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Research on Flexural Behavior of Dovetail Mortise-tenon Joint

Based on Fractional Factorial Design

YANG Na, ZHONG Kai, QIN Shu-jie
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To study the effect of the factors including joint size, material property and friction
coefficient etc. on the flexural behavior of dovetail mortise-tenon joint under monotonic load, the
fractional factorial design method and finite element simulation technology were used to obtain 32
sets of sample values of initial rotational stiffness and ultimate moment bearing capacity under
different working conditions. On the basis of statistical analysis, the significance degree
quantitative indexes of the dovetail mortise-tenon joint under different influence factors were
given, and the regression models of the notability factors of initial rotational stiffness and
ultimate moment bearing capacity of dovetail mortise joints were established respectively.
Finally, combined with the regression model, the three-parameter power function model of
dovetail joint, which could be directly used in the overall structure calculation of traditional
timber structure, was established. The results show that there are some differences in the
significance degree of each factor under different indexes. Overall, the tenon height, the tenon

length and friction coefficient have the most significant effect on the initial rotational stiffness and
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ultimate moment of the joint. Within a certain range, the three-parameter power model based on

the regression model has certain reliability. The moment-rotation curve of dovetail mortise-tenon

joint can be directly calculated by using the formula, and the calculation is simple and it’s

convenient for application. The research results can provide a reference and basis for analysis of

the flexural behavior of dovetail mortise-tenon joint in the existing traditional timber structure.

Key words: dovetail mortise-tenon joint; fractional factorial design; flexural behavior; finite ele-

ment simulation; mathematical statistics
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Fig. 1 Sketch of Dovetail Joint
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Tab.1 Mechanical Parameters of

Pinus Sylvestris Var

E./ | Er/ | Er/ Gir/ | Gur/ | Grr/
LR pLT URT
MPa | MPa | MPa MPa | MPa | MPa

3 805 | 268 154 0.5 0.1 | 0.35 | 268 268 154
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Tab.2 Parameters of Pinus Sylvestris Var at

Plastic Stage MPa
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Fig.2 Mesh Model of Dovetail Joint
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Fig.3 Comparison of Numerical Moment-rotation

Curves and Experimental Values
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Tab.3 Factors and Levels
JKF | A/mm | B/mm | C/mm D E/MPa| F/GPa G
3 360 96 90 0.2 2.5 500 1/12
= 680 168 170 0.6 10.0 980 1/8
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Fig. 4 Sketch of Dimension Marking of

A

Dovetail Mortise-tenon
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Tab.4 Schemes of Fractional Factorial

Numerical Simulation Test

F% | A/mm | B/mm | C/mm D E/MPa|F/MPa G
1 360 168 170 0.2 2.5 980 1/12
2 680 96 170 0.2 2.5 980 1/12
3 360 96 170 0.2 10.0 500 1/12
4 680 168 170 0.2 2.5 500 1/8
5 360 168 90 0.6 10.0 980 1/12
6 360 96 90 0.2 2.5 980 1/8
7 680 168 90 0.6 10.0 500 1/8
8 360 168 90 0.2 10.0 500 1/8
9 680 96 90 0.2 10.0 500 1/8

10 360 96 90 0.2 10.0 980 1/12
11 360 168 170 0.6 10.0 500 1/12
12 680 96 170 0.2 10.0 980 1/8
13 360 168 170 0.2 10.0 980 1/8
14 680 168 170 0.2 10.0 500 1/12
15 680 168 170 0.6 2.5 980 1/12
16 680 168 90 0.6 2.5 500 1/12
17 680 168 170 0.6 10.0 980 1/8
18 360 168 170 0.6 2.5 500 1/8
19 360 96 170 0.2 2.5 500 1/8
20 680 96 170 0.6 2.5 500 1/8
21 680 96 90 0.6 2.5 980 1/8
22 360 96 90 0.6 10.0 500 1/8
23 680 96 90 0.2 2.5 500 1/12
24 360 168 90 0.2 2.5 500 1/12
25 680 96 170 0.6 10.0 500 1/12
26 680 168 90 0.2 10.0 980 1/12
27 360 96 90 0.6 2.5 500 1/12
28 680 96 90 0.6 10.0 980 1/12
29 360 168 90 0.6 2.5 980 1/8
30 680 168 90 0.2 2.5 980 1/8
31 360 96 170 0.6 2.5 980 1/12
32 360 96 170 0.6 10.0 980 1/8
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Tab.5 Contribution Rates of Different Factors

W5 W B R BR A5
ISl BN/ ) N L
KN = 1 rad 1) TR/ Y% |3/ (kN « m) | FEilik %/ %
A 2 658.3 21.55 64.02 17.57
B 1792.9 14. 54 67.50 18.53
C —331.3 2.69 8.21 2.25
D 2 000.4 16. 22 51.73 14. 20
E 146. 5 1.19 19. 44 5.34
F 878. 6 7.12 8.43 2.31
G 662.1 5.37 17.52 4. 81
AB 355.9 2.89 19. 16 5.26
AC —297.7 2.41 —5.54 1.52
AD 986. 1 8. 00 22.46 6.17
AE — — 10. 31 2.83
AF 277.6 2.25 - -
AG 585. 2 4. 74 10. 52 2.89
BD 519.8 4.21 18. 48 5.07
BE 244.7 1.98 10. 07 2.76
BG — — 6.61 1.81
CD —289.0 2.34 - -
CF — — 11. 60 3.18
DF 307.1 2.49 - -
DE — — 5.61 1.54
DG — - 7.07 1.94

T 73R I PR 2R X A N A R R R N 3 s XU B R 5 TR

22 HAEH .
3.0r
2.5
2.0
L]

1.0

Z

MB/(MN *m * rad ™)

=
o T L
0 Z
Z | Z| A

—0.5

A B CDETF GAB AD AG BE DF

TR

A /(KN « m)

—_
(=3

I,

AC A4F BD CD

S LES
(2) PHAE

S=ESS

—_
(=

ABCDEFGAB AD AG BE CF DG
AC AE BD BG DE

EEUES
(o) WEEE
BS5 AEBEEREERE
Fig.5 Histograms of Different Factor Effects
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Tab.6 Model Parameters of Joint

¥eA | A/mm | B/mm | C/mm D |E/MPa|F/MPa| G

X1 480 120 120 0. 35 2.50 537 1/10

X2 520 132 130 0. 40 6.25 740 1/10

x7T HERXL

Tab.7 Comparison of Results

VA4 B BEA | B o | Ay | T %
PR 25 4/ X1 55. 29 58. 69 6.14
(kN « m) X2 93.12 91.07 | —2.20
B UE K/ X1 1331.40 | 1705.97 28.13
(kN «m -+ rad™ 1) X2 2 357.50 | 2 824.40 19. 80
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Fig. 6 Comparison of Moment-rotation Curves
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