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Compressive strength of small-diameter bamboo and its influencing factors

DAI Fukuan'?, WANG Ziwei'?, WANG Hankun'?, TIAN Genlin?, WANG Chuangui’

( 1. Institute of New Bamboo and Rattan Based Biomaterials, International Center for Bamboo and Rattan, Beijing
100102, China; 2. Key Laboratory of National Forestry and Grassland Administration/Beijing for Bamboo & Rattan
Science and Technology, International Center for Bamboo and Rattan, Beijing 100102, China; 3. School of Forestry &
Landscape Architecture, Anhui Agricultural University, Hefei 230036, Anhui, China)

Abstract: [Objective] This study is aimed to investigate the testing method for determining the compressive
strength of small-diameter bamboo culms as well as the impact of fiber sheath volume fraction and distribution
density of vascular bundles on it. [Method] Four species of small-diameter bamboo, namely Pleioblastus
amarus, Phyllostachys nidularia, Phyllostachys heteroclada, and Phyllostachys propinqua, with a diameter at
breast height of less than 50 mm, were selected as research subjects before bamboo culm samples were utilized
to investigate the compressive strength testing method for small-diameter bamboo and to examine the impact of
varying length-to-diameter ratios on compressive strength. At the same time, a bamboo vascular bundle

detection model based on the YOLO deep learning algorithm was employed to determine the number of
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vascular bundles and fiber sheath area so as to investigate their influence on compressive strength. [Result]
There were no significant differences in the test results among specimens with different length-to-diameter
ratios and the test results for the specimen with a length-to-diameter ratio of 2.0 were more reasonable. Of
specimens at the length-to-diameter ratio of 2.0, Phyllostachys propinqua exhibited the highest compressive
strength at 82.91 MPa while Phyllostachys heteroclada demonstrated the lowest strength at 67.01 MPa. The
volume fraction of fiber sheath was highest in Phyllostachys nidularia at 35.64% and lowest in Phyllostachys
heteroclada at 33.05%. The density of vascular bundles in Pleioblastus amarus was highest at 7.94
pieces* mm°, while that of Phyllostachys propinqua was the lowest at 5.77 pieces* mm °. Studies that treated
various species of bamboo as a unified entity have shown that the positive effect of the volume fraction of fiber
sheath on compressive strength was significant while the influence of vascular bundle distribution density on
compressive strength was relatively minor. [Conclusion] A specimen with a length-to-diameter ratio of 2.0 is
an ideal choice for testing the compressive strength of small-diameter bamboo and the specimen should be
controlled for a period of (90+30) seconds before it collapses. Furthermore, the small-diameter bamboo selected
for this experiment exhibited excellent compressive performance while there was a direct correlation between
the volume fraction of fiber sheath (y) and compressive strength (x), as shown in the equation y=260.44x—18.26.
[Ch, 4 fig. 2 tab. 33 ref.]

Key words: small-diameter bamboo; compressive strength; test method; fiber sheath volume fraction; vascular

bundle distribution density
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Figure 4 Distribution pattern between the compressive strength and the fiber volume fraction and distribution density of vascular bundles
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