Clarkson University
ES222 — Strength of Materials
Fall 2005 — Final Exam
Tuesday, December 13, 2005

Name:

Student ID No.:

Instructions:

Please check now and make sure your exam is complete. There should be 12 pages (including
this coversheet and 4 formula sheets), with 10 problems.

Read the problems carefully and plan your time so as to gain the maximum number of points.
The exam has 4 problems and is worth 100 points.

Please write neatly and clearly. Show all your work —simply listing answersis not sufficient.
You will be given partial credit for work that leads to alogical conclusion. Cross out any work
that you do not wish to be considered.

The exam is closed book, closed notes. There are important formulas provided on the last 4
pages of the exam. Y ou may not use your own formula sheet.

Calculatorsare not allowed (nor are they required).
Y ou may remove the staple and/or attach extra pages of work, but make sure that you staple all

the exam pages and extrawork pages together before turning in the exam. Missing pages cannot
be accepted after the exam.

Grade:
1. /5 5. /6 9. /18
2. /6 6. /5 10. /18
3. /4 1. /20
4. /4 8. /15
Total: / 100
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Problem 1. (5 points) A B C D E

Two external axial forces are applied at points B
and D, as shown. For pointsA, C, and E,
determine the internal axial force. Circlethe 300 Ib. 100 Ib.
correct magnitude, and circle either tension (T) or

compression (C) if the internal force is not zero.

?
r

i)PointA: T or C? ii)PointC: T or C? iiiyPointE: T or C?
a 0 a0 a0
b) 1001b b) 100 1b b) 100 1b
c) 2001b c) 200 1b c) 200 1b
d) 3001b d) 300 1b d) 3001b
e) 4001b e) 400 Ib e) 400 Ib

Problem 2. (6 points)

A rod consisting of two portions is shown below. The two portions are made of different
materials. At room temperature, the rod just barely fits between the walls with no gap. The
properties of the two portions are given below:

A=A Ao = 2A n ® §
L]_:L L2:2L
El:E E2:2E ® 1 ® 2 ®
m=a o =20

The temperature isincreased, AT > 0.

Circle al the true statements (there are severa):

aa=0 b) or1>0 C) >0

d&=0 €) or1<0 f) o1 <0

ga+&=0 h) or2>0 i) & >0

a=0o K) dr2<0 ) &2 <0

m) P,=0 n) P,>0

0)P2=0 p)P1<0

Q)P1+P2:O I')P2>O

S)P]_:Pz t)P2<0
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Problem 3. (4 points)

A shell of material 2 isfully bonded to a core of material 1, as shown below. A torque, T, is
applied to the assembly, such that twist of the assembly is ¢

J=J J=2] le L >
G]_:G GZZZG

Circle the true statement:

a8 T+T,=T and g+@g=¢

—
T N T
b) T+T,=T and g=¢g=¢
OT=T,=T and g+@g=¢

dT,=T,=T and g=@g=¢

Problem 4. (4 points)

The beam shown below is subjected to afour point bend test, such that portion BD isin pure
bending. The cross section is shown below and point C is the centroid.

The formulafor the magnitude of the maximum normal stress due to bending is. o =Mc/1 .

For the distances from C, shown below, the following istrue: y<a<b<d <e <h.

What is the proper value for ¢ needed to determine the maximum tensile value of the normal
stress?

a) a b) b
c) Yy d)d
.
e e f) h h
Iy Iy | -
N E b b
A B D A
i L/4 } L/2 i L/4 ‘I
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Problem 5. (6 points)

A vertical shear forceis applied to the end of the
cantilever beam of rectangular cross section,
shown to theright. Point 1 ison the top surface,
point 3 at the centroid axis, point 5ison the
bottom surface, and points 2 and 4 are in
between, as shown.

— Fixed

Stowall

X
3e
4e

l

For point 1 and point 4, asmall element of material, centered around each point, is shown below.
Draw the normal stresses and shear stresses on each element of material. Make the length of

each stress arrow approximately proportional to the magnitude of the stress.

le

L,

X

Problem 6. (4 points)

4@

Four pieces of wood are glued together to form a beam, show below. This beam isthen
subjected to a vertical shear force, V, which is slowly increased.

Circle the true statement:

a) Gluejoint Awill fail before glue joint B

2in S
b) Gluejoint B will fail before gluejoint A @
A
¢) Gluejoints A and B will fail at the sametime
d) Thereisinsufficient information to decide oin 5
5
) L«
2in
|
2in| 8in 2in
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Problem 7. (20 points)
For the beam shown below, determine:
a) Thereaction at B, Res.

b) The deflection at point C, yc.

vy v v v v

L ‘ L/2

oL
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Problem 8. (15 points)

The truss shown below is loaded with a vertical force, P, at point B. The trussis to be composed
of rods with rectangular cross section of 1 in. by 3/2 in., also shown below, and E = 2 x 10° psi.

Considering only the condition for failure by buckling of rod BC, what is the maximum
allowable load, P, which can be safely applied to the structure, if the factor of safety of 2 is
required?

A o
A }
3/2in.
5 ft.
4 ft.
) lin. i
C

B
P

< N

3 ft. |
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Problem 9. (18 points)

The cylindrical pressure vessel, shown below, isfixed to thefloor. Theinternal pressureisp. A
force, of magnitude F, is applied at point A, which is a distance a from the centroid axis of the
vessal. Another force, of the same magnitude F, is applied at point B, which is adistance b from
the centroid axis of the vessel. The dimensions of the pressure vessel are: r,, isthe outer radius, r;
isthe inner radius, and t isthe thickness. We are interested in two points, H and K, which are
located on the outer surface of the pressure vessel, at a distance of L from the end of the vessal.

a) Determine the stresses at point K in terms of the appropriate parameters. p, F, a, b, L, ro, ri,
andt.

b) Determine the stresses at point H in terms of the appropriate parameters. p, F, a, b, L, ro, Ii,
andt.

Fixed

:tofloor
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Problem 10. (18 points)

A solid cylindrical rod, of radius c, isfixed to the wall, as shown below. A torque, T, and force,
P, are applied at the free end of the rod. We are interested in the stresses at points H and K,
which are located on the outer surface of the rod, at a distance of d from the free end of the rod.

a) Determine the shear stress at point K in terms of the appropriate parameters, T, P, d, and c.
b) Determine the shear stress at point H in terms of the appropriate parameters, T, P, d, and c.

Fixed
to wall
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Clarkson University — ES222, Strength of Materials
Final Exam — Formula Sheet

Axial Loading
P o _F : _ _F
Normal Stress. g =— Splicejoint: 7., =— Single shear: 7, =—
A A A
F . P
Double shear: 7, =— Bearing stress: 0, =—
2A td

T

P P :
og=—cos’f, 7=—sindcosd 5 ~ 7
A A —{ NG

g

Factor of Safety = F.S. = _ultimateload
alowableload
Stress and Strain — Axia Loading
Normal strain: & :%- Normal stress: o = E¢ Shear stress: 7 =Gy
Elongation: &=- = Rodsinseries 6=y -1
AE ~ AE
Thermal elongation: J; = a(AT)L Thermal strain: & =a(AT)
Poisson’sratio: v = __Iatgral strgm
axial strain
i : . _o, Vo, vo
Generalized Hooke'sLaw: ¢ =—2*-———-—%
E E E
vo, 0, VO,
E =— 4+ —

gz_— X—_y+_Z
E E E
T T 4
=% =_¥ =-_XZ
Y=g T kTG
Units: k = 10° M = 10° G=10° Pa=N/m* psi =Ib/in® ks =10%Ib/in?

_X XA XA
2. A 2. A

Coordinates of the Centroid: X

Parallel Axis Theorem: 1, =1 +Ad® , whered isthe distance from the x-axis to the X —axis

: 4r 4r
uarter-circular area el =il
: 377 37
s e T
Semicircular area =<— X =) = A:
= y




Circle
A y
1
| =—bh?
£ 12 < h
Z
|, == hp?
12 Semicircle
b
Torsion:
_pY _Cp
14 L Vinax L '
Tpo Tc
r=— r_=— 7=
J max J yG
TL .
= solidrod: J =1c?
@ 1G 2
hollow rod: J :%n(c;‘ —c,“)
. . TL
Rodsin Series; ¢g=) —/—
v Z JG
Pure Bending: C
My Mc M
g, =—2= g =——=—
X I max I S M
sxz—l E, =&, = Ve, o=¢E lzm
P El

p© = radius of curvature

General Eccentric Loading:

o _E_sz Myz
A1, —
M, =d, %P M, =d,xP

Shear and Bending Moment Diagrams

|)([

i@y Internal fomees
| sl bives syoar anal b e IH'I'-I.""!J: minamseml
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c(jj_V =-W - V,-V. = —j: wdx = —(area under load curve between C and D)
X

a =V - M,-M. :dede =+(area under shear curve between C and D)
X

dx

Shear Stressin Beams

Lave :VI—? g =\$ = shear force per unit length Q=Ay
Stress Transformation
2
L ] _o,t0 g, -0 2
Principal stresses: O emin = > y i\/[ 5 Vj +(Txy)
I 2r
Principal planes: tan26, = .l
g,-0,
. . g,—0
Planes of maximum in-plane shear stress:  tan26, = - or Y
xy
2
o,—0.
Maximum in-plane shear stress: Too =\/( . yj +(rxy)2 =R
2
, o,t0 T
Corresponding normal stress: g'=0,,= 5 y
F_L.-r__ L
- _._Lr-.‘_\ E'
™~
i
Thin Walled Pressure Vessels
. . ) _ _ pr i . _ _ pr
Cylindrical: Hoop stress= o, = S Longitudinal stress= o, = e
Maximum shear stress (out of plane) = 7, =0, :%
Spherical: Principal stresses= g, =0, :%
Maximum shear stress (out of plane) = 7, = % :Ttr
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Deflections of Beams

1 M(x) d? M (x
__L_ Z gope: H(X):ﬂ:ILdX'FCl
Jo El dx dx El
deflection = y(x) = je(x) dx+C, = elagtic curve
COl umns L Lhoe T erd b} Bartls eivds | Came fimed ol | Bieth r=als
o fevw el (R cne pmirld 2id Tl
o _ITEl " .
o T 2
Le
1
=
I, =08
. Il\.
\.-:i. !
i
i
'
762 Appendix. D. Beam Deflections and Slopes
: Maximum :
Beam and Loading Elastic Curve Deflection Slope at End Equation of Elastic Curve
L PL? PI? P
e e 2E y=eg® ¥
wi? wL? w
*‘S‘E‘—I —E y:.—"izﬁ(xd'"illxs"’ﬁl}lz)
Mz _ML oM
2EI £l = eory
For x =< iL:
PL PL? P 5
PTYo 16E1 i e L
Fora > b: For x < a: For x> a,
PH(L* — b)Y Pb(L* — b") Pb replace x with
e R R Sl s S s )
9\/3EIL 1 6EIL P »l (L-x) and
s e FA0 Cd) G Bl interchange a
i 3 s 6EIL i with b.
_ Swi! +wL1 =—w(“—2ij+L’x)
3B4EI = 2El e
el
ML 4T &y e :
9V3EI . 0 a o
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