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Solution Manual Foreword

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 excessibely long assignments may be
avoided. Some of the problems may serve as part of the take home examinations
or supervised final and miterm 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 solutions.

The authors would appreciatate 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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2-4. |

k I~k O |=(-2kXI+kx) >0
Tkxg O I+kx,

For admissible  deformoation, we toke

[>2k . k<k and  kx, 7|
24z \ OXsy ax, o
I oy | ox, | >0

CRy CX, i !

i

> bexd + acx; + abxl - 2obox %, %,

For finite %, % ,%  This is poss}bKe for
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and V(¢E) . Herce ) &k, , K, Ky are Su’?((c]em‘\\/

SW\O\UJ TJ>0O for finite X,y Ry -

2-4.5 | - 5%, - Ox,
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J: ex \ @Xl >O
b*-or b
@Kz_ bz+07.> e)’\‘<b1+0;z> | ;

Or_
’( (b"-ro.z Ezex XZ)( +6K 'C‘X] @X 70

L (@ 1+ 0% )7 (0 0 BT - xF) - 287 x‘xﬁg]
since &-b">0 § J>0  provided
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xy of
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2-4.6

=a,4,a,a,C,C.

=a a,C C

Koy ok
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L(C)=c,C,C

ij gk ki

=a.a.,a.a, a a C C C

ia " jPTjy Tk Tky Tin T af vk xm

=a aa C C C

an "Bk "o Ty T am
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2-4.7
By expanding the matrix and finding the determinant, it is straightforward to prove that

I,=4, + 4, +*’433 =4y

I = 4y, Ay +A11 A, +A11 A,
‘ Ay A |4 A 4y Ay,
1 2
25{(Akk) ‘(AzyAﬂ)}
4, 4, A
]]]A:A21 Azz A23
Ay A, Ay
1

=—{2(4,4,4,)-3(404,4,)+ (4,)'}



2-6.]

By EBg. 2-6.14; given dafa yields
0.004 =0.002(%) +0.002(0) + (-.002)(%) +
+2€,(0) + 2€,(8) + 2€,,(0)

.. |€,=0.0035 |

0.003 =0.002 (15) +0.002 (%) + 2€,,(3)
[E‘; -0.001666
0.001=.002(%) +.002(5) + -.002)(%) +
e &) 426, (5) 4 26, (3)
L@}_ =-0.001333

2-6.2 L2'= % + \/2 ] l:z: <X+u - 324"(\{'*' Vl"VoY-

Then

- \/(x+u W) + (y+ v \/O\L - L
| L
Let v=0, x=L . Then
VAT u-0) + (vi-v,)Y  — L
- . L

= \/1_4_ 2(w,-U,) 4+ uz <v -V,
L

If u-u<< Ly vi-v e« Ly binomial expansion

\{(e,lds to fiest de%ree terms in VIRV




2-6.3

By Eq. 2-6.75 and given daoto
d§i=(l+6kx,\o\x‘ v kdx,
_ dil-—-(H‘kaZ\dxz + kdx,

d'i; kdx, + ([+Bkx, )dx,
(da)= 4%, + dE. + dE
- {(H@kx.\dx‘ + kde]ZJr [«qu“kxzw"\z*kd"j |
+ kdx, +(\+8Kx-\dxs‘la

MF = £{(8]-1) = # JLUre eI k]
_+[(\ +4kx ) n, + Kn, ]24 [(H%sz\rg + kn}z

_(}

0 _
MF = 442k + 155 k2] = 7k + 22 K>
2-8.] o b z
o) J= det(S., + M‘) =l-a | ¢ =lictb+c” >0
=g ax@
b - ||
b) By ECB.(Z"&U} VIe2ME = (Sqﬁﬂt u%ﬁ) Na and

D\Scordm% Obuadroh'c Yerms in E.,,@ )MFL:O

n,= N+ on, - bn,
_ c A‘ A 2 2 _‘
N, = -GN, + N, + CN, SO, N, 4N, +Nyg =

Nn,=bn-cn, + n,

2-0.1 continued pg. 5




2-8.1 cont.|

Hence,
an, = bn,
b~
gn, = 0Ny g n,= ¢ N
n =0Con EeN
2t A 57 Cn,
- 2 B 2 oF 2 _
N+ n 4+ cnt = . )
2 —bL_‘T' &
C 7 2 . t
Or Y\,Z: C+brec 1 N, = o eb +C ) N, a“+bi+c

When a=b=c y ni=n; =n] 53

3 - 3
2-8.2 3 10 |
o) J={0 \ 1 [=32+1)=9>0
- 2

b) stroin = MF:Q“B N_ Nﬁ
(N{\,NZ\,NQ’({%:H%N%‘)
T4, €l €225 €,

LMF= G la243-1)F =3
V- [L2MF =7 5 da= 2.65ds
Relative elOngaJr{on e: = -iﬁ’;:—é—s— = 1.65

C) V(f Vlf 0 : q; | Hence, by E%.(Z-B.ﬂ

3N+ N, =0 =5 N=-%

Nt Na=0 == N.= -N,
—NZ+2N3=W MF Not Known

3
2

3623:__2— 3 6 =O

2

From N7+ N7 +N,= | : le% . Hence,

N'= 5 NIs o . Then, VI+2MF = - N, +2N,
_ -3 - & - -4 .-l
“Yng + s - Yim - H—ZMF‘\O\

2"&2 continued PCj 6




2-8.2 cont.

d) Intrial angle © given by wsB©= m n,
@) + (OF) + (OF =g B=5474

By Eq. 2-8.3 wc(ni\\_ angle O gwen
b\/ \/(\+ZMR\(\+2MFJ cos® = cosB + ZQ«@ M, nﬁ
By Bq 2-6.13, MF=€,r =4 and Mf= 3
feom pact b . Therefore |
= con 0= + 2[4 . %L“? :jl—g +% =4V3
cosO= & = 087 ; F=2%.21° o

S 0-6 = 2%4*54.74° = -25.53°

2-8.3 30 O
o) J‘—"

0 4 l‘:3(8>+\3:2770
‘xO - Zt

oy €, , €,°8 €.=2 3 €,71 1£,7€,70
MF =€ NN, = (4484242)5 = %
M= 056 + 28, M, N

oo d8)+ () 5O =0

6=2 . [M=26,, M.\,
C= (@ YEXE) + (BYEYE) + 25Y0) + (NEXO) + (4Y35)
= =4.0825
) =" =0 L=l
W2 = (5, + u, IN, O=3N 5 N=0

JIH2MF = 9N, + N,
O=-N, +2N, === N,= ZN,

LN SN =L 5 NS NG- %
Lle2ZMF=R ., MF-76-




Z-\L{] €,=0.002 ,€,=-0.00166 , €,=0.0035
- €,,70002 , £,,2-0.00133 4 €,,7 -0.002
S'Loo'l—l 'élo_o Zé?'é‘o ’
'éoo S60 "L - _77"5_6 =0
'é;o?'éo - 7—5‘,‘-0 —'5'{50'1—"

216%10 B -432 x 167 4494 ¢ 10°L +3228 =0
- L,=0.00536095
L, :0.00068842
L,= ~0.00404 937

Z‘HZ Q‘-:N, 3 m=NL 3 n= N3

By Hhe ﬁweoﬁ/ of  Art. =23, let
H= M, - LONT NS+ NS - 1)
where L iz Lagrange Multiplier and MFa=€ NN,
Hence Su
3 =26, N, -2LN,=0 (o)
where |
><=1273 woith N_ N_= (j Fq (o) \/ué(ds
after multiplication by N,
L=€x’_3 N«(\{G = Extrepe value of MFA

where by Eq (o) neceszary oand Su‘mclen'f
onditions for nontrivial  sclution for No s
€,-L €. S
en (el g, |70
€. €, (&,UL)

or L.?’I‘Lz + 3, L ‘3-5 =0 \/\e\ds theee extreme
values o MFA <S€€_ 'Hnesmj of At 2"”)

det (Ed@-g;g L.) -




£-11.3 2 -2 0
o) J= |3 3 0|T6(e+e)=72 >0
O O 6
A‘HEV\LQ

)

)

FOr I'—‘

“n\e fist 4+wo of Hhese

e%uq‘(»fgyé G.re Oo.n'_',.t:'(’o\n'{' l( G nch
only W Y NP = O
oD fom Eq (&)
For =2

Foer

, disploacement is admissible.
Ex} - -
6"': 6 3 62‘11 6 3 633 = Z b é,zz % 3 €t3- €23- O (Oj

(6-1y F © |
- = (35 - 1 _ 25\ .
F(L)= | = vl O (% LY (3-12L+1*-5)=0
o o (E-)

2 (2-L)=0 3 40*-48L+ N49=0
SoLsI25 , L,:85

Ly 2.5 o te pr{nclpa\ stress.
The direckion cosime ore e Solutions N,:” of the e%uq+(ovﬁ
(n-LOIND + €. N7+ e N =0

) . i (
€ MY 4 (g v LINNY 4+ e NP =0 (b)

E N+ € N+ (e, - Li )N =0
S N2 ' A \
[N(\ -B + [N(,_\—j\‘ + {N;)l = | (c)

, Li=11.5,  Eq () ond (b) yield
s N 2.8 N0

. 0 =0
25 N+ (us )N 10=0

o + 0 +(F-F)N -0

bl LZ= 3.5
-25 NP1 25N =0
25 N® -25n:0

4N = O NP0
N2 =N?  ond [N®T +[N2T]2:
- N(‘z\= Ngzzxz + J,f
i=3 | Ly=38

2s N L 25\ -0

2s N2 126\ =0 <N

R N U
1+ N® =0 -

i a2 Cen'f‘. P& Q.



Z-1.3 c;:m+.l N
{ -~
Hence - N?}= s y T\ﬁ) =+ yZ
For ritjh““hgnded coordinates system the principal axes in
+he undeformed medium arce
W0 , o . W=
N:ﬂ’\rlf 5 N?-ln:d% , N§)= (d)
(31 1 @ _ L (2) _
Ny =T Ny =& N; = Q
(d) Tn +he Undeformed mecium 3 Hae Fr;nc'sFoJ caxes Cure 3'\~l€r\
(e)

lﬁ‘f ’Y{:\( Ji+zmMe = (S@_‘F + u“l@\ Néﬁ

with the Cj;vevx displace ments and with MF =L we
Obtuwin ,  wWith s (d) and(e) | the pricipal Oxes i Hhe

de'FQ Fmed med]uw\-

Wm0 s it
M2 m® 0 5 D=t
"m0 O

whose owngles

U The cubic element n the boJ\/
are preserved under the strain hoas sides with
dive ctions Poro”é‘ to the Pr[m][aa\ directions. HEnce,
we  must Qompw’re_ princ'\po\l-_dt'rec}\'ons. Thas with given
strain y, J=0 5 J,7-8 , J5=8 ond U-JL7+J3,L-7,:0
lbeconmes LP-8L-8=0 WwWhere common factor
b&en f‘emcve& ‘Crom 60((3 .
) L‘=(§+\/§§xl0'3j L= (1—\/—5—);([()—33 L3='Z)<IO-3

® o

Thus  Eqs o Art. 2-11 yielded with L=L, , L, , L

103 has

YeSPeC,+\’ve_\Y-
Vs | =2
\E’z V 2(5+VE5 ) 3 EZCD ) 23"' vz (5+VE)
_A=45 - - S
Y(f V2(5-v3) Vlz O \Ig v 2(5-vV5)

C.m ©

€=0 , S0




|0

E-H.S 3 —i O
) =
a J 2 2 0 =8 >0
” O o 2

Displacement is adm issible .
b) By Gxgz‘i‘(ud'ﬁ g * U Us e )
Cu=6, 622725 €7l 4 €,7°35, €:70;€,:0

(-0) -% o)
e N R NG =0

O o (3-L)

SG-Llz-eL+r -2 )=cC

H(EY“\CE, L‘: 4 -+ Z \J/?@ ] Lz= % b L 4‘7 v/—é—b
B = 8.03] =15 = — 0031l
(¢) The maximum privcipal strain s L4+ 765 =8.031.

The Cli'(tGC'L"IO\"; wozines (N5 N, o Ny COrresr:orwc({nj +o L,
Gre  gGiven b\/

(4 -V&5)N, - 7N, =0
"IN, - (4 +V65 )N, =0
N,=O

+7 .‘ ' N_ +(4 \/_5-) OSD!Q
V130 - 8Ves
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2-\1 6 The elements 1 ond 2 ore shown n Q'cjure \.

The normal to the octohedral 1
plore - Is N(é}}g}ﬁ} Since . ﬂ(\‘l_. \f‘?f‘:)
Element 1 i< pe,rpenc\\c,u{qr ‘o N,
NoM s N M, + Ny M, = g (MM, )=0 G
LMy | CICeS)
Hence , Since T'\‘zw‘ MZ’ + P’\zs = Mz\«& Vi} b {Erement 23ty L) %
(£1q.are 1)

. L -
. M\" Tz, M:E=x73
s L to /f\\l and to Element 1

Also, since Element 2
Allal, +1,)=0
ML + ML, =0

L,-L, =0 = L, =L,
L+l %L, =0 = Ly =L, -L,=-2L,

L +L + 15 = 6L = |

-+ _ _ SR __._;
Li== 7 L=*F% » L=+ &

are perpendicular and since

Since Element | and 2
€.=€, , €z 7€, y €337€5 ) €= €, T,
'[‘l"z.: 26«5 Mo( L@ = Z(EI M'\"\ + QZMZ\—-Jrfg(efez)

fv”:-\ = 6::({3 Mu M@ = €\M‘z “'ez‘v\; + €3 M::_él_—<€|+€z>




2-11.7

o) By given relation

*‘k=(§‘ﬁ¥+b*k) xK = g‘kk XK + B“RKY\K:— X‘R+ b\*
Ue= B X or U= B %X
b) E)\/ def \'h'\‘\'uor\ of CExiL 1 Wy

- i[oU O U __L_[
cwtlgi + S = 2loa - B

G’KL: -'é @.Lig -+ o UL + aU\m a\AM]
w“:ZEB“L+ Bk *+ By By

. For Ex = ey 4y Sum in quadratic Yerms
n BKL must be nea\.gﬂﬂe Cmeareol +o

‘iV\CQ(" SUM BK\_ +‘ BL—k Ps

d} For By=1 €y "’é((+|+|+!+()=%=‘e
ond e-L e e
-1 &€ e-L. e
F(L)= : ~ S
ov
*-3e* =0

The prt"nc,{Pc\\ strains are ,L:"'BC, L,=L;=0

This resuld holds £or oll Ko . Since €K,_
~independent ot K. The principal directions
Ore i‘j'tUE’.V\ ‘O\( the relotions

(2-11.7 cont. on pg (2




2-11.7 cont. (e-LZ_)‘\E—\*—eN(:) eNM 0

eNa) + (e-L; )Nf_a N‘;) O
eNY « eN‘? w(e-LINY =0

T N T2

For L= 3e =% 1 NEN =N -3
LZ=0 ,L3=O Is Saﬁsgied b\( any +wo Mu{'ma“y
thot are also perpend\'c,u\o..—

perpendic.ulor oxes
for examPle directions

4o dicection (ﬁg,fs,f%) b
Ll oE -2

(E,@)O); (J'éaJ% ) JZ)'
-L

c

2-11.8

-L

|
2
F(L)= L

N (D i~

e
e e e-L

M- ol

3

L-23el* +3e*L-% =0

. principo\ strawns are ;
L=2e 4 L,=Ls=0.5e

The c%uajrions whidh de*exmir\e principal directions

ND( Qre . (&)

(e- L)N(‘ +zeN rzeN; =0
1N Lle-L)NY 4 ZeNf;)-

i 3] [ ) ' )
zZe ,L+2cN +(e-L‘3N3 =0

(N(f)\z 4 ( “)\ ' (NM)

For LF le 5 E; : (+ = T \/3 T @) are pm’nc,{f)o\ directions

Oor

- 3 3 3 - 3
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Z u 9] Con'\'

For L,= L OSe,wege.{- V(Jrv( +YL 0, S S +S =0,
Also , T+ + =1, T+ =1 -

A"Y direction cosines Fhotk Sa‘('fsp\, these conditions
define Prmqpol directions. Any +wo mu{'uo\\/ perpenA\'ou\o,r
directions YL(., 3“ which ore Q‘SO. perpend!'cu\ow- 1o '\‘\r\e, :
direction §_ moy be token as principal directions. |
Tn other words, the stran ellipsoid  (Art 2-10) is on
ellipso;d ot revoluticn obout +the E"O«\Ais.

2-11.9

)

X =x+u
\{’"=\/+\r‘cose + WSING

Z¥ =2 -\"siné + weose
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2-13.1 The displacement components are given as
- R,xy o =k, (F+PYE -vzZF) ; w=RVye .
For small disP\QCemen+ H\wr\/ volume retotions
are qwen by (where legl<cl [wg (<< 1)
B o= o s (B - 30) = BE (%02,
By® oy e (32 &) =0
§.% wa= wo =5 (5 -3)= 224, +k)
or by (where g | is sufficiently small o allow
N TG\\’lOr seriel expansion of ¢ = arc+on{w,(@ +
4+ Fe)] to first dearee terms in w“@3
5‘ = accton Wy = o\rc-i-cm[ %—E (‘ka + Z‘Rz_\]
(?_\, = orctan wy=0
3, = acctan ws= arctan[ 5 (2% + k)]
2-13.2

. ! 4
Gilen u=-C,EX , v=-C2Y , W=z (x¥+y")+C, 2" +¢,

For lﬁx

‘$i’-:- Wy = 0.)23 :é(w\f —Vz‘) - C'\I

ty
6,

Jes b ol «

R R Y

'-:-'O.JG @.z:%(\’“uy\:g
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7-13.3 Ecbuo«"r?on O‘C Sphembo( surface of radius
(&) s XF+y*+zi=c® under displacement U, v,
W, "('\or o Po'm+ (P) on Sphe_re x => X Y = \{J
z=>Z, a— of
w'\r\ere,
X=x+u, Y{=y=+v , Z=z+w ; oa*sa+4a

ince
Sin U=0,Xx 40,y +as2 , V=bx +by+bz

w=C X+ Coy + ¢, , we note thot (X,Y,2)

V'—— |
X= (l+o~.§>< +0,y + Q2 Y 7 L7
P p—— - i
Y= b, x + (\+bz3\/ +b.z i L
£z 4 Coy +(l+c, )= 5 : /'u
Hence, each poit P on the ;/ ___X _l ‘
Sphern'oa\ Sur'co.ce J('v‘anS'Cor‘mS I hid ®
imto o point p* at distance T
a* from ov‘icjin ot coord inate (x,y,z)
system . Hence |
z 2 Z
R -—[((m‘)x +o,y + c\3~z:( -

+B:.x+(l+ bz)y + {:3e]l+ 2
e+ gy + 1+ NES

i

(o*)

" ox(lv20, v ot 4 brec?) sy (1+2b, +a5 + b +c2) «+

+28(l4Zc v+ a4 bZ+c3) 4 Zxy(o, +b,+aa,+bb, +<;,c,a§

O

+ Zxz(o 4 ¢, + a0, + bb,+c c,)H 2y2 (b4 ¢, +az0, +b, by

-+ C;_C}E = (O\*)
ex) - o2

ST Ex 4YTEy +2TE, 4 X\(@,Y +xe l,, +yz o = 2
where €, €, .... are constants. This s =g uation of
Csuodv’oc,’c;c. Sur“po&,e_ Provfded S"‘rofms re moann 'Cm'r{'e .
: ﬁ)r ex =€y = 6,5 = € 5 we Ob"'&l‘f\

%
¥ (0*)" - o®
Ceyieetaay 2 sxe @ sy be - Lo co

This is _equatnn of SLPer‘e,_.




2-13.4 we must have

|'€x3 O "ex,
J = 0 [-€x, ~€x, >0
€%, €Ex, l+€AX3

T= (-ex [-€x )14 €AY (€x Vs (Ex.7]20 (o)

5 The condition EXg=1 is excluded.
(0) consider cose |-€x, >0 , C<ex <!

S O0<d<l
Hence s [gq (o) becomes
sU+a(-8Y]> - (ex,) - (ex,) (b)
Since E% (b) mus + hold for all (X,;X:>
s+ AU+8)] >0
A>- l—‘g T Ex,
where 0<ex, <1, ex; 7L . Since 0O¢ d < | , A=-1
Sotisfies J>0 for O<ex,< 1.
(b) For case 1’6)(3(@ ;  Wwe have €x37l
Let ex,=1+8, §>0. Then J70
requires  -S[1+ A4S+ (ex )+ (€x,) <O
8E1+ A(l+5)l ke (ex,\z + (6)(5‘ (C)
Since Eq(Q) must hold for all (X, %,) and For %70
S(1+ A48)] >
Lo For finde &, L4 A(L+8) »®
-

J

Conseobuen’r\y} we must restrict the problem

to cose (o). cont d




