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Finite element analysis of seismic performance of mortise and
tenon timber frame with energy-consuming assembly joints

WU Zhongtie, ZHANG Ke, XIE Ning, ZHAO Cheng, WU Wei

(School of Civil Engineering » Northwest Minzu University s Lanzhou 730030 ,Gansu »China)

Abstract: Aiming at the defects of conventional beam-column mortise-tenon joints for mortise and
tenon timber frame ,a beam-column energy-consuming assembly joint of mortise and tenon tim-
ber frame is proposed.In order to study the influence of energy-consuming assembly joints on the
seismic performance of timber frames,the finite element models of three different types of mor-
tise and tenon timber frames with all-steel energy-consuming assembly joints,rubber flexible en-
ergy-consuming assembly joints and original mortise-tenon joints were established by finite ele-

ment software Abaqus.The monotonic loading analysis and low cyclic loading analysis were car-
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ried out.The mechanical properties of three different mortise and tenon timber frame models were

mainly studied,including the failure characteristics, hysteresis curve, skeleton curve, bearing ca-

pacity and energy dissipation capacity. Meanwhile, using the capacity spectrum curve and the de-

mand spectrum curve,the seismic performance of the three types of timber frames is discussed by

using the performance points. The results show that compared with the original mortise-tenon

timber frame,the energy-consuming assembly joint can effectively adjust and control the failure mode of

the timber frame,enhance the nonlinear mechanical properties of the beam-column joints,and significant-

ly improve the overall seismic performance of the mortise-tenon timber frame.

Keywords: mortise and tenon timber frame;energy dissipation assembly joint; mechanical proper-

ties; performance points;seismic performance
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Fig.1 Beam-column assembly structure diagram of wooden

frame with tenon-mortise joints (Unit: mm)
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Fig.2 Section diagram of joints (Unit: mm)
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Fig.3 Model drawing of damping reinforcement (Unit: mm)
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Table 3 Maximum disengagement distance of tenon-mortise joints under monotonic and cyclic loadings
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Fig.4 Stress diagram of wooden frame model with tenon-mortise joints
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Fig.5 Stress diagram of tenon-mortise joints at right column
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Table 4 Mechanical property parameters of wooden frame with tenon-mortise joints

pnwis Jitt IR A5 WA 1 R 5

42 F,/kN  A,/mm 0, F,/kN  A,/mm 9, F./kN  A./mm g, "

GJ 101.2 64.7 1/46 110.0 90.4 1/33 93.6 130.5 1/23 2.02

BM1 75.9 75.7 1/40 83.1 104.3 1/29 70.6 147.9 1/20 1.95

BM2 63.5 75.6 1/40 69.4 105.4 1/28 59.0 147.1 1/20 1.95

BM3 53.8 74.8 1/40 58.8 103.1 1/29 50.0 144 1/21 1.93

BM4 43.6 73.0 1/41 47.5 100.9 1/30 40.3 134.6 1/22 1.84

SJ1 70.8 87.2 1/34 77.7 124.1 1/24 66.0 189.5 1/16 2.17

Sj2 57.5 67.5 1/44 63.1 93.4 1/32 53.7 129.8 1/23 1.92

SM] 12.6 61.0 1/49 14.0 87.0 1/34 11.9 110.1 1/27 1.80
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