MAE 171A MECHANICAL ENGINEERING LABORATORY
Materials Testing Laboratory Week 1

LINEAR ELASTIC FRACTURE MECHANICS

Objective:
To gain an appreciation and understanding of the basc principlesof fracture mechanicshy
determining the interrelationships of stresintensity, stresslevel, crack length, and crack tip

radus using a seriesof specimen configurations.

Materials:

Polymethylmethacrylate (PMMA), Polycarbonate (PC) and Polypropylene (PP)
{published PMMA Plane-Strain Fracture Toughness, Kic= 1.1 MPal m, published PC Plane-
Strain Fracture Toughness, Kic= 3.0 MPal m, no published Kic data for PP}

Compact Tension Sample:
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Sample Identification and Nominal Dimensions:

Sample #| Material Thickness Widih Crack Length, as |Crack Tip Radiug
1 PMMA 0.125 inch 3.75 inch 1 inch ~0.005 inch
2 PMMA 0.250 inch 3.75 inch 1 inch ~0.005 inch
3 PMMA 0.375 inch 3.75 inch 1 inch ~0.005 inch
4 PMMA 0.500 inch 3.75 inch 1 inch ~0.005 inch
5 PMMA 0.500 inch 3.75 inch 0.50 inch ~0.005 inch
3] PMMA 0.500 inch 3.75 inch 0.75 inch ~0.005 inch
7 PMMA 0.500 inch 3.75 inch 1.50 inch ~0.005 inch
8 PMMA 0.250 inch 3.75 inch 1.00 inch 0.0313 inch
0 PMMA 0.250 inch 3.75 inch 1.00 inch 00625 inch
10 PMMA 0.250 inch 3.75 inch 1.00 inch 0.0938 inch
11 PMMA 0.250 inch 3.75 inch 1.00 inch 0.125 inch




12 PC 0.250 inch 3.75 inch 1.00 inch ~0.005 inch
13 PP 0.250 inch 3.75 inch 1.00 inch ~0.005 inch

Procedures:

Stress Intensity Factor, K

1. Measure each compact tension specimen carefully prior to teging. Note the actual
specimen thickness, specimen width, crack length, and crack-tip raduswhere
appropriate.

2. The 10 PMMA specimens and the PP and PC specimens will be loaded in the

servohydradic frame in tension at a nominal crossheadspeedof 2 mm/min until
fracture. Store the loaddisplacement record for each ted.

3. Compare the stressintensity factors calcuatedusing the crack length/load-at-fracture
data for each of the specimens (1-12). The experimental value of K isdetermined

by:
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where P = appliedload a = crack length, W = specimen width, B = specimen
thickness Are the values of K for each PMMA specimen the same? If so, isthisa
valid Kicvalue for the material? If not, explain why the valuesare different.

4, Plot the far-field stress at fracture vs. crack length for PMMA:
€)] Specimens 1-4, varialeis thicknes
(b) Specimens 5-7, varialdeis crack length
(© Specimens 2, 8-11, variadeiscrack tip radus
Discuss the trends for (a)-(c).

5. What effect doesthe PMMA sample thickness have on the calculatedfracture
toughness? How doesthe specimen thickness affect the conditions of plane strain
versus plane stress? |f the sample thickness doesnot appear to affect the calculated
fracture toughness, explain why not in this cas.

6 Plot the calcuated fracture toughness Kicvs. a*’? for each of the sharp-tip PMMA
specimens on the same graph. |Is Kica constant for all the specimens for the
calcuatedvalues? If so, why? If not, why not? It may help to plot Specimens 1-4,
5-7 and 8-11 with different colors. Compare the valuesto the publisheddata for

PMMA.

7 Using the data from the specimens with the enlarged crack tips, calculate the crack
tip radus for each of the GsharpOmachined crack specimens.

8. What are the main assumptions of linear elagic fracture mechanicsand how do they
affect the validity of the experiments conducted here?

9. What are the fracture toughness valuesdeterminedfor the PC and PP samples? How

doesthe 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
observedfracture behaviors and propertiesto the underlying structure of each
polymer.



