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Influence of density distribution on the compressive strength perpendicular to
grain of sandwich-compressed Cunninghamia lanceolata wood

ZHAO Liyuan', HUANG Rongfeng', WANG Yanwei’, HE Xiaoyu®’, SUN Longxiang’, CHEN Zhangjing’

( 1. Research Institute of Wood Industry, Chinese Academy of Forestry/Key Laboratory of Wood Science and
Technology of National Forestry and Grassland Administration, Beijing 100091, China; 2. Treessun Flooring Co., Ltd.
Huzhou 313009, Zhejiang, China; 3. Virginia Polytechnic Institute, Blacksburg VA24061, USA)

Abstract: [Objective] The compressive strength of wood perpendicular to grain is an important factor for
selecting materials used in wood building and flooring. The study aims to investigate the compressive strength
perpendicular to grain of sandwich-compressed Cunninghamia lanceolata wood, in order to provide reference
for its high value-added utilization in wood products such as flooring and furniture. [Method] Taking C.
lanceolata wood as the research object, a sandwich compression method under hydrothermal control was used
to process sandwich-compressed wood with different compression layer locations and thicknesses. The changes

in wood structure and tracheid structure caused by sandwich compression were studied, and the impact of
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density distribution of sandwich-compressed C. lanceolata wood on the compressive strength perpendicular to
grain under tangential and radial loading was analyzed. [Result] Scanning electron microscopy observation
and measurement results showed that the average radial lumen diameter of the earlywood was 45.7 um, while
that of latewood was only 4.6 um, and the wall thickness of early wood tracheid was only half of that of
latewood. The average ratio of the double wall thickness to the lumen diameter of tracheid in the tangential and
radial directions of earlywood was 0.14, while that of latewood was 3.08. After sandwich compression, the cell
wall of earlywood in the compressed layer was greatly deformed until the cell lumen almost disappeared, while
the cell morphology in the latewood area remained almost unchanged. The earlywood density in the compressed
layer significantly increased from below 0.200 g*cm™ to above 0.500 g+ cm ™, but in most cases, the density of
the compressed earlywood was still lower than the latewood density of natural C. lanceolata. The density
distribution of compressed layer exhibited several density peaks of latewood. The compressive strength
perpendicular to grain of the control samples and sandwich-compressed samples under tangential loading was
more than 2 times of that under radial loading. There was a significant linear correlation (P<<0.01) between the
compressive strength perpendicular to grain under radial and tangential loading and the mean and minimum
density of compressed wood. The relationship between compressive strength perpendicular to grain and density
under radial loading is more closely related than that under tangential loading. [Conclusion] The earlywood
density in the compressed layer significantly increases. A slight increase in earlywood density can significantly
improve the compressive strength perpendicular to grain of compressed wood. [Ch, 9 fig. 1 tab. 28 ref.]

Key words: Cunninghamia lanceolata; sandwich compression; density distribution; earlywood and latewood;

tracheid; compressive strength perpendicular to grain
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Figure 2 Variation in the tracheid wall thickness and lumen diameter of C. lanceolata wood
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Table 1 Ratio of the double wall thickness to the lumen diameter of tracheids of C. lanceolata wood
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e ferm i) T e ) T (o) ) T
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g 22 0.05 0.02 0.03 0.05 0.07 0.06 0.03 7.46 3.74
wKME 0.27 0.13 0.20 0.33 0.34 0.33 0.34 23.00 11.67
H/ME 0.13 0.07 0.10 0.15 0.12 0.14 0.24 1.17 0.71
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Figure 3 Cross-section SEM images of sandwich-compressed C. lanceolata wood
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Figure 4 Change in profile density of sandwich-compressed C. lanceolata wood with the increase of the compressed layer distance from the surface
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Figure 5 Three structural models and density distribution of the sandwich-compressed C. lanceolata wood
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Figure 6 Changes in profile density of surface-compressed C. lanceolata wood with the increase of compressed layer thickness
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locations under different loading directions
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Figure 8 Dependence of the compressive strength perpendicular to grain of surface-compressed C. lanceolata wood on the compressed layer

thickness under different loading directions
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Figure 9 Relationship between the compressive strength perpendicular to grain and density
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