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An Evaluation of Clamping Characteristics for High Strength Bolts with
Variable Bolt Lengths
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Abstract

It has been reported that the length parameter of high strength bolts results in the variance in tensile loads. The
required turn of nut for each length is specified in AISC RCSC specification. There is no specific regulation datum about
the bolt length in the two national codes and specifications in Korea. Therefore this study focused on evaluating influence
of the clamping torque subjected to length parameter of high strength bolts. Two types of high strength bolt specimens
were manufactured and tested; High Strength Hexagon bolt specified in ASTM A490 and Torque Shear Bolt in KS B
2819. The length parameter ranged from 60mm(3d) to 140mm(7d). The torque, turn of nut, and the clamping force were
analyzed to review whether length parameter affects on the required tensile strength. To evaluate the effects of the
length parameter on the torque and turn of nut for the required strength and clamping force, statistical analysis was also

carried out.
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Table 1 Experimental Design
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Table 2 Mechanical Property Test results
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Diameter Length Quantity
Bolt Type (mm) (mm) (EA)
1. Torque Shear Bolt 60 10
- KS B 2819 80 10
20 100 10
2. Hexagon Bolt 120 10
— ASTM A490 140 10

Fig. 1 Specimen Fig. 2 Test Machine
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Yield Tensile Elongation Rate of reduction
Bolt Type Strength | Strength 0 f;a 0 in area
N/mm® N/mm® ¢ %
Ave. 1142 1142 24.8 415
TS Bolt | Dve 7.279 7.279 4.464 2.108
Spec.| 940~ 1000~1200 14~ 40~
Ave. 1110 1154 18.8 30.7
He];‘sl‘fo“ Dve. | 12124 | 9.493 0.482 1.127
Spec.| 940~ | 1040~1210 14~ 40~
o (N/mm?2)
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Fig. 3 Mechanical Property Test results(TS Bolt)
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Fig. 4 Nut Rotation—Clamping Force(TS bolts,140mm)
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Fig. 5 Torque—Clamping Force(TS bolts, 140mm)
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Table 3 Test Results(Torque Shear Bolt)

. Turn of Nut )
Bolt( n}]fll;gth At the sheared—off of splined end o o 50 Ultimate Strength
N(K&N) T (Nm) o) k NK&N) N&N) NKN) N&N) TMNm) 6
Ave. 176.3 516 151 0.146 162.4 178.2 184.2 251.0 641 347
% Dev. 4.641 4.484 4.646 0.004 4.737 5.378 7.264 2.257 11.496 8.319
Ave. 178.1 509 143 0.143 169.9 183.8 188.1 247.5 676 307
%0 Dev. 4.590 3.532 4.073 0.004 4.972 9.755 9.093 4.096 32.585 30.306
Ave. 177.4 499 141 0.142 172.7 183.6 193.9 248.7 623 344
100 Dev. 15.718 2.227 7.595 0.013 10.390 19.110 8.580 2.559 25.162 13.371
190 Ave. 187.0 509 168 0.136 161.5 184.6 190.3 244.8 639 363
Dev. 10.497 3.876 7.879 0.008 3.959 11.674 14.257 3.581 36.108 18.593
140 Ave. 182.3 533 155 0.146 162.9 183.9 194.0 266.5 692 351
Dev. 4.467 2.121 8.228 0.004 4.626 7.506 6.801 2.406 16.737 27.487
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Fig. 6 Nut Rotation—Clamping Force(Hexagon bolts,140mm)
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Table 4 Test Results(Hexagon Bolt)

Bolt Length Requérle7dgkll"\]e>nsion Torque Tuxalg%ll)nut Yield Strength Ultimate Strength
(mm) Coefficient
T (Nm) 0 ()= N (kN) T(Nm) N(kN) T(Nm) 0 © N (kN) T (Nm) 0 ©
Ave. 564 97 0.158 198 620 237 713 215 263 733 351
% Dev. 19.898 4.978 0.005 31.944 80.595 3.474 19.499 26.290 2.326 17.495 22.059
Ave. 554 104 0.156 214 651 232 693 199 260 703 350
80 Dev. 20.096 3.288 0.006 6.122 23.271 3.459 18.307 5.343 3.336 19.046 11.052
Ave. 564 113 0.158 199 618 230 695 211 259 707 387
100 Dev. 19.664 4.847 0.005 9.986 32.902 4.129 20.080 8.879 3.703 23.164 16.207
190 Ave. 571 112 0.160 195 615 227 693 212 256 688 393
Dev. 24.246 1.960 0.007 12.752 48.571 2.385 32.273 10.477 3.035 24.350 13.141
140 Ave. 570 121 0.160 189 599 231 711 225 256 716 390
Dev. 20.177 4.337 0.005 9.347 29.327 3.329 18.501 4.980 2.387 15.457 14.543
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Table 5 ANOVA table from the Clamping force(TS bolts)

Source DF SS MS F p
Length (mm) 4 784.2 196.1 2.33 0.07

Error 45 3781.7 84.0 - -

Total 49 4566.0 - - -

Table 6 ANOVA table from the turn of nut(TS bolts)

Source DF SS MS F p
Length (mm) 4 4953.6 | 1238.4 25 0.00

Error 45 2228.8 49.5 - -

Total 49 7182.4 - - -
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Table 7 ANOVA table from the turn of nut(Hexagon Bolt)

Source DF SS MS F p
Length (mm) 4 2983 746 46.1 0.000

Error 41 664 16.2 - -

Total 45 3646.2 - - -

Table 8 ANOVA table from the needed torque(Hexagon Bolt)

Source DF SS MS F p
Length (mm) 4 1815 454 1.04 0.397
Error 41 19633 436 - -
Total 45 21448 - - -
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