
MAE 171A MECHANICAL ENGINEERING LABORATORY 
Materials Testing Laboratory Week 1 

 
LINEAR ELASTIC FRACTURE MECHANICS 

 
Objective: 
To gain an appreciation and understanding of the basic principles of  fracture mechanics by 
determining the interrelationships of  stress intensi ty, stress level, crack length, and crack tip 
radius using a series of specimen configurations. 
 
Materials: 
Polymethylmethacrylate (PMMA), Polycarbonate (PC) and Polypropylene (PP) 
{ published PMMA Plane-Strain Fracture Toughness, KIC = 1.1 MPa! m, published PC Plane-
Strain Fracture Toughness, KIC = 3.0 MPa! m, no published KIC data for PP}  
 
Compact Tension Sample: 

 
Sample Identification and Nominal Dimensions: 
 

 



 
 
Procedures: 
 
Stress Intensity Factor, K 
1.  Measure each compact tension specimen carefully prior to testing.  Note the actual 

specimen thickness, specimen width, crack length, and crack-tip radius where 
appropriate. 

2.  The 10 PMMA specimens and the PP and PC specimens will be loaded in the 
servohydraulic frame in tension at a nominal crosshead speed of  2 mm/min until  
fracture.  Store the load displacement record for each test. 

3.  Compare the stress intensi ty factors calculated using the crack length/load-at-fracture 
data for each of  the specimens (1-12).  The experimental value of  K is determined 
by: 
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 where P = applied load, a = crack length, W = specimen width, B = specimen 

thickness  Are the values of  K for each PMMA specimen the same?  I f so, is this a 
valid KIC value for the material?  I f not, explain why the values are different. 

4.  Plot the far-field stress at fracture vs. crack length for PMMA: 
 (a) Specimens 1-4, variable is thickness 
 (b) Specimens 5-7, variable is crack length 
 (c) Specimens 2, 8-11, variable is crack tip radius 
 Discuss the trends for (a)-(c).   
5.  What ef fect does the PMMA sample thickness have on the calculated fracture 

toughness?  How does the specimen thickness af fect the conditions of  plane strain 
versus plane stress?  I f  the sample thickness does not appear to affect the calculated 
fracture toughness, explain why not in this case. 

6 Plot the calculated fracture toughness KIC vs. a1/2 for each of the sharp-tip PMMA 
specimens on the same graph.  Is KIC a constant for all the specimens for the 
calculated values?  I f so, why?  If  not, why not?  I t may help to plot Specimens 1-4, 
5-7 and 8-11 with different colors.  Compare the values to the published data for 
PMMA. 

7 Using the data f rom the specimens with the enlarged crack tips, calculate the crack 
tip radius for each of the ÒsharpÓ machined crack specimens. 

8. What are the main assumptions of  linear elastic fracture mechanics and how do they 
affect the validity of the experiments conducted here? 

9. What are the fracture toughness values determined for the PC and PP samples?  How 
does the PC value compare to the published value for this material?  Discuss the 
molecular structure of the three materials (PMMA, PC, and PP) and relate the 
observed fracture behaviors and properties to the underlying structure of each 
polymer. 


