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Research on system frictional force of axial force applying
devices in cyclic loading test
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Abstract:In the cyclic loading test of column or shear wall with the axial compression load, frictional force
exists in the roller of steel hinges or the sliding rail, which is connected to the vertical actuator for applying
axial force. The measurement of lateral load would be higher than its actual value due to this friction. On
the basis of experimental research and finite element simulation, the variation characteristics and
quantization method of the friction were investigated. In order to eliminate the influence of material
nonlinearity and calculate geometric nonlinearity accurately, two steel columns were designed and cyclic

loading tests under elastic situation were carried out. Besides, a finite element model which can accurately
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calculate the second-order effects was established on the OpenSees platform. Based on experimental and
numerical results, the frictional forces were calculated, the method of determining the friction coefficient
was proposed, and the influence of friction on the experimental results was evaluated. It was revealed that
the frictional force caused by the devices for applying axial force was mainly affected by the axial
compression force, while the top displacement of columns was of weak influence. As the axial compression
force increases, the frictional force increases and the friction coefficient decreases. However, the maximum
{rictional force or the minimum friction coefficient converges. In cyclic loading test of the reinforced
concrete columns with axial force of 350 ~900 kN, the measurement error of column top horizontal force
caused by friction is 5~13 kN approximately.

Keywords : low cyclic loading test; vertical actuator; frictional force; finite element simulation; second-order

effect
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Fig. 1 Sketch of friction caused by axial force
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Fig. 2 The loading system of specimens
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Table 1 Specimen size and behavior parameter

of steel columns

. ) M 5
R O R L/mm  A/mm? e
A
H200 mm <300 mm X
GZ-1 2 600 15 200 Q345B
20 mm X 20 mm
H180 mm <300 mm X
GZ-2 2 600 14 800 Q345B

20 mm X 20 mm
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Table 2 The measured performance parameters of steel
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WOk P EIRER WREBE TR RRIRN
YAGLiEd
G < E/MPa E/MPa /Y% /%
MPa
1 522.55 375.27 197 549.6 0. 39 15.5
2 522.66 374.02 198 014.1 0.39 15.9
3 523.49 376. 82 201 090 0.39 17.4
4 523.13 374. 80 199 784.3 0.39 16.9
5 522.28 366. 24 196 796.4 0. 38 16. 2
6 522.53 369.51 197 637.5 0.38 16.3
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Fig.3 Detail drawing of specimen size and

hinged connection
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of specimen GZ-1 without axial force
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Fig. 6 The correction of column top’s relative slippage
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Fig. 7 Comparison of revised test and simulation

result for specimens without axial force
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Table 3 The calculated friction force F} at loading point of

GZ-1 under 928 kN axial force kN

TEER _

ke 5 mm 7mm 10mm 14mm 17 mm 21 mm
3-2 —11.014 —11.854 —12.202 —12.335 —11.712 —11. 401
3-1 —11.575 —11.430 —11. 919 —11. 911 —11. 306 —11. 075
2-2 —11.858 —11.548 —12. 182 —11. 769

2-1 —11.836 —11.691 —11.941 —11.628

1-2 —11.536 —11. 440

1-1 —11.606 —11.711

M —11.571 —11.612 —12.060 —11. 911 —11. 509 —11. 238

b 2= 0. 305 0.168 0.151 0. 305 0. 287 0. 230
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