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Study on the Fatigue of Wire Rope for Logging V[
Fatigue-life tests of 7 kinds of wire rope for skyline
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Fig. 1. #tR v 1 v o — FSoME (ERR)

Cross sections of seven tested wire ropes.
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Table 1. &, BA b B
Result showing fatigue life and other
# i 3 B
Fatigue life test
[P1] T=12000kg Q=1500kg [P2] T=8000kg Q=1500kg
SR samp | wemE pE=cav-| aeEn | ona o=
Cycles to life Reserve Breaking | Cycles to life Reserve Breaking
breaking energy breaking energy
force force
(m) (xiokg) | (ZJ0F) | @ (xiokg) | (X))
G-1 4000 33.7 0.465 4000 34.8 0.485
4000 35.3 0.545 4000 34.1 0.445
2 6000 34,5 0.515 6900 36.0 0.565
5000 38.1 0.720 5500 35.1 0.560
3 4000 36.1 0.535 4900 34.1 0.425
4500 34.2 0.490 4000 34.6 0.440
4 5000 36.5 0.555 6000 32.8 0.420
5000 35.1 0.540 4500 36.8 0.560
5 11000 31.4 0.409 8500 31.0 0.411
9000 33.4 0.466 7500 33.3 0.447
6 10000 33.9 0.516 8000 32.2 0.406
11000 31.1 0.366 9500 28.4 0.249
7 8000 34.4 0.533 10850 32.0 0.348
10000 34.9 0.534 10000 33.2 0.411
8 16000 32.3 0.468 10500 30.5 0.422
16500 34.7 0.583 9500 31.4 0.384
9 7300 34.4 0.490 5960 33.2 0.500
9770 34.8 0.535 5740 36.2 0.610
10 9460 33.1 0.485 5480 35.9 0.640
8420 31.9 0.440 6470 35.7 0.665
11 11330 35.3 0.521 6500 36.0 0.621
12840 31.7 0.362 8000 36.0 0.595
12 9050 34.8 0.550 4990 36.4 0.586
8810 37.0 0.670 5410 34.8 0.515
13 11930 37.0 0.593 7790 38.7 0.720
15900 34.3 0.449 8320 38.0 0.621
13480 34.4 0.462
14 13870 37.8 0.670 10220 36.2 0.601
15630 35.6 0.639 13220 34.5 0.6552
15 5900 35.5 0.552 5240 32.8 0.387
6860 35.3 0.594 4430 36.7 0.619
16 5770 31.7 0.377 3880 35.5 0.605
5340 33.7 0.466 3850 35.4 0.548
17 4580 35.7 0.498 4040 34.2 0.545
5290 35.5 0.588 3720 34.2 0.451
18 4700 38.3 0.899 4020 33.5 0.4%96
5080 34.9 0.505 4470 32.0 0.389
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(24mm w—7)

measured values (24 mm rope).

Newﬁifg f)Jpgﬁ tegfsﬁ&; test V%%re rnc?lpe in?pecti%n
Brcing | Eibags. |k n b WP | Wirs ro- | Presoem.
force tion | Breaking | pe diam-| pe pitch |ing per- Decarburization
energy eter centage

xwoke) | (@) [(X/0EF) (mm) | (mm) | (%) | A | B | C | D|E
41.7 5.47 1.65 26.35 206.9 93.6 2 4 1
45.5 5.63 1.78 25.79 204.4 93.3 1 5 5 2 1
45.5 6.00 1.97 25.80 205.9 92.3 1 5 6 2
45.6 5.53 1.79 25.93 203.9 90.5 4 3 4 2 1
41.0 5.64 1.67 25.87 204.3 94.4 14
40.2 5.99 1.79 25.77 202.7 94.1 6 4 4
40.6 5.37 1.60 26,22 191.1 96.2 7 5 2
40.1 5.94 1.70 25.75 197.0 100.2 v8 3 1 2
39.9 5.16 1.51 25.31 196.8 91.4 13 1
39.9 5.12 1.49 25.55 196.4 94.1 7 5 1 1
41.1 5.30 1.55 24.96 207.5 98.1 4 6 3 1
41.1 5.54 1.71 25.02 206.6 92.8 4 7 3
42.6 5.0t 1.57 24.44 9103.5 95.3 4 4 5 1
42.7 5.40 1.79 24.41 192.5 96.0 5 7 1 1
42.0 5.81 1.83 25.26 204.1 91.8 6 5 3
41.7 5.83 1.81 25.35 205.3 91.4 7 3 4
41.0 5.77 1.78 25.31 211.1 93.4 10 1 3
41.5 5.65 1.78 25.27 208.9 93.7 5 5 2 2
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Table 1. (-2-3%) Continued)
& L E &
Fatigue life test
[P1] T=12000kg Q=1500kg [P2] T=8000kg Q=1500kg
E R cumm | owmmm [zir-| samg | omeE  [omzivr-
Cycles to life Reserve Breaking | Cycles to life Reserve Breaking
breaking energy breaking energy
force force

) (xiovkg) | (XJOFE) | @) (x108kg) | (XJOkE)
H- 1 11800 33.0 0.390 10800 36.6 0.559
16500 32.7 0.435 7650 30.7 0.290
2 14000 37.2 0.545 11800 33.7 0.405
14000 34.6 0.430 9000 33.4 0.365
3 14000 40.6 0.623 6500 37.2 0.435
17500 30.1 0.250 3000 41,3 0.695
4 5000 33.8 0.424 9000 26.5 0.245
8260 29.7 0.268 ‘6800 34.4 0.375
5 8500 32.4 0.416 8000 26.6 0.226
9600 29.5 0.319 6300 29.8 0.263
é 12160 38.5 0.645 9130 34.0 0.365
12750 29.8 0.257 8000 38.8 0.565
7 13120 30.6 0.261 9280 34.9 0.380
9560 38.8 0.690 12360 33.6 0.355
10160 34.6 0.400 9920 35.9 0.480
8 12010 34.0 0.390 9460 34.0 0.455
13380 35.1 0.405 12420 32.5 0.300
8670 36.3 0.387
9 11210 37.0 0.462 9390 35.2 0.376
13450 41.3 0.757 9510 39.4 0.645
10 13430 36.2 0.542 11210 33.3 0.445
16990 35.0 0.516 13120 37.4 0.566

16440 35.0 0.461
11 13000 36.2 0.393 10460 36.1 0.463
12160 38.4 0.635 12010 35.0 0.441
12 16940 37.3 O.SOq. 12600 31.9 0.384
18180 35.5 0.497 12540 32.5 0.364
13 15060 36.1 0.459 10870 30.9 0.283
13990 36.4 0.445 11250 33.9 0.416
I-1 24000 30.0 0.315 10830 35.0 0.490
15000 37.7 0.570 9500 39.2 0.485
2 23850 25.9 0.210 22000 35.1 0.350
10500 41,9 0.600 14000 39.1 0.475
3 14000 42.2 0.710 14500 34.1 0.285
28500 36.6 0.370 17500 31.5 0.250
4 11000 36.7 0.457 11500 23.7 0.136
12000 34.8 0.348 12000 24.5 0.132
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Newfrvigug t?aJpgﬁ tisiiﬁe test V%gire rﬁ)e in%pection
Breims | b |£hn t| WATE | Wies zo- | Pretormn. 2
force tion |Breaking| pe diam- | pe pitch |ing per- Decarburization
energy eter centage
(x10kg) | () ((X/%EF) (mm) | @wm) | %) | A |B|C|D|E
45.4 5.75 1.82 26.11 194.5 89.4 5 2
44.3 4.93 1.49 26.03 192.5 91.9 1 4 2
48.2 5.82 1.97 25.90 193.1 94.0 4 2 1
47.3 5.57 1.83 25.89 187.7 91.4 2 3 2
44.2 5.73 1.78 26.24 193.8 89.6 2 4 1
45.3 5.00 1.62 25.11 192.1 97.9 3 1 1 2
45.2 4.84 1.56 25.24 192.1 96.4 2 3 2
45,2 5.15 1.71 25.01 194.9 89.5 2 2 3
45.2 5.24 1.73 24.99 193.6 89.3 2 2 3
43.6 6.34 2.16 25.03 191.7 89.3 6 1
43.8 5.11 1.64 24.95 193.8 90.8 7
43.6 5.63 1.87 25.03 191.6 92.0 4 2 1
44.0 5.45 1.81 24.92 192.5 91.8 4 2 1
45.8 4.05 1.27 24.72 199.8 93.4 7
46.3 4.31 1.35 24.83 195.9 84.4 [5) 1
46.1 4.30 1.37 24.81 197.4 91.2 7
47.9 4.19 1.31 25.09 189.8 90.4 5 2
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Table 1. (-3%) (Continued)
Ed i > B
Fatigue life test
[P1] T=12000kg Q=1500kg [P2] T=8000kg Q=1500kg
S| soms | owmm jgmeiar—| GEE% | OEME Bz iia—
Cycles to life Reserve Breaking | Cyclesto life Reserve Breaking
breaking energy breaking energy
force force

(D) (xiokg) | (Z/0EE) | @ (xi00kg) | (XJOkE)
I-5 19600 41.9 0.701 17000 36.3 0.412
26500 36.1 0.341 14500 35.7 0.339
6 24000 38.1 0.443 12000 38.9 0.431
24000 34.0 0.287 13500 35.0 0.335
7 19480 37.1 0.485 15130 34.3 0.357
16100 40.8 0.606 12310 40.3 0.660
15110 40.4 0.581 11850 32.3 0.343
8 24000 41.9 0.750 14210 42,2 0.880
22460 41.6 0.580 15940 40.7 0.695
9 18500 37.8 0.445 12040 40.6 0.603
19470 36.0 0.344 9500 38.3 0.477
10 15550 35.0 0.320 12000 35.2 0.332
15900 37.9 0.429 11490 36.4 0.378
11 15680 34.5 0.409 10030 33.8 0.339
16540 38.8 0.517 12550 26.0 0.183
13480 31.6 0.303
12 24760 30.3 0.290 12380 30.4 0.285
19570 34.4 0.347 12000 26.6 0.207

15300 35.0 0.387
13 11890 34.7 0.426 9520 35.2 0.467
12390 31.3 0.296 12720 32.2 0.360
11840 25.3 0.195
14 14190 32.3 0.276 10810 35.9 0.460
22620 34.2 0.318 12290 35.5 0.395

13780 31.0 0.227
J-1 17000 36.9 0.516 21500 33.3 0.390
19500 35.0 0.550 17000 34.8 0.390
2 19360 38.0 0.442 13690 34.4 0.360
18600 34.4 0.370 13570 31.2 0.225
3 15310 37.1 0.420 12420 30.7 0.275
14910 37.0 0.500 11330 28.7 0.210
4 22640 39.7 0.529 19500 31.0 0.298
17770 40.0 0.617 16150 31.0 0.257
24530 38.5 0.504 17950 35.0 0.352
5 23250 38.5 0.467 16720 32.6 0.274
21070 40.0 0.643 18720 30.7 0.256
6 11880 37.9 0.590 12640 20.2 0.114
11230 38.4 0.557 13000 27.5 0.252
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oSO R B o8 B %
New wire rope tensile test Wire rope inspection
OIHE | USR5 BT | BREE | Y,¥ | BAE
Breaking | Elonga- |x %V ¥ -| Wire ro- | Wire ro- | Preform- 153
force tion | Breaking | pe diam- | pe pitch |ing per- Decarburization
energy eter centage
3 .
(x10kg) | (%) ((X)%FE) (mm) | (mm) | (%) | A | B C | D E
46.2 4,13 1.31 24.94 189.9 87.1 2 5
46.9 3.90 1.15 24.95 195.5 90.3 4 3
48.0 4.08 1.33 25.48 186.3 87.6 7
47.0 4,28 1.36 25.50 180.7 89.3 6 1
46.3 4.59 1.51 24.86 186.8 93.3 2 1 3 1
46.3 4.56 1.51 24.86 187.1 93.6 3 2 2
47,4 4.38 1.33 24.61 183.0 94.0 7
47.7 4,24 1.31 24.81 184.5 95.6 7
47.7 4,78 1.54 24.65 183.0 96.2 7
47.7 4,10 1.24 24.80 186.6 96.5 7
44.5 5.22 1.56 26.17 189.8 92.2 3 3 1
48.4 5.12 1.75 25.62 192.0 95.0 6 1
48.4 5.14 1.75 25.71 192.5 93.1 [ 1
45.4 5.23 1.73 24.77 189.2 94.5 7
45,2 5.37 1.74 24,81 189.1 91.9 7
44.3 5.17 1.69 24,59 192.4 94.0 7
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Table 1. (->-3%) (Continued)
# Lol B B
Fatigue life test
[P1] T=12000kg Q=1500kg [P2] T=8000kg Q=1500kg
E N amew | owms [omziar—| gaE% | oEEE  M=r-
Cycles to life Reserve Breaking | Cycles to life Reserve Breaking
breaking energy breaking energy
force force

(=) (x10kg) | (ZJ0F8) | @D (x100kg) | (X108
J-7 13090 36.4 0.449 14080 34.1 0.395
16650 36.7 0.428 11570 30.7 0.254
13050 38.4 0.554 14350 21.0 0.150
K-1 35500 34.7 0.395 31750 33.9 0.315
29500 31.0 0.275 25500 37.4 0.515
2 17000 38.5 0.655 18150 38.8 0.575
18500 36.4 0.485 24000 25.3 0,225
3 17520 37.8 0.475 14330 37.9 0.570
24020 38.2 0.520 14870 34.3 0.349

18390 37.0 0.475
4 19130 35.9 0.440 13450 36.4 0.525
18930 36.1 0.461 15070 33.4 0.430
5 17750 39.9 0.711 10300 37.3 0.562
17680 39.5 0.715 11370 38.1 0.593
6 10790 38.2 0.600 9950 40.0 0.808
14070 38.7 0.559 11170 35.0 0.441

15970 39.8 0.649
7 28150 42,2 0.677 19570 37.9 0,443
26500 39.8 0.501 14520 40.5 0.563
16490 40.5 0.535
8 22420 43.4 0.730 19680 39.3 0.461
27190 41.5 0.548 22130 37.5 0.456
27990 38.3 0.492 15920 36.3 0.424
L-1 16000 29.2 0.254 9000 37.2 0.465
15000 28.3 0.270 10500 36.9 0.424
2 16500 31.1 0.277 11500 34.3 0.370
16300 31.0 0.300 13000 31.0 0.305
3 19400 26.9 0.230 12000 37.0 0.421
18000 26.8 0.220 14500 35.5 0.4%90
4 12290 31.7 0.360 7320 33.6 0.445
11140 36.5 0.578 9630 37.3 0.630
5 9990 33.6 0.380 8020 37.8 0.610
10440 35.3 0.520 11500 35.1 0.418
7610 31.3 0.485
6 13450 37.2 0.542 11520 29.4 0.305
12660 30.7 0.388 13330 30.5 0.407
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U B R R woH B R
New wire rope tensile test Wire rope inspection
OWIEE | O |G W | NEREE | .7 | BE® ,
Breaking | Elonga- |x & ¥ —| Wire ro- | Wire ro-  Preform- %) o3
force tion | Breaking | pe diam- | pe pitch |ing per- Decarburization
energy eter centage
kg .
(xi0tkg) | () (X0FE) (mm) | mm) | @) | A | Blc|D]|E
44.3 5.57 .83 24.57 192.2 94.6 7
49,7 4,98 .65 25,65 200.0 93.7 6
46.6 5.38 .76 25,18 196.7 89.9 3 2 2
46.0 5.24 .68 25.76 193.6 91.0 6 1
46.1 5.36 .71 25.61 193.8 92.9 2 3 1 i
45.6 5.32 .76 24,83 191.2 91.1 3 3 1
45.5 4.19 .34 24.76 192.0 92.5 1 6
47.4 4.65 .56 25.25 192.9 88.4 4 2 1
47.4 4.64 .54 25.13 192.7 90.2 4 2 1
45.1 4.35 .30 24.98 192.7 91.3 3 2 2
45.6 4,70 .47 25.33 198.5 87.2 6 1
45.7 5.05 .61 25.21 198.7 88.6 3 4
43.3 4.52 .35 24.84 192.2 94.0 i 5 1
42,9 4.34 .23 24,94 191.4 95.3 1 2 4
44.6 5.20 .70 24,63 192.1 93.1 2 5
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Table 1. (->-3%) (Continued)
7 i E
Fatigue life test
[P1] T=12000kg Q=1500kg | [P2] T=8000kg Q=1500kg
EN wamn | uwmE [E=iie-| amEK | OERE D= xar-
Cycles to life Reserve Breaking [ Cycles to life Reserve Breaking
breaking energy breaking energy
force force

(1) (x100kg) | (3 o0kE) (=) (x10tkg) | (X]00k8")
L-7 16140 30.3 0.388 11190 31.0 0.348
12720 34.3 0.544 12870 29.3 0.325

12880 30.3 0.313
8 12200 36.4 0.592 10500 30.4 0.284
14690 35.5 0.474 12230 36.4 0.577
o 13170 36.5 0.610 12560 29.3 | | 0.305
11990 33.4 0.402 12050 26.4 0.188
M- 1 36000 32.0 0.310 23500 . 37.6 0.595
17500 38.2 0.628 20400 1 33.1 0.369

26600 35.6 0.439

18500 40.4 1.000

23000 38.6 0.789
2 28050 40.7 0.645 16850 - 38.2 0.590
29000 41.7 0.820 20900 j 40.5 0.730
14980 39.7 0.615
3 25950 41.4 0.665 16500 38.6 0.635
33120 40.0 0. 605 17600 : 37.8 0.515

23890 42.1 0.735
4 21610 39.8 0.568 15920 X 38.0 ; 0.495
28180 37.7 0.459 20170 © 36.5 : 0.446
22770 39.5 0.700 18070 L 41,7 : 0.616
5 29340 38.5 0.518 23980 38.5 0.498
20530 40.1 0.6%90 19250 ' 41.0 0.732
24460 40.2 0.698 25730 39.5 0.633
6 22770 38.8 0.529 12910 39.5 0.568
17940 40.2 0.581 12660 41.5 0.642

26930 34.9 0.387

19660 39.0 0.523
7 21480 40.4 0.686 14640 ' 40.3 0.560
20760 33.6 0.311 15530 39.3 0.509
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R R B BB %
New wire rope tensile test Wire rope inspection
YNTHE | MO Y | AREE | ¢.7 | BNE
Breaking | Elonga- |= % /& —| Wire ro- | Wire ro- | Preform-
force tion | Breaking | pe diam- | pe pitch |ing Decarburization
energy eter percen-
tage
(x10tkg) | (%) |(X/%F®) (mm) | (mm) | @) | A | B|C|D|E
44.4 5.10 1.63 24.69 193.5 94.1 3 3 1
45.0 5.08 1.59 24.67 190.0 95.9 6 1
44.5 4.62 1.37 24.64 189.6 96.9 6 1
43.0 5.75 1.77 25.21 185.3 93.0 5 4
45.8 5.64 1.76 26.10 187.2 97.8 5 4
45.8 5.45 1.75 26.17 187.5 96.9 5 3 1
44.9 4.89 1.56 24.57 193.6 88.8 9
44.8 4.50 1.46 24.63 193.6 89.0 8 1
45.0 4.88 1.58 24.53 190.8 92.8 9
44.9 4.96 1,53 24.52 191.6 92.3 9
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Table 2. # B& =1 7
Result showing fatigue life and other
# Gl = 8
Fatigue life test
[P3] T=14500kg Q=1800kg | [P4] T=9500kg Q=1800kg
Eodl| soms [ ommm |fowziar—| soms | ommE  [m=aar-
Cycles to life Reserve Breaking | Cycles to life Reserve Breaking
breaking energy breaking energy
force force
@) (xi00kg) | (X10ke") (=) (x100kg) | (3% )orE)
G-1 7440 38.8 0.496 5870 37.1 0.387
6340 37.6 0.391 5790 36.8 0.335
2 5%00 48.1 0.980 5630 41.9 0.545
6510 42.8 0.615 5450 43.6 0.610
3 8820 38.5 0.400 3040 44,0 0.870
5940 38.2 0.420 4370 40.9 0.555
6280 43.1 0.895 3880 41.6 0.570
4 7990 41.4 0.680 6960 43.0 0.650
4920 44.5 0.660 5530 44.0 0.560
8580 40,2 0.495
H-1 8160 34.6 0.290 5160 33.0 0.372
7720 31.8 0.281 5700 40.2 0.538
6680 37.3 0.395
2 7670 43.5 0.770 6540 35.0 0.280
9760 37.8 0.450 5850 35.7 0.430
3 9980 40.0 0.440 5830 32.0 0.230
6950 43.4 0.535 5100 45.3 0.660
4 9410 36.8 0.325 7170 40.0 0.380
8240 47.0 0.695 6390 34.8 0.285
I-1 12800 47.0 0.625 7690 40.5 0.339
12320 47.5 0.709 15690 32.0 0.231
2 10310 46,7 0.595 9000 35.6 0.281
12690 50.0 0.448 10000 35.6 0.217
3 13240 49.5 0.708 11068 43.0 0.523
13760 42.8 0.401 9000 40.5 0.394
4 13040 41.8 0.420 10720 36.5 0.440
14020 41.1 0.465 11250 36.7 0.430
5 9590 43.0 0.515 8860 35.4 0.380
10910 38.7 0.395 9440 41.7 0.505
6 16920 46.9 0.650 11830 38.1 0.330
15730 42.8 0.615 11880 31.0 0.235
J-1 21540 43.2 0.775 12400 38.2 0.565
24210 42.4 0.750 12740 38.6 0.620
2 19170 46.4 0.805 17460 33.6 0.315
14900 46.1 0.835 13400 41.8 0.515
3 20810 44.7 0.680 14140 36.5 0.280
14960 45.1 0.650 14950 38.4 0.360
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(26 mm w—7)
measured values (26 mm rope).

New?vi;% gpgﬁ te%sii&é test V%ire r[supe in?pecti?n
Breniing | Elongs: |24 4| Wote v | Wird ro- | Prerorm: #
force tion |Breaking | pe diam- | pe pitch |ing per- Decarburization
energy eter centage
xiokg) | (%) |(X/%F€) (mm) | (mm) | %) | A | B | C|D|E
50.3 4.88 1.74 28.44 220.5 94.0 2 2 7 3
52.8 4,34 1.64 26.93 210.2 90.6 1 6 7
46.6 4.74 1.57 26.35 213.7 90.2 2 5 4 3
50.9 5.02 1.90 27.44 213.8 92.5 9 2 2 1
49.0 5.32 1.47 27.69 207.5 89.7 5 1 1
56.3 5.75 2.14 27.64 207.2 98.7 4 3
£8.6 5.27 2.12 27.39 203.9 93.8 2 3 2
56.2 5.47 2.23 27.36 201.8 95.5 5 2
56.3 4,63 1.40 26.94 206.5 94.8 7
57.5 4.76 1.56 27.13 206.5 93.7 6 1
55.8 5.17 1.61 26.97 206.3 93.7 7
56.7 4.21 1.47 27.07 196.9 93.9 4 2 1
56.0 4.78 1.78 27.09 200.9 91.3 7
55.4 4.39 1.73 27.11 202.1 94,0 6 1
51.0 5.31 1.85 28.89 206.4 96.9 3 4
53.5 5.20 1,99 28.28 213.2 94.6 7
53.9 5.51 2.11 28.34 212.1 94.0 [ 1
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Table 2. (->3%) (Continued)

# i = B
Fatigue life test
[P3] T=14500kg Q=1800kg [P4] T=9500kg Q=1800kg
S| mums | owmE |omzisr-| camm | ommE  [omziar-
Cycles to life Reserve Breaking | Cycles to life Reserve Breaking
breaking energy breaking energy
force force
(@) (x10vkg) | (o ronf®’) (=) (x10kg) | (%10kE)
K-1 17830 42.0 0.575 13050 34.7 0.350
19050 39.7 0,505 11820 41.6 0.545
2 16350 47.4 0.640 10170 42,9 0.450
16390 45.8 0.570 10050 46.7 0.670
3 12980 48.5 0.790 10460 47.7 0.635
14480 47.3 0.655 12390 37.9 0.680
L-1 14660 36.1 0.347 10940 38.0 0.418
14000 36.2 0.362 11120 39.0 0.459
2 9860 42.4 0.600 7440 38.1 0.480
13190 34.2 0.280 10030 26.8 0.190
3 12500 39.2 0.410 |. 11260 39.5 0.530
12950 41.1 0.645 9490 38.5 0.475
4 13580 39.8 0.540 |: 10790 30.6 0.250
11560 40.0 0.440 |- 10340 32.0 0.280
M- 1 22150 47.2 0.720 15690 44.8 0.565
24080 46.6 0.755 16090 46.7 0.755
2 21220 50.5 0.860 20900 46.4 0.705
24700 40.5 0.365 16190 46.2 0.620
3 20900 50.5 0.820 17360 46.4 0.655
24090 49.8 0.815 |° 15880 46.5 0.550
4 = 5®

4.1 FHAONHEFHEDOE

G~~MEEFL2EORGECRESME L Fi5ER X OEERET Fig. 4,5 wRLAEN, 24, 26 mm
Br—70f2&H-Tho B4, EREEL PHEOK THLLEBRE o/N 7 37~41% Lk
L, DPMOBELTIELEDNIL R, 6XT r—7DBERIT BRRED 16~19% THoto,
Wke —FOMR T REIL T PER S OREYRDH L Table 3 2B bh3, ZoEBHRE
24mm e — 7OHFTG, KOFELKEVEIME, 20% B ELRIFADTEk-TEkb, FOEb0k
XL LT %, BROFEBEHILe — 7OBEIC L 320K %\, HBMEDOHE & FBEOZOHET
FRERTT > BRIESED LB D,

FBOBCOREL, 28O Y T ADLDRDEPHOKY FAROBRREL KB T2 B L), =
—7DBEHEROWTTots, 2dmm v —7Cit Ko i vk, Lz, 26mm = —70%
# P3 TR ] ORBAV, EXRERERELHUE IRz, ThESMIRRE feition,
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Newﬁiﬂué‘ :;Z)Jpgﬁ te%intsﬁs% test V%gire rr?pe iniﬁpection
Bresting | longa: |25 14 | Wote va.| Wics ro- | Prererm- BB
force tion | Breaking | pe diam- | pe pitch |ing per- Decarburization
energy eter cenatge

(xiotkg) | (9%)  ((3)0FE) (mm) | (mm) | (%) | A | B |C|[D E
50.0 4.69 | 1.63 27.15 213.3 88.3 4 1 2
57.5 5.40 2.25 27.48 212.7 86.6 1 2 4
57.5 5.58 2.35 27.41 218.0 87.2 1 2 4
51.0 5.45 1.56 27.26 209.8 96.7 5 2
52.0 5.05 1.78 27.27 207.7 85.2 2 3 2
49.7 4.98 1.69 27.72 204.0 99.4 2 3 2
51.3 5.02 1.77 27.41 210.4 1.5 2 4 1
54.0 4.98 1.82 28.16 211.7 97.1 6 2 1
56.2 6.24 2.58 28,14 207.2 89.6 9
56.5 5.78 2.36 28.28 205.2 92.0 9

FHEOEDORE, FBOELEE L Welch 0HEDY L3t BERT-7e ZOEBEORE
DFRE Fig. 6 C®{RT 5, = OFBENIAR EA HREEND CRBEY K BINEWN, FEEHR
HHENBLOERCTHEATRLT S, EBE 1%, S5 %0RBRELRT, Mt Xofk#ficis\T
LPBENKE L, A OMEr - L OMCFEREEN DD, KiZhi oW ThkEV, —F, G,
H3 3 _To&ktbcior — FRENTHERIPIL, L L J @hiied s, r—"RBLENNELS
MO0 T 2BGOHEC VTR 4.2 TRN5H, n—7BEZLoPHELBEYL L, B
AEREEHBEHE L A% Fig. 7 it

LR o HEsHoRES LOSMAHEREOWTIE, WThIFREAERSE T 0L BBEL T
5% RBER»LEOIS e — TEED LORESMRL 2D O RdRieRT LR SV RIFME
PEZFLIERRB->TV5 30, ERSHCEVID, BAVEEELRLONE LW EBbh5MY
RBHEDRERATHS, Fig. 8 xoflind. REHIE: 2dmm v —-FROWT, HHKHF
WENRT AT AGHTHLRAELT, £45 2 -2 OFBERDIMERY Table 4 KT, KHoBR
AETAT - moSHIRZHETHY, ERPMIS BREERD LPEWHERF->Tw5B2 L,
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Actual breaking force of wire ropes and breaking force specified.
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(P1) D: 24mm
T:12000kg |

r . n= 172
N=15948
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B R E
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S
]
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m
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N=12040
0.10 |
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Fatigue life

Fig. 4. H&EOHH (24mm = —F, G~M)
Distributions of fatigue life.

PSRRI ERENCh » BREEAYRL TS 2 2tk b,
4.2 HFMEDEM

G~Mop TS orn —70BFAOBISY, r—7REENNESL PI~P4 ol20LHO\WTH
BL, v -7OBEYHOrRTIENTES, £5HTLOFRDO HEECOVTUL 4.1 THS
M S ITREg R - OBRGOHENLERN, P1~P4 0T L3RBTV A2ERANS,

Pl ¢ P2 Cize—7ERACTHD MTFIEINR- TS, ZOENDDIEED v — OB
2 LCTHRNDOEE L 2=bTh, B2k Pl L P3, P2 P4 0X5kn—7ERREZBAC
b, - 7OFGOINEKIAL X SCERA T 2200 B L2 5,

Fig. 9 i3ifidihic Pl w284, fe P2 wkits B4%Lh, G~Mor-7HBEZL0OF
APHEE 7 ey P LEHBRTH S, HBEREIT 0.974 L5, v—7EXRAUCHTRINRERS
Thb 2E& BT 2 BRPEHECTAS L, HHHCREER BRI L2 k5, Ebbh—F
DEHREVTHCEVCEES YT T e — 125 bRy, A Fig. 10 ik P2 2 P3Jibbe
—7RELIRELBEOEERN TS, T OBALEVCHBERYNED RS, EODREOHMN S 2 4t
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0.15
(P3] D : 26mm -
T : 14500kg
n= 57
§ s= 5124
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Fig. 5. HpfEoN4i (26mm = -7, G~M)
Distributions of fatigue life.

B Lot B OGS Y Tables int, WIFhoBELRVCHBEBERLSSZ LERLTEY, =
—FBEBINR-TBE T, »— FOBEC LoFSHEOHMN LRI R K ELEIR bR,
BEDzthd, v—FOBERS I BEEREOD IO L LTHEELDOhEELD, T LTAR
&L BB —EOHBOH TIRO L OORBEREN LMOFREF BT HERYHETCEL I TH D,
4.3 ERNBORLERR
FhAB R 2 BMUEOERER, »—7 1 X)RIOMATSWHRERC X - h, Bl =
— 7O bR ETT HER LT 510 120cm ORRAEL S, v —7D1 X H R, 24mm v -7
CiEFs L+ 181~211mm, 26mm = — 7Tk 197~221mm Thotcnb, #HE=—7 ECHROR
AT LB 24mm v — 7/ THEEIF 6.2 LHES, 266mm =~/ Tk 5.8 X HRETHD, RO
BT b bR E Ulco b, SEEKOMME & HREIIHL, SRR THAELHEShS
CED, ZOMERERIRETAMBEREPL TV R ERBLL, ¥, WEREED 1 L) RIOMK



HEARAROEY BT o PR F6E) (Rl - XM - K - BX) — 8 —

1ROERMIET > THAE LS LRBLT, fLoME cRG L HEShIFREBNTIZ L b50,
$rih e — P U RWHRE & e 0T 5 REBIX, » - 7 OERERYRL TV %,

BEhRBRSEEC A bh 2 5ai A CoRNHREL, 238 - 2RBREELALT 4~16 £THY,
D3 EROMBAF—A + 7 v FiRfEh UTHM &7 b Zh DS AR —0% - Tz, BRERE
On— FEEC L ORI 6.0~9.1 AT, 26mm e —FOBEECALENS LA, 24mm r —F
Tz P1 & P2 ouPFhizsWTdER RV, ¥LRNER L FROBR, &L TREEENS D
ORFHELAZ VL5 X3 EHR, 2RBLhiV, Fig. 11 € 2dmm = —7 0 Pl EBiT 5%
BEELc o — FTORNBRBOBELSTRET T,

HEHR L O RERE O InfE %, £THROEHER E OBKT Fig. 12 KiRT, Zhik 24mm
B —FEOWTEHED LR, v —PEES LR W PhOEHETEL 5, Bho [6X7] 13w
ZH5 JIS ik 6XT v —FOEERERL TV 5, OFHRCEGC CTHBTRENCEEL, FMIdK
B O EOHEMNEATHL, oML 6X7 v —-FDBRLELABTHE, v —TFOBEZ LITLRD
& M-K3PIioRERANREZ{, ThIMEOBBROBMIE LD L2mT, LOBRLLTH

Table 3. v — 7Y}, &4 & oFGEHMA

Mean fatigue lives for each wire rope.
24mm r~—7

[P1] T =12000kg [P2] T =8000kg
F— ¥ | FOTHE EREE | FEEAR | T8 | FOT5E EBEEE | TBHER
”n N s s/N n N s s/N
% %

G 37 8657 3864 44.6 36 6553 2475 37.8

H 28 13116 2776 21.2 28 9895 1950 19.7

1 3t 18247 5030 27.6 31 12933 2623 20.3

J 16 17490 4107 23.5 16 15262 3041 19.9

K 19 21421 6267 29.3 18 17123 5820 34.0

L 19 13945 2577 18.5 19 11096 2002 18.0

M 22 24456 4860 19.9 17 18211 3828 21.0

Total 172 15948 6715 42.9 165 12040 4986 41.4
26mm r—7

[P3] T=14500kg [P4] T =9500kg
F—s ¥ | FOTEE| ENEE | THEK | 72 ¥ |HFoTHE | EEEE | THER
n N s s/N ”n N s s/N
% %

G 10 6817 419 6.1 9 5345 1096 20.5

H 9 8385 596 7.1 8 5967 648 10.9

I 12 12945 2078 16.1 12 10535 1142 10.8

J 6 19270 3155 16.4 6 14183 1464 10.3

K é 16190 2375 14.7 6 11326 1168 10.3

L 8 12790 1156 9.0 8 10180 998 9.8

M 6 22860 321 1.4 6 17020 1374 8.1

‘Total 57 13180 5124 38.9 55 10132 4020 39.7
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Table 4. 74 FABHEDTEDLFEGD AT A —%
Parameters fitting Weibull distribution.
\\ EC T 0 [P1] [P2]
- \\
\
~__ R
e T I N 7 fo " r fo
G 1.47 2500 42.26X 104 2.02 1000 39.22x 108
H 2.20 7000 270.8 X108 2.79 5000 26560 X 108
I 2.00 8500 228.8 X 10¢ 1,37 9500 8.44 X 10*
J 2.30 8000 1514.8 X 10® 2.02 9500 49.81 X 108
K 2.29 9000 3652.0 X 10¢ 1.70 7500 6.67X 108
L 2.25 8500 322.8 X108 3.71 7000 544.2 X101
M 2.02 15000 127.6 X108 2.19 10500 433.8 X 108
_-n=

EETERK fO)=

m(t— T)m-l .
1]

iy

Fig. 6. BHEHEOCXOKRERE

Results of t test of defferences between means of fatigue life,

(P4)
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2
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]
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L
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0
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Fatigue life

x1073
0.2
(P2)
D: 24mr_n
T : 8000kg

N .
I AN
‘ \\2

5
Fatigue life

Fig. 7. 8 0o B £ E K i R

Probability density curves of fatigue life.

B EEE
Probability density
=)
o~

\\k

\N
N e

0 30
(x10°E)

L REV, Shich LCGRNRNEL, ZoROBROBMAEATHSEINI v, 20X 5kl
BRECHEHAE » — TEEOHNM ARSI, Pl L P2 nHBLTHALRS, RBREHVHET 2L,
v —FRABKE S WMITIETVPE PL OBEOHH, P2 It~ THROREN @522t ETL
Twb,

R OBy EEER OB HECH T 2HA&THRT L Fig. 13 L3, Bl = —7EEK LS
ZHRECN, BROBERIE LD r —FOHMCTIHTRTE, v —FOBECBFRRL X4
fe—2nfERAE Hbh, 6X7 v -/ LoBRLELM LS, Pl i} 2 WBRORAEIL, HEke -
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x107? I
o1l (@ (P1)
— — Rope M
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a
=
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0 L ] 1 1 |
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Fatigue life
x1073
0.2
(P1)
o Rope |
fr)
B > ol 1
# § / \
w8
i
0 A 1 i
10 20 30 (x10°E)
% &
Fatigue life

Fig. 8. # & o &/ & o f

Examples of distribution types of fatigue life.

7Tk 0.58~0.70 DRI H D, 6X7 v —FD 0.74 L v 5L, BT 6X7 LT @500
Th5b, P2 CRRENHROFERPIFRD 0.67~0.73 ThH H, BWBHOMMEINL 6X7 v —F L2k
Ao EED LN

26 mm m—FREALTRABOHELTH T, HBETD 6X7 o —FDF—x Hicu s, Bigon
WEBCOVTL 24 mm v — Y DBEH L BERBFOEETHS L2505, UBBOREIZIF ORI
LT, P3 ik 0.60~0.74, P4 Tit 0.63~0.76 T 7o
4.4 M@BOES

TR ORI T h i RET s B X - T NIUKHR] & TAMR] 20 bhs, kiRt = — 7
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x10~3 (]
(P2}
0.2 Rope H
)
w2
3
M
-
o 01
a
0 \\\
125 (x10°H)
&
Fatigue life
Table 5. FHarEoHBEEHRH
Correlation coefficients of fatigue lives.
P 1 P2 P 3 P 4
P11 0.974 0.888 0.874
P 2 0.931 0.903
P 3 0.992
P 4 ——

FEONRE, BRIA L7 v FHENERT 5BRCREET S d0oviET, T CPIREH L Filh
HHBEONEL DY, ARBOERr —7TIZA L7 v FURECARBRONES C c YT 5,
ARBICBCTHMShHRIFOREALALUNRTD -, ETERLETIED L VILLRITE
WA U5, IUBHRLIA O BRI H A NHE & ORETRSRAE Licr — 7 DHu3 Table 6 ©
ERDTHB. AT 26 mm v —FOHCEPHCED - T BNV, DR 24, 26
mm\TFhor—70HES P2 & P4 o, I BSRVEHFTEHEIEL TV S, S LOERIIe —F
DEEC L > TREHAVBELI R > TW5E, HiZ 2dmm = — 7 CTOREEY, 26mm »—7C
BERS L, Lix 24mm CTURBERAS, $clix P2, P3, P4 COREBEAELIS
w—7OfENbARBE, H-1-J -K 2HE#RENEULCREERB L -2b0TC, G- L- Mkt
LIEARMTHER IR TV A, OB EONKELS, HHHR L ORETROBI 5 EA & OREIS S
higv, ¥, BhFEFHCOVTRZIORRERTLLINED, BHEOKNE R LI DORE L O
EBEED bRy,
:@E@ﬁﬁ%ﬁ:Ltn—foﬁkmovrﬁ~5&.ﬁﬁﬁtéUtaﬁu%6~ﬁo%#f&
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Fig. 9. RIH R B FHC BT 5 H R0 HMK

Relation between fatigue lives under defferent tensions.

(x10°E])
25
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(P2)
B>
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Fatigue life

15
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©
o
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©
T
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£ & (P3) (x10°E])
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Fig. 10. » — 7@&H»87 5 &M BT 5HF 40 HER

Relation between fatigue lives under different rope diameter.
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HBEVCRA—FHETO 2 EDENELRARO ¥ b A Uafnigy, 26mm =~ 70 Hiz P3 ™k

IEXDFENRBD > b 8 R BFRHREIEL, +0ho T AOHER e — 71X REER LHEEELLLT—
HOBEN LBRELNE, ¥7: 2dmm v —FOHROWTE, P2 COLBNEIREZ 275 fliT 4 &D
EHLLDb0T, Zo5HFD 3L PLCLORBRLEILTV3, Z0&»LI0 4 A0
flRFoTwdlhbh, MEESOBRLLLLRS, 24dmm v -7 Ie2WTH AOC L 1RED
Bhbe LLED X 57aEE, L, HWHRD 5 WILDEERIC O TR ERAS S L0 e — T OBECES
SHACIBZLbh58, ChEEdRvAvda\Vite — P BET 588 04 U AR OME 4 2#
DRI L BES LSl LB IS,

B & DRI OUL T L 5 — DO RBINRZ Li2, ZhLOWBRMNECBEADIRLALY, B
HECBERLTVWSZLTHE, BHHUBIHARO LS5 IV BEI0ME 4 KON ELIIF—R + 5
Y FOMELI 3 ROBHRIC L - T b, ARBOBTENRE /i OEMEY £ Lcbor, 24mm
r—7C 42§, 26mm = —C 31 FICHH, D5 24mm Tik 36 A, 26mm Tik 29 f
2 ZhoOMBARHOHEL oo bHROPLE TN T, TbK, HEBELE3IKOMBTHENE
HEEHLBEREOWTLB L, 24mm r— 7D 19 PR BEEN SERL L0 46, OBENEIS
¥h330 12 fichy, WHRLET LW bDR3FRTCHS, AR 26mm = — 7 ik, 16 #
R ANRE AL L0 8H, DENEEYEL L0 10 fIT, MAOKRYEhLon 24h b, Lk
F s Bz,

020
(P1)
—
0.15
s>
>
™ g B U ) Iy
®Eg
% e 0.10
Zs
&
P—
0.05
0 5 10 15 (&)
EREBREEK

Number of broken wires

Fig. 1. ¥ 8 R &o HELSH

Frequency of number of broken wires.
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(%)
10

(a) (P1)
N

) ”/7//’/:/”

FAHT R
Number of broken wires
(&)

0 5 0 20 25
i 8 E B (x10°[@)
Fatigue cycles
(%)
10
(b (P2)
» A
oy G HASIL | J KJ/IM
5 /
®E 5 / -
55 / /
=}
"2 / Y
0 5 10 15 20
# A E N (x10°%a)

Fatigue cycles

Fig. 12. E M EREOHEM

Increase of broken wires (total).

Hoie — 7O E UTHNRE L OBRERAE U BENE L, ORI EiRrE L SR
F 0N THOBHEDELRT L, FHLHABIShARELTWERNEV & 250 bihiny ., HHiH
EDBETRIBENAROK DV I RBET L ENHL, v~ TELTHEIWVIRA LTV FELT, 5
SOEDRHMFIH L THTONDAS VAL ThIRIBLDTHAS D, 6X7 n—7 24mm o F
OENRBTIZ 101 flod, SEHR2ECLI0RIH, A—2 5 v FR3FAOFELLBHEYE LR
LONREFTH 7m0 CHERET D LEHRr — 7ONBROBRTOBREN 502 5,

FOMOEBRCKRELTIE, 24mm v — 70 [ OHhOBEORM 1 ACH\WT, P1 C2[EES3
AOFHELUILUEEEYEL, P2 Ciil A7 v FARRCERS L3 6235 -7
45 BREHILIBRBEIIILF-—

HHRBC BT 5 HFMHEL BBRERE TT o olc®d, FHBELcr - TRELKRELF[ORVBE
EFELTV3, BORBRERb-TRTOr - 705 ERBET- TRERIEZNEL, 0L &L
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)
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(P1) ~ | (P2) ~
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o |
"3
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=3
-
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" 06 07 08 09 1.0 07 08 09 10
Z#HEEB Y/ 58
Fatigue cycles / Fatigue life

Fig. 13. & % B 8 o # M

Increase of broken wires.

M ME- O HRS CRETM = kL ¥ -2 RdI, ZALORERE Table 1,2 KR+ EED TH D,
G~AMD 7THO v — FILEK L MEER R b, HEHLA—ThV0T, FRERD e — 7 oFliE
BRTREV. BERELLOr — 7 OFREOEBYNH RN T 2 B4R CELLBER IR L,
FABROEMN PI~P4 T CHEENM%RTE Fig. 14 Lz, MhLBELa L5, P4 off
RoOPC 62.5% CEVEELRTETAS 55, ZhrBIEWThoBad3s A FRUSHEEY
KL, REWMIE 75~82.5% KLECHELE . &t P1~P4 2L ogHifizthth 80.0, 76.9,
80.0, ¥ XX 73.2% C, VHEOMICEREITV,

B -7 ORHET L OBREE IKOLEHHIL 66~87% THD, ZIBPETHRV. M -G IBUH IR
<, H- T -LgReReEllto T3,

BE= A ¥-IREE S LBV HMBRC S5, Fig. 151220 P2k 54C, HHBEHSr =0.79
THHH, BOKMTH 7 =0.75~0.87 L kE Lo TV, BE= 1 ¥-% FHko k=%
VERKTHEFRCRL, ST LHfENT 2D & Fig. 16 Lid, BRE= 2 A ¥-% 22.5~35%
CRCBENA LS, PI~P4 oMz rhth 31.0, 27.8, 31.6 R XU 25.3% Thb, BEY
ZANF-REOWT L REBIROFEG LA, &M = — 7TEEOMIC L k272, M-G
ARRR L, H T LRy, |

HRCELI R — TBERIROLTEY 77.5% KN LT, RE= A+ 2THT 28.9% &=
FAF-DETHELV, BE=X A F-OETIL, YIHHECETLIEMERRO LR, & X0MER
EELEOHROC ORI ORBRTH D, =F A F-DRVIEHBROTRC L > Tit, SRNAHES
FIIBER e - TOMOE LTRIRCE D = 2 A F-2UN 8L TV B 2 L2 BHRLT W5,

4.6 pFSHEHEhFR

BNRBTHLh s HME L ORBEGOBRY, HOARERE 5 2 — s 2HVTERR LR 2,
DBV 77 ERFRTH L, BEYHEREINET S LCEERC L Chb, ~BROBERERC LA
3, MRDRTBPEENE T 2~ L LT, RELEHIREOBSHS S-N g ckBshs, »—
FOERBRC ST, BERLr 73R RRBEOR L FROMEY, n—TEHE 52— L
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Table 6. B BT 8 & LB B & o K

Numbers of wire breakage occured in internal wires and wires excepting surface.

\\\\ o 24mm wv—7 26mm w—7
Wigi [P 1] [P 2] [P 3] [P 4]
Oﬁﬁ T = 12000 kg T =8000 kg T = 14500 kg T =9500 kg
=7 s | o | & | o s | o | & | o
G 2 — 1 - — — — —
(37) (36) (10) (9
. N R N R R
(28) (28) (9 (8
I o I e R s e e
(31 (31) (12) (12)
—’ 1 2‘ 2 ll — 1\ 3
! (16) (16) (o (o)
. S R A Y B R A
(19) (18) (6) (6
1’ 1 —’ 7 l, 4 —-j 5
t (19) (19) (8 (8
. SR R N R R e
(22) (17) ( 6) (e
~ 3I 12 4’ 23 11’ 4 51 11
A (172) (165) (57) (55)

WAL AW, O ROEROREMRE TR .
) ADBFIFENRERD ERiAE,

LORERB Z RS, Zhite — 7o HRNFER T THERME bR TRV e EX S
hi, Lhl, r—7ROWTHLRBREGLRDOBTERLT, Fird oBFY ERICHE» ®, S-N
A RDIHE L H B,
ERBRTRADOKRL L, HANBEAMTENOBE L LTEATEL 0L LT, BFEHL
AT TRRAHHEE ST\ 5, MBI RREC S0 5 8 = — 7 L AR HR0O EMRIEE,
RENLRAEOBFRT, EROERI Vb e —FOHREERKREVERERTCHZ, COPHr -7
B2 BRAMFIES (05) ik, OXFD J. Issacueny DR THIRZIW,

vV I E
ab:z 7; (1)
O‘I=Z

T, A=B.S/ep, v—7ORFYHKTHER
o5 FARHRT
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B.S: r—-7OPIHWE
o1t BIRIGN
T:ue—-708NH
E: v — 7 O EERE
V:RHE (=9/2)
RBLMH PI~P4 oW T o %, JIS FiE 6XT v~ 7 CHETH 00X DHEL LD, ZZTIRE
=21,000 kg/mm? kL, $HEED B.S L op OfxAV-Iz. ZOFERLELD P1 & P3, P2k

P1 P2 P3 P4
HLHWTERE A (mm?) 212 248
or (kg/mm?) 56.7 37.8 58.5 38.3
o5 (kg/mm?) 68.2 83.6 68.8 85.0

P4iTistt s op BTN LTHRITTHE LV Z DD, 05 252 5RTLOFEBE TV 200 REN
b, BEHBRENRLAEHKe - 7LD EHFATELCRALBH0, — oKD oXTH
WTHEr — 7 EREFRE VT EANERDTARBZ LR TE L5, BEr —7DARESIC Y - TRE
b, 6X7 r—FHLT 1.00~1.21 fETHH, op (2 1.00~0.907 5L 7%, ZOBAIFAEEOR
—7 iz P1 2 P3, P2 & P4 k5 oy DENTRZNAVETSE L3 EDbLRV, v~ 7
BEZEK oy ERMTPHMEER ey v 35 E Fig 17 L85, CORRND, TTHr— 72T
0y BDREVEHECRBGAES KDL, M- J - LCikr —7ERREZBEIFDT 0p LHFRNR—
DD L ESLBEAABERLTVEZE, TLTfor -7 Tk r — 7B LD2FHOELN AT L

0.20 }'
— (P1} n

— e (P2} ! H
—-====(P3) I

——= (P4) '

|I

)
!
0.15 i
A 1
1
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> H [/
wd o v
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%2 Vi
% by
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0.05 —-——|‘
//\ [
\{/'I\."j A
olm=Z1 ¥ 24 \
— ) 70 80 90 (%)

B wm s %
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Fig. 4. 5G4 B o B P @l x R

Frequency of percentage of reserve breaking force,
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BT 7L F (x10°kg-m/m)
Reserve breaking energy
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Frequency of percentage of reserve breaking energy.
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BXEIEH o,
Maximum bending stress
3
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= o~ (x10°m)
G
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Fig. 7. E KM T K Hh & F &

Maximum bending stress and fatigue life.

Bbhbe M- J-L OfHiL 0o 2RBEHOERL LT EHTHD, MM FRIhiEHavE» D
Tet ke, Chllftor —70BRCOWTORERIEL, »—7BARNIBAC os CIHRBEOR
T4Z, Br\viie —FOEFHEO e - TBEIZEDEENEL DR,

=7 =7 OBEILT op LEGOBFIB ORI LLTE, v — 72l LTELLE o 2R
—USATCH-TLBREREEND S, BERROWENREL b ofoe - PR HBLBEL, B
DENELY. v —7ORECEENSOCHEYRELTVAZ LIIMRTH LM, o KIKRIKT
WiEWERT bbb e — 7O RBEYNNE L 0B OW T LA DENS B 5,
4.7 REBRUEEREIEhES

v —7DRhFHABRCHELY ST ER YRR T 500K E LT “IWEL (Drucker’s dimen-
sionless bearing ratio)” HFHILhTHD, r—7OHK - HEH B - ve—-7EH . v—FBERIPE
HECE2 L RABRERONBCAEHCAC R TH B, HERIZO¥ORTEINS,

zZw, B:WER
T:e—-7mbsME
U: FBROFREE
d:ae—7%

D:v—70e, vHER
ZORREROEFDISEHINS,

2T d
B=KI.W=K,. o *Liss seresesnesnrenesannnnnssens ( 3 )

Ik, B.S: r—FDEEMHE
Lips : HEE (KERISHTECH T 5 RBIENOL)
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® (P1)
®
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0
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10
1G]
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O— 7N,/ a~ 7RIS E
Test load,”Actual breaking force
Fig. 18. » — 7 OHEBEYINHE & Har
Actual breaking force and fatigue life.
K, K,: %
FLTC, TORK Lus #HVAEZ L, thbbe —70ERIMHELERT 52 LASRLREL

TWa?,

B3+ DHELT d/D g%, v—72y—-7CEBEEOVIRBTOFGFRBCHAVGhTEDY,
0¥ ¥PAEHTRRCHOTIDHEZ LIXTE Y, BWERBEX e -~ 7OFC KT S = L1ER
HCHEID bR TWAEND, v—70OHK@i: B.S & D/d whfiL, RBENTCREMATLZLE
5. MAEHTFRRIC ST, BBENTIVIEWE &L o5 2kEed, FRIPI<ns, L
L, PMRERTOBRVBE—TH2 &, BTENADL2BENCD 5B, »— 7OERGIMRE
YERTEILOBESBRLTOBEVLLBESD,

RBRAER) L EBYHE L FaoBfE A% L, ORI L - TRE - TV %, EERRAD
BVWHBE TR T 0b, 2 BERPRALAVLIOLD DB, v~ FOBEI L TIREOFRE TR HHR
v — 7 DREBEGEREOEBNEIVNEL, -T2 d, HEVRAREI DL Z LR EOEETH
55, £ T, G~MOBHEXHAVT S w, b T5E Fig. 18 2 bh%, 2Ok P1 ofiths
HLOBETLIIERRTH D, Less L NOMICHEHEZZR R, Liss HRCHFELRELTHWS L
Db, e —7HFOBMEICH LTRBRRNINPI IV 81T, RBEGL LT 00 REETHD,
FWENKEL LD LIRSROEATHS 5, v -7 OB LinLa b L, CGLERIMHEN ML D
PEL, A—0RBREGTIMOr —T I DBLVABHRIB IR Tz 2ities, 1-KD Lips i34z
LAERUETHBNRMTITEN DD, MIT Lips ¥EBLTCHAE BB ONCRI > TAE L HFEGE
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RLTW,

ko X5 C EEMEEY BB LT Lys 2HVWHI LR LT, boBEFMOEYRBET I L
NTEL, LL, Zhik o ABECHBHEL2VTTH-T, ThOoORTREBREGLTTRE
5L DT,

4.8 BHBRH&ELHHhER

SEIDEEe — P Rg & Lo MEERFES R, EhABROBRL» bV 2 CERERERTEH
TFHRC I ENREBTH S, T OBSEIBHCITe — FENSRENEE LT, BHEC X HFIED
AEEEDELTERLTWS :EL bbb, Lal, — e — 7 LBHOEMENS B e — TR
WA U kT =R T HER XMV EEL, chiEhHaCRETHENRAEL, v —7D
BEhRABE2EELIOL LT B L vbhThb, L - T, EPRBROLGRECH - TR, EF0
#FRARBY ERCEZE T hERMERLV2, ETT5000REPRAOA, L, BBl s0T e
BE DD, £ OBEGIERELRBLLDRREGYEL < BE LERBYT - T, HMCHL
BT PR EREEME S L 3hd, SHORBSE L EHEROEROFERALMOWT, B
Ne&eR, WERNEEDOE» BT 5,

RBREMLE LTDOe —7ENT, P1-12000kg, P2—8000kg, P3—14500kg, P4—9500kg TH
3, r—7OUMHEIr — YR —FOBBER Y - TR 2N, (ZBRUMEE/=—7EH) 2EDH
Feo®r LCHEwE, Pl L P3 Tit# 3.5~3.9, P2 L P4 Ti3# 5.2~5.9 7%, H£HEHD
FEROLRERIL 2.7 PELED LR TR Y, EBECILLERIZOEREWVEZATHELhSZ L%
Vo Ok EHET R ERBEHZCThOBEL, REENPLAREZVHTED S, SEOHBERT
BEERIPICHEBETHAVRELL->TE DY, HEBECH - TRERLRN I HRPIVHEIL,
HUNELRERIhALESL D LV HHALTETHBY,

r—FRAELDOr ~ IR L HERCHHHEOBRIRERNLTELLh LS, RBEHOQ
EToBEA Y T2, RNEXERIRY2 ) ORNETHILHLARBRTRV=Q/2 2RHE
ThHY, WERNLIV/TThHs. MERNVEBIRIRERL L LK, BERIED o LMTIET 0 0&
HCHIRBENCHTEREREL O ELT, v —7RRHICEY, BETAZ L0 L5 o X 6p D
BIGRAEIEL SROBRE L INTV S, £ UTAKKIREELE LT, —BDORETIX 1/80~1/100, #E
ARECIEFENLEEREER b L 1/30~1/50 2@EThH Y, 1/20 Ll ECREROERELIFCE
LveEh T3y, HBREtFrSRERNELHET 5L, P1 & P3 Tidly 1/16, P2 & P4 T
# 1/10.5 /e, LROREOKEME NS Lz DfIXEL (A VA, EHBHROEB: HLIUE
RBRAM L LTOTHIVV(Q) DERERCADRLELL DL WA L 5. EHEROERE, ol
DERCHENTAELRERIRO S L CELRT W3 2 Ladbd b, ARBRIEIT 246843, WEED
HeonwTik, ERNEROBHCTRAEREHEY L0 T EBALTVWE LV S,

RBREHOWE, Pl & P2 Bo\wiit P3 & P4 oBBEROWTADE, QDI r—FRELE
K2HEHCHATHY, THZBECELLTV3, ZhI—ENEOZRICH-LBENCHD, ERE
NOBEOFToDREEEL TV B EEL BT LNTES, Tihebb, Pl & P2rk}sThx
REHh Ty, Te 2L, —00FXEREHEETHE, QBARVHRRECHHLEOXTRENN T ThHY,
RACQPBBH L THEAES R EDENN T2 £ed, V3 X5 RETHD. EROBEF R
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IDEEERDTHRDE, Pl & P2 oBRIL, A%y 500m DX AR £RIEFH 0.037~0.039
THRbh, ok 1500kg ORBEHE 2D SBAEC HYL, MBS A vhRich s L E RN
12000 kg, WBMBBHL TRV 1/10 © &L 2EHTHIH 8000ke +7t5, FEe P3 L P4 o
Wi, Aty 500m, FETFH 0.037~0.038 T, WEFFE 1800 kg A< v b D & X EHES
14500 kg, A-tvd 1/10 omed s L& 9500kg BEL RS, ThboRERABE, WThifl
L LT ERORBEEL bR, MENILEHEACESWABARIERENR I b/l
b, BHRBROBBEIENTIVNIVEHTESIDPI, ZOKELLE L, EROMIFEFC X
A, AAVHRRIDSFRAGEVTRERBIIRT W EERD,

NEEMTEYRBBR L EROTROFARBOEL LT, »—F Lo beETT2 R OBRMR
BAD%, EROFRERI ZERIBBOBEIC > CHEERY L, »— 7 L EROBEMIET—F
T, R =7 RE02ACbl o THRLET S, ABROBHE s - 7SV THETERLETSH
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Study on the Fatigue of Wire Rope for Logging (VI)
Fatigue life tests of 7 kinds of wire rope for skyline

Jun-ichi SHiBaTA®™, Osamu OrgawaBaTA®, Shinji Hiroe(® and Mitsugu TomiNaca®

Summary

Several types of wire rope that were developed with improved durability and which
have different constructions from standard 6x7 wire rope are used for standing skylines

in cable logging systems. They have particular constructions, cross sections, or higher
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tensile strengths. According to these distinctive characteristics, they are not standardized
in the Japanese Industrial Standard. Seven kinds of wire rope were put to the fatigue
life test for the purpose of examining and comparing them under bend fatigue conditions
) similar to those encountered in logging skyline. Five kinds of rope out of the seven had
plane contact lay round strands with shaped wires. One had the same cross section as
standard 6X7 wire rope, but had higher wire tensile strength, and another one had
triangular flattened strands with round wires and fiber strand cores. They all were 6
strand, right hand lay, Lang’s lay construction and black steel wire rope with fiber main
core, and24dmm or 26 mm in diameter. Samples of wire ropes for the fatigue tests were
collected by the Operation Div. of the Forest Agency, from its logging sites and also
obtained from wire rope makers. The number of samples reached 103.

The experiments were planned on the basis of the results of the previous report (II),
and the testing machine and the procedure for the fatigue tests were almost the same as
those applied in the experiment on the wire rope 6x7 (JIS No. 1) shown in the previous
report (V). The comparative fatigue tests in the laboratory were carried out under four
different fatigue conditions on wire rope. Tensions in test wire rope were 12000 kg (P1)
and 8000 kg (P2) for for 24 mm wire ropes, and 14500 kg (P3) and 9500 kg (P4) for 26 mm
wire ropes. Loads upon the pair of sheaves running up and down along test wire rope
were 1500 kg for 24 mm wire ropes (Pl and P2), and 1800 kg for 26 mm wire ropes (P3
and P4). The pitch diameter of the sheaves was 150mm. Maximum bending stress to
which the test wire rope on the testing machine was subjected was 68.2 to 85.0 kg/mm?
estimated by Issachsen’s formula according to the test conditions. The wire rope fatigue
life was expressed by the number of running sheave cycles before the time when four
broken wires occured within one length of lay for each testing wire rope. In all 449
fatigue life tests were carried out.

The following properties became evident after examing the experimental results.

1. The mean fatigue life of wire rope varied widely from 8657 to 24456 for 24 mm
wire ropes, and from 6817 to 22860 for 26 mm wire ropes. The coefficients of life varia-
tion for each rope in each test condition were less than about 20 percent with some excep-
tions. Significant differences in fatigue life among the various kinds of rope were con-
firmed commonly in each result of all test conditions.

2. The ratio of reserve to initial breaking force of wire ropes that had reached to
the end of its life were about 75—80 percent. The ratio of reserve to initial breaking
energy estimated from stress-strain curves were about 23—35 percent. The contributors
to the decrease in breaking energy of wire rope were reduced elasticity and lowered tensile
force. The correlation between reserve breaking force and reserve breaking energy was
clearly noticed. No significant differences among test conditions and kinds of wire rope
were recognized.

3. The growth of the number of broken wires was observed. On the average the
first broken wire occured at the point of 58—76 percent of the fatigue life. Wire break-
ages usually appeared on the rope surface. In some cases wire breakages were observed

_in center wires and in the outlayers at strand contacting parts.



