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1 Introduction 

1.1 Aims 

The aim of this report is to understand the strength of materials and how they react to applied 

loads. 

1.2 Background  

What is Tensile Strength? Tensile strength is the maximum stress a material can withstand 

while being stretched or pulled before breaking. It represents the material ability to resist 

tension and is an important property in engineering. 

1.3 Connection to motorsports 

In motorsports, tensile strength plays a key role in the design and performance of vehicles. 

Racing environment subject’s cars to extreme forces speed and stresses, requiring materials 

that are both strong and lightweight to maximise performance and safety. 

 Key areas: 

1. Chassis and frame design 

The chassis acts as the backbone of a race car, it must resist deformation while 

withstand dynamic loads from highspeed cornering, acceleration, and impact. High 

tensile strength materials like carbon Fiber composite, titanium and steel are 

commonly used for their straight to weight ratio. 

 

2. Engine components  

Engine components such as connecting rods, pistons, and crankshaft experience 

extreme tensile and compressive stress due to high rotational speed. Forged Steel or 

titanium in motorsports is often used because of their high tensile strength and 

durability to prevent catastrophic engine failure. 
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2 Experimental procedure   

 

 

 

 

 

 

 

 

1. Choose one of the specimen materials and use the Dial Caliper to measure the thickness and 

width at the gauge length and find it cross sectional area. (Measure and record the original 

length, for reference). 

2. Fit the specimen to the Tensile Tester and zero the dial indicator (fit the safety guard). 

3. Slowly turn the load nut clockwise in 0.2 mm steps until 5mm then larger 1mm and 10 mm 

until specimen breaks.  

4. To check the elongation, remove the specimen from the tester and push its broken together 

then measure its final length . 

5. Convert the dial indicator reading (mm) into forces value (N) by timings the reading by one 

hundred. 

6. To find extension, subtract the dial indicator reading from the load nut movement reading  

7. To find stress value, divide force with the cross-sectional area. 

8. To find nominal strain value, divide extension with the original length. 

9. For each specimen, In excel plot the stress value on the Y-axis  and nominal strain value on 

the x-axis. 

10. Note the yield plot and tensile straight for each specimen 

11. For each specimen find the gradient of elastic region to compare the stiffness of the 

materials.  

Figure 1 The 4 specimens Steel, Aluminium, Duralumin  (high 
specification aluminium alloy) and Polyvinyl Chloride (PVC). after 
the Tensile Test (photo taken by student) 

Figure 2 shows what the experiment should look 
like (photo taken by student) 
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Table 2 Raw Data for PVC 

3 Results  

3.1 Raw Data  

Table 1 Raw Data for Steel 

 

Original Gauge 

Length 

30.8 mm 

Final Gauge 

Length  

38.8 mm 

Width  1.9 mm 

Thickness 0.9 mm 

Original Gauge 

Length 

31.2 

Final Gauge 

Length  

57.9 

Width  1.9 mm 

Thickness 1 mm 
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Table 4 Raw Data for Aluminium Table 3 Raw Data for Duralumin 

Original Gauge 

Length 

31 mm 

Final Gauge 

Length  

32.99 mm 

Width  1.9 mm 

Thickness 1 mm 

Original Gauge 

Length 

31 mm 

Final Gauge 

Length  

33.3 mm 

Width  2 mm 

Thickness 1 mm 
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4 Analysis  

From the raw data that was collected, use the data to work out the Force and Extension and then 

from there work out the Stress and Nominal strain value.  

 

4.1 Equations  

• Force (N) = Dial Indicator Reading (mm) x 100 

 

• Extension (mm) = Load Nut Movement (number of turns) (mm) – Dial Indicator 

Reading (mm) 

 

• Cross sectional area (m²) =
(thickness (mm)× width (mm))

1,000,000
 

 

• Stress (σ) (n/m²) = 
𝐹𝑜𝑟𝑐𝑒 (𝑁)

Area (m2)
 

 

• Nominal Strain(ε)=
𝐼

𝐿
   (I = change in length or Extension) (L= original length) 

 

• Young’s modulus (Pa) = 
𝑆𝑡𝑟𝑒𝑠𝑠 (σ)

Strain(ε)
 

 

• Percentage Elongation= 
𝐹𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ−𝑂𝑟𝑖𝑔𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 

𝑂𝑟𝑖𝑔𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ
× 100 
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4.2 Stress vs Strain data  

 

4.3 Steel 

 

Figure 1 shows Stress and strain of steel 

 

From figure 1, The elastic region is the initial, linear part of the stress strain curve. In this 

region stress is directly proportional to strain. The slope of the linear region Young’s modulus 

determines the stiffness of the material. From the equation y= 2E+09x+9E+07, the Young’s  

modulus appears to be E = 2×10⁹Pa. The graph begins to deviate from the linearity at around 

ε=0.02 which would be the yield point. The corresponding stress here is the yield stress which 

is approximately 200,000,000 N/m², beyond this point the material undergoes plastic 

deformation and will not return to its original shape when the load is removed. The maximum 

tensile strength is around 3.0×10⁸ N/m²,this is the highest stress the material can manage 

before the material fails (snaps). 
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4.4 PVC 

 

  

Figure 2 shows Stress and strain of PVC 

 

From figure 2, the steep initial rise in stress indicates the elastic region, where PVC deforms 

elastically under stress. Stress and strain are proportional here, and the slope in the elastic 

regions gives the Young’s modulus for PVC. From the graph, the negative trendline 

y=−2E+06x+7E+06 indicates a decline in stress with increasing strain, however this is incorrect  

this is most likely due to an error when recording the data during the experiment or the 

material recovery meaning it can partially recover its shape.  Yield point, the sharp peak at  the 

start marks the yield point where the PVC transition from elastic to plastic deformation. This 

occurs at around 12,000,000 N/m² and a strain of around 0.02. beyond this point, PVC 

undergoes plastic deformation  and does not return to its original shape. After the yield point 

the graph flattens. The PVC enters the plastic region where its stretches significantly under 

constant stress. This characteristic is normal for thermoplastics. The maximum tensile strength 

is around 12.0×10⁷ N/m²,this is the highest stress the material can manage before the material 

fails (snaps). 
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4.5 Aluminium 

 

 

Figure 3 shows Stress and strain of Aluminium 

 

From figure 3, the initial straight portion of the graph represents the elastic region, where stress and 

strain are proportional. The trendline equation y=2E+09x+5E+07 suggest the that the Young’s 

Modulus is E=2×10⁹Pa. the slope is lower than steel which is expected as aluminium is less stiff than 

steel. The graph begins to deviate from the linearity at around ϵ=0.01 which indicates the yield point. 

At this point, the material transition from elastic behaviour to plastic deformation. The stress at the 

yield point is around 1.4×10⁸ N/m². Beyond the yield point, the graph curves, and levels off, showing 

the plastic region. In this region, aluminium undergoes preferment deformation. The maximum 

tensile strength is around 1.4×10⁸ N/m², this is the highest stress the material can manage before the 

material fails (snaps). 
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4.6 Duralumin  

 

From figure 4,   The initial straight portion of the graph represents the elastic behaviour of 

Duralumin. The trendline equation y=4E+09x+5E+07 indicates the slope of the elastic region. The 

Young’s modulus is E=4×10⁹Pa, this suggest that Duralumin is stiffer than pure Aluminium but less 

stiff than steel. The graph starts deviating from linearity at around ϵ=0.015. at this point, the 

duralumin transition from elastic to plastic deformation. The yield stress is approximately 2.5x10⁸ 

N/m², higher than aluminium. Beyond the yield point the curve flattens, indicating the  start of plastic 

deformation. The maximum tensile strength is around 2.7×10⁸ N/m²,this is the highest stress the 

material can manage before the material fails (snaps). 
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5 Conclusion  

In conclusion, the tensile test demonstrated essential mechanical properties. Such as stiffness, 

strength, and ductility, across multiple material including Steel, PVC, Aluminium, and Duralumin. 

The result demonstrated expected behaviours, such as high stiffness and strength of steel. 

However, challenges such as measurement inconsistent with PVC, highlight the importance of 

precise methodologies, such as maintaining a constant force applied on the Load Nut. The 

Experiment emphasises how important tensile testing is for engineering applications especially 

in fields like motorsports where material performance under stress is crucial. 

 

6 Evaluation  

The tensile testing kit provided valuable insight into the mechanical properties of materials such 

as Steel, PVC, Aluminium and Duralumin. While the results align with expected material 

characteristic, there are areas where the  test could be improved to enhance accuracy and 

reliability. One notable issue encountered during the test involved the PVC specimen. As the 

material exhibits elastic recovery, the dial measurement constantly  reversed as the material 

attempts to return to its original shape. To address the problem, a student was assigned to 

closely monitor the gauge.  

 

6.1 Further Work 

If given unlimited time and money to make the best version of this experiment. several 

improvements could improve its accuracy, reliability, and consistency. 

Replacing the manual turning of the Load Nut with an automated system would provide more 

precise and consistent applied force. This automaton would eliminate human variability and 

error, ensuring a uniform loading rate, which is important for obtaining reliable data. 

conducting the experiment in a climate-controlled chamber would allow for strict regulation of 

temperature and humidity. These environmental factors can impact the material behaviour. A 

controlled environment would ensure that results are reproducible and influenced by external 

factors. Also using a Digital Dial Indicator instead of an analogue one would improve the 

accuracy of the measurements. Digital indicators reduce the possibility of human error 

associated with reading the dial. This would enhance the accuracy and efficiency. 
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7.1 Appendices  
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