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Comparison of Cable Safety Factors of Steel Cable-Stayed Bridges and Extradosed Bridges

* **
Shun-ichi NAKAMURA Masami FUJII
Ph.D. 259-1292 1117
441-8510

At present safety factors are differently specified for steel cable-stayed bridges and extradosed bridges; 2.5
for steel cable-stayed bridges and 1.67 for extradosed bridges. Parametric studies were conducted for both
bridge types with the same center span of 205m using cable safety factors as parameters. Both the ultimate
and fatigue strengths of stays were evaluated for different cable safety factors. For steel cable-stayed
bridges, the ultimate strength of stays are critical than the fatigue strength, and the safety factor of 2.5 is
necessary to satisfy the required ultimate strength. For extradosed bridges, the ultimate strength of stays are
also critical than the fatigue strength, and the safety factor of 2.1 to 2.8 is necessary depending on the load
factors.
Key Words: cable safety factors, steel cable-stayed bridges, extradosed bridges
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CASE-A CASE-B CASE-A CASE-B
a u(kN) D) u(kN) K K x u(kN) D) u(kN) K K
Cc1 5015 3194 3530] 0.951] OUT | 0.911] OUT 5243 3339 3690] 0.995] OUT | 0.952] OUT
c2 1944 1238 1368 0.978] OUT | 0.911] OUT 2032 1294 1430| 1.023] OK | 0.952| ouT
c3 1871 1192 1317| 0.987| ouT | 0.911] ouT 1956 1246 1377 1.032] oK | 0.952] ouT
c4 2855 1818 2009 0.970| OUT | 0.911] OUT 2984 1901 2100| 1.014] OK | 0.952| ouT
5 1870 1191 1316] 0.942] OUT | 0.911] ouUT 1955 1245 1376 0.984] OUT | 0.952| OUT
C6 1900 1210 1337| 0.924] 0UT | 0.911] ouT 1986 1265 1398 0.966] OUT | 0.952| OUT
c7 1951 1243 1373| 0.902| OUT | 0.911] OUT 2040 1299 1436 0.943] OUT | 0.952| OUT
8 |, 1948 1241 1371] 0.896] OUT | 0.911[ OUT | , 4, 2037 1297 1433| 0.937] OUT | 0.952| OUT
9 : 1918 1222 1350 0.902] 0UT [ 0.911] ouT | 2006 1277 1412 0.943] OUT | 0.952] OUT
10 1958 1247 1378 0.903| OUT | 0.911] OUT 2047 1304 1441 0.944] OUT | 0.952| oUT
c11 1966 1252 1384] 0.913] ouT [ 0.911] ouT 2055 1309 1446 0.954] OUT | 0.952| oUT
c12 1955 1245 1376] 0.924] 0OUT | 0.911] OUT 2044 1302 1438| 0.966] OUT | 0.952| OUT
13 3122 1988 2197| 0.929] OUT | 0.911] ouT 3264 2079 2297| 0.971] OUT | 0.952| ouT
14 2013 1282 1417| 0.951] ouT | 0.911] ouT 2105 1340 1481 0.994] OUT | 0.952| OUT
C15 2012 1281 1416] 0.963] OUT | 0.911] OUT 2103 1340 1480| 1.007] OK | 0.952| ouT
C16 4855 3093 3417] 0.972] OuT | 0.911] OUT 5076 3233 3573] 1.016] OK | 0.952] OUT
[ 5471 3485 3850] 1.038] OK | 0.994] OUT 5699 3630 4011] 1.081] OK | 1.035] OK
c2 2120 1351 1492| 1.067| OK | 0.994| ouT 2209 1407 1555| 1.112] OK | 1.035] OK
c3 2041 1300 1437| 1.077] ok | 0.994] out 2126 1354 1497 1.122] oK [ 1.035] OK
c4 3114 1983 2192| 1.058] OK | 0.994| ouT 3244 2066 2283| 1.103] OK | 1.035] OK
c5 2040 1299 1436 1.027| OK | 0.994| ouT 2125 1354 1496| 1.070] OK | 1.035] OK
C6 2072 1320 1459| 1.007| 0K | 0.994] ouT 2159 1375 1519] 1.049] OK | 1.035] OK
c7 2129 1356 1498| 0.984| OUT | 0.994| oUT 2218 1412 1561| 1.025] OK | 1.035] OK
8 |, 40 2125 1354 1496] 0.977] OUT | 0.994[ OUT | , ) 2214 1410 1558| 1.018] OK | 1.035] OK
9 : 2093 1333 1473 0.984] 0UT [ 0.994] ouT | 2180 1389 1534] 1.025] OK [ 1.035] OK
10 2136 1361 1503| 0.986] OUT | 0.994| OUT 2225 1417 1566| 1.027] OK | 1.035] OK
c11 2144 1366 1509| 0.995] ouT | 0.994] out 2234 1423 1572 1.037] 0K [ 1.035] OK
c12 2132 1358 1501 1.008] OK | 0.994| ouT 2221 1415 1563| 1.050] OK | 1.035] OK
13 3406 2169 2397| 1.014] OK | 0.994| ouT 3548 2260 2497| 1.056] OK | 1.035] OK
cl4 2196 1399 1546 1.037| OK | 0.994| ouT 2288 1457 1610| 1.080] OK | 1.035] OK
C15 2195 1398 1545| 1.051] OK | 0.994| ouT 2286 1456 1609| 1.094] OK | 1.035] OK
C16 5297 3374 3728] 1.060] OK | 0.994] OUT 5518 3514 3883| 1.104/ OK | 1.035] OK
K SZOV D Z(VioD) -3
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if = 10/(50 ) = 10/(50+100.0) = 0.067
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P = X<XWy><(1+ig) <y, = 200kN><3.00>= (1+0.067)><1.00
= 640.2kN
(k=1.0)
k¢ -1 ks = 5600/4100 = 1.366 -2 ks = 260074100 = 0.634
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Cl 8 c9 C16
1 [ 2 1 [ 2 1 [ 2 1 [ 2
(kN) 640.2 640.2 640.2 640.2
tke | 1.366| 0.634] 1.366| 0.634| 1.366| 0.634| 1.366| 0.634
start 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 -98.9| -45.9| 132.5] 61.5| -46.2] -21.4| 57.5] 26.7
2 192.4] 89.3| -46.2] -21.5| 125.2] 8.1 -19.1] -8.9
kN)/ 3 -25.5| -11.8 2.0 0.9] -0.3] -0.2] 164.2] 76.2
4 0.0 0.0 0.0 0.0 -1.4] -0.6] -32.7] -15.2
end 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(mm?) 3194 1241 1222 3093
start 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 -31.0] -14.4] 106.8] 49.6] -37.8] -17.5] 18.6 8.6
2 60.2| 28.0] -37.3] -17.3| 102.5| 47.6] -6.2] -2.9
3 -8.0] -3.7 1.6 0.8] -0.3] -0.1] 53.1] 24.6
(N/mm?) 4 0.0 0.0 0.0 0.0 -1.1] -0.5| -10.6] -4.9
end 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MAX 60.2] 28.0] 106.8] 49.6] 102.5] 47.6] 53.1] 24.6
MIN -31.0] -14.4] -37.3] -17.3| -37.8] -17.5| -10.6] -4.9
:AOC ) 91.2| 42.3| 144.0| 66.9] 140.3| 65.1] 63.7] 29.5
NG, 270 270 270 270
0.843] 0.923| 0.745] 0.869] 0.753] 0.873| 0.893] 0.948
R 0.651| 0.456| 0.774| 0.602| 0.766| 0.592| 0.546| 0.356
:AC,  r 175.9| 123.2| 208.9| 162.6| 206.9| 159.9] 147.5| 96.1
/ 0.52] 0.34] 0.69] 0.41] 0.68] 0.41] 0.43] 0.31
OK 0K OK 0K OK 0K 0K 0K
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(kN) CASE-A CASE-B
‘, Y, D+PS L+l D" > (%N) (%N)

(N/mm?) | (N/mm*°) 1.3(D+PS)| 2.5(L+D) | 1.0(D") |=(Vvi D|1.7(O+PS)[ 1.7(L+1) | 1.0(D") |=(Vi )
C1 3104 37 -166 2975 4035 91 -166 3961 5276 62 -166 5173
Cc2 3121 37 -184 2974 4057 91 -184 3965 5305 62 -184 5183
C3 3138 38 -203 2973 4079 94 -203 3971 5335 64 -203 5196
C4 3158 39 -224 2973 4105 96 -224 3978 5369 65 -224 5211
C5 3181 40 -248 2973 4135 99 -248 3987 5407 67 -248 5227
C6 3204 41 -272 2973 4165 101 -272 3994 5447 69 -272 5244
c7 3228 42 -297 2973 4196 104 -297 4004 5487 71 -297 5261
C8 3253 42 -324 2972 4229 105 -324 4011 5530 71 -324 5278
Cc9 3277 43 -347 2974 4260 108 -347 4022 5571 73 -347 5298
C10 3299 43 -369 2973 4289 108 -369 4028 5608 73 -369 5312
C11 2000 1338 3320 43 -389 2974 4315 106 -389 4033 5643 72 -389 5327
C12 3151 47 -238 2960 4096 116 -238 3975 5357 79 -238 5198
C13 3182 55 -278 2959 4136 138 -278 3996 5409 94 -278 5224
C14 3210 62 -314 2958 4172 155 -314 4014 5456 105 -314 5248
C15 3237 67 -346 2957 4207 166 -346 4027 5502 113 -346 5269
C16 3262 69 -374 2957 4241 173 -374 4040 5545 117 -374 5289
C17 3288 70 -401 2957 4274 174 -401 4048 5589 118 -401 5306
C18 3316 69 -428 2957 4310 173 -428 4056 5636 117 -428 5326
C19 3341 68 -451 2957 4343 169 -451 4061 5679 115 -451 5343
C20 3363 66 -471 2958 4371 164 -471 4065 5716 111 -471 5357
Cc21 3383 62 -489 2957 4398 155 -489 4065 5751 105 -489 5368
C22 3398 59 -498 2959 4417 148 -498 4067 5776 100 -498 5378

-9
CASE-A CASE-B CASE-A CASE-B
o u(KN) n(m%) u(KN) K K X (KN n(mn®) (KN K K

C1 4967 2484 3323] 0.839] OUT | 0.642] OuUT 5652 2826 3781] 0.955| OUT | 0.731] OuT
c2 4966 2483 3322| 0.838| OUT [ 0.641| ouT 5650 2825 3780f 0.953| OUT | 0.729| OuT
C3 4965 2482 3322] 0.837| OUT | 0.639] OuT 5649 2824 3779] 0.952| OUT | 0.727| OUT
c4 4965 2482 3322| 0.835| OUT [ 0.637| OuT 5649 2824 3779] 0.950| OUT | 0.725| OuT
C5 4964 2482 3321| 0.833] OUT [ 0.635] OuT 5648 2824 3778| 0.948| OUT | 0.723] OUuT
C6 4964 2482 3321] 0.831] OUT | 0.633] OUT 5648 2824 3778 0.946| OUT | 0.721] OUT
c7 4964 2482 3321] 0.830] OUT [ 0.631] OuT 5648 2824 3778| 0.944| OUT | 0.718] OuT
C8 4962 2481 3320] 0.828| OUT | 0.629| OuT 5646 2823 3777] 0.942] OUT | 0.716] OuT
C9 4966 2483 3322| 0.826] OUT [ 0.627| OuT 5650 2825 3780] 0.940| OUT | 0.713] OuT
C10 4965 2482 3322] 0.825| OUT | 0.625] OuUT 5649 2824 3779 0.938| OUT | 0.711] out
C11 1.67 4966 2483 3322| 0.824]| OUT | 0.624| OuT 1.90 5650 2825 3780] 0.937| OUT | 0.710, OUuT
C12 ) 4943 2472 3307| 0.832] OUT [ 0.636] OUT . 5624 2812 3762| 0.947| OUT | 0.724| OuT
C13 4941 2470 3305| 0.827| OUT | 0.633] OUT 5621 2811 3761] 0.941] OUT | 0.720] OuT
C14 4940 2470 3305| 0.823] OUT [ 0.630| OuT 5620 2810 3760] 0.937| OUT | 0.716] OUT
C15 4938 2469 3304] 0.820| OUT | 0.627] OUT 5618 2809 3759] 0.933] OUT | 0.713] Out
C16 4938 2469 3304| 0.818| OUT [ 0.625| OUT 5618 2809 3759| 0.930] OUT | 0.711] OuT
C17 4937 2469 3303] 0.816] OUT | 0.622] OUT 5617 2809 3758] 0.928| OUT | 0.708| OUuT
C18 4938 2469 3304| 0.815| OUT [ 0.620| OuT 5618 2809 3759| 0.927| OUT | 0.706| OUuT
€19 4938 2469 3304| 0.814]| OUT [ 0.618] OuT 5618 2809 3759| 0.926| OUT | 0.704| OuT
C20 4939 2470 3304 0.813] OUT | 0.617] OuT 5619 2810 3759] 0.925| OUT | 0.702| OUuT
c21 4937 2469 3303| 0.813] OUT [ 0.615] OuT 5617 2809 3758| 0.925| OUT | 0.700] OuT
C22 4941 2470 3305 0.813] OUT [ 0.615| OUT 5621 2811 3761 0.925| OUT | 0.699] OUT
Cl 6246 3123 4179] 1.055| OK 0.808| OUuT 8329 4164 5572] 1.407| OK 1.077) OK
C2 6244 3122 4177] 1.054] OK 0.806] OuT 8326 4163 5570] 1.405] OK 1.075] OK
C3 6243 3122 4177] 1.052] OK 0.804| ouTt 8324 4162 5569| 1.403] OK 1.072] OK
C4 6243 3122 4177] 1.050] OK 0.802| ouT 8324 4162 5569| 1.400] OK 1.069, OK
C5 6242 3121 4176] 1.048] OK 0.799| ouTt 8323 4162 5568] 1.397| OK 1.065] OK
C6 6242 3121 4176 1.046] OK [ 0.796] OuT 8323 4162 5568| 1.394] OK | 1.062| OK
C7 6242 3121 4176] 1.043] OK 0.794| out 8323 4162 5568] 1.391] OK 1.058] OK
c8 6240 3120 4175] 1.041] OK [ 0.791] ouT 8320 4160 5566/ 1.388] OK | 1.055| OK
C9 6244 3122 4177] 1.039] OK 0.789| ouTt 8326 4163 5570] 1.385] OK 1.051] OK
C10 6243 3122 4177] 1.037] OK 0.786] OuT 8324 4162 5569] 1.383] OK 1.048] OK
C11 2.10 6244 3122 4177] 1.036] OK 0.784| ouT 2.80 8326 4163 5570] 1.381] OK 1.046] OK
C12 ) 6216 3108 4159] 1.046] OK 0.800] ouTt ) 8288 4144 5545 1.395] OK 1.067] OK
C13 6213 3106 4156] 1.040] OK [ 0.796] ouT 8284 4142 5542| 1.387] OK | 1.061] OK
C14 6212 3106 4156] 1.035] OK 0.792| ouTt 8282 4141 5541 1.381] OK 1.056] OK
C15 6210 3105 4154] 1.032] OK 0.788| OUuT 8280 4140 5539| 1.375] 0K 1.051] OK
C16 6210 3105 4154] 1.028] OK 0.786] OuT 8280 4140 5539 1.371] OK 1.047] OK
C17 6209 3104 4154] 1.026] OK 0.783] ouTt 8278 4139 5538] 1.368] OK 1.044| OK
C18 6210 3105 4154] 1.024] OK [ 0.780| OuT 8280 4140 5539] 1.366] OK | 1.040, OK
C19 6210 3105 4154] 1.023] OK 0.778| oOuT 8280 4140 5539] 1.364| OK 1.037] OK
C20 6211 3105 4155] 1.022] OK 0.776| ouT 8281 4141 5540| 1.363] OK 1.034) OK
Cc21 6209 3104 4154] 1.022| OK 0.774] out 8278 4139 5538] 1.363] OK 1.032] 0K
C22 6213 3106 4156] 1.022| OK 0.773] OUT 8284 4142 5542 1.363] OK 1.030] OK

K /Z(VI I) Z(VI i) -8
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Clr—J

0,004

0.014053

Cl2r—=J

M=

0.012440

27—

SN

1 -0.003264
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0.017954 ooz 0. 020560
-6
-10
Cl Cl1 2 c22
1 | 2 1 [ 2 1 | 2 1 | 2
(kN) 640.2 640.2 640.2 640.2
ke | 1.366] 0.634| 1.366] 0.634] 1.366] 0.634] 1.366] 0.634
start 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00
1 0.46] 0.21] 10.88] 5.05] 3.01] 1.40] 6.92] 3.21
2 -3.96] -1.84] -0.03] -0.01] -0.09] -0.04| -2.47| -1.14
(kN)Y/ 3 12.29] s5.70| 8.74| 4.06] 15.70] 7.29| 17.98] 8.35
4 -1.12] -0.52| -0.36] -0.17| -0.10] -0.05| -2.85] -1.32
5 1.92] 0.89] o0.00] 0.00] 0.31] 0.14] 0.00] 0.00
end 0.00] 0.00] 0.00] 0.00] o0.00] 0.00] 0.00] 0.00
(mm®) 2484 2483 2472 2470
start 0.00] 0.00] 0.00] 0.00] 0.00] 0.00[ 0.00] 0.00
1 0.19] 0.09] 4.38] 2.03] 1.22] 0.57] 2.80] 1.30
2 -1.60] -0.74] -0.01] -0.01] -0.04] -0.02| -1.00] -0.46
3 4.95| 2.30| 3.52] 1.63] 6.35] 2.95] 7.28] 3.38
4 -0.45] -0.21] -0.14] -0.07| -0.04] -0.02| -1.16] -0.54
(N/mm?) 5 0.77/ 0.36] 0.00] 0.00] 0.12] 0.06] 0.00] 0.00
end 0.00] 0.00] 0.00] 0.00] o0.00] 0.00] 0.00] 0.00
MAX 4.95] 2.30] 4.38] 2.03] 6.35] 2.95] 7.28] 3.38
MIN -1.60] -0.74] -0.14] -0.07] -0.04] -0.02| -1.16] -0.54
TAC o 6.54| 3.04] 4.53] 2.10] 6.39] 2.97] 8.43] 3.91
AC,, 148 148 148 148
0.9945] 0.9974| 0.9962] 0.9982| 0.9946] 0.9975| 0.9929] 0.9967
R 0.0525| 0.0250| 0.0369| 0.0175| 0.0514| 0.0246| 0.0671| 0.0323
:AC, 7.771 3.71| 5.46| 2.59] 7.61| 3.63] 9.93 4.78
/ 0.84] 0.82] o0.83] 0.81] 0.84] 0.82] 0.85] 0.82
0K 0K 0K 0K 0K 0K 0K 0K
2.50
(@ ¢
=2.20 (
)
=1.67 2.10 2.80
o=2.50
3)
CASE-A o
2.10 CASE-B o 2.80
a=1.67
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