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UNIVERSITY PRACTICAL EXAMINATION  
 

Allotment of Marks  
Internal Assessment   = 20 marks 

Practical Examination  = 80 marks  

 
INTERNAL ASSESSMENT [20 Marks]  

Staff should maintain the assessment Register and the Head of the Department 

should monitor it. 

 
SPLIT UP OF INTERNAL MARKS  

 
  Record Note = 10 marks 

  Model Exam = 5 marks 

  Attendance  = 5 marks 

      __________  
     
   Total    20 marks 
      ___________ 
 
 

UNIVERSITY EXAMINATION  
 

The examination will be conducted for 100 marks.  Then the marks will be 

calculated to 80 marks. 

 
Split up of Practical Examination Marks 

 
 Aim and Procedure  = 25 marks 

 Tabulation   = 15 marks 

 Formulae and Calculation = 30 marks 

 Graph and Result  = 20 marks 

 Viva Voce   = 10 marks 

       ___________ 

   Total  = 100 marks 

       ___________ 
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GENERAL INSTRUCTIONS FOR LABORATORY CLASSES  
 
• Enter Lab with CLOSED FOOTWEAR 

• Boys should “TUCK IN”  the shirts 

• Students should wear uniform only  

• LONG HAIR  should be protected, let it not be loose especially near 

ROTATING MACHINERY. 

• Any other machines/ equipments should not be operated other than the 

prescribed one for that day. 

• POWER SUPPLY to your test table should be obtained only through the LAB 

TECHNICIAN  

• Do not LEAN  and do not be CLOSE to the rotating components. 

• TOOLS, APPARATUS & GUAGE  Sets are to  be returned before  leaving the 

Lab. 

• HEADINGS & DETAILS  should be neatly written 

1. Aim of the experiment 

2. Apparatus / Tools/ Instruments required 

3. Procedure / Theory / Algorithm / Program 

4. Model Calculations 

5. Neat Diagram/ Flow charts 

6. Specifications/ Designs details 

7. Tabulation 

8. Graph 

9. Result/ Discussions 

� Before doing the experiment, the student should get the circuit/ Program approval 

by the  

     FACULTY-IN-CHARGE 

� Experiment date should be written in the appropriate place 

� After completing the experiments, the answer to the VIVA-VOCE Questions 

should be neatly written in the workbook 

� Be PATIENT, STEADY, SYSTEMATIC, & REGULAR 
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SYLLABUS 
ME2256 – STRENGTH OF MATERIALS LABORATORY 

L T P C 

0 0 3 2 

LIST OF EXPERIMENTS 

1. Tension test on a mild steel rod. 

2. Double shear test on Mild steel and Aluminium rods. 

3. Torsion test on mild steel rod. 

4. Impact test on metal specimen. 

5. Hardness test on metals - Brinnell and Rockwell Hardness Number. 

6. Deflection test on beams. 

7. Compression test on helical springs. 

8. Strain Measurement using Rosette strain gauge. 

9. Effect of hardening- Improvement in hardness and impact resistance of steels. 

10. Tempering- Improvement Mechanical properties Comparison 

(i) Unhardened specimen 

(ii) Quenched Specimen and 

(iii) Quenched and tempered specimen. 

11. Microscopic Examination of Hardened samples and 

(ii) Hardened and tempered samples. 

Total: 45 
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Experiment Number: 1 
 Title of the Experiment: - To study the brinell hardness testing machine & perform the 

brinell hardness test. 

Date of the Experiment:- 

 
STEP 1: OBJECTIVE (AIM) OF THE EXPERIMENT  

To study the Brinell hardness testing machine and the Brinell hardness test.   
STEP 2: FACILITIES REQUIRED AND PROCEDURE 

a) Facilities required to do the experiment:- 

S.No. Facilities required Quantity 

1 Brinell Hardness 

testing machine 

1 

2 Specimen of mild 
steel / cast iron/ non 
ferrous metals 

1 

3 Brinell microscope 1 

b.)Theory: - Hardness represents the resistance of material surface to abrasion, scratching  
and cutting, hardness after gives clear identification of strength. In all hardness testes, a 
define force is mechanically applied on the test piece for about 15 seconds. The indentor, 
which transmits the load to the test piece, varies in size and shape for different tests. 
Common indenters are made of hardened steel or diamond. In Brinell hardness testing, 
steel balls are used as indentor. Diameter of the indentor and the applied force depend 
upon the thickness of the test specimen, because for accurate results, depth of indentation 
should be less than 1/8 of the thickness of the test pieces. According to the thickness of the 
test piece increase, the diameter of the indentor and force are changed.   
c.)Specification of Hardness Testing machine and Indentors:- 
  A hardness test can be conducted on Brinell testing m/c, Rockwell hardness m/c or 
vicker testing m/c. the specimen may be a cylinder, cube, think or thin metallic sheet.Its 
specification are as follows:  
1.  Ability to determine hardness upto 500BHN.  
2.  Diameter of ball (as indentor) used D = 2.5mm, 5mm, 10mm.  
3.  Maximum application load = 3000kgf.   
4.  Method of load application = Lever type  
5.  Capability of testing the lower hardness range = 1 BHN on application of 0.5Dload 

d.)Procedure for doing the experiment:-  

Step No. Details of the step 

1.  Insert ball of dia ‘D’ in ball holder of the m/c.   
    

2. Make the specimen surface clean by removing dust, dirt, oil and grease 
etc.        
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3. Make contact between the specimen surface and the ball by rotating 
the jack adjusting wheel.    

4. Push the required button for loading.   

5. Pull the load release level and wait for minimum 15 second. The load 
will automatically apply gradually 

6. Remove the specimen from support table and locate the indentation so 
made.       

7. View the indentation through microscope and measure the diameter 
‘d’ by micrometer fitted on microscope.   

8. Repeat the entire operation, 3-times.   

e..)Tabulation:- 
S.No.    Ball 

Diameter 
 in mm 

Load applied P 
in   
‘kgf.         

Diameter of 
indentation  
 ‘d’ (mm)     

P/D2 BHN 

1.(M.S.) 10 3000 4.6 30 370.46 
f.) Observation and Calculation: -   

Area of indentation A=¶×d/2(D-√D2-d2) 
                                  =¶×4.6/2(10-√102-4.62) 
                                  =8.098 
BHN = Load Applied (kgf.)/ Spherical surface area indentation  
(in mm.)  
           =3000/8.098 
           =370.46 
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g.)Precautions:-   
  1.   The specimen should be clean properly.   
 2.   Take reading more carefully and correct.    
 3.   Place the specimen properly.   
 4.   Jack adjusting wheel move slowly    
 5.   After applying load remove the load.    
h.)Result:- 

The brinell hardness number of the given specimen are found out and tabulated. 
VIVA QUESTIONS:- 
1. Define buckling facto r and buckling load.  
  Buckling factor: It is the ratio between the equivalent length of the column to the 
minimum radius of gyration.  
  Buckling  load  :  The  maximum  limiting  load  at  which  the  column  tends  to  have  
lateral  displacement or  tends to buckle is  called  buckling or crippling load. The 
buckling takes place about the axis having minimum radius of gyration, or least moment 
of inertia 
2. Define safe load.  
  It is  the  load  to  which a  column is actually  subjected to and  is well below  the 
buckling  load. It is obtained b y dividing the buckling load by a suitable factor o f safety 
(F.O.S).  
                  Safe load =         Buckling load /Factor of safety 
3. State Hooke’s law. 

It states that when the material is loaded, within its elastic limit, the stress is 
directly proportional to the strain. 
Stress    α     Strain 
4. Define Factor of Safety.  

It is defined as the ratio of ultimate tensile stress to the permissible stress(working 
stress). 
5. State the tensile stress & tensile strain. 

When a member is subjected to equal & opposite axial pulls the length of the 
member is increased. The stress is included at any cross section of the member is called 
Tensile stress & the corresponding strain is known as Tensile strain. 
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Experiment Number: 2 
Title of the Experiment: To study the Rockwell Hardness testing machine and perform 
the Rockwell hardness test.   
Date of the Experiment: 

 
STEP 1: OBJECTIVE (AIM) OF THE EXPERIMENT  

To study the Rockwell Hardness testing machine and perform the Rockwell 
hardness test.   
STEP 2: FACILITIES REQUIRED AND PROCEDURE 

a.)Facilities required to do the experiment:- 

S.No. Facilities required Quantity 

1 Rockwell Hardness 

testing machine 

1 

2 Specimen of mild 
steel / cast iron/ non 
ferrous metals 

1 

b.)Theory: - Hardness represents the resistance of material surface to abrasion, scratching  
and cutting, hardness after gives clear indication of strength. In all hardness tests, a define  
force is mechanically applied on the piece, varies in size and shape for different tests. 
Common indentors are made of hardened steel or diamond. Rockwell hardness tester 
presents direct reading of hardness number on a dial provided with the m/c. principally 
this testing is similar to Brinell hardness testing. It differs only in diameter and material of 
the indentor and the applied force. Although there are many scales having different 
combinations of load and size of indentor but commonly ‘C’ scale is used and hardness is 
presented as HRC. Here the indentor has a diamond cone at the tip and applied force is of 
150 kgf. Soft materials are often tested in ‘B’ scale with a 1.6mm dia. Steel indentor at 
60kgf.   
c.)Specification of Hardness Testing machine and Indentors:- 

A hardness test can be conducted can be conducted on Brinell testing 
m/c,Rockwell hardness m/c or vicker testing m/c. the specimen may be a cylinder, cube, 
thick or thin metallic sheet.  
d.)Procedure for doing the experiment:-  

Step No. Details of the step 

1. Insert ball of dia ‘D’ in ball holder of the m/c.   
    

2. Make the specimen surface clean by removing dust, dirt, oil and grease 
etc.        

3. Make contact between the specimen surface and the ball by rotating 
the jack adjusting wheel.    

4. Push the required button for loading.   
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5. Pull the load release level and wait for minimum 15 second. The load 
will automatically apply gradually 

6. Remove the specimen from support table and locate the indentation so 
made.       

7. Repeat the entire operation, 3-times.   

e.)Tabulation:- 
S.No.    Indentor Load  in kg  Dial reading RHN 

minor major 1 2 3 

1.(AL.) Ball 10 60 79 80 79 79 
f.)Precautions:-   
  
 1.   The specimen should be clean properly.   
 2.   Take reading more carefully and correct.    
 3.   Place the specimen properly.   
 4.  Jack adjusting wheel move slowly. 
 

    
 
 
 
g.)Result:- 

The rockwell hardness number of the given specimen are found out and tabulated. 
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VIVA QUESTIONS:- 
1. Define Stress.  
  When an external force acts on a body, it undergoes deformation. At the same 
time the body resists deformation. The magnitude of the resisting force is numerically 
equal to the applied force. This internal resisting force per unit area is called stress. 
2. Define strain. 

When an external force acts on a body, there is some change of dimension in the 
body. Numerically the strain is equal to the ratio of change in length to the original length 
of the body. 
3. Define Modulus of Elasticity.  

The ratio of tensile stress to the corresponding tensile strain is constant within its 
elastic limit. The ratio is known as Young’s Modulus or Modulus of Elasticity. 
4. State Bulk Modulus. 

The ratio of direct stress to the corresponding volumetric strain is constant within 
elastic limit. The ratio is known as Bulk Modulus. 
5. Define poison’s ratio. 
When a body is stressed, within its elastic limit, the ratio of lateral strain to the 
longitudinal strain is constant for a given material. 
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Experiment Number: 3 
Title of the Experiment: To study the Impact Testing m/c and Perform Izod impact test.  
Date of the Experiment: 

 
STEP 1: OBJECTIVE (AIM) OF THE EXPERIMENT  

To study the Impact Testing m/c and Perform Izod impact test. 
STEP 2: FACILITIES REQUIRED AND PROCEDURE 

a.)Facilities required to do the experiment:- 

S.No. Facilities required Quantity 

1 Impact testing m/c 1 

2 Izod test specimens of 
mild steel 

1 

3 Vernier caliper 1 

4 Specimen setting 
fixture 

1 

b.)Theory:-In manufacturing locomotive wheels, coins, connecting rods etc. the 
components are subjected to impact (shock) loads. These loads are applied suddenly. The 
stress induced in these components is many times more than the stress produced by 
gradual loading. Therefore, impact tests are performed to asses shock absorbing capacity 
of materials subjected to suddenly applied loads. These capabilities are expressed as (i) 
Rupture energy (ii) Modulus of rupture and (iii) Notch impact strength. Two types of 
notch impact tests are commonly- 1.  Charpy test. 2.  Izod test. In Izod test, the specimen 
is placed as ‘cantilever beam’. The specimens have V-shaped notch of 45°. U-shaped 
notch is also common. The notch is located on tension side of specimen during impact 
loading. Depth of notch is generally taken as t.5 to t/3 where‘t’ is thickness of the 
specimen.   
c.) Specification of machine and specimen details:-  

Its specifications along-with their typical values are as follows:  
•  Impact capacity = 164joule  
•  Least count of capacity (dial) scale = 2joule  
•  Weight of striking hammer = 18.7 kg.  
•  Swing diameter of hammer = 1600mm.  
•  Angle of hammer before striking = 90°  
•  Distance between supports = 40mm.  
•  Striking velocity of hammer = 5.6m/sec.  
•  Specimen size = 75x10x10 mm.  
•  Type of notch = V-notch  
•  Angle of notch = 45°  
•  Depth of notch = 2 mm.  
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d.)Procedure for doing the experiment:-  

Step No. Details of the step 

1. Lift the hammer to an appropriate knife edge position and notch the 
energy stored in the hammer. For the standard Izod test the energy 
stored should be 164j. 

2. Locate the test specimen on the m/c supports. 

3. Release the hammer. The hammer will break the piece and shoot up 
the other side of the specimen. 

4. Note the residual energy indicated on the scale by the hammer. 

5. Impact strength of the test specimen is the difference of the initial 
energy stored in hammer and the residual energy. 

e.)Tabulation:- 
S.No. Initial 

Energy (E1)  
in joule           

Residual 
Energy (E2) 
 in joule            

Absorb Energy 
(E1-E2)  
in joule 

Impact 
strength 
j/mm2 

1. 2 83 300-82=216 21.6 
f.) Observation and Calculation: -   

•   Notch impact strength = Absorb energy / Effective cross section area  
=216/10 
=21.6 j/mm2 
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g.)Precautions:-   
1.  The specimen should be prepared in proper dimensions.  
2.  Take reading more frequently.  
3. Make the loose pointer in contact with the fixed pointer after setting the 
pendulum.  
4.  Do not stand in front of swinging hammer or releasing hammer.  
5.  Place the specimen proper position.  

h.)Result:- 
The impact strength of given specimen = 21.6 j/mm2 

VIVA QUESTIONS:- 
1. Who postulated the theory of curved beam?  
    Winkler-Bach postulated the theory of curved beam.  
2. What is the shape of distribution of bending stress in a curved beam?  
      The distribution of bending stress is hyperbolic in a curved beam.  
3. Where does the neutral axis lie in a curved beam?  
     The neutral axis does not coincide with the geometric axis.  
4. What is the nature of stress in the inside section of a crane hook?  
   Tensile stress  
5. Where does the maximum stress in a ring under tension occur? 
  The maximum stress in a ring under tension occurs along the line of action of load.    
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Experiment Number: 4 
Title of the Experiment: To study the Impact Testing m/c and Perform charpy impact 
test.  
 Date of the Experiment: 

 
STEP 1: OBJECTIVE (AIM) OF THE EXPERIMENT  
To study the Impact Testing m/c and Perform charpy impact test.  
STEP 2: FACILITIES REQUIRED AND PROCEDURE 

a.)Facilities required to do the experiment:- 

S.No. Facilities required Quantity 

1 Impact testing m/c 1 

2 charpy test specimens 
of mild steel 

1 

3 Vernier caliper 1 

4 Specimen setting 
fixture 

1 

b.)Theory:- In manufacturing locomotive wheels, coins, connecting rods etc. the 
components are subjected to impact (shock) loads. These loads are applied suddenly. The 
stress induced in these components is many times more than the stress produced by 
gradual loading. Therefore, impact tests are performed to asses shock absorbing capacity 
of materials subjected to suddenly applied loads. These capabilities are expressed as (i) 
Rupture energy (ii) Modulus of rupture and (iii) Notch impact strength. Two types of 
notch impact tests are commonly- 1.  Charpy test 2.  Izod test. In charpy test, the specimen 
is placed as ‘cantilever beam’. The specimens have V-shaped notch of 45°.U-shaped notch 
is also common. The notch is located on tension side of specimen during impact loading. 
Depth of notch is generally taken as t.5 to t/3 where ‘t’ is thickness of the specimen. 
c.) Specification of machine and specimen details:-  

Its specifications along-with their typical values are as follows:  
•   Impact capacity = 300joule  
•   Least count of capacity (dial) scale = 2joule  
•   Weight of striking hammer = 18.7 kg.  
•   Swing diameter of hammer = 1600mm.  
•   Angle of hammer before striking = 160°  
•   Distance between supports = 40mm.  
•   Striking velocity of hammer = 5.6m/sec.  
•   Specimen size = 55x10x10 mm.  
•   Type of notch = V-notch  
•   Angle of notch = 45°  
•   Depth of notch = 2 mm.  
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d.)Procedure for doing the experiment:-  

Step No. Details of the step 

1. Lift the hammer to an appropriate knife edge position and notch the 
energy stored in the hammer. For the standard Izod test the energy 
stored should be 164j. 

2. Locate the test specimen on the m/c supports. 

3. Release the hammer. The hammer will break the piece and shoot up 
the other side of the specimen. 

4. Note the residual energy indicated on the scale by the hammer. 

5. Impact strength of the test specimen is the difference of the initial 
energy stored in hammer and the residual energy. 

e.)Tabulation:- 
S.No. Initial 

Energy (E1)  
in joule           

Residual 
Energy (E2) 
 in joule            

Absorb Energy 
(E1-E2)  
in joule 

Impact 
strength 
j/mm2 

1. 2 80 300-80=220 8.8 
f.) Observation and Calculation: -   

•   Notch impact strength = Absorb energy / Effective cross section area  
=220/25 
=8.8 j/mm2 

g.)Precautions:-   
1.  The specimen should be prepared in proper dimensions.  
2.  Take reading more frequently.  
3. Make the loose pointer in contact with the fixed pointer after setting the 
pendulum.  
4.  Do not stand in front of swinging hammer or releasing hammer.  
5.  Place the specimen proper position.  
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h.)Result:- 
The impact strength of given specimen = 8.8 j/mm2 

VIVA QUESTIONS:- 
1. What are the planes along which the greatest shear stresses occur? 

                   Greatest shear stress occurs at the planes which is inclined at 45· 
                2. Define: Strain Energy  
                   When an  elastic body  is under the action of  external forces  the body  deforms and  

work is  done  b y  these  forces.   If  a  strained,  perfectly  elastic  body  is  allowed  to  
recover  slowly  to  its  unstrained  state.  It is  capable  of giving  back  all  the work  
done  by  these  external  forces.  This work done in straining such a body may be 
regarded as energy stored in a body and is called strain energy or resilience.   
3. Define: Unit load method.   

         load  is  removed  and  the  unit  load  is  applied  at  the  point,  where  the             
deflection or rotation is to found 
4. Give the procedure for unit load method.  
       1. Find the forces P1, P2, ……. in all the members due to external loads 
       2.  Remove  the  external  loads  and  apply  the  unit  vertical  point  load  at the  

joint  if  the vertical deflection is required and find the stress 
       3. Apply the equation for vertical and horizontal deflection.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Dr.NNCE MECH/IV SEM               SOM LAB -LM 
 
 

  19

Experiment Number: 5 
Title of the Experiment: To study the UTM and perform the tensile test.  
Date of the Experiment: 

 
STEP 1: OBJECTIVE (AIM) OF THE EXPERIMENT  
To study the UTM and perform the tensile test.  
STEP 2: FACILITIES REQUIRED AND PROCEDURE 

a.)Facilities required to do the experiment:- 

S.No. Facilities required Quantity 

1 UTM 1 

2 Mild steel specimen 1 

3 Vernier caliper/micrometer 1 

4 Dial gauge & graph paper 1 

b.)Theory:- Various m/c and structure components are subjected to tensile loading in 
numerous application. For safe design of these components, there ultimate tensile strength 
and ductility one to be determine before actual use. Tensile test can be conducted on 
UTM.A material when subjected to a tensile load resists the applied load by developing 
internal resisting force. These resistances come due to atomic bonding between atoms of 
the material. The resisting force for unit normal cross-section area is known as stress. The 
value of stress in material goes on increasing with an increase in applied tensile load, but it 
has a certain maximum (finite) limit too. The minimum stress, at which a material fails, is 
called ultimate tensile strength. The end of elastic limit is indicated by the yield point 
(load). This can be seen during experiment as explained later in procedure with increase in 
loading beyond elastic limit original cross-section area (Ao) goes on decreasing and 
finally reduces to its minimum value when the specimen breaks.   
c.) Specification of machine and specimen details:-  
About UTM:-  

The tensile test is conducted on UTM. It is hydraulically operates a pump, oil in oil 
sump, load dial indicator and central buttons. The left has upper, middle and lower cross 
heads i.e; specimen grips (or jaws). Idle cross head can be moved up and down for 
adjustment. The pipes connecting the lift and right parts are oil pipes through which the 
pumped oil under pressure flows on left parts to more the cross-heads.  
 Specifications :- 
1.  Load capacity = 0-40000 kgf.  
2.  Least count = 8kgf.  
3.  Power supply = 440V  
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d.)Procedure for doing the experiment:-  

Step No. Details of the step 

1. The load pointer is set at zero by adjusting the initial setting knob.  

2. The dial gauge is fixed and the specimen for measuring elongation of 
small amounts. 

3. Measuring the diameter of the test piece by vernier caliper at least at 
three places and determine the mean value also mark the gauge length. 

4. Now the specimen is gripped between upper and middle cross head 
jaws of the m/c. 

5. Set the automatic graph recording system 

6. Start the m/c and take the reading.   

7. The specimen is loaded gradually and the elongation is noted until the 
specimen breaks.   

e.)Tabulation:- 
Specimen Length Diameter Area Percentage 

of 
elongation 
inlength(%) 

Percentage 
of 
reduction 
in area(%) 

Intial Final Intial Final Intial Final 

M.S. 302 345 12 9.03 113.04 64.01 12.46 43.87 
f.) Observation and Calculation: -   

(i)  Initial diameter of specimen d1 = 12mm 
(ii) Initial gauge length of specimen L1 = 302mm 
(iii)  Area of specimen a1 = 113.04 mm  

  (iv)  Final length after specimen breaking L2 = 345mm 
(v)  Dia. of specimen at breaking place d2 = 9.03mm  
(vi) Cross section area at breaking place a2 = 64.01mm 

  Percentage of elongation in length=CL/L= (345/302)/3345=0.1246 
  Percentage of reduction in area=CA/A=64.01/113.02=0.4337 
g.)Precautions:-   

1.  The specimen should be prepared in proper dimensions.  
2.  The specimen should be properly to get between the jaws.  
3.  Take reading carefully.  
4.  After breaking specimen stop to m/c.  

h.)Result:- 
Percentage of elongation in length=12.46% 
Percentage of reduction in area =43.87% 

VIVA QUESTIONS:- 
 1.What is uniformly distributed load?  
If a load which is spread over a beam in such a manner that rate of loading ‘w’ is uniform 
through out the length, then it is called as UDL. 
2. Define shear force  
Shear force  
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SF at any cross section of is defined as the algebraic sum of all the forces acting either 
side of a beam. 
3.Define Bending Moment at a section. 
BM at any cross section if the algebraic sum of the moments of all forces which are 
placed either side from the support. 
4. What is meant by positive or sagging BM?  

 BM is said to be positive or sagging if the moment of the forces in the left side of the 
beam is clockwise or right side of the beam is counter clock wise. Otherwise the beam to 
bend like concave manner. 
5. What is meant by negative or hogging BM?  
BM is said to be positive or sagging if the moment of the forces in the left side of the 
beam is counter clockwise or right side of the beam is clock wise. Otherwise the beam to 
bend like concave manner.              
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Experiment Number: 6 
Title of the Experiment: Double Shear Test On Given Specimen  
Date of the Experiment: 

 
STEP 1: OBJECTIVE (AIM) OF THE EXPERIMENT  
To conduct shear test on given specimen under double shear.  

STEP 2: FACILITIES REQUIRED AND PROCEDURE 

a.)Facilities required to do the experiment:- Equipments Required: 
 

S.No. Facilities required Quantity 

1 UTM with double shear chuck 1 

2 Vernier Caliper 1 

3 Test Specimen 1 

b.)Theory:- In actual practice when a beam is loaded the shear force at a section always 
comes to play along with bending moment. It has been observed that the effect of 
shearing stress as compared to bending stress is quite negligible. But sometimes, the 
shearing stress at a section assumes much importance in design calculations. Universal 
testing machine is used for performing shear, compression and tension. There are two 
types of UTM. (i)Screw type, (ii) Hydraulic type. Hydraulic machines are easier to 
operate. They have a testing unit and control unit connected to each other with hydraulic 
pipes. It has a reservoir of oil, which is pumped into a cylinder, which has a piston. By 
this arrangement, the piston is made to move up. Same oil is taken in a tube to measure 
the pressure. This causes movement of the pointer, which gives reading for the load 
applied.  
c.) Specification of machine:-  
About UTM:-  

The tensile test is conducted on UTM. It is hydraulically operates a pump, oil in oil 
sump, load dial indicator and central buttons. The left has upper, middle and lower cross 
heads i.e; specimen grips (or jaws). Idle cross head can be moved up and down for 
adjustment. The pipes connecting the lift and right parts are oil pipes through which the 
pumped oil under pressure flows on left parts to more the cross-heads.  
 Specifications :- 
1.  Load capacity = 0-40000 kgf.  
2.  Least count = 8kgf.  
3.  Power supply = 440V  
d.)Procedure for doing the experiment:-  

Step No. Details of the step 

1. Measure the diameter of the hole accurately. 

2. Insert the specimen in position and grip one end of the attachment in 
the upper portion and the other end in the lower portion. 
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3. Switch on the main switch on the universal testing machine. 

4. Bring the drag indicator in contact with the main indicator. 

5. Gradually move the head control lever in left hand direction till the 
specimen shears. 

6. Note down the load at which specimen shears. 

7. Stop the machine and remove the specimen. 

e.)Tabulation:- 

f.) Observation and Calculation: -   
  Diameter of the specimen (d) = 5 mm 
  Cross sectional area in double shear, (A) = 2 x π d2 / 4      mm2    
Shear Load taken by specimen at the time of failure (P) =15190 N. 
Shear strength   =  Maximum shear force   =2P         =2 x15190 
          Area of the specimen.   =π d2        =π 52 
                                      =387.6 N/mm2 
g.)Precautions:-   

The inner diameter of the hole in the shear stress attachment is slightly greater 
than that of the specimen.  

h.)Result:- 
The ultimate stress strength of the given specimen M.S. is 387.6 N/mm2 
VIVA QUESTIONS:-  
1. What are the factors affect the strength column?   
1.Slenderness ratio:  
  Strength of the column depends upon the slenderness ratio, it is    increased the 
compressive strength of the column decrease as the tendency to buckle is increased.      
 2. End conditions:  Strength of the column depends upon the end conditions also 
2  What is pure bending of a beam?  

When the loads pass through the bending axis of a beam, then there shall be pure 
bending of the beam. 
3.What is shear centre or angle of twist?  

The shear centre for any  transverse section of the beam is the point of 
intersection of   the bending ax is and the plane of the transverse section 
     
 
 
 
 
 
 
 

S.no Material Diameter 
in mm 

Cross 
sectional 
area in mm 

Non 
load in 
N 

Shear 
strength 
N/mm 

Breaking 
load 
in N 

1 M.S 5 19.6 15190 387 1000 
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Experiment Number: 7 
Title of the Experiment: Compression Test on Open Coil Helical Spring 
Date of the Experiment: 

 
STEP 1: OBJECTIVE (AIM) OF THE EXPERIMENT  
To determine the stiffness of spring, modulus of rigidity of the spring wire and maximum 
strain energy stored. 
STEP 2: FACILITIES REQUIRED AND PROCEDURE 

a.)Facilities required to do the experiment:-  
S.No. Facilities required Quantity 

1 Spring testing machine 1 

2 Open coil spring 1 

3 Vernier caliper 1 

b.)Theory:- This is the test to know strength of a material under compression. Generally 
compression test is carried out to know either simple compression characteristics of 
material or column action of structural members. It has been observed that for varying 
height of member, keeping cross-sectional and the load applied constant, there is an 
increased tendency towards bending of a member. Member under compression usually 
bends along minor axis, i.e, along least lateral dimension. According to column theory 
slenderness ratio has more functional value. If this ratio goes on increasing, axial 
compressive stress goes on decreasing and member buckles more and more. End 
conditions at the time of test have a pronounced effect on compressive strength of 
materials. Effective length must be taken according to end conditions assumed, at the 
time of the test. As the ends of the member is made plain and fit between two jaws of the 
machine, fixed end is assumed for calculation of effective length. Effective length is 
taken as 0.5 L where L is actual length of a specimen. 
c.)Procedure for doing the experiment:-  

Step No. Details of the step 

1. By using vernier caliper measure the diameter of the wire of the 
spring and also the diameter of spring coil. 

2. Count the number of turns 

3. Insert the spring in the spring testing machine and load the spring by a 
suitable weight and note the corresponding axial deflection in 
compression. 

4. Increase the load and take the corresponding axial deflection readings. 

5. Plot a curve between load and deflection.   

6. The shape for the curve gives the stiffness of the spring. 

. 
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d.)Tabulation:- 

Sl.No Load in N 
Scale readings in 

mm 
Deflection in 

mm 

Rigidity 
modulus 
in N/mm2 

Stiffness 
in N/mm 

1. 0 415 415 0 0 0 
2. 15 423 424 1 0.52×105 15 
3. 24 426 427 1 2.41×105 24 
4. 35 431 433 2 1.91×105 17.5 
5. 47 435 438 3 3.1×105 15.66 

e.) Observation and Calculation: -   
(i)  Inner diameter of spring di = 3.1mm 
(ii) Outer diameter of spring do=3.9mm 
(iii) Length of th spring l =69 mm 

  (iv) Number of turns n= 10  
(v)  Material of spring=steel 
(vi)  Young’s modulus =2×105 

1.   Deflection (δ) = 64 WR3N Sec α [ cos2α / N + 2Sin2α /E]      N/mm2 
                                          d2 

                                   δ=424-423=1 mm 
Where, 
 W=Load applied in Newton 
 R=Mean radius of spring coil = (D-d)  / 2  
 N= Number of turns 
 α=Helix angle of spring 
 N=Modulus of rigidity of spring Material 
 E=Youngs modulus of the spring material 

2. Tan α = pitch / 2ПR 
               =tan-1(6.3/2П x13.25) 
               =3.18 
3. Pitch = (L-d) / n 

=(69-3)/10 
=6.3 

            Where,  
d=Dia of spring wire in mm 
L=Length of spring in mm 
N=no of turns in spring 

4. Stiffness of spring (K)=w / δ 
                        =15/1 
                       =15 
Where, 
δ=Deflection of spring in mm 
W=Load applied in Newtons 
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5. Maximum energy stored = 0.5 x Wmax x δmax 

                   =0.5 x47 x3 
                    =70.5 
Where, 
Wmax=Maximum load applied 
δMax=Maximum deflection 

f.)Precautions:-   
1. Place the specimen at center of compression pads, 
2. Stop the machine as soon as the specimen fails. 
3. Cross sectional area of specimen for compression test should be kept large as 
compared to the specimen for tension test: to obtain the proper degree of stability 

g.)Result:- 
Under compression test on open coil helical spring 

1. Rigidity Modulus (N) =3.1×105 N/mm2 
2.Stiffness of spring (K)= 15.66 N/mm 

       3. Maximum energy stored =70.5 
VIVA QUESTIONS:- 
1. Define principal stresses and principal plane?  

                     Principal Stresses: The magnitude of normal stress, acting on a principal plane is 
known as principal stresses. 
Principal Plane: The planes which have no shear stress are known as principal planes. 

2. What is the radius of Mohr’s circle? 
     Radius of Mohr’s circle is equal to the maximum shear stress. 

3. What is the use of Mohr’s circle? 
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Experiment Number: 8 
Title of the Experiment: Torsion Test on Mild Steel 
Date of the Experiment: 

 
STEP 1: OBJECTIVE (AIM) OF THE EXPERIMENT  

To find the modulus of rigidity. 
STEP 2: FACILITIES REQUIRED AND PROCEDURE            
a.)Facilities required to do the experiment:-  

S.No. Facilities required Quantity 

1 A torsion testing apparatus. 1 

2 Standard specimen of mild steel . 1 

3 Twist meter for measuring angles of 

twist. 

1 

4 A steel rule and calipers and 
micrometer. 

1 

b.)Theory:- A torsion test is quite instrumental in determining the value of rigidity (ratio of 
shear stress to shear strain) of a metallic specimen. The value of modulus of rigidity can be 
found out through observations made during the experiment by using the torsion equation. 
T/ Ip =Cθ /L        or  C=TL/Iθ 
Where T=torque applied, 
Ip= polar moment of inertia, 
C=modulus of rigidity, 
= Angle of twist (radians), and 
l= gauge length. 
In the torque equipment refer fig. One end of the specimen is held by a fixed 
support and the other end to a pulley. The pulley provides the necessary torque to 
twist the rod by addition of weights (w). The twist meter attached to the rod gives the 
angle of twist. 
 c.)Procedure for doing the experiment:-  
Step No. Details of the step 

1. Prepare the testing machine by fixing the two twist meters at some 
constant lengths from fixed support. 

2. Measure the diameter of the pulley and the diameter of the rod 

3. Add weights in the hanger stepwise to get a notable angle of twist for T1 

and T2 
4. Using the formula calculate C 
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d.)Tabulation:- 
S.NO ANGLE 

OF 
TWIST 

ANGLE 
OF 
TWIST 

TORQUE MODULUS 
OF 
RIGIDITY 

SHEAR 
STRESS 

UNIT Degree Radian Kgf/cm Nm N/m2 N/m2 
1. 
2. 
3. 

40 
90 
110 

69.8 
1.57 
1.92 

87.5 
100.25 
160.25 

8.75 
10.025 
16.025 

1.65×1010 
5.5×104 
1.1×1010 

2.05×108 
2.37×108 
3.39×108 

e.) Observation and Calculation: -   
T/ Ip =Cθ /L         
J=π/32×d4=π/32×64=0.16 
Ip= polar moment of inertia, 
Θ=698 
L= gauge length 
C= T θ / Ip L =1.65×1010 
f.)Precautions:-   

1.  The specimen should be prepared in proper dimensions.  
2.  The specimen should be properly to get between the jaws.  
3.  Take reading carefully.  
4.  After breaking specimen stop to m/c.  

g.)Result:- 
Modulus of rigidity of the shaft is 1.65×1010 N/m2 
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VIVA QUESTIONS:- 
 1.Define: Column and strut.  
    A  column  is  a  long  vertical  slender  bar  or  vertical  member,  subjected  to  an  
axial  compressive load and fixed rigidly at both ends.  
    A strut is a slender bar or a member in an y position other than vertical, subjected to a  
compressive load and fixed rigidly or hinged or pin jointed at one or both the ends. 
2. What are the types of column failure?   
                   a. Crushing failure:  
   The  column  will reach  a stage,  when it  will  be  subjected  to  the  ultimate  crushing  
stress, beyond this  the column will  fail  by  crushing  The load corresponding to the 
crushing stress is  called crushing load. This type of failure occurs in short column.                          
                 b. Buckling failure:  
                    This  kind  of  failure  is  due  to lateral  deflection  of  the  column. The load 
at which the column just buckles is called buckling load or crippling load or critical load. 
This type of failure occurs in long column 
3. What is slenderness ratio (buckling factor)? What is its relevance in column?  

                    It  is  th e  ratio  of  effective  length  of  column  to  the  least  radius  of         
gyration  of  the  cross  sectional ends of the column.  
                 Slenderness ratio = l eff / r  
                 l eff  =  effective length of column  
                 r = least radius of gyration  

Slenderness ratio is used to differentiate the type of  column.Strength  of   the  column  
depends  upon the slenderness ratio,it  is increased the compressive  strength the column 

decrease  as the tendency to buckle is increased.      
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Experiment Number: 9 
Title of the Experiment: Deflection Test on Beam 
 Date of the Experiment: 

 
STEP 1: OBJECTIVE (AIM) OF THE EXPERIMENT  
To find the young’s modulus of the given specimen by doing deflection test. 

STEP 2: FACILITIES REQUIRED AND PROCEDURE 

a.)Facilities required to do the experiment:- 

S.No. Facilities required Quantity 

1 Bending table. 1 

2 Deflecto meter 1 

3 Weight 1 

4 Scale and specimen 1 

b.)Theory:- Bending test is perform on beam by using the three point loading system. The 
bending fixture is supported on the platform of hydraulic cylinder. The loading is held in 
the middle cross head. At a particular load the deflection at the center of the beam is 
determined by using a dial gauge. 
c.)Procedure for doing the experiment:-  

Step No. Details of the step 

1. Note down the length and cross section of the given specimen. 

2. Set the span length as beam of adjusting the movable supports. 

3. Now place the given beam over the knife edges. 

4. Place the load hanger on the beam at i at a distance of (1/3xSpan) 
from the left support. 

5. Fit the deflecto meter at I at a distance of (2/3xSpan) from the left 
support. 
Adjust the deflecto meter to read zero 

6. Add the set of weights one by one and record the corresponding 
deflecto meter reading it. 

7. Draw a graph between loads vs. deflection for both the positions. 
ix) Young’s modulus can be found by the following 
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d.)Tabulation:- 
S.No Load Deflection reading in division Youngs 

modulus 
Kg N Loading Unloading Division Div x 

lc 
N/mm2 

1. 
2. 
3. 
4. 
5. 

0 
50 
100 
150 
200 

0 
490.5 
981 
1471.5 
1962 

0 
75 
152 
228 
301 

2 
78 
153 
228 
301 
 

1 
76.5 
152.5 
228 
301 

0.01 
0.765 
1.525 
2.28 
3.01 

0 
18585×105 
1.8646×105 
1.8707×105 
1.8894×105 
 

 
e.) Observation and Calculation: -   
(i Young’s modulus E   =  Wab(L2-a2-b2) 
                                       ___________ 
                                        
                                          6ILδy 
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=      490.5 x600 x300[9002-6002-3002] 
                                       ____________________________ 
                                        
                                          6 x414 x900 x76.5                                
                                   =1.8585 x105 N/mm2 
Where=Load in N 
a= Deflecto meter distance from left support in mm 
b=Load distance from left support in mm 
I=bd3/12 mass moment of inertia 
L=Span of the beam in mm 
δy =Deflection meter reading in mm 
f.Precautions:- .   
 1. Test piece should be properly touch the fixture.  
 2.  Test piece should be straight.  
 3.  Take reading carefully.  
 4.  Elastic limit of the beam should not be exceeded.  
 g.Result:- 
Young’s modulus analytically =1.8585 x105 N/mm2 
VIVA QUESTIONS:- 

1.Define beam?  
    Beam is a structural member which is supported along the length subjected to external 

loads acting transversely. ie., perpendicular to the centre of the beam. Beam is 
sufficiently long as compared to external load. 

2.What is meant by transverse loading on beams? 
If a load is acting on the beam which perpendicular to the support centre line 
                  Then it is called transverse loading. 

3.How do you classify the beams according to its supports? 
The beam may be classified according to the support  
• Cantilever 
• Simply supported beam 
• Over hanging beam 
• Fixed beam 
• Continuous beam 
4. What is cantilever beam? 
A beam with one end free and other end fixed is called Cantilever beam 
5.  What is simply supported beam? 

                  A beam supported or resting freely on the supports at its both ends the its is called simply 
supported beam. 
6. What is over hanging beam? 

                  If beam one or both end extend beyond the support limit then it is called as over hanging 
beam. 
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Experiment Number: 10 
Title of the Experiment: Microscopic Examination 
 Date of the Experiment: 

 
STEP 1: OBJECTIVE (AIM) OF THE EXPERIMENT  
To examine the microstructure of a given plain carbon steel sample before and after heat 
treatment. 
STEP 2: FACILITIES REQUIRED AND PROCEDURE 

a.)Facilities required to do the experiment:- 

S.No. Facilities required Quantity 

1 Belt grinder 1 

2 Simple disc polishing machine 1 

3 Stretching agent 1 

4 Emery sheet 1 

5 Muffle furnace 1 

b.)Theory:-  
Sample specimen: 
i) Unbalanced specimen 
ii) Harden specimen  
iii) Tempered specimen 
Steel can be heat treated to high temperature to achieve the requirement harden 

and strength. The high operating stress need the high strength of hardened structure 
similarly tools such as like knives etc. as quenched hardened steels are so, brittle than 
even slight compact cause fracture. The heat treatment that reduces the brittleness of steel 
without significantly lowering the hardness and strength. Hardened steel must be 
tempered before use. 
Significance: 
Hardening: 

� To increase the strength and hardness  
� To improve the mechanical properties 
� Hardening temperature-9000c 
� Holding time-1 hr 
� Quenching medium - Water. 

Tempering: 
� To reduce the stress 
� To reduce the brittleness 
� Tempering temperature-320 оC 
� Holding time-1 hr 
� Quenching medium-Air 
The specimen and is heated at a temperature which is determined using the 

microstructure the specimen quenching into oil. The given three samples are subjected to 
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the study of microstructure of the hardened metal. The micro structure of the unhardened 
sample is studied and hardness is found. The furnace which is maintained at temperature 
at 900 оC   for hardening. The sample is added to get austenite structure. The third sample 
is subjected to tempering process of is hold at 830 is furnace for this and quenched in air. 
The micro structure of the third specimen is studied and hardness is formed. 
c.)Procedure for doing the experiment:-  

Step No. Details of the step 

1. Specimen is heated to temperature which is determined using the 
microscopic structure the specimen is quenched in oil. 

2. The given samples are subjected to the study of micro structure and 
hardness. 

3. The microstructure of the hardened sample is subjected and hardness 
is found. 

4. The remaining two specimens is quenched into the furnace which is 
maintained at the temperature 9000c for hardening process. 

5. The specimen is then taken from the furnace and immediately 
quenched in oil. 

d.)Tabulation:- 
SAMPLES SAMPLES-I 

(Before hardening) 
SAMPLES-I 
(After hardening) 

SAMPLES-II 
(After tempering) 

MICROSTRUCTURE Structure1 Structure 2 Structure 3 
 

HARDENING 

 
RC81 RC98 RC95 

e.) Observation 
Specimen: Low Carbon Steel  
Magnification: 2% Metal 
Composition: 80%Ferrite, 20% Pearlite 
Hardness test: RC 
Load: 100 kg 
Indentor:1 200C 

f.)Precautions:- .   
 1. Test piece should be clean properly. 
 2.  Test piece should be straight.  
g.)Result:- 
Thus the microstructure and the hardness of the given sample are studied and treatment is 
tabulated. 
VIVA QUESTIONS:- 
1.) Define hardening. 
It is a heat treatment process to increase the strength and hardness.  
2. Name some quenching mediums. 
  Air, water, oil. 
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Experiment Number: 11 
Title of the Experiment: - Brinell Hardness Test (In Tempered Material) 
Date of the Experiment:- 

 
STEP 1: OBJECTIVE (AIM) OF THE EXPERIMENT  

To find the brinell hardness number of tempered metals and hardened material.  
STEP 2: FACILITIES REQUIRED AND PROCEDURE 

a.)Facilities required to do the experiment:- 

S.No. Facilities required Quantity 

1. Brinell Hardness 

testing machine 

1 

2. Specimen of 
Tempered metal 

1 

3. Specimen of 
Hardened metal 

1 

4. Brinell microscope 1 

b.)Theory: - Hardness represents the resistance of material surface to abrasion, scratching  
and cutting, hardness after gives clear identification of strength. In all hardness testes, a 
define force is mechanically applied on the test piece for about 15 seconds. The indentor, 
which transmits the load to the test piece, varies in size and shape for different tests. 
Common indenters are made of hardened steel or diamond. In Brinell hardness testing, 
steel balls are used as indentor. Diameter of the indentor and the applied force depend 
upon the thickness of the test specimen, because for accurate results, depth of indentation 
should be less than 1/8 of the thickness of the test pieces. According to the thickness of the 
test piece increase, the diameter of the indentor and force are changed. 
 Knowledge of the specimen: 
Load is applied on the specimen the band of the slide of  the machines which is operated 
of handling and watching the specimen the diameter of the indentor is which helps of 
traveling microscope. 
c.)Specification of Hardness Testing machine and Indentors:- 
  A hardness test can be conducted on Brinell testing m/c, Rockwell hardness m/c or 
vicker testing m/c. the specimen may be a cylinder, cube, think or thin metallic sheet.Its 
specification are as follows:  
1.  Ability to determine hardness upto 500BHN.  
2.  Diameter of ball (as indentor) used D = 2.5mm, 5mm, 10mm.  
3.  Maximum application load = 3000kgf.   
4.  Method of load application = Lever type  
5.  Capability of testing the lower hardness range = 1 BHN on application of 0.5Dload 
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d.)Procedure for doing the experiment:-  

 

 
e..)Tabulation:- 
S.No.    Ball 

Diameter 
 in mm 

Load applied P 
in   
‘kgf.         

Diameter of 
indentation  
 ‘d’ (mm)     

P/D2 BHN 

1.(Tempered 
Specimen.) 
2.(Hardened 
Specimen.) 

10 
 
10 

3000 
 
3000 

3.8 
 
4.3 

30 
 
30 

670.345 
 
697.34 

f.) Observation and Calculation: -   
Area of indentation A=¶×d/2(D-√D2-d2) 
                                  =¶×3.8/2(10-√102-3.82) 
                                  =4.4753 
BHN = Load Applied (kgf.)/ Spherical surface area indentation  
(in mm.)  
           =3000/4.4753 
            =670.345 

g.)Precautions:-   
  1.   The specimen should be clean properly.   
 2.   Take reading more carefully and correct.    
 3.   Place the specimen properly.   
 4.   Jack adjusting wheel move slowly    
 5.   After applying load remove the load.    
h.)Result:- 

The brinell hardness number of the given specimen are found out and tabulated. 
 

Step No. Details of the step 

1.  Insert ball of dia ‘D’ in ball holder of the m/c.   
    

2. Make the specimen surface clean by removing dust, dirt, oil and grease 
etc.        

3. Make contact between the specimen surface and the ball by rotating 
the jack adjusting wheel.    

4. Push the required button for loading.   

5. Pull the load release level and wait for minimum 15 second. The load 
will automatically apply gradually 

6. Remove the specimen from support table and locate the indentation so 
made.       

7. View the indentation through microscope and measure the diameter 
‘d’ by micrometer fitted on microscope.   

8. Repeat the entire operation, 3-times.   

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Dr.NNCE MECH/IV SEM               SOM LAB -LM 
 
 

  38

VIVA QUESTIONS:- 
1.)Define tempering. 
It is a heat treatment process to reduce the stress and brittleness. 
 
 
2. Define safe load.  
  It is  the  load  to  which a  column is actually  subjected to and  is well below  the 
buckling  load. It is obtained b y dividing the buckling load by a suitable factor o f safety 
(F.O.S).  
                  Safe load =         Buckling load /Factor of safety 
3. State Hooke’s law. 

It states that when the material is loaded, within its elastic limit, the stress is 
directly proportional to the strain. 
Stress    α     Strain 
4. Define Factor of Safety.  

It is defined as the ratio of ultimate tensile stress to the permissible stress(working 
stress). 
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MODEL QUESTIONS  
 

1. To study the brinell hardness testing machine & perform the brinell hardness test. 
2. To study the Rockwell Hardness testing machine and perform the Rockwell 

hardness test.   
3. To study the Impact Testing m/c and Perform Izod impact test.  
4. To study the Impact Testing m/c and Perform charpy impact test.  
5. To study the UTM and perform the tensile test. 
6. To conduct Double Shear Test On Given Specimen 
7. To conduct Compression Test on Open Coil Helical Spring 
8. To conduct Torsion Test on Mild Steel 
9. To conduct Deflection Test on Beam 
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