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QHny) Designation: G 101 — 97

Standard Guide for
Estimating the Atmospheric Corrosion Resistance of Low-
Alloy Steels *

This standard is issued under the fixed designation G 101; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope G 50 Practice for Conducting Atmospheric Corrosion Tests

1.1 This guide presents two methods for estimating the ©n Metal$
atmospheric corrosic resistance of low-alloy weathering steel -
such as those described in Specifications A 242/A 242M?' Term|n'ol.o'gy » i
A 588/A 588M, A 606 Type 4, A 709/A 709M grades 50W, 3.1 Definitions of Terms Specific to This Standard:
70W, and 100W, A 852, and A871. One method gives an 3.1.1 low-alloy steels—Iron-carbon alloys containing
estimate of the long term thickness loss of a steel at a specif@eater than 1.0 % but less than 5.0 %, by mass, total alloying
site based on results of short-term tests. The other gives d&{ements.
estimate of relative corrosion resistance based on chemicalNore 1—Most “low-alloy weathering steels” contain additions of both

composition. chromium and copper, and may also contain additions of silicon, nickel,
phosphorus, or other alloying elements which enhance atmospheric
2. Referenced Documents corrosion resistance.

2.1 ASTM Standards: ;

A 242/A 242M Specification for High-Strength Low-Alloy 4. Summar.y of QU|de
Structural Steél 4.1 In this guide, two general methods are presented for

A 588/A 588M Specification for High-Strength Low-Alloy estimating the atmospheric corrosion resistance of low-alloy
Structural Steel with 50 Ksi (345 MPa) Minimum Yield weather!ng steels. These are not alternative r_neth_ods; each
Point to 4 in. (100 mm) Thick method is intended for a specific purpose, as outlined in 5.2 and

A 606 Specification for Steel, Sheet and Strip, High5-3- : . ) . )
Strength, Low-Alloy, Hot-Rolled and Cold Rolled, With 4.1.1 The first method utilizes linear regression analysis of
Improved Atmospheric Corrosion Resistafice short-term atmospheric corrosion data to enable prediction of

A 709/A 709M Specification for Carbon and High-Strength 0ng-term performance by an extrapolation method.
Low-Alloy Structural Steel Shapes, Plates, and Bars and 4.1.2 The second r‘_qethod utilizes prgdm_uve equations basgd
Quenched-and-Tempered Alloy Structural Steel Plates fof" the steel composition to calculate indices of atmospheric
Bridges corrosion resistance.

A 852/A 852M Specification for Quenched and Tempered5 Significance and Use
Low-Alloy Structural Steel Plate with 70 ksi (485 MPa) 9 o
Minimum Yield Strength to 4 in (100 mm) Thiek 5.1 In the past, ASTM specifications for low-alloy weath-

A 871/A 871M Specification for High Strength Low-Alloy €MNd steels, such as Specifications A 242/A 242M, A 588/
Structural Steel Plate With Atmopheric Corrosion Resis-** 588M, A 606 Type 4, A 709/A 709M Grade 50W, 70W, and
tancé 100W, A 852, and A 871 stated that the atmospheric corrosion

G 1 Practice for Preparing, Cleaning, and Evaluating corresistance of these steel_s is “approximately two times tha'_[ _of
rosion Test Specimefis carbon structural steel with copper.” A footnote in the specifi-

G 16 Guide for Applying Statistics to Analysis of Corrosion cations §tated_that “two tlmes.carbon structural steel with
Date copper is equivalent to four times carbon structural steel
without copper (Cu 0.02 maximum).” Because such statements
relating the corrosion resistance of weathering steels to that of
[ other steels are imprecise and, more importantly, lack signifi-
1 This guide is under the jurisdiction of ASTM Committee G-1 on Corrosion of Cance to the usgf and 2F, the present guide was prepared to
Metals and is the direct responsibility of Subcommittee G01.04on Atmospheridescribe more meaningful methods of estimating the atmo-

Corrosion. . . . i
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5.2 The first method of this guide is intended for use inare somewhat lower or somewhat higher than actual losses. Specifically, in
estimating the expected |0ng_term atmospheric Corrosioﬁ_nvironments of very low corrosivity, t_he Iog—log predictions may be
losses of specific grades of low-alloy steels in various enviligher than actual losse), whereas in environments of very high

corrosivity the opposite may be tr§@). For these cases, use of numerical

ronments, utilizing existing short-term atmospheric corroslonoptimization o composite modeling metha@sand 8)may provide more
data for these grades of steel.

] S _accurate predictions. Nevertheless, the simpler log-log linear regression

5.3 The second method of this guide is intended for use imethod described above provides adequate estimates for most purposes.
estimating the relative atmospheric corrosion resistance of a
specific heat of low-alloy steel, based on its chemical compo-
sition.

5.4 It is important to recognize that the methods presente
here are based on calculations made from test data for fl . )
boldly exposed steel specimens. Atmospheric corrosion rat Legault and Lgckle(9). The equations are based on
can be much higher when the weathering steel remains wet fé<€nsive data published by Larrabee and Colgt@).
prolonged periods of time, or is heavily contaminated with salt ©-3-2 For use in this guide, the Legault-Leckie equation for
or other corrosive chemicals. Therefore, caution must b&" industrial atmosphere (Kearny, N.J.) was modified to allow

exercised in the application of these methods for prediction ofalculation of an atmospheric corrosion resistance index based

6.3 Predictive Method Based on Steel Composition

6.3.1 Equations for predicting corrosion loss of low-alloy
teels after 15.5 years of exposure to various atmospheres,

Eased on the chemical composition of the steel, were published

long-term performance of actual structures. on chemical composition. The modification consisted of dele-
tion of the constant and changing the signs of all the terms in
6. Procedure the equation. The modified equation for calculation of the

6.1 Atmospheric corrosion data for the methods presenteEP.tmOSphe“C corrosion resistance index (1) is given below. The

here should be collected in accordance with Practice G5 _|gher the index, the more corrosion resistant is the steel.

Specimen preparation, cleaning, and evaluation should con- | = 26.01(% Cu) + 3.88(% Ni) + 1.20(% Cr)
form to Practice G 1. + 1.49(% Si) + 17.28(% P) — 7.29(% Cu)
6.2 Linear Regression Extrapolation Method (% Ni) — 9.10(% Ni) (% P) — 33.39(% Cu)?

6.2.1 This method essentially involves the extrapolation of Nore 4—similar indices can be calculated for the Legault-Leckie
logarithmic plots of corrosion losses versus time. Such plots oéquations for marine and semi-rural atmospheres. However, it has been
atmospheric corrosion data generally fit well to straight linesfound that theranking of the indices of various steel compositions is the
and can be represented by equations in slope-intercept forrsame for all these equations. Therefore, only one equation is required to

(3-5): rank the relative corrosion resistance of different steels.
logC = log A + Blogt (1) 6.3.3 The predictive equation should be used only for steel
compositions within the range of the original test materials in
where: _ the Larrabee-Coburn data §&). These limits are as follows:
c ~ corrosion loss, Cu 0.51 % max
B ' . . Ni 1.1 % max
A and B = constants. Ais the corrosion loss attl, and B Cris3 (;:] AiaK
is the slope of a log C versus log + plot. Si 0 ('54 % max
C may be expressed as mass loss per unit area, or as a P 0.12 % max

ca(lscglgte_l(_jhthlckr;ﬁsz Ipss 0: _penletranotn g%sel(.j on mass Ios_s. 6.3.4 Examples of averages and ranges of atmospheric
n .I ' : eir:netho mlsthez Ir];nlp er‘rt1en € . y (;n(taa”r r;?r:eés'i(zforrosion resistance indices calculated for 72 heats of each of
analysis, using the method ot least squares detaile U%%o weathering steels are shown in Table X2.1.
G 16. At least three data points are required. Once the constants - . L
6.3.5 The minimum acceptable atmospheric corrosion index

of the equation are determined by the linear regression analy- -
sis, the projected corrosion loss can be calculated for any givéénhOUId be a matter of negotiation between the buyer and the

time. A sample calculation is shown in Appendix X1. seller.
Note 2—Eq 1 can also be written as follows: 7. Report
C = A8 %) 7.1 When reporting estimates of atmospheric corrosion
Differentiation of Eq 2 with respect to time gives the corrosion rate (R)resistance, the method of calculation should always be speci-
at any given time: fied. Also, in the Linear Regression Extrapolation Method (6.2)
R= ABtEBD 3) of this guide, the data used should be referenced with respect

Also, the time to a given corrosion loss can be calculated as follows:t0 type of specimens, condition and location of exposure, and

duration of exposure.
t = (CIA)ME (4 P

6.2.3 Examples of projected atmospheric corrosion losse8. Keywords

over a period of fifty years for low-alloy weathering steels in g 1 atmospheric corrosion resistance; compositional effects;
various environments are presented in Appendix X1. corrosion indices; high-strength; low-alloy steel; industrial

Note 3—It has been reportg@ and 7)that for some environments, use enwronr_nents; marine environments; rural environments;
of log-log linear regression extrapolations may result in predictions whichweathering steels
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APPENDIXES
(Nonmandatory Information)

X1. PROJECTED ATMOSPHERIC CORROSION PENETRATIONS FOR WEATHERING STEELS

X1.1 Projected atmospheric corrosion losses in fifty yearsTABLE X1.2 Industrial Exposure Sites for Test Data in Fig. X1.2

for flat, boldly exposed specimens of Specifications A 588/ Country Identification Exposure Site Latitude
A 588M and A 242/A 242M Type 1 weathering steels in rural, south Africa S. Afr Pretoria—8 km W 25°45'S
industrial, and marine environments are shown in Figs. X1.1Japan Japan Kawasaki 35°32'N
« ,, United States us Kearny, NJ 40°30'N

X1.3. (The “loss” shown in the figures is the average thicknesg,nce e St. Denis 48°56'N
loss per surface, calculated from the mass loss per unit aregelgium Belg Liege 50°39'N
i ; i ; : Germany Ger Essen Frintrop 51°28'N

The. uniformity of the_thmkness loss varies with the type of J= Kingdom UK Stratford 2o 12N
environment.) These figures were developed from (Etafor  sweden Swed Stockholm 59°20'N

specimens exposed for time periods up to 8 or 16 years in
various countries. The specific exposure locations are given in
Tables X1.1-X1.3, and the compositions of the steels are given TABLE X1.3 Marine Exposure Sites for Test Data in Fig. X1.3

in Table X1.4. In this test program, specimens were exposed in___ Country Identification Exposure Site Latitude

four orientations: 30° to the horizontal facing north and facingSouth Africa S. Afr Kwa Zulu Coast 32°S

south, and vertical facing north and facing south. (The back™'e¢ St S’asp " ure Beach, NC (250m) 3

surface of each specimen was protected with a durable paimrtance Fr Biarritz 43°29'N

system.) For the lines plotted in Figs. X1.1-X1.3, data for theU“'te‘j Kingdom UK Rye 50°57'N
Belgium Belg Ostende Il 51°13'N

test orientations showing the greatest corrosion losses wegeﬂ,eden Swed Bohus Malman caoN

used.

X1.2 It must be emphasized that the data shown in Figs. TABLE X1.4 Composition of Steels for Test Data
X1.1-X1.3 apply only toflat, boldly exposedspecimens. in"Figs. X1.1-X1.3
Presence of crevices or other design details which can trap and steel Mass, %

C Mn P S Si_ Cu Ni Cr \ Al

hold moisture, or exposure under partially sheltered conditionsza> Type 7 0.11 0.31 0.092 0,020 0.42 0.30 0.31 0.82 <0.01 008
may increase the rate of corrosion substantially. A588 0.13 1.03 0.006 0.019 0.25 0.33 0.015 0.56 0.038 0.043

X1.3 Example Calculation:
Steel: ASTM A 588/588M log ¢ log C (log ©) (log 9 (log 9?2
Type of Environment: Semi-industrial

FPR. : 0.176 1.518 0.267 0.031
Test Location: Monroeville, PA 0.544 1690 0.919 0.295
Data: 0.875 1.845 1.614 0.766
Time (f), Yrs. Avg. Thickness Loss per Surface (C)*, 1.190 1.987 2.364 1412
um 32.785 7.040 5.164 2.505
1.5 33 .
35 49 Equation (From 6.2.1):
7.5 70
155 97 logC =1logA+ Blogt
A Calculated from mass loss. From Guide G 16:
) ~ nZ[(log C) (log )] — (= logt) (X log C)
Calculations: N> (logt)? — (3 log )2
where:
n = Number of data points- 4
_(4)(5.164 — (2.785(7.040
= 2
TABLE X1.1 Rural Exposure Sites for Test Data in Fig. X1.1 (4) (2.509 — (2.789
Country Identification Exposure Site Latitude B=0.463
South Africa S. Afr Pretoria—8 km E 25°45'S logA=1n(ZlogC—-BZXlogt)
Japan Japan Lake Yamanaka 35°25'N _ _
United States us Potter County, PA 42°N log A = ¥4[(7.040 — (0.463 (2.789]
United Kingdom UK Avon Dam 50°17'N log A = 1.437
Belgium Belg Eupen 50°38'N
Sweden Swed Ryda Kungsgéard 60°36'N A=27.35
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