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Symbols for Welding

INTRODUCTION

A language of symbols may be defined as one that uses a specially designed system of signs in a care-
fully prescribed manner to convey a clear message, direction or idea.

The use of symbols in welding, brazing and nondestructive examination is one of these languages;
and it is the purpose of this Module to instruct the student in its proper application.

As in any language, there must be rigid rules governing its use to ensure clarity, uniformity and uni-
versality of understanding. One has to leam the rules and abide by them before one can hope to
enter into any meaningful and intelligent dialogue with others.

Considerable effort has been put into this Module to explain the rules that govern the use of welding,
brazing and nondestructive examination symbols. Extensive examples are provided to illustrate the
proper application of these rules. Exercises have been prepared for the student to test his own com-
prehension and understanding of these symbols. Also included is detailed information in areas closely

" related to the concepts inherent in a welding symbol in order to assistin a broader and finer percep-

tion and command of the symbols language.

This Module is directed at individuals representing welding, supervisory, drafting and engineering
personnel, including those fulfilling quality control functions or otherwise wishing to enhance their
technical versatility. Although engineering overtones may be noticeable in a few areas, the level of
presentation was set primarily towards the drafting and supervisory personnel, with no real difficulties
expected from the shop floor welding personnel.

To fully explore the scope of its application, it was considered important to arrange the matenal
with a judicious selection of suitable examples so as to ensure that the student will not encounter
any difficulties in mastering the symbols langnage. No efforthas been spared to identify and elucidate
the more important elements of symbols used in welding. Background reasoning has been provided
for many of the rules to clarify their meaning.

Some of the examples tend to relate to structural work as governed by CSA W59 Welded Steel Con-
struction, or AWS D1.1 Structurel Welding Code. This should not, however, obscure the fact that
the principles of welding symbols remain unchanged, even though applications may vary from struc-
tural to mechanical, depending on the requirements and the nature of the finished product. '

Exercises for each section are provided separately.
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1. FUNDAMENTAL CONCEPTS

1.1 Weld Symbols, Supplementary Symbols, Welding Symbols

1.1.1 Definitions _
In welding symbols terminology there are several standard terms in common use. A very clear
understanding of these terms is of particular importance, if not a precondition to any meaningful
dialogue involving welding symbols. :
These terms are: ' o

e weld symbols

s supplementary symbols
¢ welding symbols

The definition of these terms and their inter-relation may be described as follows:

1) Weld symbol is a term used explicitly to designate a specific type of weld. The pertinent
types of welds considered under the governing AWS A2.4 specification for “Symbols for
Welding, Brazing and Nondestructive Examination” and the basic weld symbols representing
them are shown in Fig. 1. Weld symbols as such become an integral part of any typical weld-
ing symbol.

GROOVE WELDS

Flare-
Square Scarf* \'4 Bevel U J Fiare-V Bovel

il | Y\ lacl.as

) /" O I "'/'I;'" "},'\"“ “J X T

Fiflet ';:g Stud P:iz tim Seam B:c:lf:\g Surfacing " Ege Comes
NN el -g-- g N
iR e e RN

*{sed predominantly in brazed joints — see section on Brazing.

Fig. 1 — Basic Weld Symbols
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2) Supplementary symbol, as the term implies, is used to provide complementary information
to that given by the basic elements of a typical welding symbol.

Supplementary symbols are always used in conjunction with a welding symbol, and they are
shown in Fig. 2: 7

: - Comt
Weld all mer | Consumapie | 82 o
around Field Weld Through ! Spacer Flush
e,
(Square} (Rectangle) Fol;t Convex Concave

1=
— 1 I LI NN

Fig. 2 — Supplementary Symbols

3) Welding symbol, in turm, provides comprehensive information with respect to the geometry

 of preparation, fit-up and welding of joints. It is composed of a number of standard elements,
including a weld symbol, and uses any of the applicable supplementary symbols to effectwely
" complement such information.

All the basic elements of a typical welding symbol, mcludmg references to supplementary
symbols and their respective designated locations, are shown in Fig. 3.

It must be very clear from the preceding description that there is a very significant and distinct
difference between the terms weld symbol and welding symbol.

Yet, many still appear to have the misconception that both terms share the same meaning.

The student is well advised, first, to ensure that he fully understands the exact meaning of these
two terms and, second, to firmly resolve to use them only in the proper context.

After this brief introduction to the three basic symbol terms, 2 more extensive discussion of
each will highlight their own significance in conveying specific welding information.

"2 Basic Weld Symbols

Reference was already made to the primary purpose of a weld syvmbol. Its main and speciﬁc oh-

. jective was described to be to graphically identify each type of weld.

In order to assist in this identification, the shape of the symbol, whenever possible, was made to
conveniently reflect the relative configuration of the fusion faces as represented by a vertical

section through the joint.
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A few examples will illustrate this particular and very commendable idea. Groove, fillet and plug
welds will be used to demonstrate its practical sense and validity.

Types of Welds with Accentuated Fusion Faces Weld SymBols

Square L i ___Ll__-

Single-V

GROOVE /
WELDS ———— -
: }
Dowble] &# B2 <€ | cemmddea
N
Double-
Flare- e -—4 —_—
Bevel \
FILLET N
WELDS i P = —_
PLUG — _[Z_ —_—
WELDS .

This “visual confrontation” of the shape of preparation in the fitted-up joint or of the cross-
section of the weld with its own weld symbaol proves extemely well the attractiveness of this
approach as it registers visually their geometric similarity. |

In the presentation or placing of weld symbols on the reference line there is one important point
that must be rigidly observed. It concems only weld symbols which, in their make-up, have one
vertical line. The rule rcqum:s that the vertical line must always be on the left side in the weld
symbol when read from the viewing position of the reader.

The pertinent weld symbols subject to that rule are symbols for:
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Single- or Double- V K

% Bevel-Grooves

\

Single- or Double- V
J-Grooves

-

Single- or Double-
Flare-Bevel-Grooves [\

Single- or Double-

Fillet Welds V

Viewing Fosition of the Reader
- !

ANV oSN

Hence, all weld symbols as shown below, viewed from the same position as the symbols above,
are mcorrect:

AN N / A,
A /1

Th]s rule points to the fact that proper attention must be given to the placement of 2 weld
symbol on the reference line.

1.1.3 Supplementary Weld Symbols

As seen from Fig. 2, supplementary weld symbols are used to convey specific requirements. One

can again observe that their graphic designations bear a very close visual likeness to the effect
they mean to achieve. '

Such close resemblance can certainly be claimed for the symbols denoting:

Weld zil-around ’/9——— /_[:I_ Censusnable insert

Melz-thru

Backing or $pacer material /_D- /—G—
Contour of the Finished Weld /__'_"'_ / 7N / s

No such reasonable claim can be made by the flag designating a field weld, although one would
o generzally associate a flag with the “outside” and an exposure to atmospheric conditions.

The rules governizig the use of supplementary symbols will be discussed later.
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1.1.4 Welding Symbols and Standard Location ofElements
The classic welding symbol listing all the basic elements that it may contain has already been

shown in Fig. 3.
These basic elements, not all of which need to appear in the symbol, are as follows:
" & reference line

® armrow )
basic weld symbol

>

e dimensions and other data
¢ supplementary symbols

° finish symbols -

s tail '

e references
These clements shall be discussed first in a general manner with the primary objective to acquaint
the student with a number of basic concepts governing the use of welding symbols.

A far more exhaustive presentation of the proper use of these elements will be presented later,
when dealing with individual types of welds in their specific area of application.

However, an intelligent discussion of the general principles of welding symbols requires a
thorough understanding of the fundamental concepts of joints and welds.

2 Types of Joints and Types of Welds

2.1 Types of Joints

There are five basic types of joints:

BUTT -~ CORNER —~ TEE ~ LAP and EDGE

and they are all iliustrated in Fig. 4. It may be easily seen that the criterion used in categorizing
joints is the relative configuration of the two pieces of material to be welded.

The AWS A3.0 Standard Welding Terms and Definitions describes a joint as being the “junction
of members or the edges of members which are to be or have been joined.”

The reference to “junction of members™ is describing the area of common contact between the
two members and applies to the first four types of Joints in Fig. 4. It has been indicated by
shading, : - :

The reference to “junction of edges™ applies to the edge joint,shown at the bottom of Fig, 4.

The proper and clear understanding of the definition of a “joint” is of overriding importance. It
is a precondition of a meaningful dialogue on the application of welding symbols and specifically
on the arrow significance, which will be discussed shortly.
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Applicable welds
Square-Groove J-Groave
V-Groove Flare-V-Groove
Bevel-Groove Flare-Bevel-Groove
U-Groove Edge-Flange
Braze
{1A) Butt joint
) Applicabile weids )
Fillet ' Flare-Bevel-Groove
Sguare-Groave Edge-Flange
V-Groove Corner-Flange
Bevel-Groove Spot
-Groove Projection
J-Groove Seam
Flare-V-Groove Braze
{18} Coener joint Plug Slot
Applicable welds
Fillet J-Grogve
Plug Flare-Bevel-Groave
Slot - Spot
Square-Groove Projection
§ Bevel-Groove Seam
" - Braze
an” {1C} T-joint
Applicable welds
. Fille "~ J-Groove
Piug Flare-Bevel-Groove
St ; Spot
Bevel-Groove Projection
Seamn
Braze
{1D) Lap joint
Appiicable welds
SquareGroove Edge-Flange
Bevel-Groove Corner-Flange
V-Groove Seam
U-Greove Edge
J-Groove
{1E} Edge joint

Fig. 4 — Basic Types of Joints
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It may be of interest to note that the govéming welding design specifications, CSA W59 Welded
Steel Construction and AWS D1.1 Structural Welding Code—Steel, in their sections on prequali-
fied joints use the following designations:

B forbutt joint
C  for corner joint
T  for T-joint
BC  forbutt or comer joint
TC  for T- or comer joint
BTC  forbutt, T-, or comer joint

Lap and edge joints are not included, as they are govemed by other provisions of these specifica- -
tions. .

1.2.2 Typesof Welds

- There are considerable misconceptions in the common usage of the terms welds and joints. In
most cases, they are taken to mean the same thing. They are mistakenly assumed to be inter-
changeable.

Unfortunatcly, such delinquent use of the official AWS terminology may occasmna]ly be spotted
in North American welding literature.

This has to be taken as evidence of msufﬁcmnt care in the usage of the correct terms, espec:ally
by people who, by virtue of their exposure and involvement in welding operations on this conti-
nent, must be presumed to be better informed.

This situation is further aggravated by the fact that other Ex;ghsh-speakmg countries have not
adopted the AWS terminology. There, the very common reference to a “butt weld” is completely
in line with the accepted official practice.

The AWS is far superior in its definition of the two terms, as it provxdes logic, clarity and con-
sistency. :

One has to have a joint first before one can think about a weld.

There are many types of welds. The types of welds that may be considered for each of the basic
joints are shown in Fig. 1. _

All of these welds will receive some measure of attention in the course of further discussions.

Again, it may be of interest to note that the CSA W59 and the AWS D11 Codes have assigned
an identification number to each of the types of welds which are of specific use in their area of
application.

1.  square-groove 6. single-U-groove
2. single-Vgroove 7. double-U-groove
3. double-V-groove 8. single-J-groove
4. single-bevel-groove 9. doubleJ-groove

5. double-bevel-groove

10
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1.3 General Provisions

1.3.1 Arrow Significance

Presently, attention will be given to the significance of the welding information placed below
and above the reference line. As already stressed, a thorough and clear understanding of the
principle governing the respective placement of such information is an absolute condition for

‘proper application and interpretation of welding symbols.

The principle used is simple:

All information shown above tﬁe fine ' o e Amow
applies to the OTHER SIDE of the joint //
” .
Ah;r:'r;t: - 7 All information shown below the line L
4 applies to the ARROW SIDE of the joint Reference Line

Ve

¥’

The rule as expressed above makes reference to:

¢ the arrow side of the joint, and
v  the other side of the joint.

“These are two key concepts, and their proper application presupposes a clear understanding of
~ the term “joint” ' ' o : o

It has been already pointed out that the area of common contact between the members to be
welded, identified by shading in Fig. 4, constitutes a joint.

The arrow side of the joint is obviously the side to which the arrow points. It is the other side of
the joint which requires an easily recognizable identification. o

Prior to the use of a number of clarifying examples, it will be advisable to illustrate these features
of a joint which are essential and important when specifying welding information in a symbol.
The butt joint of Fig. 4 will serve that purpose and help to identify sides.

BUTT JOINT Side 1 of joint

Side 4 of Joint
{opposite to Side 3)

Side 3 of joint

Side 2 of Joint
{opposite 1o Side 1)

11
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There are two pairs of opposite sides in the above butt joint. The joint itself, geometrically
speaking, is a rectangle. The governing rule is as follows:

If any of the sides is defined as the arrow side by virtue of the arrow pointing to this
side, then the other side is automatically the one opposite the arrow side.

Side 1 is Arrow Side

Hence, if the ARROW SIDE were Side 1 as
identified by the symbol...

then the other side is automatically Side 2
(opposite to Side 1), as identified indirectly
by the same symbol.

On the other hand, if the arrow side were Side™~
2 by virtue of the arrow pointing towards it,

then Side 1 becomes automatically the other
side as identified indirectly by the same
symbol. .

Similarly (although rather remote in this case), if the arrow side were Side 3, then Side 4 would
have been the other side.

Because of the repeatedly stressed importance of proper understanding of the arrow and other N
sides of the joints, a good number of examples will be used to ensure with reasonable certainty oo/
that the student has indeed grasped their significance. :

12
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EXAMPLE 1
GROOVE WELD IN A BUTT JOINT

Required:
A Single-V-Groove Weid 5

L4
ALTERNATIVE 1:

Arrow Side.
. ™y

<>

} 0,
L ~ QOther Side

Joint

SYMBOL 1 WELD

indicates preparation to be made
from the Arrow Side

v
ALTERNATIVE Z:

N

Arrow Side

| A

£
i _ N~Other Side
loint

SYMBOL 2 WELD

indicates preparation from
) the Other Side

Qther Side
/ {

4 I'
3
1

!
1
Arrow Sidc/
¥A’é——<a

SYMBOL 3

Preparation from the same side
could have been obtained
using Symbotl 3 as shown.

’/-Ozher Side

O

<

<

Arrow Side /
- 4

SYMBOL 4

Preparation from the same side
couid have been obtained
using Symbol 4 as shown.
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EXAMPLE 2

CRUCIFORM TYPE1 TYPE 2
[DOUBLE-T-]

JOINTS Member M1

Required Fillet Welds

The objective of this example is to call for the above single fillet welds
(i) with a symbol on the arrow side, and

(i) with a symbol on the other side.

Imperative to the correct application of these symbols is the identification of the pertinent
joints in each of the curciform arrangements of members.

Since, as pointed out, a joint is described as the commeon area of contact between two members
to be welded; and since, in the example in :

.| Typel: — MemberMlistobe TYPE1 TYPE2 "
| welded to member M2; ' Joint for ’,,:/ (’,M: M2 / /::::bi:;l and3
Type 2: — Member Ml istobe Nkl S N ‘
welded to member MS; k\\\\\\\\\\\\\\\ \ \\\\\\\\
the common areas of contact and, ointtor , foint for .~
stll;n’.refore, the joints must be as Mewes2x<3 E25 Members 1 and 2
own. i

- Having identified the applicable joints for each type of arrangement, the proper placement of
arrow side and other side weld symbols should present no problems.

TYPE1 TYPE 2
) Fillet on the Filleton th

Fillet on the
Other Side
of Joint

T

Each pair of symbols calls correctly for the same weld. of Joint

14
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EXAMPLE 3

CRUCIFORM JOINTS SIMILAR TO THOSE IN EXAMPLE 2
BUT WITH FILLET SIZES SPECIFIED FOR EACH CORNER

TYPE? TYPE 2

S Fillet

%Z////%

5y Fillet

55 Fillet 3 Fillet

56 Fillet i, Fillet

FrR

NN e,

_

Desired Welds
showing identical arrangement for each type

The correct double fillet welding symbols for each type, respectively, will be:

TYPE1 TYPE 2

ﬁé”\ s ;D'\ e
8 16 8 16
t )

or  cose

or .

( ) identical
51 . T 3g S\,
1 / S15 P 515

oL

in this

Appropriate Symbols
for the Desired Welds

Either metric gr imperial measures may be applied
Identical arrangement of fillet welds in each type results in a marked difference in the application

of proper welding symbols, and the only reason for it is the fact that the joints in each type are
in different planes.

LR
i .
P
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Symbols for Welding

As a concluding observation in the d:scussmn of arrow significance it must be obvious that the
identification of sides of joints for groove welds is exclusively related to the preparation of
grooves from the respective designated arrow or other sides of joints.

In this case, the contact area constituting the joint is subject to preparation and subsequent
welding; while in the case of fillet welds welding occurs along the edges of the contact area.

Jeint
Contact area {Joint) subject to Welding occurs along edges of
preparaticn and welding for contact area {Joint) for
Groove Welds Fitiet Welds

While the errow and other side significance has a slightly different meaning for plug, slot, spot
and seam welds, it has none for stud and surfacing welds. This meaning will bc clarified when
these particular welds are discussed.

Brief mention should also be made of resistance welded spot and seam welds for which the

arrow has no side significance. This again will be brought to the attention of the student in due

course.

An extensive array of Exercises prepared separately from this Module will further help in the

‘understanding of the arrow significance and in the verification of this understanding.

1.3.2 Information in Tail of Welding Symbol

The tail of the welding symbol allows convenient placement of any type of information that
will effectively complement the information conveyed by the other components of the symbol.

The conventions as used by individual companies and geared to their specific operations will
have a great bearing on the type of information that each of them will consider sufficient in
scope for their needs.

Such information may:

1. refer to a specific welding process, or

2. consist of a welding procedure specification number, or _

3. show the expression “typical” when the required weld is representative
of all welds shown in the drawing.

Two tabulations in the Appendix taken from the AWS A2.4 Specifications show a listing of
letter designations for welding and allied processes cross-referenced alphabetically Any office
contemplating the use of abbreviated designations for weldmg processes is urged to take them
from that official listing. :

The omission of any referencein the tail of the symbol should only be considered if other means
are used by the company to provide the pertinent complementary welding information...beita
general note on the drawing or directions issued in a separate document.

When no information is intended for placement, the tail may be emitted.

17
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Fundamentals of Welding Technology

1.3.3 Field Weld Symbol

Welding in the field is generally understood to mean welding in a place other than that of initial
construction. The erection phase of welded construction work will most likely involve welding
in the field, or on site, as some may refer to it.

The weld symbol designating welding in the field must show a flag placed above and at right
-angle to the reference line at the junction with the arrow. The direction of the arrow is left op-
tional. However, some may find preference in pointing it away from the arrow.

or

1.3.4 Melit-thru Symbol

Occasionally, there are conditions in a joint in which full or complete joint penetration is re-
quired that permit welding only from one side. Asa visible manifestation of such penetration, a
reinforcement may be specified for the other side.

This reinforcement may be conveniently expressed by a melt-thru symbol, together with its re-

 quired height, or without it when a specific height is of no significance. |

When mechanical means are intended to obtzin the desired contour, the 'supplementary contour
symbols should be used with the user’s preferred mechanical means specified to obtain it.

The fo!lowing_skétches will illustrate these provisions:

EXAMPLE 5 Sﬂ

Desired Weld Symbol

18
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M
EXAMPLE 6 (——ﬁ‘
< < or
| Noz specified - : < '
Reinforcement to be removed flush
by subsequent Machining [M] ™
Desired Weld Symbol
EXAMPLE 7 1 S
N ’ 1mm "\
W . ) - Convex Remforcement of Tmm to o N )
. o : B be provided by Grinding {G] T
Desired Weld Symbol

1.3.5 Exient of Welding Denoted by Symbols
When the length of 2 weld is not specified in the symbol, the welded length is the one betwee
abrupt changes in the direction of welding. :
A length of weld may also be designated by a dimensioned length of hatching.

As its name implies, the all-around welding symbol specifies a weld all around the joint, regar
less of the number of planes involved. : :

All of the above variations to the extent of welding as covered by 2 welding symbol with or wit
out supporting dimensioning are reviewed extensively in the section on fillet welds.

Should intermittent welds be required in the length of a joint, they should be dimensioned :
the welding symbol in a manner as shown and thoroughly discussed in the section on fillet weld

19




Fundamentals of Welding Technology

Groove welds are normally continuous for the full length of the joint, in which case no reference SRR
to length need appear in the welding symbol. '

However, there is one interesting case of an all-around weld involving a groove and a fillet weld
which deserves specific mention. The following two examples will illustrate the point:

EXAMPLE 8
A ROUND BAR WELDED TO A BASE PLATE

Side View Desired Weld  Symbal o
showing chise! preparation ‘ . {multiple reference lines ) . : -
" : will be explained later)
EXAMPLE 9
A ROUND BAR SIMILAR TO EXAMPLE 8§ WELDED TO A BASE PLATE
2

Side View Desired Weld Symboi
showing pencil point preparation ’ fcombined symbols will be

discussed later) -

20
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o 1.3.6 Finishing of Welds
A The required contour of welds may be obtained without recourse to mechanical means. However,
if such means are necessary to produce the required finish, the appropriate letter designation
assigned to the following methods of finishing must be added to the contour symbol:
C — Chipping
G — Grinding
M — Machining
R — Rolling

H — Hammering

It must be understood that these designations specify the method and not the degree of finish.

I 37 Break m Arrow

In most cases of groove welds, both members to be jointed require some form of preparation.
Hence, the use of an ordinary welding symbol with an ordinary straight-line arrow is entirely
satisfactory. However, such is not the case with groove welds requiring the preparation of only
one member in the joint. If the preparation of one specific member is of importance, the welding
symbol must have positive means to identify this member.

This is conveniently done by a break in the arrow, with the arrow pointing in the direction of
the member to be chamfered.

It should be noted that the arrow need not touch this particular member. The only matter of
importance is the direction in which the arrow pomis (to the left or to the right}!-

The atrow need not be broken if the welding symbol is not used to specify which member has
to be prepared. There are, of course, situations in which only one member can be prepared, i’
which case a break in the arrow is superfluous.

The following examples will illustrate the points made:

EXAMPLE 10

DOUBLE-BEVEL-GROOVE WELD IN A BUTT JOINT
WiTH THE CHAMFERED MEMBER SPECIFIED

- ‘ |
A I ]
AN
Desired Weld Symbol
Preparation specified on the The arrows point to the right member
righ-side member as shown to be chamicered

21
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EXAMPLE 11

DOUBLE-}-GROOVE IN A BUTT JOINT WITH THE MEMBER TO BE CHAMFERED NOT SPECIFIED

$n
-

]
. Smtn;
in thi;
or or :ﬂm fs
3 ) 2
Symbals
Desired Welds Poinzing the arrow to the left or zo the right member as shown

has no significance with regard as to which member is to be

Either of the two are acceprable chamfered because they ore straight-line arrows withour g bregk.

EXAMPLE 12

SINGLE-BEVEL-GROOVE AND A FILLET WELD IN A THOINT

AN

G

Desired Weld Symbol Symbol
Arrow with a Break . Arrow without a Break is acceptable
. as only one (the intended) member
can be prepared

I As @ matter of principle, it is recommended to use the arrow with a break |

22
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. 1.3.8 Combined Weld Symbols

Normally, joints will require more than c;ne type of weld symbol. Joints for which one type of
weld symbol is sufficient are represented by welding symbols like the following: '

7 e

However, joints which requirc a combination of two or three different types of weld symbols
are illustrated by the following welding symbols:

N

SR

5t 2 Single-V and Back Wé/&' symbols Fiflet and angle‘Bevel symbols Two Fillet and two angle—BeveI
symbols

Each of the welds represented by the pertinent weld symbol must appear in the welding symbol,
cither in a single or in 2 combined arrangement. :

EXAMPLE 13

A SIMPLE WELD SYMBOL COMBINATION

Desired Weid Symbol
T A combination of a V and
[ Bock Weld symbols

23
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Fundamentals of Welding Technology

EXAMPLE 14

A MULTIPLE WELD SYMBOL COMBINATION

or

¥

Desired Weld Combined Symbols
on single Reference Line on Multipie Reference Line
(to specify sequence of welding)
[see next heading)

The rather frequent use of fillet welds to reinforce groove welds, especially in T-joints, gives rise
to the use of multiple-weld symbol combinations.

1.3.9 Multiple Reference Lines

The very objective of the multiple reference line concept is to give the welding symbol the added
capability to specify the sequence of welding operations as well as to provide additional informa-
tion relative to the examination of welds or other operations.

Two or more reference lines are feasible. They should, however, be used with good judgement.

The rule that applies to sequencing is very clear. It states that the operation that is desired first
is to be shown on the reference line closest to the arrow. All subsequent operations are to follow
the same sequencing order as the pertinent reference lines move away from the arrow. The weld-
ing symbol below explains this principle: ’

/—_ 3rd Operation 1st Operation
2nd Operation . 2nd Operation
/ : 1st Operation 3rd Operatior:

Y,

24
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When a sequence is to be specified for a joint defined by the following welding symbol...

then these sequencing alternatives may be considered:

fal Jo] 7
7 or

The specified sequence for each case will be:

1) weld bevel-groove }arrow cide 1) putbackingpass |} otherside

2) weld flat fillet
2) weld bevel groove arrow side
3) - put back pass : } other side 3) weld flat fillet ‘

Desired Weld and Sequence Desired Weld and Sequence

Weld examination requirements may also be placed on the second or third reference line — as,
obviously, the first or the first two lines must provide a weld so that it then can be examined.

The letter designations for the examination methods will be found in the NDE section of this
| module.

25
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MT = Magnetic Particie
MT Examination method

Sequence: 1} weld single-V on arrow side,
2) weld back-pass on other side, .
3) inspect other side, using MT method.

Supplementary symbols may also be used as applicable.

RT RT = Radiographic
Examination method

Backgouge*

*The CSA Standard W59
preferred term is GTSM
= Gouge To Sound Me:af

Sequence: 1) weld the all-around arrow-side bevel-groove in the field;
2) back-gouge from the other side {in the field, obviously);
3) complete the ail-around “other side” bevel groove in the field;

4) inspect, in the field, the whole weld using the radiographic
examination method.

1.3.10 Complete Penetration

- Where complete joint penetration [that is penctration cqual to the thickness of material] is to
be obtained with no regard to the type of weld and joint preparation, the letters CJP must be
shown in the tail of the welding symbol. ’

&
/ — P

The definition of complete joint peneiration groove welds may vary from one governing design T ;

standard to another. Important observations on this subject are offered in the section on groove
welds. :

26
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1.3.11 Method of Drawz'ng Symbols

N The exact dimensions of the constituent elements of each weld symbol and supplementary sy

'; bol are shown in the Appendix. The graphic presentation of the Design of Standard Symbols |

been taken from the AWS A2.4 specification, where it appears as Appendix A. It is recommen
for use.

1t will also be of interest to note that templates are available for drawing symbols. Informat
on those may be obtained from the AWS headquarters.
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Symbols for Welding

2. GROOVE WELDS

2.1 Location of Dimensions for Single-Groove Welds

Although Fig. 3 shows the location of all the standard elements for any type of weld, including
a groove weld, it will be of advantage to extract from that figure all these elements which spec1-
fically apply to grooves.

Since there are many types of grooves, as evident from Fig. 1, with each assigned its own weld
symbol, specific and comprehensive information must be provided in the welding symbol to
accurately describe the required preparation and fit-up of the two members in the joint. )

Besides the applicable weld symbol for the pertment type of groove, the remaining information
required will have to define:

1) The depth of preparation — also described as the depth of chamfer - from each side of
the joint (arrow side and other side), and normally designated by the capital letter “S.”

2) The angle at which such preparation should be made, also referred to as angle of chamfer,
but officially termed the bevel engle. A few clarifying comments with respect to this
angle will be in order as, again, there seems to be 2 generally rather vague understanding
of what this particular angle means. They will be provided after all the remaining items
essential to a groove weld are discussed.

3) Theroot openmg reqmred for proper fitting of the two members in the _]omt. Its primary

objective is to provide adequate access for welding. It may be used as a trade-off item
with other related factors in the joint for greater welding economy.

The location of these three elements in the welding symbol for single grooves is shown below:

Root Opening '

Depth of 7~

Preparation Groove Angle
lus.l
i

Before proceeding with dimensioning requirements in welding symbols for other than single-
sroove welds, the issue of all the dngles entering into groove weld terminology will be given its
due attention. Itis hoped that the next sketch will sufficiently clarify the definitions of the three
types of angles that enter into this terminology.
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&>

8

[

Depth of Preparation = §;

AN ////

Root Face \\\\\\\\ 2 //{ A — Tangent to curve at centre of Groove
y \ Qf’// Depth of Preparation = S3

Groove
Radius

There are three basic angles in the above joint, and they are part of every groove except the
. Square groove.

1) BEVEL ANGLE
{official AWS A3.0 term)

or

= 6
Angle of Preparation !
or
Angle of Chamfer
2) GROOVE ANGLE b= 6,
3) ANGLE AT THE . } = g
ROOT OF THE GROOVE 3

For the U-groove, all three angles have different values with 6, being twice that of 8.
For the bevelgroove, however, all the angles have the same value: 8, =68, =8,.
The angle of importance with respect to application in the svmbol is the groove angle which, for

bevel- and J-grooves, will also be the bevel angle. However, it is the groove angle (the angle con-
tained between the fusion faces of the groove) which appears in the welding symbol.

The angle at the root of the joint associated exclusively with J- and U-grooves has strong design
implcations, as the governing specifications make the applicable effective throat of welds in
such grooves a function of this particular angle.

In congunction with this angle it should also be noted that the groove radius for the J- and U-
grooves is to be the user’s standard radius. In such case, no addztlon._l cross-sections of the joint
are required.

However, when this radius differs from the user’s standard, such additional cross-sections are
mandatory, as the welding symbol has no provisions to specify it.

The same considerations apply to roof faces of these two particular groove types.

30
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2.2 Dimensions for Double-Groove Welds

In line with the general principle and irrespective of its appearance on one or both sides of the
reference line, each weld symbol must be accompanied in the welding symbol be all the essential
data considered necessary for the preparation, fit-up and execution of welding.

This has been stressed before.

The principle applies to all double-groove welds, and it makes no difference whether the data is
identical or not on each side of the reference line. However, the size of the root opening, being
common to both sides, need only appear once. '

s\ / v |7
8 19\ B [\
30° 45°

60° 30° >
25 \3/ 16 P

25 /\ 12 h
60° 25°

It may be the convention of the user, and known to all levels of appropriate personnel, to main-
tain standard angles for certain types of grooves prevalent in his operations. In such case, these
standard angles need not be specified in the welding symbol.

- The most likely standard angles may be 45° for bevel-grooves and 60° for V-grooves However,

it follows logically that, when angles other than the standard angles are to be used, they must be
specified in the welding symbols.

Identical procedures would apply in case of a general note placed on the drawing, stating that all
angles be of certain values unless otherwise specified.

2.3 Depth of Preparation and Groove Weld Size

The AWS A2.4 specification has introduced the groove weld size (E) as a quantity to be shown
in the welding symbol for groove welds. Presumably, this was done for the purpose of increasing
its specifying capability, although it was originally meant to be an improved interpretation of
previously used designations.

The specification ruled at the same time that this new quaﬁﬁty should
a) appear in brackets: (E), and

b) belocated on the right side of the depth of preparation “S”
and sc share with it a common location in the welding symbel

/ s@E/ S1({e) |/ \/4

s{g /\\ > sz (E2)\
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The term throat of a groove weld, while previously an acceptable term, is now considered a non-
standard term for groove weld size.

Unfortunately, the weld size as defined in the AWS A2.4 specification purcly from the point of
view of logical symbol application, need not necessarily be the same — and in many cases it is
not — as the weld size defined in the governing standards for design applications.

Therefore, caution must be exercised and appropriate distinction made when referencing weld
sizes under the jurisdiction of one specification as compared with another.

While the application of the groove weld size concept is quite straight-forward and offers a clear
advantage in 2 number of applications, this advantage is less visible and even confusing in ot,hers
A more elaborate discussion on the subject will follow later.

First, let’s explore what is meant by groove weld size in the eyes of the AWS A2.4 specxficatzon, -
and how does that size relate to depth of preparation. Both are independent quantities. How-
ever, the magnitude of (E) relates strongly to the root geometry of the joint, the welding process,
and the parameters of the welding procedure. :

\

Desired Weld  Symbol

&,
\
- \ 2
¥ [
N ] or
)
n
o { ) o

C

a-l-“_> b \ 600
702 (1) \/

' | | T2(%) AN

70°
Desired Weld Symbol

The quantity (E) is measured from the top of the plate to the furthest point where the weld
penetrates the joint. The AWS A3.0 specification defines this as joint penetration.

32
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The value of (E) may be greater than “S” (as shown on preceding page). However, it may also be

S smaller than “S%
< 34(58) [\
50°

- Lot

Desired Weld Symbol

1ia

A multitude of conditions prevails in welded work. These conditions may either require rigid
adherence to the application of standard symbols, or they may indicate a lesser need for the

full-bodied welding symbols, with a freedom of decision on some of their elements left with the
user.

In recognition of this situation, AWS A2.4 has provided for a range of different combinations in
ais the application of groove weld size (E) and depth of preparation “S” in the welding symbol.

This flexibility, provided in direct response to specific needs of industry, deserves careful atten-
tion. All the pertinent case-combinations will be considered individually and discussed next.

In the most common welding symbol, both the depth of preparation and the groove weld size
will be found. Such symbol will apply equally to single- and double-groove welds, but it is more
straight-forward for cases of pertial penetration than complete penetration grooves.

The following series of examples will make this observation much clearer:

33
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SYMBOL APPLICATION — TYPE A $1(61)\ /. J
1 1
Depth of Preparation and / s (E)/\ 32(52)/\

Groove Weld Size Specified. (Three Examples are shown)

EXAMPLE 1
SINGLE-GRCOVE WELDS IN iOiNTS-W!TH PARTIAL PENETRATION

Only “S" and (E) nead 10 be shown in the symbol.
VAT VAN ) '

@ |
N\
N

Desired Weld

(2)
g V% -~
| v =i |

Desired Weld ( _M_/ Symbel

///////

%

W
\7

Desired Weld 16(";)
(@ | | (
§§§\E{§///// i f

(2)] \
Square-groove weld has no preparation, )
hence "S"does not appear i nthesymbol (12)

Symbol

Desired Weld
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Ay

i

EXAMPLE 2

DOUSBLE-GROOVE WELDS IN JOINTS WITH PARTIAL PENETRATION
Only *S” and (E) need to be shown in the symboi.

12 (10){/

312(14)}\

{al _S._—-- % T .‘E[
: or
=) o
) B
Desired Weld Symbol > 12(14) 1
: 12{10) P\
3a(B)YN\
i (%) I\
()
5 “ B [
7% o, or
5
2 TV///I//, / \\ \\ o
Desired Weld 1(3) |7 ) Symbol
3%(%8)/\ |
o 10(12)\¢/
18(20) N
{c) '
Q PN = '
: 7 £ or
A A 1
[ i /1_ < o
Desired Weld Symboli 18(20) |
10 (12}
12(3s8)/
3
(@) (3a)ll <
mm / 7 ] N Square-groove
} wddhas‘no
T / or ﬁ:ﬁ:’ﬁgeﬁm
) o ;?rappebaor’ia
S AR e symbe

o
(38} & Symbol

2(3g)\

Desired Weld

&r
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Before proceeding to double-groove welds in joints'having complete penetration, a few very im-
portant cbservations must be made. ' :

For grooves welded from both sides, complete penetration— that is, penetration in the sense that
the total combined penetration from both sides of the joint is at least equal to the thickness of
the thinner of the two welded members —can be achieved in either one of two ways:

1) by adjusting the depth of preparation on each side (square grooves exempted) to the
penetration characteristics of the process, so as to obtain an overlapping weld; or,

2) by welding the joint from the first side and gouging to sound metal from the second side,
prior to welding on that side.

The essential distinction between these two ways is the absence, or the application, of gouging.
It will be the responsibility of the user to be clearly aware which of the two operations will pro-
duce a groove weld size which meets the requirements of the governing specification under which
he has contracted to do the work.

The foregoing discussion was meant to lead to the following important conclusion:
Double-groove welds with back-gouging or, more precisely, grooves in which back-gouging
is required, constitute 2 separate situation as, in their case, the welding symbol’s concept

of groove weld size (E) loses its validity. Such grooves require an application of a
special welding symbol which will be discussed in Syrmbo/ Application, Type F.

- This clarification opens the door for the next example, dealing with double grooves in joints in
which complete penetration has been obtained, but without the use of back-gouging. There is
one feature characteristic to these particular grooves, and the following sketch of a joint intends

to highlight it: :
: 1(114)
/ 1(114); E
L
s i
- o g

Note: Total Groove Weld Size = 2%4™

e b SRR

1Y%

Desired Weld Symbol

The point in question is that the sum of the two groove weld sizes in the symbol is 2%, which
is greater than the thickness of the material. The overriding rule is, however, that

in no case shall thef'th'e total grbove weld size exceed the thickness
of the thinner member in the joint.

Hence, 2 note as shown will alert the student and, eventually, the authorities responsible for the
approval of the drawings.
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EXAMPLE 3

DOUBLE-GROOVE WELDS IN JOINTS WITH COMPLETE PENETRATION AND NO BACK-GOUGING

Only “S" and “{E)” need to be shown in the symbol.

(a)

10 (16)\/

Total Groove Weld Size / 20 (26) /" \_

= 40mm

" a0

4

Symbol \

)

20 (26) \

]

or

10(16)

g (1) \
Total Groove Weld Size ‘

(%) H
= 1%

1l

[
o ;
{
\

or

)

(1), \
12(18) Y

Symbol / (1) ”

Total Groove Weld Size
= 36mm

< 6 (22) |\

(6)
I S \\\\\\\\;W///////
(e}
\\\\ﬁ%//////
{d)
N

Either metric or irmperial measures may be applied

36

Symbol < 16 (22) |/

{ ‘ f )

]

12 { 18)(‘\

12 (58) ]/

TJoral Groove Weld Size SSS ( 78) l\
=1k"

11p
ottt ey
g gt Nyl

) |
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SYMBOL APPLICATION — TYPE B
Depth of Preparation specified, Groove Weld Size not specified.

Not very often would one consider specifying only the depth of preparation in the symbol, ex-

cept perhaps in situations where a certain acceptable groove weld size can be reliably expected
on the basis of accumulated satisfactory evidence obtained from identical and repetitive welding
operations in the past. That is, if the groove weld size reaily matters for strength considerations.

If it does not, and no other tangible guarantees of some attainable weld size are available, it would
be rather irresponsible and contrary to an orderly management of shop welding operations to
leave the determination of such groove weld sizes to the discretion of the shop personnel. How-
ever, such welding symbols, when in use, will be:

T \—r N =X 12K->

. It will serve no practical purpose to illustrate these symbols with some supporting sketches.

The user is certainly encouragéd'to provide comprehensive symbol information, unless he is-

satisfied that he has other means besides the welding symbol to fully convey it to the shop
personnel ' :

SYMBOL APPLICATION - TYPE C
Groove Weld Size specified, Depth of Preparation not specified.

(Eq)
S e) ./ (€2)

The legitimate application of this symbol type in shop drawings can only be claimed by square-
grooves which, by virtue of their natural joint geometry, do not need preparation.

' ' (3) _
-/ (4)” (3) '

The joints may have partial penetration or complete pénetration, depending on thickness and
penetration characteristics of the welding process used.

38




¥l

Symbols for Welding

Another area of potential application, of this type of symbol on shop drawings is for grooves
welded primarily from one side and requiring only a one-pass weld from the other. This latter
weld may be claimed to be a square-groove weld, since the fusion faces in the root are the re-
maining parts of the original square-cut preparation. The other advantage of such argumentation
is that effective throats can be justifiably assigned to them. '

The following examples will explore applications where only groove weld size is specified.

EXAMPLE 4 ,
SQUARE-GROOVE WELDS — ONLY GROOVE WELD SIZE SPECIFIED

{3)

AN
i ' BN }

Desired Weld
(Partial Penetration)

——
- ; |

Desired Weld Symbol
(Partial Penetration) ’ ' '

N

P

T _ . Tetal Groove Weld Size = 6mm

N
N\
\

\\\

Desired Weld . Symbol

(Complete Penetration)
No Back-Gouging
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EXAMPLE 5
GROCVE WELDS IN JOINTS WITH COMPLETE PENETRATION

+ NO BACK-GOUGING — PRIMARY WELD ON ONE SIDE. ONLY TOTAL GROOVE WELD SIZE IS SPECIFIED

{a)

{315) |

/ DV

P

LTS

or

Desired Weld-

(22) &/

Total Groove Weld y )
\ (M1g) W

Size = % inch

(318) ||
Symbol

(b) 4

“Nor

L 22

” | K(e) <

(22) [\,

Desired Weld

| < Total éroove Weld
(e)}l - Size = 24mm

Symbol

3
(7a)r9

.

) Ca )] )

Desired Weld

Total Groove Weld ’ ‘
Size = Tinch ( 14 ) I 1

:

(78 ls\
Symbol 16
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There are two other situations in which welding symbols specifving groove weld size only, will
be used occasionally. Both are, however, associated with contract design or engineering drawings.

In the first one, the design authority specifies the required groove weld size on each side of the
joint and indicates its preferred type of joint, leaving the depth of preparation and the groove
angle to be determined by the fabricator to suit the welding process he anticipates to use.

A very sensible and accommodating arrangement for both, as the designer has in his judgement

the best type of joint for the service application, and the fabricator has an opportunity to satisfy
the engineer’s requirement in the most economic manner.

In most cases, these joints will be joints with partial penetration.

Assuming that for a 1% thickness of material the particular symbol was

(12)\

/ ('2) /" \\

the fabricator, when working under the provisions of either CSA W59 or AWS D1.1, has (among
others) the following options available to him:

s8N\ . o miaNy
53(12)/\\ - S - / ‘2(12)/6\
60° o
& A
- ’, : :
S VAN~ ) 1 o
! // B .
‘f]___ \ ol 7/ il
& { } i o
a5 = A8 K
Narrower Groove Angle - . ] Wider Groove Angle
Deeper Preparation ‘ Shallower Preparation
(E)=5,- %" : (E} =5,

Fabricator’s Possible Solutions

Symbols show two depths of preparation; both yiclding the groove weld size
specified on the design contract drawings.

The other situation to which reference was made earlier is one provided by CSA W59 as well as
AWS D1.1. Both of these specifications suggest that, in case of joints with partial penetration
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(PP), the designer specifies on his drawings only the groove weld size for each side of the joint in
the following manner, _

{E1)
(E2)

leaving the choice of the depth of preparation, the groove angle and the type of groove at the
discretion of the fabricator. Hence, without comprormsmg integrity and soundness, a still greater
freedom of choice and greater potential for economics is provided.

Obviously, the alternatives available to him under these conditions are too numerous to mention.

SYMBOL APPLICATION — TYPE D

Groove Weld Size not specified, Depth of Preparation not specified.

This particular type of welding symbol has a imited but very specific and clearly deﬁned area of
application.

First of all, it is meant to apply excluélvely to Jémts for which complete penetration is required
and, furthermore, to only such joints which involve either single-groove or symmetrzcd double-
groove welds.

Such joints may or may not require back-gouging, depending on applicable governing specifica-
‘tions able to claim a complete joint penetration groove status for them. The user’s convention
" or a gouging reference in the tail of the symbol will clarify whether such action is required.

The following examples of joints will illustrate the proper application and mterpretat:on of this
type of welding symbol:
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EXAMPLE 6
SINGLE-GROOVE WELDS IN JOINTS WITH COMPLETE PENETRATION

+ NO DEPTH OF PREPARATION AND NO GROOVE WELD SI{ZE SPECIFIED IN THE WELDING 5YMBOL:

a) Y

e —
< LR

Symbol \ E Specified Weld

|
Sor 1,

Symbeol

b /_—\'j_—
Symbol ) F'; Specified ngd

NOTES: 1. The welding symbols meed nor imply feather-edge preparation. The welds are still
single-groove welds, in spite of the small roet faces which are necessary to prevent
burn-through.

2. Single-groove welds welded from one side only (as shown), need not necessarily be
considered complete joint penetration groove welds under sorne governing specifica-
tions {CSA WS5, AWS DL1).
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In continuation of Example 6, a special reference must be made to joints with square groove
welds to which this particular symbol is frequently applied.

There are only a few thicknesses, up to a certain maximum depending on the welding process,
which can be welded from one side for full penetration. For such thicknesses, the conditions for
the welding symbol under discussion apply.

TN

Symbol Specified Weld

In accordance with the rule, the deletion of the groove weld size in the symbol with the depth
of preparatlon naturally absent, means automatically that complete penetration is specified as

showri.

If, instead of complete penetration, a definite groove weld size smaller than the thickness of
material is required, the joints in Example 4 illustrate the proper application of welding symbols.
However, it is only too common that a square-groove symbol without the groove weld size
specified in it, is eroneously used to designate a seal weld.

The following typical back-to-back double angle member will illustrate this point admirably:

- EXAMPLE 6 — [continued]

e Al

C ) A, NN \\\\\\\\ /////////
N ./
Symbol Desired Weld Weld Specified by Symbol

Obviously, the weld as specified by the welding symbol is completely wrong. In order to specify
the desired weld, meaning a weld intended to fulfill only a sealing function, the reference in the
tail of the symbol must identify such function with the designation seal welds.

Hence, the proper symbol to use for the two angles above is:

sezl welds

/

The student is well advised to take notice and rectify the erroneous use of the square-groove
symbol for such apphcatlons
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SYMMETRICAL DOUBLE-GROOVE WELDS WITH COMPLETE PENETRATION.
NO DEPTH OF PREPARATION AND NO GROOVE WELD SIZE SPECIFIED IN THE WELDING SYMBOL.

 and

-

"L Specified Weld

f m% :

L

Symbol : Specified Weld
Th symbols need not imply feath repar. aces will b
event burn-through and n me
ay be required by ificati 00 k froi
s condition for thel comy groov
Exampic 4 shows eco sq 0oV
penetration §
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SYMBOL APPLICATION — TYPE E

Joint preparation optional, complete penetration required.

CJP

AWS A2.4 provides, primarily for the use of the design authority, an abbreviated form of welding
symbol in which it can specify in a very simple way the required efficiency of 2 groove-welded
joint.

A somewhat similar but not as far-reaching provision has already been discussed. It allows for
joints with partial penetration to show in its symbol either the groove weld size or the type of
groove only. However, in case of joints with complete penetration, the A2.4 specification permirts
the designer to specify this basic requirement by placing the letter designation “CJP” in the tail
of the welding symbol without any other information shown in it.

C]F" = Complete foint Penetration

This gives the fabricator total freedom in the selection of the type of joint, its geometry of pre-
paration and fit-up to best suit the welding process selected for optimum production economy
while still fully satisfying the designer’s requirements.

Again, the possibilities that present themselves to the fabricator are beyond count. No dlarifica-
tion by sketches is necessary except to caution that back-gouging may be necessary for some of
the joints in order to be recognized as complete penetration groove welds under the applicable
governing specifications.

'CSA W59 and AWS D1.1 make identical symbol provisions, except that the letter deszgnauon
used in the latter is “CP” standing for complete penetration.”

cP

In each case it is the fabricator’s responsibility to translate the designer’s symbols into full-
fledged shop drawing symbols providing all the specific information neccssary for ¢xecution of
the welding required.
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PR SYMBOL APPLICATION — TYPE F

.“v“‘?“yi =

Joints with completé penetration and back-gouging.

It has been pointed out already that the inclusion of the “groove weld size (E) concept” into the
required welding symbol information has created a very difficult problem for joints with back-

gouging.
It will be advisable to pin-point it first, and then discuss the modified symbols presentation as it
appears In the latest edition of AWS A2.4.

A double-groove weld may be best-suited for the illustration of the progressive steps in welding

a butt joint. ‘
- i b 4
)] u}- 7 /,
o 7
K Y
o

$; =5,
T . STEP i
- After welding first side

STEP 2 . STEP 3
After back-gouging Completed Weld

It can be easily recognized that the values of (E;) and (E;), if specified in the symbol, are
changed in the course of back-gouging; hence, specifying them in the welding symbol would be
meaningless. They would not be traceable, say, on a macro-etched section of the joint. Con-
sequently, a valid question may be posed: Why specify a quantity in the symbol that is not
measurable and, what is more significant, non-existent in the {inal weld? '

However, the 1979 edition of the AWS A2.4 provided a symbol presentation which illustrates
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EXAMPLE 8
DOUBLE-GROOVE WELD WiTH BACK-GOUGING (A2.4-79 Symbol)

Assumed Valuesare: $, =S, =A™ E, = £, = | %"; R= 4"

B8 (18) \ é

/ ack-gouge
/ 73 (118)./ i~

4
u
1
o 1
™~ =
1 —
o -
R it
[ i
Total Groove Weld Size = 2 inches e
: w
Symbol  {A2.4-79) | : Specified Weld

well the point in question when applied to a double-V' groove weld with groove weld sizes as
specified and shown in Example 8.

It has alreadyv been argued that the groove weld sizes of the two welds in the magnitude specified
for each of them in the symbol could only be of practical significance if back-gouging were not
part of the operation. Yet, such back-gouging was distinctly to be specified in the symbol.

Hence, for ubvious reasons, this particular symbol presentation was correspondingly rectified in_

the 1986 cdition of the A2.4 Code.

EXAMPLE 9
DOUBLE-GROOVE WELD WITH BACK-GOUGING (42.4-79 Symbol)

50°
(1)

_ yd
Back-gouge
90°

% (%) i\

g0°
@
[Te]
f
] o
EN ,
‘ _ 3
Total Groove Weld 1
Size = 134" 8 s
)
Symbol Specified Weld
A2 LT Back-Gouging not shown
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The new symbol presentation disregards the groove weld size in the symbol but ensures that
complete joint penetration is delivered by specifying

1) “backgouge” in cases of either a single reference line or an optional double
~ reference line symbol, and the placement of
2) “CJP” (Complete Joint Penetration) in the respective tail of the latter.

Example 9 showing a hypothetical double-groove weld will serve well to illustrate the inherent
shortcomings of the discarded and the relative advantages of the new symbol presentation.

EXAMPLE 9 — [cont'd.) . ] >0
{A2.4-86 Symbol) 4 CJP

$g /‘\ \9“’99 m
. 9p°

7 R,
NN

or

80°
58 \18/ / Back-

Symbol

34

INO - \gouge
© 500

Specified Weld

It should be noted that by using the double reference line, sequencing of welding may be corres-
pondingly specified.

The CS4 W59 Standard, which includes provisions for welding symbols by basically referencing
AWS A2.4 has slightly modified this new symbol presentation.

Such symbol presentation for the preceding joint will be:

3 S
4TSM

s |/
5s /13N N\
o

GTSM = Gouge to Sound Metal

P E
x}

' For complete penetration groove welds, the intent of CSA W59 is that by requiring gouging to

sound metal (GTSM), or by specifying the effective throat (in the few cases identified) when
GTSM is not required, complete joint penetration is obtained. This makes the use of the less
convenient double reference lines not necessary. However, should sequencing be considered im-
portant, such double reference lines are open for use. '

A few double-groove examples will further explain the new rule:
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EXAMPLE 10
DOUBLE-GROOVE WELDS IN JOINTS WITH COMPLETE PENETRATION AND BACK-GOUGING

(a) i Depending or which side welding is to start: I

4 i
A2.4 symbol convention
55° i

or .-

CJP, 16 l4/ / Backe as
20 '\ \ gouge . ("
s5° | ~ )
16 [ 2 v

GTSM,

W58 symbo! convention

4
Symbo! Specified Weld
(6} A24 symbol convention

Depending on

which side

welding is to start
Back-
gouge 34 ag"

s

-
o '
.
| s
60° -
Symbol Specified Weld

Single-Groove Welds in Joints with Complete Penetration using Back- or Backing Welds and Back-
Gouging:

A backi'ﬁg’ weld is one which is deposited first; with the primary weld from the second
side following later.
When back-gouging is required prior to the primary weld being deposited, the backing

weld must be of substantial thickness so that, after the gouging operation, it will have
sufficient weld size to safely accommodate shrinkage stresses resulting from cooling.
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A back weld is one which is done on ;;he second side, after the primary weld has been

deposited on the first side.

Since sequencing is involved, the multiple reference lines are preferred for use to indicate
which of the two welds is intended, although single reference line symbols with pertinent
tail information are also permitted as shown in Example 11.

SN

EXAMPLE 11

SINGLE-GROOVE WELDS IN JOINTS WITH COMPLETE PENETRATION
USING BACK OR BACKING WELDS AND BACK-GOUGING.

A2.4 symbol convention for Back Weld

{a) ; " This weld being
LA RS ¢

. is 2 Back Weld \CJP
GTSM /
5 /g / Back-

/ 58 Ag\  \9ouge

A2.4 symbol convention for Backing Weld

gad;ing Weld
5 ack-gouge
. 8 1g

. .

\

This weld being \gouge

the first operation
is 2 Backing Weld
Symbol 1 Symbol 2
oy
or
A
Symbotls
&t &
GTSM> Sg is; / s ‘ia; < Back-gouge
Backing Weld Back Weld 1
W59 symbol conventior A2 .4 symbol convention : -m‘ ig
for Backing Weld for Back Weid o )
‘ for Symbol 1 [back.weld]
(b A2.4 symbol convention
for Back Weld for Backing Weld
Back-gouge \_ /" Backing Weld N
Back Weld /g ’[\\ < < p ’]';\ ™, Back-gouge for Symbol 2 [backing weld]
3
/ \ Specified Welds
or . .
i \ or
£ / Back-
cJp
! y I LN e A
£ "l =
Back: ™\ P i - 4 ~
YEETI'N cJP AN ]
18 NN <
Symboi 1 Symboi 2
° : . for Symbol 1 [back weid]
o . .
1 1

W59 symbol convention

3
16
GTS“> \;Iz/ N 3,
.Q%_Q’Backing Weld
Symbols GTsM

{Back Weld)

£l

for Symbol 2 [backing weld]

3

Specified Welds
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2.4 Flare-Groove Welds '

There is a growing number of applications of flare-groove welds in welded fabrication. With the
increasing popularity of circular or tubular profiles and greater design sophistication, such grooves
are asserting their place in structural and other work. '

There are two basic types of flare-grooves:

Flare-Bevel Flare-V
Groove Weld Groove Weld

As shown in Fig. 1, the weld symbols for these grooves are also reflecting the shape of the joint
which contains them: s = : o . .

__LL for flare-bevel-groove
;.C. for flare-V-groove

There is no preparation involved for these grooves, as their curved configuration forms a joint in
a natural way. However, the value of “S” in the symbol is taken as the radius in the case of cir-
cular shapes.

The concept of a “joint” is still applicable, although in flare-grooves one deals with a line of con-
tact, and not an area of contact.

Hence, the joint of a flare-bevel-groove weld may be assumed to be the plane passing through

" the line of contact between the two members parallel to the face of the flat member; whereas

. the joint featuring a flare-¥-groove may be considered perpendicular to the common axis of the
round members of the joint.

These planes are indicated on the sketches. Since the concept of 2 joint exists, although in 2
somewhat stretched-out- manmer, it follows that the arrows of the symbol have a definite side
— meaning arrow and other side — significance. :

In case of flare-bevel-grooves on smaller-size bars, there will be a tendency for reasonable portions ‘
of the weld metal to stay outside the joint, with those portions increasing in proportion to the o
diminishing radius of the bar. : ’ ‘ .y
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At some point, most of the weld may be outside of the joint, at which time it will cease to be 2
flare-bevel-groove and will become a fillet weld.

The achievable grodve weld sizes of flare-groove welds have been defined in CSA W59 and in
AWS D1.1. These standards may be used for guidance by users who have no resources to estab-

lish them on their own.

In line with the basic requirements, the effective weld size has to appear in the welding symbol.
The application of flare-groove symbols will be illustrated in a number of examples:

EXAMPLE 12
FLARE-BEVEL-GROOVE WELDS
' Plane of
(a) Single-Flare-Bevel-Groove Weld Joint
: " ) /T (a
(3
1 |
i % o I
] | \:—J )
Desired Weld ' J (W)
Symbol
(b) Dodble—FIare—Bevel—Groqve Weld - o o : 18 (6) i f- .
' / 8 (8) I\
Other Arrow
Side Side
_#" Plane of joint
< <
Symbol
p ) . . " Plane of
(c) Single-Flare-Bevel-Groove with a reinforcing Filiet Weld Joint

-

T Desired Weld
316 .
e
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EXAMPLE 13
FLARE-V-GROOVE WELDS.

R=25 , 10 ‘
T Horizontal Lap Splice of two round Bars of the same size
25{10)
: \ ) 25(10)
_ONW v
: 7% ' L Planeof
g ’/j%///// ’ Jaint
.
- Desired Weld Symbal

2.5 Surface Finish and Contour of Groove Welds.

The desifed contour of groove welds may be obtained naturally or with recourse to mechanical
means, these being left to the discretion of the user. : o

The following series of welding symbols shows the correct application of the required supple-

mentary symbols. ‘

Flush Flush Convex

The most common contour for groove welds is the flusk contour, and this is in view of its ex-
pectedly better performance in service. In order to further improve that performance, a mechanical

finish may be considered:
- G . ‘ . ¢ . .
‘ b ' "‘g E Chipping
. / ' -\G/ - ‘!-{ Rolling

Machining Grinding ' Chipping/Rolling
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Joints with Backing

Joints with backing are joints welded from one side. Such welds must be considered where there
is no access for welding from the other side or where, if such access is feasible, the more skill de-
manding and less productive welding in overhead position, or welder discomfort, will dictate
their use.

The welding symbol 'designaﬁng a groove with backing shows the groove and the supplementary

backing symbols:
1_7
/ S(E)/N\ '\

It should be noted that the supplementary symbol for backing is a rectangle while that for con-
sumable inserts is square in shape.

All general rules governing the presentation of the required information in symbols apply equally
o symbols for joints with backing. However, since backing is an exclusive and characteristic
feature of such joints, additional information is required:

1. The type of backing material must be identified, and such identification (by means of an
assigned letter) must appear inside the rectangle of the supplementary backing symbol.

I : l ____ Designating 2 material in general terms

2. The direction to remove the backing, if required, must also be placed in the rectangle,
using the letter “R” for removal.

3. The dimensions of the backing must be specified in the tail of the symbol or elsewhere in
the drawing. : ' :

Many materials are successfully used as backing materials. As stated, they must be identified in

the symbol. For the purpose of explanatory examples, only steel (S) will be used.

For joints in which there is no fusion into the backing material, the remova! of such material
need not be specified in the symbol. : .

Joints with backing will be joints with complete penetration. However, the governing specifica-
tions should be consulted with respect to any action they may require, prior to according these
Joints a status of complete jomnt penetration grooves. Such action may likely relate to the actual
backing material used. '
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EXAMPLE 14

[s]

JOINTS WITH BACKING .
h % (34) /1N
, 450
‘ } Or‘
\ 45t
3, (3
s (31) &/ <1 <%

Ls |

Symbol

’ or

| | < IR
10
a0 (40} {9 25 x 10mm

_ E10
Desired Weld .
{Backing to be removed) Symbol
© 2.7 Joints with Spacers

Welding symbols can be conveniently used to provide full information for joints using spacers.
As in the case of backing, the material for the spacer has to be specified and its letter designation
placed in the rectangle striding the broken reference line of the symbol. Most likely, it will be of
the same material designation as that of the members of the joint.

Spacers can be used for any type of double-groove for which the typical symbol pres.entaiion
. will be: ‘ : ' ‘

<—1‘_E‘ ﬁ N /
Double-Y-Groove Double-Bevel-Groove Double-}-Groove Double-U-Groove
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The requirements for placement and dimensioning of the other elements in the symbol remain

the same as for any other groove weld.

Since, in most cases, back-gouging will be required, the welding symbois will also be as already

discussed for joints involving this operation.

A24 symbol convention '

0
EXAMPLE 15 Back- iz 4;
gouge/ 3,
JOINTS WITH COMPLETE PENETRATION USING SPACERS ¥ 35 \
] : 30°
30° ~,
( d) or

= inan eaefilind
4

1ls

8 W59 symbol convention

3a°
40° 3 N1’
GTSM> = 5]
Back-Gouging required 2 3g 5 '
’ 40
Desired Weld

1 \ 400
e T e

3g
3a°

Spacer: 35" x 4"
or

when different
sequence
is desired

Symbels [A2.4 and W59]

20°

(®)
A2.4 symbol convention
51 / Back- or
18 = \, gouge
20° 200
T s o
9! 18 gougs
= . . 200
™ :
- §
Spacer 14 x 4
_WSQ symbol convention
20° _
18 |
_ o I <’5TSM
Back-Gouging required ‘ 130
. 2

Desired Weid

 Symbols [A2.4 and W59/
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2.8 Combination of Groove and Fillet Welds in T-Joints

T-joints are very common in structural fabrication. Any web-to-flange joint in an assembly of
three plates into an “H” section (plate girders, welded wide flanges) involves a T-joint.

For these joints, the machine mode* of wélding is preferred because of their length as well as
requirements for better quality and overall economic considerations.

*Machine Welding -~ welding with equipment which performs the welding operation
' under constant observation and control of a welding operator.

Automatic Welding — welding with equipment which performs the welding operation
without adjustment of controls by a welding operator.

When weldix:g processes with deeper penetration characteristics are used (like the submerged arc
welding process-— SAW) for fillet welding of the joints, the additional Toot penetration can be
claimed as adding to the effective throat of the combined square groove and fillet weld.

The extent of joint penetration in the groove part of the combined weld may be increased by an
appropriate root opening. However, in either case, the gapless and the joint with a gap, the pene-
tration as claimed must be verified in accordance with the requirements of the govemning specifi-
cations.

The welding symbol presentation for each case is as follows:

EXAMPLE 16
COMBINATION OF GROOVE AND FILLET WELDS

(e)lo
!Sm {= Smeasun:d) s

Desired Weld Symbol

CASE 2: s

1 o (e)le
S1 Sm ) ‘ S
q f
] — - ‘ Whether S, or Sm is
: . 15 aceeptable as
: - f delivering“S”
, will depend on
4 (Ez) and (£;) gap "G* and the
must be equal to, governing speci-
. : or greater than, fication.
Desired Weld . Eo| Sm - required (E). Symbol
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L 2.9 CSA W59 Drawing Convention for Welding Symbols.

It is customary in shop fabrication to complete edge preparation of members to be jomted by.
groove welds prior to fitting-up of these members.

However, with the introduction of arc-air gouging and its expanding application to shop opera-
tions, a new practice was slowly being established.

It took full advantage of the capabilities of the arc-air gouging process by using it for grooving
purposes in certain joint situations.

The great convenience in that innovative approach was that such groove preparation would be
done in the joint after fitting or on the second side of the joint after the first side was welded.

Both of these conditions will be explained in the examples that follow.
However, the question of an appropriate welding symbol comes first.

- To indicate that groove preparation be made by air-gouging, the weld symbol for a U-groove is
required by the CSA W59 Standard to be shown as a dotted symbol:

L (l \1 ’l

The solid lines indicate preparation before fitting. The sequence of operations implied by each
symbol is illustrated below:

EXAMPLE 17 Symbol g
EXPLANATION OF THE CSA W59 -

DRAFTING CONVENTION FOR
WELDING SYMBOLS

SEQUENCE t 1 + ) t 1 t

. 1st Side 1st Side Turned 2nd Side 2nd Side
JOINT  Fitted-Up Prepared Welded Over Prepared Welded
SEQUENCE i ' o S s '

Preparation done before Fitting

Symbol

The purpose of this Example was to show the sequence of steps necessary to obtain a groove
S weld as specified by the welding symbol, using the CSA W59 symbol convention. The intent was
to show the idea behind this convention without involving the student in any actual case.
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210 joints with Consumable Inserts

For welding operations employing consumable inserts, all rules governing the presentation of
the required information in symbols are applicable asin case of joints with backing. Additionally,
however, the AWS consumable inserts class* must be placed in the tail of the symbol:

*for insert class see AWS A5.3 0.

It should be noted that the supplementary symbol for a consumable insert is square in shape.

60




Symbols for Welding

gt

3. FILLET WELDS

3.1 General

The composition of welding symbols for fillet welds is governed by a number of explicit rules.
For proper application of such welds in welded fabrication these rules require that the following
information be expressed in a prescribed manner and be placed at designated locations in the
welding symbol unless specific general notes covering standard dimensions of fillet welds appear
elsewhere on the drawing.

1. The Fillet Weld Symbol,

Rule:

The vertical side of the tna.ngle representing the weld symbol must always be on the lefz side
from the reader’s viewing position.

" Arrow Side ' , * Other Side - Both Sides

A

Reader’s Viewinq FPosition

2. The Size of the Fillet Weld.

Rule:
The size must be shown for each weld symbol and must always appear to the left of each

weld symbol.
SIZE |> s SIZE
SIZE SIZE
Arrow Side _ QOther Side Both Sides

3. The Length of the Fillet Weld.

Rule: _
| The length must be shown for each weld symbol and must always appear on the right side
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of each weld symbol. Absence of a specified length designates a length defined by the side
of the joint between two points of abrupt change in the direction of welding.

' . [5 LENGTH / LENGTH
LENGTH LENGTH
Arrow Side Other Side Both Sides -

Depending on the specific conditions or requirements for a glven apphcatmn addxt:ona] use
may be made of the foﬂomg supplementary symbols :

1. Weld-All-Around:

Symbol represented by an opén circle placed / 2
at the junction of arrow line and reference _
. line.
2. Field Weld:
Symbol represented by a flag with its direc- r AN 1

' N
tion optional but preferably pointing away / vV \
from the arrow and placed at the junction of

arrow line and reference line.

3. Contours:;

~ Contours may be cobtained in either one of two ways
a)  With no apphcatlon of mechanical means:

Concave ) Conv:

b) With.applicaﬁon of mechanical means:

__[7_/_&__/_9__/

Cencave Convex Fiat
by Chipping by Grinding . by Machining

4. References:
The designated location for references is the tail of the welding symbol.

Reference 1o . . ' Reference o
Submerged Arc SAW WG3 Specific Welding Procedure
Welding Process . Specification
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. All of the mandatory principal elements of a typical fillet welding symbol will be discussed next
3 in much greater detail with full attention given to the range of applicability of each of them. Ex-
E tensive use shall be made of practical examples to illustrate and highlight points of specific in-
. terest or importance.

Reference shall also be made to governing specifications where their mulings affect the inter-
pretation of certain aspects of fillet welding symbol information.

3.2 The Fillet Weld Symbol

As already stated, the vertical side of the weld symbol tnangle must always appear on the left
side when viewed from the reader’s position:

@ /

C IV

T

Reader’s
Viewing Position

e \
(c) -
—
l =g Reader’s
. B Yiewing
Reader’s ] Position
Viewing
Position
(d) (e)
Reader’s ——b~ l:
Viewing 7 )
Reader’s Position J _
Viewing ‘
Position
| . \
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Obviously, the welding symbols will be placed and dimensioned in such a manner that they can
be read from the same position of viewing as zll the other dimensions on the drawing.

The most common convention in drafting is placing information so that it can be read from
viewing positions (a) and (c), with any other position used only when it represents the user’s
convention or when conditions leave him no other option.

Note:
The same rule applies to the welding symbol for the following groove welds:

Bevel-Grooves b

oo ;(—M— ‘
A

Flare-Bevel-Grooves b

all of which have a vertical as part of their weld symbol.

3.3 Size of the Fillet Weld

3.3.1 Eguallegged Fillet Welds. _
For an equal-legged fillet weld contained between two fusion faces at 900 relative configura-
tion, the size is defined as the length of either of the two legs. This length, in the case of
equal-legged fillet welds, is common to both legs. Therefore, the size of such a fillet appears
in the welding symbol as one dimension — “S%

Assuming S =6mm, and
S =% inch,
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the welding symbols for the T-joint shown below are, correspondingly:

&
V! I;‘-
Similarly, for other situations, the corresponding welding symbols shall be as follows: -
38
38
or .
Desired Welds ‘ Symbols
TEE {T-] JOINT

QR s—
14-
‘_'t4 , . 38 or %8
S

| +

Desired Welds Symbols

LAP [L-] JOINT

8
)
6 :———-l or -;’_———_-]
' 6

o

—

Desired Welds Symbols

CORNER [C-] JOINT Either metric or imperial measures may be apolied
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It should be well understood that the fillet size as specified must be the effective size delivered.
The following terms will be used in future discussions of sizes, and defining them at this time
will be very much in order:

1) The Specified Size is the size as it appears in the welding symbol and is designated
by the letter “S? ~

2) The Effective Size is the size that corresponds to the specified size and is
designated by the expression “S effective® = “S g7

3) The Measured Size is the size established on the basis of measurement and
is designated by the term “S measured™ = “S,,,”

These sizes for the following three types of fillet welds are as shown:

~

Sm
S Seft
4 A
£ = £
o w 0;5 & 1) @
r . Presccn.
Py
- LR B
S s
S A
$5=84= Sn 5=54= anVv2
_,. Flat Fillet Concave Fillet o Convex Fillet

It is of interest to note that in some countries the size of the fillet as it appears in the welding
symbol may be specifying the size of the throat of the weld rather than the size of the leg.

The International Standards Organization (150) responsible for the formulation of international
standards has recently established its own position on this issue. Sub-committee 7 “Graphical
Welding Symbols™ of its Technical Committee 44 on Welding {ISO/TC44/SC7) has, in recognition
of the entrenched practices in using one or the other system, officially accepted both, leaving it
at the discretion of each country adopting the ISO standards to opt for the one system it prefers,
cither as a matter of free choice, or by virtue of established practice.

However, asa necessary precondition of such compromise, ISO has made it a mandatory require-
ment that each system be clearly identified by the following means:
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Letter “z” to precede size . Letter “a” to precede size

N to designate LEG size to designate THROAT size

; ( a) for the desired weld having ( b) for the desired weld having
Leg Size=S=10mm Throat Size = 10mm

N

N,

5

*See preceding figure for
effective throats of fitlets
with different profiles.

the corresponding welding symbols will be:

TN TN

210 alQ
z10] alQ
:
,
- [ -
e ) " The interrelation of both sizes is expressed by:

z=a\2 or a=—%

It should be understood that the designations z and ¢ have no othersignificance except to identify
the system. It is also very important for the student to be aware ofthe difference in interpretation
attached to the definition of sizes of fillet welds between the AWS and the ISO concepts, both
of which are used internationally. This awareness will be of specific importance to those who, be-
cause of involvement with international contracts, are exposed to dealing with foreign drawings.

3.3.2 Unequal-legged Fillet Welds.

There are situations which, for valid reasons, require the use of unequal-legged fillet welds.
Obviously, the concept and the standard designation of size for such fillet welds in the weld-
ing symbol must be expanded in a manner that would clearly indicate the specific length re-
quired for each leg. ' -

Y,
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To meet this objective, a ruling has been adoptéd which requires such sizes to be expressed
as a bracketed product representing the two leg lengths which, for the fillet weld shown at
the bottom of the preceding page, are represented by:

(S x8;) or ($z x 5;)

with the order of the elements in the bracket considered inconsequential.

However, it is logical to assume that the underlying reason for choosing an unequal-legged
_ fillet weld is the fact that it was found necessary to have one specific leg length of the fillet
fuse into one designated member of the joint. Unfortunately, the ruling as adopted does not
provide sufficient guidance to ensure that the very intent of the specifier will, indeed, be met.

The shortcoming of the ruling is that it fails to link the individual leg length of the fillet
with any specific member of the jont.

In recognition of this shortcoming, AWS A2.4 requires that a sketch of the joint complete

with the desived orientation of the fillet weld be shown on the drawing whenever necessary.
The following example will illustrate this point:

a)

The Fillet Weld specified in Tjoint {a): S (x 33}]7

couid be interpreted to mean:

{6) fc)

or

NN 0
&\\\\\‘\\ A

Consequently, in addition to the basic symbol under (a), an additional sketch showing either
fillet weld (b) or {¢) — as applicable — must be shown on the drawing. Only then will com-
plete information be provided - for an error-free interpretation at the time of welding. Such
‘clarifying sketches may not always be necessary, although they may be considered.

This will apply mainly to jeints in which the physical characteristics of the material or the
specific geometry of the joint permit only one interpretation, as shown in the following
examples: ,
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1) S /3167"’8)17-‘12 L W

[

15 & S LS

For these two joints, only one interpretation is possible:

~§\\\\\\\\\\\\‘} __%16 e

\

In each case, one of the specified leg lengths exceeds either the thickness of the material [as

in (a}], or the available edge distance [as in (b})]. Hence, it is automatically disqualified for
application to these particular sides of the joints.

Minimum and Maximum Fillet Size.

It is advisable to point out that some governing design specifications like CSA W59 [Welded
Steel Construction] or AWS D1.1 [Structural Welding Code] stipulate minimum fillet sizes
as a function of material thickness. '

On the other hand, maximum fillet sizes may be set either by considerations of balanced
design, that is by keeping the capacity of the welds reasonably close to that of the parent
metal; or by requirements of good welding practice.

With regard to the latter, spec1f1c reference is made to welding agamst a cut edge wherc the

-maximum recommended ﬂllet size for thxcknesses over % inch (6mm) is:

where: S=1—1Ys

or: S5=1-2
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W=

Long-length lap joints with narrow edge distances [3] for side fillets will also warrant con-
sideration of reduced maximum fillet sizes to allow for misalignment and inaccuracies in
cutting [ 2], and for tolerances in rolling [1]. :

Filiet Sizes in Joints with Gaps.

Another point of importance to bring to the attention of the student is the relationship be-
tween the size of the fillet as specified by the welding symbol and the gap in the joint.

It has already been stated in 3.3.1 that the specified size is the effective size to be delivered.
The preceding discussions dealt only with gap-less fit-up situations in which the measured

size (S, ) is also the specified size (8) and the effective size (Sg):

1—

Gap=G=4 Sm =5=Sees

By earlier definition, the measured size is, of course, the size established by outside measure-
ment.

With no gap present in the joint, the !ength of fusion into both sides is determined by the
measured length of the legs, thus providing acceptable assurance that the specified effective
size has been delivered. This assurance has been based on the well-founded and proven

. assumption that fusion into the root of the joint has been obtained and maintained.

‘However, how is the effective size related to a joint with a gap?

It is, agam, the govemning specifications that. provide explicit rules with respect to sizes of
fillets in joints with such gaps. The basic principle in their provisions is common to most
standards, except that they may differ slightly in the limiting dimensions set by their accept-
ance criteria.

Two acceptable gap situations are generally defined:
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1) In the first one, 2 maximum gap is defined for which no increase in the measured sizes
of fillet welds is required. In CSA W59-M, as well as in AWS D1.1, this maximum gap is
set at less than 1mm and Ys inch, respectively.

For G less than 1mm or less than 116 inch:

 5m=5=Syr

2) In the second one, another maximum gap is defined for which an increase by the actual
amount of the gap is required in the measured size. In the same two standards, this maxi-
muim gap is set at:

¢ %6 (5mm) for thicknesses less than 3” {(75mm);
e  %6” (8mm) for thicknesses 3” (75mm) or greater.

The following sketch showing a typical joint used in the fabrication of heavy columns
illustrates the above provisions:

‘ Web ": |

Gap “G" is 1/16 inch or greater (AWS D1.1})
1mm or greater (W59-M) .

The measured and the required effective sizes of the fillet weld are dimensioned on the
sketch. The ruling of the two standards require that E

in order for the specified effective size of the fillet weld to be delivered,
the measured size must be increased by the amount of the gap.

Hence, Sn=8.4#+G
where Gpae = %6” (5mm) for thicknesses less than 3” {75mm);

= %" (8mm) for thicknesses of 37 (75mm) or greater.
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For gaps greater than ¥%e” (5mm) the same standards require a sealing weld or a suitable
backing material prior to depositing the final weld. It is also clear that gaps greater than )
%67 and %6” (5 and 8mm, respectively) as related to the pertinent thicknessesofmaterial -

are not permitted.

3.3.5 Sizes of Fillets in Skewed Connections.
1) To what extent of relative angular orientation 6f the fusion faces does a fillet weld remain
indeed a fillet weld?
The answer can be found in the governing welding design specifications. CSA W59 and
AWS D1.1 state that welds with fusion faces extending from 60° to 120° are considered

*fillet welds.

Welds with angles of less than 60° or more than 120° between fusion faces are considered

partial joint penetration groove welds. ‘ : Y
The same two standards may also be consulted. for information inter-relating effective
sizes of fillets at 50° configuration to the measured sizes in the skewed orientation for

joints with and without gaps.

It is a fact to be recognized that it is beyond the scope of the typical welding symbol to
provide all the information necessary for proper execution of welding at all times.

Since the use of welding symbols for fillet welds in skewed joints is not feasible, sketches
of actual joints showing the required dimensions are necessary:

2)

4
2

Yy APy~ S e e
4
AN R anf -

2 £ .\\

,,'a\‘;%

e
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The measured dimensions “Sy, ” are sufficient to fully define the size of the fillets for a given
angle of skew (709 in above joint, on the acute side). The leg length dimensions “2” are used
as check dimensions while the effective throat sizes are of theoretical value. However, they
are both closely related to the “Sm” dimensions, which are the only ones that can be prac-
tically and conveniently measured from the outside. They may also be shown on the sketch.

3.4 Length of Fillet Welds

AT

3.4.1

3.4.2

General. \

As stated previously, the designated _ I\ Lengen A N Lengtn
location for thelengthofthefillet weld Y Leng Y Length

is the right side of the weld symbol. Arrow Side Other Side Both Sides
Length of Fillet Specified.

The length of the fillet weld, when specified, is the effective length. This means it is the

length of a full-size, full-bodied fillet weld without any reduction for starts or crater termi-

nations.

A crater is the terminal end of a weld rapidly diminishing in the size of both legs and, even
more drastically, in the size of the throat. The craters are due to improper technique on the
part of the welder orlack of enforcement of proper technique on the part of the supervisor.
Craters are generally considered poor welding practice and, although tolerated for somewhat
less significant fabrications, they are prohibited by governing specifications for critical appli-
cations. S : .

Since the welding symbol has no provisions to designate the exact location of a specified
weld length, additional dimensioning must be used for that purpose. Where advisable or pre-
ferable, hatching may also be used to supplement such dimensioning. A few examples will
serve to illustrate the point:

EXAMPLE 1 - = Note 1
TRUSS OR BRACING JOINT 4 ?

o
Lanl

21 3, .8 [
— N

ey )
. + }

Haiching o { ”
is i

optional l 1 }
< t

¥

Note 1: Same welding symbol applies .
Nowe 1 10 angic on far side.
36l 4
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EXAMPLE 2
TRUSS JOINT

Note 1
5] 150
DO
2R's -
B L .
?
g z
Z
gz
?
Hatching L é ;
opticnal ﬁ
. l L %
Note 1: Same welding symbol applies Mote 1
to plate on far side. 6 150 ote
)
]
EXAMPLE 3

GUSSET PLATE IN A TRUSS JOINT

—‘ e i
i P e
< 1 £ 9
- l i
Hatching e H
-opiional R ———
When used, Lh; - ’
length of the wel Note1: S i i
in th bl : Same welding symbol for
pticsvmbal | 100 | 50 - 100 . SQ-:, 10C : joint on far side.
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E

EXAMPLE 4

COLUMN-TQ-BASE-PLATE DETAIL

3

NS

S5

S

Combination of hatching
and dimensioning.

EXAMPLE 5
LINTEL

AN LLOEO LR

Rolled

Section
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EXAMPLE 6
PLATE GIRDER
10-0 20-0 10-0

RN RN
i

ARV

-
ANV

3.4.3

The type of welding in Examples 5 and 6 was chosen primarily to illustrate the principle in
the application of symbols combined with dimensioning. It does not necessarily reflect
actual practice. :

Length of Fillet Not Specified. _ _
When the length of the fillet is not specified, or not specified and at the same time not sup-

- plemented by additional dimensioning, the length to be welded is the length of the joint on

the respective “arrow” or “other” side for which there is not any change in the direction of
welding.

The term any change has not been specifically defined in the AWS A2.4 specification, but
should be taken to mean a break in direction of straighi-line welding at a point generally
identifying such a break.

This interpretation is explained in the following Example:

EXAMPLE 7
TAPERED COVER PLATE

Points of brezk in direction of welding.

a = Angle of Taper

o> s Reguired Welding Symbols
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In the accepted interpretation of the term any change, the extent or amount of change in the
direction of welding as expressed by the angle of taper {@) in the zbove example has no sig-
nificance. What matters is a pronounced breaking point at which the direction changes,
irrespective of the amount.

Hence, two welding symbols are required at the tapered end, as shown on the detail at right.
Obviously, a welding symbol for the whole cover plate, including an all-around weld symbol,
will achieve identical results.

Another feature of interest in the tapered detail is the fact that, for a double-fillet weld sym-
bol, the arrow and other sides of the joint need not be parallel.

The principle which dictates the use of separate welding symbols for any distinct change in
the direction of welding implies indirectly that, for any curved configuration of the joint,
one welding symbol will suffice. One may contend that such conclusion is not only logical
but the only one possible. Supporting it is the fact that any point on a curve is 2 point of
change in direction, requiring, in theoxy, a separate symbol... which, in reality, is an obvious
absurdity.

Example 8 shows the proper symbol application for the joints under considerston:

EXAMPLE 8

COVER PLATE DETAILS WITH SEMI-CIRCULAR AND PARABOLIC SLOT ENDsS.

A and B are points of A, B,C and D are points of
change in direction change in direction

Obviously, the all-around weld symbol would

casily produce the same extent of welding re- o P
quired by the welding symbels shown in ‘
Example 8 and used for illustration purposes C

only.

Other examples illustrating the application of welding symbols for {illets without specifying
the Iength aré shown next: .
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EXAMPLE 9
ANGLE POST e
TO BASE S 4 l: %

PLATE DETAIL.

S

o

Symbols Resulting Welds

EXAMPLE 10 '
GUSSET PLATE ON TOP OF FLANGE PICKING UP HORIZONTAL BRACING N o1,
Ar WV — A, B, C and D are points of e

change Int direciion

Symbols Resuiting Welds

EXAMPLE 11 6
' 6

Note 1

HEADER ANGLES
WITH LONGER

LENGTH OF 7
OUTSTANDING LEGS / Note 1
TO ACCOMMODATE &

AN ADDITIONAL !l
HORIZONTAL LINE i &
OF HIGH-TENSILE |
|
|

BOLTS.

} Mo 1:
| Same welding <y niiwed
1 B Japplics b angle

i oy b ~ide

A and B are points of
change in direction

Symbols Resuiting Welds e
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3.4.4 “All-Around” Supplementary Symbol.
O The all-around supplementary symbol must be shown in the welding symbol when a circum-
ferential weld is required and abrupt changes in the direction of welding are involved. This
procedure is well illustrated in the case of 2 hollow structural section (HSS), rectangular in
profile and welded to a base plate: '

s

¥

L L L

Brevereeesiirss

b \'\'\\\\\\\

Desired Weld Required Welding Symbol

Each comer represents an abrupt change in direction, and were it not for the all-around
symbol used, each of the four sides would have required a separate welding symbol:

* /SV

Hence, an all-around symbol provides the greatest convenience and simplicity and shouid
be preferred for use. :

This is also an appropriate example to re-emphasize the basic rule governing the designation
of arrow and other sides of the joint in the hope of preventing what seems to be a rather
common error. » :

Appropriate reference is made here to the two welding symbols shown next and erron¢ously
expected to result in a circumferential weld:

79




Fundamentals of Welding Technology

The welding required by these two
symbols is, of course, far from what is
intended; and it is impossible as weli,
since it would involve welding inside the
section.

Ll lllllﬁ
Al
it
- l

Welds as Specified

It should be kept in mind that the arrow
side of the joint is the “outside wali—base
plate” junction; whereas the other side is
the “inside wall—base plate” junction.

QOther 3
- Y Arrow
, Stde\§ Side -
v
- L

The comemon aree of Contact
constituting the Joint
/s hatched,

The all-around symbol may involve welding in two or more planes as shown in the next two
examples: : ‘

(a) Joint in Truss Work with Fillets in two planes:

Desired Weld

80
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(&) joint with Fillets in more planes than two:

I'ront View Section A-A

Desired Weld Symbol

Based on the previously discussed conclusive interpretation that a curved configuration does
not constitute an abrupt change, the circumferential weld on a circular hollow section welded
to a base plate (as shown below, left) requires only one symbol to properly convey the de-
signer’s intent (as shown below, right):

e

‘Desired Weld Symbol

The use of the all-around supplementary symbol is actually not necessary in this case, as the

" welding symbol as shown cannot help but deliver a circumferential weld. It is, however, ad-

visable to include it as a matter of principle.

“Weld All-Around” supplementary symbol V4 S !;
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3.5.1 General.

Fundamentals of Welding Technology

There are three types of intermittent fillet welds, although the first one is inherent in the re-
maining twe:

1) basic intermittent fillet welds, applicable to a single line of fillet welds;

2) chain intermittent fillet welds, and

8) staggered intermittent fillet welds;

with the last two applicable to double-fillet welds.

Since any one of the three types represents a line or lines of welds with included unwelded
portions in each line, it is extremely important to understand the rules governing the dimen-
sioning of such welds.

This dimensioning introduces the concept of pitch. Pitch, in tum, is defined as the distance
between the centres of increments on one side of the joint.

Hence, if two sides of the joint, that is the arrow side and the other side, are to be welded
using intermittent fillet welds, a pitch must be designated for each side or, in other words,
for each line of weld.

The following sketches will help explain the fundamental concept and the rules governing
its application:

P=Pitch=L+d _ Pitch

L L L L L L
2 2 2 2 2 2
L d L d L
Increment Clear Increment - Clear increment
Spacing Spacing
EXAMPLE 12
IMPERIAL UNITS
Pitch=12 ) Pitch=12
Line »of Weld
4 4 4 4 4 4 4 4
L=8 8 8
82




Symbols for Welding

EXAMPLE 13
METRIC UNITS

‘\4‘.!“:__.“;;';';’

Pizch=300 Pitch=300

Line of Weld '

100 100 100 100 100 1. 10C 100 100

o

-

L =200 ' 200 X 200

Since increment and pitch relate to the length and arrangement of welds, they must
1) appear to the right of the weld symbol in accordance with the governing rules, and,

2} be jointly expressed in a standard form with the lengih of the increment placed first.

This, illustrated in a typical welding symbol, will show:

: : / [/ ' INCREMENT AT PITCH
[\. INCREMENT AT PITCH /

INCREMENT AT PITCH

- N
/ l/ INCREMENT AT PITCH

Using the letter designations for increment (L) and pitch (p), the ¢ c'cpressxon in the weldmg
symbol will take the following form:

The rules, when applied to theimperial data of Example 12, or to the metric data of Example
13, will result in the following welding symbols:
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EXAMPLE 14 ;
L= 8 8 oy {imperial data]
o= 12 2 12 ‘
4,1 4 4.1 a a_i 4 a4 1 a |
!f' i /812
. 7
, (’}_ Line of Weld § s ;
100} 100 100 | 100 100 100 100 100 |/ 200-300
p= 300 300 300
L={_ =200 200 200 200 [metric data]

3.5.2 Basic Intermittent Fillet Welds. o , . . - o e
' As stated earlier, this type of intermittent fillet weld is used only for a single line of fillet ,
weld as shown in Example 14. It may, however, also find application in situations as shown . ,
in Example 15. '

EXAMPLE 15

ST

YARLLEEI R,

NN

AR

N SR . i
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3.5.3 Chain Intermittent Fillet Welds.

This type involves double-fillet welds or, in other words, fwo lines of welds. The distinguish-
ing charactenstic of chain intermittent fillet welds is the relative alignment of their incre-
ments which is expressed by the rule that their centres must be maintained at the same relative
location along the length of the joint.

The visible indication of this mandatory relation is shown in l\
the welding symbol by keeping the vertical sides of the two
fillet weld symbols in one plane. I/

The rule regarding their common centres is explained in the following sketch:

EXAMPLE 16  Pich= 10 10
[common centres] | ]4[\ 6-—-10

‘iﬁ ¢ 4 / L/ 6-10

SHNNASAE
a4

[

. Under normal circumstances the general téndency is to keep the length of the increments
and the size of the fillets the same on both sides of the joint, if only to simplify fabrication
and avoid errors. .

Pitch= 10 10
EXAMPLE 17 reh -
6 a 6 4 6
s | 3 3 | 3 a_l. s
35 I\ 4-10
i -
13 _ s s/ 6-10
8 __II_____—F!_ ‘ .
N ,
& <
. or
T
r
=i\ 6-10
2_| 2 6 2] 2 & 2|2 3/ 4-10
Pitch= ‘ 10 1C
4 4 4
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However, the applicable rules do not preclude the use of different fillet sizes and different
lengths of increments on each side of the joint, provided that the essential condition, the
common pitch, is maintained throughout. Specific circumstances may dictate such rather
unusual and infrequent application. {See Example 17.)

Staggered Intermittent Fillet Welds.

This type 2lso involves double-fillet welds or two lines of welds. Its distinguishing charac-
teristic is that the centres of increments on each side of the joint are shifted in relation to
one another, with such shifting producing 2 symmetrical arrangement of increments on each
side unless otherwise specified.

This shift in increments is indicated in -the welding symbol by a visible shift of the two weld

symbols on the reference line, .out of the vertical plane ch'aracteristic of chain intermittent

fillet welds.

. — I
N

The amount of shift is about
S half of the side of the triangle

AN

Both presentations are equally valid, with no significance attached to the onset of staggering

as to whether it should commence on thearrow side or on the other side of the joint. Example
18 shows a typical joint to help clarify these essential rules: .

EXAMPLE 18 .

Pitch= 14 14

7 14 14 = Pitch

86




St -

Symbols for Welding

Again, as in the case of chain intermittent fillet welds, the size of the fillets and the length
of the increments need notbe the same on each side of the joint if special conditions warrant
such an arrangement as shown in Example 19:

EXAMPLE 19

Pitch = 8 8 4

Only the length of one increment was made different, although a change in fillet size may
also be considered.

3.5.5 Joints with Terminal Ends and Intermittent Fillet Welds.

In all cases of intermittent fillet welds, whether of the chain or the staggered type, “anchor”
welds will normally be called for at both terminal ends of the joint.

There is always a measure of uncertainty associated with dimensioning these particular welds,
due mainly to the lack of guidance on the part of the norm-setting specifications. If, on one
hand, the goveming design specifications provide clear and firm requirements for specific
applications; say, welding of cover plates to beams or columuns, there are many other instances
of lesser significance where conclusive rules are not yet available.

The recommendations as put forward in this discussion can be said to reflect the general
practice in this area and are offered for consideration by the responsibie engineering and

. drafting personnel.

Firstly, the terminal welds should be much longer than the length of the increments set for
the intermittent welds. This would be in full agreement with the anchoring function of the
welds.

Secondly, the Ieﬁgth of the terminal weld should be selected so that it will permit the first
adjacent unwelded length to be not greater than the remaining unwelded segments along the
line of welding.
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A number of examples are used to iHlustrate these recommendations and show the required

dimensioning. - :
EXAMPLE 20
8 4 8 8 8 4 8
AN INTERMITTENT
AND A
CONTINUOUS FILLET 2212 4 2|2

PO
1

N S N |
4-0
Desired Welds .
Note: The first unwelded segment (27) s less than the remaining intermediaie unwelded segments (4%
8 2—-8 3
(o} 4 2-0 " 4
Double-Fillet

Symbols WIN N N
ul/8 L First 4|/ 4-8 Last @ w8

¢ Increment lncrement

2 R T Ly

8 2-8 8
(6} -
Single-Fitlet 4 2-0 4 :
Symbols )

X VS Q First Y l/4 -8 Lot g L8

Incremeni / increment

5 I ~
—‘417_J

Welding Symbols and Dimensions.
Since the first clear spacing adjacent to the terminal end is not the same as the clear
spacing between the remaining intermittent welds, the focation of the centre of the first
and the last increment has been shown to Jurther add clarity to the interpretation,

Note: The length “8" in the welding symbol for the terminal welds may be deleted, as this length is al-
ready specified on the dimenstoning line, .
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Sgad

EXAMPLE 21
CHAIN INTERMITTENT FILLET WELDS

10" B 12 12 12 8 10

sLghlol, 7 2biolk o2t 2'2i2

|

6—-0

Desired Welés

10 4-4 10

W\ LN 5-12 TN
o : 1 l/ 8 4 V5—12 . 4 l//
/

. 8
"1 First - - Last P
. & Increment Incremens §

/ /

Welding Symbel and Dimensioning
Noze: The firstunwelded segment (31:7) is less than the remaining intermegiate tnweided segments {775
. iSee upper sketeh. | ]
Since they are not the same, the cenwre of the first and the iast increments Myt also he dimensionsd.

The other desirable characteristic to be noted is that a uniform and symmetric arrangement
of welds has been maintaimed throughout the full icngth of the joint, as shown in Example
22, on the following page:
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EXAMPLE 22

STAGGERED INTERMITTENT FELLET WELDS

96
82 8 18 18 18 17 8L
5 3|3 8 9 9 9

8 6 i3i3 n 6
17 18 18 18 8
. .
Desired Welds

g 8 53 . .8 80
T T — .~ T

. & First : ' © . Last

increment Increment .

1 . 1
4 4N 6-18 N

7 A iV 6-18 / 1h

/ / /

Welding Symbol and Dimensioning

The centres of the first and the last increments have also been shown
and dimensioned to facilitate shop operations

Since the first clear spacing on the other side of the dimensioned sketch showing “desired
welds™ is greater (147) than the clear spacing between the intermediate welds in one line of
welding {127}, it may not be acceptable to some authorities. In such case, the remedial
measure would be to increase the length of the terminal weld on this particular side by the
amount of the difference, as shown on the following page:
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8’ B : ' 18 : Other end
symmetrical.
5 313 3.1 3

New
Desired H’elds
at terminal
ends providing
nliaximum .
clear spacing
10 12 15 of 127 through-
out the joint.

Gz2]

(7))
w

Desired Welds

— - LN\ e-18

oo it
u First " l/ 6-18
Q’_ Increment

{Arrow Side)

& First Similar
increment d?mensionih t0
. - appear on the
15 {Other Side) o iy

Welding Symbol and Dimensioning

It may be the preference of some not to rely exclusively on welding symbols, but to include
sketches of the desired welds as well. However, in the final analysis, it will be up to the com-
pany or the responsible drafting or engineering authority to exercise judgement as to what
extent to use sketch presentations to supplement welding symbol and dimensioning in-
formation to ensure correct interpretation and execution of welding in full accordance with
the directives as given on the drawings.
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3.6 Fillet Welds in Holes and Slots

3.6.1 General,
A clear distinction must be made between the two types of welds that can be deposited in a
hole or in a slot (elongated and closed or open-ended hole).

Since there seems to be sﬁbstanﬁal misunderstanding as to the proper designation of these
welds, a brief clarification is very much in order before focusing the discussion back on fillet
welds.

For a joint with a hole, section A-A shows the two types of welds that can be deposited.
Each of them is a basic type of weld.

o

¢
|

V - ‘ s ,

showing a Fillel Weld . showing a Plug Weld

" Plug welds shall be dlscussed separately. For now, no other references shall be made to them,
except to point out the very obvious difference that exists between such welds and fillet

welds when placed i identical holes. This fundamental differénce is very vividly demon-
strated by the cross-section of the joint.

3.6.2_ Fillet Welds in Holes.
In consideration of section A-A showing welds of size “8” in the hole, the required welding
symbol for the circumferential weld will be:
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This symbol should be sufficient in view of the fact that the joint is a continuous curve and
has no points of abrupt change in the direction of welding. However, customary practice
suggests the addition of the all-around supplementary symbol for positive identification.

Yas

Such practice is recommended.

Szt

3.6.3 Fillet Welds in Slots.

For fillet weldsin slots with marked points of change in the direction of welding, the follow-
ing two welding symbol arrangements are acceptable:

(2) The obvious one: using an “all-around” symbol:

IS | 1

— \ ]

\9?[7._

{b) The alternate one using dimensioning and welding symbols:
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This will be, for obvious reasons, the less-preferred alternative. It is shown only in order to
cover all the possible ways welding symbols can be used to convey welding requirements.

In the case of open slots the convenient “all-around” symbol would mean in addition to
welding within the slot, also welding across the ends and sides of the slotted plate. If this is
indeed desired, then such a symbol is the proper one to use:

3.6.4 Important Relationships for Fillets in Holes and Slots. :
It should be recognized that for welds in slots and circular holes to be correctly identified as
fillet welds, certain limiting relationships must be met. '

The most important of these is the size of the fillet to the diameter of the hole or width of
the slot relationship: :
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W w = Width for Slots

d d = Diameter for Holes

LG

Since the diameter of the hole or the width of the slot can only accommodate two fillét weld
leg sizes, it follows that:

“d” must be equal to or greater than 2§, and
“w” must be equal to or greater than 25;

or, vice versa:

“S” can only be equal to or less than 9h or Ws,

Expressed algebraically, the governing rules are: 7
S a»2s s<dp

or
w3 28 S< V.

If the fillet size condition cannot be met, then the foes of the welds start to overlap, gradually
losing their identity as fillet welds. With increasing overlap, such loss of identity will be more
pronounced.

The overlap means also a loss in sizes of the horizontal legs as compared with the specified
size, givinig rise to concern about the reduction in design strength of the joint.

d
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The fillet size “S;” equal to the thickness “t” results in an overlapping toe situation. The re-
duced size “S,” equal to half of the hole diameter is the maximum fillet size that can be
specified.

Governing design specifications regulate also the thickness of material “t” to the diameter of
hole “d” or the width of slot “w™ relationship from the point of view of access for welding.

Although they may make specific reference to plug a.nd slot welds, these rules will be equally
valid for fillets in holes and slots.

It should also be recognized that the execution of welding in holes is a difficult and skill-
challenging operation because of confined space, short duration of arc, stops and restarts.
As the hole diameter increases, a marked improvement in quality can be expected.

3.6.5 Surface Finish and Contour of Fillet Welds.

Contours of fillet welds that can be obtained by welding without recourse to any mechanical
means are identified in the welding symbol at locations shown below. The contours as desig-
nated by supplementary weld symbols must be used:

Flat ) Convex Concave Concave

. Contours of fillet welds to be obtained by mechanical means like

° chipping (C),

e grinding (G), or

* machining (M),
must be shown at locations as indicated, with the user identifying his prefen'ed method of
providing the required profile.

/—%-/_IZM‘/% >:
¢

&
* # J ﬁs’
Fiat Convex - Concave Concave
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It is very seldom that these contours for fillet welds are required in structural work. They
are, however, more common in precision-made mechanical assemblies where the shape and
finish of fillet weld profiles are expected to either enhance the service performance of the
welded product, or where its appearance is of overriding importance.
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R

4. PLUG AND SLOT WELDS

4.1 General.

Plug and slot welds are other types of welds produced by the electric arc welding process. Although
not used as extensively as groove and fillet welds, they have found their own area of application
in welded work.

Since both types of welds have several common rules governing their symbol presentation, they
will be treated jointly when these particular rules are discussed. '

One common feature is the weld sjrmbol. It is always represented by a rectangle, irrespective of
whether the fusion faces inside the hole or slot are perpendicular or sloping.

Arrow Side Other Side Both Sides

(non-existent)

. i The placement of the weld symbol above or below the reference line is subject to the same rules
. . .as apply to grooves and fillets. However, the meaning of “arrow” and “other” side had to be ad-
| - justed to the specific nature characterizing these welds. This difference is explained next:

4.2 Arrow and Other Side Holes and Slots.

‘A fundamental observation points to the fact that the concept of a joint or common area of
contact considered of principal importance in the establishment of arrow side and other side for
groove and fillet welds does not apply to joints involving plug and slot welds. Consequently, a
new and much simpler concept was established which introduces two new terms: the grrow-side
member and the other-side member. The weld symbol is placed on the respective side of the sym-
bol’s reference line to convey welding information pertinent to that side.

OTHER.SIDE MEMBER /

/ ARROW.SIDE MEMBER

In the light of this convention, it is obvious that the proper location and direction of the arrow
must be given careful attention. The following sketches will help explain this new application of
an already established principle.
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EXAMPLE 1

LAP JOINT WITH A'PLUG WELD.
Other-Side Member

J‘ A [ 'r—\/‘_——"\/——- . 7
s ' g :,4
é "
~y Q
NZ N
> N
N N
N N
N N
%é I N S N
N
Y N
3 N
E - § 4 _fb,___‘/)__r
Arrow-Side Member
Desired Weld Symbol

The arrow shouid point to the
centre-fine of the weld.

Piug Weld on the “"Arrow-Side Member”
(Equdlly valid for a Slot Weld) -

EXAMPLE 2

NT WITH A SLOT WELD.
LAP JOI TH Other-Side Member

- -
"\L' + 7
b 2

k———o
Av J »
Arrow-Side Member

Desired Weld Symbol

In addition to the Symbol, the orientatior .
ot the Siot must be shown on d-awing.

SR B ARG

Slot Weld on the “Other-Side Member”
{Equaily valid for a Plug Weld)
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S The designation of arrow-side member and other-side member for plug and slot welds in a three-
s member assembly cannot be expressed fully by means of 2 welding symbol.

Slot welds must be defined by welding symbols and comprehensive sketches. Therefore, they
present no interpretation problems to shop personnel responsible for the execution of welding.

While symbols for plug welds in two-member assemblies should provide clear and complete in-
formation, complementary sketch presentation és required in the case of three-member assem-
blies. Example 3 atterapts to explain this theory in detail:

EXAMPLE 3
ONE PLUG WELD IN THREE-MEMBER ASSEMBLY
; : Part of
i ’ Arrow-Side Member clearly Aa}:o?v-S?de
identified by Symbol Member

2 Plates {AF:'I—‘/\—— = \‘

e
y
zZ7 :
I =gV - :
A \I 3
2N ~ ~MIN
=R &
2\ \
%% i ‘ \
éé§ N Othier-Side
\ Member
¥ -
§ 3

| - P 7 . : 7. - A11‘—! ‘ A!__A'E R AZ ‘_I ) ) . Az_AZ

Section A-A is mondatory to clarify
whether intermediate member is 1o be part
of arrow-side member.

Desired Weld Symbol and Section

EXAMPLE 4
TWO PLUG WELDS IN THREE-MEMBER ASSEMBLY.

A1"‘—‘ | ‘ Azﬁ

[ et et

N]
i
1
{

Cammon Other-Side Member

[PV S

H
| Sy spena——gn.

e o ]

Ay =]
Section AyA, is mandatory Lo provide

fuil welding information.

Desired Welds Symbeol and Section
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These two examples portray some rather remote situations for which the use of plug welds may
be contemplated. Hence, some guidance regarding arrow-side and other-side member designations
is considered advisable.

4.3 Plug Welds

Iuformation required for the application of plug welds must include the following:

a) Size of hole

b) Angle of countersink -

c) Depth of filling ‘

d} Spacing of welds :

€) Reference to contour and surface finis
if required.

. 4.3.1 Size of Plug Welds.

In line with the common principle, the size of the plug weld is expressed by the diameter of
the hole and must be placed on the left side of the weld symbol.

D'mmﬁf—f/
S S

Weld in the Qther-Side Member

pwuérsa [T

w ]

Weld in the Arrow-Side Member

&

The size of the weld and, hence, the proper diameter of the hole to be designated in the
welding symbol in case of countersunk holes is described in section 3.2.

It should also be noted that the governing design specifications may relate the minimum
hole diameter to the thickness of material in which a plug weld has to be made. CSA W59
and AWS D1.1 set this minimum at

dmn = t+8mm (CSAW59-M [metric])
t+ %s in. (CSA W59 and D11 {imperial] )

4.3.2 Angle o f Countersink.

In order to facilitate welding and provide easier access to the root, hence greater assurance
of soundness, countersunk holes with circumferentially sloping sides may be considered. When
specified in the symbol, the angle of countersink must be placed outside the horizontal side
of the weld symbol. '
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. . -
| Countersink
# 1 . Angle Location
: (. N o A%
30

20°

Hole in Arrow-Side Member Hole in Other-Side Member

If the angle of countersink is always the same for a particular user (user’s standard), it need
not appear in the welding symbol. A reference to the standard angle will most likely be made
in a separate general note on the drawing. In such case, any angle different from the estab-
lished standard, including a deviation to 2 0° angle, must appear in the symbol. When no
standard angle of countersink is set by the user, and no general note appears on the drawing,
the applicable angle of countersink must be specified in the welding symbol. The absence of
such specification denotes an angle equal to zero and, hence, no taper on the side of the hole.

EXAMPLE 5 &° = Angle of Countersink
/ﬁ d
or I a®

' % i >

. Z i J
7 é % %% { i I
PRV : - : S o® lq Location has to
e ' : be dimensioned

) d d on drawing.

Desired Weld . Symbol

It should be noted that the diameter “d” is the diameter of the bottom of the hole, exclusive
of the angle of countersink. Further examples will help clarify the use of size and angle of
countersink in the symbols. -

EXAMPLE &6 If user’s standard for acis 300
2" and is governed by general note,
the symbel will be 4 )
! i CP \
= T S } | )
P 2Nt 1 N 1 4 r
WO S ] Location has to
7 ) ! be dimensioned
; i on drawing.

. \ ! Oo
If user has no standard for
&, the symbol will be ¥ 2 [ l

Desired Weld Symbo!
\
|
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EXAMPLE 7
If usar's standard for angle &¢is 60° and is covered by
2 general note on the drawing, the symbol will be ¥
a=69°
100
]
2 i < (except for
1 -1 or - angle of |
d 1 < countersink
> /bl[

. l / 600 .
Location of Weld 1o be -
100 dimensioned on drawing. /' ~, 100 l l

Required symbo! if user has no
standard, or has a standard for
angle & other than 609

Desired Weld Symbof

4.3.3 Depth of Filling.

If complete depth of filling is required, it need not be épeciﬁed in the welding symbol. How-
ever, if the depth of filling required is less than complcte it must be spec:fied and shown in-
side the weld symbol

/ | [DEFTH OF FILLING] /

| DEPTH OF FILLING]

ARROW SIDE
MEMBER OTHER SIDE MEMBER
firnperiaf} {Meric}
Specified Specified
Partial Filling Complete Filling Partial Filting

It should again be noted that the governing specifications may have their own requlrements
with respect to the minimum acceptable depth of filling for plu:r welds.

In the case of CSA W59-M and AWS D1.1, the rules require complete filling for thicknesses
of material up to and including 16mm, or % inch, with the depth of filiing for thicker s
terials to be 16mm, or 3% inch, or half of the mawerial thickness, whichever is smaller.

The following examples show the proper use of depth of filling in welding symbols:
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. f}f, .

A EXAMPLE 8

14 Ss |

o=45°
45°

! ' For user’s s%dard
3 | R H 4 angle, & =300,
41 5 9
8 \\\%@\ I or
1]
<. 1 !
|
. ]
1
AR
~ Location of centre line 4 '
to be dimensioned " For user's standard
on drawing angle, o = 45°,
- Desired Weld Symbol
EXAMPLE 9 70
70
00
i__.m_.. 5 For user's standard
. 50 ‘F 4 angle, a = 300,
- h or

/////////////

e
};_.___;__-u_
3 s
) ~||
e 8

Location of cenre line For user’s standard
10 be dimensioned angle, &t = 09
on drawing '

Desired Weid Symbol

4.3.4 Spacing of Plug Welds

The concept of pitch is used to designate the centre-to-centre spacmg of plug welds. Asin
the case of other welds, the assigned standard location for length is at the right side of the

weld symbol.
[ ] seacinG /

/ [ 1 seacing |
S me

Spacing for Welds on Spacing for Welds on
the “Arrow-Side™ member the “Other-Side" member

PR I
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Examples of dimensioning follow:

EXAMPLE 10
ANGLE AND A PLATE. E
4'—4

2 12@4:=4-0 2
. r12 - ,
n \\7’1 — S Ju ‘
3 ) £ o \‘ 212 L r
t !
3 ! | |
1 6 |———— _—— e ———— |
3 ! :
Desired Welds |
NZ &I f
Tt Jao |
é Q :
N
Detail View '
4-4 A
2 4'-0 2
Optional for
s I__J 4 ’ Last Plug # Dimensicning !
11 . 3¢° |

Faongy | 2 e e e e e o o o e e e e e

29 ||
J 1
83
L I S [ ——
Symbol Dimensioning

Users are. of course, free to exercise their judgement with respect to the extent of additional
informaiion desirable on the drawing beyond the minimum required to ensure comprehension
on the part of shop personnel and enhancing prospects of error-free fabrication.
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EXAMPLE 13

2 PLATES
1600 i
_ 2k 80 9@ 160 = 1440 80
% I
100 2
Z .
 uas ; 200 e e e — —-
100 Z . .
y ! "'"\T"""" [ !+\ \’+‘ (l". {I"; ({"\ {l‘) f'}'x !‘l‘\ (“’
1 ~ - ’ 4 f ~ N L
T oo SIS n,
200 % [ -
{ {100 '
N 1 °
N\ etsi &
25
Desired Welds

40| B4 —
S
o Fe
16
Detail A
25
)
100
—r] =200
100
\ o
i 7z ]
Z 100
200 % 1
Detail A

fingv Be s T desirea)

1600
80 1440 80
_ 4016 |10 _ |
o / LastPlug & | Gpciomal
Elevation
Symbol and Dimensioning
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4.3.5 Contour and Surface F tnish.

The most common service application of joints with completely filled plug welds will most
likely require the welds to be flush with the base material. The contour of plug welds not
completely filled will generally not give ground for concemn. As for any other type of weld,
the required flat contour may be acceptable when obtained '

( i) without recourse to any mechanical means, in which case the supplementary flush
symbol is placed in the welding symbol; or

M

(i) with recourse to mechanical means, either preferred by the user or dictated by
the service application of the product. In each case, however, the pertinent cus-
tomary finishing designation must be used.

Grinding Chipping . Machining

4.4 Slot Welds

Complete welding information for slot welds must include the following:

a) leﬁgth and width -~ ’ d) spacing
b} angle of countersink e) depth of filling
c) orientation and location f) contour and surface finish.

Unfortunately, out of all the above data required, only the last two stand entirely «n their own
and can be shown in the welding symbol. Consequently, all remuining information must be pro-
vided on drawings by means of sketches or pertinent details, combined with symbols, as will be
shown on the typical examples that follow.

The concept of arrow-side members and other-side members common to plug and sict welds was
discussed earlier and is presumed to be clearly understood. Also discussed was the depth of filling
as well as the contour and surface finish for which the same provisions apply. The following will
summarize thesc points: ' '

Slot in the arrow-side member with Y-inch
depth of filling and flush contour obtained
by grinding.

Slot in the other-side member with 20mm
depth of filling and flush contour obtained
by machining. ‘ '

G
M
Slot In the arrow-side member completely _
filled with flat contour obtained without .
recourse to mechanical means.
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Since the remaining required information (items [a] to [d]) does not lend itself for inclusion in
the symbol, it must be presented on a drawing by means of sketches and details. The proper
reference to these details is made in the tail of the welding symbol:

See Detail A See Dwg. 45

The arrow must point to centre line of the weld,

The following two examples will help Mllustrate the proper presentation of all requirements and
the extent of details as they should appear on the shop drawing: ‘

EXAMPLE 12
TWO PLATES WELDED USING SLOT WELDS.

4 5@8=3'-4 4

See Dewail A

This detail, as such, gives only the spucing, orentation and location

of the centres of siots within the length and widt. of the plates, The

symbol specifies 2" depth of filling. Hence, the additional informa-

tion to be included in Deail A must be the k! geomerry of the siot,

although the end view muay have been used 10 dimension the length
1 of the slot. : .

Section B-B

Detall A
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EXAMPLE 13

SLOT WELDS JOINING AN ANGLE AND A PLATE.
8§00 -

100 3@200=8600 100

o

W s prss resssss ooty
SRR RN

See Denail 8

To complement ali the information necessary, Detail B must show
the geometry of the slot, although the width of the slot could have
been shown on the end view. The welding symbo! indicates that the
siot is to be filled completely.

R

LA A AT VLA S L A LTSI

Section C-C

12.5 75 125

100

Detail B

Again, it should be noted that the governing specifications may have their own rules for slot
welds relative to width-to-thickness of material ratios, longitudinal and lateral spacing, and mini-
mum depth of filling.

These specifications should be consulted by the specifying engineering or drafting personnel.
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5, SPOT, SEAM AND STUD WELDS

5.1 Spot Welds
5.1.1 General

A spot weldis defined by AWS A3.0 Standard Welding Terms and Definitions as “a weld between
or upon overlapping members in which coalescence may start to occur on the faying* surfaces
or may proceed from the outer surface of one member. The weld cross section [plan view] is
approxunately circular.” :

This type of weld does not require a prepared hole. It can be made by a number of welding pro-
cesses. In accordance with the definition, it involves either:

a) fusion into one.piece of material by penetration from the other piece of material; or

b} localized fusion at the interface of both materials.

It is because of these two characteristics of spot welds that the arrow side and other side signifi-
cance may not be applicable, depending on the welding process used. However, the reference to
the welding process in the tail of the symbol will help identify either of the two types of spot
welds. This will become evident from a number of sketches that follow.

AWS A2.4 calls for the same weld symbol to be used for projection welds — with the resistance
projection welding process (PW) properly identified in the tail of the welding symbol.

Since an embossment is essential to the nature of these welds, the arrow side and other side

maintain their ordinary significance and are used to indicate in which member this embossment
should be either placed or made.

If the pro;ectmn is not the user’s standard type, the full geometry of the projection must be
shown in both, the symbol and the drawing.

The weld symbol must appear either above or below the reference line, as applicable; but never
on the reference line. Again, some sketches will illustrate these requirements.

The welding information shown in the spot Weldﬁg symbol includes:

1} weld symbol;

2) process reference;

3) size or strength;

4) spacing, extent, number of spots;
5) contour,

5. I 2  The Weld Symbol

‘The weld symbol representing spot and projection welds is a hollow circle placed either above,
below, or astride the reference line, together with all other information appearing on the same

*TFaving surface Is the mating surface of 2 member which is in contact or in close proximity to anoth: member
to which it is to be joined.
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side; or, in the case of the weld symbol being astride the reference line, the placement of such in-
formation on either side is optional:

/mﬁ A0S Hod O |

Weld Symbol with Weld Symbol with Weld Symbol with
arrow side other side no .
significance significance  arrow side or other side significance
These symbols are appficable to the These symbols are applicable to the
Arc Welding Process; Electron Beam Welding Process (EBW) Resistance Spot Welding Process (RSW)

and Resistance Projection Welding Process (PW)

5.1.3 Welding Process Reference

Welding processes must be identified in the tail of the welding symbol. They will govern the lo-
cation of the weld symbol; i.e., above, below, or astride the reference line. In other words, the
process will determine whether the “arrow” and “other” side significance is applicable.

The following welding processes are preferred for spot welding:

a} Arcwelding processes — b) Electro beam welding (EBW);
v shielded metal arc welding (SMAW);
v flux cored arc welding (FCAW);
v gas metal arc welding (GMAW);
+  gas tungsten arc welding (GTAW).

¢) Resistance welding processes:
v spot welding (RSW); -~
v projection welding (PW).

The following examples will iltustrate the use of weld symbols, the relevant significance of sides
and their inter-relation with the welding processes:

. A
EXAMPLET ] SMAW

I Section A-A Left End View \-—O——<SMA,W

A - .
' Desired Weld. - ‘Symbol

[SMAW) The Arrow must peinl 1o the
wentre line of the we'd

The arrow-side significance is applivable to Spot Welds made witlh an arc welding process.

The arrow side significance is applicable to spot welds made with un arc welding process.
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Symbols for Welding

EXAMPLE 2 -
JOINT WITH A PROJECTION WELD

Plate P,~

A ]

Plate P, —A Section A-A

Desired Weld
“[RPW)

PW See Detail B

—Pfate Py _ PW See Detail B
- S S : '
*Piate Py .
/ Appropriate dimensions
1 must be shown

~Plate Py €
s I
SNNRRERNN R ! 3 RN

__________ S H

B I

Plate P .
2 Detail B
© ishowing detail of embossing)

PW See Detail B

Symbols and Detail

Symbofs (and alternatives) require thinter plate snember (P}
o be embossed, since “side " significance is applicable,

IMPORTANT: | _ _
A resistance projection weld {weld nugget) is between the interfaces of both plates,
and the weld symbol for it is placed ebove or below the reference line — with arrow-
side member and otherside member significance applicable.

However, a resistance spof weld ol simiiar proporticns requires a weld symbol striding
the reference line, in which case the weld symbol has 2o side significance.




Fundamentals of Welding Technology

5.1.4 Size and Strength of Spot Welds

it is customary to define a spot weld either by thesize of the spot expressed as the diameter of
the circular arez of fusion at the interface of both members, or by its required strength.

In accordance with the general rule, either of the two designations has to be placed on the left
side of the weld symbol.

The size is measured in metric or imperal units of length, while strength, most likely shear
strength, is expressed in newtons (N or kN) per spot in the metric system; or in pounds (lbs) per
spot in the imperial system. The strength in the latter system may be designated just by a plain

number (500 — meaning 1bs.); whereas in the metric system the number must be followed by
the designation N or kN (2kN —meaning 2 kilonewtons). This requirement is intended to prevent
confusion and mistaking size for strength or vice versa.

It 1§, however, imperative to use one system for all the information in the welding symbol which,
at the same time, should be the same system of units used for the whole drawing.

Either size or strength, whichever is more pertinent; must be placed to the left of the weld
symbol: -

SIZE:. ]
s S /
3 /
16 (O OR

0.230()
/ | ‘1—89—\ |

STRENGTH:
| 500 () s 2 kN S /

3 R
200 ©
. 1kN
2kN e N,
Weld Symbol with Weld Symbot with Weld Symbol with
arrow side other side no
significance significance arrow side or other side significance

The definition of size of spot welds requires an explanation: F irstly, it is reasonably assumed
and implied by definition that the area of fusion, or the “nugget,” is circular in shape in plan
view, and that its diameter is a reliable measure and indication of size. Secondly, the sizes of
spot welds for cach of the basic welding processes have very characteristic and distinctly differ-
ing weld nuggets. These are shown in Example 3, where arc spot welds are defined by size, which
is a readily measurable quantity for this process and preferred to strength:
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EXAMPLE 3
F ARC SPOT WELD DEFINED BY SIZE
Size is a readily measurable quantity for this process and preferred to strength. 3 SMAW
4
| [
? l {07 & i <
| b
A : ﬁ% 1 A !
) 2 | o
! & | | P
§ 1
1 i

SMAW

- PN
0 T

Size § 1
: 4 \——-Q—<SMAW

Section A-A

Desired Weld - Symbol
has arrow-side significance

In Example 4, an electron beam spot weld is defined by strength (150 lbélspot). Size of EB.
spot is not an easily measurable quantity. '

EXAMPLE 4
ELECTRON BEAM SPOT WELD ) 150 EBW
- - I ¥
i i
E = | ‘%T « } / |
—o— | - !
i
! |
. i !
2
w
150 EB
" ! - or )
Y < | )
Size 7 ‘ ‘ | !
180 EBW
Section B-B
Desired Weld Symbol
: ; has arrow-side significance
|
[




Fundaementals of Welding Technology

Example 5 illustrates a resistance-welded spot where the size is readily measurable:

EXAMPLE 5
RESISTANCE WELDED SPOT

k

NN v o
50, | s HE%@'GSW

L
D Vs 2
% - > T o
\———e-(nsw
Size 0.25 0.25
Section C-C_ Section D-D
Desired Weld " Symbol

has no arrow or other side significance

515 Spdcz'ﬁg, Extent and Number of Spot Welds

5.1.5.1 Spacing: .
As is the case with intermittent fillet welds and plug welds, pitct is used to designate
centre-to-centre spacing of spot welds. This spacing has to appear on the right side
of the weld symbol.

Symbao! with Symbol with Symbols with
arrow side other side no
significance ‘ significance arrow side or other side significance

5.1.5.2 Extent of Spot Welding:

When spot welds are required only in a part of the total length of the joint, as de- -

fined by abrupt changes in direction of welding, the extent of such welding has to
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be designated by additional dimensioning. Example 6 illustrates this particular point.
L In it the extent and number of welds (3) are specified, but spacing is not designated.
: (FCAW process.)

EXAMPLE 6

oLy

/7,
RN

N
AW
FC v/ 1, O
(9)

Desired Weid Symbol

5.1.5.3 Number of Spot Welds:

. When a definite number of spot welds is required within a given length of the joint,
such number must be put in brackets and placed above or below the weld symbol:

(8)
g a
/ @

(8)

The following series of examples will demonstrate the application of rules regarding
the extent of spot welding and the number of spot welds.
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Example 7 shows segments of EBW spot welds with different spacmg in the Iength of the joint.

Fundamentals of Welding Technology

Strength required: 300 Ibs/spot:

EXAMPLE 7
SEGMENTS OF EBW SPOT WELDS

3,.3@3=9_ 6 _ .3 4@6 =24 3
: ——0——0— *—0 ® @ -
(%]
—p
S
Desired Welds
48
3 9 6§ .3 & 18 3
S50 3 360003 EBM
Spot (4) @ épor. (2) A Spot #Spo:
b Weid % Weld y ) Weld Weld

Symbol
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Example 8 illustrates resistance-welded spot welds of 8mm size, with spacing of welds not speci-
{ied but a given number of welds (9) required:

EXAMPLE 8
450
25 480 25
o~ ‘9 SPOTS REQUIRED IN TOTAL
‘ o ]
- c s femmas . — —— — — —— — — S — — n— A Vy— — ] ——
2 <
—H— : o
1 (o] o - 7
L <
| sommmssnsucel NSRSV SN N inslenlihdiaeiiaiiomiimdivahailisediosio ol —
ol 3
Desired Welds
as shown on engineering drawing
.
i [ S _— Y
e # (=] -
T o
®

25 : 400 : 25

Symbol

as shown on deiaif drawing -
with Shop efl to decide on spacing

If drafiing office chooses 10 decide
on spacing, the symbol is likely 1o bo:
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When a definitc number of spot welds is required and their exact location is not specified, it
must be assumed that any random location within the intended area will be acceptable. There is.
however, a tendency to arrange them in a reasonably symmetrical pattemn by the welding
operator. The welding symbol must show the number of spots required, and (preferably) an
additional sketch should show the general area for each spot.

EXAMPLE 9
(4)
i e .
| - 015 e
i - . . -L/
(528 Bl ‘ )
|

Pesired Welds Symbol

One spot per-quadrant
approximately centered

Were the exact location of the
same four spot welds specified

as shownt... ... the symbols would be:
{(2)
iy { ey
@ )
" —p =
o 3 lh 12| 3 jf2

In the top portion of Example 9 there are four random 0.15-in. EBW spot welds with only a
general area for their location indicated. In the lower panel of the Example the exact location of
the four spot welds is specified.

5.1.6 Contour and Surface Finish of Spot Welds

When, in the case of arc spot welds and clectron beam spot welds, the éxposed surfaces are to be
flush with the base metal, the flush contour symbol must be added to the weld symbol:

120
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Symbols for Welding

7 If the flat surface of the spot weld is to be given an additional finish, the mechanical means to be
2k used to obtain such finish should ailso be shown in the welding symbol in the customary manner.

N oM i<
_%_\ __O__/

5.2 Seam Welds

5.2.1 Generd

Seam welds may be defined as continuous spot welds except that continuity for some processes
may be provided by a single weld or 2 series of overlapping spot welds.

The same welding processes are used for seam welds as are for spot welds. Hence, the arrow-side
and other-side significance as discussed for spot welds also applies to seam welds. The information
to be included in the welding symbol consists of: .

1) weld symbol;
o _ .. 2) process reference;
i S 3) size or strength;
4} length and spacing;
5) orientation, and’
6) contour.

It will suffice to discuss in detail only those aspects of syrnbol presentation which differ from
that of spot welds.

5.2.2 . Weld Symbol and Process Reference
The weld symbol for seam welds is the same as that for spot welds except for the addition of

two horizontal lines across the open circle parallel to the reference line. The process refercnce
appears in the tail of the symbol.

The seam weld produced by the resistance welding process is referred to as RSEW.

Weld Symbot with Weld Symbol with . Weld S»mhol with
r arrow side other side
} significance significance arrow side or olhcr side significance
i

SRR TSI R AT  CE TN e L S L




Fundamentals of Welding Technology

5.2.3  Size, Strength and Specific Length of Seam Welds
The sive of scam welds is defined in exactly the same manner as that of spot welds, except that
the diameterof the fusion area in the latter becomes the width of the fusion area for seam welds.
The size can be dimensioned in millimeters, or in fractions or decimals of an inch.

When strength is intended for use in the welding symbol, it must be designated as strength per
unit length which is

NEWION /MM « 4t v vuvnovrnsrronnanns in the metric system

poundsfinch..................... in the imperial system

The length of seam welds, if specified, must appear on the right side of the weld symbol. The
location of these designations in the welding symbol is illustrated in the following series of

symbols:
Sire or
Strength Length
or ‘

Size or
Strength Length
Size or Length
Strength
Size or Length
Strength
15 k
GTAW 4 [¢) RSEV&/’\, 2 Nv.g. 200
Size {merric} ' Srength |metric| \
F
0.25 caw

Size | imperint]

EBW RSEW 500 s
Weld Symbols with Strength fmetric] Strength {imperial]
urrow side
significance Weld Symbuols with Weld Symbols with
other side no
significance arrow side or other side significance

5.2.4 Length of Seam Weld Not Specified i the Symbol .
When not specified in the welding symbol, the length of a scam weld is taken to be cqual to the
length of the joint between abrupt changes in direction of welding. However, if the required
length of a scam weld is less than the distance between the abrupt changes in the direction of
welding, the extent of the weld must be dimensioned on the drawing, Examples 10 and 11 are
designed to illustrate these points:
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L - EXAMPLE 10
FULL-LENGTH EBW SEAM WELD WITH STRENGTH OF 300 Ibfin.
‘ W
300- Es
N ] e — P
« 1
b
o J,
: Qﬁ of Member
| A equivalent 1o
S - e "
Section A-A welding.
Desired Weld Symbeol
The arrow must point to the
¢centre line of the weld
. EXAMPLE 11
‘ PARTIAL-LENGTH GTAW SEAM WELD WITH SIZE 0.25 2 12 2
2 12 2 T Aw>o_.25@'/
L S L] -
| 8 T T B /
o~ % o~
= 4 [y
} i !
o ('
Desired Weid Symbol

5.2.5 Spacing of Intermittent Seam Welds and Orientation

As in the case of spot welds, pitch is used to indicate the centre-to-centre spacing of the incre-
ments for seam welds. The pitch and the length of these increments must be shown on the

right side of the weld symbol:
| o £ 502200
e o
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Unless otherwise specified, both the length and the pitch as expressed in the symbol are auto-
matically assumed to be measured perallel to the axis of the weld, as ﬂ"r:pw.ned in Example 12
showing the interpretation of length and pitch without a drawing:

EXAMPLE 12
INTERPRETATION OF LENGTH AND PITCH W/THOUT A DRAWING
Length 2 . 2 2
1 . .
4 2-4
RSEW 11
/ =
<& / < o > 5
or } B S 3 3 S S = CE
b= \ < o <
_____________ L e b ]
- RSEW Piuch |4 —4
Both Pitch and Length are parallel to axis of weld
Symbol - : S Specified Weld

Depending on the application, it may be advisable, or even required, to terminate the seam weld -
at the end of the joint. In such case, the length of that end increment should be kept the same
or greater than the lengths of the intermediate increments whose lengths and spacing so adjusted
that both terminal seal welds are of equal length. A suggested way to present this type of situation
is shown in Example 13 as an intermittent seam weld with terminal ends — EBW welds with
200 lbs/m. strength capacity:
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EXAMPLE 13

INTERMITTENT EBW SEAM WELD WITH TERMINAL ENDS — 200 Ibs/in. CAPACITY
1100 _
150 100 4(@150=600 100 . 150
50{50 50 100 - 505050

ﬁ(
!

—— e A —

Desired Welds
1100
150 . 100 600 . 100, 150
N Ao
EBW W
== S50 T 00 —Te0n 1o -
(EWcld (‘t\md

ya rd J
1o}
o [/ 7 4
Uy
~

Symbols and Dimensions
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When the orientation of increments for seam welds is other than parallel to the length of the
joint or to the direction of general progress of welding, a separate sketch must be provided to
show the omnentation of the welds. Example 14 illustrates this particular case of an arc seam
weld % inch wide with vertically oriented increments:

EXAMPLE 14
18"
'112 ‘ 15 ' | 1l
e ] i
FCAW See Derait A —_—
: fmla/ L &4~3 & weid
<
<<

Symbol

bty

s

W

NN

12N

2|2
4
P
g
fek

N <
. [
=
£l

- N 2y

712
" width fSize)
Detail A 12 of Seamn
The purpose of Detall A is self-cxplanatory
and reed not be drawn io its full 18-inch length. Section B-B
Specified Weld
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5.2.6 Contour and Surface Finish

The observations with respect to contour and surface finish for seam welds are the same as dis-
cussed for spot welds. The symbols and their application are identical:

Fiush Contour Flush Contour
without with
mechanical means mechanical megans

5.3 Stud Welds

5.3.1 General

Stud welding is generally defined as a “term for joining a metal stud or similar part to a workpiece,
where welding may be accomplished by arc, resistance, friction or other process with or without
extemnal gas shielding.” (AWS A$.0)

Arc stud welding is the more widely used stud welding process. Its preferred application in struc-
tural work-is in composite construction in which the studs are primarily relied upon to provide
calculated shear resistance. In this type of construction the studs are welded to the top elements
(flanges) of structural shapes with the use of a stud welding gun. ‘

There are, of course, other than shear applications for studs.

Where the distribution of studs is governed by design considerations, such longitudinal and trans-
verse distribution on 2 member must be duly dimensioned on shop drawings. This can be con-
veniently done using the weld symbol introduced into the 1986 edition of AWS A2.4.

—5—

5.3.2 Rules Governing the Use of Stud Weld Symbols

5.3.2.1 SIDE SIGNIFICANCE. The usual “joint” concept is not applicable to stud welds
and, because of it, the welding symbol has no arrow or other side significance.

The stud weld symbol is represented
by a circle with an inscribed “x7

The rule is, however, that the arrow point to the surface to which the stud is to be wel-
ded and that the stud symbol be always placed below the reference line:
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5.3.2.2 REQUIRED DIMENSIONS AND THEIR LOCATION. The only dimensions discussed
in the stud welding symbol are the size, spacing and the number of studs, all placed at
their customary location.

/! SIZE ]®| SPACING |
: -

Each single line of stud welds has to be identified on the drawing by a welding symbol

with dimensions for the first and last stud weld specified additionally. The two examples
#1 and #2 will dlarify their proper application.

EXAMPLE 1 _
Stud Welds in Single Line
40 6 @ 80 = 480 40 40 40

|
N
|

4 i
8 g |
Desired Welds - ‘ - o ~ Symbol
EXAMPLE 2
Stud Welds in Multiple Lines
3 0@4=30 3 3 6@ 80 =480 3
34 @ 4
- . (10)
-— a . o - -~ ?[
[
>—T——- o
.t O N N R U MR S S W A S IR O R I
o e e | e i - e e | s e Ly o e e e e
5 ' | & L\
i | B I\
— _ H f— \\\
¥ r ‘Q .
% X 4
{10}
Desired Welds ' Symbols
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6. SURFACING WELDS

6.1 General 7
As its name implies, a surfacing weld is applied to a surface. A building up of surfaces may be re-
quired for a variety of reasons, the most common of which are:

a) correction of dimensions,
b) providing transition between different metals,
c) providing corrosion- or wear-resistance.

The characteristics of a surfacing weld are shown in the sketch below:

Fusion Face

Surface Build-up or
Depth of vi O Weld depusited

Fusion

¢
—

Weld Interface

Depending on the welding process to be used and the required thickness to be restored by sur-
{acing, single- or multi-pass welds in single or multi-layers may be involved. The weld symbol for
a surfacing weld consists of two “back”™ or “backing” weld symbols side by side:

6.2 Rules Governing the Use of Surfacing Weld Symbols
6.2.1 Side Significance
Since the joint concept is not applicable to surfacing welds, the welding symbol hag
no arrow or other side significance.
The area on which the surfacing weld is 1o be deposited is simply identificd by the
arrow pointing to it with the surfacing svmbol «fzvays placed below the reference
line:

/\J\J A

The following example will illustrate the required application of the welding symbol:
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EXAMPLE 1

Desired Weld

Symbo! and Supporting Sketch

6.2.2 Required Dimensions and their Locations

The only dimension that is required to be placed in the surfacing welding symbol, -

when of significance, is the size (thickness) of the built-up welding. When specified,

it has to appear to the left of the surfacing weld symbol and on the same side of

the reference line. Additionally, the direction of welding may be specified in the tail
" of the symbol (axial or longitudinal and circumferential or lateral). ' '

/

It also follows that, when no specific thickness of deposit is required, no size di-
mension need be shown in the welding symbol.

AWS A2.4-79 did not provide any guidance for application of surfacing symbols for
cases in which mulii-layer build-up is involved. The Code may have taken the view
that specilying the required sizc is sufficient, thercby implying that the option to
obtain it with either one or two layers is left to the discretion of the user.

This has been sanctioned in the 1986 cdition of the Code.

If surfacing in two layers is of importance, advantage can be taken of the multiple-
reference-line welding symbol. The desired size for each of the layers may be speci-
fied which, in the symbol below, would provide a total surfacing weld of 3/8 inch.

circamterestial
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6.2.3 Extent, Location and Orientation of Surface Welds
When an entire area of a plane or curved surface is to be built up by welding, no di-
mension other than the size (thickness of deposit) needs to be shown in the welding
svmbol.
EXAMPLE 2

SINGLE-LAYER SURFACING WELD

5

S L L] ——— e o

NS

_///////&» 27 o

PO x L

NN ‘

5 A
Desired Weld Symbol and Supporting Sketch
ST
T
o
EXAMPLE 3
TWO-LAYER SURFACING WELD Longitudinal
Circurnferential
b - ] ot
1T
: i / %
9 1]
t
J ,T ;If{ 1 -
i:f%i!”f'“ gl T
aiEis e \ %
1 Lol o sty Ve by
PN I Y Al T . N\ Ty
rw| onslioad el i A _t-rl_rl n \
o ' Circumfereatial
15 : ‘s
' \_’.-—UU_< Longitudina
15
. . Desired Surfacing Weld Symbel and Supporting Sketch
o~ L
.
& 1
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In addition to the identification of the required orientation of the surfacing welds in the tail of

’ weldmg symbol, they may be schematically indicated in the skcich. The user’s standard conven-
tion should be used for this purpose.

When a specific localized part of a product requires a surfacing weld of a certain width and size,
the information can only be conveyed to the shop by means of an additional sketch. Example 4
will explain the required symbol and supporting data presentation:

EXAMPLE 4
SPECIFIED LENGTH AND WIDTH

200

5 20 180 20

Q
o
hand o
o} o
=
Desired Surfacing Weld
200 -
20 160 20
) kj\.)/
8 / ,
3
8] ]
¥

Symbol and Supporting Sketch

The width of the deposit may involve one pass as shown In the Example. Should the width be,
say 30mm, and the size (6mm) stav the same, only the width dimension nced to be altered
on the supporting sketch, with the welding symbol remaining unchanged. The number of passes
within that width is le{t to the discretion of the user.
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~ 6.3 Other Applications
‘ 6.3.1 Surfacing a Weld Face

As pointed out earlier, another possible application of surfacing is to provide corrosion- or wear-

resistance to mild steel weld metal. This is shown in Example 5, as applied to the face of a fillet
weld: :

EXAMPLE 5
SURFACING A FILLET WELD

/- Corrosion or Wear-Resistant Laver

1,
8 WP.X5
WP. X4
g
4
35
Desired Weld Symbol
References to pertinent welding procedure
o specifications are placed in the i of the
= ‘ symbo! Lo ensure that the intended filler
R ‘ o o materials are used for cach weld. -

The same Example may be used to illustrate the application of a surfacing symbol for the pur-
pose of increasing the size of the fillet. In such case, however, the size of the surfacing weld will
have to be calculated from the increment in the leg size as required for the new fillet weld.

If the new required size were to be ¥ inch, the leg size increment would amount to 1/8 inch.
Translated into the thickness of 2 surfacing weld, this dimension would become:-

1/8x 1/1.4 = 0.089 = 0.09 in.

Hence, in order to obtain a %-inch fillet weld from the 3/8-inch size by surfacing, the required
welding symbol would be: '
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Obviously, this is a rather cumbersome. procedure. Normally, one would request the Ye-inch size, -

using a customary symbol:

yaie

leaving it to the shop to use a sufficient number of passes on top of the existing 3/8-inch fillet
to produce the required ¥%-inch fillet size.

6.3.2 Correction of Dimensions

Surfacing may be conveniently used in situations where, because of cutting errors, members are
shorter than the required length, consequently resulting in excessive root openings in some of
the joints. These openings may be reduced to the required dimensions by surfacing — custémarily
referred to as “buttering” ~ thus restoring the original geometry of the joint for final welding.
Example 6 shows a case of a single-bevel-groove weld on backing featuring an excessive root gap

(Ga):

EXAMPLE 6 r== Original

o ==dxd ——{ Welding
SURFACING TO REDUCE ROOT GAP PR Eé_‘\ Symbol

a
Accepable Gap
G2 -q-— Excessive Gap
Desired Weld Symbol

The size of the surfacing weld “a” as its essential dimension will have to restore the originally
specified root opening “G,.” '

This weld will be deposited first, in accordance with the rule governing multiple reference lines,
with the weld proper following next.

Since there may be some doubt as to which side of the joint is to be surfaced — although in bevel
joints the arrow break could be interpreted to identify this particular face — a supporting sketch
may be required.

The surfacing weid symbb_l may be shown separately. It will most likely be shown in a case of
unexpected excessive root gaps in field joints.

If fusion into the backing bar is to be avoided, one may consider using a copper backing solely
{or the duration of the surfacing operation with subsequent substitution of the originally desig-
nated backing material for the completion of the weld proper in the joint.
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7. FLANGE WELDS

7.1 General

A flange weld is defined as a weld made on the edges of two or more members to be joined, usu-
ally in light-gauge metal, with at least one of the members being flanged.

Welded from this Side : _ “Weided from this Side

s
1
X

-
i
I

——r——
1

joint A joint B

One of the characteristic features of flange welds is that they can only be made from one side.
Welding from both sides is neither feasible nor necessary. '

< 1.2 Side Significance and Types of Joints

The “juoint” concept applies to flange welds and, consequently, the welding symbols do have errow
side and other side significance. There are only two types of practical flange welds feasible, and
their designation relates more clearly to the arrangement of material after flanging has been per-
formed and before welding is to commence. The two typesin question are:

(1) EDGE-FLLANGE WELDS — represented by Joint “A” alfeady shown above, and the

following welding symbot:

“Arrow Side” Significance “Other Side” Significence

(2) CORNER-FLANGE WELDS — represented by Joint “B” shown above, and the
following welding symbol: 7

“Arrow Side" Significance “Other Side™ Significance
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It should be noted that, for corner-flange welds, the vertical line in the weld symbol must always
appear on the left side when viewed from the reader’s position:

N

Reader’s Viewing Positions

Also, in the case of the same comer-flange welds, but only when the joint is not detailed, the
arrow of the welding symbol must be broken and point to the member to be flanged. The following
sketches will serve to explain this rule:

CASE 1 — JOINT NOT DETAILED:

or

\;L

Symbol Desired Weld

{Arrow broken w identify the
member 16 be flanged)

£\ i
A

Symbol Desired Weld

{Arrow bioken wo identily the
member to be flanged)
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CASE 2 — JOINTS DETAILED:

ot

N —
or \u_

Symbols

(Break in Arrow not necessary
as derail identifies flanged member)

The next series of examples will assist in the understanding of the applicaﬁon of the appropriate
welding symbols:

EXAMPLE 1
EDGE-FLANGE WELDS: FLANGING DETAILED

Desired Weld ' Symbol
(Flanging detailed}
Symbol may be placed on the elevation

but end view must be shown 10 identify flanging
in 2 more definite manner.

. or \
EXAMPLE 2 , /

EDGE-FLANGE WELDS: FLANGING NOT DETAILED

Symbol
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With the desired weld being the same as shown in Example 1, the weldin« symbol for an end view
not showing flanging will be as illustrated in Example 2 — Flanging Not Detailed.

In Examples 1 and 2, both members have to be flanged. It is essential to clarify whether flanging,
and subsequently welding, is to be done from the inside or from the outside of the profile.

EXAMPLE 3
EDGEFLANGE WELDS

- \ | ._ 2 dr-\ BSTEA N
J ]

Lefl . Right Right
End View Elcvation End View End View
Desired Weld Symbol Symbol
{Flanging Detailed) (Fianging Not Detailed)

The concluding comment of Example 2 also applies to this example.

EXAMPLE 4 .
CORNER-FLANGE WELD: FLANGING DETAILED

R 7 (R
“\r -/
Left End View Eievation Right End View
Welding Symbol Specified Weld
{Flanging Detailzd)

It should be noted that the arrow has not been broken, as the detail (left end view) identifies
the member to be flanged.
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EXAMPLE § o
CORNER-FLANGE WELD: FLANGING NOT DETAILED

Left End View Elevation Right End View
Welding Symbol Specified Welid
(Flanging Not Detailed)

Since the left end view does not show flanging, the welding symbol (by means of the break in
the arrow) has been used to identify the member to be flanged. The correctly finished joint is
shown in the right end view.

Placing the symbol on the elevation with no end views shown may be causing interpretation
problems. A symbol on a cross-section or end view is much more positive in specifying the
requirements. : ‘

7.3 Dimensions of Flange Welds

In conformance with the general principle, all dimensions pertaining to flange welds have to be
placed, together with the weld symbol, on the same side of the reference line.

There are three dimensions considered essential to the application of flange welds and should be
included in the welding symbol:

(1) weld thickness — designated by “T™;
(2) height of flange — designated by “H;
(3) radius of flange — designated by “R”

These three dimensions are illustrated below:

Weld Thickness = T

H = Height of Flange

: R = Radius of Flange
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All three of these dimensions must be placed to the left of the weld symbol in one particul~r
order: The radius “R” must be followed by the height “H” and connected with it by a “plus” (+)
sign. Both values must read in the same order from left to right. The thickness of the weld “T* is
to be placed outward {above or below) the flange dimensions.

T ./
R+H
R+H
T

AWS A2 .4 stipulates that the root opening shall not be showh in the welding symbol. However,
if such root opening is desired, it is to be shown on the drawing.

Since flange welds are presumed to be depositéd for the full length of the joint, the same code
makes no specific reference to it. Its omission, in accordance with the general principles, designates
welding for the full length ofthe joint.

However, should there be a situation in which a partial length flange weld is acceptable, the re-
quired welded length has to be detailed on the drawing. This may not preclude the flanging
operation being done for the full length of the joint.

The following examples illustrate the proper application of flange weld symbols, together with
the pertinent dimensions. :

EXAMPLE 6§
EDGE-FLANGE WELDS

Desired Weld Welding Symbol
’ {Flanging Detailed)

§
N
N
M
[
Top View Top View Top View
| | !
: | }
0.05+010 1] ‘ 0.05+0.10][
0.08 0.08
0-08! ——010 or 7 S -Nor
—10.05 R \\\\\\\\w |2t SRR
0.08 008 \
0.05+0.10} 1 0.05+0.10]} |
Welding Symbol

(Fiunging Not Detaited)
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EXAMPLE 7
CORNER-FLANGE WELDS

AR
T

Top View Top View Top View
A / or —— or
] 4 R+H /
- R+H T ]+H
T T
A e A B 7 e ot o ek | R -,,‘,v
R+H
T
e Desired Weld Welding Symbol Welding Symbol
= ’ . o » - (Flanging Detailed) {Flanging Not Derailed)
Lo : {No Break in Arrows) - {Break ir Arrow)

oy

7.4 Multiple Joint Flange Welds

In all cases in which intermediate elements between the two outer picces are a part of the total

Joint, the welding symbol required for the two outside pieces in the joint shall apply, regardicss
- of the number of intermediate pieces between them. Depending on the type of weld {edge or

comer), flanging shall apply only to the outer picce or pieces. In order to; make this information

clear, the recommended practice is to show it on the drawing. The {ollowing examples will help

clarify these provisions:

7.5 Flange Welds with Complete Penetration

Edge and comer flange welds requiring complete penetration may be specified by addition of the
“melt-thru” symbol to the corresponding flange weld symbol.

N

¢

S a) edge flange welds b) corner flange welds
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EXAMPLE 8
EDGE-FLANGE WELD

L4

ey
7y

Lt

T
2y

3 \5%
Top View Top View
R+H
T
i
\‘}: '.
Desired Weld Welding Symbol

{Flonging Detwiied)

EXAMPLE 9
CORNER-FLANGE WELD

® \
3-F
Top View Top View Top View
R+H
T
~ e RGNS
R £\ . SEN
| SR Y N 3
3 N
1 A
2 N
R N
Desired Weld Welding Symbol Welding Symbol
Fianging is detailed, Flanging is NOT Detailed,
hence Break in the Arrow hence Break in the Arrow
is ot required. IS required Lo identify
the Member to he flanged.
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3. BRAZED JOINTS

8.1 General

AWS A2.4 counsiders three distinct welding symbol variations for brazed joints. The first one in-
volves no preparation in the joint except cleaning. The second one involves a scarf joint, which
is a joint used exclusively for brazing operations. The third one involves the use of arc welding
svmbols.

8.2 Applicaﬁon of Brazing Symbols

1) A brazing operation which involves no preparation except cleaning requires only the
reference line, the arrow and the identification of the brazing process in the symbol.
Examples 1 and 2 illustrate this requirement:

EXAMPLE 1
TORCH-BRAZED {TB] JOINT

TB

s 2 % KN ~

Desired Braze Symbot

The Brazing Process. in thiscase Torch Brazing {TB],
must be shown in the Tail of the Symbol.

EXAMPLE 2
FURNACE-BRAZED |FB] JOINT o
-
E: 1
N
i)
(A 4
z 7z
] 1 z
1] %
LB n £ =

Desired Braze Symbol
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2) In the case of the unique scarf joint, the mformation required in the symbol in-
cludes theangle of scarfing and the clearance between the two elements in the joint.

The angle of scarfing is to be placed to the left of the scarf symbol, and the clear-
ance, in accordance with the basic rule, between the two diagonal lincs of the scarl
symbol. The nextexample will llustrate the proper application of the scarf symbol:

EXAMPLE 3
JOINT WITH A SCARF BRAZE

Clearance |CL] = 0.007-0.003 -
B
/ 30° L
302 0.001-0.003

v N

Desired Braze Symbol
If reference 1o a drawing is required to provide
additional infermation, such reference should be placed
in the Tail of the Symbol,

3) Ina gqod' proportion of brazed joints, the arc welding symbeols can be used to full
advantage.
In lap joints, the length of the overlap may be required. If so, the length is placed

on the right side of the weld symbol in accordance with the general rule. A number
" of examples are used to clarify the application of arc welding symbols to brazed

joints: -

EXAMPLE 4
LAP JOINT WITH REINFORCING FILLET WELDS

L= Length of Overlap = (B
A 10.04-005 ™
0.04-0.05 0.06 0.05 [%0.001-0‘003

Clearance

0.001-0.003

Desired Braze Symbol
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EXAMPLE 5
T-JOINT WITH OVERLAP AND REINFORCING FILLET WELD

€L =Clearance = aT
0.001-0.003 0.001-0.003
S 0.05
T RO Y I ]
L=|3T
S 005
Desired Braze Symbeol -
EXAMPLE 6

LAP JOINT WITH FLARE-BEVEL GRCOVE AND REINFORCING FILLETS

T +
—_— 1
) 005
& B R RN H
0.05 S S 0.05
. Desired Braze : Symbol
EXAMPLE 7
T-JOINT
FB
7 kca.c)oo—o.ooz
=SS { 1
Desired Braze Symbol
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T
9. NONDESTRUCTIVE EXAMINATION SYMBOLS [NDE]
8.1 Letter Designations for Examination Methods
The AWS A2.4 specification has assigned an individual letter designation to each of the current
nondestructive cxamination methods. These designations are used to identify the pertinent exa-
‘mination method in the nondestructive examination symbol.
The examination methods and their corresponding letter designations are as follows:
AcoustiC eImMSSION « v o v vvn i v e e e et e AET
Eddycurrent .......ciiiiiinirnennerciacacnanannn. ET
- LT
Magneticparticle ........ ... ... ... . iiiiiaii, MT
Neutron radiographic . ....... ... NRT
Penetrant ... ... ... ..ttt iai it iaaaae e PT
Proof . ... @i S PRT
o Radiographic ........... ere s b s neaaaan RT
" UIIASOMIC « « o c c it i e imaacececivnaresntaanasannsnn ur
Visual ........... e e e VT
9.2 Elements of the Examination Symbol and their Location
In order to convey the required nondestructive examination information, the examination sym-
bol must include the following elements, but need not necessarily show all of them:
¢ reference line, -
J arrow,
¥ examination method letter designation,
v dimensions, areas and number of examinations,
v supplementary symbols,
v tail,
v codes, specifications and other references.
Besides the standard supplementary symbols for “all-around” and “field” operations, an additional
symbol for “direction of radiation” has been introduced:
[N i’:":f.
%@ ‘ The standard locations of these elements are shown very clearly in Fig. 5:
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Length of section -

Number of examinations . to be examined
Reference line - ) \ - /— Examine in field

Tall (N)

Examine ali-around

5o - symbol
£= @
ﬂ S Sk L
Specification {3 . £
or other / g = 2
reference <£ =

Basic examination symbol

Fig. 5 — Standard Location of Elements

9.3 Arrow-Side Significance

The A2.4 Code specifies that the arrow should connect the reference line with the part to be
tested. It rules also that the side of the part to which the arrow points is to be considered the
arrow side. It therefore follows that the side opposite the “arrow” side is the “other” side.

In accordance with the fundamental principle, all examinations by a selected method to be per-
formed on the arrow side are to be indicated by the appropriate letter designation placed below
the reference line or, in general terms, on the side of the reference line closer to the reader’s

viewing position:
uT ™ RT vT \, MT

If examination is to be performed on the side opposite to the arrow side, that is... the other side,
the letter designation has to be placed above the reference line or, in general terms, on the refer-
ence line away from the the viewing position of the reader.
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When examinations are to be performed on both sides ol the part, pertinent letter designations
must bespecified on both sides of the reference line, even if the examination methaods are identical.

VT PT MT MT
—W\ VT ﬂ uT

Should the NDE symbols have no-arrow- or olhc:-sldc significance, they must be centred on the

reference line, as shown below:
—_— NRT e’

AET—/ —PRT
In cases of radiographic or neutron radiographic examinations it is possible to use the symbol to
indicate the direction of radiation by specifying the angle in the following manner:

N
|

NRT

9.4 Combined Welding and NDE Symbols

The possibility of combix'ﬁng welding and NDE symbols is of great practical advantage. It permits

the shop to obtain full information prior to the execution of welding and serves as an indication
of the quality of work required.

Such combinations are common. Since the examination of final welds can only be performed

after welding is completed, it should be obvious that multiple reference lines must be used to
- specify the sequence of operations.

PT
= Ut

UT +RT — LAl

‘ s
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It is also possible to specify more than one examination method in the symbol: P
RT. ' A / RT + PT
T PT+ET RT + MT |

Examination methods having and not having arrow-side significance can be combined. However,
the symb ol must properly reflect this significance:

PT UT + RT / LT+ PRT aT

LT
T UT ——= ’ ) — ET BT

The tail of the symbol should be used for pertinent procedural specifications or other references
essential to the proper application of the examination method.

9.5 Extent of NDE Examination

When a specific length is subject to examination, it should be placeﬂ on the right side of the
letter designation for the selected examination method.

PRT1S /
VTE /—RT 100

In order to specify the exact location of a specific length or lengths of the joint to be examined,
supporting information must be provided on the drawing. The following example illustrates this =
requirement: : L
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Sagiit

EXAMPLE:

SPECIFIED LOCATION FOR NDE
60

12 12 12 12 12

PT 7 TOMT 7 PT 7
Alternative | - ZTQ 12 /MT12 12 AT‘!Z .

. Dimensioning ™~ “prq3 MT12 pPT12

If the entire length of a joint is to be examined, this length need not be specified in the NDE
symbol. - :

On occasion, only 2 given percentage of the total length of a joint will be subject to examination
with the exact location(s) of the segment(s) to be determined just prior to such examination. The
following cxamination symbol is used to indicate such required percentage length:

RT25% /
UT50% MTE0% N\

An examination symbol can also be used to specify a given number of cxaminations at random
locations. This number is placed in brackets and positioned as shown in the symbols below. The
required length to be examined may also be inclided in the symbol:

(10) ’ {a)
AT PT / /
| : MT 50 Ut 15 RT10
(4) - (3)

151




Fundarnenials of Welding Technology

The all-around symbol is used to specify examination of the weld around the whole joint:

B —n—a_

MT

With the use of welding and nondestructive examination symbols, effective means are provided
for more responsible control of the cost of inspection without detracting from the integrity of
welded fabrication.
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10. APPENDIX ® DESIGN OF STANDARD SYMBOLS — (Dimensions in inches)

0.20 +—1.00 £ 0.20
. !-30‘ min.
.
1.
0.20 l" 45°
— I 2 0.25 ’ /\ 7 ;
-—] e—~0.12
2. 5.
l—o.zo 45°
L 3.
d F 7 ~0.20
; e h ] 1
{ T
45° t
3 8.
/—0.123
_ 0.25
0.12} } }}( ', 0.25 ‘L ;) i "0.12
1 b1
0.12R
4

MNotes: 1. Unless otherwise specified, tolerances shall be + .04 or ¢+ 1° as applicable.

2. All radii are minimum dimensions.
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DESIGN OF STANDARD SYMBOLS — (Diménsions in inches)

ba ™)
o
o
L
N

Q.12R

0.12 0.12—
-8 - 9,
¢ < : ¢ ? :
0.25 .12
0.12R
0.50
10 11
W 1 , .
L 3 i
0.25 : R 0.25
- 0.12R f \‘
. 0.12R
0.12 0.12—w
12. 13.
0.12
p! O .- O — 2 @ & ‘A‘ & J
0.25 DIA 037
NOTES: 1. Unless ctherwise specified, tolerance shalt be + .04 or ¢ 1° as applicabie.
14 2.  Ali radii are minimum dimensions.
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DESIGN OF STANDARD SYMBOLS — (Dimensions in inches)

0.30R-

N

v

0.18 DIA
15. 16.
G2 012 — 0.30
kA
0.25— \ > o.so~—‘ l—
' o b
17. 18, "
45°
0.12——
v .
a. b.
e 080 f—
1——0.20
[~
NOTES: 1. Uniess otherwise specified, tolerance shalibe = Qdor = 1° as applicable.
19 2. All radii are minirnurn dimensions.
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Designation of Welding and Allied Processes by I;etters

listed alpabetically by Process

Welding end Letter Welding and Letter
Aliizd Processes Designation Allied Processes Desigrnation
adhesivebonding .................. ABD soldering ... ... . ... S
arcwelding ............. e T AW dipsoldering ................... DS
atomic hydrogenwelding . .. ... ..... AHW fumnacesoldering .............. .- FsS
bare metalarcwelding . .. ..... ... .. BMAW induction soldering ... ............ IS
carbonarcwelding . .............. CAW infraredsoldering ................ IRS
85 e e e menmcaaae e CAW.G fronsoldering. . . .......... ... ... INS
shielded .................... CAW-S resistance soldering . . . . ... .. ... .. . RS
TWIN L. P CAW-T torchsoldering . .. .. ............. TS
g]ectrogaé e FEGW - wavesoldering . ... ... .. ... ..., WS
ux cored arc welding .. ... .. S CAW . 13 g
gas meta] 'arc weldfn]g ______________ GMAW Sohd'state ":EIdmg : b S e st
pulsed &1C « - . oo GMAW-P coextrusion welding .............. CEW
short circuiting are ............. GMAW-S gqggl\a_reldmgl Qi STTTT T cw
gas tungsten arc welding. . . .. ... ... . GTAW HIUSION WEIGME . .. -« v v n s DFw
PUISBE AIC « o v+ oo GTAW-P explosionwelding . . ... ........... EXW
shielded metal arc welding - . . . ... ... SMAW forge welding . ..o Fow
studarc Welding - . - -« oo oo SW rictionwelding ................. FRW
submergedarcwelding. . ... ........ SAW hot pressure welding ... ........... HPW
series ) SAW-S rollwelding ... ......... .. oo, ROW
o s ) ultrasonicwelding . .. .. .. ...... ... Usw
e Swasing 111110 4R themlentting L TC
block brazing . . ... i............. BB arc outting - .- - - - e AC
carbon arc brazing - . - ... CAB air carbonarccutting ........... AAC
diffusion brazing DFB carbonarccutting. .. .. ... .. ..., CAC
dip brazing CrTTrrtrrnmrey DB gasmetal arceutting ... ... ... .. GMAC
ﬂgw BRRZIRE . " FLB gastungstenarceutting . ......... GTAC
furnace brazi g Tt A o FB metalarccutting . ........-.... MAC
induction brazg ... B plasma arc cutting . 1. ... PAC
infrared brazi g . IRB shielded metal arccutting . . . .. . ... SMAC
resistance lbmraz]i - g. A RE electron beam cutting .. .. ......... EBC
puinptt IR laserbeamcutting . .. .. ........... LBC
torchbmzing .. ......0 i inean, TB - <
: : T A LBC-A
Other Welding Processes eVAPORAtIVE . .. .. .. i LBC-EV
electronbeamwelding . .. .. .. ... ... e WEBW Mertgas .....-vviannaiaann. LBC-IG
highvacunm .. ............... BW-HV OXVECD v v v iv vt e e meamae e LBC-O
medilm VACUUIM . & oo vt v i anne s EBW.MYV oXygenoutting . .. ... ... ... , oC
DORVACUUIN . . & - v v vemmaesneenn EBW-NV chemical fluxeutting . .. ......... FOC
electrodagwelding ............... ESW metal powdercutting ..... ... ... PGC
flowwelding .........cciiainnn FLOW oxyfuelgascutting .. ........... OFC -
inductionwelding . .. ............. w oXyacetylenecutting .......... OFC-A
laserbeamwelding ... ............ LBW oxyhydrogencutting . ......... OFC-H
thermitwelding .. ... ........... ™ oxynatural gascutting ......... OFC-N
oxvinel eas welding . -« oo OFW oxypropane cutting ........... OFC-P
ﬁruacitylene we%ding .............. AAW OXygen arc cutting ............. A0C
oxyacetylene welding ... .. ........ OAW oxygenlance cutting . .. ... ...... LocC
oxyhydrogenwelding ............. OHW thermalspraying . . ... ... ... oo THSP
pressuregaswelding .............. PGW ArCSPraying - .. ..ot i ’ ASP
rasistaﬁce weiding __________________ Rw ﬂame sprayufg Fede T e s e FLSP
flash welding . - - v oo FW plasmaspraylg - ... oo viiiin o ann PSP
percussionwelding . .............. PEW
projectionwelding ............... PW .
resistance seam welding .. ... .. .. ... RSEW - . .
highfrequency - . ... .. ......... RSEW-HF ?vueggxf fagq&?ﬁﬁ’} Use in .-App!y mg
induction ............ e e RSEW-{ gana Allled frocesses:
resistancespotwelding ............ RSW ABTOmEtiC - - . v i e e e AU
upsetwelding . .. ... ..ot Uw Machine ... ....... ... .. .. c... ME
highfrequency . . ....... ... ... UW-HF Manwal ... ... ... .. .. ... MA
Induction . ...-iai o Uwd Semi-Automatic ... ... ... ... SA
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Designation of Welding and Allied Processes by Letters

Usted as alphabetical cross reference by Designation

Letter . Welding arid
Designation . Alided Processes
AAC L. eeaa air carbon arc cutting
AAW L.,  air acetylene welding
ABD ... adhesive bonding
AB. .. ol AP arc brazing
Y arc cutting
ARW ... L., ". . . . atomic hydrogen welding
AQC ...l ". . 0Xygen arc cutting
ASP ... Foeaua arc spraying
AW L., e A . arc'welding
B.. . ... e etenateeeraeeaea. brazing
BB......................,:. block brazi
BMAW .. .. e e e bare metal arc welding
CAB. . oo i i -. . . . carbon arc brazing
CAC.......... e carbon arc cutting
CAW ... ... ... *. . carbon arc welding
CAW.G ........ e eeaaaa gas carbon arc welding
CAWS ...... A shiglded carbon arc welding
CAW-T ................ twin carbon arc welding
CEW ... .......... e e ... . cOextrusion welding
CW cold welding
DB.......... darae e faeeaa dip brazing
DEB . ... e diffusion brazZing
DEW ............. SR . . diffusion welding
DS.......... et eaans -« ... .dip soldering
EBC.......... . electron beam cutting
EBW ................. - €lectron beam welding
EBW-HV ... .. electron beam welding — high vacuum
EBW-MV . . electron beam welding — medium vacuum
EBW-NV ..... electron beam welding — non-vacuum
BEGW ... i electrogas welding
BSW .. .. i % . . electroslag weiding
EXW ..... et explosion welding
FB ... i i ittt furnace brazing
FCAW ........... ... .. fuxcored arc welding
FLB ..o ittt i ittt ennnan flow brazing
FLOW .. ... .. iiieninncanan flow welding
FLSP . .. i . flame spraying
FOC..... ... .... “. . ... chemical flux cutting
FOW ....... feacaraeear e forge welding
FRW ... friction welding .
FS.......................furnace soldering
FW o %l .... flash welding
GMAC ................ .« gas metal arc cutting
CMAW ... .............. gas metal arc welding
GMAW-P....... gas metal arc welding — pulsed arc
GMAW.-S . gas metal arc welding — short-circuiting arc
GIAC........... .. . . . pastungsten arc cutting
GTAW ..... e e eeeaan gas tungsten arc welding
GTAW-P ... .. gas tungsten arc welding — puised arc
HW ...l hot pressure welding
IB ... induction brazing
INS .......... fete-se+sa... ironsoldering
RB .. i e it infrared brazing

Letter Weldéng and
Designation Allied Processes
IRS ..... e b infrared soldering
IS L. induction soldering
w..... e e induction welding
IBC. ... L, laser beam cutting
IBCA ..... et aaaa - laser beam cutting — air
LBCEV [....... laser beam cutting — evaporative
IBCIG.. ......... laser beam cutting — inert gas
IBCO ......... ... laser beam cutting — oxygen
ILBW ..... e i, laser beam welding
LOC. ., oxygen lance cutting
MAC ...... e, .--- . metal arc cutting.
OAW ... ....... e oxyacetylene welding
OC . .. i e e oxygen cutting
OFC........ e, oxyfuel gas cutting -
OFCA ... ... ... oxyacetylene cutting
OFCH ... ......... - .. .. oxyhydrogen cutting
OFCN ...... PR P oxynatural gas cutting
OFCP ..... “ e as.... OXyprOpane cutting
OFW ... . ... oxyfuel gas welding
OHW ...... et oxyhydrogen welding
PAC ...... ... ... . ... plasma arc cutting
PAW ... ....... e plasma arc welding
PEW.......... e e .. . percussion welding
PGW Ll -~ <+ »« - Pressure gas welding
POC.......... ..., -« '+ . . metal powder cutting
PSP .......l ... e he e plasma spraying
PW.......... e, . < . - . projection welding
RB. el e resistance brazing
RS.......... [P resistance soldering
RSEW ............... resistance seam welding
RSEW-HF . . resistance seam welding —high frequency
RSEW ...... resistance seam weldifg — induction
RSW ......... R resistance spot welding
ROW-. . . i, . roll welding
RW . resistance welding
S e e e e soldering
SAW ...l submerged arc welding
SAWS _........... series submerged arc welding
SMAC .............. shiielded metal arc cutting
SMAW .............. shicided metal arc welding
SSW....... e eeaaaa . . solid-state welding
SW. e stud arc welding
TB .l [ torch brazing
TC i ettt thermal cutting
THSP ... e thermal spraying
TS e, e eeae e torch soldering
TW e i e thermit welding
USW ... ... ... " . . ultrasonic welding
UW .. e, upset welding
UWHF.......... upset welding — high frequency
Uwi ..... e easeeaan upset welding — induction
| 7 wave soldering
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- Basic Welding Symbols and Their Localion Significance

Location " Plug Spetor Back or Flange Fiange
Significance Fillet or Slot Prajection Stud Seam Backing Surlacing Cormer Edge

Groove weld
bot

sym V'
ST oI N [T VT I

|4 / F o
Other Side /—B—- i/ O / l::;d _i/ \ SG;‘%?I' e sggd l L ﬁ\ A J L
; -

Arrow Side

Net Not Not Not Not Not Not Not
Both Sides used used used - used used used used used
" d N N )
pefribad Not Not Not Not Not Not Not
Slgnificance used wsed - used . used ‘used used used
. Location Grogve Scart for
Significance Square \J Bevel u Flare-V Fiare-Bevel Brazed Joint

Jd
Arrow Side \ ” /\ /\r '\ / h \/ A ~ l\/\ F 4 7;7
¥ /\ - A b /4

Other Side AN ” N ;/ \/

C
v
N
M|

' N s
Both Sides : Y \ “__ g W i
TSN I~ AN A NON AN
No Arrow Side
or Other Side Not Not Net. Not Not Net Not
Significance \ used used used used used used used
Supplementary Symbols Location of Elements of a Welding Symbol

Consum-

Weld-all | Field Meits able | Backing Contaur Finish symbal Groave angfe; mnciuded
 Around | Weld Thry Insert Spacer | wush | Coavex | Concave Contour symbol ?;rg;?u{;‘ :grgslersmk
) Ce : . Root opening: depth of filling . .
: ; : - . for piug and slot welds L_engln ot weid )
L’ ; Filch (¢enter-lo-center
Groove weld size spacing) of welds
— N L Depth of prepaation; -

9"‘"’ 'f Ao size or gth Field weld symba}l

rd F fE]- \ \ \ for certain welds
progass,

>
OTHEH’
BIDE
e

ﬁ raference kne to
2 R P arrow side member
" S (E) - L" ©f joint or amow
Basic Joinis ¥ side of joint
tdentification of Arrow Side and Other Side of Joint 5
- Tail a
Buit Joint Corn‘er Jolnt (Fail omitied .
Arrow side of joint Asrow side when reference Wetd-all-around symbol
of jaing = is not usad) ( N) \
Acrow of . Raference line
welding symbaol Basic weid symbol Number of spot, stud, or
or ¢etail refecence projection welds
Elements in this area
remain 83 shown when ___|
tail and arrow 2re
reversed
Artow ol
welding -
Other side symbol
of foint
T-Joint Lap Joint Edge Joint Process Abbreviations
Oth ArTow si
Arrow of Arrow side memerb:rigf joint Side

welding

ot joint
symaol

Where process abbreviations are 10
e included in ihe 1ail of the wekiing
symbol, reference is made to Table 1,

Designation of Welding and Atlied

Processes by Leters, of AWS A2.4-86,

A t Arrow sida
Qther sice w;‘}%‘-;,; member of
of joint symbol foint S50 N.W, Leleunc Rel.. Miami, Florida 13126
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"STANDARD WELDING SYMBOLS

Typical Welding Symbols

Deouble-Fillel Welding Symbol

Chain intermittant Fillet Welding Symbol

Staggered Intermittant Fillet Welding Symbol

Length Fiteh {distance Piteh (distance
. engt botween centers) between centers)
Viald gize \ i of ingrements of increments.
[ 6 518 2-5 w2 3-3
w6 4 ey E 26 12 33
Omission indicates that uéﬁi: size _/ \- e _/
ds betwee : .
1 Chrection of 8% dimensioted. ttength of teg) Length of increments {iength of leg) Length of increments
Plug Welding Symbot Back Welding Symbol Backing Welding Symbol
inciude angle of Pitch {distance :
R countersink ] between centers) Back g -/ Backing
S;z o (! diamater —\w of welds weld : weld
ol hiole at i | o — — ——— 3 s . ———— e ot s . s —— . OO — o
rqot} T~ ' ond operation . "= Tt oparation
1st cperation 2nd aperation
Depth of filling in inches
{omission indicates filling is complete}
- Spotl Welding Syrabol Stud Welding Symbal Seam Welding Symboi
Size or Number of welds : Increment
strength —\ /- /- Fitch 'Size or fength '\ / Fich
strength
-\w 3.5
w2 s RSEW
>,
\- \ Pilch /
P Size | \ Number of studs ) Process
Square-Groove Welding Symbal Single-V Groove Welding Symbol Double-Bevel-Groove Welding Symbol

Wcld_/ \.
size Root opening

Depth of preparation

Root’
cpening

Weld si&\
- ™

. . (114
Weld size "

P Arrow points toward
weld size \_Gm,ve angle member 1o be prepared
Symbeol with Backgouglng Flare-¥ Groove Welding Symbot Flare-Bevel-Groove Welding Symbol
Depth of
preparauan—\ - weid'size
a7 Back o)
Souge o
\- Weld size
‘Multipie Reference Lines Complete Penetration, Edge Flange Welding Symbol
ist operation on line complete p
regardless of of weld
pearest arrow or jolnt prepsgfe Radius.
2£nd operation
3rd operation w:;um\
/ :v;elc‘!-/" Height above point
of angency
Flash or Upset Welding Symbol BMall-Thru Symbol Joint wih Backing
Process re!eren7
- NS I
w2
R’ Indicates backing
removed after weiding
Joint with Spacer Flush Conlour Symbol Convex Coatour Symbo}
R With modified groove weld symbol
/A 12\
Double beval groova
“ shouid be Lnsarsiood That thess chusts are intonded only 83 shop sids. The onty Compists and Official of the standard weiding symbols & i1 AZ.4.
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SYMBOLS FOR WELDING
MODULE 3

Guides & Exercises

To obtain maximum benefit from this module we suggest that you follow this guide and
complete the exercises as indicated. 1t is important that you work through the text
methodically, studying each section thoroughly before moving on. The exercises are
designed to give you an indication of whether you have learned the material and can move
on or whether you need to go back and study the section again.

Do the exercises honestly. They will not help you unless you take them seriously. If you
get a question wrong go back through the text untif you understand where you have gone
wrong and know the cotrect answer.

The length of time required to complete the module will vary from student to student. Find
your own pace. Do not rush. Remember you are trying to teach yourself something, not
win a race. o : : ‘

Some people like to underline sections when they read a text. We suggest that you use
caution if you do this. What you think is important first time you read it may be different after
reading it three times. We suggest you read a section three times thoroughly before
highlighting anything.

The last exercise is designed to give you an indication of whether you are ready to take the
WIC closed-book exams. The exercise questions are of a similar standard to the official
exams. Do noet take the exam until you feel you are ready and you may wish 1o study
several Modules before taking the exams on each. The details of the examination
procedures are on a separate sheet. '

If you have any difficulties with this Module do not hesitate to ask for help. You may find
you learn more by attending some of the seminars and you should alse contact your local

" WIC Chapter to see if they can be of assistance. Remember, i you fail the examination you

can always try again later.

G2
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MODULE 3
EXERCISES

Section 1 - Fundamentals

Joints and Welds

State whether the description as given is correct or not. If not, provide correct
description.

@ N\

Butt Weld

| Nz
N

Tee Butt Weld

() W%///////?

Corner Buit Weld

G3




MODULE 3

2.  Symbol Application

For the joint as shown in 2 and 3 a proper welding symbol is required. State
whether the symbol applications are correct or not. if not, give reason.

Example 2.

Single bevel groove weld in a butt joint

(b) A —i

G4
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MODULE 3

Exampie 3

Joint extremely unlikely in practice but selected for the sole purpose of our exercise.

Butt joint with single bevél and single J-preparation as shown.

(@)

{b)

[ 4

Note {1) - Depth of preparation is
of no concem in this exercise.

Section on groove welds will deal '
. with this aspect. :

Note (2) - Obviously two separate
symbois can be used o specify
the required preparation. Such
correct symbols without the depth
of preparation, will be as shown,
however, their use will be far less
preferred than that of the double
combined symbol.

Lol

G5




MODULE 3

4, Complete welding symbols for the following joints.

(a)

{b)

-

e———————

€

(d) N\ 7(';
AN\

Gb6




MODULE3 .

5. Draw required joint preparation and welds.

(a) ‘%‘\

(b)

{c) E _\/_

G7




@

{&)

(©

@

®

@

(b)

MODULE 3
ANSWERS

{Section 1)

Incorrect.
A (square) groove weld in a buit joini.

Incorrect. :
A (double bevel) groove weld in a T-joint.

Incorrect.
A (single bevel) groove weld in a comer joint.

Correct.
Symbol specifies preparation on arrow side in agreement with sketch.

incorrect.
Symbol is correct with respect to preparation from arrow side but weld symboel is
incorrect. The vertical line of the bevel symbol must be on the left.

Incorrect.
Symbol specifies rgverse preparation io that shown in sketch although in the proper
member.

Correct.
Correci preparation on proper member.

G8




MODULE 3

ANSWERS (Section 1} continued

4,

(@

: (b}

©

(@

()

5

/—L_m_/

y, <

Symbol calis for an impossible weld. A V-groove weld requires preparation of
|

thickness faces of both members. The face of the harizontal memberis its
surface, not its thickness. :

G9
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MODULE 3
T EXERCISES

Section2 - Grooves

1. For the joint as shown, resolve whether the suggested statements are correct or not.

If not, give a reason.

o°

43 AL L A T

.
L .

{8  The bevel angles for the “U" and bevel grooves are 30° and 50° respectively.

18

20

{b}  The single bevel groove has no angle at the root, only the “U” groove has one.

G10




MODULE 3

2.  State whether the applied welding symbol specifies the preparation and welding of
the joint as shown. If not, give reason.

(10) 12

@) (15) 18
15 | 18
10 12
I 2
¢
NS
(®) 20 (23) A\
60°
20 5 23 e
4 4////1/////;
20 . 23
A

659

Gi1




MODULE 3

(c)
{d)
3, <
: E
1g
65°
-
1
: 8
. r> NE
L
GTSM P 34 S
450
Gi12

N




@

(b)

@

®

{c)

MODULE 3
ANSWERS

(Section 2)

Incorrect.
- the bevel angle for the “U" groove is 30° /2 = 15°
-the bevel angle for the bevel groove is 50°

Incorrect. _

Both grooves have an angle at the root except for:

) the single bevel groove, the bevel angle (50°) is at the same time the angle at
the root, while:

(i} in the “U” groove, the angle at the root is shown to be 90°.

Incorrect.
Symbol is correct except that weld sizes (12} and {18) should appear in brackets
and not depths of preparation as shown in the symbol.

Incorrect.
The applicable groove information for the other side should appear above the

" reference_ﬁne._

20 (23) S/

Effective weld size = 44 mm 20 (23) 4\
. 60°
Correct.

A single groove symbol without depth of preparation and weld size specified
denotes preparation for full thickness and penetration equal to the thickness.

G13
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MODULE 3

ANSWERS (Section 2) continued

(d)

incorrect.

- The vee symbol and dimensions should be below the reference line as the groove
is on the ammow sids.

The tail on the same reference line should show “GTSM" as this operation must
follow the completion of the “V™ groove weld.

- The bevel symbo! and dimensions should be above the reference line as the
bevel groove is on the “other” side.” ,
The tail on the same reference line should show “CJP" designaticn, so that after
completion of all operations specified in the symbeol, the finished groove weld will be
a complete joint penetration groove weld. The correct symbol will be:

GTSM / 7 /\

cJp
i

G114




MODULE 3
EXERCISES

Section 3 - Fillet welds

1. State whethér the welding symbols as shown or applied are correct or whether they

specify the welds as required. If not, give reason.

(@)

(b)

L 5 mm fillet

Y

R0

g mm :"et S~—— _

{©)

(14+516) N

G15




MODULE 3

EXERCISES (Section 3) continued

1.
{d)
8
3 6
(&) 3 3 3
112 ’ 112 -
F et /""‘T
be .'—"r SR : ' . | TMNHE J
3 3 8
11
prd 2
I\ 3-8
3 3 1,/ 3-8

G1i6




MODULE 3
ANSWERS

{Section 3)

(&) {ncorrect.
- Fillet weld symbol should have ifs vertical line oni the left.
- Pointing direction of the flag is optional. Hence either is acceptable.

{b) Correct.

{c) Incorrect.
- Weld symbol and dimensions should be placed below the reference line.
- The two sizes in the brackets should have an “x™ and not & “+” sign between.
- Any order of leg sizes is acceptable. Hence symbol should be:

N /(U}Xsw) 4
. {d) Incotrect.

- The “other” side of the joint is jnside the hollow section. Hence the proper

symbols are:
6 |/ N\, /S e

/]
%
4
4
Y
7
Y 7]

/e CITAIILEL Y

I TLTILIITS

{e} Incorrect.
Pitch is the center to center spacing of increments on one line of weids, which in
the example is 16".
The 1/4 fillet size must be specified below and above the reference line. Hence

comeet symbol is:
e N 3~:5\

ZERC

G17




MODULE 3
EXERCISES

Section 4 - Plug and Siot Welds

1. . Provide answers 1o questions asked, or state whether the welding symbol specified
welding as shown. i noi, give reason.

il
1

(b) Plugwelds as shown with spacing 6"c/c:

{a).

400

.
R

N\
N

L 1
S i

{c} Can the orientation and the location of seam. welds be specified in the welding
symbiol?

G18
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(b)

{©

MODULE 3
ANSWERS

{Section 4)

Incorrect.
Plug weld is made in the “other” side member, hence weld symbo! must be above

reference line.

Incorrect.
- Weld symbol and dimensions should appear below reference fine as plug weld in
the arrow side member.

- The diameter of the plug is 1" and should appear on the left side of the weld
symbol.

~The depth‘of filling is 5/8 and sﬁould appear inside the plug Weld symbot.

/ 1 |5 |6
Hence correct symbol is: 400

| T
No.

Supporting detail drawings must be provided to show both the orientation and
location of seam welds.

G19




MODULE 3
. EXERCISES

A - Section 5 - Spot Welds - Seam Welds

1. State whether the symbols or symbols and statements as shown are correct or not.
If not, give reason.

()
O
g
W
/ e
(b)
' .M
/ = QSW
()
3)
P
(@ 1, y;
IR @) ~(FeAw
!

G20
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{b)

©

(d)

MODULE 3
ANSWERS"

{Section 5)

Incorrect.

RSW process has ng side significance. Hence symbol-must stride the reference
fine.

The number of spots should be put in brackets: (2)

Incorrect (impossible).
The weld is not exposed. Hence it cannot be machined.

Incorrect.
The number of welds is not applicable io seam welds.

Incorrect. _
The size of the weld is"1/4" and not 1/2". Hence the symbol should be:-

<o

G21
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(a)

(b

MODULE 3
EXERCISES

Section & - Surfacing Welds

State whether symbols as shown are correct or not. If not, give reason.

o

G22




MODULE 3
- ANSWERS

{Section 6)

1.

@ Incorrect.
Size (4 mmy} should be to the left of surfacing symbol.

P

{b) Incorrect.
Surfacing symbol must always be below the reference line.

/14 N

{c incorrect.
Arrow has no side significance. Separale symbols are required for each side.

N —4

G23
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1.

(8

&)

MODULE 3
EXERCISES

Section 7 - Flange Welds

State whether symbols as shown are correct or not. If not, give reason,

G24
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(b)

MODULE 3
ANSWERS

{Section 7)

Incorrect.

- Weld symbol is for single bevel flare groove weld and not for edge—ﬂange weld.

- Weld symbol is on the wrong side of reference line - as welding is shown to be on
the amrow side;

Hence symbol! should be:

pd Y4

incorrect.
- Break in the arrow is not required;

. - Dimensions and weld symbol should appear above the reference line,

- Weld symbol is for comer-flange and not for edge-flange weld as required;
- The order of dimensions is not correct. The welding symbol should be:

sﬁto}\/

G25




MODULE 3
EXERCISES

_ Section 8 - Brazed Joints

i. State whether the symbols as shown are correct or niot. If not give reason.

(a)

SR I

G268




MODULE 3
ANSWERS

{Section 8)

(&) Incorrect.
The scarf angle in the symbol is not correct. 1t should be 180 —150 30°. Hence,
the symbol should be:

300

t\ 0.602

“{b) 1ncorrect (xncomplete)
The brazing process. is mlssmg inthe symbol h‘ furnace brazing is to be used the

symbol will be:

0.003

Ga7
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MODULE 3
EXERCISES

Section 9 - NDT

1. State whether the symbols as shown are correct or correctly refiect the given
requirements or not. if not, give reason.

(a8}  Required: complete examination of the welded T-joint.

()

/ 10 MT (7)

G28




MODULE 3
ANSWERS

(Section 9)

1.

(@) Incorrect (incomplete).
The test symbol should specify NDT. on both the arrow and other sides:

MT

{b) incomect.
- - The length of the segment must appear on the right side of the basic test symbol.

- The number of locations (7) must be placed -as shown below in the correct symbol:

MT 10
@

G29g




'MODULE 3
SYMBOLS FOR WELDING

TEST

This test is designed to determine whether you are ready to attempt the formal
examination.

Complete the ANSWER SHEET and compare the results with the TEST KEY. If you have
a pass mark less than 70% you are advised to re-study the material.

G30




MODULE 3

Question 1

Indicate the welds and geometry of joint which
agrees with the welding symbol shown below.

~
K
(34)l'8
P
135 \L [/
i / 34
o
{a)
1g
T —
\ N/
3 / 14 s \(X— 8
: L3
1g
(b) (c)
18 13
T ——
\ 34 \ / 34
3g IS 14 3g 7:.‘\ ,

(d)

G31
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MODULE 3

Question 2

Show the correct joint geometry for the welding

oy

symbol shown.
500
14 8 4
/
316 AN
40°

1
12" A | 4
345

@

R AR T | - a] ‘ %16
: - 116' 12‘

1g®
14
\ -
500
L. ©
40°

e 346
12u 1 AN 12"
¢ 3t6 | . L

[ @ o

Ga32
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MODULE 3

Question 3
Select the correct preparation and weld
indicated by the welding symbol. Select the
correct answer {a) o (e) inclusive.
4)
A 16) Ar— 516 1) ]
8 ) Sg
518 / 516 |/
X St . X 516
D (0
o) S (~
B
5‘;\ G1e) 5;\r 18 16)| |
51¢ 516
X 51 ﬁX 516
— I 5
— 5g .T_____ s
516 f \
d) (e) |
G33




MODULE 3

Question 4

E Select the welding symbol which agrees with
’ the geometry and the welds shown below.
28 )\I 34
150
3 % 1 | : |
@ Weld first 8 2
a
135
N i
159
12414 V
S - 38+ 14A ‘ i
1g
age
A
1’4
(b} ©
15¢@
1g N
12 l/
_ /GP
3 ﬁh ~N
30°
A
| @ (&)
G34 I
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1 r—/

— 38 * Fillet

12" Fillet

MODULE 3

Question &

Select the welds which agree with the welding
symbel shown below.

e

e forensy

(a)
12" Fillet
Bar g - =
'\ ﬂ ,/—- 8 " Fillet ___& /—-v 3g Fillet
12 * Fillet —/L
(b) {c)
——-I 12 " Fillet
ey oy m—————— - /—
30"
3g* Fiilét
12 " Fillet __/I l N 3g " Fillet i \/
{d) {e)

R T ETR  TR  S  A

e e A L Ll
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Canadian Welding Bureau
Answer Sheet - Module 3

Complete the "Answer Sheet" and compare the results with the "Test Key". If you have
a pass mark less than 70%, you are advised to re-study the material.

Please circle only ONE letter corresponding to the answer you think is most correct.

w QUESTION _ ANSWERS
1 a b c d e
2 a b c d e
3 a b c d e
4 a b c d e I!
D a b c d e "

The answer key below is provided for your use in the event that you wish to retest
yourself.

QUESTION |  ANSWERS ' |
1 a b C d e
2 a b C d e
3 a b c d e
4 a b c d . e
.5 a__ b c d e |

G37




Canadian Welding Bureau
Test Key - Module 3

Compare your answer sheet to this key.

" QUESTION ANSWERS

| 1 a b c- d
2 a . c d e
3 a b c @ e
4 3 b c d @

H 5 (@) b c d e

G38







