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Abstract:

seismic performance of timber structures, and the energy

Connections are essential in ensuring the

dissipation capacity of connections is an important index
the
earthquakes. In this paper, the novel dissipative angle

to measure serviceability of connections for
bracket and hold-down for cross-laminated timber (CLT)
structures were proposed. Fifteen sets of cyclic loading
tests were conducted to evaluate the failure mechanisms

and mechanical properties of these connections. Almost
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all the tested specimens have a ductility larger than 9.0,
meeting the requirements of Eurocode § for high ductility
connections with D>6, and belonging to the high ductility
class. The strength degradation of the novel dissipative
connections in the working stage less than 20%, indicating
the engineering applicability of the novel connections. The
equivalent viscous damping ratio of the novel dissipative
connections in the working stage is 12%~22%, and that of
the common commercial connections is 2.5%~15.8%,
indicating the high energy-consuming capacity of the

novel connections.
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Tab. 1 Configurations of tested novel angle bracket
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Tab. 2 Configurations of tested novel hold-down
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Tab.3 Test results of material properties of CLT
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Tab.4 Test results of material properties of steel
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Tab.5 Test results of material properties of rubber
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Tab. 6 Test results of material properties of screws
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Fig. 8 Test setup for shear performance of screws
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Fig. 10 Test setup for hold-down
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Fig. 11 Failure modes of tested novel angle bracket

under cyclic loading
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Fig. 12 Failure modes of tested novel hold-down under cyclic loading
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Tab. 7 Failure modes of novel dissipative hold-down under cyclic loading
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Fig. 13 Load-displacement curves under cyclic loading for angle bracket
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Fig. 14 Load-displacement curves under cyclic loading for hold-down
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Tab. 8 Test results of angle bracket specimens under cyclic loading
% F,/kN A, /mm F,/kN A, /mm F,/kN A, /mm ffrf é}ilf)' D
Q—0"—0.4—20%—C 33.8 7.2 163.1 74.6 110.7 75.5 4.70 10.5
R—0"—0.4—20%—C 40.5 6.6 136.4 63.4 114.2 63.5 6.15 9.6
Q—90°—0.4—20%—C 41.1 6.1 149.5 64.9 133.8 65.1 6.75 10.7
Q—90°—0.4—10%—C 40.6 6.2 127.0 56. 6 115.1 56.7 6. 55 9.2
Q—90"—0.6—20%—C 41.6 5.8 143. 3 63.4 129.2 63.5 7.18 10.9

®9 MERENNEET RRATEEMHIKEEERU R

Tab. 9 Strength degradation of novel angle bracket at different displacement levels under cyclic loading

. 20% A, 40% A, 60% A, 80% A, 100% A,
" AF, AF, AF, AF, AF, AF, AF, AF, AF, AF,
Q—0—0.4—20%—C 15.6 29.4 4.9 8.7 10.3 13.9 10.4 16.6
R—0"—0.4—20%—C 18. 4 30.7 8.0 1.7 9.1 13.9 10.0 15.5
Q—90"—0. 4—20%—C 2.4 4.2 5.1 23.1 11.6 16.2 10.9 16.6 10.2 16.8
Q—90°—0.4—10%—C 3.8 5.6 4.3 1.2 6.1 8.9 7.7 1.5 21.2 28.2
Q—90°—0. 6—20%—C 9.0 15.6 5.3 1.5 8.2 12.1 9.8 19.5
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Fig. 17 Equivalent viscous damping ratio of each
cycle for angle bracket
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Tab. 10 Test results of hold-down specimens under cyclic loading

AT AR Y BB BRE RE DT 4 4 B AT 35 O AR RE

Hi F/KN A /mm  F/kN A /mm F,/kN A, /mm [fn/ :nli?])' D
H—0.4—20%—25—C 22.39 2.46 106. 97 36. 88 106. 97 36. 88 9.10 15.0
H—0.6—20%—25—C 23.64 2.18 103. 69 37.75 103. 69 37.75 10. 96 17.3
H—0.4—5%—25—C 22.35 2.21 85.59 45.31 98. 51 37.22 10. 32 20.5
H—0.4—20%—17—C 22.68 3.17 113. 34 46.43 113. 34 46.43 6. 86 14.6
S—0.4—20%—25—C 26.53 5.03 63.41 33.63 67.55 32.09 5.63 6.7

S—0.4—20%—25—C—A 26.62 2.42 83.13 34.61 100. 45 32.11 10. 84 14.3
F11 FEREGEIEET REBAEENSIRKEEERLRY
Tab. 11 Strength degradation of hold-down at different displacement levels under cyclic loading
e 20% A, 40% A, 60% A, 80% A,

’ AF, AF, AF, AF, AF, AF, AF, AF,
H—0.4—20%—25—C 1.8 3.1 5.6 8.7 10. 3 19.1 11.9 18.2
H—0.6—20%—25—C 0.8 1.8 4.8 7.6 14.4 19.7 10.0 15.9
H—0.4—5%—25—C 0.4 0.5 2.9 5.1 10.2 19.5 15.1 21.9
H—0.4—20%—17—C 0.5 1.3 4.5 6.8 8.0 11.7 15.6 24.6
S—0.4—20%—25—C 1.6 3.1 3.7 6.3 6.7 10. 2 0.4 3.6

S—0.4—20%—25—C—A 4.2 6.0 7.5 12.6 11.5 19.2 16. 3 24.4
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Fig. 18 Equivalent viscous damping ratio of each

cycle for hold-down
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