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Study on Shear-slip Behavior of Friction-type High-strength Bolt Connection
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Abstract: To study the slip behavior of friction-type high-strength bolt shear connection, the stress and
deformation behavior of steel structure during the whole process are analyzed. The friction behavior between
bolt and cover plate, core plate, and the contact extrusion behavior between bolt and borehole wall are
simulated by COMBIN39 spring element. The shear-slip process of single row four-row bolted connections is
simulated by ANSYS and verified by experiments. The shear-slip process of three-row six-row bolts in friction
stage, slip stage and elastic-plastic deformation stage is analyzed, and the force transfer ratio and the stress
distribution of core plate and cover plate of each row of bolts in each stage are summarized. Based on the
three-stage slip process, a formula for calculating the total slip of bolts is proposed. Based on the deformation
characteristics of the borehole wall, the deformation-load curve of the borehole wall is fitted by piecewise
function, and the fitting curve is compared with the finite element result of the average deformation of the

borehole wall of the core plate and the cover plate. The result shows that the load-displacement curves
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calculated by the finite element method are in good agreement with the measured ones, which verifies the

correctness of the finite element model ; The fitting deformation-load curve is in good agreement with the finite

element simulation value. When the external load is 375 kN, the bolt of the first row with the largest

transmission ratio begins to loosen at first, and then a small slip occurs. When the external load increases to

905 kN, a large area of plastic deformation area appears at the position of the first row of bolted core plates

and the borehole wall is crushed, however, the Von Mises stress of the cover is only 231. 1 MPa, indicating

that the cover has not entered the yield state. The study result can provide reference for the research and

design of friction-type high-strength bolt cluster.

Key words: bridge engineering; slip; finite element analysis; high-strength bolt cluster; borehole wall

deformation ; simplified numerical model
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Fig. 1 High-strength bolt connection for lower chord

joints of main truss
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Fig. 2 Simplified numerical model of bolt slip
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Fig. 6 Comparison of test and finite element load-

displacement curves
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