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WELDING PROCEDURE PREPARATION

1.0 Introduction

This guide has been prepared to assist welding personnel with the preparation of welding procedures
required as part of their company certification to CSA Standards W47.1, W47.2 and W186.

The following three documents will be described:

(a) Welding Engineering Standards (Note: Only required for W47.2)

(b) Welding Procedure Specifications

c) Welding Procedure Data Sheets

There will be a brief description of the first two documents; however, this guide will focus on the preparation
of welding procedure data sheets. Each item on the welding procedure data sheet will be described and
guidance will be provided to complete each section.
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WELDING PROCEDURE PREPARATION

2.0 Welding Engineering Standards

Welding engineering standards cover the design of welded joints encountered by the fabricator and

prepared primarily for the fabricator’s engineering and drafting personnel.

The welding engineering standards typically include:

(a) lllustrated profiles of each typical joint intended for use, showing:
(i) The type of joint (eg, butt, lap, tee, corner, edge);
(i) The type of weld;
(iii) The geometry of the preparation and fit-up;
(iv) The standard welding symbol;

(v) The range of thickness; and

(b) Minimum permissible sizes of fillet and partial penetration groove welds.

Welding symbols shall be as shown in AWS Standard A2.4.

Sample welding engineering standards are available on our website www.cwbgroup.org

3.0 Welding Procedure Specification (WPS)

All companies applying or certified to CSA Standards W47.1, W47.2 or W186 are required to prepare and

submit welding procedure specifications to the CWB for acceptance.

A welding procedure specification (WPS) sets broad guidelines for the shop and field welding practice of
the fabricator for each anticipated combination of essential variables. Welding parameters and ranges are
specified and used to prepare the associated welding procedure data sheets.
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WELDING PROCEDURE PREPARATION

The company shall have welding procedure specifications for each welding process in use, outlining the

general welding procedure to be followed in the construction of weldments built in accordance with the
governing design or manufacturing standard, or both. Welding procedure specifications submitted for
acceptance should cover as a minimum the items specified in Appendix D of CSA Standard W47.1 or
Appendix A of CSA Standard W47.2, as applicable. Each welding procedure specification shall include
applicable essential variables. All welding procedure specifications shall be submitted to the Bureau for
acceptance and when stamped as accepted shall be considered as registered with the Bureau.

Sample welding procedure specifications are available on our website www.cwbgroup.org

4.0 Welding Procedure Data Sheet (WPDS)

A welding procedure data sheet (WPDS) is a document, used in conjunction with a WPS, detailing the
welding parameters and ranges for welding a specific joint, over a range of thicknesses and weld sizes, as
illustrated on the data sheet. The following is the standard welding procedure data sheet form suggested by
the CWB, however, other welding procedure data sheet formats may be used. Each item on the data sheet
will be described and guidance on the completion of the form will be given. Common errors in completing
the form will be identified.

© Copyright CWB Group - Industry Services Page 3



WELDING PROCEDURE PREPARATION

CANATHAN WEL NG BURCAL WELDING PROCETHIRE
DATA SHEET

Joinl Comiiguralion & Paesi ayey Seoeeare

Page 4 © Copyright CWB Group - Industry Services



WELDING PROCEDURE PREPARATION

41 BLOCK 1 (General Information)

CANATEAN WELINNG BUREAL | WELDING PROCEIHIRE

Company name and address

Enter the complete company name and address in this section. If the data sheets are to be used by
two or more certified plants within the same company the applicable plants need to be identified in the
documentation submitted.

WPDS No.
Each company should have its own method of numbering welding procedure data sheets. This can range
from a relatively simple consecutive number system to one that identifies the process, position, groove type

and electrode. Each welding procedure data sheet number should be unique so that the WPDS can be
easily referenced on production schedules, work orders, shop drawings etc.

Date and Revision

Enter the date the welding procedure data sheet was prepared and the revision number.

Reference Standards
Some welding standards that may be referenced are:

WA47.1 — Certification of Companies for Fusion Welding of Steel

W59 — Welded Steel Construction (Metal Arc Welding)

W186 — Welding of Reinforcing Bars in Reinforced Concrete Construction
WA47.2 — Certification of Companies for Fusion Welding of Aluminum
W59.2 — Welded Aluminum Construction

AWSD1.1 — Structural Welding Code - Steel

AWSD1.3 — Structural Welding Code — Sheet Steel

AWSD1.6 — Structural Welding Code — Stainless Steel

A common combination is W47.1 and W59. For certified companies, there must always be a certification
standard stated (eg. W47.1, W47.2,W186) plus a “Construction” standard (eg. W59, W59.2, D1.3, D1.6).
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®

Reference WPS

Record the welding procedure specification number that applies to this data sheet.
Some common mistakes with Block 1:

+ The company name and address are not completed.
* More than one data sheet has the same identification number.
* No reference code is specified.

* Reference codes are specified that have different qualification rules and essential variables. For
example W59 and D1.3.

4.2 BLOCK 2 (Process information)

e [ BlOCKD

Shekling Gaxs Type:

Welding Processes

The welding process to be used should be specified in this section. If two welding processes are used
to weld the joint they can be each be entered in the areas identified “1” and “2”. Some of the common
processes used are listed below with their corresponding letter designations:

Process Letter Designation
Shielded Metal Arc Welding SMAW
Gas Metal Arc Welding GMAW
Flux Cored Arc Welding FCAW
Metal Cored Arc Welding MCAW
Gas Tungsten Arc Welding GTAW
Submerged Arc Welding SAW
Plasma Arc Welding PAW
Electroslag Welding ESW
Electrogas Welding EGW
Stud Welding SW

The letter designation may be used to identify the process.

Full details about the various welding processes can be found in the CWB modules.
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®

Pulsed

If pulsed current is used check this box. Enter the root mean square (RMS) current in block 7 and the peak
and background current in the remarks section of block 8. The pulsed power source brand, model name
and the applicable program number should also be noted in the remarks section (Block 8).

Shielding Gas type
Record the complete generic composition or gas trade name as shown on the label on the gas cylinder.

Use of the generic composition is advantageous as it allows the user to change brands of shielding gas
with the same composition with no required changes to the WPDS.

Note: If the trade name is used, a change to another brand name, even if it is of identical composition, will
require revised data sheets.

The gas manufacturer/supplier may be able to provide you with the generic composition. For gas metal arc
welding, the wire is classified using 100% CO,; however, argon-oxygen-carbon dioxide combinations may
be used based on the oxygen equivalent.

For full details of gas combinations refer to CSA Standard W48.

Some common mistakes with Block 2:
* No welding process specified

* No gas composition specified

« Gas not certified with the filler material

4.3 BLOCK 3 (Joint information)

I

Positions

Positions shown on the data sheet should be the production position classified as Flat (F), Horizontal (H),
Vertical-Up (V-U), Vertical Down (V-D) or Overhead.

Number and letter combinations are also used to designate each welding position for quick reference.
The letter G stands for groove weld, letter F for fillet weld. The numbers 1, 2, 3 and 4 correspond to flat,
horizontal, vertical and overhead positions respectively. For the vertical position indicate if the progression
is vertical up or vertical down.
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In actual shop fabrication welding can be in any intermediate position. For detailed information on the

definition of the various welding positions please consult Appendix E of CSA Standard W59, Welded Steel
Construction (Metal Arc Welding) or AWS A3.0, Standard Welding Terms and Definitions.

Process mode (manual, semi-automatic, machine and auto)

One of the four process modes should be checked in this section based on the following definitions. Do not
enter more than one process mode unless multiple processes are used.

Manual welding. Welding with the torch, gun or electrode holder held and manipulated by hand. Accessory
equipment, such as part motion devices and manually controlled filler material feeders may be used. An
example is SMAW or GTAW.

Semi-automatic welding. Manual welding with equipment that automatically controls one or more of the
welding conditions. Examples are FCAW, GMAW

Machine welding (mechanized welding). Welding with equipment that requires manual adjustment of the
equipment controls in response to visual observation of the welding, with the torch, gun or electrode holder
held by a mechanized device. SAW is an example.

Automatic welding. Welding with equipment that requires only occasional or no observation of the welding
and with no manual adjustment of the equipment controls. An example is a robotic application.

Joint type
Check the box(s) to indicate the joint type. The five basic types are butt, tee, corner, lap and edge.

For definitions and details of joint type, please consult CWB Module 2, Engineering Drawings, Basic Joints
and Preparation for Welding.
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WELDING PROCEDURE PREPARATION

Penetration (complete, partial, ETT)

The depth of penetration of a groove weld needs to be identified.

A complete joint penetration groove weld is defined as one in which the weld metal extends through the
joint thickness. This can be achieved with or without backing. If complete joint penetration is achieved the
box marked “Complete” should be checked.

A partial joint penetration groove weld is one in which incomplete joint penetration exists. If this is the
case the box marked “Partial” should be checked and the effective throat thickness (ETT) should be
dimensioned in the space provided. The ETT may be specified as a percentage of T, eg. ETT = 0.75T.
Table 4-3 of CSA Standard W59 shows minimum groove depths for partial joint penetration groove welds
based on the thickness of the parts and the groove angle at the root. Verify that these requirements are
met.

Fillet

The box marked “fillet” should be checked if the weld is a weld of approximately triangular cross section
joining two surfaces approximately at right angles to each other in a lap-joint, T-joint or corner joint. Joints
with a groove angle greater than 135 degrees or less than 30 degrees require greater detail in the sketch
(defined as skewed joints). Refer to W59 Clause 4.5 for more detail.

Backing (material and thickness)

Backing is a material or device placed against the back side of the joint adjacent to the joint root to support
and shield molten weld metal.

Permanent backing is designed to remain in place as part of the finished weld.

Backings used for the welding of steels up to and including 480 MPa (70 ksi) minimum specified tensile
strength may be any of the steels listed in clauses 11.2.1 and 12.2.1 of CSA Standard W59.

W59 requires that backings used for the welding of steels of over 480 MPa (70 ksi) minimum specified
tensile strength and shall be of the same material as the base material.

If steel backing is used enter the material and thickness of backing in the space provided

Non-permanent backings can be made from materials such as ceramic, copper or flux. If they are used
enter the material, type and form of the backing in the space provided.
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4.4

Back gouging (Yes/ No, Method, Depth)

Back gouging is the removal of weld metal and base metal from the weld root side of a welded joint to
facilitate complete fusion and complete joint penetration upon subsequent welding from that side. Methods
include grinding to sound metal (GTSM), air carbon arc and plasma.

Back gouging should produce a groove contour substantially conforming to the appropriate prequalified
single U-joint in Clause 10 of CSA Standard W59, and its depth should be adequate to ensure complete
penetration into the previously deposited weld metal for the welding process to be used.

If back gouging is used, the back gouging box should be checked. The method used and the depth
identified.

Some common mistakes with Block 3:

* No welding position specified.

* Incorrect welding position specified. For example, the drawing shows horizontal (2F or 2G) but position
says “Flat”.

*  Progression of welding not shown for Vertical.
» Partial joint penetration specified with ETT =T
* No ETT specified for partial joint penetration

+ Both fillet and partial boxes are checked (Complete or partial joint penetration only apply to groove
welds)

BLOCK 4 (Technical data)

Nz i)
Pz Clmiraion
Tangelen Elerieee
i P

CSAWIS Reter Spice Type]

Electrode extension

The electrode extension for the gas metal arc welding, flux cored arc welding, submerged arc welding
processes is the length of electrode extending beyond the end of the contact tip.

The electrode extension for the gas tungsten arc welding and plasma arc welding processes is the length of
electrode extending beyond the end of the collett.

Enter the electrode extension in this section. Do not leave it blank. If the information requested does not
pertain to the welding process used insert N/A (Not Applicable) e.g. SMAW.
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Nozzle diameter

The gas nozzle is the device at the exit end of the torch or gun that directs shielding gas in gas shielded
processes. Enter the diameter of this nozzle in the space provided. If it does not apply (eg. non-gas
shielded processes), enter N/A.

Flux classification

For the submerged arc welding (SAW) process the flux classification or flux trade name should be entered
e.g. EM12K or the flux trade name. This information can be obtained from the label on the bag of flux. If you
enter the flux trade name and decide later to change the flux the data sheet will need to be revised. The
generic classification is preferred.

Tungsten electrodes (type, dia.)

The tungsten type and diameter used should be specified for the GTAW process. For other processes
enter N/A. The choice of the type and size of tungsten electrode for a particular application depends on the
operating current and current type.

Common tungsten types are listed below.

AWS CLASSIFICATION COMMON NAME COLOUR CODE
EWCe-2 2% Ceriated Tungsten Orange
EWLa-1 1% Lanthanated Tungsten Black
EWTh-1 1% Thoriated Tungsten Yellow
EWTh-2 2% Thoriated Tungsten Red
EWZr-1 1% Zirconiated Tungsten Brown

EWG Other - Needs to be Specified Gray

Cleaning procedures

Enter the cleaning procedures used. This is particularly important for the welding of aluminum alloys
because a change in cleaning method is considered an essential variable. Full details of the cleaning
procedure used should be included in the corresponding welding procedure specification.

CSA W186 Rebar splice type.

This section is only used for welding procedure data sheets for CSA Standard W186- Reinforcing Bars.

The types identified in CSA Standard W186 are:
» direct splice

* indirect splice

+ lap splice

. rebar to structural member
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Some common mistakes with Block 4:

» Electrode stickout not specified

* Incomplete or no cleaning procedures specified

4.5 BLOCK 5 (Joint preparation)

Sl Coanlicgurat ion £ P syer Seauears

Joint Configuration and Pass/Layer sequence

A sketch of the joint configuration with the welding symbol and a typical sequence of the layers and passes
should be included in this section of the form. It is recommended that the sketch be drawn in the correct
welding postion.

The joint configuration should include the following information:
+ thickness of parts

* root opening

* root face

+ bevel angle

+ groove angle

» depth of preparation

+ radius (for HSS)

+ diameter (for solid bars/tubing/pipe)

effective throat thickness (ETT)

Some common mistakes with Block 5:

* Missing details such as root face or land (Rf), Root gap or opening (G), groove angle (@), radius

*  Non pre-qualified material thickness. Ex: 0.9mm GMAW wire is not pre-qualified for groove welds with
a material thickness greater than 12mm.
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46 BLOCK 6 (Base and Filler material)

Ienihcalins of B Malrrial (for C5A WHBH indicale carbon eqpinaien], mae. phesphons £ suphr conlent)
Pt [{=— T or [l

1
]

Identification of base material (specification and grade, thickness or diameter, special
requirements)

Obtain a copy of the mill test certificate or any other document from the material supplier that shows the
specification and grade of the base materials. Record the complete material specifications and grades on
the welding procedure data sheets. Check with your purchasing agent.

The following are some examples of correct and incorrect material designations:

Incorrect Correct

44W CSA Standard G40.21 Grade 300W
A572 ASTM A572 Grade 50

Gr. 400 Rebar CSA Standard G30.18 Grade 400W

Note that many materials, especially ASTM materials, have a grade designation which must be included.

Another common method to designate materials on data sheets is to use steel groups such as “Steels in
groups 1, 2 and 3 of Table 11-1/ 12-1 of CSA Standard W59. This is advantageous as it ensures a wide
range of materials are covered.

Identification of filler material (process, trade name, classification, group, filler treatment)

Filler material classifications can be found in CSA Standard W48 “Filler metals and Allied Materials for
Metal Arc Welding” or AWS Specifications:

Check the label on the filler material box or spool to obtain the full filler material classification. This
information can also be verified on our website www.cwbgroup.org.

Please note there is a new designation system for wire electrodes and deposits for GMAW of non alloy and
fine grained steels as specified in ISO CAN/CSA-ISO 14341.

Full details can be found in CSA Standard \W48.
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WELDING PROCEDURE PREPARATION

The commonly used classifications are B-G 49A 2 C G3 (formerly ER49S-3) and B-G 49 A 3 C G6
(formerly ER49S-G).

The electrode or electrode-flux combination for butt joints using complete joint penetration groove welds
shall be in accordance with Table 11.1 or 12.1 of CSA Standard.

The electrode or electrode-flux combination for:
+ complete joint penetration groove welds in joints other than butt joints;
+ partial joint penetration groove welds; or

« fillet welds may be of lower or higher strength than required by Table 11.1 or 12.1, provided that the
conditions of Table 11.2(a), 11.2(b), 12.2(a), or 12.2(b), as applicable, are fully satisfied.

Remember that only steels in Column 2 of Table 5-3 of CSA Standard may be welded with SMAW with
other than low hydrogen electrodes and FCAW and MCAW without diffusible hydrogen designators.

The following filler material groups may be used for shielded metal arc welding (SMAW):

Group Electrode Classifications
F1 EXX22, EXX24, EXX27, EXX28
F2 EXX12, EXX13, EXX14

F3 EXX10, EXX11

F4 EXX15, EXX16, EXX18, EXX48

Filler material treatment shall be in accordance with manufacturer’'s recommendations and the requirements
of the applicable standard.

Some common mistakes with Block 6:

» The base material is not fully described. For example: 3XX Stainless Steel. A precise description must
be given from the reference code such as Group A or B, Table 3.1, AWS D1.6. A precise material
specification such as “ASTM A240, Grade 304L” can also be given.

« The filler material classification is incorrect.

* No thickness is specified.
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4.7

BLOCK 7 (Welding details)
Welkding Pamsneie
Thick- Weld Pk 1 -} WieFreed | Curest wait [
[mrﬁq'wm[:[w:n vgﬁﬁ[:?}
Thickness

Record the thickness of material to be welded in the space provided.

Weld size/ ETT

The weld size for a fillet weld or effective throat for a groove weld should be entered in this section.

Layer and pass number

Enter the number of passes and sequence of welding.There are several ways available to determine the
number of layers and passes for a WPDS including:

* The Nomograph Method
+ The Mathematical Equation Method
» The Weld Calculator Program Method

These methods require you to calculate the area of weld and to select a deposition rate. Deposition rates
can be found in some welding textbooks, online or from your electrode supplier.

Steel and aluminum calculators, Weld_IT software, data sheet preparation courses etc. are available from
the CWB to help you calculate the number of layers and passes. Details can be obtained from our website
www.cwbgroup.org.

Welding Processes

Enter the number “1” or “2” identified in Block 2 or the letter designation below.

Welding Process Letter Designation
Shielded Metal Arc Welding SMAW
Gas Metal Arc Welding GMAW
Flux Cored Arc Welding FCAW
Metal Cored Arc Welding MCAW
Gas Tungsten Arc Welding GTAW
Submerged Arc Welding SAW
Plasma Arc Welding PAW
Electroslag Welding ESW
Electrogas Welding EGW
Stud Welding SW
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Diameter

The standard units of measurement for electrode diameter are mm in S| (metric) and inch (imperial). The
following shows common electrode sizes in Sl (metric) and Imperial units.

INCH MM
0.030 0.8
0.035 0.9
0.040 1.0
0.045 1.2
1/16 1.6
5/64 2.0
3/32 24
1/8 3.2
5/32 4.0
3/16 5.0
1/4 6.0

Be consistent with the selection of the choice of units.

Wire feed speed

The standard units of measurement for wire feed speed are m/min in S.I. (metric) and inches/ min
(imperial).

A calibrated wire feed meter is preferred for measuring wire feed speed when the actual welding is in
progress. If a verification of the recorded number is necessary or a wire feed meter is not available,
measure the length of wire discharged from the gun for a period of 20 seconds. Multiply the length of
discharged wire by 3 to give the wire feed speed in inches/minute or meters/minute. Take care to ensure
that these are the real wire feed speeds and not the run in values

Current

Current values can be found in welding textbooks, online or by contacting your electrode supplier for one
of their product catalogs. The current to be used depends on many factors including electrode type, size,
welding position, joint design.

Measure the amperage using a calibrated clamp type amp meter. Follow the meter manufacturer’s
directions and measure the amperage as close to the gun/holder as possible without interfering with the
operator. This usually is about 3 or 4 feet from the gun/holder. When measuring voltage different techniques
can be used depending on the welding process being used.
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Voltage

When measuring voltage, different techniques can be used depending on the welding process being used.
For the SMAW and GMAW processes the voltage can be taken between the cable terminals on the welding
machine.

For the GMAW and FCAW processes, the voltage can be taken between the work lead at the work
connection clamp and the electrode lead at the the contractor in the wire feed unit. If not practical, the
voltage can also be taken between terminal or between the cable terminals on the welding machine.

For the SAW process, the voltage can be taken between the electrode lead connection at the torch and the
work lead clamp.

Warning-Welding parameters should only be measured by properly trained personnel following
safe work practices. Follow manufacturers recommendations.

Current Polarity

Enter the current and polarity for the electrode, electrode-gas or electrode- flux combination being used.
This information can be found in welding textbooks (CWB Learning Centre Module 4), electrode standards,
online or from electrode catalogues or from your supplier.

Direct current electrode positive (DCEP) is the arrangement of direct current welding leads in which the
electrode is the positive pole and the work piece is the negative pole of the welding arc. A non standard
term for this is direct current reverse polarity.

Direct current electrode negative (DCEN) is the arrangement of direct current welding leads in which the
electrode is the negative pole and the work piece is the positive pole of the welding arc. A non standard
term for this is direct current straight polarity.

Alternating current is the current flow in an electrical circuit, usually at a pre-determined frequency.

Arc Travel Speed/ Welding Speed

The arc travel speed can be measured by recording the time taken to weld a specific length of weld, then
convert the measured time and length to inches/minute or millimeters/minute. Record the calculated arc
travel speed (ATS) value and not just the measured length and time. This can be done using one of the
following formulas:

ATS (ins/min) = Measured Weld Length in inches x 60
Measured Time in Seconds

or
ATS (mm/min) =  Measured Weld Length in millimeters x 60
Measured Time in Seconds
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Burn-off rate

The burn off or melting rate is the weight or length of electrode, wire, rod, powder melted in a unit of time.
Record this information for arc spot welds.

Gas flow rate

The shielding gas flow rate should be high enough to maintain adequate shielding for the arc but not so
high that it causes turbulence in the weld pool. The gas flow rate to be used depends on a number of
factors such as the process, welding position, shielding gas, electrode extension and operating parameters.
With GTAW, flow rates are typically in the range of 15 to 20 cubic feet per hour (CFH). With GMAW

and FCAW flow rates typically vary between 25 and 45 CFH depending on the factors noted above.
Manufacturer’s literature should be consulted for more details.

The standard units of measurement for gas flow rate are I/min in S.I. (metric) and cubic feet/ hr CFH
(imperial). To convert from CFH to L/min multiply by 0.472. To convert from L/min multiply by 2.119.

CFH 15 20 25 30 35 40 45
L/min. 7 9.5 12 14 16.5 19 21

Check the gas flow rate with a meter and record the rate and the unit of measurement (in brackets).

Heat input

Enter the heat input and the unit of measurement when the heat input needs to be controlled. Examples are
when welding quenched and tempered steels and when specific impact properties need to be achieved.

Heat input is the energy supplied by the welding arc to the work piece. The heat input is calculated using
the following formula:

H= V x A x60
1000x T

where:

H = heat input (kJ/in or kdJ/mm)
V = arc voltage (volts)
A = current (amps)

T = travel speed (in/min or mm/min)
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Some common mistakes with Block 7:

* No wire feed speed with a semi-automatic process. (This is one adjustment the welder needs to make)

* Incorrect voltage or wire feed speed parameters for GMAW spray arc transfer. Charts showing
parameters for spray transfer are available from the CWB

* Incomplete range of fillet weld sizes

* Incorrect number of welding passes in flare-bevel or flare-V joints. Ex: 8 welding passes to get an
8mm effective throat

* No flow rate entered

e Flow rate unit written “CFM” instead of “CFH”

4.8 BLOCK 8 (Final remarks)

Heat treatment (preheat, interpass temperatures, post weld heat treatment)

For preheat or interpass temperatures refer to the applicable table in the standard such as Table 5-3, CSA
Standard W59. Alternatively enter the values in Centigrade or Fahrenheit. This box cannot be left empty or
marked as ambient or not applicable (N/A).

If a post weld heat treatment is used the temperature and time should be recorded.

Additional remarks

Any additional remarks or requirements should be added in this section. It can also be used for notes if
there is insufficient space in other sections of the welding procedure data sheet form. Examples are details
of pulsed welding or welding techniques such as stringer or weave beads.

Company authorization

The developed welding procedures need to be accepted by the responsible personnel at the company
before submission to the CWB.

For companies involved in certification to CSA Standard W47.1 - Division 1 or 2, their welding procedures
must indicate the acceptance by the designated welding engineer. Engineers submitting welding
procedures to the CWB must, at their option, seal and/or sign each document.
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For companies involved in certification to CSA Standard W47.2 - Division 1, 2.1 or 2.2, CSA Standard
W186, their welding procedures must indicate the acceptance by the designated professional engineer

responsible for welding procedures and practice. Engineers submitting welding procedures to the CWB
must, at their option, seal and/or sign each document.

For companies involved in certification to CSA Standard W47.1 - Division 3 or CSA Standard W47.2 -
Division 3 their welding procedures must indicate the acceptance by a qualified welding supervisor. Welding
supervisors submitting welding procedures to the CWB must sign each document.

For Division 3 companies, when the welding supervisor changes the company’s approved welding
procedures are still considered valid. The company is not required to submit the existing welding
procedures for re-approval or provide an acceptance letter. The new welding supervisor is tested on the
knowledge and application of the company’s welding procedures.

When a company changes its status from Division 3 to Division 1, 2 (W47.1) or 2.1 or 2.2 (W47.2), or when
an engineer takes over the responsibilities for previously approved welding procedures, the engineer may,
at his or her discretion, use one or more of the following options:

» prepare and submit for approval new welding procedures bearing his or her seal and/or signature;

+ issue a dated and signed letter to the CWB listing all welding procedures previously approved by the
CWB that have been reviewed and found to be acceptable for the company’s operations.

* review, sign and/or seal the existing documents and resubmit the appropriate number of copies for re-
approval. If the welding supervisor’s or engineer’s signature or the engineer’s seal has been removed
from the document then the previous approval must also be removed. If the previous approval stamp
has not been removed the documents are returned to the engineer without being reviewed.

+ if the engineer does not submit any documentation to the Bureau regarding the existing procedures,
it is presumed that the engineer has reviewed the procedures and found them to be suitable for the
company’s welding operations. The engineer is not required to advise the Bureau of the action he or
she has taken.

When a company changes its status from Division 1 or 2 to Division 3, the company’s existing approved
welding procedures are still considered valid. The company may submit the existing welding procedures for
re-approval or provide an acceptance letter, although this is not a requirement.

Date

The data sheet should have an accepted date.

Some common mistakes with Block 8:
+ Welding procedure data sheets are not accepted by the authorized personnel.
* Preheat is entered as “none” or ambient.

* Incorrect Preheat is specified.
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4.8 CHECKLIST: The following checklist can be used for completing welding procedure data sheets.

WELDING PROCEDURE DATA SHEET ITEM SMAW GMAW FCAW MCAW GTAW SAW
General Information
Company name and address
WPDS No.
Date and Rev X X X X
Process Information
Reference Standards X X X X
Welding Process X X X X
Pulsed current X X X X
Shielding gas type X X X X
Joint Information
Positions X X X X X X
Process mode X X X X X X
Joint type X X X X X X
Penetration X X X X X X
Fillet X X X X X X
Backing material and thickness X X X X X X
Back gouging X X X X X X
Technical information
Electrode extension X X X X
Flux classification
Tungsten electrode
Cleaning X X X X X
Joint preparation
Joint configuration/ joint type X X X X X X
Base and filler material
Identification to standard or group
Identification of filler material X X X X X X
Welding details
Thickness X X X X X X
Weld size X X X X X X
Layers X X X X X X
Pass No. X X X X X X
Welding Process X X X X X X
Diameter X X X X X X
Wire feed speed X X X X
Voltage + X X X + X
Current, Current Type/ polarity X X X X X X
Arc travel speed + X X X + X
Gas flow rate X X X X X
Additional items
Heat treatment/ preheat/ interpass X X X X X X
Additional remarks
Company authorization X X X X X X
Charpy V-notch
Reference standard X
Heat input
Stringer or weave bead
Arc Spot welds
Visible diameter
Coating thickness

+ If heat input control is required

© Copyright CWB Group - Industry Services
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5.0 Submission Of Welding Procedures

A certified company is required by the Standard to submit welding procedure data sheets, to the CWB, for
the types of welded joints used by the company.

Electronic submissions of welding procedures should be sent to procedures@cwbgroup.org.

Hard copy submissions should be sent to the Procedures Department, 7250 West Credit Ave., Mississauga,
ON L5N 5N1.

A WPDS can be accepted based on the following:

»  The joint geometry and parameters are specified by the governing standard to be prequalified

+  The company has previous procedure qualification test data recorded on a PQR (procedure
qualification record)

»  There are successful procedure data sheet tests in the CWB database that match the information on
your WPDS

» By successfully passing procedure qualification tests conducted in accordance with the requirements
of the applicable standard

* By successfully passing procedure qualification tests conducted in accordance with other recognized
specifications or standards

* By successfully passing a special procedure qualification test recorded on a PQR (an alternative type
test)

The requirements for procedure qualification testing will be identified by the Procedure Engineer in a letter
sent to the client.
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6.0 Review And Approval Of Welding Procedures

General

Each submission is reviewed by a Procedure Engineer based on the requirements of the applicable
standards and/or codes. The applicable standard and/ or code must be referred on the document
submitted.

The Procedure Engineers use their professional discretion when reviewing all documents to ensure that
they are feasible and meet the requirements as set out in the certification standards.

When a Welding Procedure Data Sheet meets all prequalified requirements but does not seem feasible
soundness tests are required.

In cases not directly covered by the certification standards, the Procedure Engineers apply the general
concepts of the standard combined with the requirements of other relevant standards and codes to
complete the review and approval process.

Welding Engineering Standards

Welding Engineering Standards when required are stamped received.

Welding Procedure Specifications

Welding procedure specifications that satisfy the requirements specified in the applicable standard are
stamped accepted.

Welding procedure specifications submitted for approval shall include, as a minimum, the applicable
essential variables of the governing design or manufacturing standard.

Welding Procedure Data Sheets

Prequalified Joints: Welding procedure data sheets, using joints designated as prequalified in the
governing standard, can be accepted by the CWB as prequalified without further testing by the company,
provided all other requirements of the governing standard have been met. Examples of governing standards
that designate joints as prequalified are CSA Standard W59 and AWS Code D1.1.
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Approval using the CWB database: Welding procedure data sheets that are not prequalified in the

governing standard can be accepted by the CWB if sufficient relevant testing information has been
accumulated by the CWB. The CWB reviews all submitted Welding Procedure Data Sheets that are not
prequalified against the information in our database. This database contains procedure qualification

tests completed by companies, and if sufficient information is found, acceptance can be granted without
procedure testing. Welding Procedure Data Sheets that satisfy these requirements are stamped accepted
on the basis of previous tests accumulated by the CWB.

Non Prequalified Joints - Procedure Testing: Welding procedure data sheets that are not prequalified

in the governing standard can be accepted by the Bureau if relevant procedure qualification testing is
completed by the company and witnessed by the CWB. The requirements for procedure qualification testing
are identified by the Procedure Engineer in a letter sent to the client. Welding procedure data sheets

that are successfully tested are stamped accepted to the applicable standard on the basis of procedure
qualification.

More than one qualification standard/code specified on the Welding Procedure Data Sheet: If
there is more than one standard/code, the requirements of all specified standards/codes must be met. For
example: A fillet weld Welding Procedure Data Sheet with both CSA W47.1 and AWS D1.6, will required 3
macro-etch tests.
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7.0 Sample Welding Procedure Data Sheets

— WELDING PROCEDURE WPDS NO.: SMAW-2F-8
i DATA SHEET DATE: 5/27/2008 Rev.: 0

Company Name: Canadian Welding Bureau Ref. Standards: CSA W47.1/ W59
Address: 7250 West Credit Avenue, Mississauga, ON L5N 5N1 Ref. WPS: SMAW-1
Welding Processes: 1 SMAW Pulsed: | |Yes No 2 Pulsed: | |Yes No
Shielding Gas Type: N/A
Positions: Horizontal Joint Configuration & Pass/Layer Sequence
Process Mode: Manual \:l Semi-Auto \:l Machine \:l Auto
Joint Type: [ TButt Tee [ Tcorner ] Lap ] Edge
Penetration: D Complete D Partial ETT= Fillet
Backing: Material: [N/A Thickness: [N/A
Backgouging: D Yes |Method:
No Depth:
Electrode Extension: |N/A
Nozzle Dia.nlwetér(s): N/A GAP 0-1 mm
Flux Classification: N/A
Tungsten Electrode: [Type: |N/A |Dia.: |
Cleaning Procedures |Use a chipping hammer and wire brush. Slag shall be 7
removed from all finished welds and before welding over 3 6 &
previously deposited metal. T 42
CSAW186 Rebar [ ] pirect Splice [ indirect Splice [ Lap Splice
Splice Type: [ Rebar to Structural Member Only
Identification of Base Material (for CSA W186 indicate carbon equivalent, max. phoghorud & sulphur content)
Part Specification & Grade NG, _ J Thickness or Dia. Special Requirements
I |Steels in Groups 1, 2 and 3 of Table 11-1/ 12-1 5.0 mm-16.0 mm
Il [Steels in Groups 1, 2 and 3 of Table 11-1/ 12-1 5.0 mm-16.0 mm
Identification of Filler Material g
Process Trade Name N Classification Group Filler Treatment
SMAW 14918, F4 Cl. 5.2.2.4, W59
I =
[
Welding Parameters __
Thick- | Weld Pass | Weldig | Dia Wire Feed Speed | Current Volt Current Welding Burn-Off | Gas Flow Heat Input
ness (| Size/ Layer Number | Procises (min’) ( ) A \% Polarity Speed Rate Rate ( )
) | ETT | CH) | o
5.0 1 1 SMAW| 3.2 N/A 120-140 AC/DC+ N/A
6.0 1 1 SMAW 3.2 N/A 120-140 AC/DC+ N/A
8.0 1-2 1-3 |SMAW| 3.2 N/A 120-140 AC/DC+ N/A
10.0 1-2 1-4 | SMAW 4.0 N/A 160-180 AC/DC+ N/A
12.0 1-3 1-6 |SMAW| 4.0 N/A 160-180 AC/DC+ N/A
16.0 1-3 1-7 [SMAW| 4.0 N/A 160-180 AC/DC+ N/A
Heat treatment : | CWB Acceptance Company Authorization
Preheat min: 10° C Interpasstemp.max.:
Interpasstemp.min.: |10° C
Remarks: Preheat in accordance with Table 5-3 of CSA W59
To be signed by the engineer
or supervisor before
submission to the CWB
Date:  |5/27/2008
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CARADEAR
WTLONG

BUTEAL

DATA SHEET

WELDING PROCEDURE

WPDS NO.:
DATE:

GMAW-2F

5/27/2008

Rev.:

Company Name:

Canadian Welding Bureau

Ref. Standards:

CSA W47.1/ W59

Address: 7250 West Credit Avenue, Mississauga, ON L5N 5N1 Ref. WPS: GMAW -1
Welding Processes: 1 GMAW Pulsed: | |Yes No 2 Puised: [ |Yes [ JNo
Shielding Gas Type: 90%Ar/ 10% CO2
Positions: Horizontal Joint Configuration & Pass/Layer Sequence
Process Mode: [ Manual [v] semi-Auto [ I Machine [ ] Auto
Joint Type: [ IButt [v] Tee [ corner L] Lap L] Edge
Penetration: L] Complete [ | Partial ETT= Fillet
Backing: Material: |N/A Thickness:
Backgouging: DYes Method: GAP 0-1 mm
No Depth: | |
Electrode Extension: |20 mm
Nozzle Diameter(s): |16 mm
Flux Classification:  |N/A
Tungsten Electrode: [Type:  |N/A [Dia.: |
Cleaning Procedures (\Vire brush, clean between passes
B
1T 2
CSA W186 Rebar (] Direct Splice (] Indirect Splice (] Lap Splice

Splice Type:

(] Rebar to Structural Member Only

Identification of Base Material (for CSA W 186 indicate carbon equivalent, max. phosph®rus & sulphur content)

Part

Specification & Grade

Thickness or Dia.

Special Requirements

I |[ASTM A36, A516 Gr. 70 G40.21Gr. 300W, 350 W a . 6-10 mm N/A
Il |ASTM A36, A516 Gr. 70 G40.21Gr. 300W, 350 W | 6-10 mm N/A
Identification of Filler Material - AN
Process Trade Name A u Classification Group Filler Treatment
GMAW N/A -5.4:A 3 C G6 (ER49S-6) N/A Cl. 5.2.4.5, CSA W59
~\
Welding Parameters - __
Thick- | Weld Pass | Welding Nia Wire Feed Speed | Current Volt Current Welding Burn-Off | Gas Flow Heat Input
ness (| Size/ Layer Number | Progfss™(( mi. ) ( m/min ) A \ Polarity Speed Rate Rate ( )
) ETT ( mm/min )| ( ) | ( Vmin
6 1 1 GMAW |_#1.2 10.0 260 28 DC+ | 400-500 20
8 1 1 GMAW| 1.2 10.0 260 28 DC+ | 300-400 20
10 1 1 GMAW| 1.2 10.0 260 28 DC+ | 400-500 20
2 2-3 |GMAW| 1.2 10.0 260 28 DC+ | 400-500 20
Heat treatment : | CWB Acceptance Company Authorization
Preheat min: 10° C Interpasstemp.max.: [250° C
Interpasstemp.min.: [10° C
In accordance with Table 5-3, CSA Standard W59
To be signed by the engineer
or supervisor before
submission to the CWB
Date: _ |5/27/2008
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COMPANY NAME:

COMPANY ADDRESS:
WELDING PROCEDURE SPECIFICATION
FOR SHIELDED METAL ARC WELDING
OF STAINLESS STEEL
SPECIFICATION No.:
Scope

This Welding Procedure Specification covers welding and related operations of stainless steel,
which are fabricated in accordance with CSA W47.1 and AWS D1.6. The attached data sheets
form an essential part of this specification. CSA Standard W59 may be referenced when joining
stainless steel to carbon steel.

A change in any of the essential variables contained in the succeeding paragraphs or detailed
on an applicable Welding Procedure Data Sheet(s) will require a new Welding Procedure
Specification and/or a new Welding Procedure Data Sheet(s).

Welding Procedure

The welding shall be done using the Shielded Metal Arc Welding (SMAW) process.

Joints shall be made by single or multiple pass welding, from one or both sides, as indicated on
the accepted Welding Procedure Data sheets referring to this specification.

Base Metal

The base metals used shall conform to ASTM austenitic stainless steel specifications as noted
on the Welding Procedure Data Sheets welded to each other or to carbon steels conforming to
the specifications of steel groups 1,2 and 3 as per table 11-1 or table 12-1 of CSA W59 . Other
grades of stainless steel and carbon steel may be welded provided accepted Welding
Procedure Data Sheets are available.

Base Metal Thickness

Base metal from 2.0 mm (1/16 in.) to unlimited thickness may be welded under this specification
provided that the Welding Procedure Data Sheets have been supplied and accepted by the
Canadian Welding Bureau. Thicknesses less than 2.0 mm(1/16 in.) may be welded providing
data sheets have been accepted by the Canadian Welding Bureau.

X

CcwB ENGINEER OR
SUPERVISOR

X This space to be stamped by P. Eng. if Div. 1 or Div. 2 company.
Welding Supervisor's Signature if Div. 3 company.




Filler Metal

Filler metal shall be certified by the Canadian Welding Bureau as conforming to the
requirements of CSA Standard W48-01.

The choice of filler metal shall be in accordance with the following table or as shown on the
CWB accepted Welding Procedure Data Sheet.

Base 304L 308 309 309S 310 310es 316 316L 317 321 347
Metal 316H 321H 347H
348
348H
304 308 308 308 308 308 308 308 308 308 308 308
304H 309 309 309 309 316 316 316
305 310 310 317
304L 304L 308 308 308 308 308 308 308L 308 308L 308L
309 309 309 309 316 316L 316 347 347
310 310 317
308 308 308 308 308 308 308 308 308 308 308
309 309 309 309 316 316 316 347 347
310 310 317
309 309 309 309 309 309 309 309 309 309
310 310 316 316 316 347 347
309S 309S 309 309S 309 309S 309 309 309
310 31es 316 316L 316 347 347
310 310 310 310 310 310 308 308
310Mo 316Mo 316Mo 310 310
316 316 317
31es 31es 316eMo 31eMo 316eMo 308 308
316 316 317 310 310
316H 316 316 316 308 308
316 317 316 316
347 347
316L 316L 317 316L 316L
347 347
317 317 308 308
317 317
347 347
321 321 308L
321H 347

Storage and Conditioning of Electrodes

All electrodes shall be delivered in sealed containers that do not show evidence of damage.
All electrodes shall be stored in warm and dry conditions and kept free from oil, grease and other
deleterious matter once they have bee removed from their containers.

If reconditioning of electrodes is necessary, the electrode manufacturer’s guidelines should be
followed. Electrodes that have been wet shall be discarded.

Position



The welding shall preferably be done in the flat position. The horizontal, vertical and overhead
positions may be used provided accepted Welding Procedure Data Sheets referring to those
positions and the Welding Procedure Specification are followed.

Preheat

Preheat does not normally apply to the welding of austenitic stainless steel, but if required,
details will be shown on the specific Welding Procedure Data Sheet(s).

Electrical Characteristics

Welding equipment will be used having a dropping voltage characteristic. The welding current
specified will be direct current electrode positive or alternating current.

MANUFACTURER'S RECOMMENDED WELDING PARAMETERS

This table shows the recommended parameters for all electrodes to be covered by this
specification.

Electrode Electrode Position Amperage Polarity Voltage
Classification Diameter

Welding Technique

Refer to the Welding Procedure Data Sheet for the precise SMAW variables to be used in
welding a particular thickness and joint configuration, position and parameters.

The arc is initiated by quickly touching the tip of the electrode to the base metal and then quickly
drawing the tip away. Once the arc is established it should be kept short to ensure sufficient
shielding by the molten slag, but the electrode should not be allowed to touch the molten weld
pool. Stringer beads are preferred over weaving to limit the heat input per pass. Weaving may
be used for welds in the vertical position, limiting the weave width to 2.5 times the electrode
diameter. A whipping technique should not be used.

All craters shall be filled at the end of each pass prior to breaking the arc. Weld metal shall be
thoroughly cleaned of slag and other debris prior to depositing the next pass.

Preparation of Base Material

The edges or surfaces of parts to be joined by welding shall be prepared by shear or plasma arc
cutting. Where hand cutting is involved the edge will be ground to a smooth surface. All
surfaces and edges shall be free from fins, tears, cracks or any other defects which would
adversely affect the quality of the weld.



-4 -

All moisture, grease or other foreign material that would prevent proper welding or produce
objectionable fumes, shall be removed. Contact with lead, zinc, or lead or zinc compound shalll
be avoided due to the potential for hot cracking.

All surfaces to be welded shall be wire brushed prior to welding. In multi-pass welds the weld
bead shall be wire brushed between passes. The brushes shall be of stainless steel and be
kept exclusively for use on stainless steel and be kept clean and free of contaminants.

All other equipment such as grinding discs shall be kept exclusively for use on stainless steels.
Back gouging of welds shall produce a groove having a profile and a depth adequate to ensure

fusion with the adjacent base metal and penetration into the root of the previously deposited
weld metals.

Weld Quality

Cracks or blowholes that appear on the surface of any pass shall be removed before depositing
the next covering pass.

The procedure and technique shall be such that undercutting of base metal or adjacent passes
is minimized.

Fillet and groove welds shall meet the desirable or acceptable weld profiles specified in Clause
5.11 of AWS D 1.6.

All welds shall be free of cracks.

The reinforcement in groove welds shall not exceed 3 mm (1/8") and shall have a gradual
transition to the plane of the base metal surface. Undercut shall be limited to that described in
Clauses 6.28 and 6.29 of AWS D 1.6. All welds shall be free from overlap.

In general, the weld quality will be such as to meet the requirements of Clause 6.28 and 6.29 of
AWS D 1.6 standard.

Weld Metal Cleaning

Slag or flux remaining after a pass, shall be removed before applying the next covering pass.
After the final pass all slag and weld spatter shall be removed. Arc strikes shall be removed by
grinding or other suitable means. Cracks or blemishes caused by arc strike shall be ground to a
smooth contour and examined visually to assure complete removal.

Treatment of Underside of Groove

Prior to depositing weld metal on the underside of a welding groove, the root shall be gouged to
sound metal unless otherwise specified on an applicable Welding Procedure Data Sheet,
accepted by the Canadian Welding Bureau.

Essential Variables

The variables listed in Table 4.1 of AWS D1.6 are considered, as essential variables .Any of the
essential variable changes listed in Table 4.1 require requalification of the Welding Procedure
Data Sheet.

Welding Procedure Data Sheets




The attached Welding Procedure Data Sheets form part of this specification.



COMPANY NAME:;

COMPANY ADDRESS:

WELDING PROCEDURE SPECIFICATION
FOR SUBMERGED ARC WELDING

SPECIFICATION No.:

Scope

This Welding Procedure Specification covers welding and related operations of steel structures
which are fabricated in accordance with the terms outlined in CSA Standards W47.1 and W59,
latest revisions. The attached Data Sheets form an essential part of this specification.

A change in any of the essential variables contained in succeeding paragraphs or detailed on
applicable Welding Procedure Data Sheet(s) shall require a new Welding Procedure Specification
and/or a new Welding Procedure Data Sheet(s).

Welding Procedure

The welding shall be done by the Submerged-Arc Process using either automatic or semi-automatic
equipment, with single or multiple arcs as indicated on the Welding Data Sheets.

Joints shall be made following the procedural stipulations indicated in CSA Standard W59, and may
consist of single or multiple passes in accordance with the accepted Welding Procedure Data
Sheets to which this specification refers.

Base Metal

The base metal shall conform to the specifications of steel groups 1, 2, 3 as per Table 11.1 or Table
12.1 of CSA Standard W59. Other groups may be welded providing Welding Procedure Data
Sheets are accepted by the Canadian Welding Bureau.

Base Metal Thickness

Base metal thicknesses from 3 mm (1/8") to UNLIMITED THICKNESS inclusive may be welded
under this specification providing the respective Welding Procedure Data Sheets have been
supplied and accepted for the appropriate weld size.

CWB Acceptance Engineer or Supervisor
Acceptance




Filler Metal/Flux

The electrode and flux to be used in combination shall conform to the requirements of CSA
Standard W48. Any combination of electrodes and fluxes not certified by the CWB shall be subject
to procedure qualification.

Storage and Conditioning of Electrodes/Fluxes

Electrodes shall be stored in suitable conditions that will keep them dry and free from surface rust
and foreign material.

Flux used for submerged arc welding shall be dry and free from contamination of dirt, mill scale or
other foreign material. All flux shall be purchased in packages capable of being stored under normal
conditions for at least 6 months without such storage affecting its welding characteristics or weld
metal properties. Flux from damaged packages that have been exposed to free moisture shall be
discarded or shall be dried before use in shallow layers (2 inches maximum) at minimum
temperature of 500°F for at least 1 hour or at time and temperature conditions as recommended by
the manufacturer. Flux fused in welding shall not be reused.

Position
The welding shall be done only in the position indicated on the Welding Data Sheet.
Preheat

The minimum preheat before welding will comply with Table 5.3 of CSA Standard W59. Minimum
preheat to be maintained or exceeded during welding.

If welding is interrupted for some time so that the temperature of the base metal falls below the
minimum preheat temperature, then arrangements will be made to preheat again prior to
recommencing welding.

The weldment shall be allowed to cool to the ambient temperature, without external quench media
being supplied. In other words, do not cool using water or by immediate placement in frigid
conditions which will cause a quick temperature change.

Heat Treatment and Stress Relieving

This will not be applicable to structures welded under this specification, unless a specific Data Sheet
showing all the parameters is submitted to the Canadian Welding Bureau and acceptance is
obtained.

Electrical Characteristics

The current used shall be either direct current (DC) or alternating current (AC) as indicated on the
Welding Data Sheets.

Welding Technique

The correct amperage and voltage, speed of travel, thickness of layers, number of passes, position,
material electrodes and any special instructions will be as per Data Sheet.



Preparation Of Base Material

The edges or surfaces of parts to be joined by welding shall be prepared by oxy-acetylene machine
cutting. Where hand cutting is involved the edge will be ground to a smooth surface. All surfaces
and edges shall be free from fins, tears, cracks or any other defects that will adversely affect the
quality of the weld.

All loose or thick scale, rust, moisture, grease or other foreign material that would prevent proper
welding or produce objectionable fumes, shall be removed.

Quality

Cracks or blow holes that appear on the surface of any pass shall be removed before depositing the
next covering pass. The procedure and technique shall be such that undercutting of base metal or
adjacent passes is minimized. Fillet and butt welds shall meet the desirable or acceptable fillet weld
profiles shown in Figure 5.4 of CSA Standard W59. The reinforcement in groove welds shall not
exceed 3 mm (1/8") and shall have a gradual transition to the plane of the base metal surface In
general, the weld quality will be such as to meet the requirements of Clause 11.5.4/12.5.4 of CSA
Standard W59.

Weld Metal Cleaning

Slag or flux remaining after a pass, shall be removed before applying the next covering pass. Prior
to painting, etc., all slag shall be removed and the parts shall be free of loose scale, oil and dirt.

Treatment of Underside of Welding Groove

Prior to depositing weld metal on the underside of a welding groove, the root shall be gouged, or
chipped to sound metal, unless otherwise specified on the applicable Data Sheet.



COMPANY NAME:;

COMPANY ADDRESS:

WELDING PROCEDURE SPECIFICATION
FOR SHIELDED METAL ARC WELDING

SPECIFICATION No.:

Scope

This Welding Procedure Specification covers welding and related operations of steel structures
which are fabricated in accordance with the terms outlined in CSA Standards W47.1 and W59,
latest revisions. The attached Data Sheets form an essential part of this specification.

A change in any of the essential variables contained in succeeding paragraphs or detailed on
applicable Welding Procedure Data Sheet(s) shall require a new Welding Procedure Specification
and/or a new Welding Procedure Data Sheet(s).

Welding Procedure

The welding shall be done manually using the SMAW (Shielded Metal Arc Welding) process.
Joints shall be made following the procedural stipulations indicated in CSA Standard W59, and may
consist of single or multiple passes in accordance with the accepted Welding Procedure Data
Sheets to which this specification refers.

Base Metal

The base metal shall conform to the specifications of steel groups 1, 2, 3 as per Table 11.1 or Table
12.1 of CSA Standard W59. Other groups may be welded providing Welding Procedure Data
Sheets are accepted by the Canadian Welding Bureau.

Base Metal Thickness

Base metal thicknesses from 3 mm (1/8") to UNLIMITED THICKNESS inclusive may be welded
under this specification providing the respective Welding Procedure Data Sheets have been
supplied and accepted for the appropriate weld size.

CWB Acceptance Engineer or Supervisor
Acceptance




Filler Metal

The filler metal shall be certified by the Canadian Welding Bureau as conforming to CSA Standard
W48.

Storage and Conditioning of Electrodes

Basic Electrodes

The storage and conditioning of electrodes shall be as per CSA Standard W59.

All basic electrodes shall be delivered in hermetically sealed containers that do not show evidence
of damage. However, if such containers show evidence of damage, the electrodes shall be

reconditioned in accordance with the requirements of CSA Standard W59.

Immediately after being removed from hermetically sealed containers or from reconditioning ovens,
electrodes shall be stored in ovens held at a temperature of at least 120°C (250°F).

Basic electrodes of E49XX classification that are not used within 4 hours after removal from ovens
shall be reconditioned in accordance with the requirements of CSA Standard W59.

Basic electrodes shall be re-dried no more than once.

Electrodes that have been wet shall be discarded.

Other Than Basic Electrodes

All other than basic electrodes shall be stored in warm and dry conditions and kept free from oil,
grease, and other deleterious matter once they have been removed from their containers and
packages.

Electrodes that have been wet shall be discarded.

Position

The welding shall be done preferably in the flat position, but other positions such as horizontal,
vertical and overhead are permissible providing the proper Data Sheets are supplied and approved.

Preheat

The minimum preheat before welding will comply with Table 5.3 of CSA Standard W59. Minimum
preheat to be maintained or exceeded during welding.

If welding is interrupted for some time so that the temperature of the base metal falls below the
minimum preheat temperature, then arrangements will be made to preheat again prior to
recommencing welding.

The weldment shall be allowed to cool to the ambient temperature, without external quench media
being supplied. In other words, do not cool using water or by immediate placement in frigid
conditions which will cause a quick temperature change.



Heat Treatment and Stress Relieving

This will not be applicable to structures welded under this specification, unless a specific Data Sheet
showing all the parameters is submitted to the Canadian Welding Bureau and acceptance is
obtained.

Electrical Characteristics

Welding equipment will be used having a drooping voltage characteristic. The welding current
specified will be direct current (straight or reverse polarity) or alternating current. The currentrange
will be as per electrode manufacturer's instructions and will shown on the Welding Procedure Data
Sheet.

Welding Technigue

The correct amperage and voltage, speed of travel, thickness of layers, number of passes, position,
material electrodes and any special instructions will be as per Data Sheet.

Arc strikes outside of the area of welds should be avoided on any material.

Preparation Of Base Material

The edges or surfaces of parts to be joined by welding shall be prepared by oxy-acetylene machine
cutting. Where hand cutting is involved the edge will be ground to a smooth surface. All surfaces
and edges shall be free from fins, tears, cracks or any other defects that will adversely affect the
quality of the weld.

All loose or thick scale, rust, moisture, grease or other foreign material that would prevent proper
welding or produce objectionable fumes, shall be removed.

Quality

Cracks or blow holes that appear on the surface of any pass shall be removed before depositing the
next covering pass. The procedure and technique shall be such that undercutting of base metal or
adjacent passes is minimized. Fillet and butt welds shall meet the desirable or acceptable fillet weld
profiles shown in Figure 5.4 of CSA Standard W59. The reinforcement in groove welds shall not
exceed 3 mm (1/8") and shall have a gradual transition to the plane of the base metal surface In
general, the weld quality will be such as to meet the requirements of Clause 11.5.4/12.5.4 of CSA
Standard W59.

Weld Metal Cleaning

Slag or flux remaining after a pass, shall be removed before applying the next covering pass. Prior
to painting, etc., all slag shall be removed and the parts shall be free of loose scale, oil and dirt.

Treatment of Underside of Welding Groove

Prior to depositing weld metal on the underside of a welding groove, the root shall be gouged, or
chipped to sound metal, unless otherwise specified on the applicable Data Sheet.



COMPANY NAME:

COMPANY ADDRESS:
W47.1/AWS D1.6
WELDING PROCEDURE SPECIFICATION
FOR GAS TUNGSTEN ARC WELDING
OF STAINLESS STEEL
SPECIFICATION No.:
Scope

This Welding Procedure Specification covers welding and related operations of stainless steel,
which are fabricated in accordance with CSA Standard W47.1 and AWS D1.6. The attached data
sheets form an essential part of this specification. CSA Standard W 59 may be referenced when
joining stainless steels to carbon steels.

A change in any of the essential variables contained in the succeeding paragraphs or detailed
on an applicable Welding Procedure Data Sheet will require a new Welding Procedure
Specification and/or a new Welding Procedure Data Sheet.

Welding Process

The welding shall be done using the Gas Tungsten Arc Welding (GTAW) process.

Joints shall be made by single or multiple pass welding, from one or both sides, as indicated on
the approved Welding Procedure Data sheets referring to this specification.

Base Metal

The base metals used shall conform to ASTM austenitic stainless steel specification as noted on
the Welding Procedure Data Sheets welded to each other or to carbon steels conforming to the
specifications of steel groups 1,2 and 3 as per table 11-1 or table 12-1 of CSA W59. Other
grades of stainless steel and carbon steel may be welded provided accepted Welding Procedure
Data Sheets are available

Base Metal Thickness

Base metal from 2.0 mm(1/16 in.) to unlimited thickness may be welded under this specification
provided that the Welding Procedure Data Sheets have been supplied and approved by the
Canadian Welding Bureau. Thicknesses less than 2.0 (1/16 in.) mm may be welded providing
data sheets have been approved by the Canadian Welding Bureau.

CcwB ENGINEER OR
SUPERVISOR

X This space to be stamped by P. Eng. if Div. 1 or Div. 2 company.
Welding Supervisor's Signature if Div. 3 company.




Filler Metal

Tungsten electrodes conforming to AWS classification shall be used. The filler metal meeting
the requirements of the latest addition of AWS A 5.9 classification shall be selected to weld
base material on the basis of matching chemical analysis as nearly as possible.

Filler metal shall be stored in a dry, clean place adequately protected from the weather or
environment hazards until actually needed. The storage area temperature shall be maintained
at a uniform temperature approximately the same as that of the welding location.

The choice of filler metal shall be in accordance with the following table or as shown on the
CWB accepted Welding Procedure Data Sheet.

Base 304L 308 309 309S 310 310es 316 316L 317 321 347
Metal 316H 321H 347H
348
348H
304 308 308 308 308 308 308 308 308 308 308 308
304H 309 309 309 309 316 316 316
305 310 310 317
304L 304L 308 308 308 308 308 308 308L 308 308L 308L
309 309 309 309 316 316L 316 347 347
310 310 317
308 308 308 308 308 308 308 308 308 308 308
309 309 309 309 316 316 316 347 347
310 310 317
309 309 309 309 309 309 309 309 309 309
310 310 316 316 316 347 347
309S 309S 309 309S 309 309S 309 309 309
310 310s 316 316L 316 347 347
310 310 310 310 310 310 308 308
310Mo 316Mo 316Mo 310 310
316 316 317
310es 310s 310Mo 310Mo 316Mo 308 308
316 316 317 310 310
316H 316 316 316 308 308
316 317 316 316
347 347
316L 316L 317 316L 316L
347 347
317 317 308 308
317 317
347 347
321 321 308L
321H 347

Shielding Gas
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The shielding gas shall be welding grade argon, helium, or an argon-helium mixture and shall
be limited to those specified on the fabricator's approved Welding Procedure Data Sheets. The
welding gases shall have a dew point of -40° Celsius, or lower, at 101 kPa.

The gas distribution system shall be free from leaks to prevent air or other contaminants from
entering. The containers or storage systems should not be used when the pressure falls below
2000 kPa (290 psi). *

Position

The welding shall preferably be done in the flat position. The horizontal, vertical and overhead
positions may be used provided approved Welding Procedure Data Sheets referring to those
positions and the Welding Procedure Specification are followed.

Preheat

Preheat does not normally apply to the welding of austenitic stainless steel, but if required,
details will be shown on the specific data sheet(s).

Electrical Characteristics
The welding shall be done using a DC power source with drooping volt-ampere characteristics
on straight polarity.

MANUFACTURER'S RECOMMENDED WELDING PARAMETERS

This table shows the recommended parameters for all electrodes to be covered by this
specification.

. Electrode " . .
Shielding Gas Classification Position Amperage | Polarity | voltage | Stick-out

Welding Technique

Refer to the Welding Procedure Data Sheet for the precise GTAW variables to be used in
welding a particular thickness and joint configuration, position and parameters, i.e. stick-out, gas
flow rate, travel speed, passes and layers, etc.

The selection of the torch angle depends on joint type, material thickness, edge preparation,
in addition to the degree of skill and experience of the operator.

Before welding is started, electrode size, current setting and gas flow should be selected to
suit the material thickness and welding position being used from an approved data sheet.

Preparation of Material
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The edges or surfaces of parts to be joined by welding shall be prepared by shear or plasma arc
cutting. Where hand cutting is involved the edge will be ground to a smooth surface. All
surfaces and edges shall be free from fins, tears, cracks or any other defects which would
adversely affect the quality of the weld.

All moisture, grease or other foreign material that would prevent proper welding or produce
objectionable fumes, shall be removed. Contact with lead, zinc, or lead or zinc compound shall
be avoided due to the potential for hot cracking.

All surfaces to be welded shall be wire brushed prior to welding. In multi-pass welds the weld
bead shall be wire brushed between passes. The brushes shall be of stainless steel and be
kept exclusively for use on stainless steel and be kept clean and free of contaminants.

All other equipment such as grinding discs shall be kept exclusively for use on stainless steels.
Back gouging of welds shall produce a groove having a profile and a depth adequate to ensure

fusion with the adjacent base metal and penetration into the root of the previously deposited
weld metals.

Weld Quality

Cracks or blowholes that appear on the surface of any pass shall be removed before depositing
the next covering pass.

The procedure and technique shall be such that undercutting of base metal or adjacent passes
is minimized.

Fillet and groove welds shall meet the desirable or acceptable weld profiles shown in Clause
5.11 of AWS D1.6.

All welds shall be free of cracks.
The reinforcement in groove welds shall not exceed 3 mm (1/8") and shall have a gradual
transition to the plane of the base metal surface. Undercut shall be limited to that described in

Clauses 6.29 and 6.29 of AWS D1.6. All welds shall be free from overlap.

In general, the weld quality will be such as to meet the requirements of Clause 6.28 and 6.29 of
AWS D1.6.

Essential Variables

The variables listed in Table 4.1 of AWS D1.6 are considered, as essential variables .Any of the
essential variable changes listed in Table 4.1 require requalification of the Welding Procedure
Data Sheet.

Welding Procedure Data Sheets
The attached Welding Procedure Data Sheets form part of this specification.




COMPANY NAME:

COMPANY ADDRESS:

WELDING PROCEDURE SPECIFICATION
FOR SHIELDED METAL ARC WELDING OF ARC SPOT WELDS

SPECIFICATION No.:

Scope

This welding procedure specification covers arc spot welding and related operations for attaching
sheet steel to structural steel in accordance with the latest editions of CSA Standards W47.1 and
W59, and AWS D1.3. "Structural Welding Code - Sheet Steel".

Welding Procedures

Welding shall be done manually using the SMAW (Shielded Metal Arc Welding) process.
Base Metal

Supporting steel shall conform to the specifications of steel groups 1, 2, and 3 of table 11-1 of CSA
W59. Galvanized sheet steel shall conform to ASTM A446 or CSSBI 101M.

Base Metal Thickness

Sheet material from ___ Gato___ Ga and supporting steel from 3 mm (1/8")to ___ mm (__") may be
welded under this specification. The thickness of a single sheet or the combined thickness of
multiple sheets welded to a supporting member shall not exceed 3.7 mm (0.15"). Welding
procedure data sheets showing thicknesses of material will be supplied to and accepted by the
Canadian Welding Bureau.

Filler Metal

The filler metal shall be classified as EXXXX. The filler metal shall be certified by the Canadian
Welding Bureau as conforming to CSA Standard W48.

X

CwB ENGINEER OR
SUPERVISOR

X This space to be stamped by P. Eng. if Div. 1 or Div. 2 company.
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Storage and Conditioning of Electrodes

Basic Electrodes

All basic electrodes shall be delivered in hermetically sealed containers that do not show evidence
of damage. However, if such containers show evidence of damage, the electrodes shall be dried for

at least 1 hour at a temperature between 370°C (700°F) and 430°C (800°F) before being used or
otherwise treated as non-basic electrodes.

Immediately after being removed from hermetically sealed containers or from drying ovens,
electrodes shall be stored in ovens held at a temperature of at least 120°C (250°F).

Basic electrodes of E49XX (E70XX) classification that are not used within 4 hours after removal
from ovens shall be reconditioned in accordance with the requirements of Clause 5.2.2.4.1. of CSA
W59.

Basic electrodes shall be redried no more than once.

Other Than Basic Electrodes

All other than basic electrodes shall be stored in warm and dry conditions and kept free from oil,
grease, and other deleterious matter once they have been removed from their containers and
packages.

Electrodes that have been wet shall be discarded.

Position

Welding shall be done in the positions indicated on the approved Welding Procedure Data Sheet.

Preheat

Preheat is not normally required when arc spot welding sheet steel to thicker supporting members.
Reference Clause 5.2.2.3. and Appendix K of CSA W59.

Electrical Characteristics

Welding current will be direct or alternating. The current range and polarity will be as shown on the
approved data sheets.

Essential Variables

A change in the following variables shall be considered essential changes and shall required
establishing a new procedure by qualification (Clause 4.5 of AWS D1.3):

A change in the classification of electrode.

A change in the size of electrode.

A change increasing the filler metal strength level.

A change in the type of current or polarity.

An increase of more than 10% in the melting rate or amperage from both that used in the
procedure qualification test.

abrwhpE



-3-

6. An decrease of more than 5% in the melting rate or amperage from both that used in the
procedure qualification test.

7. A change in thickness of sheet steel by more than 10%.

8. A change in the type of coating material on the sheet steel.

9. Anincrease exceeding 30% in the thickness of coating of the sheet steel.

10. A change from a single layer to a double layer of sheet steel or vice versa.

11. A change in the welding position.

Welding Technique

The electrode should be at right angles to the decking. The arc is struck and a short arc maintained.
A spiral motion is used increasing in size until the required weld size is attained, the electrode is
then drawn back to the centre of the weld and the arc is broken off.

Preparation Of Base Material

Surfaces to be welded shall be dry, clean and free from loose scale, oil or grease.

The decking shall be fitted tightly to the supporting member before welding begins. A chalk line will
be used to locate welds over the supporting member. Spacing of the welds will be as shown on the
design or erection drawings.

Welding will not be carried out when the ambient temperature is less than -18°C (0°F) or when
surfaces are exposed to rain, snow or high winds.

Quality

The welds will be circular, and have a minimum nugget diameter of 13 mm (1/2"). At least 87.5% of
the circumference will be fully fused to the supporting member as per AWS D1.3. The welds will
be filled to a slightly convex contour.

Burn through of supporting members is not permitted. If this does occur, it shall be reported to the
responsible engineer and repairs will be made under his/her direction to ensure joint integrity.

Welds shall be uniform in appearance and shall be free of overlap, cracks, porosity and excessive
undercut.

Weld washers shall be used to prevent burn back for sheet steels thinner than 0.7 mm (0.028").
Separate procedure qualification tests will be required for arc spot welds using weld washers.

Weld Metal Cleaning

All slag remaining shall be removed from the finished welds.

For galvanized decking a coat of zinc rich primer shall be applied to the finished weld.



Welder Qualifications

Welders will be qualified under clause 4 of AWS D1.3. The welding procedure used in the
qualification shall be a qualified welding procedure. The following is an outline of the limitations of
welder qualification which should only be used together with AWS D1.3.

Base Metal

Qualification to any one of the steels covered by this procedure specification shall be considered
qualification to weld any other sheet steels covered by this procedure specification, providing that
they have no coating or have the same coating used in the qualification. Separate qualification is
required for galvanized sheet steel.

Base Metal Thickness

For arc spot welding, the welder shall qualify separately for each thickness (gauge) of sheet steel to
be used.

Electrodes

A welder qualified to weld with an electrode in the following table shall be considered qualified for
any electrode in the same group, and any electrode listed in a numerically lower group.

GROUP ELECTRODE
F4 EXX15, EXX16, EXX18
F3 EXX10, EXX11
F2 EXX12, EXX13, EXX14

Position
The welder shall be qualified separately for each position of welding.
Welder Tests Required

The following table describes the welder test requirements.

TABLE1 WELDER QUALIFICATION TEST

Test Type of: Qualifies For: Number | Type of
Assembly Joint Position | Position | Joint Thickness of Tests Test
See Figure 1 | Arc spot weld, F F Arc spot weld Thickness 2 Twist
sheet to and arc seam tested
supporting weld, sheet to
member supporting
member




Figure 1.

Test Results Required

The sheet steel shall be struck with a hammer until the steel around the weld separates, due to
failure in the weld or in the steel. The nugget diameter shall be measured to ensure that it meets the
minimum required diameter (13 mm (1/2")). The melting rate for the electrode used shall be
measured. The test shall then be repeated for a total of two successful tests.



COMPANY NAME:

COMPANY ADDRESS:

WELDING PROCEDURE SPECIFICATION
FOR GAS METAL ARC WELDING

SPECIFICATION No.:_ GMAW-1

Scope

This Welding Procedure Specification covers welding and related operations of steel structures
which are fabricated in accordance with the terms outlined in CSA Standards W47.1 and W59,
latest revisions. The attached Data Sheets form an essential part of this specification.

A change in any of the essential variables contained in succeeding paragraphs or detailed on
applicable Welding Procedure Data Sheet(s) shall require a new Welding Procedure Specification
and/or a new Welding Procedure Data Sheet(s).

Welding Procedure

The welding shall be done semi-automatically using the GMAW (Gas Metal Arc Welding) process.
Joints shall be made following the procedural stipulations indicated in CSA Standard W59, and may
consist of single or multiple passes in accordance with the accepted Welding Procedure Data
Sheets to which this specification refers.

Base Metal

The base metal shall conform to the specifications of steel groups 1, 2, 3 as per Table 11.1 or Table
12.1 of CSA Standard W59. Other groups may be welded providing Welding Procedure Data
Sheets are accepted by the Canadian Welding Bureau.

Base Metal Thickness

Base metal thicknesses from 3mm (1/8") to UNLIMITED THICKNESS inclusive may be welded
under this specification providing the respective Welding Procedure Data Sheets have been
supplied and accepted for the appropriate weld size.

CWB Acceptance Engineer or Supervisor
Acceptance




Filler Metal

The filler metal shall be certified by the Canadian Welding Bureau as conforming to CSA Standard
W48.

Storage and Conditioning of Electrodes

Electrodes shall be dry and free from surface rust and foreign material.

Shielding Gas

The shielding gas shall be a welding grade having a dew point of -40°C (-40°F) or lower. The
shielding gas/electrode combination shall be as shown on the accepted Welding Procedure Data
Sheets.

Welding shall not be done in a draught or wind unless the weld is protected by a shelter. This
shelter shall be of material and shape appropriate to reduce wind velocity in the vicinity of the weld
to 8 km/hr. (5 mph).

Position

The welding shall be done preferably in the flat position, but other positions such as horizontal,
vertical and overhead are permissible providing the proper Data Sheets are supplied and approved.

Preheat

The minimum preheat before welding will comply with Table 5.3 of CSA Standard W59. Minimum
preheat to be maintained or exceeded during welding.

If welding is interrupted for some time so that the temperature of the base metal falls below the
minimum preheat temperature, then arrangements will be made to preheat again prior to
recommencing welding.

The weldment shall be allowed to cool to the ambient temperature, without external quench media
being supplied. In other words, do not cool using water or by immediate placement in frigid
conditions which will cause a quick temperature change.

Heat Treatment and Stress Relieving

This will not be applicable to structures welded under this specification, unless a specific Data Sheet
showing all the parameters is submitted to the Canadian Welding Bureau and acceptance is
obtained.

Electrical Characteristics

The welding current shall be direct current (reverse polarity) using a constant voltage type power
supply. The range of parameters will be as per electrode manufacturer's instructions and will shown
on the Welding Procedure Data Sheet.



Welding Technigue

Refer to the Data Sheet for the precise GMAW variables to be used in welding a particular thickness
and joint configuration, position and parameters, i.e. stick-out, gas flow rate, travel speed, passes
and layers, etc.

The selection of the torch angle depends on joint type, material thickness, edge preparation, in
addition to the degree of skill and experience of the operator.

Generally, the forehand technique provides better visibility of the weld joint and a flatter weld puddle.
The backhand technique yields better penetration. Torch angle is usually maintained with 10 to 20
degrees on either side of vertical.

Preparation Of Base Material

The edges or surfaces of parts to be joined by welding shall be prepared by oxy-acetylene machine
cutting. Where hand cutting is involved the edge will be ground to a smooth surface. All surfaces
and edges shall be free from fins, tears, cracks or any other defects which would adversely affect
the quality of the weld.

All loose or thick scale, rust, moisture, grease or other foreign material that would prevent proper
welding or produce objectionable fumes, shall be removed.

Quality

Cracks or blow holes that appear on the surface of any pass shall be removed before depositing the
next covering pass. The procedure and technique shall be such that undercutting of base metal or
adjacent passes is minimized. Fillet and butt welds shall meet the desirable or acceptable fillet weld
profiles shown in Figure 5.4 of CSA Standard W59. The reinforcement in groove welds shall not
exceed 3 mm (1/8") and shall have a gradual transition to the plane of the base metal surface In
general, the weld quality will be such as to meet the requirements of Clause 11.5.4/12.5.4 of CSA
Standard W59.

Weld Metal Cleaning

Slag or flux remaining after a pass, shall be removed before applying the next covering pass. Prior
to painting, etc., all slag shall be removed and the parts shall be free of loose scale, oil and dirt.

Treatment of Underside of Welding Groove

Prior to depositing weld metal on the underside of a welding groove, the root shall be gouged, or
chipped to sound metal, unless otherwise specified on the applicable Data Sheet.



COMPANY NAME:

COMPANY ADDRESS:

W47.2/W59.2

WELDING PROCEDURE SPECIFICATION
FOR GAS METAL ARC WELDING
OF ALUMINUM

SPECIFICATION No.:

Scope

This Welding Procedure Specification covers welding and related operations of aluminium
structures which are fabricated in accordance with the terms outlined in CSA Standard W47.2 and
W59.2. The attached Data Sheets form an essential part of this specification.

A change in any of the essential variables contained in the succeeding paragraphs or detailed on an
applicable Welding Procedure Data Sheet(s) shall require a new (or revised) Welding Procedure
Specification and/or a new (or revised) Data Sheet.

Welding Procedure

The welding shall be done semi-automatically using the G.M.A.W. (Gas Metal Arc Welding) process.
Joints shall be made by following the procedural stipulations indicated in CSA W59.2, and may
consist of single or multiple passes in accordance with the approved Welding Procedure Data
Sheets to which this specification refers.

Base Material

The base metal alloys used should conform to the materials listed in Table 5 of CSA Standard
W59.2.

Other alloys may be welded provided the appropriate Welding Procedure Data Sheets have been
approved.

CwB ENGINEER OR
SUPERVISOR

X This space to be stamped by P. Eng. if Div. 1 or Div. 2 company.
Welding Supervisor's Signature if Div. 3 company.



Base Material Thickness

Base metal thicknesses from 3.0 mm (1/8") to unlimited thickness may be welded under this
specification provided that the Welding Procedure Data Sheets have been supplied and approved
by the Canadian Welding Bureau. Other thicknesses (t <3 mm) may be welded providing the above
condition is met.

Filler Material

The filler metal shall be certified by the Bureau as conforming to the requirements of ANSI/AWS
Standard A5.10.

The choice of filler metal shall be in accordance with Table 3 (W59.2), unless otherwise approved by
the engineer. *

Storage and Conditioning of Electrodes

Filler metal shall be stored in the original package in a dry, clean, heated place adequately protected
from the weather or environment hazards until actually needed at the fabrication site. The storage
area temperature shall be maintained at a uniform temperature approximately the same as that of
the welding location.*

Precautions shall be taken to ensure that all opened packages of spools of electrode wire are
protected from the weather or other contaminants. Filler metals that are contaminated with foreign
matter shall not be used.*

Shielding Gas

The shielding gas shall be welding grade argon, helium, or an argon-helium mixture and shall be
limited to those specified on the approved welding procedure data sheets. No additions of other
gases shall be acceptable. The welding gases shall have a dew point of - 4001 C, or lower, at 15
MPa.*

Shielding gases shall be stored in and used from the containers in which they are supplied or from a
central storage tank distribution system which is replenished by the gas supplier. No gas shall be
transferred from one tank to another in the plant.*

The distribution system shall be free from leaks to prevent air or other contaminants from entering.
The containers or storage systems should not be used when the pressure falls below 2000 kPa (290

psi).*

Welding Position

The welding shall be done preferably in the flat position. The horizontal, vertical and overhead
positions may be used provided approved Welding Procedure Data Sheets referring to those
positions and the Welding Procedure Specification are followed.



Preheat/Heat Treatable Alloys

Preheat is not normally required when fusion welding aluminium; however, when welding thick
aluminium sections, preheating is sometimes used to avoid cold-start defects to achieve heat
balance between dissimilar thickness or to remove moisture. Care shall be taken to ensure
temperature control, particularly, when fabricating the heat treatable alloys and the 5XXX series
alloys that contain more than 3% magnesium. Preheating temperatures for these types of alloy shall
not exceed 1200) Celsius. Holding time at this temperature shall not exceed 15 minutes.

When welding heat treatable alloys and 5XXX alloys containing more than 3% magnesium, the
interpass temperature shall be allowed to fall below 1500 Celsius before starting the nextpass.*

Electrical Characteristics

The welding current shall be direct current reverse polarity using a constant voltage type power
supply.

MANUFACTURER'S RECOMMENDED WELDING PARAMETERS

Shielding Electrode Weld Diameter Amperage Voltage Wire
Gas Classification Position Feed
Speed

Welding Technique

Refer to the Data sheet for the precise GMAW variables to be used in welding a particular thickness
and joint configuration, position and parameters, i.e. stick-out, gas flow, travel speed, passes and
layers, etc.

The selection of the welding gun angle depends on joint type, material thickness, edge preparation,
in addition to the degree of skill and experience of the operator.

For groove welding, the gun is angled from 1007 to 1507 to produce a forehand angle.
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When GMA welding aluminum, the gun must never be dragged (have a backhand angle).
The proper angle is important as it affects depth of penetration, weld contour and gas shielding.
The angle may be varied slightly, depending on the arc travel speed, welding position, size of weld
required and welding current. In application, where welding is done at high speed, the forehand
angle may be greater.

Vertical welding must always be done in the upward direction with a forehand angle in range of 107
to 1507 .

For fillet welding lap and tee joints, the torch bisects the 901 angle made by the joint and has a
forehand angle of 1001 to 1507 in the direction of travel.

When welding pieces of dissimilar thickness, the gun should be directed towards the heavier
member.

Preparation of Base Metal

Edge preparation shall be accomplished by disc grinding, shearing, plasma-arc cutting, sawing,
chipping, planing, milling, routing, or other method approved by the engineer.*

When disc grinding is used for edge preparation, high speed flexible grinding discs shall be used.
The grinding disc shall be maintained free of lubricants and other foreign material.*

When shearing is used for edge preparation the shear blade shall be kept sharp and free of foreign
material. The sheared edge of aluminum shall be filed, planed or routed to remove any metal that
can possibly entrap foreign material such as cutting oil.*

To allow effective cleaning, surfaces and edges to be welded shall be smooth, uniform, and free
from fins, cracks, and other defects that could introduce porosity or oxides into the weld.*

When plasma arc cutting is used for the edge preparation of heat-treatable alloys, 3 mm of material
shall be removed from the cut edges by mechanical means. This includes both butt and T-joints.*

Note: Plasmaarc cutting of heat treatable aluminum alloys may produce lamellar fissures.*

In plasma arc cutting of non-heat-treatable alloys, the arc shall be adjusted and directed to avoid
cutting beyond the prescribed lines. Surface roughness of the cut surfaces shall be no greater than
25 um for material up to 100 mm thick and 50 um for material 100-200 mm thick, except that the
ends of members not subject to calculated stress at the ends may meet the surface roughness
value of 50 um. Roughness exceeding the permissible amount and occasional notches or gouges
greater than 5 mm deep on otherwise satisfactory surfaces shall be flared into the cut surface by
machining or grinding to a slope not exceeding 1 in 10.*

At cut edges, occasional notches or gouges less than 10 mm deep in material up to 100 mm thick,
or less than 15 mm deep in material thicker than 100 mm may, with the engineer's approval, be
repaired by welding.*

The removal of temporary welds or of unacceptable work and the backgouging of welds may be
effected by machining, sawing, air carbon arc, plasma arc, or impact chipping.*

Backgouging of welds shall produce a groove having a profile and a depth adequate to ensure
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fusion with the adjacent base metal and penetration into the root of the previously deposited weld
metal.*

Reentrant corners shall have a radius of not less than 10 mm. The corner radius and its adjacent
cuts shall meet without offset and without cutting past the point of tangency.*

All surfaces to be welded shall be wire brushed to remove oxides. In multi-pass welds the weld
bead shall be wire brushed between passes. The brushes (stainless steel) shall be kept exclusively
for use on aluminum.

Note: Equipment used for preparing aluminum should be used solely for this purpose to
prevent contamination of the base material from foreign materials.

Cleaning should be done just prior to welding but if welding is delayed, the cleaned material shall be
covered with polyethylene sheet, paper or other protective covering, to guard against contamination.

Weld Quality

Insufficient throat is not permitted.*

Weld termination craters shall not be permitted.*

If the surface finishing reveals porosity then the section shall be inspected for internal porosity.*

Welds shall be free from cracks, lack of fusion, lack of penetration, and essential free from undercut,
overlap, or surface porosity.*

Continuous undercut depth shall not exceed the smaller of T/5 of 1 mm on each side of the joint,
where T is the member thickness.*

Isolated undercut shall not exceed 2 mm in depth. Undercut greater than 1 mm in depth shall not
have a length greater than 15 mm.*

Groove weld reinforcement at the centre of the weld shall not exceed the values given in Figure
10(a) and (b) of W59.2. If present, shall be built up uniformly to blend into the surface of the base
metal to a maximum at the centre of the weld.*

When butt joints are used to join members differing in thickness, there shall be a smooth transition
between the offset surfaces with a length of taper not less than four times the difference in
thickness.*

Fillet welds shall have a degree of convexity not exceeding 0.1s + 1.5 mm where s = size of the
minimum leg length in mm.*

Fillet welds shall conform to the profiles shown in Fig. 11 of W59.2. Fillet welds shall be free of the
defects shown in Fig. 11 of W59.2.*

Welds shall not be peened.

Treatment of Underside of Welding Groove

Prior to depositing weld metal on the underside of a welding groove, the root shall be gouged,
ground, or chipped to sound metal, unless otherwise specified on the applicable Data Sheet.



Essential Variables

The following are considered essential variables for Gas Metal Arc Welding (GMAW) (Clause
8.2.3.4 of CSA W47.2):

(1)
(2)
()

(4)
(5)
(6)
(7)
(8)

(9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)

a change of base metal alloy group (see Table 1A);

a change of filler metal alloy group (see Table 1B);

the omission of aluminum backing material or the substitution of other than aluminum backing
material,

a change in current of £10% and/or arc voltage of £2 V;

a change from constant dc current to pulsed dc current or vice versa;

a change of +25% from the specified travel speed;

a change of +25% in the specified preheat;

a change from a single gas to any other single gas; a change from a single gas to a mixture of
gases or vice versa; a change of £10% in specified composition of gas mixture;

an increase of 50% or more, or a decrease of 20% or more, in the flow rate of shielding gas;
a change in the nominal diameter of the electrode wire;

a change in welding position except as provided for in Clause 8.3.1;

a change in direction of progression in vertical welding;

a change in specified joint geometry;

a change from welding from one side to welding from both sides or vice versa,;

the omission, but not the inclusion, of back gouging; and

a change of cleaning procedure (see Appendix E)

Data Sheets

The attached data sheets form part of this specification.**
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COMPANY NAME:

COMPANY ADDRESS:
W47.1/AWS D1.6
WELDING PROCEDURE SPECIFICATION
FOR GAS METAL ARC WELDING
OF STAINLESS STEEL
SPECIFICATION No.:
Scope

This Welding Procedure Specification covers welding and related operations of stainless steel,
which are fabricated in accordance with CSA W47.1 and AWS D1.6. The attached data sheets
form an essential part of this specification. CSA Standard W59 may be referenced when joining
stainless steel to carbon steel.

A change in any of the essential variables contained in the succeeding paragraphs or detailed
on an applicable Welding Procedure Data Sheet(s) will require a new Welding Procedure
Specification and/or a new Welding Procedure Data Sheet(s).

Welding Procedure

The welding shall be done using the Gas Metal Arc Welding (GMAW) process.

Joints shall be made by single or multiple pass welding, from one or both sides, as indicated on
the accepted Welding Procedure Data sheets referring to this specification.

Base Metal

The base metals used shall conform to ASTM austenitic stainless steel specifications as note on
the Welding Procedure Data Sheets welded to each other or to carbon steels conforming to the
specifications of steel groups 1,2 and 3 as per table 11-1 or table 12-1 of CSA W59. Other
grades of stainless steel and carbon steel may be welded provided accepted Welding
Procedure Data Sheets are available.

Base Metal Thickness

Base metal from 2.0 mm (1/16 in.) to unlimited thickness may be welded under this specification
provided that the Welding Procedure Data Sheets have been supplied and accepted by the
Canadian Welding Bureau. Thicknesses less than 2.0 mm (1/16 in.) may be welded providing
data sheets have been accepted by the Canadian Welding Bureau.

X

CcwB ENGINEER OR
SUPERVISOR

X This space to be stamped by P. Eng. if Div. 1 or Div. 2 company.
Welding Supervisor's Signature if Div. 3 company.




Filler Metal

Filler metal shall be certified by the Canadian Welding Bureau as conforming to specifications
for Stainless Steel Electrodes for Gas Metal Arc Welding under AWS A5.9.

The choice of filler metal shall be in accordance with the following table or as shown on the
CWB accepted Welding Procedure Data Sheet.

Base 304L 308 309 309S 310 310es 316 316L 317 321 347
Metal 316H 321H 347H
348
348H
304 308 308 308 308 308 308 308 308 308 308 308
304H 309 309 309 309 316 316 316
305 310 310 317
304L 304L 308 308 308 308 308 308 308L 308 308L 308L
309 309 309 309 316 316L 316 347 347
310 310 317
308 308 308 308 308 308 308 308 308 308 308
309 309 309 309 316 316 316 347 347
310 310 317
309 309 309 309 309 309 309 309 309 309
310 310 316 316 316 347 347
309S 309S 309 309S 309 309S 309 309 309
310 31es 316 316L 316 347 347
310 310 310 310 310 310 308 308
310Mo 316Mo 316Mo 310 310
316 316 317
31es 31es 316eMo 31eMo 316eMo 308 308
316 316 317 310 310
316H 316 316 316 308 308
316 317 316 316
347 347
316L 316L 317 316L 316L
347 347
317 317 308 308
317 317
347 347
321 321 308L
321H 347

Storage and Conditioning of Electrodes

All electrodes shall be delivered in sealed containers that do not show evidence of damage.

All electrodes shall be stored in warm and dry conditions and kept free from oil, grease and other
deleterious matter once they have bee removed from their containers.

Position
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The welding shall preferably be done in the flat position. The horizontal, vertical and overhead
positions may be used provided accepted Welding Procedure Data Sheets referring to those
positions and the Welding Procedure Specification are followed.

Preheat

Preheat does not normally apply to the welding of austenitic stainless steel, but if required,
details will be shown on the specific Welding Procedure Data Sheet(s).

Electrical Characteristics

Welding equipment will be used having a constant voltage characteristic. The welding current
specified will be direct current electrode positive or alternating current.

MANUFACTURER'S RECOMMENDED WELDING PARAMETERS

This table shows the recommended parameters for all electrodes to be covered by this
specification.

Electrode Electrode Position Amperage Polarity Voltage
Classification Diameter

Welding Technique

Refer to the Welding Procedure Data Sheet for the precise GMAW variables to be used in
welding a particular thickness and joint configuration, position and parameters, i.e. stick-out, gas
flow rate, travel speed, passes and layers, etc.

The selection of the torch angle depends on joint type, material thickness, edge preparation, in
addition to the degree of skill and experience of the operator.

Preparation of Base Material

The edges or surfaces of parts to be joined by welding shall be prepared by shear or plasma arc
cutting. Where hand cutting is involved the edge will be ground to a smooth surface. All
surfaces and edges shall be free from fins, tears, cracks or any other defects which would
adversely affect the quality of the weld.

All moisture, grease or other foreign material that would prevent proper welding or produce
objectionable fumes, shall be removed. Contact with lead, zinc, or lead or zinc compound shall
be avoided due to the potential for hot cracking.

All surfaces to be welded shall be wire brushed prior to welding. In multi-pass welds the weld
bead shall be wire brushed between passes. The brushes shall be of stainless steel and be
kept exclusively for use on stainless steel and be kept clean and free of contaminants.

All other equipment such as grinding discs shall be kept exclusively for use on stainless steels.



Back gouging of welds shall produce a groove having a profile and a depth adequate to ensure
fusion with the adjacent base metal and penetration into the root of the previously deposited
weld metals.

Weld Quality

Cracks or blowholes that appear on the surface of any pass shall be removed before depositing
the next covering pass.

The procedure and technique shall be such that undercutting of base metal or adjacent passes
is minimized.

Fillet and groove welds shall meet the desirable or acceptable weld profiles specified in Clause
5.11 of AWS D 1.6.

All welds shall be free of cracks.
The reinforcement in groove welds shall not exceed 3 mm (1/8") and shall have a gradual
transition to the plane of the base metal surface. Undercut shall be limited to that described in

Clauses 6.28 and 6.29 of AWS D 1.6. All welds shall be free from overlap.

In general, the weld quality will be such as to meet the requirements of Clause 6.28 and 6.29 of
AWS D 1.6 standard.

Weld Metal Cleaning

Slag or flux remaining after a pass, shall be removed before applying the next covering pass.
After the final pass all slag and weld spatter shall be removed. Arc strikes shall be removed by
grinding or other suitable means. Cracks or blemishes caused by arc strike shall be ground to a
smooth contour and examined visually to assure complete removal.

Treatment of Underside of Groove

Prior to depositing weld metal on the underside of a welding groove, the root shall be gouged to
sound metal unless otherwise specified on an applicable Welding Procedure Data Sheet,
accepted by the Canadian Welding Bureau.

Essential Variables

The variables listed in Table 4.1 of AWS D1.6 are considered, as essential variables .Any of the
essential variable changes listed in Table 4.1 require requalification of the Welding Procedure
Data Sheet.

Welding Procedure Data Sheets

The attached Welding Procedure Data Sheets form part of this specification.



COMPANY NAME:

COMPANY ADDRESS:

WELDING PROCEDURE SPECIFICATION
FOR FLUX AND METAL CORED ARC WELDING

SPECIFICATION No.:

Scope

This Welding Procedure Specification covers welding and related operations of steel structures
which are fabricated in accordance with the terms outlined in CSA Standards W47.1 and W59,
latest revisions. The attached Data Sheets form an essential part of this specification.

A change in any of the essential variables contained in succeeding paragraphs or detailed on
applicable Welding Procedure Data Sheet(s) shall require a new Welding Procedure Specification
and/or a new Welding Procedure Data Sheet(s).

Welding Procedure

The welding shall be done semi-automatically using the FCAW (Flux Cored Arc Welding) or MCAW
(Metal Cored Arc Welding) process.

Joints shall be made following the procedural stipulations indicated in CSA Standard W59, and may
consist of single or multiple passes in accordance with the accepted Welding Procedure Data
Sheets to which this specification refers.

Base Metal

The base metal shall conform to the specifications of steel groups 1, 2, 3 as per Table 11.1 or Table
12.1 of CSA Standard W59. Other groups may be welded providing Welding Procedure Data
Sheets are accepted by the Canadian Welding Bureau.

Base Metal Thickness

Base metal thicknesses from 3 mm (1/8") to UNLIMITED THICKNESS inclusive may be welded
under this specification providing the respective Welding Procedure Data Sheets have been
supplied and accepted for the appropriate weld size.

CWB Acceptance Engineer or Supervisor
Acceptance

Filler Metal



The filler metal shall be certified by the Canadian Welding Bureau as conforming to CSA Standard
W48.

Storage and Conditioning of Electrodes

Electrodes shall be dry and free from surface rust and foreign material.

Shielding Gas

The shielding gas shall be a welding grade having a dew point of -40°C (-40°F) or lower. The
shielding gas/electrode combination shall be as shown on the accepted Welding Procedure Data
Sheets.

Flux cored arc welding with external gas shielding shall not be done in a draught or wind unless the
weld is protected by a shelter. This shelter shall be of material and shape appropriate to reduce
wind velocity in the vicinity of the weld to 8 km/hr. (5 mph).

Position

The welding shall be done preferably in the flat position, but other positions such as horizontal,
vertical and overhead are permissible providing the proper Data Sheets are supplied and approved.

Preheat

The minimum preheat before welding will comply with Table 5.3 of CSA Standard W59. Minimum
preheat to be maintained or exceeded during welding.

If welding is interrupted for some time so that the temperature of the base metal falls below the
minimum preheat temperature, then arrangements will be made to preheat again prior to
recommencing welding.

The weldment shall be allowed to cool to the ambient temperature, without external quench media
being supplied. In other words, do not cool using water or by immediate placement in frigid
conditions which will cause a quick temperature change.

Heat Treatment and Stress Relieving

This will not be applicable to structures welded under this specification, unless a specific Data Sheet
showing all the parameters is submitted to the Canadian Welding Bureau and acceptance is
obtained.

Electrical Characteristics

The welding current shall be direct current (straight or reverse polarity) using a constant voltage type
power supply. The range of parameters will be as per electrode manufacturer's instructions and will
be shown on the Welding Procedure Data Sheet.



Welding Technigue

Refer to the Data Sheet for the precise variables to be used in welding a particular thickness and
joint configuration, position and parameters, i.e. stick-out, gas flow rate, travel speed, passes and
layers, etc.

The selection of the torch angle depends on joint type, material thickness, edge preparation, in
addition to the degree of skill and experience of the operator.

Generally, the forehand technique provides better visibility of the weld joint and a flatter weld puddle.
The backhand technique yields better penetration. Torch angle is usually maintained with 10 to 20
degrees on either side of vertical.

Preparation Of Base Material

The edges or surfaces of parts to be joined by welding shall be prepared by oxy-acetylene machine
cutting. Where hand cutting is involved the edge will be ground to a smooth surface. All surfaces
and edges shall be free from fins, tears, cracks or any other defects which would adversely affect
the quality of the weld.

All loose or thick scale, rust, moisture, grease or other foreign material that would prevent proper
welding or produce objectionable fumes, shall be removed.

Quality

Cracks or blow holes that appear on the surface of any pass shall be removed before depositing the
next covering pass. The procedure and technique shall be such that undercutting of base metal or
adjacent passes is minimized. Fillet and butt welds shall meet the desirable or acceptable fillet weld
profiles shown in Figure 5.4 of CSA Standard W59. The reinforcement in groove welds shall not
exceed 3 mm (1/8") and shall have a gradual transition to the plane of the base metal surface In
general, the weld quality will be such as to meet the requirements of Clause 11.5.4/12.5.4 of CSA
Standard W59.

Weld Metal Cleaning

Slag or flux remaining after a pass, shall be removed before applying the next covering pass. Prior
to painting, etc., all slag shall be removed and the parts shall be free of loose scale, oil and dirt.

Treatment of Underside of Welding Groove

Prior to depositing weld metal on the underside of a welding groove, the root shall be gouged, or
chipped to sound metal, unless otherwise specified on the applicable Data Sheet.



COMPANY NAME:

COMPANY ADDRESS:

WELDING PROCEDURE SPECIFICATION
FOR GAS METAL ARC WELDING

SPECIFICATION No.:

Scope

This Welding Procedure Specification covers welding and related operations of steel structures
which are fabricated in accordance with the terms outlined in CSA Standards W47.1, W59, and
AWS D1.3 latest revisions. The attached Data Sheets form an essential part of this specification.

A change in any of the essential variables contained in succeeding paragraphs or detailed on
applicable Welding Procedure Data Sheet(s) shall require a new Welding Procedure Specification
and/or a new Welding Procedure Data Sheet(s).

Welding Procedure

The welding shall be done semi-automatically using the GMAW (Gas Metal Arc Welding) process.
Joints shall be made following the procedural stipulations indicated in CSA Standard W59, and may
consist of single or multiple passes in accordance with the accepted Welding Procedure Data
Sheets to which this specification refers.

Base Metal

The base metal shall conform to the specifications of steel groups 1, 2, 3 as per Table 11.1 or Table
12.1 of CSA Standard W59. Other groups may be welded providing Welding Procedure Data
Sheets are accepted by the Canadian Welding Bureau.

Base Metal Thickness

Base metal thicknesses from 16Ga to UNLIMITED THICKNESS inclusive may be welded under this
specification providing the respective Welding Procedure Data Sheets have been supplied and
accepted for the appropriate weld size.

CWB Acceptance Engineer or Supervisor
Acceptance




Filler Metal

The filler metal shall be certified by the Canadian Welding Bureau as conforming to CSA Standard
W48.

Storage and Conditioning of Electrodes

Electrodes shall be dry and free from surface rust and foreign material.

Shielding Gas

The shielding gas shall be a welding grade having a dew point of -40°C (-40°F) or lower. The
shielding gas/electrode combination shall be as shown on the accepted Welding Procedure Data
Sheets.

Welding shall not be done in a draught or wind unless the weld is protected by a shelter. This
shelter shall be of material and shape appropriate to reduce wind velocity in the vicinity of the weld
to 8 km/hr. (5 mph).

Position

The welding shall be done preferably in the flat position, but other positions such as horizontal,
vertical and overhead are permissible providing the proper Data Sheets are supplied and approved.

Preheat

The minimum preheat before welding will comply with Table 5.3 of CSA Standard W59. Minimum
preheat to be maintained or exceeded during welding.

If welding is interrupted for some time so that the temperature of the base metal falls below the
minimum preheat temperature, then arrangements will be made to preheat again prior to
recommencing welding.

The weldment shall be allowed to cool to the ambient temperature, without external quench media
being supplied. In other words, do not cool using water or by immediate placement in frigid
conditions which will cause a quick temperature change.

Heat Treatment and Stress Relieving

This will not be applicable to structures welded under this specification, unless a specific Data Sheet
showing all the parameters is submitted to the Canadian Welding Bureau and acceptance is
obtained.

Electrical Characteristics

The welding current shall be direct current (reverse polarity) using a constant voltage type power
supply. The range of parameters will be as per electrode manufacturer's instructions and will shown
on the Welding Procedure Data Sheet.



Welding Technigue

Refer to the Data Sheet for the precise GMAW variables to be used in welding a particular thickness
and joint configuration, position and parameters, i.e. stick-out, gas flow rate, travel speed, passes
and layers, etc.

The selection of the torch angle depends on joint type, material thickness, edge preparation, in
addition to the degree of skill and experience of the operator.

Generally, the forehand technique provides better visibility of the weld joint and a flatter weld puddle.
The backhand technique yields better penetration. Torch angle is usually maintained with 10 to 20
degrees on either side of vertical.

Preparation Of Base Material

The edges or surfaces of parts to be joined by welding shall be prepared by oxy-acetylene machine
cutting. Where hand cutting is involved the edge will be ground to a smooth surface. All surfaces
and edges shall be free from fins, tears, cracks or any other defects which would adversely affect
the quality of the weld.

All loose or thick scale, rust, moisture, grease or other foreign material that would prevent proper
welding or produce objectionable fumes, shall be removed.

Quality

Cracks or blow holes that appear on the surface of any pass shall be removed before depositing the
next covering pass. The procedure and technique shall be such that undercutting of base metal or
adjacent passes is minimized. Fillet and butt welds shall meet the desirable or acceptable fillet weld
profiles shown in Figure 5.4 of CSA Standard W59. The reinforcement in groove welds shall not
exceed 3 mm (1/8") and shall have a gradual transition to the plane of the base metal surface In
general, the weld quality will be such as to meet the requirements of Clause 11.5.4/12.5.4 of CSA
Standard W59.

Weld Metal Cleaning

Slag or flux remaining after a pass, shall be removed before applying the next covering pass. Prior
to painting, etc., all slag shall be removed and the parts shall be free of loose scale, oil and dirt.

Treatment of Underside of Welding Groove

Prior to depositing weld metal on the underside of a welding groove, the root shall be gouged, or
chipped to sound metal, unless otherwise specified on the applicable Data Sheet.
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COMPANY NAME:

COMPANY ADDRESS:
, W47.1/AWS D1.6
WELDING PROCEDURE SPECIFICATION : -
" FOR FLUX CORED ARC WELDING
OF STAINLESS S’ I'EEL
SPECIFICATION No.:
Scope

This Welding Procedure Specification covers welding and related operations of stainless steel,
which are fabricated in accordance with CSA W47.1 and AWS D1.6. The attached data sheets
form an essential part of this specification. CSA Standard W59 may be referenced when joining
stainless steeI to carbon steel.

A change in any of the essentral varlabIes contalned in the succeedlng paragraphs or detailed
on an applicable Welding Procedure Data Sheet(s) will require a new Welding Procedure
Specification and/or a new Welding Procedure Data Sheet(s). -

Welquirocedure

The welding shall be done usmg the Flux Cored Arc Weldlng (FCAW) process.

Joints shall be made by single or multiple pass weldlng, from one of both sides, as indicated on
the accepted Welding Procedure Data sheets referring to this specification.

Base Metal

The base metals used shall conform to ASTM austenitic stainless steel specifications as noted
on the Welding Procedure Data Sheets welded to each other or to carbon steels conforming to
the specifications of steel groups 1,2 and 3 as per table 11-1 or table 12-1 of CSA W59. Other
grades of stainless steel and carbon steel may be welded provrded accepted Welding
Procedure Data Sheets are avallable

Base Metal Thickness

Base metal from 2.0 rmim (1/16 in.) to unlimited thickness may be welded under this specification
provided that the Welding Procedure Data Sheets have been supplied and accepted by the
Canadian Welding Bureau. Thicknesses less than 2.0 mm (1/16 in.) may be welded providing
data sheets have been accepted by the Canadian Welding Bureau. ‘

X

CWB | ENGINEEROR
SUPERVISOR

X Thkis space to be stamped by P. Eng. if Div. 1 or Div. 2‘company.
Welding Supervisor's Signature if Div. 3 company.




Filler Metal

Filler metal shall be certified by the Canadian Welding Bureau as conforming to specifications
for Stainless Steel Electrodes for Flux Cored Arc Welding under AWS A5.22.

The choice of filler metal shall be in accordanée with the following table or as shown on the
CWB accepted Welding Procedure Data Sheet.

- Storage and Conditioning of Electrodes

. All electrodes shall be delivered in sealed containers that do not show evidence of damage.

All electrodes shall be stored in warm and dry conditions and kept free from oil, greése and other
deleterious matter once they have been removed from their containers.

Position

-
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The welding shall preferably be done in the flat position. The horizontal, vertical and overhead
positions may be used provided accepted Welding Procedure Data Sheets referrmg to those
positions and the Welding Procedure Specification are followed. - :

Preheat

Preheat does not normally apply to the welding of austenmc stainless steel, but if requrred
details will be shown on the specnﬂc Weldlng Procedure Data Sheet(s) ‘

Electrlcal Characterlstlcs

Weldrng equrpment wrll be used havrng a constant voltage charactenstlc The we|d|ng current
specrf" ed w1|| be dlrect current eIectrode pos|t|ve or alternatlng current

MANUFACTURER'S RECOMMENDED WELDlNG PARAMETERS

This table shows the recommended parameters for all electrodes to be -covered by this
specification.

Electrode " Electrode | Position ;fArnper'ag'e‘ | Polarity ~ Voltage |
Classification | . . Diameter .. . .. (. . .| . .~ o

Welding Technique

Refer to the Welding Procedure Data Sheet for the precise - FCAkaanabIes to be used in
welding a particular thickness and joint configuration, posltlon and parameters | e. stick-out, gas
IIow rate, traveI speed passes and Iayers etc - R A

The selectlon of the torch angle depends on jomt type matenal thlckness edge preparatlon in
addition to the degree of skill and experience of the operator

Preparation_ of Base Mat

The edges or surfaces of parts to be jomed by weIdlng shaIl be prepared by shear or plasma arc
cutting. Where hand cutting is involved the edge will be ground to a smooth surface. All
surfaces and edges shall be free from fins, tears, cracks or any other defects Wthh would
adversely affect the quality of the weld. : ;

All moisture, grease or" ‘Gther forelgn material' that would prevent proper welding or produce
objectionable fumes, shall be removed. Contact with lead, zinc, or lead or zinc compound shall
be avoided due to the potential for hot cracking.

All surfaces to be welded shall be wire brushed prior to welding. In multi-pass welds the weld
bead shall be wire brushed between passes. The brushes shall be of stainless steel and be
kept exclusively for use on stainless steel and be kept clean and free of contaminants.

All other equipment such as grinding discs shall be kept exclusively for use on stainless steels.
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Back gouging of welds shall produce a groove having a profile and a depth adequate to ensure
fusion with the adjacent base metal and penetration into the root of the previously deposited
weld metals.

Weld Quality

Cracks or bIOWholes that appear on 'the'surface of any pass’sha" be removed before ‘depositing
the next covenng pass.

The procedure and technlque sha|l be such that undercuttlng of base metal or adjacent passes
is minimized. v

Fillet and groove welds shatl meet the deslrable or acceptable weId proflles speCIﬁed in Clausel
5.11 of AWS D 1.6. - ,

All welds shaII be free of cracks.
iﬂThe re|nforcement in groove ‘welds shall not exceed 3 mm (1/8") and shall have a gradual
- transition to the plane of the base metal surface. - Undercut shall be limited to that descrrbed in
* Clauses 6.28 and 6.29 of AWS D 1.6. All welds shall be free from overlap.

In general, the weld quahty will be such as to meet the requirements of CIause 6.28 and 6.29 of
-AWSD 1.6 standard

 Weld Metal Cleaning

- Slag or flux remaining after a pass, shall be removed before applying the next covering pass.
- After the final pass all slag and weld spatter shall be removed. Arc strikes shall be removed by
- grinding or other suitable means. Cracks or blemishes caused by arc strike shall be ground to a'
smooth contour and examined visually to assure complete removal. : :

© Treatment of Undersnde of Groove

| Prlor to deposmng weld metal on the undersrde of a weldlng groove the root shatl be gouged to
sound metal unless otherwise specified on an apphcable Weldlng Procedure Data Sheet

- accepted by the Canadian Weldrng Bureau. , ; : : :

‘Essential Variables

The variables listed in Table 4.1 of AWS D1.6 are considered, as essentlal vanables Any of the

~ essential vanable changes l|sted |n ‘Table 4.1 require requahflcatlon of the Weldlng Procedure

: Data Sheet 3 - b

Weldmg Procedure Data Sheet

¢ ‘The attached Welding Procedure Data Sheets form part of this specification.



COMPANY NAME:

COMPANY ADDRESS:

-W47.2/W59.2

WELDING ENGINEERING STANDARDS
W.E.S. & GENERAL SPECIFICATION

General Notes

This Welding Engineering Standard is'prép‘ared in accordance with CSA W47.2-1987.

All welding shall be performed in accordance with the requirements of CSA W47.2-1987
and conditions laid down in CSA Standard W59.2-1991 or latest revisions to the above
mentioned Standards,

All welders and welding operators shall be qualified in accordance with CSA W47.2. They
shall be allowed to weld only in the level (I, It or ilf), category (F, H, V, Q), process and
electrode group for which they are quc_h:fied.

Any welding fabrication sub-contracted by this Company shall be sublet only to
companies cetlified by the Canadian Weiding Bureau under CSA W47.2. The
subcontractor’'s CWB approved procedures may be used if satisfactory.to the prime
fabiicator, otherwise the fabricator may provide the approved procedures for use on
pertinent sub-contracted work. .

Changes or revisions in welding standards shall be submitted o the Bureau for approvail
in accordance with Clause 3.6 of CSA Standard W47.2.

Only welding consumables cettified by the Canadian Welding Bureau to AWS A5.10 shall
be used. Each welding Procedure Data Sheet will designate the filler alloy to be used
for the joint, the applicable codes and the number of the Welding Procedure
Specification which governs the Data Sheet applications.

Aluminium base metal to be welded by this fitm shall conform to the requirements of
Clause 3.5 of CSA W59.2. Refer to Table 1 for allowable base metals and matching filler
atioys.

CWB ' ENGINEER OR SUPERVISOR

Y .. o . o r PR
A\ This spoce o be siamped by P. Eng. i Div. 1 of Oiv. 2 company.

Welding Supervisor's signature if Div. 3 company.
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Unless called for otherwise on a specific Data Sheet, vertical welds shall be made with
the progression of each pass in an upward direction. it welds are o be made in a
vertical down sequence, the operator and procedure shall be qualified on a separate
basis.

All surfaces to be welded shall be free from water stain, excessive aluminium oxide, paint,
grease cutting fiuids and molsture or any other material that may cause porosity, or
adversely affect the quality of welds.*

All surfaces fo be welded, after having been cleaned of oil and grease, shall be scrafch-
brushed before welding fo remove excessive oxide. In multl pass welds the weld bead
and adjacent area shall be scratch-brushed between passes. A hand or powetr-driven
staintess steel wire brush shall be used. The brushes shall be kept exclusively for use with
Aluminium and be kept clean and free from contaminants.*

Welding shall not be done when the adjacent metal femperature within a distance not
less than the metal thickness or 75mmis fower than 0°C. Maximum temperatures shail not
exceed those specified in Clause 5.14* Q_f W59.2.

The operator and the work shali be adequately protected against the direct effect of
wind, rain and snow.*

-

Welding shall not be done when the work surfaces are damp.* ~ ~

NOTE: Information pertaining to the following iterns shall be detailed on the welding
procedure dota sheefs submitted to the CWB for approval:

1) Profile of typical joint to be welded

2) Type of joint (l.e. butt, corner, fee, efc
3) Type of weld

4) Preparation and fif-up

5 Weld Symbol

é) Thickness range.

)
-/

Fillet Welds

Acceptable and Defective Profiles

Refer fo Figure 1.

Minimum and Maximum Fillet Sizes Permissible

The minimum fillet size shall be given by the least of
t or (1/5 + 3), or 6mm
where

t = the thickness of the thicker material, mm *
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The maximum fillet size permitted along the edge of a plate shail be:

(i) The thickness of the connecting plate for plate 5Smm or less in thickness.*

(i) 1mm less than the thickness of plafe for plate 6mm or more in thickness, unless the
weld is designated on the detail drawing fo be built out fo obtain full throat
thickness.*

Effective Dimensions of Fillet Welds

Refer to Clause 4.3.3, CSA W59.2 and fo Figure 2.

Groove Welds

Complete Joint Penetration Groove Welds

A complete joint penetration groove weld is defined as one made from one side on a
backing or on both sides combined with back gouging to provide complete joint
penetration and fusion of weld and base meial throughout the depth of the joint. Refer
to Figure 3.*

Partial Joint Penetration - Minimum Depth of Bevel B

The minimum groove depth of partial joint penetiafion groove welds shall be as shown
in Table 2 for single or double partial joint penetration groove welds, The effective throat
may be measured as described in Clause 4.2.3.3. and 4.3.3.4. of W59.2 and as detailed
in Table 3.

Acceptable and Defective Profiles
Refer to Figure 4.

Shop Standards

(@) Splicing.

(b) Preparation of Material

(c) Assembly Practices

(&) Allowable Workmanship Tolerances from Detailed Drawings
(&) Control of Distortion

() Weld Terminations

(g) Quality of Welds

(h) Welding Inspection

() Repair Work

(@ Splicing

Shop splices in each component of along built-up member shall be made before
the component is incorporated info the complete member. *

Filler plates may be used in the splicing of paits of different thickness; or in
connections where, due to existing geometlic alignment, offsets must be
accommodated to permit single framing* (see Clauses 4.4.2 & 4.4.3, W59.2).
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Details for the use of filler plates will be supplied by the designer. '

Preparation of Material

Edge preparation shall be accomplished by disc grinding, shearing, plasma-arc
cutting, sawing, chipping, planing, milling, routing or other method approved by
the engineer.*

When disc grinding is used for edge preparation, high speed flexible grinding discs
shall be used. The grinding disc shall be suitable for aluminium and be maintained
free of lubricants and other foreign material.*

When shearing is used for edge preparation, the shear blade shall be kept sharp
and free of foreign material. The sheared edge of aluminium shall be filed, planed
or routed to remove any metal that can possibly entrap foreign material such as
cutting oil.*

To allow effective cleaning surfaces and edges fo be welded shall be smooth,
uniform, and free from fins, cracks, and other defects that could infroduce porosity
or oxides into the weld.*

When plasma arc cutting is used for the edge preparation of heat-treatable alloys,
3mm of material shall be removed from the cut edges by mechanical means. This
includes both butt and T-joints. Note, plasma arc cuflting of heat treatable
atuminium alloys may produce lameliar fissures.*

In plasma arc cutting of non heat-freatable alloys, the arc shall be adjusted and

_directed to avoid cutting beyond the prescribed lines. Surface roughness of the

cut surfaces shaii be no greater than 25um for material up to 100mm thick and
50um for material 100-200mm thick, except that the ends of members not subject
to calculated stress at the ends may meet the surface roughness value of 50um.
Roughness exceeding the permissible amount and occasional notches or gouges
greater than 5mm deep on ofherwise satisfactory surfaces shall be flared into the
cut surface by machining or grinding to a slope not exceeding 1in 10.*

At cut edges, occasionat notches or gouges less than 10mm deep in material up
to 100mm thick, or less than 15mm deep in material thicker than 100mm may, with
the engineer's approval be repaired by welding.*

The removal of temporary welds or of unacceptable work and the back gouging
of welds may be effected by machining, sawing, air carbon arc, plasma. arc, or
impact chipping.*

Back gouging of welds shall produce a groove having a profile and a depth
adequate to ensure tusion with the adjacent base metal and penetration into the
root of the previously deposited weld metals.*

Re-entrant corners shall have a radius of not less than 10mm. The comer radius
and its adjacent cuts shall meet without offset and without cutting past the point
of tangency.*

s
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Note: Equipment used for preparing aluminium should be used solely for this
purpose fo prevent contamination of the base material from forelgn
materials. :

Assembly Practices

Corner and T-joints shall be brought into contact as closely as is practicable. The
separation between parts shall, in general, not exceed 2mm. If the separation is
greatfer than 2mm, the legs of fillet welds shali be increased by the amount of the
separation, or the contractor shall demonstrate that the required effective throat
has been obfained. Separations up to 8mm may be welded using backing
material where required.* -

Backing material shall be of ceramic, glass tape, austenitic stainless sfeel, or an
aluminium alloy of the same group number as the base metal (see Table 5). The
backing shall be in contact with the root side of the components being welded.
It atuminium backing is to be left permanently in place, it may be aftached by
continuous or intermittent fillet welds.*

Whenever practicable, the work shall be positioned so that groove welds are
made in the flat position and filet welds are made In the flat or horizontal
position.* -

Separation between faying surfaces of l[ap joints and of the backing in butt joints
shall not exceed 2mm. The use of filler plates to correct poor fit is prohibited
except as approved by the engineer* and made in accordance with Clause 4.4
of CSA W59.2.

Abutting parts to be joined by groove weids shail be piopeity aligned. An offset
in alignment not exceeding one-tenth of the thickness of the thinner part, but in
no case more than 3mm, may be allowed as a departure from the specified
alignment. In correcting misalignment in such cases, the parts shall not be drawn
in to a slope greater than 1:25. Measurement of offset shali be based on the mid
planes of the parts, unless otherwise specified on the drawings.*

Parts to be joined shall be brought into correct alignment or required preset and

" held in position by such means as fixtures, sfrongbacks, clamps or guy tines, or tack

welds until the welding has been completed. The use of fixtures is recommended
when practicable since they can bring the paris into line along the fotal length.
The fixtures or tack welds shall be adequate to resist the forces developed during
welding.* :

Tack welds shall be made by a qualified welder in accordance with an approved
welding procedure, and shall be subject to the same quality requirements as the
final welds. Tack welds which are to be incorporated into the final weld shall be
made with filler metal of the same composition, and shall be cleaned thoroughly
before incorporation. Tack welds not incorporated into finot welds shall be
removed by mechanical means.*
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Temporaty welds shall be made by a qualified welder in accordance with an
approved welding procedure. Strongbacks, clips, hangers, and other temporary
parts that have been welded in place to facilitate assembly shail be removed fo
give a smooth metal surface, free of defects.*

Allowable Workmanship Tolerances From Detailed Drawings

Tolerances shall be detalled on the individual welding procedure data sheets,

Suggested guidelines of workmohship tolerances are as follows:

1) Root face + 1/16" (1.6mm)
2) Root Opening of Joint with backing + 1/4" (6.4mm)

- 1/16" (1.6mm)
3) Root Opening of Joints without backing + 1/16" (1.6mm)
4) Groove angle of joint +10°-5°

Control Of Distortion And Shrinkage Stresses

In assembling and joining parts of a'structure or a built-up member, and in welding
reinforcing parts fo a member, the procedure and sequence shail be such as to
minimize distortion and shrinkage.* -

Insofar as is practicable, all welds shall be deposited in a sequence that will
balance the applied heat of welding while the weiding progresses.*

Before the start of welding on a member in which shrinkage or distortion is fikely to
affect the adequacy of the member or sfructure, the contractor shall prepare a
welding sequence for appioval by the engineer, if requested.*

The direction of general progression in welding on members shall be from points
where the parts are relatively fixed in position with respect to each other toward
points where they have greater relative freedom of movement.*

Joint expected to have larger shrinkage shall normally be welded before joints
expected to have lesser shrinkage and with as little restraint as possible.

In making welding under condifions of severe shrinkage restraint, the welding shall
be carmied continuously to completion or to a point that will ensure freedom from
cracking before the joint is allowed to cool below the minimum specified preheat
and interpass temperature. :

Weld Terminations

Welds shall be started and stopped in a manner that ensures sound welds.*

if extension bars or run-on and run-off plates are used, they shall be of the same
alloy group as the base metal (see Table 5), and shail be removed upon
completion and cooling of the weld. The ends of the weld shall be made smooth
and flush with the edges of the adjacent pars.*
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When it Is impossible to teiminate a weld on an extension bar or run-off plate,
consideration should be given to terminating the weld in a low sfress area.*

The techniques for terminating a fillet weld, or a cover pass bead, within a joint

include:

(q)

(&)

(c)

reversing the direction of travel for a distance sufficient to create a smooth
fransition;

increasing travel speed to reduce crater size;

providing suitable build-up, and dressing the crater area flush with the weld
surface by mechanical means.*

Crater defects in weld beads, that are intended to be incorporated into final
welds, shall be removed by mechanical means prior fo additional welding.*

Quality Of Welds

®

Weld Profiles-

insufficient throat is not permitted. *
Welds shall be fiee from overlap. *

Continuous undercut depth shall not exceed the smaller of t/5 or
Imm on each side of the joint, where t is the member thickness.
lsolated undercut shall not exceed 2mm in depth, nor shall the
length of undercut greater than Imm in depth exceed t5mm. The
intervals between such isolated cases of undercut shall exceed
100mm.*

Groove Welds-

Reinforcement at the centre of the weld in butt and corner joints
shall not exceed the values given in Figure 4 (a) and (b) and, if
present, shall be built up uniformly to blend smoothly into the surface
of the base metal to a maximum at the centre of the weld.*

The ends of butt joints shall be of sound metal and maintain the
profile of the welded joint.* .o

Groove welds shall be free of the defects shown for butt joints in
Figure 4(c).*

Fillet Welds-

The faces of fillet welds shall be in accordance with Figure 1 (a).*
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- Filet welds in any single continuous weid shall be permitted to
underrun the nominal size required by 1.5mm without correction,
provided that the undersize weld does not exceed 10% of the length
of the welds and does not occur at the ends of web-to-flange welds
in girders for a length equal to twice the width of the flange.*

- Fillet welds shall be free of the defects shown for fillet weld profiles
in Figure 1 (b).*

Surface Defects-

- Surface cracks in the weld shall not be permitted.*

- Lack of fusion shall not be permitted.*

- Weld termination craters shall not be permitted (see Part F).*

- if surface finishing -reveals porosity then the section shall be
inspected for internal porosity (see Clause (iii)).*

Internal Defects- .

I

Cracks shall not be permitted.*

- Dispersed pososity shall not exceed the limits specified in Figure 12.
For linear porosity or similar indications, Table 8 shalt apply. (Ref. to
CSA W59.2).* o

- Individua! disconfinuifies such as porosity, lack of fusion and
incomplete penetration shall not exceed the limits specified in Table
8. (Ref. to CSA W59.2).*

(h) Welding Inspection

0

Visual Inspection-

The extent of visual inspection by the inspector shall be as stipulated in the
contract.*

A visual inspection procedure and an outline of inspection pomts shcﬂl be
prepared by the inspection organization.*

Inspection shall include matetial, consumabiles, surface preparation, fit-up,
and welding practices including pre- or post-heat treatment, weld profile,
and geometry.*

Surfaces to be inspected shall be free of any extraneous material or
substance which might inferfere with interpretation.*

Welded joints shall be visually inspected to check for the presence of
surface discontinuities as given in Clause (g).*
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Non Destructive Testing-

When nondestructive testing Is required as patt of the contract, in addition
to the visual inspection required in this Standard, it shall be so stated in the
information furnished to the bidders. This information shall designate the
welds 1o be examined and the extent of examination of each weld and
the method of testing.*

For detecting discontinuities that are open to the surface, liquid penetrant

' inspection by the methods set forth in ASTM Standard E165 may be used.

Procedures and acceptance criteria shall be in accordance with Clause
7.5 of CSA W59.2.*

When radiographic inspection is required, the procedures, techniques, and
acceptance criteria shall be in accordance with Clause 7.6 of CSA W59.2.*

When ultrasonic testing is used agreerment as to the procedures and
acceptance criteria shall be in accordance with Clause 7.7. of CSA W69.2.

Repair Work

M

(it)

-

Repair of Defects-

All welding repairs shall be’ made by suifably prepaiing the site of the
defect, followed by welding and, if required, finishing the weld flush with
the adjacent surface (see Clause 5.12 of CSA W589.2) to satisfy the
requirements of Clause (g).*

Correction of Distortion-

Members distorted by welding, and requiring rectification shall be
straightened at ambient temperature by mechanical means, or by a
combination of mechanical means and o contiolled amount of localized
heat*

if localized heating is to be applied in any straightening operation, the
complete procedure shall be filed with, and approved by, the engineer.
Maximurm holding times af various femperatures for aluminium alioys prior
to corection of distortion shall be in accordance with Table 7 of CSA
W59.2*
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+**TABLE 1

Specified Minimum

(With No Postweld Heat Treatment)

MINIMUM UTS

MINIMUM Y$*
ALLOY MPa © (KSI) MPa (KSh)
1050 60 8.7) 20 (2.9)
1060 60 (8.7) 20 (2.9)
1100 80 (11.6) 25 (3.6)
1350 60 (8.7) 20 (2.9)
3003 100 (14.5) 35 (5.1)
3004 150 " (21.8) 60 (8.7)
5005 110 ('1 6.0) 40 (5.8)
5052 170 (24.7) 70 (10.2)
5083 260 @72.7) 125 (18.1)
5086 235 (34.1) 105 (15.2)
5154 200 (29.0) 90 (13.1)
5254 200 (29.0) 90 (13.1)
5454 205 (29.7) 90 (13.1)
5456 280 (40.6) 135 (19.6)
6005 170 (24.7) 100 (14.5)
6061 170 (24.7) 110 (16.0)
6063 120 (17.4) 70 (10.2)
6101 130 (18.9) 80 (11.6)
6351 170 (24.7) 1o (16.0)
7004 275 (39.9) 165 (23.9)
7005 275 (39.9) 165 i23'.9)

* 0.2% offset in 50mm gauge length
UTS = ultimate tensile strength

YS = vield strength
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The convexity shall not exceed: C = 0.1s + 1.5 whefe s = size in mm

(a) Acceptable Fillet Weld Profiles

AN

IasufGaent Excessive Excessive Overlap Tasuffscie ne loadequate
throst Conveoty Usndercut kg Pepetruion

(b) Unacceptable Fillet Weld Profiles

‘ * Figure 1
Fillet Weld Protiles
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The required size, S, of a fillet weld (see Figure 2) to give an effective throat, E, shall be
given by:

S=2Esin(8/2) + G

where
G = gap, mm

6 = angle between fusion faces

The gap shall not exceed 5mm, but gaps léss than 1mm may be neglected.

* FIGURE 2

EFFECTIVE THROAT OF FILLET WELDS
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*** Figure 3

COMPLETE JOINT PENETRATION GROOVE WELDS

(a) Fust Side Welded

OO

»

I d

{0 : {in

(b) Back of first pass gouged to Sound Metal

\./

(i

(c) Second Side Welded

Preparation. Gouging and Welding of Buft Joinfs
from both sides.

———

Welding of Butt Joints from one side on Backing
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* TABLE 2

GROOVE DEPTH OF PARTIAL JOINT PENETRATION GROOVE WELDS

WELD GROOVE GROOVE WELD MINIMUM
METHOD IYPE ANGLE, O POSITION GROOVE
‘ ) DEPTH
GMAW J-,U- . all effective
GTAW  smmmemmmmmmoees oo positions throat
PAW V-bevel Q= 60° '
GMAW V-bevel 45° 5 O < 60° Flat,
vertical
GTAW afl effective
PAW V-bevel 45° £ 0 < 60°  positions throat
T plus 3mm
GMAW V-bevel 45° < 0 < 60° horizontal
overhead -

ISR, AN AN A e S R G

rd

EFFECTIVE THROAT OF PARTIAL JOINT PENETRATION GROOVE WELDS

5 SV

BASE METAL THICKNESS OF MINIMUM EFFECTIVE
THICKER PART JOINED, MM THROAT, MM

3to S 2*
OverSto 6 3*
Over 6to 13 5
Over 13 fo 20 6
Over 20 to 40 8
Over 40 fo 60 10
Over 60 to 150 13
Over 150 16

@)
Q
)
O
QL

* Minimum size for dynamically |
lesser of plate thickness or Smm.
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R = convexity

b = weld width

For statically loaded structures R < 1.5 + 0.2b

For dynamically loaded structures R < 1.5 + 0.15b

() Acceptable Groove Weld Profiles in Butt Joint
Welded from Both Sides

R = convexity

b = weld width

For statically loaded stuctures R < (1 + 1.2b) = 5
For dynamically loaded structures R < (1 + 0.6b) s 4

(b) Acceptable Groove Weld Profiles in Buft Joint
Welded from One Side

Excesgive {ntutlicent Excenoe
Coavexity thrgat Undermut

(¢c) Unacceptable Groove Weld Profiles in Buit Joints

* FIGURE 4

GROOVE WELD PROFILES
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* TABLE 5

BASE METAL ALLOY GROUPINGS

L
NOMINAL COMPOSITION, MASS %

GROUP ALLOY Cu Mn Si Mg n Cr n Zr Al

] 1050 - - - - - - - - 99.50 min
1060 - - - - - - - - 99.60 min
1100 012 - - - - - - - 99.00 min
11350 - - - - - - - - 99.50 min
3003 012 1.2 - - - - - - Remalnder

2 3004 - 1.2 - 1.0 - - - - Remainder
5005 - - - 0.8 - - - - Remainder
5052 - - - 2.5 - 0.25 - - Remalnder
5154 - - - 3.5 - 0.25 - - Remalnder
5254 8 - - 35 - 0.25 - - Remainder
5454 - 0.8 - 2.7 - 012 - - Remainder

3 - 5083 - 0.7 - 44 - - 015 - - Remainder
5086 - 0.45 - 40° - 015 - - Remainder
5456 - 0.8 - 5. - 0.12 - - Remalnder

4 6061 0.28 - 0.6 1.0 - 0.20 - - ‘Remainder
6063 - - 0.4 0.7 - - - ” - - Remainder
6101 - - 05 0.6 - - - - Remainder
6351 - 0.6 1.0 0.4 - - - - Remainder

5 7004 - 0.45 - 15 4.2 - - 015 Remainder
7005 - 0.45 - 14 4.5 0.13 0.04 014 Remainder

5 s

* FILLER METAL ALLOY GROUPINGS

et S ———
NOMINAL COMPOSITION, MASS %

GROUP ALLQY Cu Mn Sl Mg Cr Ti Al

] 5183 - 0.8 - 4.8 015 - Remainder
5356 - 012 - 50 0.12 0.13 Remaindet
5554 - 08 - 2.7 012 0.2 Remainder
5556 - 08 - 51 012 0.12 Remainder
5654 - - - 3.5 025 010 Remainder -

2 4043 - - 5.2 - - - Remainder
4047 - - 120 - - - Remainder
4145 4.0 - 10.0 - - - Remainder

3 1100 0.12 - - - - - 99.0% min

M
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BASIC WELDING SYMBOLS and THEIR LOCATION SIGNIFICANCE

Elizctive Thraat

N Ff—

=

Length al Weld
’ Firtd Wald symoo?
E Piteh {centre-to-centre

LOCATION OF ELEMENTS OF A WELDING SYMBOL
- ] Location | ‘
Finith symbol /'— 2":::::":;'&?‘;?::::;: st?:: ‘ Fillet !PluqotSh:!! g::‘:; : Stud Are Spal
Contour symbol \ - - . -
N L]

AN!OW’- /I 1 Spmeot
el = NS A

sy Moot

Qther niae

Welg-all-ground s¥mbol

indicates 1Nat1 weld ex1enay
compiniely argung In# |Olf\l\_)

Conves contour symbot

Oepth af Preoarstion; Y 7,) hew] !
uze for certen weids - g A’ I% 1 spaung) of Weldt ,
Spatitication: Process: — R oW Atrow connectitd | gpyeq . \%‘: Not
f (5 - Refetence Lwne 10 /L HE
of other retecence 1\8 (E)‘ 1 L p B rds mimott SIOE 'l Y Uses ./
/ | ee— N ot Joimt : ! Weg Eymoal | )
Tl / E = : ; ; | i
(omuatid when g Oﬁ - B0TH “ /J§>_ ot | N T wot Not
referance not und) ! = % Wald-a-acound tymoot | SIOES ¥ [ Usad Uzes Used Used
Basic wald rymbol or Refesance Line A
Ontanl refatence E—. MS:CM‘ ' |
o Nt | Nt | Mot Mot Not
Raot Opering: Depth of il —] L—-—Elrm«m un thrs ares remezn dighawn | O SAel  ygeq Usad Utsd
lot Plzq ana Slot Wﬂg‘l when Tail and Arcow are reversea Sqrecancs | ‘ l Hsea Used
SUPPLEMENTARY SYMBOLS where procass ao- |11 FLUSH CONTOUR SYMBOL
Viald ¢ Field | Melte | SaSTme CONTOUR :h::\.:::‘::a ': ":: Frish CONTOUr SYMDO! inthiCates
All-Atoundl Wed | Thru  [coweemama i Tpy g | Conwex | Concave | it of ihe walding :c;fg:l‘::fe:: '?::"“
- , fYMDQ!, reference rg : \
: J/ | ' maca to Jabie A Or- =
. ! l . ~ — quh.llOﬂA:| dW;ld- when used wilnout 3 /_%
’a-—— ’ 1 T— ng ang Alied Fro- 1 ,rpace tinish svmpot. -
. ; / I -'\-. : . ' catal Dy Latren, (L INGICTES Weld Walh- /'
‘ | i ot AWS 2.4-29 oul subsequent fimisning
1 BASIC JOINTS BUTT JOINT | 6 WELD-ALL-ARDUND SYMBOL 12 CONVEX CONTOUR SYMBOL
Arrow ot Arrow si0e Finish symbnl tuser 3 3tangardl indicates
weiding of iint method,of oDIa1nING sOeCIed CONtoUr
Lut nat deares ot hinun

inchicaies 13ce of weia 10

be

contout by grngirq

finisnea 10 CONver

._/Jc

! FIELD WELD SYMEOL

3

COMPLETE JOINT PENETRATION

ot int
2 BASIC JOIRTS T-JOINT
Arrow nt ﬁ ArtQw $ge
weiding ﬁ ol ot
symoal ..;;:l—

Uther sice
o jont

Flaq oDinty sway
trom tne arrow
WS recammaencetian)

s

Field weld symbat
ingicates tnat weld it
o be made at aplxe

otner than that bt

ninsl CoNsTNUCHION

<

Ingicates compiete (O
Deneteation aroove welid
tecargiesy Of 1vDe of weid
#N0 tOINT OrEDATITION

10 De use0 On O£$100 Orawana
oniv {ser Llause 4 1 1 1 4

8 MELT-THRU SYMBOL

L

MULTIPLE REFERENCE LINES

Arrow pae
ol joint

Arrovs pl

Any 3pplicable weld wmm\_\

/—.\4—\

Size ihegntt
~ Omitsion inaicates
no soecisl daght

First poeraion thown on
reterence Lne NEAresy Jrow

Second ooerstion . or
wpElementary data

welding T
mbol gesired hirG poeration, or
4 o";el'la"‘:: o 1est miormmon/ /
S
&4 BASIC JOINTS LAP JOINT ] JOINT WITH BACKING 1§ FINISHING OF WELDS
Finithing of walds other than cleaning is

Other nide
ol (oiag

With groove-weld 1ymbal
NOTES

~ Mpterat IM} ana
[ MR | see aumnentions ot Dacking
NOteY 4y specilted.
“A”ngicates backing

indreated by tuItabin cantour and finuth
rymbols. The {ollowng finsshung symbats
\ndicate the method.not the odgree, of finith:

Arrow of
v::g: - C-Chipp_inﬂ A = Rolling
Arrow side removed atier welding G ~Grinding H ~ Hamemenng
of jaint — SeeChaute OL6 M~Mschining
5 BASIC JOINTS EOGE JOIRY | 0 JOINT WITH SPACER 16 ABBREVIATIONS

Arrow 1108
at joint

Arrow gt
welding
symoal

Jownt

With mogihied groove-welg 1y moot

NQTES
see
N\ ;ﬂ—_/b<hfules

~ Mgrenal IM) and
Doubie-devel symbol

omenyions of
soacer x soecihed

~ SeeClause D16

GTSM:— Gouge To Sound Metal
CP — Complete Penetration

PP — Partial Penetration
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BASIC WELDING SYMBOLS AND THEIR LOCATION SIGNIFICANCE

Sauare Groove V.Groove Bavel-Groove U-Groove 1-Groowe Flare .V .Groove “g:‘:'- —_'[s;l;noiefnm
b — V4 2N i ARROW
N I VAN / v N /]\ N "\ N RS !‘SIDE
i
i
. VA Iz Y F__ ™\ LN\ | £ {«4OTHER
¥U—. - -\/ \ =4$|DE
¢ B80TH
. l ’__ % 2 K —%—\ —E—’ \ ~ E) € i‘SlDES
17 DOUBLE-FILLET WELDING SYMBOL e SINGLE-V-GRDOVE WELDING SYMBOL
Omiysion ot deon
preparation ana
Sice liengin ot u-oi "-“‘9“' - N "" eftective mroat
O ston indicates
Socils » it weld prtends Deotn ot _A a;x Root cpaming  "CICates comotete
oecilicanon, / ) DA tween ADAUON preocaralion \ ot penetration
oroceis. of changes in ditection £ ({ective Groova angre 1 required.
Qlner tetemnce oF & OmentIoned \nrost

18 CHAIN INTERMITTENT FILLET WELDING SYMBOQL 25 DOUBLE-BEVEL-GRODVE WELDING SYMBOL
Pich — Atcow Dot Ommnuion of 0epin Ot orecarapion
w and effective throat ingicates Total
AN :g:::;‘fo?ﬂmn Eftecive _towarg memoer geptn o) DrEDALANIoN - tymmelrical
- T rements Inrost la De preasred 1 ca3s 0 AOUDIE Yroova welds ~
l N cqust 10 1he thick ness Of the memoser
Si¢e lienath ot legh Lenath of L__. and.hence, coOMpieie |0t Ceneration
incremenrs groove weid 13 fequired
. WELDING SYMBOL FOR GROOVES WELDED
19 STAGGERED INTERMITTENT FILLET WELDING SYMBOL 26 FROM BOTH SIDES WITH BAZKGOUGING
Paten Onty aecotn of oreoaranon 1 requtred in the w;.-lclmg symbot
Heh =
(distance oetween .
0 ! centres) ol o, S PR
" ' increments " -
Size llength of leg) -\ \ Lengih of GTSM nionilies total eftective theoat i3 equal 10 [he thiCkness of matenal.
increments See Clause 01.2 of Aopendgix 0.
20 PLUG WELDING SYMBOL 7 BACX-WELDING SYMBGOLS
Pitch Any unale Qroove weld with § pass rom the Other side with ng toeciat
' - dentiCaton o the tarl i consgered d Qroove weld with & back weld
Ingclyded anale Ichistance Detwern
ol countersink cenvies! O wel(ds $econa oporangn
xr \ — ?
Sien — . . Oieptd ol Hiing »n mm Frest overateon
{mam, ol hoie 1OMITSan 1INACates
at root) fetling 13 compie el
21 SLOT WELDING SYMBOL 28 BACKING WELDING SYMBOLS
Any sinpte 4roove weld with 2 0211 1rom Qne S10¢ identihed in the tart

Oepih ot (dling 1n mm
({omuasion iInACtes
hilling 11 comptete}

Ry-m

Urientation locanon,

and all dimensions

other than geoth of fiiling
21 $hown on the drawing

by “backing weld™ is consxjared 10 D & GIOOVE Weld with & Dacking weld,

Secono ooeration
\ CR < siczine

Ferst operation

22 FLARE.V AND FLARE.BEVEL-GRODVE WELDING SYMBOLS kel STUD WELDING SYMBOL
Arrow pana © NaTES: v
Roat "\ ——rece o /W {11+ Stud Wekd eweroos
! 2By DOOW e
M Opening ' P @ I releronce bne
\‘/Euecme [ e weed 21 - the OCABON O the
nroat  Effective throat Apot opening Spacing It BN At Siug Weks
Dameter No. of Siuas 20 1At o e O pevg
FLARE.V FLARE .BEVEL )
2] SQUARE.GROOVE WELDING SYMBOL o ARC SPOT WELDING SYMBQL
For sauare oro Omitsion of elfective throat O of Scof wend (10) = o of NOTEY:
ine deotn of ors. wAIROUT OE3aNaUng tha Welt | (rerg wmace - . 5 Soot Weidz (1} - Arc Soot wekd rvmoos can O¢
Daralan 15 omirted 23 "seal weld” 1n 1he tail of tne gl gl SMAW 14, GEOONDNQ O WOENE ek}
' o oo o s 11004
n the sympot $ymoot ingicates comoiete G e J lli‘uumc:w:ocm" Wl-o.'?‘c”

(el l‘

101t penetranton 1y requiyed

Cant T8 S0wCE w3
{2}~ Tha Iocaton of e hat ana tasl

\ T SOK Wen? PvwmOxy (aCi Kt P "W enC W
Eftective mroal—‘—J Root G el 18 0001 w0 & T D8 recs & T e’ AT BOO1 wtkd 11 240N £3n0i4 BOE
Qosaing G FOL PO O e 1021 O 1O e ON Iha O kwnn
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COMPANY NAME:

COMPANY ADDRESS:

-W47.2/W59.2

WELDING ENGINEERING STANDARDS
W.E.S. & GENERAL SPECIFICATION

General Notes

This Welding Engineering Standard is'prép‘ared in accordance with CSA W47.2-1987.

All welding shall be performed in accordance with the requirements of CSA W47.2-1987
and conditions laid down in CSA Standard W59.2-1991 or latest revisions to the above
mentioned Standards,

All welders and welding operators shall be qualified in accordance with CSA W47.2. They
shall be allowed to weld only in the level (I, It or ilf), category (F, H, V, Q), process and
electrode group for which they are quc_h:fied.

Any welding fabrication sub-contracted by this Company shall be sublet only to
companies cetlified by the Canadian Weiding Bureau under CSA W47.2. The
subcontractor’'s CWB approved procedures may be used if satisfactory.to the prime
fabiicator, otherwise the fabricator may provide the approved procedures for use on
pertinent sub-contracted work. .

Changes or revisions in welding standards shall be submitted o the Bureau for approvail
in accordance with Clause 3.6 of CSA Standard W47.2.

Only welding consumables cettified by the Canadian Welding Bureau to AWS A5.10 shall
be used. Each welding Procedure Data Sheet will designate the filler alloy to be used
for the joint, the applicable codes and the number of the Welding Procedure
Specification which governs the Data Sheet applications.

Aluminium base metal to be welded by this fitm shall conform to the requirements of
Clause 3.5 of CSA W59.2. Refer to Table 1 for allowable base metals and matching filler
atioys.

CWB ' ENGINEER OR SUPERVISOR

Y .. o . o r PR
A\ This spoce o be siamped by P. Eng. i Div. 1 of Oiv. 2 company.

Welding Supervisor's signature if Div. 3 company.
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Unless called for otherwise on a specific Data Sheet, vertical welds shall be made with
the progression of each pass in an upward direction. it welds are o be made in a
vertical down sequence, the operator and procedure shall be qualified on a separate
basis.

All surfaces to be welded shall be free from water stain, excessive aluminium oxide, paint,
grease cutting fiuids and molsture or any other material that may cause porosity, or
adversely affect the quality of welds.*

All surfaces fo be welded, after having been cleaned of oil and grease, shall be scrafch-
brushed before welding fo remove excessive oxide. In multl pass welds the weld bead
and adjacent area shall be scratch-brushed between passes. A hand or powetr-driven
staintess steel wire brush shall be used. The brushes shall be kept exclusively for use with
Aluminium and be kept clean and free from contaminants.*

Welding shall not be done when the adjacent metal femperature within a distance not
less than the metal thickness or 75mmis fower than 0°C. Maximum temperatures shail not
exceed those specified in Clause 5.14* Q_f W59.2.

The operator and the work shali be adequately protected against the direct effect of
wind, rain and snow.*

-

Welding shall not be done when the work surfaces are damp.* ~ ~

NOTE: Information pertaining to the following iterns shall be detailed on the welding
procedure dota sheefs submitted to the CWB for approval:

1) Profile of typical joint to be welded

2) Type of joint (l.e. butt, corner, fee, efc
3) Type of weld

4) Preparation and fif-up

5 Weld Symbol

é) Thickness range.

)
-/

Fillet Welds

Acceptable and Defective Profiles

Refer fo Figure 1.

Minimum and Maximum Fillet Sizes Permissible

The minimum fillet size shall be given by the least of
t or (1/5 + 3), or 6mm
where

t = the thickness of the thicker material, mm *
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The maximum fillet size permitted along the edge of a plate shail be:

(i) The thickness of the connecting plate for plate 5Smm or less in thickness.*

(i) 1mm less than the thickness of plafe for plate 6mm or more in thickness, unless the
weld is designated on the detail drawing fo be built out fo obtain full throat
thickness.*

Effective Dimensions of Fillet Welds

Refer to Clause 4.3.3, CSA W59.2 and fo Figure 2.

Groove Welds

Complete Joint Penetration Groove Welds

A complete joint penetration groove weld is defined as one made from one side on a
backing or on both sides combined with back gouging to provide complete joint
penetration and fusion of weld and base meial throughout the depth of the joint. Refer
to Figure 3.*

Partial Joint Penetration - Minimum Depth of Bevel B

The minimum groove depth of partial joint penetiafion groove welds shall be as shown
in Table 2 for single or double partial joint penetration groove welds, The effective throat
may be measured as described in Clause 4.2.3.3. and 4.3.3.4. of W59.2 and as detailed
in Table 3.

Acceptable and Defective Profiles
Refer to Figure 4.

Shop Standards

(@) Splicing.

(b) Preparation of Material

(c) Assembly Practices

(&) Allowable Workmanship Tolerances from Detailed Drawings
(&) Control of Distortion

() Weld Terminations

(g) Quality of Welds

(h) Welding Inspection

() Repair Work

(@ Splicing

Shop splices in each component of along built-up member shall be made before
the component is incorporated info the complete member. *

Filler plates may be used in the splicing of paits of different thickness; or in
connections where, due to existing geometlic alignment, offsets must be
accommodated to permit single framing* (see Clauses 4.4.2 & 4.4.3, W59.2).



)
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Details for the use of filler plates will be supplied by the designer. '

Preparation of Material

Edge preparation shall be accomplished by disc grinding, shearing, plasma-arc
cutting, sawing, chipping, planing, milling, routing or other method approved by
the engineer.*

When disc grinding is used for edge preparation, high speed flexible grinding discs
shall be used. The grinding disc shall be suitable for aluminium and be maintained
free of lubricants and other foreign material.*

When shearing is used for edge preparation, the shear blade shall be kept sharp
and free of foreign material. The sheared edge of aluminium shall be filed, planed
or routed to remove any metal that can possibly entrap foreign material such as
cutting oil.*

To allow effective cleaning surfaces and edges fo be welded shall be smooth,
uniform, and free from fins, cracks, and other defects that could infroduce porosity
or oxides into the weld.*

When plasma arc cutting is used for the edge preparation of heat-treatable alloys,
3mm of material shall be removed from the cut edges by mechanical means. This
includes both butt and T-joints. Note, plasma arc cuflting of heat treatable
atuminium alloys may produce lameliar fissures.*

In plasma arc cutting of non heat-freatable alloys, the arc shall be adjusted and

_directed to avoid cutting beyond the prescribed lines. Surface roughness of the

cut surfaces shaii be no greater than 25um for material up to 100mm thick and
50um for material 100-200mm thick, except that the ends of members not subject
to calculated stress at the ends may meet the surface roughness value of 50um.
Roughness exceeding the permissible amount and occasional notches or gouges
greater than 5mm deep on ofherwise satisfactory surfaces shall be flared into the
cut surface by machining or grinding to a slope not exceeding 1in 10.*

At cut edges, occasionat notches or gouges less than 10mm deep in material up
to 100mm thick, or less than 15mm deep in material thicker than 100mm may, with
the engineer's approval be repaired by welding.*

The removal of temporary welds or of unacceptable work and the back gouging
of welds may be effected by machining, sawing, air carbon arc, plasma. arc, or
impact chipping.*

Back gouging of welds shall produce a groove having a profile and a depth
adequate to ensure tusion with the adjacent base metal and penetration into the
root of the previously deposited weld metals.*

Re-entrant corners shall have a radius of not less than 10mm. The comer radius
and its adjacent cuts shall meet without offset and without cutting past the point
of tangency.*

s



<)

-5.

Note: Equipment used for preparing aluminium should be used solely for this
purpose fo prevent contamination of the base material from forelgn
materials. :

Assembly Practices

Corner and T-joints shall be brought into contact as closely as is practicable. The
separation between parts shall, in general, not exceed 2mm. If the separation is
greatfer than 2mm, the legs of fillet welds shali be increased by the amount of the
separation, or the contractor shall demonstrate that the required effective throat
has been obfained. Separations up to 8mm may be welded using backing
material where required.* -

Backing material shall be of ceramic, glass tape, austenitic stainless sfeel, or an
aluminium alloy of the same group number as the base metal (see Table 5). The
backing shall be in contact with the root side of the components being welded.
It atuminium backing is to be left permanently in place, it may be aftached by
continuous or intermittent fillet welds.*

Whenever practicable, the work shall be positioned so that groove welds are
made in the flat position and filet welds are made In the flat or horizontal
position.* -

Separation between faying surfaces of l[ap joints and of the backing in butt joints
shall not exceed 2mm. The use of filler plates to correct poor fit is prohibited
except as approved by the engineer* and made in accordance with Clause 4.4
of CSA W59.2.

Abutting parts to be joined by groove weids shail be piopeity aligned. An offset
in alignment not exceeding one-tenth of the thickness of the thinner part, but in
no case more than 3mm, may be allowed as a departure from the specified
alignment. In correcting misalignment in such cases, the parts shall not be drawn
in to a slope greater than 1:25. Measurement of offset shali be based on the mid
planes of the parts, unless otherwise specified on the drawings.*

Parts to be joined shall be brought into correct alignment or required preset and

" held in position by such means as fixtures, sfrongbacks, clamps or guy tines, or tack

welds until the welding has been completed. The use of fixtures is recommended
when practicable since they can bring the paris into line along the fotal length.
The fixtures or tack welds shall be adequate to resist the forces developed during
welding.* :

Tack welds shall be made by a qualified welder in accordance with an approved
welding procedure, and shall be subject to the same quality requirements as the
final welds. Tack welds which are to be incorporated into the final weld shall be
made with filler metal of the same composition, and shall be cleaned thoroughly
before incorporation. Tack welds not incorporated into finot welds shall be
removed by mechanical means.*




)

(e)

(0

-6-

Temporaty welds shall be made by a qualified welder in accordance with an
approved welding procedure. Strongbacks, clips, hangers, and other temporary
parts that have been welded in place to facilitate assembly shail be removed fo
give a smooth metal surface, free of defects.*

Allowable Workmanship Tolerances From Detailed Drawings

Tolerances shall be detalled on the individual welding procedure data sheets,

Suggested guidelines of workmohship tolerances are as follows:

1) Root face + 1/16" (1.6mm)
2) Root Opening of Joint with backing + 1/4" (6.4mm)

- 1/16" (1.6mm)
3) Root Opening of Joints without backing + 1/16" (1.6mm)
4) Groove angle of joint +10°-5°

Control Of Distortion And Shrinkage Stresses

In assembling and joining parts of a'structure or a built-up member, and in welding
reinforcing parts fo a member, the procedure and sequence shail be such as to
minimize distortion and shrinkage.* -

Insofar as is practicable, all welds shall be deposited in a sequence that will
balance the applied heat of welding while the weiding progresses.*

Before the start of welding on a member in which shrinkage or distortion is fikely to
affect the adequacy of the member or sfructure, the contractor shall prepare a
welding sequence for appioval by the engineer, if requested.*

The direction of general progression in welding on members shall be from points
where the parts are relatively fixed in position with respect to each other toward
points where they have greater relative freedom of movement.*

Joint expected to have larger shrinkage shall normally be welded before joints
expected to have lesser shrinkage and with as little restraint as possible.

In making welding under condifions of severe shrinkage restraint, the welding shall
be carmied continuously to completion or to a point that will ensure freedom from
cracking before the joint is allowed to cool below the minimum specified preheat
and interpass temperature. :

Weld Terminations

Welds shall be started and stopped in a manner that ensures sound welds.*

if extension bars or run-on and run-off plates are used, they shall be of the same
alloy group as the base metal (see Table 5), and shail be removed upon
completion and cooling of the weld. The ends of the weld shall be made smooth
and flush with the edges of the adjacent pars.*
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When it Is impossible to teiminate a weld on an extension bar or run-off plate,
consideration should be given to terminating the weld in a low sfress area.*

The techniques for terminating a fillet weld, or a cover pass bead, within a joint

include:

(q)

(&)

(c)

reversing the direction of travel for a distance sufficient to create a smooth
fransition;

increasing travel speed to reduce crater size;

providing suitable build-up, and dressing the crater area flush with the weld
surface by mechanical means.*

Crater defects in weld beads, that are intended to be incorporated into final
welds, shall be removed by mechanical means prior fo additional welding.*

Quality Of Welds

®

Weld Profiles-

insufficient throat is not permitted. *
Welds shall be fiee from overlap. *

Continuous undercut depth shall not exceed the smaller of t/5 or
Imm on each side of the joint, where t is the member thickness.
lsolated undercut shall not exceed 2mm in depth, nor shall the
length of undercut greater than Imm in depth exceed t5mm. The
intervals between such isolated cases of undercut shall exceed
100mm.*

Groove Welds-

Reinforcement at the centre of the weld in butt and corner joints
shall not exceed the values given in Figure 4 (a) and (b) and, if
present, shall be built up uniformly to blend smoothly into the surface
of the base metal to a maximum at the centre of the weld.*

The ends of butt joints shall be of sound metal and maintain the
profile of the welded joint.* .o

Groove welds shall be free of the defects shown for butt joints in
Figure 4(c).*

Fillet Welds-

The faces of fillet welds shall be in accordance with Figure 1 (a).*
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- Filet welds in any single continuous weid shall be permitted to
underrun the nominal size required by 1.5mm without correction,
provided that the undersize weld does not exceed 10% of the length
of the welds and does not occur at the ends of web-to-flange welds
in girders for a length equal to twice the width of the flange.*

- Fillet welds shall be free of the defects shown for fillet weld profiles
in Figure 1 (b).*

Surface Defects-

- Surface cracks in the weld shall not be permitted.*

- Lack of fusion shall not be permitted.*

- Weld termination craters shall not be permitted (see Part F).*

- if surface finishing -reveals porosity then the section shall be
inspected for internal porosity (see Clause (iii)).*

Internal Defects- .

I

Cracks shall not be permitted.*

- Dispersed pososity shall not exceed the limits specified in Figure 12.
For linear porosity or similar indications, Table 8 shalt apply. (Ref. to
CSA W59.2).* o

- Individua! disconfinuifies such as porosity, lack of fusion and
incomplete penetration shall not exceed the limits specified in Table
8. (Ref. to CSA W59.2).*

(h) Welding Inspection

0

Visual Inspection-

The extent of visual inspection by the inspector shall be as stipulated in the
contract.*

A visual inspection procedure and an outline of inspection pomts shcﬂl be
prepared by the inspection organization.*

Inspection shall include matetial, consumabiles, surface preparation, fit-up,
and welding practices including pre- or post-heat treatment, weld profile,
and geometry.*

Surfaces to be inspected shall be free of any extraneous material or
substance which might inferfere with interpretation.*

Welded joints shall be visually inspected to check for the presence of
surface discontinuities as given in Clause (g).*



)
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Non Destructive Testing-

When nondestructive testing Is required as patt of the contract, in addition
to the visual inspection required in this Standard, it shall be so stated in the
information furnished to the bidders. This information shall designate the
welds 1o be examined and the extent of examination of each weld and
the method of testing.*

For detecting discontinuities that are open to the surface, liquid penetrant

' inspection by the methods set forth in ASTM Standard E165 may be used.

Procedures and acceptance criteria shall be in accordance with Clause
7.5 of CSA W59.2.*

When radiographic inspection is required, the procedures, techniques, and
acceptance criteria shall be in accordance with Clause 7.6 of CSA W59.2.*

When ultrasonic testing is used agreerment as to the procedures and
acceptance criteria shall be in accordance with Clause 7.7. of CSA W69.2.

Repair Work

M

(it)

-

Repair of Defects-

All welding repairs shall be’ made by suifably prepaiing the site of the
defect, followed by welding and, if required, finishing the weld flush with
the adjacent surface (see Clause 5.12 of CSA W589.2) to satisfy the
requirements of Clause (g).*

Correction of Distortion-

Members distorted by welding, and requiring rectification shall be
straightened at ambient temperature by mechanical means, or by a
combination of mechanical means and o contiolled amount of localized
heat*

if localized heating is to be applied in any straightening operation, the
complete procedure shall be filed with, and approved by, the engineer.
Maximurm holding times af various femperatures for aluminium alioys prior
to corection of distortion shall be in accordance with Table 7 of CSA
W59.2*



Tensile Strengths for Weided Aluminium Alloy
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+**TABLE 1

Specified Minimum

(With No Postweld Heat Treatment)

MINIMUM UTS

MINIMUM Y$*
ALLOY MPa © (KSI) MPa (KSh)
1050 60 8.7) 20 (2.9)
1060 60 (8.7) 20 (2.9)
1100 80 (11.6) 25 (3.6)
1350 60 (8.7) 20 (2.9)
3003 100 (14.5) 35 (5.1)
3004 150 " (21.8) 60 (8.7)
5005 110 ('1 6.0) 40 (5.8)
5052 170 (24.7) 70 (10.2)
5083 260 @72.7) 125 (18.1)
5086 235 (34.1) 105 (15.2)
5154 200 (29.0) 90 (13.1)
5254 200 (29.0) 90 (13.1)
5454 205 (29.7) 90 (13.1)
5456 280 (40.6) 135 (19.6)
6005 170 (24.7) 100 (14.5)
6061 170 (24.7) 110 (16.0)
6063 120 (17.4) 70 (10.2)
6101 130 (18.9) 80 (11.6)
6351 170 (24.7) 1o (16.0)
7004 275 (39.9) 165 (23.9)
7005 275 (39.9) 165 i23'.9)

* 0.2% offset in 50mm gauge length
UTS = ultimate tensile strength

YS = vield strength
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The convexity shall not exceed: C = 0.1s + 1.5 whefe s = size in mm

(a) Acceptable Fillet Weld Profiles

AN

IasufGaent Excessive Excessive Overlap Tasuffscie ne loadequate
throst Conveoty Usndercut kg Pepetruion

(b) Unacceptable Fillet Weld Profiles

‘ * Figure 1
Fillet Weld Protiles
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The required size, S, of a fillet weld (see Figure 2) to give an effective throat, E, shall be
given by:

S=2Esin(8/2) + G

where
G = gap, mm

6 = angle between fusion faces

The gap shall not exceed 5mm, but gaps léss than 1mm may be neglected.

* FIGURE 2

EFFECTIVE THROAT OF FILLET WELDS
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*** Figure 3

COMPLETE JOINT PENETRATION GROOVE WELDS

(a) Fust Side Welded

OO

»

I d

{0 : {in

(b) Back of first pass gouged to Sound Metal

\./

(i

(c) Second Side Welded

Preparation. Gouging and Welding of Buft Joinfs
from both sides.

———

Welding of Butt Joints from one side on Backing
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* TABLE 2

GROOVE DEPTH OF PARTIAL JOINT PENETRATION GROOVE WELDS

WELD GROOVE GROOVE WELD MINIMUM
METHOD IYPE ANGLE, O POSITION GROOVE
‘ ) DEPTH
GMAW J-,U- . all effective
GTAW  smmmemmmmmmoees oo positions throat
PAW V-bevel Q= 60° '
GMAW V-bevel 45° 5 O < 60° Flat,
vertical
GTAW afl effective
PAW V-bevel 45° £ 0 < 60°  positions throat
T plus 3mm
GMAW V-bevel 45° < 0 < 60° horizontal
overhead -

ISR, AN AN A e S R G

rd

EFFECTIVE THROAT OF PARTIAL JOINT PENETRATION GROOVE WELDS

5 SV

BASE METAL THICKNESS OF MINIMUM EFFECTIVE
THICKER PART JOINED, MM THROAT, MM

3to S 2*
OverSto 6 3*
Over 6to 13 5
Over 13 fo 20 6
Over 20 to 40 8
Over 40 fo 60 10
Over 60 to 150 13
Over 150 16

@)
Q
)
O
QL

* Minimum size for dynamically |
lesser of plate thickness or Smm.
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R = convexity

b = weld width

For statically loaded structures R < 1.5 + 0.2b

For dynamically loaded structures R < 1.5 + 0.15b

() Acceptable Groove Weld Profiles in Butt Joint
Welded from Both Sides

R = convexity

b = weld width

For statically loaded stuctures R < (1 + 1.2b) = 5
For dynamically loaded structures R < (1 + 0.6b) s 4

(b) Acceptable Groove Weld Profiles in Buft Joint
Welded from One Side

Excesgive {ntutlicent Excenoe
Coavexity thrgat Undermut

(¢c) Unacceptable Groove Weld Profiles in Buit Joints

* FIGURE 4

GROOVE WELD PROFILES
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* TABLE 5

BASE METAL ALLOY GROUPINGS

L
NOMINAL COMPOSITION, MASS %

GROUP ALLOY Cu Mn Si Mg n Cr n Zr Al

] 1050 - - - - - - - - 99.50 min
1060 - - - - - - - - 99.60 min
1100 012 - - - - - - - 99.00 min
11350 - - - - - - - - 99.50 min
3003 012 1.2 - - - - - - Remalnder

2 3004 - 1.2 - 1.0 - - - - Remainder
5005 - - - 0.8 - - - - Remainder
5052 - - - 2.5 - 0.25 - - Remalnder
5154 - - - 3.5 - 0.25 - - Remalnder
5254 8 - - 35 - 0.25 - - Remainder
5454 - 0.8 - 2.7 - 012 - - Remainder

3 - 5083 - 0.7 - 44 - - 015 - - Remainder
5086 - 0.45 - 40° - 015 - - Remainder
5456 - 0.8 - 5. - 0.12 - - Remalnder

4 6061 0.28 - 0.6 1.0 - 0.20 - - ‘Remainder
6063 - - 0.4 0.7 - - - ” - - Remainder
6101 - - 05 0.6 - - - - Remainder
6351 - 0.6 1.0 0.4 - - - - Remainder

5 7004 - 0.45 - 15 4.2 - - 015 Remainder
7005 - 0.45 - 14 4.5 0.13 0.04 014 Remainder

5 s

* FILLER METAL ALLOY GROUPINGS

et S ———
NOMINAL COMPOSITION, MASS %

GROUP ALLQY Cu Mn Sl Mg Cr Ti Al

] 5183 - 0.8 - 4.8 015 - Remainder
5356 - 012 - 50 0.12 0.13 Remaindet
5554 - 08 - 2.7 012 0.2 Remainder
5556 - 08 - 51 012 0.12 Remainder
5654 - - - 3.5 025 010 Remainder -

2 4043 - - 5.2 - - - Remainder
4047 - - 120 - - - Remainder
4145 4.0 - 10.0 - - - Remainder

3 1100 0.12 - - - - - 99.0% min

M
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BASIC WELDING SYMBOLS and THEIR LOCATION SIGNIFICANCE

Elizctive Thraat

N Ff—

=

Length al Weld
’ Firtd Wald symoo?
E Piteh {centre-to-centre

LOCATION OF ELEMENTS OF A WELDING SYMBOL
- ] Location | ‘
Finith symbol /'— 2":::::":;'&?‘;?::::;: st?:: ‘ Fillet !PluqotSh:!! g::‘:; : Stud Are Spal
Contour symbol \ - - . -
N L]

AN!OW’- /I 1 Spmeot
el = NS A

sy Moot

Qther niae

Welg-all-ground s¥mbol

indicates 1Nat1 weld ex1enay
compiniely argung In# |Olf\l\_)

Conves contour symbot

Oepth af Preoarstion; Y 7,) hew] !
uze for certen weids - g A’ I% 1 spaung) of Weldt ,
Spatitication: Process: — R oW Atrow connectitd | gpyeq . \%‘: Not
f (5 - Refetence Lwne 10 /L HE
of other retecence 1\8 (E)‘ 1 L p B rds mimott SIOE 'l Y Uses ./
/ | ee— N ot Joimt : ! Weg Eymoal | )
Tl / E = : ; ; | i
(omuatid when g Oﬁ - B0TH “ /J§>_ ot | N T wot Not
referance not und) ! = % Wald-a-acound tymoot | SIOES ¥ [ Usad Uzes Used Used
Basic wald rymbol or Refesance Line A
Ontanl refatence E—. MS:CM‘ ' |
o Nt | Nt | Mot Mot Not
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SUPPLEMENTARY SYMBOLS where procass ao- |11 FLUSH CONTOUR SYMBOL
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be

contout by grngirq

finisnea 10 CONver

._/Jc

! FIELD WELD SYMEOL

3

COMPLETE JOINT PENETRATION

ot int
2 BASIC JOIRTS T-JOINT
Arrow nt ﬁ ArtQw $ge
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Uther sice
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8 MELT-THRU SYMBOL

L
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ol joint
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/—.\4—\
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wpElementary data

welding T
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S
&4 BASIC JOINTS LAP JOINT ] JOINT WITH BACKING 1§ FINISHING OF WELDS
Finithing of walds other than cleaning is

Other nide
ol (oiag

With groove-weld 1ymbal
NOTES

~ Mpterat IM} ana
[ MR | see aumnentions ot Dacking
NOteY 4y specilted.
“A”ngicates backing

indreated by tuItabin cantour and finuth
rymbols. The {ollowng finsshung symbats
\ndicate the method.not the odgree, of finith:

Arrow of
v::g: - C-Chipp_inﬂ A = Rolling
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of jaint — SeeChaute OL6 M~Mschining
5 BASIC JOINTS EOGE JOIRY | 0 JOINT WITH SPACER 16 ABBREVIATIONS

Arrow 1108
at joint

Arrow gt
welding
symoal

Jownt

With mogihied groove-welg 1y moot

NQTES
see
N\ ;ﬂ—_/b<hfules

~ Mgrenal IM) and
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~ SeeClause D16

GTSM:— Gouge To Sound Metal
CP — Complete Penetration

PP — Partial Penetration

Extracted from W59.2-M1591
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BASIC WELDING SYMBOLS AND THEIR LOCATION SIGNIFICANCE

Sauare Groove V.Groove Bavel-Groove U-Groove 1-Groowe Flare .V .Groove “g:‘:'- —_'[s;l;noiefnm
b — V4 2N i ARROW
N I VAN / v N /]\ N "\ N RS !‘SIDE
i
i
. VA Iz Y F__ ™\ LN\ | £ {«4OTHER
¥U—. - -\/ \ =4$|DE
¢ B80TH
. l ’__ % 2 K —%—\ —E—’ \ ~ E) € i‘SlDES
17 DOUBLE-FILLET WELDING SYMBOL e SINGLE-V-GRDOVE WELDING SYMBOL
Omiysion ot deon
preparation ana
Sice liengin ot u-oi "-“‘9“' - N "" eftective mroat
O ston indicates
Socils » it weld prtends Deotn ot _A a;x Root cpaming  "CICates comotete
oecilicanon, / ) DA tween ADAUON preocaralion \ ot penetration
oroceis. of changes in ditection £ ({ective Groova angre 1 required.
Qlner tetemnce oF & OmentIoned \nrost
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COMPANY NAME:

COMPANY ADDRESS:
W47.2/W59.2

WELDING PROCEDURE SPECIFICATION
FOR GAS TUNGSTEN ARC WELDING
OF ALUMINUM

SPECIFICATION No.:
Scope

This Welding Procedure Specification covers welding and related operations of aluminum structures
which are fabricated in accordance with CSA Standard W59.2, "Welded Aluminum Construction”,
and has been prepared to meet the requirements of Clause 7.1 of CSA Standard W47.2,
"Certification of Companies for Fusion Welding of Aluminum®.

A change in any of the essential variables contained in the succeeding paragraphs or detailed on an
applicable welding procedure data sheet will require a new welding procedure specification and/or
a new data sheet.

Welding Process

The welding shall be done using the Gas Tungsten Arc Welding (GTAW) process.

Joints shall be made by single or multiple pass welding, from one or both sides, as indicated on the
approved Welding Procedure Data sheets referring to this specification.

Base Metal

The base metal alloys used shall conform to the materials listed in Table 1A of CSA Standard
W47.2. Other alloys may be welded provided approved data sheets are available.

Base Metal Thickness

Base metal from 3.0 mm to unlimited thickness may be welded under this specification provided
that the Welding Procedure Data Sheets have been supplied and approved by the Canadian Welding
Bureau. Thicknesses less than 3.0 mm may be welded providing data sheets have been approved
by the Canadian Welding Bureau.

CwB ENGINEER OR SUPERVISOR

X This space to be stamped by P. Eng. if Div. 1 or Div. 2 company.



Welding Supervisor's Signature if Div. 3 company.



Filler Metal

Filler metal shall be certified by the Canadian Welding Bureau as conforming to the requirements
of ANSI/AWS Standard A5.10.

The choice of filler metal shall be in accordance with Table 3 of CSA Standard W59.2.*

Filler metal shall be stored in a dry, clean place adequately protected from the weather or
environment hazards until actually needed. The storage area temperature shall be maintained at a
uniform temperature approximately the same as that of the welding location.

Precautions shall be taken to ensure that all opened packages of filler rods or spools of electrode
wire are protected from the weather or other contaminants. Filler metals that are contaminated
with foreign matter shall not be used.*

Shielding Gas

The shielding gas shall be welding grade argon, helium, or an argon-helium mixture and shall be
limited to those specified on the fabricator's approved welding procedure data sheets. The
welding gases shall have a dew point of -40° Celsius, or lower, at 101 kPa.

The gas distribution system shall be free from leaks to prevent air or other contaminants from
entering. The containers or storage systems should not be used when the pressure falls below 2000
kPa (290 psi).*

Position

The welding shall preferably be done in the flat position. The horizontal, vertical and overhead
positions may be used provided approved Welding Procedure Data Sheets referring to those

positions and the Welding Procedure Specification are followed.

Preheat/Heat Treatable Alloys

Preheat is not normally required when fusion welding aluminum, however, when welding thick
sections, preheating is sometimes used to avoid cold-start defects, to achieve heat balance
between dissimilar thickness or to remove moisture. Care shall be taken to ensure temperature
control, particularly, when fabricating the heat treatable and the 5XXX series alloys that contain
more than 3% magnesium.

When fabricating heat treatable and 5XXX alloys containing more than 3% magnesium, the
interpass temperature shall be allowed to fall below 150° Celsius before starting the next pass.*

Electrical Characteristics

The welding current shall be alternating or direct current with positive or negative electrode. In
general, ACHF (high frequency) is preferred for welding aluminum.
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MANUFACTURER'S RECOMMENDED WELDING PARAMETERS

This table shows the recommended parameters for all electrodes to be covered by this specification.

When AC TIG welding of aluminum, it is good practice to "ball" or round the end of the electrode
before welding to keep the arc steady. Otherwise, the arc may weave or move from side to side.
DC welding of aluminum may be used; however, each joint design and welding specification
requires its own procedure.

AC TIG Welding

Before welding is started, electrode size, current setting and gas flow should be selected to suit
the material thickness and welding position being used from an approved data sheet.

Striking the Arc: When the electrode is brought within 1/8"to 1/16" of the plate, the welding arc
will be initiated. The arc is then adjusted to the desired length. When hot, the electrode must
not touch the work or contamination will result. This contamination will cause a dirty sputtering
arc that will not produce a clean or satisfactory weld instead of the smooth humming sound that
is desired. The arc length should be from 3mm to 10mm (1/8 to 3/8 inch) depending on the
location and the type of joint being welded.

The torch angle is usually 5 to 15° forehand and the work angle 90° when welding in the flat
position (see Fig. 1). The arc may have to be directed at the thicker member to obtain equal
melting when joining unequal thicknesses. Hold the torch at the starting point until the arc has
produced a bright, clean puddle of molten base metal (approx. 3 - 5 seconds). Move the torch
steadily forward at a uniform rate while feeding the filler rod to the leading edge or side of the
puddle. Do not add filler material until a good puddle has been established. Hold the welding
rod at an angle of 20 to 30° to the work, slightly off centre to the line of the joint, and feed into
and withdraw from the molten puddle (but not out of the shielding gas) at frequent, regular and
short intervals. The torch is moved back slightly when the filler is added to allow the filler rod to
be introduced into the molten puddle.

The torch is then moved forward to advance the puddle once the required bead size is obtained.
This backward and forward motion is repeated smoothly and uniformly in steps of approximately
1.5 - 5mm (1/16 to 3/16 inch). When no filler material is being used, it is not necessary to use
this motion.

Shielding Filler Metal Filler Metal | Positio Tungsten Amperage Polarity | Voltage Electrode Nozzle
Gas Classification Diameter n Diameter Stickout Size
& Type
Welding Technique




-5-

When breaking the arc, withdraw the torch from the work while the filler rod is still being added
to feed the crater as it solidifies. The arc is run onto the cold filler rod as the gun is withdrawn
and is broken quickly. The arc may have to be re-struck several times while adding filler if the
crater is not completely filled. To produce crater-free stops on thin gauge material or on shallow
weld beads, increase the arc travel speed. This increase in speed should be sufficient to
eliminate the melting of the parent metal. Use run-on and run-off tabs wherever possible.

Other positions (horizontal, vertical and overhead) are also practical when TIG welding. The
techniques are, in general, the same as described above for the flat position, except that slightly

lower current are used. This lower current will keep the weld puddle small enough to prevent it
from sagging before solidification takes place.

Figure 1

Preparation of Material

Edge preparation may be accomplished by disc grinding, shearing, plasma-arc cutting, sawing,
chipping, planing, milling, or routing.

When disc grinding is used for edge preparation, high speed flexible grinding discs shall be used.
The grinding disc shall be suitable for aluminum and be maintained free of lubricants and other
foreign material.

When shearing is used for edge preparation, the shear blade shall be kept sharp and free of
foreign material. The sheared edge of aluminum shall be filed, planed or routed to remove any
metal that can possibly entrap foreign material such as cutting oil.

To allow for effective cleaning, surfaces and edges to be welded shall be smooth, uniform and
free from fins, cracks and other defects that could introduce porosity or oxides into the weld.
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All surfaces to be welded shall be wire brushed prior to welding to remove existing oxides. In
multi-pass welds the weld bead shall be wire brushed between passes. The brushes shall be of
stainless steel and be kept exclusively for use on aluminum and be kept clean and free of
contaminants.

When plasma arc cutting is used for the edge preparation of heat-treatable alloys, 3mm of
material shall be removed from the cut edges by mechanical means. This includes both butt and
T-joints. Note, plasma arc cutting heat treatable aluminum alloys may produce lamellar fissures.

Cleaning should be done just prior to welding but if welding is delayed, the cleaned material shall
be covered with polyethylene sheeting, paper or other similar protective covering, to guard
against contamination.

Back gouging of welds shall produce a groove having a profile and a depth adequate to ensure

fusion with the adjacent base metal and penetration into the root of the previously deposited
weld metals.

Note: Equipment used for preparing aluminum should be used solely for this purpose to prevent
contamination of the base material from foreign materials.

Weld Quality

Insufficient throat is not permitted.**

Weld termination craters shall not be permitted.**

If the surface finishing reveals porosity then the section shall be inspected for internal porosity.**

Welds shall be free from cracks, lack of fusion, lack of penetration, and essentially free from
undercut, overlap, or surface porosity.**

Continuous undercut depth shall not exceed the smaller of T/5 or 1 mm on each side of the joint,
where T is the member thickness.**

Isolated undercut shall not exceed 2 mm in depth. Undercut greater than 1 mm in depth shall not
have a length greater than 15 mm, and shall not be closer than 100 mm to another 2 mm
undercut.**

Fillet welds shall have a degree of convexity not exceeding 0.1s + 1.5 mm where s = size of the
minimum leg length in mm.**

Fillet welds shall conform to the profiles shown in Fig. 11 of W59.2. Fillet welds shall be free of
the defects shown in Fig. 11 of W59.2. **



Essential Variables

The following are considered essential variables for Gas Tungsten Arc Welding (GTAW) as per
Clause 8.2.3.4 of CSA Standard W47.2:

(1)a change in base metal alloy group as per Table 1A of CSA W47.2;

(2)a change in filler metal alloy group as per Table 1B of CSA W47.2;

(3)the omission of aluminum backing material or the substitution of other than aluminum backing
material;

(4)a change in current of + 15% and/or arc voltage of + 2V;

(5)a change from ac current to dc current, or vice versa;

(6)a change from dc electrode negative to dc electrode positive, or vice versa;

(7)a change from constant current to pulsed current, or vice versa;

(8)a change of + 25% from the specified travel speed;

(9)a change of + 25°C in the specified preheat;

(10) achange from a single gas to any other single gas; a change from a single gas to a mixture
of gases or vice versa; a change of + 10% in the specified composition of gas mixture;

(11)  anincrease of 50% or more, or a decrease of 20% or more, in the flow rate of shielding
gas;

(12)  a change of electrode size;

(13) a change in welding position, except as provided for in Clause 8.3.1 of CSA W47.2;

(14) a change in direction of progression in vertical welding;

(15) a change in specified joint geometry;

(16) a change from welding from one side to welding from both sides or vice versa;

(17)  a change of cleaning procedure.

Data Sheets

The attached data sheets form part of this specification.**
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