SOLUTION (11.1)

Known: Two steel plates with S, = 50 kst are joined using transverse-loaded fillet
welds. Each weld is 4-inches long. E60 series welding rods are used, and good
welding practice is followed. A force of 33,000 Ib is applied. The safety factor is 3.0.

Find: Determine the minimum leg length that must be used.

Schematic and Given Data:

F=33.000 b

E60 series welding rods
Sy = 50 ksi (plates)

C=33 ) .
I =33,000 ib GF =30

h="in

Assumptions:

1. The throat length is given by t=0.707 h.

2. The weld efficiency is 100%.

3 The critical stress is at the minimum throat section, where the area is tl. This
cross section carries the entire load F in shear.

Analysis:
1. With throat length, t = 0,707 h, the throat area, A = (0.707)8)h = 5.66h in.2
2. From Section 11.4, estimated yield strength of the weld is

S, =60 ksi - 12 =48 ksi

3 From the distortion-energy theory, Sys = (48)(0.58) = 27.84 ksi.

. Thus, h=0.63 in. |

LSy _(27.84 ksi)(5.60h in.”)
4 F"'“Tg_ff—")i 33.0001b = 30

Comment: Because of assumption 3, the solution is less rigorous.
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SOLUTION (11.6)
Known: Two steel plates with Sy = 400 MPa are butt welded together with E70 seres
welding rods. The weld length is known.

Find: Determine the maximum tensile load that can be applied to the joint with a safety
factor of 3.

Schematic and Given Data:

F““‘% Q\ 8" ¥
o

15 mm

Weld length = 90 mm
Sy =400 MPa
SF=3

E70 series weld

Assumption: The weld efficiency is 100%.

Analysis:
1. From Section 11.4, the weld rod has a yield strength of

8, = (70 - 12) ksi 'SLS%M-%) = 399.6 MPa
(S1

Since 399.6 < 400 the weld should yield first.
With the assumed 100% efficiency, the maximum tensile load that can be applied is

b

CS,A (3996 % 10° N/mA(0.015 m)(©0.09m) ooy
e . = 179.8 kN .
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SOLUTION (11.9)
Known: 'I"wo steel plates are joined using 3/8 in. parallel-loaded fillet welds. The yield
strength, Sy, and the length of the welds are known. The safety factor 1s 3. ’

Find: Determine the maximum tensile toad that can be applied.

Schematic and Given Data:

E60 series welding rods
Iy Sy= 50 kst (plates)
h=0.3751n.

SE=3

Assumptions:
1. The throat length is given by t = 0.707 h.
2. The weld efficiency is 100%.
Analysis:
1. With { = 0.707 h, the throat area = (0.707)(3/8)(6) = 1.59 in.2.
2. From Section 11.4, the yield strength of the weld material is
Sy =60 - 12 = 48 ksi.
3, Using the distortion energy theory, Sgy = 0.58 Sy = 0.58(48) = 27 .8 ksi.
4. Thus, F = SsyA/SF = (27,800)(1.59)/3 = 14,700 Ib. |
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Analysis:

1.

v

L]

6.

T(52.5)/ 1 =199.2/t

75 mm
TONE = 189.6/t A\ BN,
v

30,000 N ,/H 100 mm
per side RS3AN
.
L L 199.24
-u—l——- X
C b

ey
+\\ 189.61 189 6/t

T(22.5)/) =85.340

Calculating the center of gravity, G, of the weld-segment.

<= EAx _ 100t (0) +75¢ (37.5) +751(37.5) _ 2 5 mm
SA 250t
¥ = 50 mm (by symmetry)

The polar moment of inertia of the weld pattern about G is the polar moment of
inertia of one vertical plus the two horizontal welds.

T=1, 42, = -1%’51 +1001(22.5% +0) + 2{1]553& + 751 (507 + 15%}
J = 613,020t mm#

T = (30,000 N)(55 mm + 22.5 mm) = 2.325 X 106 N.mm
Torsional stress components are shown in the above figure at A, B, C,and D.

30,_ 000 I}_ _ 120
(250 mm)t t

Direct shear adds a downward vector of A at each locaton.

Thus, the highest resultant stress is at C.
[
ALC, =L VTRO 67+ (85.34 + 120)” = ZSIM
From Section 11.4, Sy = Sy - 12 ksi = 60 - 12 = 48 ksi. From the distortion-energy

theory, e .
[6.89 MPa)
i

= 191.9 MPa
s /

S,,= 0.58 S, = 0.58(48) = 27 84 ksi = (27.84 ksi} |

280.9 - —5-‘-1 =191.9 ;t=4.39 mm
Y
=t =22 =621 mm
=507 0707
Conservatively we use h =7 mm. |

Comment: For calculating transverse shear and axial stress, the throat dimension t is
assumed 1o be in a 45° orientation. But the throat dimension tis assumed to be in the

plane of the weld pattern when computing torsional stresses. Also, for
calculating the weld dimension h, tis assumed to be in a 45° plane. This
simplification although not theoretically correct is justified for most engineering
applications.
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SOLUTION (11.14)
Known: A bracket supports a 4000 1b load. A fillet weld extends for the full 4 in. lengtl

on both sides. Series EGO welding rod is used. The safety factor is 3.0.

Find: Calculate the minimum weld size required.

Schematic and Given Data:

X

L

™

4000 b
din

Jin,

SF=3.0
160 series welding rod

Assumptions:
1. The throat length is given by t = 0.707 h.
2. The weld efficiency is 100%.

Analysis:
1. The stress due to direct shear is given by:
¢=V _40001b _ 500
A 8t t )
The stress due to bending is given by:
=Mt ywhere

M = (3 in.)(4000 1b) = 12,000 1b.in

~2

—

(L) 4% - NPT oo 12,0002) _ 2249.3
| = 2( 12)— 2.{ kZJ_ 10.67tin. % ¢ =2 in. Therefore, o 0,671 }

3. Vectorally adding o and T: Resultant stress = %w Y5007 + 2249 .37 = 23t04

Excerpls from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only
to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translalion of this Work beyond that
permitted by Sections 107 and 108 of the 1976 United States Copyright Act without the permission of the copyright owner is prohibited.



4. From Section 11.4 in the text, Sy = 60 - 12 = 48 ksi. Using the distortion-cnergy
theory, Sys = 0.58 Sy = 0.58(48) = 27.84 ks1
2304 _ Sys _ 27,840

5 h - ¥ R &
; SF 30 1=0.251n

6 Sincet=0707h h=-—t =925 -035in
¢ V=607 o007 0w =
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