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Two Types of ASTM D3039 Tension Test 

• High Corrosion Resistance 

• High Strength-to-Weight Ratio 

• High Impact Strength 

• Long term Durability 

• Unknown Freeze-Thaw Effects 

• Low Shear Strength 

• Linear Elastic to Failure 

• Complex Failure Mechanisms 

→ Understand possible micro-
scopic debonding in fiber rein-
forced polymer matrix during 
freeze-thaw 

→ Correlate mechanical chang-
es of fiber reinforced polymers 
observed through tensile testing 
with nanotube content and 
number of freeze-thaw cycles 
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Through SEM imaging shown below, there was ap-
parent dispersion and visible MWCNTs show regu-
lar spacing without clumping. 
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Why is our Infrastructure Failing? 

• Deteriorating Materials 

• Lack of Maintenance on Aging Structures 

We Must Utilize:  

• New Materials  

• New Technologies 

On-Axis Strength 

• Strength increase exhibited in on-axis loading (in the 
fiber-dominant direction) may be attributed more to 
the fibers than the nanomodified matrix. 

• Testing with off-axis loading will likely reveal ma-
trix dominant behavior. Mechanical properties are 
expected to change throughout freeze-thaw cycles 
more visibly. 

• With little change in strength for on-axis loading 
specimens after 80 freeze-thaw cycles, testing matrix 
will be increased to include up to 250 cycles for off-
axis specimens. 

• When modifying polymer matrix with MWCNTs, 
SEM imaging showed good dispersion for all carbon 
nanotubes. 

Through visual observation of unhardened ma-
trix samples, no apparent segregation of 
MWCNT and epoxy was visible after 3 months. 
(Shown in bottom left corner of corresponding 
SEM images.) 
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