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Introduction to a new engineered wood-based product — cross laminated timber and

experimental study on cross laminated timber bracket connection
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ABSTRACT Cross laminated timber ( CLT) a new generation of engineered wood-based product is gaining attention in the North
American market but it has not been introduced and spread in China yet. In the paper the mechanical properties of CLT are intro—
duced in details and the production technology design methods and research progress are summarized as well. What’ s more an
experimental study on CLT flexible connection in seismic performance is done. The results show that the failure with all fasteners
pulled out is disclosed as an ideal ductility failure. Highly nonlinear stiffness degradation strength degradation and pinching are
illustrated in the hysteresis curves of connection. An excellent connector in ductility and load capacity is presented by test data analy—
sis.
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Table 1 Property comparison of conventional infill wall materials and CLT wall
/(kgem~?) /(m2 KW /mm /MPa /MPa
14 1200 0. 800 90 6.27 13060 0.533
15 2000 0.613 90 27 32000 1.38
500 8.333 93 11.8 7700 2.41

16 2200 0. 700 150 4 55.77 0. 186
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Fig.3 Fabrication and installation of CLT
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7275 250 MPa 330 MPa. 4 x70 mm 2.8 mm 70 mm
5.
. A 3 MI2
B 3 MIO C 1
MI12 1 M0
5 . (a) 16d 334" ( b) 5 %90 mm; ( c)
4 x70 mm

Fig.5 Fasteners: (a) spiral nails 16d x 315", (b) screws 5 x 90

mm; (¢) screws 4 X 70 mm

4 . (a) A; (b) B; (¢) C

Fig.4 Bracket connectors: (a) A; (b) B; (c¢) C KLH 94 mm
(30 mm—34 mm—30 mm) E3
2.
(1) 16d x 3 15"
3.8 mm 89 mm; (2) 5 x90 mm 180 mm x 380 mm x 94 mm
3.5 mm 90 mm; ( 3) 250 mm x 380 mm x 94 mm.
2 E3 6

Table 2 Mechanical properties of CLT Grade E3

f,/MPa E/MPa f./MPa /./MPa £, IMPa /. IMPa
17.4 8300 6.7 15.1 1.3 0.43
4.5 6500 2.0 5.2 1.3 0.43
2.2 INSTRON8802 250 kN
150 mm. 6

Fig.6 Connection devices: ( a) connection device parallel to the grain direction; (b) connection device perpendicular to the grain direction
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6(b) 6.35 mm*min "'
U 2.54 mmes .
7( a) 7(b) .
2.3 3 ASTM-CUREE
SPD * FCC Table 3 Details of ASTM-CUREE eyclic protocol
2180 * _CEN = .
20
ASTM-CUREE : SPD  FCC | | . 0.05
; 2 7 0.075
2
CEN 3 7 0.1
; 1ISO
4 4 0.2
ASTM-CUREE 3
5 4 0.3
6 3 0.4
7 3 0.7
75% 4 8 3 1.0
A 9 3 1.2
3 10 3 1.4
ASTM 2 11 3 1.6
7 - (a) CUREE “(b) CUREE

Fig.7 Loading protocol: (a) CUREE loading protocol parallel to the grain direction; (b) CUREE loading protocol perpendicular to the grain direction
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Table 4 Combination of bracket connection and fasteners

1 A 18 16d x3%"
2 A 9 5 x90 mm
3 A 18 4 x70 mm
4 B 10 16d x3%5"
5 C 7 16d x315"
6 C 7 5 x90 mm
7 C 9 4 x70 mm
3.2 —
1
9(a) (b) . A=N—L-M,
9 (a) 1

(¢ ; (d) (e

Fig.8 Failure modes of connection tests: ( a) fastener pull-out; (b) bracket connection tensile failure; (¢) CLT block edge failure; (d) bracket

1 A-N-1—C,
1 . 9( a)

10 11
10 11 7

7 (b) 1

Fig.9 (a) Monotonic envelopes of connection 1 parallel to the grain direction; (b) hysteresis curves of connection 1 parallel to the grain direction
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10
Fig.10  Monotonic average envelopes of connections parallel to the

grain direction

11
Fig.11 Monotonic average envelopes of connections perpendicular to

the grain direction
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Fig.12  Average hysteresis envelopes of connections parallel to the

grain direction

13
Fig. 13  Average hysteresis envelopes of connections perpendicular to

the grain direction

P, P.. 0.8
D,
peak K, P,
D, 5 (
) 5 6
5
3
A 1.2
38 ~ 52 kN :
C 5.6 7 26.85~36.36kN
; B 4 253~
29.1kN . A
1 (52

2 (38.7kN) ;
1 (48.9kN) 2 (45.8kN).

6.12
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Table S 5Key parameters of connection envelopes parallel to the grain direction

K, /(kNemm™') P,/kN P /KN P, /kN D, /mm D, /' mm D, /mm 8
4.7 49.1 52 41.6 10. 4 21 32.3 3.1
1 9.1 44.6 48.9 39.1 4.9 20 30 6.12
4.9 34.1 38.7 31.0 6.9 18 24 3.48
? 5.1 40.2 45.8 36.6 7.9 18 29 3.67
4.9 44 49.7 39.8 9.0 21.0 27.9 3.1
’ 6.2 43.6 49.2 39.3 7.0 16 27 3.86
3.5 26.2 29.1 23.2 7.5 21 33.9 4.52
) 3.7 23.4 25.3 20.3 6.3 19 31.4 4.98
4.26 25.94 29.93 23.95 6. 09 26.5 34 5.58
: 3.9 23.88 26. 85 21.48 6.12 25.5 35.55 5.81
3.26 28.48 32.6 26.09 8.74 20 27.2 3.11
¢ 3.91 33.38 36. 36 29.09 8.54 19 26.75 3.13
3.16 23.48 26.03 20. 83 7.43 14.5 23.5 3.16
! 3.16 30. 57 33.63 26. 90 9.67 17.5 23.5 2.4
6
Table 6 Key parameters of connection envelopes perpendicular to the grain direction
K./(kNemm™!) P, /kN P /KN P, /kN D /mm D, /mm D, /mm 8
5.1 46.6 51.9 41.6 9.1 37 58.2 6.40
! 5.1 41.5 46.7 37.4 8.1 24 39.2 4.84
4.5 41 45.6 36.5 9.1 23 32 3.51
2 4.2 40.2 46.4 37.1 9.6 24 36.7 3.82
4.3 42.2 46. 1 36.9 9.7 25 34.7 3.58
’ 4.1 44.5 50. 4 40.3 10. 8 40.3 39.7 3.68
1.5 28.3 31.3 25.1 18.6 38 54.1 2.91
! 2.2 22.5 25.2 20. 1 10.3 30 36.7 3.56
0.87 11. 03 12.35 9.88 12. 68 32 50. 25 3.96
: 0.48 11.21 12. 12 9.70 23.35 30 48 2.06
1.02 14. 51 16. 35 13.08 14.23 33 57.5 4.04
¢ 0. 64 12.17 13.3 10. 64 19 36.5 49.25 2. 60
0.70 13. 15 13.4 10.72 18.8 33.5 54.5 2.90
! 0.67 11.8 12.9 10. 32 17.6 30 43.4 2.46
1
1.2 3 46.1 ~ B
51. 9 kN; B 4 31. 3kN;
25.2 ~31.3kN ; C 25. 2 kN. A
5.6 7 12.12 ~16.35 kN 1
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