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This NACE International (NACE) standard represents a consensus of those individual
members who have reviewed this document, its scope, and provisions. Its acceptance
does not in any respect preclude anyone, whether he or she has adopted the standard or
not, from manufacturing, marketing, purchasing, or using products, processes, or proce-
dures not in conformance with this standard. Nothing contained in this NACE standard is
to be construed as granting any right, by implication or otherwise, to manufacture, sell, or
use in connection with any method, apparatus, or product covered by letters patent, or
as indemnifying or protecting anyone against liability for infringement of letters patent.
This standard represents minimum requirements and should in no way be interpreted as
a restriction on the use of better procedures or materials. Neither is this standard intend-
ed to apply in all cases relating to the subject. Unpredictable circumstances may negate
the usefulness of this standard in specific instances. NACE assumes no responsibility for
the interpretation or use of this standard by other parties and accepts responsibility for
only those official NACE interpretations issued by NACE in accordance with its governing
procedures and policies which preclude the issuance of interpretations by individual vol-
unteers.

Users of this NACE standard are responsible for reviewing appropriate health, safety,
environmental, and regulatory documents and for determining their applicability in rela-
tion to this standard prior to its use. This NACE standard may not necessarily address all
potential health and safety problems or environmental hazards associated with the use
of materials, equipment, and/or operations detailed or referred to within this standard.
Users of this NACE standard are also responsible for establishing appropriate health,
safety, and environmental protection practices, in consultation with appropriate regula-
tory authorities if necessary, to achieve compliance with any existing applicable regula-
tory requirements prior to the use of this standard.

CAUTIONARY NOTICE: NACE standards are subject to periodic review, and may be re-
vised or withdrawn at any time in accordance with NACE technical committee proce-
dures. NACE requires that action be taken to reaffirm, revise, or withdraw this standard
no later than five years from the date of initial publication and subsequently from the date
of each reaffirmation or revision. The user is cautioned to obtain the latest edition. Pur-
chasers of NACE standards may receive current information on all standards and other
NACE publications by contacting the NACE FirstService Department, 15835 Park Ten
Place, Houston, TX 77084-5145 (telephone +1 281-228-6200).

ABSTRACT

Revised in 2017! The purpose of this NACE
International standard is to give designers
and facility owners design methods for con-
trolling corrosion of proposed reinforced
concrete structures. This standard presents
corrosion control methods that are applica-
ble to structures made of steel-reinforced
portland cement concrete. These methods
provide the designer with information about
the causes of and control methods for the
corrosion of reinforcing steel in portland
cement concrete structures. Reinforced con-
crete (RC) parking structures, bridges and
roadways, buildings, wastewater and water
facilities, marine structures, pipe, storage fa-
cilities, and other reinforced concrete struc-
tures are being damaged by the corrosion of
the reinforcing steel.
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In NACE standards, the terms shall,
must, should, and may are used in ac-
cordance with the definitions of these
terms in the NACE Publications Style
Manual. The terms shall and must are
used to state a requirement, and are con-
sidered mandatory. The term should is
used to state something good and is rec-
ommended, but is not considered man-
datory. The term may is used to state
something considered optional.

Foreword

Corrosion of reinforcing steel in concrete is a serious problem in certain environments.
The major cause of reinforcing steel corrosion is the presence of significant amounts of
chloride or other aggressive ions at the surface of the steel. Reinforced concrete (RC)
parking structures, bridges and roadways, buildings, wastewater and water facilities, ma-
rine structures, pipe, storage facilities, and other reinforced concrete structures are be-
ing damaged by the corrosion of the reinforcing steel.

The purpose of this NACE International standard is to give designers and facility owners
design methods for controlling corrosion of proposed reinforced concrete structures.
These methods provide the designer with information about the causes of and control
methods for the corrosion of reinforcing steel in portland cement concrete structures.

This NACE standard was originally prepared in 1987 by NACE Task Group (TG) T-3K-5, a
component of Unit Committee T-3K on Corrosion and Other Deterioration Phenomena
Associated with Concrete. To provide the necessary expertise on all aspects of the sub-
jectand to provide input from all interested parties, Task Group T-3K-5 was composed of
corrosion consultants, consulting engineers, designers, cathodic protection (CP) engi-
neers, researchers, structure owners, and representatives from industry and govern-
ment. This standard was reaffirmed in 1990 and revised in 1996. It was reaffirmed in
2005 by Specific Technology Group (STG) 01, “Reinforced Concrete.” It was revised in
2008 and 2017 by TG 290, “Reinforced Concrete: Design Considerations for Corrosion
Control"; and is sponsored by STG 41, “Electric Utility Generation, Transmission, and Dis-
tribution.” It is published by NACE under the auspices of STG 01.
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Section 1: General

1.1 This standard presents corrosion control methods that are applicable to struc-
tures made of steel-reinforced portland cement concrete.

1.2 State of Steel in Concrete

1.21 Reinforcing steel is compatible with concrete not only because of similar
thermal expansion properties, but also because the highly alkaline pore solution
in portland cement pastes allows a stable, protective oxide film to form on the
surface of the encased steel.

1.2.2 If the protective oxide film does not form on the steel surface or if it does
not protect the whole surface of the steel, corrosion can occur. Corrosion of the
reinforcing steel can cause cracking and spalling of concrete, weaken its
load-bearing capacity, or even cause loss of structural integrity.

1.2.3  The protective oxide film on the steel surface may not be formed or may
be destroyed if (1) the concrete does not fully encase the steel, (2) alkalinity is lost
by reaction with aggressive substances (such as carbon dioxide), or (3) exces-
sive amounts of chloride or other aggressive ions are present in the vicinity of the
steel. If any of these conditions exist, and both sufficient moisture and oxygen are
in contact with the steel, corrosion can occur.

1.2.4  Corrosion proceeds by the formation of an electrochemical cell, includ-
ing anodic and cathodic areas that are electrically coupled on the metal, with the
pore solution of the cement paste acting as the electrolyte. If any one of the ele-
ments of the electrochemical cell is eliminated, corrosion can be prevented.

1.2.5  Other forms of corrosion such as those caused by dissimilar metal cou-
ples or stray currents’ can initiate or accelerate corrosion.

1.3 Damage to Concrete Caused by Steel Corrosion

The corrosion process can damage concrete in several ways, including cracking,
loss of bond, and localized corrosion.

1.3.1 Cracking

The corrosion products of steel often occupy several times the volume of the base
metal. The expansive pressure because of this volume increase exerts a signifi-
cant tensile force on the surrounding concrete. Resulting cracks propagate to-
ward either the concrete surface or nearby reinforcing steel, causing delamina-
tion. A small loss of steel can cause concrete delamination, but structural integrity
is largely retained until corrosion has removed a significant amount of reinforcing
steel or concrete.

1.3.2 Loss of Bond

Bond stresses and corrosion both put concrete in tension and are additive. Even
minor metal loss at the surface of the reinforcing steel can be sufficient to crack
the concrete cover and cause loss of bond. Other problems caused by loss of
cover include spalling and falling concrete, increased steel corrosion, and reduc-
tion in the structural integrity of the structure.
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