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Knowledge of drawings and
specifications

Knowledge of welding terms
Knowledge of welding processes
Knowledge of testing methods

Professional attitude

Training in engineering and
metallurgy

Inspection experience
Welding experience

Safe practices

Ability to maintain records
Good physical condition
Good vision




- CoanS Gvg uwjb

ohmersbahgliocss 55l 05liwly A5 Bab Giug> st sl s Curdgiino
O30 1€ 9 Wy w3l Sdsie b osubowl

S Uy g oo Sdasly g 1y Sloasly 0nis Sinlos

ol Shy cewlio (s> byl powls

Al 55,9550 cowlio (solin 51 WL sk

591 Bilgsy 9,00 ,Sig> aS (sl ashin o a4 WL )3l




M)g.ng Swanxi S 0,9> U.U|_,.').§ >

iy S5 g bawld il plil (si> 9 o5, Sws> wlio Sl b (sulivwl »

U9y B Sh=l Okl g (5S> gy 8 wuleo 9 1 cuzo b osyliowl »

awls (sulsy il g oslw UL @y 1) 393 (swaass WlaliS b pw)sb
SEGMENT. aualy

Contractor Logo

ANSI Z49.1:2012
An American National Standard

Safety in Welding,
Cutting, and
Allied Processes

Advantages And
Disadvantages Of Welding
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Project: closure

ULTRASONIC EXAMINATION REPORT

Company: SAMAN INDUSTRIAL SYSTEM Report No.:06
DWG No.: N/A Date of TEST 96/09/11
[Equipment: TRUSONIC Date of Report: 96/09/28 |
Maker: TAIWAN
Material: ALTERNATIVE - CARBON STEEL
(Model: TRU TEST
Serial No.: 3033 Search Unit: Straight IR Angle []
Test block: Vi, V2,DAC Maker Model Feriguency(MHZ) Angle
Basic Material: CARBON STEEL 1 TRUSONIC 7694 4 0
Couplant: SOL GEL Exam. Method: PULS ECHO 2
Code/Standard: ASME ASTM 3
[Extent of Examination: 100% OF SURFACE 4
(Examination Method :
RL [ rE U pac pGs W
Surface Condition: BRUSHED SURFACE Transfer Correction:
Scaning Direction Total Examination Length: all surface
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AXE INSPECTOR AXE CO SAMAN INDUSTRIAL SYS Client
(Name: Name: (Name: Name:
Date: Date: Date: Date:
Cert. No. Cert. No. Cert. No. Sign:
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SPEAKS
WRITES
ACTS
> DRAWS
WELDS
MESSAGE
WRITTEN WORD
> SENDER ™ eicrures  RECEIVER

NUMBERS
GESTURES

LISTENS
READS RESPONSE
OBSERVES TO SENDER
INFERS

INSPECTS
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Foreman / Supervisor
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Shop or Field
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Reporting Supervisor

Plant Manager
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WELDING PROCESS
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Flux Cored Arc Welding (FCAW)

TUBULAR ELECTRODE

WIRE GUIDE = POWDERED METAL, VAPOR
AND CONTACT TUBE FORMING MATERIALS,

SOLIDIFIED SLAG DEOXIDIZERS AND SCAVENGERS
ARC SHIELD COMPOSED

OF VAPORIZED AND

SLAG FORMING COMPOUNDS

ARC & METAL TRANSFER




atomic hydrogen welding....... . AHW

gas metal arc weiding.............
-pulsed arC..........ooiiiiinia
-short crcuiting arc...........

gas tungsten arc welding........ GTAW
~pulsed arc............ccc.... GTAWP

plasma arc welding...............PAW

sheelded metal arc welding.....SMAW

submerged arc welding. ...

ki i

resistance seam welding . RSEW
~high frequency...........RSEWHF
~induction....................RSEWI

resistance spot welding.... RSW

~oxynatural gas cutting. OFCN
~axypropane cutting..... OFC P

acbrazing............c.....

air carbon arc cuting......... AAC
carbon arc cutting..............CAC
gas metal arc cutting.........GMAC
gas tungsten arc cutting.....GTAC
plasma ac cutting.............PAC
shielded metal arc cutting.. SMAC
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. Gas Motal Arc Welding
 Flux Cored Arc Welding =~~~
i Gas Tungatan Arg Waldlng e e
- Submerged Arc Weldmg e :
'Z-HaamaﬁrnWeHng St
- Electroslag wﬂlchng
~ Oxyacefylene Waidmg
. Stud Welding -
- Laser Beam Wﬂ[ding
- Electron Bam Weldi ng
- -Heslatame Walr.llng

' Erazmg Pmueam

~ Torch Brazlng
~ Fumace Brazmg
- Induction Brazing
Resistance Brazlng
- Dip Brazing
< _Infrared Braang

‘o ﬂlrrmei mmng Py s A R
“* . Air Garbon Are t‘;utling_!.~ S :
* PlasmaAccCuting
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K! SMAW — Shielded Metal Arc Welding

O a2 ilio =Syl

Consumable electrode

Flux coated rod

Flux produces protective gas around weld pool

Slag keeps oxygen off weld bead during cooling

* General purpose welding—widely used Power... Current | (50 - 300 amps)

» Thicknesses 1/8” — 3/4” Voltage V (15 - 45 volts)

 Portable Power = VI ~ 10 kW




- Shielded Metal-Arc Welding
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Figure 27.4 Schematic
Illustration of the shielded metal-
arc welding process. About 50%
of all large-scale industrial
welding operations use this
Shielding gas proceSS

Coating

Solidified slag
Electrode

Welding machine ac or dc
power source and controls

Arc

Electrode holder

Electrode

Arc
Work

Figure 27.5 Schematic
Illustration of the shielded metal-
arc welding operations (also
known as stick welding, because s Hiesmds cabls
the electrode is in the shape of a
stick).

\ Work cable




et Multiple Pass Deep Weld

Figure 27.6 A deep
weld showing the
buildup sequence of
individual weld beads.
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cellulosic-type

acid-type

Standard analysis of the important cover types (values in %)

rutile-type

basic-type

25%
15 %

no slag
drop transfer:
medium size drops

toughness values:
good

magnetite Fe,0, 50 %
quartz SiIO, 20%
lime stone CaCO, 10 %
FeMn 20 %
waterglass

solidification interval
of the slag: large
drop transfer:
fine size drops up to
spray typed

toughness values:
normal

rutile TO, 45%
magnefite Fe,0, 10 %
quartz SiO, 20%
lime stone CaCO,10 %
FeMn 15 %
waterglass
solidification interval
of the slag: middle

drop transfer:
medium size drops up to
fine size drops

toughness values:
good

flour spar CaF, 40%
lime stone CaCO, 20 %
quartz SiO; 25%
FeMn 15 %
waterglass

solidification interval
of the slag: large
drop transfer:
medium size drops up to
large size drops

toughness values:
very good

HOSSEIN HAGHSIRAT




F-No. Classification ~ Current Arc Penetration Covering & Slag Iron Powder
F-3 EXX10 DCEP Digging Deep Cellulose-sodium 0-10%
F-3 EXXX1 AC & DCEP Digging Deep Cellulose-potassium 0%

F-2 EXXX2 AC & DCEN ‘Medium Medium Rutile-sodium 0-10%
F-2 EXXX3 AC&DC Light Light Rutile-potassium 0-10%
F-2 EXXX4 AC&DC Light Light Rutile-iron powder 25-40%
F-4 EXXX5 DCEP Medium Medium Low hydrogen-sodium 0%

F-4 EXXX6 AC or DCEP Medium Medium Low hydrogen-potassium 0%

F-4 EXXX8 AC or DCEP Mediurn Medium Low hydrogen-iron powder 05-45%
F-1 EXX20 AC or DC Medium Medium Iron oxicte-sodium 0%

F1 EXX24 AC or DC Light Light Rutile-Iron powder 50%

F-1 EXX27 AC or DC Medium Medium Iron oxide-iron powder 50%

F-1 EXX28 AC or DCEP Medium Medium Low hydrogen-iron powder 50%

Note: Iron powder percentage is based on weight of the covering.
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LOW ALLOY STEEL COATED ELECTRODES, CONTD
* : SUFFIX TABLE e | :
Suffix| Steel Alloy Type Chemical Composition Weld Deposit
-A1__ |Carbon.Molvbdenum 0.40 - 0.65 Mo
81 Clromiom-Molybdenum [0.40 - 0.65 Cr 0.40 - C.65 Mo
-82 Chromivm-Molybdemumn |1.00- 1.50 Cr 040 - 0.65 Mo
-B2L |Chromium-Molybdenum |Lower Carbon B2 =R
B3 Chromivm-Molybdesum [2.00 - 2.50 Cr 0.90 - 1.20 Mo
| -BIL | Chromiem-Molybdemum |Lower Carbon 83 ] '
| -B4L | Chromium-Molybderum |1 75 - 2.25Cr 0.40 - 0.65 Mo
-85 Chromium-Molvbdenum 040 -060Cr 1.00-125 Mo
-B6 Chromium-Molybdenum |45 -60Cr 0.40 - 0.65 Mo
-B6L | Chromiem-Molybdenum | Lowsr Carbon B6
-B87 |Chromivm-Molybdenum |6.0-8 0 Cr 0.40 - 0.65 Mo
-B7L |Chromiuvm-Molvbdesum |Lower Carbon B7
-B88 Chromiumn-Molvbdenem 3.0 - 10.5Cr 08-12Z2Mo
~B8L |Chromiom-Molybdenum |Lower Carbon BS
-88 Chromium-Molvbdenum |80 - 16 5 Cr 0.85-1.20 N\o
“C1  |Nickel Stes] 200-2.75Ni
~C1L |Nickel Stee! Lower Carbon C1
-C2 |Nickei Stecl 300-375Ni
-C2L |Nickel Steci Lowsy Carbon C2
| -C3  |Nicks] Steel 080-110Ni
=C3L |Nickel Steel Lower Carbon C3
-NM__ | Nickel-Molybdennm 080-1.10N; 0.40 - 0.65 Mo
D1 |Manganese-Molybdensm |1.00 - 1.75 Ma 0.25 - 0.45 Mo
-D2 | Manganese-Molybdenum |1.65 - 200 Mn 0.25 - 045 Mo
-D3 Manganese-Molybdenum [1.00 - 1.80 Mn 0.40 - 0.65 Mo
W |Weatherin Ni, Cr, Mo, Cu
-G No required chemistry
-M have more T
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TdLer.
(a) Heat input [Jin. (J/mm)]

_ Voltage ® Amperage x 60
~ Travel Speed |in./min (mm/min)]

Since heat is a function of voltage, amperage,
and time, it can be readily seen that a long arc
length (32 volts X 135 amps X 60)/10 IPM = 25,920
J/in,) will result in more heat produced than a short
arc length (22 volts x 150 amps x 60)/IPM = 19,800
J/in.).
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Short Arc and Long Arc




Current

Current

One complete cycle of A~ DéaP penetration wide
Current )/\\/ l — I

POLRITY IN SAMW

13 of heat generated
S CIpoy Deep penetration narrow —
wald
Time o 213 of heat generated
DC Reverse polarity fmhﬂ“'" penetration wide +
L — |
Time —

Time
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GMAW MIG/MAG

Solid wire electrode

Current conductor

Nozzle
Shielding gas
Arc

Travel

Shielding gas

Wire guide and
contact tube

Solidified weld metal

Molten weld metal
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GMAW - Gas Metal Arc Welding (MIG)

Feed from spool

¥ V Shielding gas

)

Electrode wire

Nozzle
Shielding gas

Solidified weld metal

Molten weld metal

Base metal

* MIG - Metal Inert Gas

» Consumable wire electrode

« Shielding provided by gas

* Double productivity of SMAW

» Easily automated

* DC reverse polarity - hottest

* AC - unstable arc

Gas Metal Arc Welding (GMAW) Torch

Groover, M., Fundamentals of Modern Manufac

q

pA o |
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Gas Metal-Arc Welding

Solid wire
electrode

Shielding gas

Current conductor

Travel

.

Wire guide and
contact tube

Solidified

weld metal Figure 27.8
Schematic
illustration of the
gas metal-arc
Molten weld welding process,
etal formerly known as
MIG (for metal i
gas) welding.
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(1) Torch handle

(2) Molded phenolic dielectric (white)
and threaded metal nutinsert (yellow)
(3) Shielding gas diffuser

(4)Contact tip

(5) Nozzle output face
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70
70
48
48

— Designates use as either an electrode or rod (ER), or use only as an electrode (E).

ERXX-X

— Indicates in 1000 psi increments, the minimum tensile strength of the weld metal produced by the

electrode when tested according to the A5.18 specification. In this case, 70 indicates 70 000 psi.

L - I

P e

— Indicates whether the filler metal is solid (S) or composite (C).

— Indicates the chemical composition of a solid electrode or the chemical

composition of the weld metal produced by a composite electrode. The use
of the "GS" suffix designates filler metals intended for single pass applica-
tions only.




A~ EFFECT OF GASES
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Use of different shielding gases for gas metal arc welding.
Type of Gas Typical Mixtures Primary Uses
Argon Non-ferrous metals
Helium Aluminum, magnesium, and
copper alloys
Carbon dioxide Mild and low alloy steel
Argon-helium 20-80% Aluminum, magnesium,
copper and nickel alloys
Argon-oxygen 1-2% O3 Stainless steel
3-5% O> Mild and low alloy steels
Argon-carbon dioxide 20-50% CO, Mild and low alloy steels
Helium-argon-carbon dioxide | 90%He-7 1/2%Ar-2 1/2%CQ0O; | Stainless steel
60-70%He-25-35%Ar-5%C0O, | Low alloy steels
Nitrogen Copper alloys
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CONSTANT VOLTAGE AND CONSTANT CUR

100 -r

TASIBALIR TR

[ Wity MW OCY

L LONG ARG

——— MOAMAL 8RC LENGTH
—— SHORT ARC

NOTE: LOWER SLOPE GIVES A GREATER CHANGE N WELDING CURRENT
FOH & GIVEN CHANGE IM AHT YOLTAGE,

VWA KAYS
Uy (ipen Circul Voliage

| Vi Welding Vallage
] R — Iy- Wekdng Curent

V‘IIIIIIIIIIIIIIIIIIII

Ilu M‘f
Constant Potential or Constant Voltage or Flat Characteristic.

Fiqure 5 demonstrates the constant voltage power source diagram, representing that a mimmal but noticeable voltage
decreases with cument ncreases. This 15 the typical ontput used for DC SMAW, where weld pool is fed by wire form
electrode. The system 15 self-requlating In antomatic process if the wire 1s fod af constant speed. Ifthe voltage decreases,
that is torch 1s far away from fhe work, the faed and the curent fends fo merease,

When the current increases electrode melfing rate also mereases, restoring arc length and voltage near to the sef point.In
fact arc cument 15 durectly proportional to faed current. Power sources combimation n a single unit 15 possible fo design
using elecironic controks. Extber constant current or constant voltage, depending on the welding process at hand. Single
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Cf.?lz or Argon based Argon based mixture
mixture
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First Second
T transition ‘ transition
current I, ; current
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Globular
drop

Rotating

Streaming

Drop spray

Short circuiting
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POROSITY
LACK OF FUSION ESPECIALLY SIDE WALL LACK OF FUSION
LACK OF PENETRATION BECAUSE OF DESIGN
SPATTER IN CO2 GAS
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GTAW — Gas Tungsten Arc Welding (TIG)
L~
|

F

O i)y Rolo Sy

.
Current | (200 A DC) g ('

\ v Shielding gas (500 AAC) =
Power ~ 8-20 kW > 1\

Tungsten electrode
(nonconsumable)

Gas nozzle

Shielding gas Electrode tip

Base metal Solidified weld metal

Molten weld metal

* a.k.a. TIG - Tungsten Inert Gas

* Non-consumable electrode

 With or without filler metal

» Shield gas usually argon

 Used for thin sections of Al, Mg, Ti.

» Most expensive, highest quality




; Gas Tungsten-Arc Welding

Figure 27.13 The gas tungsten-arc
welding process, formerly known as
TIG (for tungsten inert gas) welding.

Travel
o XAVES

Electrical conductor

Tungsten
electrode

Gas
passage
Filler

wire Shielding gas

Arc

Solidified
weld metal

Molten weld \

metal Inert-gas
Cooling- supply

water supply

ac or dc welder

\

Filler
rod

Figure 27.14 Equipment for

gas tungsten-arc welding A
operations. Source. American  (optional =
Welding Society.
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Work Piece




A ASME SPECIFICATION
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SFA 5.1 TO SFA5.34

HOSSEIN HAGHSIRAT



A

L Table QW-432

(ySlaasd 8009y R0 a5 pad

: F-Numbers

Grouping of Electrodes and Welding Rods for Qualification
F-No. ASME Specification AWS Classification
Steel and Steel Alloys

1 SFA-5.1 EXX20
1 SFA-5.1 EXX22
1 SFA-5.1 EXX24
1 SFA-5.1 EXX27
1 SFA-5.1 EXX28
1 SFA-5.4 EXXX(X)-26
1 SFA-5.5 EXX20-X
1 SFA-5.5 EXX27-X
2 SFA-5.1 EXX12
2 SFA-5.1 EXX13
2 SFA-5.1 EXX14
2 SFA-5.1 EXX19
2 SFA-5.5 E(X)XX13-X
3 SFA-5.1 EXX10
3 SFA-5.1 EXX11
3 SFA-5.5 E(X)XX10-X

HOSSEIN HAGHSIRAT
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AWS Filler Metal Specifications by Material and Welding Process

SMAW FCAW ESW BRAZING
Carbon Steel Ab.2 ASAABAM | ASABAS 1AM | AS2OVAB.2OM | ADATASATM | AS.250A0.25M | AD.26/A5.26M | Ab.BN5 BWIAS31) C2 25/(2.25M
Low-Alloy Steel A5.2 A55 A5.28 529 A523/M5.23M | A5.25/A5.25M | AD.26/A5.26M | AD.B/AD BIWIAS.31) C2.25/C2.25M
Stainless Steel 154 A5 55,22 522 59 259 A4 A5 B85, BWAS, 31 C2. 25/C2 25M
Cast Iron #5145 A515 45,15 A515 AB. B85, BMS. 31
Nickel Alloys A5 ATASAAM | A5 14445.14M A5 14485140 A5 B85, BWAS, 31| C2.25/C2 25M
Auminum Alloys A5.3A5.3M | AS10/A5.10M A5 BA5.BWAS, 31 C2.25/C2 25M
Copper Alloys 56 a7 AD A5, BWAS. 31 | C2.25/C2.25M
Titanium Allcys A5.16/45.16M AB.BA5.BMWAS. 31
Zirconium Alloys A5, 2445 24N AB. B85, B2
Magnesium Alloys A5.19 AR AR5, BMAS 31
Tungsten Electrades AR 1245 12N
Brazing Alloys and Fluxes AR AR5, BMAR. 3
Surfacing Allys 1521 A513 4521 5.2 521 C2.25/C2.25M
Consumable Inserts A5.30
Shielding Gases A5, 3245, 32M | AS.32/A5.32M AB. 325 22M
Maramine C2.25/C2.25M

r—
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Typlcat Gas

: Mixtures
el 0 R S . S e JEBR
SG-AC-25 7525 Argon + Carbon Dioxide

S SG-AOQ-2 g8/2 Argon + Oxygen
|SG-AHe-10 80/10 Argon + Helium

1SG-AH-5 95/5 Argon + Hydrogen
HSG-HeA-25 75125 Helium + Argon
I SC-HeAC-7.5/2.5 90/7.5/2.5 |Helium + Argon + Carbon Dioxide |
HSG-ACO-8/2 90/8/2 Argon + Carbon Dioxide + Oxygen &

1SG-AG Special | Argon + Mixture '

¢ SG: SHIELD GAS

R Y

,L-kw
= .I\

o
-
v



FIG.1 CLASSIFICATION SYSTEM FOR A SINGLE GAS

SG— B

Shielding gas J L Base gas

designator designator

FIG.2 CLASSIFICATION SYSTEM FOR
MULTICOMPONENT SHIELDING GASES

SG—-BX—% 2 component mix
SG—BXY — %/% 3 component mix
FSG—EXH—%!%I% 4 component mix

Shielding gas L Minor gasles)

designator Base gas designator
designator and % amount

FIG.3 CLASSIFICATION SYSTEM FOR SPECIAL
MULTICOMPONENT SHIELDING GASES

SG—-B-G
Shielding gas j —L Special gas

designation Base gas designator
designation
only
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A DEFECT IN GTAW
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» TUNGESTAN INCLUSION

» UNDER CUT







/‘ SAW — Submerged Arc Welding
L~

a0 oy Raliso Sy

- 300 — 2000 amps (440 V)

« Consumable wire electrode

* Shielding provided by flux granules

* Low UV radiation & fumes

* Flux acts as thermal insulator

» Automated process (limited to flats)

» High speed & quality (4 — 10x SMAW)
« Suitable for thick plates

http.//www.twi.co.uk




st Submerged-Arc Welding

Electrode-wire ree

Flux hopper

Voltage and
current control

Contact
tube

Workpiece Electrode cable  &™=

Ground
Weld backing

Figure 27.7 Schematic illustration of the submerged-
arc welding process and equipment. The unfused flux

Is recovered and reused. Source. American Welding
Society:.
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recheck WPS and perform PQR
recheck operator experience
recheck by ndt method




1- DURING WELDING CHECK MOLTEN ZONE FROM BACK OF PLATE
2- AFTER WELDING CHECK BY ULTRASONI TESTING
3- RECHEK BY METALLOGRAPHY
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/ Friction Welding (Inertia Welding)
LA

... +0One part rotated, one stationary
OMaaw 029y Raliao CuS s

« Stationary part forced against rotating part

* Friction converts kinetic energy to thermal energy
» Metal at interface melts and is joined

* When sufficiently hot, rotation is stopped
& axial force increased
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Resistance Welding

Resistance Welding is the coordinated application of electric current and
mechanical pressure in the proper magnitudes and for a precise period of
time to create a coalescent bond between two base metals.

« Heat provided by resistance to electrical current (Q=I?Rt)

* Typical 0.5 — 10 V but up to 100,000 amps!

* Force applied by pneumatic cylinder

« Often fully or partially automated

- Spot welding

- Seam welding



http://www.rwma.org/index.html
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 Only filler metal is melted, not base metal

=
o>

o Soldering & Brazing \
-2 Soldering & Brazing 6659 5 e 3 e | A ' '

. = . BN
» Lower temperatures than welding

* Filler metal distributed by capillary action

 Metallurgical bond formed between filler & base metals

« Strength of joint typically

— stronger than filler metal itself

— weaker than base metal

— gap at joint important (0.001 — 0.010%)
* Pros & Cons

— Can join dissimilar metals

— Less heat - can join thinner sections (relative to welding)

— Excessive heat during service can weaken joint




¢~ WELDING DDEFECT AND REASONS
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DISCONTINUITIES TN THE WELD MET

[e.g. wormholes, cracks...]

} {&9—'?)“9?%. 1

STRFACE CRACK

IRREGULAR EXTFRMATL
PROFILES
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TRAMNSVERSE
long and perpendicular to the weld
axis

[emamples: cracks, wormboles .

to the weld axi
[examples: lack of
penetration and fuzion,
wormhales, cracks... |
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IRREGTLAR EXTERMAL
PROFILES

WORRMHOLES
elongated gas
inclusions

[e.q. the basic or
cellulozic elechode
arc has been
gtretched too much]

MICRO-CRACES

LACE OF
SIDEWALL
FUSION

[e.0.
diztance betw
edges or welder's
inconmpetence]
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A COLD CRACK

OMaww 0240095 Raliao Sy

rul 8 Cwolo 9 S;WI molic Jil 1o
el yiinn 0)3 Sy 59 Jeasl S3UI olic jpa> 9 i Sl woles il )
33,5 (50 Sy Sy s9 el Sl olic jga> 9 wolrs Gl
el o Wl a5 [ p)S s [ £ i wldoe wuls,
SAx0 53959 Wyl,> 0SS s @ 5)s Cuze)l SizeS 4 vy Siw wldac Olyosi wp>
036S0w 9 5,0 Sla)lislw skl @ Jao 0SS oS

- ~
A 43 . ‘-'; 2
A W SN s 8
S = g ¢




A

F.

OMaww 0240095 Raliao Sy

U =0 9 ol J.J@|9> P> aslol )4|)J_ £ dgl> ¥ 9 )§JJSJ )LJS PP o> s ,o|> DU U9 >|)'T Sla ,o.)'l 4

COLD CRACK

U)9)ud.C

33,550 3w Sy 590 el Nl sulps @ Ujg
33,5 sw Ulie azng> 34l Ujg,0ud Sla J

33,5 (w0 Olio azog> 3,09 shT JoSle wygo 9 33,5 (5w 05uies sSuSUl Lgd
ilo (s (8L Gwg> =I5 55 9 3l w5 Lol Bgd s b wani S ow il s

33,5 (5w 3w

o



Table 6.1

Visual Inspection Acceptance Criteria (see 6.9)

Statically Loaded

Cyclically Loaded

Nontubular MNontubular
Discontinuity Category and Inspection Criteria Connections Connections
(1) Crack Prohibition x %
Any crack shall be unacceptable, regardless of size or location.
(2) Weld/Base Metal Fusion
Complete fusion shall exist between adjacent lavers of weld metal and between weld metal x >
and base metal.
(3) Crater Cross Section
Al craters shall be filled to provide the specified weld size, except for the ends of x >
intermittent fillet welds outside of their effective length.
(4) Weld Profiles x X
Weld profiles shall be in conformance with 5.23.
(5) Time of Inspection
WVisual inspection of welds in all steels may begin immediately after the completed welds
have cooled to ambient temperature. Acceptance criteria for ASTM A514, AS17, and x X
ATO09 Grade HPS 100W [HPS 690W] steels shall be based on visual inspection performed
not less than 48 hours after completion of the weld.
(6) Undersized Welds
The size of a fillet weld in any continuous weld may be less than the specified nominal
size (L) without correction by the following amounts (U):
L, U,
specified nominal weld size, in [mm] allowable decrease from L, in [mm]
< 3/16 [5] < 1/16 [2] X X
1/4 [6] < 3/32 [2.5]
= 0/16 [8] < 1/8 [3]

In all cases, the undersize portion of the weld shall not exceed 10% of the weld length.
On web-to-flange welds on girders, underrun shall be prohibited at the ends for a length
equal to twice the width of the flange.
(7) Undercut
(A) For material less than 1 in [25 mm)] thick, undercut shall not exceed 1/32 in [1 mm],
with the following exception: undercut shall not exceed 1/16 in [2 mm] for any accumu- X

lated length up to 2 in [50 mm] in any 12 in [300 mm]. For material equal to or greater than
1 in [25 mm] thick, undercut shall not exceed 1/16 in [2 mm] for any length of weld.
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REHEAT CRACK
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Reheat crack




REHEAT CRACK
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A LOCATIONS OF CRACK
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(a) Single-pass fillet welds (b) Multiple-pass fillet welds

f)e]

A: Toe crack

B: Root crack

C: Heel crack

D: Lamellar tear

E: Underbead crack

F: Deformation crack

G: HAZ microcrack

H: Weld metal microcrack
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A LOCATIONS OF CRACK
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TRANSVERSE
LONGITUINL CRACK

CRACK

WELD METAL P
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Longitudinal parent metal crack Transverse weld metal crack

g

Longitudinal weld metal crack Lamellar tearing




OV (auuigyiy falino S %

Transverse crack Longitudinal crack



s CRATER CRACK

Inner Brake Boss
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END CRACKING




A CRATER CRACK
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CRATER PIPES

Resulting from shrinkage at the end
crater of a weld run

Causes:

+ Incorrect manipulative technique or
current decay to allow for crater
shrinkage
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Crater Pipe
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Longitudinal crack

Longitudinal crag
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HAZ crack

Root crack



LAMINATION DURING WELDING
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Crak propagation




DEVELOP BY ULTRASONIC TESTING
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plate delamination
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*Base Metal Discontinuity
May require repair prior to welding

*Formed during the milling process




Lamination effects can be reduced by joint design:
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A GEOMETRY OF POROSITY
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HOLLOW BEAD POROSITY
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Hollow Bead Pore
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Cluster porosity Herringbone porosity
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Weld Root Defects




A Weld Root Defect
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A shallow groove caused by contraction in the weld
metal along each side of the penetration bead

Insufficient weld metal
deposited in the root pass

Too fast a cooling rate during
the application of the root
bead pass

Shrinkage groove Poor welding technique



A Weld Root Defect
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A shallow groove, which may occur in the root of a butt weld

Root faces too large
Root gap too large

EXxcessive back purge pressure
during T1G welding

Concave root Excessive root bead grinding
before the application of the
second pass



YA~ Weld Root Defect
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- Weld Root Defect e
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Root penetration bead in excess in accordance with the
relevant specification being used

Root faces too small

Root gap too large

Excessive amps/volts

EXxcessive root penetration Slow travel speed
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Excessive root
penetration
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Concave root Excess root penetration



URN-THROUGH (non-sTANDARD)

efinition: When an undesirable open hole has been
mpletely melted through the base metal. The hole may or
ay not be left open.

‘ause: Excessive heat mput.

revention: Reduce heat input by increasing travel speed,
se of a heat sink, or by reducing welding parameters.

epair: Will be defined by standards. Filling may suffice.
therwise, removal and rewelding may be required. Some
andards may require special filler metal and/or PWHT.



Weld Rootr Defect

A localized collapse of the weld pool due to excessive
penetration resulting in a hole in the root run

Burn through

High Amps/volts
Small Root face
Large Root Gap

Slow Travel Speed



Burn through
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@  Oxidized Root (Root Coking) [EedW|
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Loss or insufficient back
purging gas

Most commonly occurs
when welding stainless
steels

Purging gases include
argon, helium and
occasionally nitrogen
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SLAG INCLUSION
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Interpass slag inclusions Elongated slag lines
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L.ack of Penetration




INCOMPLETE OR INSUFFICIENT PENETRATION

Definition: When the weld metal does not extend to the required depth into the joint
root

Cause: Low amperage. low preheat. tight root opening. fast travel speed. short arc
length.

Prevention: Correct the contributing factor(s).

Repair: Back gouge and back weld or remove and reweld.

Incomplete root penetration
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Lack of penetration
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L.ack of root fusion Lack of root Penetration
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Lack of root penetration Lack of root fusion
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L.ack of Fusion




Lack of Fusion

Detection

—  This type of defect tends to be sub surface and is therefore
detectable only by ultrasonics or X-ray methods

- Lack of side wall fusion which penetrates the surface may be

detected using magnetic particle, dye or fluorescent penetrant
Inspection

Cause

— Incorrect weld conditions (eg. low current) and/or incorrect weld
preparation (eg. root face too large)

—~  Both cause the weld pool to freeze too rapidly
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v

Incomplete filled groove +
Lack of sidewall fusion

- £ Lack of sidewall fusion
2. Lack of inter-run fusion

Incomplete root fusion

Poor welder sKkill
Incorrect electrode
manipulation

Arc blow

Incorrect welding
current/voltage
Incorrect travel speed

Incorrect inter-run cleaning



Lack of side-wall fusion Lack of root fusion ~ Lack of mter-run fusion



Lack of root penetration Lack of JO0NIESION
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Lack of root Penetration
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/b 5 ml
B  Cap & Root Undercut |

An irregular groove at the toe of a weld run in the
parent metal

Excessive amps/volts
Excessive travel speed
Incorrect electrode angle
Excessive weaving

Incorrect welding technique

Electrode too large
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Intermittent Cap Undercut
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Root undercut Cap undercut
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Root undercut Cap undefelit
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An imperfection at the toe or root of a weld caused by
metal flowing on to the surface of the parent metal
without fusing to it

Contamination
Slow travel speed

Incorrect welding technique

Current too low
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Toe Overlap
Butt weld

Toe Overlap
Fillet weld
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TUNGSTAN INCLUSION
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Tungsten inclusions Copper citsSions
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Set-up Irregularities
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Unequal Leg Lengths

A variation of leg lengths on a fillet weld

Note: Unequal leg lengths on a fillet weld may be specified
as part of the design, in which case it will not be
considered as a defect.



S50mm

Linear Misalignment

Angular Misalignment

Angular misalignment is
measured In degrees




Ser-up Irre

Linear Misalignment




SPATTER

Causes:

+ Incorrect welding conditions
and/or contaminated consumables

or preparations, giving rise to
explosions within the arc and weld
POO|

+ Globules of molten metal are
thrown out, and adhere to the




XCESSIVE CONCAVITY OR CONVEXITY

E

efinition: Concavity or convexity of a fillet weld which
exceeds the specified allowable limits

"ause: Amperage and travel speed

revention: Observe proper parameters and techniques.

epair: Grind off or weld on. Must blend smoothly into the
ase metal.
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Concavity
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| CONCAVITY

| ACTUAL THROAT AND
EFFECTIVE THROAT*—

THEORETICAL THROAT _/
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Convexity
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ACTUAL THROAT
‘ LEG
AND SIZE

EFFECTIVE THROAT LEG AND SIZE

THEORETICAL THROAT -

J (A) Convex Fillet Weld
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Surface & Profile




EXCESSIVE REINFORCEMENT

»x Causes:

+ Deposition of too much weld metal.
often associated with in adequate

weld preparation
+ Incorrect welding parameters

+ Too large of an electrode for the joint
in question

Excessive cap height



SUFFICIENT FILL

Definition: The weld surface Is below the adjacent x
surfaces of the base metal

ause: Improper welding techniques

revention: Apply proper welding techniques for the weld
pe and position. Use stripper beads before the cover pass.
epair: Simply weld to fill. May require preparation by
inding.
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Poor cap profile

Incomplete filled groove
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EXcess cap reinforcement Incomplete filled groove
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Accidental striking of the arc onto

the parent material

Faulty electrode holder
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ACCEPTANCE CRITERIA
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Table 6.1

Visual Inspection Acceptance Criteria (see 6.9)

Statically Loaded

Cyclically Loaded

Nontubular Nontubular
Discontinuity Category and Inspection Criteria Connections Connections
(1) Crack Prohibition x <
Any crack shall be unacceptable, regardless of size or location.
(2) Weld/Base Metal Fusion
Complete fusion shall exist between adjacent layers of weld metal and between weld metal x X
and base metal.
(3) Crater Cross Section
Al craters shall be filled to provide the specified weld size, except for the ends of x X
intermittent fillet welds outside of their effective length.
(4) Weld Profiles 0% X
Weld profiles shall be in conformance with 5.23.
(5) Time of Inspection
Visual inspection of welds in all steels may begin immediately after the completed welds
have cooled to ambient temperature. Acceptance criteria for ASTM A514, A517, and x x
ATO9 Grade HPS 100W [HPS 690W] steels shall be based on visual inspection performed
not less than 48 hours after completion of the weld.
(6) Undersized Welds
The size of a fillet weld in any continuous weld may be less than the specified nominal
size (L) without correction by the following amounts (U):
L, U,
specified nominal weld size, in [mm] allowable decrease from L, in [mm]
< 3/16 [5] < 1/16 [2] X X
1/4 [6] < 3/32 [2.5]
= 0/16 [8] < 1/8 [3]

In all cases, the undersize portion of the weld shall not exceed 10% of the weld length.
On web-to-flange welds on girders, underrun shall be prohibited at the ends for a length
equal to twice the width of the flange.
(7) Undercut
(A) For material less than 1 in [25 mm)] thick, undercut shall not exceed 1/32 in [1 mm],
with the following exception: undercut shall not exceed 1/16 in [2 mm] for any accumu- X

lated length up to 2 in [50 mm] in any 12 in [300 mm]. For material equal to or greater than
1 in [25 mm] thick, undercut shall not exceed 1/16 in [2 mm] for any length of weld.




(B) In primary members, undercut shall be no more than 0.01 in [0.25 mm] deep when
the weld is transverse to tensile stress under any design loading condition. Undercut shall
be no more than 1/32 in [1 mm] deep for all other cases.

(8) Porosity

(A) CJP groove welds in butt joints transverse to the direction of computed tensile stress
shall have no visible piping porosity. For all other groove welds and for fillet welds, the %
sum of the visible piping porosity 1/32 in [1 mm] or greater in diameter shall not exceed
3/8 in [10 mm)] in any linear inch of weld and shall not exceed 3/4 in [20 mm] in any

12 in [300 mm)] length of weld.

(B) The frequency of piping porosity in fillet welds shall not exceed one in each 4 in

[100 mm] of weld length and the maximum diameter shall not exceed 3/32 in [2.5 mm].
Exception: for fillet welds connecting stiffeners to web, the sum of the diameters of
piping porosity shall not exceed 3/8 in [10 mm] in any linear inch of weld and shall not
exceed 3/4 in [20 mm] in any 12 in [300 mm] length of weld.

(C) CJP groove welds in butt joints transverse to the direction of computed tensile stress
shall have no piping porosity. For all other groove welds, the frequency of piping porosity
shall not exceed one in 4 in [100 mm| of length and the maximum diameter shall not
exceed 3/32 in [2.5 mm].

Note: An “X" indicates applicability for the connection type; a shaded area indicates non-applicability.
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3.23 Weld Profiles

All welds shall meet the visual acceptance criteria of
Tables 6.1 and 9.16, and shall be free from cracks, over-
laps, and the unacceptable profile discontinuities exhib-
ited in Figure 5.4, Table 5.8, and Table 5.9, except as
otherwise allowed in 5.23.1, 5.23.2, and 5.23.3.

5.23.1 Fillet Welds. The faces of fillet welds may be
slightly convex, flat, or slightly concave as shown in Fig-
ure 5.4 and as allowed by Tables 5.8, 5.9, 6.1, and 9.16.

5.23.2 Exception for Intermittent Fillet Welds. Ex-
cept for undercut, as allowed by the code, the profile re-
quirements of Figure 5.4 shall not apply to the ends of
intermittent fillet welds outside their effective length.

5.23.3 Groove Welds. Groove weld reinforcement shall
comply with Tables 5.8, and 5.9 and with the provisions
below. Welds shall have a gradual transition to the plane
of the base metal surfaces.
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Table 5.8
Weld Profiles® (see 5.23)
Joint Type
Bl wimy
Weid Type Bum Corner—Inside  Comer—Dulskde T-Jaiat Lap Sheal Bar
Figume: 504 Figare S4B Figawr 5.4AC Figure: 5 AD* HiA Figare 540
Cororer: §C]P oe PIF)
Schrtule A Setoduin B Schecsin A Schstule B LY Saz Noke ©
KA Figue 5 AE Figure 5.4F Figure 5.4E Figuee S 4E BA
Fillet
KA Schodain C Schedule Cor DF Schestule © Schortule C A
* Skl & o l.r:ah-:-h Tabike 55,

™ For el reqired by ded hpﬁr:ﬁ-ht_
“_H::l::rl“"“_ﬂtu'l--d hortesnial prastion .ﬁm %Jﬂmnc—qﬂﬁ—:!—lfm

Hom S EE S0 mnd 5 4H for E-ﬁ:ﬂﬁ.
“ S Figam ] pilon e and [ epphe

Table 5.9
Weld Profile Schedules (see 5.23)
Scheoule A {1 = micEness of thicker plke joises for P 1= welkd sixe sor PIFY
1 R min. Fommax
< 1in |25 mmj o 1/ in [3 mm]
=i [Iiﬁi':m“]] o 216 8 [ mm]
= Z in |53 mm] o 14 in |6 mm]|=
Schedule B il = Bickness ol thicker phie jolaed Tor CIF; 1= weld sixe Sor PIP; C = allosable mevexiby or conceviby]
1 R min. F o C o
< 1in |25 mm] o wnlimiical 118 in [ mm]
= 1in |25 mm] o ualimiizd 16 in [5 mm]|
Schedule C W = widih of weld face or individesl sirface bead; = allrwabile oomvexily)
w C max ®
% 516 i [2 mm) L/1E in [2 mm]
i 2 LEELL
= 1in |25 mm] W16 b [ mm]
Schexdule [ [l = Seickness of thinser of 1he mcpossd edge dimeasions; © = allowsbin comeexdty, s Figus S4F)
i C e ®
ammy valie of £ iz

* For oypclically: Irmded sirrseres, B mas. for mseriab = 2 in |5 o] thick = 206 ]S mm].
" Thae b oo reisdiciiae on comcavily = b e odnimen el doe (orsddoisg boih b end throsi] b schicesd .
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Table 916
Visual Inspection Acceptance Criteria (see 0.25)

[Hsronidmsity Cairgony and Inspedion Crileria Tuhular Conneclions (AN Loads)
{1} Crack Pohibitson X
Aty rrack shall ke snacrepiiie, regasdies: of sbr or lecalion
(21 Weld'Bae Mrtal Fesion
Compiir fission shall exis between aifarent lyens ol weld metal and betwoen wiid metal X
and e metal.
{3 Ciraber Cras Sectien
Al ralers shall be Alied (0 provide e specifiod weld sk, aooept for the oads of X
Infyrmitient Bkl welds outside ol thar el lengi,
(4] Weld Profiles X
Weld prafiles shall be in confommano: with 5.23.
(51 Time af
Viemml. inspecion of weltts i 2l Siaels MHy gl Immeiaiety aiter he mmplkn weids
teree ronled 0 amibien] lempeminm. Accepianae orilerla o ASTR AS14, AS17, and X
ol beams than 43 hours alier comglcion of the weikd
(6] Unddersived Wedds
The size: of 2 flle woid in any Clinus weld may Be e tan e specifieg nomis
sirg (] withomst comedion by the Tollowiag amounts {L):

U,
sperificd nominal wekd siee, in fmm| allowzhle decress from L, in fmm|
< 316 |5] <116 [Z] X

14 jg] =392 [25]

= W16 8] =123
In all cases, e undersize poron of Ge weld sall ol comeed 1% of e weld g,
On web-io-Nange wrlds on girders, mndermen shall ke prohibied af the ods for a keeagth

gl o o the: widih of the Nange.

(71 Uncderosi

() For meirsial les then 1 [25 mm)| ihick, iadencud shall aol exoaed L3Z in [1 mm],
with e follrwing exmeplio wtercul shall pol exceerd LLG in [2 mm)| for sy aomims-
Lairst kengih up (o 2 in (50 mm| in any 12 in [300 mm]. For maienl egal o or greier gan
1in |25 mm] Sick, unclencst <hall pol excesd LIS in |2 mm] for 2y lengih of weld,

(B} In primary members, undenct shall be o mom than 0001 in J0.25 mm| decp when
Ihe weld is iransverse o iemdle sinees under amy design Inading, mndition. Undensi shall X
b i mme: than 1732 in |1 mm) deep for all o cises

(8l Pormity

(A) CJP prove wrlis in bt joins irnsvers: in e dirsction of oompuiod ieesle soress
shall have no wisibile piping poswsiy. For all aier groove wekds and for flie weds, e
s of B visisle plpiag ponsity 1732 in 1 mm] or greaier i dameler shall ml cooned
A2 in |10 mam in any Hnear inch of weld s shall not ceceod 37 in |20 mm] i any

12 in 300 mm] lengih of weid.

(B} Th: Frespiency of piping porosiy in [liel welds shall nol exmeod onge in each & in
[10y mm] of weld leagih and the maxcdmum diameler shall nol meeed 3732 i [2.5 mm].
Exceplionc for fllel welts mnneding siilTeness oo web, the sum of the diameiers of X
piging sl nod v 378 in [10 mm] in zmy linesr fach of weld and shll nol
exceed] 14 in |20 mem| in any 12 in [ 300 mm| length of weid.

() CIP groove welds in bull joints ianseerse o the disedion of comsied e e s
shall have a0 piping pomsity. Forall olher gromer welds, (he frequency of piping poeesiy X
shall nof enrred one i 4 i [102 mm) of iength aed S maximem diameier shall not
exceet A2 i [2.5 mml].

Heax: An "X gt applicabal ity for e NP 4 haded e et non sppboabiley.
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Table 6.2
UT Acceptance-Rejection Criteria (Statically Loaded Nontubular Connections and Cyclically
Loaded Nontubular Connections in Compression) (see 6.13.1, 6.13.2(2), and C-6.25.6)

Weld Size® in inches [mm]| and Search Unit Angle
5/16 > 3/4
through  through
34 1-1/2 > 1-1/2 through 2-1/2 > 2-1/2 through 4 > 4 through 8
Discontinuity| [8-20]  [20-38] [38-65] [65-100] [100-200]
Severity
Class 70° 70° 70° 60° 45° 70° 60° 45° 70° 60° 45°
+5H & +2 & 2 & +]1 & +3 & -5 & -2 & 0 & -T& 4 & -1&
Class A
lower lower lower lower lower lower lower lower lower lower lower
Class B +6 +3 -1 +2 +4 -4 -1 +1 -6 -3 0
0 +3 +5 -3 0 +2 -5 -2 +1
Class C +7 +4 +1 +4 +6 -21to +1 +3 —4to -1to +2
+2 +5 +7 +2 +2 +4 +2 +2 +3
Class D +8 +5 +3 +6 +8 +3 +3 +5 +3 +3 +4
& up & up & up & up & up & up & up & up & up & up & up




Class A (large discontinuities)
Any indication in this category shall be rejected (regardless of length).

Class B (medium discontinuities)

Any indication in this category having a length greater than 3/4 in
[20 mm] shall be rejected.

Class C (small discontinuities)
Any indication in this category having a length greater than 2 in
[50 mm] shall be rejected.

Class D (minor discontinuities)
Any indication in this category shall be accepted regardless of length or
location in the weld.

Scanning Levels
Above Zero
Sound path® in inches [mm] Reference, dB
through 2-1/2 [65 mm] 14
> 2-1/2 through 5 [65-125 mm] 19
> 5 through 10 [125-250 mm] 29
> 10 through 15 [250-380 mm]| 39

® This column refers to sound path distance; NOT material thickness.




Table 6.3
UT Acceptance-Rejection Criteria (Cyclically Loaded Nontubular Connections in Tension)
(see 6.13.2 and C-6.25.6)

Weld Size? in inches [mm] and Search Unit Angle

5/16 > 3/4
through  through
3/4 1-1/2 > 1-1/2 through 2-1/2 > 2-1/2 through 4 > 4 through 8
Discontinuity | [8-20]  [20-38] [38-65] [65-100] [100-200]
Severity
Class 70° 70° 70° 60° 45° 70° 60° 45° 70° 60° 45°
+10 & +8 & +4 & +1 & +9 & +1 & +4 & +b & 2 & +1 & +3&
Class A
lower lower lower lower lower lower lower lower lower lower lower
Class B +11 +9 +5 +8 +10 +2 +5 +7 -1 +2 +4
- +6 +9 +11 +3 +6 +8 0 +3 +5
Class C +12 +10 +7 +10 +12 +4 +7 +9 +1 +4 +6
- +8 +11 +13 +5 +8 +10 +2 +5 +1
Class D +13 +11 +9 +12 +14 +6 +9 +11 +3 +6 +8
& up & up & up & up & up & up &up & up & up & up & up




Class A (large discontinuities)
Any indication in this category shall be rejected (regardless of length).

Class B (medium discontinuities)

Any indication in this category having a length greater than 3/4 in
[20 mm| shall be rejected.

Class C (small discontinuities)
Any indication in this category having a length greater than 2 in
[50 mm] in the middle half or 3/4 in [20 mm] length in the top or
bottom quarter of weld thickness shall be rejected.

Class D (minor discontinuities)
Any indication in this category shall be accepted regardless of length or
location in the weld.

Scanning Levels
Above Zero
Sound path® in [mm] Reference, dB
through 2-1/2 [65 mm] 20
> 2-1/2 through 5 [65-125 mm] 25
> 5 through 10 [125-250 mm] 35
> 10 through 15 [250-380 mm] 45

b This column refers to sound path distance; NOT material thickness.
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(16) Table 341.3.2 Acceptance Criteria for Welds — Visual and Radiographic Examination
Examination
Criteria (A to M) for Types of Welds and for Service Conditions [Note (1)] Methods
Normal and Category M Fluid
Service Severe Cyclic Conditions Category D Fluid Service
— ————————————————— —
Type of Weld Type of Weld Type of Weld
E E S
& & g
o s o G § =
@ . =
2| | L B E | _ | s | _ |
52 | E5 | 2 it | £ | & : £ | = 5 ¥
=2 = = =2 = 3 = = = g
£5 | 82 | % £§5 | %2 | 5 £ 52 | 3 4 T | £
= S E = g = 5 =g g = s &= g & & =]
o s = i 3 = c} 3 = & Weld Imperfection £ &
A A A A A A A A A A Crack v v >
A A A A A A C N/A A Lack of fusion v v ;
B A M /A A A NJA C N /A B Incomplete penetration o v 1;
E E N/A D D NfA N/A N/A N/A NfA Rounded Indications v g
G G NfA F F NfA N/A N/A N/JA NfA Elongated indications + -
H A H A A A | A H H Undercutting ¥ v
—— e e
A A A A A A A A A A Surface porosity or exposed slag
inclusion [Mote (5)]
N /A NfA N /A ] ] ] N/A N/A N/A NfA Surface finish
K K M /A K K N/A K K N/A K Concave surface, concave rool, or
burn-through
L L L L L L M M M M Weld reinforcement or internal
protrusion
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(16) Criterion Value MNotes for Table 341.3.2

Criterion

Symbol Measure

Acceptable Value Limits [Note (6]]

Zero (no evident imperfection)

Cumulative length of incomplete penetration

Cumulative length of lack of fusion and incomplete
penetration

Size and distribution of rounded indications
Size and distribution of rounded indications

Elongated indications
Individual length
Individual width
Cumulative length

Elongated indications
Individual length
Individual width
Cumulative length

Depth of undercut
Cumulative length of internal and external undercut

=38 mm (1.5 in.) in any 150 mm (& in) weld length
or 25% of total weld length, whichewver is less

=38 mm (1.5 in.) in any 150 mm (6 in) weld length
or 25% of total weld length, whichever is less

See BPV Code, Section VI, Division 1, Appendiz 4 [Mote (10)]

For Te = 6 mm (% in), limit is same as D [Mote (10)]
For T, = 6 mm (%, in.), limit is 1.5 = D [Note (1]

T /3 B
=2.5 mm {?jl_in.} and =T,./3
=T in any 127, weld length [Mote (10]]

2T,

<3 mm (Y in) and =T, /2

Sﬁ?_. in any 150 mm (& in.) weld length [Mote (10)]

=1 mm {f.f’;; in) and SF....M

=38 mm (1.5 in.) in any 150 mm (6 in.) weld length
or 25% of total weld length, whichewver is less

Depth of undercut
Cumulative length of internal and external undercut

—_—
=1.5 mm (¥, in) and <[T,, /& or 1 mm (%, inJj]

=38 mm (1.5 in.) in any 150 mm (& in) weld length
or 25% of total weld length, whichever is less

Surface roughness
Depth of surface concavity, mot concavity, or
bum-through

Height of reinforcement or internal protrusion [Mote (8)] in
any plane through the weld shall be within limits of

B
C
E
F
G
H
I
K
L
M

Height of reinforcement or internal protrusion [Note (8)]
as described in L. Note (9) does not apply.

£12.5 pm (500 pin.) B, in accordance with ASME Bé6.1

Total joint thickness, incl. weld reinf., 2?,_, [Motes (7) and (11)]

For ?_., mm (im.)

Limit is twice the wvalue applicable for L abowe

Height, mm (in.J]

the applicable height value in the tabulation at right, =6 (1/4) =1.5 (¥ie)

except as provided in Mote (9). Weld metal shall merge =6 (W), =13 (V4) =3 (W)

smoothly into the component surfaces. >13 (¥5), =25 (1) =4 (542)
=25 (1) <5 (Vi)




CATEGORY D
l(irll) Category D Fluid Service: a fluid service in which

(1) the fluid handled is nonflammable, nontoxic,
and not damaging to human tissues as defined in
para. 300.2

(2) the design gage pressure does not exceed
1035 kPa (150 psi)

(3) the design temperature is not greater than 186°C
(366°F)

(4) the fluid temperature caused by anything other
than atmospheric conditions is not less than -29°C

(-20°F)
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CATEGORY M
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can produce serious irreversible harm to persons on 3 S0 juss aS (swolail sl
breathing or bodily contact, even when prompt restor-
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(2) after consideration of piping design, experience,
service conditions, and location, the owner determines
that the requirements for Normal Fluid Service do not ol awls s9>9 50
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H, A, | IN TABLE 341.3.2
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UW-35 FINISHED LONGITUDINAL AND
CIRCUMFERENTIAL JOINTS

(b) A reduction in thickness due to the welding process
is acceptable provided all of the following conditions are
met:

(1) The reduction in thickness shall not reduce the
material of the adjoining surfaces below the minimum re-
quired thickness at any point.

(2) The reduction in thickness shall not exceed
Y32 in. (1 mm) or 10% of the nominal thickness of the ad-
joining surface, whichever is less.”?
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UNDER CUT IN API 650- 2016 ATMOSPHERIC TANK

8.5.2 A weld shall be acceptable by visual examination if the inspection shows the following.

b) Maximum permissible undercut is 0.4 mm (/64 in.) in depth for vertical butt joints, vertically oriented permanent
attachments, attachment welds for nozzles, manholes, flush-type openings, and the inside shell-to-bottom welds.
For horizontal butt joints, horizontally oriented permanent attachments, and annular-ring butt joints, the maximum
permissible undercut is 0.8 mm (/32 in.) in depth.

Slpivg> 9 d JjL 9 d Jgpin Slpivg> 9 YUw J @ U Sd jug> 55 U/C Goc Sl
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UNDER CUT IN API 620- 2014 LARGE WELDED LOW PRESSURE

6.13 Merging Weld With Plate Surface

The edges of the weld shall merge smoothly with the surface of the plate without a sharp angle. Maximum permissible
weld undercut is /64 in. for longitudinal or meridional butt joints, similarly oriented permanent attachments,
attachment welds for nozzles, manholds, flush-type openings, and the inside shell-to-flat bottom welds. For
circumferential and latitudinal butt joints, similarly oriented permanent attachments, and annular ring buit joints, the
maximum permissible undercutting is 1/32 in.
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UNDER CUT IN API 1104- 2016 PIPE LINE

9.3.11 Undercutting

Undercutting is defined as a groove melted into the parent material adjacent to the toe or root of the weld and left
unfilled by weld metal. Undercutting adjacent to the cover pass (EU) or undercutting adjacent to root pass (IU) shall
be considered a defect should any of the following conditions exists:

a) the aggregate length of indications of EU and IU, in any combination, in any continuous 12 in. (300 mm) length of
weld exceeds 2 in. (50 mm);

b) the aggregate length of indications of EU and IU, in any combination, exceeds one-sixth of the weld length.

b EU (w95 oS ol 5US 5o auly 508 e il 55 aS o)l 5l ol wlie ivg> 0,LS (sSisgw
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UNDER CUT IN API 1104- 2016 PIPE LINE

9.7 Visual Acceptance Standards for |Undercutting
9.71 General

Undercutting is defined in 9.3.11. The acceptance standards in 9.7.2 supplement but do not replace visual inspection
requirements found elsewhere in this standard.

9.7.2 Acceptance Standards
When visual and mechanical means are used to determine depth, undercutting adjacent to the cover or root bead

shall not exceed the dimensions given in Table 4. When both mechanical and radiographic measurements are
available. the mechanical measurements shall aovern.
Table 4—Maximum Dimensions of Undercutting

Depth Length

>1/32 in. (0.8 mm) or >12.5 % of pipe wall thickness, whichever

. Not acceptable
is smaller

>1/64 in. (0.4 mm) but < 1/32in. (0.8 mm) or >6 % but<12.5 % | 2in. (50 mm) in a continuous 12 in. (300 mm) weld length or
of pipe wall thickness, whichever is smaller one-sixth the weld length, whichever is smaller

<1/64 in. (0.4 mm) or < 6 % of pipe wall thickness, whichever is

smaller Acceptable, regardless of length




UNDER CUT IN API 1104- 2016 PIPE LINE
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UNDER CUT IN API 5L adgJ sl wlaxiiw

9.10.2 Undercuts
Undercuts in SAW and COW pipe shall be investigated, classified, and treated as follows.

a) Undercuts that have a depth < 0.4 mm (0.016 in.) are acceptable, regardless of length, and shall be
treated in accordance with C.1.

b) Undercuts that have a depth > 0.4 mm (0.016 in.) but < 0.8 mm (0.031 in.) are acceptable provided
they are treated in accordance with C.2 and provided that:

1) their individual lengths are = 0.5z,
2) their individual depths are < 0.1¢, and
3) there are no more than two such undercuts in any 300 mm (12.0 in.) length of weld.

c) Undercuts that exceed the limits specified in item b) shall be classified as defects and shall be treated
in accordance with C_3.

NOTE  Undercuts can best be located visually.
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» SAW PIPE: SUBMERGED ARC WELDING
» COW: COMBINATION WELDING PROCESS FOR PIPE DURING WELDING
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HIGH-LOW

Table UW-33

Customary Units

Joint Categories

Section Thickness, in. A B, C,and D
Up to ', incl. Ut Ut
Over Y% to %,, incl. Yy in. Yt
Over ¥, to 1'%, incl. Yy in. e in.
Over 1'% to 2, incl. U in. Yt
Over 2 Lesser of Y4t or Lesser of Yt or
s in. f, in.
51 Units
Joint Categories
Section Thickness, mm A B, C,and D
Up to 13, incl. Ut Yt
Over 13 to 19, incl. 3 mm Yt
Over 19 to 38, incl 3 mm 5 mm
Over 38 to 51, incl. 3 mm Yt
Over 51 Lesser of Y1t or Lesser of Yt or
10 mm 19 mm

UW-33 ALIGNMENT TOLERANCE

(a) Alignment of sections at edges to be butt welded
shall be such that the maximum offset is not greater than
the applicable amount for the welded joint category (see
UW-3) under consideration, as listed in Table UW-33. The
section thickness t is the nominal thickness of the thinner
section at the joint.

(b) Any offset within the allowable tolerance provided
above shall be faired at a three to one taper over the
width of the finished weld, or if necessary, by adding ad-
ditional weld metal beyond what would otherwise be the
edge of the weld. Such additional weld metal buildup shall
be subject to the requirements of UW-42.



(17) Figure UW-9-1
Butt Welding of Plates of Unequal Thickness
_F__,.—-___,..r‘"-_--
€
—_— },‘
Taper either inside
| 1 or outside
£
1
Weld
(&) (b}
GEMERAL NOTES:
{a) ¢z 3y, where ¢ is the required length of taper and y is the offset between the adjacent surfaces of abutting sections.
(b} Length of required taper, £, may include the width of the weld.
{c) In all cases, ¢ shall be not less than 3y.

Figure ULW-17.1
Transitions of Layered Shell Sections

tory Taper line

_n-"'-'-'-.-'

Weld optional 3t min.

0.7t min. 1‘_
£

L]
Weld line {Category B)

Weld
optional

[

5

| I

.

{al For Layers Over 5/g in. {b) Details of Taper for
{16 mm) Thickness Layers 9/g in. (16 mm)

or Less in Thickness
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UW-3 WELDED JOINT CATEGORY

The term “Category” as used herein defines the location
of a joint in a vessel, but not the type of joint. The “Cate-
gories” established by this paragraph are for use else-
where in this Division in specifying special
requirements regarding joint type and degree of inspec-
tion for certain welded pressure joints. Since these special
requirements, which are based on service, material, and
thickness, do not apply to every welded joint, only those
joints to which special requirements apply are included
in the categories. The special requirements will apply to
joints of a given category only when specifically so stated.
The joints included in each category are designated as
joints of Categories A, B, C, and D below. Figure UW-3 il-
lustrates typical joint locations included in each category.
Welded joints not defined by the category designations
include but are not limited to Figure 5-1, illustrations
(a), (c), and (d) corner joints; Figure 9-5 jacket-closure-
to-shell welds; and Figure 26-13 fillet welds. Unless

(a) Category A. Longitudinal and spiral welded joints
within the main shell, communicating chambers,®® transi-
tions in diameter, or nozzles; any welded joint within a
sphere, within a formed or flat head, or within the side
plates®” of a flat-sided vessel; any butt-welded joint with-
in a flat tubesheet; circumferential welded joints connect-
ing hemispherical heads to main shells, to transitions in
diameters, to nozzles, or to communicating chambers.®®

(b) Category B. Circumferential welded joints within
the main shell, communicating chambers,®® nozzles, or
transitions in diameter including joints between the tran-
sition and a cylinder at either the large or small end; cir-
cumferential welded joints connecting formed heads
other than hemispherical to main shells, to transitions
in diameter, to nozzles, or to communicating
chambers.®® Circumferential welded joints are butt joints
if the half-apex angle, «, is equal to or less than 30 deg
and angle joints when a is greater than 30 deg. (See
Figure UW-3.)
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Figure UW-3
Illustration of Welded Joint Locations Typical of Categories A, B, C, and D

See UW-3(b)
©, @ .
(3 le © T I
Zlo ot .[5
‘
(A)
) f—
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» API 650-2016
723 Shells

7.2.31 Plates to be joined by butt welding shall be matched accurately and retained in position during the welding
operation. Misalignment in completed vertical joints for plates greater than 16 mm (°/8 in.) thick shall not exceed 10 %
of the plate thickness or 3 mm (/8 in.), whichever is less; misalignment for plates less than or equal to 16 mm (%/g in.)
thick shall not exceed 1.5 mm (/16 in.).

7.2.3.2 In completed horizontal butt joints, the upper plate shall not project beyond the face of the lower plate at any
point by more than 20 % of the thickness of the upper plate, with a maximum projection of 3 mm (/8 in.); however, for
upper plates less than 8 mm (°/16 in.) thick, the maximum projection shall be limited to 1.5 mm (1/16 in.).

7.2.3.3 The upper plate at a horizontal butt joint shall have a 4:1 taper when its thickness is more than 3 mm (/g in.)
greater than the lower plate.
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Su ol U350 > Sdgoc Sl Gug> Sl 7.2.3.1 »
FORTHICKNESS <16 MM HIGH LOW < 1.5
FORTHICKNESS > 16 MM HIGH LOW < 3 MM OR 10% THICKNESS

HIGH LOW laso 3l Sy yenuoil Ujlxo (sadl o a0 ) S Gug> )3 7.2.3.2 »
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TAPER .55,

30 deg. max. / 14 deg. min.
(1:4) Note (1)

30 deg. max.
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6.14 Aligning of Main Joints

Particular care shall be taken in matching up the edges of all plates within the tolerances of offset as follows:
a) for plates /4 inch in thickness and less, V16 in,;

b) for plates over /4 inch in thickness, 25 % of the plate thickness or '/ in., whichever is smaller.

» FORTHICKNESS <6 MM ALLOWABLE HIGH LOW IS 1.6 MM
» FORTHICKNESS > 6 MM ALLOWABLE HIGH LOW IS 3 MM OR 25 % THICKNESS
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328.4.3 Alignment
(a) Circumferential Welds :
(1) Inside surfaces of components at ends to be
joined in girth or miter groove welds shall be aligned
within the dimensional limits in the WPS and the engi-
neering design.
(2) 1f the external surfaces of the components are
not aligned, the weld shall be tapered between them.

(b) Longitudinal Welds. Alignment of longitudinal
groove welds (not made in accordance with a standard
listed in Table A-1 or Table 326.1) shall conform to the
requirements of para. 328.4.3(a).

Fig. 328.4.3 Trimming and Permitted Misalignment

Permitted ~

misalignment. T~
See WPS. 30 deg max.

{a) Thicker Pipe Taper-Bored to Align

J{ |

Permitted
misalignment. F‘°”“d\ 30d
See WPS. corner eg

{b) Thicker Pipe Bored for Alignment
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O Dl aS m L)l HIGH-LOW Jlas () jse lls g3 4
AL a8 A8 A el Al clan Th +/0 L 3.2mm

s .
e

| I
(a) | (b)

WW

g = root gap per welding specification _
m = the lesser of 3.2 mm (/g in.} or 0.5 T,

(c) Branch Connection Welds
(1) Branch connections thatabut the outside surface
of the run pipe shall be contoured for groove welds that
meet the WPS requirements [see Fig. 328.4.4, illustrations
(a) and (b)].
(2) Branch connections that are inserted through a
run opening shall be inserted at least as far as the inside

. surface of the run pipe at all points [see Fig. 328.4.4,
© illustration (c)] and shall otherwise conform to
- para. 328.4.3(c)(1).

(3) Run openings for branch connections shall not

- deviate from the required contour more than the dimen-
~ sion m in Fig. 328.4.4. In no case shall deviations of the
- shape of the opening cause the root spacing tolerance
- limits in the WPS to be exceeded. Weld metal may be
~ added and refinished if necessary for compliance.

(d) Spacing. The root opening of the joint shall be
within the tolerance limits in the WPS.
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HIGH LOW IN HIGH PRESSURE PIPING SERVICE

FOR CIRCULAR AND LONGITUDINAL WELDING
FOR LONGITUDINAL AND CIRCULAR WELDING HIGH LOW IS

K328.4.3 Alignment
(a) Girth Butt Welds
(1) Inside diameters of components at the ends to
be joined shall be aligned within the dimensional limits
in the welding procedure and the engineering design,
except that no more than 1.5 mm (%4, in.) misalignment
is permitted as shown in Fig. K328.4.3.

Fig. K328.4.3 Pipe Bored for Alignment: Trimming and Permitted Misalignment

28mm (', in) -»‘

r

2ty

Round corner

s
~
\ ;'
Permitted misalignment

1.5 mm (gin.). See WPS. <30 deg

<15MM

(c) Branch Connection Welds
(1) The dimension m in Fig. K328.5.4 shall not
exceed +1.5 mm (¥, in.).
(2) The dimension g in Fig. K328.5.4 shall be speci-
fied in the engineering design and the welding
procedure.

— —¢-Branch
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HIGH LOW IN HIGH PRESSURE PIPING SERVICE
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(c) Branch Connection Welds
(1) The dimension m in Fig. K328.5.4 shall not
exceed +1.5 mm (%, in.).
(2) The dimension g in Fig. K328.5.4 shall be speci-
fied in the engineering design and the welding
procedure.
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7.2 Alignment

The alignment of abutting ends shall minimize the offset between surfaces. For pipe ends of the same specified
thickness, the offset should not exceed /8 in. (3 mm). Larger variations are permissible provided the variation is
caused by variations of the pipe end dimensions within the pipe purchase specification tolerances, and such
variations have been distributed essentially uniformly around the circumference of the pipe. Hammering of the pipe to
obtain proper lineup should be kept to a minimum.
Ay oSew JBlas 4 Lpil zobaw (ulls Olieo (il solxo WVLail Us)S o0 b Sl »

Y5l w5l ulo Lol high low Ole 3iuib 0lusy cwlko Shls 30350 LS s ag) 95 aSuile;
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REINFORCEMENT IN ASME SEC VIII DIV 1
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(d) To assure that the weld grooves are completely
filled so that the surface of the weld metal at any point
does not fall below the surface of the adjoining base
rn;zlterials,?3 weld metal may be added as reinforcement
on each face of the weld. The thickness of the weld rein-
forcement on each face shall not exceed the following:

51 Units
Maximum Reinforcement, mm
Material Nominal Categories B and C Other
Thickness, mm Butt Welds Welds
Less than 2.4 2.5 0.8
2.4 to 4.8, incl. 3 1.5
Over 4.8 to 13, incl. 4 2.5
Over 13 to 25, incl 5 2.5
Owver 25 to 51, incl & 3
ver 51 to 76, incl. f 4
Over 76 to 102, incl 7] 5.5
Over 102 to 127, incl. £ £
Over 127 a8 a8




REINFORCEMENT IN ASME SEC VIII DIV 1

o> WYl ol dwd cols

category A
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category B
L 50 9 i yo Jauxo SYLlail plai—all
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Butt weld with no category C )
permanent backing Jlail gla Bgn s auls Full Dir::-lztratlon
strip 18 i Y
SEE UW-3(b)
< B

fﬂ

P

\&, @1

Butt weld No slip on flanges
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Table 341.3.2 Acceptance Criteria for Welds — Visual and Radiographic Examination

Examination

Criteria (A to M) for Types of Welds and for Service Conditions [Note (1)] Methods
Normal and Category M Fluid
Service Severe Cyclic Conditions Category D Fluid Service
Type of Weld Type of Weld Type of Weld
& & o
m = m = =
@ @S § =
i i
§ s g § 3 g S § 5
-1 — -1 —_ = —_ =
8 S S z 8 s 3 E s 3 F
52 S © 52 S © = E = © = £
= 55 5 =5 55 5 = 55 5 S 8
= c S & = = c 2 & = S 2 & = et E,
- £ £ = - £ £ = £ = § 5
£8 2= 5 £s 2= = £ @ = = < 3 s
o 5 i © s = O s = = Weld Imperfection = o
A A A A A A A A A Crack v v
A A A A A A C N/A A Lack of fusion v v
B A M/A A A M/A C MN/A B Incomplete penetration v rd
E E MSA D D MN/A MNSA MNSA MN/A MN/A Rounded Indications v
G G MSA F F MN/A MNSA MNSA MN/fA MN/A Elongated indications v
H A H A I A H H Undercutting ..l" o
A A A A A A A A A A Surface porosity or exposed slag v
inclusion [Mote (5)]
M A M /A MSA ] ] ] MNSA MNSA MN/A MN/A Surface finish v
K K M/A K K M/SA K K M/A K Concave surface, concave root, ar v 4
burn-through
L L L L L L M M M M Weld reinforcement or internal

STOZ-£'TER AWSY
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Height of reinforcement or internal protrusion [Mote (8)] in Far T,, mm (in.) Height, mm (in.)
any plane through the weld shall be within limits of
the applicable height value in the tabulation at right, <6 (') <1.5 (10
except as provided in Note (9). Weld metal shall merge >6 (), <13 (/D) =3 ()
smoothly into the component surfaces. >13 ('/4), <25 (1) <4 ()
=25 (1) <5 (e
Height of reinforcement or intermal protrusion [Note (8)] Limit is twice the value applicable for L above

as described in L. Note (9) does not apply.

15350 518 B9850 03910 )5 MU Uve> 5l (salado ;55 b adn) > yug> 05,5 elai)l il >
Aol o | )y wlsog a4 beyyo wleMbl Ulod M »

FACE
REINFORCEMENT FACE OF
LD
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ROOT
REINFORCEMENT
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6.12 Reinforcement on Welds

6.12.1 Butt joints shall have complete joint penetration and complete fusion for the full length of the weld and shall
be free from undercuts, overlaps, or abrupt ridges or valleys. To ensure that the weld grooves are completely filled so
that the surface of the weld metal at any point does not fall below the surface of the adjoining plate, weld metal may
be built up as reinforcement on each side of the plate. The thickness of the reinforcement on each side of the plate
shall not exceed the thickness listed in Table 6-3, but the reinforcement need not be removed except when it exceeds
the permissible thickness or when required in 7.15.1.

Table &6-3—Maximum Thickness of Reinforcement on Welds

Maximum Reinforcement

Plate Thickness

Vertical Joints

Horizontal Joints

<2

332

/s

=1z thru 1

/8

318

=1

3f16

1/a

Dimensions in inches.

2 pS Jod> )y oaui o wolxo 5l ulo V)9 5l Vb D ) oold Cugdl Jug> ol B
Aol 5o 039a=0 > aSlul ;S 3 by Gug> 05,5 Hlase aS coww Sl auwb
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8.5 Visual Examination

d) The reinforcement of the welds on all butt joints on each side of the plate shall not exceed the following
thicknesses:

Maximum Reinforcement Thickness

Plate Thickness mm (in.)
mm (in.)
Vertical Joints Horizontal Joints
<13 (1/2) 2.5 (3/32) 3 (1/8)
>13 (":‘2) to 25 (1) 3 ("fg} 5 [3f1ﬁ}
>25(1) 5 (3/16) 6 (1/4)

05,5 .oy j9l=i Y999 Sld olxs 5l ulo Oy 5l conw o )5 W a4 J wVlail )5 1 Giug> plod 03
S5Las 03,915 1) B99 35lge aSul )50 deui assils pw Give> adaw 3l Lls G
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7.8.2 Filler and Finish Beads

For position welding, the number of filler and finish beads shall allow the completed weld a substantially uniform cross
section around the entire circumference of the pipe. At no point shall the crown surface fall below the outside surface
of the pipe, nor should it be raised above the parent metal by more than 1/16in. (1.6 mm).

il csw 58 b gilo wVlow Jssl alg) bghs <5, ig> ¢ (ivg> uiled U by o A

SYU )5 Guizod ol 3 Gl dod adaw 551 Lo s zud 5> Gug> 05,5 adow 1 7.8.2 WO
Aol yieadao V8 5l i 2wl adgd sl
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13.8.4 Rejection Based on Reinforcement

The ID weld reinforcement shall not be raised above the parent material by more than /16 in. (2 mm). The OD weld
reinforcement shall not be raised above the parent material by more than /s in. (3 mm).

U9> 03,5 9 sioalio T 5l o (sdly Gug> 05,5 Silogil S Jug> ) igug> 05,5 pwliwl v
Aol i sioadee V51 LS

Aol o ppo 9L,Sausl, wldec plil 5 1Ql Ll Cp> Gug> 05,5 ol
11.1.4 Type of IQls

IQls shall conform to the requirements of either ASTM E747 or ISO 19232-1 wire 1QIl. The company shall define
which type of IQlI (ASTM or ISQ) is to be used. The 1QI shall be made of a material that is radiographically similar to
the material being welded.

11.1.5 Selection of IQIls

The IQIl shall consist of either a series of six (6) wires for ASTM E747 wire type or a series of seven (7) wires for ISO
19232-1 wire type IQI, arranged in order of increasing diameter. The essential wire diameter to be used, based on the
thickness of the weld is shown in Table 8 for ASTM E747 wire type 1QI and Table 9 for ISO 19232-1 wire type 1QIl. At
the option of the company, smaller wire diameter QI than those specified above may be used, provided the required
radiographic sensitivity is obtained. The radiographic images of the 1QI identifying style number and ASTM set letter
or 1SO designation shall appear clearly. The image of the essential wire diameter shall appear clearly across the
entire area of interest.

NOTE For purposes of |QIl selection, when the SWE/SWY or DWE/SWY technique is used, the thickness of the weld means
specified wall thickness plus the weld reinforcement (internal plus external combined). When the "elliptical" DWE/DWY technique
is used, the thickness of the weld means twice the specified wall thickness plus the single weld reinforcement (internal plus
external combined). When the “superimposed” DWE/DWY technique is used, the thickness of the weld means twice the specified
wall thickness plus twice the weld reinforcement (internal plus external combined).
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3.23 Weld Profiles

All welds shall meet the visual acceptance criteria of
Tables 6.1 and 9.16, and shall be free from cracks, over-
laps, and the unacceptable profile discontinuities exhib-
ited in Figure 5.4, Table 5.8, and Table 5.9, except as
otherwise allowed in 5.23.1, 5.23.2, and 5.23.3.

3.23.3 Groove Welds. Groove weld reinforcement shall

comply with Tables 5.8, and 5.9 and with the provisions
below. Welds shall have a gradual transition to the plane
of the base metal surfaces.

Table 5.8
Weld Profiles? (see 5.23)
Joint Type
Butt with
Weld Type Butt Corner—Inside Corner—Qutside T-Joint Lap Shelf Bar
Figure 5.4A Figure 5.4Bb Figure 5.4C Figure 5.4Db N/A Figure 5.4G
Groove (CJP or PJP)
Schedule A Schedule B Schedule A Schedule B N/A See Note ¢
N/A Figure 5.4E Figure 5.4F Figure 5.4E Figure 5.4E N/A
Fillet
N/A Schedule C ~ Schedule C or D4 Schedule C Schedule C N/A

* Schedules A through D are given in Table 5.9.

b For reinforcing fillet welds required by design, the profile restrictions apply to each groove and fillet, separately.

£ Welds made using shelf bars and welds made in the horizontal position between vertical bars of unequal thickness are exempt from R and C limita-
tions. See Figures 5.4G and 5.4H for typical details.

4 See Figure 5.4F for a description of where Schedule C and D apply.




Table 5.9
Weld Profile Schedules (see 5.23)

Schedule A (t = thickness of thicker plate joined for CJP; t = weld size for PJP)
t R min. R max.
= 1in [25 mm] 0 1/8 in [3 mm]
;12“;[[‘3‘:1’;]] 0 3/16 in [5 mm]
= 2 1in [50 mm] 0 1/4 in [6 mm]®
Schedule B (t = thickness of thicker plate joined for CJP; t = weld size for PJP; C = allowable convexity or concavity)
t R min. R max. C max=
< 1in [25 mm] 0 unlimited 1/8 in [3 mm]
= 11in [25 mm] 0 unlimited 3/16 in [5 mm]
Schedule C (W = width of weld face or individual surface bead; C = allowable convexity)
W C max."
= 5/16 in [8 mm] 1/16 in [2 mm]
}f‘;]ilh[lzfnz"r’;]’ 1/8 in [3 mm]
= 1 in [25 mm] 3/16 in [5 mm]
Schedule D (t = thickness of thinner of the exposed edge dimensions; C = allowable convexity: see Figure 5.4F)
t C max2
any value of t w2

 For cyclically loaded structures, R max. for materials = 2 in [50 mm)] thick is 3/16 in [5 mm].
b There is no restriction on concavity as long as minimum weld size (considering both lep and throat) is achieved.
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Figure 5.4—Requirements for Weld Profiles |see Tables 5.8 and 5.9)
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(C) GROOVE WELD PROFILES OUTSIDE CORNER JOINTS
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(D) GROOVE WELD PROFILES IN TJOINTS

Figure 5.4 (Continued)—Requirements for Weld Profiles (see Tables 5.8 and 5.9)
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(Continued) —Requirements for Weld Profiles (see Tables 5.8 and 5.9)
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Figure 5.4 (Continued) — Requirements for Weld Profiles (see Tables 5.8 and 5.9)




Legend for Figures 3.2 and 3.3

Symbols for joint types
B — butt joint
C — cormner joint
T — T-joint

BC — butt or corner joint
TC — T- or comner joint
BTC — butt, T-, or corner joint

Welding processes
SMAW — shielded metal arc welding
GMAW — gas metal arc welding
FCAW — flux cored metal arc welding
SAW — submerged arc welding

Symbols for base metal thickness and penetration
P— PJP
L — limited thickness-CJP
U — unlimited thickness-C]JP

Symbol for weld types
1 — square-groove
2 — single-V-groove
3 — double-V-groove
4 — single-bevel-groove
5 — double-bevel-groove
6 — single-U-groove
T — double-U-groove
8 — single-]-groove
9 — double-]-groove
10 — flare-bevel-groove
11 — flare-V-groove

Welding positions

F — flat
H — horizontal
W — wvertical
OH — overhead
Dimensions

R = Root Opening
a, B = Groove Angles
f = Root Face
r = J- or U-groove Radius
S, S,.5; = PJP Groove Weld
Depth of Groove
E, E,. E; = PJP Groove Weld

Sizes corresponding to 5. S, , 5, . respectively

Symbols for welding processes if not SMAW

5 — SAW
G — GMAW
F — FCAW

H.HAGHSIRAT

Joint Designation
The lower case letters, e.g., a, b, c, etc., are used to differentiate
between joints that would otherwise have the same joint
designation.
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BC
IC

Butt Joint
Corner Jomt

T - Jomt

Butt or Corner Joint
T- or Corner Joint

Butt, T- or Corner Jomnt

Limuted Thickness - Compeled Jomnt
Penetration

)‘”d‘?)‘”ul“a‘.’ll

ol asg o

T K Jlaf

&S ¢ o &y o Jal

g Lol 55.65— Yk Canlus i/

U Unlimited Thickness - Compelete Jomnt g JolS 3~ dgaonals i
Penetration
P Partial Jomt Penetration o> il St
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Figure 3.2 (Continued)—Prequalified PJP Groove Welded Joint Details
(see 3.12) (Dimensions in Millimeters)

H.HAGHSIRAT




Square-groove weld (1)

Buit joint (B) (E) |Fl|
T1—* —+_
i f
1. {’ K‘ "} {? REINFORCEMENT 1 TO 3
__I |<— R NO TOLERANMCE
ALL DIMENSIONS IN mm
Base Metal Thickness Groove Preparatior
(U = unlimited) Tolzrances Al
Welding Joint As Detailed As Fi-Up Welding Weld Size
Frocess Designation Ty T2 Root Opening (see 3.12.3) (522 3.12.3) Positions (E)
B-FP1a 3 — R=0to2 +2, -0 +2 All T, -1
SMAW B-P1ic G max. — R= % min. +2, -0 2 All -%
B-FP1a-GF 3 — R=0to2 +2, -0 +2 All Ty —1
GMAW T T
FCAW B-P1c-GF 6 max. — | rR= 31 min. +2, -0 2 All ?‘
Square-groove weld (1)
Butt joint (B)
€| |
/ A
ar
il '
T
11 ¥
aT, el
E; + E; MUST NOT EXCEED - _—||
ALL DIMENSIONS IN mm
Groove Preparation
Base Metal Thickness =P
() = unlimited) Tolerances Al Total
Welding Joint As Detailed As Fit-Up Welding | Weld Size
Process | Designation T, T, | Root Cpening | (see 3.12.3) (see 3.12.3) Positions | (E, + Ej)
T, L
SMAW B-P1b 6 max. — R= 5 +2, -0 +2 All -
H.HAGHSIRAT T 3T
GMAW _ 1
ECAW B-P1b-GF 6 max. — R= 5 +2, -0 +2 All -




Single-bevel-groove weld (4)
Butt joint (B)
THoint (T)
Corner joint (C)
ALL DIMENMSIONS IN mm
Groove Preparation
Base Metal Thickness P
U = unlimited Tolerances
{ ) Root Opening Allowed
Welding Joint Root Face As Detailed As Fit-Up Welding Weld Size
Process Designation T, T2 Groove Angle (see 3.12.3) (see 3.12.3) Positions (E)
R=0 +2, -0 +3, =2
SMAW BTC-P4 0] 0] =23 min. +U -0 +2 All 5-3
o= 457 +10°, —0° +10°, -5
R=0 +2, 0 +3, -2 F H E
SMan | BTC-PaGF & min_ U f=3 min. +U -0 +2 v on o
o = 457 +10°, —0° +10°, 5" v -
R=0 0 +2 0
SAW TC-P4-5 11 min u =6 min. +U, -0 +2 F 5
o =607 +10°, -0~ +10°, -5~
Double-bevel-groove weld (5)
Butt joint (B) e
Tjoint (T) -
Corner joint (C) e
Sz(Ez)
S4(E) P,
o —I—-— ok
[ -\r‘.'- - }/ 51 !‘ -/7
. L 2 . L
] ;
F : <t 4y T
H _— ] 5 JT-
. S :ﬁ Sz
B A
ALL DIMENSIONS IN mm T =R
Base Metal Thickness Groove Preparatior
{1 = unlimited) Root Opening Tolerances Al Total
Welding Joint Root Face As Detailed As Fit-Up welding | Weld Size
Process | Designation T T. | Groove Angle | (see 3.12.3) | (see3.12.3) Positions | (E, + Ea)
R=0 +2, —0 +3, —2 S -5
SMAW BTC-P5 8 min. u =23 min. +J—0 +2 All T2
@ = 457 +10~, —0° +10%, —5°
R=0 +2, -0 +3, 2 FH 54+ 55
H.HAGHSIRAT Cuaw | BTCPs-GF 12 min. u f=3min +UJ -0 +2 S, = 5,
o= 457 +10%, —0° +10°, —5° V. OH 5
R=0 =0 +2 —0
SAW TC-P5-S 20 min. u =6 min. +U, —0 +2 F S, + Sy
o= 60" +10°, —0° +10°, —5°




H.HAGHSIRAT

See Notes on Page 65

Double-J-groove weld (9)

Butt joint (B) Tolerances
join
RN As Detailed As Fit-Up
Sy [= (see 3.13.1) (see 3.13.1)
R=+2 -0 +2 -3
o = +10°, —0° +10°, -5°
| /<\ f=+2, 0 Not Limited
o r=+3, 0 2
R
r
|j < BACKGOUGE
ALL DIMENSIONS IN mm |-\
Base Metal Thickness
U = unlimited (€] P i
[\ unlimited) roove Preparation Allowed
Welding Joint Root Groove Root Bevel Welding Shielding
Process Designation T4 T> Opening Angle Face Radius Positions | for FCAW | Notes
SMAW B-U9 u — R=0to 32 o = 45° f=2 r=10 All Cf-je-
GMAW _ — ane _ — a,c,d,
ECAW B-U9-GF u — R=0to3 o =30 f=3 r=10 All required h. i
Double-J-groove weld (9) Tolerances
Tjoint (T) N i i
Corner joint {C) F-> As Detailed As Fit-Up
|/ (see 3.13.1) (see 3.13.1)
R=+2, -0 +2, -3
|\ \EIACKGOUGE o= +10°, 0° +10°, _5°
f=+2 -0 Not Limited
k- r=3. 0 +2
v
N !
2] -
r
—-—‘ Tszl:;
ALL DIMENSIONS IN mm o
Base Metal Thickness
(U = unlimited) Groove Preparation
Allowed
Welding Joint Root Groowve Root Bewvel Welding Shielding
Process Designation Ty Ts Opening Angle Face Radius Positions for FCAW MNotes
R=0to3 o = 45° f=3 r=10 All dr;ej'%
SMAW TC-U9a U uJ P S
R=0to3 o = 30° f=3 r=10 F, OH ﬁ‘?%
GMAW _ _ ape _ — a, d, g,
FCAW TC-U9a-GF u u R=0to3 o =30 f=3 r=10 All required h.j k
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An American National Standard
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|
Standard
Welding Terms
and Definitions

Including Terms for Adhesive
Bonding, Brazing, Soldering,
Thermal Cutting, and
Thermal Spraying




Basic Welding Symbols and Their Location Significance

Location Plug Spot or Back or
Significance Fillet ot Slot Projection Stud Seam Backi Surfacing Edge
Other Side /—‘L — N Q / Ust'd !Q y AR J‘:a N m

Not Not Not Not Not Not

Both Sides # E Used Used Used Used Used Used \E—
?;gfsﬂ:" Not Not —9—\ Not /—9— Not Not Not
Sionificance Used Used Used Used Used Used

Location Groove Scart for
Signiticance Square Bevel J Flare-V Flare-Bovel Brazed Joint
Arrow Side \ R \ /

I ] FAS

Other Side

Both Sides

/\V/
/AL
X

FleL

r—
Nege

JIE
JIEN

No Arrow Side
or Other Side
Significance

Not
Used

Not
Used

Not
Used

No!
Used

Not
Used

Not
Used

WELDING
CENTER




APPLICABLE WELDS and WELD SYMBOL

_|/_' _ Bevel-Groove _\]f_ U-Groove
£ _ Flare-Bevel-Groove \l\[l V-Groove
D £ Flare-V-Groove _r.l.-l. Edge Weld
__IJ_ - J-Groove _é{ Scarf (for braze joint)
_I.I. - Square-Groove
APPLICABLE WELDS and WELD SYMBOL
I\ Flet JIL  edge weid
_K - Bevel-Groove J.____L Plug

1 £ . Flare-Bevel-Groove l __L sut
L. Flare-V-Groove O Spot

_K- J-Groove Z@ Seam

Jl _ Square-Groove O Projection
_\L)_ U-Groove M V-Groove

APPLICABLE WELDS and WELD SYMBOL

h_ Fillet |__| Slot
.Jr{_ Bevel-Groove O Spot

D .L. Flare-V-Groove @1 Seam

| ____I Plug

APPLICABLE WELDS and WELD SYMBOL

_lX_ Fillet | _ _| Slot

.J/.: . Bevel-Groove
D L. Flare-V-Groove

_E - J-Groove
JJ. - Square-Groove

.[_ _l. Plug

J.I. . Square-Groove

APPLICABLE WELDS and WELD SYMBOL

M - Bevel-Groove _\.[}_ U-Groove
1 £ _ Flare-Bovel-Groove N V-Groove
DL FlareV-Groove JTL Edge
._I'.}_.. J-Groove @: Seam

JJ. = Square-Groove

W

WELDING
CENTER
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MC,,&., Types of Welding Joints A% l"l
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Lap Joint

Corner Joint Edge Joint Tee Julnt

WELDING




A~ FLANGED JOINTS

A A

OMaww 0240095 Raliao Sy

(A) FLANGED BUTT JOINTS
N
"
- I I RADIUS
(B) FLANGED CORNER JOINT (C) FLANGED T-JOINT



(D) FLANGED LAP JOINTS

)

I g—

(E) FLANGED EDGE JOINTS




A SPELICED JOINT

OMaww 0240095 Raliao Sy




SPLICED JOINT

sSingle-splicer
nutt jomnt

Double-spliced \
hutt joint with
joint filler
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NONBUTTING MEMBERS

BUTTING MEMBERS




A Jlail aJ gloil

F.

O Ve aaigyts @3luo aS)a
APPLICABLE WELDS
Double-Bevel-Groove
? Double-Bevel-Flare-Groove
Double-J-Groove )
(A) SQUARE EDGE SHAPE Single-Bevel-Groove <> APPLICABLE WELDS
Single-Flare-Bevel-Groove Double-J-Groove
Double-U-Groove
# \ APPLICABLE WELDS (E) DOUBLE-J-GROOVE EDGE SHAPE
Single-Bevel-Groove
Single-V-Groove U APPLICABLE WELDS
(B) SINGLE-BEVEL EDGE SHAPE ' Double-Flare-Bevel-Groove
Single-Flare-V-Groove
(F) FLANGE EDGE SHAPE Edge
APPLICABLE WELDS e
So Double-Bevel-Groove APPLICABLE WELDS
Double-V-Groove OR Double-Flare-Bevel-Groove
Double-Flare-V-Groove

(C) DOUBLE-BEVEL EDGE SHAPE

S APPLICABLE WELDS
Single-J-Groove

Single-U-Groove
(D) SINGLE-J-GROOVE EDGE SHAPE

(G) ROUND EDGE SHAPE
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Bevel-Groove Flare-Bevel-Groove
3 8! Q8 SVm,
_‘73\; 2 !p\\/ 7“—' e?,
(A ! l\ |J .r’
\\ // ~ - P
s I
' f
Flare-V-Groove J-Groove
NS A 8!
RS £,
I | I \ / \
1 i 4 \IJ ]
\\ /I \\ ~ 4
hy e
| |
Square-Groove U-Groove
2 SYm
f?f "\éo,
20 SYm, \ I | I )
.:\ff "‘é% v /
{ ] R
\:\/’j |
- i

V-Groove Edge
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Bevel-Groove Flare-Bevel-Groove Flare-\"-Groove
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ve Square-Groove U-Groove
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V-Groove Edge
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O¥lawd iy @30 Sy sy 5
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? T 5 5

Square-Groove Bevel-Groove Flare-Bevel-Groove
N S
S5, %,
/ I\ \ ! \
L ) 1 ]
\\ /!
T T
f f
Flare-bevel-groove ]
weld applied here Fillet weld applied here.

¢ T =

J-Groove Flanged T
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Square-Groove

o8 &vm
'?"’ \a)’
]
| ] \- i
\ s
~ -

t

5

Flare-Bevel-Groove

2O S,
&2- Q‘éo,
/ v

Flare-bevel-groove
/wald applied here

I
Fillet weld applied here.

Flanged Lap

& aJ ;Lw oslol

Bevel-Groove

O Sy
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¥ e
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A /
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J-Groove
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Bevel-Groove
o8 SVm
L2 \601
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Flare-Bevel-Groove

Square-Groove
2O Sym
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~ -~

ne
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Flare-V-Groove

NS SYm
£

U-Groove

+ edge weided on this side

N — Flare-v-groove

V-Groove Flanged Edge weld appliad here
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ROOT FACE AND GROOVE FACE —/
(A)

ROOT FACE AND
GROOVE FACE

ROOT EDGE

ROQT FACE AND
GROOVE FACE

GROOVE
FACE

(D)

ROOT FACE AND
GROOVE FACE

GROOVE FACE

©




A, dold g )low gled o asgly ¢ Fu doc ¢« &

GROOVE ANGLE GROOVE ANGLE
\\
~-BEVEL - BEVEL
ANGLE ANGLE
/ — GROOVE BADIUS
DEPTH OF BEVEL -—I |-- ROQOT OPENING DEPTH OF BEVEL
(A} (B)
GROOVE ANGLE
BEVEL BEVEL™ |
~ANGL ANGLE

< VY g <

DEPTH OF BEVEL

© (D)

S
BEVEL™
ANGLE
GROOVE ANGLE
ROOT AND
GROQVE
OPENING J_ GRroove BEVEL ANGLE ANGLE
RADIUS

o 23%‘5&% 0

(E) O]
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Brazing, and
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Examination
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OV asdigyts Ralino <iS)ydb

GROOVE WELD os,luis slpaivg>

SQUARE GROOVE sulugS au s,luw
SCARF )l ad s,low

V GROOVE s8l> L JSLo Vsl

BEVEL GROOVE _s8Ll> pw )l

U GROOVEssI alV L JSeaw U s law
J GROOVEus| alV o U JSew J )l
FLARE V GROOVE »,S aJ (s8l> sl

FLARE BEVEL GROOVE 5,5 aJ (s8> pw S,luw
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A?,. SINGLE AND DOUBLE BEVEL GROOVE

0w o0igyis QLo Sy




SCARFGROOVE WELD

£ ) [~ Y,
/\

in 14" x 3%

[ Flat M/S




A?,. SINGLE AND DOUBLE BEVEL GROOVE

0w o0igyis QLo Sy

(E2) Double-U-Groove Weld

(F1) Single-J-Groove Weld

(H1) Single-Flare-V-Groove Weld (H2) Double-Flare-V-Groove Weld
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FILLET WELDS

pd 3 Luyss adaw 95 a5 S (silie Rlndo g 5l cowl w)le (i Sla Giug>
TS T/ asinsS | s, o Jlail iilo Aiwud Semc

g Sslaidl blad 5l aligS Slowg> sl @il (s>hb s Caissgizo asslis
Al v caglel 5y sl
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FILLET WELDS

{A) Double Sided - Single Pass Fillet Welds (B) Single Sided - Multiple Pass Fillet Welds
on a Lap Joint on a Corner Joint

{C) Double Sided - Multiple Pass Fillet Welds (D) Fillet Welds around the diameter of a hole
on a T-Joint

(E) Staggered intermittent Fillet Welds Top View (F) Chain Intermittent Fillet Welds Top View




BACK AND BACKING WELD A vaciin g (siniiy S

BACK 9> AWS A3.0 b ain ola ogles gl)ls Yaol 5 ais e oloul (g i ,o OVlail opl P
Lol .00 Soe Lyl 1 (ol BByl s LSS 51 e 9 (5oL 9o <o Sy 40 a5 Sl g WELD
S8 gaes o, Ol iy 3l S ol jehaie 4o cliy fleie a4 a5 Clll Jhg> BACKING WELD

Groove Weld Made Groove Weld Made
Before Welding Other Side After Welding Other Side

Backing Weid

(E) BACK WELD (F) BACKING WELD
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Cladderg A Steel pipe
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EDGE JOINT sl aJ jug>

Jlail 9 siciSp ad pw U yow Jlail sl ad dlail s aS cowl sawg> Sl ad Gug>
33,5 Ugd aghd wlko JS aS Se=i @ .3gie [l @il ad sl asigS

(B) Edge Weld in a Flange Corner Joint
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GROOVE WELD MADE BEFORE

WELDING OTHER SIDE
FACE
REINFORCEMENT

CE o ' ‘-:.- 0
FA :,\ ,..-. ;
REINFORCEMENT WS

BACK WELD 'l

GROOVE WELD MADE AFTER
WELDING OTHER SIDE

WELD ROOT

WELD TOE
FILLET WELD

WELD
BACKING WELD —3 ROOT

‘Figure 4.22—Completed Fillet Weld Terms

Figure 4.21—Completed Groove Weld Terms




FUSION AND PENETRATION TERMINOLOGY

b 518 o e 38 gl ojlail b g ouls ©9d o slo 0)lg30 (6, Khg> ldae 31 00 &)l 310 P

sbwl e Lalpd cnl 5o 0 valss )L adsl mhaw 5l 5 Gras 093 (pleiil esgame Jimy wiSee 3943

Lol 4 pimon 5 o 425 WELD INTERFACE L g 50 asls 306 5 igm 515 o o
sizs5e DEPTH OF FUSION w5 5os 1, Lt 4y mla 5 g 50 oo cso5ms

b o raw g (i Sl 0 50 yO it g ]
397 jI ol Jlail plloiw] 45 il j1 g asly 8 el U s Coonnd 1 o7 (o (o dliols iy Sl 3985

A9 (0 Y92 plw dols ) IV Al (o0 9>

"Mz Befor Weidhng OpposkeSie

WELDING
CENTER




DEPTH OF FUSION
}{<_ FUSION FACE

< <
WELD INTERFACE WELD INTERFAGE
(A) Groove Weld
DEPTH OF FUSION
v —

NELD INTERFACE -/ [ FUSION FAGE
(B) Surfacing Weld
A

-t— DEPTH OF FUSION
FUSION FACE

ZWELD INTERFACE
(C) Fillet Weld

Note: Fusion zones indicated by shading.

Figure 4.23—Fusion Terminology
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s WELD SIZE TERMINOLOGY

b S s> 5 Lol il Lo Lives 3w lad Jlasl Se85 a8, Sy S, lib e )5 b
b o Jwe> julw )S0ly By 95 50 )5 d 3985 yléo ggozxo Ladl g4

2> U9y S50 gac Colxo b awl uly Gug> b JolS 5985 U )l Giug> So ) >
U9> 03,5 i8S,k

Joint Penetration
Groove Weld Size— e[~ Groove Weld Size"

'
ROOT E1 \\x. 7
JOINT PENETRATION < Y ,.~
PENETRATION ) — GROOVE WELD SIZE T f {
<z o eeation "Weld Size, £, Equals E1 plus E2
< (A) Incomplete Joint Penetration

|_ Joint Penetration and Weld Size

Incomplete Joint Penetration

Figure 4.24—Penetration Terminology

(B) Complete Joint Penetration

Figure 4.26—Penetration and Weld Size
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3 _ AY; CONVEXITY
JA ~ ACTUAL THROAT—, _

OV (5aaidigyin Raliuo Sy - G and SIZEj#—

f

LEG and SIZE

EFFECTIVE THROAT —

<

THEORETICAL THHDM"—/
CONVEX FILLET WELD
LEG —m»
SIZE-p=
CONGAVITY —
]
ACTUAL THROAT ~ f r
and it NS
EFFECTIVE THROAT =i At SIZE LEG
J ¥ ¥
WELD ROOT

<

I\{

THEORETICAL THFhDAT—/

CONCAVE FILLET WELD
Figure 4.27—Fillet Weld Size
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BOXING TECHNIQUE IN WELDING

U 9Aac AigS ug> Coaud Hd s Jug> S Azl B
BOXING S.uSo ol a0 0L o anls| jiiuw wugdi jelhio

AigS 5w

BOXING

Figure 4.34—Boxing Technique
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CASCADE SEQUENCE IN WELDINGS,Liul S.Ss
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DIFFERENCE BETWEEN WELD SYMBOL AND
WELDING SYMBOL

STUD

SPOT
OR
PROJECTION

SEAM

FLARE BEVEL

A
T

BACK
OR
BACKING

SURFACING

-5

QO

L

- EIZ

e — — —




A~ WELDING SYMBOL

e ponibgyia Rlino uS)ds
Location of Elements of a Welding Symbol

B socosicdini OF GOUNTERSINK FOR PLUG WELDS

SINK FOR PL
’ \F ROOT OPENING; DEPTH OF FILLING

GROOMEVWRIHNZE—\ FOR PLUG AND SLOT WELDS

DEPTH OF BEVEL; SIZE OR ., LENGTH OF WELD

STRENGTH FOR CERTAIN WELDS + | ~— PITCH (CENTER-TO-CENTER

|\ ‘\ SPACING) OF WELDS
SPECIFICATION, [

|

PROCESS, OR

OTHER REFERENCE }' SYMBOL
WELD-ALL-

TAIL (OMITTED |

WHEN REFERENCE

IS NOT USED) , //// '\I)
WELD SYMBOL —

REFERENCE

LINE - ARROW CONNECTING
NUMBER OF SPOT, SEAM, REFERENCE LINE
STUD, PLUG, SLOT, TO ARROW suoem
OR PROJECTION WELDS MEMBER OF JOI
OR ARROW SIDE OF
JOINT

ELEMENTS IN THIS AREA
—— REMAIN AS SHOWN WHEN TAIL —*
AND ARROW ARE REVERSED
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WELDING SYMBOL

REFERENCE LINE
(always shown horizontally) —\

ARROW
Required Welding Symbol Elements Y

Figure 4.37—Reference Line and Arrow

el (5 LB 0,50 4l LU (0 (5908 4T yild g 22 p0 boZ jo 4 P
REFRENCE LINE z>,0 L5 (a

ARROW _:ils (b

TAIL o5 (c

BASIC WELD SYMBOL _is> o/ w0l pi5le (d

oleMb/ plv g ol (e

SUPPLEMENTRY SYMBOL s> foSo p¥e  (f

FINISH SYMBOLS Ll o3 (3
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A~ WELDING SYMBOL

0w o0igyis QLo Sy

adlol Ul & Gug> psMe 9 Cowl 030 pow) (89l Wygo U Liuod &>,0 > B

33,540
ARROW SIDE arol 03 udd B,b ,S5lu &350 as ool B3k b
OTHER SIDE ,S,5 (b ,Sily 8550 s YU oo >
AiS0s el 599 £9090 )3 Srudi S Cp> ) s P

\ 5,5 osleiwl >0 b3 3> 5l Ulgie P

(OTHER SIDE)

(ARROW SIDE) '\ | \
. (OTHER SIDE)

(ARROW SIDE)
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A WELDING SYMBOL

ot SiSoy g b U caowl (S 2550w sw bga o Jlail Jxo @ |, &0 b saudd >
Aol

LU aS Lol w Sgac Coow U Linod 1ol oled wSuwsSiw U yudds aSulo; »
Aol oslol

osleiwl s> sla uld 5l wlio S J=o )5 ug> sl Vlin Hghhio 4 B »

=
55,5 5w
OTHER SIDE
OTHER SIDE

ARROW SIDE / ARROW SIDE ARROW SIDE

OF JOINT & ARROW SIDE OF JOINT
g 1 OTHER SIDE é

OF JOINT
OTHER SIDE
OF JOINT OTHER SIDE

ARROW SIDE

OTHER SIDE $ ﬁ
ARROW SIDE
OTHER SIDE ARROW SIDE
OF JOINT OF JOINT
MNote: Multiple arrows pointing to areas to be welded.

Figure 4.42—Placement and Location
Note: Break in the arrow pointing to member to be prepared. Significance of Arrow
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A~ WELDING SYMBOL - TAIL

stombpatocss S, 50bg> Wlazaiw U s, 8ue> U s, 8ip aul,e Jud 5l .J\él:'ol oleMbl adsS »
Al o o> o

33,5 (s Wi> 05 Vg9 wleMbl 2,5 @ 56 pac Wygo )3 P

Tail (omitted when process,
/ specification, procedure or
welding specification, \ not used)

procedures or supple-
mentary information /

Figure 4.43—Conventions for use of a Tail




MULTIPLE REFRENCE LINE w8352 8> ,0 bglhs
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Figure 4.51—Use of Multiple Reference Line
to Signify Sequence of Operations
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SUPPLEMENTARY SYMBOLS JoSw poiMe
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FINISHING METHOD os,8 wals, sla jug,
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WELD CROSS SECTION SYMBOL i
| Contour Symbol Applications , Finish Methods Specified and Unspecified




FIELD WELD SYMBOL
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Field Weld Symbol

Figure 4.53—Contour, Finish,
and Field Weld Symbols
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Figure 4.54—Melt-Through Symbol Use
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WELD CROSS SECTION SYMBOL
(A) SQUARE-GROOVE WELD
N
WELD CROSS SECTION SYMBOL

(B) SINGLE-BEVEL-GROOVE WELD

m

s

Fe S

1!3R
$.

WELD CROSS SECTION
(C) SINGLE-V-GROOVE WELD

SYMBOL




/— WELDED FROM THIS SIDE
T

WELD CROSS SECTION SYMBOL
(D) EDGE WELD

WELDED FROM m \

¢ |

| SYMBOL ™V SYMBOL
WELD CROSS SECTION JOINT DETAILED JOINT NOT DETAILED

(E) EDGE WELD
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Figure 4.59—Weld-All-Around Symbol
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WELDS SYMBOLS

(A) WELDS WITH ABRUPT CHANGES IN DIRECTION
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SECTION A-A

WELDS SYMBOL

(C) WELD IN SEVERAL PLANES
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FILLET WELDS
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Figure 4.63—Fillet Weld Dimensions
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Figure 4.64—Size—Unequal Leg Fillet Welds
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Figure 4.65—Length, Pitch Fillet Welds




FILLET WELDS
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Figure 4.65—Length, Pitch Fillet Welds

Chain Intermittent Fillet Welds.
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Staggered Intermittent Fillet Welds.

Figure 4.66—Intermittent Fillet Welds
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(A) COMBINED INTERMITTENT AND CONTINUOUS WELDS (ONE SIDE OF JOINT)
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(B) COMBINED INTERMITTENT AND CONTINUOUS WELDS (BOTH SIDES OF JOINT)
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(A) LENGTH AND PITCH OF INTERMITTENT WELDS
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(B) LENGTH AND PITCH OF CHAIN INTERMITTENT WELDS




WELDS SYMBOL
(C) LENGTH AND PITCH OF STAGGERED INTERMITTENT WELDS
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(C) DOUBLE-FILLET WELD SYMBOLS FOR TWO JOINTS
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FILLET WELD THROAT MISALIGNMENT

The following measurements are possible either in inches or millimetres.

Angle of preparation. O° to 60° Fillet weld throat size
Excess weld metal (capping size) Fillet weld length

Depth of undercut Misalignment (high-low)
Depth of pitting

ANGLE OF PREPARATION

General linear measurements up to 60 mm or 2 inches.
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Single Purpose Welding Gage

HI-LO™

SINGLE PURPOSE HI-LO WELDING GAUGE

4—— 1/32 or Zero Line

Internal HI-LO Gauge

4 quick steps check internal alignment

5 You can check the internal alignment of your
fit-up quickly with the G_AL. HI-LO gauge.

1. Unlock the retaining screw. Press the gauge legs
beyond the barrel.

2. Insert the legs (wires) into the roct gap space or
the two pieces of pipe to be fitted. Turn the gauge
907, being careful to apply a constant back pressure
to the barrel.

3. Hold the gauge as square as possible with the
fitting to obtain an accurate reading. Lock the
retaining screw. Reverse the 907 turn and remove the
gauge. You're now ready to read the increment
opposite the red line.

4. When the red line aligns with the 1/32 increment
line you have a good internal alignment and fit-up.

Misalignment can be determined from the zero line
by increment markings of 1/16 inch.

Rootweld Spacing Gauge

Easy operation determines rootweld spacing.

1. Unlock the retaining screw and insert
the gauge interior alignment stops
between the two pieces of pipe to be
fitted.

2. Insert the leg with the longer taper into
the root gap until it makes contact with
both sides of the gap.

3. Re-lock the retaining screw, remove
the gauge and read it.

4. The scale is calibrated in fractional
dimensions from 1/32 to 316 in 1/16 inch
increments. The read-out you receive
represents the amount of rootweld gap.

) - Retainer Lock Screw

N\

Eliminates rejects,
improves
productivity

elding Gage

Single Purpose \

{-LO¥
[

Internal
misalignment

Rootweld space
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7 Piece Fillet Weld

Use for:
e Checking Fillet Leg Size
e Checking Fillet Throat Size
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WELDING GAUGE HJC60

HLDGO RN, HLD4O




HJC4D Welding Inspection Ruler
The uses, measurement range and technical parameters of welding calipers are as shown in the

table below

Flat Height
Height Height of Fillet Weld 0-12 0.2
Height of Fillet Weld 0-15 0.2
Width 0-40 0.3
Depth of Weld Undercut 0-3 0.1
Depth of Weld Undercut =150° 30°
Gap Size 0.3-5 0.1




MEASURMENT OF HEIGHT OF FLAT WELD

Lpud> (s ;8 160 Sg, |, under cut zus bl -Y »
S s [ o, 8 Bosls aSy> 1) Gug> 05,5 aus ol 5l o -Y >

oS Lo ol | Gug> 05,5 glasyl sac ol 5l i >

1. Instructions for Use
Measure the height of a flat weld: first align the undercut gauge and the depth gauge to zero and fix the screw; and then
move the height gauge to touch the welding spot and see the indicating value of the height gauge for the height of the
weld (Diagram 1).
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MEASURMENT OF HEIGHT OF FILLET WELD

o> 5w )8 ug> Sagac Jb Sy 4 [ aS Bload »
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Measure the height of a fillet weld: move the height gauge to touch the other side of the weldment and see the indicating
line of the height gauge for the height of the fillet weld (Diagram 2.




MEASURMENT OF WELDING THROAT

Aol auS S8 e 5 beslasS wic a | B,S5Law aed ol )3 =) »
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Measure the fillet weld: the welding spot at 45 degrees is the thickness of the fillet weld. First close up the working face

of the main body to the weldment; move the height gauge to touch the welding spot; and see the indicating value of the
height gauge for the thickness of the fillet weld (Diagram 3).




MEASURMENT THE UNDERCUT

. padso 5118 500 Sgy 50 |y S SuS oslul >
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Measure the undercut depth of the weld: first align the height gauge to zero and fix the screw; and use the

undercut gauge to measure the undercut depth and see the indicating value of the undercut gauge for the
undercut depth (Diagram 4).
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MEASURMENT THE GROOVE ANGLE

Measure the groove angle of the weldment: coordinate the main ruler with the multi-purpose gauge in
accordance with the required groove angle of the weldment. See the angle formed by the working face of
the main ruler and the multi-purpose gauge. See the indicating value of the multi-purpose gauge for the

groove angle (Diagram 3).




MEASURMENT THE WIDTH OF WELD

Measure width of the weld: close up the mamn measuring angle to one side of the weld firstly; then rotate
the measure angle of the multi-purpose gauge to close up to the other side of the weld; and see the
indicating value of the multi-purpose gauge for the width of the weld (Diagram 6).




MEASURMENT THE GAP

Measure a fit-up gap: insert the multi-purpose gauge between two weldments; and see the indicating value of the ga
gauge on the multi-purpose gauge for the gap value (Diagram 7).




WELDING GAUGE HJC40




HIC40-B Welding Inspection Ruler

L The uses, measurement range and technical parameters of welding calipers are as shown in the
table below

Welding Thickness 0-40 0.2
Multrauapose 0-20 +0.3

Weld Line Height
Slider 0-20 +0.2
Weld Gap 1-3 +0.2
Weldment Bevel Angle 0°-90° 30




MEASURMEN OF SIZE FILLET WELD

The slider is used to measure the height of fillet welds. The indicator on the slider corresponding to the scale on the main

scale is the height of the fillet weld.

—

—
==
— =]
— e
= ——
: —
—> —
— -~ =
— —
~— Coy—
— e
—1
= o

lllllllll}




MEASURMENT OF REINFORCEMENT

The slider 1s used to measure the height of fillet welds. The indicator on the slider corresponding to the
scale on the main scale is the height of the fillet weld.
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MEASURMENT OF THRAT FILLET

In measuring the height of 45-degree-angle weld lines, the indicator on the slider corresponding to the

scale on the main scale is the height of the 45-degree-angle weld line.
re—




MEASURMENT OF BEVEL ANGLE

In measuring the height of 45-degree-angle weld lines, the indicator on the slider corresponding to the
scale on the main scale 1s the height of the 43-degree-angle weld line.

g2




MEASURMENT OF ROOT OPRNING

In measuring the gap of weldments, the indicator on the multi-purpose gauge corresponding to the scale on the main

scale is the gap of the weldment.
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WELDING GAUGE HJC30




MEASURMENT REINFORCEMENT




MEASURMENT FILLET SIZING




MEASURMENT ROOT OPENING
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MEASURMENT WELD WIDTH
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Stainless Steel
Construction

HI:LO WELDING GAGE

MEASURES INTERNAL ALIGNMENT

of pipe after fit-up / alignment, cuts radiographic rejects.

Measures internal misalignment
of pipe before and after tacking.

Measurements read in
standard one side,
and metric on the
opposite side.

Measure internal mismatch, pipe Measure scribe lines, weld fillet. Measure crown height.

wall.
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ADJUSTABLE FILLET WELD GAUGE

Measure any fillet weld to 1/32" accuracy with just
one simple to use gauge.

Measuring fillet welds used to be a trial with compli-
cated or inaccurate gauges. Not any more. Now you can = = =
measure et welds from 1/8"to " with +1/32" ccuracy) Adjustable Fillet Weld Gauge is easy to use
with one economical, simple to understand gauge. i

The G.A L. Adjustable Fillet Weld Gauge uses an )
offset arm which slides at a 45° angle to make fillet weld
length measurements. Simply adjust the arm until it touches
the toe of the vertical leg. The gauge is calibrated to 32nds,
with metric equivalents given, so you get more accurate
readings. Four screws hold the offset arm in position for
future adjustments.

This gauge also measures weld throat thickness to 1/

Adhsisble Filiet Wald Gage
‘—7 »

(L oy o,

Stevensvllie, W 897
BIE-485-5T)

O

L -A_.,..A.-l

Mate n LLSA, Mags in U.5.A

= M : ) P Pring Fil Pearg Made inUGA

16" by adjusting a pointer until it touches the centre of the 7. PN MM DECIMAL

weld. A thumb screw holds the pointer in position for future

reference. If the weld is concave, more filler material can be - - - —

o ) added to build the weld throat up to standard. To measure fillet weldq,_ place irmegular hd]u;t the offset arm qp or q::wn along Head the weld .,_|ze indicated. The )
Las lens i curve edge flush to horizontal toe of the diagonal slots until the tip of the increments are in 1/32" and 1/8" markings
Fotwan G.A.L. Adjustable Weld Gauge measures both leg . R . .
: S weld so the straight edge is in line with  arm touches the top of the weld. up to 1" All numerals are efched into the
hengiths st welcl Eacoat Mot welkd icunass the horizontal member. surface and filled for easier reading
The G.A.L. Adjustable Fillet Weld Gauge is made of B : : — - \
durable, rust resistant stainless steel. Its 2% x 3 slim design { '
weighs only 172 oz, fits easily into a shirt pocket. And

because there is just one gauge needed to make all
measurements, the chance of losing essential fillet weld
gauge blades is eliminated. Fumbling through seven
different, inaccurate gauge blades is also eliminated.

Part No.  Description
WG--3 Standard Gauge
WG-3M  Metric Gauge

To measure weld throat thickness, Tighten the thumb screw and read the  NEW! Measure unequal weld leg

place the 45° angle flush to the measurement from the 1/16" calibra- lengths by sliding the base measure-
horizontal and vertical members. tions along the pointer. A quick, sure ment scale so it is flush to the horizontal

Loosen the thumb screw and slide the  way to find convex or concave welds toe of the weld. Adjust offset arm fo
pointer until it touches the face of the and to cormrect them with additional filler  fouch top of weld. Add or subtract to

weld. material to meet standards. cbtain Ienih of each leg.
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AUTOMATIC WELD SIZE GAUG

1. To Determine the Size of
a Fillet Weld

Place the gauge against the toe of the
fillet weld and slide pointer out until it
touches structure as shown. Read "Size
of the Fillet Weld" on the face of gauge
as indicated by arrow.

2. To Check the Pemissible
Tolerance of Convexity

After the size of a convex weld has been
determined, place the gauge against the
structure and slide pointer until it
touches face of fillet weld as shown. The
maximum convexity should not be
greater than indicated by "Maximum
Convexity Scale" as indicated by arrow
for the size of fillet being checked.

3. To Check the Permissible
Tolerance of Concavity and
Underfill

Place gauge against structure and slide
pointer out until ittouches the face ofthe
fillet weld as shown. If the pointer does
not touch as shown, the fillet requires ad-
ditional weld metal.

4. To Check the Permissible
Tolerance of Reinforcement

Place gauge so that reinforcement will
come between legs of gauge and slide
pointer out until it touches the face of
weld as shown.




= }.&za' ‘_gﬁfo)"-\.;‘ o_,’-.; _)._a_)' _)'.'.JL‘A: = ..»\J.._a._’fb;o J.'.'.".’ (AWS Gauge) AWS A ‘;)i _— i.blf s

A o) B s5ls ;)L:.a. &)L:_.J:_,A_.I:_,f&huja_,,_- \_.J-A,-;-

\

A2 2S5 e o301 awS

LRSS e IS e AS 2 s - Jl=s) }fia_,.lé.c—b_as_’__,_l:—- G5 s msanlasl amm s e 3 235135 51,5

.;;GM@(Q@:QOMW))‘;,%‘@&“&JJ}“J&ﬁébﬁj‘&‘&‘j&db




d.a:'—L_fb ) e:‘:._;\j.s o~ J._-LE.A 9B Yy 7_)\7)3_‘ oYL Ji: b;-.‘\'h‘ Crm ot A5 o J..w_EJ Ol e &\ﬁ
;;.,\_;\_”'— | & ;)‘_’.'a"_’a ——— s ;.-.S).,- .¢\._>_L3 CASS S o = = J’Z_’.,_— ~ o LU AS;L?_- | by I, é/.;_.fej\.&.?‘
I _}‘ G‘,}’; ;}\_}.:,o laa =5 o= oS Ja.ﬁ-..i.a )._a_.‘—L;LA Lg ;)T 4........1L.3.~ ) a.—\.ai —_— J_‘}Lf elme S

é)L_._...f.v &‘Aqi_/aa_— A5 L JJLES &;o_}\.lg'l
e 25 Eom—e B ISS elUee 1) L1l L (soLS Sla S S L =35 (2 S eI (ol

Qéjjoj‘x\ua.:‘—uwl—ojU|_;mvw.;;)‘}SMQEV};;ﬁ);Ji?b—U;\;/-'_)5
_}‘v.:u_}.a-\?.l}r_';l__:_;.&53Q\#Q‘_};’:ﬁ,\)vﬁa}uﬁl.?ql.a—;ﬂjtovw.mﬁ;j;sj} J:L_}.a—cb_.a

el e S e s













Weld Gauge / Calculatpr

A handy compilation of mathematical relationships between leg length,
throats, skew angles and inspection dimensions. A must for designers
and inspectors. The perfect companion to the GAL Weld Gauge.
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Taper Gauge

Check Plate Fit-Up Check Flange Fit-Up
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Pipe Pit Gauge
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DIGITAL WELDING GAUGE
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