1. Free Body Diagram

2. Force Balances
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3. Force-Elongation 4. Compatibility
Foyla _ Fy(2L) 8F (1) i e e,
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@ En (%) B i v _t@ T E® (s
Fole _ Fel) | 4Fg
1) e =g 2 |~ End?
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5. Solve
28(1)= 8(2)+ €(3) F(l)L + F(3) (ZL) — P(3L) =0
8Fy _ Fi ) 5 32
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a. Stresses b. Displacement at D
_ F@) _ 2595N _ . 5
0@ = 2, = e 2.06 MPa | ¢w _ % i Fy = (16) Fg=811N
2 (2)5 . o 3), SF 24(811) 2)
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ME 323 — Mechanics of Materials ' PURDUE ! Mechanical Engineering

Examination #1 |
October 6, 2021 UNIVERSITY.: |
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PROBLEM # 3 (cont.)

2m | 2m 2m | 2m

Vix i ! i
K N( ) L/' onidant fw&*“”?”
20 r—=----- ;

Skvc—?m ‘h  Areaz Avea 3 40 L

free o }

k




Ma ' g_‘zok
Tz T2 YEWE
“0“ ‘bk“’”
€ enes Chritn é
5F. A, +ud —30-20 =0 .-.loLAJ\
a~"d _J_/——J
SMaz-Mg _300) yuo () +2° - 20(6) -5 =
M, = =/ k N-w
F;rb()‘(&- ‘
10) = VeI + § PO
= (D~ ISX
V(%) =0 ;lo-lfiﬁ | Xo 30.567...&
w (%) 2 M(_e) 4 I:Clo‘ 'S'x)le
=-mo+lox—',’£"
r 3
7-—3.337

m () = ™ (o. ¢61) = — 100 +€.66
¢l kN-"

::&;
o= —1o kN

m(2) = —00 +20 -3

For 1<x< Y

V)= 10-15(%) = -20 kN
V()t=-20+1u0 =208 ko
V(4) =20 Y

M(u)‘: -1104 40 = -70 ka/-m

+
m(y) = -70-20==90 kN-m
m, 20
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Problem No. 4

Part 4A

Consider the truss shown that is made up of identical elements (1) and (2), with
each element have a Young’s modulus of E, a length L and cross-sectional area of A.
A horizontal load P acting to the right of joint C, element (2) is vertical and ¢ <45°.

Let e, and e, represent the elongations of elements (1) and (2), respectively, and F|

and F,be the corresponding loads (forces) carried by the elements.

Circle the correct responses below:

2 points:

a) |F|<P

b) |F|=

@F1>P

a) |F|<P
b) |F,|=

@FZ>P
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Part 4B

The rigid, L-shaped bar DHK is pinned to ground at H, and identical elastic links (1)
and (2) are connected between D and B, and between Q and K, respectively. Links
(1) and (2) are vertical and horizontal, respectively. The temperature of link (2) is
raised by an amount of AT, whereas the temperature of link (1) is held constant. Let

€, and &, be the axial strains in (1) and (2), respectively, and o, and o, be the
axial stresses in (1) and (2), respectively.

L
b
D %
3b
ML
o\ B
Fa.
Circle the correct responses below: —
2 points:
a) ‘01’ >‘O‘2‘ o e
b) ‘01’ :’62‘ \ 4

F
@ loi|<ls ' Hr

2 points: * 2Mu= R@+F(BY=o
0, and g, have the same signs L.. lel =3 [Fll qu_zl =3|.0-l’

b) o, and &, are both zero

¢) o, and ¢ have different signs « £,= EE——’-
2 points: T=
= —= 4 ctAT
a) o0, and &, have the same signs - & E +
b) o, and &, are both zero As @73 hznlcogz,_70.
@ 0, and ¢, have different signs Wi €, 70 ,@) become;

COMpressed =2 (7, <o



Part4C

A rod is made up of solid, circular cross-sectioned elements (1), (2) and (3), with (1)
and (2) joined with a rigid connector C, and (2) and (3) joined by rigid connector D.
All three elements are made of the same type of steel, having a Young’s modulus of

E

steel *

axial load (force) carried by, and 0, 0, and o0, be the axial stresses in elements (1),

Aload P acts in the axial direction on connector C. Let F1' F2 and F3 be the

(2) and (3), respectively.

Circle the correct responses below:

2 points: D
Db R B ZE o Ras -
@‘F A|=IF| (o
) ‘F2|<’F3‘ Fe= =
2 points:
D R[] ReP esenienzo
_ 74
b) |F[JF, é AL F,_K_{_ fz,_L(_____o
SIIARA - &4 4 &4
2 points: Suppose the material of element (3) is changed to aluminum having a
Young's modulus £, ., where E_ >E_ . . Withthis change in material:
1‘ is increased AS 6'5 7D dwed)eéc (33 becones
b) ‘0'1‘ is unchanged lesS Sﬁ‘# = /F,///l
c) ‘0'1‘ is decreased

= )O’,’ lma'uscs



Part 4D
A composite shaft is made up a tubular shell (1) and a core (2), where the shear

moduli of (1) and (2) are G, and G,, respectively. Let 7, and 7, represent the shear

stress on the shaft cross-section for (1) and (2), respectively.

enlarged view of cross-section

Circle the correct responses below:

2 points: For the shear stress distribution on the shaft cross-section shown above:
a] )G, >G, Since Slape of T, us. f f‘ddrea.ér
b) G,=G, a1 Sloze & Tz LLS,/aJ G.7 Gn

2 points: For a different set of materials for the shell and core, it is known that
G,=3G, . At what location p (the radial distance from the shaft center) does the

maximum magnitude of shear stress Mmax in the shaft cross-section occur?
a) p<d/z Wibr Gz 26, Hre »210<,
b) p=d/2 7
¢) d/2<p<3d/2 MaOnJW o~ Shesy accos

() p=3d/2 o1 ouvhr Scrifrce



Part 4E - 2 points
Consider the cantilevered beam that is experiencing a line load (force/length) that is
constant over the length of the beam.
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Circle the correct shape below for the bending moment distribution along the beam:

'\7’,;0.—;@'\—30

Mo =0
Me<O
Ve 70 =

(a_f‘::f) 76
o< /g,

Part 4F - 1 point
Consider the beam below that is acted upon by three bending couples.

B D H
oM M M
I )
< x
) 24 T a -

M(x) M(x) . U’Um,,d_w ,;q
L — | MatD
B D B ) i 7058 B
(a) (b) A<
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(c)




