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Effect of High-strength Bolt on Mechanical Behavior
of Castellated Beam-to-Column End Plate Connections

BI Ran' ;WU Jinguo' ,JIA Lianguang' ,PAN Daigi’ ,WANG Chungang'

(1. School of Civil Engineering , Shenyang Jianzhu University , Shenyang , China, 110168 ;2. The Fourth Construction
Engineering Co. Ltd. ,China Construction Second Engineering Bureall, Tianjin, China 300457 )

Abstract ; This paper was proposed to study the failure mode, hysteretic performance, bolt tension
and pry force of castellated beam-to-column end plate connections affected by high-strength bolts,
and to provide reference for subsequent research. A numerical model was established by using
ABAQUS, and the effects of bolt grade, diameter, preload and end plate thickness on the
performance of castellated beam-to-column end plate connections were analyzed based on the
results of test. The castellated beam can transfer the plastic hinge and reduce the deformation of the
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end plate. The ductility and energy dissipation performance of end plate-beam-wing web joints are
better. When the end plate thickness is the same,the bolt diameter and preload have little influence
on the ultimate bearing capacity of the connections. The prying force decreases with the increase of
bolt diameter and preload, and increases with the increase of end plate thickness. The increase of
the end plate thickness is beneficial to the stress migration of the opening , which causes the energy
dissipation failure of the end plate-beam-wing web double plastic hinge at the joint point,but the
influence of the prying force cannot be ignored. With the increase of bolt diameter and preload , the
failure mode of joints with thicker end plates is transformed from strong hinge of end plate to
strong hinge of beam.

Key words: castellated beam-to-column end plate connections; high-strength bolt; double plastic

hinge ; pry force;finite element method
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Table 1 The material properties of steel
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mm MPa MPa
AR -1 8 523 370
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MR -3 16 491 349
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Table 2 The material properties of high-strength bolts
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Fig. 6 The comparison of hysteretic curves
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Table 3 The bolt parameters

iR T SRR HUAR PR BiHiJ1/kN FLfE/mm A/ A
AL(16A1) M16 10.9 S 100 17 12
A2(16A2) M20 8.8S 125 21 10
A3(16A3) M20 10.9'S 155 21 10
Ad(16A4) M22 8.8S 150 23 10
BASE(16BASE) M22 10.9 S 190 23 10
A5(16A5) M24 8.8S 175 25 8
A6(16A6) M24 10.9'S 225 25 8
AT(16AT) M27 8.8S 230 28 8
A8(16A8) M27 10.9'S 290 28 8
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Table 4 The main calculation results of group 16A model
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16A1 9.49 396 0. 048 0. 007 AR R A , R E L 3.37 1.02
16A2 9.04 402 0. 042 0.014 AR R , R EH L 3.32 1.41
16A3 8.63 405 0.041 0.014 iR R AL , 59 B 3.44 1. 66
16A4 8.49 403 0.037 0.019 AR R , B 3.26 1.68
16A5 8.59 407 0. 035 0.021 B ARG EL , P 3.34 1.77
16BASE 8.52 411 0. 030 0. 026 AR R , R E B 3.31 1.93
16A6 8. 64 415 0. 027 0. 028 iR S, BEIR L 3.37 2.11
16A7 9.17 416 0. 024 0.032 AR T, R AR L 3.31 2.19
16A8 9.19 420 0.019 0.037 iR 3, TR AL 3.32 2.41
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Fig.8 The comparison of load-displacement curves
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Fig. 9 The comparison of load-displacement curves under unidirectional loading
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Table 5 The specimen parameters
RS N,/10°N  N;/P  N,/10°N N,/P N;/10°N N;/P N,/10°N N,/P  N;/10°N  Ns/P
16A1 1.294  1.294  1.650  1.650  2.094  2.094  2.218  2.218  2.256  2.256
16A2 1.987  1.590 2153  1.722 2,490  1.992  2.543  2.034  2.778 = 2.222
16A3 2.225  1.435  2.445  1.577 2,778  1.792  2.861  1.845  3.208  2.070
16A4 2,357 1.571  2.581  1.721  2.855  1.903  2.993  1.995  3.195  2.130
16BASE 2.704  1.423 2,981  1.569  3.221  1.695 3.478  1.830  3.657  1.925
16A5 2,423 1.385  2.879  1.645  3.299  1.885  3.593  2.053  3.687  2.107
16A6 2.900  1.289  3.301  1.467  3.615 1.607 3.849 1711  4.101  1.823
16A7 3.380 1.469  3.583  1.557  3.794  1.649  4.064 1.767  4.309  1.873
16A8 3.751 1,293 3.940  1.359  4.038  1.392  4.405  1.519  4.551  1.569
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Fig. 11 The elongation angle-bending moment curve of bolt
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