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In-situ corrosion test study on corrosion resistance mechanism
of weathering steel for bridges in high-altitude cold regions
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(1. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, P. R. China; 2. Central Research
Institute of Building and Construction Co., Ltd. MCC Group, Beijing 100088, P. R. China)

Abstract: Weathering steel is suitable for bridge construction in harsh environmental areas such as high-altitude
cold areas, but the current corrosion resistance mechanism of weathering steel in high-altitude cold areas is
unclear. To reveal it, typical bridge weathering steel and ordinary steel were used as research objects. In-situ
corrosion tests of bridge steel were carried out in typical high-altitude cold areas to explore the feasibility of
applying weathering steel in high-altitude cold areas. Firstly, 20 in-situ corrosion specimens were designed
according to the specifications, and in-situ corrosion tests with corrosion cycles of 2, 4, 10, 18 and 24 months
were carried out; combined with corrosion weight loss data, rust layer macromorphology and micromorphology,
the distribution of elements along the rust layer, the corrosion resistance mechanism of weathering steel in high-

altitude cold areas was analyzed. The research results show that the corrosion loss of the two specimens in
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Kangding atmospheric environment is basically the same before the corrosion cycle is 10 months; when the

corrosion cycle is 24 months, the corrosion loss of weathering steel is about 10% lower than that of ordinary

carbon steel; the goethite formed in the rust products of weathering steel hinders the accumulation of oxygen,

moisture, etc. in the rust layer, further preventing its corrosion; during the corrosion process, Cr is enriched in

the inner rust layer of weathering steel, causing the inner rust layer to become denser in subsequent corrosion,

further enhancing the corrosion resistance.

Keywords: high-altitude cold regions; weathering steel; corrosion test; corrosion resistance performance;

electron microscopy analysis
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Table 1 Main chemical composition table of test steel

E A BT M B
Si Mn P S Cr Cu Ni Fe

Q345qENH 0.05 0.23 1.04 0.012 0.002 0.7 0.3 0.35 4&x%&
Q345qE 0.2 0.24 0.58 0.017 0.04 A
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Table 2 Specimen numbers and exposure duration

2

%' WA TR/ A
B-1.B-2 Q345qE 2
B-3.B-4 Q345qE 4
B-5.B-6 Q345qE 10
B-7.B-8 Q345qE 18
B-9.B-10 Q345qE 24

BW-1.BW-2 Q345qENH 2
BW-3 BW-4 Q345qENH 4
BW-5.BW-6 Q345qENH 10
BW-7.BW-8 Q345qENH 18
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Fig.3 Macroscopic corrosion morphology of Q345¢E in
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Fig. 6 Microscopic corrosion morphology of Q345qE at different exposure periods in the atmospheric environment of Kangding
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Fig.7 Microscopic corrosion morphology of Q345qENH at different exposure periods in the atmospheric

environment of Kangding

(a)
19.61 pm

e

8 REXSHETHHARZZAPNBERER

Fig. 8 Cross-sectional morphology of specimens at different exposure periods in the atmospheric environment of Kangding

il T JOE £ 6 TR A i TR A 4 Y 5 U2 U 5 4 T Bk 1
SEA BN WU R S a8 SR A
BRFAHL

4545 1R 2 1 6 b R RS AT LA B IR 8
A 30 0 5 o JRE JEE 35 36 SR HL Xz S B I ok 2k
JE B,k R R T T 0L Y T A R A O IR A
I 1 ot R ep O AR 2 5 IR AR K A3, TR M ol A Oy
e o [R]ATT  BE T A6 A A R e

W14 244 F R 2 RE AR 25 R K, LT e A0 45 )23 vh
AT 5 H T R AR L 5 2 B ot R R B
B, 3% 5 P 2~ P 4 e S A LA A — B

BT =T 2 BRI M & T R E R
IAETERES 9 5 - 1043 31 45 Y T Q345qE 3
T B9 F1 Q345qENH i 46 5K %% 5% 4. 24 > H J5 485 2
WHCE ML R, R 3AH THMEH TR & &
(5 B AR M 2 LT R & Cr 5 Ni Al 4



% 47 %

(a) Q345¢E

£

(b) Q345¢EH
B9 XSRB4NANKGEETESR

Fig. 9 Elemental distribution in the cross-section of specimens after four months of atmospheric exposure
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Fig. 10 Elemental distribution in the cross-section of specimens after 24 months of atmospheric exposure

JLR TN B2 & Cr.NiJdt®R . K3
AL LA & B, W i 3 9 Y 85 2 b L IR A A S
CIITE , X Ud W 4 Hh BF 55 v SO, A CL 45 JiF b ) o
SR QAS0NRI T s 4 78 L BF 58 2 6% 4 1
H Ja 8 i g8 JE 44 38. 1 pm'™, Corten A Tiif 468X 7F 75
V) 5 5% 6 H U5 bl 2R R Bk 22 pm ™ TR A 44
HIEh R B8R R 7. 13 pmo XF g5 R R, &k
IR IR 35 (7 1 T8 R RE 22 ) 109 T ol 32 1K 1 AR
T3 S A8 ) I IR R 45 VK R 35 0 2% T 45 1l 7= W)
BB B, TG 18 72 5 3 A 340 2 T e B9, HC S ok i 3R 1
R

AT 9 FIE 10 /] %1, Cr 7 TR i B 455 J2 H 31 45 1
HE LN ZMIS M Niot 2 W AE S )2 0 i K

*3 FGEBELTESESLNR
Table 3 Elemental composition percentage in the cross-

section of rust layer
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/H Fe 0 Cr Ni S Cl
Q345qE 4 76.11 23.64 0.13 0.12
Q345qENH 4 81.06 17.68 1.03 0.23
Q345qE 24 88.69 11.18 0.02 0.01 0 0.02

Q345qENH 24 88.43 10.36 0.71 0.35 0.03 0.04
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Fig. 12 Line scanning analysis of the cross-section of
Q345qENH after 24 months of atmospheric exposure in
Kangding
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