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Abstract : Preload is one of the key factors influencing the resistance of slip-resistant high-strength bolted connections, as
the preload tends to decrease over time. To investigate the influence of steel grade, high-strength bolt grade,
hole type and surface treatment on the loss of preload loss rate in the high strength steel slip-resistant bolted
connections and the preload loss rate of high-strength bolts over a long time, 55 single-bolt preload loss tests
were conducted, and the preload loss of high-strength bolts within 24 h or 100 h after tightening was monitored.
Test results indicate that the coatings lead to an increased loss rate of preload and the 24-hour preload loss rate
could exceed 10% with excessively thick coatings. The steel grades and the grades of high-strength bolts,
however, have a minor impact on the preload loss rate. The use of oversized hole and slotted hole in the
connecting plates could slightly increase the preload loss rate. Subsequently, predictions of the loss of preload in
high-strength bolts over 50 years were made on the basis of existing model and 24-hour measured data. Results

show that the preload loss rate in uncoated specimens is no more than 3.8% , while the preload loss rate in the arc
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spray aluminium coated, inorganic Zn-rich coated and arc spray Zn-Al alloy coated specimens are 8.30% , 9.40% and
12.52% , respectively. Except for the arc spray Zn-Al alloy coated specimens, the preload loss rate in specimens with all
the other surface treatments is less than 10%.
Keywords: high-strength steel; high-strength bolt; slip-resistant connection; preload loss; surface treatment; hole type; preload

loss rate
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Fig.1 Dimensions of preload loss specimens (unit: mm)
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Fig. 2 Surface of steel plate after treatment
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Table 1 Parameter design of specimens

M E R A5 AR LA Fomm 4 2 5 X, KA/ A Balsrk/h
690-10-SH-GB 10.9 A% o 5L vk A 2 24/100%
690-10-SH-SB 10.9 A% 5L P 2 24/100%
690-10-OH-SB 10.9 X H 1L A 2 24
690-10-SP-SB 10.9 K AL P 2 24/100%
690-10-SH-17 10.9 A A L G 2 100
690-10-OH-1Z 10.9 X H 4L FME ik 2 100
Q690 690-10-SP-1Z 10.9 K Ag L RAE HA 2 100
690-10-SH-MA 10.9 AR o 3L W, IR Ak 4B 2 24
690-10-OH-MA 10.9 X H 4L W, IR Ak 4B 2 24
690-10-SP-MA 10.9 K AL W, IR A 4B 2 24
690-10-SH-MAZ 10.9 A% 3L BIRACR HE AR A 2 100
690-10-OH-MAZ 10.9 X H 1L oK AT A4S A 2 100
690-10-SP-MAZ 10.9 KA 5L B IK AR A e e 2 100
960-10-SH-SB 10.9 AL o 1 100
960-10-OH-SB 10.9 X H 4L L 1 100
960-10-SP-SB 10.9 KA 3L L 1 100
960-10-SH-I1Z 10.9 AR 5L FME B RS 1 100
960-10-OH-1Z 10.9 X H 1L RAAE B RS 1 100
960-10-SP-1Z 10.9 K AL TG 47 R 1 100
960-12-SH-GB 12.9 A7 o 5L v Ay 2 100
960-12-SH-SB 12.9 A7 o 5L EE 1 100
960-12-OH-SB 12.9 X H 4L L 1 100
Q960 960-12-SP-SB 12.9 KA 3L Lo 1 100
960-12-SH-1Z 12.9 A% o 5L TME A% 2 100
960-12-OH-1Z 12.9 X H 1L TG iR 2 100
960-12-SP-1Z 12.9 K AL TG iR 2 100
960-12-SH-MA 12.9 A7 o 5L W, IR A 4B 2 100
960-12-OH-MA 12.9 X H 4L W, IR A 4B 2 100
960-12-SP-MA 12.9 K Ag L W IR At 48 2 24/100%
960-12-SH-MAZ 12.9 A% o 3L WK A A A A 2 24/100%
960-12-OH-MAZ 12.9 X H 3L IR 4 e A 2 24
960-12-SP-MAZ 12.9 K AL LI e 2 24
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Fig. 3 Process of preload loss tests
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Fig.4 Time-dependent curves of preload during

specimen tightening
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Fig. 5 Average preload loss rate of high-strength
bolts in 24 hours
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Table 2 Preload loss rate in different time periods of specimens

AETE H/

TG A/ %

BB/

A5 KN ; ; ; ; r ; Poan/ Troon/ Y0 um

Ih 3h 121 241 72h 100k
690-10-SH-GB-1 192.05 0.54 0.63 0.75 0.79 0.79 0.80 98.70 —
690-10-SH-GB-2 189.01 1.78 1.95 2.16 2.26 — — — —
690-10-SH-SB-1 189.33 1.07 1.19 1.35 1.37 — — — —
690-10-SH-SB-2 186.61 0.48 0.54 0.62 0.66 0.75 0.78 84.93 —
690-10-OH-SB-1 189.14 1.14 1.26 1.44 1.51 — — — —
690-10-OH-SB-2 196.41 0.80 0.90 1.02 1.05 — — — —
690-10-SP-SB-1 182.32 1.10 1.21 1.41 1.50 — — — —
690-10-SP-SB-2 197.70 1.39 1.50 1.65 1.72 1.84 1.89 91.42 —
690-10-SH-1Z-1 192.61 2.53 3.08 3.73 4.08 4.68 4.82 84.59 —
690-10-SH-1Z-2 194.92 3.36 3.82 4.37 4.50 / 5.07 88.68 —
690-10-OH-1Z-1 196.05 4.08 4.47 4.91 5.13 5.48 5.61 91.45 —
690-10-OH-1Z-2 194.86 4.23 4.81 5.52 5.90 6.50 6.70 88.12 —
690-10-SP-1Z-1 192.02 5.02 5.49 6.05 6.29 6.70 6.82 92.21 —
690-10-SP-1Z-2 196.42 3.76 4.08 4.48 4.67 5.05 5.12 91.25 —
690-10-SH-MA-1 199.12 2.10 2.23 2.38 2.46 — — — 240
690-10-SH-MA-2 188.31 1.31 1.43 1.61 1.71 — — — 190
690-10-OH-MA-1 189.05 2.11 2.32 2.59 2.74 — — — 243
690-10-OH-MA-2 185.05 1.26 1.41 1.60 1.67 — — — 210
690-10-SP-MA-1 187.97 2.73 2.90 3.15 3.34 — — — 243
690-10-SP-MA-2 192.33 2.44 2.63 2.89 3.06 — — — 223
690-10-SH-MAZ-1 192.87 4.13 4.62 5.29 5.53 / 6.36 86.95 220
690-10-SH-MAZ-2 188.98 4.45 5.13 6.01 6.36 / 7.40 85.85 220
690-10-OH-MAZ-1 188.62 4.73 5.48 6.42 6.70 / 7.70 87.05 230
690-10-OH-MAZ-2% 193.13 7.31 8.48 9.89 10.58 11.62 11.95 88.52 267
690-10-SP-MAZ-1# 195.95 7.88 8.81 9.93 10.51 11.45 11.74 89.53 260
690-10-SP-MAZ-2 194.26 4.23 4.76 5.40 5.77 6.37 6.58 87.57 210
960-10-SH-SB-1 189.53 1.26 1.39 1.57 1.68 1.89 1.98 84.57 —
960-10-OH-SB-1 199.61 1.77 1.89 2.05 2.08 2.17 2.31 90.24 —
960-10-SP-SB-1 185.36 1.73 1.85 2.00 2.08 2.24 2.31 89.74 —
960-10-SH-1Z-1 192.23 3.74 4.22 4.77 5.00 5.46 5.61 89.24 —
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960-10-OH-1Z-1 190.78 3.03 3.49 4.04 4.34 4.80 4.98 87.16 —
960-10-SP-1Z-1 191.03 4.15 4.75 5.44 5.72 6.18 6.25 91.62 —
960-12-SH-GB-1 231.58 1.02 1.15 1.31 1.39 1.43 1.51 91.98 —
960-12-SH-GB-2 225.17 1.15 1.29 1.46 1.54 1.60 1.65 93.53 —
960-12-SH-SB-1 225.90 0.81 0.92 1.06 1.12 1.16 1.20 94.07 —
960-12-OH-SB-1 224.15 1.15 1.26 1.40 1.46 1.50 1.57 93.18 —
960-12-SP-SB-1 225.05 1.48 1.66 1.89 2.05 2.23 2.27 90.59 —
960-12-SH-1Z-1 233.91 2.63 3.07 3.57 3.82 4.14 4.24 90.02 —
960-12-SH-1Z-2 222.44 2.79 3.21 3.71 3.99 4.34 4.44 89.87 —
960-12-OH-1Z-1 230.60 2.54 2.92 3.37 3.62 3.90 4.01 90.16 —
960-12-OH-1Z-2 223.97 3.04 3.45 3.92 4.18 4.48 4.57 91.41 —
960-12-SP-1Z-1 223.94 4.11 4.63 5.23 5.48 5.79 5.96 92.05 —
960-12-SP-1Z-2 229.78 4.11 4.60 5.18 5.43 5.87 5.89 92.10 —
960-12-SH-MA-1 222.65 2.11 2.36 2.66 2.81 3.22 3.31 84.92 233
960-12-SH-MA-2 225.89 2.47 2.96 3.55 3.80 4.25 4.27 88.91 247
960-12-OH-MA-1 224.51 1.72 1.97 2.32 2.47 2.82 2.85 86.72 217
960-12-OH-MA-2 225.89 2.00 2.26 2.60 2.76 3.10 3.13 87.99 240
960-12-SP-MA-1 221.16 2.20 2.45 2.81 2.98 3.34 3.35 88.93 243
960-12-SP-MA-2 228.45 2.04 2.27 2.55 2.70 — — — 227
960-12-SH-MAZ-1 232.42 3.91 4.50 5.23 5.60 6.32 6.50 86.16 237
960-12-SH-MAZ-2 225.93 3.39 3.88 4.49 4.80 — — — 217
960-12-OH-MAZ-1 235.17 3.09 3.58 4.18 4.49 — — — 220
960-12-OH-MAZ-2 227.29 4.24 4.88 5.66 6.05 — — — 233
960-12-SP-MAZ-1 220.91 3.50 4.00 4.64 4.87 — — — 213
960-12-SP-MAZ-2 224.05 5.23 5.90 6.74 7.08 — — — 243
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Table 3 Influence coefficients of specimen hole type

X5 Fod a2 gy X Donzan/ Y0 by oy Dovroon/ Yo ks 100n #E2/Y%
690-10-SH-SB 98.98 1.000 — — —
690-10-OH-SB o 98.72 0.997 — — —
690-10-SP-SB 98.39 0.994 — — —
960-10-SH-SB 98.32 1.000 98.02 1.000 —
960-10-OH-SB o 97.92 0.996 97.69 0.997 0.08
960-10-SP-SB 97.92 0.996 97.69 0.997 0.07
960-12-SH-SB 98.88 1.000 98.80 1.000 —
960-12-OH-SB 3 98.54 0.997 98.43 0.996 —0.04
960-12-SP-SB 97.95 0.991 97.73 0.989 —0.15
690-10-SH-I1Z 95.71 1.000 95.05 1.000 —
690-10-OH-1Z TG 4 ik 94.49 0.987 93.85 0.987 0.01
690-10-SP-17 94.52 0.988 94.03 0.989 0.17
960-10-SH-1Z 95.00 1.000 94.39 1.000 —
960-10-OH-1Z FALG 4 ik 95.66 1.007 95.02 1.007 —0.03
960-10-SP-17 94.28 0.992 93.75 0.992 0.08
960-12-SH-1Z 96.10 1.000 95.66 1.000 —
960-12-OH-1Z R ik B 96.10 1.000 95.71 1.001 0.05
960-12-SP-1Z 94.54 0.984 94.08 0.983 —0.04
690-10-SH-MA 97.92 1.000 — — —
690-10-OH-MA W, Ik 42 97.76 0.998 — — —
690-10-SP-MA 96.80 0.989 — — —
960-12-SH-MA 96.70 1.000 96.21 1.000 —
960-12-OH-MA W, R ki 48 97.38 1.007 97.01 1.008 0.12
960-12-SP-MA 97.16 1.005 96.65 1.005 —0.02

690-10-SH-MAZ 94.06 1.000 93.12 1.000 —
690-10-OH-MAZ L R 93.30 0.992 92.30 0.991 —0.07
690-10-SP-MAZ 94.23 1.002 93.42 1.003 0.14
960-12-SH-MAZ 94.80 1.000 — — —
960-12-OH-MAZ L R 94.73 0.999 — — —

960-12-SP-MAZ 94.03 0.992 — — —
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Table 4 Comparison of preload loss rate of high-
strength bolts in different grades

F 8 24 h-F ¥ 3%

‘;. é [=3 N ¥ =2 /0
XA 5 5 X BN, rmEZE/%

960-10-SH-SB 1.68
0.62

960-12-SH-SB 1.06

960-10-OH-SB 2.08
T 0.69

960-12-OH-SB 1.40

960-10-SP-SB 2.08
0.19

960-12-SP-SB 1.89

960-10-SH-17 4.77
0.86

960-12-SH-17 3.90

960-10-OH-IZ 7 i 4 4.04
! 0.14

960-12-OH-17 e 3.90

960-10-SP-17 5.72
0.26

960-12-SP-17 5.46

3.4 BERWMEANMBPVIES R
AR rh SR AR TR A st B DN A 31 (1) 1R
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Table.5 Prediction and verification of preload loss for high-strength bolts

] REANBRE/ N
ER T EE BREBETE N DRBEAX R :
100 hFAAME 100 hSEmde &£ 504 AL
) r=0.003 56+log,o(1)+0.0051  0.999 — — — 3.78
A r=0.002 67-log,(1)+0.00325  0.995 1.81 1.98 8.66  2.78(3.19)
RACE ik B r=0.010 12+log,,(1)+0.000 894 0.997 5.71 5.61 —1.82  9.40(9.20)
b, AR Ao 48 ik r=0.010 42-log,(1)—0.0128  0.998 4.51 4.27 561 8.30(7.90)
BIRAT AR SRR E  r=0.01431-log,(1)—0.006 43  1.000 7.31 6.50  —1243 12.52(12.42)
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