
;e3e|pF26hT_qJ. T ,  SPECIFICATION METHOD FOR PREDICTING AMOUNT OF
CORROSION OF ATMOSPHERIC CORROSION RESISTANT STEEL Technical Field The
present invention relates to a method for predicting an amount of corrosion
of an atmospheric corrosion resistant steel, which is subjected to surface
treatment such as rust stabilization treatment, painting or plating, and
maintenance management such as inspection, repair or cleaning as required,
and a method for selecting a steel type to which the aforementioned method
is applied. Background Art Atmospheric corrosion resistant steels have been
applied to many actual structures including bridges because of its unique
property of preventing rust by rust. There are many cases where a reduction
in maintenance management costs is attained by using this steel material
with its functions utilized to the full. On the other hand, a problem
sometimes arises when the atmospheric corrosion resistant steel is
carelessly used in coastal regions and the like where there is a lot of
airborne salt. In recent years, in inland regions as well, local formation
of abnormal rust due to the spraying of thawing salt is sometimes found.
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As is represented by the minimum maintenance bridge concept proposed by the
Ministry of Land, Infrastructure and Transport, future structures including
bridges are requested to employ atmospheric corrosion resistant steels,
surface treatment technology, structural design methods, and the like which
can be actually used reliably for a very long period while achieving a
further reduction in maintenance and management costs. Therefore, as a form
of 21st century type infrastructure which maintains and develops
cost-competitiveness with Asian countries as our country as a whole, rust
science study and application technology development related to the
atmospheric corrosion resistant steel capable of realizing LCC minimum are
greatly expected. Against this background, in the Japan Society of
Corrosion Engineering, the Rust Science Workshop which supports 21st
century infrastructure was organized for four years from 1997. Many
specialists enthusiastically discussed the concept of "stable rust"
heretofore very confused as basic understanding to use atmospheric
corrosion resistant steels more securely and safely. As a result, the
following suggestion is issued as the opinion of the Society in the 132nd
Corrosion Engineering Symposium sponsored by the Japan Society of Corrosion
Engineering held on June 25, 2001 (Japan Society of Corrosion Engineering,
Rust Science Workshop: Reference materials for the 132nd Corrosion - 2
,, Y i a Engineering Symposium "New Development of Rust Science to Realize
Minimum Maintenance Bridge Concept", p3, June 25, 2001). "Rust
stabilization" of the atmospheric corrosion resistant steel means a state
in which the corrosion rate has reduced to the extent that the secular
deterioration of the load carrying capacity of a structure is insignificant
from an engineering viewpoint (0.01 mm/year or less as a standard). 



As provisional interpretation: the stable rust is rust formed when rust on
the atmospheric corrosion resistant steel is "stabilized". However,
although the aforementioned state is defined as "rust stabilization", since
the term of stable rust has a strong physical image, it is desirable to
withhold the scientific use of this term. As an alternative material term,
the term of protective rust is used for rust having a high protective
function. Rust when "stabilized" is characterized in that although a
sufficient period (five years or more) has elapsed, the rust does not grow
thick (except a case where traces of exfoliated rust are left). It is
needless to say that the most essential message in this suggestion is the
definition of "rust stabilization" of the atmospheric corrosion resistant
steel. Namely, when the industrial material called an atmospheric corrosion
resistant steel is used for a structure, the realization of "a rust
stabilization state" in which the load carrying capacity of the - 3    r
structure using this material can exist stably over a long period is
recognized anew as a higher objective concept than other various arguments
about what the matter called stable rust is. Moreover, the development of
the technology of predicting the accumulated amount of corrosion of the
atmospheric corrosion resistant steel over a long period of time is
suggested as one of the most important items in material selection,
structural design, and maintenance/management. Conventionally, among
methods for predicting an accumulated corrosion amount of an atmospheric
corrosion resistant steel over a long period of time which are generally
performed, there is a method of performing an exposure test over a period
of approximately ten years in a construction site or under atmospheric
environmental conditions similar to those of the construction site, finding
a value A and a value B by fitting a secular change of a corrosion loss
obtained in this period to a relational expression of (amount of corrosion)
- A X (exposure period)B, and calculating a corrosion loss over any given
long period of time with these values (for example, Public Works Research
Institute of the Ministry of Construction, the Kozai Club, Japan
Association of Steel Bridge Construction: Collaborative Research Report on
Application of Atmospheric corrosion resistant steel to Bridges (XII), p20,
March, 1992). 



- 4     However, in this predicting method, the exposure test in actual
atmospheric environment over a period of approximately ten years is
necessary to obtain constant terms, the value A and the value B, and funds,
labor, and time are needed before a judgment is made. Hence, a problem that
the market competitiveness of a technical business method adopted at
present of the atmospheric corrosion resistant steel is weaker than that of
concrete structures and the like which compete with the atmospheric
corrosion. resistant steel is indicated. As for a flow concerning judgment
on the applicability of the atmospheric corrosion resistant steel, flows
such as shown in Fig. 1 to Fig. 4 are disclosed in Japanese Patent
Laid-open No. 2000-18l6 and so on. However, in each flow, only factors
which contribute to the amount of corrosion in the usage environment are
substantially arranged, and no quantitative criterion for judging the
propriety of use of a steel type to be applied based on a predicted
corrosion amount in an adaptive environment is proposed or disclosed.
Namely, these flows are not effective solutions for a demand for a more
quantitative judgment method based on the predicted corrosion amount.
Moreover, these flows have a problem that the amount of sulfur oxide and
the annual wetness time which are important parameters for the prediction
of the corrosion amount are not considered at a11. - 5    I 1 ~i I i f I In
the conventional method for predicting longterm corrosion/wear of the
atmospheric corrosion resistant steel, exposure test data in the
construction site or exposure test data in an atmospheric environment
similar to the construction site are indispensable, and to obtain the data,
high expenses of test/analysis are needed. Further, regions where unpainted
atmospheric corrosion resistant steels are used for road bridges in our
country are limited to regions where the mount of airborne salt is 0.05 mdd
or less (mdd is a brevity code of mg/dm2/day), but in some cases,
abnormality does not occur to the atmospheric corrosion resistant steel
even under the environmental condition of an airborne salt amount of 0.05
mdd or more. Therefore, there are some cases where an opportunity to reduce
the maintenance cost is missed because the applicability is judged only
with a single index. Furthermore, when the atmospheric corrosion resistant
steel is used beyond the limit of application without sufficient prediction
of corrosion/wear behavior, partial abnormal corrosion occurs, which causes
unexpected repairing expenses. As described above, no theory which
associates corrosivity of environmental conditions with rust stabilization
performance of the atmospheric corrosion resistant steel exists, and hence
it is said that the application of the atmospheric corrosion resistant
steel entails high risks and high - 6    



returns. Summary of the Invention In view of the aforementioned actual
situation, the inventor et al. of the present application realize that the
development of technology for judging the applicability of an atmospheric
corrosion resistant steel at low cost, speedily, and with high precision is
indispensable, and have struggled to develop a method for predicting a
long-term corrosion loss of an atmospheric corrosion resistant steel by
calculation based on weather data, airborne salt amount data, and sulfur
oxide amount data in the vicinity of a construction site. An object of the
present invention is to provide a method for predicting an amount of
corrosion of an atmospheric corrosion resistant steel capable of solving
the aforementioned problems of prior arts and judging the applicability of
the atmospheric corrosion resistant steel at low cost, speedily, and with
high precision. As a result of earnestly repeating studies in order to
solve the aforementioned problems, the inventor et al, of the present
application arranged a natural phenomenon called the rust stabilization of
an atmospheric corrosion resistant steel, constructed a calculation
technology philosophy of predicting a long-term corrosion/wear amount, and
thought of the following aspects. Such a calculation technology
philosophy can be embodied in the form of software. A method for predicting
an amount of corrosion of an atmospheric corrosion resistant steel
according to the present invention is characterized by comprising the step
of calculating a predicted corrosion amount of the atmospheric corrosion
resistant steel using extrinsic corrosion information including weather
observation data, an amount of airborne salt, and an amount of sulfur oxide
in a planned location for use where the atmospheric corrosion resistant
steel is to be used, and intrinsic corrosion information on components of
the atmospheric corrosion resistant steel, with an electronic calculator. A
system for predicting a corrosion amount 



according to the present invention is characterized by comprising: an input
means for inputting information; a computing means for calculating a
predicted corrosion amount of an atmospheric corrosion resistant steel with
extrinsic corrosion information including weather observation data, an
amount of airborne salt, and an amount of sulfur oxide in a planned
location for use where the atmospheric corrosion resistant steel is to be
used, and intrinsic corrosion information on components of the atmospheric
corrosion resistant steel which are inputted from the input means; and an
output means for outputting a result of the calculation by the computing
means. The atmospheric corrosion resistant steel subject _ g _    to the
present invention includes a hot-rolled atmospheric corrosion resisting
steel for welded structure (symbol: SMA) stipulated by JIS G 3114 and a
super atmospheric corrosion resisting rolled steel (symbol: SPA-H, SPA-C)
stipulated by JIS G 3125. The atmospheric corrosion resistant steel subject
to the present invention also includes an atmospheric corrosion resistant
steel containing approximately 13 mass% of Ni, for example, disclosed in
Japanese Patent Laid-open No. Hei 5-51668, Japanese Patent Laid-open No.
Hei 7-207340, Japanese Patent Laid-open No. Hei 7-242993, Japanese Patent
Laid-open No. Hei 8-134587, Japanese Patent Laid-open No. Hei 11-71632,
Japanese Patent Laid-open No. Hei 11-172370, and so on. The atmospheric
corrosion resistant steel subject to the present invention also includes a
coastal/seaside atmospheric corrosion resistant steel containing Mo, Cu.
Ti, Cr, and so on, which has been recently developed. The weather
observation data is data obtained by observing weather conditions under
which the atmospheric corrosion resistant steel is exposed. For example,
the weather observation data includes data on an annual wetness time TOW
(h), an annual mean temperature T (~C), an annual mean wind speed W
(m/sec.), and so on. The amount of airborne salt is a value obtained by a
method based on a method for measuring the amount of sea salt particles
stipulated by Reference - 9    3 of JIS Z 2381 (General requirements for
outside exposure test method). More specifically, first, gauze which is
dried well after thoroughly leaching out salt by pure water is folded in
two and fitted into a wooden frame with an inside dimension of 100 mm X 100
mm. Then, the gauze is exposed vertically for one month in a
well-ventilated place which is not directly exposed to the rain, taken off
after the exposure, and analyzed to find the amount of NaCl. The value
obtained by expressing the amount of NaCl in NaClmg/dm2/day (brevity code:
mdd) is the amount of airborne salt. On this occasion, attention needs to
be paid to conversion into the amount of adhesion on one side. This data is
widely used as an index indicating how much salt is contained in
atmospheric environment such as a construction site and at what speed the
salt adheres to a structure or the like. The amount of sulfur oxide is a
value obtained by a method based on a method for measuring the amount of
sulfur oxide stipulated by Reference 2 of JIS Z 2381 (General requirements
for outside exposure test method). More specifically, first, a cylinder
made of plastic or the like, on which gauze coated with a lead dioxide
paste is put, is exposed vertically for one month in a dedicated shelter.
After the exposure, the cylinder is taken out and analyzed. The value
obtained by expressing the amount of S02 in S02 mg/dm2/day (brevity code:
mdd) is the amount of sulfur oxide. This data is widely used as an index -
10  



indicating how much sulfur oxide such as sulfur acid gas is contained in
atmospheric environment such as a construction site and at what speed the
sulfur oxide adheres to a structure or the like. It should be noted that
measurement values correlated with these values can be found by methods
other than JIS Z 2381, such as an ISO method and a direct measurement
method of attached salt. If the measurement methods are different, values
also differ according to a difference between their capture rates, but it
goes without saying that if the values are converted into an airborne salt
amount and a sulfur oxide amount based on the aforementioned JIS method,
the values can be applied to the method for predicting the amount of
corrosion of the atmospheric corrosion resistant steel of the present
invention. The aforementioned method for predicting the amount of corrosion
of the atmospheric corrosion resistant steel according to the present
invention can be very effectively performed by making a calculation with a
computer such as shown in the undermentioned embodiment. Therefore, as for
the distribution thereof, it is appropriate to take the form of a computer
readable record medium, including the case of download from the medium via
an electric communication line such as the Internet. A computer readable
record medium according to the present invention is characterized by having
a program thereon, wherein the program causes a - 11    computer to
calculate a predicted corrosion amount with extrinsic information including
weather observation data, an amount of airborne salt, and an amount of
sulfur oxide in a planned location for use where an atmospheric corrosion
resistant steel is to be used, and intrinsic corrosion information on
components of the atmospheric corrosion resistant steel. Further, if the
method of the present invention can be utilized simply and conveniently by
a computer such as shown in the undermentioned embodiment, the following
business forms become possible. A method for selecting a steel type
according to 



the present invention is characterized by comprising the steps of:
calculating a predicted corrosion amount of each of atmospheric corrosion
resistant steels with extrinsic corrosion information including weather
observation data, an amount of airborne salt, and an amount of sulfur oxide
in a planned location for use where the atmospheric corrosion resistant
steel is to be used, and intrinsic corrosion information on components of
one or more than one type of atmospheric corrosion resistant steel planned
to be used, by an electronic calculator; and comparing the predicted
corrosion amount and a design permissible corrosion amount in a design life
period by the electronic calculator. A system for selecting a steel type of
the present invention is characterized by comprising: an - 12     input
means for inputting information; a computing means for calculating a
predicted corrosion amount of each of atmospheric corrosion resistant
steels with extrinsic corrosion information including weather observation
data, an amount of airborne salt, and an amount of sulfur oxide in a
planned location for use where the atmospheric corrosion resistant steel is
to be used, and intrinsic corrosion information on components of one or
more than one type of atmospheric corrosion resistant steel planned to be
used which are inputted from the input means; a comparing means for
comparing the predicted corrosion amount and a design permissible corrosion
amount in a design life period; and an output means for outputting a result
of the comparison by the comparing means. A first method for maintaining
and managing a steel structure according to the present invention is
characterized by comprising the steps of: finding an actually measured
first-year corrosion amount from an actual measurement result of a
corrosion loss in any given period of an actual structure made of an
atmospheric corrosion resistant steel or a corrosion loss in any given
period of a vertical exposure member or a horizontal exposure member which
is made of the atmospheric corrosion resistant steel and attached to the
actual structure; predicting a corrosion amount of the atmospheric
corrosion resistant steel with an electronic calculator with - 13    the
actually measured first-year corrosion amount as A~ or AH by the method
according to claim 9; and determining a maintenance management policy based
on the predicted corrosion amount of the atmospheric corrosion resistant
steel. A second method for maintaining and managing a steel structure
according to the present invention is characterized by comprising the steps
of: finding an actually measured first-year corrosion amount from an actual
measurement result of a corrosion loss in any given period of an actual
structure made of an atmospheric corrosion resistant steel or a corrosion
loss in any given period of a vertical exposure member or a horizontal
exposure member which is made of the atmospheric corrosion resistant steel
and attached to the actual structure; calculating a corrosivity index Z by
the undermentioned equation (Eq. 6) from extrinsic corrosion information
including weather observation data, an amount of airborne salt, and an
amount of sulfur oxide in a location where the actual structure is
installed, and intrinsic corrosion information on components of the
atmospheric corrosion resistant steel, with an electronic calculator;
estimating a first-year corrosion amount of the atmospheric corrosion
resistant steel from the corrosivity index Z with the electronic
calculator; comparing the actually measured first-year corrosion amount and
the estimated first-year corrosion amount with the 



- 14    , . , .~ , electronic calculator; correcting the corrosivity index
Z based on a result of the comparison with the electronic calculator;
predicting a corrosion amount of the atmospheric corrosion resistant steel
based on the corrected corrosivity index Z with the electronic calculator;
and determining a maintenance management policy based on the predicted
corrosion amount. A system for maintaining and managing a steel structure
according to the present invention is characterized by comprising: an input
means for inputting information; and a computing means for respectively
calculating actually measured first-year corrosion amounts of a vertical
exposure member and a horizontal exposure member which are made of an
atmospheric corrosion resistant steel based on actual measurement results
of corrosion losses in any given period of the vertical exposure member and
the horizontal exposure member made of the atmospheric corrosion resistant
steel which are inputted from the input means, calculating a predicted
corrosion amount of the atmospheric corrosion resistant steel with
extrinsic information including weather observation data, an amount of
airborne salt, and an amount of sulfur oxide in a planned location for use
where the atmospheric corrosion resistant steel is to be used which is
inputted from the input means, intrinsic corrosion information on
components of the atmospheric corrosion resistant steel recognized via the
input means, and the respective actually measured - 15    first-year
corrosion amounts, and determining a maintenance management policy based on
the predicted corrosion amount. A method for providing information on an
atmospheric corrosion resistant steel according to the present invention is
characterized by comprising the steps of: a user accessing a server for
calculating a predicted corrosion amount of an atmospheric corrosion
resistant steel with environmental data including weather observation data,
an amount of airborne salt, and an amount of sulfur oxide, and intrinsic
corrosion information on components of the atmospheric corrosion resistant
steel from a terminal device via an electric communication line: the user
inputting environmental data including weather observation data, an amount
of airborne salt, and an amount of sulfur oxide in a planned location for
use where an atmospheric corrosion resistant steel is to be used from the
terminal device to the servers the user permitting 



the server to recognize intrinsic corrosion information on components of
one or more than one atmospheric corrosion resistant steel planned to be
used from the terminal devices the server calculating a predicted corrosion
amount of each of the atmospheric corrosion resistant steels based on the
environmental data and the intrinsic corrosion information; the server
transmitting the predicted corrosion amount to the terminal device via the
- 16    electric communication line; and the terminal device outputting the
predicted corrosion amount. A system for providing information on an
atmospheric corrosion resistant steel according to the present invention is
characterized by comprising a server, which is accessible to a user from a
terminal device via an electric communication line, for calculating a
predicted corrosion amount of an atmospheric corrosion resistant steel with
environmental data including weather observation data, an amount of
airborne salt, and an amount of sulfur oxide, and intrinsic corrosion
information on components of the atmospheric corrosion resistant steel, and
transmitting the predicted corrosion amount to the terminal device via the
electric communication line. A first business method for an atmospheric
corrosion resistant steel according to the present invention is
characterized by comprising the steps of: a user accessing a server for
calculating a predicted corrosion amount of an atmospheric corrosion
resistant steel with environmental data including weather observation data,
an amount of airborne salt, and an amount of sulfur oxide, and intrinsic
corrosion information on components of the atmospheric corrosion resistant
steel from a terminal device via an electric communication line; the user
inputting environmental data including weather observation data, an amount
of airborne salt, and an - 17    amount of sulfur oxide in a planned
location for use where an atmospheric corrosion resistant steel is to be
used from the terminal device to the server; the user permitting the server
to recognize intrinsic corrosion information on components of one or more
than one atmospheric corrosion resistant steel planned to be used from the
terminal device; the server calculating a predicted corrosion amount of
each of the atmospheric corrosion resistant steels based on the
environmental data and the intrinsic corrosion information; the server
transmitting the predicted corrosion amount to the terminal device of the
user via the electric communication line; the terminal device outputting
the predicted corrosion amount; and determining a business counterpart
based on at least one type of element selected from the group consisting of
the presence or absence of history of access to the server and the
frequency of access to the server. 



A second business method for an atmospheric corrosion resistant steel
according to the present invention is characterized by comprising the steps
of: a person in charge of business inputting extrinsic corrosion
information including weather observation data, an amount of airborne salt,
and an amount of sulfur oxide in a planned location for use where a
customer plans to use an atmospheric corrosion resistant steel to an
electronic calculator for calculating a predicted corrosion amount of an -
18    atmospheric corrosion resistant steel with extrinsic corrosion
information including weather observation data, an amount of airborne salt,
and an amount of sulfur oxide and intrinsic corrosion information on
components of the atmospheric corrosion resistant steel; the person in
charge of business permitting the electronic calculator to recognize
intrinsic corrosion information on components of one or more than one type
of atmospheric corrosion resistant steel which the customer plans to use;
the electronic calculator calculating a predicted corrosion amount of each
of the atmospheric corrosion resistant steels; and the person in charge of
business presenting a result of the calculation by the electronic
calculator to the customer. Brief Description of the Drawings Fig. 1 is a
flowchart showing an example of a conventional method for judging the
applicability of an atmospheric corrosion resistant steel; Fig. 2 is a
flowchart showing another example of the conventional method for judging
the applicability of the atmospheric corrosion resistant steel Fig. 3 is a
flowchart showing still another example of the conventional method for
judging the 



applicability of the atmospheric corrosion resistant steel: Fig. 4 is a
flowchart showing yet another example of the conventional method for
judging the - 19    applicability of the atmospheric corrosion resistant
steel; Fig. 5 is a flowchart showing a method for predicting the amount of
corrosion and a method for judging the applicability of an atmospheric
corrosion resistant steel based on the aforementioned method according to
an embodiment of the present invention; Fig. 6 is a diagram showing a basic
concept of a rust stabilization state; 



Fig. 7 is a diagram schematically showing the relation between a corrosion
amount accumulated over time Y and the number of years elapsed X based on
Eq. (4) with two logarithmic axes; Fig. 8 is a diagram showing the relation
between an airborne salt amount C and a first-year corrosion amount A; Fig.
9 is a diagram showing the relation between a corrosivity index Z and the
first-year corrosion amount A of a vertical exposure member; Fig. 10 is a
diagram showing the relation between the corrosivity index.Z and the
first-year corrosion amount A of a horizontal exposure member; Fig. 11 is a
diagram showing the relation between the first-year corrosion amount A and
a stabilization 



index B and its interpretation; Fig. 12 is a chart showing an example of a
panel for setting conditions of long-term corrosion/wear prediction
software for an atmospheric corrosion resistant steel; - 20     Fig. 13 is
a chart showing an example of a panel for inputting longitude and latitude
of the long-term corrosion/wear prediction software for the atmospheric
corrosion resistant steel; Fig. 14 is a chart showing an example of a panel
for inputting weather data of the long-term corrosion/wear prediction
software for the atmospheric corrosion resistant steel; Fig. 15 is a chart
showing an example of the panel for setting conditions of the long-term
corrosion/wear prediction software for the atmospheric corrosion resistant
steel the input to which is completed: Fig. 16 is a chart showing an
example of a panel displaying a first-year corrosion amount A and a rust
stabilization index B of the long-term corrosion/wear prediction software
for the atmospheric corrosion resistant steel; 



Fig. 17 is a chart showing an example of a panel for seeing an overview of
calculation results of the long-term corrosion/wear prediction software for
the atmospheric corrosion resistant steel; Fig. 18 is a chart showing an
example of a panel for seeing calculation results of long-term
corrosion/wear prediction when a bare JIS type atmospheric corrosion
resistant steel is used; Fig. 19 is a chart showing an example of a panel
graphically displaying calculation results of longterm corrosion/wear
prediction of a coastal - 21    atmospheric corrosion resistant steel with
excessive influence taken into consideration; Fig. 20 is a chart showing an
example of a panel graphically displaying calculation results of longterm
corrosion/wear prediction when the JIS type atmospheric corrosion resistant
steel is subjected to general surface treatment; Fig. 21 is a chart showing
an example of a panel graphically displaying calculation results of
longterm corrosion/wear prediction when the JIS type atmospheric corrosion
resistant steel is subjected to surface treatment for the atmospheric
corrosion resistant steel; Fig. 22 is a chart showing an example of a panel
graphically displaying calculation results of longterm corrosion/wear
prediction by a method of repainting the JIS type atmospheric corrosion
resistant steel by the general surface treatment; Fig. 23 is a chart
showing an example of conditions inputted to a usage environment conditions
setting panel in a portion of a structure around which the amount of
airborne salt is assumed to be relatively small in a bridge structure to be
constructed; Fig. 24 is a chart showing an example of a 



corrosion/wear prediction curve calculated under the conditions in Fig. 23
in the portion of the structure around which the amount of airborne salt is
assumed to be relatively small; - 22    _` ., Fig. 25 is a chart showing an
example of conditions inputted to the usage environment conditions setting
panel in a portion of the structure around which the amount of airborne
salt is assumed to be relatively large and the humidity is assumed to be
high in the bridge structure to be constructed; Fig. 26 is chart showing an
example of a corrosion/wear prediction curve calculated under the
conditions in Fig. 25 in the portion of the structure around which the
amount of airborne salt is assumed to be relatively large and the humidity
is assumed to be high; Fig. 27 is a chart showing an example of a
corrosion/wear prediction curve calculated under the conditions in Fig. 25
in the portion of the structure around which the amount of airborne salt is
assumed to be relatively large and the humidity is assumed to be high and
which is subjected to the rust stabilization surface treatment for the
atmospheric corrosion resistant steel; Fig. 28 is a diagram schematically
showing an. example of a method for providing information on the
atmospheric corrosion resistant steel based on the method for predicting
corrosion according to the embodiment of the present invention; and Fig. 29
is a block diagram showing an example of a processing system capable of
performing steps shown in Fig. 5. - 23   



' n ' a Detailed Description of the Preferred Embodiments Fig. 5 is a
flowchart showing a method for predicting an amount of corrosion and a
method for judging the applicability of an atmospheric corrosion resistant
steel based on the aforementioned method according to an embodiment of the
present invention. Fig. 29 is a block diagram showing an example of a
processing system capable of performing steps shown in Fig. 5. In the
processing system shown in Fig. 29, information, for example, on the amount
of airborne salt, the amount of sulfur oxide, and regional weather data in
Fig. 5 is inputted to a computing part 2 via an information inputting part
(input means) 1. The information inputting part 1 may be a keyboard for a
personal computer or the like, or an interface board for an electrical
communication line or the like. The computing part (computing means) 2
performs a computation such as the calculation of a first-year corrosion
amount, calculation of a rust stabilization index, correction of a value A
and a value B, and prediction of a corrosion amount accumulated over time.
A display part (display unit) 3 displays, for example, information
outputted from the computing part 2. Note that not only the display part 3
but also a printer, for example, may be provided as an output means. A
comparing part 4 compares a corrosion amount and a permissible value - 24
for judging whether a corrosion amount in a design life period in Fig. 5 is
the permissible value or less. Fig. 6 shows a concept which is a background
of the aforementioned definition (proposal) of rust stabilization. As shown
in Fig. 6, corrosion itself does not progress if environmental conditions
are sufficiently mild, whereby the protective function of rust is hardly
enhanced, but the load carrying capacity of the structure becomes stable
over a long period of time. If the environmental conditions become severe,
protective rust is formed by the effect of alloy components, and thanks to
its corrosion inhibiting effect, the load carrying capacity of the
structure becomes stable over a long period of time. Either of the
aforementioned states can be regarded as "a normal state" for the
atmospheric corrosion resistant steel from the viewpoint of load carrying
capacity. Accordingly, this state can be represented by "a rust
stabilization state". On the other hand, if the environmental conditions
become severer, the corrosion inhibiting effect reaches its limit even if
the protective rust is temporarily formed, sometimes leading to "an
abnormal state" for the atmospheric corrosion resistant steel such as the
occurrence of accelerated corrosion. A limit point at which the normal
state cannot be maintained any longer is called a rust stabilization limit
condition. - 25     



The study on the basic concept of the corrosion phenomenon of the
atmospheric corrosion resistant steel can be pursued based on Fig. 6 in
fundamental principal. First, when the atmospheric corrosion resistant
steel is exposed to an environment within the rust stabilization limit
condition, in which the atmospheric corrosion resistant steel is subjected
to repetition of moderate dryness/wetness, a secular reduction in corrosion
rate occurs according to the formation of protective rust. In order to
model this situation, if the number of years elapsed is taken as X, a
corrosion rate VX after X years) can be represented by an equation (Eq. 1)
with a corrosion rate V1 and an index ~3 when the number of years elapsed
is one. According to this equation (Eq. 1), the corrosion rate when X - 0
is infinite, but since this corrosion rate is a theoretical corrosion rate
on the assumption that this state is a state in which the steel is totally
uncoated, that is, a state in which the steel is not coated even with a
passive film, for example, immediately after the steel has been subjected
to shot blast, this is insignificant from an engineering viewpoint. yx-y~,
is ... (Eq. 1) X If both sides of the equation (Eq. 1) are integrated with
respect to X, an accumulated corrosion amount Y after X years can be found,
and an equation (Eq. 2) is obtained. - 26    ~r- v ~r-~yl~~rl-R ... (Eq. 2)
X= 10 Here, if the amount of first-year corrosion (first-year corrosion
amount) is taken as A as an initial condition, the value of A is
represented by an equation (Eq. 3). _ _ _ v~ YX=1(Year)) - wx~ 1- ... ( Eq
. 3 ) X=0 Moreover, by letting 1-~i - B and calling the value of B a
stabilization index, a prediction formula of the corrosion amount
accumulated over time of the atmospheric corrosion resistant steel which is
empirically well-known can be obtained by substituting the equation (Eq. 3)
in the equation (Eq. 2) . ... (Eq. 4) Fig. 7 shows the relation of
logarithms on both sides of the equation (Eq. 4). As shown in Fig. 7, there
is a linear relationship between logX and logy, and to predict Y
accurately, it is indispensable to estimate the first-year corrosion amount
A and the rust stabilization index B with sufficient precision. In
particular, as for the atmospheric corrosion resistant steel, when
long-term usage is taken into consideration, the value of the rust
stabilization index B with linear inclination taken according to the
stabilization of rust formed on the surface is an important factor. 



Further, the result of the study of the equation - 27    (Eq. 4) in
relation to Fig. 6 is as follows. Namely, when the severity of a corrosive
environment is low, the rust stabilization index B takes a value almost
close to one, and corrosion progresses almost in accordance with a linear
rule. However, since the first-year corrosion amount A is extremely small,
the corrosion rate is very slow, leading to the realization of the rust
stabilization state in which the secular deterioration of load carrying
capacity of the structure is insignificant from an engineering viewpoint.
As the severity of the corrosive environment becomes higher gradually, the
first-year corrosion amount A becomes larger, but the rust stabilization
index B becomes smaller since the formation of protective rust is promoted.
As a result, the rust stabilization state thanks to a secular reduction in
corrosion rate can be realized. When the severity of the corrosive
environment further increases, the protectiveness of rust is lost, thereby
both the first-year corrosion amount A and the rust stabilization index B
increase, and consequently abnormal corrosion occurs in a severe corrosive
environment beyond the rust stabilization limit condition. When it is
thought that the corrosion rate in a state in which the protectiveness of
rust is low is determined by the environmental conditions and the corrosion
resistance of a steel material, the first - 28    year corrosion amount A
can be approximately expressed by functions of an equation (Eq. 5). A =
F(Z) ~ G(w) ~ ~ ~ ( E q . 5 ) where Z is an atmospheric corrosivity index,
w is a corrosion resistance index of the steel material, F(Z) and G(w) are
functions representing the contribution of the corrosivity index Z and the
corrosion resistance index w to the first-year corrosion amount A. If
components of the steel material are determined, the corrosion resistance
index G(w) is fixed, whereby it becomes a subject of discussion how the
corrosivity index Z is found and then related to the first-year corrosion
amount A. The environmental conditions are considered to be complex
including many factor changes. Until now, the environmental conditions
under which the atmospheric corrosion resistant steel is used is first
approximately set by the amount of airborne salt, but even under an
environment with an airborne salt amount beyond 0.05 mdd, the atmospheric
corrosion resistant steel sometimes is in a good rust stabilization state.
Hence, there is an objection to the way in which its applicability
condition is determined only by a single index. On the other hand, there is
an example in which the correlation between various pieces of weather data
and the corrosion rate is statistically analyzed, but a sufficient
conclusion is not necessarily obtained. One of reasons for this is that no
study is made in terms of 



- 29    chemical kinetics. Hence, the corrosivity of an atmospheric
environment is studied on the basis of the aforementioned arguments. A
hypothetical way of thinking for deriving a corrosivity index of the
atmospheric environment performed on trial this time will be explained
systematically. (i) The corrosivity of the atmospheric environment is
proportional to an annual wetness time TOW (h). (ii) In a region where an
annual mean wind speed W (m/sec.) is high, the wetness time TOW (h) is
short because of a drying effect. (iii) As an airborne salt amount C (mdd)
increases, the corrosivity of the atmospheric environment increases. (iv)
As a sulfur oxide amount S (mdd) increases, the corrosivity of the
atmosphere increases, but the influence of the sulfur oxide amount is
smaller than that of the airborne salt amount. (v) When the sulfur oxide
amount S (mdd) increases in a region where the airborne salt amount C (mdd)
is large, the corrosion inhibiting effect thanks to sulfur oxide is
produced. It is thought that this is because sulfate ions are adsorbed into
rust, negatively charged rust is formed, and thereby the invasion of
chloride ions is prevented. (vi) Concerning the influence of an annual mean
temperature T (K), the relation of Arrhenius, which is the basics of
chemical kinetics, holds. - 30    (vii) Assuming that in an inside girder
(under a bridge girder), the atmospheric corrosion resistant steel is
exposed, the rain's effect of cleaning adherents is not expected. 



When the atmospheric corrosivity index Z with respect to the atmospheric
corrosion resistant steel exposed under the bridge girder is formulated
based on the aforementioned way of thinking, an equation (Eq. 6) is
obtained. Z=a~TOW~exp(-x~~')'1+~~C S'expCRET) "' (Eq. 6) where a is a
coefficient to make the value of the index Z within a numerical region of
an order which is easy to handle and can be determined artificially. rc, b,
and F are constants respectively representing the degree of influence of
each of factors which they are associated with. R(J/Kmol))is a gas
constant. Ea is activation energy of a corrosion reaction, and if reference
is made to the conventional research results, for example, 5X103 J/mol may
be substituted as a representing value. The value of each of the influence
degree constants rc, b, and f is found, for example, in the following
manner. First, the first-year corrosion amount A, the airborne salt amount
C, and the sulfur oxide amount S of an SMA-type atmospheric corrosion
resistant steel disclosed in the results of exposure tests of 41 bridges
a11 over the country regarding - 31    the atmospheric corrosion resistant
steel conducted by the following three: Public Works Research Institute of
the Ministry of Construction; Japan Association of Steel Bridge
Construction; and the Kozai Club, and stipulated by JIS G 3114 are found.
Additionally, the annual mean temperature T, an annual mean humidity RH,
and the annual mean wind speed W in the neighborhood of each of places
where the exposure tests are executed are found from weather data in 1999
which is measured and disclosed by each weather station. Moreover, the
annual wetness time TOW is found from the annual mean temperature T and the
annual mean humidity RH by a method by Kucera et al.(V.Kucera, J.Tidblad,
A.A.Mikhailov: ISO/TC156/WG4-N314 Annex A, 1990/3/30). Then, natural
environmental conditions at each exposure test place are calculated as the
atmospheric corrosivity index Z by the equation (Eq. 6), and the influence
degree constants rc, 8, and a are determined in the following manner so as
to obtain the best correlation with the first-year corrosion amount A. More
specifically, initial values of the influence degree constants rc, b, and F
which are regarded as appropriate in terms of chemical kinetics are
inputted, and while the values of these three constants are systematically
changed, an optimum solution of a combination of the influence degree
constants rc, b, and F which minimizes a deviation in the correlation
between the first-year corrosion - 32    A, . amount A and the atmospheric
corrosivity index Z is found numerically and analytically. The optimum
values are, for example, rc - 0.1, b - 0.05, and F 60. The degree of
influence on the first-year corrosion amount of the atmospheric corrosion
resistant steel of various kinds of weather factors which have been
hitherto considered to be unclarified natural phenomena can be
mathematically modeled as the corrosivity index Z for the first time. 



Based on the aforementioned data, the relation between the airborne salt
amount C and the first-year corrosion amount A obtained by a method
hitherto performed is shown in Fig. 8. Moreover, the relation between the
corrosivity index Z calculated based on the equation (Eq. 6) and the
first-year corrosion amount A is shown in Fig. 9 and Fig. 10 while being
classified into a vertical exposure member and a horizontal exposure
member. From a comparison between Fig. 8 and Fig. 9 and a comparison
between Fig. 8 and Fig. 10, it can be seen that the first-year corrosion
amount A can be estimated with a far smaller error by a method of the
present invention in which the value of the firstyear corrosion amount A is
found with the corrosivity index Z than a conventional method in which the
severity of corrosive environment is represented by the airborne salt
amount C only. A horizontal specimen and a vertical specimen are - 33
different in a situation in which corrosive substances adhere to the
surface thereof, whereby a difference in corrosion rate occurs inevitably.
Thus, when a quadric regression analysis is performed with a first-year
corrosion amount A" of the vertical exposure member and a first-year
corrosion amount AH of the horizontal exposure member with respect to the
corrosivity index Z shown in Fig. 9 and Fig. 10, equations, (Eq. 7a) and
(Eq. 7b), are obtained. This means that the aforementioned F(Z) function
can be found. Moreover, curves shown in Fig. 9 and Fig. 10 are curves
represented by the equations, (Eq. 7a) and (Eq. 7b), respectively. A,, (u
m)=37.60Z2+74.44Z+7.37 (p=7. 64 X 10-39) ~~~ (Eq. 7a) AH (~cm)=-24.16Z2
+182.19Z+4.05 (p=1 . 12 X 10-23) ~~~ (Eq. 7b) Incidentally, when, in this
specification, numerical values regarding only the vertical exposure member
and only the horizontal exposure member, or numerical values regarding data
obtained from only the vertical exposure member and only the horizontal
member are described distinctively, the description is given distinctively
with symbols such as "A~" and "AH" corresponding to verticality (V) and
horizontality (H). On the other hand, when verticality and horizontality
are mixed or distinction is unnecessary since verticality and horizontality
are equal, the description is given with no distinction with symbols such
as "A" and so on. - 34    In each of the equation (Eq. 7a) and the equation
(Eq. 7b), the value of p used for a determination of significance of
regression analysis is shown in parentheses. When the value of p is larger
than 0.05, this relational expression is determined to be rejected by the
null hypothesis. However, since the value of p in each equation is
extremely small, these regression analyses can be determined to be
sufficiently significant statistically. 



The first-year corrosion amount A found in each of the aforementioned
equation (Eq. 7a) and equation (Eq. 7b) is a mean value, and hence it is
insufficient to show a prediction range. A weather data observation site
and a bridge construction site have different environmental conditions,
whereby the occurrence of variations is inevitable. Hence, Semilogarithmic
plots in Fig. 9 and Fig. 10 are made to evaluate the range of the
variations, and prediction results are presented in the form of a range
with an upper value as 1.7 times as many as the mean value and a lower
value as 1/1.7 times as many as the mean value, as shown in an equation
(Eq. 8aU), an equation (Eq. 8aL), an equation (Eq. 8bU), and an equation
(Eq. 8bL). A~P~' =1.7A" ... (Eq. 8aU) ~",er __ _1 A~ 1.7 Av ~~~ (Eq. 8aL)
ANp~' -1.7AH ~~~ (Eq. 8bU) - 35    f ANnwer _ 1 AH . . . ~ E q . 8 b L )
1.7 The corrosivity index Z represents macro corrosivity of the atmospheric
environment, whereas, in terms of the way of thinking, the values of the
first-year corrosion amount AH of the horizontal exposure member and the
first-year corrosion amount A~ of the vertical exposure member are values
corresponding to atmospheric corrosivity to the atmospheric corrosion
resistant steels placed under a horizontal exposure condition and a
vertical exposure condition, respectively. Returning to Fig. 6 again and
advancing the study in this sense allows a prediction that some
relationship is obtained if a plot is made with the first-year corrosion
amount A as the horizontal axis and the rust stabilization index B as the
vertical axis. Hence, if the aforementioned results of exposure tests of 41
bridges a11 over the country are plotted in this manner, a graph shown in
Fig. 11 is obtained. From Fig. 11, the following tendency is perceived
although there are variations. Namely, within the range of the first-year
corrosion amount A up to about 30 ,um, the rust stabilization index B
reduces, whereby the long-term effect of reducing the corrosion rate can be
expected. On the other hand, in the severe corrosive environment in which
the first-year corrosion amount exceeds about 30 ~ m, the rust
stabilization index B increases, whereby there - 36  



is a tendency for abnormal corrosion to easily occur. Such a tendency is
newly found out. Note that Fig 11 represents a basic concept in Fig. 6 for
the first time by quantitative data. In the estimation of the rust
stabilization index B, the inventor et al. of the present application seek
related theories in which variations are smaller while referring to weather
data and the like, but they cannot obtain a better correlation than that in
Fig. 11. Hence, a method for predicting the rust stabilization index B is
laid down with the thought that 'Fig. 11 can be interpreted as follows. (i)
Variations in data can be interpreted as having occurred since corrosive
factors such as the spraying of an antifreezing agent, deposition of dust
or salt, which cannot be grasped by the measurement of corrosive
environment exist, whereby a reduction in the rust stabilization index B is
hindered. Hereinafter, such corrosive factors are called excessive
influence factors. (ii) When the extent to which the excessive influence
factors inhibit rust stabilization is extremely low, the rust stabilization
index B is within a band in which 80% or more of measurement points are
distributed. Hereinafter, this state is called a natural state. (iii) In
the natural state, the probability that the rust stabilization index B
exceeds a Natural Upper line is low. - 37  



(iv) In the natural state, the probability that the rust stabilization
index B is lower than a Natural Lower line is low. (v) When the excessive
influence factors which cannot be grasped in the initial environmental
measurement act, it seems appropriate that a normal upper standard
approximately at the level of influence in Japan is estimated to be a level
shown by an Extra Influence line, but it is also suitable to review and
input again the measurement results of the environmental conditions and
make a prediction calculation again under the condition of the natural
state. The level shown by the Extra Influence line is an excessive
influence value of the rust stabilization index B and represented by a
natural upper value of the rust stabilization index B plus 0.15.
Hereinafter, the excessive influence value of the rust stabilization index
B is called an excessive influence B value, and the natural upper value of
the rust stabilization index B is called a natural upper B value.
Similarly, a natural lower value of the rust stabilization index B is
called a natural lower B value, an excessive influence value of the
firstyear corrosion amount A is called an excessive influence A value, and
a natural upper value of the first-year corrosion amount A is called a
natural upper A value. According to the aforementioned interpretation, it
becomes possible to represent the range of the - 38     rust stabilization
index B in the natural state estimated by using environmental data with the
natural upper B value and the natural lower B value. The excessive
influence A value is presumed to be approximately the natural upper A
value, and thereby the value obtained by multiplying the natural upper A
value by 1.0 is adopted as a normal standard. Moreover, the natural upper B
value plus 0.15 is adopted as a normal standard of the rust stabilization
index B in the excessive influence state. However, the degree of excessive
influence may change according to the circumstances; whereby it is
necessary to make a study while adjusting its value on the basis of the
natural upper A value and the natural upper B value. Sufficient
understanding that calculation by an excessive influence mode is a simple
method only for indicating the standard as described above is required.
Since the value of A is a value corresponding to the first-year corrosion
amount, it is possible from the above description to estimate the value of
A based on weather data, the amount of airborne salt, and the amount of
sulfur oxide. It is also possible to find the value of A by an actual
exposure test. By setting the aforementioned distribution band of the
first-year corrosion amount A and the rust stabilization index B, the
result of the prediction calculation is also displayed in the form of a
band. When the statistical analysis of the amount of 



- 39    corrosion after 100 years is carried out based on a result of
statistically analyzing a prediction range with the environmental
conditions and a result predicted from actual measurement data, it turns
out that except for several cases where remarkable excessive influence
exists, a natural upper line and a natural lower line of a predicted
corrosion/wear curve coincide with about 98o and 2% of a cumulative normal
distribution curve, respectively. Hence, by adding a realization
probability to the predicted corrosion curve, the interpretation of a
calculation result can be examined with higher accuracy. In recent years,
new high-performance atmospheric corrosion resistant steels called
coastal/seaside atmospheric corrosion resistant steels are developed and
introduced on the market by domestic steel manufacturers. Among them, only
a coastal atmospheric corrosion resistant steel of Nippon Steel Corporation
has long-term exposure data on conditions under a bridge girder. However,
the number of pieces of data is smaller as compared with that of a JIS type
atmospheric corrosion resistant steel (hereinafter, steel materials
stipulated by JIS G 3114 and JIS G 3125 are collectively called a JIS type
atmospheric corrosion resistant steel), and it is difficult to grasp and
analyze the correlation with the aforementioned systematic weather data.
However, at the present time when the influence of airborne salt on the
seashore or caused by the - 40    . spraying of an antifreezing agent is
pointed out, it is desirable to present a predicted value of the corrosion
amount accumulated over time as a standard in order to minimize the
occurrence of defects of new steel materials due to excessive expectation
and safely realize LCC minimization. Therefore, a predicting method for a
3Ni-0.4Cu based coastal atmospheric corrosion resistant steel is laid down
on the basis of the aforementioned method for predicting the corrosion
amount accumulated over time of the JIS type atmospheric corrosion
resistant steel in the following way of thinking. The corrosion amount
accumulated over time of the coastal atmospheric corrosion resistant steel
is subjected to an expression represented by Y - AXB. The coastal
atmospheric corrosion resistant steel is a steel material having lower
corrosion and dissolution activity, whereby the first-year corrosion amount
A of the coastal atmospheric corrosion resistant steel is smaller than that
of the JIS type atmospheric corrosion resistant steel. The coastal
atmospheric corrosion resistant steel 



is a steel in which a reduction in pH at a corrosion interface is inhibited
by the formation of Nicontaining rust (Zairyo-to-Kankyo, vol. 49, No. 1,
pages 30-40 (2000)), and therefore the level of the rust stabilization
index B of the coastal atmospheric corrosion resistant steel is lower than
that of the JIS type atmospheric corrosion resistant steel. - 41     When,
based on the aforementioned way of thinking, the first-year corrosion
amount A and the rust stabilization index B of the 3Ni-0.4Cu based coastal
atmospheric corrosion resistant steel and the JIS type atmospheric
corrosion resistant steel (JIS SMA490W;JIS G 3114) as a comparative example
are found from the result of an exposure test under a bridge girder in
which they are subjected to horizontal exposure for nine years at the quay
in Kimitsu City where the amount of airborne salt is 1.3 



mdd, the result in Table 1 can be obtained. Here, the 3N1-0.4Cu based
coastal atmospheric corrosion resistant steel is a steel material, for
example, disclosed in Japanese Patent Laid-open No. Hei 2 125839, Japanese
Patent Laid-open No. Hei 11-172370, and "Zairyo-to-Kankyo, vol. 49, No. 1,
pages 30-40 (2000) (Table 1) parameter3N1-0.4Cu
SteelJIS-SMA490WRatioA(~Lm)1202200.55B0.720.950.76 From the result shown in
Table 1, the first-year corrosion amount A of the 3Ni-0.4Cu based coastal
atmospheric corrosion resistant steel is a value obtained by multiplying
the first-year corrosion amount A of the JIS-SMA atmospheric corrosion
resistant steel by 0.55, and the level of the rust 



stabilization index B of the 3N1-0.4Cu based coastal atmospheric corrosion
resistant steel is a value obtained by multiplying the level of the rust -
42    stabilization index B of the JIS-SMA atmospheric corrosion resistant
steel by 0.76. Hence, based on this relation, the prediction of the
corrosion amount accumulated over time as a standard is made. Incidentally,
the result in Table 1 is the result of long-term exposure under such
excessive influence conditions that, though it is exposure under a bridge
girder, the scale is far smaller than that of an actual bridge, the dew
condensation time is long, and that a large amount of salt and dust is
deposited. In a condition under an actual bride girder under which a good
breeze is got and less deposits are collected than under the aforementioned
condition, the absolute values of both the first-year corrosion amount A
and the rust stabilization index B are thought to be smaller. The ratio of
the first-year corrosion amount A and the ratio of the rust stabilization
index B between the JIS type atmospheric corrosion resistant steel and the
3Ni0.4Cu based atmospheric corrosion resistant steel cancel the
aforementioned problem of absolute values due to the exposure condition,
and hence they are thought to be effective. Incidentally, also as concerns
the method for predicting the corrosion/wear of the 3Ni-0.4Cu based
atmospheric corrosion resistant steel, the concrete method has been
described here, but respective coefficients of other steel materials can be
also found by accumulating future data. It becomes possible to predict the
- 43    corrosion/wear of these new steel materials in the same manner, and
it is needless to say that this case is also included in the scope of the
present invention. According to the definition (proposal) of rust
stabilization, in order to further enhance the function by the surface
treatment, it is far more advantageous to select a method for forming
protective rust slowly and surely than to accelerate corrosion to shorten
the period of the formation of the protective rust. In other words, it is
effective to maintain the load carrying capacity of a structure over a very
long period of time without repainting by the substitution for the
protective rust eventually while reducing the corrosion rate of the steal
material as low as possible, and as a result of the manifestation of this
function, the occurrence of outflow rust can be also prevented. From a
result of an exposure test over a period of 20 years to 30 years for the
atmospheric corrosion resistant steel commercialized from long ago to which
a phosphoric acid based PVB based surface treatment method is applied and
application results of steel structures, it is proved that this concept can
be realized. The effect of the surface treatment for forming the protective
rust slowly and surely can be provisionally estimated as a standard by the
following way of thinking. 



(i) In the atmospheric corrosion resistant steel. - 44    subjected to the
surface treatment for forming the protective rust slowly and surely,
corrosion and wear are completely prevented until a step of deterioration
of an organic coating is completed. (ii) At the time when the step of
deterioration of the organic coating of the surface treatment for forming
the protective rust slowly and surely is completed, the protective film is
formed on the surface of the atmospheric corrosion resistant steel by the
effect of a protective film formation promoter contained in a primer. (iii)
As a result, the corrosion rate of the atmospheric corrosion resistant
steel at a point in time when the deterioration of the organic coating has
been completed is lower than that of the bare atmospheric corrosion
resistant steel at an early stage. Information about the number of years
the corrosion and wear of the atmospheric corrosion resistant steel have
been completely prevented is necessary to estimate the effect of the
surface treatment applied to a region under study based on the
aforementioned qualitative hypothesis. Regarding this information, setting
seems to change variously according to specifications of the surface
treatment. With reference to remarks based on actual results of steel
materials manufacturers and surface treatment manufacturers, the number of
years is inputted to software, so that the effect can be provisionally - 45
estimated. Incidentally, the on-set time is determined during the
deterioration period of the organic coating, and at the same time, in view
of the aforementioned effect, the corrosion/wear curve is moved in parallel
in the direction of an exposure period axis by the period of deterioration
of the organic coating of the atmospheric corrosion resistant steel
subjected to the surface treatment, so that the prediction of the corrosion
amount with the influence of the surface treatment taken into consideration
becomes possible. Moreover, by multiplying the predictively calculated
first-year corrosion amount A and rust stabilization index B of the bare
atmospheric corrosion resistant steel by a surface treatment effect
coefficient with respect to the first-year corrosion amount A and the rust
stabilization index B found from exposure data on the atmospheric corrosion
resistant steel subjected to the surface treatment, the corrosion/wear
curve of the surface treatment atmospheric corrosion resistant steel can be
calculated. Thereby, also as concerns the first-year corrosion amount A and
the rust stabilization index B, the prediction of the corrosion amount with
the influence of the surface treatment taken into consideration can be
realized. When importance is attached to a landscape or when its
application to a region with severe corrosive environment is planned,
surface treatment - 46  



or repainting is sometimes performed not only at an early stage but also
every several decades. Such a calculating method as enables the prediction
of the long-term corrosion/wear amount in the aforementioned design which
is predicated on repainting is premised on a concept that the corrosion
rate is zero while a surface treatment film or a painting film presents no
problem, and the corrosion rate presents a proper corrosion rate in a state
in which the surface treatment film or the painting film is deteriorated.
According to the present invention, the minimum maintenance very long-term
durability design of atmospheric corrosion resistant steel structures which
can contribute to an improvement in the financial standing of the nation or
a local government can be made with facility by a user who does not
necessarily have a detailed knowledge of the complicated corrosion
phenomenon of the atmospheric corrosion resistant steel. As a result, the
provision of safe, secure, and low life-cycle cost social infrastructure is
furthered. Hence, potentiality which leads to the regeneration of
industrial competitiveness of the entire nation increases. Prediction
technology of the present invention, which is a new idea using a natural
phenomenon of the corrosion of the atmospheric corrosion resistant steel,
can be improved to raise its precision with the further progress of the
study. However, it is needless to say that even in this case, - 47    its
basic portion is in the category of the present invention. When the results
of calculation by the thus established method for predicting the long-term
corrosion loss of the atmospheric corrosion resistant steel was compared
with hitherto accumulated actual exposure test data, it could be confirmed
that these two coincided well. It could be verified that the predicting
method of the present invention is appropriate. It requires enormous labor
and time to deal with calculation procedures one by one when the
aforementioned new way of thinking and the invention based thereon are
executed. Hence, in order that everybody can easily predict the long-term
corrosion/wear amount of the atmospheric corrosion resistant steel with a
personal computer, the effective and efficient manifestation of the
aforementioned significance is tried by developing calculatable software
with Visual Basic (registered trademark) 6.0 of Microsoft (registered
trademark) Corporation as a language. Next, the behavior of this software
will be explained. This software is developed by the inventor et al. of the
present application, and one of embodiments of the present invention.
First, in a panel (screen) of "Atmospheric corrosion resistant steel Usage
Environment Overview" shown in Fig. 12, environmental conditions are set.
In an environmental condition setting screen, weather - 48    



data and airborne salt/sulfur oxide data of a desired region are inputted,
a region/spot name and its neighboring meteorological observatory
information are inputted, and a condition file (.YSK) is created and stored
by a menu operation. Moreover, the storage place and name of an output file
(.CSV) to which the prediction result is outputted are set. It should be
mentioned that the wetness time TOW and the atmospheric corrosivity index Z
are automatically calculated from input data. Moreover, the annual
precipitation is not used in the calculation of this software, but it is
desirable to input and store it as a reference value. As for the airborne
salt amount and the sulfur oxide amount, if their measurement values can be
obtained, the values are inputted. When their measurement values cannot be
obtained, it is possible to click a checkbox and set an approximate value
from five levels in Japan as an assumed value. When the prediction result
is used for the design of an actual structure or the like, it is thought
that the condition setting including a judgment about whether or not to use
this software is accompanied by its appropriate accountability. Therefore,
the name of a person who sets the conditions is entered. When the corrosion
amount for one year is known by actual exposure, the prediction calculation
based on the actually measured first-year corrosion amount A can be
performed by inputting the first-year corrosion amount A by the menu
operation - 49    of this screen and switching mode setting. The values of
longitude and latitude of a construction side are represented by decimal
conversion of fractions smaller than a degree. For display or input in
degree, minute, and second, an "Input" button is clicked to display a panel
shown in Fig. 13. A selection between east longitude and west longitude, a
selection between north latitude and south latitude, and an input of the
values of the degree, minute, and second are made, and then if a "_" button
is clicked, the value obtained by the decimal conversion of fractions
smaller than the degree is calculated and displayed. Further, when a
"result transfer" button is clicked, an input operation of data on latitude
and longitude is completed. The weather data can be also set easily.
Setting values can be easily inputted from a database to a text box shown
in the screen of the aforementioned "Atmospheric corrosion resistant steel
Usage Environment Overview" by clicking data processing and "Visual Climate
Search (not shown)" by the menu operation to activate a panel shown in Fig.
14. On this occasion, if the latitude and longitude of a spot under study
are inputted in advance, a database selection operation becomes more
efficient. A small red circle is shown at a point corresponding to the
latitude and longitude inputted in advance on a map of the Visual Climate
Search. A range is displayed - 50    by a mouse operation within the map,
and meteorological observatories can be narrowed down to those within the
range. If meteorological observatories in the vicinity of the read circle
mark are extracted and thereafter one is selected from a list box, its
latitude and longitude are shown on the map, and the distance modulus is
calculated and displayed. The smaller the distance modulus, the smaller
differences in latitude and longitude are. The distance modulus indicates
differences in latitude and longitude in a plane, and thereby referring to
the altitude of the weather observation site, the selection operation is
advanced. When a "data transfer" button is clicked, selected weather
conditions are automatically inputted to the screen of the "Atmospheric
corrosion resistant steel Usage 



Environment Overview". Note that this panel is devised so that weather data
within Japan can be easily inputted, and the setting of weather conditions
necessary for calculation can be also inputted manually. Namely, the
prediction of longterm corrosion/wear of the atmospheric corrosion
resistant steel in overseas countries is sufficiently possible in
principle, and the effect of the present invention is not limited within
Japan. Before executing calculation, the excessive influence degree is
confirmed by a panel shown in Fig. 15. General values of a scaling factor
with respect to the natural upper A value and a value added to the - 51
natural upper B value are shown by default. In a case where very strong
excessive influence is predicted or the like, these values should be set a
little larger in some cases. The predicting method with the excessive
influence degree which was not included in the environmental measurement
value taken into account seems to be unnecessary since a prediction
calculation in a natural state based on proper measurement results needs to
be originally made, but when the environment seems to be severer than the
early stages of construction in maintaining and managing the actual bridge,
it is thought that it is a convenient function to display an empirical
standard value. Therefore, the function of changing the excessive influence
degree is added to this software. After a11 the condition setting input is
completed, the "data processing" is selected by the menu operation, and
then "Execute Calculation of Value A and Value B" is selected to move to a
screen of "Parameter Calculation results". Then, "to Secular Prediction" is
selected by the menu operation, and by clicking "Execute Calculation", a
panel of "Secular Corrosion Prediction Overview" is displayed. In the panel
of "Parameter Calculation Results (Assumption of Bridge Inside Girder)
shown in Fig. 16, the estimated results of the first-year corrosion amount
A and the rust stabilization index B can be seen. The corrosion and wear of
the atmospheric corrosion resistant steel are predicted by an - 52   



expression represented by Y - AXB (Y: one-sided corrosion amount
accumulated over time, X: number of years elapsed) which is generally
accepted. In the panel of "Parameter Calculation Results", estimated values
of the first-year corrosion amount A and the rust stabilization index B
based on the setting conditions are displayed. The prediction range in a
state in which the extent to which the rust stabilization is inhibited by
excessive influence factors such as the influence of spraying of the
antifreezing agent, deposition of salt, and retention of condensation water
is very low is displayed with a natural lower value (cumulative normal
value 2% value) and a natural upper value (cumulative normal probability
98% value). The standard value when the extent to which the rust
stabilization is inhibited by the excessive influence factors is large is
displayed at the same time. A shift to a panel of "Calculation Results
Overview Reference" is made by the menu operation or clicking a button of
"Next". Based on constant prediction values displayed in the previous
panel, 2%, 50%, and 98% probability values of the one-sided corrosion/wear
prediction values of each condition of the atmospheric corrosion resistant
steel (SMA) and the coastal atmospheric corrosion resistant steel
(3Ni-0.4Cu) after 10 years, 50 years, and 100 years, under the horizontal
or vertical exposure condition are calculated. The results of this
calculation can be seen in a panel - 53    shown in Fig. 17. When a button
at the lower end of the panel of "Secular corrosion Amount Prediction
Overview" is clicked, a corrosion curve predicted by the calculation can be
displayed in graphical form as shown in Fig. 18. A hatched region in the
graph is a predicted region of corrosion and wear (range of 2~) in the
natural state, and this range is further divided into regions of 1 Q , 0. 5
a , and 0. 25 Q , which are displayed. Namely, it is possible to add the
realization probability to the predicted corrosion/wear curve and display
(represent) it. Also in the following Fig. 19, Fig. 20, Fig. 21, Fig. 22,
Fig. 24, Fig. 26, and Fig. 27, it is possible to add the realization
probability to the predicted corrosion/wear curve and display (represent)
it. Display/non-display of a desired probability region can be reset by
operating a checkbox at the lower left. According to arguments in recent
academic conferences, concerning both concrete and steel, design and
maintenance management need to be performed on the assumption that
corrosion and deterioration occur on a long-term basis. Moreover, as for
structures to be constructed, there is such a movement that a plan of
maintenance management ought to be formed from the stage of designing.
Based on the calculation results of this software, application policies of
steel materials and a surface treatment method, the design of bridges, and
- 54    maintenance management policies are required to be studied so that
the corrosion amount can be limited to within approximately 0.3 mm on one
side in 50 years and 0.5 mm on one side in 100 years, this corrosion amount
hardly affecting the load carrying capacity and usability of steel bridges.
In the calculation example in Fig. 18, it is determined that when a bare
horizontal member of the JIS type atmospheric corrosion resistant steel
(SMAHorizontal) is used under these environmental conditions, there is a
possibility of exceeding a corrosion amount of 0.5 mm in 100 years at a
probability of about 30%. Hence, a prediction calculation is made with
3Ni-0.4Cu based costal atmospheric corrosion resistant steel as a steel
material, the result exemplified in Fig. 19 is obtained. Incidentally, a
calculated value with excessive influence taken into consideration is also
shown by a vertically hatched region. From this result, if the steel
material is the 3Ni-0.4Cu based coastal atmospheric corrosion resistant
steel, minimum maintenance is judged to be sufficiently possible in the use
of the bare atmospheric corrosion resistant steel under these environmental
conditions. 



For the purpose of further inhibiting the corrosion of the atmospheric
corrosion resistant steel and the coastal atmospheric corrosion resistant
steel, a surface treatment method which promotes rust stabilization slowly
and surely is sometimes used, - 55    whereby a list box is set up at the
lower right of a panel in preparation for the need for estimating roughly
its effect as a corrosion amount. If an assumed period until the surface
treatment film deteriorates and the corrosion of the atmospheric corrosion
resistant steel or the coastal atmospheric corrosion resistant steel starts
under these usage conditions is selected, the secular corrosion amount
prediction curve is recalculated as, shown in Fig. 19 in the case of JIS
type atmospheric corrosion resistant steel subjected to general painting
surface treatment, and as shown in Fig. 20 in the case of the JIS type
atmospheric corrosion resistant steel subjected to surface treatment for
atmospheric corrosion resistant steel. The former shown in Fig. 19 is a
corrosion/wear prediction curve obtained by making a calculation with the
start time of corrosion of the steel material as after 25 years on the
assumption that the treatment for promoting the formation of protective
rust is not performed. On the other hand, the latter shown in Fig. 20 is a
corrosion/wear prediction curve obtained by making a calculation with the
start time of corrosion as after 25 years and simultaneously multiplying a
coefficient of effect on the first-year corrosion amount A and the rust
stabilization index B on the assumption that the treatment for promoting
the formation of protective rust is performed. From these calculation
results, under this environment, it - 56     is determined that 100-year
service life can be realized by minimum maintenance by subjecting the JIS
type atmospheric corrosion resistant steel to surface treatment which
promotes the formation of the protective rust. 



Repainting in surface treatment for the atmospheric corrosion resistant
steel is not generally expected, but in this software, to answer purposes
and needs such as the realization of very long-term durability at low cost
under severe corrosive environment, use of surface treatment for landscape
specifications, an increase in life combined with painting, and the like,
the calculation of the corrosion/wear curve when repainting is permitted is
also possible. When a "Repeat" button is clicked after the number of
durable years of the surface treatment film is inputted in the screen in
each of Fig. 18 to Fig. 21, a panel which encourages an input of a grace
period before repainting is displayed. The default is ten years, but a
change is possible between zero years to 60 years. For example, when the
durability of a general surface treatment film is set to 25 years and the
grace period before repainting is set to five years, this software is so
programmed that a corrosion/wear curve of a total of 30 years is repeated
in an additional manner, and as a result, a corrosion/wear prediction curve
as a standard up to 100 years is drawn. The result of this is shown as in
Fig. 22. From Fig. 22, it can be - 57    judged that when general surface
treatment is performed for the atmospheric corrosion resistant steel under
these environmental conditions, 100-year service life can be realized if a
design and a maintenance management policy on the assumption of repainting
are made. In the aforementioned examples of corrosion/wear prediction,
calculation is made by inputting conditions as macro representatives of
construction environment, but in an actual structure which has a
complicated shape and extends over a wide range, environmental conditions
are different from one portion of the structure to another. Accordingly,
the need for improving prediction precision by ascertaining environmental
conditions according to each portion of a structure, and studying a
corrosion protection designing method according to each portion of the
structure is pointed out. Fig. 23 is an example of conditions inputted to a
panel of "Usage Environment Conditions Setting" in a portion of a structure
around which the amount of airborne salt is assumed to be relatively small
in a bridge structure to be constructed. Such conditions can hold in
general girder surfaces which are not directly exposed to a sea wind in the
bridge. Fig. 24 is an example of a corrosion/wear prediction curve
calculated under the conditions in Fig. 23 in the portion of the structure
around which the amount of airborne salt is assumed to be - 58
relatively small. The precision of a prediction calculation rises by a rise
in the precision of setting of environmental conditions according to each
portion of a structure, so that a region up to 0.5Q is displayed. From this
prediction result, it is determined that 100-year durability can be fully
realized even if the bare JIS type atmospheric corrosion resistant steel is
used for these general girder surfaces. 



Fig. 25 is an example of conditions inputted to the panel of "Usage
Environment Conditions Setting" in a portion of the structure around which
the amount of airborne salt is assumed to be relatively large and the
humidity is assumed to be high in the bridge structure to be constructed.
Such conditions can hold in girder end portions or the like which are
structurally poorly ventilated with a tendency of high humidity. Fig. 26 is
an example of a corrosion/wear prediction curve calculated under the
conditions in Fig. 25 in the portion of the structure around which the
amount of airborne salt is assumed to be relatively large and the humidity
is assumed to be high. Also in this case, the precision of setting of
environmental conditions rises, so that as concerns the prediction curve, a
region up to 0.5Q is displayed. From this prediction result, it turns out
that even in the same construction object, the corrosive environment is
sometimes locally severe, so - 59    that if a portion of the structure
under the severe environment is barely used, corrosion excessively
progresses, which causes a problem. There is a possibility that a minimum
maintenance structure can be realized by taking some corrosion protection
measure against only such a portion of the structure. Fig. 27 is an example
of a corrosion/wear prediction curve calculated also under the conditions
in Fig. 25 in the portion of the structure around which the amount of
airborne salt is assumed to be relatively large and the humidity is assumed
to be high and which is subjected to rust stabilization surface treatment
for the atmospheric corrosion resistant steel. Based on this prediction
result, it can be determined that very long-term durability can be realized
at the lowest cost as the entire structure if only a portion of the
structure under the locally severe corrosive environment is subjected to
the rust stabilization surface treatment. Accordingly, it becomes possible
to reflect this knowledge in the design from the beginning. Similarly, as
for existing structures, it is also possible to make a prediction on future
corrosion and wear on a portion-by-portion basis and draw up a maintenance
management policy. If a calculation method for predicting the longterm
corrosion/wear amount of the painted atmospheric corrosion resistant steel
which is implemented in the form of software as described above can be
widely and - 60     



generally used, everybody can easily determine the applicability of the
atmospheric corrosion resistant steel, select a steel type, select a
surface treatment method, make a durable design, draw up a maintenance
management policy, and so on at any given construction site, which is not
limited within the country, by referring to its output data. Consequently,
understanding of the proper usage of the atmospheric corrosion resistant
steel is spread, which contributes to an increase in the reliability of
this steel material. Moreover, the provision of safe, secure and low
life-cycle cost social infrastructure is furthered. Also, by a comparison
with the predicted calculation result, research and development on new
atmospheric corrosion resistant steel materials and the surface treatment
and maintenance management method therefor are made more efficient, and
moreover it is needless to say that the predicted calculation result can be
effectively utilized for the setting of a new development goal. Its
utilization inevitably leads to a great increase in the efficiency of a
business method concerning the atmospheric corrosion resistant steel and
the surface treatment therefor. Moreover, the following business form can
be realized by using software capable of carrying out the method according
to the present invention. First, in the stage of planning a steel structure
to which the atmospheric corrosion resistant steel is - 61     applied (the
stage of selecting a steel type), it is possible to plan the type of steel
applied to the steel structure through the steps of: calculating a
predicted corrosion amount of one type or more than one type of atmospheric
corrosion resistant steel as a candidate based on numerical values obtained
by actually measuring or estimating environmental data including an annual
mean temperature, humidity, precipitation, wind direction/speed, airborne
salt amount, sulfur oxide amount, and so on in a planned location for use
where a user plans to use the atmospheric corrosion resistant steel by the
method of the present invention; and comparing the predicted corrosion
amount and a design permissible corrosion amount in a design life period.
In other words, it is possible to select a steep type through the
calculation of a predicted corrosion amount of the aforementioned each
atmospheric corrosion resistant steel with extrinsic corrosion information
including weather observation data, an amount of airborne salt, and an
amount of sulfur oxide in the planned location for use where the
atmospheric corrosion resistant steel is to be used,. and intrinsic
corrosion information on components of one or more than one type of
atmospheric corrosion resistant steel planned to be used, and the
comparison of the aforementioned predicted corrosion amount and the design
permissible corrosion amount in the design life period. In this
determination of applicability, generally, - 62    



!1 f' when the predicted corrosion amount of the atmospheric corrosion
resistant steel is equal to or smaller than the permissible corrosion
amount in the comparison between the predicted corrosion amount and the
permissible corrosion amount, this atmospheric corrosion resistant steel is
regarded as an applicable steel type, but in some cases, for example, when
a large amount of thawing salt is sprayed to prevent the road surface from
freezing, excessive influence factors need to be taken into consideration.
In such a case, it is suitable that in the comparison between the predicted
corrosion amount and the permissible corrosion amount, the difference
between them is set to be a given specified amount or more according to the
excessive influence factors, and it is preferable to incorporate this in
the predicting method of the present invention as a correction for rust
stabilization factors. It is preferable that this planning method or
selection method further includes the steps of: regarding a steel type
whose predicted. corrosion amount exceeds the permissible corrosion amount,
recalculating a predicted corrosion amount after adding a corrosion
protection method and/or a maintenance management method capable of
reducing the predicted corrosion amount to the permissible corrosion amount
or less; and disclosing an expected cost and an expected life to a user
when one type or more than one type of atmospheric corrosion resistant - 63
steel as a candidate is applied to a spot and a portion of a structure to
be used by the user. Namely, regarding the steel type whose predicted
corrosion amount exceeds the permissible corrosion amount, it is preferable
to calculate a predicted corrosion amount when at least one type of method
selected from the group consisting of a corrosion protection method and a
maintenance management method for reducing the predicted corrosion amount.
Moreover, it is preferable to obtain an expected cost and an expected life
when the one or more than one type of atmospheric corrosion resistant steel
is used in the planned location for use. This is because the cost including
surface treatment and the like, life, and so on can be also simultaneously
considered. Next, in the maintenance management of the steel structure, it
is possible to calculate first-year corrosion amounts A~ and AH based on
actual measurement of corrosion losses after a lapse of any given period of
time, and based on the predicted corrosion amount recalculated from the
actually measured first-year corrosion amounts by the method of present
invention, to determine a more appropriate future maintenance management
policy. In other words, it is possible to calculate actually measured
firstyear corrosion amounts of a vertical exposure member and a horizontal
exposure member made of an atmospheric corrosion resistant steel
respectively based on measurement results of corrosion losses in - 64  



any given period of time of the vertical exposure member and the horizontal
exposure member made of the atmospheric corrosion resistant steel,
calculate a predicted corrosion amount of the atmospheric corrosion
resistant steel with extrinsic information including weather observation
data, an amount of airborne salt, and an amount of sulfur oxide in a
planned location for use where the atmospheric corrosion resistant steel is
to be used, intrinsic corrosion information on components of the
atmospheric corrosion resistant steel, and the respective actually measured
first-year corrosion amounts, and determine the maintenance management
policy based on the predicted corrosion amount. In this case, it is
preferable that the recalculation is coefficient correction in the
corrosivity index Z. Namely, it is preferable to calculate the corrosivity
index Z with the under mentioned equation (Eq. 6) when the predicted
corrosion amount is calculated. When an actual measured value exceeds a
predicted value with regard to A~ and/or AH, it is preferable to adopt a
maintenance management policy in which the future predicted corrosion
amount becomes equal to or less than a predicted corrosion amount at the
beginning of planning. More specifically, when at least one of the actually
measured first-year corrosion amounts of the vertical exposure member and
the horizontal exposure member made of the - 65    ~.. ~.I atmospheric
corrosion resistant steel exceeds the predicted corrosion amount, it is
preferable to adopt such a maintenance management policy that the predicted
corrosion amount becomes smaller than a value at .the beginning of
planning. However, it is preferable to determine the amount of an excess
when the management policy is actually changed in consideration of the
absolute value of the corrosion amount and so on. Incidentally, a more
appropriate maintenance management policy includes the change of a portion
of a structure subjected to one type or more than one type of operation out
of inspection, repair, and cleaning and/or the timing of performing the
operation from originally planed ones. Note that the maintenance management
policy is not limited to the above. 



Moreover, in a method for providing information on the atmospheric
corrosion resistant steel, as an example thereof is shown in Fig. 28, a
method for providing information on an atmospheric corrosion resistant
steel, including the steps of: a user accessing a server capable of
performing the method of the present invention via an electric
communication line such as the Internet and inputting environmental data
including an annual mean temperature, a humidity, a precipitation, a wind
direction/speed, an amount of airborne salt, and an amount of sulfur oxide
in a spot and a portion of a - 66    structure to which the user plans to
apply the atmospheric corrosion resistant steel, based on actually measured
or estimated numerical values; calculating a predicted corrosion amount of
one type or more than one type of atmospheric corrosion resistant steel as
a candidate based on the input and the selection of a steel type which the
user plans to use according to the method of the present invention; and
displaying a result of the calculation in a terminal of the user via the
electric communication line such as the Internet, becomes possible. In
other words, the provision of information including the steps of: a user
accessing a server for calculating a predicted corrosion amount of an
atmospheric corrosion resistant steel with environmental data including
weather observation data, an amount of airborne salt, and an amount of
sulfur oxide, and intrinsic corrosion information on components of the
atmospheric corrosion resistant steel from a terminal device via an
electric communication line; the user inputting environmental data
including weather observation data, an amount of airborne salt, and an
amount of sulfur oxide in a planned location for use where an atmospheric
corrosion resistant steel is to be used from the terminal device to the
server; the user permitting the server to recognize intrinsic corrosion
information on components of one or more than one type of atmospheric
corrosion resistant steel planned - 67    to be used from the terminal
device; the server calculating a predicted corrosion amount of each of the
atmospheric corrosion resistant steels based on the environmental data and
the intrinsic corrosion information; the server transmitting the predicted
corrosion amount to the terminal device via the electric communication
line; and the terminal device outputting the predicted corrosion amount
from the terminal device, becomes possible. It is one of very preferable
embodiments that such information is provided as part of a homepage of a
steel materials manufacturer. By providing such information, a user can
easily investigate whether an atmospheric corrosion resistant steel can be
actually used in a spot and a portion of a structure to which the user
plans to apply the atmospheric corrosion resistant steel on the Internet.
As a result, this becomes very useful information disclosure to diffuse the
atmospheric corrosion resistant steel. It is preferable that the user can
select a steel type whose predicted corrosion amount is to be calculated by
preparing a window in which the environmental data on the spot and the
portion of the structure to which the user plans to apply the atmospheric
corrosion resistant steel is inputted for access from the user and
displaying steel types which the steel materials manufacturer can provide
by a menu selection method in this window. This improves user-friendliness
and facilitates the arrangement of 



- 68    S. data when the data is stored in the server. Further, the
environmental data inputted by the user is preferably a mean temperature,
humidity, wind direction/speed, and so on actually measured in the spot and
the portion of the structure to which the user plans to apply the
atmospheric corrosion resistant steel in view of the fact that the
aforementioned data provides the steel materials manufacturer with useful
information as data on calculation precision of the predicted corrosion
amount and steel materials environment. However, on the other hand, it is
naturally assumed that there are many users which have access without the
aforementioned preparation, and hence it is preferable for convenience of
the user that the step of acquiring part or a11 of environmental data
necessary for calculation in a manner other than the aforementioned input
is further included. In other words, it is preferable that the step of the
server acquiring at least part of elements constituting the environmental
data in a manner other than the input by the user is further included. For
example, such an embodiment that clicking a location for use of a steel
material on a map links to a database of the Meteorological Agency or the
like and thereby necessary environmental data can be retrieved or
calculated is preferable. Furthermore, since it is open to an unspecified
number of users, it is preferable that an access - 69    right in the
server is hierarchized, and that an access right for a user ID to access
the server is set according to a usage record of the atmospheric corrosion
resistant steel of the user. If the environmental data inputted by the user
is stored in the server and can be seen from the server administration
side, it becomes possible to determine a business counterpart based on user
IDs which got access to the server or the frequency of access by using the
data, analyze the environmental data inputted by the user and stored and
accumulated in the server, and based on a result thereof, enlarge the
environment to which existing steel types are applied and perform research
and development on new steel types. 



Additionally, if the user is provided with further detailed information in
addition to calculation results obtained by access from the user to the
server when there is a request from the user and/or when special
consideration to the inputted environment is necessary, it is more
preferable in terms of the user's convenience and prevention of wrong use
of the steel type. In this case, it is efficient and desirable to transfer
the detailed information to a terminal installed in the user's nearest
business base via an electric communication line such as the Internet. The
nearest business base includes a place of the user to which a person in
charge of business goes. - 70     Namely, the detailed information may be
transferred to the terminal installed in the user's nearest business base
or may be transferred to a portable terminal brought into the place of the
user. In a situation of a business operation in front of the user, in the
study of application of an atmospheric corrosion resistant steel to a spot
and a portion of a structure to which the user plans to apply the
atmospheric corrosion resistant steel, a form of business for an
atmospheric corrosion resistant steel including the steps of: a person in
charge of business inputting environmental data including an annual mean
temperature, a humidity, a precipitation, a wind direction/speed, an amount
of airborne salt, and an amount of sulfur oxide in the spot and the portion
of the structure to which the user plans to apply the atmospheric corrosion
resistant steel based on actually measured or estimated numerical values to
a computer capable of executing the method of the present invention via an
electric communication line such as the Internet or in a stand-alone
systems calculating a predicted corrosion amount of one type or more than
one type of atmospheric corrosion resistant steel as a candidate by the
method of the present invention according to the aforementioned input and
the selection of the steel type which the user plans to uses and presenting
a result of the calculation to the user, becomes possible. In other words,
a business for an - 71    r. 



atmospheric corrosion resistant steel, including the steps of: a person in
charge of business inputting extrinsic corrosion information including
weather observation data, an amount of airborne salt, and an amount of
sulfur oxide in a planned location for use where a customer plans to use an
atmospheric corrosion resistant steel to an electronic calculator for
calculating a predicted corrosion amount of an atmospheric corrosion
resistant steel with extrinsic corrosion information including weather
observation data, an amount of airborne salt, and an amount of sulfur oxide
and intrinsic corrosion information on components of the atmospheric
corrosion resistant steel; the person in charge of business permitting the
electronic calculator to recognize intrinsic corrosion information on
components of one or more than one type of atmospheric corrosion resistant
steel which the customer plans to use; the electronic calculator
calculating a predicted corrosion amount of each of the atmospheric
corrosion resistant steels; and the person in charge of business presenting
a result of the calculation by the electronic calculator to the customer
becomes possible. Also in this case, it is preferable for convenience that
the step of acquiring or calculating part or a11 of environmental data
necessary for calculation in a manner other than the aforementioned input
is further included. Moreover, regarding a - 72     steel type whose
predicted corrosion amount exceeds a permissible corrosion amount, it is
very desirable that the step of recalculating a predicted corrosion amount
after a corrosion protection method and/or a maintenance management method
such as can reduce the predicted corrosion amount to the permissible
corrosion amount or less is added and the step of disclosing an expected
cost and an expected life when one type or more than one type of
atmospheric corrosion resistant steel as a candidate is applied to a spot
and a portion of a structure in which the user uses it, are further
included, since the cost including surface treatment and so on, the life,
and the like can be studied at the same time. Also in this business form, a
terminal capable of performing the calculation by the method of the present
invention may be located in a business department or a person in charge of
business may take such a portable terminal to a place of the user.
Preferably, if access to weather data and so on disclosed by the
Meteorological Agency from this terminal is possible, a concrete study
based on data can be made on the spot during consultation on the selection
of a steel material even when the user does not keep data such as
temperature on hand. According to this business method, not only the
business operation can be made more efficient, but also a large merit that
steel types as candidates can be promptly and quantitatively compared can
be - 73    



provided to the user. Besides, this prompt provision of quantitative data
enhances understanding of the added value of a steel material called
atmosphere corrosion resistance which conventionally has many uncertain
factors and leads to further diffusion of the atmospheric corrosion
resistant steel. Industrial Applicability According to a method of the
present invention, the amount of corrosion in a service life of several
decades can be predicted with high precision even based on limited actual
measurement data such as an exposure test. Moreover, it is also easy to
incorporate a corrosion protection method and a maintenance management
method therein. The present invention can make various operations such as
judgment on the applicability of an atmospheric corrosion resistant steel,
selection of a material, durability design, judgment on the applicability
of surface treatment and selection of its type, and creation of a
maintenance management policy, which hitherto rely on a long-term exposure
test, more precise and more efficient. Moreover, the present invention can
reduce the cost of the business operation of the atmospheric corrosion
resistant steel. Accordingly, the present invention can contribute to a
rise in the competitiveness of the atmospheric corrosion resistant steel.
Conventionally, the judgment on the applicability - 74    S , has been made
only by the amount of airborne salt, whereby in some region, the
application of the atmospheric corrosion resistant steel is withheld even
though it is a region where maintenance and management costs can be
originally reduced by using the atmospheric corrosion resistant steel,
which causes an increase in construction client's maintenance and
management costs. Contrary to this, repair costs are sometimes caused since
abnormal corrosion unexpectedly occurs due to high humidity and temperature
or the like even though the amount of airborne salt is small. According to
the present invention, it is possible to avoid such situations beforehand. 



Such avoidance of problems prevents troubles when the atmospheric corrosion
resistant steel is used which are probably caused by the existence of
uncertain factors on the environment side. Accordingly, the present
invention fulfills a role in maintaining an infrastructure safely and
securely. It becomes possible to design a structure manufactured of an
atmospheric corrosion resistant steel having a more than 100 year-service
life by a combination of these series of long-term corrosion/wear
predictions and various kinds of corrosion protection methods based on
obtained calculation results. Consequently, the realization of minimum
maintenance of a social infrastructure is enhanced. - 75    CLAIMS What is
claimed is: 1. A method for predicting an amount of corrosion of an
atmospheric corrosion resistant steel, comprising the step of calculating a
predicted corrosion amount of the atmospheric corrosion resistant steel
using extrinsic corrosion information including weather observation data,
an amount of airborne salt, and an amount of sulfur oxide in a planned
location for use where the atmospheric corrosion resistant steel is to be
used, and intrinsic corrosion information on components of the atmospheric
corrosion resistant steel, with an electronic calculator. 2. The method for
predicting the amount of corrosion of the atmospheric corrosion resistant
steel according to claim 1, wherein the weather observation data includes
an annual wetness time, an annual mean wind speed, and an annual mean
temperature. 3. The method for predicting the amount of corrosion of the
atmospheric corrosion resistant steel according to claim 1, wherein said
step of calculating the predicted corrosion amount comprises the step of
calculating a corrosivity index Z with the following equation (Eq. 6). .
Z=a~TOW~exp(-x.W). C+8~S .exp -Ep ... (Eq. 6) 1+F~C~S R~T - 76    



r , (where TOW is an annual wetness time (h) in the planned location for
use, W is an annual mean wind speed (m/sec.) in the planned location for
use, C is an airborne salt amount (mdd) in the planned location for use, S
is a sulfur oxide amount (mdd) in the planned location for use, Ea is
activation energy (J/mol) of a corrosion reaction of the atmospheric
corrosion resistant steel, R is a gas constant (J/K(Kmol)), and T is an
annual mean temperature (K) in the planned location for use. Moreover, a is
a constant determined by a comparison with an actual measured value, and
rc, b, and F are constants respectively representing the degree of
influence of each of factors which they are associated with.) 4. The method
for predicting the amount of corrosion of the atmospheric corrosion
resistant steel according to claim 3, wherein said step of calculating the
predicted corrosion amount comprises the step of calculating a corrosion
amount accumulated over time of the atmospheric corrosion resistant steel
by estimating a first-year corrosion amount and a rust stabilization index
of the atmospheric corrosion resistant steel from the corrosivity index Z.
5. The method for predicting the amount of corrosion of the atmospheric
corrosion resistant steel according to claim 3, wherein said step of
calculating the predicted corrosion amount comprises the step of estimating
a first-year corrosion amount _ 77 _    A~ of a vertical exposure member
and a first-year corrosion amount AH of a horizontal exposure member from
the corrosivity index Z by a quadric regression analysis. 6. The method for
predicting the amount of corrosion of the atmospheric corrosion resistant
steel according to claim 5, wherein in said step of finding the relational
expression, the following equation (Eq. 7a) and equation (Eq. 7b) are
found. A"(,um)=37.60Z2+74.44Z+7.37 ~~~ (Eq. 7a)
AH(um)=-24.16Z2+182.19Z+4.05 ~~~ (Eq. 7b) 7. The method for predicting the
amount of corrosion of the atmospheric corrosion resistant steel according
to claim 5, further comprising the step of finding a range of variations by
multiplying estimated values of the first-year corrosion amounts A~ and AH
by their respective constants which correspond to an upper limit and a
lower limit of the variations. 8. The method for predicting the amount of
corrosion of the atmospheric corrosion resistant steel according to claim
7, wherein said step of finding the range of variations comprises the steps
of: taking an upper limit APPer~ of a range of the first-year corrosion
amount A~ as the following equation (Eq. 8aU)~ taking a lower limit ALower~
of the range of the first-year corrosion amount A~ as the following _ 78 _ 



equation (Eq. 8aL); taking an upper limit ApperH of a range of the
first-year corrosion amount AH as the following equation (Eq. 8bU); and
taking a lower limit j~LowerH Of the range of the first-year corrosion
amount AH as the following equation (Eq. 8bL). A~uPner -1.7 A,, . . . ( E q
. 8 a U ) ALower =117Av ... (Eq. .BaL) AHper =1.7AN ... (Eq. 8bU) Lower _
_1 AH 1.7AH ... (Eq. 8bL) 9. The method for predicting the amount of
corrosion of the atmospheric corrosion resistant steel according to claim
5, further comprising the steps of, based on the first-year corrosion
amounts A~ and AH and a distribution function of the rust stabilization
index: taking an upper limit of a region where 80% or more of measurement
points are distributed as a natural upper rust stabilization index or as an
excessive influence rust stabilization index obtained by adding a value
according to the degree of 



excessive influence to the natural upper rust stabilization index; taking a
lower limit of the region where 80% or more of the measurement points are
distributed as a natural lower rust stabilization index; and _ 79 _
taking a value obtained by adding 0.15 to the natural upper rust
stabilization index as the excessive influence rust stabilization index.
10. The method for predicting the amount of corrosion of the atmospheric
corrosion resistant steel according to claim 9, further comprising the step
of expressing a predicted corrosion/wear curve with a realization
probability added thereto based on a result of statistically analyzing the
relation between a distribution band of the rust stabilization index and
actual exposure test data. 11. The method for predicting the amount of
corrosion of the atmospheric corrosion resistant steel according to claim
4, wherein said step of calculating the corrosion amount accumulated over
time comprises the step of, by using the ratio of measurement values
between a first atmospheric corrosion resistant steel and a second
atmospheric corrosion resistant steel, with respect to the firstyear
corrosion amount and the rust stabilization index respectively, estimating
a corrosion amount accumulated over time of the second atmospheric
corrosion resistant steel from a corrosion amount accumulated over time of
the first atmospheric corrosion resistant steel. 12. The method for
predicting the amount of corrosion of the atmospheric corrosion resistant
steel according to claim 4, wherein said step of calculating the corrosion
amount accumulated over - 80   



time comprises the steps of: finding a surface treatment effect coefficient
with respect to the first year corrosion amount and the rust stabilization
index from exposure data on an atmospheric corrosion resistant steel
subjected to surface treatment; and finding the corrosion amount
accumulated over time of the atmospheric corrosion resistant steel
subjected to surface treatment by multiplying the estimated first-year
corrosion amount and rust stabilization index of a bare atmospheric
corrosion resistant steel. 13. The method for predicting the amount of
corrosion of the atmospheric corrosion resistant steel according to claim
1, wherein said step of calculating the predicted corrosion amount
comprises the step of displaying a corrosion/wear curve which indicates the
relation between an exposure period and a corrosion amount accumulated over
time on a display device,. the method further comprising the step of
displaying the corrosion/wear curve on the display device with the
corrosion/wear curve being moved in parallel in a direction of an exposure
period axis by a period of deterioration of an organic coating of an
atmospheric corrosion resistant steel subjected to surface treatment. 14.
The method for predicting the amount of corrosion of the atmospheric
corrosion resistant - 81     steel according to claim 1, wherein said step
of calculating the predicted corrosion amount comprises the step of finding
a corrosion/wear curve which indicates the relation between an exposure
period and a corrosion amount accumulated over time based on environmental
conditions according to a portion of a structure. 



15. A computer readable record medium, having a program thereon, wherein
said program causes a computer to calculate a predicted corrosion amount
with extrinsic information including. weather observation data, an amount
of airborne salt, and an amount of sulfur oxide in a planned location for
use where an atmospheric corrosion resistant steel is to be used, and
intrinsic corrosion information on components of the atmospheric corrosion
resistant steel. 16. A method for selecting a steel type, comprising the
steps of: calculating a predicted corrosion amount of each of atmospheric
corrosion resistant steels with extrinsic corrosion information including
weather observation data, an amount of airborne salt, and an amount of
sulfur oxide in a planned location for use where the atmospheric corrosion
resistant steel is to be used, and intrinsic corrosion information on
components of one or more than one type of atmospheric corrosion resistant
steel planned to be used, by an electronic calculator; and - 82
comparing the predicted corrosion amount and a design permissible corrosion
amount in a design life period by the electronic calculator. 17. The method
fox selecting the steel type according to claim 16, wherein, as a result of
comparing the predicted corrosion amount and the permissible corrosion
amount, an atmospheric corrosion resistant steel whose predicted corrosion
amount is equal to or smaller than the permissible corrosion amount is
judged to be an applicable steel type. 18. The method for selecting the
steep type according to claim 16, further comprising the step of, regarding
a steel type whose predicted corrosion amount exceeds the permissible
corrosion amount, calculating a predicted corrosion amount when at 



least one type of method selected from the group consisting of a corrosion
protection method and a maintenance management method for reducing the
predicted corrosion amount is carried out. 19. The method for selecting the
steel type according to claim 16, wherein in said step of comparing the
predicted corrosion amount and the permissible corrosion amount, an
excessive influence factor depending on the degree of excessive influence
is taken into consideration. 20. The method for selecting the steel type
according to claim 19, further comprising the step of correcting a rust
stabilization index when the - 83    ,. excessive influence factor is taken
into consideration. 21. The method for selecting the steel type according
to claim 16, further comprising the step of acquiring an expected cost and
an expected life when the one or more than one type of atmospheric
corrosion resistant steel is used in the planned location for use. 22. A
method for maintaining and managing a steel structure, comprising the steps
of: finding an actually measured first-year corrosion 



amount from an actual measurement result of a corrosion loss in any given
period of an actual structure made of an atmospheric corrosion resistant
steel or a corrosion loss in any given period of a vertical exposure member
or a horizontal exposure member which is made of an atmospheric corrosion
resistant steel and attached to an actual structure; predicting a corrosion
amount of the atmospheric corrosion resistant steel with an electronic
calculator with the actually measured first-year corrosion amount as A~ or
AH by the method according to claim 9; and determining a maintenance
management policy based on the predicted corrosion amount of the
atmospheric corrosion resistant steel. 23. A method for maintaining and
managing a steel ' structure, comprising the steps of: finding an actually
measured first-year corrosion - 84   



amount from an actual measurement result of a corrosion loss in any given
period of an actual structure made of an atmospheric corrosion resistant
steel or a corrosion loss in any given period of a vertical exposure member
or a horizontal exposure member which is made of an atmospheric corrosion
resistant steel and attached to an actual structure; calculating a
corrosivity index Z by the following equation (Eq. 6) from extrinsic
corrosion information including weather observation data, an amount of
airborne salt, and an amount of sulfur oxide in a location where the actual
structure is installed, and intrinsic corrosion information on components
of the atmospheric corrosion resistant steel, with an electronic
calculator; estimating a first-year corrosion amount of the atmospheric
corrosion resistant steel from the corrosivity index Z with the electronic
calculator; comparing the actually measured first-year corrosion amount and
the estimated first-year corrosion amount with the electronic calculator;
correcting the corrosivity index Z based on a result of the comparison with
the electronic calculator; predicting a corrosion amount of the atmospheric
corrosion resistant steel based on the corrected corrosivity index Z with
the electronic calculator; and determining a maintenance management policy
based - 85    on the predicted corrosion amount. Z = a . TOW . exp(- rc . W
) . C + 8 ~ S . exp E . . . ( E q . 6 ) 1+F.C.S R.T 



(where TOW is an annual wetness time (h) in the planned location for use, W
is an annual mean wind speed (m/sec.) in the planned location for use, C is
an airborne salt amount (mdd) in the planned location for use, S is a
sulfur oxide amount (mdd) in the planned location for use, Ea is activation
energy (J/mol) of a corrosion reaction of the atmospheric corrosion
resistant steel, R is a gas constant (J/K(Kmol)), and T is an annual mean
temperature (K) in the planned location for use. Moreover, a is a constant
determined by a comparison with an actual measured value, and rc, b, and F
are constants respectively representing the degree of influence of each of
factors which they are associated with.) 24. The method for maintaining and
managing the steel structure according to claim 22, wherein said step of
determining the maintenance management policy comprises the step of
adopting a maintenance management policy in which the predicted corrosion
amount becomes smaller than an initially planned value when at least one of
the actually measured first-year corrosion amounts of the vertical exposure
member and the horizontal exposure member made of the atmospheric corrosion
resistant steel exceeds the predicted corrosion amount. 25. The method for
maintaining and managing the - 86     steel structure according to claim
23, wherein said step of determining the maintenance management policy
comprises the step of adopting a maintenance management policy in which the
predicted corrosion amount becomes smaller than an initially planned value
when at least one of the actually measured first-year corrosion amounts of
the vertical exposure member and the horizontal exposure member made of the
atmospheric corrosion resistant steel exceeds the predicted corrosion
amount. 26. The method for maintaining and managing the steel structure
according to claim 22, wherein said step of determining the maintenance
management policy comprises the step of changing at least one type of
selection element selected from the group consisting of a portion and a
time in which at least one type of operation selected from the group
consisting of inspection, repair, and cleaning is performed, from
originally planned one. 27. The method for maintaining and managing the
structure according to claim 23, wherein said step of determining the
maintenance management policy comprises the step of changing at least one
type of selection element selected from the group consisting of a portion
and a time in which at least one type of operation selected from the group
consisting of inspection, repair, and cleaning is performed, from
originally planned one. 28. A method for providing information on an _ 87 _



, atmospheric corrosion resistant steel, comprising the steps of a user
accessing a server for calculating a predicted corrosion amount of an
atmospheric corrosion resistant steel with environmental data including
weather observation data, an amount of airborne salt, and an amount of
sulfur oxide, and intrinsic corrosion information on components of the
atmospheric corrosion resistant steel from a terminal device via an
electric communication line; the user inputting environmental data
including weather observation data, an and an amount of sulfur oxid for use
where an atmospheric steel is to be used from the server; the user
permitting the amount of airborne salt, a in a planned location corrosion
resistant terminal device to the server to recognize intrinsic corrosion
information on components of one or more than one type of atmospheric
corrosion resistant steel planned to be used from the terminal device the
server calculating a predicted corrosion amount of each of the atmospheric
corrosion resistant steels based on the environmental data and the
intrinsic corrosion information; the server transmitting the predicted
corrosion amount to the terminal device via the electric communication
lines and the terminal device outputting the predicted _ 88 _  



corrosion amount. 29. The method for providing the information on the
atmospheric corrosion resistant steel according to claim 28, further
comprising the step of the server acquiring at least part of elements
constituting the environmental data in a manner other than the input by the
user. 30. The method for providing the information on the atmospheric
corrosion resistant steel according to claim 28, wherein an access right in
the server is hierarchized, the method further comprising the step of the
server setting an access right for a user ID to access the server according
to a usage record of the atmospheric corrosion resistant steel of the user.
31. The method for providing the information on the atmospheric corrosion
resistant steel according to claim 28, further comprising the step of the
server storing the environmental data inputted by the user. 32. The method
for providing the information on the atmospheric corrosion resistant steel
according to claim 28, wherein said step of the server transmitting the
predicted corrosion amount comprises the step of the server transmitting
other detailed information with the predicted corrosion amount to the
terminal device when there is a request from the user and when special
consideration to the inputted environment is necessary. 33. The method for
providing the information on _ 89 _    



the atmospheric corrosion resistant steel according to claim 32, wherein
said step of the server transmitting the other detailed information
comprises the step of the server transferring the other detailed
information also to a terminal installed in the user's nearest business
base via the electric communication line. 34. A business method for an
atmospheric corrosion resistant steel, comprising the steps of: a user
accessing a server for calculating a predicted corrosion amount of an
atmospheric corrosion resistant steel with environmental data including
weather observation data, an amount of airborne salt, and an amount of
sulfur oxide, and intrinsic corrosion information on components of the
atmospheric corrosion resistant steel from a terminal device via an
electric communication line; the user inputting environmental data
including weather observation data, an amount of airborne salt, and an
amount of sulfur oxide in a planned location for use where an atmospheric
corrosion resistant steel is to be used from the terminal device to the
server the user permitting the server to recognize intrinsic corrosion
information on components of one or more than one atmospheric corrosion
resistant steel planned to be used from the terminal device; the server
calculating a predicted corrosion amount of each of the atmospheric
corrosion resistant - 90     steels based on the environmental data and the
intrinsic corrosion information; the server transmitting the predicted
corrosion amount to the terminal device of the user via the electric
communication line; the terminal device outputting the predicted corrosion
amount; and determining a business counterpart based on at least one type
of element selected from the group consisting of the presence or absence of
history of access to the server and the frequency of access to the server. 



35. A business method for an atmospheric corrosion resistant steel,
comprising the steps of: a person in charge of business inputting extrinsic
corrosion information including weather observation data, an amount of
airborne salt, and an amount of sulfur oxide in a planned location for use
where a customer plans to use an atmospheric corrosion resistant steel to
an electronic calculator for calculating a predicted corrosion amount of an
atmospheric corrosion resistant steel with extrinsic corrosion information
including weather observation data, an amount of airborne salt, and an
amount of sulfur oxide and intrinsic corrosion information on components of
the atmospheric corrosion resistant steel; the person in charge of business
permitting the electronic calculator to recognize intrinsic - 91    v
corrosion information on components of one or more than one type of
atmospheric corrosion resistant steel which the customer plans to use; the
electronic calculator calculating a predicted corrosion amount of each of
the atmospheric corrosion resistant steels; and the person in charge of
business presenting a result of the calculation by the electronic
calculator to the customer. 36. The business method for the atmospheric
corrosion resistant steel according to claim 35, further comprising the
step of the server acquiring at least part of elements constituting the
environmental data in a manner other than the input by the person in charge
of business. 37. The business method for the atmospheric corrosion
resistant steel according to claim 35, further comprising the steps of:
regarding a steel type whose predicted corrosion 



amount exceeds a design permissible corrosion amount in a design life
period, the person in charge of business permitting the electric calculator
to calculate a predicted corrosion amount when at least one type of method
selected from the group consisting of a corrosion protection method and a
maintenance management method for reducing the predicted corrosion amount
is carried out; and the person in charge of business presenting a result of
the calculation by the electronic - 92    ' ( . calculator to the customer.
38. The business method for the atmospheric corrosion resistant steel
according to claim 35, further comprising the step of the person in charge
of business presenting an expected cost and an expected life when each of
the atmospheric corrosion resistant steels is used in the planned location
for use. 39. A system for predicting a corrosion amount, comprising: an
input means for inputting information; a computing means for calculating a
predicted corrosion amount of an atmospheric corrosion resistant steel with
extrinsic corrosion information including weather observation data, an
amount of airborne salt, and an amount of sulfur oxide in a planned
location for use where the atmospheric corrosion resistant steel is to be
used, and intrinsic corrosion information on components of the atmospheric
corrosion resistant steel which are inputted from the input means; and an
output means for outputting a result of the calculation by the computing
means. 40. A system for selecting a steel type, comprising: an input means
for inputting information; 



a computing means for calculating a predicted corrosion amount of each of
atmospheric corrosion resistant steels with extrinsic corrosion information
- 93    including weather observation data, an amount of airborne salt, and
an amount of sulfur oxide in a planned location for use where the
atmospheric corrosion resistant steel is to be used, and intrinsic
corrosion information on components of one or more than one type of
atmospheric corrosion resistant steel planned to be used which are inputted
from the input means; a comparing means for comparing the predicted
corrosion amount and a design permissible corrosion amount in a design life
period; and an output means for outputting a result of the comparison by
the comparing means. 41. A system for maintaining and managing a steel
structure, comprising: an input means for inputting information; and a
computing means for respectively calculating actually measured first-year
corrosion amounts of a vertical exposure member and a horizontal exposure
member which are made of an atmospheric corrosion resistant steel based on
actual measurement results of corrosion losses in any given period of the
vertical exposure member and the horizontal exposure member made of the
atmospheric corrosion resistant steel which are inputted from the input
means, calculating a predicted corrosion amount of the atmospheric
corrosion resistant steel with extrinsic information including weather
observation data, an amount of airborne salt, and an amount of sulfur - 94
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