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2-4. |
J-=

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

For admissible  deformoation, we toke

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

CRy CX, i !

i

> bexd + acx; + abxl - 2obox %, %,
For finite %, % ,%  This is poss}bKe for

Sufggtf;i.ehjf\ll SW\C\\\ Q\, b; C.

Snricl céw sin £ -cos & O l
J: CC‘;¥ COS%% *S\Y\%‘ O } > O
® 0 | \
c#0
.. {’% 20 . For C70) C>y-

cyh. For c<O, c<=h.




e 44 - K, %y - K, X, O
=l2vkex R 2KVx,  T2vkeXs |5
O K3V % [+ K3V %,
Or

J= T+, C )+ )+ =20 ) +x % () + 5010
The ferms () all contain combinations of Kk, K, Ky
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,

2.

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

(oC;ZEb\gH@ <) S SR -2 - 285, %% |

This condition is satisfied for The usual
torsion  problem B << ] and N

xy of

3

'+‘~{ p{co\\ Y‘c\r\qe.




2-4.6

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

=a a,C C

Koy ok

RIS

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

-C,,C,C,.=1(C)
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




[4

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




g

2-13.4 C,OV\*'H

(C.) with A=-1 and 0¢ €x;< 1 | for small Ciisp\ac\cmerfjts

€u= ezz: 633 = -€&3
.én. = €;:=€,;:0 chc,e,, 371:“56’%’1 3-2,':362)(32 |

J,= -3e¥x?
@) For small disploce ment fheory

b T 0o, = Wy, 5 ( Us o Ups) = €%,
9y, Ly = Wy, = 3 (w};u_,”, = -EX,

O

2-13.5

Considev the octahedral plane normal N relative
to principal oxes % . (Fijj dny line in the octahedral

plane sat isfies the conditions ; A%,

~ A

N-L =0 AL

NT, 5.
oy L\+L2+ L3;O (Q) ) G’ﬁ)
ond L5+ o4 L2 = | (b)
AN '—XZ

where L :<L,J L, L3 ) s untt vechor
n dir(-l_c{'t.on o‘g L. Hence , bY Line L

LQ(’jronae VY\U("'(P‘\_QV' me{'\nod, ‘cr‘om '('\uw\c*(on’
F= T+ ML+ Laa ) s N (Ui Lo+ LT 1)

where A, . Ar  Gre Lagrqncje mM\\L\'p\Iers.
tnd TQN=Z€,«@N°(L@=J=—%(L,€‘+LZ€Z+L3€3) ©)
Since %y are principal axes .  Now

_.a._E -.Q__F = .Q_E '::O \/I'Q{AS

oL, ) oL, oLy !QOn-\'/é_
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2-\3.5 cont'd.
o Ze A+ 2Lk, =0
(—%624 N+2L, L,=0 (d)

FE.+h+20L, 4,=0
Addtion of Eq (d) vyields, with Egq(a),
Fleveare)+34, 20, h=-Zm(Eseuer)

Mu\lr{p\{ccc\‘fom ot -(:Irs‘k"‘sec,onc& ond third EC()'S d) by

\-—1 3 L23L35 ‘rcSpeC*‘we\Y OUAC‘ O\d&kl{'\_oy\ \/l.dds ) Wt‘\'\n
Eq (Q\,} (b)Y, and (€)

Z-Lz = -%(LIE\ '\‘\_267_ + L3€3\) = 7 TLN (‘C)
HCV\C&, Efbls (d),(@) and (‘;‘\) \{n'eid

2 2 -

L= Bt = swpleers =]
2

L,= }\\-J(zﬁ;-\,_el : 352 o (2e.-€.-€, ] )
2

L= }\;ie - 3%3‘ m[?‘efe‘-ej

.. Scﬁufqém\c) and Odc\'\nﬁ E%(S)K W e OE'('C\'M w\\'\r\ EGD (b)
To =&{(e e, T4 (e,-e) 4 (e, €,V ]

Hence . f

-EN = ﬁod- - %[(e‘_€1)1+ <€\~€3)1 + < EZ-Q3T]‘Z
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2-\3.6 } cos k= - sinRz  -xRsinRe -yRoos ke

(@) T-|smkez CosRz  xRcoshke -y ksin Rz

o) O 1

= cos’ Rz +sm k=1 20O

.. Dis Piqcemew\‘ 'S od m(ss; bkﬁ .

b) e .- JZ(WJ@ tUg uejgueyg

xE
EM: G'ZZ: €‘Z=O
Er LK eyt L B by
€..= 7 kx
“\E&nce
’ [0 0 -Tky \

6"‘@— O 9 z Ry
"‘i'k\/ 7 Rz ‘li‘ﬁz(’xz—f\{z)

(C) The volumetric steain is

e=J + 23, + 437,

\N\ﬂere
J,= €+ €t €,y = 3R (x%y)
jz: €.C,. + Ch€nt+ €,6;; ‘6:2 ) 6;23 -€
= RN - E R =5k (o)

2
23

js:O° @vv=0.
(d) 5\{ ‘Hr\e <_§€COV\C\ Og E‘%s . (Z-SZ}} Qnd -Hﬂ& %—\VE_V\

clisP\oceern-‘c Components , with W=U, g VU, ,

| cont’a
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2-13.6 contd

W= Uy Ond X=X, 5, Y%, , Z=X,

Z(’Jvz_: uz}" U, = S'V\'k-‘& -}-Sm'ki = 2 SM‘&Z :
2@:,3 = Us,z - Uz,_v, = 'k(XCOS'k% ‘k(YSM'fQE) |
2ws, = U,,'Ugj"—' -R )(Sm‘f'\’si)—’/e(yc,osﬁz)

E)\/ EOD(Z |3. 3)
2 &= 2k(xwstkz \,smkz) J*k (xsimke f\{cos'kz\

+R(2sinke)
2-13.7

By Ecb(aﬁ o example 2-13.1 and E%_(Z- 5. 3)
- ‘OCJ 2.7 2C‘7 633:617_:6(’ 3 f’na"@zfo
=T T =C J g3 % "Wy, T L0, 7 -Wyy = O

(o) COnSf{ier fiest dhe line element po.ro\\le'\ +o the
x; axis . Then ondlogous 4o Eqs. (@) and (b) of

SGC‘\'\’O\’\ Z"‘S;

_ d‘kl _ _ d\él
tane%z- d\(3 —O 5 ‘Qonﬁ/xz— C{EB ; de:O
O-V\A

d%‘: (1+€iu)d’l‘\ + (eii+ (;33,\ d\‘_‘s
d¥,= (e, +wy)dx, +(1+ ey, ) dxs

tan @ = (1 re )dx, + (esl-y @3‘)dx3
= (e, v )d% + (It ess )dx,

‘ o
OV_E ((46\\\% + Cegu+ (,L)m) _ 83‘-(-(,03‘ O
“n U™ (e g S el
z pt W )4eho + L +e,. )+ e.s
tan & _ tan@;?z tan Bx. _ 0 -0
PX.T + 'fangx:'f&n@}’_ I +0 =0

‘f:_ q} di (€u+wu)dxz_ + (14 633)3)(3
N
*‘ \g ( l + ea)d)(z_ -+ (e3l+ C&)gz)dx3 ( C’ov\*’lé

Slmi df
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2-13.7 cont’d

o)
or '('.QV\ ¢!‘ = (ei5+ ('023) + <l+ 3333 ‘éyﬁ/ezo, = Ca3 +wzs:0
(14 ea\ + (832 + Coaz» ﬁo/n/g’;l te,,

2‘{5’:” This problem s worked out in detail
in Ard. 2-15.  The results are summarized
in Eq (2-15.19). |

2-15.2 |

Consider o set of pmmed oaxes ’)(_
such that Hae +Y‘o~n3‘(‘\ofma+\bm matvix be!—weeh

The prrmed OV\:& umpr\med AXes Is Q ‘nﬂer‘e@ore
/

n +6N’V\S O‘F "Hﬂe flmecl COO(‘C\\Y\O:\-QSJ uu:o‘mwu
. __L OU o -+ a\)\@

° eb(@ au? ) P

= Jz' b(ﬂm«l MB LS 0(%ng Un ) X

3K, OX g I Ko I,

Buk the Gy Gre QOPS+Qn‘\’S ever where 3 hence

-

60(@ ‘Z" o n@( O—X-f a_)(.m >—' va\,(C\v\% €Mn

6,@ +ronzforms 05 o Second - order “ensor.
2-15.3 | €.= A(L- Xe\N au, ()

> 5 2
€,.=R(L-x)%¥ 5\;—(1 (b)
SR —%—%3 =0 Since Us =0
€,=0= %22 + '3%& (c)
—I_Y\-\-ecjrq-"to;/\ ot L——Cb (a) ond (b) \/tews

A(L.x. -;—i) +7(><2> (d)
u—-B(L\/\-XX)ﬂ-X(x) (@)

substi ‘('u+10n of Ecb (d) and (e) into (C) HS_
Cow
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2-15.3 cort/d |

Tlx,) - Bx, +Xx) =0
or (%) By, = ‘X/(x,‘) = C = const.

’V/' Bx,=¢C X'=-c |
or Y= Bg +ex,+ D, T=-cx+ E
wkere E_ and D are constants. 'Hence
w2 Al - 2) ¢ B v e D (g
u,= B(Lx,=x,%, )~ Cx, + E
w,(0,0) =0 vyields D=0; u,(0,0)=0 yields E=0

and n(0,0) = "'(auz - %%(‘z>x:o =0 yfelds

Xa= o

c=0 , and Ec{)s (£) are simpf{‘pied ocmrd{nj\\/.

2-15.4 ( Given:

-C\/(L x)‘“:'“a"\';‘ (a)
€y =Dy (L-x)¥ 5§ (b)
7517=‘(Q+DX/\ '\{Z)? 2;‘ *%—:{ (c)

'Ivvlrecjrc&'\om of F%s (o) and (b) \/‘e(ds
u= C\{(Lx-?j-&y(y) (d)
v=t Dy (L-x) 4+ TK) (@)

substitution of Eas (€) owna (d)  iro (<) ond arowpin
o?#erms yrelds k | ; Pj

H(x) + G(y)=0

Hix)= X 'x) scl(lx-£)=-E (£

GCY) = TY) "‘%Dyl 4 (e D\)(Az-yz) =E  (9)
w\’\ere E- COﬂS“Fom*L.

cont’d
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2-15.4 cortd |

v =5 Dy - (c+

For  u(0,0)=0,F=0 ; for
O\Y\d “GO(‘ %; (O’O) = 0 ) E = (C‘(‘

| MOC“'rt'ed ocC C,Ord n:\cj{\/.

Henc,e_, _-\M’Q%ro:";on of E%s. ) and (g) yields

Xy =- LX
where F. J are mn$+an+s :
us C\/(Lx

Vi (3eet D\)y +E- (C+D)A]y+F (h)
V= 'LD\/Z(L %) ‘C(Lx‘ e) Ex +J

DXAzY‘:%yB) +Ey+F
) Ex+J

“CWCQ

(0
v(0,0) =0, J-0;
D) Az O«V\d ECGS ("\3 Qnd CL\ Qre,

2-15.5 Given:
W= - KXDLL 3 = Kz(’(:z* 6"2 - b/x;z)‘i U3 = k3 MZK}
The Yo%o:“oms are
65 w2 (50 7 5007 Tk 2k, e
- %(Ksﬂh‘Zk?\
?\/'; ©o T T(?:(a'%s ) %-XT)Z Ji(ono) "0
¢, = oo.ﬁJy:(%% j %%J’ 2 (ZKox + kox e % (2xek)
2-15.6 €= Velf-z )= 34
€e= Ve(d-2) 2%
@xvg%&*\w%{:O \63(5%%5*%%:0
=" 5% =0
Iw\-earojr\&\ \/(3(55
u= Ve Z-2 )0y, 2) (©
v = Ve(L-2ly 4 q(x,2) (2)

QowVL
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2- 5.6 QOh{‘/é

%z) s (x,y)

w: —c(dz-

b.L_*..‘l_ Q\_f_' = ﬁ.(_\f_:i)- + _a_s;(x*52) -O
3 oKX Y % )
W, AW - 25(y,2) L mlxy)
‘a—z"’ ax \\)CK + a;’ ) 4+ 3/\\’
V3w 39(x.2) . 2h(x,¥)
%—-2—4 5y ey + >3 + 5‘{17
By Eg-(4) |
£a(jg 2) " _’8%()(3?_) =0
Y
M (ve) .. 2elx,2) _
B S5 s 2 (@
0,2 =Y () + Z,)
a(v,z) = -xE, (@ +Z,(a)
Eq (7) and (5) yield
Vex +yZE 42, 4 31—\'15(—;1:’—)—— =0
oy Z;=C0ws. Cc ZZ=ECZ+ Cq
Z = conzt. = C £.=20( +C,
VX + ¢y + Cp + ?}\%‘D_:O
k?l\‘a(‘x{ﬁj TVCx = -Cy -C,
. »\(x’\{): \)_gl(“ -C‘XY-CLY\+ \(‘(Y)
S\( Ec&(&),(%} ~n (q)
. /
-Ney - x T+ By %+ N, =0
Z,4Y, - ~ey - 2e% =0
<0 , Y -vey=-Z. = corch = Cs

cy® k
\/._.12_‘_/_+ Csy *+ Ce

(77
8)

@)

! Cc\q+ g
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2-15.6 cont’d l

®

u=Ve(L-2)x + oy +c,2 4,
- z Nox? ey

wee(fz-F)4 255+ - x sy e

The +erms

C3y+gzz +Cq

‘CBK‘CSZ. +C?
-C. X 4 Csy + Ce

Y’epre.%en‘\‘ o ﬁa‘td bOd\/ dis plucemen'('.
For 1 (0,0,0) =v(0,0,0) = w(0,0,) , we require
Ct«:cj =C, =0 For wx(O,O)O) =0 3 etc.
we \ﬂc\v@
():)B"'(,\Dx:ii %{-%>:%E»CY+C§+QC\{+C5‘]
< 00,00 =0=Cs
w\,=La<%%z ) %\-:) =‘%Y_‘\)cx+cz- Yex +<,Z—&
w\{ <O30)O\: C’Z: O
=L /AN U\ = -
Lo = ?—(%Tt ET/\ Cs
ws (0,0,0y= ¢y = A

For A=0, c¢,=0. Then vigid body displacement
Vawmishes sivce ol “erms " \"ia—‘d bod\,

dES P(QQP_.Y"‘ eva\' o e z2evc.

3
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2-15.7 pv-oceedin3 as in problem (2-15.6), we ob+ain
u=A()§‘ZX>‘A%Z+C3\/ +C,2 +Cq
v=A(xy~%z)~ AL - Cyx + (s 4 G
we=A(ye +§Z)+A‘z} -Cox - Csy + C

For u=v=w=z0 ot x=y=2=0, ¢=C=¢=0

For ©=0 of x=y=2=0 , C,=¢C,

2-15.8 W= Cue %a = C_ %y
€ .=Zlu .+ W, +uU. U ]
=3 *E 2 = 8,%x 78,8

. 26_,<€=C“e+cga+ce%cea

(0) Tf we 4oke Cug=-Can 5 Fhen
€&§= ‘é’ceuce; IS %uqc\rc@rfc '\"n C“@. Hence +he
cg,;\gn‘{'f-{ﬁe.s €. Nonith .
(bﬁ Th cose (@) 60(9 < qauadro&\'c W Cya - Hence,,“an
cﬁucm-k-i-sr\es €op vanish . If we discacd %U\QC\"C\JT\.(J
Terms 60—(‘@—‘?'+kev\ \fid‘sco\rd ’ever\{‘l-\mf\%.

2-15.9 |
bwen: us -U - Cis (ﬂ ¥ - \{S‘m(ﬁ
N= KS\E*&* (l‘C/OS(p\)\{

w=0 - = Const
Then Cy a%-’(l-coscm €,,° %!Y"O'COSCP)
633: %:O e‘z:%(a%’ +-<-9—\;-’():'O
e t(37 7 )0, =t (3 3%)-0

C/oni\ /d




2-15.9 cont’d {
A\-‘c\nous\n Qu,\/,w\ s o Y‘ia]d body disclacement due
to o Y‘OJ(-Q‘\’\—OV\ O‘( QWC}\Q ? obow\‘ Hre Z XS ; IJ( Y:E(Cls

nonzero value of Cucg

\b\ €,° %—2 +-?E[(g\_i)z+<3¥<§z+ (%5531j= -(1- COS¢>+<{—' Ccom @ =

i\"“‘-“o‘(\\f €27€5.= €, = €22 €:=0

.. R\'jid bod\{ dis Placemech \/fe\ds 60(F =0

.CB chce (orge Y”ta'!C& bod\\{ Y‘(_T"(ﬁ.‘\.ons (CC?i,gV s ﬂo'\” QHOFOX.

e%ua\ to one) produce zero walues of ex@ . However |

—Hmi t{V\EO«( Qfs'oraaxima{on Es c-(: €x“3 does ncﬁ Vo s h

OIC{QV\J(‘-i co\\\\‘ .

7-15.10 |

(‘O\) We W\\.ASJT Wwse
€ N z<u‘¢,€ + u@yx + ue,x ua“s)

2@
J. €,320, eZ;'é ; €‘L=71T
€= €;3° €= 0 hence |
‘0 = o
L 1 ‘
O o) O

() Tn the dedormed ‘req-\on Hhe direction ot Hhe line is

guen by =70, M=
Since V\kd \J \ 4 ZMF = ( %up + ux@» N@

Lcout'd

28,
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[2-15.10 contd

()

—‘T\/\Q d\‘rec;'n‘ov’\ COS-\V\QS N@ O‘C 'Hl\e, “ne_ t-V\ Une \Ande‘cormg;

Y‘eca;on Ove Qj\)e.vx B\/ the €c§uoc£c\'o\ms.
N +%N, =0 = N, =- 2N,
0= J1+ Z2MF = VI+2ZMF = MF=-z

- L 2
N=%7F ., NL=tJ‘—5E
N

taws=Na =2 o 6 =arckan(-2)=16.5¢°

‘\’\\*IQ A/—\ Fv\c,. ’OO< +\OV\

POS ‘o

\






