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BEFORE THE ARIZONA CORPORATI .. _ . coxsoonuis

SUSAN BITTER SMITH RECEWED
Chairman
BOB STUMP Arizona Corporation Commission W5 G tu P 02
Commissioner D N —
BOB BURNS JOCKETED COMMISSION
Commissioner e _ AZ CQRPT CONTROL
DOUG LITTLE Auli 142015 DOCKE .
Commissioner e e ‘
TOM FORESE DOGKETED BY f
Commissioner G RI G I N A L
IN THE MATTER OF COMMISSION PIPELINE DOCKET NO. G-20923A-15-0030
SAFETY SECTION STAFF’S COMPLAINT
AGAINST DESERT GAS, LP, FOR VIOLATIONS STAFF’S NOTICE OF FILING
OF COMMISSION RULES. LATE FILED EXHIBITS

During the evidentiary hearing held in the above captioned complaint, Staff was directed to
file as late-filed exhibits, copies of various standards incorporated by reference into the Arizona
Administrative Code, as well as a confirmation regarding the operating temperature for the process
piping involved in the methane compressor addition at DG’s Ehrenberg facility. Staff hereby
provides notice of filing the attached documents. Attachment A is a collection of screenshots of
operating temperatures for the suction lines at the facility that DG provided to Staff as well as a
chain of emails between Staff and a representative of DG explaining that the graphs show that the
suction lines operate at temperatures in a range of approximately 58 to 98 degrees Fahrenheit.
Attachment B is a photocopy of excerpted portions of the American Society of Mechanical
Engineers (“ASME”) Standard B31.3 (1996 Edition) sections 328.2.1 (a), 328.2.2 and 341.3.4.
Attachment C is a photocopy of National Fire Protection Association (“NFPA”) Code standard
59(A) (2001 Edition) Section 6.6.3.2. Attachment D is a copy of ASME Boiler Pressure Vessel
Code (1995 Edition) Section IX.
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The original and thirteen (13) copies
of the foregoing were filed this
14" day of August, 2015 with:

Docket Control

Arizona Corporation Commission
1200 West Washington-Street
Phoenix, Arizona 85007

Co‘gy of the foregoing mailed this
14" day of August, 2015 to:

Bret Bartholomey
Desert Gas, LP

1709 Utica Square — 240
Tulsa, OK 74114

Mr. Raymond Latchem, President
Desert Gas Services

1709 Utica Square — 240

Tulsa, OK 74114

Arizona Corporation Commission

Phoenix, AZ 85004

Jason D. Gellman
Snell & Wilmer, LLP
One Arizona Center

Phoenix, Arizona 85004
Attorney for Desert Gas, LP

0o (Ja D

Mr. Robert E. Marvin, Director, Safety Division

2200 North Central Avenue, Suite #300

400 East Van Buren Street, Suite 1900

DOCKET NO. G-20923A-15-0030

As was directed at the hearing, Staff is only provided the specified excerpted provisions.
Staff would note that the full ASME Standard B31.3 is voluminous (it is approximately 700
pages), and the NFPA Code standard 59(A) is approximately 60 pages. However, Staff is prepared
to make those available if it would be helpful to better understand the respective code provisions.

RESPECTFULLY SUBMITTED this 14™ day of August, 2015.

I ——

Charles H. Hains

Attorney, Legal Division

Arizona Corporation Commission
1200 West Washington Street
Phoenix, Arizona 85007

(602) 542-3402
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Charles Hains

From: Robert Miller

Sent: Friday, August 14, 2015 11:00 AM
To: Charles Hains

Subject: Fwd: MRC suction line temps

Here is a brief explanation of how to read the chart and confirmation from DGS.

Sent from my Verizon Wireless 4G LTE DROID

-------- Original Message --------
Subject: FW: MRC suction line temps
From: Scott Frye <SFrye@azcc.gov>
To: Robert Miller <RMiller@azcc.gov>
CC:

Let me know if you get this.

Thank you,

Bryan Frye

Arizona Corporation Commission
Senior Pipeline Safety Inspector

2200 North Central Avenue Suite 200
Phoenix, AZ 85004

(602) 262-5601

From: Bret Bartholomy [bret@spectruming.com]
Sent: Tuesday, August 11, 2015 1:36 PM

To: Scott Frye

Cc: Robert Miller

Subject: RE: MRC suction line temps

Yes, that is correct.

From: Scott Frye [mailto:SFrve@azcc.gov]
Sent: Tuesday, August 11, 2015 3:23 PM

To: Bret Bartholomy
Cc: Robert Miller
Subject: RE: MRC suction line temps

Bret,

In reviewing the charts it appears that the number in the upper right hand corner represents the temperature reflected on the line chart.
If that is the case, then the operational temperature of the line in question has an range of approximately 58 to 98 degrees Fahrenheit.
Would that be an accurate statement? '

Thank you,

Bryan Frye




Arizona Corporation Commission
Senior Pipeline Safety Inspector
2200 North Central Avenue Suite 300
Phoenix, AZ 85004

(602) 262-5601

From: Bret Bartholomy [bret@spectrumlng.com]
Sent: Monday, August 10, 2015 6:57 AM

To: Scott Frye

Subject: MRC suction line temps

Bryan,

These screen shots show the temperatures the MRC suction lines operate at. This is 2015 data since the computer doesn't archive
more than 6 months history.

The suction lines on MRC-6 you asked about were in continuous service from 7/28/14 to 9/17/14 when we removed them and
performed an additional 15 xrays.

Let me know if you need anything else,
Bret

cid:image001.png@01D0D34A.3B0D4370]
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The American Society of
\ ® Mechanical Engineers

AMERICAN NATIONAL S TANDARD

A N
ARCHIVAL SPECIFICATION
STANDARD MAY 71996
LINDA HALL
LIBRARY LINDA HALL LIBRARY

ASME CODE FOR PRESSURE PIPING, B31

ASIE B31.3-1998 Edition
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ASME R31.3-1996 Edition

327-328.2.2

CHAPTER V
FABRICATION, ASSEMBLY, AND ERECTION

327  GENERAL

Metallic piping materials, and components are pre-
pared for assembly and erection by one or more of the
fabrication processes covered in paras. 328, 330, 331,
332, and 333. When any of these processes is used in
assembly or erection, requirements are the same as for
fabrication.

328 WELDING

Welding shall conform to paras. 328.1 through 328.6
in accordance with applicable requirements of para.
312

328.1 Welding Responsibility

Each employer is responsible for the welding done by
the personnel of his organization and, except as pro-

'vided in paras. 328.2.2°'and 328.2.3, shall conduct the

tests required to qualify welding procedures, and to
qualify and as necessary requalify welders and welding
operators.

3282  Welding Qualifications

328.2.1 Qualification Reguirements

(a) Qualification of the welding procedures to be
used and of the performance of welders and welding
operators shall conform to the requirements of the BPV
Code, Section IX except as modified herein.

{b) Where the base metal will not withstand the 180
deg. guided bend required by Section IX, a qualifying
welded specimen is required to undergo the same de-
gree of bending as the base metal, within 5 deg.

(c) The requirements for preheating in para. 330 and
for heat treatment in para. 331, as well as such require-
ments in the engineering design, shall apply in qualify-
ing welding procedures.

(d) When impact testing is required by the Code or
the engineering design, those requirements shall be met
in qualifying welding procedures.

37

(e) If consumable inserts [Fig. 328.3.2 sketch (d), (¢),
(B), or (g)] or their integrally machinéd equivalents, or

backing rings, are used, their suitability shall be-

demonstrated by procedure qualification, except that a
procedure qualified without use of a backing ring is also
qualified for use with a backing ring in a single-welded
butt joint.

() To reduce the number of welding procedure qua-
lifications required, P-Numbers and Group Numbers
are assigned to groupings of metals generally based on
composition, weldability, and mechanical properties,
insofar as practicable. The P-Numbers for most metals
appear in a separate column in Table A-1.

328.2.2 Procedure Qualification by Others. Each
employer is responsible for qualifying any welding pro-
cedure that personnel of the organization will use. Sub-
ject to the specific .approval of the Inspector, welding
procedures qualified by others may be used, provided
that the following conditions are met.

(a) The Inspector shall be satisfied that:

(1) the proposed welding procedure specification
(WPS) has been prepared, qualified, and executed by a

responsible, recognized- organization with expertise-in-

the field of welding; and .
(2) the employer has not made any change in the
welding procedure.
(b) The base material P-Number is either 1, 3, 4 Gr.

No. 1 {1!4Cr max.), or 8; and impact testing is not

required.

(c) The base metals to be joined are of the same
P-Number, except that P-Nos. 1, 3, and 4 Gr. No. ]
may be welded to each other as permitted by Section
IX. :
(d) The material to be welded is not more than 19
mm (3 in.) in thickness. Postweld heat treatment shall
not be required.

(e) The design pressure does not exceed the ASME
B16.5 PN 30 (Class 300) rating for the material at
design temperature; and the design temperature is in
the range —29°C to 399°C (—20°F to 750°F), inclusive.
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328.2.2-328.4.2

() The welding process is SMAW or GTAW or a
combination thereof.

(g} Welding electrodes for the SMAW process are
selected from the following classifications.

AWS AS.1 AWS AS54 AWS A5.5
E6010 E308-15, -16 E7010-Al
E6011 E308L-15, -16 E7018-A1
E7015 E309-15, -16 E8016-B!
ET7016 E310-15, -16 E8018-B1
E7018 E-16-8-2-15, -16 E8015-B2L

E316-15, 16 EB016-B2
E316L-15, -16 E8018-B2
E347-15, -16 E8018-B2L

. (h) By signature, the employer accepts responsibility
for both the WPS and the procedure gualification re-
cord (PQR).

(i) The employer has at least one currently employed
welder or welding operator who, while in his employ,
has satisfactorily passed a performance qualification
test using the procedure and the P-Number material
specified in the WPS. The performance bend test re-
quired by Section IX, QW-302 shall be used for this
purpose. Qualification by radiography is not accept-
able.

328.2.3 Performance Qualification by Others. To
avoid duplication of effort, an employer may accept a
performance qualification made for another employer,
provided that the Inspector specifically approves. Ac-
ceptance is limited to qualification on piping using the
same or equivalent procedure wherein the essential var-
iables are within the limits in Section IX. The employer
shall obtain a copy from the previous employer of the

performance qualification test record, showing the

name of the employer, name of the welder or welding
operator, procedure identification, date of successful
qualification, and the date that the individual last used
the procedure on pressure piping.

328.2.4 Qualification Records. The employer shall
maintain a self-certified record, available to the owner
(and the owner’s agent) and the Inspector, of the proce-
dures used and the welders and welding operators em-
ployed, showing the date and results of procedure and
performance qualifications, and the identification sym-
bol assigned to each welder and welding operator.

328.3 Welding Materials

328.3.1 Filler Metal, Filler metal shall conform to
the requirements of Section IX. A filler metal not yet
incorporated in- Section IX may be used with the
owner’s approval if a procedure qualification test is first
successfully made.

58
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328.3.2 Weld Backing Material. When backing rings
are used, they shall conform to the following.

(a) Ferrous Metal Backing Rings. These shall be of
weldable quality. Sulfur content shall not exceed 0.05%.

(b) If two abutting surfaces are to be welded to a
third member used as a backing ring and one or two of
the three members are ferritic and the other member or
members are austenitic, the satisfactory use of such
materials shall be demonstrated by welding procedure
qualified as required by para. 328.2.

Backing rings may be of the continuous machined or
split-band type. Some commonly used types are shown
in Fig. 328.3.2.

{¢) Nonferrous and Nonmetallic Backing Rings.
Backing rings of nonferrous or nonmetallic material
may be used, provided the designer approves their use
and the welding procedure using them is qualified as
required by para. 328.2.

328.3.3 Consumable Inserts. Consumable inserts
may be used, provided they are of the same nominal
composition as the filler metal, will not cause detrimen-
tal alloying of the weld metal, and the welding proce-
dure using them is qualified as required by para. 328.2.
Some commonly used types are shown in Fig. 328.3.2.

3284 Preparation for Welding

328.4.1 Cleaning. Internal and external surfaces to
be thermally cut or welded shall be clean and free from

" paint, oil, rust, scale, and other material that would be

detrimental to either the weld or the base metal when
heat is applied.

328.4.2 End Preparation
(a) General . : : :

(1) End preparation is acceptable only if the sur-
face is reasonably smooth and true, and slag from oxy-
gen or arc cutting is cleaned from thermally cut sur-
faces. Discoloration remaining on a thermally cut
surface is not considered detrimental oxidation.

{2) End preparation for groove welds specified in
ASME B16.25, or any other which meets the WPS, is
acceptable. [For convenience, the basic bevel angles of
ASME B16.25 and some additional J-bevel angles are
shown in Fig. 328.4.2 sketches (a) and (b).]

(b) Circumferential Welds

{1) If component ends are trimmed as shown in
Fig. 328.3.2 sketch (2) or (b) to fit backing rings or
consumable inserts, or as shown in Fig. 328.4.3 sketch
(a) or (b) to correct internai misalignment, such trim-
ming shall not reduce the finished wall thickness below
the required minimum wall thickness ¢,,.
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341.3.1-3414.1

ship, shall be examined in accordance with the applica-
bie requirements of para. 341. The type and extent of
any additional examination required by the engineering
design, and the acceptance criteria to be applied, shall
be specified. Joints not included in examinations re-
quired by para. 341.4 or by the engineering design are
accepted if they pass the leak test required by para. 345.

(a) For P-Nos. 3, 4, and 5 materials, examination
shall be performed after completion of any heat treai-
ment.

(b) For a welded branch connection the examination
of and any necessary repairs to the pressure containing
weld shall be completed before any reinforcing pad or
saddle is added. ’

341.3.2 Acceptance Criteria. Acceptance criteria
shall be as stated in the engineering design and shall at
least meet the applicable requirements stated below, in
para. 344.6.2 for ultrasonic examination of welds, and
elsewhere in the Code.

(a) Table 341.3.2 states acceptance criteria (limits on
imperfections) for welds. See Fig. 341.3.2 for typical
weld imperfections.

- (b) Acceptance criteria for castings are specified in
para. 302.3.3.

341.3.3 Defective Components and Workmanship.
An examined item with one or more defects (imperfec-
tions of a type or magnitude exceeding the acceptance
criteria of this Code) shall be repaired or replaced; and
the new work shall be reexaminied by the same meth-
ods, to the same extent, and by the same acceptance
criteria as required for the original work.

341.3.4 Progressive Sampling for Examination,
When required spot or.random. examination reveals a
defect:

(a) two additional samples of the same kind (if
welded or bonded joints, by the same welder, bonder,
or operator) shall be given the same type of examina-.
tion; and

(b) if the items examined as required by (&) above are
acceptable, the defective item shall be repaired or re-
placed and reexamined as specified in para. 341.3.3,
and all items represented by these two additional sam-
ples shall be accepted; but

{c) if any of the items examined as required by (a)
above reveals a defect, two further samples of the same
kind shall be examined for each defective item found by
that sampling; and

(d}if all the items éxamined as required by (c) above
are acceptable, the defective item(s) shall be repaired or
replaced and reexamined as specified in para. 341.3.3,
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and all items represented by the additional sampling
shall be accepted; but
(e) if any of the items examined as required by (c)

above reveals a defect, all items represented by the
progressive sampling shall be either:

(1) repaired or replaced and reexamined as re-
quired; or

{2) fully examined and repaired or replaced as nec-
essary, and reexamined as necessary to meet the re-
quirements of this Code.

341.4 Extent of Reguired Examination

341.4.1 Examination Normally Reguired. Piping in
Normal Fluid Service shall be examined to the extent
specified herein or to any greater extent specified in the
engineering design. Acceptance criteria are as stated in
para. 341.3.2 and in Table 341.3.2, for Normal Fluid
Service unless otherwise specified.

(a) Visual Examination. At least the following shall
be examined in accordance with para. 344.2:

(1) sufficient materials and components, selected
at random, to satisfy the examiner that they conform
to specifications and are free from defects;

(2) at least 5% of fabrication. For welds, each
welder’s and welding operator’s work shall be repre-
sented.

(3) 100% of fabrication for longitudinal welds, ex-
cept those in components made in accordance with a
listed specification. See para. 341.5.1(a) for examina-
tion of longitudinal welds required to have a joint fac-
tor E; of 0.90. ‘ ‘

"(4) random examination of the assembly of
threaded, bolted, and other joints to satisfy the exam-
iner that they conform to the applicable requirements
of-para. 335 When pneuratic testing is to be per-
formed, all threaded, bolted, and other mechanical
joints shall be examined.

{3) random examination during erection of piping,
including checking of alignment, supports, and cold
spring;

{6} examination of erected piping for evidence of
defects that would require repair or replacement, and
for other evident deviations from the intent of the de-
sign.

(b) Other Examination

{1) Not less than 5% of circumferential butt and
miter groove welds shall be examined fully by random
radiography in accordance with para. 344.5 or by ran-
dom ultrasonic examination in accordance with para.
344.6. The welds to be examined shall be selected to

ensure that the work product of each welder or welding
operator doing the production welding is included.
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\
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This document is copyrighted by the National Fire Protection Association (NFPA), 1 Batterymarch Park, Quincy, MA 02269-8101 USA.
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NFPA grants you a license as follows: The right to download an electronic file of this NFPA document for temporary storage on one computer
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59A~22 PRODUCTION, STORAGE, AND HANDLING OF LIQUEFIED NATURAL GAS (LNG)

6.4 Pipe Supports.

6.4.1 Pipe supports, including any insulation systems used to
support pipe whose stability is essential to plant safety, shall be
resistant to or protected against fire exposure, escaping cold
liquid, or both, if they are subject to such exposure.

.6.4.2 Pipe supports for cold lines shall be designed to prevent
excessive heat transfer, which can result in piping restraints
caused by ice formations or embrittlement of supporting steel.
The design of supporting elements shall conform to ASME B 31.3,
Process Piping, Section 321.

6.5* Piping Identification. Piping shall be identified by
colorcoding, painting, or labeling. Any existing company
color code scheme for the identification of piping systems
shall be permitted to be used.

6.6 Inspection and Testing of Piping.

6.6.1 Pressure Testing. Pressure tests shall be conducted in
accordance with ASME B 31.3, Process Piping, Section 345. To
avoid possible brittle failure, carbon and low-alloy steel piping
shall be pressure tested at metal temperatures suitably above
their nil ductility transition temperature.

6.6.2 Record Keeping. Records of pressure, test medium
temperature, and ambient temperature shall be maintained
for the duration of each test, and these records shall be main-
tained for the life of the facility or until such time as a retest is
conducted.

- 6.6.3 Welded Pipe Tests.

6.6.3.1 Longitudinal or spiral welded pipe that is subjected to
service temperatures below ~20°F (~29°C) shall have a design
pressure of less than 2/5 of the mill proof test pressure or sub-
sequent shop or field hydrostatic test pressure.

Exception: Pipe that has been subjected to 100 percent radiographic or
ultrasonic inspection of the longitudinal or spiral weld.

6.6.3.2 All circumferential butt welds shall be examined fully
by radiographic or ultrasonic inspection.

Exception No. 1: Liquid drain and vapor vent piping with an operat-
ing pressure that produces a hoop stress of less than 20 percent specified
minimum yield stress shall not be required to be nondestructively tested if
it has been inspected visually in accordance with ASME B 31,3, Process
Piping, Section 344.2.
Exception. No. 2: Pressure piping operating above —20°F (-29°C)
. shall have 30 percent of each day’s circumferentially welded pipe joints
nondestructively tested over the entire circumference in accordance
with ASME B 31.3.

6.6.3.3 All socket welds and fillet welds shall be examined
- fully by liquid penetrant or magnetic particle inspection.

6.6.3.4 Allfully penetrated groove welds for branch connections
(as required by ASME B 31.3, Process Piping, Section 328.5.4)
shall be examined fully by in-process examination in accordance
with ASME B 31.3, Section 344.7, as well as by liquid penetrant
or magnetic particle techniques after the final pass of the weld.
Exception: If specified in the engineering design or specifically autho-
rized by the inspector, examination by radiographic or ultrasonic tech-
niques shall be permitted to be substituted for the examinations
required by 6.6.3.4.

6.6.4 Inspection Criteria. Nondestructive examination meth-
ods, limitations on defects, the qualifications of the authorized
inspector, and the personnel performing the examination

2001 Edition

shall meet the requirements of ASME B 31.3, Process Piping,
Sections 340 and 344.

Exception: Substitution of in-process examination for radiography or
ultrasonics as permitted in ASME B 31.3, Paragraph 341.4.1, shall
be prohibited.

6.6.5 Record Retention. Test records and written procedures
required when conducting nondestructive examinations shall
be maintained for the life of the piping system or until such
time as a reexamination is conducted.

Records and certifications pertaining to materials, compo-
nents, and heat treatment as required by ASME B 31.3, Process Pip-
ing, subparagraphs 341.4.1(c) and 341.4.3(d) and Section 346,
shall be maintained for the life of the system.

6.7 Purging of Piping Systems.
6.7.1* Systems shall be purged of air or gas in a safe manner.

6.7.2 Blow-down and purge connections shall be provided to
facilitate purging of all process and flammable gas piping.

6.8 Safety and Relief Valves.

6.8.1 Pressure-relieving safety devices shall be arranged so
that the possibility of damage to piping or appurtenances is
reduced to a minimum. The means for adjusting relief valve
set pressure shall be sealed.

6.8.2 A thermal expansion relief valve shall be installed as
required to prevent overpressure in any section of a liquid or
cold vapor pipeline that can be isolated by valves.

" 6.8.2.1 A thermal expansion relief valve shall be set to dis-

charge at or below the design pressure of the line it protects.

6.8.2.2 Discharge from such valves shall be directed to mini-
mize hazard to personnel and other equipment.

6.9 Corrosion Control.

6.9.1* Underground and submerged piping shall be pro-
tected and maintained in accordance with the principles of
NACE RP 0169, Control of External Corrosion of Underground or
Submerged Metallic Piping Systems.

6.9.2 Austenitic stainless steels and aluminum alloys shall be
protected to minimize corrosion and pitting from corrosive
atmospheric and industrial substances during storage, con-
struction, fabrication, testing, and service. Tapes or other
packaging materials that are corrosive to the pipe or piping
components shall not be used. Where insulation materials can
cause corrosion of aluminum or stainless steels, inhibitors or
waterproof barriers shall be utilized.

Chapter 7 Instrumentation and Electrical Services

7.1 Liquid Level Gauging.
7.1.1 LNG Containers.

7.1.1.1 LNG containers shall be equipped with two indepen-
dent liquid leve] gauging devices. Density variations shall be
considered in the selection of the gauging devices. These
gauges shall be designed and installed so that it is possible to
replace them without taking the tank out of operation.

7.1.1.2 The container shall be provided with two high-liquid-
level alarms, which shall be permitted to be part of the liquid
level gauging devices. They shall be independent of each
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PART QW WELDING

ARTICLE I
WELDING GENERAL REQUIREMENTS

QW-100 GENERAL

Section IX of the ASME Boiler and Pressure Vessel
Code relates to the qualification of welders, welding
operators, brazers. and brazing operators, and the proce-
dures that they employ in welding and brazing according
to the ASME Boiler and Pressure Vessel Code and
the ASME B3! Code for Pressure Piping. It is divided
into two parts: Part QW gives requirements for welding
and Part QB contains requirements for brazing.

QW-100.1 The purpose of the Welding Procedure
Specification (WPS) ind Procedure Qualification Record
POR) is to detemmgne that the weldment proposed

for construction is capable of providing the required

properties for its intended application. It is presupposed
that the welder or welding operator performing the
welding procedure qualification test is a skilled work-
man. That is. the welding procedure qualification test
establishes the properties of the weldment, not the skill
of the welder or welding operator. In addition to this
general requirement. special considerations for notch
toughness are required by other Sections of the Code.
Briefly, a WPS lists the variables, both essential and
nonessential, and the acceptable ranges of these variables
when using the WPS. The WPS is intended to provide
direction for the welder/welding operator. The PQR
lists what was used in qualifying the WPS and the
test results.

QW-100.2 In performance qualification, the basic
criterion established for welder qualification is to deter-
mine the welder’s ability to deposit sound weld metal.
The purpose of the performance qualification test for the
welding operator is to determine the welding operator’s
mechanical ability to operate the welding equipment.

QW-100.3 Welding Procedure Specifications (WPS)
written and qualified in accordance with the rules of
this Section, and welders and welding operators of
automatic and machine welding equipment also qualified
in accordance with these rules may be used in any
construction buiit to the requirements of the ASME
Boiler and Pressure Vessel Code or the ASME B3
Code for Pressure Piping. ‘ :

However, other Sections of the Code state the condi-
tions under which Section IX requirements are manda-
tory. in whole or in part, and give additional require-
ments. The reader is advised to take these provisions
into consideration when using this Section.

Welding Procedure Specifications. Procedure Quali-
fication Records. and Welder/Welding Operator Per-
formance Qualification made in accordance with the
requirements of the 1962 Edition or any later Edition
of Section [X may be used in any construction built
to the ASME Boiler and Pressure Vessel Code or the
ASME B31 Code for Pressure Piping.

Welding Procedure Specifications. Procedure Quali-
fication Records. and Welder/Welding Operator Per-
formance Qualification made in accordance with the
requirements of the Editions of Section IX prior to
1962, in which all of the requirements of the 1962
Edition or later Editions are met. may also be used.

Welding Procedure Specifications and Welder/Weld-
ing Operator Performance Qualification records meeting
the above requirements do not need to be amended 10 in-
clude any vanables required by later Editions and Ad-
denda.

Qualification of new Welding Procedure Specifica-
tions or Welders/Welding Operators and requalification
of existing Welding Procedure Specifications or
Welders/Welding Operators shall be in accordance with
the current Edition (see Foreword) and Addenda of Sec-
tion IX. L nmio. o .
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QW-101

QW-101  Scope

The rules in this Section apply to the preparation
of Welding Procedure Specifications and the qualifica-
tion of welding procedures, welders, and welding opera-
tors for all types of manual and machine welding
processes permitted in this Section. These rules may
also be applied. insofar as they are applicable, to other
manual or machine welding processes permitted in other
Sections.

QW-102  Terms and Definitions

Some of the more common terms relating to welding
are defined in QW-492. These are in substantial
agreement with the definitions of the American Welding
Society given in its document, A3.0-80, Terms and
Definitions.

Wherever the word pipe is designated, tube shall
also be applicable.

QW-103  Responsibility

" QW-103.1 Welding. Each manufacturer' or contrac-
tor' is responsible for the welding done by his organiza-
tion and shall conduct the tests required in this Section
to qualify the welding procedures he uses in the con-
struction of the weldments built under this Code. and
the performance of welders and welding operators who
apply these procedures.

QW-103.2 Records. Each manufacturer or contractor
shall maintain a record of the results obtained in welding
procedure and welder and welding operator performance
qualifications. These records shall be cenified by the
manufacturer or contractor and shall be accessible to
the Authorized Inspector. Refer to recommended Forms
in Nonmandatory Appendix A.

QW-110 WELD ORIENTATION

The orientations of welds are illustrated in QW-
461.1 or QW-461.2.

QW-120 TEST POSITIONS FOR GROOVE

WELDS

Groove welds may be made in test coupons onented
in any of the positions in QW-461.3 or QW-461.4 and
as described in the following paragraphs, except that

"Wherever these words are used in Section IX, they shall include
installer or assembler.
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Qw.123.1

an angular deviation of =15 deg. from the specified
horizontal and vertical planes, and an angular deviation
of =5 deg. from the specified inclined plane are permit-
ted during welding.

QW-121  Plate Positions

QW-121.1 Flat Position 1G. Plate in a horizontal
plane with the weld metal deposited from above. Refer
to QW-461.3(a).

QW-121.2 Horizontal Position 2G. Plate in a vertical
plane with the axis of the weld horizontal. Refer to
QW-461.3(b).

QW-121.3 Vertical Position 3G. Plate in a vertical
plane with the axis of the weld vertical. Refer to QW-
461.3(c).

QW-121.4 Overhead Position 4G. Plate in a hon-
zontal plane with the weld metal deposited from under-
neath. Refer to QW-461.3(d).

QW-122  Pipe Positions

QW-122.1 Flat Position 1G. Pipe with its axis
horizontal and rolled during welding so that the weld
metal is deposited from above. Refer to QW-461.4(a).

QW-122.2 Horizontal Position 2G. Pipe with its
axis vertical and the axis of the weld in a honzontal
plane. Pipe shall not be rotated during welding. Refer
to QW-461.4(b).

QW-.122.3 Multiple Position 5G. Pipe with its axis
horizontal and with the welding groove in a vertical
plane. Welding shall be done without rotating the pipe.
Refer to QW-461.4(c).

QW-122.4 Multiple Position 6G. Pipe with its axis
inclined at 45 deg. to horizontal. Welding shall be
done without rotating the pipe. Refer to QW-461.4(d).

QW-123  Test Positions for Stud Welds

QW-123.1 Stud Welding. Stud welds may be made
in test coupons oriented in any of the positions as

-described in QW-121 for plate and QW-122 for. pipe

(excluding QW-122.1). In all cases, the stud shall be
perpendicular to the surface of the plate or pipe. See
QW-461.7 and QW-461.8.
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QW-130

TEST POSITIONS FOR FILLET
WELDS

Fillet welds may be made in test coupons oriented
in any of the positions of QW-461.5 or QW-461.6,
and as described in the following paragraphs, except
that an angular deviation of =15 deg. from the specified
horizontal and vertical planes is permitted during
welding.

QW-130

QW-131  Plate Positions

QW-131.1 Flat Position 1F. Plates so placed that
the weld is deposited with its axis horizontal and its
throat vertical. Refer t0o QW-461.5(a).

QW-131.2 Horizontal Position 2F. Plates so placed
that the weld is deposited with ‘its axis horizontal on
the upper side of the horizontal surface and against
the vertical surface. Refer 10 QW-461.5(b).

QW-131.3 Vertical Position 3F. Plates so placed
that the weld is deposited with its axis vertical. Refer
to QW-461.5(c).

QW-131.4 Overhead Position 4F. Plates so placed
that the weld is deposited with its axis horizontal on
the underside of the horizontal surface and against the
vertical surface. Refer to QW-461.5(d).

QW-132

QW-132.1 Flat Position 1F. Pipe with its axis
inclined at 45 deg. to horizontal and rotated during
welding so that the weld metal is deposited from above
and at the point of deposition the axis of the weld is
horizontal and the throat vertical. Refer to QW-461.6(a).

QW-132.2 Horizontal Pesitions 2F and 2FR

{a) Position 2F. Pipe with its axis vertical so that
the weld is deposited on the upper side of the horizontal
surface and -against the vertical surface. The axis of
the weld will be horizontal and the pipe is not to be
rotated during welding. Refer to QW-461.6(b).

(b) Position 2FR. Pipe with its axis horizontal and
the axis of the deposited weld in the vertical plane.
The pipe is rotated during welding. Refer to QW-
461.6(c).

QW-132.3 Overhead Position 4F. Pipe with its axis
vertical so that the weld is deposited on the underside
of the horizontal surface and against the vertical surface.
The axis of the weld will be horizontal and the pipe
is_not to be rotated during welding. Refer to QW-
461.6(d). el T

Pipe Positions

QwW-144

QW-132.4 Mulitiple Position SF. Pipe with its axis
horizontal and the axis of the deposited weld in the
vertical plane. The pipe is not to be rotated during
welding. Refer to QW-461.6(c).

QW-140 TYPES AND PURPOSES OF TESTS
AND EXAMINATIONS
QW-141  Mechanical Tests

Mechanical tests used in procedure or performance
qualification are as follows.

QW-141.1 Tension Tests. Tension tests as described
in QW-150 are used to determine the ultimate strength
of groove-weld joints.

QW-141.2 Guided-Bend Tests. Guided-bend tests
as described in QW-160 are used to determine the
degree of soundness and ductility of groove-weld joints.

QW-141.3 Fillet-Weld Tests. Tests as described in
QW-180 are used to determine the size, contour, and
degree of soundness of fillet welds.

QW-141.4 Notch-Toughness Tests. Tests as de-
scribed in QW-171 and QW-172 are used to determine

the notch toughness of the weldment.

QW-141.5 Stud-Weld Test. Deflection bend, ham-
mering, torque, or tension tests as shown in QW-466.4,
QW-466.5, and QW-466.6, and a macro-examination
performed in accordance with QW-202.5, respectively,
are used to determine acceptability of stud welds.

QW-142

Radiographic examination may be substituted for
mechanical testing of QW-141 for groove-weld perform-
ance qualification as permitted in QW-304 to prove
the ability of welders to make sound welds.

Special Examinations for Welders

QW-143

An examination of a weld by radiography may be
substituted for mechanical testing of QW-141 for groove
weld performance qualification as permitted in QW-
305 to prove the ability of welding operators to make
sound welds.

Examination for Welding Operators

QW-144

Visual examination as described in QW-190 is used
to determine that the final weld surfaces meet specified
quality conditions. ... . -

Visual Examination




QW-150

QW-150 TENSION TESTS

QW-151  Specimens

Tension test specimens shall conform to one of
the types illustrated in QW-462.1 and shall meet the
requirements of QW-153.

QW-151.1 Reduced Section — Plate. Reduced-
section specimens conforming to the requirements given
in QW-462.1(a) may be used for tension tests on all
thicknesses of plate.

(a) For thicknesses up to and including 1 in., a full
thickness specimen shall be used for each required
tension test.

(b) For plate thickness greater than 1 in., full thick-
ness specimens or multiple specimens may be used,
provided QW-151.1(c) and QW-151.1(d) are complied
with. '

{c) When multiple specimens are used, in lieu of

full thickness specimens, each set shall represent a single
tension test of the full plate thickness. Collectively, all
of the specimens required to represent the full thickness
of the weld at one location shall comprise a set.

(d) When multiple specimens are necessary, the entire
thickness shall be mechanically cut into a minimum
number of approximately equal strips of a size that
can be tested in the available equipment. Each specimen
of the set shall be tested and meet the requirements
of QW-153.

QW-151.2 Reduced Section — Pipe. Reduced-sec-
tion specimens conforming to the requirements given
in QW-462.1(b) may be used for tension tests on all
thicknesses of pipe having an outside diameter greater
than 3 in.

(a) For thicknesses up to and including 1 in. a full
thickness specimen shall be used for each required
tension test.

(b} For pipe thicknesses greater than 1 in., full
thickness specimens or multiple specimens may be
used, provided QW-151.2(c) and QW-151.2(d) are com-
plied with.

(c) When multiple specimens are used, in lieu of
full thickness specimens, each set shall represent a
single tension test of the full pipe thickness. Coliectively,
all of the specimens required to represent the full
thickness of the weld at one location shall comprise
a set.

{d) When multiple specimens are necessary, the entire
thickness shall be mechanically cut into a minimum
number of approximately equal strips of a size that
can be tested in the available equipment. Each specimen
of the set shall be tested and meet the requirements
of QW-153.

3-10

1995 SECTION IX

N

QW.153.1

For pipe having an outside diameter of 3 in. or less,
reduced-section specimens conforming to the require-
ments given in QW-462.1(c) may be used for tension
tests.

QW-1513 Turned Specimens. Tumed specimens
conforming to the requirements given in QW-462.1(d)
may be used for tension tests.

(a) For thicknesses up to and including 1 in., a
single turned specimen may be used for each required
tension test, which shall be a specimen of the largest
diameter D of QW-462.1(d) possible for test coupon
thickness {per Note (a) of QW-462.1(d)}.

(b) For thicknesses over 1 in., multiple specimens
shall be cut through the full thickness of the weld with
their centers parallel to the metal surface and not over
1 in. apart. The centers of the specimens adjacent to
the metal surfaces shall not exceed % in. from the
surface.

(c) When muitipie specimens are used, each set shall
represent a single required tension test. Collectively,
all the specimens required to represent the full thickness
of the weld at one location shall comprise a set.

(d) Each specimen of the set shall be tested and
meet the requirements of QW-153.

QW-151.4 Full-Section Specimens for Pipe. Ten-
sion specimens conforming to the dimensions given in
QW-462.1(¢) may be used for testing pipe with an
outside diameter of 3 in. or less.

QW-152  Tension Test Procedure

The tension test specimen shall be ruptured under
tensile load. The tensile strength shall be computed by
dividing the ultimate total load by the least cross-
sectional area of the specimen as caiculated from actual
measurements made before the load is applied.

QW-153  Acceptance Criteria — Tension Tests

QW-153.1 Tensile Strength. In order to pass the
tension test, the specimen shall have a tensile strength
that is not less than:

(a) the minimum specified tensile strength of the
base metal; or

(b) the minimum specified tensile strength of the
weaker of the two, if base metals of different minimum
tensile strengths are used: or

(c) the minimum specified tensile strength of the
weld metal when the applicable Section provides for
the use of weld metal' having lower room temperature
strength than the base metal;




QW-153.1

(d) if the specimen breaks in the base metal outside
of the weld or fusion line, the test shall be accepted
as meeting the requirements, provided the strength is
not more than 5% below the minimum specified tensile
strength of the base metal.

QW-160 GUIDED-BEND TESTS

QW-161  Specimens

Guided-bend test specimens shalf be prepared by
cutting the test plate or pipe to form specimens of
approximately rectangular cross section. The cut sur-
faces shall be designated the sides of the specimen.
The other two surfaces shall be called the face and
root surfaces, the face surface having the greater width
of weld. The specimen thickness and bend radius are
shown in QW-466.1, QW-466.2, and QW-466.3.
Guided-bend specimens are of five types, depending
on whether the axis of the weld is transverse or parallel
1o the longitudinal axis of the specimen, and which
surface (side, face, or-root) is on the convex (outer)
side of bent specimen. The five types are defined as
follows.

QW-161.1 Transverse Side Bend. The weld is
transverse to the longitudinal axis of the specimen.
which is bent so that one of the side surfaces becomes
the convex surface of the bent specimen. Transverse
side-bend test specimens shall conform to the dimen-
sions shown in QW-462.2.

Specimens of base metal thickness over 1% in. may
be cut into approximately equal strips between ¥ in.
and 1' in. wide for testing. or the specimens may be
bent at full width (see requirements on jig width in
QW-466). If multiple specimens are used, one complete
set shall be made for each required test. Each specimen
shall be tested and meet the requirements in QW-163.

QW-161.2 Transverse Face Bend. The weld is
transverse 1o the longitudinal axis of the specimen,
which is bent so that the face surface becomes the
convex surface of the bent specimen. Transverse face-
bend test specimens shall conform to the dimensions
shown in QW-462.3(a). For subsize transverse face
bends, see QW-161.4.

QW-161.3 Transverse Root Bend. The weld is
transverse to the longitudinal axis of the specimen,
which is bent so that the root surface becomes the
convex surface of the bent specimen. Transverse root-
bend test specimens shall conform to the dimensions
shown in QW-462.3(a). For -subsize transverse root
bends, see QW-161.4,

-
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QW-161.4 Subsize Transverse Face and Root
Bends. See Note (2) of QW-462.3(a).

QW-161.5 Longitudinal-Bend Tests. Longitudinal-
bend tests may be used in lieu of the wansverse side-,
face-, and root-bend tests for testing weld metal or
base metal combinations which differ markedly in
bending properties between

(a) the two base metals; or

(b) the weld metal and the base metal.

QW-161.6 Longitudinal Face Bend. The weld is
parallel to the longitudinal axis of the specimen, which
is bent so that the face surface becomes the convex
surface of the bent specimen. Longitudinal face-bend
test specimens shall conform to the dimensions shown
in QW-462.3(b).

QW-161.7 Longitudinal Root Bend. The weld is
parallel to the longitudinal axis of the specimen, which
is bent so that the root surface becomes the convex
side of the bent specimen. Longitudinal root-bend test
specimens shall conform to the dimensions shown in
QW-362.3(b).

QW-162  Guided-Bend Test Procedure

QW-162.1 Jigs. Guided-bend specimens shall be
bent in test jigs that are in substantial accordance with
QW-466. When using the jigs illustrated in QW-466.1
or QW-466.2, the side of the specimen turned toward
the gap of the jig shall be the face for face-bend
specimens. the root for root-bend specimens, and the
side with the greater defects, if any, for side-bend
specimens. The specimen shall be forced into the die
by applying load on the plunger until the curvature of
the specimen is such that a % in. diameter wire cannot
be inserted between the specimen and the die of QW-
466.1. or the specimen is bottom ejected if the roller
type of jig (QW-466.2) is used.

When using the wrap around jig (QW-466.3), the
side of the specimen tumed toward the roller shall be
the face for face-bend specimens, the root for root-
bend specimens, and the side with the greater defects,
if any, for side-bend specimens.

When specimens wider than 1'; in. are to be bent
as permitted in QW-3462.2, the test jig mandrel must
be at least ', in. wider than the specimen width.

QW-163  Acceptance Criteria — Bend Tests

The weld and heat affected zone of a transverse
weld-bend specimen shall be completely within the
bent portion of the specimen after testing.
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The guided-bend specimens shall have no open de-
fects in the weld or heat affected zone exceeding 4
in., measured in any direction on the convex surface
of the specimen after bending. Open defects occurming
on the comers of the specimen during testing shall not
be considered unless there is definite evidence that they
result from lack of fusion, slag inclusions, or other
internal defects. For corrosion-resistant weld overlay
cladding. no open defect exceeding ), in., measured
in any direction, shall be permitted in the cladding,
and no open defects exceeding 4 in. shall be permitted
in the bond line.

NOTCH-TOUGHNESS TESTS

Notch-Toughness Tests — Charpy
V-Notch

QW-171.1 General. Charpy V-notch impact tests
shall be made when required by other Sections.

Test procedures and apparatus shall conform to the
requirements of SA-37C.

QW-170
QW-171

QW-171.2 Acceptance. The acceptance criteria shall
be in accordance with that Section specifying impact
requirements.

QW-171.3 Location and Orientation of Test Speci-
men. The impact test specimen and notch location and
orientation shall be as given in the Section requiring
such- tests.

When qualifying pipe in the 5G or 6G position, the
notch-toughness specimens shall be removed from the
shaded portion of QW-463.1(f).

QW-172  Notch-Toughness Tests — Drop

Weight

QW-172.1 General. Drop weight tests shall be made
when required by other Sections.

Test procedures and apparatus shall conform to the
requirements of ASTM Specification E 208.

QW-172.2 Acceptance. The acceptance criteria shall
be in accordance with that Section requiring drop weight
tests.

QW-172.3 Location and Orientation of Test Speci-
men. The drop weight test specimen, the crack starter
location, and the orientation shall be as given in the
Section requiring such tests. ,

When qualifying pipe in the 5G or 6G position. the
notch-toughness specimens shall be removed from the
shaded portion of QW-463.1(f).
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FILLET-WELD TESTS

Procedure and Performance
Qualification Specimens

QW-180
QW-181

QW-181.1 Procedure. The dimensions and prepara-
tion of the fillet-weld test coupon for procedure qualifi-
cation as required in QW-202 shall conform to the
requirements in QW-462.4(a) or QW-462.4(d). The test
coupon for plate-to-plate shall be cut transversely to
provide five test specimen sections, each approximately
2 in. long. For pipe-to-plate or pipe-to-pipe, the test
coupon shall be cut transversely to provide four approxi-
mately equal test specimen sections. The test specimens
shall be macro-examined to the requirements of QW-
183.

QW-181.1.1 Production Assembly Mockups.
Production assembly mockups may be used in lieu of
QW-181.1. The mockups for plate-to-shape shall be
cut transversely to provide five approximately equal
test specimens not to exceed approximately 2 in. in
length. For pipe-to-shape mockups. the mockup shall
be cut transversely to provide four approximately equal
test specimens. For small mockups, multiple.mockups
may be required to obtain the required number of test
specimens. The test specimens shall be macro-examined
1o the requirements of QW-183.

QW-181.2 Performance. The dimensions and the
preparation of the fillet-welid test coupon for perform-
ance qualification shall conform to the requirements in
QW-462.4(b) or QW-462.4(c). The test coupon for
plate-to-plate shall be cut transversely to provide a
center section approximately 4 in. long and two end
sections, each approximately 1 in. long. For pipe-to-
plate or pipe-to-pipe. the test coupon shall be cut to
provide two quarter sections test specimens Opposite
to each other. One of the test specimens shall be
fracture tested in accordance with QW-182 and the
other macro-examined to the requirements of QW-]84.
When qualifying pipe-to-plate or pipe-to-pipe in the
SF position, the test specimens shall be removed as
indicated in QW-463.2(h).

QW-181.2.1 Production Assembly Mockups.
Production assembly mockups may be used in lieu of
the fillet-weld test coupon requirements of QW-181.2.

(a) Plate-to-shape )

(1) The mockup for plate-to-shape shall be cut

transversely to provide three approximately equal test

"specimens not to exceed approximately 2 in. in length.

The test specimen that contains the start and stop of
the weld shall be fracture tested in accordance with
QW-182. A cut end of one of the remaining test
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specimens shall be macro-examined in accordance with
QwW-184. .
(b) Pipe-to-shape

(1) The mockup for pipe-to-shape shall be cut
transversely to provide two quarter sections approxi-
mately opposite to each other. The test specimen that
contains the start and stop of the weld shall be fracture
tested in accordance with QW-182. A cut end of
the other quarter section shall be macro-examined in
accordance with QW-184. When qualifying pipe-to-
shape in the SF position, the fracture specimen shall
be removed from the lower 90 deg section of the
mockup.

QW-182  Fracture Tests

The stem of the 4 in. performance specimen center
section in QW-462.4(b) or the stem of the quarter
section in QW-462.4(c). as applicable, shall be loaded
laterally in such a way that the root of the weld is in
tension. The load shall be steadilv increased until the
specimen fractures or bends flat upon itself. '

If the specimen fractures. the fracfured surface shall
show no evidence of cracks or incomplete root fusion.
and the sum of the lengths of inclusions and porosity
visible on the fractured surface shall not exceed % in.
in QW-462.4(b) or 10% of the quarter section in QW-
462.4(c).

QW-183  Macro-Examination — Procedure

Specimens

One face of each cross section of the five test
specimens in QW-462.4(a) or four test specimens in
QW-462.4(d), as applicable shall be smoothed and
etched with a suitable etchant (see QW-470) to give
a clear definition to the weld metal and heat affected
zone. The examination of the cross sections shall include
only one side of the test specimen at the area where
the plate or pipe is divided into sections i.e., adjacent
faces at the cut shall not be used. In order to pass
the test:

Visual examination of the cross sections of the weld
metal and heat affected zone shall show complete fusion
and freedom from cracks: and

There shall not be more than ‘% in. difference in
the length of the legs of the fillet.

QW-184  Macro-Examination — Performance
Specimens

The cut end of one of the end plate sections, approxi-
mately 1 in. long. in QW-462.4(b) or the cut end of
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one of the pipe quarter sections in QW-462.4(c). as
applicable, shall be smoothed and eiched with a suitable
etchant (see QW-470) to give a clear definition of the
weld metal and heat affected zone. In order to pass
the test:

Visual examination of the cross section of the weld
metal and heat affected zone shall show complete fusion
and freedom from cracks, except that linear indications
at the root not exceeding % in. shall be acceptable:
and

The weld shall not have a concavity or convexity
greater than 7 in.; and

There shall be not more than !4 in. difference in
the lengths of the legs of the fillet.

VISUAL EXAMINATION—
PERFORMANCE

Performance test coupons shall show complete joint
penetration with complete fusion of weld metal and
base metal.

QW-190

QW-191  Radiographic Examination -

QW-191.1 The radiographic examination in QW-142
for welders and in QW-143 for welding operators shall
meet the requirements of Article 2. Section V. The
acceptance standards of QW-191.2 shall be met.

QW-191.2 Radiographic Acceptance Criteria

QW-191.2.1 Terminology

Linear Indications. Cracks, incomplete fusion, inade-
quate penetration, and slag are represented on the
radiograph as linear indications in which the length is
more than three times the width.

Rounded Indications. Porosity and inclusions such
as slag or tungsten are represented on the radiograph
as rounded indications with a length three times the
width or less. These indications may be circular. ellip-
tical, or irregular in shape: may have tails. and may
vary in density.

QW-191.2.2 Acceptance Standards. Welder and
welding operator performance tests by radiography of
welds in test assemblies shall be judged unacceptable
when the radiograph exhibits any imperfections in
excess of the limits specified below.

(a) Linear Indications

(1) any type of crack or zone of incomplete fusion
or penetration:

(2) any elongated slag inclusion which has a length
greater than:
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(a) % in. for t up to % in.. inclusive
(b) Yy for t over % to 2% in., inclusive
(c) ¥ in. for ¢ over 2Y in.

(3) any group of siag inclusions in line that have
an aggregate length greater than ¢ in a length of
121, except when the distance between the successive
imperfections exceeds 6L where L is the length of the
longest imperfection in the group.

(b) Rounded Indications

(1) The maximum permissible dimension for
rounded indications shall be 20% of ¢ or % in., whichever
is smaller.

(2) For welds in material less than % in. in thick-
ness, the maximum number of acceptable rounded
indications shall not exceed 12 in a 6 in. length
of weld. A proportionately fewer number of rounded
indications shall be permitted in welds less than 6 in.
in length. _

{3) For welds in material ' in. or greater in
thickness, the charts in Appendix | represent the maxi-
mum acceptable types of rounded indications illustrated
in typically clustered. assorted, and randomly dispersed
configurations. Rounded indications less than %; in. in
maximum diameter shall not be considered in the
radiographic acceptance tests of welders and welding
operators in these ranges of material thicknesses.

QW-191.2.3 Production Welds. The acceptance
standard for welding operators who qualify on produc-
tion welds shall be that specified in the referencing
Code Section. The acceptance standard for welders who
qualify on production welds as permitted by QW-304.1
shall be per QW-191.2.2.

QW-191.3 Record of Tests. The results of welder
and welding operator performance tests by radiography
shall be recorded in accordance with QW-301.4.

QW-192  Stud-Weld Tests — Procedure

Qualification Specimens

QW.192.1 Required Tests. Ten stud-weld tests are
required to qualify each procedure. The equipment used
for stud welding shall be completely automatic except
for manual starting.

Every other welding stud (five joints) shall be tested
either by hammering over until one-fourth of its length
is flat on the test piece, or by bending the stud to an
angle of at least 15 deg. and returning it to its original
position using a test jig and an adapter location dimen-
sion that are in accordance with QW-466.4.

The remaining five welded stud joints shall be tested
. in torque using a torque testing arrangement that is
substantially in accordance with QW-466.5. Alterna-
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tively, where torquing is not feasible, tensile testing
may be used, and the fixture for tensile testing shall
be similar to that shown in QW-466.6 except that studs
without heads may be gripped on the unwelded end
in the jaws of the tensile testing machine.

QW-192.2 Acceptance Criteria — Bend and Ham-
mer Tests. In order to pass the test(s), each of the
five stud welds and heat affected zones shall be free
of visible separation or fracture afier bending and return
bending or after hammering.

QW-1923 Acceptance Criteria — Torque Tests.
In order to pass the test(s), each of the five stud welds
shall be subjected to the required torque shown in the
following table before failure occurs.

Required Torque for Testing
Threaded Carbon Steel Studs

Nominal Diameter Threads/in. Testing Torque,
of Studs, in. and Senes Designated fi-ib
1/4 28 UNF 5.0
1/4 20 UNC 42
5/16 24 UNF 9.5
5/16 18 UNC 8.6
3/8 24 UNF 17
3/8 16 UNC 15
7716 20 UNF 27
7/16 14 UNC 24
172 ' 20 UNF 2
1/2 13 UNC 37
9716 18 UNF 60
9/16 12 UNC 54
5/8 18 UNF 84
518 It UNC 74
3/4 {6 UNF 147
3/4 10 UNC 132
7/8 14 UNF 234
718 9 UNC 212
1 12 UNF 348
! 8 UNC 318

Alternatively, where torquing to destruction is not
feasible tensile testing may be used, in which case
failure strength in pounds per square inch shall not be
less than 35,000. The failure strength shall be based
on the minor diameter of the threaded section of
externally threaded studs except where the shank diame-
ter is less than. the minor diameter. or on_the original
cross-sectional area where failure occurs in 2 non-
threaded, internally threaded, or reduced-diameter stud.

QW-192.4 Acceptance Criteria — Macro-Exami-
nation. In order to pass the macro-examination, each
of five sectioned stud welds and the heat affected zone
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shall be free of cracks when examined at 2 magnification
of x10, which is required by QW-202.5 when studs
are welded to metals other than P-No. 1.

Stud-Weld Tests — Performance
Qualification Specimens

QW-193.1 Required Tests. Five stud-weld tests are
required to qualify each stud-welding operator. The
equipment used for stud welding shall be completely
automatic except for manual starting. The performance
test shall be welded in accordance with a qualified
WPS per QW-301.2.

Each stud (five joints) shall be tested either by
hammering over unti! one-fourth of its length is flat
on the test piece or by bending the stud to an angle
of at least 15 deg. and returning it to its original position
using a test jig and an adapter location dimension that
are in accordance with QW-466.4.

QW-193.2 Acceptance Criteria — Bend and Ham-
mer Tests. In order 10 pass the test(s), each of the
five stud welds and heat affected zones shall be free
of visible separation or fracture after bending and retumn
bending or afier hammenng.

QW-193

QW-195  Liquid Penetrant Examination

QW-195.1 The liquid penetrant examination in QW-
214 for corrosion-resistant weld metal overlay shall
meet the requirements of Aricle 6, Section V. The
acceptance siandards of QW-195.2 shall be met.

QW-195.2 Liquid Penetrant Acceptance Criteria
QW-195.2.1 Terminology

(a) relevant indications — indications with major
dimensions greater than Y in.

(b) linear indications — an indication having a length
greater than three times the width

(c) rounded indications — an indication of circular
or elliptical shape with the length equal to or less than
three times the width

QW-195.2.2 Acceptance Standards. Procedure
and performance tests examined by liquid penetrant
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techniques shall be judged unacceptable when the exam-
ination exhibits any indication in excess of the limiis
specified below:

{a) relevant linear indications;

(b) relevant rounded indications greater than %, in.:

(c) four or more relevant rounded indications in a
line separated by Y in. or less (edge-to-edge).

QW-196  Resistance Weld Testing

QW-196.1 Metallographic Examination

QW-196.1.1 Welds shall be cross-sectioned, pol-
ished, and etched to reveal the weld metal. The section
shall be examined at a magnification of 10 times.

QW-196.1.2 The weld nugget shall be sound for
1.25 times the thickness of the thinner member.

QW-196.1.3 For spot welds, the nugget size shall
be measured at the interface between the sheets being

joined, and it shall equal or exceed 0.9\/-1., where ¢ is
the thickness of the thinner sheet. For projection welds,
the nugget size shall not be less than the initial size
of the projection. For seam welds, the width of the
fused weld cut transverse to the seamn shall be not less

than 0.9, where 1 is the thickness of the thinnest
sheet.

QW-196.2 Mechanical Testing

QW-196.2.1 Shear test specimens shall be prepared
as shown on QW-462.9. For spot and projection weids,
each test specimen shall equal or exceed the minimum
strength, and the average strength specified in QW-
462.10 and QW-462.11 for the appropriate material.
Further, for each set, 90% shall have shear strength
values between 0.9 and 1.1 times the set average value.
The remaining 10% shall lie between 0.8 and 1.2 times
the set average value.

QW-196.2.2 Peel test specimens shall be prepared
as shown in Fig. QW-462.8. The specimens shall be
peeled or separated mechanically, and fracture shall
occur in the base metal by tearing out of the weld in
order for the specimen to be acceptable.
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APPENDIX |
ROUNDED INDICATION CHARTS
(See QW-191.2)

TYPICAL QUANTITY AND SIZE PERMITTED
IN 6 IN. LENGTH OF WELD
1/8 IN. TO /4 IN. THICKNESS

TYPICAL QUANTITY AND SIZE PERMITTED
IN 6 IN. LENGTH OF WELD
OVER 1/4 IN. TO 1/2 IN. THICKNESS

TYPICAL QUANTITY AND SIZE PERMITTED
IN 6 IN. LENGTH OF WELD
OVER /2 IN. TO 1 IN. THICKNESS

TYPICAL QUANTITY AND SIZE PERMITTED
~ IN 6 IN. LENGTH OF WELD
OVER 1 IN. THICKNESS

10
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ARTICLE 11
WELDING PROCEDURE QUALIFICATIONS

QW-200 GENERAL

QW-200.1 Each manufacturer and contractor shall
prepare written Welding Procedure Specifications which
are defined as follows.

(a) Welding Procedure Specification (WPS) A WPS
is a written qualified welding procedure prepared to
provide direction for making production wcids to Code
requirements. The WPS or other documents [see (e)
below] may be used to provide direction to the welder
or welding operator to assure compliance with the Code
requirements.

(b) Contents of the WPS. The completed WPS shall
describe all of the essential, nonessential, and, when
required, supplementary essential variables for each
welding process used in the WPS. These vanables are
listed in QW-250 through QW-280 and are defined in
Anicle 1V, Welding Data.

The WPS shall reference the supporting Procedure
Qualification Record(s) (PQR) described in QW-200.2.
The manufacturer or contractor may include any other
information in the WPS that may be helpful in making
a Code weldment.

(c) Changes to the WPS. Changes may be made in
the nonessential variables of a WPS to suit production
requirements without requalification provided such
changes are documented with respect to the essential,
nonessential, and, when required, supplementary essen-
tial variables for each process. This may be by amend-
ment to the WPS or by use of a new WPS.

Changes in essential or supplementary essential (when
required) variables require requalification of the WPS
(new or additional PQRs to support the change in
essential or supplementary essential variables).

(d) Format of the WPS. The information required to
be in the WPS may be in any format, written or tabular,
to fit the needs of cach manufacturer or contractor, as
long as every essential, nonessential, and, when required,
supplementary cssential variables outlined in QW-250
through QW=-280 is “included or referenced. -~

Form QW-482 (see Nonmandatory Appendix B) has
been provided as a guide for the WPS. This Form
includes the required data for the SMAW, SAW,
GMAW, and GTAW processes. It is only a guide and
does not list all required data for other processes. It
also lists some variables that do not apply to all
processes (e.g., listing shielding gas which is not re-
quired for SAW). The guide does not easily lend itself
to multiple process procedure specification (e.g., GTAW
root with SMAW fill).

(e) Availability of the WPS. A WPS used for Code
production welding shall be available for reference and
review by the Authorized Inspector (Al) at the fabrica-
tion site.

QW.200.2 Each manufacturer or contractor shall be
required to prepare a procedure qualification record
which is defined as follows.

(a) Procedure Qualification Record (PQR). A PQR
is a record of the welding data used to weld a test
coupon. The PQR is a record of variables recorded
during the welding of the test coupons. It also contains
the test results of the tested specimens. Recorded vari-
ables normally fall within a small range of the actual
variables that will be used in production welding.

(b) Contents .of the POR. The completed PQR shall
document al! essential and, when required, supplemen-
tary essential variables of QW-250 through QW-280
for each welding process used during the welding of
the test coupon. Nonessential or other variables used
during the welding of the test coupon may be recorded
at the manufacturer’s or contractor’'s option. All vari-
ables, if recorded. shall be the actual variables (including
ranges) used during the welding of the test coupon. If
variables -are not monitored during welding, they shall
-not be recorded. It is not intended that the full range

" or the extreme of a given range of variables to be

used in production be used during qualification unless
required due to a specific essential or, when required,

-supplementary -essential variable.
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The PQR shall be certified accurate by the manufac-
turer or contractor. The manufacturer or contractor
may not subcontract the certification function. This
certification is intended to be the manufacturer’s or
contractor’s verification that the information in the PQR
is a true record of the variables that were used during
the welding of the test coupon and that the resulting
tensile, bend, or macro (as required) test results are in
compliance with Section IX.

When more than one welding process or filler metal
is used to weld a test coupon, the approximate deposit
weld metal thickness of each welding process and filler
metal shall be recorded.

(c) Changes to the PQR. Changes to the PQR are
not permitted except as described below. It is a record
of what happened during a particular welding test.
Editorial corrections or addenda to the PQR are permit-
ted. An example of an editonal correction is an incorrect
P-Number, F-Number, or A-Number that was assigned
to a particular base metal or filler metal. An example
of an addendum would be a change resulting from a
Code change. For example, Section IX may assign a
new F-Number to a filler metal or adopt a new filler
metal under an established F-Number. This may permit,
depending on the particular construction Code require-
ments, a manufacturer or contractor to use other filier
metals that fall within that particular F-Number where,
prior to the Code revision. the manufacturer or contrac-
tor was limited to the particular electrode classification
that was used during gualification. Additional informa-
tion can be incorporated into a PQR at a later date
provided the information is substantiated as having
been part of the original qualification condition by lab
record or similar data.

All changes to a PQR require recertification (inciuding
date) by the manufacturer or contractor.

{d) Format of the PQR. Form QW-483 (see Nonman-
datory Appendix B) has been provided as a guide for
the PQR. The information required to be in the PQR may
be in any format to fit the needs of each manufacturer or
contractor, as long as every essential and, when required,
supplementary essential variable, required by QW-250
through QW-280, is included. Also the type of tests,
number of tests, and test results shall be listed in the
PQR.

The QW-483 guide does not easily lend itself to
cover combinations of welding processes or more than
one F-Number filler metal in one test coupon. Additional
sketches or information may be attached or referenced
to record the required varables.

(e) Availability of the POR. PQRs used to support
WPSs shall be available, upon request, for review by
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the Authorized Inspector (AI). The PQR need not be
available to the welder or welding operator.

() Multiple WPSs With One PQR/Multiple PQRs
With One WPS. Several WPSs may be prepared from
the data on a single PQR (e.g., a 1G plate PQR may
support WPSs for the F, V., H, and O positions on
plate or pipe within all other essential variables). A
single WPS may cover several essential variable changes
as long as a supporting PQR exists for each essential
and, when required, supplementary essential variable
(e.g., a single WPS may cover a thickness range from
Ve in. through 1% in. if PQRs exist for both the %,
in. through ¥, and %, in. through 1 in. thickness
ranges).

QW-200.3 To reduce the number of welding proce-
dure qualifications required. P-Numbers are assigned
to base metals dependent on characteristics such as
composition, weldability, and mechanical properties.
where this can logically be done; and for steel and
steel alloys (QW-422.1 through QW-422.11) Group
Numbers are assigned additionally to P-Numbers. These
Group Numbers classify the metals within P-Numbers
for the purpose of procedure qualification where notch-
toughness requirements are specified. The assignments
do not imply that base metals may be indiscriminately
substituted for a base metal which was used in the
qualification test without consideration of the compati-
bility from the standpoint of metallurgical properties,
postweld heat treatment, design, mechanical properties,
and service requirements. Where notch toughness is a
consideration, it is presupposed that the base metals
meet the specific requirements.

In general, notch-toughness requirements are manda-
tory for all P-No. 11 quenched and tempered metals,
for low temperature applications of other metals as
applied to Section VIII, and for various classes of
construction required by Section IIl. Acceptance critenia
for the notch-toughness tests are as established in the
other Sections of the Code.

For certain materials permitted by the ASME /ANSI
B31 Code for Pressure Piping or by selected Code
Cases of the ASME Boiler and Pressure Vessel Code
but which are not included within the ASME Boiler
and Pressure Vessel Code Material Specifications (Sec-
tion II), S-Number groupings are assigned in QW/QB-
422. These groupings are similar to the P-Number
groupings of QW-422. Qualification limits are given
in QW-420.2.

QW-200.4 Combination of Welding Procedures
(a) More than one procedure having different essen-

_tial or nonessential variables may.be used in a single

production joint. Each procedure may include one or
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a combination of processes. filler metals, or other
variabies. - - _ . .

Where two or more procedures involving different
processes or other essential variables are used in one
joint, QW-451 shall be used 1o determine the range
of base metal thickness qualified and the maximum
thickness of deposited weld metal qualified for each
process or procedure. Altematively, qualification for
root deposits only may be made in accordance with
QW-200.4(b). The deposited weld metal of each process
or procedure shall be included in the tension and bend
specimens, and in the notch-toughness specimen (when
required). One or more processes or procedures may
be deleted from a qualified combination procedure.
Each such process or procedure may be used separately
provided:

(/) the remaining essential, nonessential, and sup-
plementary essential vanables are applied;

{2) the base metal and deposited weld metal thick-
ness limits of QW-451 are applied.

(b} For GTAW, SMAW, GMAW, PAW, and SAW,
or combinations of these processes. a PQR for a process
recording a test coupon that was at least ' in. thick
may be combined with one or more other PQRs rec-
ording another welding process and any greater base
metal thickness. In this case, the process recorded on
the first PQR may be used to deposit the root layers
using the process(es) recorded on that PQR up to 2t
(for short-circuiting type of GMAW, see QW-404.32)
in thickness on base metal of the maximum thickness
qualified by the other PQR(s) used to support the WPS.

The requirements of Note (1) of QW-451.1 and QW-~

451.2 shall apply.

QWwW-201  Manufacturer’s or Contractor’s

Responsibility

Each manufacturer or contractor shall list the parame-
ters applicable to welding that he performs in construc-
tion of weldments built in accordance with this Code.
These parameters shall be listed in a document known
as a Welding Procedure Specification (WPS).

Each manufacturer or contractor shall qualify the
WPS by the welding of test coupons and the testing
of specimens (as required in this Code), and the rec-
ording of the welding data and test results in a document
known as a Procedure Qualification Record (PQR). The
welders or welding operators used to produce weldments
to be tested for qualification of procedures shall be under
the full supervision and control of the manufacturer or
contractor during the production of these test weldments.
It is not permissible for the manufacturer or contractor
to have the welding of the test weldments performied
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by another organization. It is permissible, however, to
subcontract any or all of the work of preparation of test
metal for welding and subsequent work on preparation of
test specimens from the completed weldment, perform-
ance of nondestructive examination. and mechanical
tests, provided the manufacturer or contractor accepts
the responsibility for any such work.

The Code recognizes a manufacturer or contractor
as the organization which has responsibie operational
control of the production of the weldments to be made
in accordance with this Code. If in an organization
effective operational control of welding procedure quali-
fication for two or more companies of different names
exists, the companies involved shall describe in their
Quality Control system/Quality Assurance Program. the
operational control of procedure qualifications. In this
case separate welding procedure qualifications are not
required, provided all other requirements of Section 1X
are met.

A WPS may require the support of more than one
PQR. while aiternatively. one PQR may support a
number of WPSs.

The manufacturer or contractor shall certify that he
has qualified each Welding Procedure Specification.
performed the procedure qualification test, and docu-
mented it with the necessary Procedure Qualification
Record (PQR).

QW-202  Type of Tests Required

QW.202.1 Mechanical Tests. The type and number
of test specimens which shall be tested to qualify a
groove weld procedure are given in QW-451, and shall
be removed in a manner similar to that shown in QW-
463. If any test specimen required by QW-45] fails
to meet the applicable acceptance criteria. the test
coupon shall be considered as failed, and a new test
coupon shall be welded. Where qualification is for fillet
welds only, the requirements are given in QW-202.2(c)
and (d); and where quaiification is for stud welds only,
the requirements are given in QW-202.5.

QW-202.2 Groove and Fillet Welds

(a) Qualification for Groove Full Penetration Welds.
Groove-weld test coupons shall qualify the thickness
ranges of both base metal and deposited weld metal
to be used in production. Limits of gualification shall
be in accordance with QW-451. WPS qualification for
groove welds shall be made on groove welds using
tension and guided-bend specimens. Notch-toughness
tests shall be made when required by other Section(s)

“of the Code. The WPS shall be-qualified for use with -
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groove welds within the range of essential vaniables
listed.

(b) Qualification for Partial Penetration Groove
Welds. Partial penetration groove welds shall be quali-
fied in accordance with the requirements of QW-45]
for both base metal and deposited weld metal thickness.
Alternatively, partial penetration groove welds qualified
using 1% in. thick or thicker base metal gqualify the
weld metal deposit in accordance with QW-451, with
no upper limit on the base metal thickness.

(c) Qualification for Fillet Welds (Excepr for P-No.
11 Meials Excluding P-No. 11A Group Nos. | and 2).
WPS qualification for fillet welds may be made on
groove-weld test coupons using test specimens specified
in (a) or (b) above. Fillet-weld procedures so qualified
may be used for welding all thicknesses of base metal
for all sizes of fillet welds, and all diameters of pipe
or tube in accordance with QW-451.4. Nonpressure-
retaining fillet welds, as defined in other Sections of
the Code, may as an alternate be qualified with fillet
welds only. Tests shall be made in accordance with
QW-180. Limits of qualification shall be in accordance
with QW-451.3. .

(d) Qualification for Fillet Welds in P-No. 1] Metals
(Excluding P-No. 1l1A Group Nos. 1 and 2). WPS
qualification for all fillet welds (including nonpressure-
retaining) shall be made on:

(1) groove-weld tests in accordance with (a) or
(b) above; and
(2) fillet-weld tests in accordance with QW-180.

QW-202.3 Weld Repair and Buildup. WPS qual-
ified on groove welds shall be applicable for weld
repairs to groove and fillet welds and for weld buildup
under the following provisions.

(a) There is no limitation on the thickness of base
metal or deposited weld metal for fillet welds.

(b) For other than fillet welds, the upper limit for
base metal and deposited weld metal for each welding
process shall be in accordance with QW-451, except
qualification on 1% in. thick base metal will permit
welding on unlimited base metal thickness.

QW.202.4 Dissimilar Base Metal Thicknesses.
WPS qualified on groove welds shall be applicable
for production welds between dissimilar base metal
thicknesses provided:

(a) the thickness of the thinner member shall be
within the range permitted by QW-451;

(b) the thickness of the thicker member shall be as
follows.

(1) For P-No. 8, P-No. 41, P-No. 42, P-No. 43,
P-No. 44, P-No. 45, .P-No. 46, P-No. 51, P-No. 32,
P-No. 53, P-No. 61, and P-No. 62 metal in which
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notch toughness is not a requirement, there shall be
no limitation on the maximum thickness of the thicker
production member in joints of similar P-Number mate-
nials provided qualification was made on base metal
having a thickness of ', in. or greater.

(2) For all other metal, the thickness of the thicker
member shall be within the range permitted by QW-
451, except there need be no limitation on the maximum
thickness of the thicker production member provided
qualification was made on base metal having a thickness
of 1% in. or more.

More than one PQR may be required to qualify for
some dissimilar thickness combinations.

QW-202.5 Stud Welding. Procedure qualification
tests for stud welds shall be made in accordance with
QW-192. The procedure qualification tests shall qualify
the welding procedures for use within the range of the
essential variables of QW-261. For swuds welded to
other than P-No. 1 meuals, five additional welds shall
be made and subjected to a macro-test, except that this
is not required for studs used for extended heating
surfaces.

QW-203  Limits of Qualified Positions for

Procedures

Unless specifically required otherwise by the welding
variables (QW-250), a qualification in any position
qualifies the procedure for all positions. The welding
process must be compatible: and the welding rods,
electrodes, and filler metals such as defined in the
specifications of Section II, Part C must be suitable
for their use in specific positions. A welder or welding
operator making and passing the WPS qualification test
is thereby qualified for the position iested. See QW-
301.2.

QW.210 PREPARATION OF TEST COUPON
QW-211  Base Metal and Filler Metal

The base metals and filler metals shall be one or

~more of those listed in the WPS. The dimensions of

the test assembly shall be sufficient to provide the
required test specimens.

The base metals may consist of either plate, pipe,
or other product. forms. Qualification in .plate also
qualifies for pipe welding and vice versa.




QwW-212

Type and Dimensions of Groove
Welds

The test coupon shall be welded using a type of
welding groove proposed in the WPS for use in construc-
tion. Except as otherwise provided in QW-250, the
type and dimensions of the welding groove are not
essential variables.

QW-212

QW-213  P-No. 11 Base Metals

For vessels or parts of vessels constructed with P-
No. 11 base metals, weld grooves for thickness less
than % in. shall be prepared by thermal processes,
when such processes are to be employed during fabrica-
tion. This groove preparation shall also include back
gouging, back grooving, or removal of unsound weld
metal by thermal processes, when these processes are
1o be employed during fabrication.

Corrosion-Resistant Weld Metal
Overlay

QW-214

QW-214.1 The size of test coupons, limits of qualifi-
cation, required examinations and tests, and test speci-
mens shall be as specified in QW-453.

QW-214.2 Essential variables shall be as specified
in QW-250 for the applicable welding process.

QW-215  Electron Beam Welding and Laser

Beam Welding

QW-215.1 The WPS gqualification test coupon shall
be prepared with the joint geometry duplicating that
10 be used in production. If the production weld is to
include a lap-over (completing the weld by rewelding
over the starting area of the weld, as for a girth weld),
such lap-over shall be inciuded in the WPS qualification
test coupon.

QW-215.2 The mechanical testing requirements of
QW-451 shall apply.

QW-215.3 Essential variables shall be as specified
in QW-260 and QW-264 for the applicable welding
process.

QW-216 Hard-Facing Weld Metal Overlay

Oxyfuel Gas Welding (OFW) and Plasma-Arc Weld-
ing (PAW) both refer to a Spray Fuse Method of hard
surfacing. The following requirements apply regardiess
of which hard-surfacing process is used.

PROCEDURE QUALIFICATIONS

QW-217

QW.216.1 The size of test coupons, limits of qualifi-
cation, required examinations ang tests, and test speci-
mens shall be as specified in QW-453.

QW-216.2 Essential variables shall be as specified
in QW-250 for the applicable welding process.

QW-216.3 Oxyfuel Gas Welding (OFW) and Plasma-
Arc Welding (PAW) both refer to a Spray Fuse method
of hard surfacing. The test coupons for these methods
shall be prepared in accordance with QW-216.1 and
QW-216.2.

QW-217

The WPS for groove welds in clad metal shall be
qualified as provided in (a) below when any part of
the cladding thickness, as permitted by the referencing
Code Section, is included in the design calculations,
and as provided in either (a) or (b) below when
the cladding thickness is not included in the design
calculations.

(a) The essential and nonessential variables of QW-
250 shall apply for each welding process used in
production. The procedure qualification test coupon
shall be made using the same P-Number base metal,
cladding, and welding process, and filler metal combina-
tion to be used in production welding. For metal not
included in QW-422, the metal used in the composite
test plate shall be within the range of chemical composi-
tion of that to be used in production. The qualified
thickness range for the base metal and filler metal(s)
shall be based on the actual test coupon thickness for
each as applied 10 QW-451. except that the minimum
thickness of filler metal joining the cladding portion
of the weldment shall be based on a chemical analysis
performed in accordance with QW-453. Tensile and
bend tests required in QW-451 for groove welds shall
be made. and they shall contain the full thickness of
cladding through the reduced section of the specimen.
The bond line between the original cladding and the
base metal may be disregarded when evaluating side-
bend tests if the cladding was applied by a process
other than fusion welding.

(b) The essential and nonessential variables of QW-
250 shall apply for each welding process used in
production for joining the base metal portion of the
weldment. The PQRs that support this portion of the
WPS need not be based on test coupons made with
ctad metal. The essential and nonessential variables of
QW-250 shall apply for the corrosion-resistant overlay
portion of the weld, and the test coupon and testing

Joining of Composite (Clad Metals)

~ shall be in accordance with QW-453. The WPS shall

“liimit the depth of the groove, which will. receive :the
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corrosion-resistant overlay in order to ensure develop-
ment of the full strength of the underlying weld in the
base metal.

QW-218  Applied Linings

Each welding process to be used in attaching applied
linings to base metal shall be qualified on a lining-
attachment weld made in the form and arrangement
used in the construction, and with materials that are
within the range of chemical composition of the met:!
to be used for the base plate, the linings, and the weid
metal. The other welding variables of QW-250 shall
also apply. In addition, a qualification test shall be
performed for each position that will be used in produc-
tion. One specimen from each position to be qualified
shall be sectioned. polished, and etched to show clearly
the demarcation between the fusion zone and the base
metal. To be acceptable, the specimen shall show
complete fusion in the fusion zone and complete free-
dom from cracks in the fusion and heat affected zones
under visual examination without magnification.

QW-250 WELDING VARIABLES
QW-251  General

QW-251.1 Types of Variables for Welding Proce-
dure Specifications (WPS). These variables (listed for
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each welding process in QW-252 through QW-265)
are subdivided into essential variables. supplementary
essential variables, and nonessential variables (QW-
401).

QW-251.2 Essential Variables. Essential variables
are those in which a change, as described in the
specific variables, is considered to affect the mechanical
properties of the weldment, and shall require requalifi-
cation of the WPS.

Supplementary essential variables are required for
metals for which other Sections specify notch-toughness
tests.

QW-251.3 Nonessential Variables. Nonessential
variables are those in which a change, as described in
the specific variables, may be made in the WPS without
requalification.

QW-251.4 Special Processes

{a) The special process essential variables for corro-
sion-resistant and hard-surfacing weld metal overlays
are as indicated in the following tables for the specified
process. Only the variables specified for special pro-
cesses shall apply. A change in the corrosion-resistant
or hard-surfacing welding process shall require requali-
fication.

(b) WPS qualified for corrosion-resistant and hard-
surfacing overlay welding, in accordance with other
Sections when such qualification rules were inciuded
in those Sections, may be used with the same provisions
as provided in QW-100.3.




PROCEDURE QUALIFICATIONS QW-252

Qw-252
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Oxyfue! Gas Welding (OFW)

Supple-
mentary
Essen- | Essen~ |Nonessen-
Paragraph Brief of Variables tial tial tial
d & Groove design X
QW-402 2 + Backing X
Joints 3 | & Backing comp. X
10 { & Root spacing X
QW-403 1 ¢ P-Number X
Base 2 Max. T quaiified X
I
Metals 13| 6 P-No. 5/9/10
.3 ¢ Size X
Qw-404 4 | & F-Number X
Filler
Metais 5 | & A-Number X
121 & AWS class. X
QwW-405 1 + Position X
Positions
Qw-406 1 Decrease > 100°F X
Preheat
QW-407 Y o PWHT X
PWHT
7 & Type fuel gas X
Qw-408
Gas
1 & String/weave X
.2 ¢ Flame characteristics ) X
QW-410
Technique 4 & = Technique
5 & Method cieaning
26 | = Peening ‘ X
Legend:
-+ Addition > Increase/greater than t Uphill . Forehand ¢ Change
~ Deletion < Decrease/iess than i Downhili —- Backhand
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Qw-252.1
WELDING VARIABLES PROCEDURE SPECIFICATIONS
(WPS)
Oxyfuel Gas Welding (OFW)
Special Process Essential Variabies
Hardfacing Corrosion-Resistant Hardfacing
Overlay Overtay Spray Fuse
Paragraph (QW-216) (Qw-214) (QW-216)
QW-402 16 < Finished ¢
-aints 17 > Finished ?
QW-4C3 .20 @ P-Number & P-Number
Base [ .23 | & T Qualified & T Qualified @ T Quaiified
Metrals {
| 12 | & AWS class. & AWS class.
Qw-404
F:iier 42 @& > 5% Particie size range
Metais .46 ¢ Powder Feed rate
QW-405 | 4 -~ Position + Position
Positions l
4 Dec. > 100° Preheat Dec. > 100° Preheat
QW-a0¢6 > Interpass > Interpass
Preheat )
! 5 ¢ Preheat maint.
QW-4a03 6 | & PWHT o PWHT
PWHT 7 & PWHT after fusing
| 7 @ Type of fuei gas
— )
CW.408 2 14 @ Torch type. tip size
awW-
Gas 16 & > 3% Powder feed rate
19 & Plasmaifeed gas comp.
38 | @ Multi-to single layer & Multi-to s.ngle layer
39 | & Torch type, tip size
IW-21¢0
Technigue 448 @ > 15% torch 1o workpiece
45 & Surface prep.
46 @ Spray torch
a7 @ > 10% Fusing temp.
or method
Legend:
~ Agdition > |ncrease greater than 1 Uphill «— Forehand @ Change
~ Deletion < Decreasesiess than | Downhill —s Backhand
18
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Qw-253
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Shielded Metal-Arc (SMAW)

Supple-
mentary
Essen- | Essen- Nonessen-
Paragraph Brief of Variables tial tial tial
1 ¢ Groove design X
Qw-a02 N
. - {4 X
Joints 4 Backing
101 & Root Spacing X
11 ] = Retainers X
5 ¢ Group Number X
6 T Limits impact ’ X
7 T/t Limits 8in X
Qw403 2 Limits > 8}
Base 8 é T Qualified X
Metals 9 ¢ Pass > % in. x
11| & P-No. qualified X
13{ & P-No 5/9/10 X
4 & F-Number X
5 & A-Number X
Qw-s04 6 | & Diameter b3
Filier -
Metals 7 | ¢ Dam > Y n X
121 & AWS ciass. X
30| ¢ ¢ X
331 & AWS class, X
2 + Position
QW-405 —
Positions 2 ¢ Position x
3 ¢ 11 Vertical weiding b ¢
1 Decrease > 100°F X
QW-40¢ -
X
Preneat 2 ¢ Preheat @nnt.
3 increase > 100°F (IP) X
.1 & PWHT X
Qw-407
PWHT 2 ¢ PWHT (T & T range) X
4 T Limits X
1 > heat input X
QW-409
Electrical lari
Characeeristics 4 | @ Current or polarity X X
8 ¢ 1 & E range X
1 ¢ String/weave X
.5 ¢ Method cleaning X
QwW-410
Technique 6 ¢ Method back gouge X
.25 1 & Manual or automatic X
26| T Peening X
Legend:
+ Addition > Increase/greater than t Uphilt ~ Forehand ¢ Change
~ Deletion < Decrease/less than | Downhill - Backhand
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Qw-253.1
WELDING VARIABLES PROCEDURE SPECIFICATIONS
(WPS)
Shielded Metal-Arc (SMAW)
Special Process Essential Variables
Hardfacing Corrosion-Resistant
Overlay Overlay -
Paragraph (Qw-216) (Qw-214)
QW-402 .16 | < finished ¢ < finished t
Joints
QW-403 .20 | & P-Number @& P-Number
Base — . —
Metals .23 l ¢ T Quaiified & T Qualifieg
.12 r«b AWS class.
QW-404 37 & A-Number
Fitler 38 | & Dia. (1st layer) & Dia. (st iayer)
Metals
QW-405 4 | + Position + Position
Positions
i .4 > ° > oF
QW-406 Dec ; 100°F Dec ; 100
Preheat preheat preheat
> Interpass > Interpass
QW-407 6 & PWHT @ PWHT
PWHT
4 & Current or ¢ Current or
Qw-409 polarity polarity
Electrical
Characteristics | -22 Inc. > 10% 1st Inc. > 10% 1st
layer layer
QW-410 .38 | & Multi- to ¢ Muiti- to
Technique single-layer singie-layer
Legend:
= Addition > Increase /greater than t Uphill ~— Forehand
- Deletion < Decrease /less than i Downhili  — Backhand
20
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Qw-256

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

Gas Tungsten-Arc Welding (GTAW)

Supple~
mentary
Essen- | Essen- [Nonessen-
Paragraph Brief of Variables tial tial tial
.1 ¢ Groove design X
QW-402 5 <+ Backing X
Joints 10 | & Root spacing X
11} = Retainers X
¢ Group Number
6 T Limits _ X
Qw-403 7 T/t Limits > 8 in. X
Base
Metals .8 | & T Qualified X
11 { ¢ P-No. qualifieg X
134 & P-No. 5/9/10 X
3 ¢ Size X
4 | & F-Number X
5 ¢ A-Number X
QW-404 121 ¢ AWS class. X
::'::;,s 34| = Filler X
.22 | = Consum. insert X
.23 | o Solid or metai-cored to X
fiux-cored
30 ¢t X
.33 ¢ AWS class. X
1 + Position X
gx;;::s 2 | ¢ Position X
3 ¢ 1 Vertical welding X
1 Decrease > 100°F X
gt
3 Increase > 100°F (IP) X
1 | & PWHT X '
ga;:.,? 7 2 ¢ PWHT (T & T range) X
4 T Limits X
1 | = Trail or ¢ comp. X
2 & Single, mixture, or % X
QW-408 3 | ¢ Flow rate X
Gas 5 * or ¢ Backing flow
9 | - "Backing or ¢ comp. X W
.10 | ¢ Shielding or trailing X
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QW-256 (CONT'D)

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

Gas Tungsten-Arc Welding (GTAW)

e ———————————

Supple-
mentary
Essen- | Essen- [Nonessen-
Paragraph Brief of Variables tial tial tial
1 > Heat input X
QW-409 .3 * Pulsing | X
Electrical
Characteristics | 4 ¢ Current or polarity X X
8 é 1 & E range X
.12 | & Tungsten electrode X
Bt & String/weave X
.3 & Orifice, cup, or nozzle size X
.5 & Method cleaning X
.6 & Method back gouge X
QW-410 N & Oscillation X
Technique 9 & Multi to singie pass/side X X
.10 | ¢ Single to multi electrodes X X
.11 | ¢ Closed to out chamber X
.15 | ¢ Electrode spacing X
25| & Manual or automatic X
.26 | * Peening X
Legend:
+ Addition > Increase/greater than 1 Uphill ~ Forehand ¢ Change
~ Deletion < Decrease/iess than 1 Downhill -~ Backhand
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ARTICLE 1II
WELDING PERFORMANCE QUALIFICATIONS

QW-300 GENERAL

QW-300.1 This Article lists the welding processes
separately, with the essential variables which apply to
welder and welding operator performance qualifications.

The welder qualification is limited by the essential
variables given for each welding process. These vari-
ables are listed in QW-350. and are defined in Article
IV Welding Data. The welding operator qualification
is limited by the essential variables given in QW-360
for each type of weld.

A welder or welding operator may be qualified by
radiography of a test coupon, radiography of his initial
production welding, or by bend tests taken from a test
coupon except as stated in QW-304 and QW-305.

QW-300.2 The basic premises of responsibility in
regard to welding are contained within QW-103 and
QW-301.2. These paragraphs require that each manufac-
turer or contractor (an assembler or an installer is to
be included within this premise) shall be responsible
for conducting tests to qualify the performance of
welders and welding operators in accordance with quali-
fied Welding Procedure Specifications, which his organi-
zation employs in the construction of weldments built
in accordance with the Code. The purpose of this
requirement is to ensure that the manufacturer or con-
tractor has determined that his welders and welding
operators using his procedures are capable of developing
the minimum requirements specified for an acceptable
weldment. This responsibility cannot be delegated to
another organization.

The welders or welding operators used to produce
such weldments shall be tested under the full supervision
and control of the manufacturer, contractor, assembler,
or installer duning the production of these test weld-
ments. It is not permissible for the manufacturer, con-
tractor, assembler, or installer to have the welding
performed by another organization. It is permissible,
however, to subcontract any or all of the work of
‘preparation of test materials for welding and subsequent

43

work on the preparation of test specimens from the
completed weldments, performance of nondestructive
examination and mechanical tests, provided the manu-
facturer, contractor, assembler, or installer accepts full
responsibility for any such work.

The Code recognizes a manufacturer, contractor, as-
sembler, or installer as the organization which has
responsible operational control of the production of the
weldments to be made in accordance with this Code.
If in an organization effective operational control of
the welder performance qualification for two or more
companies of different names exists, the companies
involved shall describe in the Quality Control system,
the operational control of performance qualifications.
In this case requalification of welders and welding
operators within the companies of such an organization
will not be required, provided all other requirements
of Section IX are met .

QW-3003 More than one manufacturer, contractor,
assembiler, or installer may simultaneously qualify one or
more welders or welding operators. When simultaneous
qualifications are conducted, each participating organiza-
tion shall be represented by a responsible employee
during welding of the test coupons.

The welding procedure specifications (WPS) which
are followed: during simultaneous qualifications shall
be compared by the participating organizations. The
WPSs shall be identical for all the essential variables,
except for the preheat temperature and PWHT require-
ments. The qualified thickness ranges for base metal
and deposited weld metal need not be identical, but
these thicknesses shall be adequate to permit welding
of the test coupons. Altematively, the participating
organizations shall agree upon the use of a single WPS
provided each participating organization has a PQR(s)

. to support the WPS covering the range of variables to

be followed in the performance qualification. When
a single WPS is to be followed, each paricipating

".organization shall review and accept that WPS.
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QW-3003

Each participating organization’s representative shall
positively identify each welder or welding operator
who is being tested. Each organizational representative
shall also verify marking of the test coupon with
the welder's or weiding operator’s identification, and
marking of the top of the test coupon when the orienta-
tion must be known in order to remove test specimens.

Each organization’s representative shall perform a
visual examination of each completed test coupon and
shall examine each test specimen to determine its
acceptability. Alternatively, after visual examination,
when the test coupon(s) are prepared and tested by an
independent laboratory, that laboratory’s report may be
used as the basis for accepting the test results. When
the test coupon(s) is radiographically examined (QW-
302.2), the radiographic testing facility’s report may
be used as the basis for acceptance of the radiographic
test.

Each organizational representative shall complete and
sign a2 Welder/Welding Operator Performance Qualifi-
cation (WPQ) Record for each welder or welding
operator. Form QW-484 (see Nonmandatory Appendix
B) has bec provided as a guide for the WPQ.

When a welder or welding operator changes employ-
ers, that new participating organization shall verify
that the welder’s continuity of qualifications has been
maintained as required by QW-322 by previous employ-
ers since his qualification date. If the welder or welding
operator has had his qualification withdrawn for specific
reasons. the employing organization shall notify all
participating organizations that the welder’'s or welding
operator's qualification(s) has been revoked in accord-
ance with QW-322.1(b). The new organization shall
determine that the welder or welding operator can
perform satisfactory work in accordance with this
Section.

When a welder’s or welding operator’s qualifications
are renewed in accordance with the provisions of QW-
322.2, each renewing organization shall be rer-zsented
by a responsible employee and the testing provedures
shail follow the rules of this paragraph.

QW.301  Tests

QW-301.1 Intent of Tests. The performance qual-
Jfication tests are intended to determine the ability of
" welders and welding operators-"lo'make sound welds.

QW-301.2 Qualification Tests. Each manufacturer
or contractor shall qualify each welder or welding
_ operator for each welding process to be used in produc-
“tion welding. Theperformance qualification test shall be
welded in accordance with qualified Welding Procedure
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QW-302.2

Specifications (WPS). except that when performance
qualification is done in accordance with a WPS that
requires a preheat or postweld heat treatment, these
may be omitted. Changes beyond which requalification
is required are given in QW-350 for welders and
in QW-360 for welding operators. Allowable visual,
mechanical, and radiographic examination requirements
are described in QW-304 and QW-305. Retests and
renewal of qualification are given in QW-320.

The welder or welding operator who prepares the
WPS qualification test coupons meeting the require-
ments of QW-200 is also qualified within the limits
of the performance qualifications, listed in QW-304 for
welders and in QW-305 for welding operators. He is
qualified only within the limits for positions specified
in QW-303.

The performance test may be terminated at any stage
of the testing procedure, whenever it becomes apparent
to the supervisor conducting the tests that the welder
or welding operator does not have the required skill
to produce satisfactory results.

QW.-301.3 Identification of Welders and Welding
Operators. Each qualified welder and welding operator
shall be assigned an identifying number, letter, or
symbol by the manufacturer or contractor, which shall
be used to identify the work of that welder or welding
operator.

QW-301.4 Record of Tests. The record of
Welder/Welding Operator Performance Qualification
(WPQ) tests shall include the essential variables (QW-
350 or QW-360), the type of test and test results. and
the ranges qualified in accordance with QW-452 for
each welder and welding operator. A suggested form
for these records is given in Form QW-484 (see Non-
mandatory Appendix B).

QW-302  Type of Test Required

QW-302.1 Mechanical Tests. Except as may be
specified for special processes (QW-380), the type and
number of test specimens required for mechanical testing
shall be in accordance with QW-452. Groove weld test
specimens shall be removed in a manner similar to
that shown in QW-463.2, Fillet weld test specimens
shall be removed in a manner similar to that shown
in QW-462.4 .and QW-463.2(h).

All mechanical tests shall meet the requirements
prescribed in QW-160 or QW-180, as applicable.

QW-.302.2 Radiographic Examination. When the

-welder si-welding operator is.qualified by radiographic

examination. as permitted in QW-304 for welders and
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QW-305 for welding operators, the minimum length
of coupon(s) 1o be examined shall be 6 in. and shall
include the entire weld circumference for pipe(s), except
that for small diameter pipe, multipie coupons may
be required, but the number need not exceed four
consecutively made test coupons. The radiographic tech-
nique and acceptance criteria shall be in accordance
with QW-191.

QW-302.3 Test Coupons in Pipe. For test coupons
made on pipe in position 1G or 2G of QW-461.4, two
specimens shall be removed as shown for bend speci-
mens in QW-463.2(d) or (e), omitting the specimens
in the upper-right and lower-left quadrants, and replacing
the root-bend specimen in the upper-left quadrant of
QW-463.2(d) with a face-bend specimen. For test cou-
pons made on pipe in position 5G or 6G of QW-
461 .4, specimens shall be removed in accordance with
QW-463.2(d) or (e) and all four specimens shall pass
the test. For test coupons made in both positions 2G
and 5G on a single pipe test coupon, specimens shall
be removed in accordance with QW-463.2(f) or (g).

QW-302.4 Visual Examination. For plate coupons
all surfaces (except areas designated “discard™) shall
be examined visually per QW-190 before cutting of bend
specimens. Pipe coupons shall be visually examined
per QW-190 over the entire circumference, inside and
outside.

QW-303  Limits of Qualified Positions and
Diameters

(See QW-461)

QW-303.1 Groove Welds — General. Welders and
welding operators who pass the required tests for groove
welds in the test positions of QW-461.9 shall be
qualified for the positions of groove welds and fillet
welds shown in QW-461.9. In addition. welders and
welding operators who pass the required tests for groove
welds shall also be qualified to make fillet welds in
all thicknesses and pipe diameters of any size within
the limits of the welding variables of QW-350 or QW-
360, as applicable.

QW-303.2 Fillet Welds — General. Welders and
welding operators who pass the required tests for fillet
welds in the test positions of QW-4619 shall be
qualified for the positions of fillet welds shown in QW-
461.9. Welders and welding operators who pass the
tests for fillet welds shall be qualified to make fillet
welds only in the thicknesses of material, sizes of fillet
welds, and diameters of pipe and tbe 2% in. O.D.
and over, as shown in QW-452.5, within the applicable
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essential variables. Welders and welding operators who
make fillet welds on pipe or tub€ less than 24 in.
O.D. must pass the pipe fillet weld test per QW-452.4
or the required mechanical tests in QW-304 and QW-
305 as applicable.

QW-303.3 Special Positions. A fabricator who does
production welding in a special orientation may make
the tests for performance qualification in this specific
orientation. Such qualifications are valid only for the
flat position and for the special positions actually tested,
except that an angular deviation of =15 deg. is permitted
in the inclination of the weld axis and the rotation of
the weld face, as defined in QW-461.1 and QW-461.2.

QW-303.4 Stud-Weld Positions. Qualification in the
4S position also qualifies for the 1S position. Qualifica-
tion in the 4S and 2S positions qualifies for all positions.

QW.304  Welders

Except for the special requirements of QW-380. each
welder who welds under the rules of the Code shall
have passed the mechanical and visual examinations
prescribed in QW-302.1 and QW-302.4 respectively.
Alternatively, welders making a groove weld using
SMAW, SAW, GTAW, PAW, and GMAW (except
short-circuiting mode) or a combination of these pro-
cesses, may be qualified by radiographic examination,
except for P-No. 2X, P-No. 5X, and P-No. 6X metals.
Welders making groove welds in P-No. 2X and P-No.
5X metals with the GTAW process may also be qualified
by radiographic examination. The radiographic examina-
tion shall be in accordance with QW-302.2.

A welder qualified to weld in accordance with one
qualified WPS is also qualified to weld in accordance
with other qualified WPSs, using the same welding
process, within the limits of the essential variables of
QW-350.

QW-304.1 Examination. Welds made in test coupons
for performance qualification may be examined by
visual and mechanical examinations (QW-302.1. QW-
302.4) or by radiography (QW-302.2) for the process(es)
and mode of arc-transfer specified in QW-304. Alterna-
tively, a 6 in. length of the first production weld made
by a welder using the process(es) and/or mode of arc
transfer specified in QW-304 may be qualified by
radiography.

QW-304.2 Failure to Meet Radiographic Stan-
dards. If a production weld is selected for weider
performance qualification and it does not meet the
radiographic standards, the welder has failed the test.

~—4n this-event, the entire production weld made by this
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welder shall be radiographed and repaired by a qualified
welder or welding operator. Alternatively, retests may
be made as permitted in QW-320.

QW-305

‘Except for the special requirements of QW-380, each
welding operator who welds under the rules of this
Code shall have passed the mechanical and visual
examinations prescribed in QW-302.1 and QW-302.4
respectively. Alternatively, welding operators making
a groove weld using SMAW, SAW, GTAW, PAW,
EGW, and GMAW (except short-circuiting mode) or
a combination of these processes, may be qualified by
radiographic examination, except for P-Nos. 2X, 5X,
and 6X metals. Welding operators making groove welds
in P-No. 2X and P-No. 5X metals with the GTAW
process may also be qualified by radiographic examina-
tion. The radiographic examination shall be in accord-
ance with QW-302.2.

A welding operator qualified to weld in accordance
with one qualified WPS is also qualified to weld in
accordance with other qualified WPSs within the limits
of the essential variables of QW-360.

QW.-305.1 Examination. Welds made in test coupons
may be examined by radiography (QW-302.2) or by
visual and mechanical examinations (QW-302.1, QW-
302.4). Alternatively, a 3 ft length of the first production
weld made entirely by the welding operator in accord-
ance with a qualified WPS may be examined by radiog-
raphy.

QW-305.2 Failure to Meet Radiographic Stan-
dards. If a portion of a production weld is selected
for welding operator performance qualification, and it
does not meet the radiographic standards, the welding
operator has failed the test. In this event, the entire
production weld made by this welding operator shall
be radiographed completely and repaired by a qualified
welder or welding operator. Alternatively, retests may
be made as permitted in QW-320.

Welding Operators

QW-306

Each welder or welding operator shall be qualified
within the limits given in QW-301 for the specific
welding process(es) he will be required to use in
production  welding. A welder or welding operator
may be gualified by making tests with each individual
welding process in separate test coupons, or with a
‘combination of welding processes in a single test cou-
pon. Two or more welders or welding operators, each
--uising-the—same-or a different welding process,-may be
qualified in combination in a single test coupon. For

Combination of Welding Processes
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combination qualifications in a single test coupon, the
limits for thicknesses of deposited weld metal, and
bend and fillet testing are given in QW-452 and shall
be considered individually for each welder or welding
operator for each welding process or whenever there
is a change in an essential vaniable. A welder or welding
operator qualified in combination on a single test coupon
is qualified to weld in production using any of his
processes individually or in different combinations,
provided he welds within his limits of qualification
with each specific process.

Failure of any portion of a combination test in a
single test coupon constitutes failure of the entire
combination.

QW-310 QUALIFICATION TEST COUPONS

QW-310.1 Test Coupons. The test coupons may be
plate, pipe, or other product forms. When all position
qualifications for pipe are accomplished by welding
one pipe assembly in both the 2G and 5G positions
(QW-461.4), 6 in., 8 in. 10 in., or larger diameter
pipe shall be employed to make up the test coupon
as shown in QW-463.2(f) for 10 in. or larger pipe and
in QW-463.2(g) for 6 in. or 8 in. diameter pipe.

QW-310.2 Welding Groove With Backing. The
dimensions of the welding groove on the test coupon
used in making qualification tests for double-welded
groove welds or single-welded groove welds with back-
ing shall be the same as those for any Welding Procedure
Specification (WPS) qualified by the manufacturer, or
shall be as shown in QW-469.1.

A single-welded groove-weld test coupon with back-
ing or a double-welded groove-weld test coupon shall
be considered welding with backing. Partial penetration
groove welds and fillet welds are considered welding
with backing.

QW-310.3 Welding Groove Without Backing. The
dimensions of the welding groove of the test coupon
used in making qualification tests for single-welded
groove welds without backing shall be the same as
those for any WPS qualified by the manufacturer, or
as shown in QW-469.2.

'RETESTS AND RENEWAL OF
QUALIFICATION
QW-321  Retests

.A welder or welding operator ‘who fails ‘one or more

of the tests prescribed in QW-304 or QW-303, as
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applicable. may be retested under the following condi-
tions.

QW-321.1 Immediate Retest Using Visual Exami-
nation. When the qualification coupon has failed the
visual examination of QW-302.4, retesting shall be by
visual examination before conducting the mechanical
testing.

When an immediate retest is made, the welder or
welding operator shall make two consecutive test cou-
pons for each position which he has failed, all of which
shall pass the visual examination requirements.

The examiner may select one of the successful test
coupons from each set of retest coupons which pass
the visual examination for conducting the mechanical
testing.

QW.321.2 Immediate Retest Using Mechanical
Testing. When the gualification coupon has failed the
mechanical testing of QW-302.1. retesting shall be by
mechanical testing.

When an immediate retest is made, the welder or
welding operator shall make two consecutive test cou-
pons for each position which he has failed. all of which
shall pass the test requirements.

QW-321.3 Immediate Retest Using Radiography.
When the qualification coupon has failed the radio-
graphic examination of QW-302.2. the immediate retest
shall be by the radiographic examination method.

(a) For welders and welding operators the retest shall
be to radiographically examine two 6 in. plate coupons;
for pipe. to examine two pipes for a total of 12 in.
of weld, which shall include the entire weld circumfer-
ence for pipe or pipes (for small diameter pipe the
total number of consecutively made test coupons need
not exceed eight).

(b) At the option of the manufacturer. the welder
who has failed the (production weld alternative) test
in QW-304.1 may be retested by radiographing an
additional 12 in. length of the same production weld.
If this length of weld passes the test, the welder is
qualified and the area of weld on which he had pre-
viously failed the test shall be repaired by him or
another gualified welder.

If this 12 in. length does not meet the radiographic
standards, the welder has failed the retest and all of
the production welds made by this welder shall be
radiographed completely and repaired by a qualified
welder or welding operator. .

{c) At the option of the manufacturer. the welding
operator who has failed the test in QW-305.2 may be
retested by radiographing an additional 6 ft length of
the same production weld. If this length of weld passes
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the test, the welding operator is qualified and the area
of weld on which he had previously failed the test
shall be repaired by him or another qualified welder
or welding operator. If this 6 ft length does not meet
the radiographic standards, the welding operator has
failed the retest and all of the production welds made
by this welding operator shall be radiographed com-
pletely and repaired by a qualified welder or welding
operator.

QW-321.4 Further Training. When the welder or
the welding operator has had further training or practice,
a new test shall be made for each position on which
he failed to meet the requirements,

QW-322  Expiration and Renewal of

Qualification

QW-322.1 Expiration of Qualification. The per-
formance qualification of a welder or welding operator
shall be affected when one of the following conditions
occur:

(a) when he has not welded with a process during
a period of 6 months or more, his qualifications for
that process shall expire.

{b) when there is a specific reason to question his
ability to make welds that meet the specification, the
qualifications which support the welding he is doing
shall be revoked. All other qualifications not questioned
rematn in effect.

QW.322.2 Renewal of Qualification

fa) Renewal of qualification expired under QW-
322.1(a) above may be made for any process by welding
a single test coupon of either plate or pipe, of any
material, thickness or diameter, in any position, and
by testing of that coupon as required by QW-301 and
QW-302. A successful test renews the welder or welding
operator's previous qualifications for that process for
those materials,. thicknesses. diameters. positions, and
other variables for which he was previously qualified.

Providing the conditions of QW-304 and QW-305
are satisfied. renewal of qualification under QW-322.1(a)
may be done on_production work.

(b) Welders and welding operators whose qualifica-
tions have been revoked under QW-322.1(b) above
shall requalify. Qualification shall utilize a test coupon
appropriate to the planned production work. The coupon

_shall be welded and tested as required by QW-301 and

QW-302. Successful test restores the qualification.
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QW-350 WELDING VARIABLES FOR
: WELDERS -
QW-351 General

A welder shall be requalified whenever a change is
made in one or more of the essential variables listed
for each welding process.

Where a combination of welding processes is required
to make a weldment, each welder shall be qualified
for the particular welding process or processes he will
be required to use in production welding. A welder
may be qualified by making tests with each individual
welding process, or with a combination of welding
processes in a single test coupon.

The limits of deposited weld metal thickness for
which he will be qualified are dependent upon the
thickness of the weld he deposits with each welding
process. exclusive of any weld reinforcement, this thick-
ness shall be considered the test coupon thickness as
given in QW-452.

In any given production weldment, welders may not
deposit a thickness greater than that permitted by QW-
452 for each welding process in which they are qualified.

QW-352 OXYFUEL. GAS WELDING (OFW)
Essential Variables

1995 SECTION IX

QW-354

QW-353 SHIELDED METAL-ARC WELDING (SMAW)
Essential Variabies

Paragraph Brief of Variables
QW-402 4 - Backing
Joints
QW-403 16 ¢ Pipe Diameter
Base Metals 18 Py P-Number
QW-404 15 I3 F-Number
Filler Metal
ilier Metals .30 ¢ t Weid deposit
QW-405 1 - Position
Positions 3 o . Vertical weiding

QW-354 SEMIAUTOMATIC SUBMERGED-ARC
WELDING (SAW)
Essential Variabies

Paragraph Brief of Variables

Paragraph Brief of Variables QW-403 16 &  Pipe diameter
QW-402 7 + Backing Base Metals 18 Py P.Number
Joints QW-404 15 ¢  F-Number
QW-403 2 Maximum qualified Filler Metals 30 & t Weld deposit
Base Metals -18 i P-Number QW-405 By +  Position
QW-404 .14 = Filier Positions
Filler Metals 15 ¢ . . F-Number
Filler Metals 31 ¢ t Weld deposit
QW-405 1 + - Position
Positions
QWiRD —— | R Type fuel gas ~_. o - -
Gas
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QW-355 SEMIAUTOMATIC GAS METAL-ARC

WELDING (GMAW)

[This Inciudes Flux-Cored Arc Welding (FCAW))

Essential Variables

Paragraph Brief of Variables
QW-402 4 - Backing
Joints
QW-403 .16 ] Pipe diameter
Base Metals 18 @ P-Number

.15 ¢ F-Number

g:::(::etals .30 ¢ t Weld deposit

. .32 t Limit {S. Cir. Arc)
QW-405 1 + Position
Paositions 3 ¢ 1 i Vertical weiding
QW-408 8 - Inert backing
Gas
Qw-409 2 ¢ Transfer mode
Electrical

QW-356 MANUAL AND SEMIAUTOMATIC GAS
TUNGSTEN-ARC WELDING (GTAW)

Essential Variables

Paragraph Brief of Variables

QW-402 4 - Backing
Joints
QW-403 .16 ¢ Pipe diameter
Base Metals a8 &  P-Number

14 * Filler
QW-404 15 ¢  F-Number
Filler Metals 22 - Inserts

.30 ¢ t Weld deposit
QW-405 1 + Position
Pasitions 3 & 11 Vertical welding
QwW-408 8 - Inert backing
Gas
QwW-409 4 [ Current or polarity
_Electrical
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QW-357 MANUAL AND SEMIAUTOMATIC
PLASMA-ARC WELDING (PAW)
Essential Variables

Paragraph Brief of Variables

QwW-402 4 - Backing
Joints
Qw-403 .16 é Pipe diameter
Base Metals 18 ¢  P-Number

.14 z Filler

.15 ¢ F-Number
Qw-404 .22 * Inserts
Filler Metals

.30 ' t Weld deposit
QW-405 1 + Position
Positions 3 & 1. Vertical weiding
QW-408 8 ~ Inert backing
Gas

Legend for QW-352 through QW-357:

¢ Change 1 Uphiil
< Agdition . Downhill
- Deletion

QW-360 WELDING VARIABLES FOR
WELDING OPERATORS

QwW-361 General

Except as specified in QW-362, QW-363, and for
the special processes of QW-380. a welding operator
shall be requalified whenever a change is made in one

. of the following essential variables.

QW-361.1 Essential Variables — Automatic
Welding

(@) A change from automatic to machine welding.

(b) A change in the welding process.

{c) For electron beam and laser welding, the addition
or deletion of filler metal.

(d) For laser welding. a change in laser type (e.g.,
a change from CO, 1o YAG).

(e) For friction welding, a change from continous
dnve 10 inertia welding or vice versa.

() For electron beam welding, a change from vac-
uum to out-of-vacuum equipment, and vice versa.

‘QW-361.2 Essential Variables — Machine Welding
(a) A change in the welding process.
(b) A change from direct visual control to remote

visual control and vice-versa.

fc) The deletion of an automatic arc voltage control
system for GTAW.
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(d) The deletion of automatic joint tracking.

(e) The addition of welding positions other than
those already qualified (see QW-120, QW-130. and
QW-303).

(f) The deletion of consumable inserts, except that
qualification with consumable inserts shall aiso qualify
for fillet welds and welds with backing.

(g) The deletion of backing. Double-welded groove
welds are considered welding with backing.

(h) A change from single pass per side to muitiple
passes per side but not the reverse.

QW-362  Electron Beam Weldir~ (EBW), Laser
Beam Welding (LBW), and Friction

Welding (FRW)

The performance qualification test ccupon shall be
production parts or test coupons that have joint designs
permitted by any qualified WPS. The coupon shall
be mechanically tested in accordance with QW-452.
Alternatively. when the part or coupon does not readily
lend itself to the preparation of bend test specimens,
‘the part may be cut so that at least two full-thickness
weld cross sections are exposed. Those cross sections

shall be smoothed and etched with a suitable etchant

(see QW-470) to give a clear definition of the weld
metal and heat affected zone. The weld metal and heat
affected zone shall exhibit complete fusion and freedom
from cracks. The essential variables for welding operator
qualification shall be in accordance with QW-361.

QW-363
Stud welding operators shall be performance qualified

in accordance with the test requirements of QW-193
and the position requirements of QW-303.4.

Stud Welding

SPECIAL PROCESSES

Corrosion-Resistant Weld Metal
Overlay

QW-380
QW-381

(a) The size of test coupons, limits of qualification,
required examinations and tests, and test specimens
shall be as specified in QW-433.

(b) Welders or welding operators who pass the tests
for corrosion-resistant weld metal overlay cladding shall
only be qualified to apply corrosion-resistant weld metal
overlay portion of a groove weld joining composite
clad or lined maerials. h

(c) The essential variables of QW-350 and QW-

360 -shall apply for welders:and . weiding operators,”

respectively, except welders or welding operators shall
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be qualified for unlimited maximum deposited: thickness
and as otherwise specified in QW-453.

(d) A welder or welding operator who has qualified
on composite welds in clad or lined material, as provided
in QW-383(c) is also qualified to deposit corrosion-
resistant weld metal overlay.

QW-382  Hard-Facing Weld Metal Overlay

(Wear Resistant)

(a) The size of the test coupons, limits of qualifica-
tion, required examinations and tests. and test specimens
shall be as specified in QW-453. Base material test
coupons may be as permitted in QW-423.

(b) Welders and welding operators who pass the
tests for hard-facing weld metal overlay are qualified
for hard-facing overlay only.

(c) The essential variable, of QW-350 and QW-
360, shall apply for welders and welding operators,
respectively, except that there is no limit on the maxi-
mum thickness of hard-facing overlay that may be
applied in production and as otherwise specified in
QW-453.

{d) Qualification with one AWS classification within
an SFA specification qualifies for all other AWS classi-
fications in that SFA specification.

{e) A change in welding process shall require welder
and welding operator requalification.

QWwW-383

(a) A welder or welding operator who has qualified
on composite welds in clad or lined matenial as provided
in (c), below, is qualified for welding the base metal
and lining or cladding material separately. A welder
or welding operator who has qualified using separate
test coupons for both the base material and lining or
cladding materials is also qualified to make a composite
weld. Qualification on both base material and lining
or cladding material is required only of welders or
welding operators who weld both materials.

(b) The qualification test coupon shall consist of a
base material not less than 6 in. long, 3 in. wide. and
Y, in. thick, to which are clamped or bonded two strips
of lining or cladding material separated by a gap left
in the lining or a groove cut in the cladding as illustrated
in QW-462.6(a); or the test coupon may be a basc
material not less than 6 in. long, 3 in. wide, and ¥
in. thick with a % in. deep groove cut in the claddmg

Clad Plate or Applied Lining

‘as illustrated in QW-462.6(b).

The gap or groove shall run lengthwise of the test
toupon approximately-midway -of -the coupon width.
The width of the gap shall not be less than twice the




QW-383

nominal thickness of the lining or cladding and not
less than the maximum gap to be used in construction,
but need not be greater than ¥ in. The essential variables
of QW-350 for welders and QW-360 for welding
operators shall apply separately to the base material
and the lining or cladding. For material not included
in QW-422, the material used in the test coupon shall
be within the range of chemical composition of that
to be used in construction. The test weld shall be made
between the edges of the joint representing lining or
cladding material by the technique prescribed in 2
qualified WPS. Postweld heat treatment may be omitted
per QW-301.2. The mechanical test shall be performed
on two longitudinal face-bend test specimens that con-
form to the dimensions and other requirements of QW-
161 and QW-462.3(b). The specimens shall be tested
in accordance with and meet the requirements of QW-
160.

(c) Composite Welds. Performance qualification tests
may be made by preparing test coupons from clad

PERFORMANCE QUALIFICATIONS
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material so that the essential variables of QW-350 or
QW-360 are met. Heat treatment is not required, but
is permitted if the welder’s or welding operator’s work
on construction is to be heat treated. QW-462.6(c), (d).
and (e) show some acceptable composite joint details.

QW-384  Resistance Welding Operator

Qualification

Each welding operator shall be tested on each machine
type which he will use. Qualification testing on any
P-2X metal shall qualify the operator for all matenials.
Qualification on any P-1 through P-11 or any P-4X
metals shall qualify the operator for all P-1 through
P-11 or P-4X metals. Qualification testing shall consist
of making 2 set of 10 consecutive welds, five of which
shall be subjected to mechanical shear tests or peel tests.
and five to metallographic examination. Examination,
testing, and acceptance criteria shall be in accordance
with QW-196.

3-37




3-38




QW-400

VARIABLES

QW-401  General

Each welding variable described in this Article is
applicable as an essential, supplemental essential, or
nonessential variable for procedure qualification when
referenced in QW-250 for each specific welding process.
Essential variables for performance qualification are
referenced in QW-350 for each specific welding process.
A change from one welding process to another welding
process is an essential variable and requires requalifi-
cation. »

QW-401.1 Essential Variable (Procedure). A
change in a welding condition which will affect the
mechanical properties (other than notch toughness) of
the weldment (for example, change in P-Number, weld-
ing process, filler metal, electrode. preheat or postweld
heat treatment, etc.).

QW-401.2 Essential Variable (Performance). A
change in a welding condition which will affect the
ability of a welder to deposit sound weld metal (such
as a change in welding process. deletion of backing,
electrode. F-Number, technique, etc.).

QW-401.3 Supplemental Essential Variable (Pro-
cedure). A change in a welding condition which will
affect the notch-toughness properties of a weldment
(for example, change in welding process, uphill or
down vertical welding, heat input, preheat or PWHT,
etc.).

When a procedure has been previously qualified to
satisfy all requirements other than notch toughness, it
is then necessary only to prepare an additional test
coupon using the same procedure with the same essentio’
variables, but additionally with all of the requires
supplementary essential variables, with the coupon long
enough to provide the necessary notch-toughness spec-
imens.

When a procedure has been previously qualified to
satisfy all requirements including notch toughness, but
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one or more supplementary essential variable is changed,
then it is only necessary to prepare an additional test
coupon using the same welding procedure and the new
supplementary essential variable(s), with the coupon
long enough to provide the necessary notch-toughness
specimens. If a previously qualified weld procedure
has satisfactory notch-toughness values in the weld
metal, then it is necessary only to test notch-toughness
specimens from the heat affected zone when such are
required.

QW-401.4 Nonessential Variable (Procedure). A
change in a welding condition which will not affect
the mechanical properties of a2 weldment (such as joint
design, method of back gouging or cleaning, etc.)

QW-401.5 The welding data includes the welding
variables grouped as joints, base metals, filler metals,
position, preheat, postweld heat treatment, gas, electrical
characteristics, and technique. For convenience, vari-
ables for each welding process are summarized in
Qw-415 for procedui'e qualification and QW16 for -
performance qualification.

QW-402

QW-402.1 A change in the type of groove (Vee-
groove, U-groove, single-bevel, double-bevel. etc.).

Joints

QW-402.2 The addition or deletion of a backing.

QW-402.3 A change in the nominal composition of
the backing.

QW-402.4 The deletion of the backing in single-
welded groove welds. Double-welded groove welds are
considered welding with backing.

QW-402.5 The addition of a backing or a change
in its nominal composition.

QW-402.6 An increase in the fit-up gap., beyond
that initially gualified.
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QW-402.7 The addition of backing.

QW-302.8 A change in nominal size or shape of
the stud at the section to be welded.

QW-402.9 In stud welding, a change in shielding
as a result of fermule or flux type.

QW-402.10 A change in the specified root spacing.

QW-402.11 The addition or deleticn of nonmetallic
retainers or nonfusing metal retainerss.

QW-402.12 The welding procedure qualification test
shall duplicate the joint configuration to be used in
production within the limits listed, except that pipe or
tube to pipe or tube may be used for qualification of
a pipe or tube to other shapes. and solid round to solid
round may be used for qualification of a solid round
to other shapes:

{a) any change exceeding =10 deg. in the angle
measured for the plane of either face to be joined, to
the axis of rotation; -

{b) a change in cross-sectional area of the weld joint
greater than 10%;

{c) a change in the outside diameter of the cylindrical
weld interface of the assembly greater than =10%;

(d) a change from solid to tubular cross section at
the joint or vice versa regardiess of (b) above.

QW-402.13 A change in the joint from spot to
projection to seam OF vice versa.

QW-402.14 A decrease in the center-to-center dis-
tance when the welds overlap. An increase or decrease
of more than 10% in the spacing of the welds when
they are within two diameters of each other.

QW-402.15 A change in the size or shape of the
projection in projection welding.

QW-402.16 A decrease in the distance between the
weld fusion line and the final surface of the production
corrosion-resistant or hard-facing weld metal overlay
below the minimum thickness qualified as shown in
QW-462.5. There is no limit on the maximum thickness
for corrosion-resistant or hard-facing weld metal overlay
that may be used in production.

QW-402.17 An increase in the thickness of the
production spray fuse hard-facing deposit above the
thickness deposited on the procedure qualification test
coupon.

QW-403  Base Metais

ﬁ
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QW-403.1 A change from .a base metal listed under - .-

one P-Number in QW-422 to a metal listed under
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another P-Number or to any other base metai. When
joints are made. between two base metals that have
different P-Numbers, a procedure qualification shall be
made for the applicable combination of P-Numbers,
even though qualification tests have been made for
each of the two base metals welded to itself.

QW-403.2 The maximum thickness qualified is the
thickness of the test coupon.

QW-403.3 Where the measurement of penetration
can be made by visual or mechanical means, requalifica-
tion is required where the base metal thickness differs
by 20% from that of the test coupon thickness when
the test coupon thickness is 1 in. and under, and 10%
when the test coupon thickness is over 1 in. Where
the measurement of penetration cannot be made, requali-
fication is required where the base metal thickness
differs by 10% from that of the test coupon when the
test coupon thickness is 1 in. and under, and 5% when
the test coupon thickness is over 1 in.

QW-403.4 Welding procedure qualifications shall be
made using a base metal of the same type or grade
or another base metal listed in the same group (see
QW-422) as the base metal to be used in production
welding. When joints are to be made between base
metals from two different groups, a procedure qualifica-
tion must be made for the applicable combination of
base metals, even though procedure qualification tests
have been made for each of the two base metals welded
to itself.

QW-403.5 Welding procedure qualifications shall be
made using a base metal of the same type or grade
or another base metal listed in the same P-Number
and Group Number (see QW-422) as the base metal to
be used in production welding. A procedure qualification
shall be made for each P-Number and Group Number
combination of base metals, even though procedure
qualification tests have been made for each of the two
base metals welded to itself. If, however, the procedure
specification for welding the combination of base metals
specifies the same essential variables. including elec-
trode or filler metal, as both specifications for welding
each base metal to itself, such that base metals is the only
change, then the procedure specification for welding the
combination of base metals is also qualified. In addition,
when base metals of two different P-Number Group

"Number combinations are qualified using a single test

coupon, that coupon qualifies the welding of those two
P-Number ‘Group Numbers to. themselves as well as
to each other using the variables qualified.




QW-403.6

QW-403.6 The minimum base metal thickness quali-
fied is the thickness of the test coupon T or % in.,
whichever is less. However, where T is less than Y,
in.. the minimum thickness qualified is '4T. This limita-
tion does not apply when a WPS is qualified with a
PWHT above the upper transformation temperature or
when an austenitic material is solution annealed after
weiding.

QW-403.7 For the multipass processes of shielded
metal-arc, submerged-arc, gas tungsten-arc, and gas
metal-arc, the maximum thickness qualified for 1% in.
and over thickness T of the test coupon of QW-451.1
shall be 8 in. for the conditions shown in QW-451.1.
For thicknesses greater than 8 in., the procedure test
coupon thickness of the joint to be welded in production
divided by 1.33. and the maximum thickness of base
metal and deposited weld metal qualified is 1.33T or
1.33¢, as applicable.

QW-403.8 A change in base metal thickness beyond
the range qualified in QW-451, except as otherwise
permitted by QW-202.4(b).

QW-403.9 For single-pass or multipass welding in
which any pass is greater than ' in. thick, an increase
in base metal thickness beyond 1.1 times that of the
qualification test coupon.

QW-403.10 For the short-circuiting transfer mode
of the gas metal-arc process, when the qualification
test coupon thickness is less than !4 in., an increase
in thickness beyond 1.1 times that of the qualification
test coupon. For thicknesses of % in. and greater, use
QW-451.1 or QW-451.2, as applicable.

QW-403.11 Base metals specified in the WPS shall
be qualified by a procedure qualification test which
was made using base metals in accordance with QW-
424,

QW-403.12 A change from a base metal listed under
one P-Number of QW-422 to a base metal listed under
another P-Number. When joints are made between two
base metals that have different P-Numbers, requalifica-
tion is required even though the two base metals have
been independently qualified using the same procedure.
When the melt-in technique is used for joining P-No.
I, P-No. 3, P-No. 4, and P-No. 5A, a procedure
qualification test with one P-Number metal shall also
qualify for that P-Number metal weided to each of the
lower P-Number metals, but not vice versa.

QW-403.13 A change from one P-No. 5 to any ‘
other P-No. 5 (viz P-No. 5A to P-No. 5B or P-No.

VARIABLES

SC or vice versa)” A change from P-No. 9A to P-No.  ~
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9B but not vice versa. A change from one P-No. 10
to any other P-No. 10 (viz P-No. 10A to P-No. 10B
or P-No. 10C, etc.. or vice versa).

QW-403.15 Welding procedure qualifications for la-
ser beam welding and electron beam welding shall be
made using a base metal of the same type or grade
or another base metal listed in the same P-Number
(and the same group where given — see QW-422) as
the base metal to be used in production welding. When
joints are to be made between base metals from two
different P-Numbers (or two different groups), a proce-
dure qualification must be made for the applicable
combination of base metals even though procedure
qualification tests have been made for each of the two
base metals welded to itself.

QW-403.16 A change in the pipe diameter beyond
the range qualified in QW-452, except as otherwise
permitted in QW-303.1, QW-303.2, or when welding
corrosion-resistant weld metal overlay is performed
parallel to the axis of the pipe.

QW-403.17 In stud welding, a change in combination
of base metal listed under one P-Number in QW-422
and stud metal P-Number (as defined in Note below),
or to any other base metal/stud metal combination.

NOTE: Swd metal shall be classified by nominal chemical composi-
tion and can be assigned a P-Number when it meets the nominal
composition of any one of the P-Number metals.

QW-403.18 A change from one P-Number 10 any
other P-Number or to a base metal not listed in QW-
422, except as permitted in QW-423, and in QW-420.2.

QW-403.19 A change to another base material type
or grade (type or grade are materials of the same
nominal chemical analysis and mechanical property
range, even though of different product form), or to
any other base material type or grade. When joints are
made between two different types or grades of base
material, a procedure qualification must be made for
the applicable combinations of materials, even though
procedure qualification tests have been made for each
of the two base materials welded to itself.

QW-403.20 A change from a base metal, listed under
one P-Number in QW-422. to a metal listed under
another P-Number or to any other base metal. from a
base metal of one subgroup to any other grouping in
P-No. 10 or 1.

QW-403.21 The addition or deletion of a coating,
plating or cladding. or a change in the nominal chemical =
analysis or thickness range of the plating or cladding,

“or a change in type of Goating as specified in the WPS.
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QW-403.22 A change in the nominal base metal
thickness exceeding 5% of any outer sheet thickness
or 10% of the nominal thickness of the total joint from
that qualified.

QW-403.23 A change in base metal thickness beyond
the range qualified in QW-453.

QW-404  Filler Metals

QW-404.1 A change in the cross-sectional area of
the filler metal added (excluding buttering) or in the
wire-feed speed greater than =10% beyond that qual-
ified.

QW-404.2 A decrease in the thickness or change in
nominal specified chemical analysis of weld metal
buttering beyond that qualified. (Buttering or surfacing
is the deposition of weld metal on one or both faces
of the joint prior to preparation of the joint for final
electron beam welding.)

QW-4043 A change in the size of the filler metal.

QW-404.4 A change from one F-Number in QW-
432 1o any other F-Number or to any other filler metal
not listed in QW-432.

QW-404.5 (Applicable only to ferrous metals.) A
change in the chemical composition of the weld deposit
from one A-Number to any other A-Number in QW-
442. Qualification with A-No. 1 shall qualify for A-
No. 2 and vice versa.

The weld metal chemical composition may be deter-
mined by any of the following.

(a) For all welding processes — from the chemicai
analysis of the weld deposit taken from the procedure
qualification test coupon.

(b) For SMAW, GTAW, and PAW — from the
chemical analysis of the weld deposit prepared according
to the filler metal specification, or from the chemical
composition as reported either in the filler metal specifi-
cation or the manufacturer’s or supplier’s certificate of
compliance.

(c) For GMAW and EGW — from the chemical
analysis of the weld deposit prepared according to

the filler metal specification or the manufacturer’s or,

supplier’s certificate of compliance when the shielding
gas used was the same as that used to weld the
procedure gualification test coupon.

(d) For SAW — from the chemical analysis of the
weld deposit prepared according to the filler metal
specification or the manufacturer’s or supplier’s certifi-
cate of compliance when the flux used was the same
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as that used to weld the procedure qualification test
coupon. : . :
In Lieu of an A-Number designation, the nominal
chemical composition of the weld deposit shall be
indicated on the WPS and on the PQR. Designation
of nominal chemical composition may also be by
reference to the AWS classification (where such exists),
the manufacturer’s trade designation, or other estab-
lished procurement documents.

QW-404.6 A change in the nominal size of the
electrode or electrodes specified in the WPS.

QW-404.7 A change in the nominal diameter of the
electrode to over Y in. This limitation does not apply
when a WPS is qualified with a PWHT above the
upper transformation temperature or when an austenitic
material is solution annealed after welding.

QW-404.8 Addition or deletion, or a change in
nominal amount or composition of supplementary deoxi-
dation matenial (in addition to filler metal) bevond that
qualified. (Such supplementary metal may be required
for weld metal deoxidation for some metals being
welded.) '

QW-404.9

{a) A change in the indicator for minimum tensile
strength (e.g., the 7 in F7A2-EMI12K) when the flux
wire combination is classified in Section II, Part C.

(b) A change in either the flux trade name or wire
trade name when neither the flux nor the wire is
classified in Section II, Part C.

(¢) A change in the flux trade name when the wire
is classified in Section H, Part C but the flux is not
classified. A change in the wire classification within
the requirements of QW-404.5 does not require requali-
fication.

(d) A change in the flux trade name for A-No. 8
deposits.

QW-404.10 Where the alloy content of the weid
metal is largely dependent upon the composition of
the flux used, any change in any part of the welding
procedure which would result in the important alloying
elements in the weld metal being outside of the specifi-
cation range of chemistry given in the Welding Proce-
dure Specification. If there is evidence that the produc-
tion welds are not being made in accordance with the
procedure specification, the authorized inspector may
require that a check be made on the chemical composi-

“tion of the weld metal. Such a check shall preferably

be made on a production weld.

QW-404.12 A change in the SFA specification filler
metal classification or 10 a filler metal not covered by
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an SFA specification, or from one filler metal not
covered by an SFA specification to another which is
not covered by an SFA specification.

When a filler metal conforms to an SFA specification
classification, requalification is not required if a change
is made in any of the following:

(a) from a filler metal which is designated as mois-
ture-resistant to one which is not designated as moisture-
resistant and vice-versa (i.e., from E7018R to E7018);

(b) from one diffusible hydrogen level to another
(i.e., from E7018-H8 to E7018-H16);

(c) for carbon, low alloy, and stainless steel filler
metals having the same minimum tensile strength and
the same nominal chemical composition, a change from
one low hydrogen coating type to another low hydrogen
coating type (i.e., a change among EXX15, 16. or 18
or EXXX15. 16, or 17 classifications);

(d) from one position-usability designation to another
for flux cored electrodes (i.e., a change from E70T-]
to E71T-1 or vice versa);

(e) from a classification which requires impact testing
to the same classification which has a suffix which
indicates that impact testing was performed at a lower
temperature or exhibited greater toughness at the re-
quired temperature or both, as compared to the classifi-
cation which was used during procedure qualification
(i.e., a change from E7018 to E7018-1).

QW-404.14 The deletion or addition of filler metal.
QW-404.15 A change from one F-Number in QW-

VARIABLES

432 to any other F-Number or to any other filler metal,

except as permitted in QW-433.

QW-404.17 A change in the type of flux or composi-
tion of the flux.

QW-404.18 A change from wire to plate electrodes,
and vice versa.

QW-404.19 A change from consumable guide to
nonconsumable guide, and vice versa.

QW-404.20 Any change in the method by which
filler metal is added, such as preplaced shim, top strip,
wire, wire feed, or prior weld metal buttering of one
or both joint faces.

QW-404.21 For filler metal additions, any change
from the nominal specified analysis of the filler metal
qualified.

QW-404.22 The omission or addition of consumable
inserts. Qualification in a single-welded butt joint, with
or without consumable insents, qualifies for fillet welds
and single-welded butt joints with backing or double-

welded butt joints. Consinable inserts that conform 10~

57

QW-404.33

SFA-5.30, except that the chemical analysis of the
insert conforms 1o an analysis for any bare wire given
in any SFA specification or AWS Classification, shall
be considered as having the same F-Number as that
bare wire as given in QW-432.

QW-404.23 A change in the filler metal from bare
(solid) or metal cored to flux cored, or vice versa.

QW-404.24 The addition or deletion of supplemen-
tary filler metal.

QW-404.25 The addition or deletion of suppiemen-
tary powdered filler metal.

QW-404.26 An increase in the amount of supplemen-
tary powdered filler metal.

QW-404.27 Where the alloy content of the weld
metal is largely dependent upon the composition of
the supplementary powdered filler metal, any change
in any part of the welding procedure which would
result in the important alloying elements in the weld
metal being outside of the specification range of chemus-
try given in the Welding Procedure Specification.

QW-404.29 A change in the flux trade name and
designation.

QW-404.30 A change in deposited weld metal thick-
ness beyond the range qualified in QW-451 for proce-
dure qualification or QW-452 for performance qualifica-
tion, except as otherwise permitted in QW-303.1 and
QW-303.2. When a welder is qualified using radiogra-
phy, the thickness ranges of QW-452.1 apply.

QW-404.31 The maximum thickness qualified is the
thickness of the test coupon.

QW-404.32 For the low voltage short-circuiting type
of gas metal-arc process when the deposited weid metal
thickness is less than % in., an increase in deposited
weld metal thickness beyond 1.1 times that of the
qualification test deposited weld metal thickness. For
weld metal thicknesses of % in. and greater, use QW-
451.1 or QW-451.2, or QW-452.1 or QW-452.2, as
applicable.

QW-404.33 A change in the SFA specification filler
metal classification, or, if not conforming to an AWS
filler metal classification, a change in the manufacturer’s
trade name for the electrode or filler metal When
optional supplemental designators, such as those which
indicate moisture resistance (i.e.. XXXXR), diffusible
hydrogen (i.e., XXXX H16, H8, etc.), and supplemental
impact testing (i.e., XXXX-1 or EXXXXM), are speci-

‘fied on the WPS, only filler metals which conform
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to the classification with the optional supplemental
designator(s) specified on the WPS shall be used.

QW-404.34 A change in flux type (i.c., neutral to
active or vice versa) for multilayer deposits in P-No.
1 materials.

QW-404.35 A change in the flux/wire classification
or a change in either the electrode or flux trade name
when not classified in an SFA specification. Requalifica-
tion is not required when a wire/flux combination
conforms to an SFA specification and a change is made
from one diffusibie hydrogen level to another (ie., a
change from F7A2-EA1-A1H4 to F7A2-EA1-A1H16).

QW-404.36 Where flux from recrushed slag is used,
it shall be tested in accordance with Section II, Part
C by either the manufacturer or user, or qualified as
an unclassified flux in accordance with QW-404.9.

QW-404.37 A change in the composition of the
deposited weld metal from one A-Number in QW-442
to any other A-Number, or to an analysis not listed
in the table. Each AWS classification of A-No. 8 or
A-No. 9 analysis of QW-442, or each nonferrous alloy
in QW-432, shall require separate WPS qualification.
A-Numbers may be determined in accordance with
QW-404.5.

QW-404.38 A change in the nominal electrode diame-
ter used for the first layer of deposit.

QW-404.39 For submerged-arc welding and electro-
slag welding, a change in the nominal composition or
type of flux used. Requalification is not required for
a change in flux particle size.

QW-404.40 A change in the nominal cross-sectional
area of the electrodes or supplementary filler metal of
more than 10%.

QW-404.41 A change of more than 10% in the
powdered metal feed rate recorded on the PQR.

QW-404.42 A change of more than 5% in the particle
size range of the powder.

QW-404.43 A change in the powdered metal particle
size range recorded on the PQR.

QW-404.44 A change from 2 homogeneous powdered
metal to a mechanical mixed powdered metal or vice
versa.

QW-404.45 A change in the form of filler metal
from solid to fabricated wire, flux-cored wire, powdered
metal, or vice versa.
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QW-404.46 A change in the powder feed rate range
qualified.

QW-405 Positions
QW-405.1 The addition of other welding positions
than those already qualified. See QW-120, QW-130,

and QW-303.

QW-405.2 A change from any position to the vertical
position uphill progression. Vertical-uphill progression
(e.g., 3G, 5G, or 6G position) qualifies for all positions.
In uphill progression, a change from stringer bead to
weave bead. This limitation does not apply when a -
WPS is qualified with a PWHT above the upper transfor-
mation temperature or when an austenitic material is
solution annealed after welding.

QW.4053 A change from upwaf'd to downward, or
from downward to upward, in the progression specified
for any pass of a vertical weld, except that the cover
or wash pass may be up or down. The root pass may
also be run either up or down when the root pass is
removed to sound weld metal in the preparation for
welding the second side.

QW-405.4 Except as specified below, the addition
of other welding positions than already qualified.

(a) Qualification in the horizontal, vertical, or over-
head position shall also qualify for the flat position.
Qualification in the horizontal fixed position, 5G, shall
qualify for the flat, venical, and overhead positions.
Qualification in the horizontal, vertical, and overhead
positions shall qualify for all positions. Qualification
in the inclined fixed position, 6G, shall qualify for all
positions.

(b) A fabricator who does production welding in 2
particular orientation may make the tests for procedure
qualification in this particular orientation. Such qualifi-
cations are valid only for the positions actually tested,
except that an angular deviation of *-15 deg. is
permitted in the inclination of the weld axis and the
rotation of the weld face as defined in QW-461.1. A
test specimen shall be taken from the test coupon in

“each special orientation.

(c) In the vertical position, a change in the progres-
sion of travel from uphill to downhill, or vice versa.

QW-406  Preheat
QW-406.1 A decrease of more than 100°F in the

_preheat temperature qualified. The minimum tempera-

wre for welding shall be specified in the WPS.
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QW-406.2 A change in the maintenance or reduction
of preheat upon completion of welding prior to any
required postweld heat treatment.

QW-406.3 An increase of more than 100°F in the
maximum interpass temperature recorded on the PQR.
This limitation does not apply when a WPS is qualified
with a PWHT above the upper transformation tempera-
ture or when an austenitic material is solution annealed
after welding.

QW-406.4 A decrease of more than 100°F in the
preheat temperature qualified or an increase in the
maximum interpass temperature recorded on the PQR.
The minimum temperature for welding shall be specifed
in the WPS.

QW-406.5 A change in the maintenance or reduction
of preheat upon completion of spraying and prior to
fusing.

QW-406.6 A change of more than 10% in the
amplitude or number of preheating cycles from that
qualified. :

QW-407

QW-407.1 A separate PQR is required for each of
the following conditions.

fa) For P-No. 1, P-No. 3, P-No. 4, P-No.. 5; P-No.
6, P-No. 9, P-No. 10, and P-No. 11 materals. the
following postweld heat treatment conditions apply:

(1) No PWHT;

(2) PWHT below the lower transformation temper-
ature;

{3) PWHT above the upper transformation temper-
ature (e.g.. normalizing):

{4) PWHT above the upper transformation temper-
ature followed by heat treatment below the jower
transformation temperature (e.g., normalizing or quench-
ing followed by tempering);

(5) PWHT between the upper and lower transfor-
mation temperatures.

(b) For all other materials, the following postweld
heat treatment conditions apply:

(1) No PWHT;

{2) PWHT within a specified temperature range.

Postweld Heat Treatment

QW-407.2 A change in the postweld heat treatment
(see QW-407.1) temperature and time range requires
a PQR.

The procedure qualification test shall be subjected
to PWHT essentially equivalent to that encountered in
the fabrication of production welds, including at least
80% of the aggregate times at temperature(s). The

VARIABLES

QW-408.8

PWHT total time(s) at temperature(s) may be applied
in one heating cycle.

QW-407.4 For test coupon (PQR) receiving a post-
weld heat treatment in which the upper transformation
temperature is exceeded, the maximum qualified thick-
ness for production welds is 1.1 times the thickness
of the test coupon.

QW-407.5 A separate PQR is required for each of
the following conditions:

(a) No PWHT;

{(b) A change of more than 10% in the number of
post heating cycles following the welding interval;

{c) PWHT within a specified temperature and time
range if heat treatment is performed separately from
the welding operation.

QW-407.6 A change in postweld heat treatment
condition in QW-407.1 or an increase of 25% or more
in total time at postweld heat treating temperature.

QW-407.7 A change in the heat treatment temperature
range qualified if heat treatment is applied after fusing.

QW-408 Gas

QW-408.1 The addition or deletion of trailing
shielding gas and/or a change in its composition.

QW-408.2 A change from a single shielding gas to
any other single shielding gas or to a mixture of
shielding gases,- or a change in specified percentage
composition of shielding gas mixture. or omission of
shielding gas.

QW-408.3 A change in the specified flow rate range
of the shielding gas or mixture of gases.

QW-408.4 A change in composition and flow rates
of orifice gas and shielding gas.

QW-408.5 The addition or deletion of gas backing,.
a change in backing gas composition, or a change in
the specified flow rate range of the backing gas.

QW-408.6 Any change of environment shielding
such as from vacuum 10 an inert gas, or vice versa.

QW-408.7 A change in the type of fuel gas.

QW-408.8 The omission of inert gas backing except
that requalification is not required when welding a
single-welded butt joint with a backing strip or 2
double-welded butt joint or a fillet weid. This exception
does not apply to P-No. 5X, P-No. 6X, and P-No. 101

~metals. - - e
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QW-408.9 For groove welds in P-No. 4X and all
welds of P-No. 5X, P-No. 6X, P-No. 101, P-No. 10J,
and P-No. 10K metals, the deletion of backing gas or
a change in the nominal composition of the backing
gas from an inert to a mixture including non-inert
gas(es). -

QW-408.10 For P-No. 10l, P-No. 5X, and P-No.
6X metals, the deletion of trailing shielding gas, a
change in the trailing gas composition, or a decrease
of 10% or more in the trailing gas flow rate.

QW-408.11 The addition or deletion of one or more
of the following: shielding gas, trailing shielding gas,
backing gas, or plasma-removing gas.

QW-408.12 A change of more than 5% in the flow
rate of one or more of the following: shielding gas,
trailer shielding gas, backing gas, and plasma-removing
gas.

QW-408.13 A change in the position or orientation
of plasma-removing gas jet relative to the workpiece
(e.g.. coaxial transverse 1o beam).

QW-408.14 A change in the oxygen or fuel gas
pressure beyond the range gualified.

QW-408.15 In gas metal-arc welding and gas tung-
sten-arc welding: a change from a single gas to any
other single gas or to a mixture of gases, or vice versa;
a change in specified percentage composition of gas
mixture or omission of shielding gas; a decrease of
10% or more in the rate of flow of shielding gas or
mixture.

QW-408.16 A change of more than 5% in the flow
rate of the plasma-arc gas or powdered metal feed gas
recorded on the PQR.

QW-408.17 A change in the plasma-arc gas, shielding
gas, or powdered metal feed gas from a single gas to
any other single gas, or to a mixture of gases, or vice
versa.

QW-408.18 A change of more than 10% in the gas
mixture composition of the plasma-arc gas, shiclding
gas, or powdered metal feed gas recorded on the PQR.

QW-408.19 A change in the nominal compoéition -

of the powder feed gas or (plasma-arc spray) plasma
gas qualified.

QW-408.20 A change of more thap 5% in the plasma
gas flow rate range qualified.
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QW-409.11

QW-409  Electrical Characteristics

QW-409.1 An increase in heat input, or an increase
in volume of weld metal deposited per unit length of
weld, over that qualified. The increase may be measured
by either of the following:

(a) Heat input (J/in.)

Voltage x Amperage x 60
" Travel Speed (in./min)

(b) Volume of Weld Metal = an increase in bead
size or a decrease in length of weld bead per unit
length of electrode.

The requirement for measuring the heat input or
volume of deposited weld metal does not apply when
the WPS is qualified with a PWHT above the upper
transformation temperature or a solution anneal after
welding austenitic matenals.

QW-409.2 A change from spray arc, giobular arc,
or pulsating arc to short circuiting arc, or vice versa.

QW-409.3 The addition or deletion of pulsing current
to dc power source.

QW-409.4 A change from ac to dc, or vice versa;
and in dc welding, a change from straight polarity to
reverse polarity, or vice versa.

QW-409.5 A change of £15% from the amperage
or voltage ranges in the qualified WPS.

QW-409.6 A change in the beam current of more
than *5%, voltage of more than *2%. welding speed
of more than *2%, beam focus current of more than
*5%, gun-to-work distance of more than *5%, or a
change in oscillation length or width of more than
*20% from those previously qualified.

QW-409.7 Any change in the beam pulsing frequency
duration from that qualified.

QW-409.8 A change in the range of amperage, or
except for SMAW and GTAW welding, a change in
the range of voltage. A change in the range of electrode
wire feed speed may be used as an alternative to
amperage.

QW-409.9 A change in the arc timing of more than
+V, sec. R o

QwW-409.10 A chénge in amperége of more than

- *+10%.

QW-409.11 A change in-the power source from one
model to another.




QW-409.12

QW-409.12 A change in type or size of tungsten
electrode.

QW-409.13 A change in the shape or dimensions
of the welding electrode; a change from one RWMA
(Resistance Welding Manufacturer’s Association) class
electrode material to another.

QW-409.14 Addition or deletion of upsiope or down-
slope current control, or a change of more than 10%
in the slope current time or amplitude.

QW-409.15 A change of more than 5% in the
electrode pressure, the welding current, or the welding
time cycle from that qualified, except that requalification
is not required if there is a change of not more than
10% in either the electrode pressure or the welding
current or the welding time cycle, provided the re-
maining two variables remain at the values qualified.
A change from ac to dc or vice versa. The addition
or deletion of puising current to a dc power source.
When using pulsing dc current, a change of more than
5% in the pulse amplitude, width, or number of pulses
per cycle from that qualified.

QW-409.16 A change from synchronous to asynchro-
nous timing.

QW-409.17 A change in the power supply primary
voltage or frequency, or in the transformer tums ratio,
tap setting, choke position, secondary open circuit volt-
age or phase control setting.

QW-409.18 A change in the procedure or frequency
of up cleaning.

QW-409.19 Any change in the beam pulsing fre-
quency and puise duration from that qualified.

QW-409.20 Any change in the following variables:
mode of operation (from pulsed to continuous or vice
versa), energy distribution across the beam (ie.,
multimode or gaussian), lens focal length, and lens
focal distance.

QW-409.21 Any change in the following variables:
wattage of more than 2%, welding speed of more than
2%, spot size of more than 2%, and lens to work
distance of more than 5%.

QW-409.22 An increase of more than 10% in the
amperage used in application for the first layer.

QW-409.23 A change of more than 10% in the
ranges of amperage or voltage qualified.

QW-409.24 A change of more than 10% in the filler

VARIABLES

wire wattage recorded on the PQR. Wattage is a function

of current voltage, and stickout dimension.

6]

QW-410.10

QW-409.25 A change of more than 10% in the
plasma-arc current or voltage recorded on the PQR.

QW-409.26 For the first layer only. an increase in
heat input of more than 10% or an increase in volume
of weld metal deposited per unit length of weld of
more than 10% over that qualified. The increase may
be measured by either of the following:

(a) Heat input (J/in.)

Voltage x Amperage x 60

Travel Speed (in./min)

(b) Volume of Weld Metal an increase in bead
size or a decrease in length of weld bead per unit
length of electrode.

QW-410

QW-410.1 A change from the stringer bead technique
to the weave bead technique, or vice versa.

Technique

QW-410.2 A change in the nature of the flame,
oxidizing to reducing. or vice versa.

QW-410.3 A change in the orifice, cup. or nozzle
size.

QW-410.4 A change in the welding technique, fore-
hand to backhand, or vice versa.

QW-4105 A change in the method of initial and
interpass cleaning (brushing. grinding. etc.)

QW-410.6 A change in the method of back gouging.

QW-410.7 A change in width, frequency. or dwell
time of oscillation, for machine or automatic welding
only.

QW-410.8 A change in the contact tube to work
distance.

QW-410.9 A change from multipass per side to
single pass per :side. This limitation does not apply
when a WPS is qualified with a PWHT above the
upper transformation temperature or when an austenitic
material is solution annealed after welding.

QW-410.10 A change from single electrode to multi-
ple electrode, or vice versa, for machine or automatic
welding only. This limitation does not apply when
a WPS is qualified with a PWHT above the upper
transformation temperature or when an austenitic mate-
ridl is solution annealed after welding: —
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QW-410.11

QW-410.11 A change from closed chamber to out-
_ of-chamber conventional torch welding in P-No. 5X
metals, but not vice versa. ‘

QW-410.12 A change from the melt-in technique to
the keyhole technique of welding, or vice versa, or the
inclusion of both techniques though each has been
individually qualified.

QW-410.14 A change in the angle of the axis of
the beam relative to the workpiece.

~QW-410.15 A change in the spacing of multiple
electrodes for machine or automatic welding.

QW-410.17 A change in the type or model of the
welding equipment.

QW-410.18 An increase in the absolute pressure of
the vacuum welding environment beyond that qualified.

QW-410.19 Any change in filament type, size, or
shape.

QW-410.20 The addition of a wash pass.

QW-410.21 A change of welding from one side to
welding from both sides. or vice versa.

QW-410.22 A change in either of the following stud
welding parameters: a change of stud gun model; a
change in the lift more than =Y in.

QW-410.25 A change from manual or semiautomatic
to machine or automatic welding and vice versa.

QW-410.26 The addition or deletion of peening.

QW-410.27 A change in the rotational speed produc-
ing a change in the outside surface velocity (ft/min)
greater than = 10% of the outside surface velocity
qualified.

QW-410.28 A change in the thrust load (Ib) greater
than *10% of the thrust load qualified.

QW-410.29 A change in the rotational energy (lb-
ft®) greater than = 10% of the rotational energy qualified.

QW-410.30 Any change in upset dimension (overall
loss in length of parts being joined) greater than £10%
of the upset gualified.

QW-410.31 A change in the method of preparing
the base metal -prior to welding (e.g.. changing from
mechanical cleaning to chemical cleaning or to abrasive
cleaning, or vice versa).

QW-410.32 A change of more than 10% in the

1-_-—'-_-——_~
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" holding pressure prior to-or ‘after welding. A change -

of more than 10% in the electrode holding time.

348
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QW-410.48

QW-410.33 A change from one welding type to
another, ar modification of equipment, including Manu-
facturer, control panel, model number, electrical rating
or capacity, type of electrical energy source, or method
of applying pressure. '

QW-410.34 Addition or deletion of an electrode
cooling medium and where it is used.

QW-410.35 A change in the distance between arms
or a change in the throat depth.

QW-41037 A change from singie to multiple pass
Or vice versa.

QW-410.38 A change from multiple-layer to single
layer cladding/hardsurfacing, or vice versa.

QW-410.39 A change in the torch type or tip size.

QW-410.40 For submerged-arc welding and electro-
slag welding, the deletion of a supplementary device
for controlling the magnetic field acting on the weld
puddle.

QW-410.41 A change of more than 15% in the
travel speed range recorded on.the PQR.

QW-410.42 The addition or elimination of oscillation
of the plasma torch or filler wires; a change from
simple harmonic to constant velocity oscillating motion
or vice versa; a change of more than 10% in oscillation
displacement recorded on the PQR; however, a proce-
dure qualified using a minimum oscillation displacement
and a procedure qualified using a maximum oscillation
displacement shall gualify for all weld bead oscillations
in between, with all other essential variables remaining
the same.

QW-410.43 For the torch or workpiece, a change
of more than 10% in the travel speed range qualified.

QW-410.44 A change of more than 15% in the
spray-torch to workpiece distance qualified.

QW-41045 A change in the method of surface
preparation of the base metal to be hard-faced (exampie:
sandblasting versus chemical cleaning).

QW-410.46 A change in the spray-torch model or
tip orifice size.

QW-41047 A change of more than 10% in the
fusing temperature range qualified.- A change in the
rate of cooling from the fusing temperature of. more
than 50°F/hr, a change in the fusing method (example:
torch, fumace, induction).

-QW-410.48 A _change in the constricted arc from
transferable to nontransferable or vice versa.




QW-410.49

VARLIABLES

QW-410.49 A change in the diameter of the plasma
torch-arc constricting orifice.

QW-410.50 A change in the number of electrodes
acting on the same welding puddle.

QW-410.51 The addition or elimination of oscillation
of the electrode or electrodes.

QW-410.52 A change in the method of delivering
the filler metal to the molten pool, such as from the
leading or trailing edge of the torch, the sides of the
torch, or through the torch.

63

QW-410.52
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QW-416
WELDING VARIABLES
Welder Performance

Essential AsABLE  pET ST
Brief
of OFW SMAW SAW GMAW? GTAW PAW
Paragraph! Variables QW-352 Qw-353 Qw-354 Qw-355 Qw-356 Qw-357
Joints 4 ~ Backing X X X X
-4
Qw-402 + Backing
Base .2 Maximum qualified
Metal ] .
Qw-403 .16 | & Pipe diameter v X X X X
.18 | & P-Number X X X X
Filler 14 * Filler X X
Metais
. F-
QW-404 15 | & Number X X X X X X
22 > Inserts X X
30 | & t Weid deposit ) X X X X X
31 | & t Weld deposit X
.32 t Limit (s. cir. arc) X
Positions .1 | + Position X X X X X
Qw-405 31 ¢ 1. Vert. welding X X X
Gas 7 & Type fuel gas X
Q_w"oa 8 | - Inert backing X X X
Electrical 2 | & Transfer mode
Qw-409 4 ! ¢ Current or polarity X
Welding Processes:
FGW Gas welding (fuel gas weiding)
SMAW Shielded metal-arc welding
SAaw Submerged-arc weiding
GMAW Gas metal-arc welding
GTAW Gas tungsten-arc welding
PAW - Plasma-arc weiding
{egend:
& Change t Thickness
+ Addition t Uphill
= Deletion { Downhill
NOTES: .

(1) For description, see Section IV.
(2) Flux-cored arc welding as shown in QW-355, with or without additional smieiding from an externally supplied gas or gas mixture, is included.
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QW-420

QW-420  Material Groupings

QW-420.1 P-Numbers

To reduce the number of welding and brazing proce-
dure qualifications required, base metals have been
assigned P-Numbers, and for ferrous base metals which
have specified impact test requirements, Group Numbers
within P-Numbers. These assignments are based essen-
tially on comparable base metal characteristics, such as
composition, weldability, brazeability, and mechanical
properties, where this can logically be done. These
assignments do not imply that base metals may be

_indiscriminately substituted for a base metal which was
used in the qualification test without consideration
of compatibility from the standpoint of metallurgical
properties, postweld heat treatment, design, mechanical
properties, and service requirements. Where notch
toughness is a consideration, it is presupposed that the
base metals meet the specific requirements.

Base Metal Weiding Brazing
Steel and steel P-No. | through P- P-No. 101 through
alioys No. 1! incl. P- P-No. 103
No. 5A. 5B. and
sC
Aluminum and alu- P-No. 2] through P-No. 104 and P-
minum-base P-No. 25 No. 105
alloys
Copper and cop- P-No. 31 through P-No.107 and P-No.
per-base alloys P-No. 35 108
Nickel and nickel- P-No. 41 through P-No. 110 through
base alloys P-No. 47 P-No. 112
Titanium and tita- P-No. 51 through P-No. 115
nium-base alloys P-No. 53
Zirconium and zir-  P-No. 61 through P-No. 117
conium-base P-No. 62
alioys

When a base metal with a UNS number designation
is assigned a P-Number, then a base metal listed in a
different ASME material specification with the same
UNS number shail be considered that P-Number. For
example, SB-163, UNS N08800 is P-Number 45; there-
fore, all ASME specifications listing a base metal with
the UNS NO8800 designation shall be considered P-
Number 45 (i.e., SB-407, SB-408, SB-514, etc.) whether
or not these specifications are listed in QW-422. Since
a minimum tensile value is required for procedure

VARIABLES

QwW-420.2

qualification. only base metals listed in QW-422 may
be used for test coupons as defined in QW-424.

In those instances where materials in the 1971 Edition
of this Section have been given different P-Numbers
or assigned to Subgroups within a P-Number in the
1974 Edition of this Section, those procedure and
performance qualifications will continue to be valid
based on the new P-Number designation.

In the column heading “Minimum Specified Tensile,
ksi” of QW-422, the values given are those of the
base metal specification, except as otherwise identified
in the table notes. These are also the acceptance values
for the room temperature tensile tests of the welding
procedure qualification, except as otherwise allowed in
QW-153.

QW-420.2 S-Numbers (Non-Mandatory)

S-Numbers are a listing of matenials which are accept-
able for use by the ASME B3] Code for Pressure
Piping, or by selected Boiler and and Pressure Vessel
Code Cases, but which are not included within ASME
Boiler and Pressure Code Material Specifications (Sec-
tion II). These materials are grouped in S-Number
groupings similar to the P-Number groupings. There
is no mandatory requirement that S-Numbers be used.

Brazing or Welding Procedure Qualification with a
base metal in one P-Number, or P-Number plus Group
Number, qualifies for all other base metals in the
same S-Number grouping. Qualifications for S-Number
materials do not qualify corresponding P-Number mate-
rials. Base metals not assigned an S-Number or a P-
Number shall require individual procedure qualification.

However, if a base metal with a UNS number
designation is assigned an S-Number, then a base metal
listed in a different material specification with the same
UNS number shall be considered that S-Number. Since
a minimum tensile value is required for procedure
qualification, only base metals listed in QW/QB-422
may be used for test coupons.

For Performance Qualification of brazers, welders,
brazing operators, and welding operators, the require-
ments for P-Numbers of base metals shall also be
applied to the same S-Numbers of base metals. Qualifi-
cation with P-Numbers in accordance with QB-310.3
and QB-403.18 qualifies for corresponding S-Numbers
and vice versa.
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DATA—P-NUMBERS QW/QB422

QW/QB-422 (CONT'D)

NOTES:

(1} See QW-153.1(a), (b), and (d).

(2) Tensile value is expected minimum.

(3) Some of the indicated product forms are not normally produced in all the sizes indicated; for more specific coverage, see applicable tabies of
Section 1], Part B.

(4) Specified minimum tensile strength is for full-thickness specimens that include cladding.

(5) Specified minimum tensile strength is for specimens taken from the core.

(&) For copper and copper-base alioys, the acceptance value for the tensile test of the welding procedure qualification shall be that given for the
base metal in the annealed condition.

(7) C10200 — oxygen free; C10400, C10500, C10700 — oxygen free, silver bearing; C12000 — deoxidized, low phosphorus; C12200 —
deoxidized, high phosphorus; C12300 — deoxidized, phosphorized, silver bearing; C14200 — deoxidized, phosphorized, arsenical.

(8) Vaiues in parentheses are not designated in the respective SB documents and are the acceptance values for qualification using T4 or Te
temper base metal and tested in the as-welded condition.

(See Notes at end of QW/QB-422.)
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QW23
QW-423  Alternate Base Materials for Welder
Qualification

QW-423.1 Base material used for welder qualification
may be substituted for the P-Number material specified
in the WPS in accordance with the following.

Base Meal(s) for
Welder Qualification

P-No. 1 through P-No. 1! or
P-No. 4X

Qualified Production
Base Metal(s)

P-No. | through P-No. 11,
P-No. 4X and unassigned
metals of similar chemi-
cal composition to these
metals

P-No. 21 through P-No. 25

P-No. 34 and P-No. 42

P-No. 5x and P-No. 6x

P-No. 21 through P-No. 25
P-No. 34 or P-No. 42
P-No. 5x or P-No. 6x

Base Metals Used for Procedure
Qualification

QW-424

QW-424.1 Base metals are assigned P-Numbers in
QW-422; metals which do not appear in QW-422 are
considered to be unassigned metals except as otherwise
defined in QW-420.1 for base metals having the same
UNS numbers. Unassigned metals shall be identified
in the WPS and on the PQR by specification, type
and grade. or by chemical analysis and mechanical

3-82
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QW-424.1

properties. The minimum tensile strength shall be de-
fined by the organization which specified the unassigned
metal if the tensile strength of that metal is not defined
by the material specification.

Base Metal(s) Used for
Procedure Qualification
Coupon

Base Metals Qualified

One metal from a P-Number to
any metal from the same P-
Number

One metal from a P-Number to
any metal from any other P-
Number

One metal from P-No. 3 to any
metal from P-No. 3

One metal from P-No. 4 to any
metal from P-No. 4

One metal from P-No. SA to
any metal from P-No. 5A

One metal from P-No. 5A, P-
No. 4, or P-No. 3 10 a metal
from a lower P-No.

Any unassigned metal to the
same unassigned metal

Any unassigned metal to any P-
Number metal

Any unassigned metal to any
other unassigned metal

Any metwals assigned that P-
Number

Any metal assigned the first P-
Number to any metal assigned
the second P-Number

Any P-No.3 metal to any metal
from P-No. 3 or P-No. 1

Any P-No. 4 metal to any metal
from P-Nos. 4, 3. or 1

Any P-No. 5A metal to any
metal from P-Nos. SA, 4. 3,
or 1 metals

Any P-No. 5A, P-No. 4, or P-
No.3 metal to any metal as-
signed to any lower P-No.

The unassigned metal to itself

The unassigned metal to any
metal assigned to the same P-
Number as the qualified metal

The first unassigned metal to
the second unassigned metal




QW-430
QW-430 F-NUMBERS
QW-431  General

The following F-Number grouping of electrodes and
welding rods in QW-432 is based essentially on their
usability characteristics, which fundamentally determine

DATA — VARIABLES

QW32

a metal which was used in the qualification test without
consideration of the compatibility of the base and filler
metals from the siandpoint of metallurgical properties,
postweld heat treatment design and service requirements,
and mechanical properties.

the ability of welders to make satisfactory welds with QW-432.1  Stee! and Stee! Alloys
a given filler metal. This grouping is made to reduce QW-432.2  Aluminum and Aluminum-Base Alloys
the number of welding procedure and performance QW-432.3  Copper and Copper-Base Alloys

. . . . QW.4324  Nickel and Nickel-Base Alloys
qualifications, whgrc this can logically be done. The QW-432.5  Titanium and Titanium Alloys
grouping does not imply that base metals or filler metals QW-432.6  Zirconium and Zirconium Alloys
within a group may be indiscriminately substituted for QW-4327  Hard-Facing Weld Metal Overlay

Qw-432
F-NUMBERS

Grouping of Electron)es and Welding Rods for Qualification

QW F-No. ASME Specification No. AWS Classification No.
Steel and Stee! Alloys
432.1 1 SFA-5.1 & 5.5 EXX 20, EXX 22, EXX 24, £XX 27, EXX 28
1 SFA-54 EXX 25, EXX 26
2 SFA-5.1 & 5.5 EXX 12, EXX 13, EXX 14, £XX 19
3 SFA-5.1 & 55 EXX 10, EXX 11
4 SFA-5.) & 55 EXX 15, EXX 16, EXX 18, EXX 48
4 SFA-5.4 other than austenitic and duplex EXX 15, EXX 16, EXX 17
5 SFA-5.4 (austenitic and duplex: EXX 13, EXX 16, EXX 17
[} SFA-5.2 RX
[ SFA-5.17 FXX-EXX
6 SFA-5.9 ERXX
6 SFA-5.18 ERXXS-X, EXXC-X, EXXT-XX
& SFA-5.20 EXXT-X
[ SFA-5.22 EXXXT-X
6 SFA-5.23 FXX-EXXX-X, FXX-ECXXX-X, and
FXX-EXXX-XN, FXX-ECXXX-XN
[ SFA-5.25 FESXX-EXXXXX-EW
6 SFA-5.26 EGXXS-X and EGXXT-X
6 SFA-5.28 ERXXS-X and EXXC-X
[} SFA-5.29 EXXTX-X
[ SFA-5.30 IN XXXX
Aijuminum and Aluminum-Base Alloys
432.2 21 SFA-5.10 ER 1100
22 SFA-5.10 ER 5554, ER 5356, ER 5556, ER 5183,
ER 5654
23 SFA-5.10 ER 4009, ER 4010, ER 4043, ER 4047
ER 4145, R 4009, R 4010, R4011l
24 SFA-5.10 R-A356.0
Copper and Copper-Base Alioys
4323 31 SFA-56 ECu
N SFA-5.7 ER Cu
31 SFA-5.27 “ER Cu -
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Qw432 1995 SECTION IX
Qw-432
L F-NUMBERS (CONT'D)
Grouping of Eiectrodes and Welding Rods for Qualification -
Qw F-No. ASME Specification No. AWS Classification No.
Copper and Copper-Base Alloys (Cont'd)

432.3 32 SFA-5.6 ECuSi
32 SFA-5.7 ER CuSi-A
32 SFA-5.27 ER CuSi-A
33 SFA-5.6 ECuSn-A, ECuSn-C
33 SFA-5.7 ER CuSn-A
34 SFA-5.6 ECuNi
34 SFA-5.7 ER CuNi
34 SFA-5.30 IN 67
35 SFA-5.27 R8 CuZn-A
35 RB CuZn-8
35 RB CuZn-C
35 RB CuZn-D
36 SFA-5.6 ECuAl-A2
36 ECuAl-B
36 SFA-5.7 ER CuAl-Al .
36 ER CuAi-A2
36 ER CuAli-A3
37 SFA-5.6 ECuNiAl
37 ECuMnNiA|
37 SFA-5.7 ER CuNiA!
37 ER CuMnNiAl

Nickel and Nickei-Base Alloys

432.4 41 SFA-5.11 E Ni-1
a1 SFA-5.14 ER Ni-1
a1 SFA-5.30 IN 61
42 SFA-5.11 £ NiCu-7
42 SFA-5.14 ER NiCu-7
42 SFA-5.30 IN 60
43 SFA-5.11 E NiCrFe-1
43 SFA-5.11 E NiCrFe-2
43 SFA-5.11 E NiCrFe-3
43 SFA-5.11 E NiCrFe-4
43 SFA-5.11 £ NiCrCoMo-1
43 SFA-5.11 £ NiCrMo-2
43 SFA-5.11 E NiCrMo-3
a3 SFA-5.11 E NiCrMo-6
43 SFA-5.14 ER NiCr-3
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DATA — VARIABLES

Qw-432
F-NUMBERS (CONT'D)

QW-432

Grouping of Electrodes and Welding Rods for Quatification

ow F-No. ASME Specification No. AWS Ciassification No.
Nicke! and Nickel-Base Alloys (Cont'd}
432.4 43 SFA-5.14 ER NiCrFe-5
43 SFA-5.14 ER NiCrFe-6
43 SFA-5.14 ER NiCrCoMo-1
43 SFA-5.14 ER NiCrMo-2
43 SFA-5.14 ER NiCrMo-3
43 SFA-5.30 IN 82
43 SFA-5.30 IN 62
a3 SFA-5.30" IN 6A
44 SFA-5.11 E NiMo-1
a4 SFA-5.11 E NiMo-3
44 SFA-5.11 £ NiMo-7
44 SFA-5.11 E NiCrMo-4
44 SFA-5.11 E NiCrMo-5
44 SFA-5.11 £ NiCrMo-7
44 SFA-5.11 E NiCrMo-10
a4 SFA-5.14 ER NiMo-1
44 SFA-5.14 ER NiMo-2
a4 SFA-5.14 ER NiMo-7 (Alioy B-2)
44 SFA-5.14 ER NiCrMo-4
44 SFA-5.14 ER NiCrMo-5
44 SFA-5.14 ER NiCrMo-7 (Alioy C-4)
44 SFA-5.14 ER NiCrMo-10
45 SFA-5.11 E NiCrMo-1
45 SFA-5.11 E NiCrMo-9
45 SFA-5.11 E NiCrMo-11
45 SFA-5.14 ER NiCrMo-1
45 SFA-5.14 ER NiFeCr-1
45 SFA-5.14 ER NiCrMo-8
a5 SFA-5.14 ER NiCrMo-9
45 SFA-5.14 ER NiCrMo-11
Titanium and Titanium Alloys
432.5 51 SFA-5.16 ERTi-1, ERTi-2, ERTi-3, ERTi-4
52 SFA-5.16 ERTI-7
53 SFA-5.16 ERTi-9, ERTI-9ELI
54 SFA-5.16 ERTi-12
Zirconium and Zirconium Alloys
432.6 6l SFA-5.24 ER 2r2
ER Zr3
ER Zrd
Hard-Facing Weld Metal Overlay
432.7 71 SFA-5.13 RXXX-X, EXXX-X
72 SFA-5.21 RXXX«X
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1995 SECTION IX

QW-433

Alternate F-Numbers for Welder

Performance Qualification

The following tables identify the filler metal or

electrode that the welder used during qualification test-
ing as “Qualified With,” and the electrodes or filler
metals that the welder is qualified to use in production
welding as “Qualified For.” See QW-432 for the F-

Number assignments.

Qualified With —
[ ——

Qualified For |

F-No. 1
With
Backing

F-No. 1
Without
Backing

F-No. 2
With
Backing

F-No. 2
Without
Backing

F-No. 3
With
Backing

F-No. 3
Without
Backing

F-No. &4
With
Backing

F-No. 4
Without
Backing

F-No. 1 With
Backing

X X X

X X X

X

X

F-No. 1 Without
Backing

F-No. 2 With
Backing

F-No. 2 Without
Backing

F-No. 3 With
Backing

F-No. 3 Without
Backing

F-No. &4 With
Backing

F-No. 4 Without
Backing

-

Qualified With

Qualified For

Any F-No. §
Any F-No. 6
Any F-No. 21 through F-No. 24
Any F-No. 31 through F-No. 37

Any F-No. 41 through F-No. 45
Any F-No. 51 through F-No. 54
Any F-No. 61

Any F-No. 71 through F-72

All F-No. 5

All F-No. 6 [Note (1)]

All F-No. 21 through F-No. 24

Only the same F-Number as was
used during the qualification
test

All F-No. 41 through F-No. 45

All F-No. 51 through F-No. 54

All F-No. 61

Only the same F-Number as was
used during the gualification
test

Note (1): Deposited weld metal made using a bare rod not covered
by an SFA Specification but which conforms to an analysis listed
in QW-442 shall be considered to be classified as F-No. 6.
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QW40 DATA — VARIABLES Qw42

QW-440 WELD METAL CHEMICAL

COMPOSITION
QW-441  General
Identification of weld metal chemical composition
designated on the PQR and WPS shall be as given in
QW-404.5.
Qw-442
A-NUMBERS
Classification of Ferrous Weld Metal Analysis for Procedure Qualification
Analysis, % [Note (1}]
Types of Weld

A-No. Deposit c Cr Mo Ni Mn Si
1 Mild Steel 0.15 1.60 1.00
2 Carbon-Moiybdenum 0.15 0.50 0.40-0.65 1.60 1.00
3 Chrome (0.4% to 2%)-Molybdenum 0.15 0.40-2.00 0.40-0.65 1.60 1.00
4 Chrome (2% to 6% )-Molybdenum 0.15 2.00-6.00 0.40-1.50 1.60 2.00
5 Chrome (6% to 10.5% )-Molybdenum 0.15 6.00-10.50 0.40-1.50 1.20 2.00
6 Chrome-Martensitic 0.15 11.00-15.00 0.70 2.00 1.00
7 Chrome—Ferritic 0.15 11.00~30.00 1.00 1.00 3.00
8 Chromium-Nicket 0.15 14.50~30.00 4.00 7.50-15.00 2.50 1.00
9 Chromium—Nickel 0.30 25.00~30.00 4.00 15.00~37.00 2.50 1.00
10 Nickel to 4% 0.15 . 0.55 0.80-4.00 1.70 1.00
i1 Manganese~Motybdenum 0.17 L 0.25-0.75 0.85 1.25-2.25 1.00
12 Nickei-Chrome-Molybdenum 0.15 1.50 0.25-0.80 1.25-2.80 0.75-2.25 . 1.00

NOTE:
(1) Single values shown above are maximum,
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QW450-QW-451.1
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QW-451, QW-451.2

DATA — SPECIMENS
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QW-4513, QW-451.4 1995 SECTION IX

QW51  Procedure Qualification Thickness Limits and Test Specimens (Cont’d)

QwW-451.3
FILLET-WELD TESTS!

Type and Number of Tests

Type of Thickness of Test Required [QW-462.4(a) or QW-462.4(d)]
Joint ~ Coupons as Welded, in. Range Qualified Macro
Fillet Per QW-462.4(3) All filiet sizes on all base S
metal thicknesses and all
diameters
Fillet Per QW-462.4(d)- a4

NOTE:
(1) Production assembiy mockups may be substituted in accordance with QW-181.1.1. When production assembly mockups are used, range
qualified shal! be limited to the fillet sizes, base metal thicknesses, and configuration of the mockup.

QwW-451.4
FILLET WELDS QUALIFIED BY GROOVE-WELD TESTS

Thickness T of Test

Coupon (Piate or Pipe) Type and Number of Tests
as Weided Range Qualified Required
All groove tests All fillet sizes on ali base Filiet welds are qualified when
metal thicknesses and ail the groove weld is gualified
diameters in accordance with either
QW-451.1 or QW-451.2 (see
QwW-202.2)
126
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QW4522, QW-4523 1995 SECTION IX

QW-452  Performance Qualification Thickness Limits and Test Specimens (Cont’d)

Qw-452.2
LONGITUDINAL-BEND TESTS

Type and Number of Tests Reguired

Thickness t of Deposited (Guided-Bend Tests)
Weld Metal Qualified, in. [Note (2)]
Thickness
Test Coupon Face Bend ) Root Bend
Type of Welded, in. [Note (3)} [Note (3)]
Joint [Note (1)) Max. QW-462.3(b) QW-462.3(b)
Groove Up to %, incl. 2t 1 1
Groove Over 3 2t 1 1

NOTES:

(1) When using one, two, or more welders, the thickness t of the deposited weld metal for each welder with each process shaif be determined
and used individually in the Thickness column. )

(2) Thickness of test coupon of 3 in. or over shall be used for qualifying a combination of three or more welders, each of which may use the
same or a different welding process.

(3) Face- and root-bend tests may be used to qualify a combination test of:
(a) one welder using two welding processes; or
(b) two welders using the same or a different welding process.

Qw-452.3
GROOVE-WELD DIAMETER LIMITS®?

Outside Diameter

Outside Diameter Qualified, in.
of Test Coupon, in. Min. Max.
Less than 1 Size welded Uniimited
1 to less than 27/, 1 _ Unlimited
2%y and over 2 Uniimited
NOTES:
(1) Type and number of tests required shall be in accordance with
QW-452.1. ’

(2) 27/ in. 0.D. is the equivalent of NPS 2%/,
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QW-452

SMALL DIAMETER FILLET-WELD TEST*?

DATA — SPECIMENS

Performance Qualification Thickness Limits and Test Specimens (Cont’d)

Qw-452.4

]

QW-452.4—QW-452.6

Qutside Diameter
of Test Coupon, in.

Minimum Outside Diameter
Qualified, in.

Thickness
Qualified

Less than 1
1 to less than 27

2% and over

Size welded

1

2%

All

All

All

NOTES:

{1) Type and number of tests required shall be in accordance with QW-452.5,

(2) 27 in. 0.D. is considered the eguivaient of NPS 23/,

Qw-452.5
FILLET-WELD TEST?

Type and Number of Tests

Thickness of Required (QW-462.4(b) or QW-462.4(c)]
Test Coupon as
Type of Joint Weided, in. Range Qualified Macro Fracture
Tee fillet Yie - % All base material thicknesses, 1 1
filet sizes, and diameters
2% 0.D. and over (1)
Less than 33, T to 2T base material thickness, 1 1

T maximum fillet size, and all

diameters 2%, 0.D. and over (1)

NOTE:

(1) 277, in. 0.D. is considered the equivaient of NPS 2',. For smaller diameter gqualifications, refer to QW-452.4 or QW-452.6.
{2) Production assembly mockups may De substituted in accordance with QW-1B81.2.1. When production assembiy mockups are used, range
qualifieg shall be limited to the fillet sizes, base metal thicknesses, and configuration of the mockup.

FILLET QUALIFICATION BY GROOVE-WELD TESTS

Qw-452.6

Thickness of Test Coupon

Type of Joint

as Welded, in.

Range Qualified

Type and Number of Tests
Required

Any groove

Alf thicknesses

All base material thicknesses,
fillet sizes, and diameters

Filiet welds are qualified when a
welder/welding operator quaii-
fies on a groove weld test
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QwW-453 1995 SECTION IX

Qw-453
PROCEDURE/PERFORMANCE QUALIFICATION THICKNESS LIMITS AND TEST
SPECIMENS FOR HARD-FACING (WEAR RESISTANT) AND CORROSION
RESISTANT OVERLAYS

Corrosion Resistant [Note (1)] Hardtacing Overtay (Wear Resistant)
Overlay {Note (2))
Thickness of Test Nominal Base Metal Type & Number of Nominal Base Metal Type & Number
coupon (T) Thickness Quatified (T) Tests required Thickness Qualified (T) of Tests Required
Procedure Qualification
Testing
Less than i inch T T qualified to uniimited Tqualified up to 1 inch
Notes: (4 (5), and (9} Notes: (3), (7}, (8), and (9}
1 'nch and over T 1 inch 10 uniimited 1 inch to unhmited
Performance
Qualification
Testing
Less than 1 inch T T qualitied to unhimited T quaiified 10 unlimied '
Note (6) Notes (8) and (10)
1 inch and over T 1 inch to uniimited 1 inch to unlimited
NOTES:

(1) The gualification test coupon shail consist of base metal not less than & in. x 6 in. The weld overlay cladding shali be a minimum of 1's; 1n. wide by
approxmmately 6 . long. For gualification on pipe, the pipe length shail be a minimum of & in., and a minimum giameter to aliow the required number
of test specimens. The weld overlay shal! be continuous around the circumference of the test coupon. For processes (performance qualification oniy) depositing
a weld bead width greater than '., in. wide, the weid overlay shall consist of a minimum of three weld beads in the first layer.

(2. The test base metal coupon shall have minimum dimensions of b in. wide x approximately 6 in. long with a hard-faced layer a minimum of 11/, 1n. wide
x & in. long. The mimimum hard-faced thickness shall be as specified in the Weiding Procedure Specification. Aiternatively, the qualification may be
performed on a test base metal coupon which represents the size of the production part. For qualification on pipe, the pipe iength shall be & in. minimum,
ang of 2 mmmum diameter 10 aliow the required number of test specimens. The weld overlay shall be continuous around the Cirtumference of the test
coupon.

(3. The nard-facing surface shali be examined by the liquid penetrant method and shali meet the acceptance standards as specified in the WPS. Surface
conditioning prior to iquid penetrant examination is permitied.

(4} The corrosion resistant surface shatl be examined by the iiqui penetrant method and shall meet the acceptance standards as specified tn QW-195,

(5} Following the liquid penetrant examination, four guided side-bend tests shall be made from the test coupon in accordance with QW-161. The test specimens
shall be cut so that there are either two specimens paralie! and two specimens perpendicuiar 10 the direction of the welding, or four specimens perpendicular
o the direction of the weiding. For coupons which are less than Y in. thick, the width of the side-bend specimens may be reduced to the thickness of
the 1est coupon. The sioe-bend specimens shali be removed from locations specified in QW-.462.5(c) or QW-462.5(d).

(6) The test coupon shall be sectioned to make side-bend test specimens perpendicular (o the Oiwrection of the weiding in accordance with QW-161. Test
specimens shall be removec at locations specified in QW-462.5(C) or QW-462.5(d).

(7) After surface conditioning to the minimum thickness specified in the WPS, a minimum of three hardness readings shall be made on each of the specimens
from the locaticns shown in QW-462.5(c) or QW-462.5(e).

(8) The base metal shall be sectioned transversely to the direction of the hard-facing overlay. The two faces of the hard-facing exposed by sectioning shail
be polished and etched with a suitable etchant and shall be visually examined with x5 magnification for cracks in the base metal or the heat affected
zone, lack of fusion, or other linear defects. The overiay and the base metal shall meet the requirements specified in the WPS. All exposed faces shall
be examined.

(9) Chemical analysis specimens shall be removed at locations specified in QW-462.5(b) or QW-462.5(e). The chemical analysis shall be performed in accordance
with Qw-462.5(a).

(10) At a thickness greater than or equal to the mimmum thickness specified in the WPS, the weid surface shall be examined by the liquid penetrant method
and shall meet the acceptance standaros as specified n the WPS. Surface conditioning prior to !liquid penetrant examination 15 permitted.
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DATA — GRAPHICS QW-461.3-QW-461.5

QW61  Positions (Cont’d)

2 Z

{d) 4G
(a) 1G
(b) 2G
{e) 3G
Qw-461.3 GROOVE WELDS IN PLATE — TEST POSITIONS
‘ lOJ | } I
—_— v _J
{s) 1G Rotated - {c) 5G
(b) 2G
\"
/45 deg. +5 deg.
(\/é\ /
NS
\ //
= H
(d) 6G
QW-461.4 GROOVE WELDS IN PIPE — TEST POSITIONS
Axis of weld Axis of weld
vertical horizontai

Axis of weid
horizontsl

Throat of weid
vertical
45 deg.
. -

(a} 1F (b) 2F (e) 3F

(d) 4F

Qw-461.5 FILLET WELDS IN PLATE — TEST POSITIONS
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QW-461.6
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1995 SECTION IX

QW-461 Positions (Cont’d)

/" 45 deg. ) / |

45 deg.

{a) 1F (Rotated) : (b) 2F (c) 2FR {Rotsted)

Y
1B

{d) &4F (e} SF

QW-461.6 FILLET WELDS IN PIPE — TEST POSITIONS




DATA — GRAPHICS QW-461.7, QW-461.8

QW-461  Positions (Cont’d)

(a) 1S (2} 28 (c) 4S

QW-461.7 STUD WELDS — TEST POSITIONS

315 deg. — 45 deg.

1S

45 deg. — 135 deg.

|

2S

4S

135 deg. — 225 deg.

QW-461.8 STUD WELDS — WELDING POSITIONS

135
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QW-461.9 1995 SECTION IX

QW-461 Positions (Cont’d)

Qw-4619
PERFORMANCE QUALIFICATION — POSITION AND DIAMETER LIMITATIONS
(Within the Other Limitations of QW-303)

Position and Type Weld Qualified [Note (1)]

Qualification Test Groove Fillet
Plate and Pipe Pipe Plate
Weid Position Over 24 in. 0.D. < 24 in. 0.D. and Pipe
Plate — Groove 16 F F [Note (2)] F
2G F.H F,H [Note (2)] F.H
3G FV F {Note (2)] FHV
4G F.0 F [Note (2)] F,H,0
3G and 4G F V0 F [Note (2)] Al
2G, 3G, and 4G All F,H [Note (2)] All
Special Positions (SP) SP.F SP,F SP.F
Plate — Fillet 1F . L. F [Note (2)]
' 2F . o - F,H [Note (2)]
3F L » L F.K,V [Note (2)]
4F BN L F,H,0 [Note (2)]
3F and 4F R o All {Note (2)]
Special Positions (SP) L. o SP.F (Note (2)]
Pipe — Groove [Note (3}] 1G F F F
26G F.H F.H F,H
56 F.V,0 F. V.0, Al
oG All All All
2G and 5G Al All All
Special Positions (SP) SP.F SP,F i SP.F
Pipe — Filtet [Note (3)] 1F L L. F
2F C P F.H
2FR - . F.H
4F . L. F.H,0
SF . L. All
Special Positions. (SP) L S SP.F
NOTES:
(1) Positions of weiding as shown in QW-461.1 and QW-461.2.
F = Flat
H = Horizontal
V = Vertical
0 = Overhead

(2) Pipe 27 in. 0.0. and over.
(3) See diameter restrictions in QW-452.3, QW-452.4, and QW-452.6.

136
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QW-462 DATA —

QW-462  Test Specimens

The purpose of the QW-462 figures is to give the
manufacturer or contractor guidance in dimensioning
test specimens for tests required for procedure and
performance qualifications. Unless a minimum, maxi-
mum, or tolerance is given in the figures (or as QW-
150, QW-160, or QW-180 requires), the dimensions

GRAPHICS QW462.1(a)
are to be considered approximate. All welding processes
and filler material to be qualified must be included in
the test specimen.

x = coupon thickness including reinforcement
specimen thickness

= coupon thickness excluding reinforcement
specimen width, 3/., in.

T Ne
|

Weid reinforcement shall be
machined flush with base
metal. Machine minimum
amount to obtain approx.
parallel surfaces.

AR At

- 10 in. OF as required ~=———e————gin
Coid straightening

of the test coupon
is permitted prior
to removal of weld
reinforcement,

Pq—a-———-

)

——

|
1R,
| : by These edges may Edge of widest
X l be thermally cut. face of weid
! ! ——
s . \
x 1/4 in. 1/4 in, == —— 1/4.n.
2\
’?\ |— Parallel iength equals
=\ widest width of weld
3. .
,9\ plus 1/2 in.
. added fength.
i . o

This section machined
preferably by mitling

QW-462.1(a) TENSION — REDUCED SECTION — PLATE

T

Length sufficient
10 extend into grip
equal to two-thirds
grip iength

3-98




QW-462.1(b), QW-462.1(c) 1995 SECTION IX

QW-462 Test Specimens (Cont’d)

Grind or machine the minimum
amount needed to obtain piane
paralie! faces over the reduced
section W. No more material

than is needed to perform the |
test shall be removed. i On ferrous material

| these edges may be

| thermally cut.

10 in. or as required ) k
1 TN
______ |
Edge of widest
L face of weid

4?‘—-.‘ "-r %1“ n.
ned

This section machi
preferably by milling

QW-462.1(b) TENSION — REDUCED SECTION — PIPE

IR 1

] T [Note {1}]

3in. min. *

Reduced nction——-l
[Note {2)) e

1/2 in.

i Z Rad. 1 in. min.

1-1/16 in.

Edge of widest face of weid

NOTES:

(1) The weld reinforcement shall be ground or machined so that
the weld thickness does not exceed the base metal thickness
T. Machine minimum amount to obtain spproximately par-
altel surfaces.

(2) The reduced section shall not be less than the width of the
weld pius 2y.

" QW:462.1(c) TENSION — REDUCED SECTION
ALTERNATE FOR PIPE

138
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DATA — GRAPHICS v QW-462.1(d), QW~462.1(e)

QW-462  Test Specimens (Cont’d)

D-‘ R
=2 “‘.\*IIHI
AN

i NN

:
4

.__1__J

-

Standard Dimensions, in.
{a) (b) {e) ]
0.505 Specimen 0.353 Specimen 0.252 Specimen 0.188 specimen

A — Length of reduced section {Note {1)] (Note (1)) {Note (1)} {Note (1)}

D — Diameter 0.500 =0.010 0.350 =0.007 0.250 =0.005 0.188 =0.003
R — Radius of fillet 3/8, min. 114, min, 3/16, min. 18, min.

8 — Length of end section 1-3/8, approx. 1-1/8, approx. 718, approx. 112, approx.

¢ — Diameter of end section 3i4 12 3/8 1/4

GENERAL NOTES:

(a) Use maximum diameter specimen (a), (b}. (c). or (d) that can be cut from the section.
(b} Weld shoulid be in center of reduced section.
(¢] Where only 2 single coupon is reguired the center of the specimen should be midway between the surfaces.

(d) The ends may be of any shape to fit the nolders of the testing machine in such a way that the ioad 1s ap

NOTE:

(1) Reduced section A4 should not be less than width of weid pius 20.

QW-462.1(d) TENSION — REDUCED SECTION — TURNED SPECIMENS

ey

Weld reintorcement shall be
machined tiush with base meztal.

\

resaas sorrowssssamom

. QW-462.1(e) TENSION — FULL SECTION — SMALL
DIAMETER PIPE )

139

plied axially.
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QW-462.2 1995 SECTION IX

QW-462  Test Specimens (Cont’d)

w (in)
~ (18} For procedure qualification of materials other than P-No. 1 in T, in. _ y.n. P-No. 23,
QW422, if the surtaces of the side bend test specimens are gas cut, F-No. 23,0r All other
removal by machining or grinding of not iess than 1/8 in. from the 3/8 t0 1-1/2, T P-No. 35 metals
surtace shall be required. incl.
1/8 3/8
(16) Such removal is not required for P-No. 1 materisis, but any > 1-1/2
r resuiting roughness shail be dressed by machining or grinding. [Note (1]] /8 3/8
npmpeepepe SN sepsmpm" R
- (2) For performance qualification of sll materisls in QW422, if the x v| T
surfaces of side bend tests sre gas cut, any resulting roughness shall ¥ 1
be dressed by machining or grinding. '
6 in. or as 1/81n mun. GENERAL NOTE:
- Weid reinforcement and backing strip or backing ring, if any, may be
e R¢=1/8n max
\b\ reauired _i_:_ ‘ ’ removed fiush with the surface of the speciren. Thermai cutting,
P R R R LIS — M gy L - . L
= > 1= . E - i machining, or grinding may be employed. Cold straightening is per-
VLr ——— s mitted prior 1o removal of the reinforcement.
w |
NOTE:
{1) When specimen thickness T exceeds 1-1/2 in_, use one of the fol-
lowing.

(a) Cut specimen into muitipie test specimens y of approximateiy
equal dimensions (3/4 in. to0 1-1/2n.).
y = tested specimen thickness when muttiple specimens are
taken from one coupon
(b) The specimen may be bent at full width. See requirements on
jig width in QW-466.1.

Qw-462.2 SIDE BEND

140
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DATA — GRAPHICS

QW-462

& n. or as

1-1/2 in.
t'———— required ————-‘l'

il

R =1/8 in. max.

1

)
-

-y-
-T= -ye
r \[ J";I(Plﬂﬁ) (Pipe)}
. .

Face-bend specimen — Pilate and Pipe

6 in, or as 1-1/2 in.
f— requiref ————en ] R =1/8 in. max.
4
!
JL 2N '
“ye Wit
-Te N
oy o
r T7 i (Plate)  pie)
Yoy

Root-bend specimens — Plate and pipe

QW-4623(a), QW-462.3(b)

Test Specimens (Cont’d)

y,in.
P-N0.23.F-No.23.
T.in. or P-No. 35 Al other metals
1116<1/8 T T
1/8-3/8 1/8 T
>3/8 1/8 3/8

NOTES:
(1) Weld reinforcement and backing strip or backing ring, if any,

shall be removed flush with the surface of the specimen. If 2
recessed ring is used, this surface of the specimen may be
machined to a depth not exceeding the depth of the recess to
remove the ring, except that in such cases the thickness of
the finished specimen shaill be that specified above. Do not
flame-cut nonferrous material.

(2) If the pipe being tested is 4 in. nominal diameter or iess, the

width of the bend specimen may be 3/4 in. for pipe diame-
ters 2 in. 10 and including 4 in. The bend specimen width
may be 3/8 in. for pipe diameters less than 2 in. down to and
including 3/8 in. and as an alternative, if the pipe being tested
is equal to or less than 1 in. nominal pipe size {1.315 in.
0. D.l, the width of the bend specimens may be that obtained
by cutting the pipe into quarter sections, less an allowance
for saw cuts or machine cutting. These specimens cut into
quarter sections are not required to have one surfsce ma-
chined flat as shown in QW462.3(al. Bend specimens taken
from tubing of comparable sizes may be handied in a similar
manner.

QW-462.3(a) FACE AND ROOT BENDS — TRANSVERSE®?

6 ‘n. oras

FEQUIrE] g

e
!

1-1/2in.

R=1/8in max.

]
T
L

-2

; -y -y
i y., n. . !
! Tl T
i All Face Root
4 P-No.23,F-No. 23. other Bend Bend
i T.in, or P-No. 35 metals

11/16<1/8 T T

I 1/8-3/8 1/8 T T

~ >38 1/8 | 38

NOTE:

(1} Weid reinforcements and backing strip or backing ring. f any,
shali be removed essentially flush with the undisturbed surtace
of the base materiai. If a recessed strip is used, this surface of
the specimen may be machined tc a depth not exceeding the
depth of the recess to remove the strip, except that in such cases
the thickness of the finished specimen shall be that specified

above.

QW-462.3(b) FACE AND ROOT BENDS — LONGITUDINAL!
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QW-462.4(a), QW-462.4(b) 1995 SECTION IX

QW-462 Test Specimens (Cont’d)

T, T
‘e in. and less 7
Over Y, in. Equal to or iess than T,

but not iess than ‘/g in.

Zn

Size of fillet = thickness

Discard 110, of T, not greater than
- 3/4 in.
A L
Discard 1 1n. ',"' : : p Y //
1 '’ .‘ ! C/

T 7.8 A/

. S e
6in, Re ey @

T T iy

' ¥
T'r‘—— 610 min, — Macro-Test Specimen

GENERAL NOTE:

Macro test — The filiet shall show fusion at
the root of the weld but not necessarily
beyond the root. The weld metal and heat
aftecied zone shali be free of cracks.

QW-462.4(a) FILLET WELDS — PROCEDURE

Direction of bending

T—->1p4——

I Stop and restart
T weld near the
center
3in.

P .o

J_/ : S
—f-l 4in, :&__3

min.
Base metal thickness T Macro-Test

Max. filiet size = T Specimen

min, \

GENERAL NOTE: Refer to QW-452.5 for T thickness/qualifi-
cation ranges.

QW-462.4(b) FILLET WELDS — PERFORMANCE

142
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DATA — GRAPHICS QW-462.4(c)

QW-462 Test Specimens (Cont’d)

Direction of bend
Quarter section — Macro specimen

T = wall thickness

Quarter section —
Fracture specimen

Start and stop of weid
near center of bend

l

1

; |

} Max. fillet size = T 1!
!

Base metai thickness T . Wall thickness = T

GENERAL NOTE: Either pipe-to-plate or pipe-to-pipe may be used as shown. . '

QW-462.4(c) FILLET WELDS IN PIPE — PERFORMANCE

143
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QW-462.4(d) 1995 SECTION IX

QW-462 Test Specimens (Cont’d)

T = wall thickness

Quarter section —
Macro specimen
T 7 | / {4 required)

|
3in. 1
min. : I Start and stop of weid
l | ) near center of specimen
7 A
/ ‘ i
‘ . / 2in min.

—? Max. fillet size = T
I B
Base metal thickness > T
Wall thickness > T

GENERAL NOTES:
(1) Either pipe-to-plate or pipe-to-pipe may be used as shown.
{2) Macro test:
(a) The fillet shall show fusion at the root of the weld but not necessarity beyond the root.

{b) The weid metal and the heat affected zone shall be free of cracks.

QW-462.4(d) FILLET WELDS IN PIPE — PROCEDURE
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DATA — GRAPHICS QW-463.1(a)-QW-161.3(c)

QW-463  Order of Removal

this piece
Discard this piece
Reduced section tensile specimen T T —
T L T i L] ety Bl Rl sk = ::__ﬁf.f_?;_f_____q h — — — - __sz_eii"_in____ q
Root bend specimen
L et e e e Reduced section tensile s_pecimen
Face bend specimen nglanglopliag gyl y eeliprliey gl el e gdegn
| ot = ] Side bend specimen
Root bend specimen T T T T weeimen ]
St L L LR gy e Sigigliony gt Sl el egeiapeut
Face bend specimen Reduced section tensile specimen
Reducad section tensile specimen ::___S—ii-e—::\:_-_ﬁ - L——.:;::c—i:m;-—-?
St it S D iRty - gty gy —ylyl gl 4 L el
Discard this piece Discard this piece
7 i
.. — ¥ IN.
QW-263.1(a) PLATES — LESS THAN % IN. QW-463.1(b) PLATES — % IN. AND OVER
THICKNESS PROCEDURE QUALIFICATION THICKNESS AND ALTERNATE FROM %; IN. BUT
LESS THAN %, IN. THICKNESS
PROCEDURE QUALIFICATION
Discard
| Longitudinal
L1 tacebend
specimen
Reduced-section
tensile specimen
. Longitudinal
[h/- root-bend
specimen

| — Longitudinal
face bend
specimen

Y

Reduced-section
tensile specimen

— | ongitudinal

Bl

root-bend
specimen
iscarg
el —————
L \Z ]

QW-463.1(c) PLATES — LONGITUDINAL
PROCEDURE QUALIFICATION
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QW-463.1(d), QW-463.1(¢)

1995 SECTION IX

QW-463  Order of Removal (Cont’d)

Reduced section
tensile

. ’ Face bend
Root bend i

Horizontal plane
{when pipe is welded
x - -
in horizontal
fixed position)

,

!
Root bend
Face bend

heduced section
tensile

QW-463.1(d) PROCEDURE QUALIFICATION

K- 6&"’\ Reduced section
2% aed . tensile
Side bend ’ Side bend
Horizontal plane
(when pipe is weided
- - - % - -
in horizonta! fixed
position}
Side bend y Side Bend
.Redueed section
tensile

Qw-463.1(e) PROCEDURE QUALIFICATION
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DATA — GRAPHICS

QW=463  Order of Removal (Cont’d)

0 deg.
10 deg. ,— 10 deg.

Horizonta! reference
tine for the 5G or 6G
position

QW-463.1(f) NOTCH-TOUGHNESS TEST SPECIMEN LOCATION

QW-463.1(f)

3-108




QW-463.2(3)—QW-463.2(C)
Discard this piece
b o = = Tl = ==
Root-bend specimen
P— — :.":_".-_".L.'_":L: —_—— =
Face-bend specimen
=== T‘L—_'-;—:_':.—.:.-;:
Discard this piece
N7
Ay

3-110

1995 SECTION IX

QW-463  Order of Removal (Cont’d)

Discard

— — w— —

— o — —
— — v — o]

this piece

this piece

QW-263.2(c) PLATES — LONGITUDINAL PERFORMANCE QUALIFICATION

QW-463.2(a) PLATES — LESS THAN % IN.
THICKNESS PERFORMANCE QUALIFICATION

1Y

this
piece

b

[

1
"
H
1l

A

£
NI

158

QW-463.2(b) PLATES — % IN. AND OVER
THICKNESS AND ALTERNATE FROM % IN. BUT

LESS THAN % IN. THICKNESS
PERFORMANCE QUALIFICATION

Longitudinal
face-bend
specimen

Longitudinal
root-bend
specimen




DATA — GRAPHICS QW-463.2(d-QW-463.2(f)

QW-463  Order of Removal (Cont’d)

45 deg. — 60 deg. /’1

Side bend
Face bend Side bend

- t .
Horizontal piane
{when pipe is welded
—

in 5G or 6G
position)
) .

\ | e ’
Horizontal plane
{when pipe is welded

- e

E 3
in 5G or 6G
position)

Root bend Side bend Side bend

Face bend

QW-463.2(d) PERFORMANCE QUALIFICATION QW-463.2(¢) PERFORMANCE QUALIFICATION

i
+
|

30 dag.«—-""i‘\
/ Root bend ! 50 5‘9\

\ Horizontal Veference
jine for fixed horizontal

N\ position 4
NN | 8o
100 deg. ! 260 deg.

Pipe in fixed / Pipe in fixed
vertical position . horizons:al position
for {2G) tests I for (SG) tests

Side bend

Root bend Root Bend

" Face bend

QW-463.2() PIPE — 10 IN. ASSEMBLY PERFORMANCE QUALIFICATION

159
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QW-632() 1995 SECTION IX

QW-463  Order of Removal (Cont’d)

22 1/2 des. __.*\

Root bend

Face bend

22 1/2 c&

Horizontal reference line for
fixed horizontal position —,
90 deg.  _ \l _ \ J i

Pipe in fixed vertical ! ] . 80 deg.

position for 2G tests 270 deg.
s Pipe in fixed horizontal

| position for 5G tests

Root bend

GENERAL NOTE:
When side bend tests are made 1n accordance with Qw-452 1 and Qw452 3,
they shall be removed as shown in QW-463.2{g} wn place of the face and root bends

QW-463.2(g) 6 IN. OR 8 IN. ASSEMBLY PERFORMANCE QUALIFICATION

160
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QW-463.2(h)

DATA — GRAPHICS

QW-463  Order of Removal (Cont’d)

90 deg.

Macro
specimen
I Fracture |
specimen

90 deg.

90 deg.

Fracture specimen to be removed from lower 90 deg.
section in position 5 f

QW-463.2(h) PERFORMANCE QUALIFICATION

161
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QW-466, QW-466.1 1995 SECTION IX

QW-466  Test Jigs

Tapped hole to suit -

testing machine Hardened rollers 1-1/2 in. dism.

may be substituted for jig shouiders.

j_t———— As roqx:rnd —:"’ \1

W, 3/4 in. '

As required

t P
Shoulders hardened N :/‘:’ mi
3/4in. 4 and gressed e -1/8 in.
' [}
. ~—
1-1/8 in.]: ' ¢
.o -
' &
1/4 in. ~—= e £ 3/4in. R @
E E A 1/8 in.
E £
™ o~
. Plunger .
— CoT0 ] 8 R /
3/4 in. 7 —3 = - 2 {
" i pu
r J 3/4 in. L g - J

2in. [} o
in 1 / L c < o &
‘ Yoke ! 7-1/2 i, —————pnnt

37/8in. e 9in.
Thickness of
Material Specimen, in. A, in. 8, in. C, in. D, in.

P-No. 23 to P-No. 2X; P-No. 2X with F-No. 23; P-No. 35, 8 2-1/16 1-1/32 2-3/8 1-3116
P-No. XX with F-No. 36 t = 1/8 or iess le-1/2t 8-1/4t 18-172t + /16 9-1/4t ® 1/32
P-No. 11, P-No. 25 to P-No. 21 or P-No. 22 or P-No. 25 ] 3/8 2-172 1-1/4 3-3/8 1.1116

t = 3/8 or less 6-2/3¢ 3-1/3t 8-2/3t + 1/8 4-1/3t + /16
P-No. 51 3/8 3 13 3.7/8 1-15716

t = 3/8 or less 8t at it - 18 5 + 116
P-No. 52, P-No. 53, P-No. 61, P-No. 62 3/8 3-W4 1-7/8 4-5/8 2-5/16

t = 3/8 or less 10¢ st 12t + U8 6t - L&
Al others with greater than or egual to 20% elongation 3/8 1-172 3/4 2-3/8 1-3/16

t = X8 or less 4z 2t 6t + 1/8 3t + 1l
All others with less than 20% elongation t = (see Note b) 32-7/8t, 16-7/16¢, 34-7/81 + 16, 17-7:16t + 1/32,

max, max. max. ’ max.

GENERAL NOTES:

(a) For P-Numbers, see QW-422; for F-Numbers, see QW-432.

(b) The dimensions of the test jig shall be such as to give the bend test specimen a Caiculated percent puter fiber efongation equal to at least that of the base
material with the lower minimum elongation as specified in the base material specification.

. 100t
percent outer fiber elongation = A—_z
+

The foliowing formula is provided for convenience in catculating the bend specimen thickness:

A x percent elongation

thickness of specimen (1) = -
{100 ~ (percent eiongation}]

(c) For guided-bend jig configuration, see QW-466.2, QW-466.3, and QW-466 4.
{d) The weid and heat affected zone, in the case of a transverse weio beno specimen, shall be compietely within the bend portion of the specimen after testing.

Qw-466.1 TEST JIG DIMENSIONS

162
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B —

DATA — GRAPHICS QW-466.2

QW-466 Test Jigs (Cont’d)

[Note {3)]

N/ T"B=12A

[Notes {1), (2}]

[Notes (4), {5)]

GENERAL NOTE:
See Table QW-466.1 for jig gimensions and genera: notes.

NOTES: .
(1) Either hardened and greased shoulders or hardened rollers free to rotate shall be used.

:2' The shoulders or rollers shall have a mimmum bearing surface of 2 in. for placement of the specimen. The rollers shail be high enough above the bottom of
the jig so that the specimens will clear the roliers when the ram s in the low position.

The ram shall be fitted with an appropriate base and provision made for attachment to the testing machine, and shall be qf a sufficiently rigid design to
prevent geflection and misahignment while making the bend test. The dody of the ram may be less than the dimensions shown in column A, *

5 14 desired, either the roliers or the rolier supports may be made adjustable 1n the horizontal direction so that specimens of ¢ thickness may be tested on the

(3!

same jig.
'5) The rolier supports shali be fitted with an appropriate base designed to safeguard against deflection or misalignment ang equipped with means for maintamming

the roliers centered midpoint and aligned with respect to the ram.

QW-466.2 GUIDED-BEND ROLLER JIG
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QW-4663

3.116

1995 SECTION IX

QW-466 Test Jigs (Cont’d)

GENERAL NOTES:
(2) See Table QW-466.1 for jig dimensions and other general notes.

(b) Dimensions not shown are the option of the designer. The essential consideration is 1o have adequate

rigidity so that the jig parts will not spring.
{c) The specimen shall be firmly ciamped on one end so that there is no sliding of the specimen during the

bending operation.
{d) Test specimens shall be removed from the jig when the outer roll has been removed 180 deg. from the

starting point.

QW-466.3 GUIDED-BEND WRAP AROUND JIG
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Pertaining to performance qualification..... QWw-381
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Definitions .......ccooeiieeennnannans QwW-102, QW-490
Description of Section IX..................... QW-100
Dimensions
of welding groove with backing for
- performance qualification ............... QwW-310.2
of welding groove without backing for
performance qualification ............... Qw-310.3
of tension test specimen..........coovneen QwW-462.1
of bend test specimen ..........ocovvenne QwW-462.2
of test JigS..ocovieriiiiiiiniiiiiieieineens QW-466
of groove welds for procedure
qualification.........cccovviiiiiinniiinn, QwW-212
Drawings (see Graphics)
Electrical characteristics ........c.ivvvvnnenens QW-409
Electrogas welding (definition)................ QwW-492
variables for procedure qualification........ QW-259
Electrobeam (pertaining to procedure
qualification).......c.coeveveeiiiniiiiinnn, Qw-215
definition ......c.ovviiiiiiirieiiiiiiieen QW-492
variables for procedure qualification........ QW-260
variables for performance qualification...... QW-362
Electroslag welding (definition) ............... QWwW-492
variables for procedure qualification........ QW-258
Essential variables (performance)............ Qw4401.2
procedure......ooiiiiiennnnans QwW-251.2, QW-401.1
Etching....ccovviiiieiriiiiiiiiiininniennann, Qw470

Filler metals (pertaining to procedure

qualification).........ccevuvenennn. Qw-211, QW-404
Fillet-weld 1e5tS....viieiiiiirinnniiiiiiieniens Qw-180
Flat position (definition)......... Qw-121.1, QW-122.1,
QWwW-131.1, QW-132.1
FIUX....oiiiniiiiiineeereniiiieiereieensnnns QW-404.9
F-Numbers (listing)..........c.cooivevainnn.n. QwW-430
Forms (suggested).............. QW-482 (Appendix A)
FIacture teStS.....ceeueerenseneenereneensanens QW-182
Full-section specimens...........cccoenvuvees QW-151.4
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GBS ceieieererivereossrarannsanssasaranranses QW-408
Gas tungsten-arc welding (definition) ......... Qw-492
variables for procedure qualification........ QW-256
variables for performance qualification...... QwW-356
Gas welding (definition) .......ocoieeiaieane, Qw-492
variables for procedure qualification ........ QW-256
variables for performance qualification...... QW-356
Graphits ..ovvvervirriieninnennrcenssoneeanees QW-460
test positions......... Cerasereeiietiennaanas Qw-461
groove welds in plate,..............conl QwW-461.3
groove welds in pipe .......cooeiiiiins Qw-461.4
fillet welds in plate...........coeivvnnans QW-461.5
fillet welds in pipe ......ovevvvieennanen QW-461.6
stud welds ......cooivevnnnennn, ceenneees QW-461.7
test SPECImMENS. ..vovvvuvrreannnaresoniiienss QWwW-462

tension ~ reduced section — plate...QW-462.1(a)
tension — reduced section — pipe ...QW-462.1(b)

tension — reduced section — pipe alternate.......
QW-462.1(c)
tension — reduced section — turned
SPECIMEN .vvvvrennnnenarsieronaanss QW-462.1(d)
tension — full section — small diameter
£35S .QW-462.1(c)
side bend .....ooiiiiiiieniiiiiienanna.. QwW-462.2
face and root bends transverse ....... QW-462.3(a)
face and root bends longitudunal...... QW-462.3(b)
fillet welds — procedure ............. QW-462.4(a)
fillet welds — performance........... QW-462.4(b)
fillet welds in pipe — performance ... QW-462.4(c)
fillet welds in pipe — procedure...... QW-462.4(d)
corrosion-resistant overlay............... QW-462.5
composite test plates.........oviieinne QW-462.6
spot welds .......occeennnnid QW-462.8-QW-462.11
orderof removal ......cocivieneninniiaiinnns QW-463
plates ~ procedure qualification ..... QW-463.1(a)
plates — procedure qualification alternate.........
QW-463.1(b)
plates — procedure qualification longitudinal......
QW-463.1(c)
pipe — procedure qualification....... QW-463.1(d)
pipe — procedure qualification alternate ..........
QW-463.1(¢)
pipe — notch toughness specimen location ........
QW-463.1(f)
plate —~ procedure qualification ...... QW-463.2(a)
plate — procedure qualification alternate..........
QW-463.2(b)
plate — procedure qualification
longitudinal......cooonneiiiieionnes QW-463.2(c)
pipe ~ performance qualification ... .QW-463.2(d)
pipe — performance qualification alternate........
QW-463.2(c)
pipe —~ performance qualification 10 in.

diameter. ..c.cvirrennrsnniieuanns QW-463.2(f)
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pipe — performance qualification 6 in. or

8 in. diameter...........ooooennnen. QW-463.2(g)
pipe — performance qualification fillet weld.......
QW-463.2(h)
teSt JigS.. . oceiiiiriiiiiiiiiiiiiieees QW-466
guided-bend.......coviniiiiiiiiani, QW-466.1
guided-bend roller jig :c......ooveennitn QW-466.2
guided-bend wrap around ............... QW-466.3
stud weld bend jig......coovvenniniannnen QW-466.4
torque testing arrangement.............. QW-466.5
tensile test for studs..................... QW-466.6
typical test JOIntS ....vvvvvinieriiriiiiiinens QwW-469
butt joint...... errereserantcetsranenninis QW-469.1
alternative butt joint ..........ccoeueeee QW-469.2
Groove welds (pertaining to performance
qualification) ...c.oveniiiiiiiniiiriennanen, QW-303.1
with backing ........ooovviiiiiiiiennn, Qw-310.2
without backing.....covveevriiiiininnnss Qw-3103
Guided-bend fig....ccovvirniiiiieiirnnnnn, QW-466.1
Guided-bend roller jig....oooovvvvveiinannnn. QW-466.2
Guided-bend test (see Tests)
Guided-bend wrap around jig................ QW-466.3

Hard-facing overlay (pertaining to procedure

qualification).....oceoviiiiieinriiiiiinneis QwW-216
Horizontal position .............. QWwW-121.2, QW-122.2,

QWwW-131.2, QW-132.2

Identification of welders and welding operators ........
QwW-301.3

JOIMES «vieereenneneneroenessersnansencanssoens QwW-402

Limits of qualified positions

PrOCEAUIES .o v vvunnennsrereriioesssennnnonns QwW-203
performance......oeeveicanenanes QW-303, QW-461.9
Longitudinal bend tests........... QW-161.5-QW-161.7
Macro-Examination..........co.ee..s QwW-183, QW-184
Mechanical tests........ QW-141, QW-202.1, QW-302.1

Muiltiple positions .... QW-122.3, QW-122.4, QW-132.4

Nickel and nickel-base alloys..., QW-42241, QW-422.47

Nonessential variables ....................... QW-251.3
Notch-toughness test....uuiiieeeiierniiiannss QW-170
Order of removal.....c..oovvivivniieienniennns QwW-463
Orientation of welds............... QW-110, QW-461.1
Overhead position .... QW-121.4, QW-131.4, QW-132.3
Performance qualification..................... QW-300
Performance qualification specimens.......... Qw-452
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Pipe, testwelds il ..oeonnnniiiianiiiinnnnees Qw-302.3
Pipe poSitions .....ceceeeeeeiieiniicnienniens Qw-132
Plasma-arc welding
variables for procedure ..........cociianeae Qw-257
variables for performance................... Qw-357
Plate and pipe performance....... QW-303.1-QW-303.4
Plate and pipe procedure .......ceoieiiiaiene. Qw-211
P-Numbers .....occeeveensnsnscanes QW-200.3, QW-422
Positions of welds
plate and pipe groove welds
descriptions.......... ceresesenens QW-120-QW-123
sketches and graphics ........... QW-460-QW-461
plate and pipe fillet welds
descriptions.....vvvereeeneineens QW-130-QW-132
sketches and graphics ........... QW-460-QW-461
limits of qualified positions
for procedures .........euueeveeenncannens Qw-203
for performance......ceeuennneneiicenanns QWw-303
Positions variables.........ccceiveiiiaiian QWwW-405
Postweld heat treatment ...........coeveeeenes QW-407
28 ) QwW-201.2
1<) 1 1< | S QwW-406
Procedure qualification ........ooevieeiiecaens QwW-200
Procedure qualification record ....... QW-201, QW-483
Procedure qualification specimens ............ Qw-451
Processes, combinations of.......... QW-201.3, QW-306
Processes, special..cocveiirereencsieeeancanss Qw-251.4
Radiography............... QW-142, QW-143, QW-191
acceptance CHteria ...ovveveeerereasransass Qw-191.2
for performance qualification .... QW-302.2, QW-304
retests and renewal of qualification ......... QWw-320
Records....ccooiviinnecienincercnccncaneses QwW-103.2
Record of welder or welding operator
qualification tests................ QW-301.4, QW-484
Reduced-section specimens ...... QWw-151.1, QW-151.2
Renewal of qualification........c.ocoennnnenn. Qw-322
Requalification ........ccceeeiiinnnnnen, QwW-350
Responsibility of records............ooonteee QW-103.2
Responsibility of welding .......... QW-103.1, QW-201
ReESES . ceiieeeieorecernnncosnerruonssonncnss Qw-321
Scope of Section IX .....coviiiiiiiiiiiniinney QwW-101
Shielding gas ......... QW-408.1, QW-408.2, QW-408.3

Shielded metal-arc welding

variables for procedure...........oovetnnt QW-253
variables for performance ................ QWw-353
Sketches (see Graphics)
SPeCImMENS....cviiniiiiiiiineierieicrcnaneees QW-450
Stud-weld bend Jig....eernerernrrnereaennens QW-466.4
Stud welding
performance qualification specimens........ QwW-193
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positions .......... . QW-123.1, QW-461.6, QW-461.7
QW-461.8
procedure qualification specimens .......... QwW-192
variables for procedure ..........ccuvannnn QW-261
variables for performance................... QW-361
Submerged-arc welding
variables for procedure..................... QwW-254
variables for performance............c..0nns QW-354
supplementary essential variables ........... QW-251.2,
QW-401.3
Tables
Welding variables ................. Qw-415, QW-416
P-Numbers....ccoeeveienenreniiinininecens -QW-422
F-Numbers....ccooiereinnnnnniiieiennennnss Qw432
. A-Numbers.....ccoeiivrieerrinnnnnnenennanns Qw-442
Procedure qualification specimens.......... QW-451
Performance qualification specimens........ Qw452
Performance qualification position limitations........
QW-461.9
TechniqQue. ccovvveieriiiiiiiiiiiiiiiieenenene, QwW-410
Tension test.....oovvviieiniiiienininnnnnnnns Qw-150
Terms and definitions................ QW-102, QW-492
Test assemblies........oeeveeveennrennnnn. .QW-301.1
TESt JiZS..eeiieeeniiiinirnnsnenneiiiieniiinns QW-466
Test JOINS....ouvevniennsnnnnnens QW-469.1, QW-4695.2
Tests
acceptance criteria
bend and hammer..............cooienens Qw-192.2
fracture testS.......oeevunniernernnnacnnns QwW-182
guided bend........ccevvniiiiiiiiiiiiinnn, QW-163

macro-examination ...QW-183, QW-184, QW-192.4
notch-toughness tests

Charpy V-notch......ocvuvvvvennnnnenn QwW-171.2
drop weight.......ccvvvvniiiinnnnnnn, Qw-172.2
radiography......c.ocvvuiineiennnnnn Qw-191.2.2
tEOSION. . ooeivieiroriereinnoscnnnneocesss QW-153
tOrqQUE 1St .euevnenniieeienecnaneecenennnes Qw-192.3
description and procedure
T [ QWwW-180
guided bend.....oovvniiiiiiiiiiiiiinnn QW-160
notch toughness. ....cevveveicrrrerenassss Qw-170
Charpy V-notch........coiieviiiinnnnss QW-171
drop weight.........coviiiiiiiiiiinnen, QW-172
radiographiC .....cvevviiiiniiicraneinnens QwW-191
stud weld oovveniiiinnninnniiiiiiine, Qw-192
11151+ VRN QW-150, QW-152
tensile strength......coviiiviinniiinnnn. QW-153.1
for performance qualification .... QW-100.2, QW-301
mechanical tests...........coiiiiiinneen Qw-302.1
qualification tests ..........c.ceeeunnen ..QW-301.2
for procedure qualification ...... QW-100.1, QW-202
mechanical tests........ccovveienienannes QwW-202.1
test-joint preparation.........ccovevivnen. Qw-210
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test positions for groove welds............ QwW-120
test positions for fillet welds.............. QW-130
test positions for stud welds ............. . QW-123
types and purposes
fillet weld....ccovveiiiiienniiinnnnnn. Qw-141.3
guided bend........ . QW-141.2, QW-160, QW-162,
QW-451, QW-452, QW-462
DOLCh tOUBHNESS. .. vveereeeernreaeaence QW-141.4
drop weight............... creeeenaaes Qw-172.1
radiographic .........cooeiennlt QW-142, QW-143
stud weld ...oooivnniiiiiiniiiiinnnnnns Qw1415
tension. ......oeeeeens QW-141.1, QW-451, QW-462
mechanical....oouvviveiennneiiiiiersaanns QW-141
special examination for welders........... Qw-142
Thickness....... QW.310.1, QW-351, QW-451, QW-452
Titanium .....covvnevevreonens QW-42251, QW422.52
Torque testing for stud welds .......... vereas QW-466.5
Transverse bend tests............. QW-161.1-QW-161.4
Turned Specimens ....ovueieeeeionarrersnnes Qw-151.3
Variables...cooeveneieeinanneeeseens QW-250, QW-350
base metals.....ocieeiiiiiiiciiniiiiiaiienae, QwW-403
electrical characteristics ...........ceceeeee. QwW-409
electrogas welding (EGW).................. QW-259
clectron beam welding (EBW).............. QW-260
electroslag welding (ESW)........ccccueenes QwW-258
filler metals.....ccooeveveen cevesssnanaans QW-404
for welding operator.......... cerereesaenens QW-360
BAS..uuureerianeeoniorannsercnernenssnassonn QwW-408
gas metal-arc welding (GMAW) (MIG)..... QW-255,
QWwW-355
gas tungsten-arc welding (GTAW) (TIG) ...QW-256,
QW-356
general.....ooeeieiianann QW-251, QW-351, QW-401
1031 1 P QwW-402
oxyfuel gas welding (OGW)........ QwW-252, QW-352
performance essential variable table ........ Qw-416
plasma-arc welding (PAW) ........ QW-259, QW-359
POSILIONS « o evuvrrnreiirerrrenriiananneesen, QwW-405
postweld heat treatment (PWHT)........... QW-407
preheat ...coooeiienn P QW-406
procedure essential variable table........... Qw415
shielded metal-arc welding (SMAW) (STICK) .......
' QW-253, QW-353
stud welding.....coovevviiinnennens QW-261, QW-361
submerged-arc welding (SAW)..... QW-254, QW-354
technique «.oovvvnnnnnnnnneniaiaaiinnniinnes Qw410
Vertical position..........ceeueet QW-121.3, QW-131.3
Welders and welding operators ...... QW-304, QW-305
Welding Procedure Specification ... QW-200.1, QW-482
WPS qualification tests .....veeveiercnnssnes Qw-202.2
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PART B
Acceptance Criteria
tension test.....ceecviinecenanss Cererncnirnes QB-153
bend testS...oioieriiiieerenniieereieniinn., QB-163
peetl test...... ceseens shevensssaserostesicenas QB-172
Addenda (issuance of).........coeieeeianl, QB-100.3
requalification of procedures .............. QB-100.3
AWS .. iiiiiiiiiiiiiiiiieeiiiietsesnasannees QB-102
Base metal .ooooiiiiiiiiiiiiiieniiieiiiniiana, QB-211
Base metal — variables.........cccovieeenia., QB-402
BPS i iiciiiirttireitniecsoreraceiacsrscosaonens QB-482
Brazers.....ooceeieiiineineiiiiaiisiiiiiiieniea. QB-304
Brazing operators.......oeeeciiiiieecieiiianne, QB-305
Brazing processes.........oeaveieiietaneannnne. QB-470
Brazing process — variable ................... QB-405
Definitions .....cccovvvvevrviennnren. QB-102, QB-49%)
F-Numbers.....ocovviiiiiiniinnieienniennnnnes QB-430
Filler metal — variable ..... . QB-403
Flat flow position........covveeiiieviennennnnn. QB-121
Flow direction — variables............cccoveuen QB-407
Flow positions.......ccoveveiiiiivevnnienannnns QB-461
Flux and atmospheres (variables) .............. QB-406
Forms...... Ceeeesesasestenetioetenttannrananas QB-480
Graphics ...cocveieeiineenes Ceeeeereraneiatenes QB-460
Guided bend test.........couvuueeen. QB-141.2, QB-160
Horizontal flow position ...........ccccoiiaain QB-124
Jigs....oiaen . veerresesesnenens QB-162.1
Jigs — graphics....cccoiiiiiiiiiinneninaniaaan, QB-466
JOINtS oiviiiiiiiiiiii i QB-210, QB-310
Joint design — variables..........ccaaiiilll QB-408
Longitudinal bend test............. QB-161.3, QB-161.4
Manufacturer’s responsibility........... eereans QB-201
Order of removal — graphics.................. QB-463
Orientation...ocoveeeeeesasrnenracsans QB-110, QB-461
P-Numbers......oovcviivviiiieieiienncnnnnnnn. QB420
Peel test..oocvieviinnininiinnnnnnen, QB-141.3, QB-170
Performance qualifications...... Article XIII, QB-100.2
Performance qualification tests............... QB-301.1




POSIION ...coveurnnnrneccniniiniiiencencenennns QB-120
Position — graphics ..........ccoviieiiiiinnnn. QB-460
50 ) 2 QB-201.2, QB-483
Preparation of test joints..........ccceeeiennae. QB-210
Procedure qualifications ......... Article XII, QB-100.1
Records....ceevieniinneniicecnns QB-103.2, QB-301.4
Reduced section........ QB-151.1, QB-151.2, QB-151.3
Renewal of qualification...........ceeeueeeenes QB-322
Responsibility .......ccooeviennnnnnnn.. QB-103, QB-201
SCOPE overrerrrenrrerecsairaisnerrocsannnncees QB-101
Sectioning test......ccevvvenunnnnnns QB-1414, QB-181
Shear test ..cocvvniieeniiiiiiinnieieeceianaa. QB-141.1
Specimens
tension teSt....eveeriiiiiciiiieiicooneananss QB-151
guided-bend test.oovveeniiiiiiiiieiiaienns QB-161
oo B L S QB-171
sectioning test.....c.cevviieieereinieriaaenen. QB-181
workmanship sample ...............cooeeelnn QB-182
for procedure qualification .................. QB-451
for performance qualification................ QB-452
Eraphics.......ooiiiiiriiinceiiien. QB-462, QB-463
Temperature — variable............coeveaeaee, QB-404
Tension test.....cccveiiiieinanerennanass QB-141.1, 150

INDEX
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TS e veveeiiiresnranecnnsissassssensescsananss QB-141
for procedure qualifiaction ....... QB-202.1, QB-451
for peformance qualification...... QB-202.1, QB-451
POSILIONS . .ovveiineeisriiiieieerreneninananns QB-120

flat-flow positions............cc.ceeenene. 0B-121
horizontal-flow positions .................. 0B-124
vertical-downflow «........coevvvvniinaee, QB-122
vertical-upflow .....cooevneeeeiiininaanan., QB-123

Transverse bend tests.............. QB-161.1, QB-161.2

Variables
base metal ...ooeviienirnininnieiiiiieiaines QB-402
brazing filler metal ........ccoevviianeen, QB-403
brazing flux, fuel gas or atmosphere ......... QB-406
Drazing Process....c..cceuervecccnnnnencrennes QB-405
brazing temperature..........c.ceveevnnnnnns QB-404
1 - PPN QB-400
flow position .....eeeiieiiiiiiiiiiiiiiinans, QB-407
joint design....ooevviruniiiiiiiiiiiiiaannnn, QB-408

Vertical downfall position...................... QB-122

Vertical uphill position ........................ QB-123

Workmanship samples.........coceveeeenennn QB-141.5
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INTERPRETATIONS
NO. 44 — SECTION IX

Replies to Technical Inquiries
July 1, 1998 through December 31, 1998

FOREWORD

General information

This publication includes all written interpretations issued between the indicated dates by the ASME
Staff on behalf of the ASME Boiler and Pressure Vessel Committee in response to inquiries concerning
interpretations of the ASME Boiler and Pressure Vessel Code. A contents is also included which lists
subjects specific to the interpretations covered in the individual volume.

These interpretations are taken verbatim from the original letters, except for a few typographical
and editorial corrections made for the purpose of improved clarity. In some instances, a review of the
interpretation revealed a need for corrections of a technical nature. In these cases, a revised interpretation
is presented bearing the original Interpretation Number with the suffix R and the original file number
with an asterisk. Following these revised interpretations, new interpretations and revisions to them
issued during the indicated dates are assigned Interpretation Numbers in chronological order. Interpretations
applying to more than one Code Section appear with the interpretations for each affected Section.

ASME procedures provide for reconsideration of these interpretations when or if additional information
is available which the inquirer believes might affect the interpretation. Further, persons aggrieved by
an interpretation may appeal to the cognizant ASME committee or subcommittee. As stated in the
Statement of Policy in the Code documents, ASME does not “approve,” “certify,” “rate,” or “endorse”
any item, construction, proprietary device, or activity.

An interpretation applies either to the Edition and Addenda in effect on the date of issuance of the
interpretation or the Edition and Addenda stated in the interpretation. Subsequent revisions to the Code
may supersede the interpretation.

For detailed instructions on preparation of technical inquiries to the ASME Boiler and Pressure
Vessel Committee, refer to Appendix A.

Subject and Numerical Indexes

Subject and numerical indexes have been prepared to assist the user in locating interpretations by
subject matter or by location in the Code. They cover interpretations issued from Volume 12 up to
and including the present volume, and will be updated with each volume.
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SECTION IX

Subject Interpretation File No.
QW-150 and QW-462.1, Tension Test Specimens for Pipe and Plate ..................... IX-98-09 BC97-302
QW-200.1, Welding Procedure Qualifications .............c..c..oiveiiiiiineneinininnn IX-98-13 BC98-239
QW-300, Welding Performance Qualifications .......... ... .. ... it IX-98-11 BC98-133
QW-361.2, Machine Welding Variables for Welding Operators; and QW-381, Corrosion-

Resistant Weld Metal Overlay ...........oooiiiiiiiiiii i e IX-98-14 BC98-447
QW=405.3, POSHEONS . ..o\ e ettt ittt e tas ot et aiaaataaeiaaaneess IX-98-15 BC98-448
QW-407.1, Post Weld Heat Treatment .............c.oineiunniiiteiiiiianiereaenn.. IX-98-10 BC97-306

BC97-308
QW-451, Procedure Qualification Thickness Limits and Test Specimens ................... 1X-98-12 BC98-237
BC98-238

QW-462.5(a), Chemical Analysis and Hardness Specimen Corrosion-Resistant and Hardfacing
Weld Metal OVErlay .....oouiriin i e e e IX-98-16 BC98-453
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Section IX — Interpretations No. 44

Interpretation: 1X-98-09

Subject: Section IX, QW-150 and QW-462.1, Tension Test Specimens for Pipe and Plate
Date Issued:  October 9, 1998

File: BC97-302

Question: Would tensile tests performed in accordance with SA-370 be acceptable for meeting
ASME Section IX, QW-462.1(a) and (b)?

Reply: No.

Interpretationiz 1X-98-10
Subject: Section IX, QW-407.1, Post Weld Heat Treatment
Date Issued:  October 9, 1998
File: BC97-306/BC97-308

Question: Is it the intent of Section IX in QW-407.1 to permit reporting the results of more than
one PWHT condition on a single report, with a single PQR number, provided all other applicable
essential and supplementary essential variables are identical and all required tests are conducted and

reported for both conditions?

Reply: Yes.

interpretation: [X-98-11
Subject: Section IX, QW-300, Welding Performance Qualifications
Date Issued: October 9, 1998
File: BC9§-133
Question: May Company A retain the Company B employee responsible for welder performance
qualification to review the welder qualification documents of both companies and qualify the welders

of Company B to the welding program of Company A without further testing of the welders?

Reply: No.

IX-98-09, IX-98-10, IX-98-11
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Section IX — Interpretations No. 44 IX-98-14, IX-98-15

interpretation: 1X-98-14

Subject: Section IX, QW-361.2, Machine Welding Variables for Welding Operators; and QW-
381, Corrosion-Resistant Weld Metal Overlay

Date Issued: December 22, 1998
File: BC98-447

Background: A multiple layer corrosion-resistant weld metal overlay performance qualification
(machine welding) is made with the first layer under Direct Visual control and the second layer Remote

Visual control.

Question (1): Is the welding operator qualified for both Direct and Remote Visual control techniques
applied either in single or multiple layers?

Reply (1): Yes.

Question (2): For the qualification described in the background, may two welding operators qualify
on one coupon, provided the requirements of QW-453 and QW-361.2 (which delineate the welding
operators “limits of qualification” as per QW-306) are addressed?

Reply (2): Yes.

interpretation: 1X-98-15
Subject: Section IX, QW-405.3, Positions
Date Issued: December 22, 1998
File: BC98-448
Question: May a single-pass “seal weld” as defined in QW-492, used to seal boiler tubes to a
boiler tube sheet, be considered a “cover pass” or a “wash pass” for purposes of exemption from

QW-405.37

Reply: No.

397
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Location

Appendix C

Code Case 2141

Q-11, 1971 Edition

Q-11(b)3), 1971
Edition, Winter 1973
Addenda

Q-11(5), 1971 Edition,

Winter 1973 Addenda

Section li, Part C

Part QB

QB-121
QB-123
QB-141.4

QB-172
Q8-181
QB-200.4
QB-201.3
QB-203.1
QB-402.1

QB-402.2
QB-402.3
QB-406.1
QB-406.3
QB-408.2

QB-415

QB-451.3 [Note (1)]
QB-452.1 [Note (1)]
QB-461
QB-462.1(2)
QB-462.1(b)
QB-462.1(c)
QB-463

QB-466.3

QB-482

QB-484

Part QW
QW-100.1

QW-100.3

.

NUMERICAL INDEX

File
interpretation No.
1X-92-98 BC94-236
1X-92-82 BC93-434
1X-83-02 BC81-704
{X-83-41 BC82-796
I1X-83-40 -BC82-794
1X-89-97 BC90-873
1X-92-27 BC91-471
1X-92-61 BC92-422
1X-92-94 BC93-754
1X-92-99 BC93-762

BC93-769
1X-86-73 BC86-332
1X-92-86 BC93-655
1X-92-86 BC93-655
X-83-76 BC83-248
1X-98-01 BC97-304
1X-89-74 BC90-429
1X-83-76 BC83-248
{X-89-103 BC91-096
1X-86-21 BC86-058
1X-86-02 BC85-292
1X-92-74 BC93-474
1X-92-93 BC93-752
I1X-83-136 BC84-398
1X-83-49 BC82-871
1X-83-118 BC84-183
I1X-83-118 BC84-183
1X-86-11 BC85-420
1X-86-22 BC85-531
1X-92-83 BC93-527
[X-98-01 BC97-304
1X-83-76 BC83-248
1X-86-02 BC85-292
1X-89-49 BC89-372
1X-89-49 BC89-372
1X-89-81 BC90-537
1X-83-76 BC83-248
IX-86-38 BC86-298
{X-89-93 BC90-783
1X-89-93 BC90-783
I1X-83-17 BC82-422
1X-89-03 BC88-166A
1X-83-99 BC83-472

Cumulative Index — Interpretations Vols. 12-44

Page
No. Location
327
317 QW-103
6
28
QW-103.1
QW-103.2
27 QW-150
QwW-151
250
273
304 QwW-151.1
326
327
327
QW-151.1(d)
QW-151.2
159 QW-151.2(d)
318 QW-151.3
318
44 QW-153.1
383
234 QW-153.1(d)
44 QW-160
253
126
113 QW-162.1
313
325 QW-163
87
33
78
78 QW-180
116 .QW-181.1
126 QW-183
317 QwW-184
383 QW-191
44
113
218
218 QW-191.2.2
237 QW-191.2.2(b)(1)
44 QW-191.2.2(b)(3)
140 QW-194.1
249 QW-195
249 QW-200
13 QW-200.1
182
63

File: Page

Interpretation No. No.
1X-92-86 BC93-658 318
1X-92-09 BC91-260 265
1X-92-80 BC93-584 316 -
1X-92-81 BC92-306 316
1X-92-16 BC91-314 268
1X-92-55 BC92-307 295
IX-83-110 BC83-692 69
1X-83-38 BC82-771 26
1X-92-19 BC91-390 269
1X-92-37 BC92-097 282
IX-89-25 BC89-099 197
1X-89-83 BC90-532 243
1X-89-90 BC90-532 247
1X-92-79 BC93-583 315
1X-83-119 BC84-253 79
IX-83-120 BC83-474 79
1X-83-95 BC83-301 61
1X-92-29 BC91-473 279
1X-92-63 BC92-452 304
1X-89-04 BC88-167 182
IX-95-06 BC94-542 336
1X-95-09 BC94-570 344
iX-83-156 BC84-697 98
IX-92-10 BC91-261 265
1X-95-15 BC95-094 346
IX-83-115 BC83-279 77
1X-86-37 BC86-297 139
1X-83-60 BC82-749 38
IX-83-120 BC83-474 79
1X-86-42 BC86-331 141
1X-86-61 BC86-515 153
1X-92-11 BC91-263 266
IX-86-40 BC86-329 141
1X-92-24 BC91-280 272
1X-92-24 BC91-280 272
1X-83-52 BC83-001 34
1X-83-142 BC84-548 89
1X-83-157 BC84-700 98
1X-83-174 BCB4-557 107
IX-86-62 BC86-517 153
1X-83-173 BC85-013 106
IX-83-173 BC85-013 106
1X-86-18 BC85-585 125
1X-92-13 BC91-278 267
1X-86-42 BC86-331 141
IX-89-17 BC88-473 193
1X-92-38 BC91-630 283
1X-83-03 BC82-056 7
1X-89-03 BC88-166A 182
IX-92-30 BC91-587 279




File Page File Page

Location Interpretation No. No. Location interpretation No. No.
Part QW (Cont'd) QW-320 1X-86-24 BC86-001 128
1X-86-25 BC86-018 128 Qw-321 1X-83-13 BC82-346 12

1X-95-35 BC96-287 368 QW-321.2(a) 1X-86-79 BC87-140 167

QW-300.2 1X-83-133 BC84-370 86 QW-321.3 1X-92-73 BC93-468 313
1X-83-151 BC84-620 96 QwW-322 1X-83-58 BC83-086 37

1X-86-64 BC86-395 154 1X-83-113 BC84-055 71

1X-89-10 BC86-398 186 1X-83-117 BC84-133 78

1X-92-25 BC91-415 272 1X-83-124 BC84-149 81

1X-95-32 BC95-302 367 1X-83-128 BC84-226 83

QW-300.3 1X-92-39 BC92-121 283 1X-83-154 BC84-689 97
1X-95-14 BC95-040 345 1X-83-166 BC85-030 104

1X-95-19 BC95-221 352 1X-83-167 BC85-031 104

QW-301 1X-83-103 BC83-237 65 1X-83-170 BC85-091 105
1X-86-69 BC87-088 156 IX-86-07 B8C85-560 115

{X-89-79 BC90-531 237 1X-86-19 BC85-587 129

1X-92-17 BC91-315 268 1X-86-50 BC86-389 144

1X-92-23 BC90-494 271 IX-89-38 BC89-359 213

QW-301.1 IX-83-153 BCB84-664 97 1X-89-54 BC89-367 220
QW-301.2 1X-83-31 BC82-395 19 1X-89-63 BC90-254 224
1X-83-149 BC84-558 95 1X-92-12 BC91-264 266

QwW-301.4 IX-83-32 BCB82-598 19 1X-92-22 BC91-425 271
IX-83-163 BC85-022 102 1X-92-64 BC92-464 305

1X-86-13 BC85-507 118 ‘ 1X-95-38 BC96-132 375

1X-86-90 BC88-091 176 QW-322(a) 1X-83-150 BC84-617 96

1X-89-30 BC89-177 204 1X-83-159 BC84-690 99

QwW-302.2 1X-86-34 BC86-265 138 1X-83-164 BC85-023 103
1X-86-79 BC87-140 167 1X-86-52 BC86-394 145

Qw-302.3 1X-89-64 BC90-297 225 1X-86-81 BC87-242 173
QW-302.4 1X-92-71 BC93-365 312 ’ 1X-86-82 BC87-252 173
1X-95-17 BC95-035 351 1X-89-27 BC89-100 203

QW-303 1X-89-98 BC91-003 251 1X-89-38 BC89-359 213
X-92-15 BC91-293 267 1X-89-54 BC89-367 220

QW-303.1 1X-83-98 BC83-450 63 QW-322.1(b) 1X-95-19 BC95-221 352
I1X-83-155 BC84-692 98 QW-322.2 1X-92-47 BC92-266 292

{X-86-74 BC87-134 165 QW-350 1X-86-51 BC86-390 145

QW-303.2 1X-92-45 BC92-238 292 1X-95-30 BC96-073 361
QW-303.3 1X-92-46 BC92-265 292 QW-351 1X-83-55 BC83-059 36
QW-304 1X-83-19 BC82-440 14 1X-83-77 BC83-253 49
1X-83-57 BC83-079 37 1X-83-143 BC84-581 89

1X-83-91 BC83-528 56 1X-89-02 BC88-090 181

1X-83-108 BC83-639 68 1X-92-32 BC91-631 280

IX-86-85 BC87-492 174 QW-355 1X-86-12 BC85-482 117

1X-95-39 BC96-331 375 1X-86-46 BC86-219 143

QW-304.1 1X-83-128 BC84-226 83 QW-356 1X-79-52R BC79-046* 49
QW-305 1X-89-108 BC91-157 256 IX-83-116 BC84-054 77
QW-306 1X-83-83 BC83-394 53 1X-86-68 BC87-039 156
IX-83-107 BC83-550 67 1X-92-01 BC90-501 285

IX-86-23 BC85-553 127 ) 1X-89-51 BC90-038 219

1X-92-26 BC91-470 273 QW-360 1X-86-68 BC87-039 156

1X-92-59 BC92-206 303 QW-361.2 1X-95-31 BC96-141 361

1X-92-68 BC92-011A 306 1X-98-14 BC98-447 397

QwW-310 [X-92-31 BC91-613 280 QW-364 1X-92-58 BC92-357 296
QW-310.1 1X-86-35 BC86-266 139 QW-380 1X-89-71 BC90-039 233
QW-310.2 1X-89-89 BC90-769 246 1X-89-92 BC90-681, 248

QW-310.4 X-83-42 BC83-803 28 BC90-691

QW-310.5(c) 1X-83-70 BC83-270 42 Qw-381 1X-86-27 BC86-061 129
IX-83-101 BC83-529 64 IX-86-58 BC86-457 152

QW-311 1X-83-121 BC84-134 80 1X-86-66 BC87-036 155
(New QW-381) IX-83-132 BC84-366 85 1X-86-71 BC87-090 157
1X-83-162 BC84-663 102 1X-92-72 BC93-392 312

1X-86-27 BC86-061 129 1X-98-14 BC98-447 397

QW-311(a) IX-83-101 BC83-529 64 QwW-382 1X-92-02 BC90-518 262
QW-312(a) 1X-83-134 BC84-396 86 1X-92-04 BC90-530 263

Cumulative Index — [nterpretations Vols. 1244 (c




.

File Page File Page

Location Interpretation No. No. Location Interpretation No. No.
Part QW (Cont'd) 1X-83-08 BC82-265 10
1X-95-11 BC95-002 344 X-83-36 BC82-757 25

QW-408.2 1X-92-62 BC92-425 304 I1X-83-64 BC83-222 40
1X-95-16 BC95-095 346 1X-83-104 BC83-349 66

QW-408.3 1X-86-67 BC87-038 155 1X-83-105 BC83-471 66
QwW-408.8 IX-83-168 BC85-059 104 1X-83-141 BC84-434 89
QW-408.9 1X-83-146 BC84-619 90 1X-83-177 BC85-092 108
IX-86-67 BC87-038 155 1X-86-31 BC86-101 137

QW-409 1X-83-26 BC82-182 17 1X-89-07 BC88-171 184
QW-409.1 X-83-33 BC82-617 19 X-89-62 BC90-253 224
I1X-83-175 BC85-038 107 1X-89-83 BC90-532 243

1X-92-40 BC92-110 284 1X-89-99 BC91-022 251

BC92-228 306 1X-92-19 BC91-390 269

BC92-353 306 1X-92-34 BC91-586 281

1X-92-87 BC93-151 323 1X-92-37 BC92-097 282

1X-92-88 BC93-593 323 1X-92-68 BC92-011A 306

QW-409.8 1X-89-19 BC88-476 194 1X-98-03 BC97-479 383
1X-89-36 BC89-357 212 1X-98-12 BC98-237 3%

1X-92-88 BC93-593 323 BC98-238

1X-95-18 BC95-220 351 QW-451.1 1X-83-18 BCB2-423 14

QW-410.7 1X-86-55 BC86-426 146 1X-83-43 BC82-822 29

QW-410.9 X-86-60 BCB86-514A 152 1X-83-81 BC83-395 51
QW-410.15 1X-86-44 B8C86-365 142 1X-83-88 BC83-396 54

1X-86-63 BC86-520 154 X-83-94 BC83-284 61

QW-410.25 1X-83-69 BC82-233 42 1X-83-102 BC83-551 65
QW-410.26 I1X-86-26 BC86-059 129 1X-83-122 BC83-645 80
QW-410.42 1X-98-07 BC98-009 390 IX-86-36 BC86-280 139
QW-415 1X-89-79 BC90-531 237 1X-86-48 BC86-281 143
X-89-82 BC90-531 243 - 1X-89-18 BC88-474 193

QW-416 1X-86-72 BC87-091 158 1X-89-107 BC91-124 255

1X-86-86 BC87-494 175 QW-451.3 IX-86-40 BC86-329 141

QWwW-420.2 1X-95-07 - BC94-522 343 1X-92-51 BC92-276 294
QWwW-422 1X-83-34 BC82-514 25 1X-92-56 BC92-308 295
1X-83-131 BC84-365 85 Qw452 1X-83-07 BC82-246 9

1X-86-88 BC88-041 176 IX-83-16 BC82-396 13

1X-89-14 BC88-403 187 X-83-67 BC83-123 41

1X-89-36 BC89-357 212 1X-83-104 BC83-349 66

1X-89-88 BC90-768 246 1X-86-30 BC86-104 131

(X-92-08 BC91-257 265 iX-86-39 BC86-299 140

1X-92-18 BC91-389 297 1X-89-02 BC88-090 181

1X-95-05 BC94-365 336 QW-452.1 {X-83-66 BC83-058 41

Qw-423 1X-86-17 BC85-554 124 1X-83-88 BC83-396 54
1X-89-15 BC88-404 183 IX-83-90 BC83-407 55

1X-92-18 BC91-389 297 1X-89-06 BC88-169 183

QW-423.1 1X-89-58 BC90-249 221 1X-89-21 BC89-031 195
IX-92-65 BC93-148 305 1X-89-52 BC90-044 219

QW-424 1X-89-05 BC88-168 188 1X-89-64 BC90-297 225
1X-89-26 BC89-103 197 1X-89-95 BC90-869 250

1X-89-41 BC89-363 214 1X-89-107 BC91-124 255

1X-89-75 BC90-443 235 1X-92-35 BC91-277 281

1X-89-88 BC90-768 246 1X-92-36 BC91-616 282

1X-95-22 BC95-251 353 1X-92-53 BC92-254 294

QW-424.1 IX-89-58 BC90-249 221 1X-92-59 BC92-206 303
QW-432 1X-83-24 BCB82-588 16 1X-92-89 BC93-653 324
IX-80-52R BC80-435* 49 QwW-452.3 I1X-83-22 BC82-516 15

iX-92-99 BC93-762 327 1X-83-23 BC82-530 15

BC93-769 327 1X-83-66 BC83-058 41

1X-98-08 BC98-131 390 {X-83-158 BC84-368 929

QW-442 1X-89-46 BC89-369 216 1X-86-29 BC86-103 130
QW-450 1X-83-14 BC82-302 12 1X-89-09 BC88-397 185
QW-450 vs QW-461 1X-83-78 BC83-300 50 IX-89-69 BC90-401 227
QW-451 1X-83-01 BC81-702 5 1X-89-94 BC90-785 249
1X-83-05 BC82-237 8 1X-89-104 BC91-097 253

Curnulative Index — Interpretations Vols. 12-44 (e)




SUBJECT INDEX

Subject
Base Metals
P-Number substtution . ..........vvtieneirienenenrersnanannanass

qualifying for notch toughness . .......... ...,

qualifying for test specimens ............. . .ol
useofasfillermetal ............ ...

Brazing Base Metals
P-Number SUbstitution . ... ......covivrirerierrriiientiineanin s

Brazing Procedure Qualification

by Part QW welding qualification. ...................... ool
electrode classification ........... ... . oo i i
for attaching small penetrations . . ................. oL
qualification by proof test. . ..............ooi i
S-Number substitution. . .. .. ... ii i e e

Brazing Procedure Specification
combination of thicknesses. . ............ .. .o i il
qualification of hard-facing. . ............ ..ot
recording information on BPS ......... ...l
recording information on the Brazer or Brazing Operator

Qualification Test . ... ...ttt i
requalification of . ....... ... ..o

Brazing Test Specimens
buttand scarf joints. . . ... ..o
POSIIONS. . o vttt iiete sttt e

Certification

Consumable Inserts
addition/deletion. . .. ...

Cumulative Index — Interpretations Vols. 12-44

Interpretation

1X-83-20
1X-83-56
1X-83-96
1X-86-17
1X-86-18
1X-89-29
1X-89-61
1X-89-75
1X-95-21
1X-95-22
1X-95-24
1X-83-92
1X-86-48
1X-89-75
1X-89-84
1X-89-96
1X-92-70
1X-92-87
1X-89-37
1X-89-88
1X-83-87

1X-92-83
X-95-13
1X-86-73
1X-86-53
1X-92-93

1X-89-104
1X-92-83

1X-89-94
1X-86-22

1X-89-49
1X-92-85

1X-83-03
1X-83-03

File No.

BC82-496
BC83-078
BC83-442
BC85-554
BC85-585
BC89-176
BC90-252
BC90-443
BC95-318
BC95-251
BC95-194
BC83-530
BC86-281
BC90-443
BC90-664
BC90-872
BC92-450
BC93-151
BC89-358
BC90-768
BC83-340

BC93-474

BC93-527
BC94-035
BC86-332
BC86-399
BC93-752

BC91-097
BC93-527
BC90-783

BC90-785
BC85-531

BC89-372
BC93-655

BC82-056
BC82-056

BC90-680

Page No.

14
36
62
124
125
204
223
235
353
353
359
54
143
235
244
- 250
31
323
212
246
56

313

317
345
159
145
325

253
317
249

249
126

218
318

247

@®




Subject
Nonessential Variables (see also Variables) (Cont'd)

FANGES fOr. . vttt i i e e

Normalized Materials

qualified by non-normalized materials ......................

Nozzle Joint Design

base metal thickness............cciiveniieererernnneennns

Operational Control

change in COMPAaNY RAME . ....oiviiiieriereerireecnsonnans
CONtractor's assoCiatioNS . .. ... vvvviteviieirnnnarecoananns
of welding procedures . ..............oiviiiiiiiiiiiienes

organizations not involved in Code applications ..............

Peel Test, Brazing

acceptance Criteria . .....o.ov ettt i e

Performance Qualification

A-number substitution. .. ....... i it i i

alternate base materials for welder qualification...............
applied liningorcladplate .......................oiill

by several contractors simultaneously . ......................

change inanglegroove.......... ... .ot
change in vertical welding . ................ ... ol
combination of welding processes. .........................
consumable inserts . ........... RN

corrosion-resistant weld metal overlay. ......................

diameter limitation ......... ... i i i i i

editorial correction to WPQ . . ... viiiin i iiineeennns
effective operational control of. . ............... ... ... ...

Cumulative index — Interpretations Vols. 12-44

Interpretation

1X-83-04
IX-83-86
I1X-86-31

IX-83-25
1X-83-68
1X-83-03
IX-83-151
IX-86-64
1X-83-39

IX-89-74
1X-98-01

1X-86-84
1X-89-29
1X-92-18
1X-92-18
1X-92-65
1X-89-101
1X-86-25
1X-86-81
1X-95-32
1X-86-69
1X-92-01
1X-92-01
1X-92-26
1X-83-06
1X-83-22
IV-86-32
1X-86-58
1X-86-66
1X-89-79
1X-89-71
1X-92-72
1X-95-23
1X-95-30
1X-98-14
1X-89-09
1X-89-69
1X-89-98
1X-89-104
IX-89-106
1X-92-15
1X-92-41
1X-92-90
1X-95-04
1X-92-96
1X-89-10
1X-95-20
1X-95-32
1X-95-30
1X-83-04
1X-83-103
IX-86-28
1X-92-45

File No.

BC82-098
BC83-294
BC86-101

BC81-160
BC83-040
BC82-056
BC84-620
BC86-395
BC82-792

BC90-429
BC97-304

BC87-491
BC89-176
BC91-389
BC91-389
BC93-148
BC91-085
BC86-018
BC87-242
BC95-302
BC87-088
BC90-501
BC90-501
BC91-470
BC82-245
BC82-516
BC86-222
BCB6-457
BC87-036
BC90-531
BC90-039
BC93-392
BC95-428
BC96-073
BC98-447
BC88-397
BC90-401
BC91-003
BC91-097
BC91-120
BC91-263
BC92-035
BC93-753
BC94-296
BC93-755
BC88-398
6. 5-302
BC95-302
BC96-073
BC82-098
BC83-237
BC86-062
BC92-238

Page No.

54

137

16
41

96
154
26

234
383

174
204
297
297
305
252
128
173
367
156
285
285
273

15
138
152
155
237
233
312
353
361
397
185
227
251
253
254
267
284
324
335
326
186
352
367
361

65
130
292

(M




Subject Interpretation File No. Page No.
] Performance Qualification (Cont’d)
- 1X-86-72 BC87-091 158
1X-89-30 BC89-177 204
1X-89-47 BC89-370 217
renewal Of .. ....o e e e e e 1X-83-154 BC84-689 97
1X-83-159 BC84-690 99
I1X-83-164 BC85-023 103
1X-83-166 B8C85-030 104
IX-83-167 BC85-031 104
1X-86-07 BC85-560 115
1X-86-19 BC85-587 125
1X-86-50 BC86-389 144
1X-86-52 BC86-394 145
IX-89-32 BC89-100 203
X-92-12 BC91-264 266
1X-92-22 BC91-425 271
S 1X-92-47 BC92-266 292
1X-92-64 BC92-464 305
requalification after failure . . ........ ... el 1X-92-56 BC92-308 295
requalification after failure and further training. ......................... 1X-92-73 BC93-468 313
requalification for friction weld operator..................ooooiiilLl 1X-92-58 BC92-357 296
requalifying for Addenda changes ............ ...l iX-83-112 BC84-038 70
responsibility of .. ... .. o 1X-83-21 BC82-499 15
1X-83-100 BC83-563 63
1X-83-101 BC83-529 64
1X-83-106 BC83-630 67
i1X-83-113 BC83-055 71
1X-83-117 BC84-133 78
IX-83-121 BC84-134 80
1X-83-124 BC84-149 ' 81
I1X-83-128 BC84-226 83
1X-83-131 BC84-365 85
IX-83-132 BC84-366 85
1X-83-133 BC84-370 86
1X-83-134 BC84-396 86
1X-92-25 BC91-415 272
IX-98-14 BC98-447 397
revoking of qualification............. ... i 1X-95-19 BC95-221 352
simultaneous qualification of welders ............. ... ..ol 1X-92-39 BC92-121 283
1X-95-14 BC95-040 345
special Process ... ... .. v e 1X-89-92 BC90-681, 248
BC90-691
stripelectrodes ...... ... .. e 1X-95-30 ' 8C96-073 361
test coupon qualification ........ ... . i 1X-92-31 BC91-613 280
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type of tests required. .. ....... ... il 1X-92-17 BC91-315 268
1X-92-23 BC90-494 270
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Postweld Heat Treatment (Cont’d)
versus post NEAtING . .. ...vvvrneriii e IX-83-29 BC82-763 18
1X-86-20 BC86-010 125
when lower critical temperature has been exceeded . ............... .. ... 1X-83-35 BC82-599 25
Preheat Temperature
MAIMERANCE Of .« oot vt eeitse e s erneaeeesonnesonneasneecnsonnns 1X-83-82 BC83-303 52
IX-83-161 BC84-618 101
Procedure Qualification
qUIPMENt .. .ottt e teseeranrsasetocanannns 1X-95-42 BC97-044 377
essential variables .. ... ..o i i i i e e 1X-89-54 BC89-367 220
IX-89-59 BC90-250 222
IMPACt tESHNG .. oottt 1X-89-23 BC89-096 196
JOIMES &ttt e 1X-98-06 BC98-009 389
limits of qualified positions for procedures . .............. ...t 1X-95-13 BC94-035 345
liquid penetrant examination . . .......c..ooiiiiiiiiiiii i I1X-92-13 BC91-278 267
IX-95-23 BC95-428 ' 353
nonessential variables . .. .......... . .o i i 1X-98-13 BC98-239 396
partial penetration groove welds .. ...l 1X-89-62 BC90-253 224
. 1X-95-03 BC94-235 334
SEAE WIS .o v v ettt et e e e e e 1X-98-15 BC98-448 397
SUBCONBIACHNG . . .« v v vt iet et 1X-92-78 BC93-561 315
substrate deposit . .. ... it e e 1X-95-34 BC96-060 368
BENSION BESES . . o oottt e s ie e iererae et i e 1X-95-09 BC94-570 344
L7 AT )= 1X-89-79 . BC90-531 237
IX-92-40 BC92-110 284
weld repair and buildup tests. . ... 1X-95-03 BC94-235 334

Procedure Qualification Record :
additions/COMmECONS 10 . .. oo v v vt eiee it iire i, 1X-83-171 BC85-132 105

applied JNING. . ..o\ eente et et et 1X-92-20 BC91-396 270
Certification Of . . .. v ii ittt i it i i it i e e 1X-83-03 BC82-056 7
combining PQRS .. ....c.coii i IX-83-47 BC82-790 32
IX-86-15 BC85-532 123
1X-89-40 BC89-362 214
1X-92-42 BC92-011 291
1X-92-59 BC92-206 303
1X-92-68 BC92-011A 306
1X-92-95 BC94-008 326
corrosion-resistant weld metal overlay, chemical analysis................. 1X-89-77 BC90-492 233
1X-89-71 BC90-039 236
1X-92-05 BC90-632 263
1X-92-06 ) BC91-054 264
1X-92-28 BC91-472 273
1X-92-52 BC92-252 294
1X-92-54 BC92-305 295
1X-95-41 BC97-028 376
1X-98-16 BC98-453 398
dissimilar base metal thicknesses.............. ... ... i il 1X-92-11 BC91-263 266
BC92-011B 306
BC92-228 306
{X-95-12 BC95-027 345
electrical CharaCteristics .. ..o vvr e rier ettt eiiine i eenns 1X-92-88 B(C93-593 325
groove and filletwelds . ... 1X-92-11 BC91-263 266
1X-92-37 BC92-097 282
IX-92-34 BC91-586 281
1X-95-28 BC96-002 252
hardfacing overlay, examination ...........c...c.ciiiiiiiiiiiiin, IX-89-77 BC90-492 236
1X-92-03 BC90-523 262
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1X-95-23 BC95-428 353
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1X-98-16 BC98-453 398
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minimumforweld metal ....... ... e
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Root Gap
qualification of ... ... ..
USE Of BBITTI. & vttt e et e ettt et a it e

Cumulative Index — interpretations Vols. 12-44

Interpretation

1X-83-23
1X-86-30
1X-83-123
1X-89-37
1X-92-05
1X-98-05
1X-83-66
1X-86-29
1X-83-101
1X-86-27
1X-83-07
1X-83-143

1X-83-88
1X-83-11
IX-83-49
I1X-86-21
IX-83-48
1X-98-16
I1X-83-90
1X-86-89
1X-89-100
1X-89-100R
1X-98-03
1X-92-05
1X-98-05
I1X-98-16
IX-83-83
IX-83-126
1X-89-86
1X-83-93
IX-83-126
1X-83-141
IX-86-28
1X-83-81
1X-83-18
1X-95-33
1X-95-28
1X-83-80
1X-95-33
IX-83-102
I1X-83-152
1X-86-36
1X-89-83
1X-83-81
1X-89-39
IX-83-36
1X-83-64
I1X-89-11
1X-83-05
1X-83-08
1X-83-94
1X-86-43
1X-89-18

1X-83-32
IX-92-55

1X-83-71
1X-83-04

File No.

BC82-530
BC86-104
BC84-092
BC89-358
BC90-632
BC98-009
BC83-058
BC86-103
BC83-529
BC86-061
BC82-246
BC84-581

BC83-396
BC82-300
BC82-871
BC86-058
BC82-870
BC98-453
BC83-407
BC88-089
BC90-663
BC90-663*
BC97-479
BC90-632
BC98-009
BC98-453
BC83-394
BC84-221
BC90-734
BC83-531
BC84-221
BC84-434
BCB86-062
BC83-395
BC82-423
BC96-001
BC96-002
BC83-388
BC96-001
BC83-551
BC84-648
BC86-280
BC90-532
BC83-395
BC89-361
BC82-757
BC83-222
BC88-399
BC82-237
BC82-265
BC83-284
BC86-337
BC88-474

BC82-598
BC92-307

BC83-230
BC82-098

Page No.

15
131
80
212
263
389
41
130
64
129

89

54
i
33
126
32
398
55
176
252
261
383
263
389
398
53
82
245
56
82
89
130
51
14
367
360
50
367
65
96
139
243
51
213
25
40
186

10
61
142
193

19
295

43

(o)




Subject
Test Specimens (Cont'd)

longitudinal bend .......... ... . o
mandrel SiZe ... ... e e e

method of restraint ............o i
minimum weld metal deposit thickness. .. .......... ... ... .0
nondestructive testing of .. .. ... .. ... i i
number of tension test specimens . ........ . ool
partial penetration .. ... .. oottt e
Product fOrm ... ve i e e

qualification of ....... ... ..

reduced SECHON . . ..ottt i e e

01175271

roll planishing . ...... ..o
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Welding Procedure Specification (Cont'd)
requalification of . .. ... .o i 1X-89-14 BC88-403 187
1X-89-42 BC89-364 215
1X-89-17 BC88-473 193
1X-89-41 BC89-363 214
1X-89-54 BC89-367 220
1X-92-38 BC91-630 283
1X-95-04 BC94-296 335
1X-95-16 BC95-095 346
short circuiting mode . ......... it i e IX-95-28 BC96-002 360
1X-95-33 BC96-001 367
suppliedtowelder. . ......... ... o i 1X-83-17 BC82-422 13
SUPPOTt Of. ..ottt ettt e e a i e 1X-83-146 BC84-619 90
1X-86-42 BC86-331 141
1X-86-55 BCB86-426 146
1X-89-26 BC89-103 197
1X-89-68 BC90-349 227
use for an unassigned material. ............. .. il i, 1X-89-41 BC89-363 214
use Of At JOD SIES ... .ottt e e IX-83-12 BC82-341 11
use of by subcontractor. . ... ... .. o ol i i IX-86-49 BC86-367 144
weld Joint. .. ... e e 1X-89-53 BC90-045 219
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SUMMARY OF CHANGES

Addenda to the 1998 Edition of the Code are issued in the form of replacement pages. Revisions,
additions, or deletions are incorporated directly into the affected pages. It is advisable, however,
that all replaced pages be retained for reference.

Replace or insert the pages listed. Changes given below are identified on the pages by a
margin note, A99, placed next to the affected area. Revisions to the 1998 Edition are indicated
by 98. For the listing below, the Page references the affected area. A margin note, A99, placed
next to the heading indicates Location. Revisions are listed under Change.

Page Location Change
iii Listing of Sections Title to Section lll, Division 3 revised
v, vii Contents Updated to reflect A99
XV, Xvi Guideline ' Deleted by errata
XVii-Xxvi Roster Updated to reflect A99
2 QW-102 Revised
QW-103.2 Last line corrected by errata
5 QW-153.1 First sentence revised
QW-153.1.1 Subparagraph (b) revised
15 QW-201 Second paragraph revised
16 QW-202.4 Last paragraph revised
21 ‘ QW-253 Under Nonessential, last entry added
by errata
27 QW-255 Under Brief of Variables, last entry cor-
rected by errata
45 Qw-284 Revised
49 QW-304 First paragraph revised
50 QW-305 First paragraph revised
55 QW-384 Revised
63 QW-407.1 " First sentence revised
QW-407.2 First sentence revised
QW-407 .4 . Revised
Qw-407.5 First sentence revised
64 QW-408.2 First sentence revised
QW-408.8 Revised
QW-408.9 Revised
QW-408.10 Revised
66 QW-410.11 Revised
69 QW-420.1 Paragraph below in-text table revised
QW-420.2 First and second paragraphs revised
70-124 - QW/QB-422 Revised
125 QW-423.1 ‘ In-text table revised
126-128 QW-432 Revised
133 QW-4513 Note revised
159 QW-462.10 Main column head revised

160 QW-462.11 Main column head revised




1998 ASME
BOILER AND PRESSURE VESSEL CODE

SECTIONS
1 Rules for Construction of Power Boilers
)1 Materials

Part A — Ferrous Material Specifications
Part B — Nonferrous Material Specifications
Part C — Specifications for Welding Rods, Electrodes, and Filler Metals
Part D — Properties
Subsection NCA — General Requirements for Division 1 and Division 2
Division 1
Subsection NB — Class 1 Components
Subsection NC — Class 2 Components
Subsection ND — Class 3 Components
Subsection NE — Class MC Components
Subsection NF — Supports
Subsection NG — Core Support Structures
Subsection NH — Class 1 Components in Elevated Temperature Service
Appendices
Division 2 — Code for Concrete Reactor Vessels and Containments
Division 3 — Containment Systems for Storage and Transport Packagings of Spent Nuclear Fuel
and High Level Radioactive Material and Waste
Rules for Construction of Heating Boilers
Nondestructive Examination
Recommended Rules for the Care and Operation of Heating Boilers
Recommended Guidelines for the Care of Power Boilers
Rules for Construction of Pressure Vessels
Division 1
Division 2 -— Alternative Rules
Division 3 — Alternative Rules for Construction of High Pressure Vessels
Welding and Brazing Qualifications
Fiber-Reinforced Plastic Pressure Vessels
Rules for Inservice Inspection of Nuclear Power Plant Components
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ADDENDA

Colored-sheet Addenda, which include additions and revisions to individual Sections of the Code, are
published annually and will be sent automatically to purchasers of the applicable Sections up to the
publication of the 2001 Code. The 1998 Code is available only in the loose-leaf format; accordingly,
the Addenda will be issued in the loose-leaf, replacement-page format.

INTERPRETATIONS

ASME issues written replies to inquiries concerning interpretation of technical aspects of the Code.
The Interpretations for each individual Section will be published separately and will be included as
part of the update service to that Section. They will be issued semiannually (July and December) up
to the publication of the 2001 Code. Interpretations of Section III, Dw1sxons 1 and 2, will be included
with the update service to Subsection NCA.

CODE CASES

The Boiler and Pressure Vessel Committee meets regularly to consider proposed additions and revisions
to the Code and to formulate Cases to clarify the intent of existing requirements or provide, when the
need is urgent, rules for materials or constructions not covered by existing Code rules. Those Cases
which have been adopted will appear in the appropriate 1998 Code Cases book: (1) Boilers and Pressure
Vessels and (2) Nuclear Components. Supplements will be sent automatically to the purchasers of the
Code Cases books up to the publication of the 2001 Code
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PART QW WELDING

ARTICLE 1
WELDING GENERAL REQUIREMENTS

QW-100 GENERAL

Section IX of the ASME Boiler and Pressure Vessel
Code relates to the qualification of welders, welding
operators, brazers, and brazing operators, and the proce-
dures that they employ in welding and brazing according
to the ASME Boiler and Pressure Vessel Code and
the ASME B31 Code for Pressure Piping. It is divided
into two parts: Part QW gives requirements for welding
and Part QB contains requirements for brazing.

QW-100.1 The purpose of the Welding Procedure
Specification (WPS) and Procedure Qualification Record
(PQR) is to determine that the weldment proposed
for construction is capable of providing the required
properties for its intended application. It is presupposed
that the welder or welding operator performing the
welding procedure qualification test is a skilled work-
man. That is, the welding procedure qualification test
establishes the properties of the weldment, not the skill
of the welder or welding operator. In addition to this
general requirement, special considerations for notch
toughness are required by other Sections of the Code.
Briefly, a WPS lists the variables, both essential and
nonessential, and the acceptable ranges of these variables
when using the WPS. The WPS is intended to provide
direction for the welder/welding operator. The PQR
lists what was used in qualifying the WPS and the
test results.

QW-100.2 In performance qualification, the basic
criterion established for welder qualification is to deter-
mine the welder’s ability to deposit sound weld metal.
The purpose of the performance qualification test for the
welding operator is to determine the welding operator’s
mechanical ability to operate the welding equipment.

QW-100.3 Welding Procedure Specifications (WPS)
written and qualified in accordance with the rules of
this Section, and welders and welding operators of
automatic and machine welding equipment also qualified
in accordance with these rules may be used in any
construction built to the requirements of the ASME
Boiler and Pressure Vessel Code or the ASME B31
Code for Pressure Piping.

However, other Sections of the Code state the condi-
tions under which Section IX requirements are manda-
tory, in whole or in part, and give additional require-
ments. The reader is advised to take these provisions
into consideration when using this Section.

Welding Procedure Specifications, Procedure Quali-
fication Records, and Welder/Welding Operator Per-
formance Qualification made in accordance with the
requirements of the 1962 Edition or any later Edition
of Section IX may be used in any construction built
to the ASME Boiler and Pressure Vessel Code or the
ASME B31 Code for Pressure Piping.

Welding Procedure Specifications, Procedure Quali-
fication. Records, and Welder/Welding Operator Per-
formance Qualification made in accordance with the
requirements of the Editions of Section IX prior to
1962, in which all of the requirements of the 1962
Edition or later Editions are met, may also be used.

Welding Procedure Specifications and Welder/Weld-
ing Operator Performance Qualification records meeting
the above requirements do not need to be amended to in-
clude any variables required by later Editions and Ad-
denda.

Qualification of new Welding Procedure Spec:”:a-
tions or Welders/Welding Operators and requalification
of existing Welding Procedure Specifications or
Welders/Welding Operators shall be in accordance with
the current Edition (see Foreword) and Addenda of Sec-
tion IX.
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QW-153

QW-153

QW-153.1 Tensile Strength. Except for P-No. 21
through P-No. 25 and P-No. 35 materials, minimum
values are provided under the column heading “Mini-
mum Specified Tensile, ksi” of QW/QB-422. In order
to pass the tension test, the specimen shall have a

Acceptance Criteria — Tension Tests

" tensile strength that is not less than:

(a) the minimum specified tensile strength of the
base metal; or

(b) the minimum specified tensile strength of the
weaker of the two, if base metals of different minimum
tensile strengths are used; or

(c) the minimum specified tensile strength of the
weld metal when the applicable Section provides for
the use of weld metal having lower room temperature
strength than the base metal;

(d) if the specimen breaks in the base metal outside
of the weld or fusion line, the test shall be accepted
as meeting the requirements, provided the strength is
not more than 5% below the minimum specified tensile
strength of the base metal.

QW-153.1.1 Additional Requirements for Spe-
cific Base Metals

(a) For Aluminum Alclad materials 0.499 in. and
less, the specified minimum tensile strength is for
full thickness specimens that include cladding. For
Alominum Alciad materials 0.5 in. and greater, the
specified minimum tensile strength is for both full
thickness specimens that include cladding and specimens
taken from the core.

(b) For copper and copper-based alloys, the minimum
specified tensile value provided by QW/QB-422 is that
given for the base metal in the annealed condition and
is the acceptance value for qualification.

(c) All P-No. 23 minimum specified tensile values,
provided by QW/QB-422, are not designated in the
respective SB documents and are the acceptance values
for qualifications using T4 or T6 temper base metal
and tested in the as-welded condition.

QW-160 GUIDED-BEND TESTS
QW-161

Guided-bend test specimens shall be prepared by
cutting the test plate or pipe to form specimens of
approximately rectangular cross section. The cut sur-
faces shall be designated the sides of the specimen.
The other two surfaces shall be called the face and
root surfaces, the face surface having the greater width
of weld. The specimen thickness and bend radius are
shown in QW-466.1, QW-466.2, and QW-466.3.

Specimens

GENERAL REQUIREMENTS

QW-161.6

Guided-bend specimens are of five types, depending
on whether the axis of the weld is wansverse or parallel
to the longitudinal axis of the specimen, and which
surface (side, face, or root) is on the convex (outer)
side of bent specimen. The five types are defined as
follows.

QW-161.1 Transverse Side Bend. The weld is
transverse to the longitudinal axis of the specimen,
which is bent so that one of the side surfaces becomes
the convex surface of the bent specimen. Transverse
side-bend test specimens shall conform to the dimen-
sions shown in QW-462.2.

Specimens of base metal thickness over 1%, in. (38
mm) may be cut into approximately equal strips between
¥, in. (19 mm) and 1% in. (38 mm) wide for testing,
or the specimens may be bent .at full width (see
requirements on jig width in QW-466). If multiple
specimens are used, one complete set shall be made
for each required test. Each specimen shall be tested
and meet the requirements in QW-163.

QW-161.2 Transverse Face Bend. The weld is
transverse to the longitudinal axis of the specimen,
which is bent so that the face surface becomes the
convex surface of the bent specimen. Transverse face-
bend test specimens shall conform to the dimensions
shown in QW-462.3(a). For subsize transverse face
bends, see QW-161.4.

QW-161.3 Transverse Root Bend. The weld is
transverse to the longitudinal axis of the specimen,
which is bent so that the root surface becomes the
convex surface of the bent specimen. Transverse root-
bend test specimens shall conform to the dimensions
shown in QW-462.3(a). For subsize transverse root
bends, see QW-161.4.

QW-161.4 Subsize Tramsverse Face and Roet
Bends. See Note (2) of QW-462.3(a).

QW-161.5 Longitudinal-Bend Tests. Longitudinal-
bend tests may be used in lieu of the transverse side-,
face-, and root-bend tests for testing weld metal or
base metal combinations which differ markedly in
bending properties between

(a) the two base metals; or

(b) the weld metal and the base metal.

QW-161.6 Longitudinal Face Bend. The weld is
parallel to the longitudinal axis of the specimen, which
is bent so that the face surface becomes the convex
surface of the bent specimen. Longitudinal face-bend
test specimens shall conform to the dimensions shown
in QW-462.3(b).
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QW-200.4

production joint. Each procedure may include one or
a combination of processes, filler metals, or other
variables.

Where two or more procedures involving different
processes or other essential variables are used in one
joint, QW-451 shall be used to determine the range
of base metal thickness qualified and the maximum
thickness of deposited weld metal qualified for each
process or procedure. Alternatively, qualification for
root deposits only may be made in accordance with
QW-200.4(b). The deposited weld metal of each process
or procedure shall be included in the tension and bend
specimens, and in the notch-toughness specimen (when
required). One or more processes or procedures may
be deleted from a qualified combination procedure.
Each such process or procedure may be used separately
provided:

(1) the remaining essential, nonessential, and sup-
plementary essential variables are applied;

(2) the base metal and deposited weld metal thick-
ness limits of QW-451 are applied.

(b) For GTAW, SMAW, GMAW, PAW, and SAW,
or combinations of these processes, a PQR for a process
recording a test coupon that was at least % in. (13 mm)
thick may be combined with one or more other PQRs
recording another welding process and any greater base
metal thickness. In this case, the process recorded on
the first PQR may be used to deposit the root layers
using the process(es) recorded on that PQR up to 2t
(for short-circuiting type of GMAW, see QW-404.32)
in thickness on base metal of the maximum thickness
qualified by the other PQR(s) used to support the WPS.
The requirements of Note (1) of QW-451.1 and QW-
451.2 shall apply.

Manufacturer’s or Contractor’s
Responsibility

QW-201

Each manufacturer or contractor shall list the parame-
ters applicable to welding that he performs in construc-
tion of weldments built in accordance with this Code.
These parameters shall be listed in a document known
as a Welding Procedure Specification (WPS).

Each manufacturer or contractor shall qualify the WPS
by the welding of test coupons and the testing of specimens
(as required in this Code), and the recording of the welding
data and test results in a document known as a Procedure
Qualification Record (PQR). The welders or welding oper-
ators used to produce weldments to be tested for qualifica-
tion of procedures shall be under the full supervision and
contro] of the manufacturer or contractor during the pro-
duction of these test weldments. The weldments to be
tested for qualification of procedures shall be welded either
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by direct employees or by individuals engaged by contract
for their services as welders or welding operators under the
full supervision and control of the manufacturer or contrac-
tor. It is not permissible for the manufacturer or contractor
to have the supervision and control of welding of the test
weldments performed by another organization. It 1s per-
missible, however, to subcontract any or all of the work of
preparation of test metal for welding and subsequent work
on preparation of test specimens from the completed weld-
ment, performance of nondestructive examination, and
mechanical tests, provided the manufacturer or contractor
accepts the responsibility for any such work.

The Code recognizes a manufacturer or contractor
as the organization which has responsible operational
control of the production of the weldments to be made
in accordance with this Code. If in an organization
effective operational control of welding procedure quali-
fication for two or more companies of different names
exists, the companies involved shall describe in their
Quality Control system/Quality Assurance Program, the
operational control of procedure qualifications. In this
case separate welding procedure qualifications are not
required, provided all other requirements of Section IX
are met.

A WPS may require the support of more than one
PQR, while alternatively, one PQR may support a
number of WPSs.

The manufacturer or contractor shall certify that he
has qualified each Welding Procedure Specification,
performed the procedure qualification test, and docu-
mented it with the necessary Procedure Qualification
Record (PQR).

QW-201.1 The Code recognizes that manufacturers
or contractors may maintain effective operational control
of PQRs and WPSs under different ownership than
existed during the original procedure qualification. When
a manufacturer or contractor or part of a manufacturer
or contractor is acquired by a new owner(s), the PQRs
and WPSs may be used by the new owner(s) without
requalification, provided all of the following are met:

(a) the new owner(s) takes responsibility for the
WPSs and PQRs;

(b) the WPSs reflect the name of the new owner(s);

(c) the Quality Control System/Quality Assurance
Program refiects the source of the PQRs as being from
the former manufacturer or contractor.

QW-202  Type of Tests Required

QW-202.1 Mechanical Tests. The type and number
of test specimens which shall be tested to qualify a
groove weld procedure are given in QW-451, and shall
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WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

Shielded Metal-Arc (SMAW)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
¢ Groove design
QW-402 4 - Backing X
Joints 10 | ¢ Root spacing X
.11 | = Retainers X
5 & Group Number
6 7 Limits impact
QW-403 7 T/t Limits > 8 in. X
Base 8 ¢ T Qualified X
Metals 9 t Pass > Y, in. X
.11 | ¢ P-No. qualified X
.13 ¢ P-No. 5/9/10 X
4 ¢ F-Number X
5 ¢ A-Number X
QW-404 -6 ¢ Diameter X
Filler 7 ¢ Diam. > ¥, in.
Metals 12 | ¢ AWS class.
30 1 X
.33 | ¢ AWS class. X
.1 + Position
QW-405 "
Positions 2 ¢ Position X
.3 ¢ Tl vertical welding X
1 Decrease > 100°F X
QW-406 ’ )
Preheat .2 ¢ Preheat maint. X
.3 Increase > 100°F (IP) X
.1 ¢$ PWHT X
QW-407
PWHT 2 ¢ PWHT (T & T range) X
4 T Limits X
QW-409 1 >  Heat input
Electrical 4 ¢ Current or polarity X
Characteristics 8 é 1&E range X
1 ¢  String/weave X
5 ¢ Method cleaning X
QW-410
Technique .6 ¢ Method back gouge X
.25 | ¢ Manual or automatic X
.26 + Peening X
Legend:
+ Addition > Increase/greater than T Uphili « Forehand ¢ Change
— Deletion < Decrease/less than 4 Downhill — Backhand
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QW-255 (CONT'D)

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

Gas Metal-Arc Welding (GMAW and FCAW)

Paragraph

Supplementary
Brief of Variables Essential Essential

Nonessential

Qw-408

i+

Trall or ¢ comp.

X

Single, mixture, or % X

Flow rate

[ - =

or ¢ Backing fiow

o | [ i fe

Backing or ¢ comp.

=
o

Shielding or trailing X

QW-409
Electrical
Characteristics

Heat input X

Transfer mode X

Current or polarity ' X

1 & E range

QW-410
Technique

String/weave

Orifice, cup, or nozzle size

Method cleaning

Method back gouge

Oscillation

Tube-work distance

o | [~ | [in [ |ix oo |[B | [+

Multi to single pass/side X

ot
(=]

Single to multi electrodes

it
w

Electrode spacing

N
[

Manual or automatic

i
o

+leeleloleolsloloooPls& (Vs

Peening

o > |3 X X X X X X X X |X

Legend:

+ Addition > Increase/greaterthan T Uphill « Forehand ¢ Change
— Deletion < Decrease/less than d Downhili — Backhand
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QW-283  Welds With Buttering

QW-283.1 Scope. This paragraph only applies when
the essential variables for the buttering process are
different than the essential variables for the process
used for subsequent completion of the joint. Common
examples are:

(1) the buttered member is heat treated and the
completed weld is not heat treated after welding; and

(2) the filler metal used for buttering has a different
F-number from that used for the subsequent completion
of the weld. ~

QW-283.2 Tests Required. The procedure shall be
qualified by buttering the test coupon (including heat
treating of the buttered member when this will be done
in production welding) and then making the subsequent
weld joining the members. The variables for the but-
tering and for the subsequent weld shall be in accordance
with QW-250, except that QW-409.1 shall be an essen-
tial variable for the welding process(es) used to complete
the weld when the minimum buttering thickness is less
than 3/, in. (4.8 mm). Mechanical testing of the
completed weldment shall be in accordance with QW-
202.2(a).

If the buttering is done with filler metal of the same
composition as the filler metal used to complete the
weld, one weld test coupon may be used to qualify
the dissimilar metal joint by welding the first member
directly to the second member in accordance with
Section IX. ‘

QW-283.3 Buttering Thickness. The thickness of
buttering which shail remain on the production buttered
member after all machining and grinding is completed
and before subsequent completion of the joint shall be
required by the WPS. When this thickness is less than
3/,6 in. (4.8 mm), the thickness of buttering on the
test coupon shall be measured before the buttered
member is welded to the second member. This thickness
shall become the minimum qualified thickness of but-
tering.

QW-283.4 Mutltiple Organizations. When one orga-
nization butters a member and a second organization
completes the weld, the second organization shall also
qualify the procedure in accordance with QW-283. The
botering thickness shall not be greater, nor the heat
input higher than that which was qualified by the first
organization. The second organization may substitute
any base metal which has an assigned P-Number and
a chemical analysis nominally matching the chemical
analysis of the buttering weld metal for the buttered
base metal of the procedure qualification test coupon.
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QW-286
QW-284  Resistance Welding Machine
Qualification

Each resistance welding machine shall be tested to
determine its ability to make welds consistently and
reproducibly. A machine shall be requalified whenever
it is rebuilt, moved to a new location requiring a change
in power supply, when the power supply is changed,
or any other significant change is made to the equipment.
Spot and projection welding machine qualification test-
ing shall consist of making a set of 100 consecutive
welds. Every fifth of these welds shall be subjected
to mechanical shear tests. Five welds, which shall
include one of the first five and one of the last five
of the set shall be metallographically examined. Seam
welding machine qualification testing shall be the same
as procedure qualification testing required per QW-286.
Maintenance or adjustment of the welding machine
shall not be permitted during welding of a set of test
welds. Qualification testing on any P-No. 21 through
P-No. 25 aluminum alloy shall qualify the machine for
all materials. Qualification on P-No. 1 through P-No.
11 iron-base alloys and any P-No. 41 through P-No.
47 nickel-base alloys shall qualify the machine for all
P-No. 1 through P-No. 11 and P-No. 41 through P-
No. 47 metals. Testing and acceptance criteria shall
be in accordance with QW-196.

QW-285  Resistance Spot and Projection Weld

Procedure Qualification

Procedure qualification testing for spot or projection
welds shall be done following a Welding Procedure
Specification, and it shall consist of making a set of
10 consecutive welds. Five of these welds shall be
subjected to mechanical shear tests and five to metallo-
graphic examination. Examination, testing, and accept-
ance criteria shall be in accordance with QW-196.

QwW-286 Resistance Seam Weld Procedure

Qualification

Plates shall be prepared by welding or brazing a
pipe nipple to one of the plates at a hole in one of
the plates, and then the plates shall be welded around
the edges, sealing the space between the plates as
shown in QW-462.7. The space between the plates
shall be pressurized until failure occurs. The procedure
qualification is acceptable if failure occurs in the base
metal. An additional seam weld at least 6 in. (152 mm)
long shall be made between plates of the same thickness
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QW-302.2

QW-302.2 Radiographic Examination. When the
welder or welding operator is qualified by radiographic
examination, as permitted in QW-304 for welders and
QW-305 for welding operators, the minimum length
of coupon(s) to be examined shall be 6 in. (152 mm)
and shall include the entire weld circumference for
pipe(s), except that for small diameter pipe, multiple
coupons may be required, but the number need not
exceed four consecutively made test coupons. The
radiographic technique and acceptance criteria shall be
in accordance with QW-191.

QW-302.3 Test Coupons in Pipe. For test coupons
made on pipe in position 1G or 2G of QW-461.4, two
specimens shall be removed as shown for bend speci-
mens in QW-463.2(d) or QW-463.2(¢e), omitting the
specimens in the upper-right and lower-left quadrants,
and replacing the root-bend specimen in the upper-left
quadrant of QW-463.2(d) with a face-bend specimen.
For test coupons made on pipe in position 5G or 6G
of QW-461 .4, specimens shall be removed in accordance
with QW-463.2(d) or QW-463.2(e) and all four speci-

_mens shall pass the test. For test coupons made in
both positions 2G and 5G on a single pipe test coupon,
specimens shall be removed in accordance with QW-
463.2(f) or QW-463.2(g).

QW-302.4 Visual Examination. For plate coupons
all surfaces (except areas designated “discard”) shall
be examined visually per QW-194 before cutting of bend
specimens. Pipe coupons shall be visually examined
per QW-194 over the entire circumference, inside and
outside.

QW-303 Limits of Qualified Positions and
Diameters

(See QW-461)

QW-303.1 Groove Welds — General. Welders and
welding operators who pass the required tests for groove
welds in the test positions of QW-461.9 shall be
qualified for the positions of groove welds and fillet
welds shown in QW-461.9. In addition, welders and
welding operators who pass the required tests for groove
welds shall also be qualified to make fillet welds in
all thicknesses and pipe diameters of any size within
the limits of the welding variables of QW-350 or QW-
360, as applicable.

QW-303.2 Fillet Welds — General. Welders and
welding operators who pass the required tests for fillet
welds in the test positions of QW-461.9 shall be
qualified for the positions of fillet welds shown in QW-
461.9. Welders and welding operators who pass the
tests for fillet welds shall be qualified to make filiet
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QW-304.1

welds only in the thicknesses of material, sizes of fillet
welds, and diameters of pipe and tube 2% in. (73 mm)
0.D. and over, as shown in QW-452.5, within the
applicable essential variables. Welders and welding
operators who make fillet welds on pipe or tube less
than 2% in. (73 mm) O.D. must pass the pipe fillet
weld test per QW-452.4 or the required mechanical
tests in QW-304 and QW-305 as applicable.

QW-303.3 Special Positions. A fabricator who does
production welding in a special orientation may make
the tests for performance qualification in this specific
orientation. Such gualifications are valid only for the
flat position and for the special positions actually tested,
except that an angular deviation of =15 deg. is permitted
in the inclination of the weld axis and the rotation of
the weld face, as defined in QW-461.1 and QW-461.2.

QW-303.4 Stud-Weld Positions. Qualification in the
48 position also qualifies for the 1S position. Qualifica-
tion in the 4S and 28 positions qualifies for all positions.

QW-304 Welders

Except for the special requirements of QW-380, each
welder who welds under the rules of the Code shall
have passed the mechanical and visual examinations
prescribed in QW-302.1 and QW-302.4 respectively.
Alternatively, welders making a groove weld using
SMAW, SAW, GTAW, PAW, and GMAW (except
short-circuiting mode) or a combination of these pro-
cesses, may be qualified by radiographic examination,
except for P-No. 21 through P-No. 25, P-No. 51 through
P-No. 53, and P-No. 61 through P-No. 62 metals.
Welders making groove welds in P-No. 21 through P-
No. 25 and P-No. 51 through P-No. 53 metals with the
GTAW process may also be qualified by radiographic
examination. The radiographic examination shall be in
accordance with QW-302.2.

A welder qualified to weld in accordance with one
qualified WPS is also qualified to weld in accordance
with other qualified WPSs, using the same welding
process, within the limits of the essential variables of
QW-350. ‘

QW-304.1 Examination. Welds made in test coupons
for performance qualification may be examined by
visual and mechanical examinations (QW-302.1, QW-
302.4) or by radiography (QW-.J2.2) for the process(es)

-and mode of arc transfer specified in QW-304. Alterna-

tively, a 6 in. (152 mm) length of the first production
weld made by a welder using the process(es) and/or
mode of arc transfer specified in QW-304 may be
qualified by radiography.




QW-383.1

weld. Four side bend test specimens shall be removed
from the completed test coupon and tested. The groove
weld portion and the corrosion-resistant weld metal
overlay portion of the test coupon shall be evaluated
using the respective criteria in QW-163. Welders and
welding operators qualified using composite test cou-
pons are qualified to join base materials as provided
by QW-301, and they are qualified to apply corrosion-
resistant weld metal overlay as provided by QW-381.

QW-383.2 Applied Linings

(a) Welders and welding operators shall be qualified
following the rules for making groove or fillet welds
in accordance with QW-301. Plug welds for attaching
applied linings shall be considered equivalent to fillet
welds for the purpose of performance qualification.

(b) An alternate test coupon shall consist of the
geometry to be welded, except the base material need
not exceed 1 in. (25 mm) in thickness. The welded
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test coupon shall be sectioned and etched to reveal the
weld and heat-affected zone. The weld shall show
penetration into the base metal.

QW-384  Resistance Welding Operator
Qualification

Each welding operator shall be tested on each machine
type which he will use. Qualification testing on any
P-No. 21 through P-No. 25 metal shall qualify the
operator for all materials. Qualification on any P-No.
1 through P-No. 11 or any P-No. 41 through P-No.
47 metals shall qualify the operator for all P-No. 1
through P-No. 11 or P-No. 41 through P-No. 47 metals.
Qualification testing shall consist of making a set of
10 consecutive welds, five of which shall be subjected
to mechanical shear tests or peel tests, and five to
metallographic examination. Examination, testing, and
acceptance criteria shall be in accordance with QW-196.
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in the inclined fixed position, 6G, shall qualify for all
positions.

(b) A fabricator who does production welding in a
particular orientation may make the tests for procedure
qualification in this particular orientation. Such qualifi-
cations are valid only for the positions actually tested,
except that an angular deviation of +15 deg. is permitted
in the inclination of the weld axis and the rotation of
the weld face as defined in QW-461.1. A test specimen
shall be taken from the test coupon in each special
orientation.

(c) For hardfacing weld metal overlay, qualification
in the 3G, 5G, or 6G positions, where 5G or 6G pipe
coupons include at least one vertical segment completed
utilizing the up-hill progression or a 3G plate coupon
is completed utilizing the up-hill progression, shall
qualify for all positions. Chemical analysis, hardness,
and macro-etch tests required in QW-453 may be limited
to a single, vertical up-hill overlaid segment as shown
in QW-462.5(b).

(d) For hardfacing weld metal overlay, a change
from vertical down to vertical up-hill progression shall
require requalification.

QW-406  Preheat

QW-406.1 A decrease of more than 100°F (56°C)
in the preheat temperature qualified. The minimum
temperature for welding shall be specified in the WPS.

QW-406.2 A change in the maintenance or reduction
of preheat upon completion of welding prior to any
required postweld heat treatment.

QW-406.3 An increase of more than 100°F (56°C)
in the maximum interpass temperature recorded on the
PQR. This limitation does not apply when a WPS is
qualified with a PWHT above the upper transformation
temperature or when an austenitic material is solution
annealed after welding.

QW-406.4 A decrease of more than 100°F (56°C)
in the preheat temperature qualified or an increase in
the maximum interpass temperature recorded on the
PQR. The minimum temperature for welding shall be
specifed in the WPS.

QW-406.5 A change in the maintenance or reduction
of preheat upon completion of spraying and prior to
fusing.

QW-406.6 A change of more than 10% in the
amplitude or number of preheating cycles from that
qualified.
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QwW-407

QW-407.1 A separate procedure qualification is re-
quired for each of the following conditions.

(a) For P-No. 1, P-No. 3, P-No. 4, P-No. 5, P-No.
6, P-No. 9, P-No. 10, and P-No. 11 materials, the
following postweld heat treatment conditions apply:

(1) No PWHT;

(2) PWHT below the lower transformation temper-
ature;

(3) PWHT above the upper transformation temper-
ature (e.g., normalizing);

(4) PWHT above the upper transformation temper-
ature followed by heat treatment below the lower
transformation temperature (e.g., normalizing or quench-
ing followed by tempering);

(5) PWHT between the upper and lower transfor-
mation temperatures.

(b) For all other materials, the following postweld
heat treatment conditions apply:

(1} No PWHT,;

(2) PWHT within a specified temperature range.

Postweld Heat Treatment

QW-407.2 A change in the postweld heat treatment
(see QW-407.1) temperature and time range.

The procedure qualification test shall be subjected
to PWHT essentially equivalent to that encountered in
the fabrication of production welds, including at least
80% of the aggregate times at temperature(s). The
PWHT total time(s) at temperature(s) may be applied
in one heating cycle.

QW-407.4 For a procedure qualification test coupon
receiving a postweld heat treatment in which the upper
transformation temperature is exceeded, the maximum
qualified thickness for production welds is 1.1 times
the thickness of the test coupon.

QW-407.5 A separate procedure qualification is re-
quired for each of the following conditions:

(a) No PWHT;

(b) A change of more than 10% in the number of
post heating cycles following the welding interval;

(c) PWHT within a specified temperature and time
range if heat treatment is performed separately from
the welding operation.

QW-407.6 A change in postweld heat treal. -ent
condition in QW-407.1 or an increase of 25% or more
in total time at postweld heat treating temperature.

QW-407.7 A change in the heat treatment temperature
range qualified if heat treatment is applied after fusing.
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QW-409.3

QW-409.3 The addition or deletion of pulsing current
to dc power source.

QW-409.4 A change from ac to dc, or vice versa;
and in dc welding, a change from electrode negative
(straight polarity) to electrode positive (reverse polarity),
or vice versa.

QW-409.5 A change of £15% from the amperage
or voltage ranges in the qualified WPS.

QW-409.6 A change in the beam current of more
than +5%, voltage of more than *=2%, welding speed
of more than +2%, beam focus current of more than
+59%, gun-to-work distance of more than =5%, or a
change in oscillation length or width of more than
+20% from those previously qualified.

QW-409.7 Any change in the beam pulsing frequency
duration from that qualified.

QW-409.8 A change in the range of amperage, or
except for SMAW and GTAW welding, a change in
the range of voltage. A change in the range of electrode
wire feed speed may be used as an alternative to
amperage. '

QW-409.9 A change in the arc timing of more than
=Y sec.

QW-409.10 A change in amperage of more than
+10%.

QW-409.11 A change in the power source from one
mode] to another.

QW-409.12 A change in type or size of tungsten
electrode.

QW-409.13 A change in the shape or dimensions
of the welding electrode; a change from one RWMA
(Resistance Welding Manufacturer’s Association) class
electrode material to another.

QW-409.14 Addition or deletion of upslope or down-
slope current control, or a change of more than 10%
in the slope current time or amplitude.

QW-409.15 A change of more than 5% in the
electrode pressure, the welding current, or the welding
time cycle from that qualified, except that requalification
is not required if there is a change of not more than
10% in either the electrode pressure or the welding
current or the welding time cycle, provided the re-
maining two variables remain at the values qualified.
A change from ac to dc or vice versa. The addition
or deletion of pulsing current to a dc power source.
When using pulsing dc current, a change of more than
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5% in the pulse amplitude, width, or number of pulses
per cycle from that qualified.

QW-409.16 A change from synchronous to-asynchro-
nous timing.

QW-409.17 A change in the power supply primary
voltage or frequency, or in the transformer turns ratio,
tap setting, choke position, secondary open circuit volt-
age or phase control setting.

QW-409.18 A change in the procedure or frequency
of tip cleaning.

QW-409.19 Any change in the beam pulsing fre-
quency and pulse duration from that qualified.

QW-409.20 Any change in the following variables:
mode of operation (from pulsed to continuous and
vice versa), energy distribution across the beam (i.e.,
multimode or gaussian).

QW-409.21 Any change in the following variables:
a change of more than 5% in the power delivered to
the work surface as measured by calorimeter or other
equivalent methods; a change of more than 2% in the
travel speed; a change of more than 2% of the ratio
of the beam diameter to focal length; a change of more
than 2% of the lens to work distance.

QW-409.22 An increase of more than 10% in the
amperage used in application for the first layer.

QW-409.23 A change of more than 10% in the
ranges of amperage or voltage qualified.

QW-409.24 A change of more than 10% in the filler
wire wattage recorded on the PQR. Wattage is a function
of current voltage, and stickout dimension.

QW-409.25 A change of more than 10% in the
plasma-arc current or voltage recorded on the PQR.

QW-409.26 For the first layer only, an increase in
heat input of more than 10% or an increase in volume
of weld metal deposited per unit length of weld of
more than 10% over that qualified. The increase may
be measured by either of the following:

(a) Heat input (J/in.)

_ Voltage x Amperage x 60
Travel Speed (in./min)

(b) Volume of Weld Metal = an increase in bead
size or a decrease in length of weld bead per unit
length of electrode.
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QW-420  Material Groupings

QW-420.1 P-Numbers. To reduce the number of
welding and brazing procedure qualifications required,
base metals have been assigned P-Numbers, and for
ferrous base metals which have specified impact test
requirements, Group Numbers within P-Numbers. These
assignments are based essentially on comparable base
metal characteristics, such as composition, weldability,
brazeability, and mechanical properties, where this can
logically be done. These assignments do not imply that
base metals may be indiscriminately substituted for a
base metal which was used in the qualification test
without consideration of compatibility from the stand-
point of metallurgical properties, postweld heat treat-
ment, design, mechanical properties, and service require-
ments. Where notch toughness is a consideration, it is
presupposed that the base metals meet the specific
requirements.

Base Metal Welding Brazing
Steel and steel P-No. 1 through P-  P-No. 101 through
alloys No. 11 incl. P- P-No. 103
No. 5A, 5B, and
5C
Aluminum and alu- P-No. 21 through P-No. 104 and P-
minum-base P-No. 25 No. 105
alloys
Copper and cop- P-No. 31 through P-No.107 and P-No.
per-base alloys P-No. 35 108
Nickel and nickel-  P-No. 41 through P-No. 110 through
base alloys P-No. 47 P-No. 112
Titanium and tita- P-No. 51 through P-No. 115
nium-base alloys P-No. 53
Zirconium and zir-  P-No. 61 through P-No. 117
conium-base P-No. 62
alloys

When a base metal with a UNS number designation
is assigned a P-Number or P-Number plus Group
Number, then a base metal listed in a different ASME
material specification with the same UNS number shall
be considered that P-Number or P-Number plus Group
Number. For example, SB-163, UNS NO08800 is P-
Number 45; therefore, all ASME specifications listing
a base metal with the UNS NO8800 designation shail
be considered P-Number 45 (i.e., SB-407, SB-408, SB-
514, etc.) whether or not these specifications are listed
in QW/QB-422. Since a minimum tensile value is
required for procedure qualification, only base metals
listed in QW/QB-422 may be used for test coupons
as defined in QW-424.

in those instances where materials in the 1971 Edition
of this Section have been given different P-Numbers
or assigned to Subgroups within a P-Number in the
1974 Edition of this Section, those procedure and
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performance qualifications will continue to be valid
based on the new P-Number designation.

In the column heading “Minimum Specified Tensile,
ksi” of QW/QB-422, the values given are those of the
base metal specification, except as otherwise identified
in QW-153 or QB-153. These are also the accepiance
values for the room temperature temsile tests of the
welding or brazing procedure qualification, except as
otherwise allowed in QW-153 or QB-153.

QW-420.2 S-Numbers (Non-Mandatory). S-Num-
bers are a listing of materials which are acceptable for
use by the ASME B31 Code for Pressure Piping, or
by selected Boiler and and Pressure Vessel Code Cases,
but which are not included within ASME Boiler and
Pressure Code Material Specifications (Section II).
These materials are grouped in S-Number or S-Number
plus Group Number groupings similar to the P-Number
groupings. There is no mandatory requirement that S-
Numbers be used.

Brazing or Welding Procedure Qualification with a
base metal in one P-Number (or P-Number plus Group
Number) or one S-Number (or S-Number plus Group
Number), qualifies for all other base metals in the same
S-Number grouping. Also, qualification with a base
metal in one S-Number, or S-Number plus Group
Number, qualifies for all other base metals in the
same S-Number grouping. Qualifications for S-Number
materials do not qualify corresponding P-Number mate-
rials. Base metals not assigned an S-Number or a P-
Number shall require individual procedure qualification.

Material produced under an ASTM specification shall
be considered to have the same S-Number or S-Number
plus Group Number as that of the P-Number or P-Number
plus Group Number assigned to the same grade or type
material in the corresponding ASME specification (i.c.,
SA-240 Type 304 is assigned P-Number 8, Group Number
1; therefore, A 240 Type 304 is considered S-Number 8§,
Group Number 1). Additionally, when a base metal witha
UNS number designation is assigned an S-Number or S-
Number plus Group Number, then a base metal listed in a
different material specification with the same UNS number
shall be considered that S-Number or S-Number plus
Group Number. Since a minimum tensile value is required
for procedure qualification, only base metals listed in
QW/QB-422 may be used for test coupons.

For Performance Qualification of brazers, welders,
brazing operators, and welding operators, the require-
ments for P-Numbers of base metals shall also be
applied to the same S-Numbers of base metals. Qualifi-
cation with P-Numbers in accordance with QB-310.3
and QW-403.18 qualifies for corresponding S-Numbers
and vice versa.
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Ag99

QwW-423
QW-423  Alternate Base Materials for Welder
Qualification

QW-423.1 Base material used for welder qualification
may be substituted for the P-Number material specified
in the WPS in accordance with the following.

Base Metal(s) for
Welder Qualification

Qualified Production
Base Metal(s)

P-No. 1 through P-No. 11,
P-No. 34, or P-No. 41 through
P-No. 47

P-No. 1 through P-No. 11, P-
No. 34, P-No. 41 through P-
No. 47 and unassigned met-
als of similar chemical com-
position to these metals

P-No. 21 through P-No. 25

P-No. 51 through P-No. 53 and
P-No. 61 through P-No. 62

P-No. 21 through P-No. 25
P-No. 51 through P-No. 53 or P-
No. 61 through P-No. 62

QW-423.2 Metals used for welder qualification con-
forming to national or international standards or specifi-
cations may be considered as having the same P- or
S-Number as an assigned metal provided it meets the
mechanical and chemical requirements of the assigned
metal. The base metal specification and corresponding
P- or S-Number shall be recorded on the qualification
record.

QW-424  Base Metals Used for Procedure

Qualification

QW-424.1 Base metals are assigned P-Numbers in
QW/QB-422; metals which do not appear in QW/QB-
422 are considered to be unassigned metals except as
otherwise defined in QW-420.1 for base metals having

WELDING DATA
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QW-424.1

the same UNS numbers. Unassigned metals shall be
identified in the WPS and on the PQR by specification,
type and grade, or by chemical analysis and mechanical
properties. The minimum tensile strength shall be de-
fined by the organization which specified the unassigned
metal if the tensile strength of that metal is not defined
by the material specification.

Base Metal(s) Used for
Procedure Qualification
Coupon

Base Metals Qualified

One metal from a P-Number to
any metal from the same P-
Number

One metal from a P-Number to
any metal from any other P-
Number

One metal from P-No. 3 to any
metal from P-No. 3

One metal from P-No. 4 to any
metal from P-No. 4

One metal from P-No. 5A to
any metal from P-No. 5A

One metal from P-No. 5A to a
metal from P-No. 4, or P-No.
3, or P-No. 1

One metal from P-No. 4 to a
metal from P-No. 3 or P-
No. 1

Any unassigned metal to the
same unassigned metal

Any unassigned metal to any P-
Number metal

Any unassigned metal to any
other unassigned metal

Any metals assigned that P-
Number

Any metal assigned the first P-
Number to any metal assigned
the second P-Number

Any P-No.3 metal to any metal
from P-No. 3 or P-No. 1

Any P-No. 4 metal to any metal
from P-Nos. 4, 3, 0or 1

Any P-No. 5A metal to any
metal from P-Nos. 54, 4, 3,
or 1 metals

Any P-No. 5A metal to any
metal assigned to P-No. 4, or
P-No. 3, or P-No. 1

Any P-No. 4 metal to any metal
assigned to P-No. 3 or P-
No. |

The unassigned metal to itself

The unassigned metal to any
metal assigned to the same P-
Number as the qualified metal

The first unassigned metal to
the second unassigned metal




WELDING DATA Qw432

QW-432 (CONT'D)
F-NUMBERS
Grouping of Electrodes and Welding Rods for Qualification

aQw F-No. ASME Specification No. AWS Classification No.

Copper and Copper-Base Alloys

432.3 31 SFA-5.6 ECu
' 31 SFA-5.7 ER Cu

432.3 32 SFA-5.6 ECuSi
32 SFA-5.7 ERCuSi-A
33 SFA-5.6 ECuSn-A, ECuSn-C
33 SFA-5.7 ERCuSn-A
34 SFA-5.6 ECuNi
34 SFA-5.7 ERCuNi
34 SFA-5.30 IN67
35 SFA-5.8 RBCuZn-A
35 RBCuZn-8
35 RBCuZn-C
35 RBCuZn-D
36 SFA-5.6 ' ECuAl-A2
36 ECuAl-B
36 SFA-5.7 ERCuAI-Al
36 ERCuAI-A2
36 ERCuAl-A3
37 SFA-5.6 ECuNiAl
37 ECuMnNiAl
37 SFA-5.7 ERCuNiAl
37 ERCuMnNiAl

Nickel and Nickel-Base Alloys

432.4 41 SFA-5.11 ENi-1
41 SFA-5.14 ERNi-1
41 SFA-5.30 IN61
42 SFA-5.11 ENiCu-7
42 SFA-5.14 ERNiCu-7
42 SFA-5.14 ERNiCu-8
42 SFA-5.30 IN6O
43 SFA-5.11 ENICrFe-1
43 SFA-5.11 ENiCrFe-2
43 SFA-5.11 ENiCrFe-3
43 SFA-5.11 ENICrFe-4
43 SFA-5.11 ENICrFe-7
43 SFA-5.11 ENICrFe-9
43 SFA-5.11 ENICrFe-10
43 SFA-5.11 ENiCrCoMo-1
43 SFA-5.11 ENICrMo-2
43 SFA-5.11 ENICrMo-3
43 SFA-5.11 ENiCrMo-6
43 SFA-5.11 ENICrMo-12
43 SFA-5.14 ERNICr-3
43 SFA-5.14 ERNICr-4
43 SFA-5.14 ERNICr-6
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QwW-451.3 WELDING DATA QwW-451.4
QW-451.3 A99
FILLET-WELD TESTS!1
Type and Number of Tests
Type of Thickness of Test Required [[QW-462.4(a) or QW-462.4(d)1]
Joint Coupons as Welded, in. Range Qualified Macro
Fillet Per QW-462.4(a) All fillet sizes on all base 5
metal thicknesses and all
diameters
Fillet Per QW-462.4(d) 4
NOTE:

(1) A production assembly mockup may be substituted in accordance with QW-181.1.1. When a production assembly mockup is used, the range
qualified shall be limited to the filiet weld size, base metal thickness, and configuration of the mockup. Alternatively, multiple production
assembly mockups may be qualified. The range of thickness of the base metal gualified shall be no less than the thickness of the thinner
member tested and no greater than the thickness of the thicker member tested. The range for fillet weld sizes qualified shall be fimited to

no less than the smallest fillet weld tested and no greater than the largest fillet weid tested. The configuration of production assemblies shal!
be the same as that used in the production assembly mockup.

Qw-451.4
FILLET WELDS QUALIFIED BY GROOVE-WELD TESTS

Thickness 7 of Test

Coupon (Plate or Pipe) Type and Number of Tests

as Welded Range Qualified Required
All groove tests All fillet sizes on all base Fillet welds are qualified when
metal thicknesses and all the groove weld is qualified
diameters in accordance with either

QW-451.1 or QW-451.2
(see QW-202.2)
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SHEAR STRENGTH REQUIREMENTS FOR SPOT OR PROJECTION WELD SPECIMENS

WELDING DATA

QwW-462.10

P-No. 1 Through P-No. 11 and P-No. 41 Through P-No. 47 Metals

Ultimate Strength

Ultimate Strength below

90,000 to 149,000 psi 90,000 psi
Nominal Thickness b per spot Ib per spot
of Thinner Sheet,
in. min min avg min min avg
0.009 130 160 100 125
0.010 160 195 115 140
0.012 200 245 150 185
0.016 295 365 215 260
0.018 340 415 250 305
0.020 390 480 280 345
0.022 450 550 330 405
0.025 530 655 400 495
0.028 635 785 465 575
0.032 775 955 565 695
0.036 920 1,140 690 860
0.040 1,065 1,310 815 1,000
0.045 1,285 1,585 1,005 1,240
0.050 1,505 1,855 1,195 1,475
0.056 1,770 2,185 1,460 1,800
0.063 2,110 2,595 1,760 2,170
0.071 2,535 3,125 2,080 2,560
0.080 3,005 3,705 2,455 3,025
0.090 3,515 4,335 2,885 3,560
0.100 4,000 4,935 3,300 4,070
0.112 4,545 5,610 3,795 4,675
0.125 5,065 6,250 4,300 5,310
159

QW-462.10

A99




WELDING DATA

80 deg.

Macro
specimen
90 deg.

Fracture
specimen
90 deg.

Fracture specimen to be removed from lower 80 deg.

section in position 5 f

QW-463.2(h) PERFORMANCE QUALIFICATION
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QwW-470

QwW-470 ETCHING — PROCESSES AND
REAGENTS

QwW-471 General

The surfaces to be etched should be smoothed by filing,
machining, or grinding on metallographic papers. With
different alloys and tempers, the etching period will vary
from a few seconds to several minutes, and should be con-
tinued until the desired contrast is obtained. As a protection
from the fumes liberated during the etching process, this
work should be done under a hood. After etching, the speci-
mens should be thoroughly rinsed and then dried with a
blast of warm air. Coating the surface with a thin clear lac-
quer will preserve the appearance.

QW-472  For Ferrous Metals

Etching solutions suitable for carbon and low alloy
steels, together with directions for their use, are sug-
gested as follows.

QW-472.1 Hydrochleric Acid. Hydrochloric (muri-
atic) acid and water, equal parts, by volume. The
solution should be kept at or near the boiling temperature
during the etching process. The specimens are to be
immersed in the solution for a sufficient period of time
to reveal all lack of soundness that might exist at their
cross-sectional surfaces.

QW-472.2 Ammeonium Persulfate. One part of am-
monium persulfate to nine parts of water, by weight.
The solution should be used at room temperature, and
should be applied by vigorously rubbing the surface
to be etched with a piece of cotton saturated with the
solution. The etching process should be continued until
there is a clear definition of the structure in the weld.

QW-472.3 Iodine and Potassium Jodide. One part
of powdered iodine (solid form), two parts of powdered
potassium iodide, and ten parts of water, all by weight.
The solution should be used at room temperature, and
brushed on the surface to be etched until there is a
clear definition or outline of the weld.

QW-472.4 Nitric Acid. One part of nitric acid and
three parts of water, by volume.

CAUTION: Always pour the acid into the water. Nitric acid causes
bad stains and severe burns.

The solution may be used at room temperature and
applied to the surface to be etched with a glass stirring
rod. The specimens may also be placed in a boiling
solution of the acid, but the work should be done in
a well-ventilated room. The etching process should be
continued for a sufficient period of time to reveal all
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lack of soundness that might exist at the cross-sectional
surfaces of the weld.

QW-473  For Nonferrous Metals

The following etching reagents and directions for
their use are suggested for revealing the macrostructure.

QW-473.1 Aluminum and Aluminum-Base Alloys

Hydrochloric acid (concentrated) 15 ml
Hydrofluoric acid (48%) 10 mi
Water 85 ml

This solution is to be used at room temperature, and
etching is accomplished by either swabbing or immers-
ing the specimen.

QW-473.2 For Copper and Copper-Base Alloys:
Cold Concentrated Nitric Acid. Etching is accom-
plished by either flooding or immersing the specimen
for several seconds under a hood. After rinsing with
a flood of water, the process is repeated with a 50-
50 solution of concentrated nitric acid and water, -

In the case of the silicon bronze alloys, it may be

* necessary to swab the surface to remove a white (SiO,)
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deposit.
QW-473.3 For Nickel and Nickel-Base Alloys

Material Formula

Nickel

Low Carbon Nickel

Nickel-Copper (400)

Nickel-Chromium-Iron
(600 and 800)

Nitric Acid or Lepito’s Etch
Nitric Acid or Lepito’s Etch
Nitric Acid or Lepito’s Etch
Aqua Regia or Lepito’s Etch

MAKEUP OF FORMULAS FOR AQUA REGIA AND
LEPITO’S ETCH

Aqua Lepito’s
Regia Etch
), 3 [12), 31
Nitric Acid, Concentrated — HNO, 1 part 3 mi
Hydrochloric Acid, Concentrated — 2 parts 10 ml -
HCL
Ammonium Sulfate — 15¢
(NH,4),(S0y4)
Ferric Chioride — FeCl; 2549
Water 7.5 mi
NOTES:

(1) Warm the parts for faster action.
(2) Mix solution as follows:
(a) Dissolve (NH4),(S0,) in H,0.
(b) Dissolve powdered FeCl; in warm HCI.
{c} Mix (a) and (b) above and add HNO,.
(3) Etching is accomplished by either swabbing or immersing the
specimen.
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brazing, block (BB) — a brazing process that uses heat
from heated blocks applied to the joint. This is an
obsolete or seldom used process.

brazing, dip (DB) — a brazing process in which the
heat required is furnished by a molten chemical or
metal bath. When a molten chemical bath is used, the
bath may act as a flux; when a molten metal bath is
used, the bath provides the filler metal.

brazing, furnace (FB) — a brazing process in which
the workpieces are placed in a furnace and heated to
the brazing temperature

brazing, induction (IB) — a brazing process that uses
heat from the resistance of the workpieces to induced
electric current

brazing, machine — brazing with equipment which
performs the brazing operation under the constant obser-
vation and control of a brazing operator. The equipment
may or may not perform the loading and unloading of
the work.

brazing, manual — a brazing operation performed and
controlled completely by hand. See automatic brazing
and machine brazing.

brazing, resistance (RB) — a brazing process that uses
heat from the resistance to electric current flow in a
circuit of which the workpieces are a part

brazing, semiautomatic — brazing with equipment
which controls only the brazing filler metal feed. The
advance of the brazing is manually controlled.

brazing, torch (TB) — a brazing process that uses heat
from a fuel gas flare

brazing operator — one who operates machine or
automatic brazing equipment

brazing temperature — the temperature to which the
base metal(s) is heated to enable the filler metal to
wet the base metal(s) and form a brazed joint

brazing temperature range — the temperature range
within which brazing can be conducted

build-up of base metal/restoration of base metal thick-
ness — this is the application of a weld material to
a base metal so as to restore the design thickness and/
or structural integrity. This build-up may be with a
chemistry different from the base metal chemistry which
has been qualified via a standard butt welded test
coupon. Also, may be called base metal repair or
buildup. ’

butt joint — a joint between two members aligned
approximately in the same plane
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buttering — the addition of material, by welding, on
one or both faces of a joint, prior to the preparation
of the joint for final welding, for the purpose of
providing a suitable transition weld deposit for the
subsequent completion of the joint

clad brazing sheet — a metal sheet on which one or
both sides are clad with brazing filler metal

coalescence — the growing together or growth into
one body of the materials being welded

compiete fusion — fusion which has occurred over the
entire base material surfaces intended for welding, and
between all layers and passes

composite — a material consisting of two or more
discrete materials with each material retaining its physi-
cal identity

consumable insert — filler metal that is placed at the
joint root before welding, and is intended to be com-
pletely fused into the root to become part of the weld

contact tube — a device which transfers current to a
continuous electrode

corner joint — a joint between two members located
approximately at right angles to each other in the form
of an L

coupon — see test coupon

crack — a fracture-type discontinuity characterized by
a sharp tip and high ratio of length and width to
opening displacement

defect — a discontinuity or discontinuities that by
nature or accumulated effect (for example, total crack
length) render a part or product unable to meet minimum
applicable acceptance standards or specifications. This
term designates rejectability. See also discontinuity
and flaw.

direct current electrode negative (DCEN} — the ar-
rangement of direct current arc welding leads in which
the electrode is the negative pole and the workpiece
is the positive pole of the welding arc

direct current electrode positive (DCEP) — the arrange-
ment of direct current arc welding leads in which the
electrode is the positive pole and the workpiece is the
negative pole of the welding arc

discontinuity — an interruption of the typical structure
of a material, such as a lack of homogeneity in its
mechanical, metallurgical, or physical characteristics.
A discontinuity is not necessarily a defect. See also
defect and flaw.

double-welded joint — a joint that is welded from
both sides
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flux (brazing) — material used to prevent, dissolve, or
facilitate removal of oxides and other undesirable sur-
face substances

flux (welding) — a fusible mineral material which is
melted by the welding heat. Fluxes may be granular
or solid coatings. Fluxes serve to stabilize the welding
arc, shield all or part of the molten weld poo! from
the atmosphere, and may or may not evolve shielding
gas by decomposition. Flux melted during welding is
called slag.

flux, active (SAW) — a fiux from which the amount
of elements deposited in the weld metal is dependent
upon the welding conditions, primartily arc vo'tage

Sflux, alloy (SAW) — a flux which provides alloying
elements in the weld metal deposit

flux, neutral (SAW) — a flux which will not cause a
significant change in the weld metal composition when
there is a large change in the arc voltage

flux cover — metal bath dip brazing and dip soldering.
A layer of molten flux over the molten filler metal bath.

forehand welding — a welding technique in which the
welding torch or gun is directed toward the progress
of welding

frequency — the completed number of cycles which
the oscillating head makes in 1 min or other specified
time increment

fuel gas — a gas such as acetylene, natural gas,
hydrogen, propane, stabilized methylacetylene propa-
diene, and other fuels normally used with oxygen in
one of the oxyfuel processes and for heating

fused spray deposit (thermal spraying) — a self-fluxing
thermal spray deposit which is subsequently heated to
coalescence within itself and with the substrate

fusion (fusion welding) — the melting together of filler
metal and base metal, or of base metal only, to produce
a weld

fusion line — in a weldment, the interface between
weld metal and base metal, or between base metal
parts when filler metal is not used

gas backing — see backing gas

globular transfer (arc welding) — a type of metal
tranc‘ci tn which molten filler metal is transferred
across the arc in large droplets

groove weld — a weld made in a groove formed within
a single member or in the groove between two members
to be joined. The standard types of groove weld are
as follows:
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square groove weld
single-Vee groove weld
single-bevel groove weld
single-U groove weld

single-J groove weld
single-flare-bevel groove weld
single-flare-Vee groove weld
double-Vee groove weld
double-bevel groove weld
double-U groove weld
double-J groove weld
double-flare-bevel groove weld
double-flare-Vee groove weld

heat-affected zone — that portion of the base metal
which has not been melted, but whose mechanical
properties or microstructures have been altered by the
heat of welding or cutting

interpass temperature — the highest temperature in
the weld joint immediately prior to welding, or in the
case of multiple pass welds, the highest temperature
in the section of the previously deposited weld metal,
immediately before the next pass is started

joint — the junction of members or the edges of
members which are to be joined or have been joined

Joint penetration — the distance the weld metal extends
from the weld face into a joint, exclusive of weld
reinforcement

keyhole welding — a technique in which a concentrated
heat source penetrates partially or completely through
a workpiece, forming a hole (keyhole) at the leading
edge of the weld pool. As the heat source progresses,
the molten metal fills in behind the hole to form the
weld bead.

lap or overlap — the distance measured between the
edges of two plates when overlapping to form the joint

lap joint — a joint between two overlapping members
in paralle! planes

lower transformation temperature — the temperature
at which austenite begins to form during heating

melt-in — a technique of welding in which the intensity
of a concentrated heat source is so adjusted that a
weld pass can be produced from filler metal added to
the leading edge of the molten weld metal

overlay, corrosion-resistant weld metal — deposition
of one or more layers of weld metal to the surface of
a base material in an effort to improve the corrosion
resistance properties of the surface. This would be
applied at a level above the minimum design thickness as
a nonstructural component of the overall wall thickness.
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short-circuiting transfer (gas metal-arc welding) —
metal transfer in which molten metal from a consumable
electrode is deposited during repeated short circuits.
See also globular transfer and spray transfer.

single-welded joint — a joint welded from one side only

single-welded lap joint — a lap joint in which the
overlapped edges of the members to be joined are
welded along the edge of one member only

slag inclusion — nonmetallic solid material entrapped
in weld metal or between weld metal and base metal

specimen — refer to test specimen

spot weld — a weld made between or upon overlapping
members in which coalescence may start and occur on
the faying surfaces or may proceed from the outer
surface of one member. The weld cross section (plan
view) is approximately circular.

spray-fuse — a method of surfacing consisting of
depositing finely divided particles of material in the
molten or semimolten condition onto a base metal
surface followed by the application of heat to fuse
the particles and form a metallurgical bond with the
base metal

spray transfer (arc welding) — metal transfer in which
molten metal from a consumable electrode is propelled
axially across the arc in small droplets

stringer bead — a type of weld bead made without
appreciable weaving motion. See also weave bead.

surfacing — the application by welding, brazing, or
thermal spraying of a layer(s) of material to a surface
to obtain desired properties or dimensions, as opposed
to making a joint

tee joint (T) — a joint between two members located
approximately at right angles to each other in the form
ofaT

test coupon — a weld or braze assembly for procedure
or performance qualification testing. The coupon may
be any product from plate, pipe, tube, etc., and may
be a fillet weld, overlay, deposited weld metal, etc.

test specimen — a sample of a test coupon for specific
test. The specimen may be a bend test, tension test,
impact test, chemical analysis, macrotest, etc. A speci-
men may be a complete test coupon, for example, in
radiographic testing or small diameter pipe tension
testing.

thermal cutting (TC) — a group of cutting processes
that severs or removes metal by localized melting,
buming, or vaporizing of the workpieces
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throat, actual (of fillet) — the shortest distance from
the root of a fillet weld to its face

throat, effective (of fillet) — the minimum distance
minus any reinforcement from the root of a weld to
its face

throat, theoretical (of fillet) — the distance from the
beginning of the root of the joint perpendicular to the
hypotenuse of the largest right triangle that can be
inscribed within the fillet-weld cross section

undercut — a groove melted into the base metal adjacent
to the weld toe or weld root and left unfilled by
weld metal

upper transformation temperature — the temperature
at which transformation of the ferrite to austenite is
completed during heating

usability — a measure of the relative ease of application
of a filler metal to make a sound weld or braze joint

weave bead — a type of weld bead made with transverse
of a T oscillation

weld — a localized coalescence of metals or nonmetals -
produced either by heating the materials to the welding
temperature, with or without the application of pressure,
or by the application of pressure alone and with or
without the use of filler material

weld, autogenous — a fusion weld made without fil-
ler metal

weld bead — a weld deposit resulting from a pass.
See stringer bead and weave bead.

weld face — the exposed surface of a weld on the
side from which welding was done

weld metal — that portion of a weld which has been
melted during welding

weld reinforcement — weld metal on the face or root
of a groove weld in excess of the metal necessary for
the specified weld size

weld size: groove welds — the depth of chamfering
plus any penetration beyond the chamfering, resulting
in the strength carrying dimension of the weld

weld size: for equal leg fillet welds — the leg lengths
of the largest isosceles right triangle which can be
inscribed within the fillet weld cross section

weld size: for unequal leg fillet welds — the leg lengths
of the largest right triangle which can be inscribed
within the fillet weld cross section :

welder — one who performs manual or semiautomatic
welding
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from the application of a concentrated coherent light
beam impinging upon the members to be joined

welding, machine — welding with equipment which
performs the welding operation under the constant
observation and control of a welding operator. The
equipment may or may not perform the loading and
unloading of the work. See automatic welding.

welding, manual — welding wherein the entire welding
operation is performed and controlled by hand

welding, operator — one who operates machine or
automatic welding equipment

welding, oxyfuel gas (OFW) — a group of welding
processes which produces coalescence by heating mate-
rials with an oxyfuel gas flame or flames, with or
without the application of pressure, and with or without
the use of filler metal

welding, plasma-arc (PAW) — an arc welding process
which produces coalescence of metals by heating them
with a constricted arc between an electrode and the
workpiece (transferred arc), or the electrode and the
constricting nozzle (nontransferred arc). Shielding is
obtained from the hot, ionized gas issuing from the
torch orifice which may be supplemented by an auxiliary
source of shielding gas. Shielding gas may be an inert
gas or a mixture of gases. Pressure may or may not
be used, and filler metal may or may not be supplied.

welding, projection (PW) — a resistance welding pro-
cess that produces coalescence by the heat obtained
from the resistance of the flow of welding current. The
resulting welds are localized at predetermined points by
projections, embossments, or intersections. The metals to
be joined lap over each other.

welding, resistance (RW) — a group of welding pro-
cesses that produces coalescence of the faying surfaces
with the heat obtained from resistance of the workpieces
to the flow of the welding current in a circuit of which
the workpieces are a part, and by the application of
pressure

welding, resistance seam (RSEW) — a resistance weld-
ing process that produces a weld at the faying surfaces
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of overlapped parts progressively along a length of a
joint. The weld may be made with overlapping weld
nuggets, a continuous weld nugget, or by forging the
joint as it is heated to the welding temperature by
resistance to the flow of the welding current.

welding, resistance spot (RSW) — a resistance welding
process that produces a weld at the faying surfaces of
a joint by the heat obtained from resistance to the
flow of welding current through the workpieces from
electrodes that serve to concentrate the welding current
and pressure at the weld area

welding, resistance stud — a resistance welding process
wherein coalescence is produced by the heat obtained
from resistance to electric current at the interface be- -
tween the stud and the workpiece, until the surfaces
to be joined are properly heated, when they are brought
together under pressure

welding, semiautomatic arc — arc welding with equip-
ment which controls only the filler metal feed. The
advance of the welding is manually controlled.

welding, shielded metal-arc (SMAW) — an arc welding
process with an arc between a covered electrode and
the weld pool. The process is used with shielding from
the decomposition of the electrode covering, without
the application of pressure, and with filler metal from
the electrode

welding, stud — a general term for the joining of a
metal stud or similar part to a workpiece. Welding
may be accomplished by arc, resistance, friction, or
other suitable process with or without external gas
shielding.

welding, submerged-arc (SAW) — an arc welding pro-
cess that uses an arc or arcs between a bare metal
electrode or electrodes and the weld pool. The arc and
molten metal are shiclded by a blanket of granular flux
on the workpieces. The process is used without pressure
and with filler metal from the electrode and sometimes
from a supplemental source (welding rod, flux, or metal
granules).

weldment — an assembly whose constituent parts are
joined by welding, or parts which contain weld metal
overlay
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QB-140 TYPES AND PURPOSES OF TESTS
AND EXAMINATIONS

QB-141 Tests

Tests used in brazing procedure and performance
qualifications are as follows.

QB-141.1 Tension Tests. Tension tests, as described
in QB-150, are used to determine the ultimate strength
of brazed butt, scarf, lap, and rabbet joints.

QB-141.2 Guided-Bend Tests. Guided-bend tests,
as described in QB-160, are used to determine the
degree of soundness and ductility of butt and scarf
joints. .

QB-141.3 Peel Tests. Peel tests, as described in QB-

170, are used to determine the quality of the bond and
the amount of defects in lap joints.

QB-141.4 Sectioning Tests. Sectioning tests, i.e.,
the sectioning of test coupons, as described in QB-
180, are used to determine the soundness of workman-
ship coupons or test specimens. Sectioning tests are
also used as a substitute for the peel test where the
strength of brazing filler material is equal to or greater
than the strength of the base metals.

QB-141.5 Workmanship Coupons. Workmanship
coupons, as described in QB-182, are used to determine
the soundness of joints other than the standard butt,
scarf, lap, and rabbet joints.

QB-141.6 Visual Examination. Visual examination
of brazed joints is used for estimating the soundness
by external appearance, such as continuity of the brazing
filler metal, size, contour, and wetting of fillet along
the joint and, where appropriate, to determine if filler
metal flowed through the joint from the side of applica-
tion to the opposite side.

QB-150
QB-151

TENSION TESTS
Specimens
Tension test specimens shall conform to one of the

types illustrated in QB-462.1(a) through QB-462.1(f),
and shall meet the requirements of QB-153.

QB-151.1 Reduced Section — Plate. Reduced-sec-
tion specimens conforming to the requirements given
in QB-462.1(a) and QB-462.1(c) may be used for
tension tests on all thicknesses of plate. The specimens
may be tested in a support fixture in substantial accord-
ance with QB-462.1(f).
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(a) For thicknesses up to and including 1 in. (25 mm),
a full thickness specimen shall be used for each required
tension test.

(b) For plate thicknesses greater than 1 in. (25 mm),
full thickness specimens or multiple specimens may
be used, provided QB-151.1(c) and QB-151.1(d) are
complied with.

(c) When multiple specimens are used in lieu of full
thickness specimens, each set shall represent a single
tension test of the full plate thickness. Collectively, all
of the specimens required to represent the full thickness
of the brazed joint at one location shall comprise a set.

(d) When multiple specimens are necessary, the entire
thickness shall be mechanically cut into a minimum
number of approximately equal strips of a size that
can be tested in the available equipment. Each specimen
of the set shall be tested and meet the requirements
of QB-153.

QB-151.2 Reduced Section — Pipe. Reduced-sec-
tion specimens conforming to the requirements given
in QB-462.1(b) may be used for tension tests on all
thicknesses of pipe or tube having an outside diameter
greater than 3 in. (76 mm). The specimens may be
tested in a support fixture in substantial accordance
with QB-462.1(f).

(a) For thicknesses up to and including 1 in. (25 mm),
a full thickness specimen shall be used for each required
tension test.

(b) For pipe thicknesses greater than 1 in. (25 mm),
full thickness specimens or multiple specimens may
be used, provided QB-151.2(c) and QB-151.2(d) are
complied with.

(c) When multiple specimens are used in lieu of full
thickness specimens, each set shall represent a single
tension test of the full pipe thickness. Collectively, all
of the specimens required to represent the full thickness
of the brazed joint at one location shall comprise a set.

(d) When multiple specimens are necessary, the entire
thickness shall be mechanically cut into a minimum
number of approximately equal strips of a size that
can be tested in the available equipment. Each specimen
of the set shall be tested and meet the requirements
of QB-153.

QB-151.3 Full-Section Specimens for Pipe. Tension
specimens conforming to the dimensions given in QB-
462.1(e) may be used for testing pipe with an outside
diameter of 3 in. (76 mm) or less.

QB-152

The tension test specimen shall be ruptured under
tensile load. The tensile strength shall be computed by

Tension Test Procedure




ARTICLE XIV
BRAZING DATA

QB-400 VARIABLES

QB-401

QB-401.1 Each brazing variable described in this
Article is applicable as an essential or nonessential
variable for procedure qualification when referenced in
QB-250 for each specific process. Essential variables
for performance qualification are referenced in QB-350
for each specific brazing process. A change from one
brazing process to another brazing process is an essential
variable and requires requalification.

General

QB-402 Base Metal

QB-402.1 A change from a base metal listed under
one P-Number in QW/QB-422 to any of the following:

(a) a metal listed under another P-Number;

(b) any other base metal not listed in QW/QB-422;

(c) as permitted in QW-420.2 (for S-Numbers).

The brazing of dissimilar metal joints need not be
requalified if each base metal involved is qualified
individually for the same brazing filler metal, flux,
atmosphere, and process. Similarly, the brazing of dis-
similar metal joints qualifies for the individual base
metal brazed to itself and for the same brazing filler
metal, flux, atmosphere, and process, provided the
requirements of QB-153.1(a) are met.

QB-402.2 A change in either or both of the base
metals from an alloy listed under one P-Number in
QW/QB-422 to any of the following:

(a) an alloy listed under another P-Number;

(b) a base metal not listed in QW/QB-422;

(c) as permitted in QW-420.2 (for S-Numbers).

QB-402.3 A change in base metal thickness beyond
the range qualified in QB-451.

203

QB-403 Brazing Filler Metal

QB-403.1 A change from one F-Number in QB-432
to any other F-Number, or to any other filler metal
not listed in QB-432. ~

QB-403.2 A change in filler metal from one product
form to another (for example, from preformed ring to
paste).

QB-404 Brazing Temperéture

QB-404.1 A change in brazing temperature to a
value outside the range specified in the BPS.

QB-406 Brazing Flux, Fuel Gas, or

Atmosphere

QB-406.1 The addition or deletion of brazing flux,
or a change in the nominal chemical composition of
brazing flux.

QB-406.2 A change in the furnace atmosphere from
one basic type to another type. For example:

(1) reducing to inert

(2) carburizing to decarburizing

(3) hydrogen to disassociated ammonia

QB-406.3 A change in the type of fuel gas(es).

QB-407

QB-407.1 The addition of other brazing positions
than those aiready qualified (see QB-120 through QB-
124, QB-203 for procedure, and QB-303 for per-
formance).

{a) If the brazing filler metal is preplaced or facefed
from outside the joint, then requalification is required
in accordance with the positions defined in QB-461
under the conditions of QB-120 through QB-124.

(b) If the brazing filler metal is preplaced in a
joint in a manner that major flow does occur, then
requalification is required in accordance with the posi-

Flow Position




BRAZING DATA QB-416
QB-416
BRAZING VARIABLES
Brazer and Brazing Operator Performance
Essential
DB DB
B FB 1B RB (Sait/Flux) | (Molten Metal)
Paragraph Brief of Variables QB-352 QB-353 QB-354 QB-355 QB-356 QB-357

QB'402 .2 ¢ P-Number X X X X X X
Base Metal 3| ¢ T Qualified X X X X X X
QB-403 1 ¢ F-Number X X X X X X
Filler Metal .2| ¢ Filler product form X X X X X X
QB-407 .
Flow Position 1 + Those qualified X X X X X X
QB-408 1 ¢ Joint detalls X X X
Joint Design .3| =+ Clearance specified in BPS X X X
QB-410 ‘
Technique 5| ¢ Method X
Legend: Welding Processes:
¢ Change TB Torch brazing
+  Addition or greater FB Furnace brazing
~  Deletion or less IB Induction brazing
T Thickness RB Resistance brazing

DB Dip brazing

205

A99




BRAZING DATA QB-432

QB-432 (CONT'D)
F-NUMBERS
Grouping of Brazing Filler Metals for Procedure and Performance Qualification SFA-5.8

QB F-No. AWS Classification No.

432.3 103 BCuP-1
BCuP-2
BCuP-3
BCuP-4
BCuP-5
BCuP-6
BCuP-7

432.4 104 BAISi-2
BAISi-3
BAISi-4
BAISI-5
BAISi-7
BAISi-9
BAISi-11

432.5 105 BCu-1
BVCu-1x
BCu-la
BCu-2

432.6 106 RBCuZn-A
RBCuZn-B
RBCuZn-C
RBCuZn-D

432.7 107 BNi-1
BNi-1la
BNi-2
BNi-3
BNi-4
BNi-5
BNi-5a
BNi-6
BNi-7
BNi-8
BNi-9
BNi-10
BNi-11

432.8 108 BAu-1
BAu-2
BAu-3
BAu-4
BAuU-5
BAu-6
BVAu-2
BVAu-4
BVAu-7
BVAu-8

432.9 109 BMg-1
432.10 110 BCo-1

432.11 111 BVPd-1
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BRAZING DATA : QB-451.5

QB-451.4 A99
TENSION TESTS AND SECTION TESTS — RABBET JOINTS

Range of Thickness
of Materials Qualified
by Test Plate or

Thickness T of Pipe, in. Type and Number of Test Specimens Required
Test Coupon as Tension Section
Brazed, in. Min. Max. QB-462.1 QB-462.4
Less than Y, 057 2T 2 2
Y to %, incl. Y6 2T 2 2
Over %, e 27 2 2
QB-451.5 ' A99

SECTION TESTS — WORKMANSHIP COUPON JOINTS

Range of Thickness
of Materials Qualified

. by Test Plate or Type and Number of Test Specimens Required
Thickness 7 of Pipe, in.
Test Coupon as Section
Brazed, in. Min. Max. QB-462.5 [Note (1)]
Less than %, 05T 2T 2
Y, to %, incl. Yie 2T 2
Over %, e 27 2
NOTE:

(1) This test in itself does not constitute procedure qualification but must be validated by conductance of tests of butt or lap joints as appropriate.
For joints connecting tension members, such as the stay or partition type in QB-462.5, the validation data may be based upon butt joints;
for joints connecting members in shear, such as saddie or spud joints, the validation data may be based on lap joints.
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QB-462.2(a) BRAZING DATA QB-462.2(b)
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GENERAL NOTE:
v n For the first surface bend specimens,
T, in. — - machine from the second surface as
1 All ferrous and nonferrous materials necessary until the required thickness
6= T is obtained. For second surface bend
>% %% specimens, machine from the first
surface as necessary until the
required thickness is obtained.

QB-462.2(a) TRANSVERSE FIRST AND SECOND SURFACE BENDS — PLATE AND PIPE A99

T — T —
I[f 6 in. min. y —= P -—y—aM.R = Y% in. max.
- r - r 1
I ! ! i
T 1 : ! '
1 I
_________________________________ 1% in. N e : |
) ! t 1
| | | 1
_L ) L S I
[V V“’
Pe—T T
" GENERAL NOTE:
T, in. LA - For the first surface bend specimens,
All ferrous and nonferrous materials machine from the second surface as
Vie=Ve T necessary until the required thickness
>% A is obtained. For second surface bend

specimens, machine from the first
surface as necessary until the
required thickness is obtained.

QB-462.2(b) LONGITUDINAL FIRST AND SECOND SURFACE BENDS — PLATE Ag99
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BRAZING DATA QB-463.1(e)

Reduced-section tensile

First surface bend test
{if required)

Horizontal plane (when pipe is brazed

in horizontal-flow position)

First surface bend test
{if required)

Reduced-section tensile

GENERAL NOTES:
{a) Figure shown is for coupons over 3 in. O. D.
(b) For coupons 3 in. O. D. or less, two coupons are
required for peel or section tests. One specimen
shall be removed from each coupon. For coupons
under 1 in. O. D,, the specimen width shall be a
one-half section of the test coupon. 1

{c}) Location @ specimens to be: }
|

Second surface bend specimens for butt and scarf joints
Peel or sectioning specimens for iap joints
Sectioning specimens for rabbet joints

QB-463.1(e) PIPE — PROCEDURE QUALIFICATION AS9
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BRAZING DATA

Discard : [T this piece
i1
Peel test : l specimen
|
|
[
[
Spare [ section
Loy
L
I
b
Peel test i | specimen
{
i
. R L
Discard P this piece
Lap Jaint
[Note (1}}
NOTE:

(1) Required when peel test can be used.

QB-463.2(b) PLATES PERFORMANCE

QUALIFICATION
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QB-490

A99

A99

BRAZING DATA

QB-490 DELETED

QB-491 DELETED

QB-492 DELETED
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NONMANDATORY APPENDIX B

QwW-483

QWw-483 (Back)

. PQR No.
Tensile Test (QW-150)
Ultimate Ultimate Type of
Specimen Total Load Unit Stress Failure &
No. Width Thickness Area b psi Location
Guided-Bend Tests (QW-160}
Type and Figure No. Result
Toughness Tests (QW-170)
. ) . Value!
Specimen Notch Specimen Test
Na. Location Size Temp. Ft. Ib: Shear Miis Drop Weight Break (Y/N}
Comments:
Fillet-Weld Test (QW-180}
Resuit — Satisf y: Yes. Na Penetration into Parent Metal: Yes. No
Macro — Result:
Other Tests
Type of Test
Deposit Anaiysis
Other
Welder's Name Ciock No. Stamp Na.

Tests conducted by:

Laboratory Test No.

We certify that the statements in this record are correct and that the test welds were prepared, weided, and tested in accordance with the

requirements of Section IX of the ASME Code.

Date

Manufacturer

By

(Detail of record of tests are iliustrative only and may be modified to conform to the type and number of tests required by the Code.)

235




NONMANDATORY APPENDIX D

APPENDIX D — NONMANDATORY P-NUMBER LISTING (CONT'D) 98
AS
P- Grp. Spec. Type, Grade, P- Grp. Spec. Type, Grade,
No. No. No. or UNS No. No. No. No. or UNS No.
Stee! and Steel Alioys (Cont’d) Steel and Steel Alloys (Cont'd)
3 2 SA-672 L75 4 1 SA-335 P11
3 2 SA-691 %CR, Cl. 2 4 1 SA-335 P12
3 2 SA-691 CM-70 4 1 SA-336 F11, Cl. 2
3 2 SA-691 CM-75 4 1 SA-336 F11,Cl. 3
3 3 SA-302 B 4 1 SA-336 F11, Cl. 1
3 3 SA-302 [ 4 1 SA-336 Fl2
3 3 SA-302 D 4 1 SA-369 FP11
3 3 SA-487 Gr. 2, Cl. A 4 1 SA-369 FP12
3 3 SA-487 Gr.2,Cl. B 4 1 SA-387 11, CLl. 1
3 3 SA-487 Gr. 4, CL A
3 3 SA-508 2, Cl1 4 1 SA-387 11, Cl. 2
3 3 SA-508 2,Cl2 4 1 SA-387 12, Cl.1
4 1 SA-387 12, Cl. 2
3 3 SA-508 3,CL 1 4 1 SA-426 CP11
3 3 SA-508 3,Cl.2 4 1 SA-426 CP12
3 3 SA-508 4N, Cl. 3
3 3 SA-533 Type A, Cl. 1 4 1 SA-541 11, CL 4
3 3 SA-533 Type A, Cl. 2 4 1 SA-691 1CR
4 1 SA-691 1Y%,CR
3 3 SA-533 Type B, Cl. 1 4 1 SA-739 Bll
3 3 SA-533 Type B, Cl. 2
3 3 SA-533 Type C, CL. 1 4 2 SA-333 4
3 3 SA-533 Type C, Cl. 2 4 2 SA-423 1
3 3 SA-533 Type D, Ci. 1 4 2 SA-423 2
3 3 SA-533 Type D, Cl. 2 5A 1 SA-182 F21
3 3 SA-541 2,Cl.1 5A 1 SA-182 F22,Cl. 1
3 3 SA-541 2,Cl2 5A 1 SA-182 F22,Cl. 3
3 3 SA-541 3,Cl1 5A 1 SA-199 T4
3 3 SA-541 3, Cl. 2 5A 1 SA-199 T21
3 3 SA-672 H80 S5A 1 SA-199 T22
3 3 SA-672 J8o 5A 1 SA-213 T21
3 3 SA-672 J90 5A 1 SA-213 T22
5A 1 SA-217 wC9
4 1 SA-182 F11, Cl. 1 5A 1 SA-234 WP22, Cl. 1
4 1 SA-182 F11, Ci. 2
4 1 SA-182 F11,Cl. 3 5A 1 SA-250 T22
4 1 SA-182 F12, Cl. 1 5A 1 SA-335 P21
4 1 SA-182 F12, Cl. 2 5A 1 SA-335 P22
5A 1 SA-336 F21, Cl. 3
4 1 SA-199 T11 5A 1 SA-336 F21,ClL 1
4 1 SA-202 A
4 1 SA-202 B 5A 1 SA-336 F22,Cl. 3
4 1 SA-213 T11 5A 1 SA-336 F22,Cl 1
4 1 SA-213 T12 5A 1 SA-369 FP21
5A 1 SA-369 FP22
4 1 SA-217 wC4 . 5A 1 SA-387 21, Cl.1
4 1 SA-217 wC_C5
4 1 SA-217 wC6 5A 1 SA-387 21, Cl. 2
4 1 SA-234 WP11, Cl. 1 5A 1 SA-387 22, Cl.1
4 1 SA-234 WP12, Cl. 1 S5A 1 SA-387 22, Ch 2
5A 1 SA-426 CP21
4 1 SA-250 T1il 5A 1 SA-426 cP22
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NONMANDATORY APPENDIX D

APPENDIX D — NONMANDATORY P-NUMBER LISTING (CONT'D)

P- Grp. Spec. Type, Grade, pP- Grp. Spec. Type, Grade,
No. No. No. or UNS No. No. No. No. or UNS No.
Steel and Steel Alloys (Cont’d) Steel and Steel Alloys (Cont‘d)
6 4 SA-487 CA6NM CL. B 8 1 SA-213 TP304H
6 4 SA-731 541500 8 1 SA-213 TP304L
6 4 SA-815 $41500 8 1 SA-213 TP304LN
8 1 SA-213 TP304N
7 1 SA-240 Type 405
7 1 SA-240 Type 409 8 1 SA-213 TP316
7 1 SA-240 Type 4108 8 1 SA-213 TP316H
7 1 SA-268 $40800 8 1 SA-213 TP316L
7 1 SA-268 TP405 8 1 SA-213 TP316LN
8 1 SA-213 TP316N
7 SA-268 TP409
7 1 SA-268 TP430TI 8 1 SA-213 TP321
7 1 SA-479 405 8 1 SA-213 TP321H
8 1 SA-213 TP347
7 2 SA-182 F430 8 1 SA-213 TP347H
7 2 SA-240 $44400 8 1 SA-213 TP348
7 2 SA-240 Type 430
4 5 SA-240 Type 439 8 1 SA-213 TP348H
7 2 SA-268 18Cr-2Mo 8 1 SA-213 XM-15
8 1 SA-240 $30500
5 2 SA-268 TP430 8 1 SA-240 $30600
7 2 SA-268 TP439 8 1 SA-240 $31753
7 2 SA-479 430 8 1 SA-240 Type 302
7 2 5A-479 439
7 2 SA-479 544400 8 1 SA-240 Type 304
8 1 SA-240 Type 304H
7 2 SA-731 18Cr-2Mo 8 ! SA-240 Type 304L
7 » SA731 TPa39 8 1 SA-240 Type 304LN
7 2 SA-803 TP439 8 1 SA-240 Type 304N
8 1 SA-240 Type 316
g i ::jg: '5:28200 8 1 SA-240 Type 316Cb
5 1 sA18 F30aH 8 1 SA-240 Type 316H
8 1 SA-182 F304L 8 1 SA-240 Type 316L
. 1 SA182 F30aLN 8 1 SA-240 Type 316LN
8 1 SA-182 F304N 8 1 SA-240 Type 316N.
8 1 SA-240 Type 316Ti
8 1 SA-182 F316 8 1 SA-240 Type 317
8 1 SA-182 F316H 8 1 SA-240 Type 317L
s mmooe o2 wm mem
8 1 SA-240 Type 321H
8 1 SA-182 F316 8 1 SA-240 Type 347
8 1 SA-182 F317 8 1 SA-240 Type 347H
8 1 SA-182 F317L 8 1 SA-240 Type 348
: 1 ?ﬁﬁi ii;iH 8 1 SA-240 Type 348H
8 1 SA-240 Type XM-15
8 1 SA-182 F347 8 1 SA-240 Type XM-21
8 1 SA-182 F347H 8 1 SA-249 TP304
8 1 SA-182 F348 8 1 SA-249 TP304H
8 1 SA-182 F348H 8 1 SA-249 TP304L
8 1 SA-213 TP304 8 1 SA-249 TP304LN
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NONMANDATORY APPENDIX D

APPENDIX D — NONMANDATORY P-NUMBER LISTING (CONT'D) A9®
P- Grp. Spec. Type, Grade, P- Grp. Spec. Type, Grade,
No. No. No. or UNS No. No. No. No. or UNS No.
Copper and Copper-Base Alloys (Cont‘d) Nickel and Nickel-Base Alloys (Cont‘d)
35 SB-271 €95200 43 $B-704 NO06625
35 . §B-271 £95400 43 $B-705 NO06625
35 SB-359 €60800
:: g -
a4 $8-333 N10665
Nickel and Nickel-Base Alioys :: :g;:g :;822;
41 $B-160 N02200 a4 SB-366 N06022
4] $B-160 N02201 44 SB-366 N06059
41 SB-161 N02200 44 SB-366 N06645
41 SB-161 N02201
4 §B-162 N02200 a4 $B-366 N10001
44 $B-366 N10003
41 SB-162 N02201 44 S$B-366 N10276
41 SB-163 N02200 44 SB-366 N10665
41 S$B-163 N02201 44 SB-434 N10003
41 SB-366 N02200 a4 SA-494 N26022
41 SB-366 N02201
a2 $B-127 N04400 44 SB-564 N06022
42 SB-163 N04400 44 SB-564 N06059
42 SB-164 N04400 44 SB-564 N10276
p SB-164 N04405 44 $B-573 N10003
42 $B-165 N04400 44 ‘ SB-574 N06022
a2 $B-366 N04400 a4 5B-574 N06059
a2 $B-564 N04400 44 SB-574 N06455
44 $B-574 N10276
43 ’ $B-163 N06600
a3 SB-163 N06690 44 " S$B-575 N06022
43 SB-166 N06600 44 SB-575 N06059
43 $B-166 N06690 a4 $B-575 N06455
43 S$B-167 N06600 44 SB-575 N10276
44 $B-619 N06022
43 SB-167 N06690 44 SB-619 NO06059
43 SB-168 N06600 44 $B-619 N06455
43 SB-168 N06690
43 SB-366 N06002 44 $B-619 N10001
43 SB-366 N06600 44 $B-619 N10276
43 SB-366 N06625 44 $B-619 N10665
43 SB-435 N06002 44 $B-622 N06022
43 SB-443 N06625 44 $8-622 N06059
44 SB-622 N06455
43 SB-444 N06625
43 SB-446 N06625
43 SB-516 N06600 44 SB-622 N10001
43 SB-517 N06600 44 SB-622 N10276
43 SB-564 NO6600 44 SB-622 N10665
44 SB-626 N06022
- ” paze ouns
43 SB-564 N06690
43 $B-572 N06002
43 SB-619 N06002 44 $B-626 N10001
43 $B-622 N06002 a4 $B-626 N10276
43 . SB-626 N06002 44 $B-626 N10665
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NONMANDATORY APPENDIX D

APPENDIX D — NONMANDATORY P-NUMBER LISTING (CONT'D)

P- Spec. Type, Grade, P- Grp. Spec. Type, Grade,
No. No. or UNS No. No. No. No. or UNS No.
Nickel and Nickei-Base Alioys (Cont'd) Titanium and Titanium-Base Alioys (Cont’d)
45 SB-688 N08367 51 $B-363 R50250
45 SB-690 NO8366 51 SB-363 R50400
45 $B-690 NO8367 51 $B-363 R52400
45 SB-691 N08366 51 SB-367 R50400
51 $B-381 R50250
45 $B-691 N08367 51 SB-381 R50400
45 $B-704 N08825 51 SB-381 R50402
45 SB-705 NO882% 51 SB-381 R52400
45 SB-709 N08028
45 SB-729 N08020 52 SB-265 R50550
52 $B-265 R53400
a6 SB-366 N08330 52 SB-337 R50550
a6 $B-511 N08330 52 SB-337 R53400
a6 $B-535 N08330 52 SB-338 R50550
a6 $B-536 N08330 52 SB-338 R53400
46 SB-710 N08330
52 SB-348 R50550
47 $B-435 N06230 5: 22'3 48 R53400
a7 $B-572 N06230 ; 363 R50550
52 $B-363 R53400
47 $B-619 N06230 52 SB-367 RS0550
47 SB-622 N06230
47 SB-626 N06230 52 $B-381 R50550
52 SB-381 R53400
Titanium and Titanium-Base Alioys 53 SB-265 R56320
51 SB-265 R50250 53 SB-337 R56320
51 $B-265 R50400 53 $B-338 R56320
51 SB-265 R52250 53 SB-348 R56320
51 SB-265 R52252 53 SB-363 R56320
51 $B-265 R52400
51 SB-265 R52402 53 $B-381 R56320
51 $B-337 R50250
51 S$B-337 R50400 Zirconium and Zirconium-Base Alloys
61 $B-493 R60702
51 SB-338 R50250 61 S$B-550 R60702
51 SB-338 R50400 61 SB-551 R60702
51 SB-338 R52400 61 SB-658 R60702
51 SB-338 R52402
51 SB-348 R50250 62 $B-493 R60705
51 $B-348 R50400 62 S$B-523 R60705
51 SB-348 R50402 62 $B-550 R60705
62 SB-551 R60705
51 SB-348 R52400 62 SB-658 R60705
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