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The Relationship between Damage Pattern and Structural Performance
for 7-Wire Strand of Stay Cables
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Abstract This study investigates the relationship between the damage patterns and structural performance levels of
a multi-strand 7-wire strand that is used as an important member of stay cables. Stay cables are continuously damaged
after completion, and corrosion is the main cause. However, it is difficult to check the damage pattern inside the cable
due to its structural characteristics, and it is difficult to evaluate the degradation level of the damage quantitatively.
This study derives the relationship between the damage pattern and the performance level of the stranded wire by
comparing results and analyzing them through an indoor experiment and finite element analysis. In order to simulate
the damage of a 7-wire strand, artificial damage was applied by mechanical precision machining to perform a
performance evaluation. The results of the analysis show that regardless of the damage size of the strand, the
structural performance deteriorated immediately after the damage. It was experimentally and analytically deduced that
the type and amount of damage should be considered as a parameter for evaluating the performance level of the
strand. This information can be used for the safety management of a cable stayed bridge by constructing a database
according to the pattern and amount of damage.
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AHEEATH6). A8 MY Fig 49 23 #7)7F ¥3 & mdeslgrkFig 6). £44AMd FE 2 9xe
¥ AR mn-33l 3 mw3 Alole] Agrl 1208 Table 29 UERNQITH
mm, 4% 0% AAdel A% 34 A6 Aol7}
3] 150 2=3l5la . ;
1,000 mm=Z A|gste] 2¥-S a5t Table 2. Modeling parameters : Damage quantity and
location

M;):el Damage quantity Damage location

0-1 0 -

1-1 1 1

2-1 2 1,2

2-2 2 1,3

2-3 2 14

3-1 3 1,23

32 3 124

3-3 3 13,5

41 4 1234

4-2 4 1,2,3,5

4-3 4 1,2,45

5-1 5 1,2,3,4,5

6-1 6 1,2,3,4,5,6

%13}[7].

2.2 FEA(Finite element analysis) B!
B AFoM = & £E AolEe dF Aes H
7Fsb7] 13 et e Ada S AAsIAT e
JO_'_ A

=
Zd)a] =29l ANSYS[8]E AHe-3)

2291 Solid 245 AFE-&FITHI]. 314 Fig. 6. FEA modeling with applied damage and
7AM % SWPCTPLS U)oz slglon, 2 cross-section view
m=z 22833it) SWPC7PLe| 93 Ade
Table 10l A|A]E}AT]
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Table 1. Mechanical properties of 7-wire strand

Diamet Steel Tensile | Yield Load at Elastic

tanrln;)er Areal Load 0.2% Modulus

2. = =
() | (N (kN) (GPa) 3. A3 U A Ao}
152 138.7 261.0 222.0 199.1
3.1 QlEtals Amt
N mae] & 9L FYRY ANS AF 9 AFAF A3t Z4F A 3, A wel, A A
6719 248 gaoz WEs AAE) oM (Fig. 5), FES Table 3~50ﬂ UrEhH N3l Hitgk(Aver.) 2t ¥
HX
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Table 3. Tensile test result for no damage case

No. Max. load Max displacement Max. Strain
(kN) (mm) (ne)
1 265 120.54 25,785
2 264 139.43 23,625
3 273 138.87 33,143
4 272 78.56 30,378
5 274 79.11 34,679
Aver. 270 111.3 29,522
S.D. 4.7 30.60 4722

Table 4. Tensile test result for damage level 1

No. Max. load Max displacement Max. Strain
(kN) (mm) (ue)
1 157 39.22 2,360
2 147 54.92 1,851
3 155 51.20 2,425
4 154 41.14 2,346
5 147 62.83 2,154
Aver. 152 49.86 2,227
S.D. 4.7 9.81 233

Table 5. Tensile test result for damage level 2

Max. load
(kN)
143

Max. Strain
(ug)
2,064

Max displacement
(mm)

23.20

153 24.07 2,233

151 26.71 2,195

147 23.74 2,283

5 161 22.85

24.11

2,467
2,248

1.53 147

~
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Fig. 7. Test results : Strain-load relationship
(a)No damage(No. 5) (b)Damage level 1(No. 4)
(c)Damage level 2(No. 2)
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Model 0-19] o AFZFE7} 273 kNoZ AEH A7)
270 kN3t frAbsko] a4 elS Al e 4= glrhar ddk
B
Table 6. Analysis results : Yielding load and
displacement
Model Damage Damage Yielding
no. quantity location load(kN) Disp.(mm)
0-1 0 - 246.00 7.676
1-1 1 1 164.12 3.033
2-1 2 1,2 158.38 5.076
2-2 2 1,3 173.82 6.348
2-3 2 1,4 174.66 6.378
3-1 3 1,2,3 147.30 5.382
32 3 124 152.12 5.558
3-3 3 13,5 168.74 6.166
4-1 4 1,2,3,4 138.78 5.074
4-2 4 1,2,3,5 153.92 5.628
4-3 4 1,2,4,5 161.66 5914
5-1 5 1,2,3,4,5 148.86 5.446
6-1 6 1,2,3,4,5,6 149.52 5.470
Table 7. Analysis results : Maximum load and
displacement
Model Damage Damage Maximum
no. quantity location load(kN) Disp.(mm)
0-1 0 - 273.00 82.300
1-1 1 1 182.13 54.907
2-1 2 1,2 175.76 52.986
2-2 2 1,3 192.90 58.152
2-3 2 1,4 193.83 58.433
3-1 3 1,2,3 163.47 49.280
3-2 3 1,2,4 168.82 50.892
3-3 3 1,3,5 187.26 56.452
4-1 4 1,2,3,4 154.01 46.429
4-2 4 1,2,3,5 170.81 51.494
4-3 4 1,2,4,5 179.40 54.084
5-1 5 1,2,3,4,5 165.20 49.802
6-1 6 1,2,3,4,5,6 | 165.93 50.022

Fig. 8.

cross-section view

FEA modeling with applied damage and
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Fig. 9. Test results : Damage level vs. strength
(a)Yield strength (b) Max. tensile strength
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