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Corrosion Characteristics and Mechanical Properties of Steel Strands under
Coupling Effect of Alternating Load and Chloride Salt Environment

YU Xuanrui, YAO Guowen, ZHONG Hao, JIANG Yixing

(School of Civil Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: In order to analysis the corrosion mechanical property of steel strands under the coupling effects of
chloride ion and variable load, the corrosion process of the steel strands by the accelerated corrosion test was
simulated. Grayscale was used to quantify the corrosion degree of steel strands in different stress amplitudes and
the failure mode and the fatigue of steel strands were also analyzed. The results indicate that greater amplitude
of the stress applied at both ends of the strands will lead to more severe corrosion of the strand, and the single fa-
tigue source failure is prone to occur. While smaller stress amplitude will result in slower corrosion speed, and
the fracture of multiple fatigue sources and delamination is prone to occur. The relationship between tensile
strength and corrosion rate is exponential, and the relationship between elongation and corrosion rate is linear at-
tenuation trend; the increase of corrosion degree has a significant effect on the fatigue life of steel strands.
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Fig.1 Loading schematic diagram of alternating load
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Table 1 Test instruments

Technical

Device name Type Quantity
parameter
Salt fog test box YC-200 Saline spray deposition 250 mIL./(m*-h) 1
Universal testing machine WAW-1000 Maximum load 1 000 kN 1
Air compressor VB-0.2/8 Power 2. 2 kW 1
Digital scanning electronic
. KYKY-2008B — 1
mstrument
Electronic balance SL500ZN Accuracy 0.01 g 1
Ultra-high voltage electric oil pump DSS Power 0. 75 kW 1
Acidimeter PHS-3C — 1

1.2 &Y

L5575 TRIR P R N R T BT i R R X Y
S0, [ I ORE B g RS B, AR 2 I ASTIM
(G85-94(Standard practice for modified salt spray(fog)
testing) > Fic B FUER VA VR %0 W S AR AR K S
B B R 2R B, e pHAR Ry 3.1~3.3, I 90 IR B2 1 N
25 C. @RI W IC B AP BT < Sk S A s Tk,

R EEHITE 50 g/ L A A s AR P in A 0.26~
0.28 g/ L AL s B Ja INABE R , AR S BR P IR .

2 RBRERSW

R B RS WO Ve A LR, B kR % P i
SR TR A SR AR, A R OK R LR Ve X
W T R LT VRN R B R I I T A



563 WA B, A« S AR B8ORS R PR RS VR T SR A S T REAE R g 2 i 1317

KSCN (B L4 W WA 20, B S ol =y vh 5
KEMFe' . RHKYKY-2008B 7 A8 kN 2 2k
W T R 6 000 4% , He SEM IR A 4n /&l 2 s . il 1 2 7]
U A AR ff AN A R B RR G R T &k m

(a) Cross-section micro morphology
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(b) Surface crack micro morphology
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Fig. 2 SEM photos of steel strand corrosion pit

x2 WEEFMEMMAKELELER

Table 2 Gray processing results of local corrosion of steel strand

Ao/MPa Original graph Gray scale image Gray scale mean Gray scale standard deviation
100 80 25
200 100 28

H 2R 2 7] L. 40 JJ i Ry 100 MPa i, B 42 4k 3%
T35 Ry R, I TR B A /0N H % B A O, B 40
EABAEAE A 50 o B AR 29 R 40 pm 248 ) iE R
200 MPa i, AR 2 i B T Kl bt , HL il g
JE B f2 K T8 77 W6 A 100 MPa inf, /4> 5 ot 47 B 4% 3K
2 55 pm , 7 4 lbT E B TEE TP B 80 Y )
300 MPa b, 940 2k = 181 30K TR AR ol , B 4 )2

SEAEPE IR, R /N T B A T P R R ke,
A S b T H AR AT A 75 pm, il AL B AL 7R A B g 2
3 B R 2D X A ' v D=
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W PR B AE 110 LUF M5 e SO i, 5
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Table 3 Grayscale histogram data under different loading conditions

Ao/MPa Hue level (peak) Standard deviation Pit frequency (tone << 110) Total frequency  Pit density/%
100 96(3 871) 1440.4 126 541 398 034 32.1
200 93(3595) 1121.2 156 777 398 034 39.4
300 73(4 550) 1091.9 247975 398 034 62.3

FH 2% 3 AT, K B B 7 i 398 034, %) F
R S31EA 100,200,300 MPaix 380 T8, @ E /N T
S5 F 110 1 45 505 A 43 51 R 126 541,156 777,247
975 B A EE /N T2 T 110 RSB FIIT (5 SR8
o e SR i O AR B 3R T T A
28 LR G Tk R ) R 32.1%.39.4% .62.3% . B IR
Wik [ 12-13] , 2 B8 B Ji5 Aub 390 455 5 of 4 448 2 i 47 5 ot 43
X, 4N 2 4 Jir 7 . R 2% 4 00, 76 B 7 W A 100,200,

R4 WEEEMSRIRAE

Table 4 Division standard of steel strand'
Corrosion grade T I i v
Corrosion rate/ % 0—-20 20-35 35-50 50—65

12-13)

300 MPa i, 4K 48 26 i XoF 1 1 J8 ot DX 0 5310 ok 11X T
DRIV XA 8% 18 4 B 52 ) #E 1 mm/min'™,
3 3o X5 AN [ J6 ok 45 9 1) B 8 it i 1 860 MPa it i
T3 A9 BRSPS e 4 5 T ol 4 2 (] 1 O
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Fig.3 Relationship between tensile strength, elongation and corrosion rate of steel strand
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(a) Single fatigue source faibure

(b) Multiple fatigue source failure
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(c) Delamination failure
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Fig.4 Fracture failure modes of steel strands
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Fig. 6 Fatigue crack propagation threshold of steel
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Table 5 Values of coefficient C,.,.“S'

i Jj=0 j=1 j=2 Jj=3

0 1.118 —0.171 —0.339 0.130
2 1.405 5.902 —9.057 3.032
3 3.891 —20.370 23.217 —7.555
4 8.328 21.895 —36.992 12.676
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Table 6 Fracture toughness values of steel strands

Corrosion grade Ao/MPa a/mm b/mm Y K,/ (MPa-m'?) K,/ (MPa-m"?) Z;i?i?;i

300 1.63 1.56 0. 86 49.8

1 200 1.41 1.53 0.99 50. 8 50. 96 1.26
100 1.52 1.61 1.12 52.3
300 1.71 1.62 0.92 50. 9

11 200 1.56 1.65 0.93 48.4 49.60 1.25
100 1.54 1.62 0.96 49.7
300 2.11 1.64 0.82 47.6

i 200 2.13 1.72 0.88 48.5 48. 40 0.81
100 2.15 1.74 0.92 49.2
300 2.52 1.81 0. 64 43.5

v 200 2.45 1.74 0.68 45.4 45. 20 1.65
100 2.31 1.72 0.75 46.8
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Table 7 Valid experimental results of steel strands fatigue life

NX10 */times

Ao/

MPa Grade | Grade I Grade Il Grade IV
100 6.11-6.23 5.81-5.77 5.72-5.87 5.45-5.57
200 5.85-6.02 5.68-5.70 5.55-5.75 5.35-5.52
300 5.85-5.95 5.5-5.65 5.42-5.61 5.17-5.32
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N X(As—195.8)" =10 (Grade IV)
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