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INTRODUCTION

Welding symbols and print reading are indispensable skills for the modern welder. This
hands-on course was developed and fine-tuned over aten-year period a Monroe County
Community College (M1) for the Welding Technology program.

The hands-on nature of this course makes it unique among typical print reading courses.
In most textbook-based courses, students ssmply look at numerous sample prints and
answer various questions in hope that they will learn to read prints. In this course,
however, building weldment models according to prints leaves no doubt as to print
reading ability. Using foam instead of steel, and glue instead of filler metal, allows the
student to make both simple and advanced weldments while concentrating on building
print reading skills. The course finishes with three weldment samples which match the
AWS Certified Entry-Level Welder test weldments. Those welding students who are part
of the AWS SENSE program will find this aspect Hands-On Print Reading for Welders

especialy valuable.
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TOOLS AND SUPPLIES

For this hands-on course, you will be constructing ten weldment projects from expanded
polystyrene foam board, PV C pipe, and hot-melt glue. In addition to the printsin this
workbook, the following supplies and tools will be used for constructing the modelsin
this course:

Expendable Supplies

11" x 17" x 316" (5mm) expanded polystyrene foam, 4 sheets. Refer to the cutting
sheet to ensure that you will be able to obtain al the needed pieces from the 4
sheets. Therewill be alittle left over for rework if needed.

11" x 17" x °/s” (16mm) expanded polystyrene foam, 1 sheet. For two of the
projects, you will be gluing three layers of °/s” foam together with PVA (white
glue) to make athicker block.

¥4" Schedule 40 PV C pipe, 7 pieces of assorted lengths.

PVA (white glue).

Low temperature glue sticks. Don’t use high temperature glue sticks on

polystyrene foam—it will melt the foam. ]

Safety Glasses. Always wear safety glasses wherg with tools.
Basic drafting kit, including compass and protr @

Square.
Inch/metric tape measure.
Cutting board. Always use the cutting,boar en cutting foam with a razor

knife. Don't use this board for fo ecially after using it in the shop.
Razor knife.

Hole saw. Y ou can use thediol y hand to cut foam, or chuck it into adrill
press (not included).
ti

Fine tooth saw. Good fer thick foam pieces.
Low temperature . Use with the low-temperature glue sticks for
“welding” the her.







1. Introduction to Welding Symbols
Purpose of Welding Symbols

Welding symbols are used on engineering drawings to convey welding, brazing, and/or
nondestructive examination requirements. They can be simple, showing only the weld
locations, or complex, showing all aspects of aweld including joint design, type of weld,
extent of welding, finishing method, and even the welding process to be used. The
welding symbols presented in this text are based on the most current edition of AWS
A2.4, Sandard Symbols for Welding, Brazing, and Nondestructive Examination,
published by the American Welding Society. These are the symbols used on drawings
throughout the United States of America. Welding symbols used in Europe and Asiaare
similar, with the mgjor difference being in the appearance of the reference line and the
use of only metric measurements.

The forward to AWS A2.4:2007 states the need for welding symbols quite clearly:

Joining processes and examination methods cannot take theiriproper place
as fabricating tools unless means are provided for conveying rmation
from the designer to joining and inspection personn symbolsin this
publication are intended to be used to facilitate comiy
designer, fabrication, and inspection personnel. @
welded throughout” or “to be completely edy. ipseffect, transfer the
design responsibility from the designer togrodu?ion personnel, who

cannot be expected to know design reguir

What remains unfortunate in the welding i isthat while many welders study
welding symbols extensively, many ghg and designers do not; and therefore it may
be up to the welder to interpret th jOner’ s intent from often incorrectly drawn welding
symbols. A thorough understant oper welding symbols by both welder and
designer is essentia to transmi gn intent to the finished product.

h
Reference Line an rpow

All welding sy e on ahorizontal reference line. On aprint, the reference
line is approxim 1-inch long, and is aways horizontal. An arrow is drawn from one
end of the reference Ifne to the weld joint on the drawing. There may not be arrows
coming off both ends of the reference line; the end of the reference line opposite the
arrow isreserved for atail bracket (more on thisin alater chapter). Theinformation
about the weld, which is placed on the reference line, is dways presented in the same
order regardless of which end of the reference line the arrow is attached.

Each weld joint on adrawing will have one, and only one, welding symbol. The welding
symbol is usually shown in the drawing view that most clearly shows the weld location.



The same weld symbol is never shown in two different drawing views, just as dimensions
on adrawing are never shown in two different views. Asshown in the following
illustration, aweld joint has two sides: the “arrow side” (the side which the arrow is
pointing at) and the “other side” (which is found by following the joint root to the side
opposite the arrow. Welding information about the “arrow side” of thejoint is placed
below the reference line, while information about the “ other side” of thejoint is place
above the reference line.

OTHER SIDE
ARROW SIDE
ARROW SIDE
OTHER SIDE
BUTT JOINT
OTHER SIDE
ARROW SIDE
_OTHER SIDE _
ARROW SIDE
CORNER JOINT
- f \ >
OTHER SIDE
‘ ARROW SIDE

ARR(?W SIDE

OTHER SIEI)E

T-JOINT

ARROW SIDE

_ | ] OTHER SIDE
\ ARROW SIDE |
s OTHER SIDE_/

LAP JQI
OTHER SIDE
ARROW SIDE |
S ARROW SIDE

EDGE JOINT

OTHER SIDE




Weld Symbols*

The most basic element of awelding symbol isthe “weld symbol” itself, which tells what
type of weld isrequired: fillet weld, groove weld, plug weld, etc. For groove welds, the
type of joint preparation is specified by the weld symbol. There are 17 different weld
symbols, shown in the following illustration. Through the course, we will learn them all;
but for now, concentrate only on the fillet weld symbol, which looks like the cross-

section of afillet weld.
/ o
FILLET

SQUARE \ SCARE \ BEVEL \
GROOVE ERVE GROOVE
7 u- / ) / FLARE-V- FLARE BEVEL
GROOVE GR

F
OOVE GROOVE GROOVE

]
o TN LI\ —O— =
PLUG \ SLOT \ SPOT OR \ SEAM
PROJECTION

/ / / BACK OR
EDGE STUD / SURFACING BACKING

*Note that the terms “welding symbol” and “weld symbol” are different. The welding symbol is
the reference line, arrow, and all the stuff associated with it, while the weld symbol is just the tiny
picture of the type of weld placed on the reference line.



The weld symbol is placed below the reference line if the weld is to be located on the
arrow side and above the reference line if the weld isto be located on the other side of the
joint. If both sides of thejoint are to be welded, then two weld symbols are used, one
above and one below the reference line. Thefillet weld symbol is aways drawn with the
left side vertical, regardless of the joint configuration or the side of the reference line with

the arrow.

PRINT

WELD EXAMPLE

COMMENTS

T-joint with fillet weld
on arrow side.

T-joint with fillet weld
on other side.

T-joint with fillet welds
on both sides.

Here are several examples welding symbolsfor f

other side placement, in both plate and pipe. ;
~

4

N

@s,/showi ng arrow side and

Corner joint with fillet
weld on arrow side.

Corner joint with fillet
weld on other side.




PRINT WELD EXAMPLE COMMENTS
' ' b Lap joint with fillet weld
N / | on other side.
b Lap joint with fillet weld

on both sides.

Lap joint (structural
angle to plate) with
double-fillet welds.

A\

1
~<
%

Fillet weld on arrow
side, pipe to plate.




PRINT

WELD EXAMPLE

COMMENTS

Fillet weld on arrow
side, pipe to plate.

Note: this assembly has
two pipes. Another
welding symbol would be
needed to weld the right-
side pipe. The “other
side” of the specified joint
would be inside the pipe
and usually cannot be
welded unless the pipe is

!ery short.

Fillet weld on other
side, pipe to plate.

Note: this assembly has
one pipe which passes
through a hole in the
plate. Unlike the
example above, the other
side can be welded.

Welding Sym c ies:

Chapter 1 sheet (page 95).

Print Reading Lab Work:
Measuring Units and Tools Worksheet (page 157).
Converting Measuring Units Worksheet (page 163).




2. Fillet Welds

Thefillet weld is the most common type of weld; for this reason we will study the fillet
weld symbol and its application first. Many elements of the fillet welding symbol with
carry over to the other welding symbols as well.

Weld Size

The size of thefillet weld is placed to the | eft of thefillet weld symbol. Weld sizes are
specified on drawings using the same units as the drawing, either inches or millimeters.
Inches are generally given using fractions, although decimal inches are acceptable, too.
If the size of the weld is not specified on the welding symbol, then the size will usually
be specified somewhere on the drawing, usually in a general note on the drawing which
says something like “unless otherwise specified, al fillet welds ¥+inch.” The size may
also be dimensioned in a detail drawing of the joint, although thisis not acommon

practice. If noweld sizeis given on the drawing, then the welder may choose any weld

size that will meet the strength and dimensional requirements of the yvel dment.
LCOMMENTS

PRINT WELD EXAMPLE7

3/8

T-joint with %-inch fillet
weld on other side.

I | | | *

On double-fillet welds, the size is givea,fo the arrow and other sides, even if they
arethe same size.

y 4

»

10
10

T-joint with 10mm
fillet welds on both
sides.

»

h "4
A fillet weld may haye unequal legs. Inthis case, the sizes of both legs are given, usually

the smaller leg first. The weld orientation is not specified in the welding symbol; it must
be shown on the drawing or indicated by a note.

/ [ - | Lap joint with Yax%s
]—; fillet weld on other
| 1/4 4._‘ }.* 3/8 side.




Weld Length

If no length of weld is given on the weld symbol, then the weld is to extend the entire
length of the weld joint.

PRINT WELD EXAMPLE COMMENTS

T-joint with full-
length fillet weld on

. arrow side.

If there are abrupt changes in the direction of welding, such as when aweld turns a
corner, additional welding symbols, or additional arrows on the welding symbol, are

needed to show the continuing weld.

\

Lap joint with Y-
inch fillet welds on
arrow side.

14/

The “weld-all-around” symbol m e o awelding symbol to indicate the weld

continues all the way around a j:
W
/E 8]/

Lap joint with
8mm fillet welds
all around on
arrow side.




The weld-all-around symbol is optional on pipe and round tube, since round shapes do
not change abruptly. The weld-all-around may be added just to clarify the drawing.
Square and rectangular tube, however, require the weld-all-around symbol if they are to
be welded all around.

WELD
PRINT EXAMPLE COMMENTS
1/2 e
%
Round pipe with ¥2-
inch fillet weld.
2R
\\\\
4 h
Square tube with ¥5-
inch fillet weld all
around.
q g | p———
S ||

If theweld is not to extend the full length of the joint, but only a measured segment of
weld isrequired, the length of the weld is placed to the right side of the weld symbol. If
the location in the weld joint is important, the drawing will detail exactly where the weld
isto be located, with dimensions, hatching, or notes on the drawing. If there are no



specific details, then the exact location of the weld segment in the joint is not important,
as long as the correct amount of weld is applied.

PRINT

WELD EXAMPLE

COMMENTS

N B 5

__|

|
)

ﬁ

T-joint with 1¥-inch
long, Y2-inch fillet
weld on the arrow

side.

Note: the location in
the joint is not
specified; therefore,
the weld may be
placed anywhere
along the joint.

17217 1

1" =

g

T-joint with 1-inch

long, ¥2-inch fillet

weld on the arrow
side.

Note: the start of this
weld is specified at 1-
inch from the edge of
the plate.

i

WELD CENTERED  /
ON EDGES —

’_7

30mm 4—‘

Lap joint with 30mm
long, 6mm fillet
welds on both

sides.

Note: the location of
these welds along the
joint is specified by a
note on the drawing.

10




Intermittent Fillet Welds

Sometimes placing a continuous weld the full length of ajoint is not needed to meet the
design requirements, so the drawing might specify intermittent welding to reduce welding
time and filler material. To specify intermittent fillet welding, first the length of each
weld increment is specified, then the pitch (center-to-center distance) from weld to weld

is given, separated by a hyphen (-).

PRINT WELD EXAMPLE COMMENTS
]
=1
- -

T-joint with ¥z-inch
intermittent fillet weld
on arrow side.

-
Unless specific locations are given for the intermittent weld, it \M"hﬁy start at the
edge of the weld joint. However, if the sum of the incrementg’ane sp between welds

jhe |ocation of the weld to
d'Incgement should be shorter

than that specified, so the intermittent weld would star & h a space, but not longer

than the amount of space provided by the welding/Symbor

from the pitch gives the length of space between fcr ts.) Inthe example above,

btracting the increment

notice that the spaces at the ends of the weld foint than the distance between weld

increments. A dimension may be used to the start of the first weld increment.

3/871-3 '\
\\\
\\
N\ T-joint with %-inch

intermittent fillet weld
- on arrow side. The
A 4 starting and ending
] 1$ #»1 |- | locations of the weld
1 1 1 1 are indicated on the

'* ﬂ ’—k ﬂ '* ﬂ drawing.

3 3 3

11




Sometimes, additional segments of continuous weld are placed before and after a section
of intermittent weld to eliminate any confusion.

PRINT
WELD EXAMPLE COMMENTS

| -
| 2 | [ 3751/ 23

|.375 /25 / ﬁvg

{ I."f I|'||

| / '.

II IIll,- '||

'| / \ T-joint with %-inch

1 4 1 intermittent fillet weld

on arrow side.
e 350 — =l

Note: the weld joint
starts and ends with a
2Y-inch weld segment;
a dimension specifies
2 -2 2.50 the start of the inter-
ittent welding.

2.50

On adouble-fillet weld, the weld on the 0

pitch is given.
\\

side is continuous if no increment or

T-joint with
continuous Y2-inch
fillet weld on the
arrow side and
intermittent ¥2-inch
fillet weld on the

other side.

WD -2 /
1/2

12




The weld on the opposite side may also be intermittent. There are two ways the welds
may be applied, either “chain intermittent fillet welds” where the welds on the two sides
of thejoint are directly opposite each other, or “staggered intermittent fillet welds” where
the welds alternate along the joint. If the welds are to be staggered, then the weld
symbols on the reference line are also staggered as shown in the example, with the “other
side” symbol shifted left and the “arrow side” symbol shifted right.

PRINT WELD EXAMPLE COMMENTS
V7% T-joint with chain
intermittent fillet
77077, welds.
1/2 1-2
12 1-2 |
S
4
Qm ] | TR
7 intermittent fillet
‘ ) V77% | welds.
12N 1-2
1/2 1-2

Welding Symbols Activities:

Print Reading Lab Work:

Chapter 2 Worksheet (page 99).

Project 1: Intermittent Fillet Welds (page 169).

13







3. Joint Types and Square-Groove, V-Groove,
and Bevel-Groove Welds

Joint Types

So far, with the study of fillet welding symbols, we have used only T-joints. There are,
however, five different joint type designations for welded construction: lap joints, T-

joints, corner joints, butt joints, and edge joints.

Lap joints are usually welded with fillet welds, T-joints and corner joints may be welded
with either fillet or groove welds (or both), while butt joints require groove welds. Edge
joints may be welded with a groove weld if the members are thick; however, they are
usually welded with edge welds (formerly called “flange welds’ in previous editions of

the welding symbols standard).

WELD EXAMPLE

COMMENTS

b.

9

L

ap joint with double-
fillet welds.

S

Corner joints welded
with a fillet weld (left)
and a groove weld

(right).

T-joints welded with
fillet welds (left) and a
groove weld (right).

T-joint welded with
both groove and fillet
welds.

15




WELD EXAMPLE COMMENTS

Butt joint welded with a
W groove weld.

Edge joint welded with
a groove weld (left)
and an edge weld

(right).

Note: the edge weld
fuses the entire edge
of the joint, while the
groove weld does not.

=\

Groove Welds Q;

The welding symbols for the groove welds can be ide all the necessary
details for joint geometry, including root openi n@/pe, bevel angel, and groove
depth. With this detail in the welding symboal, the ng needs to show only the joint
location—the specific details of the joint dg,.notyneed to be drawn.

Square-Groove Welds

The simplest groove weld ist x ooveweld. Thejoint designissimple, just the
squared edges of the members t@ b ded. Usually square-groove welds are specified

on thinner materials or g late where complete joint penetration is not essential.
The weld symbol @j oint design as just two squared plate ends:

/l\

16




The weld symbol indicates which side the weld is to be made from, the arrow side, the
other side, or both sides. Sometimes aroot opening may be specified to alow deeper
penetration of the square-groove weld. When aroot opening is specified, it is shown
inside the weld symbol, on only one side of the reference line. If no root opening is
specified, then the welder may use any root opening that will ensure agood joint. If no
root opening is allowed, then the symbol will specify “0” for the root opening.

PRINT

WELD EXAMPLE

COMMENTS

7

Butt joint with single-
square-groove weld
on the arrow side.
The root opening is
! 16-inch.

B

L

Butt joint with single-
square-groove weld
on the other side.

Note: because the root
opening is unspecified,
the welder may use
whatever is appropriate
to make a full
penetration joint.

Butt joint with double-
square-groove weld.
The root opening is 0.

17




A weld size may be specified for groove welds, just asfor fillet welds, to the left of the
weld symbol. For groove welds, however, the weld size is enclosed in parenthesis. If no
weld size is specified, then the joint is to have complete joint penetration.

PRINT

WELD EXAMPLE

COMMENTS

Butt joint with single-
square-groove weld
on the arrow side.
The root opening is
Ye-inch and the weld
size is %s-inch.

iy

Butt joint with
double-square-
groove welds. The
root opening is 0.

Note: because no
weld size is given, full
penetration is required.

(3/8)
1/8
‘ 3/8
w57,
i
|
a U
17 g
&
4
N Z
\\\\ —= L— 1/4
/4 |

Corner joint with
single-square-
groove weld on the
other side. The weld
size is Yinch.

Note: because the root
opening is unspecified,
the welder may use
any appropriate root
opening to achieve the
specified weld size and
maintain the weldment
dimensions.

18




V-Groove Welds

If both members are to recelve a bevel, theweld isaV-groove weld.

V-groove welds may be made from the arrow side, the other side, or both sides of the
joint.

PRINT

WELD EXAMPLE ! COMMENTS

Butt joint with single-
V-groove weld on

- \ } the arrow side.

\

o\

Butt joint with single-
V-groove weld on

- —- the other side.

=

Butt joint with
double-V-groove

weld.

19




A root opening may be specified; if no root opening is given then the welder may use any
root opening that will make a sound weld and maintain required dimensions. The
included angle of the VV-groove may also be specified in the weld symbol. On a double-
V-groove weld, the angle must be specified on both sides of the symbol, even if they are
the same. Theroot opening is only specified on one side of the symbol. If no angleis
given, then the welder may use any appropriate angle to make a sound weld.

PRINT

WELD EXAMPLE

COMMENTS

60°

Butt joint with
double-V-groove

weld. The groove
angle is 60°on each
side, and the root

opening is 0.

Butt joint with single-
V-groove weld on
the arrow side. The
root opening is * 16-
inch.

Note: because no
groove angle is given,
the welder may use
whatever is appropriate
to make a sound weld.

20




The depth of groove and the weld size are specified to the left of the weld symbol. The
weld sizeis always in parenthesis for agroove weld. If the depth of groove is not given,
then the entire edge is beveled (for adouble-beve joint, the bevels are equal and cut to
the center of the member) and thereis no root face. If the weld sizeis not given and not
specified anywhere else, then the weld isto be at least equal to the depth of groove.

PRINT

WELD EXAMPLE COMMENTS

/518 (3/4) "\
g

Butt joint with single-V-
groove weld. The
groove angle is 60°

and the root opening is

Ys-inch. The depth of

groove is %-inch
(leaving a s-inch root

\ ;/ face), and the ¥-inch
3/4 \\ Vi /8 !weld size indicates a

S / Il penetration weld of
\‘% % the -inch thick plate.
i i

™ 50° Butt joint with double-

vl
AN 3{8:1f21> 4 V-groove weld. The
3/8(1/2) .
1/8

bevel angle is 60°on

&0° the arrow side, 50°on
y 4 ~ the other side, and the
V4 root opening is “s-inch.
e 90— The depth of groove is
N\, 7 Ys-inch on each side
\\ /—3/8 (leaving a Y-inch root
\__/ r i face), and the %2-inch
Y weld sides indicate a
J—/’g I I full penetration weld of
_,/z . the 1-inch thick plate.
J £l > ’
3/8 — —Av 1/8
/’/ \
A A
~ 60° —

21




PRINT WELD EXAMPLE COMMENTS

/4 —= = Corner joint with

/\'\ single-V-groove weld.

g A The bevel angle is 90°
l % 9"00 and the depth of
X ' groove is ¥a-inch.

/
e
\< Note: because no weld

90° N

1/4 size is given, thg .
minimum weld side is the

same as the depth of
groove. Because no root
opening is given, the
welder may use whatever
root opening is
appropriate for the joint,
— in this case 0.

Weld sizes may be given which are not as large as the depth 00vepto produce partial
penetration welds.

PRINT

WELD EXAMPLE Q COMMENTS

3/8 (1/4)
60°

Butt joint with
single-V-groove
weld. The groove

N angle is 60°and the

root opening is 0.

y 4 The depth of
groove is %-inch,
— 60° —_ and the Ys-inch
weld size indicates
a partial penetration
3/8 — /_ 1/4 weld.

22



Weld sizes may aso be given which are greater than the depth of groove, even to the
point of creating overlapping beads in the weld cross section.

PRINT WELD EXAMPLE COMMENTS
1/4 i Corner joint with
1/4 (3/8) /4\_\ single-V-groove weld.
70 / 9\60 The bevel angle is

;."
e | L5

90°and the depth of
groove is ¥sinch.
The weld size is %-
inch.

Note: because no root
opening is given, the
welder may use
whatever root opening is
appropriate for the joint,
in this case 0.

P
38112\
3;’8{U237<
1/16

NG

7/8 — 17

3/8

— 1/2

\L‘I

P &
SKBJ

1/2 —

Butt joint with double-
V-groove weld. The
root opening is * 16-

inch, the depth of
groove is %-inch, and
the ¥2-inch weld size
indicates a full
penetration weld.

The total weld size is
“s-inch—the same as
the plate thickness.

Note: because no bevel
angles are given, the
welder may use any
angle that is appropriate
to produce a sound
weld.

23



Bevel-Groove Welds

If only one member has a bevel and the other member remains square, then the joint isa
bevel-groove joint. Like V-groove joints, bevel-groove joints may also be single or

double.

Also like V-groove joints, root opening, bevel angle, groove ﬁweld sizemay all
be specified in the bevel-groove welding symbol.

PRINT

COMMENTS

WELD EXAMPLE CJ
\

45°
1/16
/8 (3/4)

~N

45°

A

-

— 5/8

— 3/4

1/16

Butt joint with
single-bevel-groove
weld. The groove
angle is 45°and the
root opening is * 16-
inch. The depth of
groove is %-inch,
and the ¥z-inch
weld size indicates
a full penetration
weld in the -inch
thick plate.
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Since a bevel-groove weld is prepared on only one member, the welding symbol for a
bevel-groove weld can specify which member isto receive the bevel. Thisisdone by
adding ajoint in the arrow, called abroken arrow, to allow the arrow to point specifically
towards the member to receive the bevel. The arrows of other types of welding symbols
may be broken too, but in this case there is special meaning to the jog in the arrow.

PRINT

WELD EXAMPLE

COMMENTS

45°
v

Corner joint with
single-bevel-groove
weld. The bevel angle
is 45°and the vertical
member receives the
bevel.

Note: because no root
opening is given, the
welder may use any
ppropriate root opening
the joint, in this case
0.”Because no depth of
groove or weld size is
given, the full plate
thickness is beveled.

S ')

Corner joint with
single-bevel-groove
weld. The bevel angle
is 45°and the
horizontal member
receives the bevel.

Note: because no root
opening is given, the
welder may use any
appropriate root opening
for the joint, in this case
0. Because no depth of
groove or weld size is
given, the full plate
thickness is beveled.
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The arrow does not need to be broken if it is obvious which member is to be prepared,

suchasinaT-joint.

PRINT

WELD EXAMPLE

COMMENTS

T-joint with double-
bevel-groove weld. A
broken arrow is not
required because it is
obvious that only the
vertical member can
receive the bevel.

If it does not matter which member receives the bevel, then the arrow is not broken, and
the welder may choose which member to bevel.

Butt joint with

single-bevel-groove
weld. The groove

angle is 45°and the
root opening is Y-

inch. The depth of
groove is %-inch.

45°
1/8
8,
“
P
.~
L\
1/8 -—‘-—
|
/@
18— K
T4 |
LRSS

Note: because there
is no break in the
arrow, either member
may receive the
bevel. Because the
weld size is not given,
the weld must be at

least the depth of
groove.

X _—

45

Welding Symbols Activities:
* Chapter 3 Worksheet (page 103).

Print reading lab work:
* Project 2: Step Fixture Block (page 171).
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4. Additional Groove Weld Types:
U-Groove, J-Groove, and Flared-Groove;
Groove Weld Lengths and Arrangement

The most common groove welds were covered in Chapter 3: square-groove welds, V-
groove welds, and bevel-groove welds. There are five other groove weld symbols which
may be specified. These are the scarf, which will be covered in Chapter 11, U-groove
and J-groove, which are used for thick materials, and flare-V-groove and flare-bevel-
groove welds, which are used mainly when welding pipe and tube.

U-Groove and J-Groove-Welds

When thick materials are to be welded, typically over 1-inch when welded from one side
or 2-inches when welded from both sides, VV-groove and bevel-groove welds tend to take
an excessive number of weld passes to complete. For thisreason, V-grooves are often
modified to U-grooves, and bevel-grooves are often modified to J-grooves to reduce the
amount of weld metal required to complete aweld joint, while stll owing enough

access to the joint to produce a sound weld.

7%

e
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Like al the V-groove and bevel-groove welds, the depth of groove, groove angle, and
root opening may all be specified in the weld symbol. If any of these are not specified,
the welder may use whatever dimension is appropriate to produce a sound weld and

maintain required dimensions.

PRINT WELD EXAMPLE

COMMENTS

TR () S
¢ ~
\ /

/

J}(I

40°

13/4

Butt joint with single-U-
groove weld. The
groove angle is 40°

and the root opening is

Ys-inch. The depth of
groove is 1%inch.

1/8

\\\\ 1 3/

4%1;8

Weld sizeis specified in parenthesis. 1f no weld size is specifi
at least as the depth of groove.

ed, thx the weld must be

COMMENTS

PRINT
WELD EXAMPLE
20°
1/8
7/8 (1)

7/8 (1)1
20°

Butt joint with
double-J-groove
weld. The groove
angle is 20°and the
root opening is Y-
inch. The depth of
groove is %-inch on

each side, and the
1-inch weld size
indicates complete
joint penetration of
the 2-inch thick
plate.

Note: because there
is no break in the
arrow, either member
may receive the
double-J-groove
preparation.
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PRINT
WELD EXAMPLE COMMENTS

40°
112

1/2
0
40°

Butt joint with
double-U-groove
weld. The groove
angle is 40°and the
root opening is 0.
The depth of
groove is ¥%-inch on
each side.
Because no weld
size is given, the
weld must be at
least equal to the
depth of groove.

Q\\

The radius at the bottom of the U-groove or J-grogVe nQ given in a separate detail
drawing. If no detail drawing is given, then the wiglder fhay use whatever radiusis
appropriate to make a sound weld. A detail drawing¥s specified by placing atail on the
welding symbol with the appropriate info If the detail drawing includes depth of
groove and included angle dimension dimensions are not needed on the

welding symbol.

- 200
PN / f’IA\

2 1-3/4

4

S~y < DET. A R1/4
— 1/8

DETAIL A
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Flared-Groove Welds

Two unique groove weld types, which appear when welding round shapes or round-
corner square and rectangular tubing, are the flare-bevel-groove weld and the flare-V -

groove weld.

N

Y

-

N
4h

Because the geometry of the groov
cannot be controlled by the weld

differently. Theradius of the x
angleis not specified. Thewelds
i|é

geometry, the weld size

e

on the shapes of the members and

dimensions for the groove weld are applied
ig'given as the depth of groove, and the groove

is specified in parenthesis. Because of the joint
be much less that the radius; complete joint penetration

israrely obtainable.
P WELD EXAMPLE COMMENTS
i R1/2
1/4 Single-flare-
bevel-groove
* weld. The

/172 (1741
@

radius of the bar
is given as the
depth of groove.
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PRINT WELD EXAMPLE COMMENTS
' k| - h
/ /" ke
R4 Double-flare-V-
— 3/8 groove weld.
AL N Y 2 | \ \/—J‘/ The outside
1/4(3/8) 7 ™~ ? < % @ radius of th(_e
'S ~ e i tube corner is
given as the
depth of groove.
. L
A S .

A root opening may be specified. If no root opening is specified then the welder may use
whatever root opening is appropriate to make a sound weld and maigtain required

dimensions.
172 (3/8) /16
/12(3/8)7

. 4
Groove Weld Lengths <2 :

to the left of the weld symbol, just asin fillet welds.

Length for a groove weld is spegifi

The examplesin this ch
weldsin chapter 2 ar

Double-flare-V-
groove weld. The
root opening is
! 16-inch. The
radius of the bar
is given as the
depth of groove.

the weld length details previously covered for fillet
to groove welds. If no length of weld is given on the weld

symbol, then the & end the entire length of the weld joint.

Single-bevel-
groove weld. The
entire thickness
of the plate is
beveled; the
angle of bevel is
up to the welder.
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If there are abrupt changes in the direction of welding, such as when aweld turns a
corner, additional welding symbols, or additional arrows on the welding symbol, are

needed to show the continuing weld.
PRINT WELD EXAMPLE COMMENTS
Double-bevel-
groove weld.

Broken arrows
are not needed
because it is
obvious that the
web is beveled.

o
N

The “weld-all-around” symbol may be added to a welding symbol to indicate the weld

continues all the way around ajoint.
3/8| . T \
4]
45°
4 ™
Y
Single-bevel-
groove weld, all
around the

square tube.

‘!
on pipe and round tube, since round shape do

The “weld-all-around” sy boI
ﬂ | be added as a courtesy. Square and rectangular

not change abruptly. Sometim
|-around symbol if they are to be welded all around.

tube, however, requi ret@
3/8] \\ —

Single-bevel-
groove weld, all
around the pipe.
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The weld-all-around symbol cannot be used for ajoint where the type of weld changes
from groove to filet as the weld progresses around the joint. The most common example
isaT-joint made from square or rectangular tubing. In thisjoint the welds are usually
flare-bevel-groove welds on two opposite sides and fillet welds on the other two opposite
sides, thus two different welding symbols are required to weld the joint al the way
around.

—FILLET WELD HERE

FLARE-BEVEL-GROOVE
WELD HERE =

« W/

s - 1!4? 1/4

vanals
' /

- k!

- N

A, A -
Y. /
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If the weld is not to extend the full length of the joint, but only a measured segment of
weld is required, the length of the weld is placed to the right side of the weld symbol. If
the location in the weld joint is important, the drawing will detail exactly where the weld
isto be located, with dimensions, hatching, or notes on the drawing. If thereisno
specific detail, then the exact location of the weld segment in the joint is not important, as
long as the correct amount of weld is applied.

PRINT COMMENTS

WELD EXAMPLE

f \\
1/4 (1/4) E2/
~ 1/4 (1/4) 2

Double-flare-V-
groove weld, Y-

ﬁ inch throat, 2-

3 . inches long.
- R | reees—————
%\_ /% -
, / \
1
. /
5t
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Intermittent Groove Welds

Sometimes placing a continuous weld the full length of ajoint is not needed to meet the
design requirements, so the drawing might specify intermittent welding. Most often,
intermittent groove welds will be specified only for square-groove, flare-V-groove, and
flare-bevel-groove welds. To specify intermittent welding, first the length of each weld
increment is specified, then the pitch (center-to-center distance) from weld to weld is
given, separated by a hyphen (-).

Unless specific locations are given for the intermittent weld, it will usualy start at the
edge of the weld joint. However, if the sum of the increments and spaces between welds
do not equal the length of the joint, it may be necessary to shift the location of the weld to
fit thejoint. Good welding practice dictates that no weld increment should be shorter
than that specified, so the intermittent weld would start out with a space, but not longer
than the amount of space provided by the welding symbol. (Subtracting the increment
from the pitch gives the length of space between increments.) The designer may also use
adimension locate the start of the first weld increment.

PRINT
WELD EXAMPLE ! COMMENTS

\1/2(1/4) -2

—1 1/2

Intermittent

“

’ single-flare-
bevel-groove
weld, ¥z-inch

\\ throat, 1-inch

— 1/2 = 2 increments with
a 2-inch pitch.
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On adouble-groove weld, the weld on the opposite side is continuous if no increment or

pitch is given.

PRINT

WELD EXAMPLE

COMMENTS

1/2

3/4(1/2)
3/4 (1/2) E2—3 \

3 3

2 2 2

A B A o A A e A A A A A e

Intermittent flare-
bevel-groove
weld on the
arrow side;
continuous flare-
bevel-groove
weld on the
other side, %-
inch throat on
both sides, 2-
inch increments
with a 3-inch
pitch on the
arrow side.
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The weld on the opposite side may also be intermittent. Just as for fillet welds, they may
be either “chain intermittent welds” or “staggered intermittent welds.”

PRINT WELD EXAMPLE COMMENTS
T
| | | ;
Chain
intermittent flare-
bevel-groove
weld.
3/4(1/2), -2-3
3/4 (1/2)" ~2-3
3/4(1/2), - 2-3 3 ' 3
3/4(1/2) iz—a \ | ‘
_______________________________ I I
Staggered

[ a5 ]

33—

<

intermittent flare-
bevel-groove
weld

Welding Symbols¥Activities:

Chapter 4 Worksheet (page 109)
Welding Symbols Exam 1

Print Reading Lab Work:
Project 3: Keyed Angle Mount (page 173)
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5. Additional Details: Combination Welds,
Multiple Reference Lines, and Tail Notes

A number of additional details can be added to welding symbols to convey additional
information. These details can be applied to both fillet and groove welds.

Combination Welds

Some welded designs require more than one type of weld symbol to specify the proper
weld. For example, a T-joint might be welded with a double-bevel-groove weld and
reinforced with additional fillet welding, as shown below.

PRINT WELD EXAMPLE COMMENTS
—— = ]/2
45°
0
1/2 *
3/8 -joint with double-
3/8 38— T bevel-groove weld
/ reinforced with double-
/ lf2450 fillet welds.
ff.
4
SN
Different combinations of weld @W also be used on the welding symbol.

~N

45°
1/2 {5;’8][/

12,7

12—~ =+

IN L

! 1/2

o

5/8—= |

T-joint with fillet weld
on the arrow side and
single-bevel-groove

weld on the other side.
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PRINT COMMENTS

WELD EXAMPLE

?0°
1/2

3/8 (1/2) %
450

Butt joint with bevel-
groove weld on the
arrow side and V-
groove weld on the
other side.

Note: because the
arrow is not broken,
either member may be
prepared with the

2 bevel-groove.

A
O

Multiple Reference Lines

Instead of using multiple weld symbols on th e referenceline, as previously
discussed, multiple reference lines may b in the welding symbol to specify a
sequence of operations. The operati ied on the reference line closest to the arrow

is executed first.

PRINT WELD EXAMPLE COMMENTS
2N o =12
1/2 ;
!,.-"f 1/2
| a5 o
/0 T-joint with double-
{3f8|£ 38— I bevel-groove weld
/ 3/8] reinforced with double-
/ 45° fillet welds.
/
/
4
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Tail Notes

Any additiona information needed for welding can be specified in atail note. A tail is
added to the reference line opposite the arrow and the notes are written in the tail.

NOTES GO HERE >—\ NOTES GO HERE

The following examples illustrate the most common uses of the tail:

e Supplementary data, such as awelding procedure.

WP-654

dimensions cannot be clearly stated in the welding §y

7

* A notereferencing a detail drawing, for cases such E¥T joint where the weld

DETAIL A
SCALE 2:1
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* Notesto clarify welding symbol requirements.

e )
“‘““-x\ 1/4 X 3/8 3/8 WELD ON
>—%—/ VERTICAL MEMBER
/ 1/4X3/817 "\ BOTH ENDS

* “Typica” designation for multiple identical joints.

TYP 4
PLACES
N 4
» “Seal Weld” designation when a 'sonly purpose is a sealing function.
V4
SEAL
WELD 3/8 S
4 ™)
4 A
N D N
o %
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Weld dimension tolerances.

GROOVE ANGLE
TOLERANCE WELD SIZE
+10° 0° TOLERANCE
0 3/8 +1/8 -0
70° 3
A

Complete joint penetration (CJP) note, used when the depth of grooveisless than the
plate thickness, but complete joint penetration is required.

<P 7/16

0
70°

The CJP note can actually be used as the onl
welding symbol, giving the welder the freee
needed to produce a sound weld which all dimensional requirements
of thedrawing. Using the weldin hisway is quite unusual,
and risky for the designer, but is ngvertheless allowed by the welding
symbols standard. .

CJP

size, w er geometry given.)

A 4
(The %‘}; alows a groove weld to be specified only by the weld
0

(3/8)




» Specified welding process and method.

60°
GMAW-SA

1/16
60°

The welding process is specified by the official AWS designation for the
welding process. The table on the next page presents the common official
AWS welding designations.



WELDING PROCESS DESIGNATIONS

SMAW.....cccoevevennnn. shielded metal arc welding (stick)
GMAW .....cccoeveenne. gas metal arc welding (MIG), spray transfer is assumed
unless —P or -S is specified
GMAW-P .......... pulsed gas metal arc welding
GMAW-S .......... short circuit gas metal arc welding
GTAW ... gas tungsten arc welding (TIG)
FCAW ......cooeviiiins flux cored arc welding, with or without gas unless —G or -S is
specified
FCAW-G........... gas shielded flux cored arc welding
FCAW-S ........... self shielded flux cored arc welding
PAW ..., plasma arc welding
SAW ..., submerged arc welding
ESW ., electroslag welding
LBW .o, laser beam welding
EBW .o, electron beam welding
PW ., projection welding

RSW ... resistance spot welding

RSEW.......ccevveens resistance seam welding OQ

INQCESS DESIGNATIONS

semi-automatic
mechanized
automatic

Welding Symbols™Activities:
» Chapter 5 Worksheet (page 117)

Print Reading Lab Work:
e Project 4: Box Section (page 175)
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6. Additional Details:
Field Weld, Weld Contour, and Complete
Joint Penetration (Melt-Through)

Field Weld Symbol

The field weld symbol is added to the welding symbol to indicate that welding will be
performed outside of the welding fabrication shop. For example, asteel bridge might be
fabricated by welding parts into modular sections that may be shipped by truck to the
construction site. At the construction site, the sections will be moved into position and
welded in place. Those welds to be made at the construction site would be designated as
field welds. The flag may be on either side of the reference line and point either direction,
so long asthe flagpoleis at aright angle to the reference line.

Weld Contour Symbols

sh (or flat, for afillet weld), concave, or
. A finishing method designator may also
be added when a particular pro used for finishing. 1f no method designator is
added, then the weld isto be p the desired contour without post-weld finishing.
Finishing designators are in the table on the next page.

If the weld isto have a specific cont
convex, then the weld contour sy

PRINT y 4 WELD EXAMPLE COMMENTS

‘ % Corner joint with fillet
weld on arrow side
welded with a flat
contour and a square-
groove weld on the
other side machined
flat (flush).
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PRINT

WELD EXAMPLE

COMMENTS

3/87\C
3/8 /> \

T-joint with double-fillet
welds, welded with a
flat contour on the
arrow side and ground
to a concave contour
on other side

FINISHING METHOD DESIGNATORS

C...... Chipping
G....... Grinding
H.... Hammering
M...... Machining
P.... Planishing

S@ine m

‘ Unspecified

be used>—the weld cannot
be left as-welded)

ethod must

Complete Joint Penetration (ghe

hrough)

joint penetration isrequired. Thisisordinarily
e equals the thickness of the member welded.

WELD EXAMPLE

COMMENTS

Butt joint welded from
the arrow side. The
weld size equals the
plate thickness;
therefore, complete
joint penetration is
required.
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A joint will also have complete joint penetration if the depth of groove and weld size are
not specified, because this indicates the full plate thicknessis beveled and the weld size

equals the groove depth.
PRINT WELD EXAMPLE COMMENTS
Butt joint with single-V-
groove weld. The
| | ‘ entire thickness of the
4 plate is beveled and
6(?0 / [ the weld must be at
S least the depth of

groove; therefore,
complete joint
penetration is required.

Some designers will add the tail note “CJP’ to remove any doubt that complete joint
penetration is required, however thisis redundant. The proper use of the “CJP’ tail note

was covered in chapter 5.

Butt joint welded from
the arrow side.
Because the weld size
equals the plate
thickness, complete
joint penetration is
required and the tail
note is redundant.

Butt joint with single-V-
groove weld. Because
the entire thickness of
the plate is beveled
and the weld must be
at least the depth of
groove, complete joint
penetration is required
and the tail note is
redundant.

When compl ete joint"penetration is required with visible root reinforcement, then the
melt-through symbol is placed on the reference line opposite the weld symbol.

Butt joint with melt-
through.
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The amount of root reinforcement may be specified to the left of the melt-through symbol
if a certain amount of melt-through is required.

Single-V-groove weld

fél i kL with * 16-inch of melt-
S A 116 through.

Welding Symbols Activities:
» Chapter 6 Worksheet (page 123)

Print Reading Lab Work:
« Example 1 Worksheet: Storage Tank Platform (page 177)
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7. Groove Weld Details:
Back and Backing Welds, and Backgouging

Back Welds

After completing a groove weld from one side of the plate, it may be desirable to finish
the root of the weld by applying asingle weld bead over theroot. This additional weld,
applied after completing the primary weld, is called aback weld. The back weld symbol
may be placed on the reference line opposite the groove weld symbol aong with the tail
note “back weld.” Alternately, the back weld symbol may be placed on an additional
reference line showing the sequence of welding.

PRINT WELD EXAMPLE

‘ — BACK
11-3/4 (2) A~ WELD
\ 0

40°

STEP 1, U-GROOVE WELD ARROW
SIDE BEFORE BACK WELD

or ‘\\Q/

1-3/4 (2) /=,
0
40°

STEP 2, BACK WELD
OTHER SIDE

51




Backing Welds

If aweld bead is placed on the reverse side of the weld joint prior to making the groove
weld, then the additional weld is called abacking weld. The backing weld symbol isthe
same as the back weld symbol, except that the tail note “backing weld” is used to indicate
that the backing weld is applied first. If multiple reference lines are used, then the
backing weld would appear as the first weld in the sequence.

PRINT WELD EXAMPLE

‘ /" BACKING
11-3/4 (2) WELD

0
40°

1-3/4 2

2

STEP 1, BACKING WELD MADE
ON OTHER SIDE

/
/ o
/ %
/ 7
////////
\

OR

STEP 2, U-GROOVE WELD
ON ARROW SIDE

52



Contour symbols may be applied to both back and backing welds if a particular contour is
needed.

PRINT WELD EXAMPLE

45°
0

BACKING
S WELD
- %

\

=\

Backgouging

When welding a double groove weld, the roat of tCJ sideis usualy backgouged by
grinding, carbon-arc gouging, plasma gougingior chipping to ensure a sound root prior to
beginning the second side of the weld.  The talgote “ backgouge” is added to the welding
symbol to require backgouging the fj rior to welding the second side.

~N

e

6
/96 >o< ., GOUGE

60°
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Multiple reference lines may be used if a certain sequence of welding is required;
otherwise, either side may be welded first. The “backgouge” note goesin the tail of the
first-operation reference line.

PRINT WELD EXAMPLE

60°

0 /
BACK- N\ 16N /
GOUGE

/

CJP/ 9/16 ./ \ |
60°

The process of backgouging often changes the joint geometry during welding, especially

when a square-groove joint is specified. The result of backgouging will usually be a U-
groove joint; however, the change in geometry due to backgouging is not shown on the

welding symbol. The symbol shows only the original joint design to any welding or
backgouging. §

|| /" BACK-

/3l ., GOUGE
/&
: 40°

Q‘V

Welding Symbols Activities:
» Chapter 7 Worksheet (page 129)

Print Reading Lab Work:
« Example 2: Stock Pusher Guide (page 179)




8. Groove Weld Details:
Backing, Spacers, and Consumable Inserts

Backing

If agroove weld isto be made with a backing bar, then the backing symbol is placed on
the opposite side of the groove weld symbol. [f the backing isto be removed after
welding, the letter “R” is placed inside the backing symbol. The dimensions of the
backing bar and the material to be used may be specified in the tail of the symbol, or they
may be specified on the drawing.

PRINT WELD EXAMPLE
\\\ ﬁf
: m _ ,l\fsérr\)f*. ,]A36
P s
1/8
452 ‘
[ [ i
| |

Spacers

Weldments that are made from'thi embers, typically 1-inch thick or greater, welded
with double groove wel es call for spacersto assist with fit-up of the assembly.
Spacers act as a backi for the first side welded, and maintain a proper root opening

between the membe
remove most of
usually the same asf

100 welding the second side, the joint is backgouged to

SPACER
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The symbol for a spacer is the same as a backing bar, but it is placed in the center of the
reference line and the weld symbol is modified to accommodate the spacer symbol. The
dimensions of the spacer and the material to be used are placed in the tail of the symbol

or specified on the drawing.

PRINT WELD EXAMPLE
o4

axsys N N/

backeouss J?

40 o ! |III

the spacer:

The following examples show how the various welding syn@ve modified to include

P

DOUBLE-V-GROOVE WELD
WITH SPACER

] -
/ -
DOUBLE-FLARE-V-GROOVE WELD
WITH SPACER

56

N
C

DOUBLE-BEVEL-GROOVE WELD
WITH SPACER

i

/— \
DOUBLE-J-GROOVE WELD
WITH SPACER

2
g -
s ..

DOUBLE-FLARE BEVEL-GROOVE WELD
WITH SPACER




Consumable Inserts

If aconsumable insert is required, the consumable insert symbol is placed opposite the
weld symbol. The AWS consumable insert classis placed in the tail of the welding
symbol. Contour symbols may be applied to the consumable insert symbol to indicate
the desired contour after welding.

PRINT WELD EXAMPLE
N
= CLASS 1
1T %
)
hyd

Welding Symbols Activities:
e Chapter 8 Worksheet (page 133)
«  Welding Symbols Exam 2

Print Reading Lab Work: 4
e Project 5: Post Base Assembly (page 181) Q
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9. Plug and Slot Welds

Plug welds and slot welds are usually used to hold sheet or plate materials to supporting
substructures by punching or drilling holes or sotsin the sheet at various locations over
the substructure and filling the holes or slots with weld metal. If the holes or Slots are
filled al the way and ground flush, the finished surface will be smooth and unbroken.

<

plug or slot welds because the entire hole or ot i vered with weld metal. Welds
of thistype are specified with fillet weld symiols, the holes must be detailed on the

drawing. A\
v

— FILLET WELD
" INASLOT

Sometimes fillet welds are placed in holes or slotgﬁ must not be confused with
ot

SLOT WELD—
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Plug Welds

Plug welds are made in round holes. On the drawing, only the center of the plug weld
will be specified; the holeitself will not usually be shown. The plug weld symbol 1ooks
just like the backing symbol for groove welds, but the addition of dimensions and the
lack of agroove weld symbol differentiate it from a backing bar. Plug welds may be
made from the arrow side or the other side. The diameter of the hole is specified to the
left of the plug weld symbol.

PRINT WELD EXAMPLE
P
— - ) 2
@1/2 |\ )I f / ,»"
/ _l NS /,i\ v
/ \\ .
.‘"‘;‘ .\\. .
12|
/</
[ 3
o 7_ o O1/2
f‘l“‘l‘
hra]
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The plug weld hole might be countersunk. The included angle of the countersink is
specified above or below the plug weld symbol, just as the angle for groove welds was
specified. When the hole is countersunk, the diameter of the plug weld is the diameter at

the bottom of the hole.

PRINT

WELD EXAMPLE

/3/8
45°

N

Usualy, plug welds are filled completely. If the glug w,
then the thickness of the plug weld is specified in

/!
F’/’
/
/
3/8| 1/8
15°

<

Is not to be filled completely,

symbol. Note that a number
like “%2" means to make the plug weld 2-inchjthick, not to fill the hole %2 way full.

e A
1/8 —‘ ~
)
i
i / P
g
— A

45°
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Multiple plug welds may be specified with a single welding symbol by indicating the
pitch (center-to-center spacing) of the welds to the right of the weld symbol, and
indicating the total number of plug welds in parentheses above or below the weld symbol,
as appropriate. The drawing will show a center mark for the first plug weld, and a
centerline to show where the row of plug weldsis placed.

PRINT

WELD EXAMPLE

[ S—y .

%)\ O O O O O

@172 (6 PLUG WELDS)

T
i

N4
If the number of plug welds isimportant, but the g%hg&es not matter, then the pitch
dimension may be left off of the symbol. Li ise, the total number of plug welds may

be |eft off of the welding symbol if the en int is to befilled with plug welds at the

specified pitch.
/ y.

-
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If the plug welds are placed in a pattern other than a straight line, then the drawing will

show the locations of each plug weld.

PRINT WELD EXAMPLE
T $3/8" (4 PLUG WELDS)
| I \
I - - + - b |
| | [ _ -
R d
2 | I
I Tu
J I STy S |
i 1. O* ’@’
I —
3/8
- = (4] * e
—~———— 27 ——— Q%”

section view) is required to clarify exactly which mem

If the plug welded assembly has three or more members, thail drawing (usualy a

weld.

-~

e the hole for the plug

SECTION B-B

?h3/8
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PRINT WELD EXAMPLE

75 2 — ©3/8
N
\
N < s T
75~ g 3/8 N BB 75
" '\\ 1 : M “ \\ N
SO R R NN N W B
™ " : \\\\ \..‘ iy My . \'\\ //;;// \ \ \\
S g / /7// i = — /\
by s Py b P y
S A VS, / / ///
Y ., R NN RN B “\_ d =
N -\\._ \\ \\\ \\ \"\\ SO \\ I \'\
SECTION B-B

. \.' W
e N N
SV

:
Contour symbols may be applied to plug welds as needed glfy postweld finishing.
’

1/2

M

1/2

°)




Slot Welds

Slot welds share the same characteristics and weld symbol as plug welds, except that the
width of the slot is placed to the left of the weld symbol and the length of the ot is
placed to the right of the weld symbol. The drawing will show the center of the slot and

the orientation of the slot. The slots themselves will not usually be dimensioned in the
drawing.

PRINT WELD EXAMPLE

s
\\\ i
|
_ va b 7% &4
[ i i _ VA
-— 34—
\_\ o
.'l.lI
.'lllll
/ \
1/4 3/4
3/4
4 7
> o |
4
™ Ry .'/'
a‘ 174 N
| N
i 3/4 7
AP
~ W
4 N2
2 \\7—
.';;
.'II .\\\\
114 | 3/4
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Multiple slots may be indicated by giving the pitch (center-to-center distance) between
the centers of the slots to the right of the length dimension following a hyphen (=) and the
number of slot welds in parentheses above or below the weld symbol as appropriate.

The drawing must show the orientation of the slots.

PRINT

WELD EXAMPLE

D
D

. (]
! U U

3}8' |3}4—2

)

—f>» 0 0 0 O
[ L TS - .
—= = 3/8

Countersink angle, depth of fill, and weld contou@: specified just as for plug

welds Q
~N
“

/4] 3067
07
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Welding Symbols Activities:
* Chapter 9 Worksheet (page 137)

Print Reading Lab Work:
* Project 6: Pulley Mount Bracket Assembly (page 183)
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10. Spot, Projection, and Seam Welds

Spot Welds
Spot welds are frequently used to join sheet metal assemblies. Most spot welds are made

by RSW*, where the work is clamped between two electrodes and electric current is
applied until weld fusion occurs between the members by heat from electric resistance.
Since the weld forms in the center of the joint, there is no side significance and the spot

weld symbol is centered on the reference line.
PRINT WELD EXAMPLE

N\

(*Welding process designations were covered in chapter 5)
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Another common method of producing a spot weld is by welding a spot from one side of
the assembly by GMAW, GTAW, EBW, or LBW until the material melts through the top
member into the bottom member. Thisissimilar to plug welding, except that thereis no
hole in the top member. Because these welds are made from one side or the other, the
symbol is placed either above or below the reference line.

PRINT WELD EXAMPLE

—I—<\ GMAW

Weof v

The size of the spot weld is specified to the left ofjthe weld symbol. For RSW, it does

not matter which side of the reference line has the sion, so long as al the added
information is on the same side of the welgli mbol.

N
&

@ 6mm

e / GMAW -
'_'_-: b
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Instead of giving the size, the designer may specify the shear strength of the spot weld.
This may be specified in either pounds or newtons, depending on whether the drawing
units are customary or metric.

PRINT WELD EXAMPLE

- ¢

.";J:
.f';

/ 'Il;' -
| £—WELD SIZE AS REQUIRED
%—< RSW TO WITHSTAND 400 POUNDS

400 OF SHEAR LOAD

between the welds to the right of the spot weld d the number of spot weldsin
parenthesis above or below the spot weld symbol opriate.

Multiple spot welds may be specified by giving Stykﬁl;&)::to-center spacing)
bol

i
hl;‘..;
1

, -

&
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Spot welds may also be specifically located on an assembly by print dimensions, or an
areamay be designated for several spot welds without giving specific locations for each
spot weld.

PRINT WELD EXAMPLE
'S P P ¥
| 3.
|
.\ .\ o “
|\ i
.‘ ; - .
‘.
| /
] pssmesmsese _J"_ ________________________
|
“I /
|
‘\I /’
a8 (6| £—3SIX SPOTEWELYDFS, TTHEERWEFLDERT :
N MAY USE ANY PATTERN FOR TH
RSW > o LOCATIONS

Spot welds with exposed surfaces, made from th@r other side, may have contour
designations. If the desired contour is made by p d finishing, then the letter of the
finishing method is added. If theweldis

note must be used in the tail of the weldin

inished flat, but not flush to the surface, a
ol.

MACHINE
/ FLAT



Projection Welds

Projection welds are similar to spot welds, but require one of the membersto have an
embossed projection prior to welding. The spot weld symbol is placed above or below
the reference line to indicate which member is embossed, and the tail will indicate “ PW”
and give areference to a detail drawing showing the size of the embossed projection.

PRINT

DETAIL A 5 i_ -

WELD EXAMPLE /
. . /
| I b / Gt DT,
N A
Seam Welds :

Seam welds share the same characteristics as spotwelds; except that the width of the

seam is placed to the left of the weld symbol and the length of the seam is placed to the
right of the weld symbol. The drawing w@v the centerline of the seam.

Q 2.00
/

=

N

S RSEW
1/47" 2
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Instead of giving the width, the designer may specify the shear strength of the seam weld.
This may be specified in either pounds per inch or newtons per millimeter of length,
depending on whether the drawing units are customary or metric.

1000
RSEW

LBW
200

(200 LB PER INCH) (1000 N PER MM)

Multiple seams may be indicated by giving the pitch (center-to-center distance) between
the centers of the seam welds to the right of the length dimension following a hyphen (-)
and the number of seam welds in parentheses above or below the weld symbol as
appropriate. The drawing must show the orientation of the seam welds.

PRINT WELD EIQMPLE
~ 18 = —VERTICAL SEAM ”N\ 2

/  WELDS ~ 18 =f=— 25 —=—=— 25 =
i
i
.,-'r
/
.'r.’
/
/ 8§ i iy &
N \ \ \
o N & §
/) & § N ]
\ \ \ \
- - \ \ \ N
: K R & 8
\ \ \ \ \
\ N\ N N N
\ N N\ \ N
\ \ \ \ \
\ \ \ \ \
-------------- A — \ \ \ \
\ \ N N \
N
\
\‘.
NE
\ 25T 5025
%;Q LBW
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Welding Symbols Activities:
* Chapter 10 Worksheet (page 143)

Print Reading Lab Work:
* Project 7: Watertight-Door Hinge Assembly (page 185)
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11. Edge Welds, Stud Welds, and Surfacing Welds

Edge Welds

The edge weld symbol is used to indicate welds on edge joints, flanged butt joints, and
flanged corner joints where the full thickness of the joint members must be fused. If the
full thickness of thejoint is not fused, then a groove weld symbol will be used rather than

the edge weld symbol.

PRINT

WELD EXAMPLE

'-.1;.-'

_jm_

Edge joints may have two or more memb

QR

symbol is the same regardless of the

number of membersin thejoint.
i

P

.
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The size of the edge weld may be specified to the left of the edge weld symboal.

PRINT WELD EXAMPLE

- AL 1L

J
y

1/8 o

penetration. For welded flanges, the entire flange will © ed away during the
welding operation.

The edge weld may be combined with the mel t-througz ensure complete

N\
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Flare-V-groove welds or flare-bevel-groove welds may be specified on the opposite side

of the flange weld.

PRINT

WELD EXAMPLE

N

J\U_ I,;S

&

Like groove and fillet welds, length and pitch may be specifi *ht of the edge

weld symbol.

&

3!16

=
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Double edge welds may be chained or staggered.

PRINT WELD EXAMPLE
1
| -
W 1
2.5
1
.‘ 1
i 1
1-2.5
1-2.5 2.5
2/
1 _
1
{ 1
1
47
N\
1
1 2.5
I
1-2.5
1-2.5
/I
1
1
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Prior to the 2007 Welding Symbols Standard, edge welds were called flange welds. Two
weld symbols were used to indicate flange welds, the corner flange and the edge flange.
Because of difficulty in properly interpreting the flange weld details, and due to
confusion with other weld symbols, both flange weld symbols were replaced with the
edge weld, and al joint design details are given on the drawing. Although obsolete
according to the current standard, these symbols may still be found on current drawings.

OBSOLETE N L/
CORNER FLANGE >
SYMBOL /

Stud Welds

Stud welds are designated by the stud weld symbol.

OBSOLETE
< EDGE FLANGE
o 1 \ SYMBOL

y

M

4
X

/ X
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Studs are always specified from the arrow side. The size of the stud is specified to the
left of the stud weld symbol. The drawing will show the center location of the studs.

PRINT WELD EXAMPLE

f

@ 1/2" STUD,
2" LONG

SW
1/2 1/2-13 x 2 STUD

VS

Q\
Q{o
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For multiple studs, the pitch (center-to-center distance) between the studs is specified to
the right of the symbol, and the number of studsis specified below the stud weld symbol.
The drawing will show the center locations of the first and last stud in the line of studs.

PRINT WELD EXAMPLE

11401 W "
(4)

\

F\

O

4 (4) D 1/4" STUDS

J—

O

&
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Surfacing Welds

Surfacing welds are specified by the surfacing weld symbol. Surfacing is always applied
from the arrow side. The minimum thickness of the surfacing may be specified to the | eft
of the weld symbol.

PRINT

WELD EXAMPLE

3/16 A

pd

If the entire surface is not to be surfaced, the ra\wl show what areaisto be
surfaced.

2

A \\

RN 1-1/8

o

——THICKNESS
2 \  UNSPECIFIED




Multiple layers of surfacing may beindicated by multiple reference lines and tail notes.

PRINT

WELD EXAMPLE

-~ ] |
AXIAL )'l—,’SW f \
CIRCUMFRENTIAL % f

/ -SURFACING REMOVED
TO SHOW DETAIL

HENK
s =

D7y
W%I’W
R
‘WW .
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Surfacing may also be applied to joints to correct weld fit-up problems such as excessive

root opening.
PRINT WELD EXAMPLE
~ REDUCE ROOT
————<  OPENING TO
/ T 1/4 INCH

Surfacing may also be applied over a previously made weld.

Var g
/s
/ —./ BACK
/1-718(2) I\ \ WELD

Welding Symbols Activiti \
* Chapter 11 Workshe@e 47)

— 1/8
!

Print Reading Lab :
* Projects 8 a eldments 1 and 2 (page 187)

86




12. Brazing Symbols and
Nondestructive Examination Symbols

Brazing Symbols

Brazing symbols are used like welding symbols to convey the designer’ s intent for
brazements. Many of the same elements are used, with modifications specific to the
brazing process.

If the drawing indicates all dimensional information for the joint, then only the location
of the braze and the method of brazing is specified.

PRINT BRAZE EXAMPLE

—

Brazed butt joints use either the r sguare-groove symbol. The angle of the scarf is
indicated to the left of the scar d the clearance is given with asmall arrow. A
tolerance for clearance may alsa\be given.
—H—/ 18 —e{ f=— 005
////
H b 005
.'/
e
| | | CLEARANCE NOT SHOWN TO SCALE
——002-004 ~
45° 2N .002-.004
8 < 43 &
/ it
N I ‘%
RN 1
' \ CLEARANCE NOT SHOWN TO SCALE
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Brazed lap joint symbols give the clearance and the length of overlap.

P 1 . 1B

L// b oos

-—1.00——‘

l |

005 —

CLEARANCE NOT SHOWN TQ SCALE

Brazed fillets may be added to the joint if the brazement is torch brazed; however, the
size of thefillet is nearly impossible to control due to the nature of brazing.

Lﬂ/\

00
030

2~

*-—1.004‘—L
- |

— .005
CLEARANCE NOT SHOWN TO SCALE

X

Flare-bevel and flare-V -grooves may be brazed as well.

NG

.

060 ﬁ ]

P

4 R’

1.00
b
060
004

LY .

N W

CLEARANCE NOT SHOWN TO SCALE
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Nondestructive Examination Symbols

Nondestructive Examination (NDT) symbols are quite similar to welding symbols, but
with the weld symbol itself replaced with an examination method letter designation. The
designations for the various NDT methods are as follows:

NDT METHOD DESIGNATIONS

VT visual testing

MT ........... magnetic particle testing

PT............ penetrant testing

UT............ ultrasonic testing

RT............ radiographic testing

ET............ electromagnetic (eddy current) testing
LT ..o leak testing

NRT ......... neutron radiographic testing

AET.......... acoustic emission testing
PRT ......... proof testing \

Examination may be made from the arrow side, the oth@Qboth sides.

PRINT OMMENTS
VT Vis@ection on the arrow side of the weld
joint.
Magnetic particle inspection on the other side
MT of the weld joint.
o~ W \
VT
/ VT Visual inspection on both sides of the weld
joint.

Some methods do not have side significance, or there may not be a specified preference.

/ Radiographic inspection (no side significance).
RT

89




Multiple examination methods may be specified on the same reference line.

PRINT COMMENTS
/—VT+MT Visual i ti d ti ticl
isual inspection and magnetic particle
/ VI+MT inspection on both sides of the weld joint.
PT / Penetrant inspection and radiographic
BT RT inspection on both sides of the weld joint.

NDT symbols may be combined with welding symbols, and use supplementary symbols
such as “examine-all-around” and “field examination.”

3/8)"

VT+MT

First operation:
%s-inch fillet weld on

the joint, performed

row side, all around
tt elding facility.

7/

VT+UT

/ VT+UT

1/2 (5/8) /" \
60°

e
60°
1/16

ki U V7 < BACKGOUGE

t operation:

First half of a double-V-groove weld on the
other side, ¥2-inch depth of groove, 60°groove
angle, " 16-inch root opening, %-inch weld size.
Backgouge the root (from the arrow side) after
welding.

Second operation:
Magnetic particle inspection of the backgouged
root on the arrow side.

Third operation:
Complete the double-V-groove weld from the

arrow side. The bevel would normally be
prepared at the same time as the other side.

Fourth operation:
Visual and Ultrasonic inspection on both sides
of the weld joint.
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If less then full examination is required then the length of weld to be examined or a
percentage of the weld to be examined is given to the right of the designation.

PRINT

COMMENTS

VT8

Visual inspection on the arrow side of the weld
joint. Inspect an 8” length of weld.

\ MT 50%

Magnetic particle inspection on the other side
of the weld joint. Inspect 50% of the total weld
joint.

A certain number of examinations may be specified.

Ultrasonic inspection on the other side of the

weld joint. Inspect twai12-inch length of the
weld &int.

the radiation direction symbol.

For radiographic examination, the location of the radial@ may be specified with

\‘

O

Radiographic inspection of the weld joint. The
radiation source is placed at an angle of 45°
with respect to the weld joint.

45°
——RT
0/_-—
90 R

Radiographic inspection of the weld joint. The
radiation source is placed at an angle of 90°
with respect to the weld joint.

91




An areamay be specified for examination on the drawing. The areais defined using a
dashed-line boundary with small circles marking each change in direction of the

boundary. The boundary may be any size and shape, and dimensions on the print are
used to define the size and shape of the boundary.

PRINT COMMENTS

jj
@/ SV

- -

Ultrasonic inspection on the arrow side of the
weld joint. Inspect the area enclosed by the
boundary.

—m—0

For round parts, areas of revolution may be identified in a section view with the
“examine-al-around” symbol. A number to the right of the designation tells how wide
the inspection areawill be, and the inspect-all-around symbol tells that an area of
revolution is to be inspected. ()

MT 1

Magnetic particle inspection on the arrow side.
Inspect a 1-inch wide portion of the joint, all the way around the pipe.
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Welding Symbols Activities:

Chapter 12 Worksheet (page 153)
Welding Symbols Exam 3

Print Reading Lab Work:

Project 10: Test Weldment 3 (page 187)
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CHAPTER 1-INTRODUCTION TO WELDING SYMBOLS

1. What isthe AWS standard for welding
symbols?

2. TorF Weding symbolsfollow the same standard throughout the world.

3. Draw areferenceline and arrow pointing
to theleft side of the T-joint. Label the
“arrow side” and “other side” of the joint
on the figure.

4, How many separate weld joints are shown N \

in the figure?

5. Draw reference lines and arrows pointing
tothejoint at letter B and and at letter C.

6. For thereference line and arrow pointing at
B, the arrow side is|abeled and the

other sideislabeled . \ A B
7. For the reference line and arrow pointi |
C, thearrow sideislabeled th c D

other sideislabeled .

Q\

& ‘

8. Circlethe correct word. Information about the arrow side of the joint is placed (above/below) the
reference line, while information about the other side of the joint is placed (above/bel ow) the

referenceline.

95




Matching: Connect the joint type listed in the center column with the proper figuresin the right and | eft
columns.

9. Butt Joint

10. Corner Joint

11. T-Joint C
|

13. Edge Joint

96




14. Draw aweld symbol for afillet weld on
the other side.

/

15. Sketch the weld indicated by the welding
symbol shown below:

16. Draw the weld symbol for the weld shown
in the drawing below:

I 2

N

17. Sketch afillet weld in the j@in en
draw the weld symbol on thedr o)

Y 4
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18. Draw the weld symbol for the weldment
shown below:

| q @ |

19. What weld is specified (type and location):

/ L

20. Draw the weld symbol to place afillet

weld around the outside of the pipe.

98

\
©
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CHAPTER 2—FILLET WELDS

10l

1. What type of weld is required?

2. Whereistheweld |ocated?

3. What istheweld size?

4. What isthelength of the weld?

1/4’\8

5. Whereistheweld |ocated?

6. What istheweld size? $
d?.

7. What isthelength of the wel

\/@3/81/

8. Whereistheweld |ocated?

9. What istheweld size?

10. What does the circle mean?

99




11.

12.

13.

14.

15.

16.

1/4\_3-7
3/8

Whet is the weld size on the arrow side?

What is the length of weld on the arrow

side?

What is the weld size on the other side?

What type of weld is on the other side?

What isthe length of each intermittent

weld increment?

What is the pitch of the weld increments?

17.

18.

19.

20.

21.

6N\ 25-75
6l 25-75

What istheweld size on the ar

What isthe weld sze%\
What type of wi sho! ain

intermittent or intermittent fillet

welds?
What is tr% each weld increment?

What is the pitch?
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22.

23.

24.

25.

26.

3/8 x l/2|

/3/8x1/2\

What isthe weld size on the arrow side?
How long isthe weld on the arrow side?
What is the weld size on the other side?
How long is the weld on the other side?

How does the welder know which joint
member receivesthe %" leg?

It doesn’t matter which member receives the
%" leg.

A note on the drawing will indicate which
member receives which size leg.

The thicker member always receives the larger
sizeleg.

The welder may place the weld either way,
using good judg

a)
b)
©)

d)

27.

28.

29.

30.

31

3/8
3/8

What isthe weld size on the arr

What istheweld sizeon t

What type of weld i ain
intermittent or intermittent fillet
welds?

What ist each weld increment?
What is the pitch?

- ’)Q
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32. Sketch and dimension the staggered
intermittent fillet weld on the drawing
below:

3/8)\ 2-3
3/8 |/ 2-3

/
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CHAPTER 3-JOINT TYPES AND SQUARE-GROOVE, V-GROOVE,
AND BEVEL-GROOVE WELDS

Matching: Connect the groove weld type listed in the center column with the proper figuresin the right and
left columns.

1. Single-V-Groove Weld

2. Single-Bevel-Groove
Wweld

Double-Square-Groove
Weld

4. Double-V-Groove Weld

5. Double-Bevel-Groove
Weld

21040
?lﬁ Fo

(1/4)
1/8

6. What type of weld is required? \

7. Whereistheweld located?

8. What isthe weld sizg”
9. Whatisthe root%
10. Dimensi %

etch below left, and sketch the weld into the drawing below right.

——
——

]
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11.

12.

13.

14.

15.

What type of weld is required?

Where isthe weld located?

Whet is the total weld size?

What is the root opening?

Dimension the joint sketch below left, and sketch the weld into the drawing below right.

f

1/4 ‘ | /4 ||

I
I *

16.

17.

18.

19.

20.

21.

(s}

718 (1) 0 ’

What type of weld is required? L

What is the root opening?

What is groove angle?
What is the depth of preparation?
What isthe weld size?

Dimension thejoint sketchw d sketch the weld into the drawing below right.

<> ;

N | [ NO

m—— |
L
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22.

23.

24.

25.

26.

27.

28.

29.

30.

60°
1/16
3/8 (1/2)

70°

What type of weld is required?

What is the root opening?

What is the bevel angle on the arrow side?

What is the depth of groove on the arrow
side?

What isthe weld size on the arrow side?

What is the bevel angle on the other side?

What is the depth of groove on the other
side?

What is the weld size on the other side?

Dimension the joint sketch below |eft, h the weld into the drawing below right.

R
DT< > L

!
1
f

A>W§ |
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31.

32.

33.

35.

36.

37.

11/16 (3/4)%

/1
50

6

MEMBER "A"

MEMBER "B"

What type of weld is required?
Which member receives the bevel ?

What is the root opening?

What is the bevel angle?

What is the depth of groove?

Whet isthe weld size?

Dimension thejoint sketch below left, and sketch the weld into the

J T

el ow right.

S
-
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Sketch the weld symbol s for the following weld joints:

38.

—-\450

3/8

39.

1/2

3/8
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Sketch the weld symbol s for the following weld joints:

40.

1/4

L7
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CHAPTER 4-ADDITIONAL GROOVE WELD TYPES: U-GROOVE, J-GROOVE,
AND FLARED-GROOVE; GROOVE WELD LENGTHS AND ARRANGEMENT

Matching: Connect the groove weld type listed in the center column with the proper figuresin the right and
left columns.

1. Single-U-Groove Weld

2. Single-J3Groove Weld / F

3. Single-Flare-Bevel-
Groove Weld

4. Single-Bevel-Groove
Weld O

5. Double roove Weld

Yan
s

X/

ad 7. Double-Flare-V-Groove
Weld

8. Double-Bevel-Groove
Weld
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30°
1/8
7/8 (1)
7/8 (1)
30°

9. What type of weld is required?

10. What istheroot opening?

11. What isthe bevel angle on the arrow side?

12. What isthe depth of groove on the arrow
side?

13. What isthe weld size on the arrow side?

14. What isthe bevel angle on the other side?

15. What isthe depth of groove on the other
side?

16. What isthe weld size on the other side?

17. What istheradius at the bottom of the
grooves?

18. Dimension thejoint sketch DK , sketch the weld into the drawing below right.

7y
==
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19.

20.

21.

22.

23.

24.

25.

MEMBER “A”

MEMBER “B”

What type of weld is required?

Which member receives the preparation?
What is the root opening?

What is the bevel angle?

What is the depth of groove?

What isthe weld size?

Dimension the joint sketch below |eft, and sketch t

‘E|7

N

drawing below right.

*@

Q:(/
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26.

27.

28.

29.

30.

31.

32.

40°
3/81
3/81

40°

What type of weld is required?

Which member receives the preparation?

What is the root opening?

What is the bevel angle?

What is the depth of groove on each side?

Whet is the weld size on each side?

Dimension the joint sketch below left, and sketch the wel

nto the drawing below right.

ot ]"‘—-
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Sketch the weld symbols for the following weld joints:

33.

/

N J
i

R1/2

3/8

38— = 1

o
(BOTH SIDES)
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35.

e, NI
CJF) I
1/16 ——=f =
36. e N
N )
| |
s ™
e ™

CHAIN WELDS ON
OTHER SIDE

R1/4
—
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37.

STAGGER WELDS
ON OTHER SIDE
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CHAPTER 5-ADDITIONAL DETAILS: COMBINATION WELDS, MULTIPLE

REFERENCE LINES, AND TAIL NOTES

60°
1/2 N\ 2-4
1/2%
1/2@
1/2 2-4
<]

o

1. What type of groove weld is required?

2. What isthe root opening?

3. What isthe bevel angle?

What is the depth of groove?

What is the groove weld size on the arrow
side?

6. What isthelength of the groove weld?

What type of fillet weld is applied over the
groove weld?

8. What isthe size of thefillet weld?

What is the length of each fillet weld
increment?

10. What isthe pitch of the fillet welds?

11. Dimension thejoint sketch\el\ and sketch the weld into the drawing below right.

= 1-1/8" - —— 1-1/8" —

[ ] [ ]
L]

G
=

e —
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12.

13.

14.

15.

16.

17.

18.
19.

70°
1716
3/4

(1/4)

What type of weld is required on the arrow
side?

What is the root opening?

Whet is the weld size on the arrow side?

What type of weld is required on the other
side?

What is the bevel angle?

What is the depth of groove?

Whet is the weld size on the other side?

e
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20.

21.

22.

23.

24.

25.

26.

27.
28.

1/4 (3/8)
(1/8)

1/4

What type of weld is required on the arrow
side?

What is the root opening?

What is the groove weld size on the arrow
side?

What isthefillet weld size on the arrow
side?

What type of weld is required on the other
side?

What is the bevel angle?
What is the depth of groove?

What is the weld size on the other side?
Dimension thejoint sketch below |

1/2

%

-
=1l

1/2

90°

the weld into the drawing bel ow right.
!

1/2

/

1/2
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(e}

7
3/8(1/2)

MEMBER A MEMBER B

29. Which member receives the bevel ?

30. Which sideiswelded first?

31. What isthe root opening?

32. What isthe bevel angle on the arrow side?

33. What isthe depth of groove on the arrow
side?

34. What isthe bevel angle on the other side?

35. What is the depth of groove on the other
side?

36. What isthe weld size on the other side?
37. Dimension thejoint sketch below left, and sketch t el e drawing below right.

\

!

e —

=

+
! ITI
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38.

39.

40.

41.

42.

43.

45,
46.

47.

172\ 2-4
SMAW

80°
1/16
3/8

3/8
80°

CJP

What is the groove weld type?

What is the root opening?

What is the bevel angle?

What is the depth of groove?

Whet is the additiona fillet weld size?

What is depth of joint penetration?
What is the welding process for the fillet
weld?

What is the length of the groove weld?

What is the length of each fillet weld
increment?
Dimension thejoint sketch belowyft, etch the weld into the drawing below right.
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FCAW-SA
1/2

48. What isthe weld type and location?

49. What istheweld size?

50. What is welding process and application
method?

GMAW-ME

s

51. What isthe weld type and | ocation?

52. What istheweld size?

53. What isthe welding process and
application method?

200 ‘,

SMAW-MA N

)

54. What isthetype and location?

\J/

55. What istheweld size?

56. What isthe weld length?

57. What isthe welding process
application method?

N3

Define: Givethe abbreviation for:
58. EBW 62. Robotic laser beam welding
59. RSEW
60. GTAW 63. Manual gas tungsten arc welding
61. SAW

64. Automatic resistance spot welding

122




CHAPTER 6-ADDITIONAL DETAILS: FIELD WELD, WELD CONTOUR, AND
COMPLETE JOINT PENETRATION (MELT-THROUGH)

1/2

70°
1/2(3/8)

1. What type of weld is specified on the
arrow side?

2. What type of weld is specified on the other
side?
3. What isthe bevel angle?
4. What isthe depth of groove?
5. What isthe groove weld size?
6. Whatisthefillet weld size? @

7. Which weld isthefield weld?

8. Dimension thejoint sketch beloth, ch the weld into the drawing below right.

/

I 3/4—— -~ 3/4 —=]

-[]-

N N

123




Matching: Match the weld symboal to the description.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Flat contour-
as-welded

Concave contour-
by chipping

Convex contour-
as-welded, fillet weld

Flat (flush) contour-
unspecified finish method

Concave contour-
aswelded, fillet weld

Flat contour-
by chipping

Convex contour-
as welded, groove weld

Flat contour-

by hammering @

Concave co r-
by grinding

Flat (flush) contour-
by grinding

\Q/&

Ty

,)
A

iy -
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For each example, indicate complete joint penetration (CJP) or partia joint penetration (PJP) and sketch the

weld
19. CJIP PIP
| [ | ]
bos, 3,
3 1
20. CJP PIP
70°
1/16
3/8
CJP
| I
1. 1
7 2
} I
21. CJP PIP !
i 80° i
1.
} In
! !
22. CIP PIP
20°
0
3/8 \
3/8
20°

125




For each example, indicate complete joint penetration (CJP) or partia joint penetration (PJP) and sketch the
weld

23. CP PP

24. CIP PP

25. CIP PP _ !

3.
ST \ 2
45°
1/4
]/445°
! i
3.
3 %
f f
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For each example, indicate complete joint penetration (CJP) or partial joint penetration (PJP) and sketch the
weld

26. CIP PP
f !
1.
} }
f f
(1/8)] |
174\,
45°
I 1,
2 e B
27.CP PP
i I R
. 1.
! }
} ¥
1/16 -
-~ Q
60°
28. CIP PP -

O

é

1/2(5/8)
1/2(5/8)
70°

<
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CHAPTER 7-GROOVE WELD DETAILS: BACK AND BACKING WELDS, AND
BACKGOUGING

1. (circle correct answer) A back weld is applied (before/after) the main weld, while a backing weld
is applied (before/after) the main weld.

CJP

?

1

|

2. What type of weld is required on the arrow
side?

3. What isthe contour and finish method on
the arrow side?

4, What type of weld is required on the other
side?

5. What is the contour and finish method on
the other side?

6. What istheroot opening?
7. What isthe bevel angle? 40
8. What isthe depth of groove?

9. What istheweld size?

10. Dimension thejoint sketch bel oW, | efi} and sketch the weld into the drawing bel ow right.

N
<= 7

f |
=
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y
B
4

* MEMBER "A" | MEMBER "B"

45°

BACK
—~ WELD

11. What type of weld is required on the arrow
side?

12. What type of weld is required on the other
side?

13. What istheroot opening?

14. What isthe bevel angle?

15. What isthe depth of groove?

16. What istheweld size?

17. Which member receives the bevel ?
18. Dimension thejoint sketch below left, and sketch the welg

B[00 ]
e [0 ]

« 146" root opening
»  50° bevel angle onMoth sides

« 746" depth of groove on both sides

* Y5 weld size on both sides

»  Backgouge before welding second side
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Identify each of the following symbols as using a back weld or a backing weld:

20.

BACK
Back Weld  Backing Weld - WELD

21.

40°
7/8
Back Weld  Backing Weld
1/8

22.

BACKING
Back Weld  Backing Weld WELD

23.

70°
Back Weld  Backing Weld /172 (5/8)i /

24.

Combine the following multiple-reference-line welding symbol into a single welding symbol on

the given referenceline:

30°
1/16

BACKGOUGE 4

Dimension: (& Sketch Weld:
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25.

26.

27.

28.

29.

30.

|

BACKING
- = WELD

A

What type of weld is required on the arrow
side?

What is the weld contour and finish
method on arrow side?

What type of weld is required on the other
side?

What is the root opening?

What is the bevel angle?

What is the depth of groove?

31.

32.

33.

35.

36.

5

3/4
0
40°

BACK-
GOUGE

‘
What type of weld i uired on the arrow
side?
What ist ing?
What isthe b angle?

What is the depth of groove?

What type of weld is required on the other
side?

What must be done before welding the
other side?
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CHAPTER 8-GROOVE WELD DETAILS: BACKING, SPACERS, AND

CONSUMABLE INSERTS

+-l>-|9)

1/4
45°

What type of weld is required?

What is the root opening?

What is the bevel angle?

What is the depth of groove?

What isthe weld size?

What does the “R” mean?

What material is the backing bar?

Dimension the joint sketch below |eft, and sketch

-

E

ASTM A36
1/4X1

\\\

| 0]

133




10.

11.

12.

13.
14.

1-3/4
3/8
30°

3/8X1-1/2
1020

What type of weld is required?
What is the root opening?
What is the groove angle?
What is the depth of groove?

What is the material for the backing bar?

Dimension the joint sketch below.

@
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Identify each of the following symbols as using a backing bar (B), a spacer (S), or aconsumable insert (Cl):

15. B S ClI Typeof weld
16. B S CI Typeof weld /
17. B S CI Typeof weld / —
18. B S CI Typeof weld / I\
19. B S Cl Typeof weld / R
.
fax3E N -
i,.
20. What type of Weld is required?

21.

22.

23.
24.

What is the root opening?

What is the bevel angle?

What materid is the spacer?

What must be done before welding the

second side?
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CHAPTER 9-PLUG AND SLOT WELDS

What type of weld is required?

Wheat is weld location?

Whet is the diameter?

What is the countersink angle?

What is the depth of fill?

What is the contour and finish method?

How many welds are required?

10.

11.

12.

13.

14.

Wheat is weld location?

What type of weld is required? @&

What is the diameter? \

What is the coun k

t
What is the depth offill 2

How man required?

What is the spacing of the welds?
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15

16

17

18

19

. How many welds will be made?

. What isthe diameter?

. What isthe location?

. What isthe countersink angle?

. What isthe depth of fill?

20

. Dimension the figure and sketch the plug weld:

3/4

L
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21. Draw thewelding symbol for the following example:

e At
I g
Heo
Il o
o 5

139



22. Draw the welding symbol for the following example:

2”
B — -

2”
C:::::]—4L
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45°

1| 3/4
|
|
23. What type of weld is required?
24. What isthelocation?
25. What is the diameter?
26. What is the countersink angle?
27. What isthe depth of fill?
28. What is the contour and finish method?
”~
3/8 2
M
< 7
Q
‘
29. What type di ired?
30. What isthel@cation?

31

32.

33.

What is the width?
What isthe length?

What is the depth of fill?

What is the contour and finish method?
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~_

()

1/2

35. What type of weld is required?

36. What isthelocation?

37. What isthe diameter?

38. What is the countersink angle?

39. What isthe depth of fill?

40. What is the contour and finish method?

41. How many welds are required?

42. What isthe pitch?
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CHAPTER 10-SPOT, PROJECTION, AND SEAM WELDS

Matching:

1. Spot weld, arrow side /
2. Projection weld /

3. Spot weld, other side

4. Seam weld, no side significance /
V4 | ’
PW
5. Spot weld, no side significance

6. Seam weld, other side $ /
7. Seamweld, arrow sidQ\ /

&
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10.

11.

RSW

What type of weld is required?

What is the welding process?

What is the weld diameter?

How many welds are required?

12.

13.

14.

15.

16.

3/16 (Y 12

/ LBW

What type of weld is required?

What is location?

What is the welding process?

Whet is the weld width?

17.

18.

19.

What istheweld length? E
a
PW

SEE DETAIL F

‘
What type of iST ed?

What is| e projection?

What is the diameter and height of the

projection?
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20.

21.

GMAW

What type of weld is required?

Whet is the location?

. What isthe welding process?

. What is the strength of each spot?

How many welds are required?

. What isthe pitch?

. What is the contour and finish method?

N

36ty 24\ "
(2)

B —
T

HORIZONTAL SEAM WELDS

14"

. What type of weld is tgquir \

. What is the location?

. What is the length of each weld increment?

. What isthe pitch?
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N|—

36ty 24\ "
(2)

HORIZONTAL SEAM WELDS

14"

33. Sketch and dimension the seam weld shown above.

146

N
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CHAPTER 11-EDGE WELDS, STUD WELDS, AND SURFACING WELDS

2.

3.

4,

What type of weld is required?
Whet is the weld | ocation?
Whet isthe weld size?

What is the weld length

Sketch the weld:

2
4\
Q{o

Q
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Sket

1/4(1/8), -

2-4

1/8[ ] ]

!—J;_

5. What type of weld is required on the arrow

side?

Whet is the weld size on the arrow side?

What type of weld is required on the other

side?

8. What isthe radius of the groove?

9. What istheweld size?

10. What isthelength of each increment?

11. What isthe pitch?

ch the weld:

3
Q{o

N

N
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Sketch the weld symbol for each example:

12. Example 1
— 4mm /

2N L

- \
13. Example 2: 4

N\
Y

14. Example 3: R
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Matching:

15. Edge weld on arrow side

16. Surfacing weld

17. Edge weld on other side

18. Stud weld

19. Edge weld on both sides

20. What type of welds ifi

21. What isth h stud?

22. How many s are required?

23. What isthe pitch?
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24.

25.

What type of weld is specified?

What is the thickness?

26.

27.

28.

29.

30.

1/8

@,
What type of weld is specified on the

arrow side?

What type of weld is specified on the oth
side

What isthe weld size on the arroW side?

What istheweld sizeon t

What isthelength o weld?
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CHAPTER 12-BRAZING SYMBOLS AND NONDESTRUCTIVE EXAMINATION
SYMBOLS

B

1. What type of brazejoint is specified?

2. What isthelocation (side to braze from)?

3. What isthe clearance?

.002-.004
s
45°
B
3
v
4, What type of brazejoint is specified? U
5. What isthelocation (side to braze from)? @
6. What isthe clearance?
7. What isthe scarf angle? g
»
1B

—~

8. What type of ejoint is specified?

9. What isthelocation (side to braze from)?

10. What isthe clearance?

11. What isthelength of overlap

12. What isthe method of brazing
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13.

14.

15.

16.

17.

What type of braze joint is specified?

What is the location (side to braze from)?

What is the clearance?

What isthe length of overlap?

Whet is the brazefillet size?

18.

19.

20.
21.

22.

B

qQ
\\ j/
What type int is specified on the
arrow side?
What is the clearance?

What is the length of overlap?

What type of braze joint is specified on the
other side?

What is the brazefillet size?
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Matching:

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Visual test arrow side PT

W

Magnetic particle test other side VT
/ VT
Eddy current test arrow side
/ VT
Penetrant test other side MT
/ MT
Visual and penetrant test arrow side MT
Visual test both sides uT

Magnetic particle test both sides W

Ultrasonic test other side
VT+PT

Proof test arrow side T

Radiographic test @
PRT
Leak test arrow % VT

1

\

. Visua and ic emission test arrow

side / RT—
Visual test other side
/" VT+AET
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36. Draw the symbol for the following:
*Radiograph
*Visua test both sides

37. Draw the symbol for the following:
*Penetrant test four 8" lengths of weld

38. Draw the symbol for the following:
*Radiograph 50% of thejoint in the field

39. Draw the symbol for the following:
«1% operation: single U-groove on the other
side, then backgouge
«2™ operation: MT backgouge
+3 operation: single U-groove on the

arrow side
«4" operation: VT and MT both sides

40. On the welded pipe, shade i
the inspection area:

MT 3

O
g
RS
A\

S
\\\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\

N

=

N

156



MEASURING UNITS AND TOOLS WORKSHEET

The three most common measuring systems used to dimension prints are fractional
inches, decimal inches, and millimeters. Fractional inches and millimeters will be used
most often by welders, while decimal inches are used mostly by machinists. Printsfor
large structures may be dimensioned in feet and inches or in meters. When building
assemblies according to aprint, it isimportant to have the proper measuring tools
graduated in the same units used on the print. If aprint is dimensioned in millimeters, it
isfar better to use measuring tools graduated in millimeters rather than try to convert all
the unitsto inches. For those who insist on converting units, thisis covered in the section
on Converting Measuring Units.

Fractional Inch Rule

|||III,J|I|I|I‘}|I[I|J|I|1iill||[|ll||it|||

|p||||||

mhn il

=
n

Uﬂhlllihhltld;lilihl|||I|||I||111[|l||1l1||ll||J||fI|||I|l|I1||I: lhlilllmhll Ll

The fractional inch ruleis graduated by s, Yy, 0r 64 |n ts, depending on
therule styl e. Theruleillustrated aboveis graduated by *si aduat| ons on the upper

scale, and * 16inch graduations on the lower
scale. Note the graduation is often, but not | | o1 o 1 | T | |
always, indicated by a small number near
1 2
h?FﬂlIl bt bbbt

33-—

the start of therule. Fractional
measurements are always reduced to the \

lowest terms (that is, the numerator is
always an odd number). For example,
measurement of & 16 would be read 2
(divide both the top and bottom n

“"'—'

»__ |||||[1||||

8), and ameasurement of %16 % 16="8
as s inch (divide both the top tom

numbers by 2).

The other side of %@n above has graduations of *s2and *e4 inch:

|1fi J‘pl‘tFi‘rl’rl‘lfrl'l‘rp‘lJTV]T}l|‘1I|1Tl‘l‘i|l]’l|lii|‘|]‘i|l|l|illyli| Il‘]ill‘]‘ili]l] |il|]‘i||ulmrr|||| ]J|I‘|1‘|Il ||r11i|r1 [11tl1|l|1|| i p|11rp 1t|‘r*r[t‘i|rlll1 UYL

9 g% 0% 26 ¥2 91 8
£

%32 1 mceoane THEL.ssmnnmco3 ATHOLMASS.USA. 4 TEWPERED D)

4 B 1216202428 4 B 1216202428 4 8 1216202428 4 B 1216202428 4 81216202428 | 4 B 1218202423

These graduations are too small to be of much use in welding; however, machinists use
them occasionally. More often, when high precision measurements are needed, decimal
inches will be used rather than fractions.
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Decimal Inch Caliper

For high precision measurements such as those needed by machinists, decimal inches are
the preferred unit of measure. Most often, measurements will be made to the nearest
11000 inch, referred to as “thousandths’ by machinists, and expressed as a decimal with
three decimal places. Zeros are added to make 3 decimal places, even if they are not
needed for the measurement. Thus, %2 inch would be expressed as .500” as adecimal,
and 2%z inches would be expressed as 2.375"” asadecimal. Notice thereisno leading
zero on the one-half inch dimension; leading zeros are only used on metric prints.
Although rules are available with decimal inch graduations, most machinists use calipers
and micrometers for measuring to the nearest thousandth of an inch.

v

Thedia caliper in the pi
41.5mm) and a deci I

41 thousandths of amj
didsare avail
metric units.

Decimals may be converted to fractions, but with some loss of precision since the
smallest fraction ever used is* es inch (which convertsto .016"). Likewise, converting
fractions to decimalsis not precise either because many fractions must be rounded off to
the desired number of decimal places. The section on Converting Measuring Units will
show how to convert decimals to fractions and fractions to decimals.

Ve has a millimeter scale on top (reading approximately
scale on the bottom (reading 1.6+ inches). The dia shows
atotal reading of 1.641 inches. Dial caliperswith metric
ronic digital calipers can be switched between inch and
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Metric Rule

rr 'iII| HI'HHIlIII[HlIIIIIIIIIIIIIIII,IIIIIIIII'IHI[!IHIIIIIIIIII'IIIl|II|I|I|I||1lliiI|||||II|lllllllll!lHII|IIHIHIIIIIHIIIIIIHNI

m
W

he ) S 14 €
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A metric rule is graduated in millimeters (thousandths of a meter) and occasionally half-
millimeters. On most rules, every centimeter (hundredth of ameter or 10 millimeters) is
numbered. On engineering drawings, dimensions are given in millimeters, with no
decimal places unless needed.

For large structures
such as buildings and
bridges, units of
meters with three
decimal places may be
used (for example,
112mm = 0.112m). 50mm = 0.05m 112mm = 0.112m
Notice in the example
that aleading zero is used on the 0.454m dimension to differentiate the dimension from
inch units. Also, unlike decimal inch dimensions, extr &v are not added to
decimals—only the number of decimal places act@ eded is used on the dimension.

nnlun‘uuluu\nu uuui nu\mﬂ

7
iy

Protractor

The protractor is used to measure
angles. If anglesare given on ap
regardless of whether the print |
or metric, the angles will be
dimensioned in degrees (
Dimensions which are
than 1° are given in ( 0'=1°)
and seconds (60"=
degrees; howev
uncommon. Protr
two scales of 0-180° like the one
shown, or may have two scales 0-90°,
or just one scale 0-180°. Metal
protractors with moving measuring

arms are good for welding work because they don’t melt in the shop.

159



It isvery important to line up the origin of the protractor properly with the angle being
measured. On drafting protractors, the origin is usualy not at the very bottom edge, but
printed alittle up from the bottom.

origin

Metal shop protractors, on the other hand, usually have their origins gt the bottom center,
like the one shown below.

origin

origin
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Fractional Rule Exercises

Place the correct fractional reading for each measurement in the space provided. Reduce
fractions to their lowest terms; for example: *°16 = °&”

o P 5
z_l_. s‘ 2 4&

Using a fractional inch rule, measure the length of each g lowing linesto the

B__

C —

D

E___

F__

G___

H ——

L e ——————————————
J ——
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Metric Rule Exercises

Place the correct millimeter reading for each measurement in the space provided.

T
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Using ametric rule, measure the length of each of the following lines to the nearest
millimeter and place your answer in the space provided.

—

|

h of the following angles to the nearest 1° and place your

oA oB
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CONVERTING MEASURING UNITS WORKSHEET

Units of fractional inches, decimal inches, and millimeters may be converted from one to
another as the need arises, generally when the proper measuring tools are not available.
For example, most steel tape measures are graduated in fractional inches rather than
decimal inches. Units may be converted either mathematically or by using conversion
tables. A conversion tableislocated at the end of this section on page 167.

Converting Fractional Inches to Decimal Inches

Fractiona inches may be converted to decimal inches by simply dividing the upper
number (numerator) by the lower number (denominator), then rounding the answer to an
appropriate number of decimal places (usually 3 or less). For example:

%6 =3+16=.1875 whichroundsto .188

Fractions may aso be converted by using a conversion table such as the one at the end of
this section. For example:

V,jor: S S N -
Y6 188 4.
134 2N
Converting Decimal Inches to Fractions Q
The easiest way to convert decimal inches to fractions is t6ook up the nearest fraction
on aconversion chart. For example, if the decimalto bg converted is.392” then we find
where it would be on the chart and pick the clgsest fraction with the desired denominator:

“V64----——---309 Y.
3% 375 9.1
2%64 =-nennev 391, 9.9 392"
B s 406 10.:
2T/ emmmmeee 422 10.7
Q e --438 11.1
29/ ALD 44

« To convert to the nearest 164 we select »°essince .392 is closer to ® sathan to 2
« To convert to the nearest 132 we select 32 since .392 is closer to 32 than to s
« To convert to the nearest * 16 we select 35 since .392 is closer to ®sthanto ” 16

« To convert to the nearest *s we select 3s since .392 is closer to ®s thanto 12
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Converting decimal inches to fractions mathematically can be done using the following
method:
1. Choose the desired denominator, and multiply the decimal by that number.
2. Round the result to the nearest whole number.
3. Write out the fraction with the result as the numerator and the number you
multiplied by as the denominator. Simplify the fraction by dividing top
and bottom by 2 if needed.

For example:
To convert .392 to the nearest L 64: .392x 64 _25088 _25
64 64 64
To convert .392 to the nearest 1 32: .392x 32_12544 13
32 32 32

To convert .392 to the nearest * 16: .392><1—6 _622_6_3
16 16 16 8

To convert .392 to the nearest s: 392)(6&
Converting Inches to Millimeters O

To convert inches to millimeters, multiply inchi@‘and round off to the appropriate

0ol w

number of decimal places (usually oneor | ple
4.375inchesx25.4=111.1 whichroundsto111.1mm
Fractions may be converted to mi s by looking at the conversion table, or by first

converting the fractionto ad K Widing the numerator by the denominator.
&s

Converting Millimeters

To convert millimeterst@ 1nghes, divide millimeters by 25.4 and round off to the
appropriate nu d al places (usually three or less). For example:

350mMm= 25.4 =13.779527 inches whichroundsto 13.780inches
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Unit Conversion Exercises

Complete the following table using any appropriate method.

Fractional Decimal
Inches to Inches to Millimeters
Nearest 32 3 places to 1 place
Sample 316 = .188 = 4.8
1. 154 = =
2. = 438 =
3 = = 18
4 1°s = =

6. = = 100.5 Q
7. 7° 16 40

9.250

\
Q)

- — - &

Q.

N
-
©
1
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FRACTIONS TO DECIMALS & MILLIMETERS

FRACTION DECIMAL MM
Y P— .016 0.40
S 031 0.79
L — 047 1.19
16 .062 1.59
T E— .078 1.98
S S 094 2.38
[y S— 109 2.78
8 125 3.18
Y — 141 3.57
S J— 156  3.97
Y E— 172 4.37
16 188 4.76
Y E— 203 5.16
[ P — 219 556
Y — 234 5.95
4 250 6.35
Ly — 266  6.75
S S 281 7.14
Y — 297 7.54
16 312 7.93

Y E— 328 8.3

10.72
11.11
11.51
11.91
12.30
12.70

FRACTION

DECIMAL MM

13.10
13.19
13.89

14.29
14.68
15.08
15.48
15.88

16.27
16.67
17.07
17.46

17.86
18.26
18.65
19.05
19.45
19.84
20.24
20.64

21.03
21.43
21.83
22.23

22.62
23.02
23.42

23.81
24.21
24.61
25.00
25.40
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PROJECT 1—INTERMITTENT FILLET WELDS

Introduction:

In welded construction, fillet welds are the most popular method of joining lap and tee
joints. Sometimes the welds are continuous for the full length of the joint (as indicated
by the lack of length, pitch, or increment numbers), but often in structural welding the
welds are intermittent; that is, short increments (or lengths) of weld are placed at a
specified pitch (center-to-center distance). If the specified weld is a double weld, then
the increments of weld may be chained or staggered as indicated by the weld symboal.

Construction:
» Refer to the Project 1 prints.
+ Cut 4 pieces of */16” foam to asize of 3" x 6" each.
» Tack the piecesinto teejoints.
e Lay out the chain and staggered intermittent fillet welds using a pen or marker.
* When the layout is complete, make the welds using the glue gun.

Assembly Notes:
When laying out intermittent fillet welds, aways mark off the pitch !y measuring from

the start of the joint, rather than measuring from weld to weld. | lay out the welds
by chaining from one weld to the next, alittle error on each inerementtand pitch can add
up over along distance. Also, remember that pitch, although,desCribed as the center-to-

center distance between welds, is the same as the start-tg=stagt @istance from increment to
increment. Asadouble check for the layout, check th @ e between increments —
it's the pitch minus the increment. Q
Worksheet Questions:

1. Onthe Chain Intermittent Fillet del, how

many weld increments will b o each side
for the 6” weld length?

2. On the Staggered Inter N let Weld model,
how many weld i tswill be needed on the
Ot

Arrow Side? t Side?

3. Whatis @ he drawings?
4. What isthe t@terance on the 16" dimension?

5. Sketch aweld symbol for the following joint:
e Arrow side: %4 continuous fillet weld.
 Other side: ¥4" intermittent fillet weld with
2-inch increments and 3 inches from the
end of one increment to the beginning of the

next increment.
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PROJECT 2—STEP FIXTURE BLOCK

Introduction:

The step fixture block illustrates the basics of orthographic projection, using front view,
top view, and right-hand side view. All of the common line types are illustrated,
including object lines, hidden lines, center lines, extension lines, and dimension lines.
Dimensions are given in fractional inches. The small pictoria view in the upper right of
the print isto help you visualize the object—it would not normally be placed on a print.

Construction:
» Refer to the Project 2 print.
e Layout and cut the project from %" foam board.

Assembly Notes:

It is best to start out with arectangular blank 3” x 4” then lay out and saw the notch.
Since you have a holesaw to make the hole, only the center of the hole needsto be
located before cutting the hole.

Worksheet Questions:
1. Onthedrawing, sketch the left-hand side view in the 4

location indicated. What is different on the Ieft-haan

side view compared to the right-hand side view?

2. Could this part have been adequately shown | @
two views? Explain.

3. Could this part have been adequately Shown in only
oneview? Explan.

4. What are the dimensions o " in decimal

inch units?

1. Assumea10-foot %r:
produced having/a cro tion as shown in the

e4Nno
IAum extrusion is
front view. If cut is Y&-inch wide, how many

parts cou@ the 10-foot bar?
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PROJECT 3—KEYED ANGLE MOUNT

Introduction:

The keyed angle mount illustrates the use of an auxiliary view to show details not
otherwise seen at “true size” or “true shape” in the front, top, or sideview. The auxiliary
view is set up to look perpendicular to the sloped surface of the part, and it is common to
leave hidden lines off the view if they do not help with visualizing the part. Sometimes,
the auxiliary view will only be a partial view, showing only the sloping surface. The
“weld all around” sign on thefillet weld symbol is optional since the weld is being made
on around tube. The small pictorial view in the lower left of the print isto help you
visualize the object—it would not normally be placed on a print.

Construction:
» Refer to the Project 3 print.

» Layout and construct the part as shown in the print. Dimensions are givenin
millimeters.

Assembly Notes:
Before starting, glue together three pieces of 80mm x 100mm x 16mm foam to make the
block needed. Start with arectangular block, and use your saw to cut the details.

The 25mm piece of pipe for this model was cut from 34" Sch
dimension refers to the nominal inside diameter which i ¥4" while the “ Schedule
40" indicates the strength of the pipe. In actual use, fo @ pipe size the outside
diameter is maintained constant so the pipe fittingswil and the wall thicknessis
varied by the Schedul e designation to obtain the required strength. Thusthe inside
dimension may vary up or down from the nominal“eli sion depending on the pipe
material and required strength.

Worksheet Questions:
1. What isthe width of the @-Wayin
millimeters?

240 PVC pipe. The %4’

2. What arethedi jonsof the inclined surface
shown in the i iew?

3. Accordin rint, what is the wall thickness of
the tube?

4. What isthe width of the narrow keyway?

5. Intheauxiliary view, what is the distance from the
edge of the part to the outer edge of the tube?
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PROJECT 4—BOX SECTION

Introduction:

The box section illustrates the use of sectioning to show internal details. In this part, a
section view is used in place of the front view to show the inside cavity. Also, a corner
of the top view has been broken out to show the wall thickness. Dimensions are givenin
millimeters. The small pictoria view in the upper right of the print isto help you
visualize the object—it would not normally be placed on a print.

Construction:
* Refer to the Project 4 print.
e Layout and construct the part from three pieces of 16mm foam board.

Assembly Notes:

Cut each layer according to the print and then glue them together to complete the model.
Note that this project was designed solely for illustrating section views, and area part
built in this manner would be actually be represented using assembly and detail drawings,
to beintroduced later in the course.

internal detail shown by the broken out section in th

top view. Draw section lines on the cut surfac
the model to match the print.

2. Saw the model along the line designated %
A-A inthetop view. Draw section lifes on the cut

surface of the model to match the

Worksheet Questions: \
1. Cut away the upper corner of the model to reveal th?Q

(no answer required)

(no answer required)

3. What arethe internal dimegS ops of the square part
of the cavity?

4. How deepisthe l@m hole?

5. According tg t p , What is the minimum
distance he Sifle of the part to the edge of the
225mm h
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EXAMPLE 1—STORAGE TANK PLATFORM

Introduction:

The storage tank platform example illustrates structural
welding drawings such as those using for buildings,
bridges, and large fabrications. There are six sheetsin
this example, including an assembly view, a weldment
cut list, adetailed part drawing, and three detail
assembly drawings. The dimensions are given in feet
and inches, with fractional inches as needed. Standard
structural shapes (channels, tube, beams, etc.) are
described by their depth and weight in pounds per foot
of length. Detail drawings are provided only for parts
which cannot be described adequately in the weldment
cut list. The application for this platform is to support
a 5,000 gallon storage tank.

Worksheet Questions:

1. What arethe overall dimensions of the storage tank

platform assembly (L x W x H)?

2. Completethe“QTY” column of the weldment cut swer on Sheet 2 and/or
list (Sheet 2). on next page)

3. How much does each leg (part 1) wel gh?< |
4. What isthetotal length and weight ofSstruct

channel used (parts 4 and 5)?

5. In addition to the channel, tube, , what

wh
thickness of steel platev& ?
1. What isthetotd Ie«gﬁ steel bar that will be

ipfthe base plates for hold-down
er bolts should be used?

When was the gusset plate size revised?

9. How many double flare-bevel groove welds will be
required to build the platform?

10. What type of weld is used to attach the gusset plates
to the legs?
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Graphic for Question 2:

TEM| QTY | DESCRIFTION SEE/LENGTH
: 4"%21.63 SQ TUBE o
ASTR AB00, GR B
5 4"%21.63 SQ TUBE e
ASTR AB00, GR B
3 4"%21.63 SQ TUBE e
ASTRA AB00. GR B
£%163 CHANNEL o
4 ASTI AZE 58
£%163 CHANNEL o
5 ASTI ARS 3-8
BASE PLATE e o
¢ SE Pl 1/2" % 5" X 8" LG
LEG CAP ) ) )
7 LEC CAR 1/ % 3127 % 31 2
G USSET PLATE o o
8 HsET FLA 172" % 6" % &
TOF PLATE oo
9 TP R 3T SN DA LG
1" DIA BAR . .
10 ASTI ARE 6-8-5/8
1" DIA BAR .
1 ASTA ARG 53

Q\
Q{o
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EXAMPLE 2—STOCK PUSHER GUIDE

Introduction:

The stock pusher guide example illustrates a precision assembly which uses both welding
and mechanical fasteners. There are five sheets in this example, including an assembly
view, abill of materials (BOM), and three detailed part drawings. The dimensions are
given in decimal inches for machining and fractional inches for weld details and fastener
sizes. Onthe BOM, thetubeisidentified by its outside dimension and wall thickness, the
channel by its depth and weight in pounds per foot of length, and the threaded fasteners
by their nominal diameter, thread series (UNC), pitch (number of threads per inch), and
length. Detail drawings are provided for parts which cannot be described adequately on
the BOM. In the assembly, socket head cap screws are used to strengthen the assembly
of parts 2 and 5 since afillet weld is not allowed on theinside corner. The fasteners are
installed prior to welding the /16" fillet welds.

Worksheet Questions:

1

Why must part 1 and 2 be welded together before
any other assembly is done?

What is the purpose of the designation “CS’ in the 4
side view of sheet 1? Q

On sheet 1, instead of atop view, what is the thi
view?

On sheset 1, what is the tolerance of the 1”< ’
dimension?

In the BOM, what is the size ofathe holding
parts 2 and 4 together?

What istheinside dim N e square tube?

On part 2, what j€the ce between the hole
centers?

On part is the purpose of the counterbores?

On sheet 4 in the front view, what is the distance
from the center of the hole to the right edge of the
part?

10. On sheet 5, what is the tolerance on the 1.500

dimension?
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PROJECT 5—POST BASE ASSEMBLY

Introduction:

This assembly drawing illustrates the use of revolution when features are arranged
radially about a center axis. The top view shows the actual number and orientation of the
ribs and holes, while the front view revolves one rib and one hole so that they appear true
size, athough not necessarily in their correct position. For this assembly, detail drawings
have not been prepared—all fabrication information may be obtained from the assembly
drawing. If detail drawings were used, then the assembly drawing would not give the
part dimension, it would only give dimension needed for assembly. Dimensions are
given in decimal inches.

Construction:

» Refer to the Project 5 print.

» Layout and construct the assembly from foam board and PV C pipe.
Assembly Notes:

Tack-weld the assembly prior to final welding. If the tube were welded to the base prior
to fitting the ribs, the weld would be in the way of theribs. ]

Worksheet Questions:
1. Onthehill of materials (BOM)), fill in the quantity Q

and size for each part, and convert the sizesto
metric.

2. What type of view isused for the front vi@

3. What isthe distance from th of therib to
the top of the tube?

4. Whatistheoverall% the assembly?
5. According to thé'top view, what is the distance from

theright ed e to the edge of theright rib?

(answer on the BOM
and/or on next page)
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Graphic for Question 1:

PART|QTY|DESCRIPTION SIZE (INCHES) SIZE (MILLIMETERS)
| BASE
2 TUBE
3 RIB
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PROJECT 6—PULLEY MOUNT BRACKET ASSEMBLY

Introduction:
This assembly drawing includes detail drawings. Dimensions are given in meters.

Construction:
» Refer to the Project 6 print.
» Layout and construct the assembly from foam board and PV C pipe.

Assembly Notes:

Tack-weld the assembly prior to final welding. Observe the orientation of the single
bevel groove welds—since the weldment is symmetrical, the weld faces will be to the
outsides of the assembly.

Worksheet Questions:

1. Onthe BOM, fill in the quantity and size for each
part (in millimeters), and convert the sizes to inches
to the nearest & inch.

(answer on BOM and/or

bottom of part 1 to the centerline of part 3?

on next page)
2. Inthefront view, what is the distance from the Q >

3. Inthefront and top views, what is the spacelet

the bearings?
4. What isthe overall height of the ly?
5. What isthe tolerance on the iR the web?

Q\
Q.
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Graphic for Question 1:

PART|QTY DESCRIPTION| SIZE {MILLIMETERS) SIZE (INCHES)
1 BASE
2 SUPPORT
3 TUBE
4 WEB
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PROJECT 7—WATERTIGHT-DOOR HINGE ASSEMBLY

Introduction:
This assembly drawing includes detail drawings. Dimensions are given in millimeters.

Construction:
» Refer to the Project 7 print.
» Layout and construct the assembly from foam board and PV C pipe.

Assembly Notes:

Study the assembly print and determine a sequence for welding that will allow all welds
to be completed, then tack-weld the assembly prior to final welding. A pair of 20mm
thick “parallel bars’ cut from the left-over %" foam board could be useful during
assembly to support the model.

Worksheet Questions:

1. Onthe BOM, fill in the quantity and size for each
part (in millimeters), and convert the sizes to inches

to the nearest % inch. (apswer on BOM or
ani‘or on next page)

2. Inthetop view, what isthe vertical distance from thQ
top of part 1 to the centerline of part 2?

3. What isthe center-to-center distance betw@t;
5?

4. What type of weld joins parts 3 2

5. Whatisthetoleranceont#@o part 3?
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Graphic for Question 1:

'LEO“f‘ QTY| DESCRIPTION | SIZE (MILLIMETERS) SIZE (INCHES)
1 BACK PLATE
2 HINGE TUBE
3 WER
4 RIB
5 SOCKET
RECEIVER
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PROJECTS 8, 9, and 10—TEST WELDMENTS

Introduction:

These assemblies are examples of the test weldments used for the AWS Certified Entry-
Level Welder program. The configurations of the weldments provide for avariety of
welding positions and weld types. Dimensions arein fractional inches for Test
Weldment 1 and Test Weldment 3, and in millimeters for Test Weldment 2M.

Construction:
» Refer to the Project 8, 9 and 10 prints.
« Layout and construct the assemblies from %/16” (5mm) foam board.

Assembly Notes:

Before beginning assembly or cutting parts, complete the BOM for each weldment. The
dimensioning used on the printsis not standard; the assemblies have been dimensioned in
amanner which requires careful interpretation and math calculations to properly cut and
fit the parts.
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