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Experimental Study of Aseismic Behaviors of Flexural Tenon Joint,
Through Tenon Joint and Dovetail Joint Reinforced With Flat Steel Devices
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Abstract: To solve the problem of anti-seismic capacity decline of aging mortise and tenon joints, four
types of flat steel reinforcement devices were designed and manufactured based on the reversibility,
nondestructive and intention of preserving the semi-rigid characteristics of mortise tenon joints. The
devices were distinguished from each other in whether with a moveable slot and the reinforcement was
fixed to the column or not. The flat steel reinforcement devices were applied to half tenon joints through
tenon joints and dovetail joints. 12 tenons and mortise joints were designed and manufactured according
to the Fabrication Methods of Song Dynasty, including 4 half tenon joints, 4 through tenon joints and 4
dovetail joints. The scale ratio was 1:3.52. All the joints were slightly damaged by cyclic loaded before

the low-cycle reversed loading experiment was carried out. The seismic performance parameters of joints
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such as reinforcement load-displacement hysteresis loops, skeleton curves, degradation of rigidity and

energy dissipation capacity were compared and studied before and after reinforcement. The results show

that all the hysteresis loops of joints have obvious pinch effect which indicates slippage occurred between

the mortise tenon joints and the semi-rigid characteristics of joints were reserved after reinforcement. The

energy dissipation capacity of the joints grows in a parabolic way with the increase of displacement loads.

The rigidity, peak load and energy dissipation capacity of the joints were improved after reinforcement.

The reinforcement effect of the strengthening devices which was fixed to the column was better than

others. The results show the seismic capacity of mortise tenon joints can be effectively improved by

strengthening the connection between reinforcement and wood components. Finally, suggestions on how to

further enhance the reinforcement effect of the four types strengthening devices were put forward.

Key words: flat steel reinforcement devices; half tenon joints; throughtenon joints; dovetail joints;
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Table 1 Mechanical property index of material
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Table 2 Strengthening scheme for the wooden joints
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Fig. 6 Load-deformation skeleton curves of the joints
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Table 3 Peak points on skeleton curves of specimens

" W25
;ﬁ% R L
(kN-m) % (kN-m) %

B1 1.25 67. 68 -0.29 19.40
B2 1.69 126.71 -0.28 14. 74
B3 1. 66 122. 34 -0.35 41. 35
B4 1.90 154. 02 -0.51 106. 62
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Fig.8 Energy dissipation curves of specimens
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