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UNIVERSIDAD NACIONAL AUTONOiVIA DE ¡y1l'.;x1co 
FACULTAD DE INGENIERIA 

DIVISIÓN DE EDUCACIÓN CONTINUA 

CURSO / MODULO 

· CAl!F~CACIONES 
DE 

SOLDADURA 
CONFORME A SECCBON IX DEL CODiGO ASME 

' Este curso / módulo está enfocado a la formación de profesionales que deseen 
desarrollarse en una de las actividades de mayor trascendencia en la industria 
metalmecánica. El programa incluye temas de actualidad dictados por el Código 
.11.SME para aquellos productos metálicos que requieren de una atención espec!al 
durante la operación de soldadura. 

OBJETIVO GENERAL: 
Proporcionar los conocimientos mínimos requeridos para seleccionar el proceso(s) 
de soldadura más adecuado a las condiciones existentes, los metales base y de 
aporte a utilizar, aplicación de especificaciones de procedimientos de soldadura 
calificados (WPS / PQR) y calificación de soldadores (WPQ I WOPQ) conforme a 
los lineamientos establecidos en la Sección IX del Código ASME. 

DIRIGIDO A: 
El curso I módulo esta dirigido a firmas de ingeniería, fabricantes, compañías de 
inspección, empresas de consultoría, y en general a todos los ingenieros, personal 
técnico y profesionistas que deseen especializarse o actualizar sus conocimientos 
en estos temas del Código ASME . 



SECTION IX 

WELDING QUALIFICATIONS 



WELDING PROCESSES -
(Specifically addressed 

by Section IX) 

OFW PAW 
SMAW ESW 
SAW EGW 
GMAW EBW 
FCA W Stud welding 

-GTAW 

SPECIAL WELDING 
PROCESSES IN SECTION IX 

l . Corrosion-Resistant Weld Metal Overlay 

a. SMAW 
b. SAW 

c. GMAW 
d. GTAW 
e. PAW 

2 , Hard-Facing Weld Metal Overlay (Wear Resistant) 

a. -SMAW 

b. SAW 
c. GMAW 
d. Qf'_\/ 

e. PAW 

1.11 1I- 1 



SECTION IX ADDRESSES ONLY 
THREE TYPES OF WE.LDS 

l. 

2. 

:5 • 

4. 

1. GROOVE WELDS 
a. U GROOVE 
b. J GROOVE 
c. V GROOVE 
d. PARTIAL PENETRATION 
e. ETC. 

2. FILLET WELDS 

3. STUO WELOS 

\s~ 

t'---------'3~ [~+ ~'~' 

ROOT OPEN!NG: 
or GAP 

ROOT FACE: 

GROOVE FACE: 

BEVEL ANGLE: 

~.if- 2. 

GROOVE WELD 

The separation between the member to 
be joined at root of the joint. 

Groove face adjacent to the root of the joint. 

The surface of a member included in the groove. 

The angle formed between the prepared surface of 
a member and a plane perpendicular to the surface 
of the member. 

5. GROOVE ANGLE: The total included angle of the groove between parts 
to be joined by a groove weld. 

6. PLATE TlilCKNESS: Thickness welded of test plate or production weld· 
ment. Usually indicated by "T". 

l. 12 
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SHIELDED METAL ARC WELDING (SMAW) 

ELECTRODE 
HOLDER 

BASE METAL 

ELECTRODE 
LEAD 

POWER 
SOURCE 

WORK LEAD/f" 
Hoc.1rt Brolhers Com~ny 

TI - z. 



PROTECTIVE GAS 
FROM ELECTROOE COATING 

SLAG 

SHIELDED METAL ARC WELDING 

• 

·:rr .. 3 



GAS METAL ARC WELDING (GMAW) 

HAND. GAS OUT 

GUN 
CONTROL 1--...i 

WIRE 
SPOOL 

VOLTAGE 
. CONTROL 

SHIELDING 
GAS 
SO URCE 

/t 

l~l-'---i:l::::::.Y __ j. POWER SOURCE , ____ _,. 
Hoo.art Brotrien Compeny 

, 

Il-4 



GAS METAL ARC WELDING 



GAS TUNGSTEN ARC WELDING (GTAW) 

INERT 
GAS 
SUPPLY 

POWER 
SOURCE 

00 o 

+ WATER 
BASE DRAIN 

METAL ~ 1 

FOOT tDAL ~-:;::_::_::::::::=_.t_:-_-_:-_-_-_-_-_-_-_:~ 
(OPTIONAL) WORK ELECTRODE LEAD "º""' 8 'º"'"ººm""' 

LEAD 



DIRECTION 
OF TRAVEL 

\~ - WELDING 
\ TORCH 

TUNGSTEN 
ELECTRODE 
~ 

Hobar! tHotners Company 

GAS TUNGSTEN ARC WELDING. 



-, 

SUBMERGED ARC WELDING (SAW) 

HAND-HELD 
GUN OR 

FLUX 
HOPPER CONTROL 

SYSTEM 

AUTO-TORCH 

BASE METAL -~~~~=~~!F!,;;LU~x~_J 

POWER 
SOURCE 

1©~"1 
~ 

Hobert Brother' Comp1ny 



ELECTRODE 

"' FROM 
FLUX 

DIRECTION 

MQLTEN WELO METAL H<lbar1 E:lrutnersCutnpany 

SUBMERGED ARC WELDING 

.. 

II--<i 



. FLUX COREO ARC WELDING (FCAW) 

BASE METAL 

C'ONTROL 
. SYSTEM 

WORK LEAD 
Hoban Brot/"lers Compitny 

J:r-10 



'I 1 
11 
1 t 

GAS I ¡ 
(OPTIONAL) U. __ 

\ 
.... :· 

... ·;--
: ' 

MOLTEN ·· 
SLAG ,.;.· .. 

MOL TEN 

• ~ 1 
1 I 

¡; DIRECTION OF 

I ¡ · TRAVEL 
. 1 

! '.-NOZZLE 

_ -.!,!'.·. (OPTIONAL) 

'' •' 

Hotian Brottier) Company 

FLUX COREO ARC WELDING 

rr-11 



l A. 

l B. 

2. 

.3 • 

4. 

5. 

6. 

Tt1ROAT OF A FILLET WE:LD: 
(by AWS) 

Tt1EORE:TICAL Tt1ROAT: 
(by ASME:) 

6 

/ V" 

flLLET WELD 

The shorte.st distance from the root of the fillet 
weld to its face. De.sigo throat = . 707 x leg. . . 
The shorte.st distance froin the intersection of the 
two adjoining members to the fillet weld face. 

LEG OF A FILLET WE:LD: The distance from the root of the joint to the toe of the fillet weld. 

ROOT OF WELD: Oeepe.st point of useful penetration in. a fillet weld. · 1, \..s ......,_c.J. " "'· 
1 ~ \.i...v "4CC..ti.o.., ~ ,, \ 

TOE: OF A WELD: The junction between the face of a weld and the base metal. !!>o' · ''·"· '" 
s.Q 1 h. .... \.'/"" 

The exposed surface of a 111eld on the side from which the welding FACE OF WELD: 

SIZE OF WE:LO(S): 

was done. 

Leg length of the fillet. Usuaily what is on drawings. 

PROCEDURE QUALifICATION 
RECORD (PQR) 

Record of the actual values of the essential variables (and other 
variables· if desired) used when welding a test coupon. 

PQR CONTENTS 

Verifies mechanical properties of the weld by destructive test 

Is intended to provide proof of weldability 

Lists actual variables used in making test sample 

Ali essential variables far each process and test result must be listed. 

1.13 Til. ,_ 



-~j'.~CJ Fl c.-A n o rJ 
WELDING PROCEDURE -QUit1'I-am-J::GTI 

-~(WPS) 

• Documents written (& qualified) to provide direction far making 
production welds to Cede requirements (could be more than ene 
piece of paper) 

• lntended to provide direction to those individuals responsible far 
· com¡;lying with the welding requirements. 

• May be used to provide direction to the welder ar welding operator. 

WPS 

Lists acceptable ranges (minimums ar maximums) far ali parameters 

References supporting PQRs 

Lists ali essentiJ! and non-essential (supplementary essential variables 
if notch toughness applies) 

Provide much more detailed description as a true guide far the welder 
and as a good reference far the foreman and Inspector 

¡.14 



JOINT PREPAR_4 TIONS 

' SINGLE VEE GROOVE 
O\" 

'x 

,/ 
1 

~ 
/ ::::p-

!- Lº io i;e J 
o TO 1/8 _J L 1 

SINGLE BEVEL GROOVE 

1) 
f----~ r-------------1 

f ¡¿ 1 f 
_J L L o TO 0/8 ' 

O TO 1/8 

SINGLE U GROOVE 

""'º 

\7 
-rl>---------i \ Jr----1 

O TO 1/8 --=r ~O TO 1/8 

SINGLE J GROOVE 

o...º 

h 
+f-, ---,1 );---, ------i-1 
' J 1 Lo 10 :;e 

O TO 1/E 1-

DOUBLE VEE GROOVE 

<?-OT01/8 

~,,__ __ ---~ j¿s:=o TO 1/81 

~ 

DOUBLE BEVEL GROOVE 

~ 
+~-~[§==t_ O TO 1/8 

. .J 

OTO 1/8-v 

O\.º 

DOUBLE U GROOVE 

<><'.' 

'
~ f------i\_j_T--1 _ ___,¡ 

1 

í 

=-.¡,____ ~y-r_º TO 1~ 
_, i__ O TO 1/8 

DOUBLE J GROOVE 

~" 7'-:P. 

11 f----- ____ __, 

_ 1 .-J 1- o :o o/e! 

-r __ ~j\ ' 1 
1 ¡, 

--1/---- O TO 1 /8 



JOINT PREPAR~l\TIONS 

SOUARE GROOVE 

FILLET WELD 

1 /32 TO 1 /8 
1 

1 
1 

1 
. 1 

1 

' 1 

SOUARE GROOVE 

1;2 T 

= 

FILLET WELD 

BACKING STRIP 

D(/ 
! TI't' ITI 1 ~\ ,,::SJ" !,---------

TI1-4-
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STANDARD WELDING SYMBOLS* 

The weld symbols presented here have been 
standardized and adopted by the American Welding 
Society. Like any systematic pian of symbols, they 
quickly describe to the designer, draftsman, produc
tion supervisor, and weldor the weld that will 
develop the required ioint or connection strength 
and meet the pre1.'ailing in-service performance re
qu i !"enl!·::nts. 

.L\ ~velding syn1bol consists of basic elements. 
The.1~ elen·,er:.ts ·Ca11 be joined in various corr:bina
tions to denote any type of weld needed for any 
type of joint. The condensed summary presented 
here identifies these elements and will serve as a 
ready reference for those associated with a welding 
program. 

Since fillet welds and simple butt welds com· 
prise 95 percent of most work, it is wise to initially 
!ir-·· the use of the symbols to just these types of 
w Later on, after the draftsmen and shop per
sonnel learn to communicate with the symbols, 
additional, rarely used symbols can be introduced to 

TYPES of JOINTS 

Butt < 1 <® 

To• 1? n ~ (r) 

Corner 9 © 

Lap 
{ 

1 
1 }© 

Edge ~® 

Weiding Symbols 

aid in detailing special welds. 
Adoption of this uniform system of symbols will 

assure that the correct welding inst1:uctions are being 
transmitted to al! concerned ;vith the work. This can 
help to cut drafting time and reduce shop costs 
arising from misinterpretation of instructions. In 
addition, since this systern is in general use today, it 
simpiifies the transmission of this type of informa
tion to outside suppliers. 

In a joint, the adjoining members may contact 
each other in severa! ways, as illustrated by the butt, 
T, corner, lap, and edge joints. These general 
descriptions of the joint geometry, however, do not 
define the weld joint configuration, since it can be 
made in various ways. Thus, a welded butt joint can 
be made square, double-square, single-bevel, double
bevel, single-V, double-V, or by four other joint 
configurations. A T connection can be made with a 
double fillet, as shown: or it may be made with a 
single or double bevel or single or double J. V and U 
weld joints are feasible only for butt and comer 
welds because of the need for the preparation of 
both surfaces. 

TYPES of WELDS 

' Single Double 

Fill et ó A 
{ } 

Squore { CD f f fil f 
~· 

!17 CID Bevel t } 
Groove 

Ve e f\n 00 Groove 

Vl DO J f Groove 

u rVl 00 Groo ve 

*From thc Am!!dc.~n Weldin¡; Soc1ety "St.:1.nd;1rd 'Ncldin¡: .Symhol5 A2.0-68.'' For a complete copy, order from Ameri
can \lle!d1ng Soc1ctv, ~501 N.W. 7th Strc.:t, Mrnmí, Florida .13125. 

m-s 
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VifELDENG SOC~ETV 

Basic Weld1ng Symbols and Their Location S1gnlf1cance 

Locstlon 
SlgnJ!lcnnce 

Arrow Slde 

Fille! 
Plug 
orSlol 

Convex Contour Symbol 

Spol 
or Pro¡echon 

o 
Back 
or Backmg Surlacmg 

Gwo~r weldl 

Sc11r1 for 
aras!!d Jo!nt 

Flange 

Eoge 

'¿ ''=:'.'!~=~-/ / // -- 1r-----

Weld-AU-Atound Symbol 

Jo1nt w!th Back•ng Jomt wllh Spacer Mell-Tnru Symbol 

W~h grocive welo symbol 

~ 
/ A ~ t.no• ~ .. ••·•l•<>d<hmonM"' 

o'b.-:""~-'"~'I...: 

Flush Conlour Symbo! 

Flush comour symbo! 
1nóce1es'aceol weld -v- F•nd1 symt>ol (u~rs 
10 t...;i maoe llush Whefl J;?L Slandard) ind.c:ales 
usedw~houtaf1n1Sh ./ / '\. methodo!ODta•lllrlg 
symoo! ·~;~:e_s_~ !:------- spec,heo con1our bu! 
'w•!hou!s~ Ci noldeoreeo!lorHsh 
f1nrs1ung 

Fleld \·~Id SymboJ 

~ltl·AI!· F1eld 
k:nund W:!I~ 

__:Y 
p-

}:--

"""''' "'" d,.,.,n .. on> 
ni"'.,-"' 01 >e>..,-,1,.., 

Anv a;iohc2~.e weló svrntio' ~ 

Mullrple Referimce Unes 

V 

Localton of Elements of a l/kiding Symbol 

Basoc we1c svmt>OI 
or oeta•I rcle;er.c:P 

{Ni 
Numtoer o! spot or 
proie-ct•on welds. 

a•c~ rcm'"'"' as 
shown when ta11 
anc arrow are 
•t.>~t-•&ed 

Bas'c Joints-ldentif1::alion of Arrow Side and Other Side of Joint 

(rJ-,N~~ 

c>r¡o1-:<---~ 

9utt Joint 



A WPS IS: 

A document prepared (and qualified) to provide direction far m,aKi~g 
production welds. 

fIVE STEPS TO A 
QUALifIED WPS 

1 . Write a sample WPS. 

2. Weld a test coupon using the WPS. 

3 . Prepare test specimens. 

4 . Evaluate test results. 
5. Document results on a PQR and certify. 

THINGS fOR A MANUfACTURER 
TO CONSIDER. PRIOR TO WELDING 

1 . Compatability of weld metal and base material. 

2. Metallurgical properties. 

3. PWHT or other heat treatrnenl 

4. Design of joints and loadings. 

5. Desired mechanical properties. 

6. Service requirements. 

7. Welder's ability. 

8. E:quipment avai!able. 

9. Location of welds. 

10. E:comony. 

3. 1 



MANUf ACTUR.ER'S R.ESPONSIBILITIES 
fOR RECORDS 

• Qualify WPS(s) 

• Maintain WPS(s) and PQR(s) 

• PQR includes welding data and test results 

• Ali welding test coupons shall be by welders under direct control 
of manufacturer 

• Certify P_QR 

• Certify that he has qualified ~ch WPS 

CONTENTS Of WPS 

• Essential variables. 

• Non-essential variables. 

• Supplementary essential variables. (When impacts are required). 

• Other information if desired. 

3.2 
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PROCEDURE QUALíflCATION 
RECORD (PQR) 

• Modifies or justifies the WPS. 

• Support docurnent that documents the results of welding and 

testing a coupon. · 

. CONTENTS Of PQR 

• Essential variables 

• Supplementary essential variables. (When impacts are required). 

• Other information if desired. 

· NOTE: Only actual information shall be documented. lf it wasn't 
observed it should not be recorded. (i.e. - actual amps. volts. 
position. etc.) 

flRST: Unqualified WPS 

SECOND: The PQR or PQRs 

THIRD: The Qualified WPS 

NOTE: A manufacturer must have a WPS. This document (ar set 
of docurnents) shall describe the pararneters to be used for welding. 
A WPS may reference production drawings to cover sorne variables. 
lf ali information required by the WPS is on production drawings. 
the production drawíngs may be called the "WPS." 

A Code "WPS" may be many píeces of paper ar docurnents. They 
rnust be controlled but if ali variables are addressed ... the Code 
reouírement' '1rP mPt 

3.3 
v- (-;. 



YOU DON'T REQUALIFY · A 
PROCEDURE, YOU QUALIFY 
A NEW . PROGEDURE 
QUALIFICATION RECORD. 

HOWEVER, A W.P.S. NEED ONLY 
BE REQUALIFIED WHEN: 

• AN ESSENTIAL VARIABLE CHANGES OR, 

• THERE IS REASON TO QUESTION TO QUESTION 
IT·s VALIOITY. 

3.4 



THE \'V .P .S DESCRIBES 

1. THE ESSENTIAL VARIABLES. 

2. THE NON-ESSENTIAL VARIABLES. 

3. THE SUPPLEMENTARY ESSENTIAL 
VARIABLES. 

4. ANYTHING ELSE USEFUL TO THE 
WELDER. 

5. IT LISTS THE ACCEPTABLE RANGES 
TO BE FOLLOWED. 

3.11 



WRITE AN UN
QUALIFIEO 
WPS AROUNO 
JOB PARAME
TERS. W.TCH 
VARIABLES 
QW-250, 260. 

EVALUATE 
RESULTS TO 
ARTICLE 1 
ACCEPTANCE 
STANOARDS 
QW-160, 180 

CERTIFY POR 

1 

QUALIFYING A WPS 

ESTABLISH 
TEST COU
PON SIZE 
QW-451, 

462, 463. 

MAKE RE
QUIREO 
TESTS PER 
QW-461 

WELO THE 
COUPON 
USINO UN
QUAUFIEO 
PARAMETERS 
aw-210. 

250, 260. 

/ 
CUT WELO 
TEST COU
PONS INTO 
SPECIMENS 
oW-462, 

463. 

-

COMPARE UNQUAU
FIEO WPS ESSENTIAL 
(ANO SUPPLEMENTARY 
ESSENTIAL. IF AP
PLICABLE) VARIA
BLES WITH RE8ULTS 
OF POR TO A88URE 
COMPLIANCE TO IX. 

CERTIFICATE HOLDER 
APPROVES WPS 

(A) ON WPS / 
OR 

(B) ANOTHER QC-TYPE 
DOCUMENT 

3.12 

-

,..... 

~ 

MONITOR ALL 
ESSENTIALS 
VARIABLES 
ANO RECORD 
THE ACTUAL 
~LUES ON 
THE POR QW 

200.2. 

RECOMMENO 
ALSO RE-
COROlNO NON 
ESSENTlAL 
W.RIABLES 

RECORD SUP-
PLEMENTARY 
E88ENTIAL 
~RIABLES lf 
APPLICABLE 

USE WPS FOR 
PRODUCTION 

V- <1 



FOR A W.P.S. 

1. 2 TENSILE TESTS MINIMUM. 

2. 4 BEND TESTS MINIMUM. 
a. SIOE SENOS FOR 3/4" 

ANO GREATER. 
b. FACE & ROOT BEt.JDS FOR 

· LESS THAN 3/ a·. 
c. YOUR OPTION FOR s1a· TO 

LESS THAN 3/ 4'. 

3. THE MATERIALS TESTEO MUST BE 
ONE OF THOSE LISTED ON THE 
W.P.S. 

3.13 
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QIV-450. SPECIMENS 

QIV-151 Groovr-IVcld l'rocrdurr Quallílcallon Thlckntss l.lmlls aud Tul Sptdmms 

QW-451.l 
TEHSIOH TESTS ANO TRANSVERSE-BENO TESTS 

R.angt of Thic•nrH r 
of Ba1t Mrt.al Qui11hl1rd, in. 

INott 1111 

Thic•nru 1 ot Orposhrd Wtld 
MtU1I Qu.alifltd. In. 

IHott 1111 
lrpt .and Numbrr ol Triu Rrquirtd 

ITtnsion and Culdrd·Brnd Trns) 

Th1cknru T ol Ttst 
Coupon Wtldrd, 1n. 

Ovu ~ 11 , bul ltu th.in l/41 

~~ lo ltu th.r.n l '/1 

1;, to lru th.r.n 11/1 

11/1 .ind ovu 
l 1/1 .and Ovtr 

NOTES: 

Mon 

,, 
". 
~ .. 

M" 

H 

ll 

ll 

!T 
ll 

8 (2) 

8 121 

M11. 

21 

21 

21 

21 whrn 1 < '11 
lT whrn t ~ i¡,. 

21 whrn t < Y. 
11 (2) whrn 1 ~ '11 

T rnsion Sldt Brnd 
QW-150 QW·lbO 

2 

2 Nou "' 
2 Nolt lll 

2 • 
2 • 
2 • 
2 • 

111 Srr QW-40J l 2, .), b, ~ •. tOl 1nd QW·401.4 far furthcr llmlu on u1ngt ol thlcknrnts qu1lltitd. Also Ht QW-202.2 for 1no.wablt 
r1crp11on1 

111 for lht wtlding procuu1 ol QW-40).1 onlr, olhrnwiu pu Nolr 11) or 2 Í, or 21, whlchrvu h 1ppllc11blr. 
l )1 four \1dr brnd lt\U m11r br IUbSl1tutrd fot lhr ttqutrrd l11cr· 1nd fOOl-brnd ltlls, whrn thlckntU íJs % In. and OVU, 

Í &Ct Brnd 
QW·lbO 

2 

2 

Root Brnd 
QW-lUl 

2 

2 

2 



TYPES OF TESTS ARE BASED ON 
COUPON THICKl'!ESS 

• If coupon is over 1" thick, multiple specimens may be cut 
(mechanically) 

• Twice as many specimens are required 

• Special exception far pipe :S" OD ar less 

TYPES OF TENSION TESTS 

1. REDUCED SECTION 

2. REDUCED SECTION 

3. TURNED SPECIMEN 

4. FULL SECTION - - - PIPE 

3 _ 15 

PLATE 

PIPE 

\Í ·- \ (.__ 



Disaitd 
------=-==------- - -- ------=-------:-=-

Reduced-section tensile spec1men ______________ - ______________ _ 
Root·bend i.pecimen 

----------=-== --=---=----=-----=--
Face-bend 'Pf:dmen 

--~=--------=-
specimen 

-= -----...:----=-==:' 

-----------=---- --=--------------=-
Reduc:ed·wctton 

=-=-----------
_____________ 

Oi1c:.atd 

QW-463.Hal PLA TES - 'fi• TO o/.. IN. 
PROCEOURE QUAUFICATION 

Di&c:.11td thit piece 

------- --------------- - ------

Aedueed-cection 

------- --------------- ------Side-bend 

-------------
Aeduced-cection 

--------_-,:--_-_ 
Side-OC:nd --------------- ----------~=-

QW-463.Hbl PLATES - OVER :y. ANO 

ALTERNATE ~ TO '!. IN. 
PROCEDURE QUAUF!CATION 

3. 16 



1986 Edition DATA - GRAPH!CS 

QW-463 Order oí Removal (Cont'd) 

Aoot bend 

Face bend 

/ 
Horizontal plane 
(when pipe is welded 

·>(_---

in horizontal 

Reduced~ction 

tensile 

Face bend 

Root bend 

Reduced.section 

tensile 

Pipes-1/16 to 3/4 in. Thtckness 

QW-463.lCdl PROCEDURE QUAUFICATION 

S1de ~nd 

S1de bend 

Aeduced~ection 

1er1sile 

Horizontal plane 

(when pipe 11 welded .. 
1n horizontal f1.1ced 

Std~ bend 

Aeduced~Ctton 

tensite 

Pipes - Ovef 3/4 1n. Th1ckness a,..d Allernace 
Ffom 3/8 in. but Less Than 3/4 in Th1ckness 

QW-463.Hel PROCEDURE QUAL!FICAT!ON 

QW-Ui3.l(d), QW-Ui3.l(e) 



Oiscard 

. .-----

:::..--

. .-----

. .----

-~ 

. .--

1 iM:ard 

Long<tudinal 

lace .Oend 

Reduceó·sec11on 

1ens•le soecimen 

Lon9i1ud1ncil 

root-Oend 

soec•men 

Lon911udinat 

face·bend 
spec1~n 

Reduc:ed·sec:11on 

1ens1le soec1men 

Lon911ud•nal 

roo1~nd 

soec:imen 

QW-463.Hcl PLATES - LONGITUDINAL 
PROCEDURE QUALIFICATION 

3. 17 
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QW-462-QW-462.l(a) SECTION !X - PART QW, WELD!NG 1986 E.dition 

QW-462 Test Specimens 

The purpose of the QW-462 figures is to give the 
manufacturer or contractor guidancc in dimcnsioning 
test specimens far tests requircd far procedurc and 
performance qualifications. Unless a minimum, mu:i
mum, or tolerance is given in the figures (oras QW
!50, QW-160, or QW-180 requires), thc dimensions 

Weld reinforcement shall be-------~~--~~ 
mach1ned flush with base _ \...-__ 

metal. Machine min1mum I[ "' 
amount to obtain 
parallel surfaces. 

approx. 

~.Ji 
Cold straightening 

of the test coupon 
is permitted prior 

Í: 1/4 in. 
to removal of weld 

reinforc:ement. 

• 

1 1 ~ }- These edges may 

• be thermally cut • 

are to be considered approx1mate. Ali welding pro
cesses and filler material to be qualifi.ed must be 
included in the test specimen. 

x =coupon thickness including reinforcement 
y =spccimcn thickness 
T =coupon thickness excluding reinforcement 
W =specimen width, o/,¡ in. 

) 
s;:;::;;---- - -

1 O in. oras reQuired 

' -
-1 r-- Edqe of widest 
- faice of weld 

1 
---.- Oinortion 

t 
Length sufficient 

to extend 1nto gnp 

equal to two-thirds 
grip length 

:o: 
1 : 

-l X f.- '1/4 in. 
\ ~'_J 1/4 in. - -~ 

,.__ 
- l/4 in. 

~' 1 <! \ .,,, 
)\ 

This seet1on mach1ned 
preferably by m1lling 

Parallel length equals 

w1des1 w1dth of weld 
plus 1/2 in. 

added length. 

QW-462.Ha) TENSION - REDUCED SECT!ON - PLATE 

\1- 11-



1986 Edition DATA - GRAPHICS QW-462.!(b), QW-4!i2.l(c) 

QW-462 Test Specimens (Cont'd) 

1 ,--------~-)< ____ _ 
Gr1nd or mach1ne the m1nimum . \ 

smount needed to obtain plane - - - - - - -~ - - - - - - -
parallel faces over the reduced-+-----------~,.. 
section W. No more material 
than is needed to perform the 

test shall be removed. On ferrous material 
these edges mav be 
thermally cut. 

1 
10 in, oras reQuired 

Edge of widest 
face of weld - - - -----~--,¡__~"-~ 

1/4;n.~ ~~ ~~¡~,:--
~sectionmachi~ 

preferably by milling 

QW-462.l<bl TENSION - REOUCED SECT!ON - PIPE 

Ji] $>&1 i_,j+· 
1·1 /16 '"· Edge of wtdest tace of weld 

NOTES: 

( 11 The weld reinforcement shall be grouncl or mach1ned so that 
the weld th1ckness does not exceed the bise metal th1ckness 
T. Mach1ne minimum amount to obta1n apProximately par
allel surfaces. 

(2) The reduced section shall not be len than the wtdth of the 
weld plus 2v. 

QW-462.l<cl TENSION - REDUCED SECT!ON 
ALTERNATE FOR PIPE 

3. 19 
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TENSION TEST 
ACCEPTANCE CRITERIA 

1. MINIMUM STRENQTH OF THE BASE MATERIAL. 

2. MIN!MUM STRENGTH OF THE WEAKER MATERIAL 
IF DIFFERENT MATERIALS ARE USED. 

3. MINIMUM STRENGTH OF THE WELD METAL IF 
THE BASE MATERIAL ANO THE FILLER MATERIAL 
HAVE DIFFERENT BTRENGTHB AT DEBIGN 
TEMPERATURE. 

4. IF THE BREAK OCCURS IN THE BASE MATERIAL, 
AWAY FROM THE HEAT AFFECTED ZONE, THE 
CRITERIA MAV BE 61'. BELOW THE MINIMUM 
STRENGTH OF THE BASE MATERIAL. 

3.22 



QW-4{;2.l(d), QW-4{;2.J(e) SECTION IX - PART QW, WELDING 

QW-462 Test Specimens (Cont'd) 

Standard Oimensions, in. 

l•I lbl 
0.505 Specimen 0.353 Specimen 

A - Length of reduced sect1on (Note {ti) (Note {1)] 

O- Diameter 0.500 ~0.010 0.350 :::0.007 
R - Rad1us of fille! 3/8, min. 114, min 
B - Length of end section 1-3 /B. approic. 1·1 /B, approx. 
C - Oiameter of end section 314 112 

GENERAL NOTES: 
~a) Use max1mum diameter specimen (a), (b). (e). or (di 1hat can be cut from the section. 
(b) Weld should be in center of reduced section. 

l<I 
0.252 Specimen 

(Note (111 
0.250 ~0.005 
3(16. min. 
718, approx. 
318 

le) Where onty a single coupon 1s required the center of the specimen shou\d be midway between the surfaces. 
(di The ends may be of any shape to f1t the holders of the testing mach1ne in such a wav that the load is appl1ed aKiatly. 

NOTE: 
(11 Aeduced section A should not be less than width of weld plus 2D. 

QW-4ó2.1Cdl TENSION - REDUCED SECTION - TURNED SPECIMENS 

Weld reinforcement shall be 

machined tlush wtth base metal. 

V1aws of test1ng machine 

Plug 

QW-4ó2.l<el TENSION - FULL SECTION - SMALL 
DIAMETER PIPE 

3.21 

1986 Edition 

ldl 
0.1BS specimen 

{Note (111 
o. 188 =0.003 
118, m1n. 

112, appro1C. 

1/4 



1986 Edition DATA - GRAPH!CS 

QW-462 Test Specimens (Omt'd) 

(1 al For proeeduni quelifiation of meterials other th•n P-No. 1 in 
QW-422, if the surlaces of th4I side bend test s,pecimens are gas cut, 

remOYll by machining·or grinding of not len than 1/8 in. from the 
surface shall be required. 

T,in. 

3/8 to 1-1/2, 
incl. 

QW-462.2 

w (in.) 
y, in. 

P-No. 23, 
F..No. 23, or 

All other 

P-No. 35 
mete Is 

T 

1/B 3/B 
11 bl Such removel is not required for P-No. 1 materiels, but any 

resulting roughness shaU be dressed by m.chining or grinding. 
> 1-1/2 [Note 1111 1/B 3/B 

(2) For performance qualification of all mattrielt in OW-422, if the 
surlaces of side bend tests ere gas cut, any resulting roughnen shell 
be dressed by machining or grinding. 

T 
T 

...L 

GENERAL NOTE: 
W.ld reinforcement and becking strip or backing ring, if anv. mav be 

temowd flush with the surfac:e of the specimen. Themw.I cutting, 
mechining. or grinding mey be emptoyed. Cold streightening is per
mitted prior to ntrnOYal of the reinforcement. 

NOTE: 
(11 When specimen thickness T exceeds 1 ·1 /2 in., use one of the fol

lowing. 

(al Cut specimen into multiple test specimens y of appro11:imately 
equal dimensions 13/4 in. to 1-1 /2 in.). 

Y '"'tested wecimen thickness >Mien multiple specimens are 
taken from one coupon 

(b) The specimen mav be bent at full width. See requirements on 
jig width in QW-466. 1. 

QW-462.2 SIDE BEND 

V-l.3 

3.26 



face 
Bend 

Transverse 
Side Bend 

BEND TESTS 

Root 
Bend 

Longitudinal 
face Bend 

GUIDED BEND 
·ACCEPTANCE CRITERIA 

• No open defects in weld or Heat Affected Zone greater than 1/8" 

• Cracks at comers may be ignored unless resulting frorn slag or 
interna! defects 

3.25 



1986 Edition 

Tapped hale to suit 
testing machine 

DATA - GRAPH!CS 

QW-466 Test Jigs 

QW-466, QW-4<i6.I 

Hardened rolters t-1/2 in. diam. 
may be substituted for jig shou\ders. 

As reQuired j_ ¡f.~• ---As required ---~'"'\ 

3t4 ;;;:-V 
1·1/8 ;;,.[ 

1/4 in. __j 

3/4 -;;;:-17 

Shoulden h.ardened 

and gre.ned 

e ·e 
.: 
M 

.---M-- 1 f2 in. 

~-+-+- 1-1/B in. 

8 R 

Yoke 
1----- 7-1~2 ;~ ,D- R 1 1 

i------9in. ~ 3-7/B in. 

Thickness of 
Material Specimen. in. A. in. s. in. C. in. 

P-No. 23 to P-No. 2X; P·No. 2X w1th F-No. 23; P-No 35 1/8 2-1/16 1-1132 2-318 
t = 1 /8 or less 16-112t 8-1/4t 18-112C+l/16 

P-No. 11; P-No. 25 to P-No. 21 or P-No. 22 or P-No. 25 318 2-\ 11. 1-114 3-318 
te 318 or less 6-2/31 3-1 /3t 8-2131 + 1/8 

P-No. 51 318 3 1-112 3-7 /8 
te 318 or less 81 41 10t + 118 

P-No. 52. P-No. 61. P-No. 62 318 3-3/4 1-7/8 4-518 

t R 3/8 or less 101 51 12t + 1/8 

All others 318 1-1 /2 314 2·318 

t "" 318 or less 41 2t Sr + 118 

GENERAL NOTE Far P-Numbers. see QW-422; far F-Numbers. see QW-432. 

QW-46&.1 GUIDED-BEND JIG 

v.- L. s 

3.28 

D. in. 

1-3/16 

9-1/41+ 1/32 

1-11/16 

4-1131 + 1116 

1-15/16 
St + 1116 

2-5116 
6t + 1116 

1-3116 
3t + 1/16 
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QW-462.J(a), QW-462.J(b) SECT!ON rx - PART QW, WELD!NG 1986 Edition 

QW-462 Test Specimens (Cont'dl 

Y, 1n. 

P-No.23.F-No.23. 
T, in. or P·No. 35 Ali ather meta\s 

1/16 < 1/8 r r 
1/8-3/8 1/8 r 

>318 1/8 3/8 

Face-bend specimen - Plate and Pipe NOTES: 

Root·bend apecimena - P&.te •nd pipe 

(1) Weld reinforcement and backing nrip or backing ring, if .11nv. 

shall be removed f\ush with the surface of the specimen. tf a 
recessed ring is used. this surface of the specimen may be 
mechined to 1 depth not exceeding the depth ot the recen: to 
remCHe the rin;, except that in such cases the thickneu of 
the finished specimen &hall be that specified above. Do not 
flame~ut nonferrous material. 

{21 lf the pipe being tened is 4 in. nCMninal diameter ar less, the 
width of the bend specimen mav be 3/4 in. ior pipe diame
ten 2 in. to and including 4 in. The bend spec:imen width 
mav be 3/8 in. far pipe diameten lest than 2 in. down to and 
ineluding 3/8 in.andas en alternative, if the pipe being tened 
is equel to or feu than 1 in. nominal pipe size (1.315 in. 
O. O.J. the width ofthe bend specimens mey bethatobteined 
by cutting the pipe into QWlrter sections. ~' en ellowence 
for uw cuts or meehine cutting. These specimens cut into 
quen•r sections ere not reQuired to have one surlace ma· 
chined flat es shown in OW-462.J(al. Bend specimens teken 
from tubing of comparable sizes may be hendled in e similar 
manner. 

QW-4ó23Cal FACE ANO ROOT BENOS - TRANSVERSE'-' 

1·112 tn. 

i------ 6 in. min.-----

y, in. 

All 

P-No.23,F-No.23 other 
T, in. or P-No. 35 meta Is 

1/16<1/8 r r 
1/8-3/B 1 /8 r 
>3/8 118 3/B 

NOTE: 

' ' 
1 y 

~r 
Fa ce Aoot 
B...cl B.nct 

( 1) Weld reinforcements and backing strip or backing ring, if any. 

shall be removed essentially flush with the und1sturbed surface 

of the base ft..•tenal. lf a receued strip is uaed. this surface of 
the specimen may be machined to a depth not exceeding the 

depth of the recesa to remove the strip, except that 1n such cases 

the thickness of the f1nished spec1men shall be that 1pec1fied 

above. 

QW-4ó23(bl FACE ANO ROOT BENDS - LONGITUDINAL' 

3.27 

V-24 



A86 

1986 Edition 

+ /1 
6 in. 

min. 

.í. 

GENERAL NOTE: 

DATA-GRAPHICS 

QW-462 Test Specimens (Cont'd) 

Size of fillet • thiekneu 
of T 

2 
not great'er th•f1 

·· 3/4 in. 

r, 
1 /8 in. and les:s 

Over 1/8 in. 

Oin=ciíon of bendi"9 · 

T•3/16 in. --.t 
to 3/8 in. 1 

¡-
3in. 

~~l••---•in.-1----~ 

QW-462.4{a)-(! W -4-02.4{c) 

r, 
Equal to or les:s than T 1 
but not I~ than 1 /8 in. 

Stop and renart 
"'"1eld near the 

""""'' 

Mac:ro test - The fillet shall show fusion at 
the root of the weld but not neeessarily 
beyond the root. The wetd metal and he.t 
affected zona shall be free of eracks. Max.,fillet size • T 

QW-462.4Cal FJLLET WELDS -:- PROCEDURE QW-462.4Cbl FILLET waos - PERFORMANCE 

r------------ Oirection of bend -----------.. 

,,..---- T • Wlll thickness ----~ 

/-- 1 /4 section bend 

3 '" 

J_ t------l-"'---------1 

T Max. fillet size • T 

Base metal thickness ;;;¡, T Wall thickness > T 

GENERAL NOTE: E1thet" pipe·to-plate or pipe-to.pipe ~y be used as shown. 

QW-4ó2.4(c) FJLLET WELDS IN PIPE - PERFORMANCE 

3.36 



GROOVE WELD TEST COUPON 
QUALifIES fOR 

Ali fillet weld 

(a) Thicknesses 
(b) Sizes 
(c) Diameters of pipe 
(d) Within essential variables 

(Note: Exception is P· l lA groups 3. 4, 5 and P-1 lB which requires 
special qualifications.) 

fILLET WELD QUALifICATIONS 
(QW·451 . .'3) 

• 1 Tee Fillet Test 

• 4·5 Macro Etch Tests 

flLLET PROCEDURES 

Plate - 5 macro etches 
Pipe - 4 macro etches 

Acceptance: No visible cracks in weld metal or HAZ. ful! fusion at 
the root and leg lengths shali differ by less than 118". 

3.35 



NEVER USE ARTICLE lI 
WliEN QUALIFYING WELDERS 
OR WELD!NG OPERATORS 

ONL Y ARTICLE lll APPLIES 

WHO IS A WELDER? 

' 
One who perf orms a manual or semi-automatic welding operation. 

PURPOSE Of QUALifYING 
A WELDER 

To determine the welder's ability to deposit sound weld metal. 

V-2-¡ 

4.1 



WHO IS A WELDING OPERATOR? 

One \Vho operates machine ar automatic welding equipment. 

PURPOSE or QUALlfYING A 
WELDING OPERATOR 

To determine the operator's mechanical ability to operate the weldin~ 

equipment. 

RESPONSIBILITIES Of M:fG. 
(fOR WELDERS) 

• Conduct tests to qualify the welders to use one or more of mf g : 
welding procedures that will be used on Code work. 

• Test weld made under supv. and control of Mfg. 

4.2 



THE WELDER'S QUALIFICA TION IS LIMITED BY 
THE ESSENTIAL VARIABLES OF QW-350. 

' 

THE ESSENTIAL VARIABLES OF QW-350 DO NOT 
APPLY TO WELD!NG OPERA TORS. 

WELDER RECORDS 

e WPQ 

• Continuity Log 

• 1.0. Log 

\/-3\ 
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WELDER'S PERFORMANCE 
QUALIFICATION RECORD 

A W.P.Q. IS A DOCUMENT FOR RECORDING 
THE QUALIFICATIONS OF A WELDER OR 
\\.'ELDING OPERATOR. 

CONTENTS Of THE 
WPQ 

(a ) Ali applicable variables used by the welder to make a test coupon 

( b ) Results of the tests 

(e) The ranges (when applicable) - sorne variables only have min. 
or max. values) qualified. 

-~-' 
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CERTifICATION Of 
WELDERS 

(a) Not specifically required in IX. 

( b) However, recertification and QA/QC program requirements 
strongly suggest this must be done. 

Continued CERTlflCATION 
Of WELDERS 

• Must weld at least every 3 months. 

-
• Must use each process at least every 6 months. 

• Need not be on Code work. 

Continued CERTlflCATION - EXAMPLE 1 

• A welder is qualified on June 15, 1983 to use the SMAW process. 

• The welder is qualified on July 30. 1983 to use the GTAW process. 

lf no welding is performed after July 30, when does this welder's 
SMAW qualification expire? GTAW? 

Continued CERTlflCATION - EXAMPLE 2 

SMAW process - June 15. 1983 
GTAW process - July 30, 1983 
SMAW process - October 15. 1983 
SMAW process - November 15, 1983 

When does this welder's SMAW qualification expire? GTAW? 

4.6 



WELDER
1

S LOG 
WELDi:R A 

SMAW ~/1s 11.hs 71./gs- 12/~s 

GTAW y,¡g., F/s/¡s ID/s-/¡S" 

SAW 5/g/~ '7!./rs- '/1/11. 

W.ELDER B 

GTAW Y,/g5 "'1/,¡8 5 1-z-¡y¡S" 
GMAW "/.Ais Cfl1j¡5 io../,/rs -

WELDER C 

<.: 
GMAW 'l•fts ·~;.¡g, 

' SMAW o.¡. /15 



PREPARATION Of TEST 
COUPONS 

• Must use a WPS ( qualified ar unqualifieá) 

• Preheat not required 

• PWliT not required 

• Welders who quafify a WPS may use that WPS in production (fil/et 
welds are an exception) 

• P·llB WPS groove may not be used to make a P-llB fillet weld 
but welder _may be qualified. -

• May be terminated if test appears to be unsatisfactory. 

TYPES Of TESTS 

l . Mechanicaf 

a. Bends 
b. Macro/fracture 

2 . Radiography 

a. Only permitted by QW-304 or QW-305 
b. 6" radiograph on plate ar entire circumference of pipe 

MECHANICAL TESTS 
fOR WELDERS 

• Plate groove test: 
2 bend tests 

• Pipe groove test: 
lG or 2G - 2 bend tests 
SG or 6G - 4 bend tests 

• Plate fillet test: 
2 - macro. l - fracture 

• Pipe fillet test: 
2 - macro. l - fracture 

4.8 



\VIiAT WOULD BE REQUIRED If A 

WELDER'S QUALiflCATIONS EXPIRE? 

REQUALlfICATION Of 

WELDERS 

• When time limit expires 

• When reason to doubt ability 

• When outside limits of qualified ranges 

RECERTIFICATION 

1. THE WELDER MUST WELD EVERY THREE MONTHS. 

2. THE WELDER MUST USE EVERY PROCESS AT LEAST 
EVERY SIX MONTHS. 

3. REQUALIFICATION IS BASED ON ONE COUPON. 
IF SUCESSFUL, THIS COUPON WILL RE-ESTABUSH 
THE WELDER'S QUALIFICATIONS FOR ALL THICKNESSES, 
DIAMETERS ETC. FOR ~ PROCESS. 

4. 7 
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QW-16J.2(d)-QW-46J.2(f) SECTION IX - PART QW, WELDING 

QW-463 Order of Removal (Cont'd) 

45 deg. - 60 deo.~ 45 deg. - 60 deg. _...., 
' 

Face bend 
Root bend 

-+-+-. ---·---- --+--+-

Fece bend 

in 5G or6G 
positionJ 

Síde bend 

1986 Edition 

Side bend 

Síde berid 

Pipea- 1/16 Up to 3/4 in. Thíeknesc 
Pipe• - 3/ 4 in. and O ver Thickneu and Al tema te 
From 3/8 in. but Lea Than 3/ 4 in. Thickneu 

QW-463.2Cdl PERFORMANCE QUAUFJCATION QW-463.2Cel PERFORMANCE QUAUFJCATION 

1 
30 dog. ___.,.__ 

,.,,,.--- Root bond 1 -- 50 deg. 

\..: . " 
Fece bend 

' 
FOC11 bend~ \ VS;de bend ~ . .} v---r so deg. / . 

.... ?'/'\. \. 1 ':i/ / 
Side bend 1 · Side bend 

'\ Horizontal referenee 
line far fixed horizontal 

'\. position .L ' 
80 deo:__ - - "--- - ~ ~~eg. 

100 deg. /J' 260 deg. 
Pipe in fixed / j Pipe in fixed 

vertical position horizontal position 
far (2G1 tests 1 for (5G1 tem 

Sid• bend /-.............. ; _,/ 

/ ,,/ / --¡-
~/ ~ 1 

Rootbe ,.
1 
)';;_~aOdeg. 

/ ,{ ~ s._d•_,,._nc1-1----
Face be~~ 

GENERAL NOTE: 
When s1de-bend tests are made in accordance with QW~52 1 and OW-452.J, they shall be removed as 
shown 1n QW-463.210 4n place of the tace and root bends. 

QW-463.2Cfl PIPE - 10 IN. ASSEMBLY PERFORMANCE QUAUFJCATION 

4. 10- -
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1986 Edit1on DATA - GRAPHICS QW-463.2(a)-QW-463 .2(c) 

QW-463 Order of Removal (C-Ont'd) 

D1scard th1s ptece 

- - - --- ------- --- -----
Root-bend spectmen 

------------
Face·bend spec1men 

---- -------- -----

01scard this piece 

'---~g...,,_ __ __. 
QW-463.2(al PLATES - 'n• TO 34 IN. 

PERFORMANCE QUALIFICATJON 

Oiscard 
this 

piece 

---- -------.....-- -- --

1---- - - ------ ----

---- -------- ----
01SCllrd 

th1s 
piece 

this piece 

- -------
Side-bend specimen 

---------
Side-bend specimen 

----- -------- ----
Oiscard th1s piece 

QW-4632(b) PLATES - OVER 'I• ANO 
ALTERNATE >,¡, TO 'A IN. 

PERFORMANCE QUAUFICATION 

Longitudinal 

f•ce-bend 
specimen 

Longitudinal 

root-bencl 
specimen 

QW-463.2(c) PLATES - LONGITUDINAL PERFORMANCE QUAUFICATION 

4.9---
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QW-462.3(a), QW-462.3(b) SECTION IX - PART QW, WELDING 1986 Edition 

QW-462 Test Specimens (Olnt'd) 

'.:===~61 '"(-'"· l~'" 'i± ci" "ti' 
~--~~---~ ~y~ 1 ¡\_-¡~ 

Y, in. 

P-No.23. F-No. 23. 
T. in. or P-No. 35 All other metals 

-r-- LyJ 
1 1 l III (Pl4t•) 

------------ - -- - - ---· ..::....L 

(Pipe) 

Face-bend apecimen - !>tete •nd Pipe 

Root-bend apecimens - Plate and pipe 

1/16 < l/B r r 
1 /B-318 1/B r 

>318 1/8 3/B 

NOTES: 
111 Weld reinforcement and backing strip or backing ring, if any, 

shall be removed flush with the surface of the specimen. 1f e 
receued ring is used, this surface of the specirnen may be 
machined to a depth not exceeding the depth of the recess to 
remove the ring, e1tcept that in such cases the thickness of 
the finished specimen shall be that specified above. Do not 

flame-<:ut nonferrous material. 
(21 lf the pipe being tested is 4 in. nominal diameter or leu, the 

width of the bend specimen may be 3/4 in. for pipe diame
ters 2 in. to and including 4 in. The bend specimen width 
mav be 3/8 in. for pipe diameters leis than 2 in. down to end 
including 3/8 in. andas en altemetive, if the pipe beinQ tested 
is equal to or leu than 1 in. nominal pipe size (1.315 in. 
O. O.J. the width of the bend specimens mav bethetobtained 
by eutting the pipe into quarter sec:tions, less en allowanee 
far saw cuu or machine cutting. These specimens cut into 
quarter sections are not required to have one surface ma
chined flat as shown in OW-462.3(al. Bend specimens taken 
from tubing of comparable sizes may be handled in a similar 
manner. 

QW-462.3Ca) FACE ANO ROOT SENOS - TRANSVERSE" 

1-1/21n. 

t------ 6 in. min.-----.; 

' 
Y, 1n. 

1 y 

lr 
All 

P-No.23,F·No. 23 other 
T,in. or P-No. 35 metals 

1/16<1/8 r r 
118-318 1/B r 
>3/8 118 318 

NOTE: 
(1)Weld reinforcements and back1ng stnp or backmg rmg, 1f any. 

shall be removed essentially flush w1th the und1sturbed surface 

of the base material. lf a recessed strip is used, this surface of 

the specimen may be machined to a depth not exceeding the 

depth of the recess to remove the strip, except that in such cases 

the thickness of the f1mshed spec1men shall be that specified 

above. 

QW-4ó23Cbl FACE ANO ROOT SENOS - LONGITUOINAL' 

4.12 



1986 Edition 

45 

DATA -GRAPH!CS 

QW-463 Ordcr oí Rcmoval (Cont'd) 

22 1/2 deg.-..¡-----

50 deg. 

' ' ""- ~~rizontal reference line for 

90 deg. - ~---.=;~º",., pof';º? ____ ..... _+-

. Pipe in fixed vertical 1 80 deg. 
position for 2G t~sts 270 deg. 

, Pipe in fixed horizontal 
position for 5G tesu 

22 1/2 deg. 

SO deg. 

':.--; j-s;do 

~..___.__-bend 

GENERAL NOTE: 
When s1de bend tests are made 1n accordan~ w1th QW-452.1 and OW-452.3. 

thev shall be removed as shown 1n 0W-463.2tgl •n place o! the tace and root bends 

QW-4ó3.2Cgl ó IN. OR 8 IN. ASSEMBLY PERFORMANCE QUAUFICATION 

4.11 

QW-463.2(g) 



MECHANICAL TESTING 
ACCEPTANCE CRITERIA 

• Bends - no defect v;ceeding 1/8" mezsured on convex sur· 
face of the weld after bending. 

• Fillet Macro - visually no cracks or lack of fusion. Linear indica· 
tíons @ root le.ss than 1/32" are acceptable. 

• Fillet Fracture 
a. no breaks 
b. fracture indicates no incomplete root fusion. no inciusions 

and porosity greater then 3/8" fer plate. or greater than 100/o 
of quarter section thickness on pipe. 

MACRO·ETCHING 

• Ferrous and nonferrous etching solutíons of QW-470 

• Written procedure not required 

• Personnel need not have any specificd qualificatíons fer perform· 
ing the tests. 

\) .. 41 
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1986 &lition DATA - GRAPHICS 

QW-%2 Test Specimens (Cont'd) 

(1a) For procedure qualifiait1on of mattriab other than P-No. 1 in 
OW-422. if the 1urlaces of the side bend test specimens are 911s cut 
removal by mach1ning or grinding of not leu than 1 /8 in. from the 
surface shall be required. 

T, 1n. 

3/Bto 1-1/2, 
in el. 

Q\\'-462.2 

w fin.) 
y, in. 

P-No. 23, 
All other 

F-No. 23, or 
meta Is 

T P-No. 35 

118 3/8 
(1b) Such removed ts not required for P-No. 1 materials, but eny 

resulting roughness 1hall be dressed by machining or grinding. 
> 1-1/2 (Note 11)) 118 3/8 

(21 For performance quelific:ation of ali materials in QW_.22, if the 
surfaces of side bend tests are gas cut, any resulting roughness shall 
be dressed by machining or grinding. 

J_ ~- ~ -;-E----- 1--- ;1 T 
T 

-'-

GENERAL NOTE: 
Weld reinforcement and backing strip or backing ring, if any. may be 

remoYed flush with the surface of the specimen. Thermal cuning, 
machining, or grinding may be employed. Cold nraightening is per- • 
mitted prior to removal of the reinforcement. 

NOTE: 
(1) When sPecimen thickness T exc::eeds 1-1 /2 in., use one of the fol· 

lowing. 

(a) Cut wecimen into multiple test specimens y of approx1matelv 
equal d1mens1ons (3/4 in. to 1 ·1 /2 in .J. 

y• tested 1pecimen thickness when multiple specimens ere 
teken from one coupon 

(b) The specimen mav be bent et full wdth. See requ1remenu on 
jig W\dth in QW-466.1. 

QW-462.2 SIDE BENO 

4.13 



CHOICES fOR TEST COUPON 

• Position 

• Backing 

• Pipe or plate 

COMBINATION PROCESSES 

• More than ene f·number 

• More than one process 

• More than one welder 

KADIOGRAPHIC TESTING 
fOK WELDEKS 

• SMAW, SAW. GTAW. ·rAW, FCAW. and GMAW (not GMAW·S) 

• P· l thru 11. P·:5X and P·4X base materials 

• GTAW a!so includes P·2X and P·SX basc·matenals 

KADIOGKAPHY 
fOR WELDS BY A WELDER 

• Test Coupon - 6" long RT 

• Production Weld - 6" long RT 

(Qualification on pipe ret:¡uires RT of entire circumference of the pipe. 
Maximum of 4 pipe to accumulate 6" of total weld.) 

4.16 
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1986 Ed.ition 

+ ji 
6 in. 

min. 
J_ 

DATA - GRAPHICS 

QW-462 Test Specimens (Cont'd) 

S1ze of fillet - thickness 
of T 

2 
not greater than 

3/4 in. 

r, 

1 /8 in. and less 

Over 1/8 in. 

Oirection of bending 

T .. 3/16 in. -----1 
to 3/8 in. 1 

1 
3 in. 

'' ' 

QW-4-02.4{a)-QW-4-02.4{c) 

r, 
Equal to or leu than r 1 
but not leu than 1/8 in. 

Stop and renart 
weld near the 
center 

GENERAL NOTE' 
Macro test - The fillet shall show fusion at 
the root of the weld but not neceu.arily 
beyond the root. The weld metal and heat 
affected zone shall be free of crack.s. 

le::==~~ 
~bl••---4in.~-~~ 

Max. fillet size • T Mocn>-Tost 
Specimen 

QW-462.4Cal FILLET WELOS - PROCEDURE QW-462.4Cbl FILLET WELOS - PERFORMANCE 

~------------ Oirection of bend ----------~ 

T .. wall thickness 

1/4 section bend 

3m 

/ 
1 / 21n m1n. 

_L._ f-----+--''-----1 

Saie metal thickness > T Wall thickness > T 
T Max. fillet size .., T 

GENERAL NOTE. Either pipe-to-Piare or pipe-to-pipe mav be used as shown. 

QW-462.4Ccl FILLET WELDS IN PIPE - PERFORMANCE 

4.15 



WELDER RADIOGRAPH ACCEP'TANCE CRITERIA 
COMPARISON 

Scction IX 
(QW·l9l.2) 

(a) Linear indications: -

( l) Any aadl or zone of incomplcte 
Fusion or Pcnctration 

(2) Any cfogatcd Slag indusion 
grcatcr than: 

• 1/8" for t :S 3/8'' 
• 113 t ror t >3/8" to 214" ind 
• 3/4" for t grcatcr than 214" 

(3) Any group of stag indusions in
line grcatcr than t in a 12t 
lcngth (CJtccpt_ whcn distance 
bctwccn inclusions is grcatcr 
than 6L). 

(b) Roundcd indications: 

(l) Max. dimcnsion 20'1o t or 118". 
whichcvcr is smallcr. 

(2) Whcn T i:s lcss than 1/8" max. 
numbcr of indications is 12 
in 6" lcngth. 

(3) Whcn T is equal to or grcatcr 
than 1/8" use charts in Appcndix l. 
Whcn max. dia. is lcss than 1/32" 
it is irrcfcvant. 

t • thicllncss of dcpositcd wcld metal. 
T - thickncss of base material. 
L • lcngth of longcst impcrfcction in a group. 

Scction VIII 
Oiv. l (ruu RT-UW·5ll 

(a) Linear indicatlons: 

(l) Any crack or zone of incomplcte 
rusion or Pcnctration . 

(2) Ány cfongatcd Slag inclusion 
grcatcr than: 

• !/ 4" for t lcss than 3/ 4" 
• 1/3 t ror t • 3/4" to 2v ... ind. 
• 314" ror t grcatcr than 2 v.-· 

(:5) Any group of s1ag indusions in 
Une grcatcr than t in l 2t lcngth 
(CJtccpt when distancc bctwccn 
inclusions is grcatcr than 6L). 

(b) Roundcd indications: 

(1) Max.-dimcnsion 25% t or 5/32"' 
whichcvcr i:s smallcr. (Sorne cxccptions) 

(2) See Appcndix 4. Whcn T is lcss 
than 1/8" max. numbcr of indica· 
tions is 12 in 6" lcngth. 

(3) Scc Appcndix 4. (Some rangcs 
more rcstrictive. sorne lcss 
rcstrictive than Scction IX.) 

4.18 



RADIOGRAPHIC TESTING 
FOR WELDING OPERATORS 

THE REQU,IREMENTS FOR RADIOGRAPHING 
WELDINQ OPERATORS IS FOUND 
IN Q.W.- 306. THE REQUIREMENTS ARE 
THE SAME AS FOR WELOERS. THIS IS A 
FAIRLY NEW REQUIREMENT ANO G.M.A.W. 
BHORT ARC MU8T ALWAY8 BE QUALIFIED 
MECHANICALLY. 

RADIOGRAPHY 
fOR WfLDING OPfRATORS 

- Test Coupon - 6" long RT 

- Production Weld - .Y long RT 

(Qualification on pipe requires RT of entire circumference of the pipe. 
Maximum of 4 pipe to accumulate 6" of total weld) 

4.17 
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. WELDERS DO NOT HA VE NON-ESSENTIAL 

NOR SUPPLEMENTARY ESSENTIAL VARIABLES 

WELDERS DO NOT NECESSARILY ttAVE TO 
FOLLÓW A WPS WHEN QUAL!FYING 

• May omit l'Wt1T and prehe.at 

• Base material substitution 

• Possible filler metal substitution 

• Must. as minimum. follow ar record essential variables. 

[;. ?íl 
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fAILURE OF TEST 
COUPONS fOR \VELDING OPERATORS 

• Same as welders except far production RT. 

• Production RT far immediate retest is 6' long. 

fAILURE Of TEST 
COUPONS fOR WELDERS 

• lmmediate RETEST: 

l'lechanical - 2 consecutive test coupons 

RT test coupon - 2 consecutive test coupons (not 12" in one 
· test coupon) 

RT production - additional 12" radiograph 

• Same method that failed must be used far immediate retests. 

• With additional training just start over. no specifics in IX. 

\J .. 4 le 
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VJ t::::L. i?' 1 t-J ~ V'A (L 1 A 61.-E-.S. f''O IL 'A} E:L ¡V'~S. 

QW-353 SHIELDED METAL-ARC WELDING CSMAW) 
Essential Variables 

Paragraph Bnef of Variables 

QW-402 .4 - Bad:inq 

Joints 

QW-403 .lb .¡, Pipe Diameter 

B.ase Metals .18 .¡, P-Number 

.11 F-No. 4X limits 

QW-404 
.15 4> F-Number limits 

Filltt Metals 
.30 4> t Weld deposit 

QW-405 .1 + Position 

Positions .3 .¡, T 1 Vertical welding 

QW-354 SEMIAUTOMATIC SUBMERGED-ARC 
WELDING CSAWJ 
Essential Variables 

Paragraph Brief of Variables 

QW-403 .lb 4> Pipe dWnettt 

Base Meta.Is .18 4> P-Number 

QW-404 .30 4> t Weld d._¡t 

Filler Metals 

QW-405 .1 + Position 

Positions 

QW-355 SEMIAUTOMATIC GAS METAL-ARC 
ytELDING <GMAWl 

CThis lncludes Flux-Cored Are Welding <FCAWll 
Essential Variables 

Paragraph Brief of Variables 

QW-402 .4 - Backing 

Joints 

QW-403 .lb .¡, Pipe diameter 

Base Metals .18 4> P-Number 

.11 F-No. ~4x timits 

.lb F-No. 2X limits 
QW-404 

4> F-Number 
Filltt Metals 

.28 

.30 .¡, t Wetd metal 

.32 t L1mit (S. Cir. Are.> 

QW-405 .l + Position 

Positions .3 .¡, r l Vertical welding 

QW-408 .8 . _, Gas back.1n9 

Gas 

QW-4Qq .2 4> T ransfer mode 

Electrical . 

4.22 



\VELDER QUALifICATION USING A WPS 

Mcchanical Gcncrat for R.T. 
Tests All Proc= 

Gcncrally Llmitcd by QW-~ 
1) May defctc PWHT (QW-301) 

l) 2-Sidc or 2) Pasition (QW-461.9) 1) 6" coupon 

2) l-Face and l ·Root 3) flacking (QW-303 tr 350) 2) 6" production 
(Scc QW-302..3 tr 452) 

4) 5mall dia. Pipe (QW-452..3) 3) f:ntirc circ. fer Pipe 

5) Altcrnatc base lllC!.lls 
(QW-423) 

r 1 

6) f.sscntial Variables 

1 Scc QW ·302.1 (QW-350) Scc QW-302.2 

1 1 1 

PASS 1 fail 1 1 faiJ• 1 PASS 

QW-160 1 
QW-190 

QW·lSO 

Retes! 
w/TRNG 

Immcdiatc rctest 1 lmmcdiatc rctest 1 

1 

Twicc as Twicc as Additional 
many coupons many coupons 12·· of 

Production 
QW-320 (QW·320) Wcld 

1 l 
Rf:O:RTlnCA TION Mcchanical 

or RT 
1 J 3 mo. must wefd 
2) 6 mo. caeh proccss 
3) Rcason to doubt ability •tr l"AILUR~ on Proouction wdd. it must be repa1rcd 

-

4.21 



QW-4523 
GROOVE-WELD 'DIAMETER UMITS'·' 

Outside Oiameter 
of Test Coupon, in. 

Minimum Outside Oiameter 
QuaHfied, in. 

Le:ss than 1 Size weldcd 

l to 2-V. l 

2% and Q\ltr 

NOTES: 
(1) Type and numbcr of tests required shaU be in accordancc with 

QW-452.l. 
(2) 2% in. O.O. is considered the equivalent of NPS 21/z. 

l" Schl 8 

2" base metal 

l" Schl 

2" base metal 

Whidl of thc abovc is small diamctcr pipe wdding unda Scdion LX? 

WHAT IS THf:. LARGEST DI.A.Mr.Tf:.R 
Of r1rr. THf:. WELDER MAY_Br. _QUALlflf:.D ON 

TO MAKr. THIS \Yr.LD? 

-- l" dia. Schl. 80 

2" base metal 

4. 24 
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QW-452 Performance Quallflcatlon Thlckness Llmlts and Test Speclmens 

QW-452.1 
TRANSVERSE-BEND TESTS 

Thlckness t of 
Depo•ll•d W•ld M•tal 

Quallfl•d. In. [Not• (2)] 
!Soe QW-310.U 

Type and Numb'r of 
Tests Rtquired 

(Gulded-B•nd T"tsl 
!Notes l3l,l4ll 

Typ• ol 
Jolnt 

Groove 
Groove 
Groove 

NOTES: 

Thlcknm of 
Test Coupon 

W•ldod, In. CNot• llll 

Up to % lncl. 
Over % but less than % 
% and over 

21 
2f 

Ma.. 

Max. to be 
welded 

Sido Bond 
QW-462.2lal 

Note (bl 

Note (7) 

2 

(1) When using one, two, or more welders, the thlckncss t of the dcposltcd weld metal for cach wclder wlth each process shall be determlncd 
and used lndlvldually In thc Thlckness column. 

(2) Two or more pipe test coupons of dlffcrent thlckncsses may be used to determine the dcposlted weld metal thlckncss quallflcd and that 
thlckncss may be appllcd to productlon wclds to the smallest dlameter for whlch the welder Is qualified In accordance with QW-452.3. 

(3) Thlckness of test coupon of o/4 In. or over shall be used for qua!Jfylng a comblnallon of three or more welders each of whlch may use the 
sa!Tlf or a dlfferent weldlng process. 

(4) A total of four speclmens Is requlred to qualify for posltlons 5G and 6G as prescrlbed In QW-302.3. 
(5) Face- and root-bend tests may be used to quallfy a comblnatlon test of: 

{a) one welder usln9 two weldln9 processes; or 
(b) two welden uslng the same ora dlfferent weldlng process. 

(6) For a o/1 In. thlck coupon, two slde-bend tests may be substltuted for the requlred face- and root-bend tests. 
{7) Two slde-bend tests may be substltuted for the requlred face- and root-bend tests. 

Face Bend 
CNot• l5ll 

QW-462.3lal 

1 

1 

Rool Bend 
!Note 15ll 

QW-462.J(a) 

1 
1 



EXAMPLE l 

3/8", E7010 

- l. What is weJder qualified thickness? 
2. What is weJder qualified f·Number(s)? 
3. How many and what type bends are required? 

EXAMPLE 2 

318" E7010 

l. What is welder qualified thickness? 
2. What is welder qualified f·Number(s)? 
3. How many and what type bends are required? 



QW-423 Alternate Base Materials for Welder 
Qualification 

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

Base Metal(s) for 
W elder Qualification 

P-No. 1 through P-No. 11 and 
P-No. 4X 

P-No. 21 through P-No. 25 

P-No. 52 
P-No. 62 

4.25 

Qualified Production 
Base Metal(s) 

P-No. 1 through P-No. 
11 and P-No. 4X 

P-No. 21 through P-No. 
25 

P-No. 51 and P-No. 52 
P-No. 61 and P-No. 62 



QW-4<i!.3-QW-4<il.5 SECT!ON IX - PART QW, WELDING 

QW-461 Positions (Cont'd) 

(al 1G 
(bl2G 

(el 3G 

QW-461.3 GROOVE WELDS IN PLATE - TEST POSffiONS 

(a) 1G Rotated (el SG 

' Throat of weld 
"-.vertical 

.... ~ ? 

(bl 2G 

V 
45 deg :t 5 deg. 

(di 6G 

QW-461.4 GROOVE WELDS IN PIPE - TEST POSffiONS 

(bl 2F (e) 3F 

QW-461.5 FILLET WELDS IN PLA TE - TEST POSffiONS 

4.2R 

1986 Edition 

(dl4G 

Axis of wetd 

(di 4F 
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QW-460-QW-461.1 

Poa.idon 

Flat 

Horizontal 

Overtiead 

Verticail 

SECTION IX - PART QW, WELDING 

QW-460 GRAPHICS 

QW-461 Positions 

Tebuletion of Position• of We4ds 

Oiagr•m lndination Rot•tion 
Refe-rence of Alr:il, deg. of F•ce. deg. 

A O to 15 150 to 210 

B o 10 15 -[ 80 to 150 
210 to 280 

e -[Oto SO O to 80 
280 to 360 

r ................. 
1 ........ 

o 15 to so 80 to 280 

E 80 to 90 O to 360 

1 .... 

1 
90 deg .. ....._ r--- ........ 

i 
v 

' 

---o , ' / \ 

1 

1 

1 

~ 

1 

1 
1 

1 
1 
1 

- (' 1 
~ 1 
i\ --

1 

' , 

~I 
>I 

1 
1 
1 

1 
1 

1 
1 

', 1 
........ 1 

'_:...l ---
-l•f'll ---

. z:ont•' ""' - - -
"'º'' ----

GENERAL NOTE: 
The honzontal refet"ence plane 1s taken to lie 11ways below the weld 

under cons1deration. 
lnchnat1on of ••is ts measured from the horizontal reference plane 

toward the vertical. 
Angle of rotat1on of fact! is measured from a ltne perpendicular to 

the axis of the weld and lying in a Yt1rt1cal pl1ne i;pntaining this axis. 
The reference position (O deg.) of rotation of the lace invariably points 
in the direction oppos111! to that in which me •>ns angle 1ncreases. The 
angle of rotat1on of the tace of weld 1s measured 1n • dodwsse 
d1rect1on from th1s reference position (O deg.J when looklng at point 

P. 

QW-461.1 POSmONS OF WELDS - GROOVE WELDS 

4.27 
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REMEMBER 

Even though the welder's range may include many F-Nos .• and large 
thickness ranges. he is limited by the qualified procedures. 

Without a qualified WPS the welder maybe qualified to ranges 
(including min. ar max.) that may not be acceptable far Code welding. 

LIMITS OF POSITIONS 

• Qualification on groove welds qualifies far fillet. welds. 

• See QW·46 I .9 

• Special orientations not required but perrnitted (plus or minus 15°) 

4.30 



1986 Edition DATA - GRAPHICS QW-4-01.6 

QW-4ót Positions (Cont'd) 

/ 

' " 
\ 

(a) 1F (Routed) lbl 2F (el 2FR (Routedl 

: 

" 

(di 4F (el 5F 

QW-461.b FJLLET WELDS IN PIPE - TEST POSmONS 

4.29 



A welde.r is qualitied on the following test coupons. What are his 
position limits7 

l. 6" día. pipe groove in 6G? 

2. Plate groove in 4G position7 

1" dia. pipe 
Schl. 160 

:3" thick shell 

Maya welder qualified on a plate·groove in the lQ position make 
this. groove weld and fillet weld cap? 

4.32 
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1986 Edition DATA - GRAPHJCS QW-4-01.9 

QW-461 Position.s (Cont'd) 

QW-461.9 
PERFORMANCE QUAUFJCATION rosmoN ANO DIAMETER UMITATIONS 

(Within lhe Other Limitations of QW-303) 

Position and Type Weld Qualified [Note' Cl)} 

Qualification Test 

Weld 

Plate - Groove 

Plate - Fillet 

Posilion 

lG 
2G 
3G 
4G 

JG and •G 
2G, JG, and 4G 

lF 
2F 
3F 
4F 

3F and 4F 

Pipe - Groovc (Note (3)] lG 

Pipe - Fillct [Note (3)} 

NOTES: 

2G 
SG 
6G 

2G and SG 

lF 
2F 

2FR 
4F 
SF 

Cll Positions of wcldinq as shown in QW~6l.l and QW~61.2. 
F = Flat 
H = Horizontal 
V =Vertical 
O= Ovc~ad 

(2) Pipe 2'l. in. O.O. and over. 

Plate and Pipe 
Over 24 in. O.O. 

F 
F,H 
F,V 
F.O 

F,V,O 
All 

F 
F,H 

F,V,O 
All 
Ali 

C31 Stt diamctcr restrictOOs in QW~52.3, QW-<452..4, and QW-152.6. 

4.31 

Groove 

Pipe 
,; 24 in. O.O. 

F [Note C2l} 
F,H [Note (2.)) 

F INote C2>l 
F {Note (2)) 

f {Note C2)) 

F,H [Note (2Jl 

F 
F,H 

F,V,O, 
All 
All 

Fillet 

i:tate 
and Pipe 

F 
F,H 

F,H,V 
F,H,0 

All 
All 

F [Note (2.)) 

F,H [Note C2>l 
F,H,V [Note C2>1 
F,H,0 CNote (2.}) 

AU (Note (2)] 

F 
F,H 
All 
All 
All 

F 
F,H 
F,H 

F,H,0 
All 

V- S<b 

,_, 



W .P .S./P .Q.R. /W.P.O" 
FORMS 

1. Q.W.-482 ANO 483 AN'O Q.W-4&4 

2. RECOMMENDED FORMS 

3. LOCATED IN A NON-MANDATORY APPENDIX 

4. SAMPLE IS PRINTED ON THE EXAMPLE 
IN THE CODE. 

3.5 
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MULTIPLE PQR(S) SUPPORTING ONE WPS 

• More than one PQR may support a single WPS 

• Example: PQR l w/PWliT and PQR 2 w/o PWliT support a WPS 

w/and w/o PW!iT 
i ' ' 1f 

1 ' . 

NOTE:· AYthough it may be confusing, it is possible to have only 
l WPS to cover ali possible welding circumstances. 

ONE PQR MAY SUPPORT SEVERAL \VPSs 
• j. : r ' 

• Far control and clarity to prodllction pcoplt manufacturers may 
limit particular· \VPS llsage. 

• Exa111plc: ,\ PQR covers ali diarncter of electrodes far wclding. 
wrs I covers only I 116" to 1 /8". electrodes. 
WPS 2 covers only 1 /8" to l/ 4" electrodes. 

COMBINATION WELDING 
PROCESSES AND PROCEDURES 

• A change in welding process requiring requalification. 

• Severa! processes may be included in one WPS (they may be 
qualified separately ar in combination). 

• Using more than one WPS to complete a weld. 

• Fer WPSs with more than one process. a weld may be made using 
the same WPS and deleting one ar more of the processes within 
the essential variables. 



1 

OW-482 SUGGESTED FORMAT FOR WELDING PROCEDURE SPECIFICA TION IWPSI 
(Sc<e QW-201.1, s~ction IX, ASME Boil1r and Prtuure V1uel Codel 

Conioenv N•rTI•------''-----------------------Bv:--------~~~------------------
Wlf'IC'1nq Proc~r• So~i!Oceuon. No·------------D•I•----''--------- Suoponinq PQR No.(11-~-~-;--------

A"';uon No, ____ ;__ _______ ou.____________ Ed i e ion I Add cnd;i .,. ·----------
W<l"ldi~ Proccu(nJ·------------------------Tvi:ie<iJ __ ~-.i..---"-----------------

IAu1orn•tlc. Ma""'al M-.chlne, ot S<1ml•AYtO J 

JO INTS (QW~02J 
.. 

Oet.aih 

Joint Oetiqn 

S-.:ldnq (Ytcl (Nol ., 

8..:tdnq Me1enel CTvoel 
o o ase metal O nonrusing ~etal - --o nonrnetal:..ic O veld mecal o~-Eñ~r 

Skeu:!'let, PrOduction Ort-nq1. Wetd Svmtloh OI' Writt1n O~tet1Q11on 

"'°"'Id tho- 11"•• <r:"'"-' •tr•nqernitnt of lhe a•rU to be -'dfl1. Whar• 

aoolic.aolc. ••• tOOt LC~lf'Q: """ ••• d•ud' al ~d ;too-.. mcv .,. 
UJ<telf i.U. 

(At tl°'• G(Uion º' nM Mfor .. 1karch" mav tM 1tt.::t1ied 10.;u~.uu•w i~nt 

O:nuJn, _.,¡d leven ~ be.et ~.ne•, 1.;. f« noteh t°"qnnca proc .. 

dl.lrn. fM mui tie>'• PtOCm ptocedy~ cu:.l 

•BASE MET.a.1.~ 1QW~~I 

P-Na Ctove> Na.. ta_P-No. GtOll~ No. -
OR 

Soe<eific.ation typc ~ gt-.dc 

ta So«iÍte..a(ion tvP<S end ;r.d• .. 
OR 

°'«'Tn.. Anciy'&oi1 and M4d\. PrO(l. 

'ª Oiem. An..1.,.-. •nd M«tt. Proo. 

Thicknn.& R1n9•: 

Bors.e Mct•4: "T'' e,.,.,.. Fill•t .. 
Cif'OO- Fillct 

Pip(' Dic. Aaf"Jc: e-- FiHct 

01nC'f" -
•FILLER MET ALS (QW.,,.O.CI 

F-No. 

A.-No. 

SQ1e.. Na. {SFAI 

A.WS No. IOeul 

s;.1:c of loll.rf' mct1h 

Jeaosit~d '-'i>lJ ::iei:.J.l "'i:" 
i:hic~ncss r."lnge 

groove --
fillcc 

-

Et«troa('·.:1., .. ICl•ul 

Flua Tr•o(' "-•"'"' 

Gon"'m.aotc:: ln\('fl 

1 

1 
1 
' 
1 

~ 



QW-4(12 (8~ck! 

WPS N º· 
POSITIONS (OW-4051 POSTWELD HEATTAEATMENT (0W"""'071 

Po&1uon\i) ol Gtoovt T1mpttcu.t<• A.cn9"1 

W•idin; ?roqr"1ion: Uo Do rionw A...nQC 

Poutionhl of Fillet -
GAS (QW...J,08) 

PREHEAT (QW...J,06) $1'\i~dinq G.u(ei! -
Pr•M•t Tttnc. Min. Pire.ne Comoo•itton (mi1nurftl_ 

lnterocu T nno. Me.:. -· 
hect M.tint•"'ncc Fiow R.1c 

(Cont1nuciu1 o< &0.-cicl htuing .,.,.._..,, eoclCaOI• rl\ovld M l'.COfd~I Gct Bcc.IL"'; 

Trctlitti; Sht~di~ G.i Comoo1itioH 

El.ECTRICAl. CHAFl.ACTERISTICS IQW~091 

Coirrent AC cr OC Pcccritv 

Amc1 fR.angcl Vo1t1 fRanqel 

(Amo1 tnd v<llU r•n9'1! lf'loc.tld be recorded for e.ch clectrodc 1i.ce, 
P01itton, cnd mickntn, cte. Thic infol'mction mcv ~ liueQ in e tab-

ul•r lonn 1im1lcr to U'lct 1f'lown ~toWJ 
1 

Tun;ucn Eleoctrod• Sl.i:• cnd Typc 
(P'"'l"e r..,,~.,n-. 2% T~rt..ted, ctc..l 

Mode ot Mctcl T~nrfcr fer CiMAW 

' tstM•Y' WC.. ~ ckc'WC«iftt ........... 
EJtetrodc w;,.. fffd a:11Md rcnqe ··-

TECHNIQUE (QW-C101 

Strln; « w • ..,. Becd -
Q,ific• °'Ca Cuo SI.te --
lniticl a11d 1ntefPDI Occnif'\9 (Bnut'linv. Gr¡ndi~ •te..I 

Mcthod o f Bcck Co\4;inv 

Osc1ll.1t•on 1 

Contcct T..,t>e to Wort. Oi1uncc --
M.4h1c:;1c or Slnvi• Pus (peor ••de' 

MuHiole OI' Sinqlc Eleoctr:><1•1 

T,....,.1 Softd (A•nqcl 
-

P"nlno ... .. 
ou ..... 

Fllltr M•111i C...fr•nt 

1 
' ' Cine, 

Tr.....et 

Wcld Tvo• '""º· Volt .. ..., 
Uv..-ttl "'""- ª'" Dic. PclCI'. Acn9'1' A.cn1J19 Ren91! 

.. 
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OW-483 SUGGESTED FORMAT FOR PROCEDURE OUALIFICATION RECORD (POR) 

(See OW-201 .2, Section IX, ASME Boiler and Pressure Vessel Code) 

Record Actual Cond1tions Used to Weld Test Coupon. 

npany Name------------------------------------------------------
1-'rocedu re Ouald1cat1on Record No----------------------- Date ____________________ _ 

WPS No ----------------------------------------------------

Weld1ng Process(es) -----------------------------------------------------
Types (Manual, Automauc, Semi-Auto.) --------------------------------------------

JOINTS (QW-402) 

Groove Oesign of Test Coupon 

(For comb1na11on qualifications, the deposned weld metal thickness shall be recorded tor each filler metal or process weld.) 

BASE METALS (QW-403) POSlWELD HEAT TREATMENT (QW-407) 

Material Spec. Tempera tu re 

Type or Grade Time 

'.No. to P,No. Other 

hM:Kness of Test Coupon 

D1ameter of Test Coupon 

Other 

GAS IOW-4081 

Type of Gas or Gases 

Composition of Gas Mixture 

Other 

FILLER ~ETALS (QW-404) 

Weld Metal Analysis A-No. 

Size of Filler Metal ELECTRICAL CHARACTERISTICS IOW-409) 

Filler Metal F-No. Current 

SFA Spec1f1cation Polariry 

AWS Class1fication Amps. Volts 

Other Tungsten Electrode Size 

Other 

POSITION (OW-405) TECHNIQUE IQW-4101 

Position of Groove Travel Speed 

Weld Progress1on (Uphill, Oownhill) String or Weave Bead 

Other 05Cillation 
' MulupaS$ or Single Pau (per side) 

Single or Multipte Electrodes 

PREHEAT (OW-406) Other 

,_f'reheat Temp. 
' "~ . 
', iterpass Temp. 

' '"' 

1 

"Other 

(6/S2) Tl"tis form (E00007) m•v b• Obta1ned from the Order D•Pt.. ASME, 345 E. 47th St., New York, N Y. 10017 
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QW-483 (Back) 

Tensile Test (QW-150) 
POR No. _______ _ 

Ultima te Ult1mate Type of 

Specimen Total Load Un11 Stress Failure& 
No. Width Thickness Are a lb. 05' Loc:ation 

·---
·-'-· ----· -·-

Guided Bend Tests (QW-160) 

Type and Figure No. Result 

Toughness Tests (QW-170) 

Specimen Natch Notch Test lmpact Lateral Ex"'. Orar Weioht 
No. location T""º Tem"-. Values % Shear Mils Break No Break 

- ·--· 
1 

Fillet Weld Test (OW-180) 

Result - Satisfactory. Yes ---· No ------ Penetration 1nto Parent Metal: Yes __ . _____ No _____ _ 

Macro--Results -----~·-----------------------

Other Tests 

Type of Test ---------__ -------·----
Oepos1t Analysis ·------------·----------- . -------· 
Other ___ _ 

Welder's Name --------· 

Tei;ts conducted by: _ 

Clock No. 

----- Laboratory Test No. _. 

__ Stamp No. ____ _ 

We certify that the statements in this record are correct and that the test welds were preprared. wetded and tested 1n accordance w1th 
the requirements of Section IX of the ASME Code. 

Manufacturer 

Date By 
(Detail of record of tests are illustrat1ve only and may be mod1fied to conform to the type and number ot tests reQuired by the Code.) 

(61821 



OW-48~ SUGGESTED FORMAT FOR MANUFACTURER'S RECORD OF WELDER OR WELDING OPERATOR 

QUALIFICATION TESTS 

Welder Name 

Process 

Process Type 

Variable 

(See OW-301 Section IX, ASME Boiler and Pressure Vessel Code) 

Check No. Stamp No. 

Using WPS No, __ Rev. __ , 

the above welder 1s qual1f1ed for the following ranges. 

Record Actual Values 

Used in Oualification Qualif1cat1on Ranga 

8ack1ng [metal. weld metal, flux, etc. (QW-40211 

Material Spec. (QW-403) ----'º---- ----'º----
Thickness 

Groove 

Fillet 

Dcameter 

Groove 

Fillet 

Filler Metat (QW-404) 

Spec. No. 

Class 

F-No. 

Position (OW-405) 

Weld Progression (QW-410) 

Gas Type IOW-408) 

Electrical Characteristics (QW-409) 

Current 

Polantv 

Guided Bend Test Results QW-462.2(a), QW-462.J(a), QW-462.J(bl 
Type and Fig. No. Resolt 

Radiographic Test Results (QW-304 & QW-3051 
For altemative qualification of groove welds by radiography 

Radiographic Results: 

Fillet Weld Test Results (See aW-462.4(•). QW-462.4(b)] 

Fracture Test (Describe the locahon, nature and size of anv crack or tearing of the specimenl 

Length and Per Cenl of Oefects ------------ inches ---·---------"" 
Macro Te$t-Fusion --------------------
Appearance--Fillet Size (leg) _____ in. X ______ in. Convexrty _______ in. or Concavity -------in. 

Test Conducted by ------------------Leboratory-Test No.------------------
We cenify that the statements in this record are correct end that the test welds were prepared. welded and tested in accordance with the 

requirements of Sections IX,of the ASME Code. 

Organ1zation -----------------------

Date BY-------------------
(Detail of record of tests are 1llustrative only and may be modif1ed to conform to the type and number of tests required by the Code.I 

NOTE: Any essent1al variables in addition to those above shall be recorded. 

182) Thil form (EOCX>081 mav be obtanw:d trom tne Order Oept., ASME, 345 E. ~7 St., New York. N.Y. 10017 

'll-1. 
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lJNPiEJ1S1DAD NACIONAL AUTONOlVIA DE i\'LÉXJCO 
F.A.CULTAD DE lNGENIERIA 

DIVISIÓN DE EDUCACIÓN CONTINUA 

DATOSDELiNSTRUCTOR 

ING. ORLANDO R. RIVERA 

Tel. 1 Fax: (55) 5776-6524 ; E-mail: :x!anriverr@hotmail.com 

Es Ingeniero Mecánico Titulado egresado de la Escuela Superior de Ingeniería 
Mecánica y Eléctrica del Instituto Politécnico Nacional. Cuema con una 
experiencia profesional de más de 20 años en diseño, fabricación, inspección, 
prueba, certificación, montaje y reparación de calderas, recipientes a presión, 
sistemas de tubería y componentes nucleares. Ha calificado ante el Gobierno de 
Te;.<as, Ohio, Pennsylvania y The National Board of Boiler and Pressure Vessel 
inspectors de Norte America como Inspector Autorizado, Supervisor de 
Inspectores Autorizados e Inspector Nuclear Autorizado de ASME. 
Ha sido asesor de más de 40 empresas en México, Colombia, Venezuela, Brasil y 
Argentina en Sistemas y Certificaciones de ASME y National Board. 
Ha impa1tido el Diplomado de Ingeniería de Calderas y Recipientes a Presión en la 
División de Educación Continua de la Facultad de Ingeniería de la Universidad 
Nacional Autónoma de México, y ha presentado ponencias en Talleres 
Internacionales de Capacitación en Calderas, Recipientes a Presión y Temas 
Afines de la Asociación Mexicana de Ingenieros Mecánicos y Electricistas, A.C. 
(AMIME). Actualmente es Presidente del Comité de Calderas y Recipientes a 
Presión de Aiv11ME y Consultor de varias compañías nacionales e internacionales. 

2004. 


