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SOLUTION MANUAL FOREWARD

This solution manual is intended to serve as an aid to the busy instructor. Because of the
nature of the theory and the applications of elasticity, some problem solutions are lengthy
and detailed. The instructor should examine the solutions before assigning problems, so
that excessively long assignments may be avoided. Some of the problems may serve as
part of take home examinations or supervised final and midterm examinations. The
solutions to certain problems that involve derivations and/or verification of material
presented in the text are not given, either because of their length or because the problem
statement outlines the method of solution.

The authors would appreciate receiving notification of any errors that the reader may

discover in the text and the solution manual. Corrections will be incorporated in future
printings and editions.
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By Ecb 2-8.14, given dato yrelds
0.004 =0.002(%) +0.002(0) + (-.002)(3) ~+
+2€,(0) + Z€‘3<5) + 2623<03
S| €= 0.0035

0.003 =0.002 (5) +0.002 (%) + 2€,, (%)
[g,; -0.001666

0.001=.002(3) + .002(%) + ¢.002)(5) +
4 € () ¢ 26, (5) + 26,,(3)
€, =—O.©O\333‘i

2
L2=><Z+\/2 ] l:=(x+u|-u°)2+(\{+ \I,-\/c,\)l

X -1 _ J(x+ W-U ) + (y+\/.-\/o\L - L

LT B
Let y=0 4, x=L . Then

- = \/(L—t- W-Ug) + (vl-vo\)z -
L | L

= ﬂ__‘_- Z(U\L-‘Uo\ + (M.Luo_)z+<v|;\/o.\)z —

If u-ug<a Ly v-v, << Ly binomial expansion
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2°6.3 By Bq. 2-6.7y and given date
dg‘z(l+6kx,\d><‘ rokd%,
dE_=(1+9Kkx, )dx, + kdx,
JE; kdx, + (1 +8kx, )dx,
B4) = 48 + d*fj; + d;:a |
[k )dx, + kg 12+ (1 4k )k, +kdwd|
[kdx +(\+8Kx~\dx‘lz
MF = z\_ ds _\] 4 SLBHbe}n + an]
—+[(\+4ka\ n, + Kvg] + {(H%kxs\m n kn,]z
_‘}
T MF=4042k +155Kk2)= Tk« 2K
2"8' l o -b
o) J= deJr(g.x@Jr %%:_> =l-a Vo =Flictb e >0
b ¢ ||

b) BY E%.(Z‘S.n-) ’?*\/HZHL = <5°‘ﬂ+ ‘u%ﬂ) n@ and

D\'scordm% ODuaclro*{c terms in E,@ , ME =0
Nn,= N+ on, - bn,
. 2 2 2
N, =-on, +n,+cn, & Also, ni4n, +n; =1

N, = bﬁ“Cﬂz + N,

2-3.1 continued P9. 9




2-8.1 cont. |
Hence ,
on, = bn,
an, = Cn, n,= <N,
bn‘ = ani n, - Qp,
M2ty Hnt=|
2 2 k3
Qr = T ﬂ?=ﬁ7@r) ORI
When a=b=c y ni=n, =n = +
2-8.2 3 1 0 . |
& J=[0 1 1 [=3(2+1)=970
10 2
B stain=MF=€, N,
(Nl\NzyN) (F’ 3F J'—l_.>
3 L
€\\=43 ezz=|3e33:23 En_:—a—- ) 623:-2 ) 6!3=O
CMF=Gl4243-1)3 =3
da ¥_
(§2)=1+2MF=7 ; da= 2.654ds
Relative elongcﬁ{on e; = d;’;’ds = [.65
C) \r(‘: V\Z= 0, qsi | Hence by E%.(Z‘B.\)
No
3N‘+NL:O f7 ‘=—‘5—
N+ N=0 == Ny=-N,
-N,+ 2N, = V 1+ 2MF MF Not Known
From N7+ N +N,=| ; NZF% Hence,
NF= 5 NZ= b . Then, VI42MF = =N +2N,
S - REE +2MF= K
Or MF =z .63

2’&2 continued PCj 6-




2-8.2 cont.
d) Initial angle © given b\/ s = m_ N,
=)@ + (OF) + (@) =g B=5474

“B\{ \:’% 2-6.3 . final Qﬂcj\e & Cj\ven
by J( +ZMF\(\+Z{"]F) cos® = cosB + ZQ,xamo( n29
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2-8.3 3 0 O
oy 3= O 4 | \:3(6+\):27 >0
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[' = ©s6 +2€ M, N@
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8=% o [M=2e.,MN,
r- zwrxﬁ_} (BYAYE) + 2570) + (YO + (2YE)

Y‘ké: 1+ 2NF :(8,‘3 U\“')Q)N@ O:3N| N|=O
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€,=0.002 ,€,=-0.00i66 , €,=0.0035
€,=0002 , €,.2-0.00133 § €,,=-0.002
| A 7 .
500~ Lu T 600 2000
- Q:Loo 5oL - ?'E‘—o =0
7 |
2000

Jgn S
7’50 500 L

216%10 1 - 432 x [P L 4494 4 10°L +322& =0
L,= 0.00536095
L, : 0.00068842
L,= ~0.00404937

2-11.2

Q’-’N,; m= N, 3 Y\=N3
By the 'H'\eo\r\/ of Art.1-23
H=MF, - LINT+ NS + NS - 1)
where L iz Locj“”‘ﬂe Mul\'fp\\'cr and MF,\=€,§ N, N,

Hence,

. et

3% =26, N, -2LN,=0 (o)
where '
o< = |,2) 3 wl‘H"l Nu No‘: l 3 E'-‘b((l\ \/|€ld5

Q@fe(‘ muH‘l'Pll'CQ{'foﬂ b\/ N‘x
l__.=€°<‘,3 N‘,‘N@ = Extrenme wvolue O‘€ MFA

where by Eq(s) , necezzary ond sufficient
conditions for rnontrvial  solution for No is

| €.-L € €
det (6“@-5;;3 LJ) = En_ (eu’ L.\ €23 =O
€. €, (.U
or U-3U +3,L -3,=0 yields hcee extreme

Vo\\ue.s 3(; M’\:h (SCQ 'Hneor\1 O'( Ar“(‘ 2““)




c-11.3 2 -2 0

J=13 3 0|=6(e+6)=72 >0

o)
O O 6
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b) €56, €576, €x=% 3 €, % 7 €37 €0 @)
(6-1y % o |
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© o (F-L)
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‘ﬂ\e £first +wo  of “hese
only ¥ N =NP = O
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|}-I|-3 cont. po. 9.




2-\.3 Ccm*hl N
] -
Hence - NB)‘: G ; T\ﬁ)= + Iz
For ric3h+-hgnded coordinates system the principal oxes ia
-H'\e U\V\c;e{‘ormed med;U\m arce
N0 ,  N:o N =
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(3} 1 @) _ L (2) _
Ny = -3 N, =& N;’= Q
mac\(um, Hae ‘:r'nc'-FcJ axes Oure 3'wen

(d) Tn +he Undefoemed

by Wr{i JI+2MFE = (SQ, m@\ N(‘ (e)
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axes v the
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has sides with

directions. Hence,

el 4 The cubic element

are preserveo\ under the strain

Thus EODS of Act. 2-1 yrelded with L=L,
Y‘CSPeCJr\'ve,\\/.
_ 1 +VF - =2
, 820 E2mEm

\E"l—v 2(5‘+\f—5_\)
= - —
VLZ'O ! VLS V2(5-V5)

.= ©

|—5
Y( V2(5-v3)

\gf O ) Ez: | J

gles

divections Poro”e‘ to the Prmcc'oa\
wWE VVM,\'{' C.ompur\-e_ Prmc.\pul d\red—|oms._ﬂnms Wc\‘\\ Ve
steain J O L: -& 3 J3:8 ond E‘J,Lz'sz_!—' 3=O
becomes LI-BL-8-0 where common fackor 10° has
be.en f‘evﬂcve.d ‘Crom 69((3 .
L= (1evE)x 107 L (1-VE) X 07 L2k 107
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2-1\.5 3 - O
Q) =
-2 2 O =8 >0
O O 2
DisPlacemc»ﬁ is admissible .
b) By 6«@:%<u«,ﬁ+ Ug o * Vo, Us ¢ )

6“:6’ 622""2 ) 653:"5 Y E’lZ:-B'S ’ €B=O 7623:0

(-0) -£ ®
F(LYy=|.7 =0

s G-Lhz-eerr-F

HCV\CQ \_":4'4-‘_;_'»/—6—5 3 LZ=% 3 L3=4"‘%\/g‘5
_ = B.03] =15 = —0.031l
(c) lhe maximunm principal strain s L =4+ 265 =8.031.

The dn'rec.-\-‘non CO‘--\V\CS (N\3 N.,_-,Ns) Cor(‘espof\dfnj +o \_‘
Gre C_‘jiven b\/

(4 V65N, - 7N, =0
"IN, - (4 +V65)N, =0

N,=O

N+ NS = | |

= £t/ = 0.9L14. = (4 -Ves) —‘.;o.S;qu
ST v N e T '

N,=O
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2-\ .6 The eclements 1 ond 2 are shown n (-\‘gure \.

ﬂsi
The normal to the octahedral
plare - IS N.(J%srt,%> Since

._ . N:(&%, & &)
Element 1 i perpenc\\c:ular ‘o N,

N|\V\\'+NZML+N3M3=(-‘§(M\+P’\2\=O 2
oMM, . %‘:‘T:«:fo)'
Hence , Since ME+ My + F’\§= M 4 l"f’f | {Erement’ 23 (L0, Ly 1) “
. L _ o LA fguee
]V'\\: 'i'\rla‘ 3 |\/\2= + E
Also, since Element 2 18 L to N ond to Element 1
Sl +1,)=0
M\‘-u + Mz\-—z_ = O
L-L, =0 = L,-L,
L+l L, =0 = L, =-L, -L,=-2L,
P+ 5 +15 =605 < |
N =+ L + = - - £
- LT, L=t s Litv @
Since Element | and 2 are per pend\Cu\Qr and since

E.=€, [ €,=€, |, €E4=€, 1E,=€,, 7E,=0
Th= 2€. My Lg = 2(E, ML +€,M, )= 5 (€7 €,)

MF, = €, M, Mg = €,M2 +€, M + €, M =F(€,+€,)
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2-1.7

Q)

d} For By =1 | € --é(|+|+|+|+l):

By given relation

8= (Sgy + Bk ) Ko = S K + B K= X+ 4y
Uy = B'kk XK or u-f&:BKL ><l_

b) E)\I cle:(:\'h'\‘\"\or\ of €L 1 WweL

[_—L + DML }4': JZ—[BKL + B\_K

AU

Wy =—‘2-_[

¢y By definition of €.,

S ZEBUK + 9% L oy aum]

.. For E L= €L 3 Sum In q)uo\dronLic terms
in Be. must be nea\ngtb\e Compared to

“Y\C.QF Sum BK\_ + BLk o

ond e-L e e
_le e-L e
F(Q_ e e e-L
oV 3 2
L'-3el =0

The pr\'nc,\'Po\ strawns are AL|=3¢3 L,=L:=0

This result holds for oll X, . since €
\'ﬁc\ependew\- c‘c &, T\ne Pr\ncnPo\\ d\red'\onﬁ
are gqen by the relotions

[2-1l.7 cont. on pg 13
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2-11.7 cont. (e L )(\fi) (l) . eN(c\ O

e N® + (e- L)N“’ eNy=0
e N 1-eN(;_\ +(e-L¢) N(;) =0

¢ ¢) )72
[Nﬂ + [N(L] + [N‘;] =1
For L= 3e =2 y N= szNaz.tf—%
1,0 , L,=0 is sotisfied by oany two mutualy
perpendiculor oxes that are oalso perpendfcu\cw

4o direction (\f‘g"f‘g ,JJ—B:) ; for examP\e directions
L1 L o+ -2
(1'275,033 (6., /%) -

2-11.8 e-L e e
F(L)= | 2¢ e-L Le

z € se e-L

or 3

L-3el*> +Fe’L-§ =0
e principo\ strawns are :
L=2e 4 L,=L5=0.5e
The equotions whidh determine principal directions

No( are . o

(e- L)N(L-LzeNz +zeN =0
ZQN, +( ’L4>N; N;)*
2N+ % cNm +(e-La3N(;)=O
©\2 ‘© )
(NY & (NOY + (N2Y =

For L,=2e 5 Li)z : (t g : \L;é j z g) are prfnc,ipc-\ directions

u +




[4

Z Il 8 Con‘r

For L,= L OSe,wegeH- v(“'vl +YL 0, S 3, +3 =0.
Mso , T+ L +U=1, T+ e+ =1 A

Any direction cosines thot satisfy these conditions
define prmc.ipol directions. Any two mud'uc.\\, perpenA\'ou\ar
directions . ; 3, which ore also perpendiculor fo the |
direction "§,‘ may be taken os princi pc}.l directions. |
Tn other words, the strown ellipsoid (Ard 2- I0) is on
ellipsoid of revolution obout the T -axis.

2-11.9

*
X =x+u

y* =Y+ V COSO ¥+ wsin® -

Z*¥ = Z -\"Sing + WCose




