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Development of Corrosion Prediction Software for Designing
Weathering Steel Structures with Semi-Eternal Service Life

Abstract

Hiroshi KIHIRA*:

Needs for minimum maintenance materials for infrastructure, such as weather-

ing steel are growing. Because corrosion rate of weathering steel is much lower

than plain carbon steel, it is possible to construct durable steel structures without

painting, or plating, which reduceslife cycle cost of the structuresto a great extent.

To realize this concept, it isvery important to select the best alloyed weathering steel,

in accordance with corrosiveness of the atmosphere at construction sites. In order to

facilitate such assessing processes, long-term corrosion prediction softwarefor weath-

ering steel has been devel oped.

1. Introduction

Because of its unique property of preventing rust by rust?, weath-
ering steel has been used for many structuresincluding bridges. Many
successful instances have been witnessed, in which maintenance and
control cost has been reduced by the application of this steel with its
functions utilized to the full. On the other hand, a problem was posed
sometimes when it was carelessly used in the seaside areas where
salt blows constantly thereto in large quantity. In recent years, in the
inland areas as well, an abnormal local rust was found formed on it
due to the antifreeze agents sprayed.

As represented by the minimum-maintenance bridge concept?
proposed by the Ministry of Land, Infrastructure & Transport, the
future structures including bridges are required to employ weather-
ing steel, surface treatment technology, and structural design meth-
odsthat enable to use them reliably for avery long period with main-
tenance and control cost further reduced. It is essential for our coun-
try as awhole to realize safe and reliable LCC-minimum structures
that can maintain and develop competitiveness toward the symbio-
sis with Asian countries as a form of the 21st-century-type infra-
structure. The development of technology to make use of weather-
ing steel that can achieve the above objective is therefore much ex-
pected.

Correct Recognition of the Behavior of Corrosion
of Weathering Steel and Revision of the Specifi-
cation for Highway Bridges

Weathering steel has partly been misunderstood so far in that
corrosion stops completely when magic rust (so-called antei-sabi in
Japanese) is formed on it. This misunderstanding has sometimes led
to thinking that weathering steel can be used maintenance-freein
any corrosive atmospheric environment because the magic rust forms
on it. However, the above-described phenomenon is unlikely to oc-
cur in physico- chemical manner. Almost all the materials react with
the surrounding environment, so that their initial material functions
gradually deteriorate.

At asymposium® of the Rust Chemistry Committee (Chairman:
Toshihei MISAWA, professor at Muroran Institute of Technology)
supporting the 21st-century infrastructure established in the Japan
Society for Corrosion Engineers, and at another held by “Research
Center for Urban Infrastructure, Science and Technology Research
Body (Chief: Professor Chitoshi MIKI)”, aproject by “Tokyo Insti-
tute of Technology”, a proposal was made for the basic recognition
of the durability of weathering steel bridges®.

With the arguments at those symposia correctly reflected, “ Study
of Durability” of Chapter 5 was added to the Specification for High-
way Bridges®, revised in March, 2002, in which it was clearly pre-
scribed that “ The influences of deterioration over time should be
taken into account when designing steel bridge members.”
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3. Corrosion Prediction and Design of Durable

Structures

When trying to realize semi-permanent, almost maintenance-free
bridges with weathering steel, one should first recognize the corro-
sion resistance of the weathering steel correctly. Since the corrosion
and deterioration of material are generally due to the chemical reac-
tion between the material and the environment, corrosion perfor-
mances of the material depends on the degree of corrosiveness of the
environment. This also applies to weathering steel. With the addi-
tion of alloy elements, weathering steel is more corrosion-resistant
than ordinary steel. However, its corrosion resistance depends on the
environment to whichit is exposed.

Fig. 1 showsthe conceptual image for the durable state of weath-
ering steel to promote a better understanding of the above findings®.
When the environment is less corrosive, the amount of rust formed
is minimal, because corrosion proceeds only slightly, and less pro-
tective rust is formed. However, no abnormal rust is formed either
with little change in steel thickness. Thisis defined to bein adurable
state. Again, when the environment ismoderately corrosive, the added
alloy elements work to form a protective rust, and the rate of corro-
sion becomes lower over time to reach durable state. In other words,
the product of the chemical interaction between the weathering steel
and the environment forms arust on the surface. It therefore follows
that the composition and structure of the rust differ depending on the
environmental conditions.

Furthermore, when the environment becomes corrosive enough
to go beyond a certain limit, protective rust failsto prevent corrosion
resulting in excessive corrosion. In this state, the rate of steel corro-
sion isgreater than expected, resultin in [Rust formation rate] > [Rust
weathering rate]. Then, the rust becomes thicker to turn into a fish
scaled one or alayered exfoliated one. With regard to the volume of
corrosion accumulated over time relating to no abnormal rust occur-
ring, the views of the Ministry of Construction, Public Works Re-
search Ingtitute, the Kozai Club, and Japan Association of Steel Bridge
Construction are summarized in the joint research report™® on Appli-
cation of Weathering Steel to Highway Bridges: Weathering steel
stipulated by J'S G 3114 can be applied under the environmental
conditions in which corrosion loss is within 0.3 mm on one side
during 50 years of service?.

As clearly given in the revised Specification for Highway
Bridges”, those environmental conditions correspond to an areawhere
air-borne salt quantity is less than 0.05 mg/dm?day. In compliance
with the revised Specification for Highway Bridges in which a de-
signed service life target is set for 100 years, a curve of corrosion
loss accumulated over 100 years was predicted. As aresult, weather-
ing steel can be construed applicable under the environmental con-

Durable state Protective rust

o
Concept characterized £

Concept of the state by an(tai‘?corrosive ‘g
defined by low-rate \ f(nctions of matters S
corrosion <
>

Intensity of corrosive environmental conditions

Fig. 1 Drawing of conceptual image of durable state of weathering steel
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ditions in which corrosion loss can be limited to within 0.5 mm on
one side®. On the assumption that corrosion lossis 0.5 mm on one
side and 1.0 mm on both sides after 100 years, residual |oad capacity
was calculated by way of trial. If abridgeis designed asgivenin the
Specification for Highway Bridges, adecreasein ratio of the residual
load capacity of amember isinsignificant. It can therefore be con-
sidered possible to secure sufficient structural stability with safety
factor taken into consideration. Therefore, it is generally considered
aloss allowance in addition to the stipulation as given in the Speci-
fication for Highway Bridges unnecessary.

If this way of thinking isto be applied, it is desirable that not
only conventional weathering steel but also recently developed 3Ni
weathering steel™ be used unpainted under the conditionsto realize
an accumulated corrosion loss of 100 years within 0.5 mm on one
side. With the intention of ascertaining the above thinking efficiently,
aschemeto predict the corrosion loss of conventional and 3Ni weath-
ering steels over along period was developed, and integrated into a
software for personal computer to simplify complicated calcula-
tions!213),

4. Material Selection Smulation with Corrosion L oss

Prediction Software

The corrosive environment has so far been defined based only on
the quantity of air born salt. In this developed method, however, tem-
perature, humidity, wetting time, wind velocity, and the quantity of
sulfur oxides have aso been taken into consideration’?'?, so that the
intensity of the regional corrosive environment could be represented
more accurately. The algorithm was devel oped for estimating values
A and B without exposure tests'?*3. Since the process of derivation
is specific and complicated, another paper is under preparation®.
Material selection simulation was conducted using the software. First,
the Tokyo bay area was assumed to be a construction site, and six
kinds of data were input, including average temperature, average
yearly humidity, an average yearly amount of rainfall, average yearly
wind velocity, the quantity of air-borne salt, and the quantity of sul-
fur oxides. Among them, ayearly amount of rainfall isareference-
value input in the present version, because the model calculate on
corrosion loss under girders of bridges.

In this simulation, the quantity of air-borne salt and the quantity
of sulfur oxides were assumed to be 0.1 mdd and 0.14 mdd respec-
tively, by referring to the example of the exposure data of the Ebigawa
Bridge among those of 41 bridges throughout the country. Figs. 2
and 3 give the graphs of the calculated results. A probability value,
in which abnormal rust does not occur, is shown in the lower right
corner of the drawing obtained. From the drawing, abnormal rust
can be evaluated to occur at a probability of 73% in case of the con-
ventional JJ'S-SMA weathering steel, while a probability of the oc-
currence of abnormal rust can be judged minimal in the case of 3-Ni
weathering steel.

The corrosion prediction software for weathering steel devel oped
as above will enable not only to judge the applicability of weather-
ing steels, but also to consider the detailed measures to reduce risks,
at the time of designing. In this way, the devel oped software can be
utilized effectively in variousways, for example, formulating amain-
tenance and control plan, extracting important pointsin terms of cor-
rosion protection, to which attention should be paid.
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Fig. 2 Resultsof corrosion loss prediction using bare JIS-SM A weathering steel under the conditions of horizontal exposurein the model environment of

Tokyo Bay Coast
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Fig. 3 Results of corrosion loss prediction using bare 3-Ni weathering steel under the conditions of horizontal exposurein the model environment of

Tokyo Bay Coast
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