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Standard Specification for
Alloy-Steel and Stainless Steel
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Purpose Applications’

¥ BREERF

- 1. Scope®

1.1 This specification® covers alloy and stainless steel bolt-
kg materinl for preswure vessels, valves, flanges, and fittings
for high temperature or high pressure service, or other special
purpose applications. The term bolting marerial as used in this
specification covers bars, bolts, screws, studs, stud bolts, and
wire. Bars and wire shall be hot-wrought. The material may be
further processed by centerless grinding or by cold drawing.
- Austenitic stainless steel may be carbide solution treated or
“carbide solution ireated and strain-hardened. When strain
hardened austenitic steel is ordered, the purchaser should take
“special care o ensure that Appendix X1 is thoroughly under-
- stpad.

1.2 Several grades are covered, including ferritic steels and
sustenitic stainless steels designated BS, B8, and so forth,
Selection will depend upon design, service conditions, me-
‘chanical properties, and high temperature characteristics,
1.3 The following referenced general requirements are in-
dispensable for application of this specification: Specification
- A DEMA 96IM.

Mome 1—The committes formulating this specification has incbaded
fifteen steel fypes that have been rather extemsively used for the pressst
purpodie. Other compositions will be considered for inclusion by the
commsties from (lne o ime &5 the nesd becomes apparent.

Mory 2—For grades of allay-steel balting miteral saitable for use m
B lower mnge of high tempermnere applications, reference showld be
made 1o Specification 4 134,

Nore 3—For grades of slloy.sizel bolting matorial ssitable for use in
kW tempemnture applications, reference should be made o Specificaiion
A T2NA F2000.

1.4 Nuts for use with this bolting material are covered in
Section 14,

BFEEE
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" This epecification is mader the jurtalicnom of ASTM Commities AO1 on Shecl,
Stsinless Siee] sl Refated Allove and is e direct responciality of Subonmmilios
A2 on Siced Forgimgy and Wiought Fisings for Piping Applicstions and Bedtng
Muizriady for Fiping and Specisl Parpaie Appheasons.

Corrent mfition approved Aug. |, 2008, Poblnbed Soptomber 008, Originally
Eppeviend is 1934 Lait previsus sliton sppeoved in 2008 o & 105 193608

* For ASME Boiler sl Prossurs Viesssl Cosle spplications, see relaied Specis-
Ention §4-190 in Section 11 of o Code.

R

Temperature or High Pressure Service

Thiis stwsclard i innood under the fined designation A 1930 1996 the pamber
of origmal sdoption o, in ihe cae of sevision, te year of last revision. & number is
A supencaipn cpslon (e indicates an editorial change wace the il roviiion of

Ths stodard kat been appeoved flor wie by apesicies of the Deparisent of Defenar,

Bolting Materials for High

and Other Special

patestbeury indicates the year of lisl repprovsl
FeupEc Al

1.5 Supplementary Requirements 51 through $14 are pro-
vided for use when additional tests or inspection are desired.
These shall apply only when specified in the purchase order.

1.6 This specification is expressed in both inch-pound units
and in SI units. However, unless the onder specifies the
applicable M specification designation (51 units), the material
shall be fumnished to inch-pound units.

1.7 The values stated in either inch-pound units or 5T units
are to be regarded separately as standard, The values siated in
each sysiem are nol exact equivalents; therefore, each sysiem
must be wsed independently of the other. Combining values
from the two systems may resull in nonconformance with the
specification. Within the text, the 51 units are shown in
brackets,

2. Refercnced Docunments

2.1 ASTM Srandards: ?

A 153/A 153M Specification for Zine Coating (Hot-D4p) on
Iron and Steel Hardware

A 194/A 194M Specification for Carbon and Alloy Steel
MNuts for Bolis for High Pressure or High Temperahre
Service, or Both

A JZA 320M Specification for Alloy-Steel nnd Stninless
Steel Bolting Materials for Low-Temperature Service

A 354 Specification for and Tempered Alloy
Stec]l Bolts, Studs, and Other Externally Threaded Fasten-
[ 3]

A TEBRIA T88M Specification for Steel Forgings, General
Requirements

A DELA MM Specification for Common Requirements
for Stee] Fasteners of Fastener Materials, or Both, Intended
for Use at Any Temperature from Cryogenic to the Creep

Range
B 633 Specification for Electrodeposited Coalings of Zinc
on lron and Sieel

* Pt referenced ASTM sumdards, visit the ASTM website, www. s org, of
conied ASTM Cusiomer Servics ai servico @fasimoorg. For smial Boed of ASTM
Sgndards volome information, refer 1o the siandard’s Docsment Ssmimary page on
the ASTM wrbmite.

* 4 Summary of Changes secthon sppears at the end of this stsndard.
Coprpiged & AETI intsrmaseral, B00 Ban Martor Dvivs, PO Box CT00, Wl G, PA 1425-2059, United Saies.



4l A 193/a 1934 - 08b

B 695 Specification for Coatings of Zinc Mechanically
Deposited on Iron and Steel

B 6% Specification for Coatings of Cadmium Mechanically
Deposited

B 766 Specification for Electrodeposited Coatings of Cad-
mium

E 18 Test Methods for Rockwell Hardpess of Metallic
Maiterials

E 21 Test Methods for Elevated Temperature Tension Tests
of Metallic Maierials

E 112 Test Methods for Detenmining Average Grain Size

E 139 Test Methods for Conducting Creep, Creep-Ruplure,
and Stress-Rupture Tests of Metallic Materials

E 150 Recommended Practice for Conducting Creep and
Creep-Rupture Tension Tests of Metallic Materials Under
Conditions of Rapid Heating and Short Times*

E 151 Recommended Pructice for Tension Tests of Metallic
Materials at Elevated Temperatures With Rapid Heating
and Conventional or Rapid Strain Rates®

E 292 Test Methods for Conducting Time-for-Rupiure
Motch Tension Tests of Materials

E 328 Test Methods for Stress Relaxation for Materials and
Structares

E 566 Practice for Electromagnetic (Eddy-Current) Sorting
of Ferrous Metals

E 709 Guide for Magnetic Particle Testing

E 606 Practice for Strain-Controlled Fatigus Testing

F 1940 Test Method for Process Control Werification 1o
Frevent Hydrogen Embrittlement in Plated or Coated
Fasteners

F 1941 Specification for Electrodepesited Coatings on
Threaded Fameners (Unified Inch Screw Threads (LIN/
UNR})

F 2329 Specification for Zine Coating. Hot-Dip, Require-
mends for Application o Carbon and Alloy Stesl Bolis,
Scrows, Washers, Muts, and Special Threaded Fasieners

232 ANSI Swmndards?®

BIB2.1 Square and Hex Bolts and Screws

B18.2.3. 1M Metric Hex Cap Screws

BI1E.3 Hexagon Socket and Spline Sockel Screws

BIE3.IM Metric Socket Head Cap Screws

23 AIAG Standand:®

ALAG B-5 0200 Primary Metals Identification Tag Appli-
cation Standard

A General Requirements and Ordering Information

3.1 The inquiry and orders shall include the following, as

required, to describe the desired material adequately:

3.1.1 Heat-treated condition {that is, normalized and tem-

pered, or quenched and tempered, for the ferritic materials, and
carbude solution treated (Class 1), carbide solution treated after

* Withalraum.

¥ Available from American Matios] Standards Institose {AMSD), 25 W, 434 51,
dth Floor, Mew Yook, NY 10036, etpoPews i org.

*Wha%lmmm:mm 2O Lol Bl
Sale 200, Scachiiekl, M 4B003, hirp s sisg.org,

finishing (Class 1A), and carbide solution treated and strain-.
hardened (Classes 2, 2B and 2C), for the oustenitic stainles
steels; Classes |B and 1C apply 1o the carbide solution-treated
nitrogen-bearing stainless steels; Class 1D applies 10 material
carbide solution treated by cooling rapidly from the rolling
tempeTniure ),

3.1.2 Description of items required (that is. bars, bohs,
scTews, of siuds),

3.1.3 Nuts, if required by purchaser, in accordance with
14.1,

1.1.4 Supplementary requirements, if any, and

3.1.5 Specinl requirements, in accordance with 7.1.5.1,
7.2.6, 9.1, 14.1, and 15.1.

3.2 Coatings—Coatings are prohibited unbess specified by
the purchaser (See Supplementary Requirements 513 and 514,
When coated fasteners are ordered the purchaser should take

special care to ensure that Appendix X2 iz thoroughly under-

seooud,

4. Common Requirements

4.1 Material and fasteners supplicd to this specification shall
conform to the requirements of Specification A 962/A %62M
These requirements include test methods, findsh, thread dimen-
sions, marking, certification, optional supplementary require-
mients, and others. Failure 1o comply with the requirements af
Specification A 962/A 962M constitutes nonconformance with
this specification. In case of conflict between this specification

and Specification A 9620A 962M, this specification shall pre- |

vail.
5. Manufaciure (Process)
5.1 The steel shall be produced by any of the following

processes: open-hearth, basic-oxygen, electric-fumace, o |
vacuum-induction melting (VIM), The molten steed may be

vacuum-treated prior to or during pouring of the ingol or strand
casting.

3.2 Qualiry—See Specification A 962A 962M for require-
neenls,

6, Discard

6.1 A sulficient discard shall be made to secure freedom

froen injurious piping and undue scgregation.

T. Heat Treatment

7.1 Ferritic Steels

T.1.1 Ferritic steels shall be allowed to cool (0 & temperatore
below the cooling transformation range immediately afier
rolling or forging. Materials to be liquid quenched shall then be
uniformly reheated 1o the proper temperature to refine the grain
(a group thus reheated being known as a guenching chargel,
quenched in a liguid medium wnder substantially uniform
conditions for cach quenching charge, and tempered. Materials
to be mormalized and tempered or air-quenched and tempered
shall be reheated to the proper tempernture to refine the grain,
cooled uniformly in air o o tempernture below the transfor
mation temperature range and tempered. The minimum tem-
pering temperature shall be as specified in Tahles 2 and 3.
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TABLE 1 Chemical Requirements (Compoaition, percent)”
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TABLE 1 Continued

Austenic Steels”, Clessss 1, 14, and 2

TR o o iamn s awis s Ed 3
R o n w u s i BB BAT, BATA
LIS Designabon . . ke ek B S T a0 (R}
g Ovar or Under®
Carbon, Frax =K.} Ilg:.ﬂﬂ'
[T 200 004 Snt
mm 0045 0 OB O v
iy, e [+ lae ] 10008 v
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Typs Aumienitic Sieels”, Classas 1C and 10
Girade BEA, BARA BEG, BEDA
LINE Dusignation S20810 3800
Proxfued Variasion, Procu Yanston,
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* Tha inbenfioral modiion of (6, Se, Te, &nd PG i not plemitied.
¥ Proce BrulySE—indsddun calarminaion.

range.
= Typical stwsl compositions Lissd ke s Grade Exclude 4140, 4142, 4145, 414DH, 41424, and 4145H.

O For bar sizes e 8% in. (90 men]. incleabsn, tha Earkon conbinl miry Be 050 %, i, For e BTM grieds, n minkrm canton oonsent of 028 % b peemiiod, provided

thal the required Torsie properies o mel in the secon sros nvolved, e wse of AR 4130 or 4130H s alownd.

 Tistal of meshubla and

‘somatimes. vary from B spocilisd imis on mngss aa thown i P blan. The sevenl determinaliong of by it
Mh-ﬂ Tl Frilry Paol Wary Dol aben ind balos e spaoifisd

e Db
* Cinsses 1 and 10 are sckion tomsd. Classes 1, 16, and soms 15 (B3R and BAS) products ane made from solution teabed material. Class 14 {B54, BBCA, Bk,
BEFA, BATA, BALMA, BAMLNA, BRNA. and DAMNA) and some Class 10 [B0RAA ang BESA| producs ank sobtioh irealed in he fineded condiion. Cass 2 products A
RN Dhedled Bnd st Rardened.
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TABLE 2 Mechanical Requirements — inch Products
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TABLE 2 Conlinpad
ElongaSon Fadustisn
Strengih, Erangi. Hardness.
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TABLE 3 Mechanlcal Reguirements —Melric Products
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TABLE 3 Coninied

Trnaity Wisddl
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| m:imwmmmm_hhmmmmmmmmﬂmMH
; ineh craer WYY v i R

" for pioes M0 mm in dameter snd Bmalled, & mdTm Pardeess of 241 HB (100 HRB) is geemined,
P For darmaston MAE and owir, oerer [coow) properios miy be Keer San indicated By el report which ane hissd on valuss Setenmined &1 W mdive,

T.1.2 Use of water quenching is probibited for any femitic

~ prade when heat treatment is performed after heading or
 {iweading,

T3 Except as permitied below for BAX; material that is
sehsequently cold drawn for dimensional conmtrol shall be
stress-relieved afier cold dmwing. The minimum stress-relicf

' femperstore shall be 100 *F [55 “C] below the tempering

lemperature, Tests for mechanical properties shall be per-
formed after stress relieving.

7.1.4 B6 and BEX materials shall be held at the tempering
femperansre for o minimum time of 1 h, B6X material may be
fsmished in the as-rolled-and-tempered condition. Cold work-
ing after heat treatment is permitted for B6X material provided
the final hardness meets the requirements of Tables 2 and 3.

7.1.5 B7 and BTM bolting material shall be heat treated by
quenching in a liguid medium and tempering. For BTM
balting, the final heat treatment, which may be the lempering
eperntion if conducted at 1150 *F [620 *C] minimum, shall be
done after nll machining and forming opertions, incloding
thread rolling and any type of cutting. Surface preparation for
hardness testing, nondestructive evalustion, or ultrasonic bolt
Iensioning is permitted.

T.15.1 Unless otherwise specified, material for Grade BT
may be heat trested by the Fumace, the Induction or the
Electrical Resistance method.

Mo 4—Seess-relaXation properties may vary from Beat lof 1o beal lot
of these propertics may vary from one hest-iresting method 80 ancther.
The paarchaser muy specify Supplementary Roquirement S5, when stress-
Pelssation testing s desired.

7.1.6 Maoterial Grode BI6 shall be heated o a lemperaturne
range from 1700 to 1750 °F [925 o 955 *C)] and oil quenched.
The minimum tempering temperature shall be as specified in
Tables X and 3.

7.2 Austeninic Stalnless Steels

T7.2.1 All austenitic stainless steels shall receive a carbide
solution treatment (see 7.2.2-7.2.5 for specific requirements for
each clasg). Classes 1, 1B, 1C (Grades BER and BES only), 2,
2B, and 3C can apply to bar, wire, and fimshed fasteners. Class
1A {all grades) and Class 1C (grades BERA and BESA only)
can apply to finished fasteners. Class 1D applies only 1o bar
and wire and finished fasteners that are machined directly from
Class 1D bar or wire withoot any subsequent hot or cold

working.

722 Classes | and I8, and Class IC Grades BER and
BES—Afier rolling of the bar, forging, or heading, whether
done hot or cold, the material shall be heated from ambient
temperature and hebd a sufficient time at a temperature at which
the chrosmium carbide will go into soluwbon and then shall be
cooded at o rate sufficient to prevent the precipitation of the
carbide.

7.2.3 Class 1D—Rolled or forged Grades B, BAM, BSF,
BSLMN, BEMLN, BEN, BEMN, BSE, and BES bar shall be
cooled rapidly immediately following hot working while the
temperature is above 1750 °F [955 "C] so that grain bounsdary
carbides remain in solwtion. Class 11} shall be restricted o
applications o1 temperatures less than 850 °F [4355 "C].

T.24 Class JA and Class 1C Grades BERA and BESA—
Finished fasteners shall be carbide solution ireated afier all
rolling, forging, heading, and threading operations are com-
plete. This designation does not apply to starting material such
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as bar, Fasteners shall be heaed from ambient iemperature and
held a sufficient time at o temperature at which the chromium
carbide will go into solution and then shall be cooled at o mte
sufficient to prevent the precipitation of the carbide.

7.2.5 Clazsex 2, 2B, and ZC—Material shall be carbide
solution treated by heating from ambient temperatume and
holding a sufficient time at o temperature st which the
chrominm carbide will go into solution and then cooling &t a
rate sufficient 10 prevent the precipitation of the carbide,
Following this treatment the material shall then be struwn
hardened to achieve the required properties.

More 5—Heat treatment following operations. performed on & limited
peation of i prodece, such & beading, may resuln in nog-anifonm gradin
sape and mechandeal properties theoagh te section affectsd.

T.26 I a scale-free bright finish is required; this shall be
specified in the purchase order.

B. Chemical Composition

8.1 Enach alloy shall conform to the chemical composition
reqquiremients prescribed in Table 1.

8.2 The sicel shall not contain an unspecified element for
the ondered grade to the extent that the steel conforms (o the
requirements of another grade for which that element is a
specified elemént. Furthermore, elements present in concentri-
tions greater than .75 weight'% shall be reported,

9. Heal Analysls

Q.1 An analysis of each beat of steel shall be made by the
mamifaciurer 10 detormine the percenages of the elements
specified in Section B, The chemical composition thus deter
mined shall be reported to the purchaser or the purchaser's
representative, and shall conform to the requirements specified
in Section §. Shoald the purchaser deem it pecessary to have
thi transition z2one of two heats sequentially cast discanded. the
purchaser shall invoke Supplementary Requirement 53 of
Specification A THE,

10, Mechanical Properties

10l Tensile Properties:

1011 Requiremnents— The material as represented by the
tenston specimens shall conform o the requirements pre-
scritied in Tables 2 and 3 &1 room temperature afier heat
treatment. Allematively, siainless strain hardened headed fas-
teners (Class 2, 2B, and 2C) shall be tested full size afier strain
hardening to determine tensile strength amd yield strengih and
shall conform to the ts prescribed in Tables 2 and 3.
Shnuhilhemmnflﬂlnumm;ﬂm with results of
tension specimen tests, full size test results shall prevail.

012 Full Sizge Faseners. Wedge Tensile Testing—When
applicable, see 13.1.3, headed fasieners shall be wedge tested
full size. The minimum full size load applied (Ibf or kN} for
individual sizes shall be as follows:

W=T x4 L]

é’

minimum wedge tensibe load without fracture,
tensile strength specified in ksi or MPa in Tables 2 and
3, and

W
W a
T =

A, = stress arca of the thread section, square inches or
square milimetres, as shown in the Cone Proof Load
Tables in Specification A 9624 BHTM.

10.2 Hardress Regueiresments;

10.2.1 The hardness shall conform to the requirements
prescribed in Table 2. Hardness testing shall be performed is
sccordance with either Specification A 96204 9628 or witk
Test Methods F 606.

10.2.2 Cirede B7M-—=The maximum hardness of the grade
shall be 235 HB or 99 HRB. The minimum hardness shall no
be less than 200 HB or 93 HRB. Conformance to this hardness
shall be ensured by testing the hardness of each stud or bolt by
Brinell or Rockwell B methods in accordance with 10.2.1, The
use of 100 % electromagnetic testing for hardness as s
alternative 1o 100 % indentation hardness testing is permissible
when qualified by sampling using indentation hardness testing.
Each lot tested for hardness electromagnetically shall be 100 %
examined in sccordance with Practice E 566, Following elec-
tromagnetic testing for hardness a random sample of a ming
mum of 100 pieces of each heat of steel in each lot (as defined
in 13.1.1) shall be tested by indentation hardness methods, Al
samples miust meet hardness requirements (o permil geceplance
of the lot. If any one sample is outside of the specified
maximum of minimum hardness, the Jot shall be rejected and
either reprocessed and resampled or 1ested 100 % by indenis-
tion hardness methods, Product that has been 100 % tested and
found scceptable shall have o line under the grade symbal,

10.2.2.1 Surface preparstion for indentation hardness test-
ing shall be in accordance with Test Methods E 18, Hardness
tests shall be performed on the end of the balt or stud. Whes
this is impractical, the hardness test shall be performed
elsewherne.

11. Workmanship, Finish, and Appearance

1.1 Boles, screws, studs, and stod baoles shall be pokmted and
shall have a workmanlike finish. Points shall be fat and
chamfered or rounded ai option of the manufacturer. Length of
potnt on studs and stud bolts shall be not less than one nor maore
than twe complete threads as measured from the extreme end
parallel to the axis, Length of studs and stud bolts shall be
measured from first thread to first thread.

11.2 Bolt heads shall be in acoordance with the dimensions
of AMNSI BIE2] or ANSI BIE23.1M. Unless otherwis
specified in the purchase order, the Heavy Hex Screws Serics
should be usad, except the maximum body diameter mnd ricdius

af fillet may be the same &5 for the Heavy Hex Boll Series. The |

body dizmeter and head filler radios for sizes of Heavy Hex
Cap Screws and Bolts that are nod shown in their respective
tzbles in ANSI B18.2.1 or ANSI BI15.2.3.1M may be that
shown in the comesponding Hex Cap Screw amd Bolt Tables
respectively. Socket head Masteners shall be in accordance with
ANS] BIRA or ANSI B183. 1M,

12. Retests

12,1 If the results of the mechanical tests of any test log do
nol conform o the requirements specified, the manuafscturer
may retreat sach lof not more than twice, in which case wo
pdditionnl tension tests shall be made from such log, all of
which shall conform 1o the requiremiens specified,




131 Nwmber af Tests— For heat-treated bars, one tension

shall be made for each diameter of each heat represented in
nering charge. When hieat treated sithout intermuption
pouts fumaces, the material in a kot shall be the same

prior condition, same size, and subjected w0 the
rreatmsent, Mot fewer than oo lension tesis ane
d for each lot containing 20 000 Ib [9000 kg] or less,
sdditional 10000 b [4500 kg| or fraction thereof

Lot Sigw
1500 B [780 kg of frsction Wenec!
4500 B 2000 kg o fracion theneo!
I B000 I [F700 big] of Inction hansol
' { 100 phacis. or Aenction Bwcscd

11,2 Tension tesis are nol o be made on bolts,
coews, studs, or stud bolts that are fabricated from heat-treated
mished in sccordance with the requirements of this
fication and tested in acoordance with 13.1, provided they
e not given a subsequent heat treatment.
13,13 Full Size Specimens, Headed Fasntemers—Headed
fasteners 1% in. in body dinmeier and smaller, with body
length three times the diameter or longer, and that are produced
by upsetting or forging (hot or cold) shall be subjected to fall
testing in accordance with 1001.2, This testing shall be in
addition 0 tensile testing as specified in 10.1.1, The ot size
I be as shown in 13.1.1. Failure shall occur in the body or
Bhreaded section with no failare, or indications of faflure, such
eracks, ot the junction of the head and shank.

4. Nuts
14.1 Bolts, studs, and stud bolts shall be furnished with

nuts, when specified in the purchase order. Nuts shall conform
i Specification A 194/A 194M.

15, Rejection and Rehearing

15.1 Unless otherwise specified in the basis of purchase, any
- fejection based on product analysis shall be reported 10 the
manufacturer within 30 days from the receipt of samples by the
parchaser.

152 Material that shows defects o its
boce st the place of manufacture shall be rejected, und the
mumufacturer shall be notified.

153 Product Anclyzis— Samples that represent rejected
material shall be preserved for two weeks from the date of the
lest report. In the case of dissatisfaction with the resalts of the
ﬁ'ﬂtmufnm may make claim for a rehearing within

time.

16, Certification

16.1 The producer of the raw material or finished fastencrs
| thall furnish a centification 1o the purchaser or his representa-

"
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tive showing the resubts of the chemical analysis, macrostch
examination (Carbon and Alloy Steels Only), and mechanical
tests, and stale the method of heat treatment employed.

16.2 Cenification shall also inclode of least the following:

16.2.1 A stalement thai the material or the fasteners, or both,
were manufsctured, sampled, tested, and inspected in sccor-
donce with the specification and any su require-
ments or other requirements designated in the purchase order
or contract and was found o meet those requirements,

16.2.2 The specification number, year date, and identifica-
tion symbsol.

17, Product Marking

17.1 The marking symbol and manufacturers identification
symbaol shall be applied w0 one end of steds %% in. [10 mm] in
diameter and larger and 1o the heads of bolis Y in, [6 mm] in
diameter and larger. (If the available area is inadequate, the
murking symbol may be placed on one end with the manafac-
trer's identification symbol placed on the other end.) The
marking symbol shall be as shown in Table 4 and Table 3.
Grade BTM, which has been 100 % evaluated in conformance
with the specification, shall have a Hne umder the marking
symbal o distinguish it from BTM produced 1o previous
specification revisions not requiring 100 % hardness testing,

17.2 For bolting materials, including threaded bars, fur-
nished bundled and tagged or boxed, the tags and boxes shall
ciury the marking symbol for the matenial identification and the
manufaetures’s idemtification symbol o name.

17.3 For purposes of product marking, the manufaciurer is
considersd the organization that certifies the fastener was
manufactured, sampled, tested, and inspected in sccordance
with the specification and the resulis have been determined o
meel the requirements of this specification.

174 Bar Coding—In addition to the requiremenis in 17.1,
17.2, and 17.3, bar coding is acceptable as a supplementary
mlentification method, Bar coding should be consistent with
ATAG Standard B-5 02.00. If used on small ilems, the bar code
many be applied to the box or 4 substantinlly applied tag.

18, Keywords
18.1 hardness: heal teatmeril

TABLE 4 Marking of Farritic. Stesls

Gence Mlarkdng Syl
B BS
(1] Ba
=T BN
BT B7
BT BT
BTa
BiE BIE
Bl + BiaR
Supplemanl 512

“ For explanations, ses 1022 asd 171,
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TABLE § Marking of Austenitic Sieels
Marakg Symbs

Chans 10

Cimsa 10

Cass 20

§ 55 ggmw REERERE® §E3S Egi Egz;gﬁiiﬁl 12U L
IW E

Clnss 20

SUPPLEMENTARY REQUIREMENTS

These requirements shall nod apply unless specified in the order and in the Crdering Information,
in which event the specified tests shall be made before shipment of the product.

S1. High Temperatore Tests as agreed between the manufacturer and the purchaser. Whes

51.1 Tests to determine high temperature propertics shall be  lesting temperatures are as low as those specified in Specifi-
made in accordance with Test Methods E 21, E 139, and E 292,  cation A 320/A 320M, bolting should be ordered to that spect-
and Practices E 150 and E 151. fication in preference to this specification.

52 Charpy impact tests based on the requirements of
Specification A 32WA 320M, Sections 6 and 7, shall be made
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g1 100 % Hardness Testing of Grade BTM

53,1 Each Grade BTM bolt or stwd shall be tested for
by indentation method and shall meet the require-

ments specified in Table 2.

&4, Hardness Testing of Grade B16

54.1 For bolis or studs 2% in [65 mm] or smaller, the
hardpess for Grade B16 shall be measured on or near the end
of each bolt or stud wsing one of the methods prescribed in
(2.1 for the Brinell or Rockwell C test. The hardness shall be
in the range 253-315 HB or 25-34 HRC.

&5, Product Marking

55.1 Marking and manofacturer’s identification symbaols
shall be applied 1o one end of stsls and to the beads of bolis of
all sizes, {If the available srea is insdequate, the marking
gymbol may be marked on one end and the manufacturer’s
ideptification symbol marked on the other end.) For bolts
smaller than %4 in. [6& mm] in dlameter and studs smaller
than ¥ in. [10 mm] in diameter and for ¥ in. [6 mm] in
diameter studs requiring more than a tolal of three symbaols, the
marking shall be a matter of agreement betweén the purchaser
and the manufacturner.

86, Stress Relieving

S6.1 A stress-relieving operation shall follow straaghtening
after heat ireatmsent.

562 The minimum stress-relieving temperature shall be
100 *F [55 "C] below the tempering tempernture, Tests for
mechanical properties shall be performed afier stress relieving.

57. Magnetic Particle Inspection

57.1 Bars shall be magnetic particle examined in accor-
damce with Guide E 709, Bars with indications of eracks of
seams are subject o rejection if the indications extend more
than 3 % of the dinmeter into the bar,

58, Stress-Relaxation Testing

881 Stress-Relaxation Testing, when required, shall be
done in sceondance with Test Methods E 328, The test shall be
performed at 850 °F [454 *C] for a period of 100 h. The inital
stress shall be 50 M psi [345 MPa]. The residual stress at 100
b shall be 17 M psi [117 MPa] minimum.

59, Grain Size Requirements for Non H Grade
Austenitic Steels Used Above 1000 °F

9.1 For design metal temperatures above 1000 °F [540
“C], the material shall have a grain size of No. 7 or coarser as

L]

determined in nocordance with Test Methods E 112, The grain
size o determined shall be reported on the Certificate of Test

510, Hardness Testing of Class 2 Bolting Materials for
ASME Applications

510,01 The maximum hardness shall be Rockwell C33 im-
mediately under the thread roots. The hardness shall be taken
on a flaf area at beast Y& in. [3 mm] ocross, prepared by
remaving thresds, and no more material than necessary shall be
removed to prepare the flat areas. Hardness determinations
shall be made at the same frequency as tensibe lesis,

511. Thread Forming

S11.1 Threads shall be formed afier heat treatment. Appli=

cation of this supplemental requirement (o grade BTM or the
grades listed in 7.2.4 is prohibited.

512, Stress Rupture Testing of Grade R16

512.1 One test shall be made for each heat treat lot, Testing
shall be conducted using a combimation test bar in sccondance
with Test Metlhods E 292 Rupture shall occur in the smooth
section of each test specimen. The test shall be conducted at
1100 °F [595 “C] and 20 ksi [140 MPa). The test shall be
continsed until the sample ruptures, Rupture life shall be 25 h
minimum, Testing is not required on material less than ¥ in.
[12 mm)] thick,

512.2 When a purchase order for fasteners invokes 512, the
product marking supplicd shall be “B16E."

§13. Coatings an Bolting Materials

§13.1 It is the purchaser’s responsibility to specify in the
purchase order all information required by the coating facility.
Examples of such information may include but are not limited
1 the following:

513.1.1 Reference (o the appropriate coating specification
and type, thickness, location, modification o dimensions, and
hydrogen embrittlement relief.

513.1.2 Reference to Specifications A 153/4 153M, B 633,
B 625, B69G, B TGS, ar F 191, F2329, or Test Method
F 1940, or other standards.,

514, Marking Coated Bolting Materials

514.1 Material coated with zing shall bave an asterisk (*)
marked after the grade symbol. Material couted with cadmium
shall have a plus sign {+) marked after the grade symibol,
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APPENDIXES

(Monmuandatory Informathon)

X1 STRAIN HARDENING OF AUSTENITIC STEELS

X1.1 Strain hardening is the increase in strength and
hardness that resulis from plastic deformation below the
recrysiallization temperature (cold work), This effect is pro-
duced in sustenitic stainkess steels by reducing oversioed bars
or wine o the desired finnd size by cold drawing or other
pro<cess, The degree of strain hardening achievable in any alloy
is limited by its strain hardening characteristics. In addition, the
amount of strain hardening that can be produced is further
limited by the varinbles of the process, such as the wotal amount
of cross-section redoction, dic angle, and bar size. In large
dinmeter bars, for example, plastic deformation will occcer
principally in the ouwter regions of the bar so that the increased
strength and hardoess due to strain handening 15 achieved
predominandly near the surface of the bar. That is, the smaller

the bar, the greater the penetrution of strain hardening.

X1.2 Thus, the mechanical properties of a given strain
hardened fastener are dependent oot just on the alloy, but als
on the size of bar from which it is machined. The minimum bar
size that can be used, however, is established by the confige.
ration of the fastener so that the configuration can affect the
strength of the fastener.

X1.3 Forexample, a stud of a particular alloy and size may
be machined from & smaller diasmeter bar than o bolt of the
same alloy and size becawss a larger diameter bar is required o
accommodate the head of the bolt. The stud, therefore, is likely
ti be stronger than the same size bolt in a given alloy.

X1 COATINGS AND APFLICATION LIMITS

X121 Use of conted fasteners ol temperniures above ap-
proximately one-half the melting point (Fahrenheit or Celsius)
of the coating 15 nol recommendsd unless consideration is
given to the potential for lquid and solid metal embritilement,
of both. The melting point of elemental #inc is approximately

TRD °F [415 *C]. Therefore, application of zinc-coated fasien-
ers shoald be limdied to temperatares bess than 390 °F [210 °C)
The melting point of cadmium i approximately 600 °F [310
*C]. Therefore, application of cadmium-coaled fastenen
showuld be limited to temperntures bess than 300 *F [160 °C]

SUMMARY OF CHANGES

Committee AD1 has identified the Jocation of sclected changes 1o this specification since the last issue,
A 193/A 193M - 08a, that may impact the use of this specification. (Approved August 1, 2008).

(I) Added pew paragraph 1.3 and renumbered subsequent
paragraphs.

(2) Added reference to Specifications B 633 and F 2329 0
51312

Committee All has identificd the location of selected changes to this specification since the last issue,
A 1934 193M - 08, that may impact the use of this specification. (Approved May 1, 2008),

(1) Reorganized and edited 7.1 to clanify and separnte ferritic
grades from sustenitic grades. Clarified use of water quenching
for threaded ferritic grades and intent relative to stress reliefl of
cold worked BOX. Added reference in Section 10 1o Table 3
and Specification A 96240A 962M for wedge wensile testing of
metric product.

Commitiee A0l has identified the location of selected changes to this specification since the last issue,
A 19HA 193M =~ 07, that may impact the use of this specification. (Approved April 1, 2008),

(7} Added new Supplementary Requirement 514,

i(2) Added Nitrogen for Grades BET and BETA in Table |



