Faculty of Engineering ; w
‘ - ’!
Prod. & Mech Design Fag Dept :"’."::ff“.’?'

S

1™ Term - 20182019

5660170/ ///&’%7 Mid-Term Exam

Top view
% ot L8 g <
4 - S T
2 o A . 2
> &4
4 ® o

Question 1: [8 Marks]

g - B .
In the structure shown. an 8-mm-diameter pin 1sused at 4, and N
12-mm-diameter pins are used at Band D Knowing that the T T
ultimate shearing stress i< 100 MPa at al] connections and that “1‘{‘ 0 mm ¥r
]

Fhe ultimate normal stress 15 250 MPa in each of the two links
Joining B and D, determine the allowable load P if an overall .&
factor of safety of 3.0 is desired

Question 2: [6 Marks]

The concrete post (£, =3.6x10° psiand a, = 5.5x10/°F) is reinforced
with six steel bars, cach of }-m diameter (E, =29x10° psi and
a, =6.5x1 0"°/°F). Determine the normal stresses induced in the steel and
in the concrete by a temperature risc of 65°F.

<

10 in,

Questiﬂn 3: [6 MarkS] i /A]mninum

The solid rod BC has a diameter of 30 mm and is made of an
aluminum for which the allowable shearing stress is 25 MPa.
Rod AB is hollow and has an outer diameter of 25 mmy; it is
made of a brass for which the allowable shearing stress is 50
MPa. Determine (a) the largest inner diameter of rod AB for
which the factor of safety is the same for each rod, (b) the
largest torque that can be applicd at 4.

Strength of Mairr’m‘is
20 Marks - 1 Hour.
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Best Wishes

Associate Prof. Dr. Noha Fouda
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PROBLEM 1
™ e W -
PP S — In the structure shown, an S-mm-diameter pin s
A &SR 4 e used at 4. and 12-mun-diameier pins arc used at 8
) ' and D Knowing that the ultimate sheaning stress is
100 MPa at all connections and that the ultimate
3 . - normal stress 15 250 MPa m cach of the two links
o - 4 b oining B and D. determine the allow able load P if
! an overall factor of safety of 3.01s desired
0 ok o
s .
SOLUTION
Statics' Use 172C as free ‘
$C 18 free body Ac-"___‘_g.x\c‘
.\,)XM G: 020F —018P =0 p- 10 - \
' " 0o L« 0.20 —f=—0.18 o
NEM, = 0: 020F,,-038P =0 P="F = F
‘ " T A a0

Based on double shear mpin 4. 4 = %«l: = %10.008): = 50266 x 10°m’

27,4 (2)(100 % 10°)(50.266 x 10°°
F,=2ul_ @K0xIOX 10 _3351x10°N
FS. 3.0 9

=%F‘ =372x10°N

Based on double shearinpinsat Band D: A = %dz = %(0.012): =113.10x10°m?’

20,4 (2)(100x10°)(113.10x 10™°) 3
= = =154
Fr =5 3.0 X 10N rL

10 3
= —Fy, =3.97xI10°N
19 &P

Based on compression in links BD: For one link, A = (0.020)(0.008) = 160 x 10 m?

6 -6
£y = 2?3‘4 _ (2)(250x1o3 z)(160x10 ) _267x10N )

P= :—g—Fw = 14.04x10°N

Allowable value of P is smallest, .. P = 3.72x 10°N \ P=372kN 4
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PROBLEM 2

The concrete post (E, =3.6x10" psi and a, = 5.5x10° ~F) is reinforced
with six stecl bars. cach of j-in. diameter (£, =29x10" psi and
a, =6.5x107% “F). Determine the normal stresses induced in the steel and
n the concrete by a temperature rise of 65°F.

SOLUTION

4 =624 =05L1J =3.6079 in’
4 a8

A, =107 - 4, =10? -3.6079 =96.392 in’
Let P, = tensile force developed in the concrete.

For equilibrium with zero total force, the compressive force in the six steel rods equals P

P
Strains: £, =- F +a,(AT) € =E‘4 + ¢ (AT)

Matching: g\ £ +\a(AT)— F !&-a(AT)
atching: £ =& EA A “TFEa s

c’ ¥4

g ‘'t

( ! +#]P¢=(a,—a,)mn

E A  EA,
! + 6' ]P, =(1.0x107°)(65)
(3.6x10°)(96.392)  (29%10°)(3.6079)
P =52254x10° b \
g o P 32250 S\ g, =542 psi
‘T4 96.392
3
o o fe S24XND 144833 psi \ = —1.448 ksi
CTA, 3.6079
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- - X i__ ;4 o s R« 5% (Z
Selid R PILY J= %« i
J
Catlf=25% f pa

&y

= =0-alS »m
C /?_d ‘ .
. 3 x”é
Tall = ._. c’ Lall = = (C~O\S) (2s«1ta")
=122-S36 NU-m 2 | ST
Uoﬁm.; A latll - Sc #lcg Pa

Tq[[ = IQ)L‘)‘ 5 5’(/‘/‘”7

C‘?‘_’ ‘/7 (,2 = ‘/2 (o (‘)()) -’-"C’";)S o7

Ci = 22 . ‘
7 4
Tatt = J Call — (L (C—:‘C‘ ) Zatf Z i
C2 z Cz’

4

Cffc? - ZTad C2

a Zatll |

= 4 2(32-538)(0-0125)
= 0-012S - © (50 % '06) .

75967 = 1B |

I

G

\‘3 d= 2¢i = 1518 P\
[B] allowadla totPe- Ted = ’3234/‘»7
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