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ME 323 - Mechanics of Materials
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Circle your lecturer’s name and your class meeting time.
Chortos Shah Zhao Han
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Please review the following statement:
I certify that I have not given unauthorized aid nor have I received aid in the completion of this exam.
Signature:

Begin each problem in the space provided on the examination sheets.

Please remember that for you to obtain maximum credit for a problem, you must present your solution
clearly.

Accordingly,

= coordinate systems must be clearly identified,
» free body diagrams must be shown,

* units must be stated,

» write down clarifying remarks,

» state your assumptions, etc.

If your solution cannot be followed, it will be assumed that it is in error.
When handing in the test, make sure that ALL SHEETS are in the correct sequential order.
Submission to Gradescope: 10:00-10:20PM.
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PROBLEM # 1 (25 points)

e
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UNIVERSITY

A tubular post of inner diameter d; = 100 mm and outer diameter d, = 130 mm, is held in place by two
cables fitted with turnbuckles, as shown in the figure. The cables are tightened by rotating the turnbuckles,
thus producing tension in the cables and compression in the post. Both cables are tightened to the same
tensile force T (N) and the angle between each cable and the ground is 60°.
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(a) Draw the free body diagram of the post
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(b) Write the static equilibrium equation(s) and determine the reactions at the ground which supports

the post in terms of T

SMese = SFT - SFR +M=0  Chis height of pot)

(c) If the allowable compressive stress in the post is g, = 40 MPa, and the factor of safety FS = 2,

determine the maximum tensile force T that can be applied at the cables.

N BT - e

SR R (= R = o B 53

- %Mim | ﬁ[(bsnjiwf-(romm < b 258 x10*N = 62,58 EN
3

[MRa - mm*] = [N]
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(d) Based on the result in (c), if the cable diameter is d. = 35 mm, and the allowable tensile stress in

the cable is 0,4, = 150 MPa, what is the factor of safety for the cable?
de = IEmm 5
FS" U'.naz - '\T'(ZSYVIM) . ISOMP"\
4T
T-d> 4x b 2£% x ¥ N

= Z\ }I

(¢) The diameter of the pins that attach the cable to the ground is dj, = 20 mm. Using the result in
(c), if the allowable shear stress in the pins is 7,4, = 250 MPa, what is the factor of safety for

the pins?

Fe v TP Tiay T (eonm)x 2s00ph
T I 2T - 2 x h.2&8 10" N
2T

= 2&&‘-,
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PROBLEM # 2 (25 points)

Axial assembly BCDHK is composed of one rigid member BCDH and three deformable members. The
moduli and areas of the different members are described in the diagram below. All members are initially
stress-free, but then member (3) is heated by a temperature change of AT.

LY

\®/ 4
(2) L E A

A K
E, 24
(3) L 2E A AT, a
K
V=

L

—

oX
—

IVV_

a) Draw the free body diagrams of rigid bar BCDH and rigid connector K.
"X vl ot TF' T N 123

> K
7, -

b) Write the equilibrium equations.

B\é—‘-ﬁﬂ:} o @
LRt 2lh=0 @
F2-Fz =0 e
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c) Is the system determinate or indeterminate?

Indeterminete (2 Guilibrium B, 4 umkewowne . By . Fi . 6, Fs)

d) Solve for the forces in all of the members in terms of «, AT, E, and A.

Trom Eq,w‘l,ibvm m E@U

O->F=R
@ = h=-2Fs
O~ By="f-h=2B"hK K

Sthege Shoin Disp. B4 -
F|L ""FSL

g~ 2 = TEA
Ca = -E'L - _EL

EA EA
Z fsL

ZEA + LXaT

Compﬂﬁbil/w& .
%= 20c (fom BCPH),

JD: CrxE>.
Oc= e\

SRV R
BT B DT

-2h -FR + LR + EAXAT
- 1Fs = BAMAT

F - _% EAAT (> compression
<) Temsoy.
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e) Solve for the vertical displacement of node H.

2
=38 = 30 = > TEALTL

- b
Zex B

= XaTL C downpprde )

f) Solve for the vertical displacement of node K.

- ZEApsT L -
dT/.= = 7?;) =3 RATL (WVO‘& )
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PROBLEM # 3 (25 points)

As shown in the figure below, a two-segment structure is fixed at the two ends, A and C and is connected
by rigid plate B. Member (1) between A and B is tubular with inner radius of R and outer radius of 2R
and has a length of 5L. Member (2) between B and C is a solid cylinder with radius of R and length of L.
Torque T is applied to the rigid plate B. The material for the member (1) has a shear modulus of G; and
the material for member (2) has an unknown shear modulus of G,. Point P and Q are located at the top of
member (1) and (2).

»le
<

A
A 4

ZRI AT TT T IR

A B C

a. In the provided shape below, draw the Free Body Diagram of rigid plate B. Use T; and T, to
express the torque carried by member (1) and (2).

y T T
‘[ <&—f—>
—>>T
B

b. Based on the F.B.D. above, write down Equilibrium Equation(s).

—'n'\'T'{'Tz = Q0
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c. List the Compatibility Equation(s) based on the set up. Write the expression(s), at most, in terms of

L, R, Gy, Gy, T; and T,. T 4~ _ IS G
. J = Z[(R-R*]=LTR
Stvese, Stiroun Es, -
= TS0 . B2+ ER* - TRY
J) G
- T}(LQ
2 I G2
CUVVL’?‘/\'MbWIﬂA %

Evel to Tl Torion
G+t =0

§T B E
=3 rall T ERGe
S
36 b2

d. If it is given that member (1) and (2) carry the same magnitude of torque (|T;| = |T,|), find the
shear modulus of member (2), G,. Write the expression, at most, in terms of T, L, R and G;.

Since [T|=Ta| T="T2
Lormpodi bility B = - :j? 9 G2 3

[N
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e. Based on part e, find the expression of angle of twist at B, ¢p5. Write the expression, at most, in
terms of T, L, R and G;.

Gibbium B s =T +T+(-T)=0 = T=2T

oL Ty ETL TL o
o=t = J b T Lurte T 3TRY, (Sone dlikection

us T)

f. Show the stress states at points P and Q on the given member (1) and (2) in the diagrams below.
Please make the stresses shown in the diagram below are under equilibrium and in the correct

direction.
Ty =O
: y y
Top Ve W
o >

L \U & ez, — ) 7%

g.Which direction is the angle of twist at B, ¢, in? (circle one option)

@ ¢p is in the same direction as T
ii.  ¢@p is in the opposite direction as T
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Extra Space for PROBLEM # 3
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PROBLEM # 4 (25 points — No need to justify your answers, partial credit may not be granted)

PROBLEM # 4 — PART A (3 points)

A two-segment structure is fixed at the two ends. The length, Young’s modulus, cross section area, and
thermal expansion coefficient of the two segments are denoted by L, E, 4, and a, respectively. Segment (1)
is heated by AT, while the temperature of segment (2) is held constant.

(D

oSS S SIS

L, E\, A0

2

VS,

Lz, Ez, Az, (12

Circle the correct answer about the internal forces, elongations, and axial strains:

i. F =F,e =eylel =gl
Fi = Fy e = —ey, |e1] > |y
iii. F=—F,e =—eylel <lel
1v. F, = —F,,e; = ey, |&1]| = |&;]

V. None of the above

R Y _>T:z

-F + F= =0
+62 =0 >
lé-ll" e/l
,é'zlz&f/bz
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PROBLEM # 4 — PART B (6 points)

(D) A thin plate is subject to the load oy = —0y, (0y is
tension and o,, is compression), while the stress in the z
direction is negligible (g, = 0). Such a state is called
plane stress state in elasticity. The plate is made of a
linear elastic material with Young’s modulus E > 0,
and Poisson’s ratio —1 < v < 0.5. Circle TRUE or
FALSE for the following statements.

<

z

é)( C [Tx+ V%]

% [1+V]0lx »o
ii.  TRUE or FALSE: The sign of strain in the y direction €,, is unknown Wthh epends on the

specific value of v. ég = .E [‘_ 7 — T/V;(]

e . . . . . . —l
1il. T@l or FALSE: The strain in the z direction &, is zero. =z L [+ T/] Tx <o

€z = [ - 'UCQX/—UT/)] =Q

2) A prismatic bar is subject to the load o, = g, > 0, while its

1. @ or FALSE: The strain in the x direction &, is positive.

deformation in the z-direction is negligible (¢, = 0). Such a state %

is called plane strain state in elasticity. The rod is made of a linear /

elastic material with Young’s modulus E > 0, and Poisson’s ratio v y
v = 0.3. Circle TRUE or FALSE for the following statements. D - |L

iv.  TRUE or FALSENThe stress in the z direction g, is zero.
v.  TRUE or FALSE/. The stress in the z direction g, is negative.

Vi. @ or FALSE: The strain in the x direction &, is positive.
O = Oy >0, Ez=0
EEPE[ G - VTt Gl = V2 U0t Ty) > G ok
Ex = ’glvx~ Uy )]

-E';U'x [ - 03( I+0.6)] »o
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PROBLEM #4 — PART C (7 points)

A welded bimetallic bar is composed of a core material (1) and a shell material (2), and is subjected to a
torque 7. The shear moduli of the core and shell are known to be G| =2G-, and polar moment of inertia /p;

=2IP2.
Y Y
N : : (
H——» Tz
N | | (
a

Cross section

2)
1)

Circle the correct answer for the internal torques of the two materials:

@ T, > T, 7L Tyl

() T, <T, Lo Cx1 B I

Gi) T =T, r T
(v)  More information is needed 4 2P2C>  Ipdhz. =T T >Ts

In the cross section aa, which figure shows the correct distribution of twist angle? @ % ’ﬂtz S
¢ ¢ ¢ f N cros—cc
areo
p p p —
@ (i) (iii) (iv)
In the cross section aa, which figure shows the correct distribution of shear stress?
T T T T
1
p >p p p
@ (i) (iii) (iv)

T,C T
L T2 = . 26 2Tz . ,
() >Ip> Ip, . ¢ @ é’qx,@ () s ZxQO[%
(»: T= 28 B @ @
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PROBLEM # 4 — PART D (8 points)

The geometry of deformation in planar truss is given by e = ucosf + vsin@, where e represents the
elongation of a truss member, # and v are the displacement of the joint K in the x and y directions,
respectively. The truss is subject to a vertical force P in the negative y direction.

(a) Determine the 6 value, in radian, for (1) and (2)

— o -
01 = i / @’ = O = Ofbd
0, = T /2 H!L‘l = °_ = &4
(b) The length, Young’s modulus, and cross section area of the two members are denoted by L, E, A4,
respectively, as shown in figure. Assuming Young’s modulus £ increases by 50% while other
parameters remain the same, how will that change the internal reaction force in (1)? Circle the

correct answer.
(1) F becomes larger éf&f['A w’a’g deQ/VWM na fz .
(i) F1 becomes smaller > F%D col culote _Fu Fz

1ii)) [ remains the same

(c) Assuming the temperature of (1) increases by 50°, while the temperature of (2) is held constant,
and other parameters remain the same. How will that change the elongation of (1)? Circle the
correct answer.

@ e1 becomes larger Al 20 = e j
(i1) e1 becomes smaller

(iii)  es remains the same

(iv) More information is needed

(d) Another truss member (3) is added into the structure as shown below. The length, Young’s
modulus, and cross section area of the three members are denoted by L, E, A, respectively. In this
configuration, how does the internal reaction force in (1) depend on £ and 4,?
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F depends on both £ and A4,
F is independent of £ and 4,
F1 depends on £ but is independent of 4,

More information is needed
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Useful Equations

O ..

!

N FS=—2"
e A O_allow,memher

T.,.

!
. v FS = fal
avge A z-allow,member

Generalized Hooke’s law:

£ =l o —V(O' +0') +aAT
x E_ x ¥y zJ |
1r | _1 T _1 T _1 T
£y=E_°'y_V(°'x+°'z)_+aAT }’,y—G e y’”_G x VyZ—G ¥
1T i G= E
f;z—f_az—v(a +0'y)_+aAT 20+)
Axial deformation:
L F L FL
eap = Ug — Uy e=foﬁdx+f0aAde, e=-—+adll
e = ucos(@) + vsin ()
Torsional deformation:
L Tap(x) Tapl
$ap = $p — Pa $ap = fo #,px(x)dx $ap = GAfP
_ 4 _ ¢ o7 _er
V=P T_Gpd G1Ip L
. zrt ) V3
with 1,=[p*d4, I,== - (solid), 1, =E(r;:—7;_4) (hollow)
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