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Abstract
Decreasein yield load of stedl plate due to pitting corrosion and its mechanism

Tsuyoshi Taniguchi
1. Preface
A lot of bridges were built until now. And, the increase of live load by the heavy vehicle due to economic growth
is mattering. Though the major reason of rebuilding the bridge is the problem on the function due to increase in
traffic loads, the corrosion of the steel material is one of the large factors. Corrosion seriously influences
durability and safety. The steel bridges can be use semipermanently by adequate maintenance. However, there are
many corroded steel bridges because of poor maintenance. Corrosion decreases thickness and sectional area, and
it increases working stress. Therefore, the corroded bridge can not assure the necessary safety. But, there are many
corroded structures served for traffics. In addition the evaluation method for the load carrying capacity of the
corroded structures has not been established.

In order to examine the safety of an existing bridge evaluation of the load carrying capacity of the bridges, the
forecasting of corrosion progress and actual traffic load of present and in future. The base of evaluation of the load
carrying capacity is strength of corroded steel plates. In this study, the tensile strength of corroded plate is
examined as the most basic strength.

The surface irregularity of the naturally corroded sted plates is random. And, the causal linkage between
tensile strength and surface irregularity is difficult to analytically consider it. In this study, the artificialy
controlled corrosion was generated, and the relation between the mechanical characteristic and the corrosion
pattern is examined. Moreover, the tensile test and the numerical analysis are done by using test piece with the
machined pit excluding randomness in order to clarify the effect of pitting. And, the mechanism of the decrease in
yield stress reported in the reference and observed in the accelerated corrosion test is investigated.

If the mechanismis clarified, the effect of corrosion on strength can be predicted by the parameter of the size and
the distribution of the pitting. The prediction of the load carrying capacity is expected to become possible using
simulated corrosion. It is thought that the evaluation of remaining load carrying capacity make it possible to

contribute to the efficient maintenance plan.

2. Accelerated corrosion test and itstensiletest

The accelerated corrosion period is 15 months from the limitation at the study period. The test pieces are used
thin steel plate so that the influence of corrosion might relatively grow, because the corrosion period was a short
term. The JIS-5 standard test pieces of 2.1 mm and 1.6 mm in thickness were used for the test. Since there is a
report that the pitting corrosion remarkably reduces the strength, the test pieces are processed aiming at the
generation of pitting corrosion. First, the mill scale was removed. Then they were painted once, and the paint film
was partially scratched in order to make the pitting corrosion. The corrasion may start from the scratched part and
it is expected to lead to the pitting corrosion. The test pieces suffered accelerated corrosion by the misting of the
saltwater. The corroded test pieces were examined every three months. First, the irregularity of corroded surface
was measured after the removal of the rust. Then, the loading test was performed.

As a result, the reduction rate of sectional area is large, in the case of line pattern scratch and a deep pitting
corrosion is generated. Both strength and the yield stress decrease with the pitting corrosion. And, there are



correlations between the coefficients of variation in thickness and the sectiona area with strength and the yield

stress. They both decrease with the increases in coefficient of variation.

3. Tensile test and numerical analysis of test piece on the machined pit

The research mentioned above, the control of the corrosion was intended to make it easy to understand the effect
of the corrosion on the mechanical characteristics. However, the corrosion is the natural phenomenon and is
inherently random. In addition, the measurement of the strain is impossible because of the surface irregularity.
Therefore, instead of the pitted corrosion, loading test was attempted on the test piece using the machined pit.

The result of the test of the two machined pit reveals that, the large stress is generated between the pit and the
stressis small near the pit. However, it is found that the control stress distribution is generated apart from the pit.

Because densely attaching of the strain gauge on the test piece is difficult, the examination of the phenomenon
by the numerical analysis is attempted. At first, three dimensional the numerical analysis was tried. However, the
analyses became unstable when the tensile load was increased. Therefore, two dimensional analyses were done,
because the stress in the thickness direction is extremely smaller than the stress in the loading direction. The
phenomenon observed in the tensile test with machined pit is represented by both three-dimensiona analysis and
two dimensional analyses. Though the analytical result coincides with the experimental one quditatively,

quantitative agreement could not be obtained.

4. Mechanism of decreasein yield stress
The phenomenon observed in the test of the machined pit pieces appears in the displacement distribution of an
analytical result. About 10mm away from the pit, elongation is almost parabolic distribution. On the other hand,
displacement distribution is uniform following the Saint-Venant principle at the plate away enough from the pit.
Thus, the elongation should be at large the outside where the effect of the pit is small. The reversal of the stress
distribution observed in tensile test may be caused this displacement distribution. However, the displacement
distribution can not explain the drastic variation observed in the experiment, and the details are the subject in
future study.

Theratio of the elongation of the pit affected to the total elongation isinvestigated. The ratio of the elongation of
the area pit effected area effect increases with an increase in the tensile load. Therefore, the area near the pit yields
first and the total elongation increase by the yield of the vicinity of the pit before the total material yield. It is

considered that this is the mechanism of the global yield occurs earlier than material yield.

5. Conclusion

The reduction rate of sectional areaisincreased, if the paint film was scratched in line pattern, and deep pitting
corrosion is generated easily.

Theyield stress decreases with both the coefficient of variation in thickness and the sectiona area.
Numerical analysis can represent the phenomenon observed in the test qualitatively, but quantitative agreement
can not be gained.

The ratio of the elongation in the vicinity of the pit to the total elongation increases with an increase in the
tensile load. Therefore, it can be said that the total elongation increase by the elongation in vicinity of the pit
before the total material yield. It is considered that the yield the member appears earlier than the material yield.
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