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Calculation and Analysis of Mechanical Properties of Three Layers Cross-laminated
Timber of Full-size Hemlock
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Abstract: According to the needs of practical engineering,the mechanical properties of the unit structure of
the three-layer cross-laminated timber (CLT) board of full-size hemlock were calculated and analyzed. By
using the mechanical composite beam theory, the mechanical properties such as effective bending stiffness
and bending strength of the three-layer CLT plate were predicted and calculated. Based on the calculation
results, the structural performance of the three-layer CLT slab in actual engineering applications such as
deflection, moment of bending and natural frequency of vibration was predicted. The results showed that
the two grades of CLT could meet the practical application needs, such as effective bending stiffness, ben-
ding strength and vibration performance. The calculation and analysis on the mechanical properties of full-
size three-layer CLT plate structure would help to provide suitable and reliable supporting wall panels and
floor in the large-scale assembly of heavy-duty timber buildings.
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Fig. 1 Three layer CLT structure diagram
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Table 1 Performance parameters of hemlock for CLT

cLt oLt i WERE  BRAK E 12 iRz BRAN  THEE
R A5 o MOE/MPa /MPa /% MOE/MPa /MPa /% /(kg s m %)

1 I 13 155 2 684 20. 40 7972 1971 24.72 493

2 1 12 571 2 059 16. 38 8 313 1679 20. 20 492

3 I 12 134 1753 14. 45 6 889 1299 18. 86 483

4 Il 10 970 1186 10. 81 6 899 1469 21.29 484

5 Il 10 916 1174 10.75 8071 1089 13. 49 475

6 Il 10 634 1363 12.82 7211 937 12.99 498
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Table 2 Hemlock cross-section of the shear modulus test results

[ENCE A o/ (kg + m™*) Er/MPa Gr/MPa
1 530. 31 641.52 51.37
2 506. 13 535. 74 46. 92
3 633.98 632.55 75. 25
4 523.95 441,79 52. 69
5 522. 20 509.16 63.02
6 545. 30 519. 52 49. 94
7 510. 85 317.73 47. 85
8 509. 98 314. 63 49.01
9 510. 46 326.08 53.62
10 630. 93 698. 70 56. 45
11 525.53 486. 63 42. 30
12 521. 64 524.6 41.11
13 509. 27 341. 49 52.52
14 507. 74 318. 86 49.57
15 504, 42 326. 61 41. 62
S B 162. 38 51.55
o fE AR 22 132.99 8. 72
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Fig.2 Three layer structure CLT section
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Table 3 CLT structural performance prediction results

m

CLT %% Elg/(10°N « mm?) M, /(kN * m)
1 1039.7 45. 84
2 1000. 1 46,15
3 970.0 46. 34
4 888. 8 33.19
5 884. 9 33. 21
6 864. 8 33.32
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Table 4 CLT structural performance analysis results

CLT 45 [ 5 4 Aif T B el Mo M, Y3l 1 5t

/kN /kN /mm /(kN + m) /(kN + m) /Hz
1 0.52 2.0 8.07 20.14 45. 84 13.92
2 0.52 2.0 8.39 20.13 46.15 13.66
3 0.51 2.0 8.62 20. 06 46. 34 13.58
4 0.51 2.0 9.41 20.07 33.19 12.98
5 0.50 2.0 9.41 19.99 33.21 13.08
6 0.52 2.0 9.72 20.18 33.32 12.63
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