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UNIAXIAL TENSION

• Stress and Strain

• Stress-Strain Diagram

• Material Ductility

• Ductile Material vs Brittle Material

• Determination of Yield Stress

• Strain Energy

• Goal: To determine the Young’s Modulus, yield stress, ultimate tensile strength, 

ductility and toughness of aluminum and cast iron



NORMAL STRESS

• Stress = intensity of the internal force 

𝑆𝑡𝑟𝑒𝑠𝑠 =
𝐹𝑜𝑟𝑐𝑒

𝐴𝑟𝑒𝑎

• Normal stress: Greek letter sigma (𝜎)

𝜎avg =
𝐹

𝐴

• Units: psi, ksi, pa, kpa, mpa



• Deformation: Greek letter 𝛿

• Normal strain: Greek letter ε (epsilon) 

• Units: none (dimensionless) 

• Sign: same with the stress

• Tensile strain: +

• Compressive strain: −

• Hooke’s law

NORMAL STRAIN



STRESS-STRAIN DIAGRAM

Modulus of Elasticity (E) 



ELASTICITY AND PLASTICITY



STRAIN HARDENING



NECKING AND FRACTURE



POISSON’S RATIO

• Lateral contraction accompanies axial elongation

• Poisson’s Ratio relates these two strains to one another

• Units: none (dimensionless) 

• Limitations:

• The material must be homogeneous

• Elastic properties must be the same in all directions perpendicular to the longitudinal axis ==> isotropic material

• Theoretical maximum is 0.5 (Rubber~0.5)



MATERIAL DUCTILITY

Ductility is defined by the degree to which a material can 

sustain plastic deformation before failure from a tensile 

stress greater than the material's yield stress.

%𝐸𝑙𝑜𝑛𝑔𝑎𝑡𝑖𝑜𝑛 =
𝐿𝐵 − 𝐿0

𝐿0
× 100

%𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝐴𝑟𝑒𝑎 =
𝐴0 − 𝐴𝐵

𝐴0
× 100



DUCTILE MATERIAL VS BRITTLE MATERIAL
Structural Steel Aluminum Alloy

Cast Iron



DETERMINATION OF YIELD STRESS

• Used to determine an arbitrary yield 

stress

• A straight line is drawn on the stress-

strain diagram parallel to the initial 

linear part of the curve at an offset 

of 0.002 (or 0.2%) strain

• The intersection of the offset line and 

the stress-strain curve (point A) 

defines the “offset yield stress”. 



MAXIMUM STRESSES 

• The maximum normal stress occurs when the reference plane is 

perpendicular to the member axis

𝜎𝑚𝑎𝑥 =
𝑃

𝐴0
, 𝜏′ = 0

• The maximum shear stress occurs for a plane at ±45𝑜 with 

respect to the axis

𝜏𝑚𝑎𝑥 =
𝑃

2𝐴0
, 𝜎′ =

𝑃

2𝐴0



TENSILE TEST



STRAIN ENERGY

• Average force magnitude

Δ𝐹

2
=
1

2
𝜎Δ𝑥Δ𝑦

• Strain energy

Δ𝑈 =
1

2
𝜎Δ𝑥Δ𝑦 𝜖Δ𝑧

• Strain energy density

Δ𝑉 = Δ𝑥Δ𝑦Δ𝑧; 𝑢 =
Δ𝑈

Δ𝑉
=
1

2
𝜎𝜖

• Modulus of Resilience

𝑢𝑟 =
1

2
𝜎𝑝𝑙𝜖𝑝𝑙



STRAIN ENERGY
Toughness is the ability of a material to absorb energy and plastically deform 

without fracturing.  Energy volume

𝑇𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠 = න
0

𝜖

𝜎 𝑑𝜖





FOR THE REPORT

• 3 Aluminum Samples

• 3 Cast Iron Samples

• Plots:

• A complete stress-strain curve for each material.

• A plot of the linear elastic region with offset curve intersection.

• A curve fit of the elastic deformation region

• 95% confidence t-test

• Compare your calculated and observed values to known published values



MATERIAL PROPERTIES 



STUDIO

• The following data was obtained for a 0.2% C 

plain-carbon steel

• Plot the stress-strain curve.

• Determine the Young’s Modulus of the material.

• Determine the yield stress of the material.

• Determine the ultimate stress of the material.

• Determine the percent elongation at fracture


