= Consider %e‘ c{;‘sp/ﬂc:smw%s o load F skhowsn.

P (2) OF'{?\{ha/ sf"a/'fc)y%m

. Y (b) Tmms!a-}m.j then

N\ | @ Refatrn, thes

: (A Translatren, en

i : (&) 2otatron [or‘l‘/;?fm/ S‘/?ﬂég)

R ra

Vi 7 e
(@) (by = (& () - (&) =(

On/ij Yhe pissage from (c) + (d) invslves wér—k) here dme
baj Hhe hor:?afn‘llﬂ// co\m,obnemf of P Nmzero ,7671 IUOYT/( i<
JB‘Y‘& u/"len A M& OP{7}7’Z¢/ S?Lﬂ e /s _V??S%OYEQ/, HW,CeJ )707L
crnservative, » ce, rel

\ l\-—slia’ft;mary Value
D

J‘\ 2= -P(Defb) |




Eht!‘ﬂ?,
| /
ﬂP:U'}'_Q—
N ,
\
AN
~ _ A
§~fa+rmar5 value ———/ 4 Do, = - r
. € T e7 k A
. =PD

]'[P = jl;?—h[(DLJ— PD
T, = (kD +B)dD = 0

__r
De7——k
4.2-6
F=ks™ (P kD3
- U—g F‘als = =3

o .
3
T,=U+n=52"pp

S dl,= 0= (LD -P)dp

Dep= \/ P/

<Ch6c£<$ VF‘—"[<.SL for F=P
and s = De,.)



4.3-1

Let overbars denote rclaiwa dis -
placements . Thus D, =D,
D,=D,+D, , D= D, +D;

Dy = D*.b—sza
- z = -2
HP—V-’.-[Z‘I(‘D’ +E'/(2.DZ- +é1(3D3 _
—P:D_,"E_(D,+l—)z)——%<b,+Dz+7)3>
o, . N _ 3P
_Z_E'E"O—kpl 3P) D,'— [( FO\" k':
: - _aPb =l =
@-[.Ztl:o:kp—zp D:’;* ((Z ey k
o =T awol B =
Ti —_ — _B ) [
S5-=07kDiP, D=7 - Jp-p=P
__3_}3 ZP’SP v"_s:f P :?—E
D= * T T RTL YR T %
By 435 2 -1 olpi3]| - 1
kv-l 2 - 'l'(“ 5 :F I (‘/
o -1 A { :
4,3-2

iZOW_S' o% [lﬁl 3ivm ‘ofj aU/aa{'::O

Ll dy- (cdyr s}

whevre ¢ = cos @ 1% s:sinﬁ,

U= zke
v _ -
ad,"kdd
W e
5—01-;_)49_(5)
QU -
7 e
oU_ —

e =

—-

C:-L CS 'TC
. jes st -=s
Uﬂ: k -¢ -S /
lo 0o ©

)
0
0
o,

-



4.3-3| FBart (a)

(a) of Problem Z.2-2

1 .
H;’ = ,'Z[k.a,@- kzd:' + /<3(u3»c,l)7-{. u4(az—14,) ] - F,a, ’fi“z‘ Fu,
odp

Sur, = O kit s (amen) =l (ame) -F
%IIR o = k'l»(az ”‘{1 2
%I_'TZ 0= k .Uz 'i-l( ((,( q>

-k -L( t F
k(+‘1:(34f—k4 k‘i P Huz} {FL}
: ——k3 (8] k +k Fg
(b) of Problew 2.2-2
1, = —{-{[kl (ug=uz) r ko (up- UDZJ- ks (‘43_‘(2)1"‘/51-(“4'—“3)
+k5u,2+'/<6 <U3’Ml>z]’54{, “libfz’ F_?U3"F44/4.

=0 = -Uo(uy-u) + kst~ ke (ua—tt) -F,
= 'kl(d4—L(z>!"kz<a2—bl,>"kg(“_?'—(’{zB‘

“LQ’
SN

z

- 0= Ky luymi) ~kltsma) s -0y 5

3

— =0 - kl<a4,~az){-1<4,<u4——u33 : F;‘
26(4,.

i%@%&

| 1. ()
] ~k 0 U, ,
Y +k -k, 5
. —};5 ‘ kv, vl —ks -k Uzl <} I}
,_kz "'kg k3+k4_+l((’ ——}14' Us %
O" -k, -k, k’+k4‘_LM4’, “:4”

(ConTinues\)



4,3-3 (conf/‘n«ea{) Fart (b)

(a) D-F Problemw 2:2-3

217

_ 2 :O'—‘—k,\/, kl (o} v, o
JLP:.—‘Z-[L"V/ hov? ] o [0 k ]{"2}:{0}
(bY of Problews 2.2-3 W - TV.+2(V,,—W)-2\¢., 7
| . E kS Pk

Upz-‘i[l{lv, +kz(2v,;-v,37‘J f;: ' 77

oIl :

LP_op-=)k - -

A L AW

'g'!z‘e =0 = ng (2VA_V(> _Zkz 4'}(2‘ Ya °

>

(cy oF Problem 2.2-3

\ 2
2Pe 0 = 2k (2v,-v) +hyv, [
2

3 dbe, vk, -2k, {VZ}:{O
Al- -2k, k |\ Ve 0

vvg STk C—QVz‘VBD

/(nm"}.‘m L(ES)



4,3 -2 (continued) Fart ()

(a) of Problem <:3-2 2
-k
.’i[(uz—é@Q ‘(‘4:‘19‘9;)] ~fu-M,6, ~huy-M, G,

o o ~
22k = kb[---]-M), ko kb -k kb [w] [R
]

2,
kb kb® kb kb e oM,
Se=o=k[~]-R PO s |
i ~ -k A | ) M
A a5z feb]-]-m, SR

(LY of Problewa 2:3-2

.k Cy ke -
ﬂ - 4 6{,"(“2‘2982)>+-—- u2°(ul+é9)] ~Fu -M5¢ —éaz-mzez

au, =O= L<<"'> '"] F o= =k (-4, + b8, é{+o{,+é<9)
%%‘:’“=0=-klo[-—-]-M,=ké(u‘_uz+4,9,3_/y1’

2k kb -2k kb Jfw) [F

ki kb™  -kb O % i- Mi

2L -ki 2k - kb Ua, Fo
| Kb v ~-kb L‘g:\ 6, 1, |



4,3 -3| (¢oncluded) Part ()

@y of Problem: 2.3-3

2
Uc 174 _

Kot 77 =
oAb _ - Yo s - /<B ac UA A 161
2 S B
op _ o ke (uc u,:;) AN
a”‘c 4L

(b) of Probless 2.3-3

=tk (u-06)+ 3 k (24 &) ~ Fu-mé

o,
ou

%1'; = 0=-kb(u-Bb) + k(2a8)(22) -V

e lo ]
kb kb r4ka |0 M

0 =k(u-6b)-F

i
e




4.3-4

I‘Z-(Dl-bl\ * L‘g(DL— Dzj
Je; (D3~ D.)

T_[a: (E}T([,S]{Q}\) - é__ {l{, DI'L,{. kl(b’l_ D’ DZ -
D: D'L+ D;) + }{3(DL’LADLD3 _DLD3-FD;)]
Z oV TKI{BY = £ k7 + 3k, (D -25,D,77)
+ Zl__ k;z (D:_'—,ZDZ Dyt Dj) s

2= -{DV iR} = -D,F, -D,B-D. P,

[!slirgh{k.b,m,w,—pg }



4.4
Unraxral stress : €=l -» off
Then  Ee, [/ v O' [

-~ ~ ‘/._-2)'2_ v ' ? g
o027

)
0
TV (el 2 - J{},z .

Checles 57, g449-9

Add 7(0 | ..;f i/;?leyrq/ﬂze, ferms

JBecn re )4, whore
€xo T~ 2K, ;) To= - ”702/1 dV = al/4a/xj

ann{ Ex = =2 Wyxx. Thus

e s (221rs -
SI[ EKym,, + xx%]dxsf“,’xx[ffkﬁ%ldx

4.,4-3

/\/ow 0, =0,6-° AT, 5057 44/2.(9555-»4557‘

° . A
]7/; :j [EE<~E) ~ TE<0<T)]A0(X "DP - —Ezﬁfb_ ~DEASLT-DP
. |

Sawme as laller form of Eq 4-4-'1}2) S0 Sc’l?’.’ierﬂfsa/?t 5 obf‘d/’ﬂ.&af |




4.5-1

4~ S5-2]

SGT_“P 457”3 R terms, Hhen drop a;
o do Problem 4.5-1.

2

u=a,x+4zx?'+q_-,x

T £
A 4 v ,3 g 1

S Uyx a/x:a,’“[T+,3-_azLT+ _543/_7,

o : 2 3 %

+.Za,aZLT 4‘-24, az LT + gﬂld3 LT

Lr ' ! 2 4+, 1 s
Scx ua’x:—' c (?3“ a:LT t Z“zLT +:S_-a3LT)

11, = %Uﬁfﬁégm” - (lﬂd;nfegrul)

£5-1
Sctay = 0 o do Problem 4571 Ther
0= %Z, AE (alr+als )- Lty
0 = 31;[1 AE(%a, L7 +a,l )—Zcir
Checks the first of Egs. 4.5-Ga.
452

Now vetain the Qs Term in ZZP’
2 3
E%I—T-?— =0= AE(Q, Lr'f'd,_lﬁ +431_7')‘—LCLT

a,
DH 4 c[
Ba, =0 = AE ( a, LT +a, LT += 43[1' 4_

il -—‘4L H?L - _C[T
Sr=0- st (Tl talriZalr)<T

Ln /77A7Lr:x forma‘f 5 / 3
3 C

Ly £15 ZrRa b=

L 33 g 60 2

LT ELT’ T T_ Ld31 ]2. 7)

Satrstred by Egs. 4.5-9.




415-3

Differwitial equation Eq 4.5-7 : AEu,,, +cx =0

/XX

Eq, 45-5, u :;[9-7‘ X / AE (03+cx =0
Satisfred ow/7 at x=0

- . _clLr 2 el
Eq 4.5-Cb: us= )2A5(7LTX 3x) AE[/2;&< (,3] cx =0

&‘/:S'F/a/ dn/; al" X-—'z

(BLT X - xg) HELHF(-(’X)] +cx =0
Sa‘f‘:rﬁed; 'ﬁ)r‘ a// X.

E7.4‘.5_8: Uu éﬂt:



[N
X

@) v= a,xgj V= 3a,X
Admissible | as v =V, =0 @ X= 0.
Buf poor, as it omils lowest —order
admissilo,'e fcrm) mama[j X'L,
L) v = axT+axs+ax”
@ will be exact , smce exact- v is
cubic in x for Ys load. /- a3=0.

(D 1T, = [ EL (cau dk - Fla L)

e . o (o1, Fia)-0; 07 F/2ET
! : A+ X‘-‘-L] gives V:FLB//ZEI



4.5-5

Assume thal uniform 4 acts up:

(&y v =4ax (L“X\ Lao{missié/e
L
T, = %S (26 dx - go% arx (L=x)olx

o T
41l d ._ gl _3t
J_ .y - -
T ,o_da‘(zeuq, Z q,)’ a, j___I

At cenfer, x=L/2, .
v=a, (L2/4)=0.010417 (gL /£1)
M= EI v, =-0.08333¢L"

T
B =g sinTE, = -a,Z”_{s;,, it3
Substitule 6=7{§- , dx= 7%-;.5{9

- EI arr¥y LAY L m
HF-Z ’Zq—.' T'I:‘foflh 96/¢9~2a,«7—7_50$/h@c{9
4
]7’ - EIm alv___ '-Z—Zéa,

P 3
4L m fol*
a’]’l',,/d’a/ =0 HFC[JS 4= )7‘—%?
AT cenfer, x=L/2,
_ 4 14
y= ;%%Ef = 0.01307/ (%L /EI)

7’7& 2
M= EI V/xx—"EI(‘Z{")’—“'O. 12901 gL
(&) Exact values at cenfer: .

— |4 4
V= 33—L— =o,onzo.2\$—£ , m=-%L
K4-ET ET 3

AssumpTion () sdffs-fp’c_s onlﬂ essential
BC's 5 assumption (b) also satisties non-
essential BCS , so of course works bcﬁer‘.



4.5-¢

Emcf answers 7C_2Y‘e.

v - 'PLL3 _ m, L ,_f:_li
L 3eI REI  8EL .
PL 3[.

M, L

- St e —

(Vo) = 267~ B7 ez
Set-up for (a) amd (b):

as =2a,X +3azxz-

. 3
v=ax“+a,x>, v
Y = 2a,+bax, I = U+SL

L
U=S EL vk = 2611 (a4 30,0134 &L
—(2 ‘PI. L(V/K)L‘*S % de
2=-P(ala, L3)+/v) (24,L+3GL)

E L3 L"‘)

9
oI, 2 L
’a‘ﬂ 0=zerL (24,+34,L)-R LMD+ F=
_a_]_TB O=2EI| (3a'L+éazf)_l)l_L3+MI_(3[.L)
24z +ql?/4
g s+ T
(a) Set a, =0 ; from | eg.
a-BL_ M gl
' 4ET 2E1 [2€1 2
-4 Lz A L /V)LL?' a ‘X’L
VW4T T YEr  2EI  12EI
mL 403

(v.\ _Za,L—ZEIS ET 6614
] 3P - -IM LM+ 29
mﬁ}‘a { -pL* “JE}
o s 247’
v =a,l+a,l e M,,L__?__.L |
ZEI 2EL 8EIL

R mL gL’
(V,x) =24,L+3a L 25F T ET ZET

©) On/g when P-‘-?‘ O  since
'S only for IV] /oac(inj

i

VvV =aX



4; s-7

An infinf‘i’e number, We are 'h’ljfhg

to model, by one polynsmial series,
fwo different :Po’l,nDMl\a,S +hat mecTL

with The same v & same Yx at X=-



45-%

= Z
= — p V=g, +axtaXx )
L L V=0 af X=03 G, =
t—— z ST
X =~ v=0 a"— x:z)'al—:z'}'dzzsdz:—
4 V‘:a](X"’%x’zj
4-
— 4
Yxx _alz
L
/6
HP:X <a,4">a’x ~a,(1-&L)= ZFa* FL+alP
0 .
dJ], . pL
ﬁzozléerqﬁﬂ ) N T TIGEL
PL?

E/‘emenfarf] beam ﬁreor?i

-3 4 4t
A L |\ L
|<—3‘>| = ez
- A,[: + P(L/;Z)
< 35:

_(pr/2y(/a) L - L >
B JEL 2 24}3[ BEI "% /251:

/12
= L ~
M=ELy. = ET (’%) ‘%) = 1;’_“ error TS 502

4 onml
(fov“al/)() A



4,5-9

Z -
VEAFAX LY, x =4 T X vea, (-2Lx +x%)

= m‘ K205 &TC Ve = a, (-2L+2x)
=0 af x=L a, = —2a,l )
Vex = 24,
j %— o+ Py = EEE(4g2) + P(- ),
d I 2 — PL
__——&: = EIL“ r Q, = =
i ~° 4 :.~PL" 1 a, by
2 PL
Al x=L, v= -l a,= " o7 pL*
_ L
Beam ‘}'heorg 47(' X= L A\ 3er
\ /4 - V/3 _
s 1007 =(2 ) w09 =-257
M=ELv, = EL <2a7>= Bllz_ error is =507
al x=L

(‘For‘a// X>



u= 4a,t4x *’4})(?’
X’L
u=0 at x:O') a,=0 ‘§ u-= ﬂ,(X- T:)
L) ux=a (- %)
| 2 ‘
(ZEUC - Uy E€w ) Adk  where &= 25
E

]TP : jL [’5: 411—(1—47_75 +%7’) _Ezﬁa( X ,%!3'>lﬁ/x
0

3 2 3L
dllp _ - w - 2x* ,3_)_.«70 _&__2,&1
da = O 0’[“'( Lt 3 L(L 31,)0

o<y

Y a = -

)
as= ()

2 L L
S = A



4.5-1]

u=a,x v = bx*
u/X:'a' V/x'; Zélx
Zxx:'zb

L
IT, = Joifa,zdx + X o 4b, X%k 4-[ EL 447 dx ~ P(a, L)

- AEL ~, 2P

==a’+ ———-A +2ELL b — Pla,
%EP,‘:O;AEL“'—PL ——»a,:%),ﬁa;:g :g—/
Ao o= £BLG 4 221y,
0= bl<4—P§é‘-3+- 4'EEL)
) /;l:sf Van:sk if b, #0 ——"Pz"g%.z—:
Exact Fo Is Rr=~%—=—2.%7%



4,5-12

L
n- [
o

v=a,x(L-x) 2= o ('"1}:) Visa =

aL
4

Vo= (L-2x) (v,), = L2

ey = —X4,

JXY

L
EL vE e + [c;,vz/x +",:[L'1"VL?—/1 - M, (),

LEL L } a LA’
I, = S = 4a%dx +f 2,4, (Lx-2x+ >o/x+—k-"— M, (-L4,)
0

]TP—;zEILa +7,, (*’““'g?*;;“[_o

Ix* 2x® > klt -
32

T[P__ ;ZE[LqZ""Z'—’ ——'—ﬂ +/77 L a,

Iy o - 4Er) g+ LBL M“”“
da, L3 = 12M
_ FemL ”?_“' 5
P ki T 4gEI
4ELLT 52 E %
0 /2ML
- L L3 _
v = ax (L) ==~ x (L-x)

"—-41 +M Lqi



4,5-13

Q 57mm5 need ( Odd G‘H/ﬂ
.0 i\ >, K
V'-'-Zai‘smﬂ ) Vxx=Z'“i(7_E) SHT
U:EE—Ia_’L(L' _J.cm 549 Z/:Ic ”a;z
_(7_ +PVL/ —Pz_a S/h"z. ) 77 U+_Y2_

o“T EL(%r
0':____
da, 2L3 a; + Psin

M;I

2
L = ZT . AT Cenf‘cr)x L/l
PL3

L =Cp = X ML. =Gy, EL where
n=1 n=2 5=3 n=4¢ exact

Cp .,020532 .,020785 ,0208/8% ,020827 .020833

Cm  .20264 2256 .2332( .23740 .25000




4.5-14

Q .Symm" need ( odd on/y.
U ts the same as in [roblem 4-5-13.

jﬁvdx—?ZaSS;n ;{x—-a"-z-?—é T

4 4 4
jr 0= EIL a;t -—-3—— ——?————4 L_
a; 2% ELr~i=®

At Hhe cwfer x:L»/.Z)
1 I 1
LY P )

z EIT 5%

m‘ —(CI: JXX) ——LO =t )
Let v =-c ﬁj" 2 mL—cM(sz‘)

= n=3 n=4 emc'f

Cp .0/307) ,013017 .01302] ,01302] .0I302)
cy -12901 .12423 12526 ,124%8 .12500



4.6-1

(ABW S clu,w(x éAEg (3/‘1,,(‘5)
We = ME(LZ 3 X ) = 0. :3333%—2—
(L) E? 4.5-5 7.[5

- cLr Tz. - c Lt
W‘Sﬁ“dx‘zﬂe ch{x Ay

o

.45
Lr <t Lr
= J = T ol
M72 07(4 X RAE go(7l-r 37(3)
W, = 0.13194 (L7 /RE)

Woe >W >W,. D/_s,o/ax.:emenf u 7s
Mna’eresflmqfeo/ (in an /W?Zeym/ saxas:)
but gefs more exact as more Termsused,



T4.6-2

(&) €4 = éﬁE(gLT ‘3X1)
U, = Tt
e L Leg, /:}c[!;—sz J(LT X )c{x
- T
Ue=0.06667 52 = LWe from 3.26()

As expected: work d’zme by qradudlly ap-
P"“"" /04‘{ s -"W % 1s stored as stram encryy

U= | ecink - LEET | %

v = 0'05556;? = 1w, from 3. 26(1)
U= [ Leernde- SAch o ek
L = LW, from 3.26(h)

C .
AE



4.7-1

. a(= O(SF a/ o9F _
() AFIO/? 57 4.7-2a 2¢ J_QM Ay aéxx 0

(26,9 + )~ 4 (26,8,) + & (20,,,)
26,0, iy BB t 2P+ =0
(b) JI = J[C/ e + b 6‘34511 c44$+c5] ax
Let ¢+ 84=49 +ey
T+ =H ¢ (dy re ‘Zxﬂl*fz (@k+e7,x)$+ c3(¢+e,z)"

+¢,(d +en)+ Cs dx

S<¢3“ 8‘7"03‘1)( S( * "28¢xx /xx+ez/7/;) D(Y
_ discard

=S(43 *Zecﬁ,xx%xx)dx
- yqﬂx" & “zeJ@xxx A% T B.C term

= S@xxa +Ze I@xxxx'? dx + B.(.terms

j((b;x'}ﬁfﬂblclx = [(¢ +2€¢x‘7;x+ct Jz;\a/x
A discard
I ) dx+o’ZeJd5x»7 xo/x jdaxéx er ] dx +B.L Yerns
S‘(‘b*e'lg—‘%‘ = g (45 2end +ey*)dx |

*_ discard

§I = <H+3]I>-]I = cj(Zq @i~ LG B +2¢¢ 4(‘4)7 dx +

3.C. Terms

m“{)‘. van)sh



4.7-2

OF _ ol OF

57,4'-7'20.- 2—5"22&7-”,0

—so—d;i(;aﬁ,x:o re. Pux 50 =0 .

.op =-S0x+C B ¢=-25x+Gx+C,
Tmpose BCl's: ¢=0 @X”O, so G, =0

20=-25L"+C L, 50 (=22 a5,

¢=-25x"+ (iLEO- + zsz_)x



4.7-3

2
E
aF' ;)1(13\/“ Telds (EI; XY)xk ?:0

If EI,is constaul, ELY e -'7.:0



]7;:: [é‘f[zl/,xx——?vld/x Let V+SV =v+ey
L

IL+ 31T, = g \_—‘551‘2 (szx“’f%xx)?'— g (v +cqﬂéﬂx
0

L _—
) g X%EI"' (\//xx+'?ev)¢k'7/xx +é 7”‘)‘)' 7'<V+C‘7> dY
0 Ld/‘Scar‘c{

Two mfejra'fhms L7 /)4r7L5 ;

g EIlV/xY /XXJX = -'j (Efz‘/’xﬁ x‘()/)raLx +B ¢ +CVIM
o

o

& (Ex, /**)/mf‘? dx + B.C. Terwms
1, + 81T = 5 X EI, /x\<+ e(F_Q Ve Jxx ) 7,(v+e;z)la/x +B.( Terms
o

L
Sl.= (HF+ 3T[P> H ge[(Ef lex) x 1}7 oy + B, Tenns

O

mws‘} vanish



4 7" S E_I: 3 N
F” 2 ugkx +2“4£X¥L(/177 + ué?; —.02 (/-J))(‘V,XX M77 - M‘X; )-— Z'-D-—z W]
?f- oF oF _
ow oW o oy o
2 [ ]
DMy, tuy, = (1-v)w,,
oF . [w, + Wy — ("7’>W,xx]
W
"
oF
2 - ap(i-
2”/)){7 D(’ V)W/x:,
ir F ~
o o, D Moo T Wy COTPME I Vi)
“PF T
5—;" 2\44”: D|w ”‘Y7g fW??‘/? (' 7') /xx77_—_| D[sz” +VW,XX77J
> 2F _
Ix04 My 2D (1-2) Wxxyy

OF [ 2T3F 2*9F 3" oF

Subst "}ufe 1o 2w ax" 3“4m+ Qy"' 3%7+ 3x2)f 2115

=0

-9 + D [V‘fxxxx * ”“ﬁxx” »/777 t nyxM +2.(1-v) /xxyy.]

= '7. '*'D(mexx"- 2“’»&77 +M{7777\ =0

’V"'w: ‘%



4.7-C

JEL M 2F
w - Er oM,

4 oF _oF _

dy M, s>m - T Eer ~ v

This 13 %"- Wen'f*curva?‘ure_ re/a{rm-

oF _, oF

v T8 5y, M

d aF OF

I 5v. 5w SMxx=g=0 (equil e quat iom)

$dx 4 medy AV

- ofx?*
M v vV f\?'v X



4:7'7

For a Y‘I‘Jia/ bar, wuse a limear u/islp/acemenf freld.
L |

As with a linear sph‘n; ) sTrain enerqgy (Chere VYhe incrementl a’U) is
dU = ;,ZLVAFZ -é—v (kV d/X) = :zl—kyza/)( = -:likv'rydx

L _ . - T :
U:éL vTv kdy, = —‘5{‘3}.‘1&’1 LYk ﬂ’;ﬂvv,}
N
) [k]

7 = I (L-»Jl x (L-x) Ax‘“k— 13/3 L3Ao}: ILZ:I:.Z IJ
)= x(L-x)  *x* R 72| B U



| (@) nP:fL—EL vy ¥ — S cfva/x

o}

; v=|N|{d}, Ve = [N, < 1343 L

4T o4
29 y .
[k A

WY o) yretts [k 1id}={ry)

(lﬂ H&me\corﬁl denstes a matrix,
g _A/L + My Vi + )a/)( M:fé/’" ,n};)e

V=N, Ve
d
= Lm] JN M Zome +meJNm,xA/v,xdxxe
‘_\/—/ . ~ v
,}ju H.,lz.
+ ch NV?‘IX Same as
v& Hp Me
L5

J_ - T - X
,, léﬂgwa;d d | Ngexly £




4,9-1

a, -0. 134' ~0.5 )
A -0.134 :;}

Node | : x=¢y =0 Nocle 2" x=/) y’—O Node 3 x =0, ?=I
u.}_ a, %“z‘i_§a,—o.l34- %“3}” a,-0.5
V) ‘{m, 729 614..-{—0;5} V3 - g -0.134
Final pasf‘fTOns -
x.}(__ a, ¥ fa,+0.36¢ {x;iﬁ{a,—o.s }
‘a’l : a, ) 7 72 ; a4+0.5 7{' ‘73 - Aut+0.%606
, \/&z'x»)z"' (72'731 - \/0-%6’614’ 0'57" =
Vixaxa) # (ysm9)" = (136e™r 0.366% = 1414 =V 7
PI -2 2z -
V(x,- )(3)1+ ("}:"733 - \/0.&; +0.%6° =1

- (4 b(
6 =30 {v
1




|4.‘7—2 |

]TP contalns 2"";{3/\/1/47(/75.5 of v

so m=2 oand conlinni of
{:irsf a/er*ivzfl‘h‘,c (V,x) Ts r‘eyai/e/bt‘f%h
elewrents (r uirementl 2.). This Phe
propssed elemen'f’ cannot do. Alsoe, )maﬂme

fwo aaﬁacwfe(s L= = ¢
of all doof. of el 1 el. 1 el.2

S‘“FP"?S.sed but wotall d.of. of el, 2, 7%3,4
x=0 inel but not 1t el, 2 @Juncfure



4.9-3

Do not want 7s favor owe coord.

d)recf‘?m over another
Total Cu&f

'do,f d.o

// / X«ia-

13 2
)‘ﬂ ) %

14 4 )( ?)2 X72

16 (p X‘?)K? 7 2.)(72: _xl

17 7 X7)X7 7&,72 ,Zx zx*
XVZ

19 9 )(3 3/ 23

X X 2 2 2)( 2}(
(179 a?{/ Zu‘/‘ Zya)



1.9-4

(o) If consistent nodal lpads are used, both meshes alve exac]

displace ments al nodes (see Ref. 2.5). Between rodes,

both meshes glve a/D/)r‘oximaTc a/isp/accmenfs (and stresses).
Buf since linear elements give only sz‘ruyh?“/m: plots of
aI?Sp/ACemenf versus axial coord'ma.fe, aadratic e/eme/ﬂfg
Shou/&( be able 7L0 pr‘ovm’e a Iae#er ;T To z//‘fp/ace w ewt's
/or‘aa/ucea/ b«ag_ smoofhl?-varﬂm;. Joads (note VhaT if lhads
do not vary Smoothly | it s not obvious which kind »f
element will be 63%726# — for e‘(a/rmp/a, a concentrated
/aao( a/)p/ie/?“o Vhe im‘en‘or node of a 7144//}17‘/2 e/em,,a;;f"
w:“ )orva/uc& ooy r‘efu/fsy. S;‘mi/ar' remarks can éa
made tor stress frelds caleulaTed frow element olis—

place ment 7mdi£n7fs.
(L) Afl’% Egs, 4:7*2) 4,9-3, 4.9-5. Lot h= clement /W/%J

er linear or 71444//‘47[/“(. Orders of errov’
Linear elemen] Quadratc elemont
Disp/awrwnferror o(h*) o(h*®)
Stress error o(h) o(h*)

Therefore, when element /m7v‘hs ave halved a/o/omxbmaf:
veduction factors for error are

Linear elem &n?L @M ra 71/\4 e/em Iﬂf

| £
Displacemen] z g
Stress 5 7



4.10-1 73

25 X Unform ‘f/ {ive @’s, =0

| O o
-1 o oj|! u 0o o o
[PI[E][P)= £ 50 o [0 51 % o}
0 X O|{¢ o o 0O 2
0 o 1] |
-
/ y O © o
| g ?7' o o O
“E o [ x 0
0O o0 x x* o
__0 (@) o) O 2
- - _ 2 2b(2a 4a3
fah=dab, [xdi=[gdh=0, (an- (>_ =
f'z_” 24(36) 4aé3
7 3

TH1= ([P] (e] [p] AV = 4“5’5[

W\%

o
l—;lJ



4.10-2

M:l_l xl{(s'} o M= [P]{é} where [5131' x ]

B2

L
L L
m=gr—H AT 5[2[1/ ij]
- IZEI /s -l _ 12E1, L*/3 ’L/Z]
[‘j] - 7/2 L 13 -l-/l |
o0 ] l
- - o
As m Eq. 4.00-19 [R]= (l j [51 [O
1L —
. 12 Ere L2 -3 Lfa =L/t
(M1 [¢]= [ | WYY
(1 LA -l L2
281, | L2 B3 L2 LT
) -l =Lz / -L/2
L/ e -L/z L3

/
L

T



