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Ultimate strength and fatigue life of cable-stayed bridges considering cable corrosion
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Cable corrosion significantly decreases the ultimate and fatigue strength of cable-

stayed bridges, which was parametrically studied with three different span lengths

and different corrosion levels. The ultimate strength of the healthy bridge models

was about 2.5 of the design loads, which satisfied the required safety of 1.7.

Whereas, the ultimate strength lowered by about 25% as the loss of cross-sectional

area increased due to corrosion. The elongation also decreases due to corrosion.

The ultimate strength was found to sharply drop when the elongation became 1.0%.

The fatigue strength of stays was studied taking a 500kN heavy lorry as the

representative load. The fatigue strength sharply lowers as corrosion progresses

and the severely corrode anchor cable becomes less than 4% of the healthy one.
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Cables: Cables:

Tower:
20+ 46+6(@2.0+2.0=80m

Side span:
10+5@20.0+10=120m

Main span: 7@20+20+7@20=300m

Model-300

Cables:
Cl4-C28

Side span:

Tower:
30+ 90+14@2.0+2.0=150m

Main span: 10+14@20+20+14@20+10=600m
10+11@20.0+10=240m
Model-600
Tower:
Cables: 40+ 136+21(@2.0+2.0=220m

X

Side span:
10+17@20.0+10=360m

X—1

Main span: Two vehicle lanes
1.0+49.0+42.0+9.0+1.0=22.0m

Main span: 22@20+20+22@20=900m

Model-900
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§ Steel Grade

Model-300: SM400
Model-600: SM490
Model-900: SM570

1%, Model-300 /£ SM400 (F&{RIit>7) 235 MPa), Model-600
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Model-300

UFlg. 3000 x 22

LFlg. 3000 x 22
2-Web 4000 x 22
Steel Grade: SM490Y

20+ 46-+6@2.0+2.0=80m

Model-300

Model-600

UFlg. 4000 x 25

—l i MFlg. 4000 x 25
LFlg. 4000 x 25
2-Web 6000 x 25
Steel Grade: SM490Y

40+ 136+21@2.0+2.0=220m

Model-900

UFlg. 5000 x 28
MFlg. 5000 x 28
LFlg. 5000 x 28

_J 2-Web 7500 x 28
— Steel Grade: SM570

30+ 90+14@2.0+2.0=150m
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Model-300 Model-600 Model-900
Cable A(mm?) Cable A(mm?) Cable A(mm?)
Cl 6,362 Cl-C2 8,171 Cl1-C3 9,852
C2-C6 5,027 C3-Cl11 6,362 C4-Cl6 6,643
C7-C8 2,827 Cl12-C15 2,827 Cl17-C22 2,827
C9-Cl11 5,027 Cl6-C24 6,362 C23-C36 6,643
Cl12-Cl4 5,675 C25-C28 7,238 C37-C41 7,543
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Model Model-300 Model-600 Model-900
Position N M on cb Y N M on cb Y N M on cb Y
Tower -30.3 -89 =37 -102 0.99 -63.7 -71 =77 -82 0.86 95 -118 -115 -136 0.98
Girder
Center 09 111 1.1 127 0.90 1.8 95 2 109 0.60 2.8 94 3 108 0.44
Tower Base 259 -29 -84 =77 0.83 -51.8 -88 -86 98 1.00 -77.6 -163 92 -104 0.95
Anchor 3.75 0 589 0 0.93 4.72 0 578 0 0.92 5.50 0 559 0 0.89
Cable
Center 3.57 0 628 0 1.00 3.99 0 552 0 0.88 4.10 0 545 0 0.87
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0 2.52 2.51 2.49 1.94
10 2.30 2.30 2.28 1.78
20 2.09 2.09 2.08 1.62
30 1.87 1.87 1.87 1.46
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#—6 BRI —TNOWEHHMm
Stress Number of
Model | Cable | CL | range cyclesuntil | Rate
(Mpa) breakage
1 3134 2,570,596 | 1.000
Cl1 2 3134 680,874 | 0.265
3 3134 94,642 | 0.037
1 130.2 | 207,494,516 | 80.7
C4 2 130.2 54,959,089
“gggL 3 | 1302 | 7.639393
1 190.7 30,858,525 | 12.0
C10 2 190.7 8,173,500
3 190.7 1,136,128
1 174.7 47,723,411 | 18.6
Cl4 2 174.7 12,640,504
3 174.7 1,757,048
1 320.3 2,306,090 | 1.000
Cl1 2 320.3 610,814 | 0.265
3 320.3 84,904 | 0.037
1 125.9 | 245,838,237 | 106.6
Cs 2 125.9 65,115,194
Model- 3 125.9 9,051,106
600 1 152.5 94,136,086 | 40.8
C22 2 152.5 24,933,833
3 152.5 3,465,839
1 1744 48,203,134 | 20.9
C28 2 174.4 12,767,568
3 1744 1,774,710
1 307.8 2,816,544 | 1.000
Cl1 2 307.8 746,018 | 0.265
3 307.8 103,698 | 0.037
1 1448 | 121,980,322 | 433
9 2 144.8 32,308,938
Model- 3 144.8 4,490,989
900 1 143.5 | 127,748,267 | 454
C32 2 143.5 33,836,694
3 143.5 4,703,349
1 182.4 38,558,011 | 13.7
C41 2 182.4 10,212,864
3 1824 1,419,603

1E) CL: Corrosion Level

-12-

1.2x10° 1

(0]
o
& 5 b —— Model_300
T“B 1.0x10° 4 "+ - - - Model_600
o L Model_900
S 80x10°4 <
c
=)
(%] 4
© 6.0x10" 1
(8]
>
o
‘6 4.0x10"
b
o
Q0
€ 2.0x10"
>
=
0.0 T T T y
0 5 10 15 20

Reduction rate of cross sectional area (%)

X —21 Rz B8 LIS 7

6. F&H

F—TNBERT DL, S L, OB LT
FeHHEBIRT L, ZORIRIEGOKRHRE KT S
HDH., ZOFBEL AN REXBREL T A= —L
LChFgE LT,

JERIZ X AR 2T AR, EA/ K 300m,
600m 33 L TN900m D 3 SORMEEET V& iaT LTz,
ML, HEEREHAE (PrrDL) (o3t L CEREHE IR
ISTIELINIZ 725 X 5 HE, SifEARE LT, =
LC, WHBMEARATIZ L0 3 SORBEBTT L OaREHER
BLOWRIRE 2 RD7=. LT EMER L.

1) WTNOETET /U T FH A FRf 2
b UNVELTHIE LT

2) =T MERERAICIEGE L RIS,
FEEEERI T B LT
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-7 ERIIEEERE LI
Corro- Reduction | Stress range Number of
Model | sion of cross due to cyclesuntil | Rate
Level section P=5000kN breakage
(%) (Mpa)
0 3134 94,642 1
5 329.9 73,233 | 0.774
N§E§L 3 10 3483 55,885 | 0.590
15 368.7 41,993 | 0444
20 391.8 31,012 | 0.328
0 3203 84,904 1
5 3372 65,697 | 0.774
Mg(;ioel' 3 10 3559 50,135 | 0.590
15 3768 37,672 | 0444
20 400.4 27821 | 0.328
0 307.8 103,698 1
5 324.0 80,239 | 0.774
h{iﬁfL 3 10 3420 61232 | 0.590
15 362.1 46,011 | 0444
20 384.7 33,980 | 0328
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7 LI, T U= —T AT DI EE o
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