2  Flastic, perfectly plastic .mode]-
E, = 200 GPa ,0; = 400 MPa

CO-) £ +o 0.0l +hem (b) back +o zero.

4—oo . U

MR “E T &
AR C _p o) OO M
. p- 200,000
0.002 o,ol

= M Pao_
o £,= 0.00¢ <

£_= 0.002

-400

[

i
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5.3 Elastic, limear - hardemimg -model.

=L + =% (C>03)

Lo L do
E,TE 2 qe” L,

E,TE,
This is +he s-!-i‘-F—Fmes:.s of E, avd E, i

g '\ I’Y\Cré’asimg E,
Z .-
E, -

o =

Zevries,
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5.4 E/QS)‘?'C) lSimeay Aardensmg model,

Ee 5
(0.02,379)

005, 250) /|

A

E, = 70 000 MFPa
E, = Z000 MP«
/ ! | OT> = B350 MP«x

é / A 8
A & |-

Pat‘mf A 5@5;‘”; y/'e/ofjmg
| o o=

& =

Brimt B E=0,02 |
| | |

e T e e, e Be s
- AT

40 _E,

AL |

AG = 29 MFx

o= Ja + 80 = 350 + 29 = 379 MPa

CSa 2749 |
= — = = 0,005 |
Ee E 75,000 @005t
£, =E,~E, = 0,02 -0.005%4= 00/ 4

AG = 1944 MPa( 0 02 — 0. 005)
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55 Elastic, steady-state creep ~mode):
= GO GPa, 7, = 000 GPa-s
= 10 MPa for 60 s, Them removed.

Q1

0 MPe 47 wipm*
CO,000 MPa '

g =9 _
& E‘

=g+ T = ¢y wip~t + (O MPR) (60 5)
. 0 MPa-s

2 J—g@_ g ! e
el ry |
Se Q.00006
[ j | } | .
| { ‘t
O l 2 im © 34 ¢
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5.6 de, o—-E. s
. = 27Eq% , T = constantt

de. at , a4 (0-EF €)= ~E, A€,
O—--—EZE"C W’Z

L2 R

Im“\“eqk‘a'(‘e bo*H/L Si‘o‘e‘g' O':G_.’:COMSJFQ%t

An (UJ—-‘EZ EC) = —E2t 4+ C
",

Whem t=0, < =0 ,s0 C :—[7’7 g’

./(74 <\"" ‘E_.-Z_/Ec>-_—_— —E_‘E_
__.zt' 7/}2. | E
e M =\- Sk E—U (\-—@fw)

G )
Fimally, add elastic straim.

: ; ~E;t,
£=¢€e + %<, @ Ci:— (&-—-e_ /"47.) <
5 |
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Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
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57 Elastic, tramsiemt Creep model.
E, = 6)5 BGPOU'?L,_,_ 10° G Pa-«s
C=15 MPQ applied for | day = 86,400 s .
c=C + T (| 2

.E‘ E z
Substitute various values of + im
secomds amd calculate correspomnime €

The plot Y+hese €
Uekrsus t.

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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58 4 [ A \N\———0C . -
_ ? em E, fve E=BC
Hold at comstamt £ m= 3 te7
Fimd O“z{(f’t B, mE)

CJ_ E, ' at += O, whem g gpphed

£l= Eo+ &, O:'€e+5c=5+30'
| | |

J

g—o"—:“.BE\G—m
dt
= - | ]
qt = - do o
GE'- o/ N BE, |—-m ’
E s’ E

""th:.—", (l“’%’l) — Q_‘,_W-_- <Ei g.z)i—-’rn

o

g\ = (Elé')‘—%¥ ¢ BE, (1—=m)
| | *

0= [(E.é’)‘—%——JCBE,()-'m)]m <

Furthey mam;pﬂla‘i‘xom gives the —Foifw of

O
[£BE, (m—1) gy ™ +(]1/Cm=D

o here 0 = E, g' (stress at 1‘:=O)
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5.9 E/QS?‘JZ/ S feady sTale Ckeep.’énaa/el.

£, g’ /'47/'?‘7}:?//}/ |
~Et/y, _ o —E i

~.

' Assuave imrtra] stress
g7 amd EU 7, the Same
Ffor all bamnds,

T/0; = 09 Ffor t= 2 ~memnths
- £

— (-5
/4’1 O, 9 —-—(7—2—")3 y 7}5—_*“0()35/ //fw:cr«_s

/

For CT/(T‘ oS , = Ty , ?m0s

Yy 0,5_::—-0z035/2;,) zj,} #/?’7!%795 |
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5.10 PC plastic, Li=250, retangilar

section, w=z20, =250 m»m.
P=Zo0Oo N, AL=2,7,w==0./] Mmm

(a) . Z2O000N | |
0= Somammme = 26.67 Mi <

(b)g',__ AL 2.7 omm
x = L'f T 250 mmm

= 0,0/08 | <

(C) AW _ =0l mom  _py | '

~Ox_ 26,67 MFa = 2470 MPq =247 & Pa
Ex O.0/108 4

(@) £ — 000267
_ - __—Z = -
==z 00702

({)G: _ 2.47G6FPx
201+2)  Z(]+0,2%)

0, 340 <

N

= 0,922 GPa 4

(9) I Table 5.2, E= 246, , 2= 028,
| wh/'ﬁﬁ /S reasowvable dyreéfm@wt <

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
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31 Bar of Al alloy, Li =150, d; =40 mm,

:.ZEOI?N (belﬁwyi&lrﬁ‘) |

P £250,000N
A = = L = = 198, <4
O A oA W’“
(b) ey =Z% , E = 70,300 MPa (Table 5.2)

£p= A18AMPa 5 0293 | <

70, 300 MPq

(€) €, =~2Ey, 7=0.345 (Table5.2)
£y =— 0,345 (0. 00283)=—0.000776 <

) L=L;+AL, bL=E,0L; = 0,002%3 (150 mm)
L = I1SO+ 0,424 = 15242 aonm | <

@ d=d;+5d, Ad=E,d; =—0.000976+0mm)
d=40- 0,039 = 39.96 mm - - 4

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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512 Simplify Hookes Law for 3,%?;:‘4/ ca ses,

(@) Plame stress; 0z = T, = Tay = O

“sf'(o"y voa)

(b) Umriaxial: emly Tx momzero

- T ‘__' — 220 _ — 2T
57&"““5’1'-53‘/‘ E > f2= "F

€ Plame straim i £, = sz‘-‘ Yax =O

E?C:JE—”[O—X-_V(Q‘)/"‘GTE)]
gyT“}E—[O_y-Z”(G-y‘FO%)]
O —-—E—[o:.&-v(@x-r%)] y T3= 27 (Tx+0)

T

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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213 For plame stress, 0y = Tyz = Tzx=0.

(@) Simmplify Hooke’s Law, (b) Express (4)
im Yermwis of Oy, 0, {(s+ralrn5) (¢) Frond
equatiom for &'2

l _
Ex=F (0% -20%), & =& (9 ~20%)

o
€z = "“—'%' (Cx +0y) b/ﬂf)/: _é{.!

£y + 7Ey = glox -720,]
0—7':% (éy +7/£y) | . 4

Fromt Siamilay dewb}‘@‘f‘/‘oﬂ@ or by waweﬂy

gy = =, (& +26) | <

(C) g£,= ‘"2- (Cx + O_)’)‘—*"%‘z. (1+2) (Ex + &)

f;z—\_v(£x+z},) o <

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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514 Solve Hookes Law | £q. 5,26, for
Stresses, avd gemeralize +o imclude AT.
Combime Eff' £.2¢(a), (b),€) as follows:
E(Ex +'Z)€y + 70 23) = 0_7(""7(0_)/"!“‘3;)
+ 20y —V*(0yx +03) + 203 ~2*(0y +0})

=0y (\-27%) -=2%(0y +03)

=0x (\=22%) + V (Eg, — 0y)
where +he last step arisesLrom Eq, 5.26(a),
Seluimg £or 0, amd writimg +he other
twe equatioms by amalogy |

E .
Ty = - 2 (5, +
T (0-27) [« 7/)5_" F Vg Fey)

= - _, |
- -V, + L/ -+
(\+2) (1-222) i(\- i (gx £a))

Oy

= iy (T et P (dntE))  a

Sor Hhermial straim case, £q, 540 suggests
opplyimg +he tramsforomatiom £€z—> €y—o« (BT)

Cy—> Ty - (ﬁT) £,=2 €2—-X(AT), Yo above
eguatioms, u)bud's gives

_ __E Eo((AT)
VE T 0y -29) LU=k +2LEy ¥ Ea))- ~27
amd simijlar equatioms for Gy and O'"%. <

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning
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545 o the surface of a steel part (02 =0),
measured € =—=0002,%y =0003. FFimd
Tz, Ty, Complete staTe of stress?/ o
E=212,000 MPa , 2 =0,293 (Table 5,2)

L
Ex= F- £ (0y + 0%)

_ O
Ey= - %(¢7+U%)
_0’902(212‘)000}\: Oy — 0,2?3-03, Solue
O.003(212,000) = O_y — 0. 293 0y

0y =—260, T =560 MPa <

Te (X,4) are primcipal (1,2) ares, them
/E{)/:Oj and 7#/He state of sTress js com-
plete fy deterwijivried Of/?@kwfse/ ano ther
measuyrerenl /s peeded, such as +he
strarm F5° fo the xX-y axes,

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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5.16 Al allayj Plame stress
Ex = O0000%, ¢, = 0.0010, §y = O.000%
Ox%, Oy, Txy, €2 ?

»

Ex = & [ow ~2 0y + )

!
€y= E—:[U}-—Z/(O‘x ‘I‘*G.‘&)) | -
= =70 300 Mpq/' 2= 0,395 (7Tah S.2)
00004 (70, 300) = Tx — 0,34—50'9

00010 (70, 300) = Ty — 0,345 0y

Solve s:wa«;ﬁ&meoaﬂy
Ty =59.45, T, = 90,8 MFa

- _ _E
Tay = Gy, G= Z(/+2)
T - 70300 MFPa

) ’ —_— fq} P ‘
"xy (11 0.245) O,.0008 = 20 MFPa

52:'\5"[62" D(O_x"‘O_JJ

€a=

0O.245(59.45 +90.%1)
70’30 [o 345 ( )

52'5—0.000737 ' <
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- and-the needs of other ins}ructors who rely on these materials.. . ..



5.17 S'I‘rm‘ms weasw—td oM /wwi")d Steel part

surface  €x=190X107 gyz-’?wxno Yy =BOORID

E g, =0x— 2Ty +03)
E=212,0006MPa,2=0.,293 (Table 5.2)

212,000 (LG R0 = Ox —0i2930y ] _
212,000(=76X10"%) =0y - 0.293 Uy } eve
[1,202=0.293 0y —- (0.293)%0,
—149.22 =0,9142 Gy
O‘y=-——l€334 M Pa | 4
Ty = —7.5% MPa <

’-’I_;Cy::: ny}/ 4 G = —— = 31,990 M FPa

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
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3.18 On surface of a Ti alloy part .
= 3BOKIO™*, E,=4eX07% &= 72 X107
Ox, Oy, Txy, E?&:‘? Op= Tyz = Tay =0

éx:l—fO_x “'Z/’(G; +G'é)]

¢ = Jgfa“gf-— 2 (T3 T'QE)]
E=/20 GFPa , 7= 0 38/ (Table 5 2)

/

o |
39XI07 = 170000 MPa (6 - 0,26/ Ty)

a____| T — O 36/ 0
= 20,000 MPa (Y "‘)‘

1.6 XIO™

Solvim G sivaut]ltameoirs /}/ N
oy =5323,0, =214 MFa | <
_ Tzy = |

Cey = (;_) 6’2(/%2})
E _ /20 000 MFa

—

Tvy o) Y T Z (7 +0.367)

o=k [0 -7 +3)

n ! — 532, 3 + 211 J
£ =55 555 TP [o-0361 (5 +) |MPa

£a= _22.4X10"% | <

A2 T

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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5.19 For a sphem‘ce:d pressure U“ESSE.’L) {;;‘md
©) Ar=4(p, r, t,matl,), b) 4t =g (p,r,el)

1‘0—

Yl Gy c -0

Comwiment : / he S/W,a//‘f}//‘mg assymp -
tiom Tax0O, and thus the above resulf
s accurate 'a'n/y If r>>t,say Fr>0t
which is Frue for #4im-coalled Lessels,

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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520 T him walled +ube, closed emds. Fimd
dle/Ve = £ (p, D, t, mal'll), Use Fig, A1),

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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5-_21. _ T//\;‘rm Wq”ed spkey—g‘cal pressure i/-esSeL
Fimd dVe /Ve=F (P, O, t, mal'l), Use Ff‘g.lq,7 (b),

= 2

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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.22  [3|pck of material w ith Ty = 26‘;[,6‘2::0,.
Fimd as € (Ty, A, mat'l) (@ £y, (b) E'=0x/&y
Alsgo, (C) compare E/ with E,

(@) Ez--é—‘“ (T + o, ) E (V+2)
<

__ox o -
E_Ex ) gﬁ”é”%(o_y'\‘ol)

675--—--\-'?2) . :E__ ' ‘

=24
) Assume 2= 0,3, a '/‘yp'/’ca/ valie .

7L_ -/ O +/ -
EY 077 J= 1. 42 E <

7T he effect .of A om E' rs substanta)

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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9.23 | Bl-C?C/? of moterial _CW-Fl‘fmed by k/'g/'d
die jm x- awnd y-directions.

| T (@) Yes, Ux and Ty

\L CCcCUF,

b)) E'=Y2
5 BE=Z

Ox |
7 €, =0 (c) 2/=0.5
£,=0 | B

Bty = Ox - 20, ¥3z) =0 } Solve
Eg)f = O_y -—W(O__X ‘)—OE) =0
20% ~V(Ty +T3) =0

Ty (| -7%) -—'o—; (z+2%) =0

) — = _
-z 2 T =

EEZ-: 0_:_;—'7(0; +0}) :O_%'-W_ ?f_;%)
E—;gz__—_—o‘%(\“ *ZD_Z')

| =7

E'=0z _ E (1-2)
£z (/+2)(I-22)

4

/ ._‘_.. '
= — oo as 27> | <
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3.24 Block of material confimed by igid
walls im z-directiom, with gy =20y . FEimd
as f(Gx, A, matl): (@Y | (b) E'=0x /&4,
Also, compare E'and E,

(@) Yes, a Oz develops. Substitute £,=
imto Eq, 5.26 (C),

Ex =V A-22(1+Q) P

A =1 e + |
E’ O.77E .10 E .92 E (C_) <

The effect of A om E' for = 03
is substamtial,
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5.25 A blpck of birass (70Cu-302m) |s
comfimed by a die in +the z- ~directiom,
&2 =0. 1 Ty =—-60,Uy= OC)MP& -F-'Md
O_‘&) gx) and ey ]

E=101,000 MPe, »v=0.350 (Table 5,2)

This work:is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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526 Mg alloy comfrmed so ¥hat €y =€,=0

0z =—50 MPe, mo frictiom, mo yieldimg.

@) 0x,0,=7 E=1%9.7G6P,2=029/ 2

! Ty -
gxf'é“[oqx‘zj(vy'f‘ci)]:(),ﬂ}: ;ya}f

5},-.:-;1:[0; -2 (0 +0Tz)) =0

- . | pO‘i .
§/W}/ﬁi’/i/ C_T/ 57 =0y

Oy =0x = 22U __(—somMPa)=-2052Ma 4

B =l [C-2 (01 )] , &, =Ex 16, + &

, |
f2=gm ppre | ~S0-029/(-20.52 x2) | L

Fa=—2.51 x]0o~% <
Efp= O+ 0O —BS1X0 "'-_—_—?.51 xJjo— % 4
|

(¢) E*:%& = 59700MPa =5%7 GFa
E’>E due +v Poissewm straims frew Oy and 0}‘
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5.27 Block of Al alloy comfimed im the
Z-directiom, with gy = 0y = —100 MPca.

E=7036GPa, 2=0,34%5 (Table 52)
Q) Ca=7 , () E'=0y/6,, €) E,-=7
£, = -é-)jo;—zz (G + o;,)] =0

Ox= 22 Ox + 0y) = 0,345 (~wO~/0)
O =—69 = 9 MPa comwmpress/iom <

Ey= —L'—E_— [G‘x -z (Ty + o‘%)]

| L

E,X = — O.00059 3|

il

—j00o MPa

EI:gx _ "
x —&.93) Xio”

f)/ = E'X by Symme‘}*i‘“y

Er=Ext €+ %, = 2(=593%0"%) +0

c~=—WL1¥e X107 * (— omeams V decreases)
|
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528 | Ex AT O (1-2)
g = - AT =—
/ T Eo

{—2Z/
For each amaterial, fobulate x and 20
frov Table F5.28, amg £, Tur, |
amd Uu. From Tadle 3,/0, Girve
The @ Megartive S/gmm as i+ rs e
Compress/ve stress. ] hear let T =T
70 calcu/ale AT For a dpewn, Shock.

.AT’—— 140 MPa (]— O./8)
(280,000 MPa)(13.5 XI10™° | /°C)

/\/exz‘ let 0 =0y, and calculare AT for
am up shock . For Mo O, *his /s

A (=F40X(I—0.]8) o
AT = "~ (290,000)(13.5 Xj0-¢ /82 C

Material o v E CGu Oy Down Up
- 10%deg C GPa MPa MPa degC degC
- MgO 135  0.18 280 140 - -840 -30 182
AlLO; 8.0 0.22 372 262  -2620  -69 687
ZrO, 10.2 0.30 210 147 -2100 -48 ' 686
SiC 4.5 0.22 393 307 -2500 -135 1103
SizN, 2.9 0.27 310 450  -3450 -365 2801

ThHe swaller AT & For a doton SHOCR
maycale that suddean coolimg /S Trore
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(5.28, p.2)

Vikely Ftham suddes Aearimg to cause

a givew, ~materia/ fo crack , The AT s
For esther dowm shock or lp shock
vary by omioke tha & faclor of /O
amomg  the various cmalerials , wrth

Sig Ny clearly havimg +he best resistance
+o suddeq fewfaekav’-bzre chamges,
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330 Block confimed so that £,=0,
WIth G =0, 0z =—=75 MPa , 4T occurs,

(a)y As TT1,10,1 T, Due to +he block
tryimg fto imcrease lemgth im the y-
divectionn, 0, will becowe more megatrive
to maimtarn €y, = 0. For Tl the
oﬁposh’"ﬁ happens amd (0,14, but not
cnavigimg atter 0, =0 IS reached and
comtact is lost. -

(b) £y = ]‘_f{o—;’ -2(0x + 0‘2] + o (8T)

<

Loz (0+a)] + % QT

O =
NT= Z0z _ 0243(=75 M=) |

EX T /)20,000MPa (/65 X076 |1 /°C)
AT=~1179°C , thalis, /12°C decrease <

(E amd 7/ +for cCopper are frow Table5.2)
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5.32 72' 0://z>y with 2S5 wuwnidir Src,
| Esf/hwa.-f& Eg Ey) Gy, sy, amd Z,y
Ep= /20 GPa, 25, =0, 36]  (Table 52)

| = -
G = =—— =#4/ GFPa , G,=——L = /62
2011 %) LT 2(1424) G Pa
Ey=lE£. + %,HEW , V=035, L, =045

5 B, _
W-E,, +VonE,

Ly= W2y + 2, = 0.3]2

% /By =2y /Ex , 2= 0.22%

| <

A A
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3.33 E/az))(/ crth GOZA umnichy, £-g/ass
as /m Table 5.3, Estravale EX;E}', Gxy
Zyy, amd 2y, Compare To table,

Er=723 G, 2,0=0.22, b= 0.60
Eaon= S35 GFPa, 25h,=0,23, Vwm=/-L

EXZ‘-V;.E;. + quEn.,,,": 4’4:9 GP&

e E
=y = I om = g!lé GPGL
- Y | )/rEM'f‘VmEr |

6 = E" = 29 | — =
T 201+ 24 6?9:’ G 201+ %) G

Gy = L G = 3.08 GFa
By = U2 + oDy = 0264
Zyx/Ey = Yy /Ex, Py = 0.0
Cormpar/som 60/7; these with Tadbdle 5.2 :
Q .
. Source .é:x ' Ey GX)’,. ., 24 %
Cealc, 4.8 8./6 Z.08 0,264 0.0%8

Table 45 /2 O o .25 —

Calcalated anid febulated valves agree
-Vough/y. 7 he ca/ca/&?"/fom.s are Qoproxinmi-
afe/ espgeci q//y For Ey/ which js o loweyr
bound/
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.34 | Epoxy with 60% anidiy: fevlar
as /i Table & 3. Estroviare /EX). Ey, Gyy,
Ty amd Hy, Compare fo table,
Er=/12% G, 2,.=0.35, =060

E = 356, 2= 0,22, W,= 11—

Ex.:V},E,.. -/—V,‘MEW‘: 75,8 C‘;pq
— Er E _ |
Ey = 2 = B39 G~
Y U B + Von Er
=

| o
= = 45, —_ = };32

6)(}’ = . GrGo = 3/5 GFxa
VGt VmG
Ty = -4 + W Pan= 0342 |
| ‘I/YX/EY = WXY/EX y, Zhx= 0039
Compairisom with Table 5,32 -
G /A
Soukrce Ex E)/ ny ny pyx

Cale. 758 3839 3/5 0392 0035
Table 76 Ss 2] 034 —

| Ex andg Fiy c{ﬁkea' g w/te wel/, £y amg
Gxy are mo7 very Close, bul =y /s omly
cxpecied Te Le a [ower boung
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536 Lpoxy, with O to 100 % umidir E-glass,
Calculate Ex, Ey for various Vi, amd plot.

Er= 722 GFa, —y},—_— O.22

Ey= LB + U, E, R Frhers)

. ( Table 5?)

| E. E |
Ey = r = L Fiber
V=S 7= (b Frbers)

y Ex, G E,, 6P

O 2.5 Z5
0.2 7.2 4.22
0.4 30 . 5465
0,6 4.8 - 8./6
X4 585 /47
LO 723 72 3

Both imcrease €rom E o to
G0 Ey, but Ex limearly, and
Ey momlimearly amd
low til] V. is
N mear |.O,
LL‘ 40t | _E:—x Ey
\ 20T E/m )
/ | . | 1 \/r i

O" : O; 2 O.q' Oné : Ol% \-O
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531  Epoxy with 60% wumidin T=-200
graphite , Table 5.3, Fimd £y, €, ¥, for
= 300,00, ==100, Txy=15 MPa,

Ly= 025 |

— _ ny S

v EX Ey

x _ Hxy _ 025 — 1994
14 Ey, 7 BEx \B 2000 XI|p~¢

| \/ MPa
£ - =200 —¢ _ ~3
* = 22 000 —(\, CM-X ) (-100) = 2.+ex10<

Ey ="(l'5’94x'0“6)(300)+ =190 _ _pag x15”
) . 10,300 <

' -:-—l—":———:z.z/xw“:‘ | <
S 6,500 | | -
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3.39 Umidjrectiomal £ibers compo sheet.

E,=35GFa, z,=0.33, k.= 0.30
Ep=53/GFa, =020, K= 0.70
£y = 0,005, EY.._OOOI a,,0y= ¢

Frrs? estimale EX, Yy XY ) the- a/_-p/o/y
anisotroprc FHookes Law, with (X)Y) +the
jm-plane materia/ symmetry o/rections.

:%E},+%¢,E -3736PQ
Yy

Vo
+qu )

5
Yy = W 2p + Vo 20y = O- 237
Ziy JEx =%y [ Ey = 0.239/373 /G Pa

e, = 0% Zrx oy 0005__ 02390—
E, =N y 373 373

U -~ 0239, ,
3 Zxy g+ Sy o 00| + =Y
T E T R 373 s

0y — 0.239 0y, = 13L5 GF& } <alye
— Ox +/3570- = .56 GPa

/125,20y = 2,426
Oy = 0.0253 GPa = 25.3 MFa
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5.40 Grc;fhd‘e —epoxy com 713905/7?: &S

wunjdrirectiomal Fréers., 7Two ex pey/fmewf?sf
(1) Tz =150 MPe é‘ f13€x10“6 €y =-372X10°
(2)0‘\ = 11,2 MPR, ¢~ = [16S XI5 ¢ gxm—22x10"°
X (s // fibers, Y+mmsw€i25e E =356

a) EX)EVJWXV; Wyx‘:_:? (b) E}-’“?

, = = O% _ OISO GPa _
u.smg(l), }::X-Z;- N Zoxio6 = 121.@ G P 4

o =— Ey __=272x107% _ ,
XYy T gl T Tizgxipo-¢ T 9327 “

g o\, = _ O% o2 GP .
Usimg(2)! B, = g; i %Es“mf_j = 4.6l 6Fa

-6
- :_____E_\Eh___ﬂ_—ZZ)HO ~ O,
7 X €y,  HeSXxjp—6 O'C_‘ d

Beﬁer value })"X/E}’ = %y /Ex |
Yy = 0227 FEGRE _ 5024 )

(D) Ex =V Ep + Vi Epn |, Um=1 -V,

— _ Ex—U-U)Eo _ 13.8-O:35(35)
=r Vi - 0.65 GFa
E.= 201 GFPa R |
Note: The egudtiom f£or Ey could be used
For (b), but +his is omly o louwer boumnd
on Ey, amd subtractiom of +wo neayly

egual guantrities is emcoumtered, Hemee,
the B, = 1672 GPa obtaimed i3 mol used.
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5.41 .CO’W]PC}SH‘& coith umidirectiomal Keuvlar

fibers im epoxy matrix. Mimiomuan properties
required: Ex =70, Ey=10 GFa, Find (o) i1,

and for resulting composite (b) ny) and
(C) 2%y, Yyx . Use Table 53 p;—ope;»‘hes

First comsider Ex requive meait.
Ex S %—Ey + meEw

70 = U (124)+ (\—=1,.) 3.5 GPa
V= 0552

Then comsider Ey reguirememt,

L= Y% Vu | LU=
_EY 'Er B TOT 12‘\- 3.5 G

V,, = 0.667 Use this as satisfies both

rcalufrefvwem'ts

l_

S

A

Materral E a7 Z L/
Revlar (r) /24 0.35  0.669
Epoxy (m) 35 - 033

_ By

Evn
—r - 45,92 = o = [.3/6
20+2,) " cpa T 21+ 2%)  Gra

G, GF

1 45,92
0,331 /. 2/6

r—

= L 4 =/ = -+ . - 32,.7¢
ny GI" G,M 45/ ?2 /. 3/6 / : ny G, Pﬂ. <
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Ky =W 2 + U 2 = 0,669 (.35) + 0,23, (0.23)

—_ = E—-— JEy:/OG/@?

Ex =W Ept VnEnnn = O0.6€5(/24)+ 0,331 (3,5)

U< FEy 2y _ 0 OZ72 _ s paps 4
MLy gm0 55T T o0Te

Comment : Note +hat +he V- = 0.669 choice

gives Ey =10 GFa, and Ex = 84.1 GPe, as

calculated just above. However, if +he

Vie= 0552 choice is made , Ex = 70 G Fa,
but Ey fails i¥s require-mewt, as below.

O ——— i

Ey By E.n. ' &, 124 3.5

_f__._-_ \/)-- V/m Y _ o552 +(l“0'55-2) B

Ey= 755 GPa, <10, me good
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5.42 SiCim T¢ 'c'zlloy matrix,

\/r:_z mimimum if umidivectiomal fibers

ana -Exz 2-50, 6;,\7':60 6/70.., win’mum

E .= 396 GPa , 2= 0,22  (Table 5.2)

£,,= 120 GPa, 2),= 0.36]

- Er

T20+%)
— E"W‘

™ 20+Vm) |

Ex= U Ep + VB, = G + (=1 En

V. = EX"E _ 250-120 _
Ev - 296 - 120 O]

&)

/62,3 GF=

0

= 44.] GFa

]

kG T Van G 047/ %44, + (\-047))162.3
Gy = 6712 GPa > GO GPa , 0.k
V= 047 | <

Gyy= — GrGfm _ 162,33 %44,
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3:43 Tu%gsfem wire im aluw inum matr/x,
unidirectiomal, — Exy =225 awnd
Z_y 2% GPa WINIL S . o) 1{; = 7

E . =4/)GPa, o= 250 (Table 52)
£y = ‘70.3 MFa, Zip= O3FS5

225 = V,.M—//) +(/~V,,) 70,3 GFfa

T 41) =203

/ Vr Vs, 7 [~V |

Ey Er  E S0 411 703 GFa
/100 = 1/90.3 |

e = T 0, 4 -

= 0,454 <

V= 0,454 comtrols <

(b) Gyxy=7 For V=0.45%

Go=-Er— =/t0s G =L =26

20142 gpra - 2(R+2m) oo
L W Vo _ 0459 | (/=045

—
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344  [Unichyectional Frber or wiye Composste
= /70, Ey 55 GFPa, 2w/ mimums
(_C() Mg matrix V= O,EO Vom = /--'W:&‘Iﬁ

Em= 147 G Ry 24,2 0,291 (Toble 52)

E, = 7 mim regusrred/

=x=WE +V,,E,,
]70 = O, wE,. + 0,40 (4+47) GFr&
£, = 254+ GPa qa
[ Vi |
£ :EE* _.lfm) =gl o0
y r E .. rote E 4471 G
E-— 213 6FP <
T he /arger palqse comtrols, £, = 254 G Fa
<4

(b) Camdliclate amaterials:
5!6 ) E}" - B?é GPC(
- 7_“’"9 sten, £, =F)) GFa
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