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.

where V is the resultant shearing force which passes which passes through the centroid

of the area A being sheared.
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SOLVED PROBLEMS IN SHEARING STRESS

Problem 115
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?Z.

Solution 115

The resisting area is the shaded area
Puncher along the perimeter and the shear force
Vis equal to the punching force P.

20 mm g
25 mm thick |—\ V=r4
P = 350[m20)(25)]
=077 N
Punched nut|_\ = 5498 kN
=

25 mm

e |

20



Problem 116

As in Fig. 1-11c, 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 116
{a) Maximum thickness of plate:
Based on puncher strength:
p P=gA
l =50[ L =(2.5%)]
= 73.1257 kips - Eguivalent shear force of the plats
Based on shear strength of plate:

e i V=1A 2>¥=P
= 78.1257 = 40[n(2.58)]
Figure 1-11c t =0.781 inch

ib) Diameter of smallest hole:
Based on compression of puncher:

F=gA
=3530{ L nd?)
=12 St = Eguivalent shear force for plate
Based on shearing of plate:
V=14 V=P
12 5ma? = 40[md(0.25)]
d=0.81in
Problem 117

Find the smallest diameter bolt that can be used in the clevis shown in Fig. 1-11bif P =

400 kN. The shearing strength of the bolt is 300 MPa.

Solution 117

The bolt is sulject to double shear.
V=14

400{1000) = 300[2( | =d?)]

d=2913 mm

B
Figure 1-11b

Problem 118

A 200-mm-diameter pulley is prevented from rotating relative to 60-mm-diameter shaft
by a 70-mm-long key, as shown in Fig. P-118. If a torque T = 2.2 kN-m is applied to the
shaft, determine the width b if the

allowable shearing stress in the key is 60 MPa.
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Solution 118

T=003F
22=003F
b F=7333 kKN =
7 8
F=73.33kN V=14 =
Resisting ares Where: V¥V =F=7333kN
far shesar A= ?ﬂb.‘- = = 60 MPa

FBD of Pin
T3.33(1000) = 00{708)
b=17.40 mum
Problem 119
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 kM
A

=81

Pin at B

fe— 200 mm

250 mm
Figure P-119

Solution 119

From the FEL:

ZM-=0

0.25E g = 0.25(40 sin 35%)
40 kN + 0240 cos 35%)
Epy=49156 kN

TFy=0
Egy = 40 cos 357
= 32760 kN
C
R ke Fg= #Rm.ll +Rn'::
0.25m :ch = 32.766° +49.156°

=50 076 kMN = shear force of pin at B
Free Body Diagram

V=14 = double shear
39.076 (1000) = 1 [2[ + =(204)])
T = 94.02 MFPa



Problem 120

The members of the structure in Fig. P-120 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.

Solution 120

o
=
F 1] =
-

B
Figure P-120
B A
if | c
L 45 3R 4
For member AE:
Length, Lap = ¥4° +4
= h.60 ft
Weight, Wz = 3.06(200)
Ry =11321b
M, =0

"

Rap 4 w 'Wag
'h. ¥
EaR
Rle 2k
4f

FED of member

- 3 ft ¢R"."‘v'

FBD of member BC

ARny + 4Rp = W ap
4Rny + 4Rme = 2(1132)
Epg + Epy = 366 — (1)

For member BC:

Length, Ly = +/3° +6°
=671ft

Weight, Whe = 6.71(200)
=13421b

ZM-=0

6FRpy = L.5Whe + 3Ry

ORpy — 3Ry = 15(13—12]
2Ry — Ry =071 — (2)

Add equations (1) and (2)
Rpy + Egy = 506 — (1)
Ry ~Rov=671 = (2)
3R_n;|[ = 1237
Rpy=412331b

From equation (1)
412 33 + Ry = 206
Egy=153.67 1b

From the FED of member AF
=0
Fapy=Rm=412331b

Zhv=10

Rav * Ry = Wip
R +153.67 =1132
Ray=978331b



Ra= Ry’ + Ry’

= J41233% + 978 33?
=1061.67 Ib - shear force of pin at A

V=1A
1061.67 = 5000{ L nd?)
d =0.520 in

Problem 121

Referring to Fig. P-121, compute the maximum force P that can be applied by the
machine operator, if the shearing stress in the pin at B and the axial stress in the
control rod at C are limited to 4000 psi and 5000 psi, respectively. The diameters are
0.25 inch for the pin, and 0.5 inch for the control rod. Assume single shear for the pin

at B.

Figure P-121
p

A B C
2 E_ﬁ =T
= T
&im  2in

Solution 121
[EMp=0] 6P=2T=inl0® (1)

[EFp=0] Bu=Tcos10® = from (1), T = 3P/sin 10°
By = (3P/sin 10°%) cos 10°
B” =3cot10F F

[EFy=0] By=Tsinl0"+ P4 from (1), Tsin 10° = 3P
5 By=3P+PF
By =4F

r] hCe 2 —T10- Ryt = By + B2
= -3 TS R =(3cot10° By + (4PY
G Rg? = 305.47P?

Ry = 17.48P

P=Ry/1748 (2

Based on tension of rod (equation 1):

P=1TsnllP
FP= 1[3000x & n(0.5)7] sin 10°
P=56831b

Based on shear of rivet (equation 2):
P=4000 = 1 =(0.25)* /1748

P=11231b
Safe load P=11.23 1b



Problem 122

Two blocks of wood, width w and thickness t, are glued together along the joint inclined
at the angle 6 as shown in Fig. P-122. Using the free-body diagram concept in Fig. 1-4a,
show that the shearing stress on the glued joint is © = P sin 20/2A, where A is the cross-

sectional area.

Figure 1-4a  Mormal and shear components of the ]
resultznt en arbitrary s=ction. Figure P-122

Solution 122

Shear area, Ashear = ¢ (20 €3¢ §)
=twcsc
=Acsct

P Shear force, V=Fcos 8
— o — P
@ ") V= Tz'!-'-e:h:'ar

Peos 8 =1(A csc B)

t=FPsinBecos8 /A
=P(2sinBcos8) /24
=Fsin2fB /24 okl

Problem 123

A rectangular piece of wood, 50 mm by 100 mm in cross section, is used as a
compression block shown in Fig. P-123. Determine the axial force P that can be safely
applied to the block if the compressive stress in wood is limited to 20 MN/m? and the
shearing stress parallel to the grain is limited to 5 MN/m?. The grain makes an angle of

20° with the horizontal, as shown. (Hint: Use the results in Problem 122.)



Solution 123

Wood grain

Based on maximim CDﬂtP’I‘E'SSi'.-‘E stress:
MNormal force:

N=F cos 20°
MNormal area:
Ay =50 (100 sec 207)
= 532039 mum?
N=gAyn
P cos 207 =20 (3320.89)
FP=113247N
=13325 kN

Based on maximum shearing stress:
Shear force:
V=P =in 207

Shear area:
;"!.L'._-I = zi_i\i
= 3320.89 mm?

V=1Ay
P sin 20° = 5 (3320.89)
FP=77750N

=777 EN

For safe compressive force, use F = 7779 kN



Bearing Stress
Bearing stress is the contact pressure between the separate bodies. It differs from

compressive stress, as it is an internal stress caused by compressive forces.
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SOLVED PROBLEMS IN BEARING STRESS

Problem 125

In Fig. 1-12, assume that a 20-mm-diameter rivet joins the plates that are each 110
mm wide. The allowable stresses are 120 MPa for bearing in the plate material and 60
MPa for shearing of rivet. Determine (a) the minimum thickness of each plate; and (b)

the largest average tensile stress in the plates.

P : P
= VO 110 MM fr—
i !
20-mm &
P e ] L t P
o .I. aacccon il oo POODNRN -
Figure 1-12
Solution 125
(a) From shearving of rivet:
P = tArvars
= 60[ 4+ m(20%)]
= o000 N
From bearing of plate material:
F=aopAs

6000w = 120(20t)
t = 7.85 mm

(b) Largest average tensile stress in the plate:
P=gA
6000% = o[7.83(110 - 20)]
o = 26.67 MPa



Problem 126

The lap joint shown in Fig. P-126 is fastened by four 34-in.-diameter rivets. Calculate
the maximum safe load P that can be applied if the shearing stress in the rivets is
limited to 14 ksi and the bearing stress in the plates is limited to 18 ksi. Assume the

applied load is uniformly distributed among the four rivets.
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Solution 126

Based on shearing of rivets:
F=1A

F=144(4m($)°]
P=24TLkips

Based on bearing of plates:
FP=gpAp

P=18[4(3)5]

P =47 25 kips

Safe load P = 24.74 kips

Problem 127
In the clevis shown in Fig. 1-11b, find the minimum bolt diameter and the minimum
thickness of each yoke that will support a load P = 14 kips without exceeding a shearing

stress of 12 ksi and a bearing stress of 20 ksi.

Figure 1-11b



