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Time-temperature equivalence in bending creep of white oak
wood in steam pretreatment

ZHANG Yuge, HOU Junfeng, CEN Junjie, ZHANG Weigang, JIANG Zhihong, YU Youming
(College of Chemistry and Materials Engineering, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study, with the employment of MATLAB 2019a software, is aimed to complete the
time-temperature equivalence in bending creep of white oak in steam pretreatment on the basis of digital
characterization of earlywood vessel belt characteristics. [Method] First, an investigation was carried out of the
creep behavior of specimens pretreated by steam at 100, 110, 120 °C using a dynamic thermo-mechanical
analyzer (DMA-Q800) at the test temperature ranging from 20 to 80 “C. Then, time-temperature equivalence
was applied to predict the long-term creep behavior of white oak on the basis of 45 min creep curves of tested
specimens. At last, a further analysis was conducted of the relationship between horizontal shift factor and
temperature in accordance with Williams-Landel-Ferry (WLF) equation. [Result] (1) Instantaneous strain and
45 min strain under the permanent load of 5 MPa for tested specimens increased with the rise of test temperature
yet the strain of specimens decreased with the increase of steam treatment temperature. (2) The 45 min creep

curves of specimens can be processed to obtained the long-term creep curves at the referenced test temperature
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of 20 °C according to time-temperature equivalent. (3) The curves between horizontal shift factor and temperature
of specimens met the requirements of WLF equation with R* greater than 0.93. (4) The WLF equation can
effectively describe the relationship of creep characteristics between test time and temperature. [Conclusion]
Steam pretreatment, test temperature and earlywood vessel belt affected the creep behavior of white oak wood
significantly and it is feasible to predict the long-term creep behavior of white oak wood by WLF equation in
test temperature of 20—80 °C and steam pretreatment temperature ranging from 100 to 120 °C. [Ch, 9 fig. 2 tab.
25 ref.]

Key words: white oak wood; bending creep; earlywood vessel belt; steam pretreatment; time-temperature

equivalence
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Figure 3 Flow diagram for numerical characterization of early wood vessel belt in specimens
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Figure 4 Earlywood vessel area ratio and the distance between vessel belt and load-bearing surface in specimens and analysis of normal distribution
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Table 1 Normality test result of R and Ry, of tested specimens
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Figure 5 Creep strain curves of specimens at different test temperatures
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Figure 7 Influence of early vessel belt on creep strain curves of specimens
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Figure 8 Master curves of creep behavior at different steam pretreatment temperatures and vessel belt at a referenced test temperature of 20 °C
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Table 2 Fitting parameters and regression coefficients of WLF
equations for specimens under different steam pretreatment

temperature and vessel belt conditions
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