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Experimental study on Q690 steel-highstrength bolts
bearing-type shear connection
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Abstract: Bearing-type shear connection of 32 sets of Q690 steel-highstrength bolts (property grade 10.9 or
12.9) were studied through experiments. Tear-out failure, splitting failure, bearing failure, net cross
section failure, and bolt shear failure were observed. Through the analysis of the test data, it is found that
Q690 highstrength steel had good local deformation ability. Furthermore, the effects of bolt grade, size,
pretension, end distance, and edge distance on the bearing capacity and deformation of the specimen were
studied. The experimental data in several papers were collected and analyzed, showing that the geometric
limit between the tear-out failure and splitting failure was about from 0.7¢, /e, to 0.9¢,/e,, and the stress
ratio of the net section failure specimen was greater than 1.0.
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Fig. 1 Shear connection specimens schematic
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Table 1 Actual dimensions of test plates mm

WS IARTEE o IR ¢ Lz d, Ui B e M e, R p e p,
A-12.9-1 79.05 13.60 22.02 54.40 40.76 — —
A-12.9-2 98.37 13.66 22.05 51.77 49.09 — —
A-12.9-2n 98.56 13.50 22.20 49.49 49.35 — —
A-12.9-3 118.04 13.50 22.06 58.73 58.98 — —
A-12.9-4 100.36 13.65 22.06 31.57 50.14 — —
A-12.9-5 100.51 13.64 21.92 41.86 50.23 — —
A-12.9-6 99.35 13.76 22.07 62.23 49.57 — —
A-12.9-7 100.64 13.67 22.09 71.46 50.11 — —
A-12.9-8 99.42 9.56 22.24 49.21 49.49 — —
A-12.9-8n 101.04 9.54 22.23 49.92 50.38 — —
B-12.9-1 82.72 13.63 22.18 52.85 41.41 68.74 —
B-12.9-2 98.36 13.69 22.12 51.93 49.07 72.17 —
B-12.9-3 116.90 13.53 22.35 52.81 58.32 69.35 —
B-12.9-3n 123.15 13.47 22.42 49.47 61.59 70.36 —
B-12.9-4 100.36 13.75 22.07 51.83 50.13 51.80 —
B-12.9-7 120.78 9.63 22.33 49.76 60.34 70.09 —
B-12.9-7n 119.30 9.74 22.43 49.41 59.53 69.44 —
C-12.9-1 100.38 13.70 22.16 51.37 25.43 — 49.69
C-12.9-2 114.05 13.63 22.09 51.23 28.95 — 58.61
C-12.9-3 138.62 13.77 21.96 51.24 33.67 — 71.49
C-12.9-3n 138.72 13.46 22.23 50.29 34.35 — 70.40
C-12.9-4 138.27 13.57 22.05 30.58 34.04 — 69.91
C-12.9-5 140.07 13.69 22.02 40.24 34.92 — 70.21
C-12.9-8 139.86 9.57 22.08 49.94 34.92 — 69.93
C-12.9-8n 139.98 9.48 22.11 50.88 35.07 — 70.09
A-10.9-1 100.23 13.66 17.92 51.82 50.06 — —
A-10.9-2 101.00 13.66 22.16 52.74 50.47 — —
B-10.9-1 100.82 13.67 17.97 41.26 50.43 62.06 —
C-10.9-1 118.24 13.65 17.71 41.35 28.00 — 61.88
C-10.9-2 137.25 13.44 17.67 41.84 33.06 — 70.42
C-10.9-3 119.43 13.64 22.21 51.96 28.85 — 60.86

C-10.9-4 141.13 13.80 22.06 52.55 34.96 — 71.42
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x2 Q690 MM N F R E LR
Table 2 Mechanical properties of Q690 steel

A T FH AW OBA R SRR AL A AT RHPEBE L AR 2 RNk 3 R b £, RN £ A B A 4 i AR i EE AL

JEJE /mm fyv/MPa fu/MPa A AR / % Ji 8 L IR/ 2
10 783.93 821.04 7.05 0.95 20.36
14 774.90 815.78 5.02 0.95 21.12

£3 SRERVMHNZERKEER
Table 3 Mechanical properties of high strength bolts

A LA S5/ MPa S/ MPa WA 1078 / % Jet B L A/ %
10.9M16 X 70 1 066.9 1136.2 3.80 0.939 15.7
10.9M16 X 75 1 054.5 1113.4 4.07 0.947 15.3
10.9M20 X 70 1152.6 1188.3 4.08 0.970 13.0
10.9M20 X 80 1152.2 1183.2 3.42 0.974 14.0
12.9M20X70 1 347.6 1 450.2 4.51 0.929 12.0
12.9M20 X 75 1 355.3 1455.9 4.86 0.931 12.6
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Table 4 Measured torque coefficient and construction pretension of high strength bolts

O T RN BEAR B N AL T I TR ARG 6 i ML AR e R MR AR TR R R A U R MR R Y L AR R
I KR AE2E AN 4 R 45 AL R BCEI(E N 0.110~0.150, LA R BObRME 25 /8T 0.01, 3 B (S5 1

T R R A LA A A b 22 SRR AT B/ KN Nt T /RN T AHAE /(N - m)
12.9-M20 X 70 0.132 5 0.003 2 185 208 550
12.9-M20 X 75 0.129 2 0.002 6 185 203 525
10.9-M20X 70 0.141 5 0.004 7 155 168 475
10.9-M20 X 80 0.128 3 0.007 6 155 175 450
10.9-M16 X 70 0.148 7 0.009 3 100 116 275
10.9-M16 X 75 0.141 8 0.008 5 100 110 250

1.4

IR ESmMEH E
I AE 1000 kN J3 BRI S0 AL b BEAT , 4305 B8 A I i A A ) 2 e ARl PF I 45 A B 1 SRR
50 mm BN RS T, AR AL Je B 50k B S 2 A A A T DU I e R S5 R Z Mg R . T REi
B MU N ) B2 ) i AL A ) A5 R Rl 3t L RLRS VT RN R B i DH3816 N RAEALIE % .
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Fig. 2 Loading device and measuring point
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Fig. 3 Failure modes
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Table 5 Statistics of failure mode

1
TF SPF BF NF SF &it
IR G Rk EAR
12.9 M20 3 7 1 5 9 25
M20 0 0 0 0 3 3
10.9
M16 0 0 0 0 4 4

22 MEEZRKBLER

PO BT VL F A BROR SO FIAZIE e 6 Bios . P R TR ). F, R WM LA RIBAE.F,
MR T A, REEALRS . W R AL A O IR - X A MR A R g il A, IO 1 1 A% Wi S A9 62 3% 22 5 X
FI BB IR B A 32 47 J5 6 B Af 28 10 kN B B9 2 B8, SC b i 40 B AN AR BR A2 B & Bk T
fif% .
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Table 6 Test results
MR TR P./kN F./kN A./mm F,/kN R A,/mm
A-12.9-1 203 189.7 2.72 480.5 SF 5.67
A-12.9-2 203 194.5 2.98 501.0 SF 6.12
A-12.9-2n 0 — 3.58 496.0 BF 13.74
A-12.9-3 203 203.6 2.81 499.5 SF 5.62
A-12.9-4 203 192.6 1.54 380.6 TF 6.08
A-12.9-5 203 201.6 3.40 476.5 TF 8.19
A-12.9-6 203 186.8 2.37 481.5 SF 6.30
A-12.9-7 203 194.2 2.94 484.5 SF 6.16
A-12.9-8 208 193.8 1.78 370.8 SPF 12.80
A-12.9-8n 0 — 3.78 366.0 SPF 15.70
B-12.9-1 203 414.6 2.26 736.0 NF 6.96
B-12.9-2 203 401.8 0.90 882.0 NF 9.40
B-12.9-3 203 418.5 1.90 943.0 SF 6.18
B-12.9-3n 0 — 2.48 822.0 SF 4.32
B-12.9-4 203 392.8 1.62 896.0 NF 11.64
B-12.9-7 208 441.0 2.12 740.0 SPF 14.84
B-12.9-7n 0 — 3.51 730.5 SPF 16.55
C-12.9-1 203 386.8 3.29 725.0 NF 7.41

C-12.9-2 203 394.2 1.79 813.0 NF 6.33
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#kRe
KA P./kN F./kN A,/mm F./kN T R A,/mm
C-12.9-3 203 393.5 2.52 952.0 SF 5.23
C-12.9-3n 0 — 3.83 846.0 SF 4.70
C-12.9-4 203 378.6 2.21 745.0 TF 7.69
C-12.9-5 203 399.2 2.58 927.0 SPF 9.27
C-12.9-8 208 370.0 1.46 753.5 SPF 10.62
C-12.9-8n 0 — 3.80 714.5 SPF 13.54
A-10.9-1 110 116.8 2.07 272.6 SF 5.38
A-10.9-2 168 177.8 2.07 413.8 SF 5.85
B-10.9-1 110 249.2 1.74 514.5 SF 4.78
C-10.9-1 110 229.7 0.00 544.0 SF 4.49
C-10.9-2 110 237.6 0.98 546.5 SF 4.64
C-10.9-3 168 349.2 3.14 790.0 SF 5.56
C-10.9-4 168 340.4 1.06 776.0 SF 5.06

3 REERSH
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Fig. 4 The deformation diagram of test plates with different bolt arrangement



% 74 EE % E . Q690 R-F R A KER R iE KB 31

®7 TRERHERIXRGNERBAIMERILER

Table 7 Comparison of load and deformation of specimens with different arrangements

W2 5 e1/mm {/mm 1 PR A% =X F./kN F./F.a A,/mm
A-12.9-8 49.21 9.56 370.8 — 12.80
B-12.9-7 49.76 9.63 SPF 740.0 2.00 14.84
C-12.9-8 49.94 9.57 753.5 2.03 10.62
A-12.9-8n 49.92 9.54 366.0 — 15.70
B-12.9-7n 49.41 9.74 SPF 730.5 2.00 16.55
C-12.9-8n 50.88 9.48 714.5 1.95 13.54

32 SRR
3.2.1 BAFBAKG YA

H2 6 Al LB 12.9 IS I i AR 28 A KL B B 10.9 G X1 18 & A T 18 B U i
W, 28 A T W R OIS B AR IE ) (GB 50017—2017) )i | 371 5 0 e B A 50 5K T 48R AN [] B9 6F 1 3k
. B 8 AT, S AR R AR BT UTR IR B R, R 3 ) B MR R AR R R 5 R A GOE AR OG s iK1 I AR T g
R AR ) IE ARG, AR T AR ) 5 W8 M B A28 A o B 45 AR OG
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Table 8 Bearing capacity of specimens with bolt shear failure

E AR TR IR LRI N F,/kN A,/mm fu/MPa
A-12.9-2 12.9M20 501.0 6.12 1 450.2
A-10.9-2 10.9M20 SF 413.8 5.85 1188.3
A-10.9-1 10.9M16 272.6 5.38 1136.2
C-12.9-3 12.9M20 952.0 5.23 1 450.2
C-10.9-4 10.9M20 SF 776.0 5.06 1188.3
C-10.9-2 10.9M16 546.5 4.64 1136.2

3.2.2 WA H ¥

Kl 5 J&7s 1 P 7 7 S8k 5Y U0 i U8 A SR e SR ASE R XA R 48 07 s e, AT DUR L FRL R A AR R
R BT VIR SR AR AR 2 A W AR T . B RN C R AR 2R S T NI R 300 14.7 %00 12.5% 5
T RT 252 A B Al 40 284 0 R 1 A 552 o 5 AN B S Dt DR T T i A 40 SR R 1 34 i 30 e DR BF A o s g a4 10 5
i AR 5 M 2 [ 1) FE 45 0 € AR/ 0N FT LA 220 W MR TR ) X 44 SR IR A A BR R 28 s e, 1 6 R T
Tt ar 73 et 40 224 80 DR R MR A B YRR IR i A A T B T B 2, AT LUR S N TR T 23 A e A 4 R I 1 ik A 0
EAE RS AR /N o A MR 3 YT IR B i R W A S B 3 R . SR b e 1 8 o7 8 ) RO it DU K S BOA Tt g i
PR A SR /1N o A R AR TR W 2 )5 WA AT S AL BE A phis 72 AR T — 8 MR AR LA T N4 I 1
IR B i A5 3 M8 A TR i R B AL R S B B A TR AR, SO g Y 0y A R AR T
Y AR S A ARG o X6 T i 26 WA S TR IR (%) i Ttz 0 v 1 il A AR 2 o T AR 2 T B OR  MRA £L AR
T AL BRI, 38 1 1 A R TR R B (R AL A% L JC MR A T A ) (R 2 A TR I 4R .
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Fig. 5 Effect of pretension on the bearing capacity of specimens Fig. 6 Effect of pretension on the deformation of specimens
with different failure modes with different failure modes
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Table 9 Comparison of load and deformation of specimens with different arrangements

A G5 e;/mm 1 A8 2 F,/kN A,/mm F./F.a
A-12.9-8 49.21 370.8 12.80 —
B-12.9-7 49.76 SPF 740.0 14.84 2.00
C-12.9-8 49.94 753.5 10.62 2.03
A-12.9-8n 49.92 366.0 15.70 —
B-12.9-7n 49.41 SPF 730.5 16.55 2.00
C-12.9-8n 50.88 714.5 13.54 1.95
A-10.9-1 51.82 272.6 5.38 —
B-10.9-1 41.26 SF 514.5 4.78 1.89
C-10.9-2 41.84 546.5 4.64 2.00
A-12.9-1 51.77 480.5 5.67

B-12.9-3 52.81 SF 943.0 6.18 1.96

C-12.9-3 51.24 952.0 5.23 1.98
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Fig. 7 Effect of end distance on bearing capacity of specimens
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