MECE202 STRENGTH OF MATERIALS (SELECTED PROBLEMS)

CHAPTER 1

is not to allowed to exceed 60 MPa. All pins are subjected to
double shear as shown, and each has a diameter of 18 mm.

Referring to the FBD of member AB, Fig. a,

#1-61. Determine the maximum magnitude P of the load
the beam will support if the average shear stress in each pin

C+EM,=0; Fpesin30°(6) — P(2) — P(4) =0  Fg- = 2P A—2m 2m

+ o . )

S%F, =0 A,—2Pcos30” =10 A, = 1732P '
P

+13F, = 0; A,—P-P+2Psin30°=0 A,=P

Thus, the force acting on pin A is

Fa=2 A"+ Ay =2 (L72PY + P =2P

All pins are subjected to same force and double shear. Referring to the FBD of the
pin, Fig. b,

The cross-sectional area of the pinis 4 = %—({].m 8%) = 8L0{10"*)7 m®. Thus,
Vv

Talow = —:  60(10f) = ——

A SLO(10-%)r

P=15268N = 153kN Ans,

Esc V4

=2
(a) (b) F=af



1-66. Determine the largest load P that can be a applied
to the frame without causing either the average normal 1 =
stress or the average shear stress at section a-a to exceed
o = 150 MPa and 7 = 60 MPa. respectively. Member CH
has a square cross section of 25 mm on each side.

Analyse the equilibrium of joint C using the FBD Shown in Fig. a,

4
+13F, = 0; Fm-(E) ~P=0  Fp-=125P

2
=]
s

Referring to the FBD of the cut segment of member BC Fg. b.

+ o 3
= ¥F =0 Npa— I.ESP(§> =10 foa = 0.75P
£
. _ (4 hoa
+TE2F, =10 L25P{ <) ~Vau =0 V, ,=P o C
0.025 1.5m
The cross-sectional area of section aa is Ay ;= {D.[}ZS}(?) | *l"
= 1.0417(10"*)m’. For Normal stress, '
Ny g } 0.75P
o = o 150(107) = ———
Fallow Aa . }{ } 1_041.},[10 _1}
P = 20833(10°) N = 20833 kN
For Shear Stress
Via P
Talow = 53 60(10%) = ——
Ao (10%) 1.0417(107)
P = 62.5(10°) N = 62.5 kN {Controls!) Ans.
F— 125F
Bc
3
4.
3

fac y Ne-a

)



+1-77. The wood specimen is subjected to the pull of
10 kN in a tension testing machine. If the allowable normal
stress for the wood is (o )aw = 12 MPa and the allowable
shear stress is 7y, = 1.2 MPa, determine the required
dimensions b and ¢ so that the specimen reaches these
stresses simultaneously. The specimen has a width of 25 mm.

Allowable Shear Stress: Shear limitation

5.00(10%)
Tatlow =~} 12(10°) = YT5N
t = 0.1667 m = 167 mm

Allowable Normal Stress: Tension limitation

P o 10(10%
Tt = 12.0(10°) = @OB)b

b = 003333 m = 333 mm

Ans.

Ans.

T‘JDkN

l‘leN

V50 ka

I[

10 kN



1-82. The three steel wires are used o supporl the
load. If the wires have an allowable tensile stres of
orgow = 165 MPa, determine the required diameter of cach
wire if the applied loadis P = & EN.

The force in wire B is equal o the applied load; ie. Fyp = F = & kN_ Analysing
the equilibrium of joint B by referring to its FED, Fip, a.

us EF, - Faroos 3F — Fypoos 457 =0 (1
+T EFf =0,  Fpesin3F + Fypsind¥ — 6 =10 )
Solving Egs. (1) and (2),

Fug = 337T9kN Fgr = 4392 kN

For wire BID,
&1
'}dﬁﬂ:

dgp = 000GEM m = 6.804 mm

F
Tamom = A_ZT:: 1657105 =

Use dygp = 7.00 mm Ans
For wire AB,
F, 537910
aew = S 16S(10F) -v—l;:'
Al Tidaw
d gy = MBI m = £.443 mm
Use dyg = 6.50 mm Ans
For wire BiC,
Fy 4392( 10F)
raow = 165(10°) = =

dg = 005822 m = 5822 mm

dpr = 600 mm Ans

L




CHAPTER 2

#2-16. The square deforms into the position shown by the
dashed lines. Determine the average normal strain along
each diagonal, AB and CD. Side D'B’ remains horizontal.

Geometry:

AB = CD = V50° + 50 = 70.7107 mm
C'D' = V53 + 58 — 2(53)(58) cos 91.5°

= 79.5860 mm
B'D' = 50 + 53sin 1.5° — 3 = 48.3874 mm

/532 + 4838747 — 2(53)(48.3874) cos 88.5°

AB'
= 70.8243 mm

Average Normal Strain:
o = AB' — AB
AR T T E

_ 70.8243 — 70.7107

_ -3
207107 1.61(10 )mm/mm

C'D - CD
&n=—"©cp

79.5860 — 70.7107 3
== 126(10_’) mm,/mm

B 70.7107

2-23. A square piece of material is deformed into the
dashed parallelogram. Determine the average normal strain

that occurs along the diagonals AC and BD.

Geometry:

AC = BD = V15 + 157 = 21.2132 mm

Ans.

AC" = V1518 + 15247 — 2(15.18)(15.24) cos 90.3°

= 21.5665 mm

B'D' = V15187 + 15247 — 2(15.18)(15.24) cos 89.7°

= 21.4538 mm

Average Normal Strain:
o _ AC' = AC _ 215665 — 21.2132
AC AC 212132
= 0.01665 mm/mm = 16.7(107") mm/mm
B'D' — BD  21.4538 — 21.2132
Epp = =
BD 21.2132

= 0.01134 mm/mm = 11.3(10_3} mm,/mm

Ans.

|
/
|
|
|

[

F-\89.7° |

|
15.24 mm
|
|
|

|
——

Al——15 mm——| D
f——15.18 m

I5mm




CHAPTER 3

#3-25. The acrylic plastic rod is 200 mm long and 15 mm in _.._(

diameter. If an axial load of 300 N is applied to it, determine 300N
the change in its length and the change in its diameter. ‘

200 mm

T 300N

E, = 270 GPa, , = 04. |

r_ 30 1.697 MPa

g = ks
A Z{0.015)*

o 1697(10%

— L .0006288
Flone = F T 5 70(10%)

8 = gjong L = 0.0006288 (200) = 0.126 mm Ans.
i = —Vejong = —0.4(0.0006288) = —0.0002515

Ad = gud = —0.0002515 (15) = —0.00377 mm Ans.

3-27. The elastic portion of the stress—strain diagram for a
steel alloy is shown in the figure. The specimen from which
it was obtained had an original diameter of 13 mm and a
gauge length of 50 mm. When the applied load on the
specimen is 50 kN, the diameter is 12.99265 mm. Determine
Poisson’s ratio for the material.

Normal Stress:

P 50(10°%)
o =—=———5-=376.70 Mpa
A (00137

Normal Strain: From the stress—strain diagram, the modulus of elasticity

400010°) = 200 GPa. Applying Hooke's |
0.002 a. Applying Hooke’s law

E =
o 37670(10°)

£ 200005 1.8835(10%) mm/mm

Elong = E

_d—d; 1299265 — 13
Blat dy 13

= —0.56538(107%) mm/mm

Poisson’s Ratio: The lateral and longitudinal strain can be related using Poisson’s
ratio.
&1t —0.56538(1077)

V= = —— = 0.300 Ans.
Elong 1.8835(107)

o(MPa)

400

0.002

e(mm /mm)



CHAPTER 4

4-3. The A-36 steel rod is subjected to the loading shown.
If the cross-sectional area of the rod is 50 mm’, determine
the displacement of its end . Neglect the size of the
couplings at B, C, and I},

The normal forces developed in segments AB, BC and CD are shown in the FBDS
of each segment in Fig. a, b and c, respectively.

The cross-sectional areas of all the segments are
a 1m : 2
A = (50 mm? —) = 5000105 m%.
(0 men?) (m{m mm, (1077 m
. Pily 1
ip=2 AE ALy PapLag + PpcLpc + PopLep
1 1 -
= — | —3.00(10%)(1) + 6.00(10°)(1.5) + Z.00(10°)(1.25)
50.0(10%) [200(10%) |
= (L.850{10 3) m = (.850 mm Ans.

The positive sign indicates that end D) moves away from the fixed support.

asar-j.ﬂﬂ kﬂ qm i 2 kN

(a)

(b)

I%p':e-ﬂﬂ kN 2 kl'\-'

()



+4-33. The steel pipe is filled with concrete and subjected
to a compressive force of 80 kN. Determine the average
normal sitress in the concrete and the steel due to this
loading. The pipe has an outer diameter of 80 mm and an
inner diameter of 70 mm. Ey = 200 GPa, E; = 24 GPa.

+1EZF, =1; P,+ P, —80=0
8y = Beon

P, L _ P.,.L
X008 — 0.07) (200) (10°)  5(0.07) (24) (10°)

Py = 2.5510 Peon
Solving Egs. (1) and (2) yields
P, =5T4TEN P = 2253 kN

P 57.47 (10°
_ia # = 48.8 MPa

T Ay T T (0087 — 007)

P 2253 (10°
e = = wi'[z}' = 5.85MPa
Acon 1 {D-DT )

*4-3. The composite bar consists of a 20-mm-diameter
A-36 steel segment AF and 50-mm-diameter red brass
C83400 end segments DA and CB. Determine the average
normal stress in each segment due to the applied load.

EIF, =0, Fe—Fp+75+75—-100—100=10
FC_FD_50=D

& p=Ap-dp

o 150(0.5) B 50(0.25)
Z(0.02)%200)(10%  F0.05%)(101)(10%)
F(0.5) Fpi0.5)

CE0.050)(101)(10%)  F(0.02%)(200)(10%)
Fp = 107.80 kN

From Eq. (1), F¢ = 157.80 kN

_ Pup 42110109

_ ) 134 MPa
Agp §(0.02)

TAR

B0 kN

1 500 mm
2)
8ok
Ams.
Ans. gt
[}

ﬁﬁﬂm
100 kN

|D [ A4 T75kN 100KN " B c|

mn

£
P 25N
Amns. _..D.E"_”"'
Ans.
Ans.



4-55. The three suspender bars are made of A-36 steel
and have equal crosssectional areas of 450 mm®
Determine the average normal stress in each bar if the rigid
beam is subjected to the loading shown.

}-—I m—-I-—I m—-I-—J rn—-I-—J rn—-I
Referring to the FED of the rigid beam, Fig. a,
+1EF,=0;  Fap+ Fgg + Fep — 50(10%) — 80(10°) = 0 (1)
C+EMp=10;  Fpe2) + Fep(4) — 50(10%)(1) — 80(10°)(3) = 0 (2)
Referring to the geometry shown in Fig. b,
- dcr — Bap
Sgg = 8ap + (T)ﬂ}
) 1
fgg =< [Sau + SCF]
Fpe & 1 (-";mﬁ -'"crﬁ)
AfT 2\ Af AT
Fap + Forp=2Fpg R}
Solving Eqs. (1). (2) and (3) yields
Fpp=4333(10°) N F,p = 3583100 N Fpp = S0E3(10F) N
Thus,
Fge 43330107 6.3 MPa n
R N it il SV 5.
TBET A T nas(in )
F 35.83(10°
T =—2 = —[3} = 79.6 MPa Ans.
A 045107
oer = 113 MPa Ans.
E 50kN Foe 30k K am e <m
AP fy CF
'S P E F

A 4

=
o
b

Im Im im

@)

Im




*4-69. Three bars each made of different materials are
connected together and placed between two walls when the
temperature is Ty = 12°C. Determine the force exerted
on the (rigid) supports when the temperature becomes
T3 = 18°C. The material properties and cross-sectional
arza of each bar are given in the figure.

(&) 0=4r-5
0 = 12(10-5(6)(0.3) + 21 (10-F)(6)(0.2) + 17 (10-5)(6)(0.1)
F(0.3) F(0.2) F(D1)

C200(1075)(2003(10°)  450(10-S)(100)(10°)  S15(1076)(120)(10°)
F=4203N = 420kN

Stecl Brass Copper
Ey=200GPa  E,=100GPa [, =120GPa
ay = 120107)/C oy = 21(107)FC &, = 17(10°%)C

i Ag = 515 mm?
Ay =200 mm?  Ape = 430 mm’ |

I 300 ! 200 mm | l

Ans. Fy

10



CHAPTER 5

#5-8. The solid 30-mm-diameter shaft is used to transmit
the torques applied to the gears. Determine the absolute
maximum shear stress on the shaft.

Internal Torque: As shown on torque diagram.

Maximum Shear Stress: From the torque diagram 7',y = 400 N - m. Then, applying

torsion Formula.

rae = Tiax €
max J
400(0.015)
=5 = /5.5MPa
Z(0.015%)
Thm)
499 .
o
° 03 g:; 12 xam)
-300

*5-12. The motor delivers a torque of 50 N * m to the shaft
AB. This torque is transmitted to shaft CD using the gears
at E and F. Determine the equilibrium torque T’ on shaft
CD and the maximum shear stress in each shaft. The
bearings B, C, and D allow free rotation of the shafts.

Equilibrium:

C+IMp =0; 50 — F(0.05) =0 F =1000N

C+EMp = 0; T' — 1000(0.125) = 0
T'=125N'm

Internal Torque: As shown on FBD.

Maximum Shear Stress: Applying torsion Formula.

Tagc  50.0(0.015)
= = ——— > = 943 MP.
(TAB)max 7 % (0'0154) a

Tepe  125(0.0175)
2 = = 14.8MP.
(TeD)max 7 3 (0.01754) i

Ans.
Ans.
F 12Im-
Somm
" 50N'™m
Ans.
F
Ans.
SON-m
P Piias o
\ Tep2/254m

{ N

11



5-15. The solid shaft is made of material that has an
allowable shear stress of Ty = 10 MPa. Determine the
required diameter of the shaft to the nearest mm.

The internal torques developed in each segment of the shaft are shown in the torque
diagram, Fig. a.

Segment [ME is critical since it is subjected to the greatest internal torque. The polar

Tallow =

) . B o fdy? ™
moment of inertia of the shaft is J = Sl3) = Ea"Thu&
d
700 —
DE € (2)

Ans.

60 N-m
TON-m

12



