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Simplified calculation method for elastic lateral stiffness of semi-rigid
mortise-tenon frame considering rocking column
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Xi’an University of Architecture & Technology, Xi'an 710055, P. R. China)

Abstract: In order to accurately describe the lateral behavior of semi-rigid mortise-tenon frame under
horizontal load, a simplified analysis model with elastic rod-spring element is proposed, which can
comprehensively consider the semi-rigid effect of mortise-tenon joint and rocking column effect. The global
stiffness matrix and lateral stiffness expression of the frame are obtained by direct stiffness method and
static condensation method respectively. The proposed model is verified by comparing the calculated values
with the low cyclic loading test results. The wood elastic modulus, mortise-tenon stiffness, column height

and vertical load were selected as analytical parameters. The parameter results show that the lateral
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stiffness of the frame with consideration of rocking column is significantly greater than that without

consideration. The influence of elastic modulus on the lateral stiffness is very small; The influence of

rocking column on the lateral stiffness is gradually reduced with the increase of joint stiffness; The higher

the column height, the smaller the column lateral stiffness. The vertical load can significantly improve the

lateral performance of the frame. According to the results of parameter analysis, a practical calculation

method based on rigid rod-spring element is further proposed. The calculation error is stable at about 10%,

which can meet the requirements of engineering accuracy.

Keywords: ancient timber building; mortise-tenon joint; rocking column; lateral stiffness; restoring

force model
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Fig. 1 Flush pendulous connection of column foot
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Fig.3 Calculation diagram of rigid body

considering rocking column
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Fig. 6 Restoring force model of rocking column

and stress distribution in each condition
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Fig. 7 Restoring force model of rotating spring representing

column base
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Fig. 8 Calculation diagram of lateral stiffness of single floor

and single-span column frame connected by mortise-tenon joints
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Fig. 10 Sketch of column frame model connected

by half-penetrated tenon joints
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connected by half-penetrated tenon joints
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Fig. 13  Average MFO skeleton curve and fitting curve
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different elastic moduli
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Fig. 16 Variation curves of calculated values of lateral

stiffness with different elastic moduli

4.2 1EIIRIE kB2

BEJEUIR S5 8 PR T R B AR NI EE R By o TR
R PP O A5 B I BE S ey, R 3 U ARG ORI
AR AR 4277 2. 36 3 45 i T AR
YN WL AT (4 e O W1 32 R JC LA b /R
B by /ey = 0 FR Y KON RIETT L

3 EINRIERERITERE O H MR E
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2 89. 46 303. 12 3.39
5 199. 35 424. 58 2.13
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Fig. 17 Variation curves of calculated values and ratios of

lateral stiffness with different stiffness of mortise-tenon joints
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Table 4 Lateral stiffness of calculation model with

different heights of column

L 4
L BRI B BAE £/ (N » mm— 1)
c/ ted
AN BRI R R

1.0 16. 62 267. 83
1.1 38. 00 232. 85
1.2 31.55 204. 69
1.3 26. 60 181. 52
1.4 22.72 162. 14
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Fig. 18 Variation curves of calculated values of lateral

stiffness with different heights of column
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Table 5 Lateral stiffness of calculation model with

different vertical loads

ORI T 5AE /(N » mm~1)

AT AR AR B YRR e
0.6 142. 60 570. 20
0.7 101. 30 452. 09
0.8 75.59 371.19
0.9 58.53 312. 42

N/I
: A EAL R A2 % BAL R
0.6 46. 62 177. 32
0.7 46. 62 197. 55
0.8 46. 62 217. 38
0.9 46. 62 236. 82
1.0 46. 62 255. 87
1.1 46. 62 274.55
1.2 46. 62 292. 87
1.3 46. 62 310. 83
1.4 46. 62 328. 46

#:No=2 000 N,
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Fig. 19 Variation curve of calculated values of lateral

stiffness with different vertical loads
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Fig. 20 Lateral deformation and force analysis of calculation

model with rigid rod-spring element
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Fig. 21 Lateral stiffness curves of different calculation models

considering changing stiffness of mortise-tenon joints
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Table 6 Lateral stiffness of different calculation models considering changing stiffness of mortise-tenon joints
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