ME 323 Examination # 1 Name
(Print) (Last) (First)
February 18, 2016 Instructor

PROBLEM #1 (20 points)

A structure is constructed from members 1, 2 analitB, these members made up of the same material
(Young's modulus E) and having the same crossssaltiareas of A and lengths L. The temperature
of member 3 is increased By and the load P acts as shown on the joint A.wDath necessary free
body diagrams and write all necessary equationdete® symbolically solve for the forces in each
link (do not solve). List all knowns (i.e. dimeass, angles and values if pertinent etc.) and unkiso
(i.e. all forces, displacements and values if perit etc.).

Note: Assume small displacement of point A

Solution:
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alAT , Al, A2, A3, L1, L2, L3, E1, E2, E3, P are known
Five equations in five unknowns, F1, F2, F3, ua\zand



PROBLEM #2 (20 points)

Consider the stepped shaft shown in figure (a)ftSki&) and (2) are joined by rigid connector B,
while shaft (2) and (3) are joined by rigid conmedC. The stepped shaft is fixed to a rigid wall
at end A. Connectors C is acted upon by torgji@as shown. Hollow shaft (2) is of lengttbL
with inner diamete2d and outer diametedd (cross-section shown in figure (b)). Shafts (1d an
(3) are solid, each having lendth and diameterd and 2l respectively. Shear modulus of the
entire shaft i$5. The length of the connectors is negligible.

a) What are the torques carried by each shaft, (1) a(®l (3)?

b) Determine the magnitude of the maximum shear sinetbgs structure.

c) Determine the angular rotation of connectors B @nidlative to the location A.

d) Consider a point K on the outer radius of shaftaf3p. What is the total length of the arc
through which this point has travelled?
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SOLUTION:
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(a) Equilibrium:
Shaft (3)isfreeatend B> T3 = 0
Connector C: T3 4+2T—-T,=0=T, =2T (D
Connector B: T,—-T,=0=>T,=T, =2T (2)
Where,T;, T,, T5 are the torques carried by the three st

Pola moments are represented here;. (They can also be denoted )

(0) i =—d%  J={Bd* - @d)*} =2dY s = (2d)* =Td*

Maximum shear stress

T1Pmax (27) (g) 32T

Shaft (1): max == =~ =15
3d
T2Ppmax (ZT)(_) 96T
Shaft (2): (T2)max = - I = JA == 65md3

Therefore, maximum shear stress occurs on the sutéace of shaft (1) and its magnitude
given by:

Tmax = 32T /md3

T,L (2T)(L)  64TL T,L (2T)(1.5L) 96TL
c)g, = 11 = — ; g, = b1 _ _
(€) 6 GiJp (G  mGat

2761 (G ~ e5mGadt

, Wheref,, 6, are rotations between the ends of shafts (1) ancképectively. Note th8; = 0,
since torque carried by shaft (3) i



Compatibility:

64TL
From (4):65 = —

64TL

6,=0 (wall)

93=9A+91=91

9C=93+92=91+ 92

9D=9C+93=9C

96TL _ 4256 TL

From (5):6, = 0z + 6, =
() c B 2 T[Gd4

(d) Length of arc travelled by K:

2d
lK = _QD = 65.5

= = 65.5
651Gd* 65 nGd* G

TL
nGd’®

TL

d4

=9D
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PROBLEM #3 (20 points)

The L-shaped loading frame below is supported Slyear pin (for which the ultimate shear stress is
7,=40ksi) and by a tie-rod AB (for which the tengjleld stress i, =30ksi). Both the tie-rod and the pin
are to be sized with a factor of safetyFsf= 2.5, the tie rod with respect to tensile yielding, dhe

shear pin with respect to ultimate shear failuréhé platform load i$/ = 3 kips and the frame
dimensions aré; = 3 ft, L, = 4 ft, Ly = 6 ft,

a) Determine the reaction forces in the tie-rod AB ahthe pin support C.
b) Determine the minimum allowable diametédysof the shear pin andi. of the tie-rod.

d,
View a-a of C




Solution:

n
View a-a of C

FBD:

l

==

L3 ‘

&

Allowable stresses:

0- .
Orod,allow — F_}SI‘ =12 ksi

T .
Tpinallow = F_j; = 16 ksi
Sum moments about C:

4

SM, = 0 = (6 f£)(=3000 Ib) + (3 ft) (§Fb)

- F, = 7500 lb

Sum forces in x and y:

SF, = 0 = Fgy — 2 F, — 3000 [b > Fgy = 7500 lb

SF = 0 = Fey — 2 Fy = Fex = 6000 1b

Stresses in rod and pin, and minimum diameters:

F . 7500 lb ”
Orod,allow = A_b - 12 ksi = PRV d, =089in
" ()

2

_ /(7500 1b)2+(6000 b)2

_F, .
Upin,allow - A_r — 16 ksi =

2|n(2) |

>[d, =062 in




PROBLEM #4 (20 Points):

PART A — 10 points For each state of plane stress shown below, aecdnfigurations (a) and (k
indicate whether each component of thte of strain is:

< =0 (equal to zero)
» >0 (greater than zel

)
*
)
*

» <0 (less than zero)

The material is linear elastic with Poisson’s riv (0 < v < 0.5), and the deformations are sn

g (o)

I3 T

(a) I (b) l

(a) (b)

Fillinwith ‘=0, ‘>0, or ‘< 0.



Solution:

Part A.

Plane stress conditions:

O, =Tyz =Ty, =0

The needed equations are:

1

& = = [O'x — v(ay + O'Z)] =
1 1
& =% [o, —v(oy +0,)] = z [, — voy]

1
&, = E[O'Z — U(O'y + ax)] = —%(ay + ax)

Case a) Ox=0,=0
_ (e}
Txy = E
Case h)
O = —0y,=0
Tyy =0

%[ax — vay]

Using these into the equations, we have

(@) (b)
Ex 2%[1—1)]0 >0 2%[1 +v]o >0
& |==[1—-v]o >0|=—2[1+v]o <0
&z Z—Z—UO' <0 =

5
Vxy :E >0 =
Vxz = =0
Vyz = =0




Part B.

Compatibility codition ¢4 = ¢

The length L of the two segments is the same, launsl t

a4 _ %8 or Ta _ Ts
L L Gala Gplp
. Galg
From which, T, = Tg
Gplp
The stress in a is then,
7, = [ar _ Gala —GaTpr _ Ga
A~ 14 Gglgly B T Gp Ig  Gp B

And sinceGg = 2G4

1

Ty = ETB

Which means that, < tz and the correct stress distribution is the on&riswer 1.

Part C.
Compatibility condition e4 = ep

Fal _ Fpl
EsAs  EpAp

From which,
Fa _EaFp
Ay EpAg
Or,
_Ea
04 = g 7B

SinceE, = 2E, we have
Oy = 20-3

Thereforegy > oy and the correct stress distribution is the onevshia Answer 3.



PROBLEM #5 (20 Points):

The threepart axially loaded member shown in the figure ¢stef a solid circular rod segment (1) w
diameterD and Young’'s moduluE, a pipe sleeve element (2) with outer diam2D, inner diameteb
and Young's modulug&/2, and a cylindrical core element (3) with diameD and Young’s moduluE.
All elements have length. Segments (1), (2) and (3) are joined by a rigidnector at B. Ends A and
are fixed to rigid walls. The rigid connector atBacted upon by 5 kN axial load as shown. In additic
the temperature of element (2) is increased by 5@Hie the temperature of other two elements st
constant. The length of the connector is neglig

Given the following parameters:
L=1m,D =25 mm,E =210 GPau = 11x106 /°C (coefficient of linear expansior
Determine:

a) Load carried by each segment (1), (2), anc
b) Stress in each segment. State whether the stressij@ressive or tensi

c) The axial displacements of the conneUs.

A B C

%




Solution:

mD? E, w(4D? — D?) 3mD?
Al =, E‘2 = —, AZ = = )
4 2 4 4
Equilibrium:
T2+ 5N
Force-displacement behavior:
_ FL _ RL r AT _ FL
CTAE T AE T S T4
Compatibility:
€1 =Up — Uy = Up
€ =Uc —Up = —Up
33 :uc_u,B = _u,B
81 = _ez, 62 = 63
F,L F,L FL
D? “3ap?E, AL “wD? .
4 "1 4 2 4 "1
FZ +F3+5kN_F1 =0
Rt 3nD° Ey F,+5kN—F, =0
D2 a 4 2 1 1=
!
F, = —22.87 kN
F, = =50.74 kN
F, = 22.87 kN
1%
g, = m = —4659 MPa (C)
4
2 3445MPa (C
%2 = 3ppz T 7T a (€)
4
_ s _sesompa (T
03 = —pz = 6. a (T
4
Ce = 22
up =€ = 55— =—0.22mm

7 b



