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Experimental study on seismic behavior of penetrated mortise-tenon

joints under different degree of looseness in ancient buildings

XUE Jianyang , XIA Hailun, LI Yizhu, DAI Wuqiang
(School of Civil Engineering, Xi'an Univ. of Arch. & Tech. ., Xi'an 710055, China)

Abstract: Different degrees of damage exist in ancient wooden building, in which the looseness of mortise-tenon
joints is typical. In order to study the influence of looseness with different degrees on the seismic performance of
penetrated mortise-tenon joints, six 1:3. 2 scale penetrated mortise-tenon joints models that are made complying
with Engineering Fabrication Methods of Qing Dynasty were tested under low-cycle reversed loading. One of these
joints is complete, while the other 5 have defects of different degrees of looseness. The behaviors of joints such as
the failure characteristics, hysteretic loops and skeleton curve, degradation of rigidity and energy dissipation
capacity were studied. The results indicate that the wood fiber at the bottom of the tenon is snapped and the crack
extends to the other end. The shape of hysteretic loops of all joints transfers from S shape to Z shape and the
gathering effect becomes more obvious with the increase of loose degree. The rotation capacity, stiffness and energy
dissipation capacity of the loose joints are lower than the intact one significantly and reduce gradually as the loose
degree increases. Each joint exhibits good deformation performance. The ultimate rotation of the loose joints are

higher than the intact one and increase gradually as the loose degree increases.

Key words: ancient wooden building; penetrated mortise-tenon joint; looseness;quasi-static test; seismic behavior
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Tab. 1 Dimensions of models
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Fig. 1 Sketch of model(unit: mm)
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Tab. 2 Mechanical performances of timber
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Fig. 2 Loose mortise-tenon joints(unit: mm)

AT AR E M SRR SO, D
B M SL AR TR R ) 5 R M L AT SRR S B HE . R
K SCTT AR L D BAR R S B AR 3 72 B
m 3 P .

T R AFTERA Bl . (EMESL 5 U1 % 5K
TEASREA M. XN RA YRS
UL H OB R Z )G, W& 20 7= A0 R A



5 4 39

BERERH . SR RERSZFR T b @ UE M T A UR PR RE B R 465

HAEM . UM SRR R A i A, HARTE
miE 3 pros. HEARWAR D, BRI HER 0

4.
R3 ELIMHBEE

Tab.3 Loose degree of tenon
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/mm /mm
TJ1 0 0 160 80 —
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TJ3 8 8 152 72 5.0
TJ4 12 12 148 68 7.5
TJ5 16 16 144 64 10.0
TJ6 20 20 140 60 12.5
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Fig. 3 Maximum free rotation of the mortise-tenon joints
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Tab. 4 Free rotation of the loose mortise-tenon joints

A TJ1 TJ2 TJ3 TJ4 TJ5 TJ6

B R/ mm 0 4 8 12 16 20
HHEA/mm 240 240 240 240 240 240

1E 8 B B # ff/rad 0 0.016 0. 033 0. 050 0. 067 0. 083
J% 5] H B ¥ ffi /rad 0 0.016 0.033 0. 050 0.067 0.083
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Fig. 4 Loading scheme of test
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Fig. 5 Failure patterns of specimens
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Fig. 6 Moment-rotation hysteretic curves of

the specimens
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Fig. 7 Moment-rotation skeleton curves of

the specimens
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