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Typical Tensile Testing Machine 

Figure 

 

Tensile testing forms the backbone of engineering design, as the values of allowable stresses are 

primarily derived from the test, at least for typical structural materials like steel, aluminium etc. 

At the root of the tensile test, is preparation of a sp

specified in some or the other standard.

 

 American Society of Testing and Materials (ASTM), has a standard, ASTM E8 which is 

normally used for performing a tensile test, the specimen dimensions bear a parametric 

shown in figure below for round section

 

Figure 

 

The parameter relationship varies from country to country, however in India typically the USA 

values are used.                      
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Figure 1 Tensile Testing Machine [1] 

Tensile testing forms the backbone of engineering design, as the values of allowable stresses are 

primarily derived from the test, at least for typical structural materials like steel, aluminium etc. 

At the root of the tensile test, is preparation of a specimen, whose dimensions are typically 

specified in some or the other standard. 

American Society of Testing and Materials (ASTM), has a standard, ASTM E8 which is 

normally used for performing a tensile test, the specimen dimensions bear a parametric 

shown in figure below for round section 

 
Figure 2 Specimen parameters ASTM E8 

The parameter relationship varies from country to country, however in India typically the USA 

                   (dimension 'd' in figure 2 is equal to dimension 'Do' in figure 3)
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Figure 3 Dimensional values for standard specimen [2]

 

 If you look at the basics, the Tensile test is nothing but a load vs deformation test for the 

specimen. The specimen is mounted on the machine, and the load is increased until there is 

failure. 

This load and deformation information is then converted into a stress strain curve, by using the 

following relationships. 

σ = normal stress on a plane perpendicular 

P = applied load  

A = original cross sectional area  

ε = normal strain in the longitudinal direction 

δ = change in the specimen’s gage length 

L = original guage length 

 

Figure 4 Conversion of Load Deformation Data to Stress Strain curve [3]

Thus we can see that the stress strain curve is merely a modification of load VS deformation data, 

which is why it is called as 'Engineering Stress Strain Curve'
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If you look at the basics, the Tensile test is nothing but a load vs deformation test for the 

e specimen is mounted on the machine, and the load is increased until there is 

This load and deformation information is then converted into a stress strain curve, by using the 

 

 

σ = normal stress on a plane perpendicular to the longitudinal axis of the specimen  

ε = normal strain in the longitudinal direction  

δ = change in the specimen’s gage length  

ion of Load Deformation Data to Stress Strain curve [3] 

Thus we can see that the stress strain curve is merely a modification of load VS deformation data, 

which is why it is called as 'Engineering Stress Strain Curve' 
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Thus we can see that the stress strain curve is merely a modification of load VS deformation data, 
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Figure 5 Typical stress strain curve for Low Carbon Steel [3] 

 

However in real terms there is the Poisson's effect. In order to adhere to a constant volume, when 

there is elongation in one direction, subsequent there will be compression in the lateral directions 

 

Poisson's ratio is the ratio of lateral strain to 

longitudinal strain. 
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This effect can be clearly seen in the figure below 

 
Figure 6 Poisson's effect 

 

 
Figure 7 Steel specimen post tensile test [4] 

Hence if we look at formula for stress, which stress/area, we realize that the area should be 

updated to this reduced area. 

Similarly due to elongation, the instantaneous length of the specimen also needs to be updated, 

which will affect the strain calculation. 

Engineering stress and 

engineering strain are 

computed using the 

original specimen 

dimensions 

Orig. C/S Reduced.       C/S 
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Figure 8 Engineering and True stress strain curve [5] 

Standard Terms with regards to stress strain curve 

σPL ⇒ Proportional Limit  - Stress above 

which stress is not longer proportional to 

strain.  

 

σEL ⇒ Elastic Limit  - The maximum 

stress that can be applied without 

resulting in permanent deformation 

when unloaded. 

 

 σYP ⇒ Yield Point  - Stress at which 

there are large increases in strain with 

little or no increase in stress.   
Figure 9 Stress strain curve for Mild Steel 

 σYS ⇒ Yield Strength  - The maximum stress that can be applied without exceeding a specified 

value of permanent strain.  

 

σU ⇒ Ultimate Strength  - The maximum stress the material can withstand (based on the original 

area) 

 

Percent Elongation  - The strain at fracture in tension, expressed as a percentage = ((final gage 

length – initial gage length)/ initial gage length) x 100.   Percent elongation is a measure of 

ductility. 

 Among common structural materials, only steel exhibits Yield response. 

True stress and true 

strain are based upon 

instantaneous values 

of cross sectional 

area and gauge 

length. 

(Actual stress - strain 

curve in figure 8) 
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Aluminium Vs Steel conundrum 

 

Steel: 

Yielding is observed in steel. 

 

Steel, Iron, polycrystalline titanium and molybdenum are 

some of the BCC metals. BCC structure stands for Body 

Centred Cubic structure, in which there is an atom at the 

centre of cubic lattice which is shared by 8 atoms. 

 

In figure 10, basic single unit structure is shown, typical 

metal like Iron will have several repeats of the single unit 

and will create a stack of these structures. 

 

Slip Systems 

In elastic deformation the structure is going to absorb 

energy due to external force, due to the intermolecular 

forces, and the external force will be compensated by the imbalance in the these internal forces. 

 

 However beyond a point, the load will become excessive and the structure will distort and 

the atoms will start 'slipping' over each other which is basically a dislocation. 

 

"Dislocations can move more easily in some crystallographic directions and planes than others." 

 

Slip Plane - Within a given crystal dislocations will try and move along the most 

densely packed planes, called as slip plane 

 

Slip Direction - Within these slip planes, dislocations will then move along the closest 

packed directions, called as slip directions 

 

Slip System -  The combination of a slip plane and a slip direction is known as a slip-

system.  

Even if you do not remember the above definitions, the basic 

point to be understood is that 'Slip' will occur along 'Densely' 

packed plane. 

For BCC structure any plane which does not include the 

central atom will have 4 atoms maximum, and the plane which 

includes central atom will have 5 atoms (Fig 11) 

Thus the slip plane for BCC will always include central atom,  

One BCC cube will have 6 planes that have central atom 

Figure 10 B.C.C structure 

Figure 11 Slip Plane in BCC 
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Now 'Dense' is again a criteria in determining 

slip direction. 

 

So if you check figure 12, you will find that 

the direction along the diagonal represented 

by red arrow has 3 atoms 

whereas the direction along face, represented 

by dotted purple arrow has 2 atoms 

 

therefore, the diagonal will be the slip 

direction, and each plane will have two 

diagonals and hence two slip planes. 

 

Now the difference between Steel and Aluminium is that, steel carries a BCC structure whereas 

Aluminium is a FCC (Face Centred Cubic) Structure 

 

 
Figure 13  FCC Structure and BCC structure slip planes 

 Now if you check figure 13, you will find that FCC structure has '2'slip planes in a single 

direction, whereas BCC structure has only '1' plane. 

Thus in a BCC structure when slip will occur along one plane, then it will be rapid as the 

dislocation will progress faster and there will be a sudden deformation. 

Whereas in FCC structure when slip occurs along one plane, there is still another plane in 

the same direction which will resist dislocation, and hence the deformation will be 

gradual. 

Yielding is defined as, large increase in strain will little corresponding increase in stress, and it 

gets represented on the engineering stress strain curve as an almost horizontal line, and this 

sudden increase in strain is due to the sudden deformation of the BCC structure. 

Figure 12 Slip directions in BCC [6] 
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Figure 14  BCC Structure Mild Steel and FCC Aluminium Stress Strain curves 

  

The yield point can be observed directly from the load  vs.  extension curve of the BCC metals 

such as iron and steel or in polycrystalline titanium (figure 14) 

 

however,  Aluminium  having a FCC crystal structure does not show the definite yield point in 

comparison to those of the BCC structure materials, but shows a smooth engineering stress strain 

curve. [7]  

 The yield strength therefore has to be calculated for Aluminium from the load at 0.2% 

strain divided by the original cross-sectional area 

 

At lower temperatures, this entire phenomenon is more interesting, as the temperature reduces, 

the atoms are going to become more closely packed.  

In case of the BCC structure the central atom is going to be even closely packed, and since each 

slip plane needs to include this central 

atom, the energy required to creating the 

slip is going to be large. 

 

This phenomenon does not appear in 

FCC structure as they have multiple 

planes in a single direction, this ensures 

a steady availability of slip planes. 

 

The stress required to induce slip, is 

basically the yield stress, and as the 

temperature drops in a BCC structure, 

the yield stress rises, and at certain low 

temperatures, it rises above the rupture 

or fracture stress.  

1. Plastic deformation takes place by sliding 

(slip) of close-packed planes over one 

another. 

 

2. Other things being equal, the greater the 

number of slip systems, the greater the 

capacity for deformation 

 

3. FCC structures have multiple systems in 

the same slip direction, hence there capacity 

to absorb deformation is greater..compared to 

BCC  Structures.. hence stable ductility 
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Hence, BCC structures behave like Brittle Materials below certain temperatures. 

 

 
Figure 15 Effect of temperature on yield stress of BCC materials 

 

FEA Considerations 

In FEA, the complexity of the stress strain curve is approximated to get solutions.  

Initial Young's Modulus   [E0] 

It is the slope of the stress strain curve in 

the initial proportionality region. 

 

Tangent modulus [Et] 

 

It is defined as the slope of the stress-

strain curve at each value of stress. For 

FEA analysis this Tangent is taken at an 

       appropriate location. 

 

 

Yield Stress  [Sy] 

 

From FEA point of view, Yield stress is 

the stress at the point where Young's 

Modulus and Tangent Modulus meet on 

the stress strain curve 

 

 

 

 Figure 16 FEA stress strain curve approximations [8] 

FEA employs an 

Approximation in Bi -Linear 

manner. [BISO] 

Et 

Sy 

 

E0  
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Ramberg-Osgood equation [9] 

The equation is the usual representation of non-linear 

behaviour of material, and is a good pointer to calculate 

the value of the Tangent Modulus 

where, 

ɛ   is the strain,  

σ  is the stress 

σys  is the yield stress, or the 0.2% proof stress (σ0.2) 

E is the initial elastic modulus  

n  is the Ramberg-Osgood parameter which is a measure of the 

 non-linearity of the curve 

σ0.01 is the 0.01% proof stress 

 

using which the 'Tangent Modulus is 

calculated as: 
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4340 Steel: [10] 

Young's modulus = 200 GPa, 

Poisson's ratio = 0.29,  

Yield stress = 970 MPa, 

Tangent modulus = 470 MPa 

Tangent Modulus = 0  

will imply a perfectly plastic 

material 


