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Outline 

• Materials Characterization via 

microscopes 

• Strain gauges 

• Ductile & Brittle Failure 

• Temperature effects on the mechanical 

properties  
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Optical microscopy (OM) 
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• Logical Max. 

zoom is 1000x. 

 

• Characterizes 

the optical 

microstructure 
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dimensions! 



Optical microscopy (OM) 
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Scanning Electron microscopy 

(SEM) 
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Scanning Electron microscopy 

(SEM) 
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Transmission Electron 

microscopy (TEM) 
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Logical max. zoom ! 

 

Sample dimensions ! 



Transmission Electron 

microscopy (TEM) 
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TEM vs. SEM 
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High Resolution Transmission 

Electron microscopy (HRTEM) 
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High Resolution Transmission 

Electron microscopy (HRTEM) 
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3D atomic probe tomography 

(3DAPT) 
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Comparison between OM, SEM 

& TEM 
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Brittle ‘vs’ Ductile 
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Toughness  
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Ductile Fracture in Low-carbon Steel 

Surface of ductile 

fracture in low carbon 

steel, showing dimples.  

Fracture usually is 

initiated at impurities, 

inclusions, or preexisting 

voids (microporosity) in 

the metal.  Source:  

Courtesy of K. H. Habig 

and D. Klaffke 
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Progression of a ductile Fracture 

(a) early stage of necking 

(b) small voids begin to form within the necked region 

(c) voids coalesce, producing an internal crack 

(d) the rest of the cross-section begins to fail at the periphery, by shearing 

(e) the final fracture surfaces, known as cup- (top fracture surface) and cone- 

(bottom surface) fracture. 20 



Tension test sample after fracture 
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Brittle Fracture Surface of Steel 

Fracture surface of steel that has failed in 

a brittle manner.  The fracture path is 

transgranular (through the grains).  

Magnification:  200x.  Source: Courtesy of 

B. J. Schulze and S.L. Meinley and 

Packer Engineering Associates, Inc. 

A brittle fracture surface .  

The fracture path is 

intergranular (through the 

grain boundaries).   

22 



Fracture Types in Tension 

(a) brittle fracture in polycrystalline metals 

(b) shear fracture in ductile single crystals  

(c) ductile cup-and-cone fracture in polycrystalline metals 

(d) complete ductile fracture in polycrystalline metals, with 100% reduction of area. 
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Material Failures 

(a) necking and fracture of ductile materials;  

(b) buckling of ductile materials under a compressive load;  

(c) fracture of brittle materials in compression;  

(d) cracking on the barreled surface of ductile materials in compression 
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Engineering Stress-Strain Curve 
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Engineering Stress-Strain Curve 

• Express Load in Newtons (N) and Area in mm2 to get 

Stress in MPa. 

 

 

 

• Mechanical properties of metals are almost always 

given in MPa or ksi. 

 

• 1000 psi = 1 ksi = 6.89 MPa 

N

mm2  MPa
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Hooke’s law – Elastic deformation 

• Elastic deformation is not permanent; it means that 

when the load is removed, the part returns to its 

original shape and dimensions. 

• For most metals, the elastic region is linear. For 

some materials, including metals such as cast iron, 

polymers, and concrete, the elastic region is non-

linear. 

• If the behavior is linear elastic, or nearly linear-

elastic, Hooke’s Law may be applied: 

 
• Where E is the modulus of elasticity (MPa) 

Ee 28 



Modulus of elasticity – Stiffness (E) 
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Stress / Strain Curve 
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Stiffness of St vs. Al 
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Yield stress - Plastic deformation 
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Most Metals - Al, Cu Al-Alloys Low carbon Steel 
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Comparison 
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Solved Example 
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