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Load-bearing performance of embedded steel connection
system-mortise-and-tenon composite joints

GUO Jiali", XIONG Wang', YANG Cheng’, SONG Qianyi*, LIU Yifeng?, JIANG Xue’

(1. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, P. R. China; 2. China Southwest
Architectural Design and Research Institute Co., Ltd, Chengdu 610041, P. R. China)

Abstract: To address the issues of exposed steel connectors, the underutilization of timber strength, and
insufficient safety redundancy in modern steel-timber composite beam-column joints, this study proposes a
novel steel-timber composite beam-column joint that integrates an embedded steel connection system with
mortise-and-tenon embedment. Full-scale monotonic tests and high-fidelity finite element models in ABAQUS
were utilized to investigate the effects of the number of steel connection systems and the strengths of steel
components on the load-bearing and deformation capacities of the joints. The results indicate that both the steel
connection system and the mortise-and-tenon connection in the proposed novel steel-timber joint undergo
significant bearing deformation, exhibiting excellent synergistic behavior. Increasing the number of steel
connection systems enhances the load-bearing capacity of the joint by a maximum of 36.2% and the ductility

ratio by 33.8% , whereas the yield displacement of the joint decreases by 33.8% . Numerical analysis reveals that
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an increased number of steel connection systems suppresses the pull-out rotation of the tenon, resulting in

reduced coordinated deformation between the through-bolts and the bolt-hole walls, alongside intensified stress

concentration, thereby reducing the absolute deformation capacity of the joint. Furthermore, increasing the

strength of the bolts and steel angles intensifies local yielding in the timber, offering only a limited improvement

in the overall stiffness and load-bearing capacity of the joint, with a maximum increase of only 15.93%.

Keywords: steel-timber composite joint; monotonic loading test; numerical analysis; load-bearing perfor-

mance; embedded connection; parametric analysis
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Table 4 Design conditions of joint A and B
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Fig.15 Rotation-moment curves of joint a under different
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Table 5 Ultimate load capacity of Joint A under various
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Fig.17 Rotation-moment curves of joint B under different

working conditions
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Table 6 Ultimate load capacity of joint B under various

load cases
TGS R/ R/ (kN-m)  $2TFECR /%
A-0 4.8/Q235 18.21
A-1 5.8/Q235 19.72 8.29
A-2 8.8/Q235 20. 22 11.04
A-3 4.8/Q345 20.70 13.67
A-4 8.8/Q345 21.11 15.93

load cases
T WA/ B iR T IR/ %

(kN+m)
B-0 4.8/Q235 24.65
B-1 5.8/Q235 25.51 3.49
B-2 8.8/Q235 26.52 7.59
B-3 4.8/Q345 27.62 12.05
B-4 8.8/Q345 28.12 14.08
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Fig.16 Stress Contour Plot of Critical Component at Joint
A
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Fig.18 Stress contour plot of critical component at joint B
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