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Standard Specification for

Deformed and Plain Stainless-Steel Bars for Concrete

Reinforcement’

This standard is issued under the fixed designation A935/A953M; 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 epsifon (&) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers deformed and plain stainless-
steel bars for concrete reinforcement used in applications
requiring resistance to corrosion or conirolied magnetic per-
meability. The standard sizes and dimensions of deformed bars
and their numerical designation shall be those listed in Table 1.
The text of this specification references notes and footnotes
which provide explanatory material. These notes and footnotes
{excluding those in tables and figures) shall not be considered
as requirements of the specification.

1.1.1 Supplementary requirement (S1) of an optional nature
is provided. It shall apply only when specified by the purchaser.
In order to obtain a controlled magnetic permeability product,
steel conforming to Supplementary Requirement S1 should be
ordered.

1.2 The chemical composition of the stainless steel alloy

shall be selected for suitability to the application involved by .

agreement between the manufactorer and the purchaser. This is
an important consideration in achieving the desired corrosion
tesistance or controlled magnetic permeability, or both, be-
cause these properties are not provided by all stainless steels.

Note |—The alloys shown in Fable 2 have found the most use in North
America. Cther alloys may also provide desired propesties; conselt with
the manufacturer for stainless steel alloy properties and availability.

1.3 Bars are of three minimum yield strength levels, namely,
40 000 [280 MPa]. 60 000 [420 MPa], and 75 000 psi {520
MPa], designated as Grade 40 [280], Grade 60 [420], and
Grade 75 [520], respectively.

1.4 Plain rounds in sizes op to and including 2 in. [50.8 mm]
in diameter, when specified for dowels, spirals, structural ties,
and supports, shall be furnished under this specification in
Grade 40 [280]. Grade 60 [420]. and Grade 75 {5201, respec-
tively. Bending properties, when tequired, shall be by agree-
ment between the manofacturer and purchaser. Reguirements
providing for deformations and marking shall not be applicable
to plain bars.

! "This specification i under the jurisdiction of ASTM Committee AQ1 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommitiee
ADI.05 on Steel Reinforcement.

Cumrent edition approved Oct. 1, 2008, Published November 2009. Originally
approved in §996. Last previovs edition approved in 2009 as AD95/A095M - 00.
DO 10.1520/A0955_A0955M-09A.

1.5 Weldability of most stainless steel compositions is
generaily good, however, pre-weld or posti-weld procedures, or
both, are necessary. Where material is to be welded, a welding
procedure suitable for the chemical composition and intended
use or service shall be used. Retesting of physical properties
should be considered following welding procedures depending
upon the steel composition and welding operation involved.

Note 2—It is recommended that the user consult the manufacturer for
information available from the Nickel Development Institute (NTDI)
(Toronto, Canada). .

1.6 This specification is applicable for orders in either
inch-pound unifs (as Specification A955) or in SI units (as
Specification A955M).

1.7 The values stated in either inch-pound or SI units are to
be regarded separately as standard. Within the text, the ST units
are shown in brackets. The values stated in each system are not
exact equivalents; therefore, each system shall be used inde-
pendently of the other. Combining values from the two systems
may resalt in nonconformance with the standard.

1.8 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:®> -

AG/AGM Specification for General Requirements for Rolled
Structural Steel Bars, Plates, Shapes, and Sheet Piling

AZ76 Specification for Stainless Steel Bars and Shapes

A342/A342M Test Methods for Permeability of Feebly
Magnetic Materials

A370 Test Methods and Definitions for Mechanical Testing
of Steel Products

AdB4/A484M. Specification for General Requirements for
Stainless Steel Bars, Billets, and Forgings

A310 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel

* For teferenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at survice@astm.org. For Amnual Book of ASTM
Stendards volume information, refer to the standard's Document Summary page on
the ASTM websiie.

*A Summary of Changes secfion appears at ¢he end of this standard.

Copyright @ ASTM Inlemationat, 100 Barr Harbor Drive, PO Bax €700, West Canshohocken, PA 19428-2858, United States.
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TABLE 1 Deformed Bar Designation Numbers, Nominal Welghts [Masses], Nominal Dimensions, and Deformation Requirements

Nominal Weight, Ib/t {Nominal

Mass, kgin}?
Bar

Nominal Dimensions?

Deformation Requirements, in. [mm]

Designation Diameter, in.  Cross-Sectionat  Perimeter, in. Maximum Minimum Maximum Gap
No. 400 Series; 200 Saries [mam] Area, in.F [mm?) [mm] Average Spacing  Average Height {Chorg of 125 %

Duplex Alloys of Nominat

Parimeter)

3[10] 0.374{0556]  0.378 [0.562] 0.375 [9.5] 0.1t [71} 1.178 [28.9] 0.252 [6.7} 0.015 0.38] 0.143 [3.6]
4[13] 0.679 {1.011} 0.686 [1.021] 0.500 [12.7) .20 [129] 1.571 [30.9] 0.350 (8.9} 0.020 j0.51) 0,191 [4.8
5 {16] 1.048 [1.559] 1.058 [1.576]  0.625[15.9] 0.31 [199] 1.963 [49.9] 0.437 [11.1] 0.028 [0.74] 0.239 [6.1]
6[19] 1.495 [2.225] 1511 2248 0.750 [19.4] 0.44 [284] 2.356 [59.8} 0.525 [13.3] 0.038 [0.97) 0.286 [7.3]
7 [22] 2038(3.082]  2.059[3.064]  0.875[22.5] 0.60 [367] 2.749 [69.8] 0.612 [15.5] 0.044 [1.12] 0.334 (8.5)
8 [25] 2.685(3.995]  2.713 [4.037] 1.000 [25.4] 0.79 [510] 3.142 [79.8] 0.700 [17.8] 0.050 [1.27} 0383 [9.7]
9 [29} 3.396 [5.053) 3.441 [5.106} 1.128 [28.7] 1.G0 [645] 3.544 [90.0] 0.790 [20.1] 0.056 [1.42] 0.431 {10.9]
10[229] 4312[6416)  4.358[6.484]  1.270(32.3] 1.27 [819] 3.990 [01.3] 0.880 [22.6] 0.064 [1.63] 0.487 [12.4]
11 [36] 5206 [7.880)  5.352({7.964]  1.410[35.8] 1.56 [1008] 4.430 [H12.5] 0.887 [25.1] 0.071 [1.80] 0.540 [13.7]
14 [43] 7.64 [11.37] 7.72 [11.49] 1.693 [43.0] 2.25 [1452] 5.32 [135.1] 1,185 [30.1] 0.085 [2.16] 0.548 [16.5]
18 [57] 13.59 [20.22] 13.72 [20.44] 2.257 [57.3) 4.00 [2581) 7.09 [180.1] 1,58 [40.1] 0.102 {2.59] 0.864 [21.9)

A Tha 400 and Duplex-Alloy Serles is based on a density of 489.58 Ib/in.® {7833.4 kg/m®). The 300 Series is based on a density of 484.78 Ib/t® [7916.5 kg/m?]. Density

varies with alloy content which may result in a variation of several percent.

& The nominal dimensions of a deformed bar are equivalent to those of a round bar having the same weight [mass] per foot [metre] as the deformed bar,

TABLE 2 Chemical Requirements of Typical Alloys”

UNS Compuosition %
Designation Type Carbon Manganese Phosphorus Sulfur Silicon Chromium Nickel Molybdenum Nitrogen
524000 KM-29 0.08 11.50- 0.060 0.030 1.00 17.00- 2.25- 0.20-
14.50 18.00 3.75 0.40
524100 KM-23 0.158 1£.00- 0.060 0.03C 1.00 16.50- 0.50- 0.20-
14.00 12.00 2.50 .45
530400 304 0.08 2.00 0.045 0.030 1.00 18.00- 8.00- 010
) 20.00 10.50
531603 6L 0.03 2.00 0.045 0.030 1.00 16.00- 10.0C- 2.00-3.00 010
18.00 14.00
531653 316LN (.03 max 200 3.045 0.030 1.00 16.0C- 10.00- 2.00-3.00 0.10-
18.00 14.00 018
8531803 0.03 2.00 0.030 0.020 1.00 21.00- 4.50- 2.50-3.50 0.08-
23.00 6.50 0.20

A Maximum, unless otherwise indicated.

A510M Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel (Metric)

AT00 Practices for Packaging, Marking, and Loadiag Meth-
ods for Sieel Products for Shipment

AT51 Test Methods, Practices, and Terminology for Chemi-
cal Analysis of Steel Products

Ci92/C192M Practice for Making and Curing Concrete
Test Specimens in the Laboratory

E29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

(15 Terminology Relating to Corrosion and Corrosion
Testing

2.2 U.S. Military Standard:>

MIL-STD-125 Marking for Shipment and Storage

2.3 U.S. Federal Standasrd.>

Fed. Std. No. 123 Marking for Shipment {Civil Agencies)

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 deformations, n—Iiransverse profrusions on a de-
formed bar.

? Available from Standardization Documents Order Pesk, DODSSP, Bldg. 4,
Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098, hitp://
www.dodssp.daps.mil.

3.1.2 deformed bar, n—steel bar with protrusions; a bar that
is intended for use as reinforcement in reinforced concrete
construction.

3.1.2.1 Discussion—The surface of the bar is provided with
lugs or protrusions that inhibit longitudinal movement of the
bar relative to the concrete surrounding the bar in such
construction. The lags or protrusions conform to the provisions
of this specification.

3.1.3 plain bar, n—steel bar without protrusions.

3.1.4 rib, n—longitudinal protrusion on a deformed bar.

3.1.5 stainless steel, n—a steel that contains 1§ % or more
chromiom.

4. Ordering Information

4.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for material ordered to this
specification. Such requirements shall include but are not
limited to the following:

4.1.1 Quantity (weight) [mass],

4.1.2 Name of material (deformed and piain stainless steel
bars for concrete reinforcement),

4.1.3 Chemical composition (stainless steel alloy),

4.1.4 Heat treatment condition,

4.1.5 Size,

4.1.6 Length,
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4.1.7 Deformed or plain,

4.1.8 Grade (strength level),

4.1.9 Descaling method and finish,

4,1.10 Packaging {see Section 24),

4.1.11 Supplementary requirement (if desired), and
4.1.12 ASTM designation and year of issue.

5. Materials and Manufactiure

5.1 The bars shall be roiled from properly identified heats of
mold or strand cast steel.

5.2 Bars shall be furnished in one of the following heat
treatment conditions, as shown in Specification A276, and as
needed to meet the requirements of this specification.

5.2.1 Annealed (A).

5.2.2 Hot rolled (HR).

5.2.3 Strain hardened {B).

Note 3—The mechanical properties of the material result from the heat
freat condition of the material. Any further heat treatment of the material
may alter those properties and affect their ability to meet the specified
strength level. No re-treatment should be imposed without retesting to the
requirements of this specification.

6. Chemical Composition

0.1 The chemical analysis of each heat of stecl shall be
determined i accordance with Test Methods, Practices, and
Terminology A73!. The manufacturer shall make the analysis
on test samples taken preferably during the pouring of the heat.
Such analysis shall meet the chemical composition require-
ments specified in Tabie 2 by the purchaser.

6.2 When specified by the purchaser, an analysis of the
product shall be made by the manufacturer and shall conform
{o the analysis tolerances specified in Table 1 of Specification
A4B4/A484M.

6.3 An analysis made by the purchaser from the finished
product shall meet the specification tolerances of Specification
A4BA/A4BAM.

7. Requirements for Deformations

7.1 Deformations shall be spaced along the bar at substan-
fially uniform distances. The deformations on opposiie sides of
the bar shall be similar in size, shape, and pattern.

7.2 The deformations shall be placed with respect to the axis
of the bar so that the included angle is not less than 45°, Where
the line of deformations forms an included angle with the axis
of the bar of from 45 to 70° inclusive, the deformations shail
alternately reverse in direction on each side or those on one
side shall be reversed in direction from those on the opposite
side. Where the line of deformation is over 70°, a reversal in
direction is not required.

7.3 The average spacing or distance between deformations
on each side of the bar shall not exceed seven tenths of the
nominal diameter of the bar.

7.4 The overall length of deformations shall be such that the
gap (measured as a chord) between the ends of the deforma-
tions shall not exceed 1214 % of the nominal perimeter of the
bar. Where the ends terminate in a rib, the width of the rib shall
be considered as the gap beitween these ends. The summation
of the gaps shall not exceed 235 % of the nominal perimeter of
the bar. Furthermore, the summation of gaps shall not exceed

25 % of the nominal perimeter of the bar. The nominal
perimeter of the bar shall be 3.1416 times the nominal
diameter.

7.5 The spacing, height, and gap of deformations shall
conforit to the requirements prescribed in Table 1.

8. Measurement of Deformations

8.1 The average spacing of deformations shall be deter-
mined by measaring the length of a minimum of ten spaces and
dividing that length by the number of spaces included in the
measurement, The measurement shall begin from a point on a
deformation at the beginning of the fivst space to a correspond-
ing point on a deformation after the last incloded space.
Spacing measuvrements shall not be made over a bar area
containing bar marking symbols.

8.2 The average height of deformations shall be determined
from measurements made on not less than two typical defor-
mations. Determinations shall be based on three measuremenis
per deformation, one at the center of the overall length and the
other two at the quarter points of the overall length.

8.3 Insofficient height, insufficient circumferential cover-
age, or excessive spacing of deformations shall not constitute
cause for rejection unless it has been clearly established by
determinations on each lot (Note 4) tested that typical defor-
mation height, gap, or spacing does not conform to the
minimum requirements prescribed in Section 7. No rejection
shall be made on the basis of measurements i fewer than ten
adjacent deformations on cach side of the bar are measured.

Note 4—A lot, for this purpose, is defined as all the bars of one bar
number and pattern of deformation confained in an individual shipping
release or shipping order.

9. Tensile Requirements

9.1 The material, as represented by the test specimens, shall
conform to the requirements for tensile properties prescribed in
Table 3 or by agreement between the manufacturer and the
purchaser.

9.2 The vyield strength shall be determined by the offset
method (0.2 % offset), as described in Test Methods and
Definitions A37{) (paragraph 13.2.1).

0.3 The percentage of elongation shall be as prescribed in
Table 3. When the actual percentage of clongation meets or
exceeds 25 % of the bending requirements in Section 10 shall
be waived.

TABLE 3 Tensile Requirementis

Note 1—Check with producer for availabitity of grades and sizes.
Grade 40 [280] Grade 60 [420} Grade 75 [520]

Tensile strength, min, pst [MPa] 70 000 [500] 90 000 [6201 160 000 [B90]
Yield sirengih, min, psi [MPa] 40 000 [2807 60 000 [420] 75 000 [520]
Elongation in 8 in. 1200 mm],
min, %
Bar designation ro.
3,4, 5[10, 13, 16] 20 20
6 {19} 20 20 20
7,8,9 10,11, 14, 18 20 20
{22, 25, 29, 32, 36, 43,
571




4E¥ Aoss/Ae5EM ~ 092

10. Bending Requiremenis

10.1 The bend test specimen shall withstand being bent
around a pin without cracking on the outside radius of the bent
portion. The requirements for degree of bending and sizes of
pins are prescribed in Table 4.

10.2 The bend test shall be made on specimens of sufficient
length to ensure free bending and with apparatus which
provides the following:

10.2.1 Continnous and wniform application of force
throughont the duration of the bending operation,

10.2.2 Unrestricted movement of the specimen at points of
contact with the apparatus and bending around a pin free to
rotate, and

10.2.3 Close wrapping of the specimen around the pin
during the bending operation.

10.3 Tt is permissible to use more severe methods of bend
testing, such as placing a specimen across two pins free io
rotate and applying the bending force with a fixed pin. When
failures occur under more severe methods, retests shall be
permitted under the bend-test method preseribed in 10.2.

1. Hardness Requirements

11.1 Martensitic grades shall meet the minimum hardness
requirernents shown in Specification A276, or other referenced
specifications.

12, Corrosion Resistance Requirements

12.1 The demonstration of corrosion resistance shall be by
the recommended practice in Annex Al or by agreement
between the manufactorer and the purchaser.

12.2 Corrosion performance as demonstrated in Annex Al
shall be performed one time for each stamless steel alloy
processed as reinforcernent by each manufacturer. Corrosion
performance for the alloy shall be redemonsirated if the
processing method is significantly altered.

13. Magnetic Properties

13.1 Conirolled magnetic permeability shall be specified by
invoking Supplementary Requirement S1.

14, Permissible Variation in Weight [Mass]

14.1 Deformed reinforcing bars shall be evaluated on the
basis of nominal weight {mass]. The weight [mass] determined
nsing the measured weight [mass] of the test specimen and
roanding in accordance with Practice E29, shall be at least
94 % of the applicable weight [mass] per unit prescribed in

TABLE 4 Bend Test Requirements

Bar Pin Diameter for Bend Test?

Designation No. ™ . ode 40 1280]  Grade 60 [420)  Grade 75 [520]
34,5 3 oF 3% d

[10, 13, 16}
6 [1¢] 5d s5d 5d
7,8 [22, 25] .. 5d 5d
B, 10, 11 7d 7d

[29, 32, 36]
14, 18 43, 57] . 9d ad

{50%)

A Test bends 180° uniess noted otherwisa.
# d = nominal diameter of specimen.

Table 1. In no case shall overweight {excess mass] of any
deformed bar be the caunse for rejection. Weight [mass]
variation for plain rounds shall be computed on the basis of
permissible variation in diameter. For plain rounds smaller than
% in. [9.5 mm}, use Specification A510 [Specification
AS510M]. For larger bars up to and including 2 in. [50.8 mm],
use Specification AG/AGM.

142 The specified limit of variation shall be evalnated in
accordance with Practice E29 {rounding method).

15, Finish

5,1 The bars shall be free of defrimental surface imperfec-
fions.

15.2 Seams, surface irregularities, or mill oxidation shail
not be cause for rejection, provided the mass, dimensions,
cross-sectional area, and tensile properties of a test specimen
are not less than the requirements of this specification.

15.3 Surface imperfections other than those specified in
15.1 shall be considered detrimental when specimens contain-
ing such imperfections fail to conform te either tensile or
bending requirements.

15.4 Unless otherwise specified by the purchaser, after
rolling, the bars shall be pickled to remove mill scale and
surface oxidation.

Note 5—Pickling has been shown to be needed for the corrosion
resistance of most stainless steel reinforcement.

16. Mumber of Tests

16.1 For all bar sizes, one tension test, one bend test, if
required (see 6.3), and one set of dimensional property tests
including bar weight [mass] and spacing, height, and gap of
deformations shall be made of each bar size rolled from each
heat and of the same heat treatment condition.

16.2 For martensttic material, two hardness tests shall be
taken per lot of material. A manufacturing lot is defined as
material from one heat of material heat treated in one furnace
at one time. For continuous furnaces nsed for tempering or
aging, a manufacturing lot is defined as material from one heat
of material heat treated in one continuous rua but not to exceed
10 000 1bs [4500 kgl.

17. Retests

17.1 H the results of an original tension specimen fail to
meet the specified minimum requirements and are within 2000
psi [14 MPa] of the required tensile strength, within 1000 psi
[7 MPa] of the required yield strength, or within two percent-
age units of the required elongation, a retest shall be permitied
on two random specimens {or each original tension specimen
failare from the lof. All retest specimens shall meet the
requirements of this specification.

17.2 If a bend test fails for reasons other than mechanical
reasons or flaws in the specimen as deseribed in 17.5.2 and
17.5.3, a retest shall be permitted on two random specimens
from the same lot. Both retest specimens shall meet the
requirements of this specification. The retest shall be per-
formed on test specimens that are at air temperature but not less
than 60°F [16°C].

17.3 ¥ aweight [mass] test fails for reasons other than flaws
in the specimen as described in 17.5.3, a tetest shall be
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permitted on two random specimens from the same lot. Both
refest specimens shall meet the requirements of this specifica-
tion,

17.4 If a corrosion resistance test fails for reasons other than
flaws as described in 17.5.3, a refest shall be permitted on two
random specimens from the same lot, Both retest specimens
shall meet the requirements of this specification.

17.5 If the original test or any of the random retests fails
because of any reasons listed in 17.5.1, 17.5.2, or 17.5.3, the
test shall be considered an invalid test:

17.5.1 The elongation propertly of any lension test specimen
is less than that specified, and any part of the fracture is ontside
the middle half of the gage length, as indicated by scribe marks
on the specimen before testing,

Note 6—Marking specimens with multiple scribe or punch matks can
reduce the occurrence of fracture outside or near these marks and the need
for declaring the test invalid.

17.5.2 Mechanical reasons such as failure of testing equip-
ment or improper specimen preparation,

17.5.3 Flaws are detected in a test speciiner, either before or
during the performance of the test.

17.6 The original resulfs from sections 17.5.1, 17.5.2, or
17.5.3 shall be discarded and the test shall be repeated on a new
specimen from the same lot.

18. Test Specimens

18.1 Tension test specimens shall be the fuli section of the
bar as rolled. The unit stress shall be based on the nominal bar
area.

18.2 The bend test spectmens shall be the full section of the
bar rolled.

19. Report

19.1 The following information shall be reporied on a per
heat or per lot basis as is appropriate.

19.1.1 Stainless steel type and name,

19.1.2 Chemical composition and product check (if appro-
priate),

19.1.3 Heat treat condition,

19.1.4 Descaling method and finigh,

19.1.5 Bar size,

19.1.6 Tensile properties,

19.1.7 Bend test (if required),

19.1.8 Hardness (if appropriate),

19.1.% Corrosion test (if appropriate}, and

19.1.10 Magnetic permeahility (if appropriate).

19.2 A Material Test Report, Certificate of Inspection, or
similar document printed from or used in electronic form from
an electronic data interchange (EDI) transmission shall be
regarded as having the same validity as a counterpart printed in
the certifier’s facility. The content of the EDI wansmitted
document must meet the requirements of the invoked ASTM
standard(s) and conform to any EDI agreement between the
purchaser and the supplier. Notwithstanding the absence of a
signature, the organization submitting the EDI transmission is
responsible for the content of the report.

Note 7—The industry definition tavoked here is: EDI is the computer
o compnter exchange of business information in a standard format such
as ANST ASC X12.

20, Inspection

20.1 The inspector representing the purchaser shall have
free entry at all times while work on the contract of the
purchaser is being performed to all parts of the manufacturer’s
works that concern the manufacture of the material ordered.
The manufacturer shall afford the inspector access to all
reasonable facilities to satisfy him or her that the material is
being furnished in accordance with this specification. All tests
(except product analysis) and inspection shall be made at the
place of manufacture prior to shipment, unless otherwise
specified, and shall be conducted so as not to interfere
unnecessarily with the operation of the works.

20,2 For Government Procurement Only—Except as other-
wise specified in the contract, the contractor is responsible for
the performance of all inspection and fest requirements speci-
fied herein, The contractor shall be permitied to use ones own
or any other suitable facilities for the performance of the
inspection and test requirements specified herein, unless dis-
approved by the purchaser at the time of purchase. The
purchaser shall have the right to perform any of the inspections
and tests at the same frequency as set forth i this specification
where such inspections are deemed necessary to assure that the
material conforms io the prescribed requirements.

21. Rejection

21.1 Unless otherwise specified, any rejection based on tests
made in accordance with 6.3 shalt be reported to the manafac-
turer within five days from the receipt of samples by the
purchaser.

21.2 Material that shows injurious defects subsequent to its
acceptance at the manufacturer’s works wiil be rejected and the
manufaciurer shall be notified.

22, Rehearing

22.1 Samples tested in accordance with 6.3 that represent
rejected material shall be preserved for two weeks from the
date rejection is reported to the manufacturer. In case of
dissatisfaction with the resulis of the tests, the manufacturer
shall have the riglt to make claim for a rchearing within that
time.

23. Marking

23.1 When loaded for mill shipment, bars shall be properly
separated and tagged with the manufactorer’s heat or test
ideatification number.

23.2 Each manufactorer shall identify the symbols of his or
her marking system.

23.3 All bars produced to this specification shaili be identi-
ficd by distinguishing marks legibly rolled onto the surface of
one side of the bar to dencte in the following order:

23.3.1 Point of Origin—Letter or symbol established as the
manufacturer’s mill designation,

23.3.2 Size Designation—Arabic number corresponding to
bar designation number of Table 1.

23.4 In addition to the bar marks, the following information
shall be tagged on each bundle:
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23.4.1 Stainless-steel alloy, and

23.4.2 Heat treat condition, and

23.4.3 Grade {corresponding to minimum yield strength
level), and

23.4.4 Meets Supplementary Requirement 51, if appropri-
ate.

23.5 For plain rounds, no rolled on symbols are required and
all of the above information shall be tagged.

24. Packaging and Package Marking

24.1 Packing, marking, and loading for shipment shall be in
accordance with Practices A700.

24,2 When specified in the contract or order, and for direct
procurement by or direct shipment to the U.S. Government,
marking for shipment, in addition to requirements specified in
the contract or order, shall be in accordance with MIL-STD-
129 for military agencies and with Fed. Std. No, 123 for civil
agencies.

25. Keywords

25.1 concrete reinforcement; corrosion resistance; deforma-
tions (protrusions); magnetic properties; stainless steel bars

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirement shall apply only when specified in the purchase order or

coniract.

81, Magnetic Permesability Testing

Sh1 (Sec 13.1) When material of a low permeability is
desired, the purchaser shall specify that the material be tested

to Test Methods A342/A342M. The specific limits of magnetic
permeability shall be a matter of agreement between the
manufacturer and the purchaser.

ANNEXES

(Mandatory Information)

Al. EVALUATION OF CORROSION RESISTANCE

Al.l The corrosion resisiance of the reinforcing steel,
including the method of removing the mill scale, shall be
evaluated bhased on either AL.2 or A1.3.

Al2 Using a macrocell test of bare bars in a simulated
conerete pore 15 % sodium chloride solution over a 15-week
period, as specified in Annex A2, the average corrosion rate for
a minimum of five specimens shall at no time during the test

exceed (.25 pum/fyear, with no single specimen exceeding a
corrosion rate of 0.50 un/year.

A1.3 Using a cracked beam test over a 75-week period, as
specified in Annex A3, the average corrosion rate for a
rinimum of five specimens shall at no time during the test
exceed 0.20 pm/year, with no single specimen exceeding a
corrosion rate of 0.50 um/year.

A2, RAPID MACROCELL TEST

A2.1 Scope

A2.1.1 This test method describes procedures to measure
the corrosion rate and corrosion potential of concrete reinfore-
ing steel using the rapid macrocell test.

A2.2 Test Equipment and Materials

A22.1 Plastic Containers—Two 4.5-quart [4.5-1] plastic
containers per test, approximaiely 7 in. [180 mm] in diameter
by 7.5 in. [190 mm] in depth for each test setup.

A2272 Volmmeter—High impedance volimeter (at least one
Mohm) capable of measuring 0.001 mV.

A223 Reference Electrode—A saturated calomel elec-
trode, as defined in Practices G135.

A22.4 Resistor—10-ohm (£ 0.3 ohm) elecirical resistor.

A2.2.5 Terminal Box—Terminal boxes are nsed to make the
electrical cormections between the test specimens. Each termi-
nal box consists of a project box with 2 mininmm of 6 pairs of
binding posts (identified here as red and black). A 10-ohm
resistor connects each pair of binding posts in the terminal
boxes.

A22.6 Wire—16-gauge [1.5 mun?] insulated copper wire is
used to make the electrical connections fo the bars.

A22.7 Epoxy Coating—A two-part epoxy coating (Such as
used to as patching material for epoxy-coated bars) shall be
used to cover the electrical connections. It shall be applied in
accordance with manufacturer’s recomimendations.
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A22.8 Concrete Pore Solution—Simulated concrete pore
solution is prepared as follows: One litre of pore solution
contains 974.8 g of distilled water, 18.81 g of potassium
hydroxide (KXOH), 17.87 g of sedium hydroxide (NaCH).

A2.2.9 Sodiwm Chloride Solution—The sodium chloride
solution is prepared by adding 172.1 g of sodium chloride
(NaCl) to one liter of simulated concrete pore solution to obtain
a 15 9% (6.04 melal ion) concentration solution.

A2.2.10 Salt Bridges—Salt bridges provide an ionic path
between the solutions surrounding the cathode and the anode.
The salt bridges shall be prepared as follows: A salt bridge
consists of a flexible latex tube with an inner diameter of 3 in.
(9.5 mm), filled with a gel. The gel is made using 4.5 g of agar,
30 g of potassium chloride (KCl), and 100 g of distilled water,
enough to produce 4 salt bridges, each with a length of 2 {1 [0.6
m]. Salt bridges are prepared by mixing the constituents and
heating them over a burner or hotplate for about 1 min or untif
the solution starts to thicken. The gel is poured into the latex
tubes using a fonnel. The salt bridges are then placed in boiling
water for one hour, keeping the ends of the tubes ont of the
water, After boiling, the salt bridges are allowed to cool until
firm. To provide an adequate ionic path, the gel in the salt
bridge must be coniinuons, without any air bubbles.

A2.2.11 Air Scrubber—Air is bubbled into the simulated
concrele pore solution surrounding the cathode in the macro-
cells to provide enough oxygen for the cathodic reaction. An
air scrubber is vsed to minimize carbonation of the pore
solution by climinating the carbon dioxide from the air. To
prepare the air scrubber, a 5-gal [20-L] container is partiaily
filed with a 1-M sodium hydroxide solution, Compressed air is
channeled into the scrubber and out to the specimens through
latex tubing. The procedure for preparing the air scrubber is as
follows:

(1) Two barbed fittings are inserted on the top of the
container.

{2) A5 ft [1.5 m] picce of plastic tubing is cut. On one end
of the tubing, 4 it {1.2 m] is perforated with a knife, making
(typically, hundreds of) holes to allow the air to produce small
bubbles. The end of the tubing closest to the holes is scaled
with a clamp.

{3) The tubing end with the holes is coiled at the bottom of
the container and trap rock is used to hold down the tubing. The
other end of the tubing is connected to the inside part of one of
the barbed fittings.

{4) The other side of the barbed fitting is connected to a
plastic tube, which is connected to the compressed air outlet.

{5) Another piece of plastic tubing is connected to the
outside of the other barbed fitting. The air is distributed to the
sohution surrounding the cathodes using 1 £t [0.3 m] lengths of
latex tubing and polypropylene T-shaped connectors.

{6} Screw clamps are placed to regulate the amount of air
bubbled into each container.

(7} Distilled water is periodically added to the container to
replace water that is lost due to evaporation. NaOH is added, if
necessary, (o maintain the pH of the solution above 12.5.

A2.3 Test Specimen Preparation

A2.3.1 Reinforcing bars used in this test should be prepared
in the same manner, incloding surface treatment, as it will be
offered o the purchaser.

A2.3.2 An individeal specimen (bare bar) shall consist of a
5 in. {125 mm] long, No. 5 [No. 16] reinforcing bar. Sharp
edges on the bar ends shall be removed with a grinder, and the
bar shail be drilled and tapped at one end to receive a ¥&-in.
[10-mm] tong 10-24 threaded stainless steel bolt, which is used
to connect the copper wire to the bar. The bar shall be then
cleaned with acetone to remove oil or dust from the bar
surface. A 16-gange {1.5 mm”] insulated copper wire shall be
attached to the top of the bar. The connection shall be covered
with two layers of epoxy to prevent crevice corrosion. Each
layer should be cured for a minimum of four hours.

A2.4 Test Method

A24.1 The macrocell test, shown in Fig. A2.1, consists of
an anode and a cathode. The cathode shall consist of two bare
bars in simulated concrete pore solution. The anode shall
consist of one bare bar in simulated concrete pore solution with
i3 % NaCl (6.04 molal ion concentration), The solutions shall
be changed every five weeks. The test shall be run for 15 weeks
at room temperature, 68 to 76°F [20 to 24°C].

A2.4.2 At the anode, simulated concrete pore solution with
NaCl shall be placed in a container to a depth of 3 in. [75 mm].
One bar shall be placed in the center of the container, resting on
the bottom of the container. The top of the bar shall be
supported with the container lid, which shall be placed just
above the water level. The free end of a copper wire shall be
attached to the specimen and to a black binding post in a
terminal box. Another container shall be filled with simulated
concrete pore solution without NaCl to a depth of 3 in. [75
mm]. Two bars shall be placed in the container to act as the
cathode. The bars shall be fixed in place with the lid. The free
ends of copper wires shall be attached to the specimens and to
a third wire that has its other end attached to a red binding post
in a terminal box. Air, scrubbed to remove carbon dioxide
(CO,), shall be bubbled into the solution surrounding the
cathode specimens to provide enough oxygen for the cathodic
reaction. A salt bridge shall connect the solutions surrounding
the cathode and the anode.

A243 The voltage drop shall be measured across the
10-ohm resistor that completes the macrocell circnit by con-
necting the black binding post to the red binding post in the
terminal box. The negative terminal of the voltmeter shall be
connected to the black binding post and the positive terminai of
the voltmeter shall be connected to the red binding post. After
the voliage drop has been measured, the anodes shall be
disconnected from the terminal box. Two hours after being
disconnected, the corrosion potentials of the anode and the
cathode shall be measured by placing the saturated calomel
electrode in the solution surrounding the bar and connecting it
to the positive terminal on the voltmeter and the bar (cathode
or ancde) to the negalive terminal of the voltmeter. Readings
shall be taken once a day for the first seven days of the test and
weekly, thereafter,
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FiG. A2.1 Schematic of Macroceli Test with Bare Bars

A2.44 The voliage drop obtained from the macrocell read-
ings shall be converted to a corrosion rate (in um/year) nsing
the following equation:

11600-V

Rate = 11.6 i, = ~——p

(AZ.1)

where:

corrasion ciurent density (pA/cmz),
voltage drop across resistor (mV),
resistance of the resistor {ohm), and

Ry
oo

A = area of exposed metal at the anode bar {cm?).

A25 Report

AZ.5.1 The following information shall be reported for each
iest setup:

A2.5.2 Type and source of the reinforcing bars, and descrip-
tion of the surface preparation.

A2.353 Individual readings of voltage drop and the calcu-
lated value of corrosion rate,

A2.5.4 Tndividual readings of corrosion potential for anode
and cathode with respect to the saturated calomel electrode.

A3, CRACKED BEAM TEST

A3l Scope

A3.1.1 This test method describes procedures to mecasure
the corrosion rate and corrosion potential of reinforcing bars in
concrete using the cracked beam test.

A3.2 Test Equipment and Materials

A3.2.1 Voltmeter—High impedance voltmeter (at least one
Mohm) capable of measuring 0.001 mV.

A32.2 Reference Electrodes—Satrated calocel electrode
and copper-copper sulfate electrode, as defined in Practices
G15.

A3.23 Resistor—10-ohm (& 0.3 chm) electrical resistor.

A324 Terminal Box—Terminal boxes are used to make the
electrical connections between the test specimens. Each termi-
nal box consists of a project box with a mininmm of 6 pairs of

binding posts (identified here as red and black). A 10-ohm
resistor connects each pair of binding posts in the terminal
boxes.

A32.5 Wire—16-gauge [1.5 mm?} insulated copper wire is
used to make the electrical connections to the bars.

A32.6 Epoxy Sealer—A two-part epoxy sealer shall be
used to cover the sides of the specimens and the elecirical
connections. I shall be applied in accordance with manufac-
turer’s recommendations.*

# Crilgard 615 made by Ceileote and Sewer Guasd HBS 100 Epoxy Liner made
by BASF Construction Chemicals, Tnc., have been founrd to be suitable for this
purposz. If you are aware of alternative suppliers, please provide this information to
ASTM International Headquarters, Your comments will receive careful consider-
ation at a mesting of the responsible technical commiitee,’ whick you may attend.
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A3.2.7 Sodium Chloride Solution—The 15 % sodium chlo-
ride solution is prepared by adding 150 g of NaCl to 850 g of
distilled or deionized water,

A3 TFest Specimen Preparation

A3.3.1 The procedures for preparing cracked beam speci-
mens (see A34.} and Fig. A3.1) shall be as follows:

A3.3.2 No. 5 [No. 16] bars shall be cuf to a length of 12 in.
{300 rom].

A3.3.3 Sharp edges on the ends of the bars shall be removed
with a grinder.

A3.3.4 The ends of the bars shall be drilled and tapped 10
receive a ¥%-in. [10-mm] long 10-24 threaded stainless steel
bolt. The bolt is used to held the bars in place during casting
and to make an electrical connection during the testing period.

A3.3.5 The bars shall be cleaned with acetone to remove
dust and oil.

A3.3.6 Mineral oil shall be applied to the forms prior to
placing the bars in the forms.

A33.7 A 12-mil [0.30-mm] thick, 6-in. [150-mm] long
stainless steel shim shall be fixed on to the bottom part of the
form so that the shim is located underneath and parallel to the
top bar.

A3.3.8 The bars shall be bolted into the forms. The speci-
mens are cast upside down to allow for the integral concreie
dam to be cast at the same time.

A3,3.9 The concrete in the test specimens shall be propor-
tioned on a cubic yard [cubic metres] basis with the following
constitnents: 598 b [355 kg] of Type I portland cement, 270 1b
[160 kgl of water, normalweight fine aggregate constituting
32.5 % of the total concrete volume, normalweight %4 in. [19
mm] nomival maximurm size coarse aggregate constituting
34 % of the total concrete volume, and 6 * 1 % air content by
volume. The concrete shall be cast and cured using the
following procedure:

(1) The concrete shall be mixed according to Practice
CI92/C192M,

Voltmeter

1 1]
Terminal Box
i

1in.[25nfm] &

7 in. [180 mm]

#

1in. [25 mm]

20in. | 2.0in. | 20in.
= i St e
[50 mm] [50 mm] "[50 mm]

6.0 in.
[150 mm]

]

FIG. A3.1 Side View of Cracked Beam Specimen
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{2) The specimens shall be cast in an inverted position in
two layers. Each layer shall be vibrated for 30 s on a vibrating
table with an amplitnde of 0.0006 in. [0.15 mm] and a
frequency of 60 hz.

{3) After the second layer is vibrated, the surface of the
specimen shall be finished wsing a wooden float.

{4) The specimens shall be cured in the forms for 8 to 24
b

{5) After the inifial curing period, the specimens shall be
removed from the molds, and the stainless steel shims shall be
removed. The spectmens shall be placed in a plastic bag with
distilied water until 72 h after casting and then removed from
the bags and cured in air for 25 days.

A3.3.10 Several days before the testing period staris, 16-
gange [1.5 mm?] insulated copper wire shall be attached to the
bars in the specimens using ¥:-in. [10-mm] long 10-24
threaded stainless steel bolts. The vertical sides of the speci-
mens shall then be covered with two layers of the epoxy sealer.
The electrical connections on the sides shall also be thoroughly
coated to prevent crevice corrosion or galvanic corrosion from
occurring.

A3.3.11 The top of the specimens shall be lightly sanded
with 150-grit sand paper.

A3.3.12 The specimens shall be supported on two pieces of
wood, at least 2 in. [50 mum] thick, to allow air to flow under
the specimens.

A33.13 The top layer of steel shall then be connected to a
red binding post on the terminal box, while the bottom layer of
steel is connected to a black binding post.

A3.4 Test Method

A34.1 The cracked beam specimen (see Fig. A3.1) shall be
6 in. {150 mm] wide, 7 in. [175 mm] high, and 12 in. {300 mm]
long £ 0.25 in. [6 mm] for any dimension. It shall contain one
No. 5 [No. 16] bar in the {op mat electrically connected across
a 10-ohm (0.3 ohm) resistor to two No. 5 [No. 16] bars in the
bottom mat. A crack shall be simulated in the concrete parallel
to and above the top bar using a 0.012 £ 0.001 in. [0.30 = 0.02
mm] thick, 6 £ 0.25 in. [1530 * 6 mm] long stainless steel
shim, cast into the concrete and removed 20 to 28 h after
casting. The conerete cover to the top and bottom steel shall be
1 = 0.04 in. [25 £ | mm]

A3.4.72 The test procedure for the ceacked beam specimens
shall proceed as follows beginning 28 days after casting.

(1} On the first day of a cycle, the specimens shall be
ponded with a 15 % sodium chloride solution at room tenm-
perature, 63 to 76°F [20 to 24°C]. This solution shall be left on
the specimen for 4 days =3 h. Evaporation will be limited if
the specimens are covered with plastic.

{2) On the fourth day of a cycle, the voltage drop across the
10-ohm resistor connecting the two mats of steel shall be
recorded for each specimen. The 10-ohra resistor completes the
macrocell circuit by connecting the black binding post to the
red binding post in the terminal box. The negative terminal of
the voltmeter shall be connected o the black binding post and
the positive terminal of the voltmeter shall be connected to the
red binding post.

{3) The voltage drop obtained from the macrocel! readings
shall be converted o a comrosion rate {in um/year) using Eq
A21,

{4) After the voltage drop hag been measured, the circuit
shall then be disconnected. Two hours after disconnecting the
specimens, the solution on top of the specimens shall be
removed with 2 vacuum cleaner, and the corrosion potentials
with respect to a copper-copper sulfate electrode {CSE) of the
top and bottom mats of steel recorded.

(3} After the readings have been taken, a heat tent shall be
placed over the specimens to maintain a temperatare of 100 *
3°F {38 & 2°C). The specimens shall remain under the heat
tent for 3 days =3 h.

(6) After 3 days, the tent shall be removed and the
specimens shall again be ponded with a 15 % sodinm chioride
solution and the cycle started again.

{7} The wet-dry cycle shall be repeated for 12 weeks. The
specimens shall then be subjected to 12 weeks of continuous
ponding. During this period the solution shall not removed and
the specimens shall not placed under the heat tents. The
solution depth shall be maintained by adding additional sodiam
chloride solutien. The voltage drop across the 10-ohm resistor
shall be taken once a week as described in A3.4.2(2).

{8) After 12 weeks of continuous ponding, the drying and
ponding cycle shall be repeated for 12 weeks, followed by 12
weeks of continuous ponding. The 24-week cycie shall be
repeated fo complete 60 weeks of iesting.

Note A3.1—Becanse the specimens are ponded, the corrosion potential
during this period should be taken with respect to a satwated calomel
reference electrode (SCE) instead of a CSE, since the SCE is more
convenient when the elecirode has to be immersed in solution. Readings
taken with the SCE are sboat 0.075 V more positive than those taken with
the CSE,

Note A3.2—It is common practice to continue the test for a wial of 96
weeks.

A3S5 Report

A3.5.1 Type and source of reinforcing bars, and description
of surface preparation.

A3.5.2 Individual readings of voltage drop and calculated
value of corrosion rate.

A3.5.3 Individual readings of cotrosion potential for anode
and cathode with respect to the saturated calomel electrode.
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SUMMARY OF CHANGES

Committee A0l has identified the location of selected changes to this standard since the last issue
{A995/A995M — 09) that may impact the use of this standard. (Approved Oct. 1, 2009.)

(1) Revised 2.1 and 6.1. (2) Revised Table 2.

Committee AD1 has identified the location of selected changes to this standard since the last issue
{A955/A955M — 072a) that may impact the use of this standard. (Approved May 1, 2009.)

(1) Deleted Table Footnote A under Table 1 and relabeled (2) Revised 9.2 and Table 3.
subsequent footnotes.

ASTM International takes no position respecting the valicity of any patent rights asserfed in connection with any itern mentioned
in this standard, Users of this standard are expressiy advised that determination: of the validity of any such patent rights, and the risk
of infringement of such righis, are entirely their own responsibilily.

This standard is subject to revision at any time by ihe responsitie technical commitiee and must be reviewsd every five years and
if not revised, either reapproved or withdrawn. Your comments are invited sither for revision of this standard or for additional standards
and should be addressed ta ASTM International Headquarters. Your comments wilf receive careful consideration at a meeting of the
responsible technical commiftee, which you may attend. If you fael that your comments have not received a falr hearing ycu shoufd
make your views known fo the ASTM Commiliee on Standards, at the address shown befow.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 18428-2958,
United Sfates. Individual reprints {single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at B10-832-9585 (phong), 610-832-9555 (fax), or service@astm.org (e-maill;, or fhrough the ASTM websile
{www.asim.orgj.
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