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UNITED STATLS OF AMERICA /fZ/
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BEFORE THE NUCLEAR REGULATORY COMMISSION

In thXe Matter of

. Docket Nos, 50-275
PACIFIC GAS AND ELECTRIC 50-323
COMPANY
Construction Quality

Assurance, Licensee
Character and Compe-

tence

(Diablo Canyon Nuclear Power
Plant, Units 1 and 2)
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AFFIDAVIT OF STEVEN LOCKERT

STATE OF CALIFORNIA )
COUNTY OF SAN LUIS OBISPO ;

My name is Steven Lockert and I am writing this affida-
vit in my own words without threat or inducement from anyone.,
The purpose of this statement is to inform the USNRC, court
authorities, and public that officials of Pullman Power iroducts
Corporation (Pullman) and Pacific Gas & Electric Company (PG&E)
have made false statements, False statements before the Atomic
Safety and Licensing Appeals Board (ASTB) and false staten ents
before the Region V staff of the USNRC .

The subjects of this discussion will be welded studs,
juality control inspector training, and quality control inspector
harassment and retaliation. The documents that contain false
statements are: Diablo Canyon Letter (DCL) 84-067 dated 2/17/84,
DCL-84-078 dated 2/29/84, DCL-84-195 dated 5/29/84, DCL
84-239 dated 6/26/84 ,DCL-84-243 dated 6/29/84, Affidavit of
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C. M. Neary, Pullman's Quality Engineering Group Welding En-
gineer,

F. J§ Lyautey, Pullman's Assistant QA/QC Manager,

P P.. Watson, Pullman‘s QC Welding Supervisor

dated 3/18/84 and submitted to the ASLB for consideration of
Construction Quality Assurance matters at Diablo Canvon, Affi-
davit of F. C. Breismeister, Bechtel Manager of Research and
Engineering,

C. M. Neary, H. W. Karner, Pullman's QA/QC Manager,

R. D. Kerr, PG&E Welding Engineer dated 3/19/84 and submit-
ted to the ASLB.

WELDED STUDS

On January 13, 1984 a Pullman QC Inspector documented
the use of ASTM A-307 and ASME SA-307 Grade B bolts for
welded installations on hangers and supports for Class 1 safe-
ty related systems: 07 (Reactor Coolant), 08 (Chemical and
Volume Control), 09 (Safety Injection), 10 (Residual Heat Re-
moval), 12 (Containment Spray), and 14 (Component Cooling
Water), The bolts were not specifically ordered to be made from
a P-1classified base material. The purchase orders for the
bolts did not specify that the supplementary requirements for
welded applications would be in effect. As stated in ASTM

A-307-82a (Exhibit 1) the supplementary requirements shall apply
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only when specified in ihe purchase order or contract, Exhibit

1 was first presented by myself in a 3/21/84 affidavit to which
PG&g'has yet to show purchase orders showing supplementary
requirements applicable.

PG&E has stated in DCL-84-195 at para. 226,241, DCL-
84-239 at JIR-28 (pages 1-6) that the bolts installed without
supplementary requirements in the purchase order for the bolts
are acceptable because ASME Sec. III tells them so. Note that
PG&E has convenlently left out where in Sec. III this is stated.
What has PG&E got to lose from a full and open disclosure of
the facts? Regardless, it is well known and universally prac-
ticed that the master P-Number list for materials and the'r weld-
ability is found in Sec. IX of the ASME code.

For example Article IV, para. QW 421 of ASME-83, Sec.
IX states ",.,., base metals have beed assigned P-Numbers and
for ferrous base metals which have specified impact test require-
ments, Group Numbers within P-Numbers. These assignments
are based essentially on comparable base metal characteristics
such as composition, weldability, and mechanical properties,
where this can be logically done. These assignments do not im-
ply that base metals may be indiscriminately substituted for a
base metal whtch was used in a qualification test without con-
sideration of compatibility from the standpoint of metallurgical
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properties, postweld heat treatment, design, mechanical proper-
ties, and service requirements.”
? Q;_o_ug;n_g of Base Metals for Qualification is the title

for tl;e master list of P-Numbers for procedure qualification pur-
poses. QW-422 does not list A-307, grade B bolts as a P-1
base metal. Any claim to the contrary would be patently false.
QW 422 is the place in the code where P-Numbers shall be de'-
termined and QW 422 is contained in Sec. IX; as it should be, |
behind the definition in QW 421 for a quick and final reference.

DCL-84-195 at 226 and 241, DCL-84-239 at JIR-28
(pages 2,5, and 6) allude to the Code Case N71-7 as qualifying
A-307, grade B bolts installed at Diablo Canyon Project. Breis-
meister at 12 and 13 also presents this case stating that this
proof qualifies A-307, grade B bolts as P-1 base metal. The
USNRC Region V staff has also accepted the akove citations
as a final, "straw grabbing” qualification basis. Have any of -
the above individuals even read the text of the Case before cit-
ing its number? Conspicuously, the text was deleted from all
references and no details were used to support the position.

ASME Section III Code Case N71-7 was approved 11/12/76
and annullec 11/21/80. The Case is no longer in effect because
of a three year time restraint, This is an oversight PG&E forgot |
mention. Addx'tlonal oversights noted are:

¢ Clearly citing the the full Code reference N-71-7 (1644-7),
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¢ Stating the time period of PG&E's contract specification verses
the time N-71-7 was in effect,

OClea{r.ly stating where in PG&E's contract specifications the Code
(Case had been implemented into design and quality assurance
specifications for the project.

The title of Code Case N-71-1 Additional Materials for

QQQEMLQMWMWM
2,3 and MC Component Supports clearly defines its boundaries.

The cuse was available only to nuclear power plants whose de-
sign and quality assurance programs were dedicated to ASME Sec.
III. By PG&E's own admission in DCL-84-195, paragraph 250,
"ASME Sections III and VIII only apply in a very limited degree
to Pullman's scope of work at this site and are, therefore, not
a part of the tm1n1n§ program,"”

Had PG&E and the NRC Region V staff even read the Code
Case text there were 7 conditions to be met. Three conditions

are worthy of note: ¢ Adherence to Sec. III

¢ 0.35 % limit on carbon for
base metals to be welded

¢ All supports built under the
provisions of the Case be ident- \
ified with the Case number.
Pullman had welded A-307 bolts with no limit on the percent of

carbon, did not adhere to Sec. IITI, and did not identify the sup-
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ports where the special conditions of the code case applied.
Puun)an‘l quality assurance program was still struggling to
meot! its B 31.1 and B 31.7 commitments after 10 to 12 years

of Diablo construction. To even imply that ASME Sec. III is
applicable at Diablo in defense of welding A-307 grade B bolt-
ing material as structural members holding base plates on Class
1 systems is simply false and unsupported by the factiz, ASME
Sec. III Subsection NF, para. 4311.1 restricts stud welding to
non-structural applications such as insulation, name plates, and
locating lugs, Welded A-307 grade B bolts as reported per the
January 13, 1984 Discrepency Report iemain a Codr non-confor-
mance. PG&E's position has been one faise statement after a-
nother in an inept coverup that just shows sloppy Code distor-
tions to untenable positions. Note that PG&E and the NRC have
not offered to consult the ASME Code writing body for conforma-
tion of their position: an act they should of done instead of wast-
ing effort on useless Code citations that remain unsupported.
ASME Code Case N-71-7 is openly presented as Exhibit 2.

INSPECTOR TRAINT'-.

PG&E has attempted to support Pullman's position on QC
inspector training in DCL-84-195 at 248-258, DCL-84-243 at

III-51, Federal law and the capstone of Nuclear Quality Assur-
ance programs for plant construction, Appendix B of 10 CFR 50,

6



wa s conspicuously absent from not only Pullman's training pro-

gram but also Pullman's reading list, See PG&E's response at
r

249 axtud attachment 9 to DCL-84-195, If PG&E's trump card for

Pullman's inspector training program is the supplemental reading
list shown as attachment 9 it's quite obvious, there was no
training. The original allegation stated training was inadequate.
Let's not prop up reading and pretend it's training.

Directly bencath the capstone is ANSI N45.2, Quality As-
surance Program Requirements for Nuclear Facilities universally
recognized to be in complete support with 10 CFR 50, Appendix
B. Again, conspicuously absent from Pullman's training or read-
ing assignments. PG&E proudly proclaims in the Final Safety
Analysis Report, Chapter 17, bottom of page 17,0-1, "PG&E
has actively contributed to the development of ANSI N45.2-1971,
ind the PG&E quality assurance program 1s in substantial agree-
ment with it" PGG&E's QA program is lirectly responsible for its

s QA programs and why QC inspectors did not recieve
direct training or even a referral to ANSI N45.2 is incomprehens
ible. Pullman QC inspectors were the very people r« sponsible
for the implementation of procedures. codes, and standards in the

field working with the hardware that by law must be installed to
the above requirements. The

the failure to ever
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seen in the proper context; a complete and criminal failure to

meet the quality assurance commitments stated in the FSAR,
r

‘.' DCL-84-195 at 251 shows the response PGA&E's lawers
provide to the lack of training accusations "... there is only
an infrequent need for inspectors to interpret the code: they just
need to understand what the code covers and the requirements .
of the specific inspection activity.” Pullman's Procedures ESD
223 for piping supports and 243 for rupture restraints were pat-
ently lacking in code and construction standards adherence.
Pullman's procedures were attempts to interpret the code, right
or wrong, the QC inspactor was then faced with interpreting the
procedure. Hence, to say there was an infrequent need to inter-
pret the codes is false and a patheticly weak response from lawers
who know very little about inspection.

DCL-84-243 at III-51 states "It was not until 1983 that
Pullman Power Products was first required by PG&E Specification
8711 to develop a Quality Assurance Program in accordance with
ANSI N45.2." There you have it ladies and gentleman, straight
from the horses mouth, Impossible as it may seem PG&E allowed
the construction of Diablo Canyon to procede for twelve years
without requiring its major piping and piping supports contractor

to adhere to the industry standard ANSI N45.2. Yet PG&E has

claimed thats its Quality Assurance Program is in substantial
8

———— e *




2.5

p

agreement with ANSI N45.2 (FSAR, page 17,0-1,) Perhaps PG&E
would like to ellaborate on just how Pullman's Quality Assurance
qurain met the licensee's FSAR commitments before the change
to the 8711 contract in 1983, I don't quite see how the hardware
constructed to something iess than the FSAR commitments to both
ANSI N45.2 and 10 CFR 50, Appendix B is maglcally qualified.

PG&E's attitude is aptly explained in their response to my
allegation that the Diablo Canyon Project (DCP) purposely failed
to state to the Pullman QC inspector "you are certified to and re-
sponsible for ANSI N45.2.6 Level II capabilities.” DCL-84-243
at III-51 (page 2) responcs "There is no requirement anywhere
that an inspector be specifically told that he is qualified to ANSI
N45.2.6, and it should not m .ke any practical difference wether
or not the individual ‘knows that he is qualified to N45.2.6."
This 1s a false statement. ANSI N45.2.6-1973 states at 2.2 .4
that the certificate of qualification shall include the basis used
for certification. Pullman's certificate of qualification makes no
mention of ANSI N45,2.6 as the basis of certification. As to
wether it makes any difference the inspector know what he is
certified to and responsible for, the same could be said for the
contractor knowing what the utility is committed to in the Final
Safety Analysis Report. ©Of course it makes a differencel Any
words to the contrary are completely asinine.

9



3.0

3.1

3.2

A

In December of 1983, I had noted the failure of Pullman
to coLduct welder qualification testing under the full supervision
and control of its ASME Sec. IX requirements. In attempting to
document the extent of the problem, I was denied access to in-
spectioa records on the subject by the production foreman and QC
Welding Supervisor involved in the testing. Three days after
attempting to visually examine the test's inspection records I
was fired,

In an affidavit presented before the ASLB, the QC Weld-
ing Supervisor, J. P. Watson, states on page 3, para, 4 "Re-
cords of each of the 13 Welder Performance Tests show QC in-
spection occured for fitup, rootpass, filler pass, final visual,
and bend test.” However, at the Department of Labor hearing
conducted on my behalf July 11th and 12th Pullman QC Welding
Supervisor, J. P, Watson, had a different response. The follow-
ing is taken from court transcripts page 458 at 12 and ending on
page 459 at 1,

Q What records did you maintain of the tests that were
undertaken during that time?

A 1 just told you, I maintained my log, a record of each
and every test that is performed, and the actual perm-
anent certification that {s made from the record.

Q And the certification just states that so-and-so is
certified as a welder under certain procedures ?

10
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A There are regular forms for it, yes,

- Q Did you-- Does your log reflect all the various hold
f points that you--

A No sir,

Q Did you--are there records of what hold points you
examined ?

A There are no permanent records, no required records
for that purpose, No sir.

Mr. J. P. Watson has impeached himself under oath in attempt-
ing to have it both ways. Wether permanent, auditable, QC in-
spection records exist for welder qualification testing is still un-
known,

With respect to welder qualification testing, 1 refer the
reader to 10 CFR 50, Apnendix B,
Criteria IX QQ—NM—&MEM "Measures shall
be established t> assure that special processes, including weld-
ing... are controlled and accomp)ished by qualified psrsonnel
using qualified procedures in accordance with applicable codes,
standards, specifications, criteria, and other special requirements."
Criteria X INSPECTION A program for inspection of activities
affecting quality shall be established and executed.., to verify
conformance with documented instructions, procedures, and
drawings. Examinations, measurements, or tests of material or

products processed shall be performed for each work operation

11
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where necessary to assure quality,.. If mandatory inspection
holdpoints which require witnessing or inspecting by the appli-
r

cants'* designated representative and beyond which work shall not
proceed without the consent of its designated representative are
required, the specific hold points shall be indicated in appropriate
documents ., ” :
Criteria XI TEST CONTROL *... Test procedures shall include
provisions for assuring that all prerequisites for the given test
have been met, that adequate test instrumentation is available
and used... Test results shall be documented and evaluated to

assure that test requirements have been satisfied."

Criteria XIV INSPECTION, TEST, AND OPERATING STATUS

"Measures shall be established to indicate by the use of markings
such as stamps, tags, labels, routing cards, or other suitable

means, the status of inspections or tests. ... These measures
shall provide for the identification of the items which have sat-

isfactorilly passed required inspections and tests. "

Criteria XVII QUALITY ASSURANCE RECORDS "Sufficient records
shall be maintained to furnish evidence of activities affecting
quaiity. The rerurds shall include at least the following: oper-
ating logs and the results oi reviews, inspections, tests, audits,
monitoring of work performance... Inspection and test records

shall, as a minimum, identify the inspector or data recorder, the

12
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type of observation, the results, the acceptability, and the action

taken i{n connection with any deficiencies noted."

{

.' The short review of appendix B was presented to ask and
answer the questions:

¢ Are inspecticn records of welder qualification testing re-
quired at nuclear power facilities?

¢+ Does the welder qualification test have hold points that
must be inspected before the test can be allowed to proceed ?

4 If a QC inspector performed an inspection of a mandatory
hold point, would that inspector be required to document the re-
sults of such an inspection?

In thirteen years of welder qualification testing at Diablo Canyon,
has no one attempted. to audit the inspection records for verifica-
tion to the requirements ¢f 10 CFR 50, Appendix B? PGA&E's own

FSAR states in chapter 17 Quality Assurance para. 17.1,10 "All

suppliers and contractors on the Diablo Canyon Project are required
to employ a program for inspection of their work to verify conform-
ance with approved drawings, specifications, and procedures...

Both process monitoring and inspection of final products are em-

ployed to confirm the quality of work. Records of inspections are
maintained to demonstrate the quality of work. Suppliers and con-
tractors routinely establish hold points on shop travelers or similar

documents to be signed off by the suppliers' or contractors' inspectors."”

13
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Federal law and PG&E's own FSAR indicate that records exist and
shall'be maintained to indicate hold points have been examined
and r"econ‘.led by quality assurance personnel. Yet, in December
of 1983 I requested inspection records of welder qualification test-
ing and was refused twice.

A false statement made before the ASLB in the affidavit of
C. M. Neary, F. J. Lyautey, and J. P. Watson is the statement:
“... Mr. Lockert admits he was shown records of welder qualifi-
caticn for the days in question (December 7,8, and 9, 1983) which
documented the inspections performed by Mr. Watson on welder
qualification tests.” 1 state emphatically I was not shown inspec-
tion records for welder qualification testing. I had requested the

records because I had observed that many of the inspections that

were supposed to happen did not. I had observed a problem and

was performing my duty as a QC inspector when the records were
denied to me. I was obligated to report the problem and in at -
tempting to do so was fired.

I have read the above 14 page affidavit and it is true and correct

to the best of my knowledge and belief. /% %

- ..Staven Tnockert _
STATE OF CALIF 88
STAIE OF CALIFOSHN Luis Obispo e
On 10[..23/_8‘9_-_ o Jbelore me, the undemgned a Notary Public in Iﬂd for
said State, personally | nppeirod STEVEN LOCKERT personally known to me (or proved to me on me bnls of satis-
\ ___,_.__‘, S :

=3 | factory evidence) to be the person(s) whose name(s) is/are sub-
su.‘p : HA'K’MO g scribed 1o the within instrument and acknowledged to me that
KOT2TY "UGUIC-CALIFCANL: |
Pr.' }Cﬁn C' *r \‘
SAN LUIS OBISFO COUN Ty } 14

he/she/they executed the same

g Iy Cramizelon Ex~mz ton. 3,', 1 e WITNESS my hand and official seal

(B0 S S S R RS e e l
(This area for olficial notarial seal) ‘ Signaturg WA,)ZJ(&‘, pLA/



qﬂ] Designation: A 307 - 82a

Standard Specification for

CARBON STEEL EXTERNALLY THREADED STANDARD

FASTENERS!

This standard u 1ssued under the fired designation A 307, the number 'mmediaicly followiog the designation indicates the

year of on

nh‘opnmov..ukcmduvm.&pudlunvm Amb«npneuhmm.mlhcyvudhu

{
nammaf A superscnpe epsilon (¢) indicates an ednorial change snce the last revision or reapproval

1. Scope

L1 This specification” covers the chemical
and mechanical requirements of two grades of
carbon steel externally threaded standard fas-
teners, in sizes Y% in. (6.35 mm) through 4 in.
(104 mm). This specification does not cover
requirements for externally threaded fasteners
having heads with sloited or recessed drives or
for mechanical expansion anchors. The fas-
ieners covered by this specification are fre-
quently used for the following applications:

1.1 Grade A Bolts, lor general applications,
and

1.1.2 Grade B Bohs, for Manged joints in
piping systems where one or both flanges are
cast iron

1.2 If no grade is specified in the inquiry,
contract, or order, Grade A bolis shall be fui-
nished.

I3 Nonheaded anchor bolts, either straight
or bent, 10 be used for structural anchorage
purposes, shall conform to the requirements of
Specification A 36 with teasion tests to be made
on the bolt body or on the bar stock used for
making the anchor bolts.

1.4 Suitable nuts are covered in Specifica-
tion A 563. Unless otherwise specified, the
grade and style of nut for cach grade of fas-
tencer, of all surface finishes, shall be as follows:

Fasicoer Grade and Size Nut Grade and Style*
A %0 lhia A, hex
A over Ihiodis A, beavy hex
B w4 A, heavy bex

* Nuts of other grades and styles haviag speaified proof
load mresscs (Specification A 38, Table J) grecter than the
speaified grade and style of nut are slso sunable

1.5 The values stated in inch-pound units
&re 10 be regarded as the standard.
1.6 Supplementary Requirement S1 of an

optional nature is provided, which describes
additional restrictions to be apphed when bolts
are 10 be welded. It shall apply only when
specified in the inquiry. order, and contract

2. Applicable Documents

2.1 ASTM Standards:

A 36 Specification for Structural Steel®

A 153 Specification for Zinc Coating (Hot-
Dip) on Iron and Steel Hardware*

A 370 Methods and Definitions for Mechan-
ical Testing of Steel Products®

A 563 Specification for Carbon and Alloy
Steel Nuts®

A 706 Specification for Low-Alloy Steel De-
formed Bars for Concrete Reinforcement’

A 751 Methods, Practices. and Definitions
for Chernical Analysis of Steel Products®

B 454 Specification for Mechanically Depos-
ied Coatings of Cadmium and Zinc on
Ferrous Metals®

2.2 American National Standards-"

' This specification is under the Junsdiction of ASTM
Commutice F-16 on Fasteners. and 13 the direvt re ponsibidiy
of Subcommurtes F 16 02 on Steel Buolung

C d pproved May 28 ani Ang 27, 1982
Published October 1982 O~e:wziiy pubishe s A 307

41T Last previous edivion A 307 - 80,

* For ASME Borler and Pressure Vessel Code applications
see related Specification SA-307 m Section Il of that Code

* 1983 Amnual Book of ASTM Siandards, Vol 01 04

* 1983 Amnual Book of ASTM Standards. Vol 01 03

* 1981 Amnual Book of ASTM Standards, Vol 01 01 0) 02.
0103, 01040105 and 1508

* 1983 Annuot Book of ASTM Siandards. Vol 01 01 snd
0104

" 1981 Annual Book of ASTM Stamdards, Vol 01 04

* 1983 Annual Book of ASTM Stondards, Vol 01 01,01 02,
01 03,01 .04.01 05, and 03 05

"”lm Annual Book of ASTM Siandards, Vol 01 04 and
02

v'Moy be obtained from Amecrican Nations! Standards
Instituie, Inc . 1430 Broadwsy. New York. N Y 1001%

i
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ANSI BL.1 Unified Screw Threads
ANSI BIB2.1 Square and Hex Bolis and
Screws

3. Ocdering Information

3.1 Orders for externally threaded fasteners
(including nuts and accessories) under this
specification shall include the following:

3.1.1 ASTM designation and date of issue,

3.1.2 Name of product. that is, hex or heavy
hex,

3.1.3 Grade, that is, A or B (If no grade s
specified, Grade A bolis are furnished.

3.1.4 Quantiies (number of pieces by size
including nuts),

3.1.5 Fasiener size and lengih,

3.1.6 Washers—Quantity and size (scparate
from bolis),

3.1.7 Galvanizing-- Specify hot dip, mechan-
ical (4.4) or other finish required,

3.1.8 Specify if mnspection a1 pownt of man-
ufacture is required.

3.1.9 Speaify if certified test report is re-
quired (sec 9.2), and

3.1.10 Specify additional testing (9.3) or spe-
cial vequirements.

4. Materials and Manufacture

4.1 Sieel for bolis shall be made by the open-
hearth, basic-oxygen. or electric-furnace proc-
ess.

42 Bolis may be produced by hot or cold
forging of the heads or machining from bar
stock.

4.3 Bolt threads may be rolled or cur.

4.4 When specified, gaivanized bolis shall
be hot-dip zinc coated in accordance with the
requirements of Class C of Specification A 153,
When specified by the purchaser 1o be mechan-
wcally galvanized. bolts ¢ vered by this specifi-
cation sha!l be mechan :ally zinc coated and
the coating and coated 'asteners shall conform
10 the requirements for Class 50 of Specifica-
tion B 454, or 10 the coating thickness, adher-

. €ace, and qua'ny requirements for Class C of

Specification A 153
S. Chemical Requirements

5.1 Steel shall conform to the following
chemical requirements:
Grade A Grade B
Bohs Boins
004

'w'."l.‘
Cobr o -

A 307

52 Resulfunzed matenal is not subject
rejection based on product analysis for sulfur.

53 Bolts are customarily furnished
stock, in which casc individual heats of
cannot be identified.

5.4 Application of beats of sicel 10
bismuth. selenium, tellunum. or lead hes
inm«mﬂymedmnmhe’cwbq
Grade B'bolls. "

5.5 Chemical analyses shall be performed ¢
accordance with Methods A 751

6. Mechacical Requirements

6.1 Bolts shall not exceed the maximum
bardness required in Table i. Bolts less than
three diameters in length. or bolts with drilled
or undersize heads shail have hardness values
not less than the minimum nor more than the
maximum hardoess hmits required in Table |,
as hardness 1s the oaly requirement.

6.2 Bolts 1% in. in diameter or less, other
llnlhouemptedinb.l.mnhemmll
s‘ueaadshllooqtotuwlhctqumm
tensile strength specified in Table 2.

63 Bolis larger than 1% in. in diameter,
other than those excepted in 5.1, shall prefera-
bly be tesied full size 3nd when so tested. shall
conform (o the requirements 751 teasile w”
speciﬁedinTablehaeqvip-euolut,
ficient capacity for full-size bolt testing is not
available, or when the length of the bolt makes
full-sizc tesung impractical. machined speci-
meas shall be testec and shall conform 10 the!

requirements shown below: |
7-..!:“ S
g wmors0 |
(MPa) aons I
Grade A and Grade Bbolts 60 (41%) min I8 mia
Grade B bolus only 100 (690) mca

la the event that bolts are tested by both full |
MMbymxbiuuu:pdmm'
the full-size test shall govern if a coniroversy.
between the two methods exists. {
6.4 For bolts on which both hardness and
lension tests are performed, acuepiance based.
on teasile requirements shall take precedence
o the event that there is controversy over low
readings of hardness tests.

7. Dimensions

7.1 Unless otherwise specified, threads shall
ht&CmnmScﬁesusmﬁcdialbe
l&!u issue of ANSI B1.1, having & Class 2A |




7.2 Unless otherwise specified, Grade A
bolts shall be hex bolis wuh dimensions as
{ given in the latest issue of ANSI B 182.1. Un-
less otherwise specified. Grade B bolts shall be
. heavy hex bolts with dimensions as given in the
latest issue of ANSIB 18.2.4.

7.3 Unless otherwise specified, bolts 10 be
used with nuts or tapped noles which have been
tapped oversize, in accordance with Specifica-
| lion A 563, shall have Class 2A threads beiore
| hot dip or mechanical galvanizing. Alter gal-
vanizing, the maximum limit of piich and ma-
jor diameier may exceed the Class 2A limit by
the following amount.

Oversize Limit, in
Driameser, in (mm)*
Up 1o 7716, incl 0016 (0.41)
Over 7/18 10 1, indd 0021 (05))
Oner i 003 09y

“ These values are the same as the mimimum ovenapping
required for galvanized nuts i Speaificaison A 56)

7.4 The gaging limit for bolts shall be veri-
fied during manufacture or use by assembly of
a nut tapped as carly as practical to the
amount oversize shown above. In case of dis-
pute, a calibrated thread ring gage of that same
size (Class X 1olerance. gage tolerance plus)
shall be used. Assembly of the gage. or the nut
descnbed above, must be possible with hand
effort following application of light machine oil
1o prevent galling and damage 10 the gage.
These inspections, when performed 1o resolve
disputes, shall be perfermed at the frequency
and quality described in Table 3.

8. Test Methods

8.1 The matenial shall be tested in accord-
ance with Supplement 111 of Methods A 370.

8.2 Standard square and hex head bolts only
shali be tesied by the wedge tension method
except as noted in 6.1. Fracture shall be in the
body or threads of the bolt without any fracture
at the junction of the head and body. Other
headed bolts shall be tested by the axial tension
method.

8.3 Speed of testing as determined with a
free running crosshead shall be a maximum of
I in. (254 mm)/min for the tensile strength
tests of bolts.

9. Number of Tests and Retests

9.1 The requirements of this specification
shall be met in continuous mass production for

stock. and the manufacturer shall make sample
inspections to ensure that the product conforms
10 the specified requirements. Addional tests
of individual shipments of matenal are not
ordinaniy contemplated. Individual heats of
steel are not identified in the finished product

9.2 When specified in the order, the manu-
facturer shall furnish a test report centified 1o
be the last completed set ¢f mechanical tests for
each stock size in each shipment.

9.3 When additional tests are specified on
the purchase order, a lot. for purposes of se-
lecting test samples, shali consist of all material
offered for inspection at one time that has the
following common charactensucs:

9.2.1 One type of item.

9.3.2 One nominal size, and

9.3.3 One nominal length of bolts.

9.4 From each lot, the number of tests for
cach requirement shall be as follows

Number of Preces in Lot Numbe: of Samples
800 and under i
801 10 8 000 2
§ 00l w 22 000 ]
Over 22 000 b

9.5 If any machined test specimen shows
defecuve machinming it may be discarded and
another specimen substituted.

9.6 Should any samp'= fail 10 meet the re-
quirements of a specified test, double the num-
ber of samples from the same lot shall be tested.
in which case all of the additional samples shall
meet the specification

10. Marking

10.1 Bolt heads shall be marked (by raised
or depressed mark ai the option of the manu-
facturer) 1o idenufy the manufacturer. The
manufacturer may use additional marking for
his own use.

I1. luspection

111 If the inspection described in 11.2 1s
required by the purchaser it shall be specified
in the inquiry, order, or contract.

11.2 The inspector representing the pur-
chaser shall have free entry 10 all parts of the
manufacturer’s works that concern the manu-
facture of the material ordered. The manufac-
turer shall afford the inspector all reasonable
facilities 1o satisfy him that the materialis being

furmished in accordance with this specification
All tests and inspections required by the spec-
ihication that are requested by the purchaser’s
representative shall be made before shipment,
and shall be conducied as not 10 interfere un-
necessanly with the operation of the works.

12.1 Unless otherwise specified, any reje
Uon based on tests specified herein shall
reported to the manufacturer within 30 L
days from the receipt of samples by the
chaser. |

SUPPLEMENTARY REQUIREMENT

mMguMmMwalyedymmhﬂ

purchase order or contract:

S1. Bolts Sultable for Welding

S1.1 The matenal described in this section
1s intended for welding. This supplemental sec-
tion, by addinonal chemical composition re-
stnctions and by a carbon equivalent formula,
provides assurance of weldability by chemical
composition control.

S1.2 Welding techaique is of fundamental
importance wheo bolts produced 1o this sup-
plementary section are welded. It is presup-
pos«d that suitable welding procedures for the
steel being welded and the inter.ded service will
be selected.

S1.3 All of the requirements of this supple-
mental section apply in addition 1o all of the
chemical, mechanical. and other requirements
of the base specification, A 307 for Grade B.

£1.4 Because of the embnutling effects of
welding temperaiures on cold-forged sieel, this
supplemental section s limited to hot-forged
bolts, or, if not forged, then 10 bolts produced
from hot-rolled bars without forging or
threaded bars. bars studs. or stud bolts pro-
duced from hot-rolled bars without forging.
Cold-forged bolis. or cold-drawn threaded
bars. if they are given a thermal treatment by
heating 10 a temperature of not less than
1500°F (815°C) and air-cooled are also suita-
ble

S1.5 Chemical Requirements:

S15.1 Heat Chemical Analysis—Material
conforming 1o the following additional analysis
limuations shall be used to manufacture the

maeaaihedulqu}
|

Quirement.
Carbon 030% max
Manganese i00% man |
Phosphorus 004 %, max |
Sulfur 005 % max ‘
Sibicon 050 % max

S1.5.2 Cardon Eguivalent (Source—AST)
Specification A 706)—In addimon 10 the
chemical analysis requirements in S1.5.1, ¢
heat analysis shall be such as 10 provide
carbon equivalent (CE) not exceeding 0.
when calculated as follows:

“Mn %SCu SNI |

CE=%C+ Y + 5 N % %
FCr T Mo
+ +——--l

10 50

$1.6 Analysis Reports—If requested on th
order or contract, the chemical composition o
cach heat of sieel used and the calculated car
bon equivalent for cach heat shall be
10 the purchaser.

SI.7 Product (Check) Verification Analy
sis—A Chemical analysis may be made by
purchaser or his representative from bolts
lected from each heat of sicel The analysis th
determined shall not exceed the values speci
fied in S1.52 by more thar the i

amounts. '
-
Carbon + 00
Manganese +00% | s
Phosphorw, +0 008
Sulfur +0 008 o
Sihecon +005 | at

£ J0

— v —



TABILE | Hardness Requirements for Bolts

Hardness
loh.&n Grade Brinel Rockwell B
A O ma mar
All A 121 F IR (34 00"
B 121 m o9 9

* Except when tesied by wedge sension test

TABLE 1 Tiwsile Reguirements for Full Size Bolts

-~

TABLE 3 Sample Sires and Acceptance Numbers for
Inspecison of Hot Nip or Mechanic sl (ah enized Thready

Teasile Sirength IM*™

Bol Stress

Size, th'“‘; Area* Grades Girade

n b m' Aasnd B B only.

man' mar’
‘e 20 0038 R 3180
" 1 00524 1 100 $ a0
~ 11 00778 4 65 T %0
"ie 1) 0106} 6 3% 10 &30
- 13 01419 § 500 4 1%
S 12 o 1 "o 18 200
B " 0226 13 5% 22 &0
S 0 0334 20 0% 1) e
L] 0462 27 00 46 20
| ] 0 808 ¥ 3% &0 600
I 7 07) 45 800 )
I 7 099 S& 150 % %0
I o 15 9 W0 1S Sn
(] L] | 408 84 300 140 500
" s 1% 114 000 190 000
i v 1% 150 oo 240 000
b 4 32 195 x0 325 ovo
™ “ 400 140 000 400 000
2% 4 a@n 295 800 49) 0
b} - 59 358 200 597 oo
) LN ¢ 110 426 000 710 000
i 4 L B )] 499 800 813 000
j AN 4 Y68 9 a0 966 (00
- 4 1os o4 800 1 108 000

* Ares calculated from the formuta
A, = 078541 D ~ (094 /my)

where
A, = siress arca,
D = nominal diameter of boli. and
A = ihreads per inch
"IifeadaEN
© Based o0 60 ksi (414 MPa)
“ Bascd on 100 ksi (689 MPa)

The American Socsery for Testing and Matensals 1uhes no
dard U'sers of this siandard ave e«

d i this

connection weih any uem

Lot Suze Sample Suze* * ‘N‘:T'.:f'
210% 3] I
o150 0 2
15110 280 n 3
281 w0 500 50 S
0t 1 200 80 7
1 201t0) 200 123 10
3 201 10 10 00O 200 L]
10 001 and over ns M
* Sample sizes of numbers are eviracted from
“Siagie Sampling Plan for Normal Iospec wr ™ Table 11A
MIL-STD-105D

# tnspect all bols in the lot if the lot size s less than the

sampie mze

of amy such patent nghts, and the rick of infringement of swch rights. are entirels thew onn responvibidiny

This standord 1s subpect 10 revison ot any time By the responsible technw ul commutice and must be reviewed evers fove vears
and if not reviied. enher reapproved or withdrawn ) owe comments are nvited euher fur cevivon of ths standard or fur addisonal
sandards and iould be addressed o ASTM Headguariers Y our commenis will recers
e which you may atiend If vou frel that yiur (omments

ble sechnical ¢

rewp

make your views known 10 the ASTM Commusiee on Standards, 1916 Race St Philadelphia. Pa 1910}

position respecting the validiy of any patent rights asserted in
presshy advived ikai determmation of the validuy

« carcful comuderation ai u meeting of the
Aave mot recerved a fuw Ahearing vou \howld

£30¢ "6d y°x3 "

[ oevmstion:a 320-02

Standard Specification for

ALLOY STEEL BOLTING MATERIALS FOR LOW- v

TEMPERA™~URE SERvICE'

mm-m‘-m-umwunz&mmm
year of onginal adoption or. 1n the case of revision. 1he yeer of last revision A aumbei in parcnibeses

reapproval A supens rmunwmumwdnthh-muw :
mrﬁmumwpu»mqmmqmuhmnuuoqu
Specyficanons and

Liendards

1. Scope

1.1 This specification’ covers alloy steel bolt-
ing materials for pressure vessels, valves,
flanges. and fitings for low-temperature ser-
vice. The term “bolting matenal™ as used in
thus specification covers rolled. forged. or sirain
hardened bars, bolts, screws, studs, and stud
bolts. The bars shall be hot-wrought. The ma-
terial may be further processed by centerless
grinding or by cold drawing. Austenitic stain-
less steel may be solution annealed or annealed
and strain-hardened.

1.2 Several grades are covered. including
both fermitic and austenic steels designated L7,
B8, etc. Selection will depend on design, service
conditions, mechanical properties, and low-
temperature characternistics.

Note 1 -The commintee formulaning this speci-
ficatica has included several grades of maienal that
have been rather extensively used for the present
purpose. Other compositions will be considered for
nclusion by the committee from wme to ume as the
need hecomes apparent. Users should note that
hardenahility of «ome of the grades mennoned may
restnct the maximum size at which the required
mechanical propertics are obtainable.

1.3 Nuts for use with this bolting material
are covered in Section 9. .

1.4 Supplementary Requirement S1 of an
optional nature is provided. It shall apply only
when specified in the inquiry, contract and
order.

1.5 The values staied in inch-pound units
are 1o be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards.
A 29 Specification for General Requirements

the year of last

for Steel Bars, Carbon and Alloy, Hor-
Wrought and Cold-Finished®

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

A 276 Specification for Stainless and Heat-
Resistiing Steel Bars and Shapes’

A 325 Specification for High-Strength Bolis
for Structural Joints®

A 370 Methods end Definitions for Machan-
ical Testing of Steel Products*

2.2 American National Standards Institute
Standards*
Bi8.2.1 Square and Hex Bolts and Screws |
B18.3 Hexagon Socket and Spline Socket
Screws :

BI8.22.1 Plain Washers L
3. Ordering Information |
3.1 The inquiry and order for material under |
this specification shall include the following as.
required (0 describe the matenal adequately:
3.1 ASTM Designation A 320 latest issue,
and analysis by grade as selected from Table 1,
3.1.2 Minimum mechanical properties re-

' This specification s wader the jurisdiction of ASTM
Commutiee A-1 on Siecl. Stainless Sicel, and Relsted g
and us the direct respoasibehity of Subcommutier AOI 22 on
Valves and Fitungs. !

Cm“qr-uldyalm.wl’,
tember 1982 Ily publushied as A 320- 48 T Last pre-
wviour ediion A 320 -8

“For ASME Boler and Pressure Vessel Code applics-
c&ummm' : SA-320 in Secnon U of that
ode.

'I’“MMJIWMV‘“A

* 198) Anmual Book of ASTM Siandards. Vol 01 0Y.

'lﬂ:.t-ul.uq.asrumvaun

'AVM’N—AMWM
1430 Broadway. New York. N Y 10018




CASES OF ASMIE BOWLER AND PRESSURE A FSSEL CODE

EXHIBIT 2, 21 pages (313-326.8)
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N-71-7
(1644-7)

Veeting of September 16, 1977

.

Approved by Councid, November 21, 1977

This Case shali expire on November 21, 1980
unless previously annulled or reaffirmad.

Case N-71-7 (1644-7)

Additional Materials for Component Supports

Section 111, Division 1, Subsection NF Class 1,2,3, and
MC Component Supports

Inquiry: What materials, in addition to those listed in
Tables 11,0, 112.0, and 1-13.0 of Appendix 1 of Section
H1, Division 1, may be used for Class 1, 2, 3, or MC con-
ponent supports constructed Lo the requiremenss of Sulr
section NF?

Keply: It is the opinion of the Committer that the
additional materials, design ~tress intensity and allowable
stress values, the yicld strength, and the ultimate tensile
strength values', listed in Tables 1, 2,3, 4, and 5 of this
Code Case may be used in the constriction of Class 1, 2,
3, and MC Component supports for Section HI, Division
L o addition to those listed in Table NF-21 21(a)1

e following additional requirements shall apply :

(1) All other requirements of Subsection NF shall be
met including NF-2580, where applicalile.

(2) Until rules are added, welding is not permitted
on carbon and low alloy steels containing more than
0.35 percent carbon, nor on PHE o age-hardened? steels,

"The tabulated values of tensile steength and yield
are those which the Committer believes are suitable for use in
design cadeulations required by Section {1, Division 1. At the
trmperatires above room temperatuee, the values of tensile
stiength tend toward an average or expected value which ma
be as much as 10% above the tensile strength trend eurve mI-
Justed to the mivimam specified room temperature tensile
strength. At temperatures above room temperature, the yield
strength values correspond to the yield strength trend curve ad-
Jasted o the minimum specified  room temperature yield
sirength. Neither the tensile strength nor the yield strength
values correspond exactly 1o cither “average” or “minimum” as
these terms are applied 10 a statistical treatment of a homogene-
o sel of data

Neither the ASME ar AST Material Specifications nor the
Rules of Section H1, Division |, require elevated temperature
txting for tensile or yield strengths of production material for
use in Code components. 1t is not mh-m?:d that results of such
tests, i performed, be compared with these tabulated tensile
aml yield stremgth values for ASME Code aceeplance frejection
purposes for matenials. If some clevated temperature test results
on production matenal appear lower than the tabulated values
Iy a large amount (more lltn the typcal variability of matenial
siggesting the possibality of some ereor) further mvestigation by
retest of other means should be vonsidered,

Thhe designer sha!l consider the effects of temperature, en-
viconment and applied stress on the material properties of pre.
cipitation or age hardening alloys, on other high strength heat
treated alloys, or on frecmachining steels,

strength

313

nor on matenials o Specifications ASTM A5 ETS and
SAG92 nor on the free machining? steels penmtted in
(3) helow.

(3) When the Nominal Compositioh column refer
ences AISE grades, only materials meeting the chemical
composition requirements of the specific ALS] grades
bisted Shall be used, with the exceplion that 0.60 maxi-
mum silicon is permitted for castings. Free machining?
modifications of the specific AIST grades Listed may be
uned at the same design stress intensitios, allow able stress-
es ancd yicld steengths of the reference grades but their
wse is Bimited 10 400 F maximum temperature.

(4) When welding on AM87-76 Grade 100, SA-508
Class 4, AS08-76 Class ba and A513-74 Class 1, 2, and 3,
the following additional requircments shall apply :

(@) Welding procedure qualification and welder
and welding operator quabification shall be made in ac-
cordance with Section 1X as modificd by Section I
and as given herein,

(b) Separate welding  procedure  qualification
ol IN  shall required  or
materials and combinations of other materials with these
materials. When joints are made between two different
typesor grades of base material, a procedure qualification
must be made for applicable combinations of materials
even theugh procedur, qualification tests have heen

Seetion be these

made for cach of the two base materials welded 1o
sl (materials  f the same nomina chemical analy sis
and mechanical propertios range, even though of dilferent
product form, may be considered as the same Ly e or
grade).

(v} The following, in addition to the variables in
See. IN, QW-250, hall be considered as essential vari-
ables requiring re-qualification of the welding process.

oA change in filler metal SFA clussification
of to a weld metal not covered by an SFA specification.

2. Anincrease in the maximum or a decrease n
the minimum specified prehicat or nlerpass temperatores,
The specified raonge of preheat temperatures shall not
exeeed 150 |,

3. A change in the heat treatment (procedure
qualification tests shall be subjected to heat-treatment
essentially cquivalent o that encountered in fabrication

SUPP.3 -~ NC



CASE (continued)
N-71-7
(1644-7)

of the vessel or vggsel parts including the maximum total
aggregate time atitemperature or temperatures and cool-
ing rates), :

4. A change in the types of current (AC or DC)
polarity, or a change in the specified range for amperage,
volt, or travel specd.

5. A change in the thickness (T) of e welding
procedure qualification test plate as follows:

(a) For welded joints which are quenched
and tempered after weiding, any increase in thichuess (the
minimum thickness qualified in all cases is ¥ in.).

(6) Forwelded joints which are not quenched
and tempered after welding, any change as follows:

T
less than 5/8 in. Any decrease in thickness (The
maximun thickness qualified is
27)
Any departure from the range of
5/8in. 10 27T,

/8 i and over

(4) Welding filler metal containing more than
006 percent varadinm shall not be used.

(¢) In addition to the requirements of NB-4410
of Section 11, Division 1, the materials may require re-
baking in veder to minimize moisture. he procedures
lor domg this for covered are welding electrodes are
given i Specifivations SFAS. and SFA-5.5.

(1) The radius of the mandeel or die used in the
suided  bend  tests of Section I\, Fig<. QW-160.1,

OW-166.2, and QW-160.3 hall 1 :

SUPP. 3 - NC

3

EXHIRIT 2, 21 pages (313-326.8)

CASES OF ASME BOILER AND PRESSURE VESSEL CODE

Thickness of
Specimen, in. Ain Bin. Cin D in.
. 91 ! 93 i
2 ‘ 2 1 1
[ 631 330 BJeeg 4ie L

() The Gl postweld heat teeatment shall be at a
minimum tempesature of 1075 F and @ maximum tem-
pecature limuted only by the ability to meet the specified
mechanical properties. Mininmum holding time at the
fimal postweld heat teeating tenmperature shall be one
hour per inch of weld thickness, one hour minimum,

(3) When the ASTM specilication  referencea in
Tables 1 through 5 does not speaily minimum tensile
and yield steengths, the values listed under the appropri-
ate columns shall be met by the material,

(6) Materials in Tabdes } through 5 whose nominal
composition is referenced as an AISI composition may
be aceepted as satisfying the requirements of the ASTM
specification provided the chemical requirements of the
AISE specilication are within the specified range of the
designated ASTNE specification, and certification of the
material shall be in accordance with the requirements of
NCABBOT 4 (¢) or (0. The term “cach picee of stock
materal™ in NCABBOT. (¢) may be taken to reler Lo
that portion of the material of the same heat and lot
which has traceability establis® o by the Manufacturer
through his progeam. Where Certificates of Complianee
are acceplable under Subseetion NF, testing of cach
prece is not required,

(V) Al supports and component standard supports
vonstructed under the provisions of this Case shall he
identificd with this Case numbwer,
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TABLE 1
Design Stress Intensity Values, S,,,. for chuc Steels ond Coppov Alloys for Class 1 Plate and Shell Type Component Supports
Min
Mm Ultimate Design Stress Intensity, ksi (multiply by 1000 to “ psi)
i Type Tensile for metal temperatures, F, not to exceed
Nominal P. Group Product Specifice or Class Notes Stnn.vo Stm
Compostion No. No. Form tion No. Grade ksi 100 200 300 400 SO0 600 650 700 750 800
Carbon Steels
. Bar Aloa.73 10]15CW 09
AlSL 1015, - - Har AlUB.T3 1018CW . 59 el M 200 200 200 200 - o - - - -
101814529 - = ar AL08.73 1020CW - 69
AlISI 1045 - - Bar ALDB.T3 1045CW - 2 100 120 N0 00 o o . 5 o - ”
AISI 1050 - - Bar A108.73 10500CW - _ 2 125 140 6.7 6.7 T 6T - - - - - -
AlsI 1015 - - Tube AS13T0 101500 6o 35 65 283 (T 25 93 - - - -
AlISI 1020 - - Tube AS13TH 10200W - 09 (] 70 233 333 223 -3 - - - - - -
AlISI 1025 - - Tube A513.76 1025CW (] (3 s 230 250 258 230 -~ - - - - =
Tube AS19.76 1018CW - 39 50 ? 233 233 233 2y - - F - - =
AlISI 1018, - - 1022CW
10200022 - - {Type ASI0.T6 1020H% = 32 60 200 200 200 200 - - - - _ -
1022HR .
AlISI 1026 - - Tile A519.T6 1026HR - 11} 70 233 233 233 233 - . - s -
AlSI 1026 - - Tube A519-76 10264 W - 5.5.01 60 Ho 2.7 267 267 2% - - - s - -
- - Rar SAGTS 65 2S5 05 2T NT N2 7 NI BT s -
- Bar SANTS ™m - 35 To 233 233 233 233 233 233 233 - ~ -
- - Bar AGTH-TT g - - . 4 e 230 250 258 230 230 20 230 - - o
AISI 1022
1030 - - Forging AOLB-T2 - B - 30 60 200 200 200 200 200 200 200 - - i
Low Alloy Steels
AISI 4130,
4330 4 3 Casting A148.73 90-60 - 8 60 90 360 300 300 300 300 300 300 300 - -
AlSl 4130, - - Casting Al8.73 10585 - 2 85 105 350 350 350 350 350 350 350 350 - e
41404330, - - Casting Al48.T3 120.95 - 2 3 120 0.0 300 400 300 WO 00 WO 00 - -
4340 - - Casting Ald8.73 150-125 12 125 150 500 500 500 500 500 500 500 500 - r
2%Cr-1 Mo 5 2 Casting A187.76 - 8Q - 85 105 350 350 346 338 336 336 331 331 - -
-

A0 TASSAA DNISSIND ANV WA HOY NSV 40 SHSVD

(£-¥¥91)
~gzg-F1g) sefed 17 ‘7 LIGTHX
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Nominal

P- Gr
Composition No.

Design Stress Intens:

Low Alloy Steels (Cont'd)

Ni-Cr-Mo
NiCr-Mo

AIST 4140,
4142

2%Cr-1 Mo
2Y%r-1 Mo
Nilr-Mo
Ni-Cr Mo
N-Cr-Mo

SNCr MooV

Mn-CrCu-V
Mo-NiCrCa-\

Modh
M\

Mn-Ch
\n-Cr-Na-Cu

\Min-VoN
Alsl 8620
AlISI 41430,
1340
Alsl 4130,
4340
AlISI 1330,
i3

AISE 4340

LI

|

!

|

Form

Casting
Foramng
Plat
Mlate

Tube
Tube

Plate

Plate

Plate

Plate

Plate

Plate Shapes
l’hlr,.thpr~
Forging
Plate

Plate

Plate Shapes
Plate

late

Plate

Mate

Plate
Forgmg

Forging

Forzing

Forging
Forgmg

oup Product Specifica-
No.

tion No.

A487.76
A508.76
A514.75
ASI4TS
A519.76
31976
AS4237
AS42.77
AS43-7T7
AS43.T7
1543.77
A572-77a

-y -

Frwrr d
ASTI-TH
AS8R.TT,

AGB8-TTa

ASB8-TTa
A633.T5

AL TS
A633.75
A633.75
AG33.75
\GHS T2
\o68-72

\668.T72

\6068.72
Aol T2

1ty Values, S, for Ferritic Steels and

Type
or
Grade

All
ANl

41w
11420m

AR
ARl
B
42
50
124
AB
\.B
A\l

Ch
©.h

TABLE 1 (Cont'd)

Copper Alloytlm&ulmnuwtmm&m

Min
Min Ultimate
Yield Tensile
Class Notes Strength, Strength,
kst ks
100 1 100 125
a | ton 15
iI23 o 1o
23 9) 1i%)
2 ion 120
2 1on 120
3 o 9
) i 05
I Hs LI
2 | 10 s
3 o 90
~ 2 O
30 65
2 140 150
12 2 63
i1 " 67
il S0 0
} =2 0w
3 S0 0
1 i (]
5 (0 80
N m} 2k
o 10
A 200
I 210 85 1o
\ 12,10 1o 135
N 1200 130 oo

Design Stress Intensity, ksi {multiply by 1000 to obtain psi)

1oozoo:mmsoonoasommm

for metal temperatures. F . not to exceed

T

41.7 417 N7 AT 07 a7 a7 47 -
A3 383 M3 379 376 371 - - -
36.7 T T T 367 367 w6 158 -
333 333 333 333 333 333 332 326 -
00 W00 300 wo - - - - -
100 100 Wwo 60 - =
NS NT AT ANT NS M 308 14 ~
M3 23 W3 283 M2 278 275 T2 -
50 50 350 316 314 339 o
M3 M3 M3 379 376 k il | - - -
00 306 00 297 295 29 - - -
200 200 200 200 200 200 200 200 -
217 27 7 27 217 217 s R(7 -~
500 495 480 470 470 170 1Ho 140 -
200210 210 210 200 210 210 210

23 23 223 333 123 223 223 2> -
233 233 233 333 2332333 233 233 -
200 210 210 2te 210 200 240 28 -
233 233 3% 23 .3 253 323 233 -
200 200 200 200 200 200 200 198 -
6.7 207 27T BT N2 26.7 267 203

333 333 333 333 333 233 333 133 -
30.5 T 36T WS T 7T 367 367 -
| S 30 4850 150 150 B0 50 5.0 -
333 3533 133 $33 333 333 533 333 -

-

(L-v¥91)
L-1L-N

(penupiuos) 35v>

FA00 TSI AN ASSU4 ONY BAHOH 91SY 40 S3SVD

™)

(8'9ze-£1€) s38ed 17 ‘7 LIATHXY
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TABLE 1 (Cont'd)
Design Stress Intensity Values, Sm. for Ferritic Steels and Copper Alloys for Class 1 Plate and Shell Type Component Supports

Min

Min Ultimate Design Stress Intensity, ksi (multiply by 1000 1o obtain pyi)

Type Yield Tensile for metal temperatures, F. not to exceed
Nominal P- Group Product Specifica- or Class Notes Strength, Strength, —_— —— e e
Composition No. No. Form tion No. Grade s ksi 100 200 300 400 S00 6CO 650 700 750 800
Coopper and Copper Alloys
Alum. Bronze - Bar SBAAS0 012 - 25 70 6T 143 133 132 - - - - e
801010 - - Casting SB.S84 937 - - 12 30 88 TH 6% 8BS - - [ -
Noles

1. The maximum tensile strength shall not excred the minimum specified tensile strength by more than 40.0 ksi. Where the Specification does not hmit hardnes . the
maximum surface hardness shail not excced the hardnress vaines corresponding to the inaximum tensile strength, as determined from the apphcable Tables in SA-

70,

2. Until rules for welding on this matenial are added, this matenal i- not for welded construcion
3. Upto 2% . inel.
4. Over 2% to $ .
5. These materiais are imited for use only for snubbers and constant support s
6. Max BIIN 215
7. Max BHN 225
8. The elongation and reduction of arca requirements tor this matenal mas be speetfied as 7% and 35 nunimuom. respeetively .
9. When welding o required. the allowable stress values of A319. 102011 <hall applv.
10, For cach forging 100 Ibs. net weight and less. the marking requirements of AG68-72 mayv be met by a smitable code or . mbol identificd by the Manufacturer in
his Certificate of Compliance. The hardness test requirement shall be pertormed only on the tensie test specimen
1. When welding is required. the allowable stress vabues of A1, 102611K <hali apply.
12, Over S5 to 8in
13 Over 0. 10 50
14 Plates up to 4incinetl. and all structural shapes
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EXHIBIT 2, 21 pages (313-326.8)

CASE (continued)

N-71-7
(1644-7)

L CODE

.
g

2 SSE

F

g

v

CASES OF ASME BOILER AND PRESSURE
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TABLE 2 (Cont'd)
Allowable Stress Values, S, for Ferritic Steels and Copper Alloys tor Classes 2, 3, and MC Plate and Shell Type Component Supports
Min
Min  Ulumate Allowable Stress, ksi (multiply by 1000 o obtain psi)
Type Yield Tensie for metal temperatures, F, not to exceed
Nominal P. Group Product Specifica- or Class Notes Strength, Strength, — . -
Composition  No. No. Form tion No. Grade . s kst 100 200 300 400 S00 600 650 700 750 800
Copper and Copper Alloys
Alvm. Bronze - Rar SB150 612 - 2% 0 16,7 130 155 N - - - - -
S0.10.10 - Castig SBong 937 - 12 a0 205 TH 66 64 - - - - -
Notes
Lo The maximum tensile strength shall not exceed the minimum specified tensile strength by more than 40 .0 ksi. Where the Speaification does not himit hardness, the
maximum surface hardness shall not exceed the hardness values « arresponding to the maximum tensile strength, as detenmined from the apphicable Tables in SA-
iv0
2. Until vules for welding on this wotenial are added. th malenial is not for welded construction
3 Upto2%m incl,
4 Over 2% m to bin
5. These matenals are limated for use onls tor snubibiers and constant supports
6. Max BHN 215
T Max BIIN 225
B The clongation and reduction of arca requirene nts for this material mas be specitied as 17% and 35% minhoum. respectinely
9. When welding s required. the allowable stress values of A5 TOUTO20HR shall appls .
1L For each forgmg 100 s, net werght and less. the marking reqairements of AGGE-T2 may be met by a suitable code or mbol identitied by the Vlanufacturer n
his Certificate of Complianee. The hardness tes1 requiremient <hall be pertormed only on the tensile test specimen,
FLo When welding is required. the allowable <tress salues of ASTO T026HE <hall apphy
12 Over Sin. to 8.
1L Over din. to Sm.
14 Plates up to 4 in. el and all stroctural ~hapes

-
—
g
"

3

A0 TASSE A DISEA0 ANV HEHO0Y FUS Y 40 S3SVD)

>
e
G

o
>
©
m

—
"
o
3
=
3
c
®
a

N

(8°9z¢-£1€) s98ed 17 ‘T l14THXI

S ————— . "
- ——— - g



EXHIBIT 2, 21 pages (313-326.8)
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CASE (conﬂnuod)

N-71-7
(1644-7)

1. CODE

VESSE

BOILER AND PRESSURE

ASES OF ASME
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CASE (continued)

N-71-7

L. CODE

JRAND PRESSURE VESSE

CASES OF ASME BOILF

(1644-7)
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TABLE 3 (Cont’d)
Copper Alloys for Classes 1.2,J.~MCLM1mCOMWM

£ Min unm- Yield Strength, ksi (multiply by 1000 te obtain psi)
Nominal P. Group Product Soacifica- o Class  Notes &:':m. sm s e — .
Composition  No. No, Form tion No Grade ki ke 100 200 300 400 500 600 650 700 750 800
Forping A471.70 - 2 12 85 105 850 80.1 775 758 746 733 722 T2 L _
Forming A471.70 - 3 12 95 110 950 895 866 847 834 819 807 796 .
INiCr-Mo-V - - Forging A4T1.T0 4 12 105 120 1050 990 958 937 921 906 892 880 -
Forging A471-70 . 5 12 115 130 1150 103.4 1049 1026 1009 992 977 064 -
Forging A171.70 & o 12 125 140 1250 1178 1140 1115 1097 1078 1062 1088 . — %
Forging A471.70 7 12 135 150 135.0 1271 1230 120.3 118.3 1162 1148 1131 - -
INiCr-Mo.V — = Forging A$T1-70 - i 1.2 145 160 145.0 1366 132.2 129.3 1271 1249 1232 1218 . -
Forging A171.70 9 12 135 170 155.0 1460 1412 138.1 1360 1335 1318 1300 _ 0
2%Cr-1 Mo - ST | Casling A487.76 - o - 85 105 850 75 760 745 732 TIT 09 o0 - R
Ni-Cr-Mo - - Casting AB7.T6 10O | 100 125 1000 970 932 8380 835 830 #8310 830 _ -
Ni-CrMo Sr, Forging A508.76 2 44 ] 100 115 1000 932 912 892 877 861 - & =
Plate A514.75 All 123 100 110 1000 955 925 898 876 855 843 830 . -
Plate A514-75 Al - 128 90 100 900 860 833 808 788 TT0 T390 T4 -
AlSI 4140, - = JTube A319-76 11400
4142 - - {Tubr A319.76 auzc'\\} . " 120 1000 935 %2 e78 - . ) E = g
2% Cr 1 Mo | Plate A342.77 3 3 5 9B TS0 T20 T03 B9 677 664 636 618 o
2% Cr-1 Ma $ 2 Plate A542.77 - 1 i 85 600 576 362 3501 340 331 3235 A
Ni-Cr-Mo - Plate A543.77 AR | A 105 30 BO0 TTS T5R Ti5 o e
Ni-Cr-Mo 5 i Plate AS43.77 Al 2 ] 100 H5 1000 942 012 g2 8-> g6 1. . -
Plate A543:77 W 3 0 W THO 639 638 624 614 603 395 38T -
- - Plate. Bar.
Shapes \ST2.77a 12 - 42 60 420 00 383 68 12 15 2T N8 - -
o Plate. Rar.
Shapes A572-7Ta 50 £ 50 65 500 375 456 438 NA 399 389 379 _ &
Ni-Cr-Mo-V i | Forpmng A579.76 124 12 130 150 140.0 138.6 1340 1205 127.7 126.3 1235 1176 _ -
Plate. Bar  A388.77, AR 4 13 12 63 420 00 383 368 352 335 327 M8 - .
Mn-Cr-Cu-V o Plate. Bar  A388.77a B = 14 16 07 460 438 419 103 386 367 158 345 - =
Mo-NiCr-Cu-V - Mate, Bar,
Shapes A388.7Ta AB % 15 50 0500 475 456 430 418 399 389 370 =
v Forgins 15392 AEF . 12 100 15 1000 955 925 898 896 855 843 830 =
- Forging N1.502 ALY - 1.2 90 105 900 860 833 808 788 70 =0 = |, S _
“”"t"" =i . R " " - ':’“ '-','} 500 154 917 380 316 339 336 333 -
NMn-\ . - Tube AnIB.TY " - a0 05
O =0T - S ‘} o . 12 63 420 382 350 39 291 M5 w2 og . _
AMn-V - - Plate \633.75 4

JA0D TASSAN WSS ANV WA 108 ANSV 40 S38VD
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Yield Strangth Values, S

TABLE 3 (Cont'd)
,.h-sumns.u..uummnmcu-1.2.:.-uuc;mvmcmm

Muh

Mn-Cr-Ni-Cu

Mn VN

AlSH 4140,
4310 8620

AlsL 4140,
43540

AlS| 1330,
130

AlSL 1310

High Lilloy Steels
Precipitation Hardened Steels

1I5Ce- AN 3
I5Ce7 1IN 3Cy
13Cr8N:2Mo

Stainless Steels
AISI 302 3014,

JosiT

gl g g 08 K

v 4
] ]

216

Yield

L3l

S0
0
ol
Ho
-
15
L
by &4
120
15
o
Hin
135
130

15
125

Tow

Ultimate
Tensile
Class Notes Strength, Strength,

L$Y

0

60

Ko
105
o0
125
15
He
145
140
135
170
165
160

AN
115

175

Yield Strength, ksi (mul

for

tiply by 1000 to obtain pei)
metal temperatures, F_ not 10 exceed

100

50.0
460
600
80.0
o
105.0
95.0
f5.0
1200
115.0
oo
1100
1350
1300

150
1250
1650

100 .0

54
118
545
748
70.1
9.1
885
95

121
1075
1029
1310
1261 1219

1215 1172

833

4.7
384
501
2.3
677
918
854
68

108 4
1038

9 3

1263

136.0 130.7
HTO 1126
1546 1485

)

5.0
15.6
703
658
922
83.0
T46

1052
e

9.6

1258
108.3
143.0

346
38
415
68.1
638
894
80.6
24

1021

98 0
Y36

1230 19
Has
1

150
HOT 057 w2s

139
N2
407
651
61.0
855
770
691
96
9356
805

A3.6
309
W3
63.1
590
829
746
6T n
916
90.0
868

4o 1o

1089 1.5

1207 1172 1152
1048 1010 995
138.1 1338 131.) 128.4
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57.0
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TABLE 3 (Cont'd)
Yield Strangth Values, Sy. for Ferritic Steels and Copper Alioys for Classes 1, 2, 3, and MC Linear Type Component Supports

Notes
1. The maximum tensile strength shall not exeeed the minimum specified 1ensile strength Ty more than 40.0 ksi. Where the Specification does not himit hardness, the
maximum surface hardness shall not exceed the hardness values corresponding (o the maximum tensile strength, as determined from the apphicahle Tabies in SA-370.
2. Unti rules for welding on this material are added, this material is not for welded construetion.
X Up to 2% in. incl.
4. Over2%to 4.
5. A564 Type XM-13 shall be modified so that age hardening treatment shall be 1050 F only.
6. These materials are limited for use only for snubbers and constant supports.
7. Max BHN 215.
8. Max BHN 225,
9. For each forging 100 Ibs net weight and less, the marking requirements of A668-72 may be met by a suitabie code or symbol dentified by the Manufaeturer in his
Certificate of Compliance. The hardness test requirement shall be performed only on the tenside test specimen.
10, The elongation and reduction of arca requirements for this material may be speaitied at 17% and 35% minimum, respeetively .
. When welding is required, the allowable steess values of A319. 1020HR <hall apph
12, When welding is requiced, the allowable stress values of A319, 1026HR shall apply.
13. Over 5 in. to & in.
1L Overdin.to 5 n
15. Plates up to 4 in. incl. and all structural shapes.
16.

This material may be used only in fully constrained applications, such as thread inserts, so tha, faillure of the wire would not affect the function of the component
support.
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TABLE 4 (Cont'd)
Yield Strength Values, S, for Boiting Materials for Classes 1, 2, 3, and MC Supports’
[ Min
Min  Ultimate Yield Strength ksi (multiply by 1000 to obtain psi)
Type . Yield  Tensile for metal temperatures, F, not to exceed
Nominal P. Group Specifica or Class Notes Strength, Strength,

Composition No. No tion No. Grade s ks 00 200 300 400 S00 600 650 700 750 800
AlSI 316 8 1 SA-194 B8\ - 10 . - - - ¢ = - | - - -
AlSI 321 8 1 SAI94 B8T - it - - - - - - - - & == - .
Notes o S PR T

L. All A307 bolts shall, in addition, meet both the chemical and mechanical requirements for SA-36 bar material. Welding is permitied.

2. No welding permitted.

3. AS64, Type \\-13, shall be modified <o that age hardening treatment <hall be 1050 F. only.

4. Mimimum Tempering Temperature shall be 830 F.

3. Allowable temsile, shearing and bending streswes for the bolt and threaded part materials of Table 4 shall not exceed the values given in paragraph (7) of this Case.

6. The maximum tensile strength shall not exceed the mutmum specibicd tensile strength by more than 100 ksi. Where the Specification does not himit hardness, the

maximum surface hardoess shall not exeeed the hardness values « orrespondinz to the maximum tensile strength, as determined by the applicabile Tables in SA-370.

7. No vield or tensile strength specified. Assume to be the same as A3ZS type | bolts for nut design caleulations.

4. 3 in. maximum diameter, cold drawn and tempered.

410 in. maximum diameter.
10 No yield strength or tensile strength speeified. Assume to be the same strength as <A-193 holting material of the equivalent erade for nut design calculations.
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