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A study of corrosion of welded bridge steel SWS 400
in the acid-rain environment

W. S. Jeong®, J. G. Kim*, C. J. Suh** and B. H. Lee***

Abstract

Corrosion behavior of welded SWS 400 steel used for bridges was studied in a range of the
acid-rain environment using immersion, potentiodynamic polartization, polarization resistance,
and galvanic corrosion tests. The SWS 400 steel exhibited active corrosion behavior in the range
of acid-rain environment, i.e. no passivation. As the results of immersion corrosion test, Tafel
extrapolation method, and polarization resistance measurement, the average corrosion rates of
the steels were 0.31-0.72 mm/year in the pH of 4-5, and 0.17 mm/year in the pH 6,
respectively. The steel showed a resistance to corrosion in the pH 6. The observed active
behavior of SWS 400 steel in chloride-containinig environment indicated that the chloride ions
exerts a detrimental influence on the formation of passive films. Galvanic corrosion was
observed between the weld and the base metals because the weld is anodic to the base metal.
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Table 5. Results of corrosion rate measurements in
pH 4, 5, 6 (200 ppm CI)

average penetration rates (mm/year)
specimen immersion Tafel polarization
test extrapolation | resistance
pH 4 0.37 0. 50 1.29
weldment | pH 5 0,37 0.37 1.02
pH 6 0.26 0.20 0.20
pH 4 0.39 0.35 0.49
base
pH 5 0.39 0.21 0.32
metal
pH 6 0.24 0.05 0.04
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Table 6. Results of galvanic corrosion
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average penefration rates (mm/year)
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4. 8 E

AR AFEET e SWS 400 3¢
AE AAdH] 27| AAAE, EFAE, &
vy BAAES Pste] o2y 22 HES AU
),

1. 83t3, A7 3ty Al Aol A AHAdule

506

THEE - $EL - REE - FRR

12 T T T T T T
s electrolyte : pH 4 (200 ppm CI)
condition : aeration 4
05 (weld metal : base metal) -
&~ s ——- aeraratio 1:1 1
E o aeraratio 1:6 1
2 k|
3 1
7]
4
w
(=]
[
s 4
uJ £
14
[4
=
(]
: - I
2 '- 1

80 100 120 140

0 20 40 60
TIME (hour)

Fig. 16 Galvanic couple currents between base
metal and weld metal

pH7} 4~5 HAY do] FY&EE 0.31~
0.72 mm/year@ ¥, pH 6 0.17 mm/
year@oh. &, AHAdule] pH7L 6 o182 HHA
F-2)o] 71434 9] o}

2. ArAH] pH 4~6 YoM SWS 4002 AAF
A stn, R5ue BER] ¥e 84

22 et Ao

3. Al 239 G40l =7 100 ppm
Z715 wal BAEEE HYFHeZ 0.05
mm/year 57138t th.

4. RA) (base metal) &} £ A (weld metal) 7}
Zuid A o] v EAE &502, &3
Ae dIoz FL3ld 818 AAs Z
Y B Ao] drEe] Ra&wrt F71e g
o}

% 7|
B d3E 1959 E TFEHLA AT 84 A

Fo Yoz FYsYen] ool Ho| ZA=H
Y,

Journal of KWS, Vol. 15, No. 5, October, 1997



#1312 s
F.H. Haynie Materials Degradation

Caused by Acid Rain, American Chemical
Socity Symposium Series 318, Washington,
D.C. (1986) 163

. W.J. Russell : The Chemistry of Acid Rain,
American Chemical Socity Symposium Series
349, Washington, D.C. (1987) 37
A4, 4 |1 o A,
(1992) 47

L ZAYBE (1994, 10. 27, 1994. 10. 29)

. A", 4 Ay, d'EsE (1992)
336

. ASTM Designation G31-72, Annual Book of
ASTM Standards, Vol. 3.02, ASTM,
Philadelphia (1990)

. ASTM Designation G5-87, Annual Book of
ASTM Standards, Vol. 3.02, ASTM,
Philadelphia (1990)

dEES,

Keklr ek B15% $5%, 19974, 108

A 714 TFE A SWS4009] §HY ¥4 o] B A7

8.

10.

11

12.

13.

14.

15.

16.

17.

133
J.G. Kim : Ph.D Dissertation, Univ. of
Tennessee, Knoxville (1992)
D.A. Jones : Corrosion, Macmillan, New

York (1992) 167

ASTM Designation G71,
ASTM Standards, Vol.
Philadelphia (1990)

R.L. O’Brien : Welding Handbook, Vol. 2,
American Welding Society (1991) 157

G.E. Linnert : Welding Metallurgy, Vol. 2,
American Welding Society (1967) 167

M. G. Fontana : Corrosion Engineering, 3rd
ed., McGraw-Hill, New York (1986) 48
Herbert H. Uhlig et al :
Handbook (1948) 486

H. Kaesche @ Metallic Corrosion,
Houston (1985) 299

M. Stern : J. Electrochem. Soc., 104 (1957)
645

J.G. Kim : ]J. of Metals and Materials, 1
(1995) 133

Annual Book of
3.02, ASTM,

The Corrosion

NACE,

507



