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facturing, marketing, purchasing, or using products, processes, or procedures not
included in this report. Nothing contained in this NACE report is to be construed as
granting any right, by implication or otherwise, to manufacture, sell, or use in con-
nection with any method, apparatus, or product covered by letters patent, or as
indemnifying or protecting anyone against liability for infringement of letters pat-
ent. This report should in no way be interpreted as a restriction on the use of better
procedures or materials not discussed herein. Neither is this report intended to
apply in all cases relating to the subject. Unpredictable circumstances may ne :ate
the usefulness of this reportin specific instances. NACE assumes no responsihili.
for the interpretation or use of this report by other parties. Users of this N/ CE r=-
port are responsible for reviewing appropriate health, safety, envircnmanta,, =nd
regulatory documents and for determining their applicability in relatio:  to his re-
port prior to its use. This NACE report may not necessarily addi 2ss all potential
health and safety problems or environmental hazards associated . it', the use of
materials, equipment, and/or operations detailed or referred to within this report.

Users of this NACE report are also responsible for establizhi:g appropriate health,
safety, and environmental protection practices, i*. ¢. nsu.cation with appropriate
regulatory authorities if necessary, to achieve cor. Hlia’.ce with any existing appli-
cable regulatory requirements prior to the us » o1 this report.
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than 10 years old. Purchasers >f NACE reports may receive current information on
all NACE International publicau.~n< by contacting the NACE FirstService Depart-
ment, 15835 Park Ten P:.~e, Hous on, Texas 77084-5145 (telephone +1 281-228-
6200 or email at firsts. rvice Dnace.org).

ABSTRACT

This NACE Interraticnal s‘ate-of-the-art
report contains in._mauw >n about materi-
als that provide a co. -osion-resistant al-
ternative to plan carbon steel reinforcing
bar (rebar). The ‘eport is intended for use
by enginec s whe 1 considering the use of
alterna.*7e onciete reinforcement and
ncst- or prestressing strand materials
wi.1 hic her corrosion resistance than that
of conventional carbon steel alloys.

Materials that have actual, or potentially,
wide commercial availability are empha-
sized in the report. Each material is briefly
described and includes descriptions of
the field and laboratory performance with
aftention to quantitative consideration of
the parameters that determine durability
relative to that of plain carbon steel bar.
The report includes four tables with infor-
mation such as common stainless steel
designations for reinforcing bar, chloride
threshold results for concrete specimens
reinforced with stainless steels, and labo-
ratory evaluation of corrosion perfor-
mance of steel bars versus carbon steel
bar. Throughout this report reference is
made to pertinent, available standards.
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Foreword

This NACE International state-of-the-art report is intended for use by engineers when considering the use o1 ¢ -
ternative concrete reinforcement and post- or prestressing strand materials with higher corrosicn rusistance
than that of conventional carbon steel alloys. Throughout this report reference is made to pertiner.: available
standards. Alternative corrosion-resistant materials can have significant differences in the mechan.-al, thermal,
and electrical properties relative to those of conventional steel, and therefore can impact tt. = sti :ctural perfor-
mance of the system. A review of such impact prepared by a qualified structural engineer can b > helpful.

This state-of-the-art report was prepared in 2018 by Task Group (TG) 057* "Reinforcea Caacrete: Corrosion Re-
sistant Reinforcement.” This TG is composed of corrosion researchers, corrosion eng‘neer s, corrosion consul-
tants, structure owners, and representatives of both industry and government. TG 0L 7 i administered by Specif-
ic Technology Group (STG) 01, “Reinforced Concrete” and is sponsored by S.'5 11 "Water Treatment Systems.”
This reportis issued by NACE under the auspices of STG 01.

NACE International technical committee reports are intended to convey te'.hnical ianformation or state-of-the-art knowledge
regarding corrosion. In many cases, they discuss specific applications of ~ori xsic 1 mitigation technology, whether considered
successful or not. Statements used to convey this information are facw:al and are provided to the reader as input and
guidance for consideration when applying this technology in the fi:lure. However, these statements are not intended to be
requirements or recommendations for general application of this ‘echi ology, and must not be construed as such.

*Chairman Alberto A. Sagués, Ph.D., P.E., F NACE, University of South Florida, Tampa, FL.
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Section 1: Introduction

1.1

1.2

Scope of the Report

This NACE report contains information about materials that provide a corrosion-resistant alternative to plain carbon
steel reinforcing bar (rebar), known also as black bar. Throughout this report the term “carbon steel bar” is used to refer
to the plain carbon steel reinforcing bar. Emphasis is given on materials that have actual, or potentially, wide commer-
cial availability. Information on fabrication, detailing, and placement of commercially available corrosion-resistant steel
reinforcement is given elsewhere.!

Each material is briefly described, indicating the principles for its corrosion resistance, applicable chemical composition
and standards, manufacturing method, history of application and current availability, and extent of use. Field and labore -
tory performance is described with attention whenever possible to quantitative consideration of the parameters that de
termine durability relative to that of plain carbon steel bar. ASTM® standards referenced in this report are listed in.alpi a-
betical order in Appendix A; however, the international user can refer to relevant standards applicable in his/her cour.: .

Corrosion Issues Common to All Metallic Materials Considered
1.21 The Corrosion Initiation-Propagation Approach

In very general terms, corrosion-related durability of reinforcement can be viewed as a “wvo-stage process,
including an initiation and a propagation stage.2 During the initiation stage, of durat.»n ti, an external contam-
inant (most commonly CI ions) causing breakdown of passivity on the steel surfac2 builds up there until a
critical chloride concentration (Cy) (sometimes called the chloride threshold) i+ reacrn. d and corrosion starts.
Comparable treatments apply to other sources of corrosion such as concrew> cari.ona’on. Due to the severity
and widespread occurrence of chloride-induced deterioration, it is tho mai molc of degradation addressed in
this report. It is recognized however that much of the treatment coui. be « xtended to carbonation induced
damage if appropriate consideration is given to the mechanistic processe > involved in each case.

The corrosion may take the form of pitting or general corrosion > ima:erials with metal directly exposed to the
concrete, or of crevice corrosion in coated or clad rebar. Du ing the propagation stage, of duration t,, corrosion
effects increase until a limit state is reached where danage ec.ires repair or other user action. In plain steel
and other types of reinforcement the deterioration is « omi.>only due to corrosion products that accumulate so
that and tensile stresses develop in the surroundirg con. rete, resulting in cracking and delamination, or spall-
ing of the concrete with consequent need for repe 'r. InTatmospherically exposed concrete, very small amounts
of expansive corrosion products are often sufficien. .o cause concrete distress, so the need for repairs tends
to be manifested while the reinforcing stenl still retains much of its initial load-carrying capacity. In very wet or
submerged concrete the corrosion proc::ct.. may not be solid or may not accumulate near the steel, so a given
level of other forms of distress such~s 1ass Lf bond or of steel cross section could constitute the limit state. A
similar situation may apply also t~ s!qinic 3s steel reinforcement, for which there is still little information as to
how much expansive corros:on p. ~uuc . generation exists compared to, for example, local loss of cross section
due to pitting or loss of streng.\ fruin environmental assisted cracking (EAC; see subsequent section). Re-
gardless of the specific decl. raticn used to define the end of the propagation stage, a nominal corrosion-re-
lated service life can b~ ascizred as the sum of the durations t; and t,.

1.2.2 Corrosion Initiatio’i Si.ae

The duration ¢ c2n e estimated from the environmental severity, the characteristics of chloride transport in
concrete (ch.ride permeability), and through or around cracks, and from the value of C, using calculations
based on soluti ns of Fick’s second law of diffusion or more sophisticated transport treatments.3 All else being
the samc . the value of t; increases significantly with the value of C+. For a given exposure condition, C; is a
grneilly considered property of the rebar material and the electrochemical environment surrounding the
struture, and therefore, it is a key parameter in measuring the corrosion resistance benefit obtained by the
use of an alternative rebar type.

'Nith carbon steel bar, it is generally agreed that for a given exposure condition there is not a fixed value of Cy,
out rather a statistical distribution of values. The threshold value is usually understood to correspond to the
chloride concentration at which that cumulative probability of corrosion initiation is appreciable, and open to
some latitude in judgment when adopting a value for corrosion forecasting purposes. The lowest threshold in
common use is 0.2% chloride by mass of cement, equivalent to 0.028% by mass of concrete or 0.66 kg/m?3
based on 14% cement content. The latter level (approximated to 1.2 pounds per cubic yard) is often used in
North America, although a threshold of 0.4% is frequently used in the European and Latin American literature.
Thorough overviews of factors influencing the corrosion threshold values for carbon steel bar have been re-

MASTM International (ASTM), 100 Barr Harbor Dr., West Conshohocken, PA 19428-2959.
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