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Shearing Stress

Forces parallel to the area resisting the force cause shearing stress. It differs
to tensile and compressive stresses, which are caused by forces
perpendicular to the area on which they act. Shearing stress is also known
as tangential stress.
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Problem 1: What force is required to punch a 20-mm-diameter hole in a
plate that is 25 mm thick? The shear strength is 350 MN/m?.

Solution:

The resisting area is the shaded area
Puncher alﬂﬂg the perimeter and the shear force

Vis Equal to the pi.mching force P

20 mm g
25 mim thick |—\ V=rA
F = 350[m{200(25)]
=00 7787 N
Punched |:-ut|—\ = 5498 kN
]
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Problem 2: As in Fig, a hole is to be punched out of a plate having a
shearing strength of 40 ksi. The compressive stress in the punch is limited
to 50 ksi.

(a) Compute the maximum thickness of plate in which a hole 2.5 inches in
diameter can be punched.

(b) If the plate is 0.25-inch-thick, determine the diameter of the smallest
hole that can be punched.

Solution:

(a) Maximum thickness of plate:
Based on puncher strength:

p F=gA
l = 30[ + m(2.5%]
=78.125xn kilJS = Equivalent shear force of the plate
Based on shear strength of plate:
B V=1A *V=P
™ 78.1257 = 40[n(2.5¢)]
t =0.781 inch

(b) Diameter of smallest hole:
Based on compression of puncher:

P=gA
= 50( 4+ nd®)
=12 S < Equivalent shear force for plae
Based on shearing of plate:
V=14 »V=Pp
12 5md? = 40[md(0.25)]
d=0.8in

Problem 3: Find the smallest diameter bolt that can be used in the clevis
shown in Fig if P =400 kN. The shearing strength of the bolt is 300 MPa.

Solution:

The bolt i= 51.11.1]‘9-:!: to double shear.
V=14
4001000 = 300[2 % md*)]

g P 4=2013mm
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Problem 4: Compute the shearing stress in the pin at B for the member
supported as shown in Fig. P-119. The pin diameter is 20 mm.

40 kN
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| 250 mm
Solution
From the FED:
ZMe =
0.25Ry, = 0.25(40 sin 357
40 kN + 0.2{40 cos 35%)
L A Ray = 49.156 kKN
ZFy=0
5 R = 40 cos 35°
= = 32766 kIN
i \l E I"--""I _‘\.I:
b L4 -3 3
Ra S ek Ra= {Ry" +Ry’
o 025m —f = J/32.766% + 49 156
=59.070 kKIN = shear force of pin at B

Free Body Diagram
V=114 = double shear

50.076 (1000) = 1a [2[ + n(20%])
o = 9402 MPa
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Problem 5: The members of the structure in Fig weigh 200 Ib/ft.
Determine the smallest diameter pin that can be used at A if the shearing
stress is limited to 5000 psi. Assume single shear.
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Solution:
For member AE:
Length, Lis = ¥4° +4°
=560 ft
A Re Weight, W5 j 5-!2::?’:[200}
B R =11321b
.‘——
*M,=0
4f ARy + 4Rpv = 2Wae
w 4Rpy + 4Rav = 2(1132)
R ]..'ﬂ‘ h i ] i + Fgv = 500 — (1)
- R For member BC:
o Length, Lac = N3 +56°
FED of member =671 ft
Weight, Whe = 6.71(200)
=1342 1b
Ef‘rfc =0

6Ran = 1.5Whc + 3Rav
6RB;‘; - SRmf = 15(13—12)
2Ray — Rpy = 671 — (2)
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6 ft

FBD of member BC

Add equations (1) and (2)
Rypyy + Rgy = 506 — (1]

2Rmy — Rpy = 671 — (2)

SR_r]'” = 1237

Rm; =412331b

From equation (1):
41233 + Rpy = 366
RB'-" — 1536? Ib

From the FBD of member AE
2ry=0
Ban=Rm=412331b

2Fy=0

Ry *+ Ragy = Wi

E,y +153.07 =1132
R4v=978331b

Ra= JRHHI +RA'»"2

= /41233 + 978 33"
=1061.67 b = shear force of pin at A

V=1A

1061.67 = 5000( + nd?)

d =0.520 in



