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Theoretical Analysis on Moment-rotation

Relationship of Through-tenon Joint with Gap

ZHANG Xicheng',DAI Wugiang, XUE Jianyang

(School of Civil Engineering,Xi’an University of Architecture & Technology,Xi’an 710055, China)

Abstract: To analyze the moment-rotation relationship of the representative asymmetric mortise-tenon
joint to through-tenon joint with gap, an embedment model of joint was constructed. The moment-rotation
calculation formula of through-tenon joint was deduced by establishing the relationships of forces, materi-
als and geometries. Existing tests approved that the theoretical calculation results agreed well with the test
results. Furthermore, the effects of the gap g and the friction coefficients y on bending moment and initial
rotation stiffness of the joint were analyzed quantitatively, and the results showed that: the positive and
negative initial rotation stiffness of the through-tenon joint decreased with the increasing gap g, and there
is a linear change between them. The bending moment and rotational stiffness of the joint increased as the

friction coefficient increased under the positive and negative loading, and they have a significant change,
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especially when the joint yields. Gap in joint is a main influence factor on the bending moment and rota-

tional stiffness of the joint, and the influence of friction coefficient on the bending moment and rotational

stiffness of the joint is slightly less than that of the gap. The study in this paper provides theoretical basis

for the mechanics analysis of ancient timber framed buildings.

Key words: ancient timber-framed buildings; through-tenon joint; moment-rotation relationship; initial

rotation stiffness;friction coefficient
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Fig. 1 Sketch of the through-tenon joint
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Fig. 2 Mechanical mechanism of embedment effect
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Fig. 3 Stress-strain relationship of perpendicular to the

grain of wood at radical direction

2.2 EAMEMNTEREET RTE-HRAXRE
wa
R T E T4 B AR &S IA 5 R X, SCH
JIT ST ) 37 A Y AR TR A R R KO R B
R I T S T L BB 4 R R A B Bl g
BB SO E R 5 ey /3R RSk
E/NHESLME R o TR AR BURAL P HE L S B g R
W c—g 5o —g a3 iR KME L 5 /N Sk H s
JE R = s by 5 Ry 4300 RN KHE L 5/ Sk
HEK by Fom/MELTE D ER T REWEE. %8
FIHESK 98 BE R AE T SCH B, I AR IE MESL TE R 0. LA
INHESK T A A AR BR TR AT OC0,0) 57 M AR R
AR AFHMESLIE 0 Oy (g s o) AR BRA
B — Y

v

L
cg
c

i
% pl(xoyo) } | %

c2_ ) | 82

|
I‘ oy "Nji

 000.0)| <]

/21 €8 g2
A4 FPERERTEHCLER

Fig. 4 Centroid computing model of the through-tenon

joints with gap
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Fig. 5 Mechanical model of the embedded

through-tenon joint with gap under the positive load
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Fig. 6 Mechanical model of the embedded

through-tenon joint under the negative load
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through-tenon joint
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