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Abstract: [ Objective ] This study was carried out to explore the shear bearing capacity of an oblique screw connecting
steel plate and CLT joint, to explore the failure mode and force mechanisms of steel plate and CLT joints connected by
self-tapping screws, and to analyze the influences of angle on shear strength and stiffness. The development and
application of new connectors would be expected to provide theoretical models and scientific bases. [ Method ] Using
Douglas fir as the study object and domestic full-threaded self-tapping screws as materials, the included angle between the
main shaft of the self-tapping screw and the steel plate, those were 75°, 60° and 45°, respectively, was selected as the
variable. The screw cap pulled in the tensile direction of the steel plate was shear force (T-S: tensile-shear), and the
compression direction of the screw cap toward the steel plate was the compressive-shear force (C-S: compressive-shear).
Referring to the American Standard ( ASTM D1761-12) and loading at a constant speed of 1 mm +min™" | the stress of the
node, the maximum load reached during the failure process, the deformation of the nail and the failure characteristics of
the wood were observed and recorded. [ Result] For T-S and 90° shear force mode, the failure modes of nails were both
that one side of the tapping screw was sheared. For C-S mode, the nail had three fracture modes under the 45° force
mode, whereas the self-tapping screw on the one side produced two obvious plastic hinges and that on the other side was
sheared at a distance of 8 mm from the nail cap under the 60° and 75° force modes. The bearing capacity under the T-S

state increased gradually with the decreasing angle, and the opposite was observed under the C-S state ; the stiffness under
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the T-S state increased gradually with the decrease of the angle. [ Conclusion] The bearing capacity of 45°, 60° and 75°

joints under T-S state is 1.46, 1.35 and 1. 22 times that of 90°, respectively, all higher than those of C-S state. The
stiffness of 45°, 60° and 75° joints under T-S state is 3. 58, 2. 42 and 2. 08 times that of 90°, respectively, and all higher

than those of C-S state, of which the energy dissipation of 75° is the largest.
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Fig. 1 Schematic of shear specimens
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Fig.2 Production process of shear specimens
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Fig. 3 Configuration of shear test of steel-CLT joint
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Fig. 4 Tensile-shear 45° force mode load-displacement

curve and test phenomenon
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Fig. 5 Tensile-shear 60°,75° and 90°S force mode load-displacement curve and test phenomenon
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Fig. 6 Compressive-shear 75°,60° force mode load-displacement curve and test phenomenon
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Fig. 7 Compressive-shear 45° force mode load-displacement curve and test phenomenon
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Tab.1 Effect of different nailing angles on shear performance
FEFR Index 45°T-S 60°T-S 75°T-S 90°S 75°C-S 60°C-S 45°C-S
kR #E N AVG 25 483.33 23 667. 83 21 358.03 17 479. 63 16 160. 99 7 686. 49 4 027.53
Maximum bearing SD 670. 38 1132.42 706. 58 1737.99 3 419.03 1165.01 247.42
capacity/N COV(%) 2.63 4.78 3.31 9.94 21.16 15.16 6.14
A AVG 5 538.13 3 738.47 3 220.90 1 545.99 690. 04 482.21 548. 85
Stiffness/ SD 969. 53 409. 28 413. 84 192. 49 85.90 171. 63 104. 69
(Nemm™") COV(%)  17.50 10.94 12. 84 12.54 12.45 35.59 19.07
e R FEEL AVG 60 038. 02 70 509. 36 121 044 88 674. 23 180 828.17 116 864. 60 40 413.73
Energy 6 773. 66 SD 13 448. 24 17 184. 87 11 653. 51 1619. 69 55 829.55 39 501. 15
dissipation COV(%)  22.40 24.37 9.63 1.83 30. 87 33.80 16.76
R AR S AVG 4.60 5.91 8.70 10. 53 21.39 21.73 7.43
Displacement corresponding SD 0.51 1.41 0.53 0.62 3.18 3.34 0.53
to maximum bearing capacity  COV(%)  11.03 23.79 6.05 5.86 14.87 15.35 7.12

DAVG: VY Average; SD: b 7% Standard deviation; COV: ZEF R % Coefficient of variation.
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