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Abstract: [Objective] The valuable timber tree species Castanopsis hystrix is prone to cracking during
processing and utilization, which severely affects its yield and added value. Currently, there is a lack of
systematic research on the intrinsic mechanism of its susceptibility to cracking. This study aims to explore
the multi-scale structural shrinkage behavior and mechanism of moisture variation on cracking in C. hystrix
plantation wood, in order to provide a theoretical basis in terms of cracking prevention, wood drying, and
modification. [Method] To elucidate the dynamic process of wood cracking caused by moisture content
changes, a non-contact full-field strain measurement system (VIC-3D) was coupled with low-field nuclear
magnetic resonance (LF-NMR) to enable real-time in-situ monitoring of full-field strain distribution and
moisture states (free water and bound water) of the heartwood and sapwood during the drying process.
Combined with confocal laser scanning microscopy (CLSM) and small-angle X-ray scattering (SAXS), the
deformation characteristics of fiber cells and the evolution of cellulose structure at different moisture content
stages were analyzed, establishing a multi-scale correlation from macroscopic strain and mesoscopic
moisture to microscopic structure. [Result] (1) The drying shrinkage strain of C. hystrix wood decreases in
a stepwise manner from the pith to the sapwood, with the strain in the heartwood being greater than that in
the sapwood, and the tangential strain being greater than the radial strain. As the MC decreased to about
40%, radial microcracks appeared in both heartwood and sapwood; however, due to the increased tangential
strain, numerous large and non-closing cracks appeared in the heartwood. (2) The transverse relaxation times
(T5,) of both bound and free water in heartwood and sapwood decreases as the moisture content reduces. The
crack propagation was closely related to the process of bound water expulsion. After further moisture loss,
some cracks show a tendency to close. (3) From the cellular to molecular level, the cell walls and lumens of
fiber in heartwood and sapwood underwent shrinkage. The tangential shrinkage rate of the fiber cells was
higher than that in radial, and shrinkage rate in heartwood was higher than that in sapwood. The cellulose
microfibril spacing decreased, with more pronounced changes observed in heartwood. [Conclusion] The
cracking of C. hystrix plantation wood results from the coordinated action of multi-scale shrinkage behavior
induced by moisture variation. Among them, the expulsion of bound water is the key node that triggers
cracking. When the moisture content drops to around 40%, the stress concentration induced by the
coordinated effect leads to the initiation and propagation of microcracks. The heartwood, due to its greater
dry shrinkage deformation at multiple scales, shows a more severe cracking degree. By integrating
synchronous multi-field information coupling with multi-scale correlation analysis, this study elucidates the
dynamic process by which moisture migration drives multi-scale shrinkage and subsequently induces
cracking in C. hystrix wood, providing a scientific basis for optimizing its drying process and anti-cracking
modification.

Key words: wood shrinkage and cracking; Castanopsis hystrixplantation plantation; multiscale structure;
moisture migration; full-field strain measurement (VIC-3D); low-field nuclear magnetic resonance (LF-

NMR); small-angle X-ray scattering (SAXS); valuable tree species utilization
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Fig. 3 Distribution of shrinkage strain in the heartwood and sapwood of Castanopsis hystrix at different moisture contents
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Fig. 5 Changes in transverse relaxation signal intensity of Castanopsis hystrix heartwood and sapwood at different moisture contents
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Tab. 1 Characteristic parameters of transverse relaxation signal peaks in Castanopsis hystrix heartwood during drying

T Ty Ty
T H ) /h

VETH SIS I /ms WA bR/ WETHSEE/ms WIS teil/% VTSI El/ms TR LA/ %
0 0.98 13802.74 2528 38.72 4044577 7401
0.5 0.98 13760.55  29.17 44.49 3324201  70.46
1.0 0.91 1373872 3270 44.49 2695191  67.09
1.5 0.91 13711.12 3899 38.72 2143202 60.95
2.0 0.91 12964.75  45.05 38.72 1579436 54.88
3.0 0.06 139.31 0.62 0.91 1245145 5497 33.70 1005490  44.39
4.0 0.06 51.74 0.29 0.91 1137347  64.02 25.53 624071  35.13
6.0 0.08 732.74 0.59 0.91 9389.46  74.95 19.34 226354  18.07
8.0 0.13 111638  19.19 0.91 435111 7479 2222 292.74 5.03

T R L g st TR b S R AR TR o S AR LU, B St TR (T, 55 To) BT ARER I A K, SR TRIE (50 FTARER I B BHK, FEARME S0K
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Tab. 2 Characteristic parameters of transverse relaxation signal peaks in Castanopsis hystrix sapwood during drying

g ) Ty Ty Ty

VETR A A /ms WEmEIAR WeBl/%  ETARE/ms AR /% WETHSRS(E/ms I TERAR LEA451/%
0 0.10 1142.77 3.07 1.96 11 790.39 31.61 29.33 24 301.07 65.15
0.5 0.10 511.87 1.71 1.96 11371.79 37.96 23.82 18 014.48 60.14
1.0 0.14 255.51 1.03 1.70 11 040.68 44.43 20.73 13 506.58 54.35
1.5 0.11 786.65 4.03 1.59 10 249.08 52.45 19.34 8453.06 43.26
2.0 0.09 893.48 5.89 1.59 9 641.02 63.58 18.04 4579.81 30.20
3.0 0.09 801.48 7.82 1.38 7538.17 73.62 16.83 1 834.49 17.92
4.0 0.08 684.65 9.20 1.12 6303.72 84.70 14.65 383.15 5.15
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Fig. 6 CLSM images of fiber cells in heartwood and sapwood at different moisture contents
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