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Bearing capacity of timber beams with shrinkage cracks

Chen Kongyang . Qiu Hongxing . Zhu Zhongman
(Key laboratory of Concrete and Prestressed Concrete Structures of Ministry of Education,

Southeast University, Nanjing 210096, P. R. China)

Abstract: Firstly, four groups of timber beams with shrinkage cracks in diversified depth were made and
one-third loading method to observe the experimental data and record the ultimate bearing capacity was
carried out. Then, according to the experimental data, combining finite element stress analysis, and the
model of bilinear constitutive model of wood, the critical indicators which indicated that bending failure
become shear failure and the corresponding ultimate bearing capacity formula were deduced . After that,
the bearing capacity formula was simplified as the bearing capacity reduction coefficient curve . Finally, by
comparing theoretical analysis with experiment, the results show that the theoretical values of ultimate
bearing capacity coincide well with the test values ., and the test phenomenon is consistent with the
judgement of the critical indicator.
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Table 1 Design of components
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Fig. 1 Details of the size and crack location of timber beams
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Fig. 2 The arrangement of loading device and measurement
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Table 2 Bending strength

A B WA A B/ mm P W 5 3 16 I 5 B FHME/ — BIHR
= = 55 F=gis fm.w/MPa Sm.12/MPa MPa B/ %
1 20.78 20. 59 12.0 53.35 53.35
2 21.11 20.78 11.8 57.90 57.43
Bo-1 3 20. 98 21.18 11.9 49.15 48. 96 52.93 3.13 5.91
4 21. 04 20. 85 12.2 53.17 53.59
5 20.9 20. 48 12.4 50.53 51. 34
1 21.06 21. 84 11.9 49. 27 49.07
2 21.28 21.21 12.3 46.72 47.28
Bo-2 3 21.02 21.73 11.7 41. 47 40. 97 45. 66 3.12 6.83
4 21.09 21. 24 11.2 48.19 46. 64
5 21. 25 21.87 11.6 45. 06 44, 34
1 20. 96 20. 86 11.3 39. 40 38. 30
2 22.10 21.70 12. 4 44, 88 45. 60
B1-1 3 20. 98 20. 75 11.5 42.21 41. 36 40. 94 2.85 6.96
4 21.12 20. 96 11.9 39. 33 39.17
5 20. 96 20.53 12.3 39.78 40. 26
1 20.78 20.75 11.5 34. 26 33.58
2 21.16 20. 92 12.3 32.53 32.92
B1-2 3 20. 94 20. 57 11.4 34.48 33.65 32.94 1.07 3.25
4 21.04 20. 74 11.9 33.58 33.45
5 21.08 21.21 11.6 31. 60 31.09
1 21.25 18. 89 11.3 54. 30 52.78
2 20. 67 19. 45 11.6 47.23 46. 48
B2-1 3 21.07 19. 93 12.1 49.11 49. 31 48.58 3.08 6.34
4 21.08 20. 94 11.9 44,96 44,78
5 20. 97 20. 85 11.7 50. 17 49.57
1 20. 96 20. 84 12.0 42.39 42.39
2 21.16 19.78 11.8 48.76 48. 37
B2-2 3 20. 95 20. 91 11.6 43.35 42. 66 43.68 3.05 6.98
4 21. 20 20. 70 11.8 40. 62 40. 29
5 20. 99 20. 95 11.9 44. 84 44, 67
1 21.12 20. 75 12. 4 44, 24 44,95
2 20. 99 21.01 12.3 42,32 42.83
B3-1 3 21. 64 21.05 12.0 39.01 39.01 42.93 2.70 6.29
4 21.23 20. 41 11.9 46.08 45. 90
5 20. 86 21.156 12.2 41. 64 41. 97
1 20. 27 20. 91 12.3 49.08 49. 67
2 20. 90 20. 70 12.4 47.74 48.50
B3-2 3 20.07 19. 87 12.0 55.48 55.48 50.78 2.94 5.79
4 20. 23 20. 8 11.9 48.70 48.51
5 20. 14 20. 65 12.6 50.53 51.74
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Fig. 3 The failure mode of reference timber beams
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Fig. 4 Failure mode of timber beams with longitudinal cracks
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Fig. 5 Load-deflection curves
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Fig. 6 Stress distribution diagram
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Fig. 7 Constitutive relation of wood along the grain
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Fig. 8 Diagram of cross-section under bending failure
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Fig. 9 Calculation diagram of moment
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Fig. 11 Calculation diagram of timber beams under

shearing failure,when the compression zone has

partially worked in plastic stage
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Fig. 12 Calculation diagram of timber beams under shearing

failure, when the compression zone is still in elastic work
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Table 3 Comparison of test value and theoretical value

I/ fw/  RIRAE/ G/ R
i FEAR 3
MPa MPa kN kN S/ %
o/ %

Bo-1  9.50 52.93 20. 45 0. 00 23.52 15.03

B0-2  8.20 45.66 18. 91 0.00 20. 29 7.32
Bl-1  7.35 40.94 16. 01 0.00 18. 20 13.65
Bl-2 5.91 32.92 13.42 0. 00 14.63 9.02

B2-1 8.72 48.58 17.37 0.00 21.59 24.30

B2-2  7.84 43.68 16. 55 0. 00 19.41 17. 30
B3-1 7.71 42.93 13.91 62. 85 11.99 13. 80
B3-2 9.12 50.78 17.13 62. 85 14.19 17.16
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