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Evaluation of Stiffness Ratio of Wooden Mortise and
Tenon Joint on Vertical Loading

Chun-Young Park!, Jun-Jae Lee?, Gwang-Chul Kim ™!

'Department of Housing Environmental Design, Chonbuk National University, Jeonju 561-756, Korea

2Department of Forest Sciences, Seoul National University, Seoul 151-921, Korea

Abstract: Recently, interest in wooden construction have been growing by increasing needs and
demands for eco-friendly and traditional wooden building(Hanok). Especially, Hanok has the
technical development in manufacturing the mortise-tenon joint without fasteners(precut), so it
could be called to modernization, industrialization and popularization. But the structural design
and analysis of the structure were not regulated and had the difficulty to consider the variation
of wooden member and to conduct the difficulty in the structural analysis and the design of the
joint. In this study, the stiffness ratio of wooden mortise and tenon joint was evaluated accord-
ing to the vertical loading, lintel and loading speed. The joint was distinguished in semi-rigid
joint regardless of their factors. The stiffness ratio was 0.40 in vertical loading, 0.50 without
vertical loading and 0.44 in horizontal loading with high speed. This study would be utilized to
the structural analysis and design with structural analysis and design program.

Keywords: hanok, mortise and tenon joint, stiffness ratio, semi-rigid joint
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Fig. 1. Detail dimension of joint with mortise and tenon.
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L h — Korean roof tile

T — Quicklime T=100
— Quicklime T=100

— Wood sticks
— Wood plate T=21
— Rafter ®=150, 135

Fig. 2. Longitudinal section and composition of roof for the hanok.

Table 1. Roof weight table (KBC 2009)

Weight per roof 1 m> (N)

Fioure Material Unit Weight Spacing
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(with Joint soil) 4.7 48
Clay ol e e Base plate 578
/ (strip flooring 08 430 8 (588)
; 15 x 100)
({({((,- f e Rafter 0l 31
b o Clay roof tile 78 20
Bae i (without joint soil) ’ 01
ol e Base plate 450
hknes 15 1o 0o e
e Rafter ’ ’
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Fig. 4. Concept of stiffness ratio in each joint type.
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Fig. 5. Roof composition and slope (mm).
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Table 3. Shear properties of each frame
Fy 0y K Fonax 0y My
Structure 1T 109.60 0.004 36529.77 192.85 0.022 128.93
Structure V-0 96.75 0.016 6233.82 97.50 0.030 67.50
Structure V-1 115.13 0.004 27609.21 178.00 0.022 142.15
Structure V-2 122.71 0.003 47196.66 167.28 0.003 140.96
Moriontal 2000
Loasd(N) 1500
<05 008 0403 002 004 005
Orift Angle(rd.)
-2500
-3000
Fig. 6. Envelop curve of each frame (IV-2).
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Fig. 7. Semi-Rigid joint (rigid-pin boundary)
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Table 4. Semi-rigid joint (semi-rigid-pin boundary)

ol - 1w

o

Table 6. Stiffness ratio of frame

Frame Initial stiffness (K) Criteria Frame number Hinge angle/Drift ratio Stiffness ratio
Structure 11 36529.77 13804.61 Structure I 1.67 0.40
Structure V-0 6233.82 3116.91 Structure V-0 2.02 0.50
Structure IV-1 27609.21 13804.61 Structure IV-1 1.79 0.44
Structure V-2 47196.66 23610.89 Structure V-2 1.68 0.40

Table 5. Relation of hinge and drift angle

Frame Number  Regression Eq. Slope R’

Structure II y = 1.666x 1.666 0.973

Structure V-0 y = 2.023x 2.023 0.997

Structure V-1 y = 1.794x 1.794 0.979

Structure V-2 y = 1.680x 1.680 0.986
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