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Sub-regional treatability of a naturally aging Chinese fir beam
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(Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] This paper investigates the effects of natural aging on treatability of a Chinese fir
beam in a sub-regional manner to provide a scientific basis for preservation of wooden heritage buildings as
well as reuse of old timber. [Method] Taking a modern Chinese fir wood as a control, a naturally aging
Chinese fir beam in service for about 100 years was divided into three parts, namely sapwood, outer
heartwood and inner heartwood, along the radial direction from outside to inside, and the treatability of each
part was determined by vacuum impregnation. The mechanism of treatability change in each part was further
analyzed from the chemical compounds, microstructure and pore structure. [Result] The number and
proportion of pores with larger pore diameters in each part of aging Chinese fir were obviously higher,
which improved connectivity between internal pores of wood, and resulted in significantly higher treatability
in each part of aging Chinese fir than in modern Chinese fir. In cross-section, the penetration depth of

preservatives in each part increased markedly, with the retention in sapwood, outer heartwood and inner
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heartwood being 2.98, 3.17 and 6.94 times of modern Chinese fir, respectively. The chemical compounds in

aging Chinese fir showed that the sapwood was degraded mainly by lignin and hemicellulose, with a higher

degree of lignin degradation, the outer heartwood was degraded mainly by hemicellulose, and the inner

heartwood had no obvious degradation of its chemical composition. The microstructure showed that the

tracheids closer to the interior in radial direction of aging Chinese fir beam were compressed to a higher

degree, which might result from the long-term radial loading. It largely explained the phenomenon that the

retention multiple of aging Chinese fir to modern Chinese fir raised from sapwood to the inner heartwood.

[Conclusion] The degree and mechanism of aging varies obviously in different parts of radial direction of

aging Chinese fir beam, which lead to the treatability increase in each part. A long-term loading has large

effect on internal microstructure of an aging beam.

Key words: pore structure; pore size; microstructure; chemical compounds; loads; aging of materials;

Chinese fir beam; treatability
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Tab. 1 Main chemical compositions in each part of aging and modern Chinese fir wood

FAXT & & Relative content/%

X5k Part Chemittai?;/)gosition Ag%;rj;/ﬂggm
BARA ST Modern wood ZMWARH Aging wood
£F4E 2 Cellulose 46.59(0.74) 48.47€0.91) 1.04
114+ Sapwood € 1) F-4F4E 2% Hemicellulose 14.18(0.32) 13.68(0.21) 0.96
AJfi & Lignin 31.58(0.42) 28.93(0.93) 0.92
4% Cellulose 43.85(0.30) 43.92(0.29) 1.00
S0 Outer heartwood ( 11) -4 4k 2 Hemicellulose 14.99€0.05) 12.69(0.36) 0.85
KRB % Lignin 27.86(0.02) 28.11€0.07) 1.01
£ 4EZK Cellulose 43.48(0.46) 43.05(0.47) 0.99
P04 Inner heartwood (IT1) -4 4k 2 Hemicellulose 15.11€0.05) 14.61€0.06) 0.97
KR % Lignin 29.10€0.55) 28.62€0.41) 0.98

VE: 55 WA HEZE . 2R E AN IAAZ ARG Lo #HT & BB LB - Notes: standard deviations are showed in parentheses. Aging/modern

is the ratio of relative chemical contents of aging and modern Chinese fir wood.
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Fig. 2 Fourier infrared spectroscopy of aging, modern Chinese fir sapwood (a) and outer heartwood (b)
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Fig. 3 Transverse sections of modern Chinese fir wood (a), aging Chinese fir sapwood (b) and aging Chinese fir heartwood (c)
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Fig. 7 Retention (a) and penetration (b) of preservatives in each part of aging and modern Chinese fir wood
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