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Finite element analysis on tensile performance of high-strength
steel plate composite bolt

DUAN Liusheng, XIA Ruilin, ZHOU Tianhua

(School of Civil Engineering, Chang’ an University, Xi’ an 710061, China)

Abstract ; Drilled and tapped high-strength steel plates are possible replacements of nuts and can be combined with
high-strength bolts to form new assemblies that are used as blind bolts for steel tube column frame joints. In order to
study the tensile capacity and failure mechanism of steel plate composite bolts, on the basis of our experimental
research results, 64 specimens were tested under monotonic tensile load by ABAQUS software. The thicknesses of
four types of steel plates (i.e., Q345B, 45#, Q460C, and Q690D ) and the diameters of five specifications of
high-strength bolts (i.e., M16, M20, M24, M27, and M30) in grade 10.9 were investigated. Results show that
the Q345B, Q460C, and Q690D steel plates can replace the 45# steel plate. The tensile value of the steel plate
composite bolts can be designed as 70% of the ultimate tensile load of the screw thread under reliable anchored.
For thin steel plates, the bolt was pulled out, the steel plate thread experienced shear failure, the out-of-plane
deformation of the steel plate was larger than 1/200 of the support distance, and the screw maximum stress located
in the anchoring area. For thick steel plates, the bolt experienced tensile fracture, and the screw maximum stress
located in the structural area. The positions of the maximum stress of the steel plates in the two failure modes were
both at the first thread. In order to avoid the steel plate thread failure in the steel plate composite bolt, it is
suggested that the thicknesses of Q345B, Q460C, and Q690D steel plates should be no less than 1. 15d, 1. 10d,
and 0. 95d, respectively. Based on the elastic mechanics and thread-related research, the formula for tensile
capacity of high-strength steel plate composite bolts was derived. The calculated results were in good agreement with
the finite element results. The research results can provide a reference for the design of high-strength steel plate
composite bolts.

Keywords: blind bolt; steel plate drilling and tapping; stress distribution; thickness to diameter ratio; failure

mode; thread
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S E/mm 7 A5 E/mm RS JE/mm HE E/mm
345 -M16-16 M6 16 | 45-Ml6-14 M6 14 ||460 -MI16-14 M6 14 ||690-Ml6-12 M6 12
345 -M16 -18 M6 18 || 45-MI6-16 M6 16 ||460 -M16-16 M6 16 ||690 -M16-14  Ml6 14
345 -M16 -20 M6 20 || 45-MI6-18 M6 18 ||460 -M16-18  MI6 18 ||690 -M16-16 M6 16
345 -M20 -20  M20 20 || 45-M20-18  M20 18 460 -M20 -20  M20 20 |[690 -M20 16  M20 16
345 -M20 -22  M20 2 [45-M20-20 M20 20 [460 -M20 -22  M20 22 |[690 -M20 18 M20 18
345 -M20 -25  M20 25 || 45-M20-22  M20 22 |[460 -M20 -25  M20 25 |[690 -M20 -20  M20 20
345 -M24 22 M24 2 |[45-M24-22  M24 22 |[460 -M24 22  M24 22 |[690 -M24 16 M24 16
345 -M24 -25  M24 25 ||45-M24-25 M24 25 |460 -M24 —25  M24 25 [690-M24 —18 w24 18
345 -M24 -28  M24 28 || 45-M24-28  M24 28 |[460 -M24 -28  M24 28 |[690 -M24 -20  M24 20
345 -M27 -22  M27 2 |[45-M27-22  M27 22 |[460 -M27 -22  M27 22 |[690 -M27 -22  M27 2
345 -M27 -25  M27 25 || 45-M27-25  M27 25 |[460 -M27 =25 M27 25 |[690 -M27 -25  M27 25
345 -M27 -28  M27 28 || 45-M27-28  M27 28 |[460 - M27 -28  M27 28 |[690 - M27 -28  M27 28
345 -M27-30  M27 30 ||45-M27-30  M27 30 |[460 -M27 -30  M27 30 |[690 - M27 -30  M27 30
345 -M30 -28  M30 28 || 45-M30-25  M30 25 |[460 -M30 -25  M30 25 |[690 -M30-22  M30 2
345 -M30 -30  M30 30 || 45-M30-28  M30 28 |[460 - M30 -28  M30 28 |[690 -M30 -25  M30 25
345 -M30-32  M30 32 ||45-M30-30  M30 30 |[460 -M30-30  M30 30 |[690 - M30 -28  M30 28
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Tab.4  Comparison of finite element and experimental

ultimate capacity

gy P/kKN  P/kN ((P.=P)/P.)/%
45-M24-20  279.56  264.05 5.55
45-M24-25  396.77  374.02 5.73
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Fig.4 Comparison of experimental and simulation results
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Fig.5 Failure modes of steel plate composite bolts in tensile simulation
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Tab.5 Comparison of finite element calculation results
g5 pas B TR T R g e B
Py)/% P /% s Py)/% P)/% ik
345 -M16 -16 142.19 82.57 S [|45-M16-14 150.90 87.63 S |H60 -MI16-14 153.83 89.33 S [p90 -M16-12 152.70 88.68 S
345 -M16 -18 166.27  96.56 F |[45-Ml6-16 177.95 103.34 F |#60 -M16 -16 181.39 105.34 F 690 -M16 -14 182.75 106.13 F
345 -M16-20 171.15 99.39 F |45 -M16-18 184.14 106.95 F|460 -M16 -18 193.83 112.56 F (690 -M16-16 195.19 113.35 F
345 -M20 -20 255.62 86.86 S ||45-M20-18 232.44 78.98 S |#60 -M20 -20 264.05 89.72 S |90 -M20 -16 229.68 78.04 S
345 -M20 -22 265.14  90.09 F |[45-M20-20 259.34 88.12 F|460 -M20 -22 267.59 90.92 F 690 -M20 -18 259.67 88.23 F
345 - M20 -25 289.26 98.29 F[|45-M20-22 267.29 90.82 F |60 -M20 -25 271.06 92.10 F 690 -M20 -20 264.48 89.87 F
345 -M24 -22 334.55 84.25 S |45 -M24-22 352.69 88.82 S |#60 -M24 -22 365.91 92.15 S |690 -M24 -16 371.17 93.47 S
345 -M24 -25 368.16 92.71 S ||45-M24-25 380.28 95.76 F |60 -M24 -25 374.02 94.19 F 090 -M24 -18 402.91 101.46 F
345 -M24 -28 395.05 99.48 F |[45-M24 -28 387.63 97.62 F |#60 —M24 -28 378.60 95.34 F 690 -M24 -20 411.41 103.60 F
345 -M27 -22 443.97 85.98 S ||45-M27-22 461.48 89.37 S |#60 -M27 -22 481.71 93.29 S |90 -M27 -22 485.28 93.98 S
345 -M27 -25 497.85 96.41 S |45 -M27-25 499.01 96.64 F|A460 -M27 -25 512.58  99.27 F 690 -M27 -25 519.43 100.59 F
345 -M27 -28 529.37 102.52 F |45 -M27 -28 526.87 102.03 F |60 - M27 -28 536.27 103.85 F 690 -M27 -28 543.49 105.25 F
345 -M27 -30 528.15 102.28 F ||45-M27-30 530.83 102.80 F |#60 - M27 -30 534.89 103.59 F 690 -M27 -30 538.34 104.25 F
345 -M30-28 611.22  96.85 S ||45-M30-25 563.90 89.35 S |#60 -M30-25 593.98 94.11 S |690 -M30-22 577.78 91.55 S
345 -M30 -30 640.18 101.43  SF ||45-M30-28 624.20 98.90 F|A460 -M30 -28 635.07 100.62  SF |690 -M30-25 623.51 98.79 F
345 -M30 -32 658.10 104.27 F |[45-M30-30 643.85 102.02 F |#60 - M30 -30 656.15 103.96 F 690 -M30 -28 644.11 102.06 F
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Tab.6 Analysis on tensile capacity of 0 —3 threads

Ve P/ kN (Poa/Py) /% KA %
0#n 371.94 93. 66 0
140 378.70 95.37 1.79
240 380. 28 95.76 2.24
34 382. 12 96.23 2.74
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Fig. 11 P - A curves of steel plate composite bolts
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Fig. 12 Screw thread body force
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Tab.7 Comparison of tensile capacity of bolts

- £ FRIG(E AR HE (P -Puy)/

Pmax/kN {ﬁ P(:al/kN P )/ %
345 - M20 -25 289. 26 280. 69 -3.27
345 - M20 -22 265. 14 232. 19 —-12.43
345 - M20 -20 255. 62 227.08 -11.16
45 —M16 - 18 184. 14 193. 51 5.09
45 - M16 - 16 177.95 149. 67 -15.89
45 - M16 - 14 150. 90 137. 84 -8.65
460 — M24 -22 365.91 309. 01 -15.55
460 — M24 -25 374.02 344. 28 -7.95
460 — M24 -28 378. 60 411.90 8. 80
690 — M27 -22 485. 28 444, 98 -8.30
690 — M27 -25 519.43 480. 49 -7.50
690 — M27 -28 543. 49 571.26 5.11
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