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Finish symbol
Groove angle; included
angle of countersink

Contour symbol
Root opening; depth of filling

for plug and slot welds for plug welds
Size; size or strength Length of weld
for resistance welds Pitch (center-to-center
Reference line F spacing) of welds
A Arrow connecting referencel
. line to arrow side of joint,
=

to grooved member, or both

Nows/ U —) e

T
2

=

s g3

8 <°

P

Specification; process; Field weld symbol
or other reference (N)

5 ; ‘Weld all around symbol
Tail (may be omitted
Number of spot or

when reference
is not used) -
Fig. 9-1

Basic weld symbol
or detail reference

projection welds

Welding Symbols

» Arrow side of a joint is the line, side, area, or near member to
which the arrow points

 The side opposite the arrow side is the other side
« Shape of weld is shown with the symbols below

Type of weld

Plug Groove
Bead Fillet or
slot Square \% Bevel U J
Fig. 9-2
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Weld leg size of 5 mm
Fillet weld 5

Both sides

—> 60 |«— fe——200 — N
rd [ 60-200
T T |

Intermittent and
staggered 60 mm along
on 200 mm centers

Leg size of 5 mm

On one side only I
(outside)

Circle indicates all the !
5
Way arO U nd Shigley’s Mechanical Engineering Design

(butt weld) < 4 @ s il

Figure 9-5 {N':-\y
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3 L Slip L N
and took opening of o

2 mm; || double V; [d) single o N

bevel @

Figure 9-6
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Table 9-3

Minimum Weld-Metal
Properties

@JMJ% le.h 3 g A<l

AWS Electrode Tensile Strength Yield Strength, Percent
Number* kpsi (MPa) kpsi (MPa) Elongation

ES0n0 &2 [427) 50 (345) 1725
E7 O 70 (482) 57 1393) 22
E8Omox BO (551) &7 [462) 19
EQOxx Q0 [620) 77 (531) 14-17
ET100mx 100 (689) 87 (600) 13-16
E120%x 120 [B27) 107 [737) 14

*The American Welding Sodiety (AWS) specification code numbering system for electrodes. This system uses an E prefixed fo o four-
or five-digit numbesing system in which the first two or three digits designote the approximate fensile strangth. The last digit includes

variables in the welding fechnique, such os current supply. The next-toast digit indicates the welding position, as, for
or vertical, or overhead. The complete set of specificafions may be obtained from the ANS upon request.

wample, flat,

F

Tensile Butt Joint

Simple butt joint loaded in tension, compression and shear
Normal stress Average shear stress

F
T =—
hi

hi
Throat h does not include extra reinforcement
Reinforcement adds some strength for static loaded joints
Reinforcement adds stress concentration and should be ground

off for fatigue loaded joints

Reinforcement Reinforcement

Throat i

Throat h

Shigley's Mechanical Engineering Design
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Transverse Fillet Weld

« Joint loaded in tension
» Weld loading is complex

/\)'l;hroat

Y
Y &
oM e
Fig.o-8 ~ ~e— I & ‘
¢ o —
‘ -
. A
\ {
Fy = F sinf ‘ < i T
Fig.9-9 , W\\ i —
F, = F cosf e |
/F" /(
3
L Shigley's Mechanical Engineering Design
Transverse Fillet Weld
° I Aauvnr AF AinAn
t B h B h B J2h
sin45°  sin(180° —45° — @)  sin(135° —6)  cosé + sinfd
h
« Solving for throat thickness t ~ cosO +sinf
N
« Nominal stresses at angle q 5 7 .
/>EE
B F B F sinf(cos @ + sinf) F(.- 0 P 29)
e e i =7 sin A cos sin
F, Fcosf(cost +sinf) F( 20 4 sin6 9)
_ — = i s~ ! S
o A o W cos sin# co
L Shigley's Mechanical Engineering Design
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Transverse Fillet Weld

« \Von Mises Stress at angle q
) o) 9) F oY o P - A2 w1200 5 )
o =(c?4+3tH)* = ﬁ[(cos" 6 + sinf cos@)” + 3(sin” & + sinf cos (9)“]1/2
1
« Largest von Mises stress occurs at q = 62.5° with value of
s' = 2.16F/(hl)
« Maximum shear stress occurs at q = 67.5° with value of
t... = 1.207F/(hl)
» Experimental results are
more complex

Transverse Fillet Weld Simplified Model

» No analytical approach accurately predicts the experimentally
measured stresses.

« Standard practice is to use a simple and conservative model

« Assume the external load is carried entirely by shear forces on
the minimum throat area.

F 1.414F

T = : = (9-3}
0.707hl hi

« By ignoring normal stress on throat, the shearing stresses are
inflated sufficiently to render the model conservative.

» By comparison with previous maximum shear stress model, this
inflates estimated shear stress by factor of 1.414/1.207 = 1.17.
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Parallel Fillet Welds

« Same equation also applies for simpler case of simple shear

loading in fillet weld

F LR

T = = (9-3)
0.707hi hi

R

==
T

N— e

2F

Fig. 9-11

Fillet Welds Loaded in Torsion

Fillet welds carrying both direct
shear V and moment M

Primary shear

Secondary shear R
Myr
—

"
T

A is the throat area of all welds | i
r is distance from centroid of ' 2 4%

weld group to point of interest

J is second polar moment of Fig. 9-12
area of weld group about
centroid of group
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Example of Finding Aand J

 Rectangles represent
throatareas. t=0.707 h |
A=A +A =nd+nb %z
[7=I|d3 v:ﬁ | i b‘GZ 2\ i_L
X J = T 53
) t (1;2 dt? T @ //%v\/;/\_i_ Vl 1
Jor=L+l=—+-—L | ¢ ijz‘#i
N N EME - .
T — ﬁ i« hb? | 1 l '
= 12 12 % |e Fig. 9-13
- A1+ A - Ay + A3y
=T a ¥ A
A=lE—-ul+71* rn=I00s-3"+a-51"
I = (Jo1 + Air}) + (Joz + Aard)
Example of Finding Aand J
« Note that t3 terms will be nd®  dr?
very small compared to R TR R 7T
b*and d° bt3 rb?
« Usually neglected Jez =g
 Leaves Jg, and Jg, linear ’
in weld width
» Can normalize by |
treating each weld as a | el
line with unit thickness t o 35—+ | »
¢ Results in unit second A /%"\/;/\'1_ % T
polar moment of area, J, | | L{f/r' 7/J_l7
« Since t =0.707h, ’ " | : I
J=0.707hJ, —fr- | Fig.9-13
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Common Torsional Properties of Fillet Welds (Table 9-1)

Unit Second Polar

Weld Throat Area Location of G Moment of Area
1. T A =0.707 hd =0 Ju=d¥12
: 5=dp2
111
_ d(3h* +d?)
2 b A=1414hd T=b/2 ==
j=d/2

»? _(b+d)t —6b%d?

d
] ) A=0707h(b + d) =T d T ey ay

_ d?
YT v

,‘e
Q
.

Shigley's Mechanical Engineering Design

Common Torsional Properties of Fillet Welds (Table 9-1)

4 b b’ 8b +6bd* +d* b
A =0707h(2b + d = Ty = -
T ( ) YT ohta ) 12 2+d

G d =d/2

T

-z

5. b+ d)?
[t A = 1.414h(b + d) F=bh2 7, = 2 )

=
Il
(X

Tt
S}

]

6. @ A=1414hr Ju =271

*@ is centroid of weld group; /& is weld size; plane of torque couple is in the plane of the paper; all welds are of unit width.

Shigley's Mechanical Engineering Design




Example 9-1

A 50-kN load is transferred from a welded fitting into a 200-mm steel channel as illus-
trated in Fig. 9—14. Estimate the maximum stress in the weld.

o~

200

-

—_—
50 kN
100
56
71 =
200 ‘ | T
N 190 |
%
Fig. 9-14
Shigley's Mechanical Engineering Design
Example 9-1

(a) Label the ends and corners of each weld by letter. See Fig. 9—15. Sometimes it is
desirable to label each weld of a set by number.

I
100
110.4
c D
Y
T V: o B f y
U, | N
o]
Fig. 9-15

Shigley's Mechanical Engineering Design
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Example 9-1

(b) Estimate the primary shear stress 7. As shown in Fig. 914, each plate is welded to
the channel by means of three 6-mm fillet welds. Figure 9-15 shows that we have
divided the load in half and are considering only a single plate. From case 4 of

Table 9—1 we find the throat area as

A = 0.707(6)[2(56) + 190] = 1280 mm”>

Then the primary shear stress is

Vo 25(10)°
’:—: — 5
U= o 19.5 MPa
25 kN B
|
100

110.4
C D

T > 0 - B y

56 ¥ L 45.6
2

Shigley's Mechanical Engineering Design

Example 9-1

(¢) Draw the t’ stress, to scale, at each lettered corner or end. See Fig. 9-16.
(d) Locate the centroid of the weld pattern. Using case 4 of Table 9-1, we find

_ (56)*

X=—-—=104

Y= 3036) + 190 5
This is shown as point O on Figs. 9—15 and 9-16.

(e) Find the distances r; (see Fig. 9-16):

ra =rg = [(190/2)> + (56 — 10.4)*1"% = 105 mm
re =rp = [(190/2)* + (10.4)*]'2 = 95.6 mm

25 kN B
|
100
110.4
C D
T Vv o B f ¥y
R3 v
B ! A=

Shigley's Mechanical Engineering Design
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Example 9-1
(f) Find J. Using case 4 of Table 9-1 again, with Eq. (9-6), we get
8(56) 4+ 6(56)(190) 4 (190)° 56)*
7 = 0.707(6) (36)” 4 6(56)(190)" + (190)° (26)
12 2(56) + 190
= 7.07(10)® mm*
(g) Find M:
M =Fl =25(100+10.4) = 2760 N - m

(h) Estimate the secondary shear stresses t” at each lettered end or corner
Mr  2760(10)%(105
f o 2OND)  homea

AT T T T 07(10)6
2760(10)*(95.6
i g 21O ”6”:37.31\4135\
7.07(10)
Shigley's Mechanical Engineering Design
Example 9-1

(1) Draw the t” stress at each corner and end. See Fig. 9—16. Note that this is a free-body
diagram of one of the side plates, and therefore the ' and t” stresses represent what the
channel is doing to the plate (through the welds) to hold the plate in equilibrium.

F

TG C
: T~ —— ol
i /// o \\\
| :
| y ~~ T
| TB //
I o ;
["AN TgJ Ta
e N\
<N

\

\

A\ -

Fig. 9-16

T, ”
B Tp
Shigley's Mechanical Engineering Design
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Example 9-1
(j) At each point labeled, combine the two stress components as vectors (since they
apply to the same area). At point A, the angle that t4” makes with the vertical, &, is also
the angle r4 makes with the horizontal, which is o = tan~'(45.6/95) = 25.64°. This
angle also applies to point B. Thus

T4 = 18 = /(19.5 — 41.0 sin 25.64°)2 + (41.0 cos 25.64°)2 = 37.0 MPa
Similarly, for C and D, 8 = tan~'(10.4/95) = 6.25°. Thus

tc = tp = v/ (19.5 4 37.3 5in 6.25°)2 4 (37.3 cos 6.25°)2 = 43.9 MPa

(k) Identify the most highly stressed point: Ty = 7c = p = 43.9 MPa

Shigley's Mechanical Engineering Design

Fillet Welds Loaded in Bending

« Fillet welds carry both shear V and moment M

¥ F
y
h b
7 —>| b |<— _>||::||‘J_h
X Y
—% d Z _--
f I ——
_ 5
v Fig. 9-17
T = —
A
bd? bd?
‘== | =00, =0T
2 2
, Mc _ Md2 1414M
T T 0707hbdy2 T " bdh

72 725172
r= e
Shigley's Mechanical Engineering Design
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Bending Properties of Fillet Welds (Table 9-2)
Throat Area Location of G Unit Second Moment of Area
. a3
A =0.707hd =0 =17
y=d/2
a3
A =1414hd x=b/2 Iy = 3
j=d/2
- bd?
A = 1414hb x=b/2 = >
y=d/2
S e a
T A =0.707Th(2b + d) x= Bid Iy, = E(6b +d)
¢ d §=4d/2
>
Shigley's Mechanical Engineering Design

Bending Properties of Fillet Welds (Table 9-2)
5 r<—b—>1 2d3
-\i— A=0.707h(b + 2d) i=b/2 Iy = 5 72d29+(h+2d)§‘2
; G _T_ d2
T g4
b+2d
6. d?
A=1414hb + d) X=0h/2 1,,=?(3b+d)
y=d/2
T
7 _ o _2dd o 52
A =0.707h(b + 2d) i=b/2 I, = 3 2d°y 4 (b +2d)y
_ o d? i
Y= br2d
8. 2
fer A=1414h(b + d) x=b/2 I, = ‘%(3h+d)
T y=d/2
G d
AL
¥
9. A=14147hr I, =mnr?
= G
Shigley's Mechanical Engineering Design

14



Strength of Welded Joints

» Must check for failure in parent material and in weld

» Weld strength is dependent on choice of electrode material
» Weld material is often stronger than parent material
 Parent material experiences heat treatment near weld

 Cold drawn parent material may become more like hot rolled in
vicinity of weld

 Often welded joints are designed by following codes rather than
designing by the conventional factor of safety method

Shigley's Mechanical Engineering Design

Stresses Permitted by the AISC Code for Weld Metal

Table 9-3
Type of Loading Type of Weld Permissible Stress n*
Tension Butt 0.60S, 1.67
Bearing Butt 0.908S, 1.11
Bending Butt 0.60-0.66S,, 1.52-1.67
Simple compression Butt 0.60S, 1.67
Shear Butt or fillet 0.30;

ut

*The factor of safety n has been computed by using the distortion-energy theory.

Shear stress on base metal should not exceed 0.40S, of base metal.

Shigley's Mechanical Engineering Design

1/4/2015
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Fatigue Stress-Concentration Factors

» K appropriate for application to shear stresses
 Use for parent metal and for weld metal

Table 9-5

Fatigue

Stress-Concentration

Factors, Ky

Type of Weld

Reinforced butt weld
Toe of transverse fillet weld
End of parallel fillet weld

T-butt joint with sharp corners

1.2
1.5
2.7
2.0

Shigley's Mechanical Engineering Design

Allowable Load or Various Sizes of Fillet Welds (Table 9-6)

Strength Level of Weld Metal (EXX)

‘ 60* ’ 70%

80 ’ 90* ‘ 100 | 110* | 120

Allowable shear stress on throat, ksi (1000 psi) of fillet weld
or partial penetration groove weld

Ti= ‘ 18.0 ‘ 21.0 ‘ 24.0 ‘ 27.0

30.0 | 33.0 | 36.0

Allowable Unit Force on Fillet Weld, kip/linear in

12.73h ‘ 14.85h ‘ 16.97h ‘ 19.094 ‘ 21.21h | 23.33h

<
Il

25.45h
Leg Allowable Unit Force for Various Sizes of Fillet Welds

Size h, in kip/linear in

1 12.73 14.85 16.97 19.09 21.21 23.33 25.45
18 11.14 12.99 14.85 16.70 18.57 20.41 22.27
3/4 9.55 11.14 12.73 14.32 15.92 17.50 19.09
58 7.96 9.28 10.61 11.93 13.27 14.58 15.91
1/2 6.37 7.42 8.48 9.54 10.61 11.67 12.73
716 557 6.50 7.42 8.35 9.28 10.21 11.14
3/8 4.77 557 6.36 7.16 7.95 8.75 9.54
5/16 3.98 4.64 5.30 597 6.63 729 7.95
1/4 3.18 3.71 4.24 4.71 5.30 5.83 6.36
3/16 2.39 278 3.18 3.58 3.98 4.38 4.77
1/8 1.59 1.86 212 239 2.65 292 3.18
1/16 0.795 0.930 1.06 1.19 1.33 1.46 1.59

#Fillet welds actually tested by the joint AISC-AWS Task Committce.
' = 0.707h Tan.

Shigley's Mgchanical Engineering Design
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Minimum Fillet Weld Size, h (Table 9-6)

Material Thickness of Weld Size,
Thicker Part Joined, in in

*To % incl. %

Over % To % 1%

Over % To % %

fOver % To 1% %

o ma | R
Over 2% To6 1
Over 6 %

Not to exceed the thickness of the thinner part.
*Minimum size for bridge application does not go below % in.

"For minimum fillet weld size, schedule does not go above 'l% in fillet
weld for every % in material.

Shigley's Mechanical Engineering Design

Example 9-2

A %-in by 2-in rectangular-cross-section 1015 bar carries a static load of 16.5 kip. It is
welded to a gusset plate with a %-in fillet weld 2 in long on both sides with an E70XX
electrode as depicted in Fig. 9-18. Use the welding code method.

(a) Is the weld metal strength satisfactory?

(b) Is the attachment strength satisfactory?

= = 16.5 kip

2
-
=

Fig. 9-18

Shigley's Mechanical Engineering Design
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Example 9-2

(a) From Table 9-6, allowable force per unit length for a %-in E70 electrode metal is
5.57 kip/in of weldment; thus

F =5.571 =557(4) = 22.28 kip

Since 22.28 > 16.5 kip, weld metal strength is satisfactory.
(b) Check shear in attachment adjacent to the welds. From Table A-20, §, = 27.5 kpsi.
Then, from Table 94, the allowable attachment shear stress is

T = 0.45, = 0.4(27.5) = 11 kpsi
The shear stress T on the base metal adjacent to the weld is

F 16.5

=—=—_ = 11kpsi
' om0 T 2003752 pst

Shigley's Mechanical Engineering Design

Example 9-2

Since 7, > 7, the attachment is satisfactory near the weld beads. The tensile stress in
the shank of the attachment o is

_F 165

o 6 e
1= 122 pst

The allowable tensile stress oy, from Table 9-4, is 0.6, and, with welding code safety
level preserved,

ol = 0.65, = 0.6(27.5) = 16.5 kpsi

Since o < oy, the shank tensile stress is satisfactory.

Shigley's Mechanical Engineering Design

1/4/2015
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Example 9-3

A specially rolled A36 structural steel section for the attachment has a cross section
as shown in Fig. 9-19 and has yield and ultimate tensile strengths of 36 and 38 kpsi,
respectively. It is statically loaded through the attachment centroid by a load of F =
24 kip. Unsymmetrical weld tracks can compensate for eccentricity such that there is
no moment to be resisted by the welds. Specify the weld track lengths /; and /; for a
l—sﬁ-in fillet weld using an E70XX electrode. This is part of a design problem in which
the design variables include weld lengths and the fillet leg size.

Fo ] |+‘ i
—f @ [2in
b — - - -~ i
i 3 :Zin E@ - [ = 24 kip
B —>| le— 3 ;
Fig. 9-19
Shigley's Mechanical Engineering Design
Example 9-3

The y coordinate of the section centroid of the attachment is

_ YyiAi | 1(0.75)2 4 3(0.375)2

= = 1.67 in
S A; 0.75(2) + 0.375(2)

|

Summing moments about point B to zero gives
D Mp=0=—Fib+Fj=—F(4)+24(1.67)

from which
F1 =10 kip
It follows that

F> =24 —10.0 = 14.0 kip

The weld throat areas have to be in the ratio 14/10 = 1.4, that is, [y = 1.4/,. The weld
length design variables are coupled by this relation, so /1 is the weld length design vari-
able. The other design variable is the fillet weld leg size /i, which has been decided by
the problem statement. From Table 9-4, the allowable shear stress on the throat tyy is

zan = 0.3(70) = 21 kpsi

Shigley's Mechanical Engineering Design

1/4/2015
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Example 9-3
The shear stress T on the 45° throat is
F F
T = —
(0.707)A(h + 12) (0.70D Al + 1.40)
F
©70Dh24,) pst

from which the weld length /; is

24

= =1
21(0.707)03125(2.4) =

I

and

lp = 1.4/ =1.4(2.16) =3.02 in

Shigley's Mechanical Engineering Design

Example 9-3
The shear stress T on the 45° throat is
F F
T = —
(0.707)A(h + 12) (0.70D Al + 1.40)
F
©70Dh24,) pst

from which the weld length /; is

3 24
= 21(0.707)0.3125(2.4)

I8 =2 16iin

and
lh = 1.4l =1.42.16) = 3.02 in

These are the weld-bead lengths required by weld metal strength. The attachment shear
stress allowable in the base metal, from Table 9—4, is

T = 0.45y = 0.4(36) = 14.4 kpsi

Shigley's Mechanical Engineering Design

1/4/2015
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Example 9-3
The shear stress 7 in the base metal adjacent to the weld is

_F F _F
TN k) W+ LA h(24l)

=T3] = 14.4 kpSi

from which

_ F - 24
T 14.4h(24)  14.4(0.3125)2.4

=)

Iy

These are the weld-bead lengths required by base metal (attachment) strength. The base
metal controls the weld lengths. For the allowable tensile stress oy in the shank of the
attachment, the AISC allowable for tension members is 0.65,: therefore,

oa = 0.65, = 0.6(36) = 21.6 kpsi

Shigley's Mechanical Engineering Design

Example 9-3

The nominal tensile stress o is uniform across the attachment cross section because of
the load application at the centroid. The stress o is

2 24

= = 10.7 kpsi
A 0.75(2) + 2(0.375)

g =

Since o < oy, the shank section is satisfactory. With /| set to a nominal 23—1 in, [, should
be LA 25— 3.15 in.

Setili = 2% in,lh = 3}1 in. The small magnitude of the departure from /> //; = 1.4 is not
serious. The joint is essentially moment-free.

Shigley's Mechanical Engineering Design

1/4/2015

21



Example 9-4

Perform an adequacy assessment of the statically loaded welded cantilever carrying
500 Ibt depicted in Fig. 9-20. The cantilever is made of AISI 1018 HR steel and welded
with a %—in fillet weld as shown in the figure. An E6010 electrode was used, and the
design factor was 3.0.

(a) Use the conventional method for the weld metal.

(b) Use the conventional method for the attachment (cantilever) metal.

(c) Use a welding code for the weld metal.

I
] . 1 _t 3.
1 1 |T g n
J\r = 6in >
- 4@ —2 lin
A , Y F =500 1bf
Fig. 9-20
Shigley's Mechanical Engineering Design
Example 9-4

(a) From Table 9-3, S, = 50 kpsi, S,; = 62 kpsi. From Table 9-2, second pattern, b =
0.375 in,d = 2 in, so

A = 1.414hd = 1.414(0.375)2 = 1.06 in®
I, =d*%6=2%6=133in’

I =0.707h1I, = 0.707(0.375)1.33 = 0.353 in*
Primary shear:

,_F_500(10*3)_0472k ,
AT gee

Secondary shear:

Mr 500010 (6)(1
o B2 HRCOTNO o s
I 0.353

Shigley's Mechanical Engineering Design
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Example 9-4
The shear magnitude t is the Pythagorean combination
= (% + ™2 = (0.472% + 8.50%)"/% = 8.51 kpsi

The factor of safety based on a minimum strength and the distortion-energy criterion is

Sy 0.577(50)
= i) g e
S 851

Since n > ny, that is, 3.39 > 3.0, the weld metal has satisfactory strength.

e

Shigley's Mechanical Engineering Design

Example 9-4
(b) From Table A-20, minimum strengths are S,, = 58 kpsi and S, = 32 kpsi. Then

M M 5001076

= = = = 12 kpsi
T/c~ bd2/6  0375(2%)/6 =
s, B
=2 _ 2 ey
= T 12

Since n < ng, thatis, 2.67 < 3.0, the joint is unsatisfactory as to the attachment strength.
(c¢) From part (a). T = 8.51 kpsi. For an E6010 electrode Table 9-6 gives the allowable
shear stress 7, as 18 kpsi. Since t < 7, the weld is satisfactory. Since the code already
has a design factor of 0.577(50)/18 = 1.6 included at the equality, the corresponding
factor of safety to part (a) is

18
=16— =338
" 851

which is consistent.

Shigley's Mechanical Engineering Design
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