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Oxygen — Fuel Welding
Oxy — Acetylen Welding (OAW)
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Combustible Gases (C,Hg)Acetylene- maroon Left Hand Thread
(C;Hg)Propane- red R1/2*Left
(H,)Hydrogen- red R1/2*Left
(0,)Oxygen- Black Right Hand R3/4*
Thread
Compressed Air Gray Right Hand (Inside)
Argon Blue Right Hand
) (CO,)Argon / Blue with Green Right Hand
Non- Combustible
mixture Band
Gases
Carbon Dioxide- Blue with White Right Hand
(COy) Strip
(He,)Helium- Mid-brown Right Hand
(Ny)Nitrogen- Gray with Black Right Hand
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mixing mixing ~ pressure . . ! 2 &
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Fuel Gases 1-12
Charaeteri 2- Fuel gases Natural
12 sties Oxygen Acetylene (Propane) Gas (Methane) Hydrogen
Chemical
Term 0, C,H; CsHg CH, H,
Air Carbide Aﬁ(l;llci);ne—
Production Liquidation gasification Natural Natural Electrolvsis
frac. Chemical Oil Distillation | Oil Location YBIS.
o Electrolysis of
Distillation Processes
Water
Oxy-gas Oxy-gs of Aluminus
Welding, Steel Welding, Fuel gas.
. Household and Lead
Production, Chem. Household, .
, Industry Flame-cutting
Use Chem. Industry, Industry . .
g . Heating, Oxy — of Higher
Industry, Synthetic Heating, Oxy- as Weldin Thick nessed
Medicine Material, gas Welding & & ’
- Furnace-
Rockerty Fertilizer. .
brazing.
Purity / >99.5% >99.0% >99.8% - >99.75%
Commercial
Charaeteri 3-
12 sties
Impurities N,,Ar,H,O Ar,H,O HCZ’}II\I 202, - 0,,H,0
Volume
Weigh: [KJ/m’].
15C/1 bar 1.337 1.095 1.874 0.671 0.084
Air:1.209
[KJ/m’]
Boiling
Temperature. C -183 -0.4 -43 -102 -253
Thermal
Value. H KJ/m® - 57120 92000 36000 10759
Range uon ] 2.4+80 2+10 4+17 4+70
£€ 0 AL 70 2.4+93 2+55 4+60 4+95
gas in O,
Min. Ignition
Temperature with - 335 510 640 510
air. C with O, 295 490 690 460
Ignition
. . 1.3 0.3 0.4 2.7
Velocity Air, m/s, - 13.5 0.7 33 8.9
0,
Max.
Temperature Of ) 2325 1925 1920 2045
Flame, with air, C 3200 2850 2750 2650
With O,
Power of
Flame. 4 11 1 14
KJ 2 - ~45 =11.0 ~13.0 .0
cm?/s
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Indicates use a3 either an eleciradn or pod (EF), of use only as an elwctrode (E),

Indicates, in 1,000 psi (6.9 MPa) increments, the minimum tens/be strength of the weld metal produced by
the slecirode when tested according 1o this specification. In this case, TD indicates 70,000 pal.

Indicates whether the fillar motal is solid (S) or compoehe [(C).

ER 70 5 — X N HZ {for salid wire)

ETGC — X% N HE {lor composile wina)
I Optional supplemental diffusible hydrogen dasignator (see Table 7)

The “N" is used only when footnote b to Table 1 applies. (See Annex A2.2 for explanation.)

Indicabes the lype of ehlalding gas used for classification of composite elecirodas. Cerbon dioxice
ghlglding Is indicated by “0" and T6-80% Ar/balance GOy is indioated by "W

Indicates tha chamical composition of & solld electrode or the chemical compasition of the wald motal
praduced by a composite electroda. The use of the "GS" sulfix designates fillor motals intended for

single-prss appllcations only.

TUNGSTEN ELECTRODE COLLET HOLDER

COLLET

CURRENT
CONDUCTOR

DIRECTION OF
WELDING

GAS GAS 1N
TORCH CAP NOZZLE
NONCONSUSMABLE
SHIELDING-GAS OUTLET TUNGSTEN
(LOW VELOCITY) ELECTRODE
HW;;éEH-DrSCHARGE :I!IL;I_EAJ?L ;':-;.——GAS SHIELD
COOLING-WATER INLET [ e N R ] -
P rrd. YA
COOLING-WATER .
OUTLET SOLIDIFIED

WELD PETAL

SHIELDING-GAS INLET
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Recommended Tungsten Electrodes® and Gas Cups for Various Walding Currents

Direct Cument, A Alternating Current, A
Use Gas Straight Reverse Unbalancad Balanced
E!ng!mdu Diameter Cup LD. Polanity® Polarity® Wave® Wava®
in. s in.._ DCEN DCEP _
0.010 0.25 1/4 up to 15 up to 16 up to 15
0,020 0.50 1/4 5-20 B-15 10-20
0.040 1.00 3/8 15-80 10-30 20-30
1/18 1.6 38 J0-150 10-20 50-100 30-80
332 24 /2 160-250 15-30 100-160 0-130
1/8 3.2 1/2 260400 25-40 160-210 100-180
532 4.0 1/2 A00-500 40-55 200-275 160-240
3/16 4.4 5/8 500-750 55-80 250-350 180-300
1/4 6.4 34 TE50-1100 80-125 325-450 326-450

& Al values are based on the usa of angon as the shislding gas.
b. Use EWTh-2 slectrodes.
e. Use EWP electrodes,

Color Code and Alloying Elements for Various Tungsten Electrode Alloys

Nominal Weight of
AWS Classification Caolor® Alloying Elemant Allaying Dxide Alloying Oxide Percent
EWP Green —_ —- -
EWCe-2 Oranige Cerium Caly 2
EWLla-1 Black Lanthanum Laz03 1
EWTh-1 Yolbaw Thorium Thig 1
EWTh-2 Red Thaorium Thoz 2
EWZr-1 Brown Zirconium Fil3 25
EWG Gray Nat Specified? - —

8. Color may be applied in the form of bands, dots, ete., at any point on the surface of the electrade.
b. Manufacturer must identify the type and nominal content of the rare earth oxide addition.
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Tungsten electrodes, composition, codes, colour marking to DIN EN 26848 and references for use

composition
code oxide additives contamination tungsten colour
filler metal in % by wt additive % by wt % by wt
WP - - =0,20 99,8 green
WT4 " 0,35 ..0,55 ThO- <0,20 remainder light blue
WT 10 0,80 ...1,20 ThO2 =0,20 remainder yellow
WT 20 1,70 .. 220 ThO- =0,20 remainder red
WT 30 280..320 ThO2 =0,20 remainder purple
WT 40 3,80 ...420 ThQOs =0,20 remainder orange
wz3" 0,15 .. 0,50 Zr0, <020 remainder brown
WZ 8 0,70 ... 0,90 Zr0s =0,20 remainder white
WL 10 0,90 120 Las0Os =020 remainder black
WC 20 1,80 ...220 Ce0s =0,20 remainder grey
WL 20 ¥ 1,80 .. 2,20 Laz0a <020 remainder dark blue
ws 22 mixed oxides turquoise
'I} not business standard
2) at present not standardised
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GMAW : Gas metal Arc welding
MIG : metal Inert Gas
MAG : metal Active Gas
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Vol .% OVERVIEW OF WELDING SHIELDING GASES
Process Ar He 02 CO2 H2 N2 NO
11 Welding — grade argon TIG MIG 100 - - - - - -
11 Argon 4.8 TIG MIG 100 - - - - - -
11 Mison A TIG MIG | 99.97 - - - - - 0.03
12 Helium TIG MIG - 100 - - - - -
13 Argon/Helium TIGMIG | Rem | 25-75 - - - - -
R1 Hydrogen TIG/WP - - - - 100 - -
R2 Argon W2 TIG/WP 98 - - - 2 - -
R2 Argon W5 TIG/WP 95 - - - 5 - -
R2 Argon Hydrogen TIG/WP | 93.5 - - - 6.5 - -
R2 Argon W10 TIG/WP 90 - - 10 - -
Ml11 Argon S1 Argomag S1 MAGM 99 - 1 - - - -
Mi11 Argon S3 Argomag S3 MAGM 97 - 3 - - - -
Mi11 Argon He25S1 MAGM 74 25 1 - - - -
M12 Argon k2 MAGM 98 - - 2 - - -
M12 Argon C2 Argomage k MAGM 97.5 - - 2.5 - - -
M12 Mison 2 MAGM | 97.97 - - 2 - - 0.03
M12 Argomage He MAGM 83 15 - 2 - - -
M13 Mixed argon 8 krysal8 MAGM 92 - - 8 - - -
M13 Mison 8 MAGM | 91.97 - - 8 - - 0.03
M13 Corgon 10 MAGM 90 - - 10 - - -
M21 Corgon 15 MAGM 85 - - 15 - - -
M21 Mixed argon 18 krysal 18 MAGM %2 ) ) 18 ) ) )
corgon 18
M21 Mison 18 MAGM | 81.97 - - 18 - - 0.03
M21 Corgon 20 MAGM 80 - - 20 - - -
M21 Mixed argozr; 25 Corgon MAGM 75 ) ) 25 ) ) )
M21 Mison 25 MAGM | 74.97 - - 25 - - 0.03
M22 Mixed argon 1 MAGM 82 - 3 15 - - -
M23 Corgon 07 MAGM 93 - 7 - - - -
M23 Argon S8 Argomix 10 MAGM 92 - 8 - - - -
M32 Corgon 1 MAGM 91 - 4 5 - - -
M32 Mixed argolrz) 2 Argomix MAGM 90 ) 5 5 ) ) )
M32 Argomix 20 MAGM 83 - 4 13 - - -
M33 Argon S12 Argomix S MAGM 80 - 5 15 - - -
MAGM 88 - - 12 - - -
C1 Welding - grgde carbon MAGC i ) ) 100 i ) i
dioxide
F1 Ar/H2 Forming 88 - - - 12 - -
F1 Argon W20 Forming 80 - - - 20 - -
po | Fomminggasmirogen | pone | - - - | 225 [ 9875 | -
hydrogen
Nitrogen 3.0 to 5.0 Forming - - - - - 100 -
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stick electrode
power source (core wire and covering)
T electrode holder
: o

work piece arc

cellulosic-type acid-type rutile-type

Qb
ZN
celiulose 40 % magnetite Fe,0, 50 % rutile Tio, 45% flour spar CaF, 40%
rufile Tio, 20% quartz Si0, 20% magnetite Fe,0, 10% lime stone CaCO, 20 %
quartz Si0, 20% lime stone CaCO, 10 % quartz S0, 20% quartz Si0, 25%
FeMn 15 % FeMn 20 % lime stone CaCo,10 % Fehin 15 %
waterglass waterglass Fehn 15 % waterglass
walerglass
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Indicates a submerged arc welding Mux,

Indicates that the welding flux being classified is maede solely from crushed slag oris 2
blend of crushed slag with onused (virgin} flux. Omission of the 57 indicates than the us
being classified is virgin Mux,

Indicates the mimmum tensile sirengih (in incremenis of 10 000 psi) of weld metal depos-
ited with the flux and some specific classification of electrode under the welding condi-
uons specilied 1o Figure 3. For example, when the designator is 7. the tensile requirement
is T0 000 e 95 000 psi (see Table 51).

r— —— Designates the condition of heat treatment in which the tests were conducted: “A™ for as-
witlded and “P” for posiweld heat trealed. The fime gnd temperature of the PWHT are
specified in 9.4,

——— Indicates a temperature in °F at or above which the impact strength of the weld metal
referred 1o above meets or exceeds 20 f-1bf (See Table 610).

- Classificaion of the electrode vzed in producing the weld meal refermed 10 above, The l=t-
ter “E" in the fiest position indicates electrode, The letter C," when present in the second
position, indicaies that the electrode is a composite elecirnde (refer to Table 2 for classifi-
cations). Omission of the “C” indicates that the electrode ts a solid electrode (refer to
Takle 1 for classifications).

FSXXX- ECXXX- HX
OPTIONAL SUPPLEMENTAL DESIGNATORS®

—— Optional supplemental diffusible hydropen designator (s2e Table T).

Moies:
{a) The combination of these designators constitutes the flux-electrods classification.
[b} Thess designators are optional and do not constitute a part of the flux-electrode classihication,
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TO AUTOMATIC

WVWIRE FEED
TO WELDER TO FLLUX
POWER HOFPER
CONTACT—"""1

- FLLX
FEEL»

soUD  FLUX TUBE

BEAD OR BLAG SHELF
FINISHED

WELD METAL

WELDING
VEE

WELDING BASE WORE
WIRE METAL COMMNECTION

s
WELD TRAVEL
o
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Table 6.1
Submerged Arc Wires -Diameters vs. Current
Range
Wiire Dianneter Current Range

i, _mm _ lﬁ.rl_!;_l_am;l
/64 23 00 - 500
3/a2 2.4 300 - 500
1/8 iz 300 - 8O0
5/a2 40 400 - 900
318 48 RO0 - 1200
1Az 5.6 GO0 - 1300
1/4 6.4 GOD - 1600

CONTROL BOX \

{A) FLAT POSITION WELD

\\W\

/me
\WIRE FEED MOTOR
(’O\ FEED ROOLS m
{B] DOWNHILL WELD {1/8 SLOPE)

T

FLUX

'y
/
PA&DDLE - WHEEL 'r"} ™
MOTOR : £z CONTACT TIP A ?
[ A
METAL POWDER UNMELTED FLUX
FEED 4 (C] UPHILL WELD {1/ SLOPE|

TRAVEL G
—-+———

METAL POWDER

T
78

BASE METAL {D} LATERAL WELD {119 SLOPE)

Fillets

material - throat welding
jaint type thickness | "' | thickness | VO1B9% | curment | ooey
mm & mm Mo W A cmimin

=6 3 3 30-32 450 75

> 8 4 4 30-32 575 70

=10 4 5 30-32 650 60

28 5 1 3234 | 800 83

212 5 6 32-34 850 58

=15 6 7 3335 875 42

=20 5 - 35 850 2

V\V\V
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CORAECT
]

CENTERLINE OF
1 WELDING ELECTRODE

‘ CENTERLIME
"~ OF JOINT

(&) WELDING ELECTRODE
DIRECTLY OVER
JOINT CENTERLINE

CENTERLINE MCORRECT

OF WELDING | I CENTERLIME
ELECTRODE

' 7

INCOMPLETE .. CENTERLINE

PENETRATION OF WELDING
ELECTRODE

[B) ELECTRODE NOT HELD TO
CENTERLINE RESULTS IN
INCOMPLETE PENETRATION

EXCEPTION

CENTEALINE OF

WELDING ELECTRODE

| d—— OFF-CENTER DISTANCE
CEMTERLINE OF

{C) OFF-CENTER ALIGNMENT IS SOMETIMES
REQUIRED WHEN BUTT-WELDING
PLATES OF DIFFERENT THICKNESS

b o m

7225, 7778, 7778

b) voltage too high

a) correct arc voltage ¢) voltage too low

bead shape depending on arc voliage

’VVVVV
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Influence of welding parameters:
On bead shape

e — p— e

U U S
« welding current
penetration depth increasing

ACAR Vv

4+— welding voltage
bead width increasing

— i
RS TN v,
— Welding speed

bead width decreasing
penetration depth decreasing

Typical welding parameters

Butt weids
material : welding
ikt fpe Bickricas wire bead voltage current speei
mm & mm Mo W A crfmin
; 1 35 300
Eé_ 6 4 2 35 350 LS
M 1 35 450
2 8 4 2 a5 500 T
1 35 200
10 4 70
with thicker materials itis 2 35 550
recommended fo remove 12 g 1 s 600 &3
slags which have penefrated 2 i 700
into the gap by grinding from 14 5 1 35 B850 58
the opposite side. 2 35 750
70 1 35 700
.L___i 7 P 2 2 36 B00 2
1 36 850
M 13 " 2 18 850 e
2 S 1 36 925
M i 2 38 850 45
1 36 775
T0. 18 6 2 36 800 S0
1 ( _7 1 36 800
— ol 20 [+ 2 36 B50 42
%E—B 1 36 500
5 25 B 2 36 950 33
2 / 1 36 975
30 [i] 2 36 1000 25
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WELD DEFECTS CLASSIFICATION
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{A] ARG SEAM WELD 1) ARE SEAM WELD

L I

S

s/

WELD JOINT MISMATEH

NGOT FACE

1C) WELD JOINT MISMATCH
NOWBLTTING EREEHS [E) RESISTANCE SPOT WELDS [F) ARC SBPOT WELDS

(Butting and Nonbutting Members) \v s (Edge Weld, Scraf Groove)\r Js. (Seam Welds & Spot Welds) 1y Jsi

Writton explanstion: double-U-groove partial penatration olnt; ﬂaprthul U prepa-
ration, 2 In.; sffective throat, 21 In.: angla of groove, 28° Inaluded; radlus of
groove not spacifiad; no rootopaning :
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Groova wild syrmibdl showing use of combined dimensions
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Fig. 3.6—Tllustration of welding and testing symbols in use
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Selected elementary symbols Combined symbols
No. | Designation lllustration Sym- No. Designation Mustration Sym-
bol bol
2 | Square butt weld W 1] 33 e W %
3 Single-V butt weld @ VvV
4-4 Double-bevel K
4 Single-bevel v butt weld
butt weld
single-V butt weld
root face B-5 Double-V butt weld
6 Single-bevel butt Y with broad root face @ X
weld with broad
root face W
Single-U butt weld -
7 | (paralel of sloping Y 6-6 | Doublebevel butt W K
sides} root face
14 | steep-flanked
singeli-\fa:utt weld LL
7-7 Double-U butt weld H
9 Backing run W e
39 Single-V butt weld
and hacking run ¥
12| spotweld © 10-10 | Double fillet weld B
10 |Fillet weld % AN

DIN EN 22553 s it @:las shg> pidke — 18 JSCi

I Upper workpiece surface I

ane®
ewded
% Groove width
S
S5
-l -
= o
8T L
4
i y
oo @ d
2 % § “.
E e
£3 L
= 5 / . |_Reverse side of workpiece |
Attached back-up strip:
not removable after welding of joint
Back-up strip:

removable after welding of joint
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Symbols Joint Type Jlail g4
B Butt Joint o & oLl
C Corner Joint &l adeS Jlasl
T T- Joint T U 4 Jlasl
BC Butt or Corner Joint aigS gy 4y yuo Jlaail
TC T- or Corner Joint T g sl aseS Jlasl
BTC Butt, T- or Corner Joint slass o T ay o Jlail
Symbols Base metal thickness and penetration b 8 cwlis g yoea e ol
L Limited thickness-complete joint penetration JolS 3985 — Sgame Cualiess
U Unlimited thickness-complete joint penetration JolS” 3985 — Sgamal Caslius
P Partial joint penetration Ohe> LSl S
Symbols Weld type RPN
1 Square-Groove e sk
2 Single —V- Groove a8, VL
3 Double —V- Groove X) ad,bgo VL
4 Single Bevel Groove 4 S, 2l Lo
5 Double Bevel Groove K) a5 bgs fl> L
6 Single —U- Groove (sl aY) a8,bss U L
7 Double —U- Groove a,beo U L
8 Single —J- Groove a8, J L
9 Double —J- Groove s bos J L
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FINISH S¥YMBOL GROOVE ANGLE: INCLUDED ANGLE
OF COUNTERSINK FOA PLUIG WELDS
CONTOUR SYMBOL
, ROOT OPENING; DEPTH OF FILLING
GROOVE WELD SIZE FOR FLUG AND SLOT WELDS
LENGTH OF WELD
DEPTH OF BEVEL: SIZE
OR STRENGTH FOR PITCH (CENTER- TO-CENTER
CERTAIN WELDS SPACING) OF WELDS
FIELD WELD
SPECIFICATION,
PRCCESS, OR SYMBOL

WELD-ALL-
ARQUND
SYMBOL

SIDES

CTHER

SIDE
[——
o

reEEEeEANe S(E)
A

TAIL (MAY BE OMITTED
WHEN REFEREMNCE
IS NOT USED)
(N) REFERENCE
LINE ARROW

WELD SYMBOL /
MUBMBER OF SPOT, SEAM, CONNECTING

REFERENCE LINE
STUD, PLLIG, SLOT,

BOTH
ARROY
SIDE
L ——

TO ARRCW SIDE
JOINT OR ARROW
SIDE DF JOINT
ELEMENTS IN THIS AREA
REMAIN AS SHOWH WHEMN TaIL
AND ARROW ARE REVERSED

l——— WELD BYMBOLS SHALL BE CONTAINED WITHIN ———w=
THE LENGTH OF THE REFERENCE LINE

ez b Al jo z 50 Gl Jlail 75k SO Wls i wlasin o laibiun] glils - I

OTHER SIDE
ARROW SIDE
ARROW SIDE
# } OTHER SIDE
OTHER SIDE

ARROW SIDE
{ ARFOW SIDE
OTHER SIDE _‘]5

OTHER SIDE

ARRCAY SIDE
OTHER SIDE ARROW SIDE
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WPS Qualification—CJP Groove Welds: Mumber and Type of Test Specimens and

Range of Thickness and Diameter Qualified (see 4.4) (Dimensions in Inches)

1. Tests on Plate*

Mominal Plate,

Fipe or Tube Thickness® ¥

Iumber of Specimens Cralitied, in.
Feduced
Mominal Platz|  Section Root Bend | Face Bend | Side Bend
Thickness (Ty| Tension (see | (see Fig. {see Fig. {see Fig.
Tested, m. Fig. 4.14) 4,12) 4.12) 4.13) Mlin Ml
IMB<T =38 2 2 ] — L& T
AEET0 2 — — = i/8 T
1 aml over 2 — — [ 3 Linlimited
2. Tests on Pipe or Tubing® "
Momimal Plate,
Pipe or Tube Wall
Thickness 4
Mumber of Specimens Mol Crualified, in.
Reduced Diameter”
Mominal | Mominal Wall|  Section Root Bend | Face Bend | Side Bend | of Pipe or
Pipe Size or | Thickness, | Tension (see| (see Fig. {sce Fig. | (see Fig. Tube Size
Dhiaii., i T, i, Fig. 4.1} 4.4 442} 4185 Cualified, n. | Min lax
EsT<3s| 2 2 2 — Testdiam. | T
and over
M | UB< T34 2 — — 4 Testdiam. | .., T
and over
Job Size T34 2 4 fest diam ¥E | Unlimited
Test Pipes amd over
VE=T<38 2 2 2 — Testdiam. | g aT
~ay and over
- LE=T= 14 2 4 24 and over T2 21
T =354 2 — — 4 24 and over L Unlimited
1 in. Sch. &b
2 2 b — ; 1/
Standard or 3 in. Sch. 41} 2 2 2 34 through 4 118 3id
ot P 1 y e
Test Pipes LE-E..-?L;IJ “t[:lrj- 1 4 4 and over A6 | Unlimied
3. Tests on ESW and BEGW 2
Mominal Plate Thickness
Fumber of Specimens Qunlified
Feduced All-Weld-
MNominal Plate Bection Metal Side Bend
Thickness | Tension (see | Tension (see | {see Fig. CWM
Tested Fig4.14) Fig. 4.18) 4.13) Tests Min Max
T 2 1 4 | Miste &) 05T 11T
Mabes:

1. All dest plate, pipe or tabe wokls shall be visually inspected {sce 4.8.1) and subgoct to MDT {scc 48.2). One teat plata, pipe or tub shall be roguained
fior each gualified position.

- R

o o Figunes 00 and 4. 11 Gor tost plate reguinemonts.
For aguare proovie wilds that e qualified without backzouging, the maximounm thickness qualified shall be lmyited to thi test plate thickness,
CIF groave weld qualificstion o any thickmeas or diameter ghall gualify asy size of Glletor FIP groove weld for any thickneas
. Oualification with any pope diameter ghall qualify all bon seedion widihs and depibs.
. When specified. VN tests shall conform to Anex 11,
S Taide 0 dor e groove diia iz neguined o Qe iceiton of wibuiar Bl am T-, Y-, f-conmeeiion joivis.
Sec Figure 4.9 for plate requircments,

oigel wsly— Jlaif s
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WPS Qualification—CJP Groove Welds: Number and Type of Test Specimens and Range
of Thickness and Diameter Qualified (see 4.4) (Dimensions in Millimeters)

1. Tests on Plate! ¥

Mominal Plake,
Fipe or Tube Thickness*

MNumber of Specimens Qualified, mm
Raduced
Mowninal Plate Section Root Bend | Face Bend | Sude Bend
Thickness (T) | Tensdon (see (e Fig, (3ee Fig. (see Fig,
Tested, mm Fig. 4.14) 4.12) 4.12) 4.13) Min Max
I=sT= 10 2 2 2 — i T
BT =23 I — — i 3 T
25 and over 2 — — 4 3 Unlimited
3. Tests on Pipe or Tubing® 7
Momyinal Plate,
Pipe or Tube Wall
Thickness™*
Mirber of Specinens Wominal Cruialified, mm
Radoced Dial:lbel.elj
mominal Mominal Wall]  Section Foot Bend | Face Bend | Side Bend of Pipe or
Fipe Size or | Thickness, | Tension (see|  (see Fig {see Fig. | (==e Fig Tube Size
i, inien T, nuii Fig &.14) 4.2 4.12) 413 pOualifial oy i T
15TS 10 5 ) - . Test diam. 3 T
amd ever
< 6IH < T =20 1 _ _ 4 Test dum. T T
and over
Jub Size T2 2 — — 4 Testdiam. | 0 1 nlimited
Toest Pires and cver
ST 2 ] 2 Test diam. 3 T
and gver
= G0 ry
10T =20 2 — — 4 GO0 and over | T2 2T
T=20 2 — — 4 GO0 and over 1t Unlirmited
S0 o O = 6 i WT 3 - 3 - 20 through 3 0
Standard | of T5 oo O = 6 oom WT LY
Test Pipes| 150 mm OD < 14 mm WT " L
o 200 mm O * 12 mm WT ¥ — — 4 L0 aned wver 5 Unlimited
3 Tests on ESW and BOW #
Momminal Plate Thickness
Number of Specirens Crualified
Radueed All-Weld-
Mowminal Plate Section Metal Sade Bend
Thickness Tension {s2e | Tension (3ee | (3e¢ Fig OV
Tesred Fig.4.14) Fig. 4.1%) 413 Tizsns Min ax
T 2 1 4 (Mote &) 05T 11T
Hagtes;

for ench guelified position

pe =l A i B2

See Figures 4.1 and 4,11 for test plate requirements.
For sguare groove welds that are qualified without backzowging, the maximum thickness qualified shall be limited to the test plate thickness.
CIPF groove weld qualitication on amy thickness or diamster shall guality amy size of fillet or FIP groove weld for any thickness.

Ozlitication with any pipe diameter shall qualify all bow sretion widths and depibs.
When specified. €W tests shall conform o Annex 111
Hee Tabie 4.1 for dve groove detaiis required for quaiificsiton of suibuiar buti and T-, -, K-comeciion joies,

. See Frgure 4.9 for plabe requincmenis.

. Al test plate, pipe or tube welds shall be visually inspected (sce 4,8 1) and subject to NOT {sce 4 8.2, Ome test plate, pipe or fube shall be requined
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Number and Type of Test Specimens and Range of Thickness Qualified —
WPS Qualification; PJP Groove Welds (see 4.10)

Mumber of Specimens’*
Macrocich for  Redueed- Qualifiention Ranges 4
Weld Size (E) Section Mominal Plate, Pipe or Tubing
Test Groove 4162 Tension  Root Bend  Face Bend  Side Bend Plate Thickiess, in. [mm]
Diepth, T 4. 10.3 {see Fig {see Fig {see Fig. {sce Fig. | Groove
in, [ram] 4104 4.14) 4.12) 4.1 4.13) Depth Min Max
IEcT<¥E
2 2 2 J— i a2
[3<T < 10] 3 2 2 2 T L& [3] T
HE=T= - . -
[10 =T = 25] 3 2 — — 4 1 L8 [3] Unlimited
BASIC REQUIREMEMTS
Babes:
1. Onc test plate, pipe, or uhbing por position shall be required {soc Figures 4,10 or 4.1 for fost plote). Use tke production PIP groove detail for quali-

+

EJ

fication. All plates, pipes, or twhing shall be visually mspected (see 4.8.1).

I [fa PIP bevel- or Jpraove weld is to be used for Tojoints or double-bevel- or double-Lgroave weld iz ta be used for comer joints, the butt joing shall

bave o temporary restrictive plage in the plane of the square face to simulate & T-jomt coafiguration.

. See the pipe diameter qualification requirements of Table 402

Any FIF quminficiiion shaii aise quaiify smy fiiiet weid sive on any finckness

&l ass5 Sledox slp s 990 Sletalesl Slaws 5 95 =Y e 0)leds Jouo

Mumber and Type of Test Specimens and Range of Thickness Qualified—
WPS Qualification; Fillet Welds (see 4.11.1)

Test Specimens Required” Sizes Qualified
Muamber Macooteh  All-Weld-M Side Berd
Test of Welds 4111 Tension (see  (sce Figure  PlakPipe
Specimen Fillet Size per WPS 484 Figure 4.18) 4138 Thickness' Fillet Size
Hingle pass, max L each 3 faces Limlirmited M tested

size o be used poEition o single pass

Plate T-test i construction b used and sraller

(Figure 4,19) M1||t|p|e pass, min 1 i each 3 faces —_ — Llnlirmibed M Eested
sime 0 b psed st W mltiple pass
n construction be: used and larger

Single paia, max | i each 3 faces (excepl Unlimited M teseed

size w be wsed prsaLion W for 4F & 5F, single pass
i comstrugtion beused (see 4 faces rg'd) and srnaller

Pipe T-test® Table 4.1}

(Frgure 4200 Multiple pass, miz | in each 3 faces (except Unlimited Min tested
sz w be usad L0 W for 4F & 5F, moultiple pass
11 SomEtruction be used {see 4 Faces g 'd) andl larger

Table 4,1)

Cirpove tast® — [T LE] — I 2 Cualities welding consumsables

(Frgune 4.23) LS ETH o be vsed in T-test above

Males:

I. The minimum ikickesss qualified shall be 178 . |3 mm].

2, Al welded test pipes and plates shall be viseally inspected per 4.8.1.

3, See Table 4.202) for pope diamiter qualification.

4. When the welding consumables used do not conform to the pregualified provisions of Seetion 3, and 3 WPS using the proposed welding consum-

ahdes has nok heen estahlished by the Contractor in conformance with esther 4.9 o0 201000 8 CIP groove weld test plate skall be welded in conformance
with 4.5
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-4————— DIRECTIOM OF ROLLING (OPTIOMALF——

DISEAFID THIS FIECE
E4s

24 in.
| 800 mm]

EXTEMNSIONS MEED NOT

BE USED IF THE JOINT

15 OF SUFFICIENT LENGTH
TO PROVIDE 18 in. [480 mm]
OF S0UND WELD EXCLUSIVE
SIDE EIEND bFELIMEN OF RETESTS

s — — — — — - — — — —

DISGAHD THIS PIECE

|—— 12 in. [300 mm] - 12 in. [300 mm|

P

General Mokes:

The groowe condiguration shaown i for llluateation only. The groove shaped testad shall condorm to the product on groove shaps that is
baling qualifiad
+ When CWN test spacimens are raquired, see annex |1l for requiremants.

+ 4l dimensicne ara minimoem,
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DISCARD -
P
4 in.[100 mm]

e

DISCARD
e
Ko

&
12 I, [300 mam) MiN
e

& in. [150 mm] MIN
Wy = MINIMUM MULTIPLE
PASS FILLET WELD

Wy = MAXIMUM SINGLE
PASS FILLET WELD

USED IN USED IN
COMNSTRUCTION COMNSTRUCTION
MACROETCHTEST
SPECIMEN
INCHES MILLIMETERS
Wiakd Wald
Sizs T1 min T2 rmin SEra T min T2 pen
MG 2 e 5 12
14 34 114 [ 20 &
516 1 516 ] 25
wa 1 e 10 25 i
1z 1 17z 12 25 12
&8 1 58 16 25 16
Hd 1 34 20 25 70
= 3 1 1 =20 25 25

Ganeral Moke: Where (he madmum plate thickness used in production is less than e valug shown abowe, tha
maxirmem thickness of the production pieces may be substifuted for T1 and T2,

Sl 4895 Bz oS et S Gialasl diged B9 3l o3l g VA S
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1II'i

1in.
SIDE BEND [25 mm] SIDE BEND

SPECIMEN
\ SPECIMEN
e
1in.
25 mn:K

DIRECTION OF
ROLLING OPTIONAL

{1507 ..‘r.
MIN 5in. [125 mm] MIN

General Mote: When RT is usad, no tack welds shall be in best area,

Miote:
1. The backing thickness shall be 14 in. [& mm] min b2 38 in. [10 mm) mex; backing width shall ba 3 in. [75 mm] min when not remesed
for RT, otherwise 1 in. [25 mm] min.

N
/

DIRECTION OF
2 i ACLLING OFTIONAL

B =7

SIDE BEND SPEGIMEN

18 in. [3B0 mm] MIN

smin—t I Eﬂﬁ.mj\“/
[16 mm]
s
General Mobes:

+ When BT is used, no lack wikis shall be in sl area

+ The joint configuration of a qualified WPS may be usad in lieuw of the grooee configuradion shawn here,

Mo

1. The backing thickness shall ba 38 n. [10 mm] min 4o 162 i [12 mm] max; backing widéh shall be 3 i, [T5 mm] min whan not ne-
movad for RT, othenwise 1-1/2 in, [40 mm)] min
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AMNMEX E AWE D110 2002

WELDING PROCEDURE SPECIFICATION (WPS) Yes|[ |

PREQUALIFIED

QUALIFIED BY TESTING

or PROCEDURE QUALIFICATION RECORDS (PQR) Yes| |

I¢entification &
Rewision Duate By
Ciampany MName Aisthosrizesd hy late:
Welding Processies) Type—~nanual [ Semi-Automatic [
Supparting PQR Na.(s) Machine [ Automatic [ ]
JOINT DESHZN USED POSITION
Tywpe: Position of Groowe: Fillet:
Single [] Double Weld [ Varlical Progression: Up[_ ] Down[ ]
Backing: Yes[ | Mo[ ]
Backing Material: ELECTRICAL CHARACTERISTICS
oo DpsEning FoDi Face Dimansion
Groove Angle: Radius (J—L) Transler Mode (GRAW) Shor-Circuiting [_|
Back Gougihg: Yes[ ] Nol ] Method Globular[ ] Spray ]
Current: AC [ | DCEP | DCEM[ ] Pulsed[
BASE METALS Dheer
haterial Spec. Tungsten Elecirode (GTAW)
Twpe or Grade Size:
Thickmesz: Groove Fillet Type:
Diamater {Pipa)
TECHMIQUE
FILLER METALS Sirnger or Weave Bead:
AWE Specification Multi-pase or Single Fass (per sida)
AWS Classilication Murnber of Elactrodes
Electrode Spacing Longitudinal
Lateral
SHIELDING Argle
Flux Gas
Composition Conitact Tube 1o Yvoirk Distance
Electrode-Flux (Class) Flow Rate Feening
Gas Cup Size Intarpass Claaning:
PREHEAT FOSTWELD HEAT TREEATMENT
Prehaat Temp., Min Tamp.
IMerpase Temg.. Min Maix Tirme
WELDING PROCEDURE
Pase o Filler Metals Cumrent
Wield Type & Amps ar Wire Trawveal
Layer(s) | Process Class Diam. Polarity Feed Speed Wolts Speed Joint Details

Form E-1 {Froni)
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AWS D101 M 2002

WELDING PROCEDURE SPECIFICATION (WPS)

PREQUALIFIED
or PROCEDURE QUALIFICATION RECORDS (PQR) Yes[ |

Ciampany Nams LECD

ANMNEX E

Yas [X|

QUALIFIED BY TESTING

Identification & wW2o8el
Revigion _ 2 Date_1-3-89 By R. Jones
Authorzed hy _ C. W. Hayes Mate 1-3-89

Welding Process(es)  SaW Type—Manual[_| Semi-futomatic [ |
Supporing POR Mo.fs)  Prequalified Machine & Autamatic [
JOINT DESIGN USED POSITION
Type:__ Butt Position of Groove;_ 12 Filet: _ —
Single [T Double Weld | Vertical Progression: Up [ Down[ ]
Backing: Yes[X] Mol
Backing Material: ASTM A 36 ELECTRICAL CHARACTERISTICS
Rooi Opening _5/8" Rooi Face Dimension
Groove Angle: _£0° Radius {J-U) Tranefer Mode (GMAW)  Shor-Circuiting ||

Back Gouging: Yes[ ] Mo Mathod __ — Globular[ 1 Spray ]
Current: AC[ | DCEP[XE DCEM[]  Pulsed[
BASE METALS Dihver
Material Spec. AETH A 36 Tungsten Elecirode (GTAW)
Type of Grade - Sizen
Thickness: Groove im Fillet — Type:
Diamater (FPipa) =
TECHMIQUE
FILLER METALS Stringer or Weave Bead: _ Stringer
AWS Specification AS.17 Multi-pass or Single Pass (per side) Multipass
AWS Classification EM12E Murmber of Electrodes 1
Electrode Spacing Longitudinal -
Lateral -
SHIELDING Argla —
Flux__ B850 Gas -
Composiion Conitant Tulbe to Yvork Distance 1-2/4"
Electrade-Flux (Class) Flow Rate = Peening Kone
F7AZ -EM12KE Gas Cup Size - Intarpass Claaning: Slag Remowved
PREHEAT POSTWELD HEAT TREATMENT
Preheat Temp., Min__ 150°F Tamp. H.A.
Inlerpass Temp., Min_150°F Max 350°F Tirvne -
VWELDING PROCEDURE
Pase or Filler Metals Current
Wiield Type & | Amps ar Wire Travel
Layer(s) | Procass Clazs Diam. Polarity Feed Spead Volts Spead Jaint Details
1-n SaW EM12ZE 5/32- Dc+ 45 1] 2BV (16 i
! EE0 331-2 e 27% tlssm T
+10% ﬂ"“
TSE ]
) L.}
Y
)
]
el
in.
B-L12-5
Form E-1 {Froni)
vww n-mavad.comp - . . .
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AMMEX E AWS D101 A M0
Procedure Qualification Record (PQR) #
Test Resilts
TEMSILE TEET
Spaciman . Litimate Tansile Ultimexte Unit Character of Failure
M. Widih Thickness Area Load. Ib Stress. pai and Lacation
GUIDED BEND TEST
Speﬁﬂmen Type of Bend Resull Remarks

VISUAL INSPECTION

Appearance Radiographic-ultrasonic examination
Lindercut T report no. Fesui
Piping porosity UT report na.: Result
Cornvexily FILLET WELD TEST RESULTS
Test dale Minimum size mulliple pass Maximum size single pass
Wit d by Macroetch Macroetch
1 3. 1 3.
£ 2
Other Tests Allweld-retal tension lest

Tenslle strength, psi
Yield poinlsirength, psai
Elongation in 2 in,, %

Laboratory test no.
Walder's name Clock no. Slamp no.
Tests conducted by Labaratory
Test number

Per

W, the imdeminnied, cerlify that the statements in this recom srs cormect and that the tast welds wers prensrad | waldad and

festad in conformance with the requiremeants of Section 4 of AWS D1.1/D1.10M, | } Structural Welding Code—Stesl.
{ymar)
Signed
Manudactune or Confrachor
By
Title:
Date

Farm E-1 {Back)

www.age-co.net/training.aspx b jge! »Y;Wl”jt‘l:‘?iiffjﬁ? LT S8 w3l 9 aline i &S

| . \ . ES|
ST SR T OS5




PN
| 4

JLait o S (T

D09 w3 9 6 Sbe slaasl s

172 axiwo

AWE D110 AM2002

ANMEX E

Procedure Qualification Record (PQAR) # 231

Test Results
TENSILE TEST
Spacimean . Uitimate Tensile Ultimate Unit Characier of Failure
Mo, Wit Thickness Area Loed, b Bireee, pel ard Locaion
231-1 .75= 1.00m . 75" 52 500 70000 Ductile
231-3 75" 1.00" 75" 52 275 69 700 Ductile
GUIDED BEND TEST
Swﬁn | Type of Bend Result Remarks
231-2 Side Fass
231-4 Side Pass Small (< 1/16") opening acceptable
231-% Bide Pass
231-5 Side Pass
VISUAL INSPECTION
Appearancs accaptable Radicarsphic-ultrazonic examination
Undercul acceptable RT report no.: D231 Result passed
Piping porosity none LT report no.- Result
Conwexity none FILLET WELD TEST RESULTS
Tesl dale 12-3-2002 Minimum size multiple pass Maximum size single pass
Wibtnessed by D. Davis Macroeich Macroetch
1. 3 1. 3.
2. 2.
Ofher Tests Allweld-metal tension test
Tensile strength, psi 83,100
Wield point/strength, psi 72,600
Elongation in 2 in., % 28
Laboratory lest no. FW 231

[T P [ P PR ——
WYZITE oo e —

Tests conducted by

RED Inc. & ABC Testing

o W
oF LRI PR BN,

Labaratory

Test number FOR 231
Per D, Miller

We, the undersigned, certify that the statements In his record ane cormect and hat the test welds were prepared, welded, and

testad in conformance with the requiremants of Secion 4 of AWS 01.1/D1.9M, 2002

J Structural Wedding Coce—Stesl.

fuBarl
ey

Signed _ RED Ine.
Mamutacturer or Contractor
By E. M. Bonarack

Title Q.C. Mgr.

Foem E-1 {Back)
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