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Objectives

The primary objectives of this laboratory are as followed:

1- To learn how the main properties and parameters of the materials can be measured.

2- To investigate and apply a group of the mechanics of material principles studies in its course.

3- To connect theory with practice.

4- To practice on the laboratory devices.

Course Reference

- Laboratory manual and handouts.

Experiments

In this laboratory the following experiments will be performed:

1- Equilibrium of forces.

2- Equilibrium of beams.

3- Member forces in a truss.

4- Sheer in rubber test.

5- Tensile strength test.

6- Extension of wires.

7- Simple suspension bridge.

8- Torsion test.

9- Deflection of beams.

Grades

Reports:




25%


Presentation and participation

10%


Midterm exam



25%


Final exam




40%

Note: to pass the laboratory, the student has to attend 87.5% of the experiments (7 experiments) and to do all the exams.

Report Format
Laboratory reports should be type written. Reports are due to one week from the completion of the experiment. The laboratory reports should include the following topics in the given order.

1- Title page:






(5%)
a) Course name and number

b) Number and title of the experiment

c) Names of students

d) Date of the experiment

2- Objectives:






(5%)

It includes a brief and clear statement of the purpose of the experiment.

3- Theory:






(10%)

Theoretical analysis of the experiment approach and the basics equations needed for the calculations.

4- Experimental Apparatus and procedure:


(10%)

Description of the apparatus and the experimental procedure that you used in performing the experiment to collect the required data.

5- Results and Discussions:




(60%)
Presentation of the obtained experimental results in tabular or graphical form. Discussion of the results and comparison with the theoretical analysis. It also includes a discussion of the reliability of the results and the possible sources of errors.
6- Conclusions:






(5%)
Collect all the important results and interpretations in clear summary form.

7- References:







(5%)
Include the references cited in the text. In general the references should be the laboratory manuals and the text books of the theoretical materials.

Equilibrium of Forces

Object:

The purpose of this experiment is to study the equilibrium of a set of forces acting in a vertical plane.

In the first part the case of concurrent forces is to be investigated and checked by the graphical solution of triangle of forces (three forces) or a close polygon for more than three forces.

The second part deals with non-concurrent forces and the use of a link polygon.

Theory
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A concurrent force system is a system of two or more forces whose lines of action all intersect at a common point. However, all of the individual vectors might not actually be in contact with the common point. These are the most simple force systems to resolve with any one of many graphical or algebraic options.


The other system is a non-concurrent system. This consists of a number of vectors that do not meet at a single point. These systems are essentially a jumble of forces and take considerable care to resolve. 
Almost any system of known forces can be resolved into a single force called a resultant force or simply a Resultant. The resultant is a representative force which has the same effect on the body as the group of forces it replaces.. This is one way to save time with the tedious "bookkeeping" involved with a large number of individual forces. Resultants can be determined both graphically and algebraically.
Procedure:
With a clean sheet drawing paper in place take the cord ring and attach three or four or five load cord assemblies. Place the cord ring temporarily on the center peg. Drape the load cord over the pulleys and add a load hanger to each free end. Add loads to the hanger and gently lift the cord ring off the center peg and allow the ring to find its position of equilibrium. Add loads to hangers, noting how the cord ring moves to a new equilibrium position each time an extra load is added. For any equilibrium state thought interesting, use the line marker to transfer onto the drawing paper two points on each of the cords radiating from the ring.

Carefully remove the sheet of drawing paper from the force board for further work as described later in results.

Results
Decide a scale for the force vectors (for example 1cm =0.2N) so that it can be set off along its line of action.

Draw lines parallel to the experimental lines of action sequentially with length equivalent to its force value to obtain a force polygon.

One would expect the polygon to nearly close as a simple experiment of this kind does not usually produce much error.

Observations:

What degree of accuracy was achieved in the experiment?

Equilibrium of Beams
INTRODUCTION:

One common example of parallel forces in equilibrium is that of a beam, because in most cases the forces are vertical weights due to gravity. Hence the beam supports will develop vertical reactions to carry the weights on the beam , and the self weight of the beam itself.

For a beam on two supports there will be the two unknown reactions, so two equations of equilibrium must be set up. It is necessary to start by taking moments about a convenient point; if this point is at a reaction then there is only one unknown force (the other reaction) in the equation. The second reaction can then be found from vertical equilibrium.

An alternative type of beam which projects from a support into mid-air is called a cantilever. Here the two unknown reaction are a "fixing" moment and a force which can be calculated independently of each other.

EXPERIMENT

OBJECT

The purpose of the experiment is to verify the use of conditions of equilibrium in calculating the reactions of a simply supported beam or a cantilever.

PROCEDURE   

Part1 , Beam reactions

1. Fix the reaction balance in the test frame with the knife edges 1 m apart.

2. Rest the channel section beam over the knife edge supports with the zero of the scale lined up with the left hand support.

3. Add a stirrup and load hanger at mid span.

4. Use the zero adjustment on the balances to bring the pointer to zero. This is an artificial way to nullifying the self weight of the beam, stirrup and load hanger so that the balance will read only the reaction for any added load.

5. Add a succession of weights up to 60 N to the mid span load hanger and record the two reaction values for each case. Because of the symmetry the reactions should be equal, and therefore each will be half of the load to satisfy vertical equilibrium. In these simple cases the experiment is used to check the obvious. Record the results in table 1.

6. Now move the stirrup and load hanger to the quarter span position and, using a 40 N load, record the reactions. Repeat this for two or three more positions measured from the left hand reaction, tabulating the results.

7. Finally use the three stirrups and load hanger at pre selected positions. Add a set of three loads, one at a time, to these hangers, recording the reactions as each load is applied.

Table 1

Reaction for a simply supported beam 

Beam span = 1m

	Load and position from left end
	left end reaction
	Right end reaction

	
	Expt.
	Theory
	Expt.
	Theory

	(N)
	(mm)
	(gm)
	(N)
	(N)
	(gm)
	(N)
	(N)

	10
	500
	
	
	
	
	
	

	20
	500
	
	
	
	
	
	

	30
	500
	
	
	
	
	
	

	40
	500
	
	
	
	
	
	

	40
	250
	
	
	
	
	
	

	40
	750
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Part II ,  Cantilever beam reactions

1. Attach the spring balance assembly mid way between the reaction balance and move the channel section beam to the right so that the threaded tie rod of the spring balance passes through the hole in the top of the beam by the zero on the beam scale. The beam will extend  through the right hand side of the test frame and it should be leveled by adjusting the tie-rod. The beam cantilevers to the right of the upward reaction balance, while the spring balance provides a downward reaction. Any initial readings will be those due to the self weight of the cantilever.

2. Position a stirrup and load hanger on the end of the cantilever 500 mm from the reaction balance and adjust the zero of the reaction balance.

3. Add a succession of 5 N loads on the hanger. For each loading adjust the length of the spring balance tie rod to re-level the cantilever. (Note weather the spring balance reading changes while this is being done.) Record the readings in table 2.

4. Change the position of the spring balance by moving it closer (say by 200 mm) to the reaction balance. Reposition the stirrup and load hanger so that it is the same distance of 500mm from the reaction balance as above. Zero the balance. Add a succession of 5 N loads on the hanger. Re-level the cantilever and record the balance reading for each load. 

Table 2

Reactions for a 500 mm cantilever

	End load  


	Support
 Reaction
	Spring Reaction
	Distance

Between

Reactions
	Fixing moment
	Support Reaction minus load 

	(N)
	Expt.


	Theory 
	Expt.
	Theory 
	(mm)
	(N.m)
	(N)

	
	(gm)
	(N)
	(N)
	(N)
	(N)
	
	
	

	5
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	
	


RESULTS

Tabulate the readings for part 1 and add the calculated theoretical reactions. A suitable table is given for single loads.

For part 2 theoretical values are calculated, by using conditions of equilibrium. The wall fixing moment is the product of the spring balance reading and the distance between the balances.

OBSERVATIONS

How well the experimental and theoretical results compare (try stating the differences as a percentage of the true values)?

Member Forces in a Truss

Object:

The truss is to be used to compare the forces measured in the members with the values found by resolution at the joints.

General Theory:

Before the advent of computers the analysis of structures was typically based on simplifying assumptions to minimize the calculations. A good example of this was the assumption that for ordinary plane trusses the joints could be treated as if they were frictionless pins. The next step was to construct the truss and design the supports so that the force in each member could be determined using the three condition of equilibrium. This leads to a rule for calculating the number of member's m and joints j for a so-called perfect (or statically determinate) truss in the form.

M= 2j - 3

Although truss joints are either welded or bolted, the assumption works sufficiently well because the members are long compared to their cross sectional size. Hence flexural (bending) stresses are small (say < 5%) compared to the direct (compression or tension) stresses.

However, this experiment uses a model truss specially designed with pinned joints to be correctly representative of the mathematical model. Hence there should be good correlation between the experimental results and the simple theory of resolution at the joints. This method, providing two equations of equilibrium of forces in mutually perpendicular directions. Requires a systematic joint by joint approach. Only two unknowns can be resolved, so one works across the truss from the load or the support reaction until every member forces has been determined.

Apparatus

The truss is a 45( triangulated frame made from Perspex members of 250 mm2 cross sectional area. Horizontal and vertical members are 400mm long. While the diagonal ones are 565.7 mm. In order to preserve symmetry in the plane of the frame each member consists of a pair of Perspex bars spaced apart either 0, 10, 20 or 30 mm. The joints have turned and fitted pins in reamed holes. In its normal configuration the truss springs from two side brackets fastened to the side of the HST.1 frame.




In the first instance the truss should be assembled on a horizontal surface. Spacing discs are provided to fill in at joints where less than four members meet. The side brackets should be attached to the truss with threaded holes to the rear. The whole truss can now be lifted into the HST.1 frame and clamped by the brackets whose pins should be 400 mm a part.

Shear of Rubber Test

GENERAL THEORY:

              Rubber has always been an interesting engineering material. Its elasticity is remarkable, while its use in vehicle tyres requires other properties. Although originally a natural product, rubber became so important and in such demand that synthetic rubber was developed with the possibility of having special properties to suit the application.

This experiment concentrates on the shear characteristics of rubber, which are used in anti -vibration mountings for machinery and sprung suspension of railway carriage. Rubber can withstand large shear deformation, especially in medium and soft grades of the material, which helps to absorb shock loading. 

APPARATUS

              A block of medium rubber (150 x 75 x 25) mm size has aluminum alloy stripes bonded to the two long edges. One strip has two fixing holes enabling this assembly to be fixed to a rigid vertical surface. The bottom end of the other strip is drilled for a load hanger while a small dial gauge indicates the position of the top end.

EXPERIMENT

Object:

            The purpose of the experiment is to measure the shear deformation of the rubber block and hence determine the modulus of rigidity.  

PROCEDURE

              The apparatus must be fixed to a convenient vertical surface.

1. Place the load hanger in position and read the dial gauge.

2. Add load to the hanger in 10 N increments, reading the dial gauge at each load until the travel of the gauge is exceeded. As the load increases observe if any creep occurs. 

3. Record the reading in table 1.

When the load is removed note whether the rubber fully recovers (it may be necessary to have 10 or 20 N on the hanger to get a dial gauge reading). 

	Load ( N )
	Dial Gauge Reading (0.01)
	Deflection ( mm )
	Shear Stress

(Mpa)

	O
	
	
	

	10
	
	
	

	20
	
	
	

	30
	
	
	

	40
	
	
	

	50
	
	
	

	60
	
	
	

	70
	
	
	

	80
	
	
	

	90
	
	
	

	100
	
	
	

	110
	
	
	

	120
	
	
	


RESULTS

In the first place plot a graph of deflection against load and draw a best-fit straight line through the points. This implies a linear load- deformation relationship in the vertical plane.

Now the definition of the modulus of rigidity (or shear modulus) is:

G = Shear stress / Shear strain   =     Ί / Φ
In this experiment the shear stress is simply,

 Ί  =   Load / Area      =   W / A         =     W / (150 * 25)

But the strain angle is taken as:

Φ (radians)    =  deflection / block width   =   δ / b   =    δ / 75

This is amathmatical approximation with an error increasing with the angle Φ .

The relationship between the graph of the result and and the modulus of rigidity is therefor derived as : 
G  = W/ 3750  *  75/ δ   =  75/ 3750  *  graph gradient    (N/mm2)

Observation
Were the results linear? Would greater or lesser deflection improve linearity?
Tensile Strength Test

Object:   To carry out a test to destruction in order to investigate the strength and ductility of the specimen material.

General Theory:

                     All ductile materials have a stress - strain relationship as appears in the diagram:
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The diagram is divided into two ranges:

1. In the first range the material behaves elastically and Hook's law prevails. Hook's law states that in the elastic range strain are proportional to stress.

2. In the second range the material behaves plastically until the Ultimate stress that the material can withstand is reached. Fracture occurs at a stress little below the maximum stress.

Normal Stress =  (Load / Area)  = F / A 

Normal Strain =  (Change in length / Original length)  = ∆L / L

Yong's Modulus (E) = Stress / Strain              (in the elastic range)

Procedure :

1. Set up the specimen in the Universal testing machine.

2. Load the specimen slowly and as uniformly as possible. Keep tightening the locking screws initially to prevent the specimen slipping.

3. Record the extension at load increments of every 5 KN in the elastic range.

4. At the yield point it is suggested that extra readings are made (each 0.5 KN).

5. Continue loading and recording extensions at 0.5 KN increments up to a safe value below the forecast fracture load. Remove the extensometer before fracture: This is most important, as damage to the extensometer will occur if it is in place during fracture.

6. Remove the specimen for study of fractured area. Fit the two pieces together and measure the final length between the extensometer marks and the diameter in the "neck ".

7. Calculate values for stress and strain plot against each other.

8. Determine values for Young's Modulus (E) from the graph.

9. Calculate values for Percentage reduction in area and elongation.

10. Repeat for another specimen.

Data:

Length:

Cross - sectional area:  ……………..

Material                      :  

	F (load)

  KN
	Extension

     (dial)                   (mm)
	Stress  N/mm2
	Strain     ∆L/L

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Conclusions:

Compare your values of Young's modulus, Yield strength, Ultimate strength, Elongation, and Percentage reduction in the cross-sectional area with the values expected for the specimen material.

Comment on the manner in which the experiment was carried out and suggests ways in which you feel the efficiency of the experiment could be improved. 

Extension of Wires
Introduction:

                   The tensile behavior of materials is a very important aspect of design. Nearly all-engineering materials have a linear elastic range wherein extension is proportional to load. Hook's law defines the modulus of elasticity E as

E = Stress / Strain = P/A * L/ ΔL

Where     

      P = load

                  A = cross sectional area

      L = length

      ΔL= extension
As the stress increases most materials have a limit to the linear elasticity above which the extension increases more rapidly for equal increments of load. However the graphs showing this are plotted as stress (load) against strain (extension) so the typical curves are like those shown here.
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It is also necessary to understand that the physical condition of the material being tested may affect the load/extension readings .Wire is produced by drawing (pulling) rod through a tapered hole in a die .As the diameter is reduced the material is being cold worked (hardened),and this causes an increase in the proof stress and elastic range. If the wire is needed for an easy bending operation like the copper wire windings in an electric motor, the drawn wire has to be softened (annealed) by heat treatment.

Annealed wire stretches plastically when it is loaded in tension for the first time. On unloading and then reloading the wire will have become elastic up to the initial load. Because the wire used in this experiment is continually re-loaded it will behave elastically although its original condition may have been annealed. The term ''strain hardened'' describes this modified condition.

Apparatus

                      A wire test specimen about 2m active length is suspended from a bracket fixed to a wall around 2.5m above floor level. At the lower end of the wire is clamped a load hanger link which slides in the guides of the bottom bracket, also fixed to the wall. There is a vernier on the hanger link, which reads the wire extension to 0.1mm against a 7cm scale on the bottom bracket.

The wire can be gripped top and bottom either by winding it round a stud or by threading it through a hole in the stud and then using washers and nuts to clamp it.

The set of wires includes three sizes of a hard drawn brass and four wires of one size but different materials, namely brass, steel, copper and commercially pure aluminum.

EXPERIMENT

Object

                The two objects are to verify that the modulus of elasticity is independent of wire size, and that it depends on the material from which the wire is made.

Procedure

                   It is essential that the brackets have been fixed to the wall, and that a ladder (or other means) is available to reach the top bracket. A plump line should be used when fixing the brackets to the wall. The copper and aluminum wires should be hung up, as they will be straight and soft. The brass and steel wires are springy and self-coiling.

Three test specimens of 16, 18 and 20 swg hard drawn brass wire are provided.

Remove the clamping nuts and washers from the top and bottom fixtures. Wind the 16 wire clockwise round the top suspension and clamp it with a washer and nut.  Hold the load hanger link with the venire near zero and wind the bottom end of the wire round the stud* and then clamp it.  Hang the load hanger from the link and check that the venire is near the start of the scale.  Measure the length of the wire between the clamp, and the average diameter of the wire.

When loading the wires add the load gently as suddenly applied load is instantaneously doubled. This may break the aluminum or copper wires.

Pre-load the wires with the maximum load shown in the following schedule. Unload the wires (adjust the venire if necessary) and enter the scale reading against zero load in the table 1 and commence loading the wires by increment as shown below to the maximum load, taking the scale reading of extension at each load, unload and record the zero load reading before removing the wires.

Table 1

Load / extension of wires 

Material:  ---------------                                 Diam. (mm): ---------------

Test length L (m)

	Load  (P)

N
	Scale reading

(mm)
	Extension    ∆L

(mm)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Table 2

Load / extension of wires 

Material:  ---------------                                 Diam. (mm): ---------------

Test length L (m)

	Load  (P)

N
	Scale reading

(mm)
	Extension    ∆L

(mm)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Table 3

Load / extension of wires 

Material:  ---------------                                 Diam. (mm): ---------------

Test length L (m)

	Load  (P)

N
	Scale reading

(mm)
	Extension    ∆L

(mm)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Loading Schedule for the wires

	Material
	Size

(mm)
	Max. Load

(N)
	Increments

(N)

	Brass
	0.9
	80
	10

	Brass
	1.6
	100
	10

	Brass
	1.8 , 2.0
	200
	20

	Steel
	1.8
	250
	30

	Copper
	1.8
	180
	20

	Aluminum
	1.8
	80
	10


RESULTS:

                 Plot the load on "Y" axis against extension on "x" axis (Although this is not the normal plotting of effect against cause, it is the accepted practice for tensile tests). Draw the "best fit" straight lines through each set of points and determine the gradients. Then enter the experimental data in the formula for the modulus of elasticity:        

E = Stress / Strain = P/A * L/ΔL

        = L / A   * gradient

Where   A = cross sectional area of wire 

Compare the values of E.

Another possibility is to test and compare different materials of the same size.

OBSERVATIONS:

· Describe the effect of lack of straightness of wire at "zero" load.

· To what extent did the results conform to Hook's law? 

Simple Suspension Bridge

The suspension bridge is defined as a bridge that has a roadway supported by cables that are anchored at both ends.

Range of Experiment (objectives) 

1) Comparison of simplified theory with experimental results for a uniformly distributed load 

2) Study of the effect of a point load 

Description 

A rigid bridge deck is carried each side by hangers of different lengths such that the flexible steel cables from which they hang are constrained to a parabolic curve. The twin suspension cables pass over pulleys each end of the 1 m span and terminate in yokes carrying load hangers. Adjustable stops prevent the yokes moving upward and mark the correct length from the cables. Steel bars are provided to simulate a uniformly distributed load, and a special point load is supplied. 
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Theory:

The main concept used in this test is the equilibrium equation. The tension in each cable is equal to:

T/2+ T/2 = weight added on each hanger

So 

T= Weight added 

Theoretically, the tension in each cable is equal to the reaction on the supports. For the distributed load (w) the tension is equal: 

T= WL/2
Compare the stress in the cable with the allowable stress. Knowing that the stress in each cable is equal to:

σ = F/A = (T/2A)

According to the data in the lab, fill the following table:

	Load

 (N/m)
	Weight Added (N)
	Texp
(N)
	Ttheory
(N)
	Stress

(N/mm2)

	25


	
	
	
	

	50


	
	
	
	

	75


	
	
	
	

	100


	
	
	
	


Point load: at load 20N, T (N) = --------------------
Observation:

Draw the relation with the load (N) with the experimental value of the tension (N). Compare the effect of a point load equal to 20N with a similar value of a distributed load. Comment on the results.

Torsion Test
[image: image6.jpg]



Features 
· Torque capacity up to 30Nm (300lbf in) 

· Direct readings of torque and strain 

· Digital torque meter 

· Suitable for specimen testing to destruction 

· Accommodates specimens up to 750mm long 

· Specimens gripped by standard hexagonal drive sockets 

· Wide range of standard test specimens 

· SM2 Torsi meter available for accurate strain measurement 

Description 
The SM1 MkII Torsion Testing Machine has the same basic features as its well known predecessor but has been improved by introducing a digital torque measurement system and extending the length of the unit to allow tests on longer specimens if required. A rigid square aluminum tube is supported at each end by cast aluminum feet and carries a straining head at one end and a torque measuring system at the other. The straining head consists of a 60:1 worm drive reduction gear box mounted on a special extruded aluminum platform which slides long the square tube and can be locked in any position. The output shaft is free to slide on a keyway in the gear box to accommodate any change in length of the specimen during testing and to enable insertion of specimens. Reaction to the torque applied to the specimen is supplied by the torsion shaft which is supported at each end by self aligning bearings. Test specimens are held at each end by hexagonal drive sockets which fit on the gearbox output and torsion shafts. An arm is fitted to each end of the torsion shaft, the one at the far end being located by a turnbuckle and hand wheel for adjusting the angular position of the torsion shaft. The arm at the inner end bears on a dial gauge and can be adjusted using the turnbuckle to maintain one end of the specimen in a fixed position during tests. A linear potentiometer is fitted between the two arms and provides an output proportional to the angle of twist of the torsion shaft.

The potentiometer is connected to a digital meter which reads directly in Nm and lbf in. A calibration arm, weight hanger and weights are supplied for checking or recalibrating the meter if required. Strain of the specimen is measured by protractor scales on the gearbox input and output shafts, these scales being locked in position by knurled thumbnuts. A reset table digital revolution counter is also fitted to the gearbox input shaft to provide a record of total input revolutions in any test. Measurements of specimen strain can be obtained when the torsion shaft is adjusted during a test to maintain one end of the specimen in a fixed position. A Torsiometer, SM2, can be supplied as an extra, if required, for greater accuracy in measuring strain, for example, in determining modulus of rigidity.

Range of Experiments (objectives) 
1. Verification of the elastic torsion equation.

2. Determination of modulus of rigidity and yield shear stress.

3. Determination of upper and lower yield stresses for normalized steel specimens.
Theory 

Use the general torsion theory for a circular specimen:

T/J = G(/L= τ/г
Where:-

T = Applied Torque Nm or Ibf

J = Polar second moment of area (mm) or (in)

G = Modulus of Rigidity N/mm² or Ibf/in²

( = Angle of twist (over length) radians

L = Gauge length (mm) or (in)

τ = Shear stress at radius г N/mm² or Ibf/in²

г = Radius mm or in
Experimental procedure

1. Measure the overall length and diameter of the test section of the specimen.

2. Draw a line down the length of the test section of the specimen with a marker;

3. Fix the test specimen at each end by hexagonal drive sockets which fit on the gearbox output and torsion shafts. An arm is fitted to each end of the torsion shaft, the one at the far end being located by a turnbuckle and hand wheel for adjusting the angular position of the torsion shaft. The arm at the inner end bears on a dial gauge and can be adjusted using the turnbuckle to maintain one end of the specimen in a fixed position during tests. A linear potentiometer is fitted between the two arms and provides an output proportional to the angle of twist of the torsion shaft.

4. Round the arm which make torsion on the sample.

5. Record the values of torsion and the angle of twist from the apparatus.

Results
	Torque 

(N.m)
	Angle of Twist (degree)
	Angle of twist (radian)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


From the upper equation, a relation between torsion "T" (Nm) (on the y-axis) vs. angle of twists "(" (on the x-axis) is drawn. Find gradient of the linear range then determine the modulus of rigidity;

G= (T*L)/(J*()

Or




G= (gradient *L)/J

From the graph, obtain the upper yield point (T yield), then calculate the yield shear stress;

τ/г= T/J
Then 


τyield = (Tyield *r)/J
(Note: for circular section J = (Л*r4)/2 or (Л*d4)/32), where d is the diameter.

Finally find the upper and lower yield points and comment on the results.

Deflection of Beams

	[image: image7.jpg]





Features 
· Extensive range of experiments 

· Simply supported and cantilever beam tests on up to four supports with any loading 

· Three load cells measure reactions or act as rigid sinking supports 

· Three dial gauges for deflection measurements 

· Point loads applied by four weight hangers and cast iron weights 

· Five different test beams supplied with each rig 

· SM104a set of 10 special test beams available as an extra 

Description 
This is a much improved version of the SM104 Beam Apparatus with many new features which extend the range of experiments to cover virtually all course requirements relating to bending of beams. The basic unit provides facilities for supporting beams on simple, built in and sinking supports; applying point loads, and measuring support reactions and beam deflections. Five different test beams are supplied as standard and a special pack of 10 additional specimen beams is available as an extra for further experiments.

The Beam Apparatus can be used for an almost limitless number of experiments ranging from determination of the Elastic Modulus for beams of different materials, through to studies of continuous beams with any loading. Great care has been taken at the design stage to ensure the maximum flexibility and ease of use.

The main frame of the apparatus consists of an upper cross member carrying graduated scales and two lower members bolted to tee-legs to form a rigid assembly. The three load cells and cantilever support pillar slide along the lower members and can be clamped firmly in any position. The load cells are direct readings and each is fitted with a hardened steel knife edge which can be adjusted by a thumb nut to set the initial level or to simulate a sinking support. A lead screw in the base of each load cell can be screwed upwards to support the knife edge and thus convert it to a rigid support when required.

The cantilever support consists of a rigid pillar with a sturdy clamping arrangement to hold the beams when built-in end conditions are required. Four weight hangers and a set of cast iron weights are supplied for applying static loads. All beam deflections are measured by three dial gauges mounted on magnetic carriers which slide along the upper cross member. The dial gauge carriers, load cells and weight hangers are all fitted with cursors which register on the scale located on the upper cross member, thus ensuring easy, accurate positioning.

The standard test beams are in three thicknesses and include three different materials. They are suitable for the complete range of experiments covering different loading and support configurations. The optional SM104a Specimen Beams provide for experiments on different types of beam including compound, channel and non-uniform beams of various materials.

Object:

To measure the deflection of simply supported beam and compare experimental and theoretical results.

Theory of the deflection of simply supported beams:

It can be shown that the deflection of a bean supported to direct loading can always be expressed in the form:

Z= a* (WL3)/ (EI)

Where:


Z: is the deflection


a: is a constant whose value depends upon the type of loading and supports


W: is the load acing on the beam 


L: is the span length


E: Modulus of elasticity


I: moment of inertia

This is the relation investigated in the experiment.

Procedure:

1) Place the beam in position with 1/4 span overhang at both ends.

2) Place the hanger at mid span so that the loading point in the center-line of the beam.

3) Place a dial gauge at mid span. Adjust the dial to read zero and lock the bezel.

4) Apply a load to the hanger and record the beam deflection on the dial gauge.

5) Increase the load to the hanger and record the new dial reading. Do this at least 4 times.

6) Plot a graph of deflection against load. Determine the gradient of the graph.

7) Change the position of the hangers and repeat from 3 to 6

8) Do the test for different types of beams.

Beam 1

Material ---------------         length----------------

Width ------------------          depth ---------------

Modulus of elasticity---------------------

	Load 

(N)
	Dial reading 
	deflection 

(mm)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Beam 2

Material ---------------         length----------------

Width ------------------          depth ---------------

Modulus of elasticity---------------------

	Load 

(N)
	Dial reading 
	deflection 

(mm)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Results

The graphs of deflection vs. load are straight lines, the transverse stiffness of the beams can be determined from the slope, where

Stiffness = (W/ deflection)

Theoretically the stiffness of a beam is proportional to (thickness)3.

Compare experimental and theoretical values. Comment on the results.
Appendix: forms
Equilibrium of beams

1) Simply Supported Beam

Beam span= 1m

	Load and position from left
	Left  End Reaction


	Right End Reaction


	Error in left
	Error in right

	
	Experimentally
	Theory
	Experimentally
	Theory
	
	

	 (N)
	(mm)
	(gm)
	(N)
	(N)
	(gm)
	(N)
	(N)
	%
	%

	10
	500
	
	
	
	
	
	
	
	

	20
	500
	
	
	
	
	
	
	
	

	30
	500
	
	
	
	
	
	
	
	

	40
	500
	
	
	
	
	
	
	
	

	40
	250
	
	
	
	
	
	
	
	

	40
	750
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


2) Cantilever Beam

	End load
	Support reaction


	Spring reaction
	Distance between balances 
	Fixing moment
	Support reaction minus load

	
	Experiment
	Theory
	Experiment
	Theory
	
	
	

	 (N)
	(gm)
	(N)
	(N)
	(N)
	(N)
	(mm)
	(N.m)
	(N)

	5
	
	
	
	
	
	500
	
	

	10
	
	
	
	
	
	500
	
	

	15
	
	
	
	
	
	500
	
	


Sheer in Rubber Test
	Load

(N)
	Dial Reading
	Deformation (mm)
	Sheer Stress (N/mm2)

	0
	
	
	

	10
	
	
	

	20
	
	
	

	30
	
	
	

	40
	
	
	

	50
	
	
	

	60
	
	
	

	70
	
	
	

	80
	
	
	

	90
	
	
	

	100
	
	
	

	110
	
	
	

	120
	
	
	


Tensile Test
	Load 

(KN)
	Dial Reading
	Extension

∆L (mm)
	Stress

σ (N/mm2)
	Strain

(ε)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Torsion Test

	Torque 

(N.m)
	Angle of Twist (degree)
	Angle of twist (radian)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Table 1

Load / extension of wires 

Material:  ---------------                                 Diam. (mm): ---------------

Test length L (m)

	Load  (P)

N
	Scale reading

(mm)
	Extension    ∆L

(mm)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Table 2

Load / extension of wires 

Material:  ---------------                                 Diam. (mm): ---------------

Test length L (m)

	Load  (P)

N
	Scale reading

(mm)
	Extension    ∆L

(mm)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Table 3

Load / extension of wires 

Material:  ---------------                                 Diam. (mm): ---------------

Test length L (m)

	Load  (P)

N
	Scale reading

(mm)
	Extension    ∆L

(mm)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Simple Suspension Bridge

1) Distributed Load

	D. load (N/m)
	25
	50
	75
	100

	T(exp.) (N)
	
	
	
	

	T (theory) (N)
	
	
	
	

	Stress (N/m2)
	
	
	
	

	Comment
	
	
	
	


2) Point load: at load 20N, T (N) = --------------------

Deflection in Beams

Beam 1

Material ---------------         length----------------

Width ------------------          depth ---------------

Modulus of elasticity---------------------

	Load 

(N)
	Dial reading 
	deflection 

(mm)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Beam 2

Material ---------------         length----------------

Width ------------------          depth ---------------

Modulus of elasticity---------------------
	Load 

(N)
	Dial reading 
	deflection 

(mm)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


