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Evaluation on the Behavior of Slip Critical Joints with TS High Strength Bolts
Subjected to a Size of Bolt Holes
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Abstract

The oversized and slotted holes are frequently required for the built—up in construction sites. The foreign provisions
specify the reduction of the slip load subjected to the size of bolt holes and the direction of load. There are no domestic

building codes and researches on the bolt holes. Therefore,

it is necessary to evaluate a change of joint strength

quantitatively according to the bolt—hole size and surface condition by means of experiment. This study was conducted to
evaluate the slip load subjected to the size of bolt holes ,and measured on a change of clamping force of high strength
bolts during 168 and 800 hours to analyze the trend of relaxation after fastening bolts. Torque shear bolts defined on KS
B 2819 was used for the specimen. Test results exhibit that the variation on the slip load of the others was below 10%
by contrast with the standard hole and the highest rate of relaxation was 2.66% of the initial clamping force at the case
of the long—slotted hole of 2.5D.
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Table 1 Specimen list

Effective
Specimen Bolt | Steel | Faying Bolt holes Sectional | Test
pecime Type | Type |Surface (mm) Area | Quantity
(cm2)
#*(R)ST 22 (d+2mm) 14.82 | 3 #((1)
ROV4 24 (d+4mm) 14.44 3
. | S10T
RYOV6 M0 w9 | Shot 26 (d+6mm) 14.06 3
(R)SL1.3 85mm 1.330) 14.82 3
22x50

R)SL2.5 (@+2)+250) 14.82 3

#( ) is for relaxation test
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Fig. 4 Load—Displacement curve of specimen 2SL2.5—1
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Table 2 Test result

Fig.

5 Time—Relaxation curve of specimen 2SL2.5—1

Specimen Bolt Holes Initial Clamping Force N Decr(?ase of Slip Load (kN) Ultimate Load Slip Coefficient

@ (mm) (kN) Initial Clamping Force (%)| (Upper/Lower) (kN) (Top/Bottom)

ST2-1 178 8 421.1 / 432.6 810.9 0.591 / 0.607

ST2-2 22 (d+2mm) 178 10 402.1 / 4041 808.7 0.565 / 0.568

ST2-3 178 - 289.7 / 414.1 808.3 0.547 / 0.582
Mean 410.6 809.3 0.576

Oov4-1 178 10 430.8 / 466.5 810.2 0.605 / 0.655

Oov4-2 24 (d+4mm) 178 13 429.5 / 417.3 786.8 0.603 / 0.586

Ov4-3 178 - 338.5 / 385.1 798.9 0.475 / 0.541
Mean 411.3 798.6 0.578

Oov6e—1 178 12 460.5 / 470.1 787.4 0.647 / 0.660

Oov6-2 26 (d+6mm) 178 12 438.9 / 460.1 785.4 0.616 / 0.646

Oov6-3 178 - 362.3 / 401.7 780.5 0.508 / 0.564
Mean 432.2 784.4 0.607

SL1.3—-1 178 11 481.6 / 483.4 819.8 0.676 / 0.679

SL1.3-2 ((d+§)2:f23d)) 178 13 451.2 / 506.1 818.3 0.634 / 0.711

SL1.3-3 178 - 344 / 422.1 806.6 0.483 / 0.593
Mean 448.1 814.9 0.629

SL2.5-1 178 11 419.6 / 368.4 778.8 0.589 / 0.517

SL2.5-2 | 22#50 ((d+2)*2.5d)) 178 9 407.5 / 406.4 774.6 0.572 / 0.571

SL2.5-3 178 - 405.6 / 309.5 789.2 0.570 / 0.435
Mean 386.2 780.9 0.542
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Fig. 7 Comparison between test and calculated results per specimen

Table 3 Results of 2 sample t test(Comparison of standard
bolt—hole specimen)

Comparison With P—value EsFinlate 95‘)% CI for
standard specimens For difference difference
ov4 0.973 -0.7 (—47.4, 46.1)
Ov6 0.281 -21.6 (—66.4,, 23.1)
SL1.3 0.191 —37.4 (-101.1, 26.2)
SL2.5 0.223 24.4 (=19.6, 68.5)
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Table 4 The result of relaxation test

Relaxation Ratio (%)
Initial | Hole 168 . 800 hr.
Speci Mesured Calmpine | Ar
pecimen Bolt mping ea Mean Mean
Force | ) |vzae| (standard | Value | (standard
deviation) deviation)
Bolt 1 1.21 1.54
Bolt 2 1.37 1.39 1.81 1.70
R2ST 379.
S Bolt 3 3799 153 | (0135 |180| (0.129
Bolt 4 1.44 1.65
Bolt 1 1.20 2.10
. Bolt 2 oo L2n 1.29 1.73 1.82
RV Bolt 3 452.2 129 | 0116) | 168 (0.190)
Bolt 4 1.45 177
Bolt 1 1.49 2.46
Bolt 2 1.42 1.63 2.15 207
178kN | 530.
ROV =i | TN {30770 0220 [17g | 0302
Bolt 4 191 1.93
Bolt 1 1.66 2.20
Bolt 2 2.15 1.70 2.05 293
R2SL1. 423. .
SLL3 Bolt 3 39 141 | 0319 | 258 | (0.238)
Bolt 4 1.57 2.11
Bolt 1 1.72 2.08
Bolt 2 3.25 2.10 4.00 271
Reskzs Bolt 3 687.9 154 | (0782 |9294| 0877
Bolt 4 1.87 2.55
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Fig. 8 Relaxation test results of specimen SL2,5 slotted hole

800 Hrs Relaxation test results (2Faces Series)

E1168Hrs Average
8.00 11800Hrs Average 2.66

Relaxation (%)

R2ST2 R20v4 R20V6 R2SL1.3 R2SL2.5
Specimen

Fig. 9 Comparison of relaxation between 168 and 800 hr.
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Table 5 ANOVA table from the slip load results

Ana%ysis Degree of | Sum of | Mean of Sum F P—value
Object Freedom | Squares of Squares

Bolt—hole 4 2.552 0.638 3.29 0.04
Error 15 2.910 0.194
Total 19 5.463

S = 0.441 R-—square = 46.72%
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