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Study on moisture stresses in Chinese fir glued laminated timber
YUE Kong', SONG Xulei', CHENG Xiucai’, LAI Yanjun', JIA Chong’, LU Weidong', LIU Weiqing'

(1. College of Civil Engineering, Nanjing Tech University, Nanjing 211800, China; 2. Nanjing Institute of Product
Quality Inspection, Nanjing 210019, China; 3. College of Materials Science and Engineering ,
Nanjing Forestry University, Nanjing 210037, China)

Abstract; It is well known that stresses caused by different moisture contents of wood affect the strength and stiffness,
which influences the loading capability and durability of wood components in wooden structures. The influence of non-
uniformly distributing moisture content of wood caused by varying relative humidity in the surrounding environment on
moisture stress in glued laminated timber was examined and analyzed by the experimental tests and theoretical simula-
tion in this study. A total of 290 Chinese fir wood specimens was tested to determine the influence of varying relative
humidity on wood physical and mechanical properties, including equilibrium moisture content, perpendicular-to-grain
tangential shrinkage, perpendicular-to-grain tangential swelling, perpendicular-to-grain radial shrinkage,
perpendicular-to-grain radial swelling, perpendicular-to-grain tangential moisture diffusivity coefficient, perpendicular-
to-grain radial moisture diffusivity coefficient, perpendicular-to-grain radial tensile strength, perpendicular-to-grain
tangential tensile strength, perpendicular-to-grain radial modulus of elasticity, and perpendicular-to-grain tangential
modulus of elasticity. The influence of laminae thickness on moisture stress in glued laminated timber manufactured
with Chinese fir wood was simulated using the finite element method. The results showed that the equilibrium moisture
content of Chinese fir in varying humidity could be simulated well using the conventional Nelson equation. The per-
pendicular-to-grain radial shrinkage and swelling properties of Chinese fir specimens were lower than the
perpendicular-to-grain tangential ones, while the tangential moisture diffusivity coefficient, tensile strength and modu-
lus of elasticity were higher than the radial ones, which were attributed to the microstructural characteristics, including
wood rays and pits in radial cell walls. The reduction of laminae thickness led to a decrease in the moisture stress in
glued laminated timber. When the thickness of laminate was reduced from 40 mm to 20 mm, the moisture stress de-
creased by 19.32%. However, the maximum moisture stress was still higher than the tensile strength, which might
cause transverse fracture. Therefore, it was desired to use other additional effective methods in engineering timber de-

sign to reduce humidity stresses.
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