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Abstract

Epoxy resins are currently used as a matrix in a large 

number of polymer-matrix fibre composites due to the large 

number of compounds can react with the epoxy ring to form resin 

systems with a very wide range of properties. They are being 

used for fibre-reinforced polymer (FRP) composite industries with 

various reinforcements, e.g. automobile, ships, sports, 

aerospace, and windmill blades. In the present work, the 

influences of plane stress and plane strain on fracture toughness 

behavior and mechanism of thermoset epoxy resin with 

polyamine hardener were investigated using 3-point bending 

fracture toughness tests under various displacement rates       

(10
-1
 – 10

3
 mm/min) and thicknesses (4-10 mm). The critical stress 

intensity factor (K
IQ

) decreased with increasing displacement rate 

and thickness, and became stable at high displacement rate      

(> 10 mm/min) and thickness (> 7 mm). The blunting of crack due 

to a localized plastic deformation process, i.e. the formation of 

stretched zone and crazes, and the condition of plane stress 

were dominated mechanisms for thin specimens tested under low 

displacement rate, while brittle fracture and the condition of plane 
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strain were dominated mechanisms for thick specimens tested 

under high displacement rate. 
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Stress-strain condition 

2
Fracture surface appearance 
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)

4 10
-1
 plane stress ductile fracture 2.44 

4 10
0
 plane strain ductile / brittle fracture 2.03 

4 10
1
 plane strain ductile / brittle fracture 1.70 

4 10
2
 plane strain 

3
brittle fracture 1.52 

4 10
3
 plane strain 

3
brittle fracture 1.19 

7 10
-1
 plane strain ductile / brittle fracture 2.01 

7 10
0
 plane strain 

3
brittle fracture 1.71 

7 10
1
 plane strain 

3
brittle fracture 1.09 

7 10
2
 plane strain brittle fracture 1.07 

7 10
3
 plane strain brittle fracture 1.09 

10 10
-1
 plane strain ductile / brittle fracture 2.10 

10 10
0
 plane strain 

3
brittle fracture 1.63 

10 10
1
 plane strain 

3
brittle fracture 1.28 

10 10
2
 plane strain brittle fracture 0.99 

10 10
3
 plane strain brittle fracture 1.10 

   1 – Condition shown in Eq. 3 and Fig. 5 

   2 – Observation from fracture surface as shown in Fig. 6 

   3 – Area of ductile fracture was less than 5% of total fracture area 
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