Problem 1-

SOLUTION
‘We draw radial lines from the center to the tangent points 4 and B, as shown in Figure 2.11. The radial lines O, 4 and O,5 must be per-

pendicular to the belt A5, hence both lines are parallel and at the same angle & with the horizontal. We can draw a line parallel to AF
through point O, to get line C0, Noting that {4 15 equal to 0,8, we can obtain €0, as the difference between the fwo radu.
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Figure 2.11 Analysis of geomefry. e
A
Triangle 0,CO, in Figure 2.11 is a right triangle. so we can find side €0, and the angle Fas:
4B = €O, = /(30 mm)’— (625 mm)” = 29342 mm (E1
€O, _ 625mm =
e T = 2 = 2
cos8 0,0, 30 il or 6 = cos (0.2083) = 1.3609 rad (E2)
The deformed length L, of the belt is the sum of arcs 44 and BE and twice the length 45
A4 = (125 mm){2rn—26) = 44517 mm ED
BE = {625 mm){2n—26) = 22253 mm (E4)
Ly=2(48)+44+B8 = 12546 mm {ES)
We are given that 0.019 <& =0.034 . From Equation (2.1) we obtain the limits on the original length:
L-L
W | ., 12546 519
= B 0.034 or Lyz 1+0033 mm or Lg=12133 mm (EB)
e=21050010 o Le A 0 or L,<1231mm €D
Ey 8= 1+0019 0=

0
To satisfy Equations (EG) and (E7) to the nearest millimeter. we obtain the following ltmits on the oniginal length L

ANS. 122mm£L;£123 mm




Problem 2- part 1

SOLUTION

Statics.  Considering the free bady of the entire assembly, we write
HNEM =0 R(075m) - RL03m)=10 R, = 04R, {1

Dieformations.  We use the method of superpositon, considering R, as
redundant. With the support at 8 removed, the lemperature rise of the cylinder

causes point B 1o move down through 87 The reaction Ry must cause a de-
Nection &, egual to & so that the linal deflection of B will be zero (Fig. 3).

Deflection 6 Because of 4 tlemperature rise of 50° — 20° = 30°C, the
length of the brass eylinder inereases by &,

Br = L{AT)ee = (0.3 m)(30°CH20.9 > 107%°C) = 1881 % 10 % m

03 . _ . ..
. B =g B = O

Deflection 6,. We note that 6, = 048, and §; = & + &
RL £,(09 m)

5. = =
CAE  Lw(0.022 m)X 200 GPa)

5p = 0406, = 0.4(11.84 X 107°R,) = 4.74 % 107 'R,
oo ﬂ,_r._ - Ry(0.3 m)

AE L a(0.03 m)’( 105 GPa)

We recall from (1) that B, = (L4H, and write

B, = 8, + 8yp = [4.74(0.4R;) + 4.04R107 = 504 % 107"R, T

But 8, = 8,: 188.1 X 10 *m = 594 x 10°°R, Ry = 3L.7kN
Ry _ 3LTkN.
A w003y

= 1184 % 107°R, T

= 4.04 x 107°R, T

Siress in Cylinder: oy = oy =44 8MPa



Problem 2-Part 2

A 60-mun cube i made Tom Lyers of graphite epoxy with fibers
aligned in the . divection. The cube is subjevied o o conmpres-
sive lotd of B0 KN in the « divection. The properties of the
romnposile materal arer F = ISSNGPa, £, = 12 I0GPa,
E.= 12,10CPa, v, = 0,248, p, = 0248 and v, = 0458,
etermine the chunges in the cube dimensions, knowing that
et} the cube 15 free o expand in the v and £ dircctions (Fig, 2.56)
if) the cobe is free toexpand inte o direction, but is restrained
Tom exparding in the y direction by two fixed frictionless
plates (Fig. 257

(a) Free in y end z Directions, We frst determine the
stress o, in the direction of loading. We have

P -0 % JU'N

= — = =R R MPa
A (006 (D060 m]

r,=
Since the cube w not loaded or restruined 0 the v and = -
rections. we have o, = o = (I Thus. the right-hand mem-
hers of Egs. (2.45) reduce 1o their first t2rms, Substituting the
siven data into these equations, we write

T, ~3889MPa _

E, 155 0GP
P, (0.248)(—34.89 MPa)

250.9 % 107

g === = = 44229 ¥ |07*
' E, 1350 GPu
v, B) IBHMPL) L
| — — e ——— e ] o
" z 155.0 GPa "

The changes in the cube dimensions are obtained by muli-
plying the correspording stzains by the length L = 0080 m
of the side of the cube.

8, = e L= (=509 ¥ 1 HD.060 m) = —15.05 jem
5, =€l = (+62.2% |D90.060 m) = +373 gm
8. = el = (+62.2x |07*)[0.060 m) = + 373 gm

{b) Free in z Direction, Restrained In y Direction.
The stress in the v direction is the same as in part @, namely,
¥, = —38.89 MPa. Sitce the cube is free © expand in the ;
direction as in part w. we again have o. = 0. But since the
cubsz is aow resuained i the v divection, we should expect a
stress e, different from zero. On the other hand. sines the cube
cannot expand in the v direction, we must have 6, = 0 and,
thus, € = &,/L = U, Making o, = 0 and ¢, = U in the sec-
ond of Eqs, (2.43), solving that equation for e, und substi-
mting the given data, we have

- ~({'-\|mr - (E'—l-!-')mwx—m.w M)
YOAESTT ONISEN

= —1529%Pa

Now thar the three components of siress have been dlesermined,
we can use the first and kst of Eqgg. (2.45) to compute the sirain
components €, and €. But the {irst of these equations contains
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Poisson's ratio v, and. as we saw earlier. this ratio i vof equal
o the rato ¢, which was among the given date. To ind w
we use the first of Eqs. 12.46) and write

2.10%, A
v, = (E“): = (' : ),-::.::48_- = 0.01930
E, 155.0

Making o. = 0 in the first and third of Ega. (2.45) and sub-
stitutmng in these equations the siven valves of E, E. »_ und
v,.. a3 well as the values obigined for o, er . and »,,. we havs

~38 39 MPa

1550 Gi*a

[0.01936)( — 7529 kPa)
- = —240.7 X 107

12:10 GPa

 (0.248)(~38.89 MPa)

K B 155.0 GPa

{0458) 7529 kPa)
- 12.10GPa

o, LM
"R B

]

=+ 9072 ¥ 107

The changes in ihe cube dimensions are ohained by mmli-
flyine the corrcsponding struins by the length L — 0.060 m
of the side of the cube:

&, =€ l= (=497 2 10 YO0 m) = — 1498 pm
6, = el = (0)0060 m) =0
5 =&l = (+90.72 X 10 "Y0.060 m) = +544 pm

Comparing the resulis of parts a and b, we note that the dif-
ference between the values obtained for the deformation 8, in
the direction of e Abers B neglizinle, However, the diifer-
ence hetween the values obiained For the Lveral defommaion
&. 1z not negligible. This deformation is clearly larger when
the enbe is restrained from deforming in the v direction.



Problem 3

Eguilibrinm Condition: o, = a + by + cz

I:]=fa-‘d':1
A

ﬂ=f{a+by+r;'lnfﬂ
A

ﬂ]=ﬂfdA+bf_vn’A+|:'f:da’l
A A A
M,=fzr:r‘d'd

F

=f:.'_{a:+by+c:!ld'.d
A

=afzd.d+bfyzd;4+ffz:d.a’l
A A A

M. = —yar dd
A

= j’—_;'fa + by +ez)dA
A

= —ﬂf_vdd - b[_vldxl - :f_v;a'.-li
A fa P

Kection Propertizs: The inteprals are defined in Appendix A Note that

f_vd'A= f:-n’A = (LT
A A

From Eq. [1] Aa=10
From Eqg. [2] M, =bl, +d,
From Eq. 3} M. = b, — ¢l
Solving for a, b, o

o= {Simoe A £ 1)

b:—(MJ}--‘- M_,f}.;) E=H}-Ir+M:r::.':

1,1. - I 1. -5
M+ M, I M I, + M.I.
'y e 1y oy
Th = - 5
w o= (=Tt (S
Problem 4

I

121

13

(Q.ED.)

S [sin. —Loin.

18in.




Support Reactions and Elastic Curve. As shown in Fig. a.

Moment Functions, Referring to the free-body diagrams of the diving board’s cut
segments, Fig. b, M(x, ) is

C+EIM,; =0 M(x,) + 3Wx; =0 M(x,) = —3Wx,
and M(x) is

C+ZMy =0 —M(x;) — Wx, =0 M(x;) = —Wx,
Equations of Slope and Elastic Curve,

dz
ETSY = M(x)
dx*

For coordinate x,.

dﬁvl
El 5 = —3Wx
dxl
d?'b’] - 3 3
Efd_xl =73 Wxis + G (1)
1 3 s
Elvy = _E Wxi” + Cix1 + G (2)

For coordinate x,

dzv_:_-‘
Bl 5= —Wx
dva 1
B o= 1‘3 i ; 3
EI dx. SWxn' + G (3)
1 3
E.!"u’z = = g“rxz_ o ij‘g T+ C4 (4}

Boundary Conditions. At x; = (0, vy = (. Then, [q. (2) gives

¥ ..
EI{0) = —Ew(r_r) + Cy(0) + G, C,=0

At x; = 3ft,v; = 0.Then, Eqg. (2) gives

1
EI0) = —5W(3) + Ci(3) + 0 Ci = 45W



Atx, = 9ft, v, = 0. Then, Eq. (4) gives

EI(0) = —% W(9%) + Gi9) + Gy

9C; + C4 = 121.5W (5)
- - dvy dv,
Continuity Conditions. At x| = 3 ft and x, = 9 ft, = . Thus, Egs. (1) and
: dx dx,
(3) give
3 f oy ]. f Y
2w(:*_-~) 45w = 2w(9~) G C; = 49.5W

Substituting the value of C; into Eq. (5),

Cy = —324W
Substituting the values of C; and C, into Fq. (4),
Vy = 2 —lW * + 495Wx, — 324W)
= El 6 X7 t s X2
Atx, = 0,v; = =35 in.Then,

~324W(1728)
35 = .
| : s
1.5(10"){5(15)(2 )]
W = 112531b = 113 1b Ans.
w w

Vix,)

)fo;) M{?T&) L
""'-...__“- T '
_’: S ) fy=3sin K | Xy, "
3t gft "~
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