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Corrosion behavior analysis of wire-steel in cables and its prediction
under combined effect of cycling loading and eroded environment

GUO Zengwei , LI Longjing, YAO Guowen
(State Key Laboratory Breeding Base of Mountain Bridge and Tunnel Engineering,
Chongqing Jiaotong University, Chongqging 400074, P.R.China)

Abstract: In order to investigate and predict the corrosion behaviors of steel wires in stayed cables under
cycling loading and eroded environments, several corrosion images of different corrosion degrees and their
corresponding weight losses, nominal tensile strength as well as percentage elongation after fracture are
obtained through salt spray accelerated test. The adaptability of HSV and RGB color patterns in
characterizing the overall color and local edge contours of wire-steel corrosion images is discussed by using

wavelet decomposition technique, and correlational analyses of mean values and percentages of L1 norms of
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corrosion image wavelet coefficients associated with weight losses are conducted. A regression model is
suggested to predict the weight loss of wire-steels.It is found that local pitting corrosionon steel wires can
be obviously observed under combined effect of cycling loading and eroded environment, and the nominal
tensile strength and percentages elongation after fracture of steel-wires decrease with their weight loss
increasing. Wavelet analysis results of steel-wire corrosion images show that the change of corrosion
morphology mainly include the changes of its color saturation and brightness, saturation component in the
HSYV color mode can better describe the change of the overall color of the corroded image, and the blue
component in the RGB color mode can better reflect the change of the local topography of the corroded
image. There is a good linear correlation between the corrosion image of wire-steel in cables and its weight
loss as well as nominal tensile strength, which can be used to predict the weight loss and nominal tensile
strength of corrosion wire-steels.
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Table 1 The legend of the wire-steel in cables
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Table 2 Mechanical Parameters of corrosion steel wires

o EEAVANESS AR WE e R/ b L VAN w4 AL W I 22 fif R/

A/ (gem ?)  HRJE/MPa % KEHR/(gem ) HRE/MPa %
-1 86.121 6 1902 6.5 V-1 316.824 4 1865 4.5
-2 102.211 8 1905 6.0 V-2 334.053 5 1865 4.5
-3 141.525 5 1900 6.0 V-3 367.543 2 1850 5.0
-4 125.141 4 1904 6.5 V-4 344.348 1 1 860 4.0
-5 137.437 4 1900 6.0 V-5 340.561 8 1870 4.5
-1 234.142 9 1878 5.0 V-1 434.575 1 1842 2.0
-2 208.225 8 1890 5.0 V-2 539.597 3 1765 2.5
-3 257.332.0 1 880 4.5 V-3 448.898 6 1825 3.5
-4 263.212 9 1892 5.0 V-4 446.597 3 1815 3.0
lI-5 271.031 5 1870 4.5 V-5 378.986 7 1843 3.5

MIET 2 453 A 9 22 47 SCa 2 RIS e 24 Bt 49 22 % ol 2k i ) 2 A 34 v AN X B . o 2 A 22 45 ol 2k
PRI 4 22 4 SCHTAVE 56k J3E A i S i 8% 8 T i/ 44 SO T B /N e I L 5 Tk B 22 9 R 3O &
Fﬁ%%’&ﬁ’ﬂﬁﬂﬁﬂﬁvﬁd\,HW%ZI‘Eﬂﬁa‘éﬁi&ﬁ%,1ﬂ:,ﬂu%%%%*ﬂ%i%i&fiﬂﬂ%%ﬁ%%ﬁﬁﬁE‘JEZ‘
. T A 22 WK I A2 e 24 4 3 A1 U 2 P i 7 68 o 5 52 ) o, 9 22 9 1 BB TR BT T L X T RE R th TN 2285
ok J 0 0 48 T T AR/ BT BN ) R R LR B S B



7 FRIGH L F R BT RE B ARIRITAREAE A T 42 & R L AR AT A 45 A2 & TR 53
1920 8
L - ] ﬁ%)‘(ﬁﬁﬁﬁ
o = " o WfEHEMER

1880 + o o) a " -4 6
] o n [ ]
= am
= o0 o "o
@ 00 o® m N
B 1840 o ® = 14 %
5l o o Z
B = &
= . i
o © =

1800 o 42

1760 1 1 1 T 0

0 100 200 300 400 500 600
BN KB R E R
B2 BErmehzHeBirEEnETe
Fig.2 Mechanical performance of corrosion wires withtheir weight loss
3 TN L2 B G o i K 1 s Tl

B 25 ol 2 R LA Dl R T A ORI e B L SRR DA ol Ak T A R I AR
IF 7 B Tl G N D BE AR SN 2 B R Ry B R
3.1 xE.HSV 1 RGB Bl B&EA Fi a5 =R %R

TR P B N B b MR 2 1A 0CER ) B 255 ([ (0) 22 [] 8 25 FE (B R A7 H 3R IR 19 52 3 45 B AT
LB b sz i P A5 1) 300 2% % T M B0 B A6 Jmy B RRAIE , 48 L BE A5 (0 4 T8 b AR R A e 22 A O RE TR
RGB & i A5 2Rl i X4 (R) V2 (GO (B) 3 A B s B MR A S MR BRARME 6. R .G.B MEHE
KNN3 PP 43 5 1 52 E AR RGB B 60 A5 6T R 1% 4 ik Oy 20 I RE AR 2 — AR 11, H 2 10603 1 A (]
. Hik,RGB B R .G B it n] LIAE 80 22 J3 il R R AR 48 A5 . HSV B (A A =0 A S —
Fofr b A T O ) B C S AR g (0] CHD RS (SO VB BE (V) 3 AN S 803 M0 R g e T4 € 17 Wk 3 A8 Ak
Bl A9 22 A5 N o, A 22 RER L 2 D7 T AR 8 L L BE 2D BE 4 0 D) R TR A €8 19 A8 b, HSV A5 X b 1 4 A 38
AT LI R 50 22 J3 ok SR — SRR AR 48 45

Al ] AR R 23 T 4R

180 180 0.8 -
A A
0.7 .
s 150 | . .
B 4150 - E 0.6 & R
% 120 g ;ﬂﬁ 0.5 B SERRI
ﬁ 120 A{é $ 0.4 A .
% 90 R=-0. % E 0.3 . Hgi
o SHHE
L . a Jd90 iﬁ; % 0.2 A Vi E
8 60 . BAEHLA Ak, = —HENE
&= CIRE 0.1 - - -SHRPE
= RE N AR=0913 | 0 < mw | VA LA
20 KERG . . o : . . < .
0 100 200 300 400 500 600 0 100 200 300 400 500 600
WK ER/(gm?) Wy S E B/ (gm?)
(a) JKJE . RGBE AL, (b) HSVEifi izt

Fig.3

B3 NLeBMEGSHEIBYNESKEEXR

the relationship between the mean value of each color component and the weight loss in the corrosion of wire-steel
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%78 IR, E R EMRE BRI IEARAAE A T 35 & M0 L R 4R AT A 4 4R R TR 55

WAL 4 Fpal LA B AH LT I8 ok P49/ N 0 2R 80 L S0 2 be L HSY @B S 7 /N R ML T8
P9 A9 2 5 ok R B 4 R OQ B T v EL/N DRI R K L Y RO L L oo X 22 5% B 748 A T O AR A L
TRV =451 11 RV 908 i B B B9 Lo, 5588 22 0 R AR O PE B0 22 L 3 J2 it T8 1 o) 3 C T 980 9 22
AR RO LA S A LT 22 088 IR S AR B 3R T R @R A A B L T T V28 ik
P A A L0 55 B 5 R T (0 8 Tt o WD A e PR 5 o A 3T € v B ) 0 D B2 0 4 (S) AN REAR B 3t A
PE MR AR RAAE . B iy T 5T A A7 12OV GRS ok 1 051 )y 0 4 88 A R O DX 03 T D — 205 47 4 M e
BAFEAR R

M5 AT A& B A BT ok 121 451/ i AR 8 L JE RO RGB Bk B /N R ECL JE80E o
PU 55 A9 22 45 ok BB R S P B, ELROI A RO R AR R L BB o S B 22 R R R OG JE — B AT
DATE 5 A — T 45 i 38 )68 ok P A5 F) 30 5% 8 B R A 5 A EE T IV 90V 9008 ity P 491 I 8 T 8 068 ok 1 4970 )
P o 50922 ¢ FE B AR O T4 i Sy T 1T RN (I 20 b ) 43) v 70 o R A T Sl T S R el D R € )
0 E AR A TR BE B s BE AR 7 L /N AR e I TR B A 3 0 ek 1 5 T2 A R B 4 Ml SR AR 22 0 P i L A
— PR LVRAN T HSV B b 16 08 3 7 20 18 22 11 2585 b 18] 31 R ik - A9 AN AL
33 BENLEGHEES NWFEEMEIEFNH

U T HSV B AR AR 23 9 RO/ 2R B0 L RO (E Ly A RGB AR R 9 8 €6 73 2t 199 183 00/
FBCL EECE 3 e P oy s 20 BN TR)JZ 1152 e 78 22 )68 pe AR AIE [ e 9% 2 ST o ot S B Tl B 22 g 2
RE A [l B 5 B W A S 75 B R AR S0 R/ 25 W) 1) [ DS AE A3 235 R AR P, AR STk 15 e LA
5% 22 F- J7 FRY AR O BSE ME RAE 0109 07 R A RS 1 L JF LR 38 A T SE T i R i RE AR AS 25 8 Dy 25 I (8] ) O
ARG E T Sl 2 o BT A B R X R 250 0.1 I REAR 2 B Dy 25 BB E KA 90 %0, AT A Sy SC R s BUAY AE A KR
EEONE B

] HSV AR 3 4 A0 82 242t A9 R /IN R 0 L YR MR L o R RGB A5 2 P i €0 70 1) 8 A0/ 0 3
Ly JERCA 73 e P oy o AR S 8 22 5 ok 121 491 A9 R i 2 80, e 1 0 (8) st S 6 40 G o T 491 5 2 w4 SC T AT 5
JEE A [ YA Y

Wl 1 Lg,‘l PlDl
o= : P |Bte. (12)
W25 1 I‘?‘Sl P%)Sl

K 25 2HL 50 22 5 e T 451 B2 A IO ) 2 ok w44 ST o B2 A A S (12) , M) P /s 3 ik RIVRT 7 Sl A 2K
o M4 SCHURL SR BE BT XA B s A T

A

B=1[—28.0 167.8 1411.51", (13)
IAI: [1931.7 —66.2 —177.1]", (14)
AR (10) AIEE LD B GE 547 F oy oo IF IR 95 96 1O £ K T 1310 488 0 2% (12) il A 09 2 %

(13 P O AT BRI R IRL BN 3 PR . BAG IS oy, WK T 95 % B 5KF F s
(LR, A WP AR AN 22 FL A A0 SCHTHE AR L S Lo R P oy B9 3035 A LR A S 1k (95 00 I B AR K ) &
®3 OABEBMOARYEZUERBER

Table 3 Regression model and regression coefficient significance test
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Fig.7 Comparison of test value and prediction value of wire-steel nominal tensile strength
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