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I n t r o d u c t i o n

Tensile testing is an important aspect of material science.  Many of a materials mechanical properties can be 
ascertained through tensile testing.  In this lab we will use data from a tensile test of a sample taken to 
fracture.  From this data we will be able to Þnd the materials Modulus of Elasticity !E", PoissonÕs ratio, ductility 
and ultimate tensile strength.

M o d u l u s  o f  E l a s t i c i t y

Modulus of Elasticity !E", sometimes referred to as YoungÕs Modulus, is a very important measurement of a 
materials behavior in elastic deformation.  It is the coe#cient in the linear relationship between stress and 
strain described by:

! " # !1"

therefore:

σ = E × ε !2"

In addition to allowing us to calculate a strain for any given stress the Modulus of Elasticity also gives us other 
related information about the material.  On an atomic scale it is directly related to the interatomic force of the 
materials primary bonding through $1%:

E ∝
dF
dr

⎛
⎝⎜

⎞
⎠⎟ r0

!3"

P o i s s o n Õ s  R a t i o

PoissonÕs Ratio !υ" is the ratio of change in length to change in width as described by:

υ = −
εx

εz

= −
εy

εz

!4"

This relationship is di&erent for di&erent materials and ranges from .25 for a material that changes 
proportionally in both directions !isotropic" to .5 for a material that does not change volume with tensile 
deformation $1%.

D u c t i l i t y

Ductility can be measured as ' elongation or ' area reduction both at fracture.  It is a measurement of how 
much plastic deformation can sustain before fracture.  Ductility can be thought of as inversely proportional to 
strength in so much as strengthening a material will lower its ductility.  With ductility being a very important 
aspect in avoiding certain types of material failure a careful balance is often required between ductility and 
tensile strength in material selection and preparation.
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U l t i m a t e  T e n s i l e  S t r e n g t h

Ultimate tensile strength is the strain at which a material will begin to fail without increased load.  This 
corresponds to the maximum value of the stress strain curve, at which point a neck begins to form in the 
material.  Once a neck forms in a sample no increase in load is required to take the sample to failure since the 
neck e&ectively lowers the area the sample has to resist the load.

P r o c e d u r e

For this lab the raw data was given to us already captured from the tensile testing of a sample to rupture.  
Therefor the procedure outlined below describes the process of capturing the data even though it was not 
performed by our group.

1. Measure the diameter of the sample at four di&erent spaces along the straight shank of the sample; avoid 
the curved region at the sample ends.  Find average of measurements and record as initial diameter.

2. Calculate the initial area.

3. Using a pen mark two points near the ends of the linear section of the shaft.  Measure the distance 
between these points and record as initial length.

4. Load the sample.  Enter and record the crosshead speed and spin.

5. Press ÔupÕ to begin test.  End test when sample has broken.

6. Save results on computer.

7. Measure Þnished length and diameter.

8. Convert computer data !given in volts" to elongation vs load.

This is the point in the process where we received the data, already processed into elongation vs load.  The 
remainder of the procedure is processing the data and calculations.

1. Convert data from ft/lbs to SI units.

2. Convert elongation vs load to stress vs strain using:

Stress = σ =
load
area

=
P
A0

!5"

Strain = ε = ΔL
L0

!6"

3. Calculate Modulus of Elasticity !E" by Þnding slope of linear region of graph with linear regression.

4. Take 25 pt. rolling average of stress, strain and load.

5. Calculate numerical derivative of stress strain curve using:
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d!
d"

=
#!
#"

!7"

where:

Δ = 5 samples

6. Evaluate:

d!
d"

= 0  at Peak Stress !8"

7. Find load and UTS !ultimate tensile strength" at peak stress.

8. Calculate ' elongation and ' area reduction using:

' elongation =
! l
l0

!9"

and

' area reduction =
ΔA
A0

!10"

9. Calculate PoissonÕs Ratio using:

! = "
! t

! l

= "
#d

d0

#l
l0
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R e s u l t s

The data  we received was in the format force versus elongation in pound(force and inches, so our Þrst Þgure 
depicts this relationship after conversion to SI units.  In this graph we can easily see the characteristic progress 
from elastic deformation to plastic deformation to necking and failure.  From this graph we can obtain the 
peak load and break load.

Figure 1 -  Force  vs.  Elongat ion

From force and elongation we obtain engineering stress versus strain.  This is the standard format of viewing 
the results of tensile testing and gives the most information about the material.  From this graph obtain the 
modulus of elasticity and ultimate tensile stress.
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Figure 2 -  Engineer ing  Stre s s  ( ! )  vs.  Strain  (" )

Because the data has a large plateau around the peak load and signiÞcant noise we decided to use some 
averaging and take the Þrst derivative of the stress strain curve to Þnd the exact point where stress begins to 
decrease with increased strain.  The absolute maximum of the smoothed function is found to be:

y = −1.8715ln(x) − 6.1993= 0

therefor:

Peak Stress occurs at Strain = 0.0364
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Figure 3  -  Numerical  Derivative  d ! /d"

D i s c u s s i o n

Our data provided graphs and data that accurately represent the theoretical trends in tensile testing.  In the 
stress vs strain graph !Þgure 2" one can clearly see the elastic, plastic and necking phases of deformation.  All of 
our calculations yielded reasonable results except for PoissonÕs Ratio.  The modulus of elasticity is within the 
average range for metals as is the tensile strength itself.  

The two issues we had with the data were:

1. Noise.  The linear region of the stress strain curve is very straight with very little deviation, but the plastic 
region exhibited signiÞcant noise.  This is most probably due to the signal to noise ratio of the test 
equipment being a larger proportion of the measurement when the change in stress is so small between 
samples.  

Due to this noise we decided that simply Þnding the highest stress measurement was not actually 
indicative of the peak load.  To Þnd a more accurate peak we Þrst took a 25 point rolling average of the 
stress and strain curve, then took the numerical derivative of the stress strain function using a delta of 5 
data points, then solved for a slope of zero.  This procedure should give an accurate representation of 
where the stress strain curve peaks.  The peak load was then taken from the load curve, also using a 25 
point rolling average.
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2. PoissonÕs Ratio.  Our calculated value of poissonÕs ratio is outside of the range of values theoretically 
possible for this property.  This is because the only measurement we have to calculate the change in 
diameter was the diameter of the neck after breaking.  To really evaluate PoissonÕs ratio we would need the 
diameter of the shank after breaking.  Once a neck forms PoissonÕs ratio no longer holds true for the 
sample as a whole since the change in diameter is no longer linear with the change in length.

C o n c l u s i o n
1

Table 1  -  Resul t s

Modulus of Elasticity:

Peak Load:

Break Load:

' Elongation:

' Area Reduction:

UTS:

PoissonÕs Ratio:

204.05 GPa

21.98 kN

13.64 kN

15.00'

56.79'

688.43 MPa

1.98 *
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A p p e n d i x

S a m p l e  C a l c u l a t i o n s :

Unit conversion:

36.324714(in ×1000)
1000

× 25.4 mm
in

= 0.9226mm

4962.236lbs! 4.448 N
lbs

= 22072N

Area:

A = ! r2 =
! d2

4
=

!
4

" 0.251in " 0.0254
m
in

#
$%

&
'(

2

= 3.19" 10) 5m2

Stress vs Strain:

! =
F
A0

=
22072N

3.19 " 10#5m2 = 6.92 " 108 N
m2 = 692MPa

ε = Δl
l0

=
0.9226mm
25.4mm

= .036

First Derivative !slope":

dσ
dε

=
Δσ
Δε

=
0.131GPa − 0.089GPa
0.000625− 0.000416

= 201.2GPa

' Elongation:

' Elongation =
l f − li
li

×100 = 1.725in −1.5in
1.5in

×100 = 15%

PoissonÕs Ratio:

! = "
! t

! l

= "
#d

d0
#l

l0

=

6.3754mm" 4.191mm
6.3754mm
4.4mm
25.4mm

=1.978
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