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WELDING TECHNOLOGY
Acc. To : AWS-QC1-96
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General Introduction to Welding Technology
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Oxygen — Fuel Welding
Oxy — Acetylen Welding (OAW)
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handle of the burner

connection
injector oxygen valve

mixing mixing - pressure -

tube | nozzle nozzle -

oxygen
handle connection

union nut fuel gas fuel gas

i valve i
— welding nozzle connection

burner




cairier gas

(oxygen)
q
2.5 bar

fuel gas
(acstylane)
~ 0,5 bar
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Ground Collar of Cylinder Inlet
Type of Gas . .
Cylinder Connections
Combustible Gases (C,Hg)Acetylene- maroon Left Hand Thread
(C;sHg)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

Top




) A
N

‘1,15kg 1680 kJ
lime mud 0,41kg heat

acetylene
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2,4% 80%
air  ([sesessseseseeeeaaiaesseessed (([({([[) 100% C,H,

O, el -acetylens

2,4% 93%
4% 76%
air 100% H,
0, hydrogen
air 100% C,H,
0, propane
air (g UL CLTECCCICITTIET) - 100% CH,
O, (L ({((IIHHTH{D methane

(natural gas)
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welding direction (leftward) \ welding direction (rightward)

35.140°

“Al und Cu 15,307 *Alund Cu 45,,90°

—
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handle of the burner
connection pressure  Mixing mixing
nozzle ~ hozzle tube
injector oxygen valve —— / / .

.y e - -l
mixing mixing -~ pressure /1] handie 3§ﬁ§&ion Jrr“rna} - gas mixture
tube | nozzle nozzle - / \ —_— - — P -

\ o+ 2,5 bar ?
! = X nigmpl vis
o . :
/ - ring mixing chamber
/ ! chamber
union nut fuel gas
. valve connection T
— welding nozzle fuel gas
(acetylene)
~ 0,5 bar
burner

bow HLd boud HIpl A JSi
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Fuel Gases 1-12

Charaeteri 2- Oxvaen Acetvlene Fuel gases Natural Hvdrogen
12 sties Y9 y (Propane) Gas (Methane) yarog
Chemical
Term 0, C,H; CsHg CH, H,
Air Carbide Aﬁ(gll‘i’;ne'
Production Liquidation gasification Natural Natural Electrolvsis
U frac. Chemical Oil Distillation Oil Location SIS
e Electrolysis of
Distillation Processes
Water
Oxygas | Oxy-gas of Aluminun
Welding, Steel Welding, Fuel gas.
. Household and Lead
Production, Chem. Household, .
, Industry Flame-cutting
Use Chem. Industry, Industry . .
4 . Heating, Oxy — of Higher
Industry, Synthetic Heating, Oxy- as Weldin Thick nessed
Medicine Material, gas Welding & & ’
o1 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 n ] 24480 2+10 4+17 4+70
£€ 0 AIL 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 i 2325 1925 1920 2045
Flame, with air, C 3200 2850 2750 2650
With O,
Power of
Flame.
- ~45 =11.0 ~13.0 14.0

KJ
%mz/s
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POWER GENERATORS IN WELDING
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Indicates use a3 either an eleciradn or pod (EF), of use only as an elwctrode (E),

ER 70 5§ — ¥ W HZ {for solid wira)
ETGC — X% N HE {lor composile wina)

single-prss appllcations only.

TUNGSTEN ELECTRODE COLLET HOLDER

COLLET

SHIELDING-GAS QUTLET
(LOW VELOCITY}

WATER-DISCHARGE
HOSE

COOLING-WATER INLET

COOLING-WATER
QUTLET

SHIELDING-GAS INLET

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).

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

CURRENT
CONDUCTOR

DIRECTION OF
WELDING

GAS 1N

HOMNCONSUMABLE

TUNGSTEN
ELECTRODE

e

SOLIDIFIED
WELD PETAL



Recommended Tungsten Electrodes® and Gas Cups for Various Walding Currents

Direct Current, A Alternating Current, A

Use Gas Straight Reverse Unbalancad Balanced
__Electrode Diameter Cup LD. Polanity® Polarity® Wave® Wave®
'_irl. (1] in.._ DCEN DCEP _
0.010 0.25 1/4 up to 15 up to 15 up to 15
0.020 0.50 1/4 5-20 B-15 10-20
0040 1.00 3/8 15-80 10-80 20-30
1/18 1.8 38 J0-150 10-20 50-100 30-80
3z 24 1/2 150-250 15-30 100-160 A-130
1/8 3.2 1/2 260-400 25-40 160-210 100-180
532 4.0 1/2 A00-500 40-56 200-275 160-240
i/16 4.8 5/8 500-750 65-80 250-350 180-300
1/4 6.4 34 T50-1100 B0-125 325-450 326-450

& 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 ThQO> =0,20 remainder yellow
WT 20 1,70 .. 220 ThQ; =0,20 remainder red
WT 30 280 ...320 ThQs =0,20 remainder purple
WT 40 3,80 ...420 ThO2 =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 <0,20 remainder dark blue
ws 22 mixed oxides turquoise
1) 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 - -
R 2 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 ) i 18 i ) i

corgon 18

M21 Mison 18 MAGM | 81.97 - - 18 - - 0.03
M21 Corgon 20 MAGM 80 - - 20 - - -
M21 Mixed argozr; 25 Corgon MAGM 75 ) i 25 i ) i

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 argolr}) 2 Argomix MAGM 90 ) 5 5 i ) i
M32 Argomix 20 MAGM 83 - 4 13 - - -
M33 Argon S12 Argomix S MAGM 80 - 5 15 - - -
MAGM 88 - - 12 - - -
C1 Welding - grgde carbon MAGC ) ) ) 100 i ) i

dioxide
F1 Ar/H2 Forming 88 - - - 12 - -
F1 Argon W20 Forming 80 - - - 20 - -
o | Forminggasnitrogen | gy po0 | - - - | 225 | 9875 | -
hydrogen

Nitrogen 3.0 to 5.0 Forming - - - - - 100 -
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power source
=or—~

cellulosic-type

electrode holder
T,

stick electrode
(core wire and covering)

work piece

rutile-type

drc

5%
ZEN

cellulose

TiQ,

quartz Si0,

FeMn
waterglass

40 %
20 %
25%
15 %

magnetite Fe,0, 50 %
quartz 5i0, 20%
ime stone CaCO, 10 %
FeMn 20 %
waterglass

rutile Tio, 45%
magnetite Fe,0, 10 %
quartz S0, 20%
lime stone CaCO0,10 %
Felin 15 %
walerglass

flour spar CaF, 40%
lime stone CaCO, 20 %

quartz S0, 25%
Fehin 15 %
waterglass
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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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FINISHED

WELD METAL

WELDING
VEE
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Table 6.1

Submerged Arc Wires -Diameters vs. Current

Range

Wiire Diameter Current Range
in, __mm |Ampares)
6/6 23 200 - 500
3132 24 300 - 600
1/8 3.2 300 - BOD
/a2 an 400 - 900
318 4.8 500 - 1200
1/a2 5.6 GO0 - 1300
1/4 6.4 BOD - 1600

CONTAOL Bux\ WIRE
/ VWIRE FEED MOTOR

FLUX

PADDLE-WHEEL
MOTOR

METAL POWDER
FEED

TRAVEL G
—_—

METAL POWDER

BASE METAL

O

CONTACT TIP
UNMELTED FLUX

FEED ROOLS

{A) FLAT POSITION WELD

=

{B] DOWNHILL WELD (18 SLOPE)

LT
r
)

Yy
% JJ

(C) UPHILL WELD {1/8 SLOPE)

B

=

> ’;/:"\"*

{0} 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




CORAECT
]

CENTERLINE OF
1 WELDING ELECTRODE

‘ CENTERLIME
"~ OF JOINT

(&) WELDING ELECTRODE
DIRECTLY OVER
JOINT CENTERLINE

CENTERLINE MCORRECT

OF WELDING | I CENTERLIME
ELECTRODE —+ +": OF JOINT

—
L %.::;1 | ¢
T

-

' 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

a) correct arc voltage ¢) voltage too low
bead shape depending on arc voliage

b) voltage too high



Influence of welding parameters:
On bead shape

e — p— e

U U S
« welding current
penetration depth increasing

S

4— welding voltage
bead width increasing

— i
R R X
— Welding speed

bead width decreasing
penetration depth decreasing

Typical welding parameters

Butt welds
material : welding
joint type ek wire bead voltage current speed
i & mm Mo v A cm/min
1 3as 300
1
- 8 4 2 35 350 &
\E 1 35 450
=z 8 4 2 35 500 i
1 35 S00
10 4 70
with thicker materials it is 2 35 550
recommended to remaove 12 g 1 35 600 63
slags which have penetrated 2 35 700
into the gap by grinding from 14 5 1 33 630 58
the opposite side. 2 35 750
70 1 35 700
.L.._i 7 18 = 2 36 800 =
1 36 850
?ﬁfr—iﬂ 18 2 2 38 B50 =l
G A F 1 36 925
M b 2 38 ga0 45
1 36 T7s
708 18 [+ 2 36 800 50
1 ( ] 1 36 800
—— 20 G 2 36 850 42
%E—B 1 6 900
TR 25 6 2 36 950 33
2 W/ 1 36 975
30 6 P 36 1000 25
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2 Square butt weld W 1l 3-3 Double-V butt weld @ X
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Single-\ butt weld
4-4 Double-bevel K
4 Single-bevel butt weld
butt weld
Single-V butt weld
5 with broad
root face 55 Double-V butt weld
Single-bevel butt with broad root face
6 | weld with broad
root face
7 Single-U butt weld 6-6 Double-bevel butt
(parallel or sloping weld with broad
sides) root face
14 Steep-flanked
single-\ butt weld
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and backing run
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{A] ARG SEAM WELD 1) ARE SEAM WELD

8) ECARF GROGVE

%jl_:%j

WELD JOMT MISMATEH -

s/

WELD JOINT MISMATEH

NGOT FACE

[C) WELD JOINT MIBMATEH
NONILTTING MEMBEAS
[E} REGISTANCE SPOT WELDS IFi ARC SPOT WELDS.

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

Writton explanstion: double-U-groove partial penatration olnt; ﬂaprthui U prepa-
ration, 2 In.; effective throet, 21 In.; angla of groave, 28° Inaluded: radius of
groove not specifiad; no nootopaning :

Aymbbol

A= Wear's etandard

Groova wild syrmibdl showing use of combined dimensions

Sy Olxnsgi 9 Shgr @M (o dm Lo —VF JCi



Baslc Weiding Symbois snd Their Lacation Significance
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Sionificanca uad i ussd wsed st Loved
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Corwex Coniour Symbel ’ Warld-AR-Around Symbol
Fioigh gymibol (usary
Certvax cankour pymbol Handard) rcaies Wk s srvund Syl
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Flush Contour Symbel Multlpie Referenca Lines
Fluth ponlour
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108 made fush. When e o e st i ———— "
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meniary datd

Lecation of Elements of a Welding Symbol

Firvah gyl
oot Coddour spmibol
o ghoy g S 00 \
o A

Fig. 3.1—AWS Standard welding symbols
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Basic Welding Symbols and Their Location Significance

Flange . Groove Locatlon
Comer Squars v Bavel 7] J Flars-¥ Fiars-Bevel | Significance
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LT IR mh‘;&m I \-—w_
3 Socard cparaon —?ﬁ;\ ’ ioowion
: - eperaion Sure (hanghet of daposin) 0] Bl CRTH
AN T e e Srk e Shrtsiner,
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Mmcmw
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Fig 3.1 (cont.)—AWS Standard welding symbols
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L.ength of section

| Number of tests o be tested
' Test in field

Reference line N
Tail _\ /{§ .3 ' }\ Test-all-around
Specification L : L symbol
3 .

or other
reference—/ g 3 '

Basic testing symbol Arrow

Gy gl Gl G pDe — Y S

Fig. 3.6—Tllustration of welding and testing symbols in use
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Selected elementary symbols

Combined symbols

No. Designation lllustration Sym-
bol
2 Square butt weld W ]
3 Single-\ butt weld @ v
Single-bevel
Single-V butt weld
root face
8 Single-bevel butt Y
weld with broad
7 Single-U butt weld
(parallel or sloping W l|J
sides)
14 Steep-flanked
single-\/ butt weld W LL
12 | Spotweld W @]
10 | Fillet weld % AN

No. Designation lllustration Sym-
bol
3-3 | Double-V butt weld @ X
4-4 Double-bevel @ K
butt weld
5.5 Double-V butt weld @
with broad root face X
o | | == ¢
weld with broad
root face
7-7 Double-U butt weld @ H
3-9 Single-V butt weld @
and hacking run ¥
10-10 | Double fillet weld B

DIN EN 22553 s uitiw! @:las shg> pidke — 18 J5Ci

L

Workpiece thickness
groove depth

Thickness
f root fac

Attached back-up strip:

.’i

4

Root gap

not removable after welding of joint

Back-up strip:

removable after welding of joint

DIN 1912 s uiti! illao (s5bes Jlail b — Yo JSCis

I Upper workpiece surface I

[_Reverse side of workpiece J
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Symbols Joint Type Jlail g9
B Butt Joint o & oLl
C Corner Joint sl aseS Jlasl
T T- Joint T U 4 Jlasl
BC Butt or Corner Joint aig5 gy A oo JLuail
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 al 36 cwlis g yhea deii oyl o
L Limited thickness-complete joint penetration JolS 3985 — Sgame Cualiess
U Unlimited thickness-complete joint penetration JolS 3985 — Sgamal Caslsus
P Partial joint penetration Ohe> LSl S
Symbols Weld type IS TEFIY
1 Square-Groove PRSI I
2 Single —V- Groove a8, VL
3 Double —V- Groove X) ad,bgo VL
4 Single Bevel Groove 4 S, 2l L
5 Double Bevel Groove K) 45 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 a4 bos J L




FINISH S¥YMBOL GROOVE ANGLE: INCLUDED ANGLE
OF COUNTERSINK FOA PLUIG WELDS
CFONTCLIR: BYMBCL ~, 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
-ﬁ

SPACING) OF WELDS
FIELD WELD
SYMBOL

SPECIFICATION,
PROCESSE, OR

RN S(E)
A

TAIL (MAY BE OMITTED
WHEMN REFERENCE
IS NOT USED)
(N) REFERENCE
LINE ARRCW

WELD SYMBOL i
HWUBEER OF SPOT, SEAM, B

REFERENCE LINE
STUD, PLLIG, SLOT,

WELD-ALL-
ARQUND
SYMBOL

SIDES
COTHER
SIDE
[S——

BOTH
ARROY
SIDE
L ——

TO ARRCW SIDE
OR PROJECTION WELDS MEMBER OF
JOINT OR ARROW
SIDE OF JOINT
ELEMENTS IMN THIS AREA
REMAIN AS SHOWHN WHEMN TAIL
AND ARFROW ARE REVERSED

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

e b Al jo z 0 Gl Jlail 75k SO Wlsje wlasin o laibiul glils - Ko

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

ARROW SIDE
{ ARRCOW 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.
Reduced
Mominal Platz|  Section Root Bend | Face Bend | Side Bend
Thickness (Ty| Tension (see | (see Fig. {see Fig. {see Fig.
Tested, . Hg. 4. 14) 4,12) 4.12) 4.13) Min Max
IMB<T =38 2 2 ] — .3 T
AEET0 2 — — & i/8 T
1 aml over 2 —_ — [ 3 Linlimited
2. Tests on Pipe ot 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
Diann,, in T. i, Fig. 4.1} 4.1 442 405 Cualitied, n. | Min i
EsT<3s| 2 2 2 — Testdiam. | g T
and over
<2 |ugeTe3a| 2 — — 4 festdiam. | g aT
and over
Job Size T34 2 - - 4 Testdiam | ys | 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 2T
T =354 2 — — 4 24 and over L Unlimited
2 in. Sch. &
2 2 b — ! 14
Standard or 3 in. Sch. 40 2 2 2 34 through 4 118 E
Test Pipes Gin. Seh. 120 " -
2 = = 4 4 3
ar & in. Sch, 80 am] over 16 | Unlimited
3. Tests on ESW and EGW#
Mominal Plate Thickness
Mumber of Specimens Qualified
Reduced All-Wald-
MNominal Plate Bection Metal Side Bend
Thickness | Tension (see | Tension (see | {see Fig. CWM
Tiested Fig4.14) Fig. 4.18) 4.13) Tests Min Tlax
T 2 1 4 {Mote 6) 05T 11T

Mkbes:

. Al test plate, pipo or tube wolds shall be visually inspected {sce 4.8.1) and subgoct to NDT {ace 4.8.2). Ono toat plate, pipe or fube shall be regaired
fior each gualified position.

. S Figures 110 and 4,11 Tor st plato regquirements.

For aguare proovie wilds that e qualified without backzouging, the maximounm thickness qualified shall be lmyited to thi test plate thickness,

CIF groove weld qualification on asy thickmeas or diamater ghal | gualify ary size of fillet or PIP groove weld for any thickness.

. Oualification with any pope diameter ghall qualify all bon seedion widihs and depibs.

When spevified. VM tests shall confirm to Anmex 111

S Taide 0 dor e groove diia iz neguined o Qe iceiton of wibuiar Bl am T-, Y-, f-conmeeiion joivis.

. See Figure 4.9 for plate requircments,

- R



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,
Pipe o Tubs 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
Reduced Dhiametes”
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 A - . Test diam. 3 T
amd ever
< 6IH < T =20 1 _ _ 4 Test dum. T T
and over
Job izs T=20 2 — — 4 Testdiam. | 0 1\ limited
Toest Pires and cver
15T 3 ] 2 Tezt dia. 3 a7
an gver
= G0 ry
10T =20 2 — — 4 GO0 and over | T2 2T
T=20 2 — — 4 GO0 and over 10 Unlirmited
S0 o O = 6 i WT 3 - 3 - 20 through 3 0
Standard | o T3 o OD = 6 mm WT L]
Test Pipes| 150 mm OD = 14 mm 'WT o
o 200 mm O * 12 mm WT ¥ — — 4 L0 aned wver 5 Unlimited
3. Tests on ESW and BGWE ®
Momminal Plate Thickness
Number of Specirens Crualified
Radueed All-Weld-
Mowminal Plate Section Metal Sade Bend
Thickness | Tension (see | Tension (see | (3ee Fig, CWN
Tested Fig.4.14y | Fig. 4.1%) 4,13) Tests Min fdax
T 2 1 4 (Mote &) 05T 11T
Mtes;

for ench guelified position

R

B See Frgure 4.9 for plabe requincmenis.

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,

. Al test plate, pipe or idbe webds shall be visually inspected {see 4,81 and subject to NDT {see 4 8.2), Onz test plase, pipe or tube shall be required
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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!
al = 3,4
Macroetch for  Beduged- Cualification Ranges
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
i1, [rami] 4,104 4,14 417 4.1 410 Depth Min Max
IEB=T=¥E
- ] L] —_ ! )
(3T 10] 3 2 2 2 T 15 [3] T
E<T<I . o
[10 =T = 25] 3 2 — — 4 1 L8 [3] Unlimited

BASIC REQUIREMEMTS

Mates:

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

=

. [fa PIP bevels or Jproove weld is to be used for Tojoints or double-bevel- or double-Lgroave weld iz to be umed for comer paints, the bt joine skall

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

i, Any FiF quaitficaiion shaii niso quaiity sy filiet weid sime on any thickness

Gl adsS oz sln 3 990 letalesl slaw 5 9=V 0 o)le Jgur

Number 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-Metal  Side Bend
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,

S lbewl Billae JolS 3585 b (5,Leds JLasl b ol (5,52 (55 iged 5l (5,10 2 diged o9z -V K4



DISCARD %\‘ I‘\ o

4 In. [100 mm]
Ve I e
|

4 in. [100 fam]

e

DISCARD
‘-‘-‘-\1‘"-,_\_
Ko

F )

s
12 in. [300 mm)| MiN

& in. [150 mm] MIN

Wy = MINIMUM MULTIPLE Wy = MAXIMUM SINGLE
PASS FILLET WELD PASS FILLET WELD
USED IN USED IN
COMNSTRUCTION CONETRUCTION
MACROETCHTEST
SPECIMEN
INCHES MILLIMETERS
Wiaki Wald
Siza T Sira T1 min T2 pvr
L] 12 A6 5 12
14 a4 174 [ 20 ]
5HE 1 516 ! 25 B
-] 1 e 10 25 10
12 1 172 12 25 12
LT 1 58 16 25 16
4 1 a4 20 25 20
= B 1 1 = 20 25 25

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

&l asS (her CullS s Sy Gialej] Aiged 3,9 (55w oolel ogzu — VA JSi



1in.

[25 mm]

et REm | SIDE BEND
SPECIMEN
A\ N/‘ -
g | "™~ DIRECTION OF
TSN

ROLLING OPTIONAL

[150 mm]
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

in
mrmi] i
MIN 15 in. [380 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

P57 oS (et 5 ialojl Wised sled g sl eolol mdge -1 IS
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AMMNEX E

WELDING PROCEDURE SPECIFICATION (WPS)

PREQUALIFIED

ko9 2 Lo

o le axil e oySism slotig, 50 ol gl i Jols a5 ASME 5l _laus

Yes [ |
QUALIFIED BY TESTING

QW-352=0OFW
QW-354=SAW

QW-355=GMAW (FCAW)

AWSE DD ME2002

or PROCEDURE QUALIFICATION RECORDS (PQR) Yes| |

Identification #
Revision Date By
Ciampany MName: Aisthosrizesd hy late:
Welding Processies) Type—~nanual [ Semi-Automatic [
Supporting POR 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
Fooi Opaning oot Faca Dimarnsion
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:
AWS Specification Multi-pase or Single Pass (per sida)
AWS Classilication Murnber of Elactrodes
Electroce Spacing Longitudinal
Lateral
SHIELDING Argle
Flux Gas
Composition Conitact Tube 1o Yvork Distance
Electrode-Flux (Class) Flow Rate Feening
Gas Cup Size Intarpass Cleaning:
PREHEAT FOSTWELD HEAT TREEATMENT
Prehaat Temp., Min Tamp.
IMerpase Temg.. Min Maix Tirme
WELDING PROCEDURE
Pass or Filler Metals Current
Wiield Type & | Amps ar Wire Trawvel
Layer(s) | Prooess Class Diam. Polarity Feed Speed Volts Speed Joint Details

Form E-1 {Froni)

QW-356=GTAW
QW-357=PAW



AWS D101 M 2002

WELDING PROCEDURE SPECIFICATION (WPS)

PREQUALIFIED X

or PROCEDURE QUALIFICATION RECORDS (PQR) Yes[ |

Yas [X|
QUALIFIED BY TESTING

ANMNEX E

Identification # W2081
Revigion _ 2 Date_1-3-89 By B. Jones
Conmpany Mame LECO Authodzed by ©. W. Hayes Mate _1-3-89
Welding Process(es)  SaW Type—Manual[_| Semi-futomatic [ |
Supporting PR No.(s)_ Prequalified Machine X Autamatic ]
JOINT DESIGH 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
Fooi 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 by
Material Spec. AETH A 36 Tungsten Elecirode (GTAW)
Type of Grade - Sizen
Thickmess: 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 Classilication EM12E Murmbes of Elactrodes 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.}
1]

Form E-1 {Froni)



AMMEX E AN D1.1701.AM2002
Procedure Qualification Record (PAR) #
Test Results
TEMSILE TEST
Spaciman . Litimate Tansile Ultimexte Unit Character of Failure
M. Widih Thickness Area Load. Ib Stress. pai and Lacation
GUIDED BEND TEST
Spe&:‘r‘ren Type of Bend Fesull Remarks

WISUAL INSPECTION
Appearance

Lindercut

Piping porosity

Convexily

Tt dlate

Witnessed by

Other Tests

Waalder's name

Tests conducted by

Radiographic-ultrasonic examination
FT report no.: Fesuit
UT report no.: Result
FILLET WELD TEST RESULTS
Minimum size muliple pass Maximum size single pass
Macroetch Macroetch
3. 1. 3.

2

o

Allweld=-rmelal lension lest

Tenslle strength, psi
Yield poinbstrength, psi
Elongation in 2 in., %

Laboratory test no.

Clock no. Slamp no.

Labsaeatory

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—>Steal.

[yaar)
Signed
Manudackuresr or Conlrachor
By
Title:
Date

Farm E-1 {Back)



AWS D1, 101, M 2002

Procedure Qualification Record (PQAR) # 231

ANMEX E

Test Results
TEKWSILE TEST
Spacimean . Uitimate Tensile Ultimate Unit Characier of Failure
Mo, Width | Thickness | Area Losd, b Streee, pei and Location
231-1 .75 1.00® .75" 52 500 70 000 Ductile
231-3 75" 1,00 . 75" 52 275 69 700 Ductile
GUIDED BEMD TEST
Specimen | Type of Beng Resuit Remarks
231-2 Side Pass
231-4 Side Pass Small (< 1/16") opening acceptable
231-6 Side Pags
231-5 Side Pass

WISUAL INSPECTION

Appearance aooapkable
Undercul acceptable
Piping porosity none
Convexity none

Tesl dale 12-3-2002
Wibtnessed by D. Davis
Ofher Tests

Waldei's name

w, T, Willigme

Tests conducted by

RED Inc. & ABC Taatini

Radicgraphic-ultrasonic examination
RT reporl no.: D231 Fesull pasged
UTreportno: _ Result
FILLET WELD TEST RESLILTS
Minimum size multiple pass Maximum size single pass

Macroelch Macroelch
1. 3. 1. 3.
2. 2.
Allweld-matal fengion fest
Tensile sirength, psi 83,100
Wield point/strength, psi 72,500
Elongation in 2 in., % 28
Laboratory lest no. PW 231
Clock o, 2£1 Stamp 0o
Labaratory
Test number PQR 231
Per 0. 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 Section 4 of AWS 01.1/D1.10, 2002

J Structural Wedding Coce—Stesl.
{year)

Signed _ RED Inc.
Mamsdacturer or Coniractor
By E. M. Bonorack

Title Q.C. Mgr.

- T2 _TE_TI0NT
Lretes et T e s o

Foem E-1 {Back)



