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1. INTRODUCTION 
 
In the last decade, has increased the scientific and industrial interest in the use and 
development of composite materials based in the natural fibres, due to the high specific 
mechanical properties, improvement in their manufacturing, availability, low cost and 
density. Currently the materials used in the aeronautic, automotive, space and eolic 
industry are GFRP, CFRP; which use the epoxy resin, which is non-recyclable. In order 
to reduce the environmental cost of these materials and be able to develop the 
mechanical performances of the GFRP is proposed a feasible alternative based in the 
natural fibers and biodegradable polymer. 
 
Bamboo has special attention in Asia and South America due to their high mechanical 
properties, high grow rate (20 cm/day), CO2 neutral, low cost and density, sustainable 
and commercially available. Currently it is used in the civil structures like bridges, 
buildings. Due to these characteristics, it is an optimal candidate to play the role of the 
fiber. The biodegradability and the compatibility with the manufacturing process are the 
main parameters considered for the resin. The polylactic acid PLA is a fully 
biodegradable thermoplastic based on renewable resources like the starch, it can be 
process in different types (film, injection, extrusion), and hence it is the selected 
polymer to develop the biocomposite. 
 
2 CONSTITUENT 

 
2.1 Fiber 

 
The fiber extraction process, determine the final mechanical properties of the 
composite, in the literature Font et al [1] there are some documents to describe the 
different chemical processes to extract the fiber, nevertheless the chemical treatments, 
decreased the final mechanical properties, because the treatment not only affect to the 
lignin, also degrades the fiber. In the manufacturing process, a mechanical process has 
been considerate to extract the bamboo strips of the external area of the culm Fig. 1. 
The external area has the maximum percentage in volume of fiber bundles along the 
thickness; hence it has the highest mechanical properties in the culm. The bamboo strips 
have been considerate because it is easier to handle. 
 

 
 

Fig. 1 Transversal section of bamboo culm, (useful external area) 
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There are almost 1000 species denominated under the same name bamboo, hence it is 
necessary to develop a selection. Two species are the most common used in China and 
Colombia for the civil construction, the Mosso and Guadua bamboo respectively. In 
order to evaluate the better candidate, tensile mechanical tests were done in the strips; a 
minimum of five specimens were considerate Fig. 2. 

 
Fig. 2 Specific Tensile Strength of bamboo strips 

Both types of bamboo have the same order in the average of specific tensile strength, 
with a high standard deviation, due to the natural character of the fiber, nevertheless the 
morphology is different. The internodal distance is higher in the Guadua 33 cm than the 
Mosso 25 cm. In order to determine the influence of the node, a tensile mechanical tests 
were done; with a decrease of 30% in the average of the tensile strength. The thickness 
of the culm in the Guadua 20mm is higher than Mosso 11mm; hence Guadua has a 
more useful area. Based in these considerations, the Guadua bamboo was considerate as 
the better candidate to play the role of the fiber. 
 
2.2 Resin 
 
A film of thermoplastic PLA was selected, with a thickness of 0,025 mm. In order to 
determine the melting temperature and time, a DSC in the thermoplastic was done. 
 
3 Manufacturing Process 
 
The mechanical extraction process was selected to obtain the bamboo strips Fig.3, 
followed by the hand lay-up, the standard vacuum bag, the respective melting cycle and 
finally the mechanizing of the specimen with the standard dimensions Fig. 4. 
 

 
 

Fig. 3 Mechanizing of the bamboo strips 

 
 

Fig. 4 Tensile Coupon of biodegradable composite bamboo-PLA 

4 Experimental Result 
 
In order to determine the tensile strength, the standard norm UNE-ISO 527 was 
considerate; the lay-up sequence of the tensile coupon is (0º, 0º, 0º), the number of the 
specimens were 20 with 250 mm of length, 15 mm of width and 3 mm of average 
thickness. The tensile test was done in a tensile machine MTS- 810 with a 100kN of 
load cell and hydraulic grip. 
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Fig. 5 Specific Tensile Strength of the biodegradable composite bamboo-PLA 

The average of specific tensile strength is 222 Mpa-gr/cm3, with a standard deviation of 
24 Mpa-gr/cm3. In order to reduce the standard deviation and increase the strength, only 
the strips of the most external area should be used. The average has in the same order 
that the E-glass/epoxy composite, with the particular character of the biodegradability, 
which it confers a use in different applications with an environmental limitations. 
 
In order to determine the failure mode, a SEM was done Fig. 6, it showed a cracking in 
the interface between the bamboo strip-PLA and fiber breakage. 
 

  
 

Fig. 6 SEM Failure in the longitudinal tensile coupon 

The Image J software was used to obtain the area of the each component, the average 
area of the bamboo bundles is 46 %, 4% of PLA resin and 50% of lignin. The third 
component is the resin in which is embedded the bamboo bundles.  
 

 

Figure 3 Percentage in area of each component in the biocomposite bamboo-PLA 

5 CONCLUSION 
 
The application of biodegradable composite materials, would reduce the recycled cost, 
compliant with the environmental limitations that will be imposed in the aeronautic, 
automotive and space industry. The high specific tensile strength is a motivation to 
continue with the research of the behavior of the material. In order to improve the 
performances of the material is necessary a better adhesion in the interface, through the 
use of the couple agents, cleaning treatments. Moreover it is necessary to develop a 
robust industrial process to obtain a product with a low cost, high quality level to be an 
alternative feasible of the GFRP. 
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