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Shear Testing and Finite Element Analysis of High-Strength Bolted Connections with
Different Bolt Hole Types

LIU Rongyang' ZHANG Wei® QU Hui®* LIU Guangxin' FENG Qiang' YANG Yanging'
(1. Shandong Hi-Speed Road & Bridge International Engineering Co. , Lid. , Jinan 250014, China;2. School of Civil Engi-
neering , Yantai University, Yantai 264005, China)

Abstract: Four groups of twelve high-strength bolted connection specimens with different hole types
were fabricated and tested in shear using Q235 steel, Q355 steel, and Grade 10. 9 high-strength bolts.
A finite element model was established to analyze the shear performance of high-strength bolted connec-
tions with different hole types, investigating the effects of three factors: bolt hole type, preload loss rate,
and anti-slip coefficient. The variation patterns of preload force and anti-slip coefficient for connections
with various bolt hole types were identified. The results showed that changes in bolt hole type and pre-
load force had a minor effect on the ultimate shear bearing capacity of the specimens. In contrast, the
anti-slip coefficient had the greatest influence on the slip load and ultimate shear bearing capacity of stan-
dard hole specimens, and the smallest effect on the initial slip load of slotted hole specimens with inter-
nal force perpendicular to the slot direction.

Keywords: high-strength bolt; enlarged holes; preload; anti-slip coefficient; numerical simulation;

parametric analysis
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Table 1 Basic parameters of connection components mm
WA SRR AR

L o ) ) AR w B R
i WAl kg DPUST EBUT
BO1 18 18 190x80%19.5 185x80x9.55
FrifEfL B02 18 18 190x80x19.5 185x80x9.55
B03 18 18 190x80%19.5 185x80x9.55
Y01 20 18 190x80x19.5 185%80%9.55
KEFL Y02 20 18 190x80x19.5 185%80%9.55
Y03 20 18 190x80x19.5 185%80%9.55
) CCO1  17.5%30 18 190x80x19.5 185%80%9.55
N 7755
fLEKIE CCo2 17.5%x30 18 190x80x19.5 185%80%9.55
=R EAER

CCO3  17.5%30 18 190x80x19.5 185%80x9.55

CPO1  17.5%30 18 190x80x19.5 185%80x9.55

APt ]
LK@ CP02  17.5%30 18
AT A AL

190x80x19.5 185%80x9.55

CP03  17.5%30 18 190x80x19.5 185%80x9.55

1.2 MHAH

MR HE GB/T 228. 1—2021( 4 J& # kL $ir fif i 50
55 1Y« AR N0 Oy ) RO % 1 A A
HEAT AP i 2 s o AT A Q2350355 4
M e iR RE MR SPE L 5 4 5 Ol 2. 06%10°, 2. 03%
10°, 1. 96x10° MPa; Q235 . 0355 44 4 Fl 2 4 J3 02 44
Jit IR 5 4> B S 297. 48, 399. 31, 1121. 89 MPa;
0235, Q355 50 AF Al ik BE R AR BT B o BE 53 )
420.76,524.09,1176. 48 MPa.,
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Fig. 2 Stress—strain curves of steels and bolts
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Dimensions of high—strength bolted connections with different hole types
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Table 2 Test results of high—strength bolted connections

kN
W MR, SAMBHERE, BB E,
BO1 — 54.30 285.52
B02 76.94 86.09 288.03
BO3 72.22 94.57 301.28
CCOo1 62.67 80.88 294.02
CC02 58.65 84.75 291.91
CCo3 50.45 65.07 293.41
YOI 58.44 84.52 296.75
Y02 63.20 79.36 293.44
Y03 63.89 82.27 287.06
CPO1 56.27 82.43 297.73
CP02 43.55 45.22 297.20
CPO3 55.63 98.63 291.08
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Fig.5 Test results of high—strength bolted connections
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Table 3 Anti-slip coefficients of contact surfaces with
different hole types

WIS W Sl

o AL KL L or AL
AR 0373 0.309 0.286 0.259
IBAFAIFLEE  0.373 0.309 0.286 0.259
IBIEMEAR 0.1 0.1 0.1 0.1

3.2 MR

AR Y S A B VR SE Y SR (R
B i Ak By BRI S 46 B B Ak Sk = 4T 2k 0 A
(E2), 8RS o, W BR5R E o, B IR 38 B o, 5300
1 1123,1278, 1025 MPa, HXF R I 2F &, e, ., 57
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Table 4 Results of FEM for high—strength bolted

connections with different hole types kN

L R Y wmua
PRiEFL 73.43 87.75 286.47
KA AL 60.89 79.02 284.15
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P9 77 5 R LA e AT R AL 50.36 72.96 284.66
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Fig. 8 Load-displacement curves of high—strength bolted connections

with different preload loss rates
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Fig. 9 Load-displacement curves of high—strength bolted connections

with different anti-slip coefficients
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