SR 3% i SC 5

55304551205 (20244F 1 H)

1700MPa ZEBE IRV N OBEERIEB LI OZENE Bz
BEREESHETFD TRV NS

MASS PRODUCTION TRIAL OF 1700 MPA CLASS ULTRA-HIGH-STRENGTH BOLTS AND
SLIP RESISTANCE OF FRICTION TYPE BOLTED JOINTS WITH THEM
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ABSTRACT  Our research group has been developing 1,700 MPa class ultra-high-strength
bolts and will try to rationalize bolted connections with the bolts. This study conducted mass
production of 1,700 MPa class bolts and confirmed the tensile resistance experimentally. The
slip behaviour of friction type bolted joints with them was also investigated. The mass-produced
bolts demonstrated the stable tensile resistance derived from the used material. Slip test results
of double-lap joints coated with inorganic zinc-rich paint found that the slip coefficient evaluated
by the bolt tension before the test was larger than 0.45, and the bolt tension reduction through

the slippage became less than about 3 percent.
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Dia.be- | Young's | 0.2% Offset | Tensile | Uniform | P. Strain Local Avg. F. | Dia. after | Reduction Yield
Lot | Bolt | fore Test | Modulus Y. Stress | Strength | P. Strain | at Fracture | P. Strain Stress Fracture | Area after Ratio
No. | No. d E 602 G, Eup £p £p oy d; Fracture YR =
(mm) (MPa) (MPa) (MPa) (%) (%) (%) (MPa) (mm) (%) Gy02/0,
Bl 8.00 | 195,600 1,565 1,775 42 12.0 7.8 2,278 6.47 348 0.881
L |Bse 798 | 195,500 1,487 1,767 44 13.7 9.2 2,327 6.28 38.1 0.841
B195 | 801 | 188,000 1,570 1,785 42 12.9 8.7 2,256 6.56 328 0.879
AVG. | 800 | 193,100 1,540 1,776 43 12.9 8.6 2,287 6.43 352 0.867
B236 | 8.02 | 193,500 1,503 1,672 33 10.2 6.9 2,167 6.45 354 0.899
, | B250 | 802 | 186700 1,537 1,699 3.6 10.1 6.5 2,198 6.52 345 0.905
B297 | 8.03 | 200,300 1,509 1,680 35 9.9 6.4 2,079 6.71 35.0 0.898
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# 3 1,700MPa #&t8 i J17R L~ ORSBREBROFES
Shank | Max | Axial | Young's 0.2% Offset Tensile Yield Reduction
Lot | Bolt | Area Load | Stiffness | Modulus Y. Stress Strength Ratio Area after | Fracture
No. | No. Ay P K E=KIA; [6,02=Pyo2lAy | 6,=Pmax/As YR = Fracture Location Note
(mmd) | () N) (MPa) (MPa) (MPa) Gy02/0, (%)
9 | 2923 | 5236 | 593 202,700 1,558 1,791 0.870 34.0
43 | 2919 | 5149 | 59.2 202,600 1,535 1,764 0.870 32.0
71 | 2920 | 5232 | 593 203,000 1,562 1,792 0.872 26.0
141 292.0 515.5 - - - 1,765 - 35.7 The strain gauge was broken
1 [ 146 | 2925 | 5036 | 554 189,300 1,542 1,790 0.862 325
149 | 2921 | 5286 | 552 189,000 1,560 1,810 0.862 323
151 | 2923 | 5229 | 593 202,800 1,562 1,789 0.873 30.0
189 | 2923 | 527.1 59.1 202,300 1,571 1,803 0.871 33.0
AVG.| 2922 | 524 | 581 198,800 1,556 1,788 0.869 31.9 Shank
201 | 2902 [ 5230 [ 588 202,700 1,596 1,802 0.885 29.9
205 | 2899 | 5158 | 59.5 205300 1,580 1,779 0.888 25.8
208 | 2912 | 5225 59.3 203,500 1,585 1,794 0.883 27.6
209 | 289.7 | 5139 | 589 203,400 1,564 1,774 0.882 28.4
2 [ 221 ] 2901 | 5127 [ 559 192,600 1,540 1,767 0.872 N/A
222 | 2904 | 5149 | 5638 195400 1,548 1,772 0.874 N/A
223 | 2902 | 5132 | 559 192,400 1,540 1,767 0.871 N/A
231 | 2903 | 5069 | 59.9 206,300 1,551 1,746 0.888 26.0
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5 B &R OIS
Plate | (.| Young's | Poisson's Upper Y. | 0.2% Offset | Tensile Yield Yield | Elongation
. Thk. | “P*" | Modulus Ratio Stress Y. Stress Strength Strain Ratio after
Objects -men - -
t No E v G, Gy0.2 o, &,=0,02/E YR = Fracture
(mm) " | (MPa) (MPa) (MPa) (MPa) (<107 6,02 /0, (%)
1 205,400 805.2 848.2 3,920 0.949 14.9
Connected | 2 207,400 - 809.4 851.1 3,903 0.951 15.0
Plate 3 206,500 0.277 807.5 848.8 3.910 0.951 14.9
AVG. | 206,400 0277 - 807.4 849.4 3,911 0.951 14.9
1 206,300 785.1 7793 813.7 3,777 0.958 285
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Plate 3 204,800 0.279 784.0 776.0 810.8 3,789 0.957 26.2
AVG. | 205,400 0.279 783.5 776.7 811.5 3,782 0.957 273
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Ha N d P sd P ynd ﬂ d
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Slip coefficients evaluated with

Exoeri | s Slip load | Slip load Tightening Bolt tension | Bolt tension | Bolt tension
n):::t: cirr:; Bolt | (Peak) | (6,=0.2mm) | bolt tension before test at slip state reduction | Tightening | Bolt tension | Bolt tension
case | No No. Py, Py, N, Ny N, n bolt tension | before test | at slip state
(kN) (kN) (kN) (kN) (kN) (%) Ho n s
Inner 385.5 375.1 365.1 2.62
1 820.4 819.8 385.3 373.7 364.7 2.34 0.532 0.549 0.562
Outer 385.1 372.2 364.3 2.06
Inner 384.4 3715 358.8 3.35
0.8 2 826.3 817.8 384.1 370.4 359.0 3.01 0.538 0.558 0.575
Outer 383.7 369.3 359.2 2.68
Inner 383.1 369.2 358.6 2.80
3 776.5 775.2 383.9 369.6 360.6 2.38 0.506 0.525 0.538
Outer 384.7 370.1 362.6 1.97
I 436.5 429.4 423.6 1.25
1 /= 799.1 792.9 4365 4300 4249 110| 0458 0.465 0.470
Outer 436.5 430.6 426.2 0.94
1 436.5 429.8 423.8 1.33
0.9 2 fner 860.5 860.4 436.5 429.3 423.8 1.17 0.493 0.501 0.508
Outer 436.5 428.7 423.9 1.02
1 436.9 430.0 4219 1.81
3 fner 871.8 871.8 437.9 429.8 422.7 1.57 0.498 0.507 0.516
Outer 438.9 429.6 423.5 1.33

Splice pl.(bolt head side) P Splice pl.(bolt head side)

Connected pl.(bolt head side Connected pl.(bolt'head side)

Splice pl.(Nut side) Splice pl.(Nut side).

Connected pl.(Nut side

(a) 00.80-1 (b) ¢0.80-2
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Wil /) Ny CRHi L 7= b D TH 5.

Splice pl.(bolt head side)

Connected pl.(bolt head side)

Splice pl.(Nut side)

-

Connected pl.(Nut side)
(¢) «0.80-3

P slip

= nmN, Oc)
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LEDMFEE LTINS,

— P slip
Ho nmN,,
_ P slip
vy (9b)
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