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SAMPLE PROBLEM 1.3

The rigid beam BCD is attached by bolts to o control rod at B, to a hydmulic
gylinder at €, and to a fived support at D. The diameters of the bolts used are:
d, = dp, = 8mm, d, = 12mm, Each bolt acts in double shear and is made from
a steel for which the uitimate shearing stress is 7, = 300 MPa. The S-mm-diame-
ter control rod AB is made of a steel for which the ultimate tensile stress i
ay = 450 MPa. 1f the minimum factor of safety is ta be 3.0 for the entire unit,
determine the largest upward force which may be applied by the hydraulic eylin.
dar at C.

Solution. The factor of safety with respect tu failure must be 3.0 or more in
wich of the tree bolts and in the control rod. These four independent criteria
will be considered separately.

Free Bodiy: Beam BCD. We first determine the force at C in terms of the
force at B and in terms of the force at .

+TEM =& B350 mm} — C(200mm) = 0 c=1L17508- (1)
* S3EMy =0 —D(350mm) + C{150mm) = 0 C=323D (@
i\ Conirel Rod. For a factor of salety of 4.0 we have
B c mo . ”
Oy 450 MFa
T ‘ = ﬁ:— = a0 = 150 MPa
B n
| | The wllowahle force in the control rod is
i ]
il S B = nylAl = (150 MPa}dr (9 mm}® = 59.54 kN

Using Eq. (1) we find the largest permitted value of C:
C = 1750 B = 1.750(9.54 kN) C=16T0kN o

I Bolt at B. -, = Tl P8 = {M}HPE}M — 100 MPa. Since the bolt isin
double shear, the allowabls value of foree T is

B = 1, (2A) = (100 Mm%m mm)? = 10,05 kN

From Eq. (1): ¢ = 1.750 B = L75({10.05kN) C=1750kN 4

Bolt at D. Since this bolt is the same us bolt B, the allowable force is
1 =8 = 1003 kN. Using Eq. (2):

= 2.33D = 233(10.05kN) C=234kN 4
Bolt at €. We again have g = 100 MPa and write

C = ry2A) = (100MPR) 22 (12mm)*  C =226k 4

Summary, We have found separately four maximum allswable values of the

foree €, Tn wrder to satisfy all these criteria we must choose the smallest value,
namely: = IBTOEKN -
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SAMPLE PROBLEM 1.2

Twa forces are applied to the bracket BCL as shown. (o) Knowing that the contral
rod AB is to be made of n steel having an ultimate normal stress of 600 MPa,
determine the dinmeter of the rod for which the factor of safety with respect Lo
failure will be 3.3, (b) The pin at C s to be made of a steel having an ultimate
shenring stross of 350 MPa, Determine the dinmeter of the pin © for which the
factor of safety with respect to shear will also be 3.3. (¢} Determine the required
thickness of the bracket supports at € knowing that the allownble bearing stress of
the steel nsed is 300 MPa,

15 kN

SO LM

c, K i 3}
C‘ J‘
=03 m 0.3 =1

o = 22 mm

Free Body: Entire Bracket, The reaction at C is represented by its compo-
nants C, and C,,

+1EM, =0 P{0.6m) — (SOKN)(0.3m) — (I5KNKO.Bm) =0 P =40kN
BF, =X C, = 40kN
r £ =CE+CF=T03KkN
EF, = C,=65kN gilhEr:
a. Control Red AB. Since the factor of afely is to be 3.3, the allowable
stross {8

a, _ 600MPa

= b = = 1815 MPa
&l RS, 33 seLa

[}

For P = 40 kN the crom-sectional area required is
40 kN

=5 BN oep 104 m?
A =5 — = TR1LB MPa =
Ay = Zdfy = 220 X 10-°m? dyy = 16T4mm o

b. Shear in Pin €. For a fuctor of safety of 3.3, we have

= = TN — 1061 MPa
Since the pin is in double shear, we write
Arg = -:-:I‘E. = 360 mm*
iy = 21.4 mm Use: de = 22mm

The next larger size pin available Is of 22-mm diameter and should be wsed,
& Bearing at C. Using d = 22mm, the nominal bearing area of each
bracket is 224 Sinee the force curried by each bracket is C/2 and the allowable
bearing stress i 300 MPa, we writa
C/2  (TEIkN)/2

B e L B 2
Are = o= =gy = 1872 mm

Thus 22¢ = 127.2 =578 mm Use: £ = Bmm -
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150 mm

f-mim dleminter

T 150 mm 20

SAMPLE PROBLEM 1.3

The rigid beam BCD is attached by bolts to a control rod at B, to a hydraalic
cylinder at C, and to a fixed support at D. The dinmeters of the bolts used are:
dy = dy, = 8mm, dy = 12 mm, Each bolt acts in double shear and is made from
a steel for which the ultimate shearing stress is 7, = 300 MPa. The Fmm-diame.
ter control rod AB 1s made of & steel for which the ultimate tonsile stres is
ay = 450 MPa. If the minimum factor of safety is to be 3.0 for the entire unit,
determine the largest upward force which may be upplied by the hydraulic eylin.
der ot C.

Solution. The fuctor of sufety with respoct to failure must be 3.0 or more in
each of the three bolts and in the control rod. These four independent criteria

will be considered separately.
Free Body: Beam BCD. We first determine the force at C in terms of the

farce ut B and in terms of the force at D.

+IZM, =0 B(350 mm) — C(200mm) =0 C=1L17508 . (1)

+iEMy =1 — D350 mm) &+ C(150 mm) = 0 C=233D (2)
Contrel Rod.  For o fmetor of safety of 3.0 we have

O 450 MPa

e | = ‘
oI 150 MEPa

201

The allowable force in the control rod is
B = o,(A) = (150 MPa}{= (9 mm)® = 9.54 kN
Using Eq. (1) we find the largest permitted value of C: \
C = 1.750 B = 1.750(8.54 kN) C=18T0kN <«

Bolt at B. 1 = v, /F5 = {300 MPa}/3 = 100 MPa. Since the bolt is in
doubile shear, the allowable value of force B is

B=r,24) = Hl’HlMPn}%”-{H mm!? = 10.05 kN

From Eq. (1) € = L7508 = L7530 10.05kN) C=1750kN «

Bolt at D.  Siice this bolt & the same us bolt B, the allowable force is
D=8 = 1005kN. Using Eq ({45
C =2330 = 23410.05kN) C=214kN =«

Bolt at C.  We again have 74 = 100 MPa and write

C = 1,24} = {mms'a:.%nzmm}! C—226kN o

Summary, \We have found separutely four pnaximum allowable values of the

force €. 10 ureder to satisfy all these criteria we must choose the smallest value,
namely: — = (= 16THEN -




