Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2017.18.11.810

cooperation Society ISSN 1975-4701 / ¢ISSN 2288-4688
Vol. 18, No. 11 pp. 810-816, 2017

A1 Alo]lEg 794 &4 Y TRAS £F7e] B

K, LIgi7|, s, ule
@Eﬁ’éﬂ%ﬁ—?%

Y3
i

Sh

The Relationship between Damage Pattern and Structural Performance
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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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Table 1. Mechanical properties of 7-wire strand

Steel
Areal
(mm’)

Yield Load at
0.2%
(kN)

Elastic
Modulus
(GPa)

Tensile
Load

(kN)

Diameter
(mm)

152 138.7 261.0 222.0 199.1
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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 1,4
3-1 3 1,2,3
32 3 124
3-3 3 1,3,5
4-1 4 1234
42 4 12,3,5
43 4 12,4,5
51 5 1,2,3,4,5
6-1 6 1,2,3,4,5,6

Fig. 6. FEA modeling with applied damage and
cross-section view
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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] Hd] A7 E7} 273 kN2 AP A &g e AaMde] dEAE 9 Hyl gt
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Table 6. Analysis results : Yielding load and A F 7P E Are AT diAQ) B F
displacement ke 24 5271 78 2R Model 2-30.2 Vet on,
Model Damage Damage Yielding 7 ]';g— ;gl"% AR ’{'—\‘% ‘?4 ;]9] H]tﬂ%]/\j o] 7 Pg' =
no. quantity location load(kN) Disp.(mm) Model 4-30.% 1,]_]:/],\;%1—1;]_
0-1 0 - 246.00 7.676
1-1 1 1 164.12 3.033
2-1 2 12 158.38 5.076 0
22 2 13 173.82 6.348
23 2 1,4 174.66 6.378 250
3-1 3 123 147.30 5382 _
32 3 1.2.4 152.12 5558 § 0
33 3 13,5 168.74 6.166 = o °
4-1 4 1,2,3,4 138.78 5.074 F 8 s ¢
4.2 4 123,5 153.92 5.628 ; .
4-3 4 12,45 161.66 5914 g
5-1 5 123,45 148.86 5.446 ©
6-1 6 123,456 149.52 5470
(a)
0 1 2 3 4 5 6
No. of damaged strand (EA)
Table 7. Analysis results : Maximum load and -
displacement
250
Model Damage Damage Maximum =
no. quantity location load(kN) Disp.(mm) % 200 &
0-1 0 - 273.00 82.300 s 2 3 A
1-1 1 1 182.13 54.907 g 10 7
2-1 2 12 175.76 52.986 H
22 2 13 192.90 58.152 R
23 2 14 193.83 58.433 - o
3-1 3 12,3 163.47 49.280
3-2 3 124 168.82 50.892 (b)
0 1 2 3 4 5 6
33 3 13,5 187.26 56.452 No.of damaged strnd (E4)
4-1 4 1234 154.01 46.429
4-2 4 1.2,3,5 170.81 51.494 Fig. 9. Test results : Damage level vs. strength
4-3 4 1,2,4,5 179.40 54.084 (a)Yield strength (b) Max. tensile strength
5-1 5 12345 | 16520 49.802
6-1 6 123,456 | 16593 50.022
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Fig. 8. FEA modeling with applied damage and
cross-section view
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