MECE202 STRENGTH OF MATERIALS (SELECTED
PROBLEMS)

CHAPTER 5

5-38. The motor A develops a power of 300 W and turns
its connected pulley at 90 rev/min. Determine the required
diameters of the steel shafts on the pulleys at A and B if the
allowable shear stress is 7, = 85 MPa.

ullow

150 mm

Internal Torgue: For shafts A and B

ay [ 2 i
90 2 (_,, d)'L — 3.00m rad/s
g min rev 60s
P =300W = 300N -m/s
r 300
Ty,=—= =31.83N'm

wy  3.007

7 0.06 v_
wp = Wy —") = 3.007| —— | = 1207« rad/s
g 0.15

P =300W = 300N -m/s

P 300
Tp=—=
B™ wy 120m

= T958N'm

Allowable Shear Stress: For shaft A

T..| C
Tmax = Tallow — 7
d
31.83F
85(10¢) = (%)
a4
%)
dg = 001240 m = 124 mm Ans.
Forshaft B
Tac
Trax = T'.ll.‘(wn' = T
79.58(%
85(10°) = (%)
. i ﬂ'[dﬂ)“
22,
dg = 001683 m = 16.8 mm Ans.



5-39. The solid steel shaft DF has a diameter of 25 mm
and is supported by smooth bearings at D and E. It is
coupled to a motor at F, which delivers 12 kW of power to
the shaft while it is turning at 50 rev/s. If gears A, B, and C
remove 3 kW, 4 kW, and 5 kW respectively, determine the
maximum shear stress developed in the shaft within regions
CF and BC. The shaft is free to turn in its support bearings
D and E.

27 rad
=35 E{ﬂ} = 100 7 rad/s
s rev
P 12(10%
Tp=+—=——2=3820N-"
P 1007 m
P 3(10%)
=L =T 2 _9549N-
AT 0 1007 m
P 4(10%)
Tg=—= = 1273N-
T m
T Tepe _ 382000125 oo
Tmax)CF = 7 2(0.0125%) S
T Tpee 2228200125
Tmax)BC = 2(0.0125) e

Te 238200 M

Tr=38-200 ™

G

Isd.ﬂf‘d‘m 'E 272 Mm

i Ecaz.z Zﬂw

Ans.

Ans.



5-55. The assembly is made of A-36 steel and consists of a
solid rod 20 mm in diameter fixed to the inside of a tube using

a rigid disk at B. Determine the angle of twist at C. The tube

has an outer diameter of 40 mm and wall thickness of 5 mm. <

The internal torques developed in segments AB and BC of the assembly are shown
in Figs.a and b.

The polar moment of inertia of the tube is J’=%{(l.(l24—0.[}154)
= 54.6875 (10~%) 7 m*. Thus,

CTiL;  TupLag N Tpe Lpe

=N =
QSC - fi Gi ‘]Gsr J Gs;

1
~ 54.6875(10 %) [75(10%)] [900:4) + 15000

= 0.003958 rad = 0.227° Ans.




«5-77. The A-36 steel shaft has a diameter of 50 mm and is
fixed at its ends A and B. If it is subjected to the torque,
determine the maximum shear stress in regions AC and CB
of the shaft.

Equilibrium:
T4+ Ty —300=0
Compatibility:
dcia = deyp
TA04) Tg(08)
JG G
TA = 2.00Tg

Solving Egs. [1] and 2] yields:
T,=200Nm Tp=100N-m

Maximum Shear stress:

T, 200(0.025)

=— = 8.15 MP:
('TAC)max 7 %(00254) a
Tge  100(0.025)
= = ————— = 407TMP
('TCB)max 7 %(00254) a

[1]

[2]

Ans.

Ans.

200M. L

%



5TH. The A-34 steel shafl has a diameter of 40 mm and is
fixedat its ends A and 8. 1fit is subjocted to the torgues shown,
determine the absolute maximum shear stress in the shaft.

Referring o the FBD of the shaft shown in Fig. a,
EM, = Ik Ty+ Tg— 500 — 200 =i
Us=ing the method of superposition, Fig. b

e = gk, — (Pakr

Ta(35) _[S00(15) 700(1)
IG 1G IG

0 -
T,=41429N-m

Substitute this resull into Eq (1),

Tg=285TIN-m

i1}

Referring to the torgue diagram shown in Fg ¢, sepment AC s subjected to

maximum internal torgue. Thus, the absolute maximum shear stress ocours here.

Tacc 41429 (003
=

vAby = -
—(003)*

200N-M

x @)

= .77 MPa Anms.

500N-m

200 N-M




CHAPTER 6

6-54. The beam is made from three boards nailed together
as shown. If the moment acting on the cross section is
M = 600N - m, determine the maximum bending stress in
the beam. Sketch a three-dimensional view of the stress
distribution acting over the cross section.

_(0.0125)(0.24)(0.025) + 2 (0.1)(0.15)(02)
- 0.24 (0.025) + 2 (0.15)(0.02) = 005625 m

I= %(0.24)(0.0253) + (0.24)(0.025)(0.04375%)

+2 (11—2)(0.02](0.153) + 2(0.15)(0.02)(0.04375%)

= 3453125 (10~%) m*

. _ Mc
Omax — O — I

600 (0.175 — 0.05625)
34.53125 (1079

= 2.06 MPa Ans,

My 600 (0.05625)

= = 0.977 MPa
I 3453125 (10°%)

oo =




662, A box beam is constructed from four pieces of
wond, glued together as shown. If the moment acting on the
cross section s 10 kN - m, determine the stress at points A
and B and show the results acting on volume elements
located at these points.

M =10kN-m

The moment of inertia of the cross-section about the neutral axis is
1 1
I = - [[3.2}([3.33} - F{l}.lﬁifl}.ﬁli = 0.2417(10 3} m*.

For point 4, y4 = C = 0,15 m.

_ Mys  10(107) (0.15)

= = = 6207({10%Pa = 6.21 MPa (C Ans
ATy 0.2417(10-3) (10)Pa a1 "
For point B, yp = 0.125 m.
My 10{107)(0.125
og= —=2 = (1) ) _ 5.172(10%)Pa = 5.17 MPa (T) Ans.

I 0.2417(107%)

The state of stress at point A and B are represented by the volume element shown
in Figs. a and b respectively.

@)




6-75. The shaft is supported by a smooth thrust bearing at
A and smooth journal bearing at £ If the shaft has the cross
section shown, determine the absolute maximum bending

stress in the shaft.

Shear and Moment Diggrams: As shown in Fig. a.

B

‘-—l:].'fi m l 1.5m

FkM

Maximum Moment: Due to symmetry, the maximum moment occurs in region 5C
of the shaft. Referring to the free-body diagram of the segment shown in Fig. b.

Section Properties: The moment of inertia of the cross section about the neutral

axis is
_m 4 _ 4y _ [10—6Y, 4
1= (004" — 0025 ) = 1.7038(10"% )m
Absolute Maximum Bending Stress:

Moo 225(107)(0.04)

Tallow = = = 528 MPa

1 1.7038(107%)

Ans,

ojsm

(b>



645, The wood beam has a rectangular cross section in 500 N /m
the proportion shown. Determine its required dimension b
if the allowable bending stress is oy, = 10 MPa.

Allowable Bending Stress: The maximum moment is Mg, = 5625 N-m as
indicated on the moment diagram. Applying the flexure formula

Mo ©
Tmax = Tallow = 1

562.5(0.75b)
i (p)(1.5p)°

10(10%)

b = 0.05313m = 53.1 mm Ans.
Soord) =/ o0 A
pamsnn Rt 1
- H
.l
I T
TEosl Lsan
vim)

—i §— BT
H




6-91. Determine the absolute maximum bending stress A [l B
in the Z0-mm-diameter shaft which is subjected to the I k __j
concentrated forces. The journal bearings at A and & only

support vertical forces.

+ 0.5m ! 04 m 0.6 m

12 kN A\
. . 20 kN
The FBD of the shaft is shown in Fig. a
The shear and moment diagrams are shown in Fig. b and c, respectively. As
indicated on the moment diagram, |Mm“| = 6kN-m.
The moment of inertia of the cross-section about the neutral axis is
I = % (0.04%) = 0.64(10 %) m*
Here, ¢ = (.04 m.Thus 0EM o'4m G‘E”m l kf,}
e =2
Mo 6(10°)(0.04) 12 kN A‘é 30 N Z0kN Ba'
oo = =
s I 0.64(10~ )7 0‘1)
= 119.37(10%) Pa
= 119 MPa Ans.

V(kN)

/8
09 .l
5 S X(m)
=72
®)

M CkN-m)

% !-;30 X(m)
0 | /o9 15

10



6-103. Determinge the largest uniform distributed load w
that can be supported 5o that the bending stress in the beam

does not exceed oy = 5 MPa. == —— —__————
— 1 _ B
The FBD of the beam is shown in Fig. a }'—D..’\m I I m I \hm_,|
The shear and moment diagrams are shown in Fig. b and ¢, respectively. As 73 mm
indicated on the moment diagram, |M 5, = 0,125 w. _1 f_
[~ T150 mm

The moment of inertia of the cross-section is,
] 2 p "
= 17 (0075 )015°) = 21.09375(10°% ) m*
Here, ¢ = (L0075 w. Thus,

Maax €
Tallow = I 1

0.125w(0.075)

s(107) - 21.09375(1075)
w = 11250 N/m = 11.25 kN/m
v
osw o5w
X
0 05 27 fn)
-1 ~05 W

&)

o e o o e . e e . ——

b,

I’D-Em aﬁm:rﬂﬁm oEm

S RO

=025 W -0 j2EW
©)

11



