

b)     

 

As the section is symmetrical about YY axix, 

There fore its CG will lie on this axisx. 

Now consider 2 portions of the fig. viz 
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Trapezium  ABCD and semi circle EFH. 

Let base of the trapezium AB be the axis of reference 

i) Traperium ABCD : 

 

a1 = 120* 
200+300

2
 = 30000 mm 

2 

                  y1 =  
120

3
[ 

3000+(2∗2200)

300+200
]  =56 mm 

ii) Semi circle EFH :   

 

a2 = 
𝜋

2
 r2 = 

𝜋

2
 * 902 = 4050 𝜋  mm2 

 

y2 = 
4𝑟

3𝜋
 = = 

4∗90

3𝜋
 =

120

𝜋
   mm 

 

we know that the distance CG of the section and AB ,  

 

y  = 
𝑎1 𝑦1−𝑎2𝑦2

𝑎1−𝑎2
  =

(30000∗56)−(4050 𝜋∗
120

𝜋
)

30000−4050𝜋 
 mm = 69.1mm 

 

 

 

VII) 

A ) 1. Butt joiint : 

 

In Butt welded type, the parts lie in the same plane and are joined at their edges. 

 

2. Corner joint: 

 

The parts in a corner joint form a right angle and are joined at the center of the angle. 

 

3. Lap joint: 
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Lap joint consists of two overlapping parts. 

 

4. Tee-joint: 

 

In a Tee-joint, one joint is the right angle to the other joint in the approximate shape of 

the letter 

 

5. Edge joint: 

 

The parts in edge joint are parallel with at least one of their edges in common and the joint is made at 

the common edge. 

 

b)  

 Given  

  Power transmitted P = 75 kW= 75 *1000 W 

        RPM of shaft ,       N= 200 rpm 

 Shear stress ,          𝜏 = 70 N/mm2 

     

Let ,T = mean torque transmitted  

 

Tmax   = MAX torque transmitted = 1.3 T 

 

D = suitable diameter of the shaft  

Power is given by the relation ,P= 
2𝜋𝑁𝑇

60
   

75*1000= 
2𝜋∗200∗𝑇

60
  

T = = 
75∗1000∗60

2𝜋∗200
 = 3580.98 Nm =3580980 Nmm 

Tmax  = 1.3 T= 1.3*3580980 = 4655274 Nmm 

 

Maximum torque transmitted by a solid shaft is given by the equation  
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Tmax = 
𝜋

16
 * 𝜏 *D 3 

 

4655274 =  
𝜋

16
 * 70 *D 3 

 

D =∛
   16∗4655274

𝜋∗70
  = 69.57 mm ≅ 70 mm    .ANS 

 

 

 

VIII) 

a) 

1. Material of the shaft is homogeneous throughout the length of the shaft. 

 

2. Shaft is straight and of uniform circular cross section over its length. 

 

3. Torsion is constant along the length of the shaft. 

 

4.Cross section of the shaft which are plane before torsion remain plane after torsion. 

 

5. Radial lines remain radial during torsion. 

 

6. Stresses induced during torsion are within the elastic limit 

b)  

Given  

 

Diameter of rivet ,   d=1.3 m= 1.3 *1000 mm =1300 mm 

Thickness of the plate             t = 18 mm  
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 pressure ,    p = 2.4 MPa = 2.4 N/mm2 

  efficiency ,    𝜑 = 70 %=0.7 

 

Circumferential stress  

 

we know that circumferential stress , 𝜎 c = 
𝑝𝑑

2𝑡𝜑
 = 

2.4∗1.3∗1000

2∗18∗0.7
 =124 N/mm2 = 124 MPa 

 

 

Longitudinal stress  :  

 

 

we know that Longitudinal stress  :  

    𝜎 l = 
𝑝𝑑

4𝑡𝜑
 = 

2.4∗1.3∗1000

4∗18∗0.7
 =62 N/mm2 = 62 MPa 

 

IX) 

A) 1. The column that is being analyzed has a uniform crossection through out the length 

 

2 The column is initially perfectly straight and the load  is axially applied at the ends of the column. 

 

3 The material of the column is homogeneous and isotropic. 

 

4 The only reason of failure in the column is buckling. 

 

5 The lateral deflection is very small as compared to the length of the column. 

 

6 The direct stress produced in the column is less as compared to the flexural stress and 

is neglected. 

 

7 The weight of the column is neglected 
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B)   

 

Point load = 3 kN 

UDL     = 2 kN/m  

Length of cantilever = 2 m 

 

Shear force calculation  

SF  at B = +3 kN 

SF at A = 3+ (2*2) = 7 kN 

 

Bending moment  calculation : 

Bm at B =3*0 = 3 kNm 

Bm at A = - (3*2)+(2*2*1) = -10 kNm 

 

 

 

 

 

 

X)  

A) The equivalent or effective length is defined as the distance between two adjacent points of contra 

flexure on the column. The point of contraflexure is defined as the point on the column where the there is 

change in the direction of the axis of the column 
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Slenderness ratio is the ratio of effective length to the minimum radius of gyration of the column or a beam 

about a particular axis. This radio tells us about the possible buckling (tendency of bending) of that column 

or beam about that particular axis. With higher slenderness ratio, the column or beam has higher tendency 

to buckle or bend about the axis for which slenderness ratio is calculated. This ratio is generally used for 

columns. 

B )    

  Given   width b= 120 mm  

Depth d = 200mm 

Length  L= 2.5m =2.5 *1000 mm = 2500 mm 

Deflection at free end , yB =5mm 

Value of E = 200 GN/m2 =2*105 N/mm2 

Moment of inertia , I = 
𝑏𝑑3

12
 = 

120∗200∗1000

12
 =8 *107 mm 4 

Total load , W= w* L = w*2.5  N     ( here L is in m) 

Using equation we get    

yB = 
𝑊𝑙3

8 𝐸 𝐼
  

5= 
2.5 𝑤∗(2500)3

8∗2∗(10)5∗8∗(10)7
  

W=16.384 kN/m 
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