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Abstract: [ Objective] This research was implemented to study the influences of different laminate thicknesses of
Chinese fir ( Cunninghamia lanceolata) on the mechanical properties of cross-laminated timber ( CLT) , and to expand the
application range of Chinese fir in the field of wood structure construction and further promote the development of CLT in
China. [ Method] Under the premise that the overall thickness of the domestic Chinese fir CLT remains unchanged, the
effects of different layer thicknesses on the CLT bending and shearing properties were studied. Combined with the bending
test results, the existing CLT statics analysis theory was used to perform the above tests on the CLT specimens. The
bending performances under different conditions were also calculated and compared. [ Result] Under the premise of an
unchanging total thickness, bending stiffness of the three-layer CLT specimens was the highest, and the five-layer and
seven-layer specimens were reduced by 11% and 18% , respectively. The bending strength of the five-layer CLT specimens
was increased by 18% compared with the three-layer specimens, which was 36% higher than that of the seven-layer
specimens. The shear strength of the five-layer specimens and the seven-layer specimens was increased by 2.6% and
16% , respectively, over the three-layer specimens. The trend of the theoretical analysis of the bending stiffness was the

same as the test results, however, the theoretical analysis of the bending strength showed that the higher the number of
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layers, the higher the value, the test results showed that the five layers were better than the seven layers. When the five-
layer specimens was taken as an example, under the premise of overall thickness unchanged, increasing odd and even
layer thickness ratio could effectively improve the bending and shear properties of CLT specimens in a certain percentage
range. Theoretical analysis had the same trend as the experimental results. [ Conclusion] The results showed that under
the premise of overall thickness unchanged, the thicker the CLT laminated, the better the bending stiffness was, the worse
the shear properties presented, and the single failure mode was. The 5-layer CLT specimen had the best bending strength ;

within a certain ratio range, increasing the ratio of odd and even layer thickness could effectively improve the bending and

shear resistance of the CLT specimen.
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Tab.1 The results of mechanical properties of Chinese fir

PEfE I3 B P 1 22 S R
Property Measured value/MPa  Standard deviation( %) Coefficient of variation( % )
Nt £ 475 JE 58 & Compressive strength of parallel to grain 28.3 2.8 14.9
P25 5% F Bending strength 50.8 3.2 16.9
Nt £ #4455 £ Elastic modulus parallel to grain 7 600 3.1 18.1
B 40 3P A5 Elastic modulus perpendicular to grain 262 2.1 12.5
NI &g 55 1] 5 B 41 Radial surface 4.9 3.4 14.7
Shear strength parallel to grain 5% 1 Chord surface 5.4 2.7 15.6
HUCETT )= (REEOT ) o a5 1 28 E= A
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Tab.2 Lay-up type of the CLT specimens

I AF 4 4 JE MR

Structure Thickness of the laminates/mm
3 )2 Three layers 31.7
5 )2 Five layers 19.0
7 )2 Seven layers 13.6

*3 CLTRHU4F.BREEHREETK
Tab.3 Thickness variation of the odd and even

layers of the CLT specimens

wF R0 2 AR R B T HZ 2 AR5 A2 B RS L
0dd layer Even layer 0dd to even layer
thickness/mm thickness/mm thickness ratio
19 19 1.0
21 14 1.5
23 12 1.9
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Fig.1 Production of the CLT specimens
a. Jifi % Sizing; b. it Placement of the second layer; c. {41 % Film-wrapped specimen; d. ¥& JE Cold pressing.
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Fig.2  Sectional analysis of the five-layer CLT structure
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Fig.3 Sectional analysis of the seven-layer CLT structure
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Fig.4 Load-displacement response curves for the specimens
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Tab.4 Effect of different CLT laminate thicknesses on the mechanical performance

LR R PRI B -2 {8

U2 5

S 44 B A R . 44
%5 Laminate Bending stiffness/ Mean/ Bending strength/ T DY T
. " ) " ) Mean/MPa Shear strength/MPa Mean/MPa
No. thickness/mm (10" N-mm*) (10" N+mm*) MPa
A-3-1 1. 10 33 5.10
1. 14 29.7
A-3-2 1.7 1. 14 2 .24 .4
3 3 (1.20) ? (48.96) 5 5. 48
A-3-3 1.19 27 6.11
A-5-1 1.17 35 5.51
1.08 35.0
A-5-2 19. 1. .24 .62
5 9.0 05 (1.05) 33 (40.03) 5 5.6
A-5-3 1.02 37 6. 11
A-7-1 0.94 29 6.71
1. 00 25.7
A-7-2 13.6 0. 96 26 6. 34 6.39
(1.04) (36.73)
A-7-3 1. 10 22 6.11

DFESth M E (E . The theoretical calculation value is in brackets.
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Fig.5 Comparison of the experimental results and the theoretical calculation results
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Fig.6 Main failure modes of the CLT specimens in the bending test
a i JZE R PLWI AL IR Failure of bottom plate; b. 3T 7 X 4 52 JZ W7 24 Fracture of adhesive layer in tensile zone;
cVE BB Y)W Rolling shear failure ; d. k[ 45 AL % 35 Failure at a defect concentration.
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Tab.5 Effect of the CLT odd to even layer thickness ratio on the mechanical performance
s g U Wl EE T E P BB R
N H LEHE B e VRE S
i Bending stiffness/ Mean/ Bending Shear
No. Ratio 1 2 i 5 Mean/MPa Mean/MPa
(10" N-mm~) (10" N+mm?*) strength/MPa strength/MPa
B-1-1 (1.0) 1. 16 (1.30) 35 (40.7) 5.31
B-1-2 1.0 1.22 1. 19 33 32 5.28 5.30
B-1-3 (1.2) 1.19 (1.35) 29 (42) 5.32 ’
B-2-1 (1.4) 1.25 (1.39) 35 (43.4) 5.53
B-2-2 1.5 1.22 1.23 34 35 5.75 5. 62
B-2-3 (1.7) 1.23 (1.43) 37 (44.6) 5.57 '
B-3-1 (2.1) 1.27 (1.47) 33 (45.7) 5.91
B-3-2 19.0 1.22 1.24 38 36 5.78 s 04
B-3-3 (2.7) 1.24 (1.50) 37 (46.7) 6.12 '
¥ 5 RSB . The theoretical calculation value is in brackets.
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Fig.7 Comparison of the experimental results and the theoretical calculation results
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Fig.8 Failure modes of the different odd to even layer thickness ratios

a. 1.0; b. 1.5; ¢. 1.9.
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