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ACI Committee Reports, Guides, Manuals, and Commentaries
are intended for guidance in planning, designing, executing,
and inspecting construction. This document is intended for the
use of individuals who are competent to evaluate the
significance and limitations of its content and recommendations
and who will accept responsibility for the application of the
material it contains. The American Concrete Institute disclaims
any and all responsibility for the stated principles. The Institute
shall not be liable for any loss or damage arising therefrom.

Reference to this document shall not be made in contract
documents. If items found in this document are desired by the
Architect/Engineer to be a part of the contract documents, they
shall be restated in mandatory language for incorporation by
the Architect/Engineer.

The material properties of the various types of steel reinforcement
produced for use in the United States are described. Types of steel reinforce-
ment defined in this report include deformed reinforcing bars, plain and
deformed wire, welded wire reinforcement, bar mats, and prestressing
reinforcement. The requirements, restrictions, and testing information of
the pertinent ASTM specifications are reviewed. The availability of the
various types and sizes of reinforcement in the U.S. is discussed.

Keywords: bend tests; bending (reinforcing steels); deformed reinforcement;
deformed reinforcing bars; ductility; material properties; prestressing
steels; reinforced concrete; reinforcing steels; specifications; spiral
reinforcement; tensile strength; welded reinforcement grids; welded wire
fabric; welded wire reinforcement; yield strength.
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CHAPTER 1—INTRODUCTION AND SCOPE
1.1—Introduction

The material properties of the various types of steel
reinforcement produced for use in the U.S. are described.
Types of steel reinforcement defined in this report include
deformed reinforcing bars, plain and deformed wire, welded
wire reinforcement, bar mats, and prestressing reinforcement.
The requirements, restrictions, and testing information of
pertinent ASTM specifications are reviewed. The availability
of the various types and sizes of reinforcement in the U.S.
is discussed.

1.2—Scope
Requirements for reinforcement are stated in Section 3.5.1

of ACI 318-08 as: “Reinforcement shall be deformed reinforce-
ment, except that plain reinforcement shall be permitted
for spirals or prestressing steel...” Deformed reinforcement
is defined in Section 2.2 of ACI 318-08 as: “Deformed
reinforcing bars, bar mats, deformed wire, welded wire
reinforcement conforming to Section 3.5.3.” This report
excludes discussion of structural steel, steel pipe, steel
tubing, steel fibers, expanded metal, and fiber-reinforced
polymers (FRP) and other nonmetallic reinforcement.

This report describes these types of steel reinforcement in
terms of availability and material properties, expressed in
inch-pound units and metric units. The special requirements
of ACI 349 and 359 are also discussed. American Associa-
American Concrete Institute Copyrig
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tion of State Highway and Transportation Officials
(AASHTO) requirements (2002, 2004) are not discussed in
this report because they generally follow ACI 318.

CHAPTER 2—NOTATION AND DEFINITIONS
2.1—Notation

There is no notation used in this document.

2.2—Definitions
compacted strand—prestressing strand that is drawn

through a circular die deforming the wires to produce a
strand with a smaller circular shape.

indented strand—prestressing strand in which the outer
wires have small indentations to permit more rapid transfer
of strand force to the concrete.

See ACI CT, ‘Concrete Terminology,’ for definitions at
the ACI Web site, http://www.concrete.org/Technical/CCT/
FlashHelp/ACI_Terminology.htm.

CHAPTER 3—REINFORCING BARS
3.1—Introduction

Reinforcing bars are the most popular type of nonprestressed
reinforcing steel used in concrete construction. Approximately
10 million tons of reinforcing bars are used in the U.S.
every year. Nearly all reinforced concrete construction,
including precast and prestressed structures, requires some
reinforcing bars.

Most of the reinforcing bars used in construction are
deformed bars; that is, the bars have deformations to enhance
the bond of the steel to the surrounding concrete. Limits on
the deformation dimensions, such as the minimum deformation
height and maximum deformation spacing, are prescribed in
ASTM specifications. Plain reinforcing bars, which do not
have deformations, are only permitted by ACI 318 for spiral
reinforcement as used in reinforced concrete columns.

3.2—Material properties
The mechanical property requirements, chemical composi-

tion restrictions, and other requirements of the ASTM spec-
ifications for reinforcing bars are summarized in Tables
3.1 through 3.3. Reinforcing bars are primarily a hot-rolled
product. The bars are manufactured by a steel mill using

electric-arc furnaces to melt scrap steel to produce billets.
These billets are then heated and passed through a series of
rolls to make reinforcing bars. The deformations are formed
on the bars during the final pass through the rolls.

Most of the properties of reinforcing bars of interest to the
Architect/Engineer are defined by ASTM specifications.
The significance of certain properties as defined by ASTM,
however, is not readily apparent, and some special properties
related to structural design are not defined by ASTM. Therefore,
a brief review of the significance of various mechanical
properties on structural design is appropriate. Plots of idealized
stress-strain curves for ASTM A615 and ASTM A706
reinforcing bars are shown for two strain ranges in Fig. 3.1.

Of prime importance in structural design is the yield

strength of nonprestressed reinforcement. ACI 318 requires
determination of yield strengths over 60 ksi (420 MPa) at a
stress that corresponds to a strain of 0.35% and limits yield
hted Material—www.concrete.org
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Table 3.1—Summary of minimum ASTM strength requirements for reinforcing steel

Material
ASTM

specification Grade designation
Minimum yield strength,

psi (MPa)
Minimum tensile strength,

psi (MPa)

Reinforcing bars
A615/A615M

Grade 40 (280)
Grade 60 (420)
Grade 75 (520)

40,000 (280)
60,000 (420)
75,000 (520)

60,000 (420)
90,000 (620)
100,000 (690) 

A706/A706M Grade 60 (420) 60,000 (420)
[78,000 (540) maximum] 80,000 (550)*

Stainless steel reinforcing bars A955/A955M
Grade 40 (300)
Grade 60 (420)
Grade 75 (520)

40,000 (300)
60,000 (420)
75,000 (520)

70,000 (500)
90,000 (620)
100,000 (690)

Low-carbon chromium
steel reinforcing bars A1035/A1035M Grade 100 (690)

Grade 120 (830)
100,000 (690)
120,000 (830)

150,000 (1030)
150,000 (1030)

Deformed bar mats A184/A184M Same as reinforcing bars

Zinc-coated (galvanized) bars A767/A767M Same as reinforcing bars

Epoxy-coated bars A775/A775M
A934/A934M Same as reinforcing bars

Wire—plain A82/A82M 70,000 (485) 80,000 (550)

Wire—deformed A496/A496M 75,000 (515) 85,000 (585)

Welded wire
 Plain (W1.2 (MW8) and larger)
 
(smaller than W1.2 (MW8))

A185/A185M 65,000 (450)

56,000 (385)

75,000 (515)

70,000 (485)

Deformed A497/A497M 70,000 (485) 80,000 (550)

Epoxy-coated wire/welded wire A884/A884M Same as wire or welded wire 

Stainless steel wire/welded wire A1022/A1022M Same as wire or welded wire

Seven-wire strand for 
prestressing A416/A416M

Grade 250 (stress-relieved) 212,500 (1465) 250,000 (1725)

Grade 250 (low-relaxation) 225,000 (1555) 250,000 (1725)

Grade 270 (stress-relieved) 229,500 (1580) 270,000 (1860)

Grade 270 (low-relaxation) 243,000 (1675) 270,000 (1860)

Wire for prestressing A421/A421M
Stress-relieved 199,750 to 212,500 (1377 to 1465)† 235,000 to 250,000 (1620 to 1725)†

Low-relaxation 211,500 to 225,000 (1460 to 1550)† 235,000 to 250,000 (1620 to 1725)†

Bars for prestressing A722/A722M
Type I (plain) 127,500 (880) 150,000 (1035)

Type II (deformed) 120,000 (830) 150,000 (1035)

Compacted strand for 
prestressing‡ A779/A779M

Grade 245 (stress-relieved) 213,200 (1480) 245,000 (1700)

Grade 245 (low-relaxation) 220,500 (1530) 245,000 (1700)

Grade 260 (stress-relieved) 226,200 (1565) 260,000 (1800)

Grade 260 (low-relaxation) 234,000 (1620) 260,000 (1800)

Grade 270 (stress-relieved) 234,900 (1620) 270,000 (1860)

Grade 270 (low-relaxation) 243,000 (1675) 270,000 (1860)

Epoxy-coated seven-wire strand 
for prestressing‡ A882/A882M Same as seven-wire strand

Seven-wire indented strand for 
prestressing‡ A886/A886M

Grade 250I (1725I)
(stress-relieved) 212,500 (1465) 250,000 (1725)

Grade 250I (1725I)
(low-relaxation) 225,000 (1550) 250,000 (1725)

Grade 270I (1860I)
(stress-relieved) 229,500 (1580) 270,000 (1860)

Grade 270I (1860I)
(low-relaxation) 243,000 (1675) 270,000 (1860)

Two- and three-wire strand for 
prestressing A910/A910M

Grade 250
(stress-relieved) 212,500 (1465) 250,000 (1725)

Grade 250
(low-relaxation) 225,000 (1550) 250,000 (1725)

Grade 270
(stress-relieved) 229,500 (1580) 270,000 (1860)

Grade 270
(low-relaxation) 243,000 (1675) 270,000 (1860)

*But not less than 1.25 times the actual yield strength.
†Minimum strength depends on wire sizes and type.
‡Not listed in ACI 318.
American Concrete Institute Copyrighted Material—www.concrete.org
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Table 3.2—ASTM mechanical property requirements for reinforcing bars

Type of steel and 
ASTM designation

Grade
designation

Minimum yield 
strength, psi (MPa)*

Minimum tensile 
strength, psi (MPa)

Range of bar size 
designation†

Minimum percentage of elon-
gation in 8 in. (203.2 mm)

Pin diameter for bend test‡

(db = nominal diameter of bar)

 Carbon,
A615/A615M

40 (280) 40,000 (280) 60,000 (420)

3 (10) 11
3-1/2db 4 (13)

125 (16)

6 (19) 5db

60 (420) 60,000 (420) 90,000 (620)

3 (10)

9
3-1/2db4 (13)

5 (16)
6 (19)

5db7 (22)
8

8 (25)
9 (29)

7

7db10 (32)
11 (36)
14 (43) (90 degrees)

9db18 (57)

75 (520) 75,000 (520) 100,000 (690)

6 (19)
7 5db7 (22)

8 (25)
9 (29)

6

7db10 (32)
11 (36)
14 (43) (90 degrees)

9db18 (57)

 Low-alloy,
A706/A706M 60 (420)

60,000 minimum 
(420)

78,000 maximum 
(540)

80,000§ (550)

3 (10)

14
3db4 (13)

5 (16)
6 (19)

4db7 (22)

12
8 (25)
9 (29)

6db10 (32)
11 (36)
14 (43)

10 8db18 (57)

 Stainless,
A955/A955M

40 (300) 40,000 (300) 70,000 (500)

3 (10)

20
3-1/2db4 (13)

5 (16)

6 (19) 5db

 60 (420) 60,000 (420) 90,000 (620)

3 (10)

20

3-1/2db4 (13)
5 (16)
6 (19)

5db7 (22)
8 (25)
9 (29)

7db10 (32)
11 (36)
14 (43) (90 degrees)

9db18 (57)

75 (520) 75,000 (520) 100,000 (690)

6 (19)

20

5db7 (22)
8 (25)
9 (29)

7db10 (32)
11 (36)
14 (43) (90 degrees)

9db18 (57)
American Concrete Institute Copyrighted Material—www.concrete.org
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Low-carbon
chromium,

A1035/A1035M

100 (690)

100,000 (690)

80,000 (550)
at 0.35% strain

150,000 (1030)

3 (10)

7

3-1/2db4 (13)
5 (16)
6 (19)

5db7 (22)
8 (25)
9 (29)

7db10 (32)
11 (36)
14 (43)

6
(90 degrees)

9db18 (57)

120 (830)

120,000 (830)

90,000 (620)
at 0.35% strain

150,000 (1030)

3 (10)

7

3-1/2db4 (13)
5 (16)
6 (19)

5db7 (22)
8 (25)
9 (29)

7db10 (32)
11 (36)
14 (43)

6
(90 degrees)

9db18 (57)
*Yield point or yield strength; refer to ASTM specifications.
†Bar numbers are based on the number of eighths of an inch included in the nominal diameter of the bars (bar numbers approximate the number of millimeters of the nominal diameter
of the bar).
‡Test bends over 180 degrees unless noted otherwise.
§Tensile strength should not be less than 1.25 times the actual yield strength.

Table 3.2—ASTM mechanical property requirements for reinforcing bars (cont.)
ig

ocument details: ACI 439.4R-09 (2017)
Fig. 3.1—Idealized stress-strain curves for reinforcing bars.
hted Material—www.concrete.org
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strength used in design to a maximum of 80 ksi (550 MPa).
An exception to this maximum is made for transverse spirals
that can be used to a maximum of 100 ksi (690 MPa). The
purpose of these requirements is to provide for reliable appli-
cation of the strength design approach. ASTM specifications
require that the yield strength be determined at a prescribed
strain when the steel does not have a well-defined yield
point. Variability in mechanical properties was investigated
by Mirza and MacGregor (1979). For information on bend
tests, see Kudder and Gustafson (1983).

3.2.1 Ductility—Tensile-test ductility requirements (after-
fracture measurement of the elongation of a tensile specimen)
as specified by ASTM resulted in the production of reinforcing
bars that have generally experienced very few fractures
during fabrication or in service in reinforced concrete
structures, even in the case of structures subjected to seismic,
blast, or wind forces. It is important in any inelastic analysis
to realize that useful ductility is limited to the strain corre-
sponding to the maximum stress on the stress-strain curve,
and this may be less than half the ultimate ductility. In
addition, the ductility may be reduced if the reinforcement
buckles under load reversals.

Ductility of reinforcing bars is not an important parameter
in reinforced concrete members subjected primarily to
compression, but ductility is important in slabs and beams or
in columns with significant bending or axial tension. An
example would be a structure subjected to seismic, blast, or
wind forces where the percentage of reinforcing steel is low
and there is a possibility of steel rupture before concrete
crushing (McDermott 1998). Rupture of longitudinal steel
has generally been precluded in flexural members by using
steels with ductility as defined by ASTM and by imposing
lower limits on steel percentage, such as given in Section 10.5

http://avadocuments2026.com/doc/aci-439-4r-09-2017
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Table 3.3—Reinforcing bars: ASTM chemical composition restrictions and other requirements
ASTM

specification Chemical composition restrictions Other requirements

A615/
A615M

0.06% maximum phosphorus (heat)
0.075% maximum phosphorus (finished bar)

Tensile retests permitted on two random specimens when:
a) Yield strength of original specimen is within 1000 psi (7 MPa) of
specification minimum;
b) Tensile strength of original specimen is within 2000 psi (14 MPa) of
specification minimum; or
c) Elongation of original specimen is within two percentage units of
specification minimum.
Bend retests permitted on two random specimens.

Bar mark for type of steel: S

A706/
A706M

Chemical composition limited to:

Same retest provisions as described previously for A615/A615M.

The manufacturer should report the chemical composition and carbon
equivalent for each heat of steel to the purchaser or his representative.

Bar mark for type of steel: W

(“S” and “W” for bars meeting both A615/A615M and A706/A706M)

Element
Maximum%

(heat)
Maximum %
(finished bar)

Carbon 0.30 0.33

Manganese 1.50 1.56

Phosphorus 0.035 0.043

Sulfur 0.045 0.053

Silicon 0.50 0.55

Carbon equivalent (C.E.) limited to 0.55% calculated by

C.E. = %C + +  +  +  –  – 

A955/
A955M

Chemical composition, %

Same retest provisions as described previously for A615/A615M.

In addition, report:
1) Heat treat condition;
2) Magnetic permeability (if appropriate);
3) Hardness (if appropriate); and
4) Corrosion test (if appropriate).

UNS
designation S24000 S24100 S30400 S31603 S31653 S31803

Type XM-29 XM-28 304 316L 316LN ....

Carbon 0.08 0.15 0.08 0.03 0.08 0.03

Manganese 11.50-
14.50

11.00-
14.00 2.00 2.00 2.00 2.00

Phosphorus 0.060 0.060 0.045 0.045 0.045 0.045

Sulfur 0.030 0.030 0.030 0.030 0.030 0.020

Silicon 1.0 1.0 1.0 1.0 1.0 1.0

Chromium 17.00-
19.00

16.50-
19.00

18.00-
20.00

16.00-
18.00

16.00-
18.00

21.00-
23.00

Nickel 2.25-
3.75

0.50-
2.50

8.00-
10.50

10.00-
14.00

10.00-
14.00

4.50-
6.50

Molybdenum .... .... .... 2.00-
3.00

2.00-
3.00

2.50-
3.50

Nitrogen 0.20-
0.40

0.20-
0.45 0.10 0.10 0.10-

0.16
0.08-
0.20

A1035/ 
A1035M

Chemical composition limited to:

Same retest provisions as described previously for A615/A615M

Bar mark for type of steel: CS

Element
Carbon
Chromium
Manganese
Nitrogen
Phosphorus
Sulfur
Silicon

Maximum %
0.15
8.0 to 10.9
1.5
0.05
0.035
0.045
0.50

%Mn
6

-------------
%Cu
40

------------
%Ni
20

-----------
%Cr
10

-----------
%Mo

50
-------------

%V
10

---------
of ACI 318-08 (McDermott 1974). Ductility is important in
members subjected to membrane tension, as in some structural
components, such as shearwalls or diaphragms that may be
subjected to seismic, blast, or wind forces.

3.2.2 Properties not defined by ASTM—ASTM specifications
for reinforcing bars do not include restrictions regarding
strength under fatigue or impact properties when loading
introduces high strain rates. Reinforcing bars are not subject
to fatigue or impact failures in most structures. Refer to
Helgason and Hansen (1974) for information on fatigue
strength of reinforcing bars. No practical methods for testing
impact properties of reinforcing bars have been devised;
American Concrete Institute Copyrig
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Charpy tests (ASTM D5942, withdrawn 1998) on machined
specimens do not reflect impact properties of a deformed
bar. High strain rates result in higher yield strengths and, to
a lesser extent, higher tensile strengths. Ductility is generally
not sensitive to the strain rate (Cowell 1965; Siess 1962;
Crum 1959; McDermott 1974; Malvar 1998; Malvar and
Crawford 1998).

3.3—Availability
Reinforcing bars that conform to ASTM A615/A615M for

carbon steel (previously called billet-steel) are the most
commonly produced and specified type. The vast majority of
construction uses carbon-steel bars. Carbon-steel bars are
hted Material—www.concrete.org
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