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Numerical simulation study and damage analysis of cross laminated timber connections
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ABSTRACT Due to structural redundancy strong energy absorption and energy dissipation capacity of nail joints wood buildings
behave good seismic performance in earthquakes. Cross laminated timber is a new generation of engineered wood-based product. Based
on tests of three kinds of cross laminated timber connections Pinchingd model in OpenSees as a user-defined element is applied to
simulate the hysteresis response of the connections which is highly nonlinear strength degradation stiffness degradation and pinc—
hing. The primary and follower half-eycle energy damage model is used for damage quantitative analysis of the connections and the
damage factor ranges corresponding to five damage levels of cross laminated timber connections are given in this article. The study
shows that good simulation results are obtained and it is also illustrated that Pinchingd model is valid and feasible to predict the hyster—
etic response of wood connections. Different damage factors responding to varied damage degrees are consistent with the experimental
rules. The dispersion degrees of the damage factors are relatively low with the mean values in the reasonable ranges.
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4 x70 mm 2. 8 mm 70 mm.
KLH 94 mm
30 mm—34 mm—30 mm. 3
1
1 (90 mm x48 mm x 3. 0 mm x 116 mm)
Fig.1 SIMPSON strong tie bracket (90 mm x48 mm x 3. 0mm x 116
mm)
2 3 - (a) 16d x34" (b) 5 %90 mm;
() 4 x70 mm

Fig.2 Three types of fasteners: (a) spiral nails 16d x 315", (b)

screws 5 X 90 mm; (c) screws 4 x 70 mm

1 CLT

Table 1 CLT connection combinations

1 A 18 16d x3%5"
2 A 9 5 x90 mm
3 A 18 4 x70 mm
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3 - (a) 1 (b)
Fig.3 CLT block: (a) longitudinal to the outer layer grain; ('b) perpendicular to the outer layer grain

4 . (ac) ; (b d)

Fig.4 Loading protocol and test device for connection test: (a c) longitudinal to the outer grain; (b d) perpendicular to the outer grain
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Fig. 6 Hysteretic response of connection test and modeling for Connection 1: ( a) longitudinal to the outer grain; ( b) perpendicular to the outer grain
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Fig.7 Hysteretic response of connection test and modeling for Connection 2: ( a) longitudinal to the outer grain; ('b) perpendicular to the outer grain
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Fig.8 Hysteretic response of connection test and modeling for Connection 3: ( a) (lor)lgitudinal to Ehc) outer grain; ( b) perpendicular to the outer grain
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2 Pinching4
Table 2  Hysteretic parameter estimation of Pinchingd model for connection test
2 3
ePfl /kN 19.5 18. 68 18.28 12.7 19. 67 28.2
ePf2 /kN 44. 89 41.5 36.53 46.4 40.4 51
ePf3/kN 49. 45 46.7 45.77 40.3 49. 17 45.28
ePf4 /kN 6.38 18.6 20. 44 12.7 19. 34 8.55
ePdl /mm 2.15 3.7 3.58 2 3.17 8
ePd2 /mm 8 10 10 24 10 26
ePd3 /mm 20 24 18 35 16 37
ePd4 /mm 60 70 33 46 52 52
eNfl /kN -19.5 -18.68 -18.28 -12.7 -19.67 -28.2
eNf2 /kN -44.89 -41.5 -36.53 -46.4 -40.4 -51
eNf3 /kN -49.45 -46.7 —-45.77 -40.3 -49.17 -45.28
eNf4/kN -6.38 -18.6 -20. 44 -12.7 -19.34 -8.55
eNdl /mm -2.15 -3.7 -3.58 -2 -3.17 -8
eNd2 /mm -8 -10 -10 -24 -10 -26
eNd3 /mm -20 -24 -18 -35 -16 -37
eNd4 /mm -60 -70 -33 -46 -52 -51
rDispP 0.55 0.5 0.72 0.6 0.65 0.5
{ForceP 0.15 0.3 0.18 0.25 0.15 0.25
uForceP 0.03 0.05 0.02 0.05 0.02 0.05
rDispN 0.55 0.5 0.72 0.6 0.65 0.5
{ForceN 0.15 0.3 0.18 0.25 0.15 0.25
uForceN 0.03 0.05 0.02 0.05 0.02 0.05
¢K1 0 0 0 0 0 0
gkK2 0 0 0 0 0 0
2¢K3 0 0 0 0 0 0
gK4 0 0 0 0 0 0
gKLim 0 0 0 0 0 0
gD1 0.97 0.95 0.97 0.95 0.97 0.97
gD2 0 0 0 0 0 0
gD3 0 0 0 0 0 0
gD4 0 0 0 0 0 0
gDLim 0.05 0.1 0.03 0.1 0. 08 0.1
gF1 0 0 0 0 0 0
gk2 0 0 0 0 0 0
g3 0 0 0 0 0 0
gF4 0 0 0 0 0 0
gFLim 0 0 0 0 0 0
gk 1 1 1 1 1 1
energy energy energy energy energy energy energy
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Table 3 Comparison of the key hysteresis parameters between connection tests and modeling

K,/(kNemm ") Fiaq /kN F oo /kN F,/kN D g /mm peak /mm D, /mm B E./]
8.4 45.8 49.3 39.4 5.87 20.2 29.3 5 4556
9.1 44.6 48.9 39.1 4.9 20 30 6.1 5530

7.7% 2.7% 0.8% 0.8% 19. 8% 1.0% 2.3% 18.3% 17. 6%
4.9 37.6 46.7 37.4 7.67 24 36.8 4.8 8742
5.1 41.5 46.7 37.4 8.1 24 39.2 4.84 7498

3.9% 9. 4% 0.0% 0.0% 5.3% 0.0% 6. 1% 0.8% 16. 6%
5.1 39.0 45.8 36.6 7.6 18 24 3.16 3104
5.1 40.2 45.8 36.6 7.9 18 29 3.67 2986

0.0% 3.0% 0.0% 0. 0% 3.8% 0.0% 17. 2% 13.9% 4.0%
4.65 39.3 48 38.4 8.46 23 36 4.25 8843
4.4 40.2 46.4 37.1 9.6 24 36.7 3.82 9174

5.7% 2.2% 3.4% 3.5% 11. 9% 4.2% 1.9% 11.3% 3.6%
6.2 42 49.2 39.3 6.78 16 28 4.13 4536
6.2 43.6 49.2 39.3 7.0 16 27 3.86 4032

0.0% 3. 7% 0.0% 0.0% 3.1% 0.0% 3.7% 7.0% 12. 5%
3.5 44.5 52 41.6 12.7 26 38.8 3.06 10312
4.1 44.5 50. 4 40.3 10. 8 26 39.7 3.68 9407

14. 6% 0. 0% 3.2% 3.2% 17. 6% 0.0% 2.3% 16. 8% 9. 6%

9 1 - (a) 1 (b)

Fig.9 Damage curves of Connection 1: ( a) longitudinal to the outer grain; (b) perpendicular to the outer grain

Fig.

10

2

- (a)

Damage curves of Connection 2: ( a) longitudinal to the outer grain; ('b) perpendicular to the outer grain

»(b)
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38 1
11 3 - (a) 1 (b)
Fig.11 Damage curves of Connection 3: ( a) longitudinal to the outer grain; (b) perpendicular to the outer grain
4
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Table 4 Damage assessment criteria for CLT connections
D<0.2
0.2<D<0.35
0.35<D<0.7
CLT
0.7<D<0.85
CLT
0.85<D<1 CLT CLT
5
Table 5 Damage indexes corresponding to different damage states for CLT connection
D, D, D,
AN-P-C1 0.538 0.753 0.931
AN-P-C2 0. 496 0. 879 0. 951
| AN-P-C3 0. 507 0.728 0.957
AN-LC1 0.415 0.775 0.970
AN-L-C2 0.474 0.776 1.010
A-N-L-C3 0.470 0. 850 1. 000
A-S-PCl 0.710 0.915 1. 005
A-S-PC2 0. 620 0. 926 0. 999
5 A-S5-P-C3 0. 730 0.915 0. 997
A-84.Cl1 0. 645 0.930 1.010
A-S1-C2 0.545 0. 834 1. 000
A-S1.-C3 0.673 0.795 0. 999
A-s-P-Cl 0. 700 0. 945 1.011
A-sP-C2 0.720 0. 949 0.993
3 A-sP-C3 0. 690 0.954 0. 989
A-s1-Cl 0.438 0.736 1.010
As1-C2 0. 525 0. 645 0. 999
A-s1-C3 0. 696 0. 885 0. 998
0.588 0. 844 0.991
0. 106 0. 089 0. 022
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