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American Association State

Highway and Transportation
Cfficials Standard

AASHTO No.: M 253

QUENCHED AND TEMPERED ALLOY STEEL BOLTS
FOR STRUCTURAL STEEL JOINTS'

This standard is issued under the fixed designation A 490; 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.

This specification has been approved for use by agencies of the Department of Defense for listing in the DoD Index of

Specifications and Standards.

1. Scope

1.1 This specification covers the chemical
and mechanical requirements of quenched
and tempered alloy steel bolts, /2 to 1Y2 in.,.
incl, in diameter. These bolts are intended for
use in structural joints that are made under
the Specification for Structural Joints Using
ASTM A 325 or A 490 Bolts? issued by the
Research Council on Riveted and DBolted
Structural Joints of The Engineering Founda-
tion. The various types of bolts covered by
this specification are:

1.1,1 Type I—Bolts made of alloy steel,
supplied in sizes Y2 to 1Y2 in., inclusive, in
diameter.

1.1.2 Type 2—DBolts made from what is
‘generally described as low-carbon martensite
steel, supplied in sizes /2 to 1 in., inclusive,
in diameter. ‘

1.1.3 Type 3—Bolts !/2 to 1!z in., inclu-
sive, in diameter having atmospheric corro-
sion resistance and weathering characteristics
comparable to that of the steels covered in
Specifications A 588, A 242, and A 709
{(these steels have atmospheric corrosion re-
sistance approximately two times that of car-
-bon structural steel with copper.

1.2 When the bolt type is not specified
Type 1 shall be supplied. Type 3 may be
supplied by the manufacturer, if agreed upon
by the purchaser.

1.3 When atmospheric corrosion resistance
and weathering characteristics are required,
Type 3 bolts should be specified by the pur-
chaser.

1.4 Suitable nuts are covered in Specifica-
tion A 563. Unless otherwise specified,
Grade DH heavy hex nuts shall be furnished

417

for use with Type 1 and Type 2 bolts. Grade
2H heavy hex nuts, as specified in Specitica-
tion A 194 are acceptable alternatives. Grade
DH3 heavy hex nuts as specified in Specifica-
tion A 563 shall be furnished for use with
Type 3 bolts. :

1.5 Hardened washers are covered in
Specification F 436. Unless otherwise speci-
fied, Type 3 weathering steel washers shall be
furnished when Type 3 bolts are specified.

1.6 This specification provides that heavy
hex structural bolts shall be furnished unless
other dimensional requirements are stipulated
in the purchase inquiry and order.

Nore 1—For quenched and tempered alloy steel
bolts, studs, and other externally threaded fasteners
with diameters greater than 1!/2in., but with similar
mechanical properties, refer to Grade BD of ASTM
Specification A 354, for Quenched and Tempered

Alloy Steel Bolts, Studs, and Other Externally
Threaded Fasteners,?

2. Applicable Documents

2.1 ASTM Standards:

A 194 Specification for Carbon and Alloy
Steel Nuts for Bolts for High-Pressure
and High-Temperature Service? '

A 242 Specification for High-Strength Low-

Alloy Structural Steel*
A 325 Specification for High-Strength Bolts
for Structural Steel Joints*

"This specification is under the jurisdiction of ASTM
Committee F-16 on Fasteners, and is the direct responsibility
of Subcommittee F16.02 on Steel Bolts, Nuts, Rivets, and
Washers. .

Current edition approved May 25, 1979, Published Sep-
tember 1979, Originally published as A 490- 64, Last pre-
vious edition A 490-78,

? Published by he American Institute of Steel Construc-
tion, New York, N.Y, :

3 Annual Book of ASTM Standards, Part 1.

* Annual Book of ASTM Standards, Part 4,

PRO_00088101



Case 1:13-cv-01215-TSC Document 198-16 Filed 10/07/19 Page 5 of 133

i

A370 Methods and Definitions for Me-

~ chanical Testing of Steel Products®

A 563 Specification for Carbon and Alloy
Steel Nuts® *

A 588 Specification for High-Strength Low-
Alloy Structural Steel with 50,000 psi
Minimum Yield Point to 4 in. Thick*

A 709 Specification for Structural Steel-for:

Bridges*

E 109 Dry Powder Magnetic’ Particle In- .

spection®
E 138 Wet Magnetic Particle Inspection®
F 436 Specification for Hardened Steel
'Washers for Use with' High-Strength
Bolts
2.2 American National Standards:”
Bl.l. Unified Screw Threads
B18.2,1 Square and Hex Bolts:and Screws
. B18:2.2 ‘Square and Hex Nuts
i 2.3 Military Standard:®
MIL-STD-105D Sampling Procedure and
- Tables for Inspection by Attributes

3.. Definitions -

3.1 Surface discontinuities as covered by
this specification dre defined as.follows:

3.1.1 crack—a clean ecrystalline break
passing’ through the grain boundary without
inclusion of foreign elements. ~

3.1.2 seam or lap~a noncrystalline break
through the metal Whlch is mherent in the raw
material,

3.1.3 burst—a break located at the per1ph~
ety of the bolt head. '

3.1.4 acceptable quality level (AQL) as
defined in MIL-STD-1035D, the. maximum
percent defective that, for purposes of sam-
pling inspection; can be considered satisfac-
tory as the process average, .

315 process average— -as defined i in MIL-
STD-105D, the average percent defective of
product as the time or or1gmal inspection.
Original inspection is that first, mspectlon of a
partlcular quaritity of ploduct WhICh is being
remspected after rejection and recondition-

Aing.

4 Ordermg Informatmn

* 4.1 Otders for products under tl‘nS specnfl-
cation shall include the followmg o

4.1.1 Quantity (number of: pleces of bolts
and accessories),

4.1.2 Name: of products, mcludmg acces-
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sories such as nuts and washers when de51red

4.1.3 Dimensions, including nominal bolt
diameter and length. For bolts of dimensional
requirements other than heavy hex structural
bolts (sce 1.6) it i’ normally necessary to
specify grip length;

4.1.4 Type of bolt (that is, Type 1,2, 0r
3):Note that Type 1,2, or 3 bolts may be

supplled by the manufacturer when bolt type

is not speclfled if agreed updn by the pur-
chaser, . ...

4.1.5 ASTM designation and’ date of issue,
and

4.1.6 Any special requirements.

Note 2—Two examples of ordering descrlptlons
follow: (1 ) 1000 pieces, heavy hex structural bolts,
each with two hardened washers, ASTM F 43q,
and one heavy hex nut; ASTM A 563 Grade DH,
1 by 4, ASTM A 490 dated (2) 1000
pieces, heavy hex structural bolts, no nuts or wash-
érs, 7/3 by 2‘/4 Type 1, ASTM A 490 dated

5. Materlals and Manufacture

5.1 Steel shall be made by the open-

hearth, basic-oxygen,. or electnc—furnace
process :
52 Type | bolts shall be heat treated by
quenching in oil from above the transformation
temperature. Type 2 and Type 3 bolts shall be
quenched in a suitable lHquid from; above the
transformation temperature. Type 1 and Type
3 bolts shall be tempered by reheating to a
temperature of not less than 900°F (480°C).
Type 2.bolts shall be tempered by reheating to
a temperature of not less than 650°F (340°C).
If heat treatment is performed by a stibcontrac-
tor, the heat-treated material shall be réturned
to:the manufacturer for testing.

5.3 ,Threads of bolts may be cut or rofled.

0. Chemlcal Requlrements

6.1 Type 1 bolts shall be made from al oy
steel conformmg to the chemical composition
1equ1rements givén in Table 1., The steel shail

contain sufficient ailoymg elements to quallfy

it as an alloy,steel.
Note 3—Steel is considered to be alloy,. by thie

‘Amencan Iron and Steel Ingtitute, when the maxi-

mum of the range given for the content of alloying
elements exceeds one o1 'miore of the follb‘wmg 11mlt‘s

5 Annual Book of ASTM Standards, Parts 1-5 and 10{

5 Annual Book of ASTM Standards, Part 11,

* Available from American National Standards Insti-
tute, 1430 Broadway\I New York, N.'Y, 10018. :

2 Available from Naval Publications and Forms Center,

'5801 Tabor Ave., Philadelphia; Pa. 19120,
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manganese, 1.65 %; silicon, 0.60 %; copper, 0.60 %; or
in which a definite range or a definite minimum
quantity of any of the following elements is specified
ar required within the limits of the recognized field
of constructional alloy steels: aluminum, chromium
up to 399 %, cobalt, columbium, molybdenum,
nickel, titanium, tungsten, vanadium, zirconium, or
any other alloying elements added to obtain a desired
alloying effect.

6.2 Type 2 bolts shall be made from stecl
conforming to the chemical compositon re-
quiremerits given in Table 2,

6.3 Type 3 bolts shall be made from steel
conforming to the chemical composition re-
quirements given in Table 2.

6.4 Product analyses may be made by the
purchaser from finished material representing
each lot of bolts. The chemical composition
thus determined shall conform to the require-
ments given in Tables 1, 2, or 3, as applicable.

6.5 Application of heats of steel to which
bismuth, selenium, tellurium, or lead has
been intentionally added shall not be permitted
for bolts,

7. Mechanical Requirements

7.1 Bolts less than three diameters in
length shall have hardness values not less than
the minimum nor more than the maximum
hardness limits required in Table 4, as hard-
ness is the only requirement.

7.2 Bolts 1 in, in diameter or less, other
than those excepted in 7.1, shall be tested full
size and conform to the minimum and maxi-
mum tensile strength and either proof load or
alternative proof load requirements specified
in Table 5.

7.3 Bolts larger than 1 in. in diameter,
other than those excepted in 7.1, shall pref-
erably be tested full size and when so tested,
shall conform to the minimum and maximum
“tensile strength and either proof load or alter-
native proof load requirements as specified in
Table 5. When equipment of sufficient capac-
ity for full-size testing is not available, or
when the length of the bolt makes full-size
testing impractical, machined specimens shall
be tested and shall conform to the require-
ments of Table 6. In the event that bolts are
tested by both full-size and by the machined
test specimen methods, the full-size test shall
govern if a controversy between the two
methods exists.

7.4 For bolts on which hardness and ten-
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sion tests are performed, acceptance based on
tensile requirements shall take precedence in
the event that there is controversy over low or
high readings of hardness tests.

7.5 Surface hardness of bolts as taken at a
maximum of 0.003 in. from the surface shall
not be more than the equivalent of 3 points
Rockwell C higher than the hardness taken at
a distance of /s in. from the surface. Both
hardness readings shall be taken on the same
axial longitudinal section through the threaded
length of the bolt, shall be taken at the same
time, and the same hardness scale shall be
used.

8. Dimensions

8.1 Unless otherwise specified, bolts shall
conform. to the dimensions for heavy hex struc-
tural bolts specified in ANSI B18.2.1.

8.2 Threads shall be the Unified Coarse
Thread Series as specified in ANSI B1.1, and
shall have Class 2A tolerances. When speci-
fied, 8 pitch thread series shall be used on
bolts over 1.in. in diameter.

9. Quality Assurance of Mechanical Require-
ments

9.1 The manufacturer shall make sample
inspections of every lot of bolts to ensure that
properties of bolts are in conformance with
the requirements of this specification. All

‘bolts shall be inspected ‘tested ‘prior to ship-

ment in accordance with one of the two
quality assurance procedures described in 9.3
and 9.4, respectively. The manufacturer shall
have the option of which procedure will be
followed when furnishing bolts to any single
purchase order. ‘

9.2 The purpose of a lot inspection testing.

program is to ensure that each lot conforms to
the requirements of this specification. For
such a plan to be fully effective, it is essential
that following delivery the purchaser continue
to maintain the identification and integrity of
each lot until the product is installed in its
service application.

9.3 Production Lot Method.:

9.3.1 All bolts shall be processed in ac-
cordance with a lot-identification-control
quality assurance plan. The manufacturer
shall identify and maintain the integrity of
each production lot of bolts from raw-material

PRO_00088103
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selection through all processing . aperations
and treatments to final packing and shipment.
Each lot-shall beassigned its own lot-identifi-
cation number, edch lot shall be tested; and
the imspection test: repom foreach lot shall be
retamed

932 A production lot, for purposes - of
-ass.1g111ng an identification number and from
which test samples shall be' selected, shall
consist of all Belts processed essentlally 1o~
gether through-all operations to the shipping
.containérthat are of the same nominal size,
the 'same nominal length, and produced from
the same mill heat of steel.

9.3.3 The manufacturer shall make test(s
for proof load, tensile strength (wedgeé-test),
and hardness of each lot.of bolts. Alterna-
tively, .in accorddnce with 7.3, tests may be
tensile strength, 'yield strength,. reducuon of
area, elongation, and lardness.

+:9.3.4. From each production lot, the mini-
mum number of tests of each required prqp-
erty shall be as follows:

Number of Picces " “Number of
m Production Lot Spemmens
800 dad less LR g
801 to 8 000 SR
8 001 to 35 000 3
. 35 001 to 150 000 : 8
;- 150.001 and over BT 13

9 3.5 If any test speCImen shows defecttve
chhmmg, it may be dlscarded and another
specimen substituted.

9.3.6 Bolis shall be p'lcked in shlppmg
cont’uners as soon as practicable following
final processmg Shlppmg containers shall be

‘ marked with the lot 1dent1f1catlon number:

937 A copy of the mspectton test report
for each production lot from which bolts are

‘ %upphed to fill the requtrements‘ of a shipment
shall be furnished to the, pulchasel when
specified i in the order. Ind1v1dual heats of steel
need not be identified on the test report.

9 4 Shipping Lot ‘Method: o

1 9.4.1. In- process mspecnon durmg all man-
ufacturing operations and . treatments and
storage of manufactured bolts shall be in

_accordance. wnh the practlces of the individual
manufacturer :

9.4.2, Before . packmg bolts for shipment,
the.. ma;nufactmer shall make tests of sample
‘bolts taken at Landom from each @hlppmg lot.
A shipping lot, for purposes of selecting test

420
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samples; is defined as that quantity of bolts.of
the samé nomiinal size and same noriinal
léngth necessary o f1ll the requlrements of a

single purchase order.
9:4.3 The manhufacturer shall ake - tests

for-proof load, tendile strength (wedge test)

and hardriess of each lot of bolts. Altériia-
tively, in accordance with 7.3, tests may be
tensile strength, yield strength reductlon of
area, elongation, and hardness.

9.4.4 From each’ shlppmg lot, the mini-
mum number of tests of cach requuecl prop-
erty shall be ds follows: -

Number of |

Number of Pieces

in Shipping Lot ‘Speciniens

Y150 and less a L ’
‘151 to 280 ‘ ' 2
. 281 to 500 . : 3

50lto1 200 5
1201 to 3 200 Y8

3 201'to 10 000 S

10 001 and over 20-.

9455 If any test specimen shows 'defective
machining, it may be discarded and anbther
specimen substituted; -

9.4.6 A copy of the lnspectlon test repoxt
for each bhlppmcr lot shall be furnished to the
purchaser when rspecrﬁed in the order, Indl—
vidual heats of steel’ arg, not identified in th,e
finished product., e

10. Test Methods =~
101 Tests shall be conducted in accord—
ance with Supplement TIX of Methods A 370

10.2 Proof load testing of bolts tested in
full size shall preferably be conducted in a¢-
cordance with Method 1, Length Measure-
ment, described in Supplement 11 of Methods
A 370

103 Bolts tested i in full size shall be tested
in accor d‘mce with the Wedge Test method
descnbed in Supplement III of 'Methods
A 370, Fracture ‘shall be in the body or
threads of the bolt, without any fracture at
the Junctlon of the head and body.

. 10.4 Machined specimens shall be tested
m accordance with the method descrlbed in
811 1.7, Supplement III of Methods A 370

10 § The speed. of testmg as determmed
with. a ﬁee~runnmg cross head shall bc a

'max1murn of 0. 125 in /mm for the bolt proof

load détermination, and 4 maximum-of 1 in./
min . for the bolt tensﬂe strength determina-
tion.
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11. Magnetic Particle and Visual Inspection
for Surface Discontinuities

11.1 Bolts shall be examined by magnetic
particle inspection for longitudinal discontin-
uities and transverse cracks, and shall con-
form to an AQL of 0.25 when inspected in
accordance with the sampling plan described
in 11.4. Eddy-current inspection may be sub-
stituted, at the option of the manufacturer,
for the 100 % magnetic particle inspection
specified in 11.4.1 and 11.4.2, provided that
the bolts, after eddy current inspection, are
subsequently randomly sampled according to
Table 7 and subjected to the magnetic particle
inspection and acceptance requirements as de-
scribed above. In the case of dispute, the
magnetic particle test shall govern.

11.2 Bolts shall be examined visually for
bursts and shall meet an AQL of 2.5 when
inspected in accordance with the sampling
plan described in 11.5.

11.3 A lot, for purposes of selecting a
sample for magnetic particle or visual inspec-
tion, shall consist of all bolts of one type,
having the same nominal diameter and length
offered for inspection at one time. No lot shall
contain more than 10 000 pieces.

11.4 Longitudinal  Discontinuities
Transverse Cracks: ‘

11.4.1 From each lot of bolts a represent-
ative sample shall be picked at random and
magnetic particle inspected for longitudinal
discontinuities and transverse cracks in ac-
cordance with Method E 109. (See Note 4).
The sample size shall be as specified for an
AQL of 0.25 in Table 7. If any defectives are
found during inspection by the manufacturer
all bolts in the lot shall be magnetic particle
inspected and all defectives shall be removed
and destroyed. If any defectives are found
during inspection by the purchaser the lot
shall be subject to rejection.

Note 4—Magnetic particle inspection may be
conducted in accordance with Method E 138. For
referee purposes Method E 109 shall be used.

11.4.2 Any bolt with a longitudinal discon-
tinuity (located parallel to the axis of the bolt
in the threads, body, fillet, or underside of
head), with a depth normal to the surface
greater than 0.030, where D is the normal
bolt size in inches, shall be considered defec-
tive. In addition, any bolt with a transverse

and
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crack (located perpendicular to the axis of the
bolt in the threads, body, fillet, or underside
of head), shall be considered defective.

Note 5—Magnetic particle indications of them-
selves shall not be cause for rejection. If in the
opinion of the inspector the indications maf( be cause
for rejection, a representative sample shall be taken
from those bolts showing indications and shall be
further examined by microscopical examination to
determine whether the indicated discontinuities are
in accordance with the specific limits.

11.5 Bursts:

11.5.1 From each lot of bolts a represent-
ative sample shall be picked at random and
visually inspected for bursts. The sample size
shall be as specified for an AQL of 2.5 in
Table 7. If the number of defectives found
during inspection by the manufacturer is
greater than the acceptance number given in
Table 7 for the sample size, all bolts in the lot
shall be visually inspected and all defectives
shall be removed and destroyed. If the num-
ber of defectives found during inspection by
the purchaser is greater than the acceptance
number given in Table 7 for the sample size,
the lot shall be subject to rejection.

11.5.2 Any bolt with a burst having a
width greater than 0.010 in. plus 0.025D,
where D is the nominel bolt size in inches,
shall be considered defective.

12, Inspection

12.1 If the inspecticn described in 12.2 is
required by the purchaser, it shall be specified
in the inquiry and contract or order.

12.2 The inspector representing the pur-
chaser shall have free entry, at all times while
work on the contract of the purchaser is being
performed, to all parts of manufacturer’s
works that concern the manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facilities,
without charge, to satisfy him that the mate-
rial is being furnished in accordance with this
specification. All tests (except product analy-
sis) and inspection shall be made at the place
of manufacture prior to shipment, unless oth-
erwise specified, and shall be so conducted as
not to interfere unnecessarily with the opera-
tion of the works.

13. Rejection
13.1 Unless otherwise specified, any rejec-

PRO_00088105



Case 1:13-cv-01215-TSC Document 198-16 Filed 10/07/19 Page 9 of 133

Al

tion based on requirements specified herein
shall be reported to the. manufacturer within
30 working, days from - ihe: recmpt .of the
matenal by the purchasel ;

iy

:14 Certlficatlon R

“14.1 When specified on the order the marn-
ufacturer shall fuinish the test. reports de-
scribed: in 9.3.7 or. 9.4 6 dependmg on
whether the boltstare furnished by the produc-
tion ot or shlppmg lot method '

15 Markmg
15 1 Bolt heads shall be ma1ked A490

’ TABLE 1 Chemlcal Requlremcnis forTypelBolts

A 490

and shall ‘also’:be- marked to.identify the
manufacturer.-Markings may be gither raised

or depressed, at the option of the manufac-

turer. ‘
15 2 In addltlon to the markmgs reqmred

in15.1, Type 2'bolts shall be marked w1th $ix
radial 11nes 30 deg apart. . . ki

15.3 In dddltlon o the markmgs requlred
in 15 1, Type 3 bolts shall have the A 490
undellmed and the manufacturex may add
_other dxstmgulshmg marks 1nd1cat1ng that the
bolt is atmosphex,lc qowoslon lesmtant ancf of
a weathermg type.

v L : PR

S ¢

p TABLE 3. Ch_gm_iv:'al Rgﬁﬁireménts for Type 3 liolta‘

' Heat Andl- . Prodict ot oo L Héat Analysis, Product Analy-
R E]eme"t ysts,%  Analysis, % e Elemest e Yo y‘ sns,%; y
"Cirbon R T Catbon - ~020- 053 0.19-0.55 ,
- Far e.lzes*through 13/ inyaes .0 30—0.4-8 " 0.28-0.50 Manganese, min R 4o’ 037
;. For size 1Yz in,, ., . .. 0,35-0.53 . 0.33-0.55 Phosphorus, max ’ 0.040 -+ *  0.045
Phosphorus max 0.040 0,045 Sulfur, max 0.050 . - 0.055
Sulfur max o e 00400 77 0,045 Copper,max ., ., 060, - . 063
g S = Chromium, min, 045 042
Nickel, min Ege e o T eaT
e PR or . ' BT [EN
014,

TABLE 2 Chemlcal Requn-elhehts for Type 2- Bo!ls
Heat Ana]ysxs,( Product Analy—‘

lElementn DLt AN s gis, g
Carbon w-‘“fo.ls'—o‘.aaf- 10154037
Manganese, min 0.70 0.67
Phosphorus, max 0.040 w0 0.048

« . Sulfur, max 0.050 . . 0038
~ “Borod, min_*f 00005 B, 0005

Molybdenum, min .. . 0,15,

TABLE 4 Jﬂardnesé ‘ Reﬂ;g@éﬁ@? for rl!g_ojlt_s -

b cony e % Hardness Number

B‘cﬂf Size,in. "B‘riﬂng"lli / :"_:;Ro‘c]fwe]‘l:‘é'
g o WmiInomex o omin max,
il/?-toqll?g‘i?;““li‘ gl w33, a8,

]

422
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TABLE 5 Tensile Requirements for Full-Size Bolis

Alternative Proof

. Proof Load,? :
: Tensile Load,” 1bf(kN) ’ Load ® min
Bolt Size, Threads o, . 1 Ibf(kIN :
per Inch, and Se- Stress ’2‘;,‘33” in.* 0 Iof{(kN)
ries Designation P Length Measure- Yield Strength
mn max mont Method Method
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
/2-13 UNC 0.142 (0.92) 21 300 (95) 24 150 (107) 17 050 (76) 18 500 (82)
Sle-11 UNC 0.226 (1.46) 33 900 (151) 38 400 {171} 27 100 (121) 29 400 (131)
Y+-10 UNC 0.334 (2.15) 50 100 (223) 56 800 (253) 40 100 (178) 43 400(193)
5-9 UNC 0.462 (2.98) 69 300 (308) 78 550 (349) 55 450 (247) 60 100 (267)
1-8 UNC 0.606 (3.91) 90. 900 (404) 103 000 (458) 72 700 (323) 78 800 (351)
147 UNC 0.763 (4.92) 114 450 (509) 129 700 (577) 91 350 (407) 99 200 (441)
1'/s-8 UN 0.790 (5.10) 118 500 (527) 134 300(597) 94 800 (422) 102 700 (457)
1147 UNC 0.969 (6.25) 145 350 (647) 164 750 (733) 116 300 (517) 126 000 (560) |
1148 UN 1.000 (6.45) 150 000 (667) 170 000 (756) 120 000 (534) 130 000 (578) |
13/g-6 UNC 1.155(7.45) 173 250 (771) 196 350 (873) 138 600 (617) 150 200 (668)
13/5-83 UN 1.233(7.95) 185 000 (823) 209 600 (932) 148 000 (658) 160 300 (713). i
11/2-6 UNC 1.405 (9.06) 210 750 (937) . 238 850 (L062) 168 600 (750) 182 600 (812) S
14/2-8 UN 1.492 (9.63) 223 800 (996) 253 650(1128) 175 050 (779) 194 000 (863) - j
i

4 The stress area is calculated as follows:
Ay =0.7854 [D — (0.9743/n) ]2

where:
Ay = stress area, in2,
nominal bolt size, and

o

n threads per inch. ) :
B Loads tabulated and loads to be used for tests of full size bolts larger than 1Yz in. in diameter are based on the
following:
Bolt Size Column 3 Column 4 Colurn 5 : Column 6
Y2 to 142 150 000 psi (1035 MPa) 170 000 psi (1170 MPa) 120 000 psi (825 MPa) 130 000 psi (895 MPa)
in., incl

TABLE ¢ Tensile Requirements for Specimens Machined from Bolts |

Tensile Strength, psi (MPa) Yield Strenéth Elongation in . :
Bolt Size, in. - (0.2 % offset), 2 in. or 50 Pli%c:,ucrt‘;?nn 3/5 :
min max min, psi (MPa) mm, min, % i |
Y2t0 1Yz in., incl 150 000 (1035) 170 000 (1170) 130 000 (895) 14 40 ;
|
|
|
!
!
|
1
!
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TABLE 7 " Sample Sizes and Acceptance Numbers for
Inspection of Longitudinal Discontinuities; Tramsvexse

Cracksand Bursts =~
0.25 AQL 2.5 AQL
< Lot Size S_a‘m?le A'crcic_pt- Sample Accept-
‘ Sigehs | A0CC | gigeds | ATCE _

e o Nuwbert M Numbert
110150 .50 0 5 o
151 to 500 50 0, 20 1
501101 200 50 Q. 32 2
1201103 200 .50 0 50 3
3 201t0 10 000 50 0 80 §

4 Sample sizés aijd acceptance nurbéis are extracted
from “Single Sampling Plan for Normal Inspection” Table
11A, MIL'STD-105D. A . ‘
. 2 Inspect all bolts ih thé jot if 1ot size i% less than sample
size. ‘ o

The Americar. Society for Testing and Marérials takés no position r‘é;pe'cfing the vahidiiy dq/ 'zi‘z’y_ falem vights asserted in
colnéction with any item wientioned in ihis standard. Users of this staiidard are expressly adviséd ihai detervination of the
validity of any such patent rights, dnd the Fisk of Mifringément of such rights, is enirely their ows responsibiliry. :

This standard is subject 16 revision at any time by the responsible technical commiitee and must be reviewed evéry five
years and if not revised, eithér redpproved or withdrawn, Your commenis are invited either for revision of this standard or
Jor additional standards and should be addressed to ASTM Héadguariérs. Your comments will receive caréful consideration
at @ meeting of the responsible lechtticdl committee, which you may attend. If you feel that your comments have noi received
a fair hearing you should make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, p'a'.
19103, which will schedule a further hearing regarding your comments. Failing satisfaction ihere, you may appéal 1o the
ASTM Board of Directors.

)
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.

Sosaaseneeet

zri ‘SL
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STANDARD

Standard Specification for

AMERICAN NATIONAL) ANG|/ASTM A 496 - 78

Case 1:13-cv-01215-TSC Document 198-16 Filed 10/07/19 Page 14 of 133

American Association State
Highway and Transportation Officials Standard
AASHTO No.: M 225

DEFORMED STEEL WIRE FOR CONCRETE

REINFORCEMENT’

This standard is issued under the fixed designation A 496; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, (he year of last revision. A number in parentheses indicates the year of last

reapproval.

This specification has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of

Specifications and Standards.

1. Scope

1.1 This specification covers cold-worked,
deformed steel wire to0 be used as such, or in
fabricated form, for the reinforcement of con-
crete in sizes having nominal cross-sectional
areas not less than 0.01 in.? (6.45 mm® nor
greater than 0.31 in.> (200 mm”®),

Note [—The values stated in inch-pound wunits
are to-be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:
A 370 Methods and Definitions for Mechan-
ical Testing of Steel Products® ‘
AT00 Recommended Practices for Packag-
ing, Marking, and Loading Methods for
Steel Products for Domestic Shipment?

2.2 Military Standards:*

MIL-STD-129 Marking for Shipment and
Storage

MIL-STD-163 Steel Mill Products Prepara-
tion for Shipment and Storage

2.3 Federal Standard:

Fed. Std. No. 123 Marking for Shipments
(Civil Agencies)

3. Ordering Information

3.1 When deformed wire is ordered by size
number, the dimensional requirements shall be
.as given in Tables | and la. When deformed
wire is ordered to dimensions other than the
sizes shown, the nominal dimensions shall be
developed from the applicable unit weight per
foot of the section.

3.2 Orders for material to this specification

shall include the following information:

3.2.1 Quantity (weight),

3.2.2 Name of material (deformed steel wire
for concrete reinforcement),

3.2.3 Wire diameter (see Tables 1 and la),

3.2.4 Packaging (see Section 15), and

3.2.5 ASTM designation and date of issue,

NoTE 2—A typical ordering description is as fol-
lows: 50 000 lb deformed steel wire for concrete

reinforcement, size No. D-12, on pipe carriers, poly-
ethylene shrouded, to ASTM A 496 dated ————

4. Descriptions of Terms

4.1 Deformed Steel Wire for Reinforcement,
as used within the scope and intent of this
specification, shall mean any cold-worked, de-
formed steel wire intended for use as reinforce-
ment in concrete construction, the wire surface
having deformations which (/) inhibit longi-
tudinal movement of the wire in such construc-
tion, and (2) conform to the provisions of Sec-
tion 5. '

refers to the numerical designation of the wire
as tabulated in Table | under the column head
Deformed Wire Size Number, or a number in-
dicating the nominal cross sectional areas of

' This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Alloys,
and is the direct responsibility of Subcommittee A0L.05 on
Steel Reinforcement,

Current edition approved Dec. 29, 1978, Published June
1979. Originally published as A 496 - 64. Last previous edi-
tion A 496 - 72. .

* Annual Book of ASTM Standards, Parts 1-5, 10,

* Annual Book of ASTM Standards, Paris 1, 3, 4, 5.

4 Available from Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphia, Pa. 19120,

425
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‘the deformed wire section in hundredths of a
square inch.

5. Requirements

5.1 Deformations shall be spaced along the
wire at a substantially uniform distance and
shall be symmetrically disposed around the
perimeter of the section. The deformations on
all longitudinal lines of the Wit shall be similar
in size and shape. A minimum of 25 percent of
the total surface area shall be deformed by
measurable indentations.

5.2 Deformed wite shall have two, four, or
six lines of deformations.

5.3 The average longitudinal spacing of de-
formations shall be not less than 3.5 nor more
than 5,5 deformations per inch in each line of
deformations on the wire,

5.4 The minimum average height at the cen-
ter of typ1cal deformations based on the nomi-
nal wire diameters,shown in Tables 1 and la
shall be as follows:

Minimum Average
_Height of Deforma-
” tions, Percent of

: Nominal Wire
. Wire Sizes . ¢ Diameter

D-3 and finer ) ! 4
Coarser than D-3 thtough D-10 4%
Coarser than D-10 5

5.5 The deformations shall be placed in re-
spect to the axis of the wire so that the included
angle is not less than 45 deg; or if deformations
are curvﬂmear, the angle formed by the trans-
verse axis of the deformation and the wire axis
shall be not less than 45 deg. Where the line of
deformations forms an included angle with the
axis of the wire from 45 to 70 deg inclusive, the
deformations shall alternately reverse in direc-
tion on each side, or those on one side shall be
reversed in direction from those on the opposite
side. Where the line of deformations is over 70
deg, a reversal i in d1rectlon is not required. |, r

ey e

6 Measurements

6.1 The average spacing “of deformatlons
shall be detérmined by dividing a- measured
length of the wire specunen by the number of
individual deformations in any oné -row of
deformations on any side of the wire specunens
A measured length of the wire specimen shall
be considered thé distince from a-point on a
deformation to a correspondmg point o, any
other deformation in the same line of defor-

A 496

matlons on the wire.

6.2 The minimum average height of defor-
mations shall be determined from measure-
ments made on not less than two typical defor-
mations from each line of deformations on the
wire. Measurements shall be made at the center
of mdentauons

7. Number of Measurements

7.1 To indicate adequately the conformity to
dimensional requirements, measiirements shall

. be made on one wire from each 10 tons (9072
" kg) of each Wire size, or fraction thereof. .

8. Pmcess

8.1 The steel shall be made by one or more
of the following processes: open-hearth, elec-
tric-furnace, acid-bessemer, or basic-oxygen.

8.2 The deformed steel wire shall be pro-
duced from rods of bars that have been hot
rolled from billets. :

9. Tensile Propertles

9.1 Deformed wire shall conform to the fol-
lowing requlrements for tensile properties in
Methods and Definitions A 370:
psi (MPa), min

-85 000 (586)

75 000 (517)

. 9.2 For material to be used in the fabrication
of welded fabric, the following tensile and yield
strength properties shall apply:

‘ psi (MPa), min
Tensile strength 80 000 (552)
Yield strength 70 000 (483)

9.3 The yield strength shall be determined at
an extension at 0.005 in./in. of specimen length.
The manufacturer i§ not required. to test for
yield strength, but is responsible for supplying
a product that will meet the stipulated limit,

9.4 The material shall not exhibit a definite
yield point as evidenced by a distinct drop of
the beam or halt in the gage of the testing
machine prior to reaching ultimate tensile load.
The purchaser may, at his option, accept this
feature as sufficient evidence of compliance
with the specified minimum yield strength.

, 9 5 The tensile strength and yield strength
are to be based on thé nominal area of the w1re

Tenstle strength
Yield strength

10 Bendmg Propertles L
- 10.1 The bend tést specimen shall stand

426
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being bent through 90 deg without cracking on
the outside of the bent portion, as follows:
Bend Test’

Bend around a pin the diameter of
which is equal to twice the nomi-
nal diameter of the specimen.

Bend around a pin the diameter of
which is equal to four times the
nominal diameter of the speci-
Mmen.

Size Number
D-6 and finer

Coarser than D-6

10.2 The bend test shall be made at room -

temperature on specimens of sufficient length
to ensure free bending and with apparatus
which provides continuous and uniform appli-
cation of force throughout the duration of the
bending operation, unrestricted movement of
the specimen at points of contact with the
apparatus, and close wrapping of the specimen
around the pin.

11. Test Specimens

11.1 Tension and bend test specimens shall
be of the full section of deformed wire, -

12. Number of Tests

12.1 One tension test and one bend test shall
be made from each 10 tons (9072 kg) or less of
each size and wire.

12.2 If any test specimen shows imperfec-
tions or develops flaws, it may be discarded
and another substituted.

13. 'Variations in Weight

13.1 The permissible variation in weight of
any deformed wire is 6 percent of its normal
weight. The theoretical weights shown in Ta-
bles T and 1a, or similar calculations on unlisted
sizes, shall be used to establish the variation.

14. Finish
14.1 The wire shall be free from injurious

imperfections and shall have a workmanlike

finish.

15. Packaging, Marking, and Shipping

15.1 The size of the wire, ASTM specifica-
tion number, and name or mark of the manu-

facturer shall be marked on a tag securely

attached to each coil of wire. =
15.2 When specified in the purchase order,
packaging shall be in accordance with the pro-
cedures in Recommended Practices A 700.
15.3 For Government Proctrement Only—
When specified in the contract or order, and
for direct procurement by or direct shipment to

Case 1:13-cv-01215-TSC Document 198-16 Filed 10/07/19 Page 16 of 133
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the U. S. government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163. The
applicable levels shall be as specified in the
contract. Marking for shipment of such mate-
rial shall be in accordance with Fed. Std. No.
123 for civil agencies and MIL-STD-129 for
military agencies.

16. Inspection

16.1 The inspector representing the pur-
chaser 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 af-
ford the inspector all reasonable facilities to
satisfy him that the material is being furnished
in accordance with this specification.

16.2 Except for yield strength, all tests and
inspection shall be made at the place of man-
ufacture prior to shipment, unless otherwise
specified. Such tests shall be so conducted as
not to interfere unnecessarily with the opera-
tion of the works. ‘

16.3 If the purchaser considers it desirable
to determine compliance with the yield strength
requirements in 9.1 and 9.2, he may have yield
strength tests made in a recognized laboratory,
or his representative may make the test at the
mill if such tests do not interfere unnecessarily
with the mill operations.

16.4 For Governmeni Procurement Only—
Except as otherwise specified in the contract,
the contractor is responsible for the perform-
ance of all inspection and test requirements
specified herein. Except as otherwise specified
in the contract, the contractor may use his own
or any other suitable facilities for the perform-
ance of the inspection and test requirements
specified herein, unless disapproved by the pur-
chaser 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 in this specification where such in-
spections are deemed necessary to assure that
material conforms to prescribed requirements.

17. Rejection

17.1 Material that shows injurious imperfec-
tions subsequent to its acceptance at the man-
ufacturer’s works will be rejected, and the man-

427

PRO_00089060



Case 1:13-cv-01215-TSC Document 198-16 Filed 10/07/19 Page 17 of 133

fi
ufactuter shall be notified,

17:2 -Rust, surface seams, or surface irregu-
Jarities on. wife nét intended for the manufac-
‘ture of fabric shall not be cause for rejection,
provided.the minimum dimensions and physi-
cal propetties of a hand wire-brushed test spec-
imen are not less-than the requi‘rem'ents of this

A 4986

specification‘—

18. Rehearmg

18:1 Rejected materials shall be preserved
fora perlod of at least 2 weeks from the date of
inspection, duting which time the manufacturer
may.; make claim for a rehearing and retesting,

INNE

TABLE 1 Dimensional Requirements for Defnrmed Steel Wire for Concrete Remforcement (Inch Pound Units)

Nominal Dimensions

U Deformat:on Requlremems

: X S Spaclng . Minimum
Deformed Wire } o . kb
Sizé Nuiniber™* Umt Wexght " Di meter, Siﬁ?g;'al . Peri.me_ltsa‘rm . }%‘ggmgsf\, .
AR b/t o Ao Aréa, in? in. Ma)ilmu'm ‘ anmum Deforma-
. n 1, 4 d
.- )  tions, in
D-1 0,034 Q.113 0.01 0.355 0.285 0.182 0.0045
D-2 - $.0.068 - 0159 0.02 0.499 0285 0.182 0.0063
D3 0.102 0195 -~ 003 0.612 - 0285 0.182 0.0078
D-4 0.136 0.225 004 0,706 0.285 0.182 0,010t
D5 0.170 0.252 0.05 0.791 0.285 0,182 Q.0113
D-& 0.204 0276 0.06 0.867 0.285 0.182 . 00124
D-7 . 0238 0,299 0.07 0.936 0.285 0.182 0.0134
. D-8 - 0272 0319 . 0.08 1.002 0285 °* 0.182 - 0.0143
D-9 0306 0 338 0.09 ' 1.06t 0:285 0.182 0.0152
D-10 0.340 0.356 0.10 1.118 0.285 0.182 00160
‘D-11 . 0.374 0.374. 0.11 1.174 0.285 0182 = -0.0187
D-12. 0.408 - 0390 0.12 1.225 0.285 0.182 0.0195
D-13 0.442 0.406 0.13 1.275 - 0.285 0.182 0.0203
D-14 0.476 0.422" 0.14° 1328 00 0285 0.182 0.0211
- D-15 0510 - 00437 0:5 1372 0.285 0.182 - . 00218
D-16 0544 . 0451 0.16 1416 0285 0182 0.0225
 D-17 0.578 0465 0.17 1.460 0.285 0.182 0.0232
D-18 0,612 0478 ©0.18 1.501 : 0.285 0.182 - 00239
D-19 0.646 - 0:491 019 1,542 0.285 - 0,182 0.0245 -
D-20 0.680 01504 0.20 1.583 0.285 0.182 00252
D-21 0.714 0.517 - 021 1.624 0,285 0.182. 00259 - -
D-22 0.748 - 0529 022 1662 0.285 0.182 0.0265
D-23 0782 - F 0.541 0.23 1.700 0.285 - 0:182 0.0271
D-24 | 0.816 . 0.553 0.24 . 1737 0.285 0.182 . 0.0277
D25 ; 0.850 0.564 0.25 1772 0.285 T 0182 0.0282
D-26 0.884 " 0575 0.26 180 -~ 0.285 0,182 ' 0.0288
13-27 0918 - - 0.586 027 1.841 - 0285 . 0182 00293
: D-28 0952 . . 0597 0.28 1.876 0.285 0.182 . 0.0299
D29 . . 0.986 - 0.608 0.2% 1.910 0.285 0.182 0.0304
D-30 1.020 0.618 0.30 1.942 0.285 0.182 0.0309
D.31 1054 .. 0628" ) 031 1.973 0.285 0.182 0.0314

“ The number followmg the prefix D Jdentzﬁes the nominal cross-sectional anea of the dcformed wxre m Hundredths of a

square inch.

*'The neminal diametér of a deformed w1re is eqpiivalent to the diameter of a plain wire having the same weight per foot

as the deformed wire, .

“The cmss~secnona1 area 1s based on the nomma[ diameter. The area m square idches may becalculated by dividing the
we:ght per liniear inch of the specimen in pounds by 0. 2633 (weight of 1 in." ofsteel), or by dmdmg the wexght per lineal foot
of fpecnmen iri pourids by 3.4 (weight'of stéel 1 in. squaré and | ft long),

The minimum averdge height-of deformations shall be determined from inéasutements made on not less than two typical
.‘def‘ormauons from, each line of. deformauons on the wire. Measurements shall be made at the center of indentations as

’descnbed iné. 2

“For sizes Other tHan tHose listéd abave, the Size Numbcr shall be the number of one hundredths ofa square u‘lch it the
nominal area of the deformed wire cross section, prefixed by the leitér “D™. 4

Ten
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TABLE l1a Dimensional Requirements for Deformed Steel Wire for Conerete Reinforcements (SI Units)

Nominal Ditmensions Deformation Requirements
. Spacing Minimum ;
Deformed Wire |
Size Number®  Unit Weight, Dxdmcler, S;ﬁ?g;l Perimeter, . . I-J?e‘;;ﬁggf i
kg/m mm” Area, (mm?)* mm Ma;:ﬁum Mu;llir:lum Deforma- !
tions, mm
D-1 0.0510 2.87 6.45 9.02 1.24 4.62 0.114
D-2 0.1013 4,04 12,90 12.67 1.24 4.62 0,160
D-3 0.1523 4,95 19.35 15.54 1.24 4.62 - 0.198
D-4 0.2025 572 25.81 17.93 7.24 4,62 0.257
D-5 0.2532 6.40 32.26 20.09 1.24 4.62 0.287
D-6 0.3038 7.01 o3 22,02 7.24 4,62 0315
D-7 0.3548 1.57 45,16 23.77 1.24 4.62 0.340 :
D-8 0.4051 8.10 51.61 25.45 7.24 4,62 0.363 .
D-9 0.4561 8.59 58.96 26,95 o124 4,62 0.386 ‘
D-10 0.5063 9.04 64,52 28.40 7.24 4.62 0.406
D-11 0.5574 9.50 7097 29.82 7.24 4,62 0.475 ;
D-12 0.6076 9.91 77.42 312 7.24 4.62 0.495 !
D-13 0.6586 10.31 83.87 32.39 7.24 4.62 0.516 i
D-14 0.7089 10.72 90,32 33,66 7.24 4,62 0.536 :
D-15 0.759¢ [1L.10 96.77 34.85 1.24 4.62 0.554
D-16 0.8101 11.46 103,23 35,97 7.24 4.62 - 0.572 !
D-17 0.8611 181 109.68 37.08 7.24 4.62 0.589 i
D-18 09114 12.14 116.13 38.13 7.24 4.62 0.607 I
D-19 0.9624 12.47 122.58 39.17 7.24 4,62 0.622 '
D-20 1.0127 12.80 129.03 40,21 7.24 4.62 0.640 . i
D-21 1.0637 - 13.13 135.48 41.25 7.24 4,62 0.658 ‘
D-22 1139 [3.44 141.94 42.21 7.24 4,62 0.673 |
D-23 [.1649 13.74 148.39 43.18 7.24 4,62 0.688 :
D-24 [.2152 14.05 154,84 4412 7.24 4.62 0.704 ;
D-25 1.2662 14.33 161.29 45,01 7.24 4.62 ‘0716 ) j
D-26 1.3164 14.61 167.74 45.87 1.24 4.62 0.732 ‘
D-27 1.3675 14.88 174.19 46,76 7.24 4,62 0.744
D-28 1.4177 15.16 180.64 47.65 7.24 4.62 0,759
D-29 1.4687 15.44 187.10 48.51 7.24 4.62 0.772
D-30 15190 15,70 193.55 49.33 7.24 4.62 0.783
D-31 1.5700 15.95 200.00 50.11 7.24 4.62 0.798

" “The number following the prefix D identifies the nominal cross-sectional area of the deformed wire in hundredths of a i
square inch, i
W The nominal diameter of a deformed wire is equivalent to the diameter of a plain wire havmg the same weight per foot ;
as the deformed wire. *

“ The cross-sectional area is based on the nominal diameter. The area in square inches may be calculated by dmdmg the :
weight per lineal inch of the specimen in pounds by 0. 2833 (weight of | in." of steel), or by dividing the weight per lineal ]
foot of specimen in pounds by 3.4 (weight of steel | in, square and | ft long). i i

“ The minimum average height of deformations shall be determined from measurements made on not less than two typical ‘
deformatiors from each line of deformations on the wire. Measurements shall be made at the center of indentations as ‘
described in 6.2. o

“ For sizes other than those listed above, the Size Number shall be the number of one hundredths of a square mch in the
nominal area of the deformed wire cross section, preﬁxed by the letter “D™. |

The American Sociely for Testing and Marterials 1akes no posm'on respecling the validity of any patent rights asserted in ]
connection with any item mentioned in this standard, Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of infringement of such righis, are entirély their own responsibility.

This standard is subject to revision at any time by the responsible technical commitiee and must be reviewed every five years
and if nat revised, cither reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional }
standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration al @ meeting of the i
responsible technical committee, which you may danend. If you feel that your comments have not received a fair hearing you should i
make your views known to the ASTM Committee on Standards, 1916 Race St Philadelphia, Pa. 19103, which will schedule 4 }
Sfurther hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors.
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.
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American Assoclation State
Highway and Transportation Qfficlals Standard

45".) AMERICAN NATIONAL ANSI/ASTM A497-79
Lo SHTONO M221

STANDARD

S U gt

Standard Specn‘lcatlon for
WELDED DEFORMED STEEL WIRE FABRIC FOR
CONCRETE F!EINFORCEMENT1

This standard is issued. under the ﬁxed desxgnatmn A 497, the number imiediately following the' desxgnatron mdlcates the
year of original adopuon or, in the case of revision, the year of last ;ewsmn A number in parentheses indicates the year of last
reappmval 4 1

This spec Hflcation has Béén approved fpr use by ag;'nqies of the Department of quense and foF Ifstlng in the Dob Index of

Speci ﬂcatfans and Standards

1. Scope (s

1. 1 Tlns spec;ﬁcatlon covers welded wire
fabmc made fromicold-worked, deformed wire,
or a cqmbmatmn of deformed and nonde
formed. wires, to-be used for the reinforcement
of conctete. ‘

NOTE 1—The values states in mch—pound units
are t0 berregarded as the standard

2. Appllcable Documents
2.1 ASTM Standards:
A 82, Specification for «Cold- Drawn Steel
Wite for Concrete Reinforcement?
A 496, Spemﬁcatmn for Deformed Stegl Wire
‘for ‘Concrete Reinforcement?

: 'A700 Reécommenidsd Pradtices 1ot Paékag- videbrdanee With ASTM ‘A 497 déted ___ "
- 1 g Marking,; and, Loading Methods fox; » SOOrde E Wikt b v

Steel Products for Domestlc S.hlpment3
2" W if .ﬁ‘t‘ana’&rds“ ot -

e

NI §le~1i9 Marking “for Sliipment and

Stﬂragen T RN EOT NTRTIIYE B TR

. MIL:STD:163'Steel Mill Prodiicts Prepar""“ SPGCIﬁca“mASZ e

1 .. tion for, Shipment and Storagqh feody
2.3 Federal Standard: T aned
Fed Std. No. 123 Markmg for Shr.pments

(Ciwl'*Agencws)“ N s e g g

3 Descrlptmn of Térmi"™

+ 3.1 Welded Wire Fabrm,ras usedm thls speq—r
1ﬁcat1bn, designates teria
Ald-diwi; steel.
ized; fabricated int
formed by thie procéss
finished material shall consist essentially of a
series of longitudinal and transverse wires ar-
ranged substantially at right angles to each
other and welded together at all points of in-

$This§
Bl CdmmrtteexA-
and. i§ fhe irectr respodsxbllrty oﬂSubcémmnttee AOerE on
‘SteelnRemforcement P

¢ ).
of eledtrnc Weld g‘. ‘The’

tersectlon.

a0
A

4 Ordermg Informatmn
4.1 Orders-for material.to this specification
shall include'the following informatiof:
4:1.1 Quantity (weight or 'square aréa),
4;1.2 Name of material (welded deformed
wure fabric for concrete remforcement),
" 4:1.3 Wire spacing and sizes, ‘
{-4.1.4 Length and width of sheets of rolls,
415 Packaging (see Section 19), and
4 1.6 ASTM des1gnat10n and date of issue.
g Note 2—A't ;/plcal ordering. descrlptlon is as fol-
lows:. 10 000 £(*:welded deformed wire fabric for

corcrete reinforcement, 6 x 12-D6 x D4, in flat:sheets
96 ‘in. wide by 240, in. long, in secured lets, ‘in

R R E
v

"

B LS 11 "The wn'e ﬂsed i the+ manufacturé of

Shall _onforfn (o' Specificat
‘ olely._or in :comf;ai,nat_mn with

6. Fabrmatmn B A TR

Lastin
Ll

6.1 "The ‘wires shail ‘be assembled by atito-

w winatic machines or by other suitable mechanical
~means whmh w111 assure aceur te Spacmg and

ip ﬁcahoh i3 uﬁder*the Junsdwtzon of AS'I\M
I 611 ‘Steel, Stainless Steeland'Related: ‘illoys,

~Querent edition approved: July 2951979, Pubhshed ‘Sep-
tember 1979, Originally published as A 497 - 64, Last pre-
vious edition A 497 - 72,
* Annual Baok of ASTM Standards, Part 4,
¥ Annual Book of ASTM Standards, Parts 1, 3, 4, and 5,
* Available from Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphia, Pa. 19120
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6.2 Longitudinal and transverse members
shall be securely connected at every intersection
by a process of electrical-resistance welding
which employs the principle of fusion com-
bined with-pressure.

6.3 Wire of proper grade and quality when
fabricated in the manner required in this spec-
ification shall result in a strong, serviceable,
mesh-type product having substantially square
or rectangular openings. It shall be fabricated
and finished in a workmanlike manner, shall
be free from injurious imperfections, and shall
conform to this specification.

7. Mechanical Requirements

7.1 All wire of the finished fabric shall meet
the minimum requirements for tensile proper-
ties and shall also withstand the bend test as
prescribed for the wire before fabrication in
Specification A 496 and where applicable,
Specification A 82,

7.2 In order to assure adequate weld shear
strength between longitudinal and transverse
wires, weld shear tests as described in 7.2 shall
be made. The minimum average shear value in
pounds-force shall be not less than 20 000
multiplied by the area of the larger wire in
square inches (or in newtons shall not be less
than 138 multiplied by the area in square mil-
limeters) where the area of the smaller wire is
35 % or more of the area of the larger wire, and
provided that the smaller wire is not smaller
than D-4,

7.3 Fabric having a relationship of larger
and smaller wires other than that covered in
7.2 shall meet an average weld shear strength
requirement of not less than 800 1bf (3.6 kN)
provided that the smaller wire is not smaller
than D-4.

8. Tension Tests and Weld Shear Tests

8.1 Tests for determination of conformance
to the requirements of 7.1 may be mads on the
welded wire fabric after fabrication either
across or between the welds, Not less than 50 %
of the samples tested shall be across a weld.

8.2 Weld shear tests for determination of
conformance to the requirements of 7.2 shall
be conducted using a fixture as described in
Section 11.

8.3 Four welds selected at random from a
specimen representing the entire width of the
fabric shall be tested for weld shear strength,
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The material shall be deemed to.conform to the
requirements for weld shear strength if the
average of the four samples complies with the
values stipulated in 7.2, If this average fails to
meet the prescribed minimum value, all the
welds across the specimen shall then be tested.
The fabric will be acceptable if the average of
all weld shear test values across the specimen
meets the prescribed minimum value.

9. Bend Tests

9.1 The bend test shall be made on a speci-
men between the welds,

10. Test Specimens

10.1 Test specimens for testing tensﬂe prop-
erties shall be obtained by cutting from the
finished fabric units of suitable size to enable
proper performance of the intended tests.

10.2 Specimens used for testing tensile prop-
erties across a weld shall have the welded joint
located approximately at the center of the wire
being tested, and the cross wire forming the
welded joint shall extend approximately 1 in.
(25 mm) beyond each side of the welded joint.

10.3 Test specimens for determining weld -

shear properties shall be obtained by cutting
from the finished fabric a section, including
one transverse wire, across the entire width of
the sheet or roll. From this specimen four welds
shall be selected at random for testing. The
transverse wire of each test specimen shall ex-
tend approximately 1 in, (25 mm) on each side
of the longitudinal wire. The longitudinal wire
of each test specimen shall be of such length
below the transverse wire so as to be adequately
engaged by the grips of the testing machine and
of such length above the transverse wire that
its end shall be above the center line of the
upper bearing of the testing device.

10.4 Tests for conformance to dimensional
characteristics shall be made on full sheets or
rolls.

10.5 If any test specimen shows imperfec-
tions or develops flaws, it may be discarded
and another substituted.

11, Weld Shear Test Apparatus and Methods

11.1 As the welds in welded wire fabric con-
tribute to the bonding and anchorage value of
the wires in concrete it is imperative that the
weld acceptance tests be made in a jig which
will stress the weld in a manner similar to
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which it is ‘stressed in concrete. In order to
acéomplish this the longitudinal wire in the jig
must be stressed in an-axis close to'its center
ling: ‘Also -the transverse wire must be:held
closely to:the longitudinal wiré, and in the same
reldtive posmon, 50 as to prevent irotation of
the transverse wire. : ;
I1:2 Figure 1° shows the complete details of
a typical testmg jig together with: two anvils
which make it poss1b1e to test welds for wires
up to % in. (15.88 mm) in diameter. This {esting
Jjig can be used in most ténision testing machines
and should be hung in a ball ‘and socket ar-
rangement .at the center of the machine. This,
or a similarly effective fixture designed on the
safme: pnnmple is aCCeptable‘ ST
113 Test speciriens should:bé inserted
through-the notch in the anvil using the small-
est notch available in which the longitudinal
wire will fit Ioosely. The longitudinal wire will
be-in contact with the surface of the free rotat-
ing rollers while thé transveise wire shall be
supported by the anvil on cach side of the slot.
The bottom jaws of the testing machines shall
grip the lower end of the longitudinal twire and
the load shall be apphed dt 4 rate.of stressing
not to exceed 100 000 psr (689 MPa)/mm :

0
R

Jnt‘rr‘

12 Number of Tests

12:1: One test for conformance with the pro-
visions of 6.1 shall be made for each 75: 000 ft?
(6968 tm?) of fabnc, ar remammg fracuon
thereof‘ AR

1227 Oné -specimen for cach: 300 000; ft2
(27 870 1) of fabri¢; of ‘rémaining fraction
thereof and as: defined in 10.3, shall be tested
for conformancs: te the requrrements of 7.2:

.13 Slzes, Spacmg Det‘ormatmnns1 -and Dlmem
sions ., .. .

131 Srzes, spacmg, presence of deferma~
tlons, arrangement of wifes; and diimehsions of
units in flat sheet form or rolls shall conform to
the requlrements spec1ﬁed by the purchaser

14 Wldth ot‘ Fabnc

14.1 The width of the fabric shall be consid-
ered to be the cénter-to=ceriter distance bétween
outside longitudinal wires. The permissible var-
iation shall not exceed % in. { 13 mm) greater or
less thanthe specified width. -

142" Transverse wires ‘shall not preject be—
yond the centerline:of .each longitudindl edge

A 497

wiré mdre than a distance of ‘1 in. (25 mm)
unless otherwise spetified. : s
14:3. When transverse’ wires are’ specrﬁed to
project a-specific length beyond the centérline
of a longitudinal edge wire, the"permissiblé
variation'shall not exceed % in. (13 mm) greater
or less than the ‘specified length; however, the
over-all width (total of projection one side plus
width plus projection:other side) shallsiot.ex:
ceed 1in. (25 mm) greater or less than specrﬁed

15 Vanatmns in. ‘Wire Dlameter and We:ght

15.1 The permlssﬂ)le variation in ‘weight of
any deformed wire in the fabric or the permis-
sible vatiation in diameter of any nofideformed
wire shall confoim to thé tolerances prescribed
in the:appropriate wire specification before fab-
rication (see Séctipn* 5):" Such® measurements
shall be madé between. the welds. Ca

16. Spacings

. 16.1 The average spacing- of wires shall be
such that the total number;of wires, contamed
in a sheet or roll is equal to, or greater than,
that determined by the specific spacing, but,the
center-to-center distance between- individual
members may vary not more than % in.; (6 35
mm) from the specified. spacing,. It is under-
stood that sheets of fabric of the:same speclﬁed
length may not. always contain an identical
number of transverse wires and, therefore, may
have various lengths of longitudinal overhang,

17 Over-All Dimensions o i

17 1 The over—all Iength of ﬂat sheets, thea-
sured on any wire, may vary £1'in. (25. 4 fin)
or 1 percent, -whichever is greater. |
A 5 In case the width of flat sheets or rolls
is spemﬁed as the over-all width (tip- to-tip
length of cross wires), the width shall be rot
more than +1.in, (25:4 mm).of the specified
width. .

18: RollsorSheets I L TR I o

18,1 Welded wire fabric may be furmshed
either in flat sheets or in rolls as spe(;lﬁed by
the purchaser ' :

AT (O

19, Packaging X
19.1 When fabric is furmshed in ﬂat sheetsf

H

“The detailed drawmg may be obtamed f‘rom ASTM

Headquarters, 1916 Race St., Phlladelphml Pa I19103 Re
quest Adjunct No. 12-101850-00; Wi e

432

PRO_00089074



fill

it shall be assembled in bundles of convenient
size containing not more than 150 sheets se-
curely fastened together.

19.2 When fabric is furnished in rolls, each
roll shall be secured so as to prevent unwinding
during shipping and handling.

19.3 When specified in the purchase order,
packaging shall be in accordance with the pro-
cedures in Recommended Practices A 700.

20. Marking

20.1 Each bundle of flat sheets and each roll
shall have attached thereto a suitable tag bear-
ing the name of the manufacturer, a description
of the material, and such other information as
may be specified by the purchaser.

20.2 For Government Procurement Only—
When specified in the contract or order, and
for direct procurement by or direct shipment to
the U.S. government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163. The
applicable levels shall be as specified in the
contract. Marking for shipment of such mate-
rial shall be in accordance with Fed. Std. No.
123 for civil agencies and MIL-STD-129 for
military agencies,

21, Inspection

21.1 The inspector representing the pur-
chaser 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 af-
ford the inspector all reasonable facilities to

satisfy him that the material is being furnished

in accordance with this specification.

21.2 Except for yield strength, all tests and
inspection shall be made at the place of man-
ufacture prior to shipment, unless otherwise
specified. Such tests shall be so conducted as
not to interfere unnecessarily with the opera-
tion of the works.

21.3 If the purchaser considers it desirable
to determine compliance with the yield strength
requirements of Specifications A 496 or A 82,
he may have yield strength tests made in a
recognized laboratory, or his representative
may make the test at the mill if such tests do
not interfere unnecessarily with the mill oper-
ations.
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21.4 For Government Procurement Only—
Except as otherwise specified in the contract,
the contractor is responsible for the perform-
ance of all inspection and test requirements
specified herein. Except as otherwise specified
in the contract, the contractor may use his own
or any other suitable facilities for the perform-
ance of the inspection and test requirements
specified herein, unless disapproved by the pur-
chaser 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 in this specification where such in-
spections are deemed necessary to assure that
material conforms to prescribed requirements.

22. Rejection and Retests

22.1 Material that does not meet the require-
ments of this specification may be rejected,
Unless otherwise specified, any rejection shall
be reperted to the manufacturer within 5 days
from the time of selection. of test specimens.

22.2 In case a specimen fails to meet the
tension or bend test, the material shall not be
rejected until two additional specimens taken
from other wires in the same sheet or roll have
been tested. The material shall be considered
as meeting this specification in respect to any
prescribed tensile property provided the tested
average for the three specimens, including the
specimen originally tested, is at least equal to
the required minimum for the particular prop-
erty in question; and further provided that none
of the three specimens develops less than 80
percent of the required minimum for the tensile
property in question. The material shall be
considered as meeting this specification in re-
spect to bend test requirements provided both
additional specimens satisfactorily pass the pre-
scribed bend test.

22.3 Any material that shows injurious im-
perfections subsequent to its acceptance at the
manufacturer’s works may be rejected and the
manufacturer shall be prompily notified.

224 Welded joints shall withstand normal
shipping and handling without being broken,
but the presence of broken welds, regardless of
cause, shall not constitute cause for rejection
unless the number of broken welds per sheet
exceeds | percent of the total number of joints
in a sheet, or if the material is furnished in
rolls, 1 percent of the total number of joints in
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150 fi* (14 m®) of fabric:and, furthermore,
provided not more than one half the permissi-
ble maximuim: number of broken welds are
located ‘on any one wire:. :

22:5 In case of. rejectlon by reason of fallure
to meet the weld shear requirements, four ad-
ditional. specimens' shall be taken from four
different sheets or rolls and tested in accord-
ance with 8.2, If the average of all the weld
shear tests does not meet the requirement the
matenal shall be rejected.

1. 22.6' In case rejection is justified..by reason
‘of failure to meet the requirements for dimen-
sions,; the-amount of material rejected shall be
limited {o those individual shéets or rolls which
fail to meet the requirements of this specifica-

A 497

tion, If; however, the total number of shéets or
rolls - thus rej'ected exceeds 25 percent of the
total number in the shipment, the enure Shlp-
ment may be rejected. ,

- 22,7 Rust; surfacé seams; or surface 1rregur
larities will not be cause for rejection, provided
the minimum dimensional cross-sectional area
and tensile properties of a hand wire-brushed
test specimen are not less than the requirements
of this specification.

23. Rehearing

23.1 Rejected materials shall be pieseiveéd
for a period of atleast 2 weeks from the date of
inspection, during which titne the manufactuzer
may make claim for a rehearing and retesting.

i
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Section A-A"
FIC. 1 Welded Wire Fabric Weld Tester. o ‘

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in
cannection with any item mentioned in this standard, Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of infringement of such rights, are entively ther own responsibility. =

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years
and if not revised, cither reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
‘standards and should be addressed 1o ASTM Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel ihat your comments have not received a fair hearing you should
malke your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103, which will schedule a
Jurther hearing regarding your comments. Failing satisfaction there, you may appeal 1o the ASTM Board of Directors,
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.
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AMERICAN NATIONAL
STANDARD

il

Standard Specification for

ANSI/ASTM A 506 - 78

COLD-FORMED WELDED AND SEAMLESS _
CARBON STEEL STRUCTURAL TUBING:IN

ROUNDS AND SHAPES'

This Standard is issued under the fixed designation A 500; 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.

1. Scope

1.1 This specification covers cold-formed
welded and seamless carbon steel round,
square, rectangular, or special shape struc-
tural tubing for welded, riveted, or bolted
construction of bridges and buildings, and for
general structural purposes.

1.2 This tubmg is produced in welded sizes -

with a maximum periphery of 64 in. (1626 mm)
and a maximurm-wall 6f 0.500 0. (12.70 mm),
and in seamless with a: mammﬂm periphery of
32 in. (813 mm) and a max1mum wall of 0,500
in. o ‘ :

NOTE I—Products manufactured to this st)an»
dard may not be suitable for those apptications
such -as dynamically loaded élements in welded
structures, ete,, where’ low-temperature. notch-
toughness propemes may be important. For such
applications the manufacturer should be consulted.

NoOTE 2—The values stated in U.S. customary
units are to be regarded as the standard.

2. Ordering Informatmn

2.1 Orders for material undcr this specifi-
cation shall include the following, as tfequiréd,
to describe the desired material adequately

211 Quantity (feet or fiumber of tengths),

" 2.1.2 Name of.‘material (cold formed tub-
mg)

~2.1.3 Method of manufactﬂre (scamless or‘ 3

welded), L T
+2.1.4 Grade (Table 1 and 2)
2,135 Size

2.1.6 Length (spemﬁc of ra_ndoin, see

§2.1.3 or 12.2.3),
2.1.7 End condition (see 16.3),
2.1.8 Burr removal (see [6.3),
2.1.9 Certification {see 16.4),

2.1.10 Specification number,
2.1,11 End use, and
. 2.1.12 Special requirerents.

3. Process o é

3.1 The steel shall be made by one or more
of the following processes: open-hearth, basic-
oxygen, or elecmc—f urnace.

4. Manufacture -

4.1 The tubing shall be made by a seamless
or wélding process.

4.2 Welded tubing shall be made from
flat-rolled ;steel by an automatic welding
process producing a longitudinal weld with no
addition of: filler metal.: The longitudinal butt
joint of welded tubing shall be welded across
its thickness in such a manner that the struc-
tural design strength of the tubing Sectmn is
assured.

4.2.1 Structural tubmg welded by electric-
resistance methods is normally furnished
without removal of inside flash.

4.3 The tubing may be stress relieved or
anngaled as is considered necessary by the
manufacturer ta conform to the requlrements
“of this specification. - '

5 Heat Analysis
51 Afi analysm of "each. hcat of opbn-

hearth basm-oxygcn, or’ electnc furnace steel

"This speczﬁcatmn is under ‘i jurlsdlct]on of ASTM
Committee A-1 on Steel, Stainless Steel and Related Al-
loys, and is the direct responsibility of Subcommittee
A01.09 on Pipe.

Current edition approved July 28, 1978, Published
September 1978. Originally pubhshed as A 500 - 64,
Last previous edition A 500 -
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shall be made by the manufacturer, This anal-
ysis shall be made from a test ingot taken
during the pouring of the heat. The chemical
composition thus determined shall conform to
the requirements specified in Table | for heat
analysis.

6. Product Analysis .

6.1 An analysis may be made by the pur-
chaser from finished tubing manufactured in
accordance with this specification, or an anal-
ysis may be made from flat-rolled stock of
which the welded tubing is manufactured.
When product analyses are made, two sample
lengths from a lot of each 500 lengths or frac-
tion thereof shall be selected. The specimens
for chemical analysis shall be taken from the
sample lengths in accordance with ASTM
Method E 59, Sampling Steel and Iron for
Determination of Chemical Composition.?
The chemical composition thus determined
shall conform to the requirements specified in
Table 1 for product analysis.

6.2 In the event the chemical composition
of one of the sample lengths does not conform
to the requirements shown in Table 1 for
product analysis, an analysis of two additional
lengths selected from the same lot shall be
made, each of which shall conform to the
requirements shown in Table ! for product
analysis, or the lot is subject to rejection. -

7. Tensile Requirements

7.1 The material, as represented by the test
specimen, shall conform to the requirements
as to tensile properties prescribed in Table 2.

8. Flattening Test

8.1 The flattening test shall be made on
round structural tubing., A flattening test is
not required for shaped structural tubing.

8.2 For welded round structural tubing, a
specimen at least 4 in. (102 mm) in length
shall be flattened cold between parallel plates
in three steps, with the weld located at 90 deg
from the line of direction of force. During the
‘first step, which is a test for ductility of the
weld, no cracks or breaks on the inside or
outside surfaces shall occur until the distance
between the plates is less than two thirds of
the original outside diameter of the tubing. As
a second step, the flattening shall be con-
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tinued. During the second step, which is a test
for duectility exclusive of the weld, no cracks
or breaks on the inside or outside surfaces,
except as provided for in 8.5, shall occur until
the distance between the plates is less than
one half of the original outside diumeter of
the tubing but is not less than five times the
wall thickness of the tubing. During the third
step, which is a test for soundness, the
flattening shall be continued until the speci-
men breaks or the opposite walls of the tubing

meet. Evidence of laminated or unsound .

material or of incomplete weld that is re-
vealed during the entire flattening test shall
be cause for rejection.

8.3 For seamless round structural tubing
2% in. (60.3 mm) outside diameter and
larger, a section not less than 2% in. (63.5
mm) in length shall be Aattened cold between
parallel plates in two steps. During the first
step, which is a test for ductility no cracks or
breaks on the inside or outside surfaces,
except as provided for in 8.5, shall occur un-
til the distance between the plates is less
than the value of “H™ calculated by the fol-
lowing equation:

H = (1 + ex/(e + t/D)

where:

H = distance between flattening plates, in,,

e¢ = deformation per unit length (constant
for a given grade of steel, 0.09 for
Grade A, 0.07 for Grade B, and 0.06 for
Grade C),

t -= nominal wall thickness of tubing, in.,
and

D = actual outside diameter of tubing, in.

During the second step, which is a test for
soundness, the flattening shall be continued
until the specimen breaks or the opposite
walls of the tubing meet. Evidence of lami-
nated or unsound material that is revealed
during the entire flattening test shall be cause
for rejection.

8.4 Surface imperfections not found in the
test specimen before flattening, but revealed
during the first step of the flattening test,
shall be judged in accordance with Section 16.

8.5 When low D-to-r ratio tubulars are
tested, because the strain imposed due to
geometry is unreasonably high on the inside
surface at the 6 and 12 o’clock locations,

2 Annual Book of ASTM ‘Standards, Part 12,
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cracks at these. locations shall not. be cause
for-rejection:if the D-to~,ratio is less than 1Q.
9. Test Methods . +: .00 o :

‘9.1 Fhe tension specimens: requrred by: thls
specification shall conform to.those describsd
‘in the latest.!issug: of  ASTM Methods and
‘Definitions -A 370, for. the- Mechatical Testing
of 'Steel Products, Supplementary Requrre-
mentsII"‘ e R

192 The tension test specimén &hialt ‘Be
‘taken‘ longitudinally froma:section-of tle"fin-
ished itabing, at 4 location at least: 90 ‘deg
from the weld in the case.of welded tubing,
and shall ot ‘be flattened’ between  gage
marks. If desired, the ‘tension’ tésts may be
inade of the full section of fhie' tubmg,’ othier-
wise, a longltudmal strip-test specinen as pre-
seribed ™ in * Methods - A - 370 “Supplémeiitdiy
Réguirements 11 shdll be used. The specimens
shall have 4ll*buirs ‘temoved and shall not
contain . suffacé imperféctions which would
inteifere with: proper determmatron of the
tétisile propérties’ of the mietal.” ’

'9.3 'The yield point shkall be- determmed il
dccordance with- one of *the  altérnative
methods described in Methods A 370:- .

10. Number of Tests

10.1 One tension test as specified in'Séc-
tiori 9 shall’ be hade from 4 length of" tubmg
representmg gach lot. -

10.2-‘The ‘flatténing tést, ds specified i in Sec-
‘thn -8 'shall -be ‘made ‘on dne length of round
tubmg from each lot.

©10:3 The térm “lot”” appliés 16 all tubes of
the same nominal size and wall thickness
whleh are produced ‘frdm fh'é"same heat of
steel o

11.‘Retests ‘
11 L If the results of the mechamcal ’Eests

fetests' may ¢ ‘made on addltlonal‘ t‘r‘rbmygvof
double the orlgmal number from th ’same lot

facturerumay eiect to retreat rewérk or oth-
erwrse elrmmate the condltron respensrblc for
failure to meet the spemfied requirements.
Thereafter; the material remaining from the

A-500

Jlot.originally represented:;may be tested; and

shall comply . with all. reqmrements -of this
specification, -« . ¢ .. o L

12 Permissible Varlatrons in Drmensrons P
12:0 Round Strucrural Tubing' e
12.1.1 Diameter—The outside didfmeter

shall not vary more than =+ 0.5 percent

rounded to the nearest 0.005 ifi: (0.13 ), of
the nominal outside diameter size specified,
for ,nominal .outside diameter - dimensions

1,900 .in. (48.26 mm): and smaller, and plus

~and minus 0,75 percent rounded to the nearest

0.005 in.. of the.nominal outside,diameter.for
nominal outside.diameter dimensions 2.00 in.
and larger. . The outside diameter measure-
menis shall be made at positions at least 2 in.
(30.8 mm) from either end of the tubing. .,

12:1.2Wall Thickness—The minimum wall
-thickness at any point.of measurement on the
tubing.shall be not,more than 1) percent. less
than the nominal wall thickness specified. The
maximum wall thickness, excluding the weld
seam of welded tubing, shall be net more
than 10 percent greater than the nominal wall
-thickness specified, -

212, 1 3 Length—Structurdl tubmg is nog-
L(l 5 m) an,d over, in mult,rplelengths, a.nd.l,n
specified. mill. lengths.: Refer to: Section,.2.
‘When -specified 'mill lengths are ordered, the
length. tolerange shall ;be in:accordance with
Table 3.

12.1.4 Straightness—The permissible. varia-
tion for strarghtness of round structural
tubmg shall bé' % in! tlmes the number of feet
(1074 fim trmes "the’ number ‘of méters) of
totallength dividéd by 5.7

12.2 Square and Recmngular Structural
Tubmg e

1221 Quiside Dimensions-~The specified
diirﬁ'ensions, niéasured across the flats at posi-
tions-at least 2 in. ¢50.8"mm) from either end
“oft the tubing and-including an -allowance: for
‘Cohvexity: ortconcavity, shall not: exeeed the
iplis ahd minug toleranéésshown'iniTable 4.
waf 120252 ‘Wall: Thickness—The: tolerancé: for
wall thickness exclusive of the weld areashall
bé plugtand minus 10 percent of the nominal
wwall thicknessuspecified. The-wall thickness s
‘tosbe :fhea‘éh're’dl at?thef‘eenté‘r ofitheflat:

N

RIS

R ikl §e i

- Y5thhiudl Bobk fASTM stana‘am's, Parts [:'2; 3, 45,
ﬂnle Hrvie om0 s nuie by

R
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12.2.3 Length—S8quare and rectangular
structural tubing is normally produced in
random mill lengths 5 ft and over, in multiple
lengths, and in specified mill lengths. Refer
Section 2. When specified mill lengths are
ordered for square and rectangular structural
tubing, the length tolerances shall be in ac-
cordance with Table 5.

12.2.4 Straightness—The permissible varia-
tion for straightness of square and rectangular
structural tubing shall be % in. times the
number of feet of total length divided by 5.

12.2.5 Squareness of Sides—For square or
rectangutar structural tubing, adjacent sides
may deviate from 90 deg by a tolerance of
plus or minus 2 deg max.

12,2.6 Radius of Corners—Yor square or
rectangular structural tubing, the radius of
any outside corner of the section shall not
exceed three times the specified wall thick-
ness.

12.2.7 Twist —The tolerances for twist or
variation with respect to axial alignment of
the section, for square and rectangular struc-
tural tubing, shall be as shown in Table 6.
Twist is measured either by holding down one
end of a square or rectangular tube on a flat
surface plate with the bottom side of the tube
parallel to the surface plate and noting the
difference in height above the surface plate of
the two corners at the opposite end of the
bottom side of the tube or by measuring this
difference on the heavier sections by a suita-
ble measuring device, The differgnce in the
height of the corners shall not exceed the
values in Table 6, Twist measurements are
not to be taken within 2 in. (50 mm) of either
end of the product.

13. Special Shape Structural Tubing

13.1 The dimensions and tolerances of spe-
cial shape structural tubing are available by
inquiry and negotiation with the manufac-
turer.

14. Marking

4.1 Except as noted in 4.2, each length of
structural tubing shall be legibly marked to
show the following information: manufactur-
er’s name, brand, or trademark; the specifica-
tion number; and grade letter,

14.2 For structural tubing having a largest
dimension of 4 in. (101.6 mm) or less, the in-
formation listed in 14.1 may be marked on a
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tag securely attached to each bundle.

15. Packing, Marking, and Loading

[5.1 When specified in the order, contract,
etc., packing, marking, and loading shall be in
accordance with those procedures recom-
mended by Recommended Practice A 700 for
Packaging, Marking, and Loading Methods
for Steel Products for Domestic Shipment.*

16. Inspection

16.1 All tubing shall be subject to an
inspection at place of manufacture to assure
conformance to the requirements of this speci-
fication.

16.2 All tubing shall be free from injurious
defects and shall have a workmanlike finish.
Surface imperfections caused by handling
marks, light die or roll marks, or shallow pits
are not considered injurious defects, providing
the imperfections are removable within the
minimum wall permitted, The removal of
such surface imperfections is not required.
Welded tubing shall be free of protruding
metal on the outside surface of the weld seam.

16.3 The ends of structural tubing, unless
otherwise specified, shall be finished square
cut and the burr held to a minimum. The burr
can be removed on the outside diameter, in-
side diameter, or both, as a supplementary
requirement. When burrs are to be removed,
it shall be specified on the purchase order,

16.4 Upon request of the purchaser in the
contract or order, a manufacturer’s certifica-
tion that the material was manufactured and
tested in accordance with this specification to-
gether with a report of the chemical and tensile
tests shall be furnished.

17. Rejection

17.1 Each length of tubing received from the
manufacturer may be inspected by the pur-
chaser and, if it does not meet the require-
ments of this specification based on the in-
spection and test method as outlined in the
specification, the length may be rejected and
the manufacturet shall be notified. Disposition
of rejected tubing shall be a matter of agree-
ment between the manufacturer and the pur-

chaser.
17.2 Tubing found in fabrication or in instal-

‘An:nuai Book of ASTM Standards, Parts 1, 3,4, and 5.
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lation to be unsuitable for the intended use,
under the scope and requirements of this
specification, may be set aside and the mafu-
facturer notlﬁedi, Such tubmg shall be SLIbJeCE

¥

A 800
to. mutual investigation. 4s to the nature and
severity of the deficiency and the forming or
ingtallation, or Both, conditions ifvolved. Dis-
posmon sh,all bea matter for agreement; o

4

TABLE 1 Chelmcal Requirements ¢

IR

Cotmpuosition, %

Grades A and B Grade C
Heat " Product Heat . Product
Element. Analyms Analysis Analyéis Anafysns
-+ @arborymax s <o e s 9% .30 T o ,,A.,..(.)A,z__’

_ Manganese, max . i Vi 1.35 1.'40
Phos;:horus, max 0,04 0.05 0.04 0.05
Sulfur, max 0.05 0.063 0.05 0.063
.Qopper, whr:n copper steel i§ spcmﬁcd mm 0.20 018 0.20 0.1%"

. o TABLE 2 Tensile Requirements
e ce : " Rdund@lructurél 'fu'bing B ,
oo A A Grade A 'Gl"ade B . Grade ¢
Tensile Strenigth, niin, psi (MPaj " 457000 (310) 58 000 (400) 62 000 (427) |
- Yield Strengthij min; psi (MPa):. 38 000 (228)* - 427000 (290) 46 000 (317)"
;Elpngat,i;q_n_in 2in, (30.8 m‘m),{nin,‘ % ., : 235¢ ' ,23 Lo o2l
N ‘ Shaped Structural Tubmg ' N
Grade A Gfade ‘Bb o . Grade C

Tensile Strength, imifi; ﬁSL(Mf’ﬁ)
‘Yleld Strength, min, psi (MPa)

E]ongatmn in 2i in. (50.8 mm), min, NI S

58 000 (460)

45 600 (310) 000(400)
146000 (3 (7)Y 4
.30 :

39 000/ (269) ¢
1250 :

52 000 (427)
'3 000 (345)
2

1

@ Applms to ‘specified wall thicknessés 0. 120 m g U5 rim) and over. For wall thlcknesses under 0. 120 in., the minimum
elongation shall be caleuldted by the Forrmuldx percent*elungatlon in2in. = 56¢ 17 5
& Applies to specified wall thicknesses.0.180 in. (4,57 mm) and:over: For wall thicknesses under 0 180-1f., the mimmu‘m

elongatmn shall be caleulated by the formula; percent elongationin 2 i = 810 124

cApnplles to specified wall thxcknesses 0 120 i, (3 05 mm) and over. For lighter wall tthkneSses, elongation shall be by

E

apreement with the:marilfacuirer,

. Note—The: following table gwes completcd minimuin values far longltudmal smp tests!

Elongation in 2 in. (50.8 mm); .

Wall thickries‘s‘. mm, %
in, (mm)
K pd GradeA GmdeB ‘ . ‘
0.1%0 (4.57) 23 T e
: L 0/165(4.19) 22
TR L 0,148 (3.76) 21
. . . 0134 (3.40) 20
: b 0,120 (3.05) .25 19.5 ‘ _ ;
' 70,109 (2.77) ' 233 ‘19 o t
- <0095 (2:41) .+ B3 ves I8 o e et o i
0,083 (2,11), R ¢ - o
‘ T 0065 (1.63) 21 . 16
cEe e s g 049 (12d) 20 157 ‘
0.035 (0.89Y . 19.5 14 it
i »
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TABLE 3 Specified Mill Length Tolerances for Round
Structural Tubing
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TABLE 5 Specified Mill Length Tolerances for Square
and Rectangular Structural Tubing

QOver 22 to 44
ft (6.7 to
13.4 m), incl

22 ft (6.7 m)
and Under

Over Under Over Under

Length tolerance for spec. Y2 ] 4 Y
ified mill length, in. (12.7) (6.4) (19.0) (6.4)
{mm)

TABLE 4 Outside Dimension Tolerances for Square and
"Rectangular Structural Tubing

Largest Outside Dimension, Tolerance,* plus

across flats, in. {mm) ﬂ-l"nd. Eﬁ;?:;'
2% (63.5) and under 0.020 (0,51)
Over 2% to 3V (63.5 to 88.9), incl 0,025 (0.64)
Over 3% to 5% (88.9 to 139.7), incl 0.030 (0.76)
Over 5% (139.7) | percent

“Tolerances include allowance for convexity or con-
cavity. For rectangular sections, the tolerance calgulated for
the larger flat dimension shall also apply to the smaller flat
dimension. This tolerance may be increased 50 percent when
applied to the smaller dimension, if the ratio of the cross-
sectional dimensions is 1.5 to 3, inclusive, and 100 percent
when the ratio exceeds 3,

The American Society for Testing and Materials takes no position respeciing the validity of any patent rights asserted
in connection with any item mentioned in this standard, Users of this standard are expressly advised that determination of the

" Over 22 ft to ‘

22 f1 (6.7 m) A4t (6.7 to
and Under 13.4 m),
incl

“Over Under Over Under

Length tolerance for spec- e Y ¥ Y
ified mill length, in. (12.7y (6.4) (19.0) (6.4)
(mm)

TABLE 6 Twist Tolerances for Square and Rectangular
Structural Tubing

Maximum Twist in the
First 3 £t (1 m) and in

Specified Dimension of
each additional 3 ft

Longest Side, in. (mm)

in. mm
1 ¥ (38.1) and under 0.050 1.39
Over 12 1o 2% (38.1 to 63.5), inct  0.062 1.72
Over 2% to 4 (63.5 to 101.6), incl 0.075 2.09
Qver 4 10 6 (101,6 to 152.4), incl 0.087 242
Over 6 to 8 (152.4 to 203.2), incl 0.100 278
Over 8 (203) 0,112 3.1

validity of any such patent rights, and the risk of infringement of such righis, is entirely thelr own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five
years and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or
far additional standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration
al a meeting of the responsible technical commitiee, which you may attend. If you feel that your comments have not received

a fair hearing you should make your views known to the ASTM Committee on Standards, 1916 Race Si., Philadelphia, Pa.

19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the

ASTM Board of Directors.
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

ASTM A501: Hot-Formed Welded and Seamless Carbon
Steel Structural Tubing

24.CFR 200, Subpart S

American Society for Testing and Materials
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AMERICAN NATIONAL : :
qH“’ STANDARD ANSI/ASTM A 50-! -76

‘Standard Specification for

HOT- FORMED WELDED AND SEAMLESS CARBON
STEEL STRUCTURAL TUBING'

This Standard is issued under the fixed, designation A 501; the numbcr lmmedmmiy followtng tﬁe daslgnahon mdtcates the
year of original adopuon or, in the case of revision, the year of last revision, A number in parentheses mdlc:ates the year of

]ast reapproval,

L. Scope

1.1 This spemflcatlon covers hot- formed
welded and seamless carbon steel square,
round, rectangular, or special shape structural
tubing for welded, riveted, or bolted construc-
tiont ‘of bridges and buildings, and for general
structural purposes.

1.2 Square and rectangular tubmg is fur-
nished in sizes 1 to 10 in. (254 to 254 tum)
across flat sides with wall thicknesses 0.095 to
1.000 in, (2.41 to 2540 mm), depending on
size; round tubing is furnished in nominal
diameters V2 to 24 in, (12.7 to 610 mm), incl,
with nominal (average) wall thicknesses 0.109
to 1.000 in. (2.77 to 25.40 mm), depending on
size. Tubing having other dintensions may be
furnished provided such tubing complies with
all other requirements of this specification.

[.3 Tubing may be furnished with hot-

dipped galvanized coating.

NoTE—The values stated in U.S. customary
units are to be regarded as the standard.

2. Ordering Information

2.1 Orders for material under this specifi-
cation shall include the following, as required,
to describe the desired material adequately.

2.1.1 Quantity (feet or number of lengths),

2.1.2 Name of material (hot-foermed tub-
ing),

2.1.3 Method of manufacture (seamless or
butt welded),

2.1.4 When galvanized coating required
(see 14.1),

2.1.5 Size {Section 12),

2.1.6 Length (specific or random, see 13.3),
2.1.7 End condition (see 17.3),

2.1.8 Burr removal (see 17.3),

2.1.9 Certification (see 17.4),

2.1.10 ASTM specification nurhber,
2.1.11 End use, and
2.1.12 Special requirements.

3. Process

-3,1 The steel shall be made by one or more
of the following pracesses: open-hearth, basic-

oxygen, or electric-furnace.

4, Manufacture

4.1 The tubing shall be made by the seamless
or furnace butt welding process (continuous
welded) except that tubing made by the elec-
tric-resistance-welding process and subse-
quently reheated throughout its cross section
and hot formed by a reducing or shaping proc-
ess, of both, is also an acceptable process of
manufacture. ‘

5. Heat Analysis

5.1 An analysis of each heat of open-
hearth, basic-oxygen, or electric-furnace steel
shall be made by the manufacturer. This anal-
ysis shall be made from a test ingot taken
during the pouring of the heat. The chemical
composition thus determined shall conform to
the requirements specified in Table 1 for heat
analysis.

6. Product Analysis

6.1 An analysis may be made by the pur-
chaser from finished tubing manufactured in
accordance with this specification, or an anal-
ysis may be made from flat-rolled stock from
which the welded tubing is manufactured.

! This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stuinless Steel and Related Alloys,
%nd is the direct responsibility of Subcommittee A01.09 on

ipe.

Current edition approved July 30, 1976. Published
September 1976. Originaily published as A 501 - 64. Last
previous edition A 501 - 74,
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When product analyses are made, two sample
lengths from a lot of each 500 lengths or frac-
tion thereof shall be selected. The specimens
for chemical analysis shall be taken from the
sample lengths in accordance with the appli-
cable procedures of ASTM Method E 59,
Sampling Steel and Iron for Determination of
Chemical Composition.? The chemical com-
position thus determined shall conform to the
requirements specified in Table 1 for product
analysis.

6.2 In the event the chemical composition
of one of the sample lengths does not conform
to the requirements shown in Table I for
product analysis, an analysis of two additional
lengths selected from the same lot shall be
made, each of which shall conform to the re-
quirements shown in Table 1 for product analy-
sis, or the lot is subject to rejection.

7. Tensile Requirements

7.1 The material, as represented by ihe test
specimen, shall conform to the requirements
as to tensile properties prescribed in Table 2.

8. Bend Test

8.1 The bend test shall be made on square
or rectangular tubing manufactured in accord-
ance with this specification.,

8.2 The bend test specimen shall be taken
longitudinally from the tubing, ‘and shall rep-
resent the full wall thickness of material. The
sides of the bend test specimen may have the
corners rounded to a maximum radius of Y,
in. (1.6 mm),

8.3 The bend test specimen shall stand
being bent cold through 180 deg, without
cracking on the outside of the bent portion, to
an inside diameter which shall have a relation
to the thickness of the specimen as prescribed,
in Table 3.

9, ‘Test Method

9.1 The test specimens required by this
specification shall conform to those described
in the latest issue of ASTM Methods and
Definitions, A 370, for Mechanical Testing of
Steel Products.?

9.2 The tension test specimen shall be
taken longitudinally from a section of the fin-
ished tubing, at a location at least 90 deg

443

from the weld in the case of welded tubing,
and shall not be flattened between gage
marks. If desired, the tension test may be
made on the full section of the tubing; other-
wise, a longitudinal strip-test specimen shall
be used as prescribed in Methods A 370 Sup-
plement II. The specimens shall have all burrs
removed and shall not contain surface im-
perfections which would interfere with proper
determination of the tensile properties of the
metal. :
9.3 The yield point shall be determined in
accordance with one of the alternatives de-
scribed in Methods A 370.

10. Number of Tests

10.1 One tension and one bend test, as
specified in Sections 7 and 8 shall be made
from tubing representing each heat.

11. Retests

11.1 If the results of the mechanical tests
representing any heat do not conform to a
requirement, as specified in Sections 7 and §&,
retests may be made on additional tubing of
double the original number from the same
heat, each of which shall conform to the re-
quirement specified, or the tubing represented
by the test is subject to rejection.

11.2 In case of failure on retest to meet the
requirements of Sections 7 and §, the manu-
facturer may elect to retreat, rework, or oth-
erwise eliminate the condition responsible for
failure to meet the specified requirements,
Thereafter, the material remaining from the
respective heat originally represented may be

tested, and shail comply with all requirements .

of this specification.

12. Dimensions

12.1 Square Structural Tubing—The out-
side dimensions (across the flats), the weight
per foot, and the calculated nominal wall
thickness of common sizes of square struc-
tural tubing included in this specification are
listed in Table 4.

12.2 Rectangular Structural Tubing—The
outside dimensions (across the flats), the
weight per foot, and the calculated nominal

* Annual Book of ASTM Standards, Part 12,
“,:ilmzual Book of ASTM Standards, Parts 1, 2, 3, 4, and
5, and 10,
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wall thickness of common sizes of rectangular
structural tubing mcluded in this spemflcauon
are listed in Table 5.
123 Round:Structural Tubmg-«The nom-
_inal size and outside diameter dimensions, the
weight  per. foot, and the calculated nominal
wall *thickness . of .common sizes of round
structural tubing included in this specification
are listed in Table 6. . .
12.4 Special Shape Slrucmral Tubing—
The dimensions and tolerances of special
-shape. structural tubing are ‘available by in-
quiry and negotiation with-the manufacturer.
12.5 Other Sizes—~Hot-formed welded:and
seamless structural tubing may be manufac-
tured in accordance with thé réquirements of
this specification to other ordered dimensions
not listed in Tables 4; 5, and 6. In this event,
the dimensiondl tolerances shall be consistent
with those shown in this specification for sim-
ilar sizes and type of product. '
13. Permissible Variations in Dimensjons of
Square,, Round, Rectangular and Speclal
Shape Structural Tubing

13.1 -Oiitside Dimeénsions—The: s'pcmfled
dimensions, measured acidss the flats-at posi-
tiohs- at least 2 in. (50.8 mii) from eithier end
of square or réctangular tubiiig ard including
an allowance for convexity or concavity, shall
not exceed thé plus-and minus tolerance
shown in' Table 7. For rdund hot-formed

structural tubing - 2 in. afid over in nominal
size; the outside diameter shall not vary more
than +1 percerit from the standard spetified.
‘For nominal Sizes 1% in.'(38.1 mm) and under
the outside’ diariteter shall not vary more than
Y, in. (0.40 mm) over nor more than ¥, in.
(0.79 mm) under the standard specified.
13.2 Wezght-«Thc weight of thé structural
Hfubmg, as specified ih Tables 4,5, and 6, shall
1ot be less thin the SpeCIfled value by mare
than 3.5 percent. - ’

13,3 Léngth—Structural” tubing is cofn-

mofily produced in randdm niill lehgths of 16
to 22 ft (4.9 to 6.7 m) or 32 to 44 ft- (6.7t0
9.8 ) in multiplé lengths; and in defmlte cut
lengths: Refel to’ Séction 2. When cut Tengths
“are specified for stiuctural tubing; the length
tolerances shall be in accordance with Table
8. ‘

13.4 Straightness—The permissible: varia-

‘A 501

fion for straightness of structural tubing shall

be & in: times the number of feet (10.4 mm

‘times the number of meters) of total 1ength
-divided by 5.

+13.5 Squareness of Szdes—For square or
réctangular structural tubing,- adjacent sides
may deviate from 90 deg by‘a tolerance of
plus or minus 2 deg rhax.

'13.6 Radius of Corners—For square or
rectangular structural tubing, the radius of
any outside corner of the section shall not
exceed . three. tlmCS the specified wall thick-
ness,

13.7 Twzst The tolerances for twist or

‘variation with respect to axial- ahgnment of

the section, for square and rectangular struc-
tural tubing, shall be as shown in Table 9.
Twist is measured either by holding down one
end of a square or rectangular tube on a flat
surface plate with the bottom side of the tube
parallel to the surface plate and noting the
height that either corner, at the opposite end
of the bottom side of the tube, extends above
the surface plate, or by use of a suitable meas-
uring device' for heavier sections. Thé dif-
ference in the height of the corners shall not
exceed the values in Table 9. Twist measure-

ments are not to be taken within 2 in. (50

mm) of either end of the product.
14. Galvanized Coatmgs

14,1, For structura] tubmg requmng galva-
nized coating, such coating shall comply wlth
the requirements. contained in the latest revi-
ston of ASTM Specification A 120 Pipe,
Steel, Black and Hot-Dipped Zinc-Coated
(Galvanized) Welded and Seamless, for Ordi-
nary Uses,* -with the additional provision
that, at the option of the manufacturer, the
weight. of coating may also be determined
from the welght of zinc on, the, outside sur-
face only.

15. Marking

15.1 Except as noted in 15.2, each length of
structural tubing shall be legibly marked by
rolhng, d1e~stampmg, ink printing, or _paint
stenmlmg to show the followmg informatiop:
manufacturers _name, brand, or trademark;
size and thlckness, and the spec1flcat1on
niwmber. ~

4 A‘r;,nua! quk of ASTM Slandard;{, Partl
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15.2 Far structural tubing having the great-
est cross sectional dimension less than 2 in.
(50,8 mm), the information listed in 15.1 may
be marked on a tag securely attached to each
bundle.

16, Packaging, Marking, and Loading

16.1 When specified in the order, contract,
ete. packaging, marking, and loading shall be
in accordance with those procedures recom-
mended by ASTM Recommended Practice
A 700, for Packaging, Marking, and Loading
Methods for Steel Products for Domestic
Shipment.®

17. Inspection

17.1 All tubing shall be subject to an
inspection at the place of manufacture to as-
sure conformance with the requirements of
this specification.

17.2 The structural tubing shall be free
from injurious defects and shall have a com-
mercially smooth finish. -

17.2.1 Surface imperfections shall bhe
classed as injurious defects when their depth
exceeds 15 percent of the wall thickness as
stated in Tables 4, 5, or 6 and when the im-
perfections materially affect the appearance
of the structural member, or when their
length (measured in a transverse direction)
and depth would materially reduce the total
cross sectional area at any location,

17.2.2 Injurious defects having a depth not
in excess of 33% percent of the wall thickness
stated in Tables 4, 5, or 6 may be repaired by
welding, subject to the following conditions:

17.2.2.1 The defect shall be completely
removed by chipping or grinding to sound
metal. ‘
17.2.2.2 The repair weld shall be made

TABLE 1 Chemical Requirements
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using suitable coated electrodes.
17.2,2.3 The projecting weld metal shall be
removed to produce a workmanlike finish.
17.3 The ends of structural tubing, unless
otherwise specified, shall be finished square
cut, and the burr held to a minimum. The
burr can be removed on the outside diameter,

inside diameter, or both, as a supplementary

requirement. When burrs are to be removed,
it shall be specified in the purchase order.

17.4 Upon request of the purchaser in the
contract or arder, a manufacturer's certifica-
tion that the material was manufactured and
tested in accordance with this specification to-
gether with a report of the chemical and tensile
tests shall be furnished.

18. Rejection

18.1 Each length of tubing received from the
manufacturer may be inspected by the pur-
chaser and, if it does not meet the requirements
of this specification based on the inspection
and test method as outlined in the specifica-
tion, the length may be rejected and the manu-
facturer shall be notified. Dispositien of re-
jected tubing shall be a matter of agreement
between the manufacturer and the purchaser.

18.2 Tubing found in fabrication or in instal-
lation to be unsuitable for the intended use,
under the scope and requirements of this
specification, may be set aside and the manu-
facturer notified. Such tubing shall be subject
to mutual investigation as to the nature and
severity of the deficiency and the forming or
installation, or beth, conditions involved. Dis-
position shall be a matter for agreement.

¢ Annual Book of ASTM Standards, Parts 1, 3, 4, and 5,

TABLE 2 Tensile Requirements

Compoesition, percent

Tensile strength, min, psi (MPa) 58 000 (400)

Element Yield point, min, psi (MPa) 36 000 (248)
Heat Praduct Elongation in 2 in. (50.8 mm) min, 23
analysis analysis percent®
- ; Elongation in 8 in. (203 mm) min, 200
Carbon, max 0.26 . 0.30 percent®
Phosphorus, max 0.04 0.05
Sulfur, max 0.05 0.063 “ Elongation may be determined in u guge length of ei-
Copper, when copper steel is 0.20 0.18 ther 2 . or 8 in, at the manulacturer’s option,
specified, min ®For malerial under %, in. in thickness, a deduction
from the percenlage elongation of 1.25 percent in 8 in.
specified in Table 2 shall be mude for each decredse of Y,
in. of the specified thickness under %, in.
445
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TABLE 3 Bend (Test Requtrements P

1ABLE| 4+, :Dimensions of Common: Sizes of Squm‘e

StructuralTubmg o

R

T T Rt of Bend
ThnckneSSAofMatenal Diameterto: Y Size Given i - ol Calbuldted' '
: ‘;”‘ . m (mm) G e . Specimen - Outside DLmen~ o W_eight per ;. WNotninal -
Ca o s Thlckneqs " gloits Acrogs Foot, | Wall Thmk- .
- it : - Flat Sides, (kg/m) fless, in. ¢
.% in. (,L9 0) dl‘ld undcr ; in. (rmm) (mm)
0vcr “/4 m to ! m (190 fo 25 4), mcl SRS T TTY S ew A s #
, 1 by 109 (1.62) T 0.095 (241)
it w'fi! (2 54by«25 4); N S 11 I 133 (3:38)
s i i '3' VR gy Cheh g 010 29
* e ( 08 by 50 8) R ¥\ Egiﬁ) 8125 (;; ;if)
R C 365 (S4d) 154 (3.91)
) L n e 43D (84D 0.188 (4.78)
' ' v By 2 ke W32’ a3y’ cohar (3.se”
e ; (63.5 by 63.5) 550 (832)  0.188 < (478)
? , 740 (1036) 0250 (6.35)
3by3 578 (8.60) 0156 (3.96)
‘ S {7620y 76.2)" 6867 (1021) 0 0.088 (478)
» el i 880 2 (13.09). © 10.250 (6\3&)-‘“*
: weri “ 3 by TW 688 (1024 056 (3. 96;
e FIRCIpY : (88.9 by 88.9) 8.14 (12107 0.188" (4.78
. Goew . s Bk 21050 H6E5.62) b, 0250 (6.35)
: r N ‘ e 1269 (18.88), fo,alz (1:92).;
Bl abyd 931 "(i3@s] ¢ 0.iss (47
. - (101’6by 101641 7 12.02¢ (13 2501 (saﬁ)
- O TR NN .7 S 0312 (7.92)°
i _',,‘ 16.84 0375 (9.52),
e 2088 0,500 (12, 70)
A 5by5 1186, (17,65) 5 - 0. 188 (478)”
e ‘ “(127()by 1270) 1542 (2294) . 0250 (6:35)
oo T18.77 (27,99 . 0312 (192) .
. oo S a4 118,35 (9623
> . Fey 268 (4L 19)»« 400,300+ (12,70}
. T 6 by SRRV Tl ](2}443 s (4 dR)
b . ‘(15244by 152 4) -18.82 (3g00)" *10.350 - (6 35)
R ; 2302 +(342%) #0312 (7.92):.
P B ‘,,2704 [40.28) .
e : & ’ 3448 (5131‘),
" oo by T 1685 (507 o
(1778 by, 1718 oy 2204 (32.80): 7 0,250 - (6 35),,;
' 7699 (3.16) 0312 '(7.92)
_ LT3 (721 0375 (9.50)
Cam Vo ooeowh 40,55 (604} D CL500 (12.70)
3by8 21544 (37.85) 0250 (6.35)
- (2032 by 203 2) ~ip 3E.2400:(46,49) 1 120312 (7.92)
‘ s y - vireae36.83 - (54:80) 0375 (9.52)
- , (47,35 (70.46)  0.500 (12.70)
‘ 0 . L - 5698 (84.79)  ..0.625 (15.88)
. 165 73 (97.81) 0750 £19.05)
PEETERYEE Ay
e S 10 by 16— 52,23 47.96) — 0.250° (6.35) *
’ o {2540 by 254.0) - +39.74 {59.13)  0.31%- (7192F .}
) . . o © 4703 (69.98)  Ou3TSe (9i5n
e Ep 016095 (90.69)  0.500- (13,70 &
O : 73.98 {[10:08) - 70.625(45.88) » +
oy Lo vt 86.13 (128.16) 0750 {16.05%.
. "o S ) v 102,79 160,39) e 1n000- (25:40)
' PERRNTS P Wtis il
[N , " )
446.
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TABLE 5§ Dimensions of Common Sizes of Rectangular TABLE 6 Dimensions of Common Sizes of Round
Structural Tubing Structural Tubing
Size Given in Calculated Nomi- ) Caleulated
Qutside Dimen- Weight per Nominal nal Outside Di- Weight Per - Nominal
sions Across Foot, b Wall Thlck- Size ameter, if, Foat, 1b Wall Thick-
Flat Sides, (kg/m) ness, in, i ! {mm) (kg/m) ness, in.
in. (mm) (mm} ‘ (mm)
3by2 432 (6.43) 0.141 (3.58) Y. 0840 (21.3)  0.85 (1.26) 0.109 (2.77)
(76.2 by 50.8) 5.59 (8.32) 0.188 (4.78) 0.840 (21.3) 109 (1.62) 0.147 (3.73)
1.10 (10.56) 0.250 (6.35) ¥ o 1050 (26D 113 (1.68) 0.113 (2.87)
: 1.050 (26.7) 147 {2,19) 0.154 (391
4 by 2 : 5.78  (8.60) 0.156  (3.96) 1 1315 (33.4) 134 (1.99) 0.104 (2.64)
(101.6 by 50.8) 6.86 (10.21) 0.188 (4.78) 1315 (334)  1.68  (2.50) 0,133 (3.38)
.80 (13.09) 0.25¢ (6.35) 1315 (334) 217 (3.23) 0.179 (4.55)
1% 1.660 (42.2) 1.8l (269 0.110 (2.79)
4by3 6.88 (10.24) 0.156 (3.96) 1660 (42.2) 227 (3.38) 0.140 (3.56)
(101.6 by 76.2) 8.14 (12.11) 0.188 (4.78) ‘ 1,660 (42.2)  3.00 (447 0.191 (4.85)
10,50 (15.62) 0.250 (6.35) 1% 1900 (48.3) 217  (3.23) 0.114 (2.90)
12.69 (18.88) 0312 (7.92) 1.900 (48.3) 272 (405 0.145 (3.68)
1.900 (48.3)  3.63 (5410 0.200 (5.08)
5by3 9.31 (13.85) 0.188 (4.78) 2 2375 (60.3) 292 (434 0421 (3.07)
{127.0 by 76.2) 12.02 (17.89) 0.250 (6.35) 2375 (60.3)  3.65 (5.44) 0.154 (391
: 14,52 (21.61) 0312 (7.92) 2375 (60.3) 502 (748) 0.2(8 (5.54)
16.84 (25.06) 0375 (9.52) 2% 2875 (T30 453  (6,75) 0,156 (3.96)
2875 (73.0) 540 (8.04) 0.188 (4.78)
6by3 10,58 (15.74) 0.188 (4.78) 2875 (73.0) 579  (8.62) 0.203 (5.16)
(152.4 by 76.2) 13.72 {20.42) 0250 (6.35) 2875 (73.0) 7.66 (11.41) 0276 (7.01)
16,65 (24.78) 0312 (7.92) 3 3500 (88.9) 558 (8.30) 0.156 (3.96)
19.39 {28.85) 0375 (9.52) 3.500 (88.9)  6.63 (9.87) 0.188 (4.78)
. 3.500 (88.9)  7.58 (11.29) 0.216 (5.49)
6 by 4 11.86 (17.65) 0.188 (4.78) 3500 (88.9) 1025 (1527) 0.300 (7.62)
(1524 by 101.6) 1542 (22.94) 0.250 (6.35) 3% 4.000 (101.6) 640  (9.53) 0.156 (3.96)
18.77 (27.93) 0.312 (752) : 4,000 (101.6)  7.63 (11.35) 0.188 (4.78)
2194 (32.65) 0375 (9.52) 4000 (101.6)  9.11 (13.57) 0226 {5.74)
27.68 (41.19) 0.500 (12.70) 4.000 {101.6) 12.51 (18.61) 0318 (8.08)
4 4500 (114.3)  7.25 {10.79) 0.156 (3.96)
7bys 14.41 (21.44) 0.188 (4.78) ‘ 4,500 (114.3) -~ B.64 (12.86) 0.188 (4.78)
(177.8 by 127.0) 18.82 (28.00) 0.250 (6.35) 4.500 (114.3) 1000 (14.88) 0.219 (5.56)
23.02 (34.25) 0312 (7.92) 4.500 (1143) 1079 (16,06) 0.237 (6.02)
27.04 (40.28) 0.375 (9.52) 4,500 (114.3) 1498 (22.29) 0.337 (8.56)
34.48 (51.31) . 0.500 (12.70) 5 5563 (141.3)  14.62 (21.75) 0.258 (6.55)
5563 (141.3) 20,78 (30.92) 0.375 (9.53)
8 by 4 14.41 (21.44) 0.188 (4.78) 5.563 (141.3)  38.55 (57.36) 0.730 (19.05)
(203.2 by 101.6) 18.82 (28.00) 0250 (6.35) 6 6.625 (168.3) 1897 (28.23) 0.280 ({7.11)
23.02 (34.25) 0312 (7.92) 6,625 (168.3)  28.57 (42.51) 0.432 (10.97)
27.04 (40.28) 0.375  (9.52) 6.625 (168.3)  53.16 (79.10) 0.864 (21.95)
34,48 (51.31) 0.500 (12.70) 8 8.625 (219.1)  28.55 (42.48) 0.322 (8.18)
8.625 (219.1) 4339 (64.56) 0.500 (12.70)
8hbyé 16.85 (25.07) 0.188 (4.78) 8.625 (219.1)  72.42 (107.76) 0.875 (22.23)
(203.2 by 152.4)  22.04 (32.30) 0.250 (6.35) 1010750 (273.0) 4048 (60.23) 0.365 (9.27)
26.99 (39.16) 0312 (7.92) 10.750 (273.0) 5474 (81.45) 0.500 (12.70)
31.73 (47.21) 0.375  (9.52) 10,750 (273.0)  104.13 (154.95) ~ 1.000 (25.40)
40.55 (60.34) 0.500 (12.70) 12 12750 (323.8)  49.56 (73.75) 0.375 (9.53)
12,750 (323.8) 6542 (97.34) 0.500 (£2.70)
10by 6 2544 (37.85) 0.250 (6.33) 12750 (323.8) 125.49 (186.73) 1000 (25.40)
(254.0 by 152.4) 31.24 (46.49) 0.312 (7.92) 14 14000 (355.6) 54.57 (8130) 0,375 (9.53)
36.83 (54.30) 0.375 (9.52) 14.000 (355.6) 72,09 (107.27) 0.500 (12.70)
47.35 (70.46) 0.500 (12.70) 16 16000 (406.4) 6258 (93.12) 0375 (9.53)

16.000 (406.4) 82,77 (123.16)  0.500 (12,70)
18  18.000 (457.2)  70.59 (105.04) 0.375 (9.53)
18.000 (457.2)  93.45 (139.05) 0.500 (12.70)
20 20,000 (508.0) 78.60 (116.96) 0.375 (9.53)
20.000 (508.0) 104.13 (154.81) 0.500 (12.70)
24 24,000 (609.6) 9402 {140.79) Q.37 (9.33)
24,000 (609.6) 125.49 (186.73) Q.500 (12.70)
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"TABLE' 7' 'Ouitside’ Dimension Tolerances for Square, TABLE"9." Twist Tolerances for Square, Rectangular, or

Rectmlgular, and Specmi Shape Structural Tubing Special Shape Struictural Tubing
Tolerance, plus : i Maximum Twist in the
La‘&gg;?gs? %S;gse glr?;ﬁl)on - and’ mmusE,), Siiécitied Dimension of - First 3 ft (1 m) and in
‘ o - ‘m (mm) | Longest Quter Side, in. (inm) each addifional 3 ft
2% (63'5) and under 0.020 (0. 51) v in. < mm
Over 234 to 3% (63.5to 88.9), in¢l 0.025 (0.64) ) - "
8"°’ 2152 2?35;11_’;)(88 Sto 197 indl ? 1030 (0.76) e 1A )1§n2dﬁ/f [Eggrl 16 63.5),inct gggg ;;g
ver 52 t ] . Dy E : .
2 . Percen Over 2% and 4'(63.5 to 101,6), inel ~ 0.075 2.09
. The respectwe outside difnensidn tolerances include the Over 4 to 6 (101.6 to 152.4), incl 0.087 2'42‘
allowances for convexnty and eoncavity. Ovet 6 to 8 (152.4 to 203. 2)’ mcl 0.100 2.78

0ver8(203) S 0.112 1L

‘ TABLE‘ 8 Cut Length Tnlérances_ for Structural Tubing

e : . “Over 22to
i D21t (67.m) 44 ft (6.7.to
o © cand Under . 13.4 m),
incl

Over Under Over Under

i

Length folerance for Spec- Ve Yo W Y
ified cut lengths, in. (12.7y (6.4 (19.0) (6.4)
(mm) ' '

The American Society Jor Testing and Materials take.v no position respecring the validity of any patent rights asserted
in connection with any item mentioned in th; kytandard Users of this standard are expressly advised thai determination of the
vahd:ty of any such patem rights, and the risk of infringement of such nghts, is entirely their own responsibility.

Thxs smnd’ara' is subject !o revision . at an)- time by the responstble techmgal committeg and must be reviewed every five
years and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or
Sor additional :tandards and should be addressed o ASTM Headquarters, Your comments will receive careful consideration
al a-meeting. of the respanyible technical committee, which you may attend. If you feel that your comments have not received
a fair hearing you should make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa.
19103, which will schedule @ further hearing regarding your comments. Failing satisfaction there, you may appeal to the
ASTM Board of Directors.,

L
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally

binding upon all citizens and residents of the United States of America.
HEED THIS NOTICE: Criminal penalties may apply for noncompliance.

Document Name: AT\ A502: Steel Structural Rivets

CFR Section(s): 24 CFR 200, Subpart S

American Society for Testing and Materials

Standards Body:
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THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER

phee

568000008

WASHINGTON; D.C.

zri ‘SL

985

;fig

Z

Page 44 of 133

PRO_00090507



Case 1:13-cv-01215-TSC Document 198-16 Filed 10/07/19 Page 45 of 133

PRO_00090508



daly

STANDARD

Standard Specification for

AMERICAN NATIONAL] ANSI/ASTM A 502 - 76
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American Association State
Highway and Transportation Officials Standard
AASHTO No.: M 228

STEEL STRUCTURAL RIVETS!

This Standard is issued under the fixed designation A 502; 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.

1. Scope

1.1 This specification covers three grades of
steel rivets in diameters from % to [le in, (13
to 3§ mm), incl, for structural fabricating
purposes. Grade 1 is a carbon steel rivet for
general purposes. Grade 2 is a carbon-man-
ganese steel rivet suitable, with proper riv-
eting technique, for use with high-strength
carbon and high-strength low alloy structural
steels. Grade 3 is similar to Grade 2 with en-
hanced atmospheric corrosion resistance ap-
proximately four times that of carbon steel
without copper.

NOTE [—Grade | rivets correspond to those
formerly made from steel conforming to Specifica-
tion A 141 for Structural Rivet Steel,* and Grade 2
rivets correspond to those formerly made from steel
conforming to Specification A 195 for High-
Strength Structural Rivet Steel.? Grade 3 rivets
correspond to those made from steel conforming
to Specification A 588 for High-Strength Low-
Alloy Structural Steel with 50 000 psi Minimum
Yield Point to 4 in. Thick.®

1.2 Rivets conforming to this specification
may be made by either the hot- or cold-
heading process. It is expected that these
rivets ordinarily will be hot driven.

Note 2—The values stated in inch-pound units
are to be regarded as the standard.

2. Process

2.1 The steel for rivets shall be made by
the open-hearth, basic-oxygen, or electric-fur-
nace process.

3. Chemical Requirements

3.1 The rivets shall conform to the heat
and product analysis requirements for chem-
ical composition given in Table 1. .

3.2 Application of heats of steel to which
bismuth, selenium, tellurium, or lead has

been intentionally added shall not be per-
mitted.

4. Test Specimens

4.1 Rivets used for testing shall be heat
treated in the following manner prior to
testing: ‘

4.1.1 Grade 1—Normalize by air cooling
from above the transformation range.

4.1.2 Grade 2—Anneal by heating to 1450°F
(790°C), holding for 30 min at temperature
and cooling in the furnace,

4.1.3 Grade 3—Heat treatment of test
samples is not a requirement; however, at
the option of the manufacturer, normalizing
of test samples is permitted.

5. Mechanical Requirements

5.1 The rivets shall conform to the hard-
ness requirements shown in Table 2. Hardness
shall be measured on a transverse section
through the shank of the rivet at a point one
guarter of the nominal diameter from the axis
of the rivet. This transverse section shall be
tuken at a distance from the end of the rivet
which is equal to the diameter of the rivet.
Except as noted below, either the Brinell or
the Rockwell hardness test may be used. Test
procedure shall conform to Methods and Def-
initions A 370, for Mechanical Testing of
Steel Products.® Brinell hardness shall be
measured at only one point. Rockwell hard-

*This specification is under the jurisdiction of ASTM
Committee F-16 on Fasteners.

Current edition approved July 30, 1976. Published
QOctober 1976. Originally published as A 502 - 64. Last
previous edition A 502 - 75,
> ’aiscontinued; see /966 Book of ASTM Standards,

art 4.

? Annual Book of ASTM Standards, Part 4. )

d‘Ammal Boak of ASTM Standards, Parts |, 2, 3, 4, §,
and 10,
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ness shall be measured at-thrée points, equally
spaced about the axis of the rivet, and the
hardness shall be taken as the arithmetic av-
erage of the three measurements, When use of
the Brinell hardness test is prohibited by prox-
imity to the periphery of the section, measure-
ment of hardness shall be made by the Rock-
well hardness test.

6. Dimensions

.:' o

6.1 Dimensions-of rivets, uniléss otherwise “
specified, shall conform té those of one of the

head types provided in American National
Standard B184. for. Large Rivets (% :Inch
Nominal Diameter and Larger) .’

7. Markmg

A Rwet heads shall be marked as follow
to 1dentrfy the’ grdde, and shall dlso be
marked . to .identify the. manufacturer.
Markmg may be either raised or depressed at
the option of the manufacturer '

Grade ‘ P Gmde Mqumrm
1 . - nomerrequired?..
2 A
3 o s 3

" "The numeral l may be used at the manufacturer’s op-
oh!

8. Number of Tests and Retests Applicable for
Mechanical (Hardness) Testing and
Chemlcal Analysrs

. 8.1 The requtrements of this spec1f1cat on
sha,ll _“be_.met, in continuous, mass production
for stock, and the manufacturer shall make
sample inspections to ensure-that the product
conforms-to the specified requirements. Addi-
tional tests. of.individual shipments of mate-
rial: are naqt -ordinarily contemplated. Indi:
vidual heats of steel are not 1dentlfled in the
flmshed product.

8.2 When specified in the order the manu-
f'acture‘r shall furnish a test report certified to
be thelast completed set of mechanical tests
for each stock size in each shipment.

" 8.3 Additional tests af individual shipments
of rivets are not-ordinarily requlred but when
such ‘additional tésts arc specified an 'the put-
chase order, a lot for the purpdse of selecting
test samples shall consist of all rivets in the
shipment which have the following common
characteristics:

8.3.1 Onetype ofhead R

8.3.2 One nominal dlameter, and

8.3.3 One nominal length,

8.4 From each lot, the number of tests for
each requirement shall be as follows:

Number
. SR vl . of
Nuimber of Pieces in Lot " Simples
¢ . B0OG dng gnder 1
801 to 8 Q0O 2
8 001 to 22 000 3
Ovér 227000 5

8.5 If any test specimen shows defective
preparation it may be discarded and another
specimen substituted.

8.6 Should: any specimen fail to meet the
requirements of its specified test, double the
number. of specimens from the same lot shall
be tested:for the property in which failure was
found and all the additional specimens: shall
meet the specification requirements.

9. Quality Level for Visual Soundness

9.1 Inspectzon—Acceptable quallty level
(Note 3) for rivets shail be as glven in Table
3

NOTE 3—The acceptable qualrty level (AQL)
provides standards for visual soundness inspedtioii.
The standards used, here are those.of a recom-
mended practice for large solid rivets formulated by
the [ndustnal Fasteners Institute, June, 1965. That
practice is based.on Military Standard MIL-STD-
105D for Sampling Procedures and Tables .for
Inspectxon by Attributes. ‘Table 3 provides levels of
quality for various attributes or chargcteristics and
thesé are givén numerical value in Table 4.

9.2 The AQL sampling and inspection shall
be conducted in accordance with the sample

size, & cceptancc, and’ I"ejeCtIOTl Values given in
T’able 4.

10. lnspectmn

. | If the testing descrlbed in 83 is re-
qurred by the purchaser; it shall. be specified
in the inquiry and contract or order,

10.2 The inspector representing the pur~
chaser 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*af-
ford the inspector: all reasonable facilities,
without charge, to satisfy him that the mate-
rial is being furnished in.accordance with this

—_
s Avarlable from American Natrona] Standards Insti-
tute, 1430 Breadway, New York, N. Y1001 i
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specification, All tests (except product analy--

sis}-and inspection shall be made at the place
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11. Rejection

11.1 Rejections based on requirements

of manufacture. prior to shipment, unless oth-
erwise specified, and shall be so conducted as
not to interfere unnecessarlly with the opera-
tion of the works.

specified herein shall be reported to the manu-
facturer within 30 days after receipt of mate~
rial by the purchaser

TABLE 1 Chemical Requirements

Co

Grade 1 Grade 2 , " @rade 3¢
Class A Class B
Heat Product ‘Heat Froduct : X
Analysis, | Analysis,” | Analysis, | Analysis, | . Heat Product Heat Product i
%o % % % Analysis, | Analysis, | Analysis, | Analysis, :
: C % % . % o 1
Carbon 0.13-0.25 | 0.11-0.27 | 0.19=0.30 | 0.16-0.33 | 0.10~0.19 | 0.09-0.20 | 0.20 max | 0.21 max
Manganese | 0.30-0.90 | 0.27-0.93 | 1.20-1.65 | 1.14-1,71 | 0.90-1,25 | 0.86-1,24 | 0.75-1.25 | 0,71-1.29
Phosphorus, max . ' . ;
acid . 0.08 0.070 0.06 0.070 ce Ca s AN i
basic 0.04 0.048 - | 0.04 0.048 0.04 0.045 0.04 0.045
Sulfur, max 0.05 0.058 - |.0.05- 0.058 0.05 0.055 0.05 0.055
Silicon : e . 0.10-0.30 | 0.08-0.32 | 0.15-0.30 | 0.13-0.32 | 0.15-0.30 | 0.13-0.32
Nickel N . v Ce 0.25-0.50 | 0.22-0.53 :
Chromium ‘ o 0.40-0.65 | 0.37-0.68 ( 0.40-0.70.] 0.37-0.73 |
Copper ‘ I ca e s 0025-0.40 0.22-0.43 | 0.20-0.40y 0.17-0.43 !
Copper, when copper] 0.20 | 0.18 . 10.20 0.18° ... e ] PP
bearing steel is .
specified, min R ‘ : : . . i
anadium 0 02—0 10 10.01-0, 1o, 0'1;40,10, 0,11 max i

a Pmduct analysis is not appllcab]e to rivets made from rimmed steel or merchant quality bars, :
YA and B are classes of matenal used for Grade 3 rwets Selection of a class shall be at the optlon of the nvet
manufacturer. . .

TABLE 2 Hardness Requirements

Grade 1 Grade 2 Grade 3¢
Min | Max | Min | Max | Min | Max

Rockwell, B 551 72 76| 8| 76| 93
Brinell, 500-kgf 103 | 126 | 137 | 163 | 137 | 197
(4900-N), 10- :

mm ball

2 In order to meet the atmospheric corrosion or hard- ) , |
ness requirements or both, various combinations of alloy- I
ing elements will be required. Maximum iimits may be
specified for the number and amount of alloy elements by
mutual agreement between purchaser and producer at the
time of ordering.
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TABLE 3 Levels of Quality, . ™ : TABLE 4 Numencal Values for Levels of Quality .

P net - ; Acdeptatilé R A.cceplable Quality "

TR Defw o .. Quality Level A ‘ " Level ’

Cmck or burst“w R R 0.0 ‘ ,LOL‘S’i\ze‘ k Sample o 10 0; g
Duds (incompleted rivet or torelgn . 1.0 R Size- —

Ac- Re- Ac- Re~
cept- jee-  cept- jee-
ance® tion®  ance” tion®

material)

aCrack and burst are two names for the same thing, : 2
Each designates an abrupt interruption of the periphery of 010 50 . 8

0. 1 2 -3

a rivet head by separation of the metal: Such interruptions .. . 5] 90 . 13 0 1 3 4
do not adversely affect structural strength, corrosion resist- 91 to 150 20 0 | 5 6
ance, orrother functional requirements’of the rivet, but are 151 to 280 32 1 2 7 8
unslghtly if they are large For this reason, a rivet with a " 981 to 500 30 1 2 [
crack - ofF ‘burst thmg an opemng at the penphery of the’ . 501 to ' 1200 80" 2 3 14 I5
head which s widér than 0,020 h. plus 0. 05" times the rivet - 1201 to 3200 125 3 4 20 22
diameéter is conmd:rgd defective. } . 3201 tg - 10-000 - - 200 5 6 20 22
T 3 222

T I 10-001:ta 35 000 315
L .- S 35001t (500000 500 10 i1 2b 22
! 150 001 ta 500 000 B0 14 15 . 21 22
over 500 000 1250 2 2 2t

:

“ Defectlves in s&mple permltted for acceptance of 1ot.
P ) e " # Defectives in samplé requiring rejection of lot. =« - i
’ The Amencan S’vaety for Testmg and Mdtetials takes no position respecting the validity of any patent rights asserted

iconnection Wwith dny item mentioned in'this standard. Users of this standard are expressly advised that determination
of the validity of any such patent rights, and the risk of infringement of such rights, is entirely their owr respons!bxhty

This standard is subject to revision at any time by the responsible technical comminee and mus!w be revtewed every: five
years and 1f not wevised, either reapproved or withdrawn. Your commenls are invited either Jor revision of this standard or
for additiond] standards.and should be addressed fo. ASTM Headguarters. Your comments will receive careful consideration

at a meeting of the respansible technical committee, which you may aitend. If you feel that your comments have not recéived
a fair-hearing you should make: your views known to the: ASTM Commitiee on Standards, 1916 Race-St.; Philudelphia, Pa.
19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appéal to: the
ASTM Board of Directors.
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AMERICAN NATIONAL ,
(I CEEED avsyasn asta -7

- Standard Speclflcatlon for

American Association State Highwa and Trana
' portallon Gfﬁela]s Standard AASHT 44

 HIGH-YIELD-STRENGTH, QUENCHED AND TEMPERED
' ALLOY STEEL ELATE,«,HSUITABLE»_.FOFI WELDING‘:1

This Standard is issued under the fixed designation A 514; the number immediately following the designation indicates the
yéar of original adoption or, in the casé of revision, the year of lastirevision. A number in parentheses indicates the year of

last réapproval.

1. Scope

1.1 This specification covers quenched and
tempered alloy steel plates of structural qual-
ity in thicknesses of 6 in. (152 mm) and under
intended primarily for use in welded brldges
and other structures.

Note i— All grades are not avaﬂable in a maxi~

mum thickness of 6 in, See Table 1 for thxcknesses
avaﬂable in each grade. '

1.2 Welding techmque is of fundamental‘ ‘
1mportance and must fiot ddversely affect the
properties of the plate especially in'the heat 1

requirements prescribed in Table 1.

affected zone. It is presupposed that welding
procedures will be suitable for the materials
being welded.

Note 2—The values stated in inch-pound units
are to be regarded as the standard.

2. General Requirements for Delivery

2.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of ASTM Specifi-
cation A 6, for General Requirements for
Rolled Steel Plates, Shapes, Sheet Piling, and
Bars for Structural Use 2

3. Process

3.1 The steel shall be made by one of the
following processes: open-hearth, basic-oxy-
gen, or electric-furnace. Additional refining
by vacuum-arc-remelt (VAR) or electroslag-
remelt (ESR) is permitted.

3.2 The steel shall be fully killed, fine grain
(ASTM No. 5 or finer) as determined in ac-
cordance with ASTM Methods E 112, for Es-
timating the Average Grain Size of Metals,?
specifically, Plate IV,

472

4, Heat Treatment

4.1 The material shall be heat treated by
the manufacturer to conform to thé teiisile
and hardnéss requirements of Table 2 by
heating to. not less than 1650°F (900°C),
quenchmg in water or oil and temperingat not
less than 1150°F (620°C). The¢ heat-trédting
temperatures shall be reported on the test
cert1flcates

5. Chem[cal Reqmrements
5.1 The heat analysm shall COnform to the

5.2 The steel shall conform on product
analysis to the requirements as prescribed in
Table 1, subject to the product analysis toler-
ances in Specification A 6.

6. Tensile Requirements

6.1 The material as represented by the ten-
sion test specimens shall conform to the ten-
sile properties prescribed in Table 2.

6.2 A deduction of 1.25 % f{rom the per-
centage of elongation specified in Table 2
shall be made for each decrease of !/s2 in.
(0.80 mm) of the specified thickness under
516 in. (8.0 mm). This deduction in elonga-
tion shall not exceed 3 %.

! This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Al-
loys, and is the direct responsibility of Subcommittee
A01.02 on Structural Steel for Bridges, Buildings, Rolling
Stock, and Ships.

Cutrent edmon approved June 24, 1977, Published Au-
gust 1977, Originally published as A 514 64. Last pre-
vious edition A 514 - 75.

2 Annual Book of ASTM Standards, Part 4.

* Annual Book of ASTM Standards, Part 11,
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7. Brinell Hardness Requirements

7.1 For plates /s in. (9.5 mm) and under in
thickness, a Brinell hardness test may be used
instead of tension testing each plate, in which
case a tension test shall be made from a corner
of each of two plates per lot. A lot shall
consist of plates from the same heat and thick-
_ness, same prior condition and scheduled heat
treatment and shall not exceed 15 tons (13.6
Mg) in weight. A Brinell hardness test shall be
made on each plate not tension tested and
shall meet the requirements shown in Table 2.

B. Test Specimens

8.1 When possible, all test specimens shall
be cut from the plate in its heat-treated condi-
tion as shipped. If it is necessary to prepare
test specimens from separate picces, these
pieces shall be full thickness, and all pieces
shall be similarly and simultaneously heat
treated with the material. Ail such separate
pieces shall be of such size that the prepared
test specimens are free of any variation in
properties due to edge effects.

8.2 The purchaser shall specify on the pur-
chase order any additional thermal treatments
which shall be given to the test specimens in
addition to the heat treatment specified in
Section 4. (This is intended to simulate ther-
mal treatments which subsequently may be
done by the fabricator.)

Case 1:13-cv-01215-TSC Document 198-16 Filed 10/07/19 Page 53 of 133

A 514

9. Number of Tests ‘
9.1 Except as described in 7.1, one tension

test shall be taken from a corner of each plate’

as heat treated. Plates wider than 24 in. (610
mm) shall be tested in the transverse direction
and are subject to the modifications for elon-
gation and reduction of area contained in
footnote C of Table 2.

9.2 One grain size test (see 3.2) shall be
made from each heat.

10. Retest

10.1 Plates subjected to Brinell hardness
tests and which fail to meet the hardness re-
quirements, at the manufacturer’s option,
may be subjected to tension testing and shall
be accepted if the results conform to the re-
quirements of Table 2.

10.2 The manufacturer may reheat-treat
plates that fail to meet the mechanical prop-
erty requirements of this specification. All
mechanical property tests shall be repeated
when matertal is resubmitted for inspection.

11. Marking

11.1 Each plate shall be legibly marked
with the ASTM specification number and type
letter in addition to the standard markings in
accordance with Specification A 6.

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply when specified in the order

or contract.

S1. When specified, the inspector shall ex-
amine every plate surface by visual and di-
mensional means, and for shipment prepara-
tion, in order to satisfy himself that the mate-
rial conforms to the requirements of this spec-

ification.

52, Whén' specified, flatness tolerances

tloser than Table 16 of Specification A 6 are

" available and should be ne‘gotiated‘w'ith the

manufacturer.

Standardized supplementary requirements for use at the option of the purchaser are
listed in Specification A 6. Those which are considered suitable for use with this

specification are listed below by title.

S14. Bend Test.

473
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TABLE 2 Tensile and Harduess Requirements : g
Note 1—0On plates wider than 24 in. (610 mm), the test specimen shall be taken in the transverse direction. (See
Section 9 and Specification A 6.)
Note 2 —Either the full thickness rectangular specimen shown in Fig. 4 of ASTM Methods and Definitions A 370 for
Mechanical Testing of Steel Products,” or the !/z-in. (12.5-mm) diameter specimen shown in Fig. 5 of Methods A 370 may

be used for plates over ¥4 to 1'/2 in, (19 to 40 mm) in thickness.

Elonga-
. ; . fonin 2 Reduction of Brinell
; : Ultimate Tensile Strength,  Yield Strength? flon In BL mi ] -
Thickness, in. ksi (MPa) min, ksi (MPa) igmfzgg Area %, min, Hardn%sgr Num
‘ min, % o :

To 3/a, incl 110 to 130 (760 to 895) 100 (690} 18 408 o 235 to 293
QOver ¥4 to 2'/2, incl 110 t0.130 (760 1o 895) 100 (690) 18- 408, 507 . e
Over 242 to 6, incl 100 to 130 (690 to 895) 90 (620) 16 50F

4 Measured at 0.2 % offset or 0.5 % extension under load as described in Section 13 of Methods A 370.

¥ Elongation and reduction of area not required to be determined for floor plates. :

¢ For plates tested in the transverse direction, the elongation minimum percent is reduced by 2 % and the reduction of
arca minimum requirement is reduced by 5 %. . ) .

D Bee Section 7. . .
& When measured on the Fig. 4 (Methods A 370) 1'/z-in. (40-mm) wide specimen {see Note 2 above), the elongation is

determined in a 2-in. or 50-mm gage length which includes the fracture and shows the greatest elongatior.
F When measured on the Fig. 5 (Methods A 370) /2-in. (12.5-mm) round specimen (see Note 2 above).

* Annual Book of ASTM Standards, Parts 1, 2, 3, 4, 3, and 10,

The dAmerican Saciety for Testing and Materials takes no pasition re:;vpecting the validity of any pateni rights asserted in
connection with any item mentloned in this standard. Users of this standard are expressly adw‘sea'y that deternination of the
validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five
years and if not revised, elther reapproved or withdrawn. Your comments are invited either for revision of this standard or
Jor additional standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration
al a meeting of the respansible technical cammittee, which you may attend, If you feel that your comments have not received
a fair hearing you should make your views known to the ASTM Commitiee on Standards, 1916 Race Si., Philadelphia, Pa.
19103, which will schedule a further hearing regarding your corments. Failing satisfaction ihere, yau may appeal to the
ASTM Board of Directors. :
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QHI” Designation: A 522/A 522M - 95b

)

Standard Speclflcatlon for

Forged or Rolled 8 and 9 % Nickel Alloy Steel Flanges,
Fittings, Valves and Parts for Low-Temperature Servme1

This standard is issued under the fixed designation A 522/A 522M; the number immediately following the designaticm 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 epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This specification® covers 8 and 9 % nickel-alloy steel
forged or rolled flanges, fittings, valves, and parts intended
for use in welded pressure vessels for low-temperature
service. The specification is applicable to forgings with
maximum section thickness of 3 in. [75 mm] in the double
normalized and tempered condition and 5 in. [125 mm] in
the quenched and tempered condition. Forgings under this
specification are intended for service at operating tempera-
tures not lower than —320°F [—196°C] for Type I or —275°F
[—170°C] for Type I or higher than 250°F [121°C].

1.2 Material under this specification is available in two
types having different chemical compositions as follows:

Type Nominal Nickel Content, %
1 9
II 8

1.3 Supplementary requirements Si and S2 are optional
and shall apply when specified by the purchaser.

1.4 This specification is expressed in both inch-pound
units and SI units. However, unless the order specifies the
applicable “M” specification designation (SI units), the
material shall be furnished to inch-pound units.

1.5 The values stated in either inch-pound units or SI
units are to be regarded separately as standard, Within the
text, the SI units are shown in brackets. The values stated in
each system are not exact equivalents; therefore, each system
must be used independently of the other. Combining values
from the two systems may result in nonconformance with
the specification.

2. Referenced Documents

2.1 ASTM Standards:

A 370 Test Methods and Definitions for Mechanical Test-
ing of Steel Products?

A 751 Test Methods, Practices, and Terminology for Chem-
ical Analysis of Steel Products?

A 788 Specification for Steel Forgings, General Require-
ments*

! This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.22 on Valves and Fittings.

Current edition approved June 15, 1995, Published August 1993, Originally
published as A 522 - 64. Last previous edition A 522/A 522M - 95a.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SA-522 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 01.03.

4 Annual Book of ASTM Standards, Vol 01,03,

398

3.1 Ordering Information

3.1 It is the purchaser’s responsibility to specify in the
purchase order all ordering information necessary to pur-
chase the needed material. Examples of such information
include but are not limited to the following:

3.1.1 Quantity,

3.1.2 Size and pressure class or dimensions (Tolerances
and surface finishes should be included),

3.1.3 Specification number and type (The year date
should be included),

3.1.4 Supplementary requirements, and

3.1.5 Additional requirements, (See 4.4, 11.6, 16.1, 17.1,
17.2, and 18.3). ‘

4. Materials and Manufacture

4.1 The steel shall be produced in accordance with the
melting process section of Specification A 788.

4.2 Material for forgings shall consist of ingots, or ¢ither
forged or rolled blooms, billets, or bars.

4.3 The finished product shall be a forging as defined in
the Terminology Section of Specification A 788.

4.4 When specified in the order, the manufacturer shall
submit for purchaser’s approval a sketch showing the shape
of the rough forging before machining,

5. Chemical Composition

5.1 The steel shall conform to the requirements for chem-
ical composition as prescribed in Table 1. Test Methods,
Practices, and Terminology A 751 shall apply.

6. Tensile Requirements

6.1 The forgings shall conform to the tensile property
requirements prescribed in Table 2.

6.2 The forgings shall be tested in accordance with the
latest issue of Test Methods and Definitions A 370.

7. Impact Requirements

7.1 Impact tests shall be conducted at —320°F [—195°C]
for Type [ and at —275°F [—170°C] for Type II, except when
a higher temperature is specified in accordance with Supple-
mentary Requirement S2. Each test shall consist of three
specimens and each specimen shall have a lateral expansion
opposite the notch of not less than 0.015 in. [15 mils] [0.38
mm].

7.2 The values of energy absorption in footpounds (or
joules) and the fracture appearance in percent shear shall be
recorded and reported for information.
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- “TABLE 1 ' Chemical Requirements
Composition, %

Type | Type ll
Carbaon, max 0.13 ; 0.13
Manganese, max 0.90 0.90
Phosphorus, max .
Heat analysis 0.025 0.025
Product analysis 0.030 - 0.030
Sulfur, max - 0.025 0.025
SiliconA. ; .
Heat analysis 0.15-0.30 0.15-0.30 . - .
Product analysis 0.13-0.32 0.13-032 .
Nickel ) : '
Heat analysis 8.5-9.5 7.5~85
Product anaiysis 8.40-9.60 7.40-8.60 -

4 When vacuum carbon deoxidation is used, the maximum silicon content shalil
be 0.10 %.

TABLE 2 Tensile Requirements at Room Temperature

Tensile strength, min, ksi [MPa) 100 [690]
Yield strength, min, (0.2 % off-set), ks [MPa] 75[5615] -
Elongation in 2 in, [S0mm], min, % 22

45

Reduction of area, min, %

8. Heat Treatment

8.1 The forgings shall be heat treated by the manufacturer
by either of the following methods as mutually agreed upon
between the purchaser and the manufacturer, ' ‘
© 8.1.1 Quenched and Tempered—Heat to a uniform tem-
perature of 1475 £ 25°% [800 = 15°C]; hold at this
temperature for a minimum tinie of [ 'h/in. (2.4 min/mm) of
thickness but in no case less than 30 min; guench by
immersion in circulating water. Reheat until the forging
attains a uniform temperature within the range from 1050 to
1125°F [565 to 603°C]; hold at this temperature for a
minimum time of 1 h/in of thickness but in no case less
than 30 min; cool in air or water quench at a rate not Iess
than 300°F [165°C]/h
- 8:1.2° Double Normalized and Temperedeeat t0 a-uni-
form temperature of 1650°F [900°C]; hold at this tempera-
ture for & minimum time of 1 hfin." (2.4 min/mm) of
thickness but in no case less than 30 min; cool in air. Reheat
until the forging attains a uniform temperature of 1450°F
[790°CY; . hold at this temperature for a minimum time of |
h/in. of thickness but in'no case less than 30 min; cool in air;
Reheat to a uniform temperature within the range from 1050
to 1125°F [365 to 605°C]; hold at this temperature for a
minimum time of .1 h/in of thickness but inr no case less
than 30 min; cool in air or water quench, at a rate rot less
than 300°F [165°C]/h

-8.2: When stress relieving is to be performed after fabrnca—
tlon the recommended stress-relieving . treatment is as fol-
lows: gradually and uniformly heat the steel to a temperature
between '1025. and 1085°F [550 and 585°C]; hold for a
minimum of 2 h-for thicknesses up'to'1-in. [25 mm]. For
thicknesses over 1 in. [25 mm], a minimum additional
holding time in the ratio of 1 h/in. (2.4 min/mm) of
thickness in excess of 1 in, [25 mm] shall be added. Cool at a
minimum rate of. 300°F [165°C]/h, to a. temperature not
exceeding 600°F [315°CL. ... ceo .

9. Cast or Heat (Formerly Ladle) Analysis
9.1 An analysis of each heat of steel shall be made by the
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manufacturer to determine percentages of the. elements
specified in Table 1. ‘ :

10. Product (Check) Verification Analysis

10.1" An analysis may be made by the purchaser from a
forging representing each heat. Samples for analysis shall be
taken not less than Y in. [6 mm] below the surface of the
forgings, or from tension test specimens. The chemical
composition thus determined shall conform to the require-
ments specified in Table 1.

11 Test Specimens

(1.1 Thetension and 1mpact specimens may be obtalned
from a rough or finished production forging, or prolongation
thereof, or from special forged blocks, suitably worked and
heat treated with the production forgings. These tension and
impact tests may represent all forgings from the same heat
and heat treatment charge, provided the maximum thickness
of such forgings is not greater than the thickness of the test
forging, prolongation, or special test block. Such special test
blocks shall be forged in a manner similar to and shall have a
maximum reduction not greater than ‘the forgings repre-
sented. The manufacturer shall provide lhe reqmred extra
forgings or test blocks,

. 11.2 The test specimens shall be located at any pomt
midway between the center and surface of solid forgings, and
at any point midthickness of the heaviest section of hollow or
bored forgings. For solid forgings where test metal is pro-
vided on the periphery, test specimens shall be taken at
mid-thickness of the test prolongation. ‘

11.3 Tests shall be oriented so that the Iongltudmal axis of
the specimen is parailel to the major direction of grain flow.

. 11.4 The tension test specimens shall be machined to the
standard specimen form' and dimensions shown in Fig.-4-of
Test Methods and Definitions A 370. In the case of sections
too small to accommodate the standard spemmen the Iargest
practicable small-size specimen’ shown in Fig, 4 of Test
Methods and Defiritions A 370 shall be used.

11.5 Standard Charpy V-notch specimens in accordance
with Fig, [0 of Test Methods and Definitions A 370 shall be
used, except where the material is of insufficient thickness to
permit their' use,” in” which case’ the largést obtainable
specimens shown in 20 2 2 of Test Methods and Deﬁmtlons
A 370 shall be used:

11.6 When fabrication requires stress rehevmg, the pur:
chaser shall specify stress rehevmg of the test pieces prior to
machining of the test specmaens Stress relieving shall be
camed out as prescnbed in 8.2.

12. Method of Impact Testmg

12.1 The impact test shall be rﬁade in accordance with the
simple beam, Charpy type of test described in the latest issue

of Test Methods and Definitions A 370.

12.2 Precaution shall be taken so that when wbroken, thé
test specimens shall be within £3°F [1. 7°C] of the spec1ﬁed
test temperature. ‘

13. Workmanship, Finish, and Abpedrance
13.1 The forgings shall have a workman-like finish and
shall be free of injurious defacts.

PRO_00090718
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14. Number of Tests and Retests

14.1 At least one tension test and one set of imp‘act tests
(three specimens) shall be made from each heat in each
heat-treatment charge, subject 16 the provisions of 11.5.

14.2 If any test specimens fail due to mechanical causes,
such as festingsequipment. failure ior improper. specimen
préparation, - the speciméns may be discarded and - replace-
ment specimens shall be considered as original tests.

.14.3 If the results:ofithe mechanical tests do not. conform
to the specified requirements, the manufacturer may retreat
the forgings, but not more than three additional times.
Retests shall be made in accordance with this section.

14,4 If .the percentage elongatlon of any tension test
specrmen is less than that ‘prescnbed in Table 2 and any part
of the fracture is ouiside the middle half of the gage léngth, a
retest shall be allowed.

14. 5 If the results of mechanical tests do not conform to
the spemﬁed requirements because a flaw develops in the test
specimen, a retest shall be allowed if the defect is not caused
by ruptures, cracks, or flakes in the steel.

14.6 If the result from a test on, one Charpy impact
spec1men from a set is below 0.015 in. [0.38 mm] in lateral
expansion, but not below 0.010 in, [0 25 mm] and the
average test result on the set of specimens equals or exceeds
0.015 in. [0. 38 mm], one retest of three additional specimens
may be made.: Each of the test results on the retested
specimens shall equa.l or exceed 0.015 in. [0.38 mm].

15, Inspection

15.1 The inspector representmg 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 manufactur-
er’s works. that concern the manufacture of the material
ordered. The manufacturer shall afford the inspector all
reasonable facxhtles to satlsfy the inspector that the material
is being furnished in accordance with this specification. All
tests (except product analysxs) and mspecuon shall be made
at the place of manufagtyre prior .to shipment, unless
otherwise spec1ﬁed and shall be conducted $0.as not to
interfere unnecessanly with the operatxon of the works.

15.2 The manufacturer shall report to the. purchaser or
the purchaser’s representative the heat treatments, applied to
the material and to the test blocks and the. results of thé
chemical analysis and mechanical tests made in accordance
with this specification and the heat number or his heat
identification.

16. Rejectmn

16.1 Unless otherwise spec1ﬁed any rejection based on
tests made in accordance with Section 5 shall be reported to
the manufacturer within 60 days from thé recelpt of samples
or test reports by the purchaser

16.2 Each forging in which anUI‘IOLlS metal defects dre
exposed during subsequent machining shall be rejecled and
the manufacturer notified.

17. Certification
17.1 For forgings made to specified dimensions, when

4
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agreed upon by the purchaser, and for forgings made to
dimensional standards unless written certification is required
by the purchaser, the application of identification marks as
required in Section 18 shall be the certification that- the
forgings have been furnished in accordance with the require-
ments of this specification.

17.2 Test reports, when required, shall 1nclude certifica-
tion that alt requirements,of this specification have been met.
The manufacturer shall provide the following where appli-
cable:

17.2.1 Whether Type 1 or Type 11 material has been
supplied and the chemical analysis results in accordance with
Section 6,

17.2.2 Type of heat treatment used,

17.2.3 Results of tension and Charpy impact tests in-
cluding the impact test temperature, and test coupon stress
relief details if applicable,

17.2.4 Results of any additional or supplementary re-
quirements specified by the purchaser, and

17.2.5 The year date and revision letter, if any, of the
specification. Note, this information is not required to be
marked on the forgings.

18. Product Marking

18.1 Each forging shall be leglbly stamped by:the manu-
facturer with the heat number or his heat identification, the
manufacturer’s name (Note) or trademark, and this specifi-
cation number, A 522/A 522M, §NI, or 9NI as applicable,
and QT or NNT as applicable.

Note—For purposes of idéntification markmg, the manufacturer is
considered the organization that certifies the piping component was
manufactured, sampled, and tested in accordance with this specification
and the results have been deterntined to meet the requirements of this
specification.

18.2 Forgings impact tested at temperatures other than
that specified in 7.1 shall be marked with the letters LTV
following the specification number. These letters shall be
followed by the impact -test temperature in degrees
Fahrenheit. A prefix 0 to. the test:temperature indicates a
temperature: below 0°F [~17.8°C], for example LTV0300
indicates —300°F [-184°C]. ‘ ‘

18.3 The purchaser may specify addmonal identification
marking and the location of all stamping. The type of stamps
shall be round.or “interrupted-dot” die stamps having a
radius of ¥4 in. [0.8 mm]. )

18.4 Bar Coding—In-addition to the requirements in
18.1, 182, and 18.3, bar coding is acceptable :as a supple-
mental identification method. The purchaser may.specify in
the order a specific bar coding system to be used. The bar
coding system, if applied at the discretion of the supplier,
should be consistent with one: of the published industry
standards for bar coding. If used on small parts, the bar code
may be applied to the box or a substantlally applied tag.

vy

19. Keywords

19.1 nickel alloy steel; pipe fittings, steel; piping applica-
tions; pressure coitaining parts; stéel ﬂanges, steel forgings,
alloy; steel valves; temperature service applications; low

il J
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SUPPLEMENTARY REQUIREMENTS

One or more of the supplementary requirements described below may be included in purchaser’s order or
contract. When so included, a supplementary requirement shall have the same force as if it were in the body
of the specification. Supplementary requirement details not fully described shall be agreed upon between the
purchaser and the supplier, but shall not negate any of the requirements in the body of the specification.

- 81, Nondestructive Tests i S2. Other Impact Test Temperatures
S1.1 Ultrasonic Tests—Ultrasonic tests may be made by 52.1 The purchaser may specify an impact test tempera-
agreement between manufacturer and purchaser. ture higher than that in 7.1 but no higher than the minimum

S1.2 Liguid Penetrant Tests—Liquid pénetrant tests may  intended operating temperature for the forging.

be made by agreement between manufacturer and purchaser, $2.2 Marking shall be in accordance with 18.2.

The American Soclety for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned In this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are aentirely their own responsibility. '

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
If not revised, elther reapproved or withdrawn..Your comments are invited either for revision of this standard o for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend, If you feel that your comments have not recelved a fair hearing you should make your
views known to the ASTM Commiltee on Standards, 1916 Race St., Philadelphla, PA 19103.

e ——— _— o e A e e -
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qmr} Designation: A 539 - 90a

Standard Specification for

w

Electric-Resistance-Welded. Coiled Steel Tubing for Gas and

Fuel Qil Lines'

This standard is, 1ssued under the fixed. des1gnanon A 539; the number 1mmed;ately fo]lowmg the designation indicates the year of
‘origindl adoptlon or, intHe case df feévision, the year of last révision. A number in parentheses indicates the year of last reapproval A
supérscript-¢psilon (&) indicates’an editorial change sinice the last revision ¢r reapproval

This specification has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific vear of issue which has been adopted by the Department of Defense.

1. Scope .

1.1 This spec:1ﬁcat10n covers one grade of electnc-resmt—
ance-welded coiled steel tubmg 2% in. (60.3 mm) and under
in outside diameter and 0,035 to 0.125 in. (0.89 to,3.18
mm), inclusive, in average wall thickness. The tubmg is
intended for conveyance. qf gas and fuel oil,

1.2 The values stated - m 1nch-pound units are to be
regarded as the standard

2. Re‘ferenced Documents

2.1 ASTM Standards:

A 450/A 450M Spec1ﬁcat10n for General Requlremenls
for Carbon, Femtlc Al]oy, and Austemtlc Alloy Steel
" Tubes?

E 30 Test Methods for Chemical Analysrs of Steel, Cast
. Iron, Open Hearth Iron, and Wrought Iron?

3. General Reqmrements for Dehvery

3.1 Material furnished to this specification shall conform
to the' applicable requiretients of the curiént edition of
Spemﬁcatlon A450/A 450M unless otherwise provided
herem

4. Ordermg Informatlon .

4.1 ‘Orders for material 16 this specification should include
the following, as requlred to describe the desired material
adequatety:

4.1:1 Quantity (number Of feet),
4.1.2 Name of matenal
tubing),

4.1.3 Tube "sizé (spemﬁed outSIde dlameter and wall
thickness), ‘
4.1.4 Check analysis (see 6.1),

4.1.5 Specification designation,

4.1.6 End use of material;'and ’

4.1.7 Test pressure, 1f‘h1gher thén minimurh spemﬁed (see
4).

(electrlc-res1stance—we1ded

—

! This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys, and is the direct respansibility of Subcom-
mittee A01.09 on Steel Pipe,

Current edition approved July 27, 1990. Published September 1990, Originally
published as A 539 - 65 T, Last previous edition A 339 - 90,

2 Annual Book of ASTM Standards, Vol 01.01,

3 Annual Book of ASTM Standards, Vol 03.05.
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5. Chemical Composition

5.1 The steel shall conform to the requirements as to
chem1ca1 composition prescnbed in Table 1. For referee
purposes, Test Methods E 30 shall be used.

5.2 Supplying an alloy grade of steel that specifically
requires the addifion of any element other than those listed
in Table 1 is not permitted.

6. Check Anélysis

6.1 When requested in the purchase order, a check
analysis shall be made by the supplier from one coil per lot
(Note 1). The chemical composition, thus détermined, shall
conform to the specified requirements,

NoOTE 1—A lot consists of 250 coils or Iess of one size produced from
the same heat of steel.

6.2 If the original test for check analysis fails, retests of
two additional coils shall be made, Both retests, for -the
elements in question, shall meet the requirements of: the
specification; otherwise, ‘all remaining material in the lot
shall be rejected or, at the option of the producer, edch coil
may be tested for acceptance. Coils which do not meet the
requirements of this speciﬁcatioﬂ shall be rejected. '

7. Tensile Requlrements

7:1 The material shall conform to the requirements as to
tensile properties prescribed in Table 2.

Note 2—Footnote 4 of Table 2 gives the computed minimum
elongation values for each ¥5z7in. (0.79 mm) decrease in wall thickness.
Where the wall thickness lies between two values showh, the minimum
elongation value shall be determined by the following equation:

E =48+ 1500

where: o Con
E = elongatxon in 21n, or 50 mm, %, and
{ = actual thickness of'specimer, in. (mmn):

8. Height of Flash

" 8.1 The insidé welding flash need not be removed. The

height of flash shall not exceed the wall thickness or ¥z in.

(4.8 mm) whichever is smaller.

TABLE 1 Chemical Requirements

Element Composition, %, max
Carbon 016
Manganese 0.63
Phosphorus 0.085
Sulfur 0.035
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TABLE 2 Tensile Requirements
Tenasile strength, min, ksi (MPa) 45 (310)
Yield strength, min, ksi (MPa) 35 (241)
Elongation in 2 in. or 50 mm, min, %: 21
Basic minimum elongation for 0.125-in. (3.18-mm) wall .
For tube walls lighter than 0.125 in. (318 mm), a . 1504

dedugtion for each sz in, (0.79 mm) decrease in wall
thickness below 0.125 in. from the basic minimum
elongation of the following percentage points

4 The following table gives the computed minimum values§

Wall Thickness Elongation in 2 in.

or 50 mm, min, %

in. mm
s (0.125) 3.18 21.0
Yz (0.094) 2.38 20.0
116 (0.062) 1.59 180
/a2 (0.031) 079 . 17.0

9. Dimensions and Permissible Varlations‘

9.1 The outside diameter shall not vary more than +0 007
in, (£0.18 mm) from the specified size.
9.2 The minimum wall thickness at any point shall be not

10, Workmanship, Finish, and Appearance

10.1 Tubing shall be free of imperfections in excess of
10 % of the specified wall thickness and shall have a
workmanlike finish.

11. Number of Tests

11.1 One longitudinal tension test shall be made on one
length from each lot of 250 coils or fraction thereof.

[1.2 A flattening test shall be made on both crop ends cut
from each coil of tubing, with the weld located alternately at
zero and 90° from the line of direction of force.

[1.3 Each tube shall be tested by the non-destructlve
electric method.

{14 Each coil of tubing shall be pressure tested at the‘

mill at 150 psi (1034 kPa) gage min pressure for a minimum
of 10 s. .

12, Product Marking

12.1 In addition to the marking specified in Specification
A 450/A 450M, the marking shall include the test pressure,
when that pressure is higher than the minimum specified in
11.4. The marking shall be leg1b1y stencﬂed on atag securely
attached to gach coﬂ !

more than 10.0 % under the specified wall thickness.

The American Soc/ety for Testing and Materials takes .no position resbecung the validity of any patertt rights assertad in connéation
with any item mentioned in this standard. Users of this standard are expressly advised that de!erm/nat/on of the valldlty of any such
« patent rights, and the risk of infringement of such rlghts, are entirely their own respons/bi/lty :

This standard is subject to revisfon at any tlme by the responsible technical commitiee and must be reviewed every five years and ., - I i
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards C. :
and should be addresssed to ASTM Headquarters Your comments will receive careful consideration at a meeting of the responsible’
technical committee, which you may attend. If you feel that your comments have not received a fair heanng you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Ph/ladelphla, PA 19708, . i

f
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qsnv) AMERICAN NATIONAL) ANSI/ASTM A 570 - 79

STANDARD

Standard Specification for

HOT-ROLLED CARBON STEEL SHEET AND STRIP,

STRUCTURAL QUALITY!

This Standard is issued under the flxed designation A 570, the number immediately following the degignation indicates
the year of original adoption or, in the case “of revision, the year of last revision. A number i m parentheses indicates the

year of last reapproval.

This specification has been approved for use by agenciés of the Department of Defense and for listing in the DoD Indels of

Specifications and Standards.

1. Scope

1.1 This specification covetrs hot-rolled.

* carbon steel sheet and strip of structural qual—
ity in cut lengths or coils. This material is
intended for structural purposes where me-
chanical test values are required, and is avail:
able in a maximum thickness of (.2299 in.
(5.8 mm) except as limited by Spec1flcatlon
A 568.

1.1.2 The following grades are covered in
this specification:
Mechanical Properties

‘ Yield Point, min, - Tensile Strength,
Grade psi (MPa) ‘win, psi (MPa) -

30 30 000 (210) 49 000 (340)
33 33 000 (230) 52 000 (360)
36 36 000 (250) 53 000 (365)
40 40 000 (280) 55 000 (380) ¢
45 45 000 (310) 60 000 (410)
50 50 000 (340) 65 000 (450) :

Note 1-—The values stated in meh«pound umts
are to be regarded as the standard..

2. Applicable Documents

2.1 ASTM Standard:

A 568, Specification for Steel, Carbon-aiid
High-Strength Low-Alloy Hot-Rolled
Sheet, Hot-Rolled Strip, and Cold-
Rolled Sheet, General Requirements?

3. General Requirements for Delivery

3.1 Material furnished under this specifi-
cation shall conform to the applicable require-
ments of the current edition of Specification
A 568, unless otherwise provided herein.

4. Ordering Information
4.1 Orders for material under this specifi-

530

cation shall include the following informafi,on,
as required, to describe the required material
adequately:

4.1.1 ASTM specification number and
date of issue, and grade,

4.1.2 Copper-bearing steel (if required),

4.1.3 Spemal requirements (if required),

4.1.4 Name of material (hot—rolled sheets
or sirip),

4.1.5 Condition (Matexial to° this spemﬁ-
cation is furnished in the hot-rolled condition.
Pickled (or blast cleaned) should be specified
if required. Material se orderecl will be oiled
unless ordered dry),

4.1.6 Dlmensmns, including type of edges,

4.1.7 Coil size requirements, and

4.1.8 Cast or heat (formerly ladle) analysis
or test report (request, if required).

Nore 2—-A typlcal ordering description is as

follows: ASTM A 570, Grade 36, Hot-Rolled
Sheets, 0.075 by 36 cut edge by 96 in.

5. Chemical Requlrements

5.1 The cast or heat analysis of the steel
shall conform to the reqmrements prescribed
in Table 1. .

6. Physical Reqﬁiremen_ts
6.1 Tensile Properties—The material as

! This $pecification is under the jursdiction of ASTM
Committee A-l on Stcel, Stainless Steel and Related
Alloys, and, is the direct responstblhty of Subcommittee
AD1.19 on Sheet Steel and Stecl Sheets.

Current edition approved Aug. 31, 1979. Published Oc-
tober 1979, Originally published as A570- 66 T. Last pre-
vmus edition A 570 - 78

* Annual Book of ASTM Standards, Part 3,
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represented by the test specimens shall con-
form to the requirements as to tensile prop-
erties prescribed in Table 2.

6.2 Bending Properties—The bend test
specimens shall stand being bent at room
temperature in any direction through 180 deg
without cracking on the outside of the bent
portion to an inside diameter which shall have
a relation to the thickness of the specimen as
prescribed in Table 3.

7. Test Specimens

7.1 Tension test specimens shall be taken
longitudinally.

8. Number of Tests

8.1 Two tension tests and two bend tests
shall be made from each heat or from each lot
of 50 tons (43 Mg). When the amount of

A 570

finished material from a heat or lot is less than
50 tons, only one tension test and one bend
test shall be made. When material rolled from
one heat differs 0.050 in. (1.27 mm) or more
in thickness, one tension test and one bend
test shall be made from both the thickest and
thinnest material rolled regardless of the
weight represented.

8.2 Retests—1If one test fails, two more
tests shall be run from the same lot, in which
case both tests shall conform to the require-
ments prescribed in this specification; other-
wise, the lot under test shall stand rejected.

9. Packaging

9.1 Coil Size—Small coils result from the
cutting of full-sizé coils for center test pur-
poses. These small coils are acceptable under
this specification.

TABLE 1 Chemical Requirements

Composition, %

Element Grades 30, Grades 45
33,36,and 40  and 50
Carbon, max 0.25 0.25
Manganese, max 0.90 1.35
Phosphorus, max 0.04 0.04
Sulfur, max 0.05 0.05
Copper, when copper is 0.20- 0.20
specified, min
TABLE 2 Tensile Requirements
Grade 30 Grade 33 Grade 36 Grade 40 Grade 45 Grade 50
Tensile strength, min, psi 49 000 (340) 52 000 (360). 53 000(365) 55 000 (380) 6O 000 (410) 65 00D (450)
(MPa) :
Yield point, min, psi 30 000 210) 33 000 (230) 36 000 (250) 40 000 (280) 45 000 (310) 50 000 (340)
(MPa)
Elongation in 2 im, (50
mm), min, %, for
thicknesses:
02299 to 0.0972 in. 250 230 220 210 19.0 17.0
(584 to 246 mm),
incl
0.0871 to 00636 in, 240 220 210 200 18.0 16.0
(245 to 1.62 mm),
incl
0.0635 to 0.0255 in. 210 18.0 17.0 15.0 13.0 1£.0
(.61 to 0.65 mm),
ine!
Elongation in 8 in, (200
mm), min, %, for
thicknesses: .
02299 to 00972 in. 190 18.0 7.0 16.0 14.0 120
(5.84 to 246 mm),
incl
0.0971 to 00892 in, 170 16.0 5.0 14.0 120 10.0
(245 to 2.26 mm),
incl
531
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: ’ TABLE 3 Bend Test Requirements
‘ Ratio of Bend Diametér to

Grade Thickness of Specimen
30 ) ' I o
33 : ! e
36 ‘ 1%,
40 2 .
45 2%
50 3

The American Society for Téstir;g and Materials tales no position respecting the validity dqf any ’natent Fights asserted in
connection with any itern mentioned in this standard. Users of this standard are expressly advised that determination of the
validity of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard s subject to revision at any time by the responsible technical comimittée and nuist e revicwed every five
years and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or
for additional standards and should be addressed io. ASTM Headquarters. Your comments will receive careful consideration
at a meeling of the responsible technical commitiee, which you may attend, If you feel that your comments have not received
a fair hearing you should make your views known to the ASTM Commiitee on Standards, 1916 Race St., Philadelphia, Pa.
19103, Whick will schiedile a further héoring .regarding your comments. Failing satisfaction there, you may appeal to the
ASTM Board of Directors. ' }
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ﬁ!ﬂb} Designation: F 1193 — 06
18 C ‘"

INTERNATIGNAL

Standard Practice for
Quality,
Rides and Devices’

anufacture, and Construction of Amusement

This standard is issued under the fixed designation F 1193; 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 epsilon (g) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice establishes the minimum requirements for
a quality assurance program and the manufacturing of amuse-
ment rides and devices (including major modifications).

1.2 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 Uimitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: *

E 543 Practice for Agencies Performmg Nondestructive
Testing

F 770 Practice for Operatlon Procedures for Amusement
Rides and Devices

F 853 Practice for Maintenance Procedures for Amusement
Rides and Devices

F 1193 Practice for Amusement Ride and Device Manufac-
turer Quality Assurance Program’ and Manufacturing Re-
quirements

F 1950 Specification for Physical Information to be Trans-
ferred With Used Amusement Rides and Devices

F 2291 Practice for Design of Amusement Rides and De-
vices

2.2 AWS Standards.>

As applicable. ‘

2.3 ASME Standards:*

As applicable.

! This practice is under the jurisdiction of ASTM Committee F24 on Amusement
Rides and Devices and is the direct responsibility of Subcommittee F24.24 on
Design and Manufacture.

Current edition approved March 1, 2006. Published March 2006, Originally
approved in 1988, Last previous edition approved in 2005 as F 1193 —03.

% For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astr.org, For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website,

* Available from The American Welding Society (AWS), 550 NW LeJeune Rd.,
Miami, FL 33126,

* Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5390.

2.4 ASNT Document:’
Recommended Practice SNT-TC-1A. Personnel Qualifica-
tion and Certification in Nondestructive Testing

3. Significance and Use

3.1 The purpose of this practice is to provide the minimum
manufacturing requirements for amusement rides and devices
and to provide the minimum requirements for a written quality
assurance program for an amusement ride or device manufac-
turer, or component supplier. This is not intended to include
suppliers of off-the-shelf components ¢(for example, fasteners,
electrical wire, etc.).

4, Drawing Control Procedure

4.1 A procedure shall be in effect so that appropriate
manufacturing drawings, their engineering revisions, and Te-
lated documents are utilized.

5. Material and Component Control Procedure

5.1 A procedure. shall be in effect so that materials, pro-
cesses, and components, including raw materials, are in accor-
dance with the engineering specifications.

5.1.1 This procedure shall provide the purchasing agent
with all the information required to order appropriate material.

5.1.2 A receiving procedure shall be in effect so that
incoming material and components are checked against the

purchasing specifications.

5.1.3 A procedure shall be in effect so that material in stock
can be properly identified for future use.

5.1.4 Documentation on any material, process, or compo-
nents certified shall be filed for reference.

6. Manufacturing

6.1 Amusement ride and device components and systems
shall be manufactured and assembled in accordance with the
designer/engineer specified criteria.

6.2 Changes to the designer/engineer specified criteria shall
be documented and approved by the designer/engineer or a

3 Available from The American Society for Nondestructive Testing (ASNT), P.O.
Box 28518, 1711 Arlingate Ln., Columbus, OH 43228-0513.

Copyright @ ASTM Intermational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.

PRO_00091670



Case 1:13-cv-01215-TSC Document 198-16 Filed 10/07/19 Page 74 of 133

A 1193 - 06

qualified engineer before components, subassemblies, or sys-
tems are placed into use.

6.3 Quality Assurance Program:

6.3.1 The manufacturer of an amusement ride or device
shall have a written quality assurance program as specified in
Practice F 1193 for use in conjunction with the design, manu-
facture, construction, modification, or reconditioning of the
amusement ride or device.

6.3.2 Quality assurance documents, that is, material certi-
fications, test reports, and inspection reports, shall be retained
for a period of time as deemed appropriate by the manufactur-
ers.

7. Inspection :

7.1 A procedure shall be in effect so that appropriate
inspections are made on manufactured parts and subassem-
blies, for conformance with the designer/engineer specified
criteria.

7.2 A procedure shall be in effect so that appropriate
inspections are made on purchased components.

7.3 A procedure shall be in effect so that completed subas-
semblies, or where pracncal the assembled amusement ndes or
devices are inspected prior to delivery.

7.4 Noo- -conforming components found in 7.1, 7.2, or 7.3
shall be identified and evaluated. Disposition of the non-
conforming components shall be one of the following:

74.1 The non-conforming component shall be scrapped or
rejected, or

7.4.2 The non-conforming component shall be altered such
that it cannot be used in the specific intended application for
the component, or

7.4.3 The non-conforming component shall be reworked to
bring it into compliance and re-inspected in conformance with
7.1, 7.2, or 7.3 of this practice.

7.4.4 The design of the non-conforming component shall be
re-evaluated in accordance with 6.2 of this practice, and the
drawing or documentation shall be modified or created to allow
the component to be used as is.

8. Welding

8.1 Welding and welding procedures shall be in accordance
with the appropriate American Welding Society (ANSLAWS
D1 specification) or the American Society of Mechanical
Engineers, or other equivalent standard, and be performed by
appropriately certified or qualified welders as required by the
standard.

8.2 Documentation for ceruﬁed or qualified welders shall be
mamtamed : :

9 Certification

9.1 Before a manufacturer ships an amusemert 1'1de or
device, the manufacturer shall generate a document certifying
that the amusement ride or device is in compliance with
Practice F'1193. This certification shall be retained-with other
quality assurance documents for the amusement ride or device.
When requested by an amusement ride or device-certifying
authority, purchaser, or owner, the manufacturer shall provide
a copy of this certification document.
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10. Information Requirements

- 10.1 The information given in 10.2 and 10.3—10.15.3 shall
be included, where applicable, on the information plate as
specified in 10.2, and in the documented operating and
maintenance instructions to be furnished by the manufacturer
or seller at the time of sale of each amusement ride or device.

10.2. Information Plate—A manufacturer-issued informa-
tion plate, printed in English, shall be permanently affixed to
the ride or device in a visible locatiorn, and shall be designed to
remain legible for the expected life of the ride or device. The
plate shall include, but not be restricted to, all applicable items
listed in 10.2-10.2.8.

10.2.1 Ride Serial Number—A manufacturer-issued unique
identifying number or code affixed to the ride in a permanent
fashion.

10.2.2 Ride Name and Manufacturer—A manufacturer-
issued unique identifying ride name, including the name of the
manufacturer by city, state, and country.

10.2.3 Ride Model Number—A manufacturer-issued unique
identifying number or code assigned to each manufactured type
of ride having the same structural design or components.

10.2.4 Date of Manyfacture—The date (month and year)
determined by the manufacturer that the given ride or dev1ce
met his required construction specifications.

10.2.5 Ride Speed—Maximum and minimum revolutions
per minute, feet per second, or miles per hour, as applicable.

10.2.6 Direction of Travel—When the proper direction of
travel is essential to the design operation of the ride, the
manufacturer shall designate the direction of travel, including
reference point for this designation.

10.2.7 Passenger Capacity by Weighr—Maximum total pas-
senger weight per passenger position and per ride.

10.2.8 Passenger Capacity by Number—Maximum .total
number of adult or ch11d passengers per passenger position and
per ride.

10.3 Ride Duration—The actual time the ride is in operatlon

or a passenger is exposed to the elements of the ride functions,
including passenger restrictions to maxmlum exposure tlme,
shall be included.
-~ 10.4 Recommended Balance of Passenger Loading "or
Unloading—When passenger distribution is essential to the
proper operation of the ride or device, the appropriate loading
and unloading procedure with respect to weight d1smbut1on
shall be provided.

10.5 Environmental Restrictions—Recommendations . for
operational restrictions relating to environmental conditions
such as, but not limited to, wind, rain, salt corrosxon and
extreme heat or 'cold.

10.6 Recommended Passenger Restrlctzons——Where apph—
cable, any recommended passenger limitations such as, but not
limited to, height passenger placement or any other appropri-
ate restrictions.

10.7 Electrzcal Power Requirements—Total electrlcal
power required to properly operate the ride or:device des1g—
nated in watts and volts, including minimum and mammum
voltage limits. : i

10.8 Mechanical Power Reqmrements—~Mm1mum horse-
power necessary to operate ride properly.
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10.9 Water Flow—Minimum/maximum water flow rates.

10.10 Static Information—The following information shall
be provided for the amusement ride or device when it is in a
nonoperational state with no passengers: height, width, diam-
eter, and weight. ‘

10.11 Dynamic Information--The following information
shall be provided for the amusement ride or device when it is
in an operational state: height, width, diameter, and weight.

10.12 Trailering Information—Each trailer necessary for
the transport of a portable amusement ride or device shall be
provided with the following information: height, width, length,
and weight.

10.13 Fastener Schedule—A manufacturer-issued schedule
for the correct grade, torque, and placement of all fasteners
used in the assembly, or erection, or both, of the ride or device.

10.14 Load Distribution per Footing—Maximum static
loading and maximum dynamic loading of each footing of an
amusement ride or device. )

10.15 Elements and Structures—Provided the proposed
owner/operator furnishes the manufacturer with necessary data
concerning proposed installation and usage of the ride or
device, the manufacturer shall provide to the proposed owner/
operator a description of all structural interface between the
ride or device and the owner/operator supports, This structural
requirement definition shall include the following:

10.15,1 Maximum static design loads of each footing or
equivalent structural connection,

10.15.2 Maximum dynamic design loads of each footing or
equivalent structural connection, and

10.13.3 Any other structural interface design specification.

11. Operational Instruction Requirements

11.1 The manufacturer of an amusement ride or device
shall provide, with delivery of each ride or device, docu-
mented, recommended operating instructions in the English
language. These instructions shall include, but not be limited to
the following:

11.1.1 Description of the ride or device operation, including
the function and operation of its major components.

11.1.1.1 Description of the motion(s) of the ride or device
during operation.

11.1.1.2 Description of the recommended passenger loading
procedures during operation, including recommended seating,
where applicable.

11.1.2 Recommended safety procedures and instructions,
and information about safety equipment pertaining to patrons
and ride or device operators and attendants.

11.1.2.1 Maximum total passenger weight and maximum
number of passengers by carrier unit or ride total,

11.1.2.2 Description of the passenger restraint system, its
recommended use and operation.

11.1.2.3 Ride or device operator and attendant safety check:
recommended visual or other inspections to be performed by
ride or device operators and attendants prior to and during each
ride or device cycle.

11.1.2.4 Instructions to the patron: recommended informa-
tion that should be made available to each patron of the ride or
device.
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11.1.2.5 Recommendations for operational restriction relat-
ing to environmental conditions such as wind, rain, or tem-
perature fluctuation.

11.1.3 Manufactarer’s recommended ride or device operat-
ing procedures, including the location of ride or device
operators and attendants.

11.1.3.1 Description of the recommended, daily pre-
opening inspection to be performed by ride or device opera-
tor(s) and attendants that is in addition to previously performed
maintenance or other inspections.

11.1.3.2 Description of the recommended ride or device
operator(s) and attendants positions and functions.

11.1.3.3 Description of the recommended series of steps, to
be followed in a definite order, to complete the operation of the
ride or device.

11.1.4 Manufacturer’s recommended emergency proce-
dures.

11.1.4.1 Recommended evacuation procedures for the ride
or device.

11.1.4.2 Use of emergency power equipment, if provided
with the ride or device.

11.1.4.3 Description of any emergency equipment that is
provided with the ride or device, and its uses.

11.1.4.4 Description of any emergency procedure made
necessary by an interruption of power, and restart procedures.

12. Testing Performance Requirements

12.1 Developmental Testing Requirements:

12.1.1 Where applicable, as determined by the
manufacturer/designer, the following test procedures shall be
developed and performed on a prototype amusement ride or
device in order that the manufacturer/designer may determine
the appropriateness for use, of not only the parts, but the entire
system of a newly designed ride or device.

12.1.1.1 Procedures to Verify Maximum Safe Design Loads:

12.1.1.2 Procedures to verify such design characteristics as
relevant deflections, loads, and forces that are placed on both
the equipment and the passengers during operation of the ride
or device,

12.1.1.3 A procedure to determine operational limits and
restart criteria due to environmental conditions,

12.1.1.4 Procedures to allow the manufacturer to determine
such factors as component variability and certification require-
ments of components, and

12.1.1.5 Any other procedures necessary to démonstrate a
ride or device’s appropriateness for its intended use.

12.2 Installation Testing Requirements:

12.2.1 This section of the guide covers those tests relevant
not only to installation, but also includes post-modification and
major modifications. The original manufacturer or supplier of
an amusement ride or device shall also provide, where appli-
cable, the following standard testing guides:

12.2.1.1 Materials Testing—Acceptable test procedures for
the certification of all major structural components shall be
provided. Where possible, this testing should be referenced to
ASTM or to other commonly accepted industry standards.

12.2.1.2 Erection/Modification Acceptance Testing—Test
procedures or criteria for the acceptance of such construction
operations as welding and fastening shall be provided. Again,
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where possible, reference should be made to ASTM or to other
currently accepted industry standards for this purpose.

12.2.1.3 Performance Testing—This should consist of &
series of specified tests that can be used to determine that the
newly erected ride or device conforms to the original design
criteria.

12.3 Operational Testing Requirements: ‘

12.3.1 The manufacturer of a ride or device shall develop
specific operational tests along with minimum intervals for
these tests to be performed that will allow the owner/operator
of the ride or device to determine whether a given ride or
device is operating within prescribed operational limits,

12.3.2 All operational tests, except those necessarily recom-
mended subsequent to the sale because of information not
reasonably available to the manufacturer at the time of sale,
should be recommended to the owner/operator at the time of
sale. All tests, whether recommended at the time of sale, or
subsequent tests, shall meet the following criteria:

12.3.2.1 All tests shall have been satisfactorily performed
by the manufacturer prior to sale.

12.3.2.2 The tests must be such that the ride, device, or
element can reasonably be expected to pass during the ex-
pected design life, assuming recommended maintenance and
operative procedures have been followed. - '

12.3.2.3 All tests must be reasonable and such that the
owner/operator can reasonably be expected to be competent to
perform or cause to be performed.

12.3.2.4 Any operational test including load testing per-
formed on an amusement ride or device shall be completely
nondestructive in nature. Overload testing exceeding the above
limits shall be deemed inappropriate.

12.3.2.5 Any installation or operational testing conducted
on an amusement ride or device shall be accomplished within
the rated limits of the information provided by the manufac-
turer.

12.4 Non-Destructive Testing Requirements:

12.4.1 This section pertains to the nondestructive testing of
amusement ride and device components as recommended by
the manufacturer. These tests shall be performed by a qualified
NDT inspector in accordance with Practice E 543 or ASNT
Recommended Practice SNT-TC-1A, or both. It is not intended
to preclude any other schedule of NDT, inspection, or testing.

12.4.1.1 Nondestructive testing (NDT) is the development
and application of technical methods such as radiographic,
magnetic particle, ultrasonic, liquid penetrant, electromagnetic,
neutron radiographic, acoustic emission, visual, and leak test-
ing to examine materials or components in ways.that do not
impair the foture usefulness and serviceability in order to
detect, locate, measure and evaluate discontinuities, defects,
and other imperfections; to assess integrity, properties and
composition; and to measure geometrical characters.

124,12 NDT shall be used to verify the integrity of
components which due to their design, location, or installation,
or combination thereof, -cannot be adequately evaluated. by
other means.. -~ = . S

12.4.1.3 A schedule for testlng on a given ude or devme
component shall be defined in terms of hours, days, or other
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units of operation. The initial design shall be developed to
expect a period between tests to be no more frequent than
annually.

12.4.1.4 The manufacturer shall recommend components to
be tested along with appropriate acceptance criteria. The
manufacturer may recommend the test method but shall not
specify how the testing is to be conducted except where certain
procedures might endanger other components on the ride or
device. Any changes or additions to these recommerndatiors
shall be communicated to all known owner/operators of the
ride or device, and inspection agencies via manufacturers’
bulletins. Tests shall meet the requirements of 12.3.2.1-
12.3.2.3,

12.4.1.5 The manufacturer shall include in an appropriate
section of the ride or device manual the list and location of
components to be tested, recommending specific areas to test
and the schedule by which they shall be tested in accordance
with 12.4.1.4. :

12.4.1.6 Components found to have relevant indications that
do not meet the acceptance criteria shall be replaced ' or
reconditioned in accordance with Practice F 1193,

12.4.1.7 Components found free of relevant indications that
meet the acceptance criteria or have been reconditioned shall
be further tested at the regular schedule in accordance with
12.4.1.3, .

12.4.1.8 - Within a reasonable time followmg arequest by an

owner/operator or inspection agency, the manufacturer of an

amusement ride or device whose manual does not contain,
testing recommendations shall either provide a component
listing or statement that no NDT is recomumnended on the ride or
device as per the criteria outline of 12.4.1.2 When a manufac-,
turer’s list or statement is not available, it may be compiled by
a registered professional engineer or engineering agency or by
any individual qualified by training and experience to compile
such a list or statement based upon the ride or device’s
specifications and history and using accepted engineering
practices.

13. Maintenance Procedure Requ1rements (from Practice
F 853)

13.1 The manufacturer of an amusement ride or device shall
provide, with delivery of each ride or device, documented
maintenance instructions in the English- language. These in-
structions shall include, but not be limited to, the following:

13.1.1 Description of the ride or device operation, including
the function and operation of its major components.

. 13.1.1.1 Description of the designed motion(s) of the mde

or device during operation.

13.1.2" Description of the recommended procedures for
installation, setup, disassembly, and transportatlon of an
amusetnent ride or device. -

. 13.1.3 Recommended lubrication procedures for the amuse-
ment ride or device.

13.1.3.1 Recommended types and spemﬁcaﬁons of lubn-

cants.

13.1.3.2 Recommended frequency of lubrication. :

13.1.3.3 A lubrication drawing, chart, or instruction, show-
ing the location of lubrication points.
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13.1.3.4 Recommended special method of lubrication,
where applicable.

13.1.4 Description of the recommended daily, preopening
inspection to be performed and identification of special care
areas and recommended procedures for inspection and main-
tenance of these areas.

13.1.5 Description, including frequency, of recommended
maintenance inspections and testing, other than daily preopen-
ing inspection.

13.1.5.1 Recommended wear limits or tolerances, where
deemed necessary by the manufacturer,

13.1.5.2 Recommended operational tests, along with mini-
mum intervals for these tests to be performed, that will allow
the owner/operator of the ride or device to determine whether
a given ride or device is operating within recommiended
prescribed operational limits.

13.1.5.3 Where applicable, recommended nondestructive
testing along with appropriate acceptance criteria, including
suggested frequency and the special parts of areas to be tested.

13.1.5.4 Tests recommended pursuant to 13.1.5 shall meet
the following criteria:

(1) The tests shall have been performed satisfactorily by
the manufacturer prior to the sale of the amusement ride or
device,

(2) The test shall be a test that the amusement ride or
device, or element, can reasonably be expected to pass during
the expected life of the amusement ride or device, or element,
assuming recommended maintenance and operating proce-
dures have been followed, and

(3) The test shall be a test that is reasonable, and that the
ownet/operator can reasonably be expected to be competent to
perform or cause to be performed.

13.1.6 Recommended specifications for the use of replace-
ment fasteners, and recommended torque requirements for
fasteners, where applicable. If appropriate, precautionary in-
formation will be provided relating to the continued use of
fasteners that have been loosened or retorqued.

13.1.7 Schematics of electrical power, lighting, controls,
and other systems, including location charts and manufactur-
er’s troubleshooting guide, where applicable.

13.1.7.1 Description of recommended maintenance proce-
dures for electrical components.

13.1.7.2 The name of the component manufacturer and
appropriate identification number or specifications, or both,
will be-provided for electrical components used within the
amusement ride or device.

13.1.7.3 Each electrical component used within the amuse-
ment ride or device will be assigned an individual identification
number, symbol, or code to facilitate its location and identity
on the electrical schematics.

13.1.8 Schematics of hydraulic and pneumatic systems,
including recommended pressures, location of components,
line specification, fitting specification, type of fluid, location
chart, and manufacturer’s troubleshooting guide.

13.1.8.1 Description of recommended maintenance proce-
dures for hydraulic and pneumatic systems and components.

13.1.9 List of parts used in the assembly of the ride or
device, or drawings showing component parts and their use.
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13.1.10 Recommended procedures to be followed in the
event of an extended period of non-operation or storagse, or
both.

13.1.11 Description of recommended assembly and disas-
sembly techniques and procedures, pertaining to specific com-
ponents, as deemed necessary by the manufacturer.

13.1.12 Recommended restrictions and special procedures,
lubricants, materials, or equipment that may be necessary
because of environmental conditions,

13.1.13 Other recommendations known to the manufacturer
and specific to certain serial numbered rides or devices.

14. Manufactorer Supplemental Bulletin Requirements

14.1 Supplemental notification bulletins delivered by the
manufacturer of an amusement ride or device to the owner/
operator that were not provided at the time of sale and contain
new information or newly recommended inspections or testing,
or both, shall be consistent with the following criteria in order
to carry the force and effect of this practice:

14.1.1 Modifications, procedures, testing, or inspections
shall conform to Practices F 770, F 1193, and F 2291,

14.1.2 Modifications, procedures, testing, and inspections
shall be reasonable, ethical, and consistent with the general
manufacturing practices within the industry.

14.1.3 Supplemental notification bulletins when used shall
have a page header that contains the following information,
when available:

14.1.3.1 The name, address and telephone number of the
issuing entity,

14.1.3.2 The date the bulletin is released,

14.1.3.3 The date the bulletin takes effect,

14.1.3.4 The period the bulletin recommends for comple-
tion,

14.1.3.5 The name of the original ride or device manufac-
turer,

14.1.3.6 The name of the ride or device,

14.1.3.7 The model number of the ride or device,

14.1.3.8 The serial numbers of the affected rides or devices,

14.1.3.9 The applicable dates of manufacture for the af-
fected rides or devices,

14.1.3.10 A number that uniquely identifies the bulletin,

14.1.3.11 The number of the superseded bulletin, where
applicable, and

14.1.3.12 The page nuniber and number of total pages.

14.1.4 The first page shall contain, in large bold upper case
letters, one of the following titles:

14.1.4.1 “SAFETY ALERT” for notifications that recom-
mend immediate action (see Fig. Al.1),

14.1.4.2 “SERVICE BULLETIN” for notifications that do
not recommend immediate action but do recommend future
action (see Fig. Al.2), and

14.1.4.3 “NOTIFICATION” for notifications that do not
necessarily recommend future action but are primarily for
promulgation of information (see Fig. A1.3).

14.1.5 The first page shall contain a summary of the
information contained in the body of the bulletin,

14.1.6 The first page shall summarize the reason(s) that
prompted the release of the bulletin.
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14.1.7 The first page shall list the recommended action to be
taken, for example: Inspection, modification, part replacement,
new parts, nondestructive testing, procedural change, manual
revision, operational revision, etc.

14.1.8 The remainder of the first page and any supplemental
pages shall contain text detailing the information being pro-
mulgated. Drawings and diagrams may be used for clarification
where applicable.

14.1.9 The supplemental notification bulletin, when printed,
shall be in black ink on white paper. The following colored ink
may be used to print titles:

14.1.9.1 Red—for safety alert,

14.1.9.2 Blue-—for service bulletins, and

14.1.9.3 Green—for notifications.

14.1.10 The supplermental notification bulletins shall follow .

the format provided in Annex Al.

15. Inspection Requirements . <

15.1 The manufacturer of an amusement ride or device shall
provide the owner/operator with a written inspection procedure
to be delivered with the ride or device. The document shall
outline the inspections as contained in Practices F 1193 and
F 770. .

15.1.1 Any changes in the procedure prescribed in 15.1
deemed essential by the manufacturer due to information not
available to the manufacturer at the time of delivery shall be
communicated to all known owner/operators.

15.2 All inspections, whether recommended at the time of
sale or subsequently, shall meet the following eriteria:

15.2.1 Inspections are such that shall have been satisfacto-
rily performed by the manufacturer.

441

15.2.2 Inspections are ones in which the ride or device or
element can reasonably be expected to pass during the ex-
pected design life of the ride, device or element, assuming that
recommended maintenance procedures have been followed,
and

15.2.3 Inspections are reasonable and are such that the
owner/operator can reasonably be expected to be competent to
perform or cause to be performed.

15.3 Upon notification from an owner/operator of an inci-
dent involving a critical component, the manufacturer of an
amusement ride or device shall promptly evaluate this infor-
mation and disseminate his findings to the original owner/
operator, along with any pertinent recommendations, to all
known owner/operators. '

16. Used Ride or Device Information Requirements
(from Specification ¥ 1950)

16.1 The original manufacturer of the used amusement ride
or device being sold shall make available, upon request by the
purchaser, owner, operational, and maintenance information
along with updates, if any.

16.2 The original manufacturer of the used amusement ride
or device being sold shall make available to the purchaser
information regarding any major modifications made to the
ride or device that the manufacturer authorized or otherwise
performed on the ride or device.

17. Keywords

17.1 amusement rides and devices; inspection; roanufactur-
ing; quality assurance; welding
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4 F 119306

ANNEX
(Mandatory Information)

Al. SUPPLEMENTARY NOTIFICATION BULLETINS FORMAT

lssuing Entity : Bullatin No.:
Name Release Dats:
Address Effective Dats:
Issuing Entity logo City,State Zip Supercedes:
Country Complation Date:
Phone Fax

E-mail Or Web Ste Page:

Ride Manufacturer, Affected Production Dates
[Ride Name: Affected Seral Nos:
IModel Number:
Abstract Of lssue:

1 of 1

Lﬁe»aeon ForRelease:

Action To Be Taken:(Inspection, Modification, Replacement, NDT, Order Parts,
Manual Revigon, Procedural Change, etc.)

Detail Of lssue:
(Text/Drawings/ Schematics)

FIG. A1.1 Safety Alert Bulletin
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4 1193 - 06

Abstract Of lssue:

Tesuing Entity - Bulletin No.:

Name Reiease Date:

Address Effective Date:
lssuing Entity Logo City,State Zip Supercedes: i [
‘ Country Completion Date: ‘

Fhone Fax

E-mall OrWeb Ste Page: 1 of 1 !
Ride Manufacturer: Affected Production Dates :
Ride Name: Affecled Serial Nos.: |
Model Number: ;

Reason For Release:

Action To Be Taken:(inspection, Modification, Replacement NDT, OrderParts,
Manual Revision, ProceduraiChange, etc.) : .

\

|

Detail Of lssue: ;
(Text/Drawings/ Schematics) L . \
]

|

|

I

.. FIG. A1.2 Service Bulletin
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Issuing Entity : Bullatin No..
Name Release Data:
Address Effective Date:
Issuing Entity.Logo City,State Zip Supercedes
Cauntry Completion Date:
Phone Fax

Email Or Web Site

- NOTIFICATION

Ride Manufacturer: Affected Production Dates:

Ride Name: Affected Serial Nos.

Model Number:

Abstract Of lssue:

Reason For Release:

IManual Revision, Procedural Change, etc.)

Action To Be Taken:(Inspection, Modification, Replacement, NDT, OrderParts,

Detail Of issue:
(Text/Drawing s/ Schematics)

FIG. A1.3 Notification Bulletin
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4l F 1193 - 06

Issuing Entity : Bulletin No.: - i | }
B |

Name Release Daté:

Address’ Effactive Date:
Issuing Entity Logo City,State Zip Supercedas:; |

C Country Gompletion Date: -
Phone “Fax
; E-mail Or Web Site Page: 2.0f 2 : ‘
Ride Manufacturer, = _iAffected Production Dates; |
|
- JRide Name: . Affected Serial Nos.:
Maodel Number: .

D etail Of issue Continued:(Text/Drawings/Schem atics)

FIG. A1.3 Natification Bulletin (continued) i
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any ltem mentioned
in this standard. Users of this standard are expressly advised that determination of the valldity of any such patent rights, and the risk
of infringement of such rights, are entiraly their own responsibility.

This standard is sublect to ravision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, aither reapproved or withdrawn. Your comements are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive carsiul consideration at 2 meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Commmittee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.asim.org).
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Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
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INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.
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Standard Specification for

AMERICAN NATIONAL) A NG| /ASTM A 572 - 79

Case 1:13-cv-01215-TSC Document 198-16 Filed 10/07/19 Page 86 of 133

American Association State
Highway and Transportation
Oftficials. Standard

AASHTO No.: M 223

HIGH-STRENGTH LOW-ALLOY COLUMBIUM-
VANADIUM STEELS OF STRUCTURAL QUALITY!

This Standard is issued under the fixed designation A 572; 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.

This specification has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of

Speci, _;:catfons and Standards.

1. Scope

1.1 This specification covers four grades of
high-strength low-alloy structural steel shapes,
plates, sheet piling, and bars. Grades 42
and 50 are intended for riveted, bolted, or
welded construction of bridges, buildings, and
other structures. Grades 60 and 65 are
intended for riveted or bolted construction of
bridges, and for riveted, bolted, or welded
construction in other applications, When the
steel is used in welded construction, welding
procedure shall be suitable for the steel and
the intended service.

1.2 For welded bridge construction notch
toughness is an important requirement. For
this or other applications where noich-tough-
ness requirements are indicated, they shall be
negotiated between the purchaser and the
producer.

1.3 The use of columbium, vanadium, and
nitrogen, or combinations thereof, within the
limitations noted in Section 5, shall be at the
option of the producer unless otherwise speci-
fied. Where designation of one of these ele-
ments or combination of elements is desired,
reference is made to Supplementary Require-
ment S1 in which these elements and their
common combinations are listed as to type.
When such a designation is desired, both the
grade and type must be specified.

1.4 The maximum thicknesses available in
the grades and products covered by this speci-
fication are shown in Table 1.

Note—The values stated in inch-pound units are
to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standard:

A6 Specification for General Require-
ments for Rolled Steel Plates, Shapes,
Sheet Piling, and Bars for Structural

Use?

3. General Requirements for Delivery

3.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of Specification
A6,

4. Process

4.1 The steel shallﬁ be made by one or more
of the following processes: open-hearth, basic-
oxygen, or electric-furnace.

5. Chemical Requirements

5.1 The heat analysis shall conform to the
requirements prescribed in Table 2 and in 5.3.

5.2 The steel shall conform on product
analysis to the requirements prescribed in
Table 2 and 5.3 subject to the product anal-
ysis tolerances in Specification A 6.

5.3 Alloy content shall be in accordance
with one of the following types:

' This specification is under the jurisdiction of ASTM
Commiitee A-1 on Steel, Stainless Steel and Related Alloys,
and is the direct responsibility of Subcommitiee A01.02 on
Structural Steel,

Current edition approved Nov, 5, 1979. Published January
1980. Originally published as A 572 - 66. Last previous edi-
tion A 572 - 78.

? 4nnual Book of ASTM Standards, Part 4.
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e A 672 L
T Heat AﬂalySIS, i ‘6 Mechamcal Requlrements 4
. Elements
Type |—Columbium® 0~005~0.05"‘ 6.1 Tensile Properties:
Type 2—Vanadiom ‘ 0.01-0.15 6.1.1 The material as represented by the
Type 3—Cclumbium® (0.05 max, %) . 0.02-0.I5 test specimens shall conform to the tensile
plus vanadium® . . in Table 3
Type 4—Nitrogen® (with vanadium) 0.015 max properties given in Table 3.

6.1.2 For material under %s in. (7.5 mm)

@ Columbium when added either singly ot in combina-  jr thickniess or diameter, .4 dediiétion from the
tion with vanadium shall be restrtcted to the followmg
unless killed steel is furnished: . percentage of elongauon in: 8 in: (200 mm),

_ St,uctml Shape spemﬁed in Table 3, of 1.25 % shall be made
. Maximum Platé

Lo M 1 Plate . Size Groupings ~ for -each decréase of s in::(0.8 ‘mm) of the
Grades and Bar Thick- (Specification A6,

S ves?e‘f’,i-r‘li (mm) P able &) speerﬁe_d}hrckness or diameter be'lew #¢ in.
42 and50- - Ha(@9) 7 Groups'l and 2
60 and 65 i3 (13) Group 1

¥ Broduct analysis limits = 0.00420.060 %.

¢ Product analysis limits = 0.01 to 0.16 when colum-
bium and vanadium are used in combination,

4 Nitrogen (0.015 max %)>when added as a’supplement
to vanadium shzall be reported, and the mmlmum ratio of
vanadium to mtrogenshallbe4tol o L EERR SR

o v [ P Loae

| SUPPLEMENTARY REQUIREMENTS r ‘. :
The following supplementary requirerment shall apply when Spemfied in the order or contract

S1. Types: . RN : T order Ty [ —_—
y : : Type 1 —Cqumbmm REEES o
Sl 1 When a purchaser prefers to. demgnate . Type 2—Vanadium. :
the specrﬁc elements, (columbium, vanadium, - 7Type 3—Columbium and- vanadlum
nitrogen, or combinations thereof), one of the . Type 4—Vanadium and nitrogen ., -
types listed below shall be specified. The type 51.2 The composition limits of Section 5
in addition to the grade must be shown on the shall apply for any of these types.

~ Standardized, supplementary requrrements for use 4t the option of the purchaser Are
listed in Specification A 6. Thdose which are consrdered sultable for use wrth thls
specrﬁcatlon are listed below by title. "

S14. Bend Test. '$18. Maximum Tensilé Strength
. “TABLE 1 Maximum Prodnct Thlckness

LT

pEe Lo B . ‘Maximum Thrckness or SIZC:
Yield Point, min

LK

' :Grade N AP T N RN PRPEES Platfs and Bare Structural Shapes Sheet
psi.. .. MPa . . in. mm' GFOUPS . Piting
429 s 42000 t 290 g © 1524 all & L all
50° £50000 -. ;M5 ... .2 coo0 %08 o all g el
., 602 60000 . A5 o 1, o318 land2 , . . notavailable
65 65 000 p 450 ) 11/4 31 8 1 o not avaﬂable

“In the above tabulahon, Grades 42, 50, and 60 are the yield pomt levels most. closely approximating a geometric pro-
gression pattern betwoon 36 000 psi, min, yield point steels covered by Specification A 36, for. Structyral Steel* and 100 000

psi, min, yield, strength steels covered by Specnﬁcatwn A 514, for H:gh Yre]d-Strength -Quengched and Tempered Alloy
Sieel Plate, Suitable for Welding.? ‘ e,
4 See Specxﬁcatmn Ag, . : LI

i
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TABLE 2 Chemical Requirements®
(Heat Analysis)

Silicon®

Plates to
1Y2-in.

(38.1-mm) Plates Over 1Y/2-
Thick, in, (38.1 mm)

Eiig?%ae][.)};}tﬁkc; ' Carbon, Manganese," Phosphorus, Sulfur, Shanes to Thick and
Between Parallel Grade mas, max, max, max, 426 1b/ft - Shapes Over
Faces, in. (mm) % % %o % (634 kg/fm), 426 lbjft (634
Shesat kg/m)
Piling,
and Bars?
m;:" range, %
6 (152) 42 021 1.35 0.04 0.05 0.40 0.15-0.40
2 (51 50 0.23 1.35 0,04 0.05 0.40 0.15-0.40
14 (31.8) 60 0.26 1.35 0.04 0.05 0.40 Cee
SUa-11/s 65 0.23 1.63 0.04 0.05 0.40
(12.7-31.8)
=2 (12.7)* 65 0.26 1.35 0.04 0.05 0.40

¢ Copper when specified shall have a minimum content of 0.20 % by heat analysis (0,18 % product analysis). . !
*Manganese, minimum by heat analysis of 0.80 % (0.75 % product analysis) shall be required for all plates over % in. i
(9.5 mm) in thickness; a minimum of 0.50 % (0.45 % product analysis) shall be required for plates % in, and less in thickness, |
and for all other products. The manganese to carbon ratio shall not be less than 2to 1.
< Silicon content in excess of 0.40 % by heat analysis must be negotiated.
4 Bars over 1% in. (38.1 mm) in diameter, thickness, or distance between paralle! faces, shall be made by a killed steel
ractice.
P ¢ An alternative chemical requirement with a maximum carbon of 0.21 % and s maximum manganese of 1.65 % is
permissible with the balance of the elements as shown in Table 2.

TABLE 3 Tensile Requirements®

Yield Point, min Tensile Strength, min Minimum l@]u/cgngation."-“
Grade e . i
. ; . in 8 in. in 2in.

psl MPa psl MPa or 200 mm or 50.mm

42 42 000 290 60 000 415 20 24

50 50 000 345 65 000 450 18 21

60 60 000 415 ) 75 000 520 16 18

65 65 000 450 80 000 550 15 17

@ For plates wider than 24 in. (610 mm), the test specimen is taken in the transverse direction. See 11.2 of Specifica-

tion A 6.

b Elongation not required to be determined for floor plate.

® For wide flange shapes over 426 1t/ft elongation in 2 in. (50 mm) of 19 % minimum applies.

“For plates wider than 24 in. (610 mm), the elongation requirement is reduced two percentage points for
Grades 42 and 50, and three percentage points for Grades 60 and 65, ‘

The American Society for Testing and Materials takes no position respecting the validity of any paient rights asserted
in connection with any item mentioned in this standard. Users of this standard are expressly advised that determination
of the validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responstbility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five
years and if rot revised, either reappraved or withdrawn. Your comments are invited either for revision of this standard or
Jor additional standards and skowld be addressed to ASTM Headquarters. Your comments will receive careful consideration
at a meeting of the responsible technical commitiee, which you may atiend. If you feel that your commenis have not received
a fair hearing you should make your views known 1o the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa.
19103, which will schedule q further hearing regarding your comments.. Failing satisfaction there, you may appeal to the
ASTM Board of Directors.
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Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
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qgnv) ANERICAN NATIONAL ANSI/ASTM A 588 - 79

Standard Specification for *

Amarican Association State
Highway and Transportation Officials Standard
AASHTO No.: M 222

HIGH-STRENGTH LOW-ALLOY STRUCTUHAL STEEL WITH
50 000 psi MINIMUM YIELD POINT TO 4 in. THICK'

This standard is issued under the fixed designation A 588, the numher immediately following the designation indicates the
year of original adoption or, in the case of revxsmn, the year of]ast revzsmn A number in parentheses md:cates (he year of last

reap proval
.
1. Scope

1.1 This. speclﬁeatmn covers blgh-strength
low-alloy structiral steel shapes, plates, and
bars for welded, riveted, or bolted construction
but intended. primarily - for nse in welded
bridges and buildings where savings in weight
or added durability are important. The atmos-
pheric corrosion resistance of this steel is ap-
proximately two times that of carbon structural
steel with copper (Note 1). Welding technique
is of fundamental importance, and it is presup-
posed that welding procedure will be suitable
for the steel and the intended service. This
specification is limited to material up to 8 in.
(203.2 mm) inclusive in thickness.

Note 1—Two times carbon structural steel with
copper is equivalent to four times carbon structural
steel without copper (Cu 0.02 max).

NoTE 2—The values stated in inch-pound units
are to be regatded as the standard,

2. General Reguirements for Delivery

2.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of ASTM Specifi-
cation A6, for General Requirements for
Rolled Steel Plates, Shapes, Sheet Piling, and
Bars for Structural Use.?

3. Process

3.1 The steel shall be made by one of the
following processes: open-hearth, basic-oxygen,
or electric-furnace.

.32 The steel shall be made to ﬁne gram
practwe - _ Wy s

4. Chemncal Reqmrements

4, 1 The heat. analysis shall ‘conform to the
requlrements prescribed in Table 1.

4.2 The steel shall conform on product anal-
ysis to the requirements prescribed in Table 1,
subject to the product analysis tolerances in
Specification A 6.

4.3 When required, the manufacturer shall
supply evidence of corrosion resistance satis-
factory to the purchaser.

5. Tensile Requirements

5.1 The material as represented by the test
specimens shall conform to the requirements
for tensile properties prescribed in Table 2.

5.2 For material under %s in. (7.9 mm) in
thickness or diameter, as represented by the test
specimen, a deduction of 1.25 percentage points
from the percentage of elongation in 8 in. or
200 mm specified in Table 2 shall be made for
each decrease of Y52 in, (0.8 mm) of the specified
thickness or diameter below %s in. (7.9 mm).

! This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Alloys
and is the direct responsibility of Subcommittee A01.02 on
gilructural Steel for Bridges, Buildings, Rolling Stock, and

ips.

urrent edition approved July 27 and Nov. 5, 1979.
Published January 1980, Originally published as A 588 - 63,
Last previous edition A 588 - 77a. .
* Annval Book of ASTM Standards, Part 4,

SUPPLEMENTARY REQUIREMENTS

Standardized supplementary requirements for use at the option of the purchaser are
listed in Specification A 6. Those which are considered suitable for use with this

specification are listed below by title.
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S2. Product Analysis,
53. Simulated Post-Weld Heat Treatment of
Mechanical Test Coupons,
§5. Charpy V-Notch Impact Test,
S6. Drop Weight Test,

@b As88

S8. Ultrasonic Examination,
S14. Bend Test,
315. Reduction of Area, and

S18. Maximum Tensile Strength.

TABLE 1 Chemical Requirements (Heat Analysis)

Composition, %
Element -
Grade A | Grade B | Grade C | Grade D | Grade E | GradeF | Grade G | Grade H | GradeJ
Carbon 0,19 max | 0.20 max | 0.15 max | 0.10-0.20 { 0.15 max | 0.10-0.20 | 0.20 max | 0.20 max | 0.20 max
Manganese 0.80-1.25 | 0.75-1.25 | 0.80-1.35 ) 0.75-1.25 | 1.20 max | 0.50-1.00 | 1.20 max | 1.25 max | 0.60-1.00
Phosphorus 0.04 max | 0.04 max | 0.04 max | 0.04 max -| 0.04 max | 0.04 max | 0.04 max | 0.035 max| 0.04 max
Sulfur 0.05 max | 0.05 max | 0.05 max | 0.05 max | 0.05 max | 0.05 max | 0.05 max | 0.040 max| 0.05 max
Silicon 0.30-0.65 | 0.15-0.30 0.15-030 | 0.50-0.90 | 0.30 max | 0.30 max | 0.25-0.70 [ 0.25-0.75 | 0.30-0.50
Nickel 0.40 max | 0.50 max | 0.25-0.50] ... 0.75-1.25 | 0.40-1.10 | 0.80 max | 0.30-0.60 | 0.50-0.70
Chromium 0.40-0.65 | 0.40-0.70| 0.30-0.50| 0.50-0.90 | ... 0.30 max | 0.50-1.00 | 0.10-0.25 | ...
Molybdenum | ... 0.08-0.25 | 0.£0-0.20 | 0.10 max | Q.15 max | ...
Copper 0.25-0.40 | 0.20~0.40 | 0.20-0.50 | ©.30 max | 0.50-0.80 | 0.30-1.00 | 0.30-0,50 | 0,20-0.33 | 0.30 miin
Vanadium 0.02-0,10 | 0.01-0.10) 0.01-0.10] ... 0.05 max | 0.01-0.10 ) ... 0.02-0.10 | ...
Zirconium 0.05-0.15 | ... e
Columbium 0.04 max . e e
Titanium e 0.07 max | 0.005- 0.03-0.05
0.030
TABLE 2 Tensile Requirements®
Plates and Bars S"Srﬁcwml
apes
. For Thick- For Thick-
rl;os; ;1;12?: nesses Over 4 nesses Over 3
and Under _in, 10 5 in. _in to 8in, All Groups
(101.6 mm) incl (1016 to incl (127.0 to
127.0 mum) 203.2 mm)
Tensile strength, min, psi (MPa) 70 000 67 000 63 000 70 000
(485) (460) (415) (485)
Yield point, min, psi {MPa) 50 000 46 000 42 000 50 000
(345) 313 (290 (345)
Elongation in 8 in. or 200 mm, min, % 1ghed e e 18
Elongeation in 2 in, or 50 mm, min, % 2104 2174 21 21°

“ For plates wider than 24 in. (610 mm), the test specim’en is taken in the transverse direction. See 11.2 of Specification A 6.

b 8ee 5.2,

¢ Elongation nat required to be determined for floor plate,
“ For plates wider than 24 in. (610 mm), the elongation requirement is reduced two percentage points.
* For wide flange shapes over 426 1b/ft elongation in 2 in. of 18 % minimum applics,
!'Ses Specification A 6.

The American Saciety for Testing and Materials takes no position respecting the validity of any patent rights asserted in
connection with any iem mentioned in this scandard. Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of infringerent of such rights, are entirely their own responsibility.

This standard is subject to revision at any time
and if not revised, either reapproved or withdrawn,

ga)y the responsible technical commitiee and must be reviewed every five years
our commenis are invited either for revision of this standard or for additional
siandards and should be addressed to ASTM Headguarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should

make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103, which will sche;iule a

further hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors.
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AMERICAN NATIONA
STANDAR

‘Standard Specification for

ANSI/ASTM A 611 - 72 (Reapproved 1979)

—

oL

STEEL, COLD-ROLLED SHEET, CARBON,

STRUCTURAL'

BT

This Standurd is lssued under the fixed desrgnatlon A 611; the number lmmedlately following the designation indicates

year of last reapproval.

.the, year of original adoption or, in the case of revision, the year of last revision. A number in parentheses mdmates the

This specification has been approved for use by agencies of the Departmem of Defense and for listing in the DoD Index

of Specifications and Standards.

1. Scope

1.1 This specification covers cold-rolled
carbon structural steel sheet, in cut lengths or
coils. It includes five strength levels desig-
nated as Grade A with yield point 25 000 psi

(170 MPa) mmlmum, Grade. B with 30 000
psi (210 MPa) ‘minimum; ‘Grade C with T
33 000 psi (230 'MPa) idlinum; Grade D

with 40 000 p31 (280 MPa) minimum; and

‘Gtade B with 80 000 p51 (550 MPa) mini-

. .,

1.2 Grades . B QC, and D have moderate‘
ductility whereas Grade E-is a fu]l-hard prod- |

uct with no spemfled minimum elongatlon

Note 1—The values stated in inch-pound units
are to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standard:

A 568 Specification for Steel, Carbon and
High-Strength Low-Alloy, Hot-Rolled
Sheet, Hot-Rolled Strip, and Cold-Rolled
Sheet, General Requirements.?

3. Definitions

3.1 structural steel sheet—sheet produced
to tensile property values as specified or re-
quired.

4. General Requirements for Delivery

4.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of Specification
A 568,

582

5. Ordering Information

5.1 Orders for material under this' specifi-
cation shalil include the following information,

‘as réquired, to describe the ‘material ade-

quately.
3.1.1 ASTM specification number and date

‘of i issue and giade,

5.1.2 Copper-bearmg stéel (1f requlred),
5.1.3 Special requlrements (if required),
3, 1 4 Nanme of matenal (cold ,rolled sheet),

. structural quallty, .

" 5.1.5 Finish; matte (dull) ﬁmsh w111 be ‘§up-
phed unless otherwise ordered, e

'5,1.6 Condition (oiled or dry),

5.1.7 Dimensions,

5.1.8 Coil size requirements, and

5.1.9 Cast or heat (formerly ladle) analysis
and test report (request, if required).

NOTE 2—A typical ordering description is as fol-
lows; ASTM A 611, date, Grade C, Cold-Rolled

Oiled Sheet, Structural Quality, 0.035 by 36 by 96
in. (0.89 by 914 by 2438 mm) for Roof Deck.

6. Chemical Reguirements

6.1 The cast or heat analysis of the steel
shall conform to the requirements prescribed
in Table .

' This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Al-
loys, and is the direct responsibility of Subcommittee
AQL.19 on Sheet Steel and Steel Sheets.

‘Current edition approved April 3, 1972. Published
June 1972, Originally published as A 811 - 70, Last pre-
vious edition A 611 - 70,

t dnnual Book of ASTM Standards, Part 3,
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7. Mechanical Requirements

7.1 Tension Tests:

7.1.1 Requirements—The material as rep-
resented by the test specimens shall conform
to the mechanical requirements prescribed in
Table 2.

7.1.2 Number of Tests—Two tension tests
shall be made from each heat or from each lot
of 30 tons (45 Mg). When the amount of
finished material from a heat or lot is less
than 50 tons, only one tension test shall be
made. When material rolled from one heat
differs 0.050 in. (1.27 mm) or more in thick-
ness, one tension test shall be made from both
the thickest and thinnest material rolled re-
gardless of the weight represented.

7.1.3 Test Specimen Orientation—Test
specimens shall be taken longitudinally.

7.2 Bend Test.

7.2.1 Requirements—The bend test speci-
mens shall stand being bent at room tempera-
ture in any direction through 180 deg without
cracking on the outside of the bent portion to
an inside diameter which shall have a relation
to the thickness of the specimen as prescribed
in Table 3. '

7.2.2 Number of Tests—Two bend tests
shall be made from each heat or from each lot
of 50 tons (45 Mg). When the amount of
finished material from a heat or lot is less
than 50 toms, only one bend test shall be
made, When material rolled from one heat
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differs 0.050 in. (1.27 mm) or more in thick-
ness, one hend test shall be made from both
the thickest and thinnest material rolled regard-
less of the weight represented.

7.2.3 Retests—If one test fails, two more
tests shall be run from the same lot, in which
case both tests shall conform to the require-
ments prescribed in this specification; other-
wise, the lot under test shall stand rejected.

8. Finish and Condition
8.1 Surface Finish—Unless otherwise spec-
ified the sheet shall have a matte (dull) finish,
8.2 Oiling—The sheet shall be furnished
oiled or dry, as specified.

9. Certification and Reports

9.1 When requested, the manufacturer
shall furnish copies of a test report showing
the results of the ladle or cast analysis and
mechanical property tests made to determine
compliance with this specification. The report
shall include the purchase order number;
ASTM designation number; and heat or lot
number correlating the test results with the
material represented. ‘

10. Packaging .

10.1 Coil Size—Small coils result from the
cutting of full-size coils for center test pur-
poses. These small coils are acceptable under
this specification.

TABLE 1 Chemical Requirements

Element

Composition, % ,

Carbon, max

Manganese, max

Phosphorus, max

Sulfur, max

Copper, when copper stez] is
specified, min

A,Gl;?%.SE Grade D
0.20 020
0.60 0.90
0.04 0,04
0,04 0,04
0.20 0,20
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TAELE 2 Mechamcal Requirements "

b

co Yleld Point, mm oo Tensile Strength, min Elongation

Gradé e : - - - ! — ek 2 i or 50 mm,

s psi_ s MPa opsi, MPa . mist, %,
e A 25000 0 170 : TA2000 Tt 290 26"
B B 30 000 ©o210% 45 000 310 24
c 33000 230 48 000 30 . 22
D 40 000 2804 52000 " 360 20
‘B 80 0004 550 . 82 000" 570 e

y

4 On thls full-hard product the yield point approaches the tenslle strength and since there is no halt in the gage or, drop
in the beam, the yield point shall be taken as the stress at 0.5 % elongatlon, under load.
¥ Editonally changed, .o

LA

o _’ L. TABLE 3 ,BendTespReq,u‘,iremean

s . e - « {Ratio of -thé: Bend:
Grade Dmmeter to Thickness
: of the Specnmen
TA 0
B [
‘ C 1y
D 2
. E b

+.bend test not applicable

'
B

, The American Soctety far Testmg and Materials takes no positian respecting the’ validzty g f any patent rights asserted
il connection with dany item rmentibned in this standard. Users of this standard are expressly advised that determination
‘of the valtdity ‘of any such patent nghts, and the Fisk of mﬁ'mgemenr of such rzgiu.r, is entirely their own respomzbzlny

DY ‘
* oy . 2 t et b

Thzs standard is subject to Trevision at any tinie by the respon.s'zble techmcal committee and must be reviewed every. five
years and if not revised, either reapproved or withdrawn. Your canunents are invited ejther for revision of this standard or
Jor additional standards and should be addressed 1o ASTM Headquarters Your cominienits will receive &iré il considération
at a meeting of the responsible technical Cominiide, which you ray attend.. If you feel thiwyour conirnerits have not recétied

-+ a fair heating you should make your views known to the ASTM Committee on Standards; 1916 Race St., Philadelphia; Pa.
19103, which will schedule a ﬁm‘her hearmg regardmg yaur comments. Fatlmg sattsfacnan there, you may appeal 10, the
ASTM Board of Dtrectars ) ‘

S gt . FE ' ! e ' - " - T ' Sy
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally

binding upon all citizens and residents of the United States of America.
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STANDARD

QH.[” AMERICAN NATIONAL ANSI/ASTM A 61 5-79

Standard Specification for

Amerlcan Assoclation State Highway and
Transportalion Qfficials Standard
ASHTO No.: M 31

DEFORMED AND PLAIN BILLET-STEEL BARS FOR
CONCRETE REINFORCEMENT' |

This standard is issued under the fixed designation A 615; 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.

This specification has been approved for use by agenczes of the Department of Dq’ense and for listing in the Dol Index of

Specifications and Standards,

1. Scope

1.1 This specification covers deformed and
plain billet-steel concrete-reinforcement bars.
A deformed bar is defined as a bar that is
intended for use as reinforcement in reinforced
congcrete construction. The surface of the bar is

provided with lugs or protrusions (hetein-after ',

called deformations) which inhibit longitudinal

movement of the bar relative to the concrete -

which surrounds the bar in such constiuction
and conform to the prov1s1ons of this specifi-
cation, The standard sizes and dimensions of
deformed bars and their number designations
shall be those listed in Table 1.

LL1 A supplcmentary requirement (1) of
an optional nature is provided. It shall apply

only when specified by the purchaser

1.2 Bars are of two minimum yield levels:
namely, 40 000 psi and 60 000 psi, designated
as Grade 40 and Grade 60, respectively.

1.3 Hot-rolled plain rounds, in sizes up to
and including 2 in. in diameter in ¢oils or cut

lengths, when specified for dowels, spirals and .

structural ties or supports shail be furnished
under this specification in Grade 40 and Grade
60 (Note 1), For bending propertles, test. pro-
visions of thé nearest”nominal didmetér - de-

formed bar size shall' apply: Those requife-
ments providing for deformations dnd' markmg‘

shall not be. applicable.”

this $pecification.
Note 1—The weight for plain rounds smaller

588
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than 9% in: in dlameter shall be computed o the basis
of the size in Specification A 510.

NoTe 2—A complete metric companion to Spec-
ification A 615 has been developed—A 615M; there-
fore, no metric equivalents are presented in this
specification.

2. Appllcable Documents

© 21 ASTM Standards:

A 370 Methods and Definitions for Mechan-

~ical Testing of Steel Products”

A 510 Specification for General Require-
ments for Wire Rods and Coarse Round
Wire, Carbon Steel®

A 700 Recommended Practices for Packag-
mg, Markmg, and Loading Methods for
Steel Products for Domestic Shipment*

2.2 Military Stavdards:

MIL-STD-129 Marking for Shipment and

‘ Storage

¢ MIL:STD-163 Stéel Mill Products Prepara-

- tion for Shipment and Storage®

‘ :»2:.3 Federal Standard:

C

! This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Alloys,

cand. ig the.direct responsxbxhty of Subcommnttee A0L.05 on
. Steel Reinforcement, .

Current edition apﬁroved Sept 17, 1979 Pubhshed No-
pubhshed ds AGI5 = 68 Last pre-
v10us edition A'615~ 78
Annual Book of ASTM- Sfandards, Parts 1,2 3,4,5, a8d

" 10
-1.4. The weldability of the steel is not‘ part of -

i Annual Boak of ASTM Standards, Part3. . -
4 Annual Boolkiof ASTM Standards; Parts 1, 3 4;-and 5.

5 Available from Naval Publications.and Forms’ Ceritet, -

5801 Tabor Ave., Philadelphia, Pa, 19120.
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Fed. Std. No. 123 Marking for Shipments
(Civil Agencies)®

3. Ordering Information

3.1 Orders for material under this specifica-
tion shall include the following information:

3.1.1 Quantity (weight or length),

3.1.2 Name of material (deformed and plain
billei-steel bars for concrete reinforcement),

3.1.3 Size and length,

3.1.4 Deformed or plain,

3.1.5 Grade,

3.1.6 Packaging (see Section 16),

3.1.7 Supplementary requirements (if de-
sired), and

3.1.8 ASTM designation and date of issue.

NoTe 3—A typical ordering description is as fol-
lows: 8000-linear ft, deformed and plain billet-steel
bars for concrete reinforcement, No. 8, 30 ft 0 in,
long, deformed, Grade 60, in secured lifts, including
gup%lementary Requirement S1, to ASTM A 613

ated . .

4, Material and Manufacture

4.1 The bars shall be rolled from properly
identified heats of mold cast or strand cast steel
using the open-hearth, basic-oxygen, or elec-
tric-furnace process.

5, Chemical Requirements

5.1 An analysis of each heat of steel shall be
made by the manufacturer fror test sarnples
taken preferably during the pouring of the
heats. The percentages of carbon, manganese,
phosphorus, and sulfur, shall bé determined.
The phosphorus content thus determined shall
not exceed 0.05 %.

5.2 The chemical composition thus deter-
mined shall be reported on request to the pur-
chaser or his representative.

5.3 An analysis may be made by the pur-
chaser from finished bars, The phosphorus con-
tent thus determined shall not exceed that spec-
ified in 5.1 by more than 25 %.

6, Requirements for Deformations

6.1 Deformations shall be spaced along the
bar at substantially uniform distances. The de-
formations on opposite sides of the bar shall be
similar in size and shape.

6.2 The deformations shall be placed with

“respect to the axis of the bar so that the included
angle is not less than 45 deg. Where the line of
deformations forms an included angle with the
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axis of the bar of from 45 to 70 deg inclusive,
the deformations shall 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 deg, a reversal in direction is not re-
quired.

6.3 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.

6.4 The overall length of deformations shall
be such that the gap between the ends of the
deformations on opposite sides of the bar shall
not exceed 12% % of the nominal perimeter of
the bar. Where the ends terminate in a longi-
tudinal rib, the width of the longitudinal rib
shall be considered the gap. Where more than
two longitudinal ribs are involved, the total
width of all longitudinal ribs shall not exceed
25 % 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
3.14 times the nominal diameter.

6.5 The spacing, height, and gap of defor-
mations shall conform to the requirements pre-
scribed in Table 1.

7. Measurements of Deformations

7.1 The average spacing of deformations
shall be determined by dividing a measured
length of the bar specimen by the number of
individual deformations and fractional parts of
deformations on any one side of the bar speci-
men. A measured length of the bar specimen
shall be considered the distance from a point
on a deformation to a corresponding point on
any other deformation on the same side of the
bar. Spacing measurements shall not be made
over a bar area containing bar marking symbols
involving letters or numbers.

7.2 The average height of deformations shall
be determined from measurements made on
not less than two typical deformations. Deter-
minations shall be based on three measure-
ments per deformation, one at the center of the
overall length and the other two at the quarter
points.of the overall length,

7.3 Insufficient height, insufficient circum-
ferential coverage, or excessive spacing of de-
formations shall not constitute cause for rejec-
tion unless it has been clearly established by

589
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deterrminations on each lot (Note 4) tested that
typ1ca1 deformation height; gap; or spacing do
tiot conform to the minimum requirements pre-
scribed in Section 6: No téjection may be made
-om the basis of measuremenits if fewer:than ten
adjacent deformations. on each side of the ba:r
a.re measured. -
NOTE 4—A Tot is def‘mcd as ail the bars of one

bar number and patterd of deforrmation contiined in
ian individual shipping release or. sh1ppmg order )

8. Tensile Requirements. . -

. 8.1 The material, as represented by the test

speclmens, shall conform to the requiremerits
for tensile properties prescribed in Table.2.

" 8.2 The yield point or yield strength-shall be
~determined by ene of the following methods:

.8.2.1 The yield point shall be determined by
drop of the beam or halt in- the. gage of the

rtestmg machine.

'82.2 Where the steel tested does not have a
well-defined yield point, the yield strength:shall
be determined by one of the methods mdwated
in 8.2.2.1,and 8.2.2.2..

8.2.2.1 Extension under load using d1v1ders

with an 8-in. gage 1ength The extension under
load shall be 0.04 in., and shall.be determined
by scribing on the specimen.an 8-in. gage
length, pivoting from a prick punch mark, The
yield load shall be recorded wheh thé total gage
lenigth under load becomes 8.04.in. as measured
thy the dividers, .
o B2 Extensmn under load usmg an, auto-
* graphic dIagram method or an extensometer ds
described in 13.1.2 to 13.1:3 of Methods and
: Definitions A 370. However; the extension un-
der load shall be-0,005,in, /m Jof: gage length
(0 5:%8): vt B

83 The percentage of elongatmn shall be as
prescnbed in. Table 2. S <

9, Bendmg Reqmreme

w8} Thebend-test specnnen shall stand b¢mg
ybent around a. pin- without " cracking .on the
-outside of the bent portion. The.requirements
for, degree .of bending,uand sizes . of . pins:are
prescnbed in Table.3,
92 The bend - test: sha]L be ;made .on:s pecl«
mens of sufficient length 10 enisure free bcnda,ng
and, with apparatus which provides;
+.9.2.1-Continueus. and - uniform: apphcatlon
,of foree throughout the duratlon of the bending
OPELAHON. & 4 o iy ol B rhar

‘the optién of the manufactuter, may be,

2% deformed bars rolled.;

‘A 615

922 Unrestrictéd:thovement of the -speci-

men at points of contact with the apparatus
and bending around a pm free to rotate, or
bending about a central pin on a simple sphh
with end supports free to rotate.

923 Close wrapping ‘of the specimen

‘around the pin during the bendmg operation.

*93 Other methods of bend testing may be
used, but failures due to such methods shall Tiot
constitute a basis for rejection.

9.4 Bars of size'Nos, 14 and’[8 shall fiot be
subject to bend test reqmrements unless or-
dered in accordance with’ supplemental requu'e-
ment of this specification. ™ "

Ry N

10:- Test Specimens.
- 10.1: Tension test spemmens shall be the: fu]l

‘section-of the bar s rolled except Nos. 11,714

and 18 teinforcing bars in Grade 60 wh1ch'f°at

by one of the reduced section type of tests
indicated in 10.1,1.

10.1.1. Reduced section specimens shall be
machmad from:the bar to a diameter of :1;128
Ain. (1.in2 cross section) over a. Iength - of not
less, than: 9 in:, . with fillets at the ends Gf the
turned-down section having a radius of %,in.
and using an 8-in. gage length. The reduced
section may have a gradual taper from the énds
toward the center, with the ends not more than
1 % larger in. diameter than the, center (con-
trolling dimension). ... «

10.2, The unit, stress determma‘uous on, full-
size:specimens shall, be.based on the, ;nommal
;bar. area, -For, reduced, section. specimens, the
yield strength and tensile strength results. shall
be corrected by the ratio of as;rolled.bar welght
to nominal bar weight. . .. - e

103 The bend-test specunens shall bepthe
full section Of the bar as roll .

‘ 11 1 For bar sizes No 3 to 11 mcluswe, one
tension test and one bend test shall be made of
the largest size' rolled from each heat. If; iow-

-ever; material from oneheat differs by three or

uore | demgnatmm numbers; one tension and

~one bend; test -shall, be made from both the

highest and lowest demgnatxou number cpf the
T T g i

fro;gn each heat

+590
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12. Retests

12.1 If any tensile property of any tension
test specimen is less than that specified, and
any part of the fracture is outside the middle
third of the gage length, as indicated by scribe
scratches marked on the specimen before test-
ing, a retest shall be allowed.

12.2 If the results of an original tension spec-
imen are less than specification but within 2000
psi of the required tensile strength, within 1000
psi of the required yield point, or within 2
percentage units of the minimum required
elongation, a retest shall be permitted on one
random specimen from the heat or lot. If the
results of this test specimen meet the specified
requirements, the heat or lot shall be accepted.

12.3 If a bend test fails, a retest shall be
permitted on one random specimen from the
heat or lot. If this test specimen meets the
specified requirements, the heat or lot shall be
accepted. The retest shall be performed on the
test specimen that is at air temperature but not
less than 60°F,

12.4 If any test specimen fails because of
mechanical reasons such as failure of testing
equipment or improper specimen preparation,
it may be discarded and another specimen
taken.

12.5 If any test specimen develops flaws, it
may be discarded and another specimen of the
same size bar from the same heat substituted.

13. Permissible Variation in Weight

13.1 The permissible variation shall not ex-
ceed 6 % under nominal weight, except for bars
smaller than % in. plain round, the permissible
variation in weight shall be computed upon the
basis of the permissible variation in diameter
in Specification A 510. Reinforcing bars are
evaluated on the basis of nominal weights. In
no case shall the overweight of any bar be the
cause for rejection.

14. Finish

14.1 The bars shall be free of injurious de-
fects and shall have a workmanlike finish.

14.2 Rust, seams, surface irregularities, or
mill scale shall not be cause for rejection, pro-
vided the weight, dimensions, cross-sectional
area, and tensile properties of a hand wire
brushed test specimen are not less than the
requirements of this specification.
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15. Marking

15.1 When loaded for mill shipment, bars
shalt be properly separated and tagged with the
manufacturer’s heat or test identification num-
ber.

152 Each producer shall identify the sym-
bols of his marking system.

15.3 All bars produced to this specification,
except plain round bars which shall be tagged
for grade, shall be identified by a distinguishing
set of marks legibly rolled into the surface of
ong side of the bar to denote in the following
order:

15.3.1 Point of Origin—Letter or symbol es-
tablished as the producer’s mill designation.

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

1533 Type of Sieel—Letter N indicating
that the bar was produced to this specification,

15.3.4 Minimum Yield Designation—For
Grade 60 bars, either the number 60 or a single
continuous longitudinal line through at least 3
spaces offset from the center of the bar side.
(No marking designation for Grade 40 bars.)

16. Packaging

16,1 When specified in the purchase order,
packaging shall be in accordance with the pro-

"cedures in Recommended Practices A 700,

162 For Government Procurement Only—

. When. specified in the contract or order, and

for direct procurement by or direct shipment to
the U.S. government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163. The
applicable levels shall be as specified in the
contract. Marking for shipment of such mate-
rial shall be in accordance with Fed. Std. No.
123 for civil agencies and MIL-STD-129 for
military agencies.

17. Inspection

17.1 The inspector representing the pur-
chaser 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 af-
ford the inspector all reasonable facilities to
satisfy him that the material is being furnished
in accordance with this specification. All tests

591
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(except product analysis) and inspection, shall
be made at the place of manufacture prior to
.shipment, unless otherwise specified, and shall
be so conducted as not to interfere unnecessar-
ily with the operation of the works. ‘
17,2 For .Government . Procurement Only—
Except as otherwise specified in the contract,
‘the contractor,is responsible for the perform-
ance. of all inspection and test requirements
-specified herein.and may use his own or any
other suitable facilities for.the performance of
the .inspection and test requirements specified
herein, unless disapproved 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 in this
specification, where . such inspections. .are
deemed necessary to assure that material con-
-forms to prescribed requirements,

18, Rejectlon
181 Unless otherwise spcclﬁed any rejec-

i

A 615

tion based on tests made in accordance with
5.3, shall be reported to the manufacturer
within 5 working days from the receipt of sam-
ples by the purchaser. :

182 Material that shows m_]urmus defects
s_ubsequent to its acceptance at the manufac-
turer’s works will be rejected, and the manu-
facturer shall be notified:

18.3 Substitution  of bars produced to Sup—
plementary Reqmrement 81 (marked 8) for

‘bars ordered to the basic Spec1ﬁcat1on {marked

N) shall not be, cause for rejection.

19. Rehearmg o

19,1 Samples tested in accordance with 5.3
that répresent rejected material shall be pre-
served for 2. weeks from. the date rejection is
reported to-the manufacturer. In case of dissat-
isfaction with the results of the tests; the man-
ufacturer may make claim for a rehearing
within that time,

i

s

TABLE 1 Dot_’ormed Bar Designat;on Numbe_rs, Nomir;al Weights, Nominal Dimensions and Deformation Requiremgnts

. Noininal Dimensions®

Deférmation Requirements; if. ©

Bar Desisaati Nominal L o MB,leUm‘
ar LeSgnaton Wei ht lb/ Cross-Sec- 1 . Maximum ~ Minimiun
o ﬁq. g Drameter, tidn}}l'.{}rea, Perlgeter, Average Average (St;ffg:f
Ao, - in® - ‘ . -Spacing - -, Height - Nommal
S N P } Pe.nmeter):
D 03767 0375 - 0.11 CoLI78 o Y gRé2 v 015 0.143 -
"4 . 0,668 0500 ., ~020. 1571 0.350 0.020 0.191
5 .. 1.043. . 0625 .. 03l 1.963 0437 " .0.028 0.239-
6 150 0756 044 2336 0525 . 0038 0.286
7 2044 075 0 0,60 12749 C 0612 0044 0334
8 . 2,670 - 1.0007 ;099 3.142 0700 .. 0050 - 0.383
9, i . 23400, ., 1128, - 100 3.544 . - 0,790 . 0056 0431 ..
i 4303, _1270 .27 CLash 0889 . 0064 . 0487
a1 CoEm3- CLdlet <o 156 4430 SRR %7 R 1 K¢ 0 0.540"
48 L7657 1693 225 532+ . 1185 i+ i.- 0085 - 0648 -
A8y, e 1360 5 ‘2257 L4000 . 709 158 0102 0864

@ The domizal dimensions of a defor;ned bar ar¢ equWalent to thc)se ofa p]am round bar havmg the same weight per -foot

as the deformed bar.

“ Bar numbers are based on the number of elghths of an inch mcluded in the nommal dlameter of the bars
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TABLE 2 Tensile Requirements TABLE 3 Bend Test Requirements
‘ Grade 40°  Grade 60 Pin Diameter for® Bend Tests

: : . d = nominal diameter of
Tensile strength, min, psi 70 000 90 000 i :
Yield strengfh, min, psi 40 000 60 000 Bar Designation No, specimen
Elongation in 8 in., min, %: Grade 40 Grade 60

Bar No.,

3 11 9 3,4,5 4d 4d

4,5,6 12 9 6 5d 5d

7 11 8 7.8 5d . 6d

8 10 8 9,10, 11 5d Bd

?0 g ; “Test bends 180 deg unless noted otherwise.

11 7 7

14,18 co 7

% Grade 40 bars are furnished only in sizes 3 through 11.
Sizes 7 through 11 may not be readily available; manufac-
turers should be consulted to verify availability.

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirement shall apply only when spebiﬁed in the
purchase order or cantract.

S1. For material ordered to this supplemen~ S1.3 (replaces 11.2) In the case of Nos. 14 i
tary requirement, articles 9.1, 9.3, 10.1, 10.1.1, and 18 bars, one tension test and one bend test |
11.2, and 15.3.3 are replaced by the following  shall be made of each size rolled from each - I

(all requirements S1.1 through SI.5 shall ap- heat.
ply): Sl4 If a bend test falls for reasons other

511 (replaces 9.1 and 9.3) The bend-test than mechanical reasons or flaws in the speci-
specimen shall stand being bent, when at am-- men as described in 12.4 and 12.5, a retest shall
bient temperature but in no case less than 60°F  be permiitted on two random specimens from
around a.pin without cracking on the outside the same heat or lot. If the results of both test
of the bent portion. The requirements for dé- specimens meet the specified requirements, the

gree of bending and sizes of pins are prescribed  heat or lot shall be accepted.
in Table S1. S1.5 (replaces 15.3.3) Bars furnished to th1s

S1.2 (replaces 10.1 and 10.1.1) Tension test supplement shall be designated for type of steel
specimens shall be the full section of the bar as by the symbol S,
rolled. -
TABLE S1 Bend Test Requirements (Supplementary)

Pin Diameter for Bend Tests®
d = nominal diameter of
Bar Designation No. specimen

Grade 40 Grade 60

3,4,5 3ad 3%hd
678 5d 5d 1
9,10, 11 sd 7d “
14, 18 (50 de) 9d ;

“ Test bends 180 deg unless noted otherwise, ) |

The American Soclety for Testing and Materials takes no position respecting the validity of any patent rights asserted in i
connection with any item mentioned in this standard. Users of this siandard are expressly advised that determination of the validity ‘
of any such paitent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subfect to revision ai any time ]l;;y the responsible technical committee and must be reviewed every five years
and if not revised, either reapproved or withdrawn, Your commenis are invited either _for revision of this standard or for additional
standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may atiend, If you feel that your comments have nol received a falr hearing you should

make your views known 1o the ASTM Committee on Standards, 1916 Race St., Philadeiphia, Pa. 19103, which will schedule a ?
Sfurther hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors.
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" THE UNITED STATES OF AMERICA

HEED THIS NOTICE

Legally Binding Document

Document Name:

CFR Section(s):

Standards Body:

H‘%% i

Q%‘m\ﬁﬂﬁ”%a?ﬁﬁﬁ?

iﬁ
Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER

phee

568000008

WASHINGTON; D.C.

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.
Criminal penalties may apply for noncompliance.
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QHI” AMERICAN NAggDNAL ANSl/ASTM A 616 -~ 79 American Assoclation State

STAND., Y A o Hrghway and Transportation Officials Standard
’ AASHTO No.: M 42

Standard Spemflcatlon for
" RAIL-STEEL DEFORMED AND PLAIN BARS FOR
CONCRETE REINFORCEMENT‘

This standard is issued under the fixed designation A 616; the number immediately following the designation indicates the
year of original adoption or, in the«case of révision, the year-ofast revision. A number.in parentheses indicates the year of last
reapproval.

This specification has been appravcd for use by agenctes of zhe Department of Defense and for listing in the Dol Index of

Specifications and Standards.

1. Scope

. 1.1 This specification covers deformed and
p]am rail steel concrete reinforcement bats. A

deformed bar is ‘defined as a ‘bar that is:in- o

tended for use as reinforcement in reinforced
. concrete construction. The sirface of the bar is

'fprov1ded with, lugs or protrusions (héreinafter . .

- called deformations) which inhibit longltudmal

"movVement of the bars relative to the concrete -
which surrounds the bars in such construction
and conform to the provisions of this specifi-
cation. The standard sizes and dimensions of
deformed bars and their number designations
shall be those listed in Table 1.

1.2 Bars are of two minimum yield levels:
namely, 50 000 psi (345 MPa) and 60 000 psi
(415 MPa), designated as Grade 50 and Grade
60, respectively.

1.3 Plain rounds, in sizes up to and including
2 in. (50.8 mm) in diameter, in coils or cut
lengths, when specified for dowels, spirals and
structural ties or supports shall be furnished
under this specification in Grade 50 and Grade
60. For bending properties test provisions of
the nearest smaller nominal diameter deformed
bar size shall apply. Those requirements pro-
viding for deformations and marking shall not
be applicable.

1.4 The weldability of the steel is not part of
this specification.

Note 1—The values stated in inch-pound units
are to be regarded as the standard.

2. Applicable Documents
2.1 ASTM Standards:

“600

A 370 Methods and Definitions for Mechan-
ical Testing of Steel Products®
A 700 Recommended Practices for Packag-
.ing, Matking, and Loadmg Methods for
Steel Producis for Domestic Shipment?
. 2.2 Military Standards:
MIL-STD 129 Marking for Sh1pment and
‘ Storage
; *MIL‘-STD 163 Steel Mill Products Prepara-
“tion for Shipment dnd ‘Siorage* ‘
2.3 Federal Standard:
Fed. Std. No. 123 Marking for Shipments
(Civil Agencies)*

3. Ordering Information

3.1 Orders for material under this specifica-
tion shall include the following information:

3.1.1 Quantity (weight or length),

3.1.2 Name of material (rail-steel deformed
and plain bars for concrete reinforcement),

3.1.3 Size and length,

3.1.4 Deformed or plain,

3.1.5 Grade,

3.1.6 Packaging (see Section 14), and

3.1.7 ASTM designation and date of issue.

'This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Alloys,
and is the direct responsibility of Subcommittee A01.05 on
Steel Reinforcement Bars.

Current edition approved July 27, 1979. Published Sep-
tember 1979. Originally published as A 616 - 68. Last pre-
vlous edition. A 616 - 76.

* Awnual Book of ASTM Standards, Parts 1, 2, 3, 4, 5, and
10.

? Annual Book of ASTM Standards, Parts 1, 3, 4, and 5.

* Available from Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphia, Pa. 19120.
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Note 2—A typical ordering design is as follows:
8000 linear ft rail-steel deformed and plain bars for
concrete reinforcement, No. 8, 40 ft 0 in. long, de-
formed, Grade 60, in secured lifts, to ASTM A 616
dated —.

4, Material and Manufacture

4.1 The bars shall be rolled from standard
section Tee rails. No other materials such as
those known by the terms rerolled, rail-steel
equivalent, and rail-steel quality shall be substi-
tuted.

5. Requirements for Deformations

5.1 Deformations shall be spaced along the
bar at substantially uniform distances. The de-
formations on opposite sides of the bar shall be
sirilar in size and shape.

5.2 The deformations shall be placed with
respect to the axis of the bar so that the included
angle is not less than 45 deg. Where the line of
deformations forms an included angle with the
axis of the bar of from 45 to 70 deg inclusive,
the deformations shall 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 deg, a reversal in direction is not re-
quired.

5.3 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,

5.4 The overall length of deformations shall
be such that the gap between the ends of the
deformations on opposite sides of the bar shall
not exceed 12% % of the nominal perimeter of
the bar. Where the ends terminate in a longi-
tudinal rib, the width of longitudinal rib shall
be considered the gap. Where more than two
longitudinal ribs are involved, the total width
of all longitudinal ribs shall not exceed 25 % 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 3.14 times the
nominal diameter.

5.5 The spacing, height and gap of defor-
mations shall conform to the requirements pre-
scribed in Table 1.

6. Measurements of Deformations
6.1 The average spacing of deformations
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shall be determined by dividing a measured
length of the bar specimen by the number of
individual deformations and fractional parts of
deformations on any one side of the bar speci-
men. A measured length of the bar specimen
shall be considered the distance from a point
on a deformation to a corresponding point on
any other deformation on the same side of the
bar. Spacing measurements shall not be made
over a bar area containing bar marking symbols
involving letters or numbers.

6.2 The average height of deformations shall
be determined from measurements made on
not less than two typical deformations. Deter-
minations shall be based on three measure-
ments per deformation, one at the center of the
over-all length and the other two at the quarter
points of the overall length.

6.3 Insufficient height, insufficient circum-
ferential coverage, or excessive spacing of de-
formations shall not constitute cause for rejec-
tion unless it has been clearly established by
determinations on each lot (Note 3) tested that
typical deformation height, gap or spacing do
not conform to the minimum requirements pre-
scribed in Section 5. No rejection may be made
on the basis of measurements if fewer than ten
adjacent deformations on each side of the bar
are measured.

NoTE 3—A lot is defined as all the bars of one

“bar number and pattern of deformation contained in

an individual shipping release or shipping order.

7. Tensile Requirements

1.1 Grade 50 and Grade 60—The material as
represented by the test specimens shall conform
to the requirements for tensile properties pre-
scribed in Table 2.

7.2 The yield point or yield strength shall be
determined by one of the following methods:

7.2.1 The yield point shall be determined by
drop of the beam or halt in the gage of the
testing machine.

7.2.2 When the sieel tested does not have a
well-defined yield point, the yield strength shall
be tested by one of the methods indicated in
7.2.2.1 or 7.2.2.2. 1

7.2.2.1 Extension under load using dividers
with an 8-in. (203.2-mm) gage length. The ex-
tension under load shall be 0.04 in. (1.02 mm)
and shall be determined by scribing on the
specimen an 8-in. gage length, pivoting from a

PRO_00091894
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prick puihch maik. The yield lodd- shall be
recorded when the total gage leiigth under load
becomeés’ 8. 04 m (2042 mm) as measured by
the dividers. :

7.2.2.2 Extenision under load ising an auto-
graphic diagram method Or an extensometer as
described in 13.52 to 13.1.3 of Methods and
Definitions A 370. However, the éxtension un-
der load shall be 0.005 in./in. of gage length
(0.5 %) for Grade 60. '

7.3 The percentage of elongat:on shall: be as
prescribed in Table 2.

8. Bending Reqlurements

8,1 The bend test specimen shall stand bcmg
bent, wher at dmbient témperatuie but in- 4o
case less thafi 60°F (16°C), afound a pin with-
out cracking on the outside of the bent portion;
The requlrements for: degree of bendmg and
sizes of pins are prescribed in Table 3.

+ 82 The bend test shall be made on speci-
meti§ of sufficient length to ensuré free bending
and with apparatus which provides:

8.2.1 Continuous and: uniforin’ application
of force throughout the duratxon of the bendmg
opération. '

8.2.2 Unrcstncted movement of the speci-
men at points :of contact with the apparatus
and bending around a pm free to rotate, or
bending about a central pin on a simple. span

_with end Supports free to rotate, . -~ -

8:2.3 Close wrapping of 'the specunen
around the pin during the bending operation.

8.3 Other methods of bend testing 1iay be
used, but failure due to such -methods shall not
constituté a basis for re_]ectlon AN

9 Test Speclmens ‘

'9.1 "Tension test specimens shall be. full Sec-
tion of the bar as rolled.

9.2 The unit-stress determinations on full-
size specimens’ shall be based on the nommal
bar area.

'9.3. The bend test specimens shall be the full
section of the bar as rolled. -~ - DR

© 9.3.1 .Bend -tests. are not requlred on. bars
fabncated by the producer :

10 Number of Tests.

i 10,1 For bar sizes No. 3 to No, Il mcluswe,
one tension test' and one bend tést shall be
made of each bar size rolled from each: lot:of

A616

10 toris (9072 kg) or fraction'thereof rolled from
rail§ varymg not mote than lO lb/yd of nommal
weight,

102 If any test spemmen develops ﬂaws, it
may be discarded and another specimen of the
same size bar from the samc lot of 10 tons ot
fraction thereof substituted. .

+10.3 If any-tensile property. of‘ the. test spec—
imen is less than that specified in Section 7 and
any part of the fracture is outside the middle
third of the gage length, as indicated by scribe
scratches marked on the specimen before test-
mg, a retest shiall’ be a]lowed

11 Permlsmble Varlatlons in Welght

11:.1- The permissible variations shall not ex-
ceed 6 % under nominal weight.- Reinforcing
bars are évaluated on;.the:basis:. of nomjnal
weiglits. In'no case shall. c‘werweight of any bar
be the cause. for rejectmn N

12. Finish

12.1 The bars shall be free from injurious
defects and shall have a workmanlike finish.

»12:2 Rust, seams, surfice irregularities, or
mill scale shall not be cause for rejection pro-
vided the weight, dimensions, cross-sectional
area and tensile properties of a hand wire
brushed test specimen are not less than the
requirements of this spec:lﬂcatlon

13. Marklng !

"13.1 When loaded for miill' shipment, bars
shiall be properly separated and tagged with the
manufadturer’s test.identification number, - -

13:2 <Each producer shall 1dent1fy the sym-
bols of his marking system. -

13.3. All bars produced to this specﬁicauon
except plam round bars which shall be tagged

.....

o

set of imarks legibly rolled irito the surface: of
one side of the bar to denote in the followin;g
order:

+ 13.3.1 Point of Orzgm—-Letter ot symbol es-
tablished as the producer’s mill désignation. - -

13.3.2 Size Designation—Arabic . number
coriesponding to bar des1gnat10n nuimber of
Table l: - . Vit

13.3.3 Type of Steel—A rail symbol indicat-
ing that the bar was produced from rail steel.

13.3.4 Minimum "~ Yield ' Designation—For
Grade 60 bars, either the number 60 or a single
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continuous longitudinal line through at least
five spaces offset from the center of the bar
side. '

14, Packaging '

14,1 When specified in the purchase order,

packaging shall be in accordance with the pro-
cedures in Recommended Practices A 700.

142 For Government Procuremeni Only—
When specified in the contract.or order, and
for direct procurement by or direct shipment to
the U.S. government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163. The
applicable levels shall be as specified in the
contract. Marking for shipment of such mate-
rial shall be in accordance with Fed. Std. No.
123 for civil agencies and MIL-STD-129 for
military agencies,

15. Inspection

15.1 The inspector representing the pur-
chaser 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 af-
ford the inspector all reasonable facilities to
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satisfy him that the material is being furnished
in accordance with this specification. All tests
and inspection shall be made at the place of
manufacture prior to shipment unless otherwise
specified, and shall be so conducted as not to
interfere unnecessarily with the operation of
the works. ‘

152 For Government Procurement Only—
Except as otherwise specified in the contract,
the contractor is responsible for the perform-
ance of all inspection and test requirements
specified herein. Except as otherwise specified
in the contract, the contractor may use his own
or any other suitable facilities for the perform-
ance of the inspection” and test requirements
specified herein, unless disapproved by the pur-
chaser 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 in this specification where such in-
spections are deemed necessary to assure that
material conforms to prescribed requirements.

16. Rejection

16.1 Material that shows injurious defects
subsequent to its acceptance at the manufac-
turer’s works will be rejected, and the manu-
facturer shall be notified.
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TABLE 1 Det‘omiefl Bar Designation Numbers, Nominal Weights, Nomina) Dimensions and Deformation Requirements
Inch-Pound Units: ¥ 0oy BERIEE
Nm_nnimﬂ Dimensions* Deformation Requirements, in.
e T C ) - Maximi
o . Nominal . . :
. Bar Desig- - L Cross-, b . gy Gap (Chord
' nation No.” Weight, - Biameter,  Sectionial  Periieter,  MaXimuty - Miimum. 03 per-
Ib/ft in Arca. =L . Average Average ;
' e, . Spaein Heignt ~ ,gentof .
e in? oo, opedne o REEL | Nominal -
3 0376 0375 0Oll . Li78° T o262 o015 0l43
"4 0.668 0.500 0.20 CLsTL 0.350 0.020 0.191
5 1.043 - 0.625 0.31 1.963 0.437 0.028 0.23¢
6 1.502 0.750 044 2:356 . 0.525 . 0038 - 0.286
7 2044 0875 . ., 060 2,749 0.612 . 0.044 0.334
g' 2670 7 1,000 0.79 3.142 0.700 0.050 0.383
Qo © 3400 - Li28 - LoO '3.544 - 0,780 0.056 - 0.431
10 © 4303 0 1270 127 3990 . 0.889 0064 . 0487
AL 5313 . 1410 156 4430 . 0.987 0071 . 0.540
; _‘ S Units . o
' ‘Nominal Diménsions? Deforniation Requitements, mm ’
L At " ‘ | lMaxil'num‘!L
e «Nomindl
Bar Desig- ; Cross ; o Gap (Chord
nation No? ‘Ycﬂlght’ Diamster, Séclional  Perimeter, Meximum  Minimum ., of 12% per-
kg/m mm Area mm ., avemge Average " ent of
: e ; Y Spacing -~ Height Toot
cm® Notminal
g B : ' "¢ Perimieter
3 0.560 952 0.71 299 ° 6.7 3547
i 4 C 0994 1270 1.29 399: .0 . 89 4.9
3 1.552 1588 . .. 200 . 499 1L1 6.1
6 ;2,235 19.05. 284 . 598 133 73
7" ' 3042 2223 3.87 698 155 85 "
8 3973 - 25.40 510 - 79.8 17.8 . 9T
9 5.059 28.65 6.45 900 20.1 1.42 10.9
10 6.403 3226 8.19 101.4 22,6 1.62 114
11 7.906 35.81 10,06 112.5 25.1 1.80 13.6

4 The nominal dimensions of 2 deformed bar are equivalent to those of a plain round bar having the same weight per foot
as the deformed bar.

2 Bar numbers are based on the number of eighths of an inch included in the nominal diameter of the bars.
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TABLE 3 Bend Test Requirements

Pin Diameter for* Bend
Tests d = nominal diame-

TABLE 2 Tensile Requirements
Grade 50 Grade 60

Tensile strength, min, 80 000 (550) 90 000 (620 Bar Designation :
e (M% o (350) (620 No ter of specimen
Yield strength, min, 30 000 (345) 60 000 (415) Grade 50 Grade 60
psi (MPa) . 3 -
Elongations in 8 in. or 45,6 6d 6d
203 mm, min, 7,8 6d 6d
%o 9,10 8d 8d
Bar No. . 11 84 (0 deg) 84 (90 deg)
3 6 6 4 . .
4,56 7 P Test bends 180 deg unless noted otherwise,
7 6 5
8 5 4.5
9,10, 11 5 45

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in
connection with any item mentioned in this standard, Users of this standard are expressly advised that determination of the validity

of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility,

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years
and if not revised, either reapproved or withdravn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Comumitiee on Standards, 1916 Race St., Philadelphia, Pa, 19103, which will schedule a
further hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors.
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Document Name:
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STAN DARD

QH“») AMERICAN NATIONAL ANSI/ASTM' A617-79

Standard Specmcatlon for

American Assoclation State
Highway and Transportahon Officials Standard
i “AASHTO No.: M 53

" AXLE-STEEL DEFORMED AND PLAIN BARS FOR
CONCRETE REINFORCEMENT" »

This standard is issued under the fixed designation A 617; the number immediately following the designation mdlcates 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,

This specifi Gcalion his been' approved for s’ By’ i
‘Specifications and’ Standards R

‘ 1. Scope

tended for use as reinforcement in’ feinforced
concrete construction. The surface of the bar is
provided with lugs or protrusions (hereinafter
called deformations) which inhibit longitudinal
movement of the bar relative to the concrete
which surrounds the bar in such construction
and conform to the provisions of this specifi-
cation. The standard sizes and dimensions of
deformed bars and their number designations
shall be those listed in Table 1.

1.2 Bars are of two minimum yield levels:
namely, 40 000 psi (275 MPa) and 60 000 psi
(415 MPa), designated as Grade 40 and Grade
60, respectively.

1.3 Plain rounds, in sizes up to and including
2 in, (50.8 mm) in diameter, in coils or cut
lengths, when specified for dowels, spirals and
structural ties or supports shall be furnished
under this specification in Grade 40 and Grade
60. For bending properties test provisions of
the nearest smaller nominal diameter deformed
bar size shall apply. Those requirements pro-
viding for deformations and marking shall not
be applicable.

1.4 The weldability of the steel is not part of
this specification.

Note 1--The values stated in mch-pound units
are to be regarded as the standard.

2. Applicable Documents
2.1 ASTM Standards:

scricies 5 the” Deparimiont of Defense and for Tstink™in the DoD Indéx of
ORI - S N e M ? o . e

.« A 370 Methods and Definitions for Mechan-

L1 This speclﬂcatxon covers deformed and”
plaln axle steel concrete remforcement bars A
defot‘med bar is deﬁned as a bar thatis" m-, B

ical Testmg of Steel Products R

ing, Marking, and Loadmg Methods fgr

 Steel Prodiicts for Domestic-Shipment?®

2.2 Military Standards:

MIL-STD-129 Marking for Shipment and
Storage’

MIL-STD-163 Steel Mill Products Prepara-
tion for Shipment and Storage’

2.3 Federal Standard:

Fed. Std. No. 123 Marking for Shipments
(Civil Agencies)*

3. Ordering Information

3.1 Orders for material under this specifica-
tion shall include the following information:

3.1.1 Quantity (weight or length),

3.1.2 Name of material (axle-steel deformed
and plain bars for concrete reinforcementy),

3.1.3 Size and length,

3.1.4 Deformed or plain,

3.1.5 Grade,

3.1.6 Packaging (see Section 15), and

3.1.7 ASTM designation and date of issue.

"'This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Alloys,
and is the direct responsibility of Subcommittes A01.05 on
Steel Reinforcement Bars.

Current edition approved July 27, 1979. Published No-
vember 1979. Originally published as A 617 - 68. Last pre-
vious edition A 617 -76.

® dnnual Book of ASTM Standards, Parts 1,2, 3,4, 5, and
10.

8 Annual Book of ASTM Standards, Parts 1, 3, 4, and 5.

4 Available from Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphia, Pa. 19120.

606

PRO_00091921



i

NoTe 2—A typical ordering description is as fol-
lows: 8000 linear ft axle-steel deformed and plain
bars for concrete reinforcement, No, 8, 40 ft 0 in.
long, deformed, Grade 60, in secured lifts, to ASTM
A 617 dated —.

4, Material and Manufacture

4.1 The bars shall be rolled from carbon
steel axles for cars and locomotive tenders in
the following standard journal sizes. No other
axles or material shall be used.

Standard Journal Sizes,
in, (mm)
4% by 8 (108.0 by 203.2)
5 by 9(127.0 by 228.6)
5% by 10 (139.7 by 254.0)
6 by 11 (1524 by 279.4)

Carbon steel axles

5. Carbon Determination

5.1 The manufacturer shall make a deter-
mination for the carbon content of each axle
received by him for manufacture into reinforce-
ment bars, Based on these carbon determina-
tions, all steel axles shall be stocked for subse-
quent rolling in separated lots by carbon range.
The ranges of carbon shall be determined by
the manufacturer as those best suited to meet
the mechanical requirements.

5.2 When requested by the purchascr, the
manufacturer shall report the carbon range for
each lot of bars furnished.

6. Requirements of Deformations

6.1 Deformations shall be spaced along the
bar at substantially uniform distances. The de-
formations on opposite sides of the bar shall be
similar in size and shape.

6.2 The deformations shall be placed with
respect to the axis of the bar so that the included
angle is not less than 45 deg. Where the line of
deformations forms an included angle with the
axis of the bar of from 45 to 70 deg inclusive,
the deformations shall 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 deg, a reversal in direction is not re-
quired.

6.3 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.

6.4 The over-all iength of deformations shall
be such that the gap between the ends of the
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deformations on opposite sides of the bar shall
not exceed 12% % of the nominal perimeter of
the bar. Where the ends terminate in a longi-
tudinal rib, the width of the longitudinal rib
shall be considered the gap. Where more than
two longitudinal ribs are involved, the total
width of all longitudinal ribs shall not exceed
25 % of the nominal perimeter of the bar; fur-
thermore, the summation of gaps shall not
exceed 25 % of the nominal perimeter of the
bar, The nominal perimeter of the bar shall be
3.14 times the nominal diameter.

6.5 The spacing, height and gap of defor-
mations shall conform to the requirements pre-
scribed in Table L.

7. Measurements of Deformations

7.1 The average spacing of deformations
shall be determined by dividing a measured
length of the bar specimen by the number of
individual deformations and fractional parts of
deformations on any one side of the bar speci-
men, A measured length of the bar specimen
shall be considered the distance from a point
on a deformation to a corresponding point on
any other deformation on the same side of the
bar. Spacing measurements shall not be made
over a bar area containing bar marking symbols
involving letters or numbers.

7.2 The average height of deformations shall
be determined from measurements made on
not less than two typical deformations. Deter-
minations shall be based on three measure-
ments per deformation, one at the center of the
overall length and the other two at the quarter
points of the overall length.

7.3 Insufficient height, insufficient circurn-
ferential coverage, or excessive spacing of de-
formations shall not constitute cause for rejec-
tion unless it has been clearly established by
determinations on each lot (Note 3) tested that
typical deformation height, gap, or spacing do
not conform to the minimum requirements pre-
scribed in Section 6. No rejection may be made
on the basis of measurements if fewer than ten
adjacent deformations on each side of the bar
are measured.

Note 3—A lot is defined as all the bars of one

bar number and pattern of deformations contained
in an individual shipping release or shipping order,

8. Tensile Requirements
8.1 Grade 40 and Grade 60—The material as
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‘represented by the test specimens shall conform
to the requuements for tensile properttes pre-
scnbed in Table 2. ~
- 82 The yield point or yteld strength shall be
‘determined by one of the following: meéthods:
'8.2.1 The yield point shall be determined by
drop of the beam: or. halt in the gage of the
testing machine. - -
- 8.2.2 When the steel tested does not: have a
well-defined yield point, the yield strength shall
be tested by one of the imethods- mdtcated in
8221 or 8.2.2.2.
8.2.2.1 Extension under load usmg d1v1ders
with an 8-in.: (203.2:mm) gage length. Thé ex-
tension under load shall be 0,04 in, (1.02-mm)
and shall be determined by scribing on: the
specimen an 8-in, gage length, pivoting from a
prick punch mark. The yield load shall be
recorded when the total gage length unider load
‘becomes 8.04 in. (204 2 mm) as measured by
the dividers.
8.2.2.2 Extension under load usmg ah auto
graphic d1agram method or an exteusometer as
“‘described in 13.1.2 to 13.1.3 ind], of Methods
“and Def'm1t10ns A'370, However the extension
thider load shall be 0.005 in. /1n of gage length
(0 5 %) for Grade 60 .
‘8.3 The percentage of elongatton shall bé as
prescnbed in Table 2

'9, Bemlmg Requirements

9.1 The bend test specunen shalI stand bemg
bent, when at ambient temperature, but n no
case less than 60°F {16°C) around a pin w1th-
‘out cracking on the outside of the bent portton
_The requlrements for degree of bendmg and
srzes of pins are prescnbed in Table 3 i ol
. 9.2 The bend. test, shall be made on specr-
‘ mens of sufficient length to ensure free bendmg
: and with apparatus which provtdes e
" 9.2.1 Contmuous and uniform. apphcatton
] of force throughout the duratron of the bendmg
operation.
922 Unrestncted movement of the spec1
.men at points of contact with the apparatus
and bending around a pin free to Fot:
‘bending about a central pin on a stmple span
“With'e d supports free to rotate. o
1922, Close., wrapping - of. -the specimen
around the pin during the bendmg operation.
9.3 Other methods ‘6f beiid testinig tay be
~used, but:failures due tosuch méthiods:shall not
constitute a basis for rejection.

‘A 617

]

10 Test Spetimens - : v

10.1 Tension test specimens shall be the full
section of bar.as rolled. - .. . .- Com

10.2 The unit stress determinations on:full-
size specimens shall be based on the nomma.l
“bar area.

‘10.3 The bend test: specunens shall be the ﬂ

fl_.ll_l section of the bar ds rolled

1’1 Number of tests

11:1 For bat sizes No. 3 to No 11 mclusrve,
one tension t€st and one bend test shall be
made from’ éach lot (Note 3)'of 10 tons (9072
kg) or-fraction thereof, rolled from each lot of
axles assorted in groups as specified in Section
5.

11.2 If any test specimen develops flaws; it
may be discarded’and. another specimen from
the same lot of 10 tons or fractlon thereof
substttuted :

. 11.3 If any. tensile property of’ the test spec-
nnen is less than thdt specrﬁed in Section 7 ahd
any part.of the fracture is-outside the middle
third of the gage length, as indicated by scribe
»scratches marked ‘on the specunen before test-
mg, a retest sha]l be allowed.: i

12 Permls -

12.1 The permissible varidtions shall not ex-
ceed 6% under nominal weight. Reinforcing
bars are evaluated on thé basis of ‘morinal
-weights: In-no case shall overweight of any bar
be the cause fot rejeetron ‘ Ly

13 Fmish

¢ 13.1. The bars shall be free of m]unous de-
t‘ects and shall:have a workméanliké finish. o
e ri32:Rust, $¢ams; surfacé, irrégularities, -or
-mill scalé shall:not be: cause for rejection, pro-
vided the ‘weight,; dimensions, .cross. sectional
rarea, -and tensile. properties -of'.a hdand wire
sbrushed test are mot less than athe requlrements
of thlsrspecrﬁcatlon BN

14 Marking o .

14.1 When 10aded t‘or m111 shtpment bars
rshall-be-properly sepatated and tagged.with: the
«manufacturer's;test-identification, number. ...

:14:2, Bach -manufacturer "shall: tdentlfy the

symbols of his marking system.

i'~14.3 All:bars: ptoduced;td-this spec1ﬁcatton
except) plain-found:bars whichishall be.tagged
for grade, shall be identified by a distinguishing

SR

sible Vanattons in Wetghts

b
HETE
i
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set of marks legibly rolled into the surface of
one side of the bar to denote in the following
order:

14.3.1 Point of Origin—Letter or symbol es-
tablished as the manufacturer’s mill designa-
tion. ‘

14.3.2 Size Designation—Arabic number
corresponding to Bar Designation Number of
Table 1.

143.3 Type of Steel—Letter A indicating
that the bar was produced from axle steel.

14.3.4 Minimum Yield Designation—For
Grade 60 bars, either the number 60 or a single
continuous longitudinal line through at least 5
spaces offset from the center of the bar side,

144 For Government Procurement Only—
When specified in the contract or order, and
for direct procurement by or direct shipment to
the U.5. Government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163. The
applicable levels shall be as specified in the
contract. Marking for shipment of such mate-
rial shall be in accordance with Fed. 5td. No.
123 for civil agencies and MIL-STD-129 for
military agencies.

15, Packaging

15.1 When specified in the purchase order,
packaging shall be in accordance with the pro-
cedures in Recommended Practices A 700.

16. Inspection
16,1 The inspector representing the pur-

609
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chaser shall have free entry, at all times while
work on the contract of the puchaser is being
performed, to all parts of the manufacturer’s
works that concern the manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facilities to
satisfy him that the material is being furnished
in accordance with this specification. All tests
and inspection shall be made at the place of
manufacture prior to shipment, unless other-
wise specified, and shall be so conducted as not
to interfere unnecessarily with the operation of
the works, ‘

16.2 For Government Procurement Only—
Except as otherwise specified in the contract,
the contractor is responsible for the perform-
ance of all inspection and test requirements
specified herein. Except as otherwise specified
in the contract, the contractor may use his own
or any other suitable facilities for the perform-
ance of the inspection and test requirements
specified herein, unless disapproved by the pur-
chaser 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 in. this specification where such in-

:spections are deemed necessary to assure that

material conforms to prescribed requirements.

17. Rejection

17.1 Material that shows injurious defects
subsequent to its acceptance at the manufac-
turer’s works will be rejected, and the manu-
facturer shall be notified.
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TABLE 1 Déformed Bar Designation Nuiitbets, Nominal Weights, Nominal Dunensmns and Deformntmn Requirements
' et Tnch-Pound Usits

‘ N‘o‘fnmal D1mensnon§ » Deformation_ Requirements;'i’n;-'
Bar ” No_mina;i_ ‘ ‘ o ) , ‘ o Maximum,
Designation, Weight, * . - Cross- - Maximum' - Midfithm Gap (Chord
R S |17 Dm;geter, Sectional Perimeter, Average Average  of 12/6.% of
- . ", Areg, in* © .+ Spacing = Height . Nominal
o A e Perlmeter)
3L, 0376, s, 0375 0l 1178 0262 0015 0143
4 Y 0.668" T 0500 0.20 1.571 0.350 0.020 0.191
5 1.043 0.625 C031 Y 1963 0437 .. -° 0028 ¢ 0.239
S 6 1.502 0.750 - 0,44 2356 0.525 0.038 . 0.286 -
7 2044 ... 0875 . 060 2.749 ‘ 0.612 0.044 0334
8 2.670 £.000 0.79 3.142 0.700 0.050° 0.383
9 3.400 L128 - i.oo 3.544 0790 0 T 0.056 0.431
BRI 14303 1270 .. 127 3.990 T 0889 .0.064. 0.48
11 © 5313 , L4100 156 C4430 0987 . .., Q071 O
: ; 81 Units . ‘
Nommal Dimensions® : Deformation Requirements, mm .
‘Bar " Nominal ' C s ~ " Maximum
Designation ~ * Welght EE . Cross- - Maximurh ~ Mihimuni Gap (Chiord
. No# g/m . Dli_;nr:t;er’ Sectional . Per;ln;:lmeter. Average, Average of 12% % of
. Area, cm Spacing Height Nominal
Lo . “ ' Penmeter)
3 ' 0.560 9,52 “0.71 299 6.7 038 35
4 0.994° : 1270 1.29 399 S B9 - 051 49"
5 r 1852 15.88 200 . 499 R P Y | (0] SR N |
- Ce 2235 L1805 . 284 508 : 133 . 086 13
, T, 304 2232 387 69.8 155 L1l 8.5
§ 3973 ' © 25.40° 510 79.8 17.8 127 9.7
9 - 505 - 28.65 ‘645 90.0 20.1 142 109
. 10 £ 6430 - 3226 . 819 101.4 22.6 1.62 1i4
3 7.906 35.81 10.06 1125 ‘25 1 180 ‘ 13.6

* The nominal dimensions of a deformiéd bat are equivalent to those of a plam rqund bar havmg the same weight per foot
as the deformed bar.

B Bar numbers are based on the number of exghths of an inch inclided in the nominal diameter of the bars

TABLE 2 Tenslle Requirements

Grade 40° Grade 60

Tensile strength, min, psi 70 000(480) 90 Q00 (620)
(MPa)

Yield stremgth, psi (MPz) 40 000 (275) 60 000 (415)

Elongation in 8 in. or 203

mm, min, %:
Bar No.
3 11 8
4,5, 6 12 8
7 11 8
8 10 7
9 9 7
10 8 7
11 7 7

“ Sizes 7 through 11 may nat be readily available; manu-
facturers should be consulted to verify availability,
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TABLE 3 Bend Test Requirements

Pin Diameter for Bend Tests
180 deg 4 = nominal diamster

Bar Dﬁi.%nation of specimen
Grade 40 Grade 60
3,45 4d 44
6 5d 54
7,8 5d 6d
9,1

Page 121 of 133

5d 8d

The American Society for Testing and Materials takes no position respecting the validity of any. patent rights asserted in
connection with any item mentianed in this standard. Users of this standard are expressly advised that determination of the validity
of any suck patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years
and if nat revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headguarters. Your comments will receive careful consideration ar a meeting of the
responsible technical comrmittee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known 1o the ASTM Committce on Standards, 1916 Race St., Philadelphia, Pa. 19103, whick will schedule a
Sfurther hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors.
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By Authority Of
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" THE UNITED STATES OF AMERICA

HEED THIS NOTICE

Legally Binding Document

Document Name:

CFR Section(s):

Standards Body:

H‘%% i

Q%‘m\ﬁﬂﬁ”%a?ﬁﬁﬁ?

iﬁ
Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER

phee

568000008

WASHINGTON; D.C.

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.
Criminal penalties may apply for noncompliance.

o o
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AMERICAN NATIONAL
STANDARD

diy

Standard Specification for

ANSI/ASTM A 633 - 79a

NORMALIZED HIGH-STRENGTH LOW ALLOY

STRUCTURAL STEEL!

This Standard is issued under the fixed designation A 633; the number immediately followmg the desxgnatxon indicates the year
of original adoption or, in the cas¢ of revision, the year of last revision, A number in parentheses indicates the year of last

reapproval.

1. Scope

1.1 This specification covers normalized
high-strength low-alloy structural steel plates,

shapes, and bars for welded, riveted, or bolted .

construction.

1.2 This material is_particularly suited for
service at low ambient temperatures of —50°F
(—-45°C) and higher where notch toughness
better than that expected in as-rolled material
of a comparable strength level is desired.

1.3 Four grades, designated Grades A, C, D,
and E (essentially former Spécification A 633
without a grade designétiony are covered by
this specification, Grade ‘A provides a mini-
mum yield point-of 42 ksi (290 MPa) in thick-
nesses through 4 in. (102 mm), inclusive.
Grades C and D providé a minimum yield
point of 50 ksi (345 MPa) in thicknesses up to
2.50 in. (64 mm), inclusive and 46,0 ksi (315
MPa) in thicknesses over 2.50 in. to 4.0 in,,
inclusive. Grade E provides a minimum yield

point of 60 ksi (415 MPa) in thicknesses up td-

4.0 in., inclusive and 55 ksi (380 MPa) in

thicknesses over 4 in. to 6 in. (152 mm), inclu- -

sive.

1.4 Current practice normally limits plates
furnished under this specification to the max-
imum thicknesses shown in 1.3. The individual
manufacturer should be consulted on size limi-
tations for other product forms,

Note—The values stated in inch-pound umts are

to be regarded as the standard.
2. Applicable Documents
2.1 ASTM Standards:

A6, Specification fot Géneral Requxre~
ments for Rolled Steel Plates, Shapes,

Sheet . Piling," and Bars for Structural
Use®' ‘

E 112 Estimating the Average Grain Size
of Metals®

3. General Requirements for Delivery

3.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of Specification A
6. These include the requirements for analysis,
test preparation, method of test, permissible
variations in dimensions and weight, gquality,
repair, marking, inspection, retests, rejection,
packaging and loading, etc.

4. Ordering Information

4,1 The inquiry and order shall indicate the
following: :

4.1.1 Quantity (weight or number of picces),

4,1.2' Name of material,

4,1.3 Dimensions or size designation,

4,14 ASTM designation, date of issue, and
grade,

4.1.5 Condition (heat treatment require-
.meiits for material or test coupons, see 6.2), and

4.1.6 Supplementary requirements, if any.

5.- Manufacture -

5.1 Melting Process:

5.1.1 The steel may be made by any of the
following processes: open-hearth, basic-oxygen,
or electric-furnace,

...t This.:specification is under the jurisdiction of ASTM

‘Committee A-l on Steel, Stainless Steel and Related Alloys,

and is the direct responsnblhty of Subcommittee A01.02 an
Structural Stgel..
"Cuirent edition approved July 27 and Auvgust 31, 1979,

" Published October 1979, Originally publlshed as A 633 - 70,

revious edition A 633 - 78,
rintie! Book of ASTM Standlards, Paxt 4.
"Ammal Book o ASTM Stanidards, Part ll

Last
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5.1.2 The steel shall be made to a fine grain
practice (see 8.1). .

6. Heat Treatment

6.1 The material shall be normalized by
heating to a suitable temperature which pro-
duces an austenitic structure, but not exceeding
1700°F (925°C), holding a sufficient time to
attain uniform heat throughout the material
and cooling in air.

6.1.1 Grade E material over 3 in. (76 mm) in
thickness shall be double normalized.

6.2 If the purchaser elects to perform the
required heat treatment, the material shall be
accepted on the basis of mill tests made from
test coupons heat treated in accordance with the
purchase order requirements. If the test coupon
heat-treatment requirements are not indicated
on the purchase order, the manufacturer shall
heat treat the test coupons under conditions he
considers appropriate. The manufacturer shall
inform the purchaser of the heat-treatment
procedure followed in heat treating the test
coupons at the mill.

SUPPLEMENTARY

S1. Notch Toughness Test

S1.1 Notch toughness tests may be specified
in accordance with ASTM Specification A 673,
for Sampling Procedure for Impact Testing of
Structural Steel.?

52. Copper-Bearing Steel
§2.1 In addition to the chemical composi-
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7. Chemical Requirements

7.1 The heat analysis shall conform to the
chemical composition requirements listed in
Table 1,

7.2 The steel shall conform on product anal-
ysis to the requirements prescribed in Table 1,
subject to the product analysis tolerances in
Specification A 6. ‘

8. Metallurgical Structure

8.1 Austenitic Grain Size—The steel shall
have a carburized austenitic grain size of 5 or
finer as determined on one test per heat in
accordance with Methods E 112, Plate IV,
using the McQuaid-Ehn Test.

8.2 The provisions of 8.1 need not apply
when notch toughness requirements are speci-
fied per Supplementary Requirement S1.

9. Mechanical Requirements

9.1 Tension Tests—The material as repre-
sented by the test specimens shall conform to

the requirements listed in Table 2.

REQUIREMENTS

tion requirements in Table 1, the steel shall
have 0.20% minimum copper on heat analysis.
Product analysis for copper shall be subject to
the tolerances of Specification A 6.

Standardized supplementary requirements for use at the option of the purchaser are
listed in Specification A 6. Those which are considered suitable for use with this specifi-

cation are listed below by title.

§14. Bend Test.
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~ TABLE 1 “ Chemicai Requirements « «- .+ .«i i . . ..

v e e Element o ro o, Grade A, % Grade C, % Grade D, %~ Grade E,; %]
‘Carbori; max : B T TR RN TURC TR |13 ¥ I 0.20 020 022 ..
Manganese ! . Dutddee R

, % in. (38.1 mm) and under in thickness . 1.00-1.35 - 1.15-1.50°, 1 0,70-1:35 L15-1. 59

" Over 1% in, €0 4 in. (102 mim), el * - 1.00-135 115 Lsor “100-1 60 7 115150

0ver4mt06m(152mm),mcl S po e 1.15-1.50"
Phosphorus, max .~ . Ce e 004 004 o ‘004 004
Sulfiir, max o . _ 0.05 ., 005 . 0.03, . . 005 v
Silicon 010507 05050 0. 15-0 0 015050 '
Vanadium : “ar o ‘ 004—0 11
Columbium ey o0 0,05 max 0,01—0.05
Nitrogen e : ) P 001—-() 03
Copper, max = .+ ‘. - T N 035 o
Nickel, max: | .. e e forn C03s S o
Chromlum, max ' ‘ RN : T IR ¢ 1
Molybdenum, miax Pl LT e 008

® Columbium may | be present in the amount of '—O.US To. "0 : N Lot

¥ For Grade ¢ manganeqe content rﬁay be mcreased o'l 60 % maximum. prowded the carbon cqntcnt does not exc.eed
018G, i+ = i
i cFor .Grade E the ‘minimurm total alummum content shali’ be 0018 % ot the vanadmm mtmgen ritio shall be 4 i
mnnmum P y L i

i . 1

. TABLE; 2" Tensile Requirements"

! ‘ Ll L 'K Lt
o TS A I PR Mot f U GradeAi | Grades €’ and D i Grade B R
Vield pomt, mm, s (MPa) R o
2.5in. (89 mm) and under ~ o © 42 (280) 50(345) "60 (415)
Over 2.5 in. to 4 in. (102 mm), incl 42 (290) 46 (315) 60 (415)
Over4in.to 6 in. (152 mm), incl .. v rr o aeal 55(380)
Tensile strength, ksi (MPa): R TR R A P R T S
2.5in. and under 63 to 83 (430 to 570) 70 to 90 (480 to 620) 80 to 100 (550 to 690)
Over2.5in.to 4 in., incl ‘ 63 to 83 (430 to 570) 65 to 85 (450 to 590) B0 to 100 (550 10 690)
COvérfin.to§in, inel - ' PO S st 95 (520 to 660)
Elongationin 8 in. or200mm, min; %> 8 ., T t8 v 18
Elongation in 2 in, or 50 mm, min, %°, i 23 o 23 ’ o 23 .

ST

e Fo:; plates wider thdd 24 in. (610 mm), the test’ Spemmen is taken in the trapsverse directibn. See 11.2 of Spemflca—
tion A

¢ For material under ¢ in. (8 mm) in thickness, a deduction of 1.25 percentage points shall be made f'or each decrease of
%4, in. (0.8 mm) in thickness under % in. .

¢ For plates wider than 24 in, (610 mm), the elongation requirement is reduced two percentage pomts

[
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X1. CHARPY V-NOTCH IMPACT TEST

X1.1 The values shown in Table XI are included
only as information as to the guarantees which are

b ae3s

APPENDIX

generally available. Mandatory conformance to any

TABLE X1 Charpy V-Notch Impact Test Minimura Energy

of the values listed is a matfer for agreement between
the purchaser and the manufacturer,

Values (Average of Three Specimens)

Test Longitudinal Transverse

Temperature, Specimens, Specimens,
“F (°C} ft-Iof (1) ft-16f (1}
~75 (-59) 15 (20 15 (20)
=60 (-51) 20(27) 15 (20)
—50 (~46) 25 (34) 20 (27)
—40 (—40) 25 (34) 20 27)
-30 (~34) 30 (41) 25 (34)
0(-18) 40 (54) 30 (41)
32 (0) 45 (61) 30 (41)
75 (24) 30 (68) 304D

The American Socilety for Testing and Materials takes no position respecting the validity of any patent rights asserted
in connection with any item mentioned in this standard, Users of this standard are expressly advised that determination
of the validity of any such patent rights, and the risk of infringement of such rights, is entirely their awn responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five
years and if not revised, either reapproved or withdrawn. Your commenis are invited either for revision of this standard or
Jor additional standards and should be addressed to ASTM Headguarters. Your comments will receive careful consideration
at a meeting of the responsible technical committee, which you may attend. If you feel that your comments have not received
a fair hearing you should make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa.
19103, which will schedule a further hearing regarding your comments, Failing satisfaction there, you may appeal io the

ASTM Board of Directors.
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Case 1:13-cv-01215-TSC Document 198-16

AMERICAN NATIONAL
STANDARD

Ll

Cd i L

S’Eéndard ‘Specificatibh for

ANSI/ASTM A 82-79

American Assoclation State
Highway .and Transportation Ofﬂc:a!s
Standard AASHTO No.:

P

'COLD-DRAWN STEEL WIRE FOR CONCRETE

REINFORCEMENT'

PRI

This stand ard is issued urider the fixed c[es1gnanon A 82;the numbeér 1mmcd1ately foliowmg the ‘desipnation indicatds the year
of original adoption: or, in the case of revision, the yeariof last revision.” A numher in parentheses indicates the year ot‘ last

reapproval,¢; . ;

This specy‘?catmn has been appmved far tse by agencies of the Department of Defense and for listing in the DoD I ndex af

Specificarions and Standards.

1. Scope
1.1 This Specification covers cold-drawn
steel wire to be used as such, or in fabricated

form, for the reinforcement of concréte, in sizes

not less than 0.080in, (2.03 mm) in diameter.

Note 1—The values stated in mch-pound units
are to bue regarded as the standard,

[

2 i ASTM Standards. ..
A 370 Methods and Definitions for Mechan-
ical Testing of Steel Products®
~ A700 Recommended Practices for Packag-
. ings ‘Majking, ‘and Loadmg Methods: for
“Stéel Prodiicts for Domiestic Sh1pment3
2.2 Military Standards:

. 'MIL-8TD-129 Markmg for” Shipment and '_ _

Storage e :

IR

“MIL-STD- 163 Steel Mlil Prbduets Prepara-f

tion for Shipment and’ Storage e
2.3 Federal Standard:
Fed. Std. No. 123 Marking for Shipments
(Civil Agencies)*

3. General Requirements

3.1 When wire for concrete reinforcement is
ordered by size number, the following relation
between size number, diameter, and area shall
apply, unless otherwise specified:

Nominal Diameter, Nominal Area,

Size Number in. (mm) in.? (mm?)
W3t 0,628 (15.95) 0.310 (200.00)
W30 0.618 (L5.70) 0.300 (193.50)
W 28 0.597 (15.16) 0.280 (180.60)
W 26 0.575 (14.61) 0.260 (167.70)
W24 0.553 (14.05) 0.240 (154.80)
w22 0.529 (13.44) 0.220 (141.90)

154

Nominal Diameter, Nominal Area,

Size Number

i, (mm) in? (mm® -
W20 0.505 (12.83) 0.200 (129.03)
W18 0.479 (12.17) 0.180 (116.18)
W 16 0.451 (11.46) 0.160 (103.25)
W 14 042(1072)  0.140(90.32)
W 12 0.391 (9.93) 0.120 (77.42)
w10 0357 (9.07) 0.100 (64.52)
wg 0319 (8,10) 0.080'(51.61)
w7 . 0.299 (1.59) 0,070 (45.16)
W6 .- 0276 (101) 0.060 (38.71)
W 5.5 <0265 (6.73) - 0.055 (3548)
WS o o 0,252 (6.40) - 0.050 (32.26)
W45 0239 (6.07) - 0.045 (29.03)
w4 0:226 (5.74) e 10,040 (25:81)
W35 0.211 (5.36) 0.035 (22.58)
W3 - 0.195(@95) - 0,030 (19:38)
W25 . OB @52). - . 0025(16.13)
W2 2 0,160 (406) = <0020 (12:90) . .
W15 0.138 (3.51) 0.015 (9.68)
Wi12. ., 0.124(3.15) - 0.012 (7.74)
-VWI . 01328 0010 (648)
Wo5. 0080(203),_L - 0005 (3.23)

4 Ordermg Informatmn

4.1 Orders for faterial'to thls spec:lﬁcatmn
shall include the following information:

4.1.1 Quantity (weight),

4.1.2 Name of material (cold-drawn steel
wire for concrete reinforcement),

4,1.3 Wire size number,

! This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Alloys,
and is the direct responsibility of Subcommittee A01.05 on
Steel Reinforcement.

Current edition approved July 27, 1979. Published Sep-
tember 1979, Originally published as A 82-21 T. Last pre-
vious edition A 82-76.

% Annual Book of ASTM Standards, Parts 1,2, 3,4, 5, and
10,

8 Annual Book of ASTM Standards, Parts 1, 3, 4, and 5.

+ Available from Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphia, Pa. 19120,

Filed 10/07/19 Page 130 of 133

PRO_00092096



iy

4.1.4 Packaging (see Section 1), and
4.1.5 ASTM designation and date of issue. .

NoTE 2—A typical ordering description is as fol-
lows: 100 000 b, cold-drawn steel wire for concrete
reinforcement, size No. W 5, in 500-1b secured coils,
in accordance with ASTM A 82 dated

5. Process

5.1 The steel shall be made by one or more
of the following processes: open-hearth, elec:
tric-furnace, or basic-oxygen.

5.2 The wire shall be cold drawn from rods
that have been hot rolled from billets.

5.3 Unless otherwise specified, the wire shall
be “as cold drawn,” except wire smaller than
size number W 1.2 for welded wire fabric,
which shall be galvanized at finish size.

6. Physical Requirements

6.1 Tension Tests.

6.1.1 The material, except as specified in
6.1.2 shall conform to the tensile property re-
quirements in Table 1, based on nominal area
of wire.

6.1.2 For material to be used in the fabnca-
tion of welded fabric, the tensile and yield
strength properties shall conform to the re-
quirements given in Table 2, based on nominal
area of the wire.

6.1.3 The yield strength shall be determined
at an extension of 0.005 in,/in. of gage length.
The manufacturer is.not required to test for
yield strength, but is responsible for supplying
a product that will meet the stipulated Limit
when tested in accordance with the provisions
of 12.3.

6.1.4 The material shall not exhibit a definite
vield point as evidenced by a distinct drop of
the beam or halt in the gage of the testing
machine prior to reaching ultimate tensile load.
The purchaser may, at his option, accept this
feature as sufficient evidence of compliance
with the specified minimum yield strength to
forego conducting the yield strength tests cov-
ered in 12.3.

6.2 Bend Tests—The bend test specimen
shall stand being bent cold through 180° with-
out cracking on the outside of the bent portion,
as given in Table 3. -

7. Test Specimens
7.1 Tension and bend test specimens shall

Case 1:13-cv-01215-TSC Document 198-16 Filed 10/07/19 Page 131 of 133
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be of the full section of the wire as drawn, or in
the case of galvanized wire, as galvanized.

8. Number of Tests

8.1 One tension test and one bend test shall
be made from each 10 tons (9072 kg) or less of
each size of wire.

8.2 If any test specimen shows imperfections
or develops flaws, it may be discarded and
another specimen substituted.

9, Permissible Variation in Wire Diameter

9.1 The permissible variation in the diame-
ter of the wire shall conform to the requlre-
ments given in Fable 4,

9.2 The difference bétween the maximum
and minimum diameters, as measured on any
given cross section of the wire; shall be no more
than the tolerances listed in Table 4 for the
given wire size. .

10. Finish

10.1 The wire shall be free of injurious im-
perfections and shall have a workmanlike f'm-
ish.

10.2 Galvanized wire shall be completely
covered in a workmanlike manner with a zinc
coating, which is recognized in the industry as
a “regular” coating.

10.3 Rust, surface seams, or surface irregu-
larities on wire not intended for manufacture
of fabric shall not be a cause for rejection
provided the minimum dimensions and physi-
cal properties of a hand wire-brushed test spec-
imen are not less than the requirements of this
specification.

11, Packaging, Marking, and Shipping |

11.1 The size of the wire, ASTM specifica-
tion, and name or mark of the manufactures
shall be marked on a tag securely attached to
each coil of wire.

11.2 When specified in the purchase order,
packaging shall be in accordance with the pro-
cedures in Recommended Practices A 700.

11.3 For Government Procurement Only—
When specified in the contract or order, and
for direct procurement by or direct shipment to
the U.S. government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163. The
applicable levels shall be as specified in the

155
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contract, Marking for shipment of:siuch ‘mate-
rial shall be in accordance with Fed: Std. No.
123 for civil agencres and MIL STD 129 for
mrlrtary agenc1es

12 Inspectlon

12.1 The. inspettor representmg the pur-
chaser 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 ‘concerii the manufacture of the
material ordered." The manufacturer shall af-
ford the inspector all reasenable facilities to
satisfy him that the material is being furnished
in'accordancé with this specification.

12:2- Bxcept for yield strength, all tests and
inspectionishall be made at the: place of man-
ufacture prior to. shipment; unless: otherwise
specified. Such tests shall be so. conducted. as
not to interfere unnecessarily with the opera-
tion of the works.

:12:3 If the purchaser’ considers it .desl’rable
to determine compliance withi the yield strength
requlrements in 6. 1 he may have yreid strength

TABLE 1.:: Tension Test Requtrements

A82

tests made in a recognized laboratory, or his
representative may make the test at the mill if
such tests do not.interfere unnecessarlly with
the mill operations: . - i

"12:4 For ‘Goveriiment Procuf‘ement Only—
Except as otherwisé specified in' the contradt,
the contractor is responsrble for the perform-
ance of all inspection and test requirements
specrﬁed ‘herein. Except as otherwrse specrﬁed
in'the contract, the contractor may use his ows
or any other suitable facilities: for the perform-
ance of 'the inspection and test requtremcnts
specified herein, unless disapproved by the pur-
chaser at the time of purchase. The purchaser
shall ‘have the right to perform any of the
mspectrons and tests at 'the same frequency as
set forth in this specification where such in-
spections are deemed necessary to assure that
material conforms to’ prescnbed reqmrements

13. Réjection . .

“13.1 Material that shows ififurious 1mperfec-
tions subsequent to its acceptancé at the man-
ufacturer’s works will be rejected, and thé man:
ufacturer shall be nouﬁed b \

R TABLE 3 °Bend Test Reqﬁlrements ‘

! Tensile strength, fmin; ksi (MPa) : 80 (550)
Yield strength, min, ksi (MPa) 70 (485)
[P Reduction.of area, min, percent K Zt';)‘fL

- A For material testing over 100 ksi tensile strength, the
reduction -of area shall be not less than ?ii_fpercent.

l’ .
s ‘ i)

TABLE 2" Tension Test Requirements (Viaterial for
;0 o+ v Welded Fabrie) . N

Stze W12 - “Brmaller
and than Size
B .- Larger .. W12

Dot

Tengile strength, min,, ks1 (MPa) 734517y, 70 (483)
Yreld strénpth, mm, ksi (MPa)“ N 65 (448) 56 (386)

156
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* Size Number —

of Wire Bend Test ‘

W7 and smaller Bend around & pin the diameter of
o e which. is equal to the dLameter
o - _.of the specimen .

_Larger than W7 ) Bénd arotind a pin the drameter of

‘ T which s equal to- twiee ‘the-di-
AL RTE - ameterof the specimen. v
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TABLE 4 Permissible Vurintionv in Wire Diameter

Permissible

. . . . Variation plus

Size Number Nominal Diameter, in. (mm) and minus, in.

(ram)

Smaller than W5 Under 0,252 (6.40) 0.003 (0,08)
W5 to W12, incl 0.252 (6.40) to 0.391 (9.93), incl 0.004 (0.10)
Over W12 to W20 incl Over 0.391 (9.93) to 0.505 (12.83) incl 0.006 (0.15)

- Over W20 Over 0,505 (12,83) 0.008 (0.20)

The American Sociely for Testing and Materials takes no position respecting the validity of any patent rights asserted in
connection with any item mentioned in this standard. Users of this standard are expressly advised thay determination of the validity

of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility,

This staridard Is subject to revisioh at any time ]f}v the responsible technical committee and miust be reviewed every five yeais
our comments are invited either for revision of this standard or for additional

and if not revised, either reapproved or withdrawn,
standards and should be addressed to ASTM Headguarters. Your comments will receive eareful consideration at a meeting of the

responsible technical conunittee, which you may artend. If you feel that your comments have not received a fair hearing you should
make your views known io the ASTM Commiliec on Standards, 1916 Race St., Philadelphia, Pa. 19103, which will schedule a
Surther hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors. ‘
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