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INTRODUCTION 

Bamboo fiber reinforced composites (BFRCs) were 
found to have many improved mechanical 
characteristics when compared to the plain resin, 
cotton, nylon and carbon fiber for the reinforcement 
for orthotics and prosthetics (O&P). Laminations in 
O&P are typically made with high strength material 
such as carbon fiber on the inner and outer surfaces 
with a cotton or nylon core to enhance resin retention. 
Due to the fact that BFRCs are able to be produced 
sustainably and manufactured with mechanical 
properties either equal or superior to current O&P 
materials, it is anticipated that they will be able to 
replace many of the synthetic fiber reinforced 
composites in orthotic and prosthetic laminations (Taj 
et. al, 2007). 
 
METHOD 

4 layers of bamboo fiber (plain woven, satin woven 
and knit (Bamboo fabric store, Hackensack, NJ) were 
formed into composites using Acsys acrylic epoxy 
resin (Acsys Orthopedic, Cedar City, UT) over a 
polypropylene mold.  Multiple batches of BFRCs were 
produced and analyzed through tensile (ASTM D638) 
and 3-point flexure (ASTM D790) using an Instron 
(Instron, Norwood, MA. Scanning electron microscopy 
(SEM) was done to image the fracture surfaces.  The 
BFRCs were compared against typical fibers used in 
O&P (cotton, nylon and carbon fiber) using the same 
process.   
(FIGURE 1.) 

 

RESULTS 

The composites demonstrated minimal batch variation 
at the 95% confidence interval when comparing 
ultimate tensile strength (UTS) and strain upon failure. 
The BFRCs show comparable strength to, greater 
stiffness than and higher strain to fail than cotton fiber 
reinforced composites (CFRCs). The BFRCs 
demonstrated significant gains in strength: (σuts 
+13%), ductility (εf +75%), and elastic modulus (E 
+79%). Plain woven BFRCs demonstrated optimal 
mechanical properties when compared to the satin 

and knit fabrics. Woven BFRCs and CFRCs were 
found to have the greatest UTS while the nylon 
composites had the greatest strain-to-failure.  While 
the carbon fiber composites showed significantly 
higher flexural and tensile strength, there was a 
limited range of strain to failure and deflection from 
neutral axis (Fig1).  This results in a high risk of 
catastrophic failure with strain or deflection.   

The SEM images (Fig 2) show that there has been 
resin saturation through the fiber matrix, but no 
chemical adhesion or wetting between the fibers and 
the resin. A decrease in the degree of fiber wetting 
was found to have a detrimental effect on the 
mechanical properties of the given composite(Okubo 
et. al, 2004). The topics of fiber hydration and surface 
modification will be investigated further as this 
research continues.  

 
(Figure 2 SEM imaging of the samples) 

DISCUSSION 

The BFRCs have displayed a much higher strain to 
failure and deflection from neutral axis than the 
carbon fiber reinforced composites. This suggests 
that the material will plastically deform rather than 
catastrophically fail due to excess stress.  This feature 
is very important regarding orthotic and prosthetic 
device security and patient safety.   

CONCLUSION 

Woven BFRCs were found to have the potential to 
replace cotton and nylon composites. Additional 
research will be conducted to further improve and 
understand the mechanical properties of these 
materials and evaluate their performance in full scale 
orthotic and prosthetic devices. This research begins 
to provide a standard for material selection to ensure 
specific device qualities.  
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