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A Study on the Effect of Rotation Field
on the Large Deformation Behavior

Lee Sang — Gab, Ko Yoon - Sup

Abstract

One of the principal difficulties in the three dimensional large deformation problems is
the parametrization of the rotation field for numerical computations. This study is to com-
pare the experimental results of the post —buckling problem of short I-beam with analyti-
cal ones using linearized or fully nonlinear rotation fields. and to gain a further insight
into the effect of rotation field on the large deformation behavior. It might be useful to use
a novel parametrization in terms of quaternions with an updating procedure of configura-

tion based on the exponential map to the beam and shell elements.
1. M 2

A L s RE] ¥ (large deformation) FZ& el F2 K (beam)H €& (shell)5¢ 7]
® %2 2(strucrural elements) 5ol AFES 1 e} oleidt R AEL TAAA HAE SAE At
7statd o2 wogk WS JastA YebE 5 lojok &2 EZola, FAst HGoX FEHA o
e% 2o & 9m 727} 2 AA(large scale computation)olE Hgs|op 3 Ao} wi3H
(infinitesimal rotation) ¥ 2] %3] (finite rotation) S WE| 2 HFE 5 ¢l7] W&ol ol
W& o] A= 3] A& (rotation field) 2] gl olaigo] wp&rh.
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29 Saint-Venant &< 'S AHI4stA M¥3l(linearization) Fo22A M 93 (tran-
sverse warping)®’& 18 F & A¥ 3t WY (linearized displacement field) & & 4 U
39 43 2 n4 ¥ (finite and infintesimal warping)**& d5 oz B} Jwd ¥

de & Utk Be| @) o] FE(moving frame) 9] 7HdE AHESI HEE S e 234
o] v]4% HolZ(nonlinear beam theory)e] WEH Y E£3F #3313 Euler Angles24] w7}
¥ =3} (parametrization) 3t WakA A2 (directional approach)& 3xhd H o] & A &3ttt
"ool2g BlAE B o]2o] HA e wE FEAd BRAS € dx, 33 d Al Euler Angles¥
HAHE Eo]H(singularity) ® I & F & Wio]l 2AHANGY. F 483 HL FH 9| Cayley -
Klein parame'ﬁerS(Quatermons)°i o 7| 4=8}8k 1 #AH(configuration) 9] 7841348 Expone-
tial Map2 ©] &322 A §33]HF & (finite rotational increments) 94 = % &3}t

2 209 ol A Medle F2 nA ke ANdS =UT Ui (degenerated solid ap-
proach)o] A& o] om!? o]e)g A2 4 (degenerated element)E ©]-&3F o] v H | Aol A
£ v 43| W Z % (infinitesimal rotation increments) 2] 7H338to] Uutd o2 A& o] g} o]
& A2 AS fste] B 9E A 43 HE4(nonlinear nodal rotaion function)& 7H48kAUH?,
Az Fol A 3 Mzt he Argyris'’e] 3 sjlE A(rotation matrix) 9] 2x&71x1 9] ZALA] V&
s 5 AR d3x ayHn Yok 2 v Fre] WaE & A4 e R 238t W
HE] ZEE Taylor 354709 2218712 9] ZARA|E BIAE sldFdor AT 4 a4%= NEEAT
9 Azl dats 2] g HAE A o]2L ulgoz 3 |EstH oz A u)A

l

i
E

lr.s

F_>.i

Rl

4 2y

(geometrically exact nonlinear shell model) = /H2E AE=e""”, B9} o] §33]14& Qua-
ternions & & w7} ¥+3}3} 11 Exponetial Map?] GibH o2 A8 73 g}

ol By Ao gy u|XFsME PAIHFEH K AT M wet, 2 {73
AE ol AE A3 T3 g&H o2 Yepd F et ue 15 249 $540] Fedua &
4 ook, ek =34 (directional derivative)®] 32& o]83te] W& ¥ (variational form) 22 ¥
oki|3d H3HHA 2 (equilibrium equations in weak form)& 5748l (intermediate configura-
tion)°ﬂ’~1 23 gH(linearization) #2241 Bl Fro sl A3 TR BIWANE 78 +
AT B AFME B3 S v A2 ¥ 1o 3 -] E¥ A (lateral - torsional buckling)ol
Hate] 88 AP AR E o] &3t Bl U H&(accuracy) 7t FHZ Fol| v & 1%
12} gtk g7 E AEste HYHe] ¥ Q49 Euler AnglesolY Quartenions© 2 #3834
UEhE B 845 AMgt aela 109 3 HIEE 18-S o nestn 370 (278 A
3,10 vA HEY A D)L FHAY 2N FAGERE ¢ & YEHNEE 3o} B3 3
AElEle] Agel vy AF5E FRH g A el F AESE $HA E(stress component) 2
2 AAzea, =3 oE F7)13 2 A (multiaxial cyclic plasticity) £2@-& Consistent Return

Mapping Algorithm™ 2} A1 A &3}
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Zol7} L olu BEHOZ w3 A 028 7Hx= ¢ 291 Z—."diOﬂH‘ AIZb =04 e} 7] E 4 E
B=(0. L) x QCR™| X 9| 71EHEA = 7149 (E) <} 34 (X) 2, el Za35A4E 7]
AHE {e}ol]l W& {x) 2 FAIS}H HPAMY (deformation map)S ¢ : BCR*—-R’Z | 18w Wa 2
vl (deformation gradient)= F=094/0X2 Jelitt AW XeB x= ¢ (B)S-& 2tz 2159 9 x| Hg]
Xot x2A 2dT (X, X, X;} 5 7247 T o] FAoA Be) Ao|waknt 27 o] 22 i)

2.1 ME3sl=l 812|%H(Linearized Displacement Field)
X, Ui =X, 034X; 0,+ 0 B+ ¥, B+ Ty B3+ T, y

dX)=X+uX)=4X,}t +u,-X; 0, (2.1)
X, us+X, 0,

A71oN A w (X)), u(X) & us(X))E 2t S o o] FFH S (mean displacements)olth. 6,(X)),
0,(X)) = 7217t X5, XoZ ol i3t H+ 3 A2 (mean rotations), £,(X), f(X)E 27t X, X, %o W)t g
T A%z mean shear angles) & 24 o] 9] B4 ot 2o},

ﬂ:i(X1):Ha(X1) — Uy 1(X1)~ pz(Xl)zﬁz(Xl) . u3,1(X1) (2.2)

VoXp, Xo), Eo(X,. X)) & 247 Bo(X), (XDl i85 BFFSo. aeta 6,(X) = X %ol
g Bl &8 ZHtwisting angle)ol i, Fig. 2.1¢141¢} 2o] 5 v %99 (primary torsional warping)
o ojate] ZAA= 1 FHF didte] y(X) R A3} olwe] F uENFTT F(X,. X)E 24}
Hog v 21, b g ae gy o] 99 ¥,(X,. X,)y(X))Rhe] #33 27|18 et

T(X, X)=- XX, (2.3)

—

oA eto 2 Fig 2.2014 ®i= upe} go] Fa¢ F ulEA Dol o5t Ao walsHs )2 W)
e VX, X)B(X)2A vepa 5 ol

top flange .
Y, B,

T~~~ ¢,

. N l /
u’l Ve
; tb ‘
bottom flange 3 /, Q
t 4

t, /

t t"’

t,i v
Fig. 2.1 Flange rotaion due to primary torsion- Fig. 2.2 Distribution of warping in bottom
al warping. flange.
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2.2 H|AME ui{ZH(Nonlinear Displacement Field)

Ho| Ao am S0 X HE (position vector), ©H o] 3 AIFS el = 33499 Fio]
5% (orthogonal moving frame). 281 8 ¢] 7= (warping intensity) 24 thS3} 22 HFAMY
o2 gAtE $ 9l

I

tl
dX)= b X))+ Xt +X; t3 + ¥ (Xy X3) BiX) t: = b X))+ XX, (2.4)

t t’

A7)0A b (X)) = (X, +u, (X)), uy(Xy), uy(Xp))'= G A5 AN S Yehla, 9 u, (X)),
uy(X) 9 uy(X)) = 2zt o 2o Mg Rolrt. g o] M3ke Fig. 2. 164} o] B o] F4lol
Z wo) & 7] A ME  (orthonormal moving basis vector) {t:(S)}= Jehd = Ju, AugHgnjE=]~

(orthogonal transformation matrix) 4(S)= 4 &QE;l| |3t t}37 o] FHE 5= Ut}

‘r'

r

t:(S)=4(S)E=4,(S)e, (2.5)

AFstE W FolA el 4 (2.1), (2.3)3E 22, Fig. 2.10149} Zo] F nl&EP PP A5 £ 3%
Z WA &3 22 22 F2E(orthogonal frame) 24 & F .

cos Yy sin Y

E=0,( Vit P=0,( V)t O y)=[_sinycos y}, ije (1. 3) (2.6)

7)ol A U AL to} b 242 AN 4 s FAAE v a2 vadd 937 ¥U(X,. X))
B (X)) Fig. 2.19149} Zo] @9 7z} @ 250 F2skA Yetdth 4 (2.5)9] vhx|=t &9 o(X)=

ge7 2o
a, $h(Y)+ ¥ Bg(y) cos Y —sin y
ayr =1X; . 8(y)=9 1 . h(y)=4 O (2.7)
a, Xg(y)- ¥ Bh(y) cos y sin 'y
2.2.1 Euler Angles

AP EY 2 4(X)E b3 2ol 3709 -l E A (rotation matrix) 4, 4,9 4,°] o
2 REE F Ah

a;(X)=

A (Xl) =A 1(61(X1)) A 2(82(X1))A 3(€3(X1))
1 0 0]|¢c2 0 sylles —s3 0

=10 ¢; =s,|| 0 1 0||s; ¢; O
0 sy ¢, |52 0 c;]{0 0 1
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W7ol dHE Asol v dgol g o

C2C3 $15,C37C1S3 € S,C5+S S5
=253 §,5,554C1C3 €15,55-5,C3 (2.7)

=53 $1€3 €€

A71NA 6, 6, 6= 247k X, X, XFol e 7@ 5222 Uehls Buler AnglesS24] X, X,.
X% $AUR $detn, o=cos 6,(X,). s,=sin 6,(X)°ltt. 7V AH o gol A1 gou} 4
24 E SR Yo =R Hoj8 Al SolH (singularity) o] EATTHE AHe] 9

2.2.2 Cayley — Klein Parameters (or Quaternions)
AuAZEZ 2 19 2F (group) SO(3)(special orthogonal group), ¥+t3 mjE & ~(skew -
symmatric matrix) @9 4&8F7H(linear space) so(3)& th&-3} o] A elsir}

SO3)={4 :R—R’: A'41=I det 4=1},s0(3)={8 : R°—R’| &+ 6'=0} (2.8)

ol B = it 8/-FH configuration space) SO(3)L o)A ©f o]A4 H3o] o}y H|AHE n
#7Fs ©h Al (nonlinear differentiable manifold) 2 ®t}. 41€80(3)0] #3%3] A (finite rotations) <
Uehdl= dl vlste, vidlA mlEZl A #eso(3)E Ah=0xh? 3]HZ(rotation axis £ axial vec—
tor) 05 zt= vlA3 M S et vl mlEY 2 6.(X) =6, QE 9} S E 0(X,) =0, e,°] vjEZ 2
e o 2

[9,'1']= 0, 0 —61. (0.')=

DD D
)

(2.9)

Folxl 3 wEE A 41€8S0(3)e sty A T,80(3)={8 4 | for any #Eso(3)}= AdlA
SO(3)o Hgo 2 HF7Htangent space)2t 22t} Fig. 2.3914¢} o] # 41T ,S0(3)= 7|58}
Hoz FA3d A9 Hate e FHHE v23d @S Jebdth. Foix vhdd aM g @XX,) 9} 5
e @(X))ol thete] AuABE A 4 (X)) 3HdF24 (Rodrigues’ formula)$ AM43te] ohgx}
2ol 6(X) 9] R4 4 (X1)=exp[@(X1))i vebd 4 lct. o] AL @+¢] Quaternion q=¢q, +7& YE
W oo 2t

A=I+2((gx)*+q,(g@x))=(2 ¢~ 1 ) I+2(q®q+q,(qx))

93 +9f — 12 q19:-9095 9,93+904;
9:91+909s 93 +97 — V2 q.,9:-904, (2.10)
9391— 92 939:-9091 93+q;-12

723 29 Quaternion g 2%2 g9 gy, q,. ¢;9] BES ZE e gE 57 go| Fojdo
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“ Y Exponential Map

Ta®, SO(3)

Fig. 2.3 Geometrically interpretation of the ex-
ponential map.

go=cosl2|| 0|, §=———sinl2| G|

6
(A

QuaternionsE A&3h= A9

otz o] Table 2.1 2t}

ST A

Table 2.1 Update procedure of configuration.

1) Retrive q,.. and compute 4, from g, using Eq.
(2.10).

2) Compute q associated with 8 from Eq. (2.11).

3) Compute exp (#) from q.

4) Perform /4 ,.,exp (&) 4,. (see Fig. 2.3)

5) Extract g+, from 4,,,. and store ¢..,.(Table 2.2).

Table 2.2 Extraction q from A (Spurrier's algo-
rithm).

M=max(Tr(4) : 4y, Ay, A33).
If M=Tr(4). then :
¢,=1/2 (1+Tr(1))"”
qi=(A4~ A3)/4q, for i=1. 2. 3.
Else :
Let i be such that M=4 ;.
q=[1/2 4 ,+1/4 (1-Tr(4))"”,
q,,:(/l)y" /1]-;,)/4q..
qi=(4;~4,)4q;for I=j, k.
where (i, J, K) is a cyclic permutation of (1, 2. 3)

and 4 is the coefficient (i, Z) of matrix (4 ).

3.1 I3 WX Al (Equilibrium Equations, Weak Form)

Qoo HAARNEL WHESE s ey
H

(kinematically admissible variation) ol Hi3lo] o231} 7o)

kM| 8 (weak form) o2 HE BAHAL FHE = o},

G(b,my=[[P:@F- nav-[ pB- nav-[ o

o714 DF - n= Wiy 7ule] R o2y then 2 9 584

o] &3t TET}

DF(X, u(S)) -

HelZ 93] =1 Piola- Kirchhoff =

3.2 X|ufLE A2

%748 (intermediate configuration) ¢ : B—R%|| gt 5w 4 (2.12)2 M3 s}st

d
n =—2—£‘[F(X’“+ /D) P

HelA &= A2 Piola - Kirchhoff &
31, olo] th&-5+= Green - Lagrangian 38 =dA E=(FF -1)/25 AM8-3ch,

nds =0 (2.12)

(directional derivative)?] &£

(2.13)

el (S=FP)z tjx|&}

A& s}(Linearized Governing Equations)

4+

ohe-3t
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g A% vAe dFg e uF

m
s

LGy =] OF - )y : [s®1+F'—F1¢ (DF - 4 $)5dv+G(, n) (2.14)

7)ol A ¢ : B—oR*= ZEWE (increment motion)elth. 281
stiffness) 24, 1742 AAGFL 73182 ¢

[=]

(out - of — balance force) 24 t+&# 231, 7} HY

G(d,n)=]P:(DF - n)ydv - nds

13
9B

(2.15)
A (2.14)01 K<) W Fu) Fe) W= DF - A 9 DF - 0= 4 $ 9} 7} o] M2 thzchs 2
ols) = st
3.3 9822 ojus

2 (2.14)& #3249 (Finite Element Method) 28 #33}7] A3t Fe2 ot} BE 37
o) Aol 7tz thed 2o 10709 AFES

FEE 7IE 842 28dY dvtsld ¥ u(S)=({y, v, w
0,0, 0, B. B By )'E BARA U=(U,V, W, 6, 6, 6, B, B, B; I')'2 1433} o] Uehd ¢

[e)]
AA

u(S)=zN:h,.(S)U,~ (2.16)

7oA h(S)E Co2l d&4S 2 28 (Interpolation Function), Ue 4 oA ddwg
HEjo] 1 N ZF 8 40 A roltt, ZF Ao M B Ed-EL vy o] TEo2 A Yehir)
DF - A $=B(X u(S))AU, DF -n=BX u(S))n (2.17)
1714 B(X, u(8))2] #(Row)E& DF - 4 ¢ o} 53} 1d) 12 i@,
o] AoE AHEste] MEstd Hg A (2.14) & TE dHEHY AU disly &3
¢l o] A3} &7 (Discrete Problem)& Ax¥c}.

o w=
e FFH

7)ol HAZAE Kot 28FY £ RS 220 gozy ey 2o
K =Y [ BIS®1+FD?F|;BaV, f =F, - ¥ [ B : Prav (2.19)
o7l M Fiz @4 24 28at3 Welolch 1), $2 Spo} ghay T E . Do), o) uleky
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Table 2.3 Cyclic Plasticity Model®.

(1) Update strain tensor and compute trial elastic stresses.

E..=E,+vVu S°=DE,,,-E”). n*=8°-a(m). &=8°-p*
(2) Check the trial elastic stresses for yielding state under the mth cyclic loading stage.
(3) Solve ¢ (A)=0 for £, enforcing consistency condition at t..

20
(4) Compute modified elastic tagent moduli : & (K)=(D"'+4Q)", Q——[ }
(5) Update stresses. plastic strain and back-stresses of yield surface.
r’n+l = 5( K)D_l qfﬂ ’ Sn+l = qn+la(m)’ EI’I"H = E'IIJ+ /{Q qn+|'

e
€n+l

K
S - a )y——

=el +\N23 £ (K), prn=§

n+l

(6) Compute consistent elastoplastic tangent moduli :
[___ — g _ (EQ TI"“)(EQ qnﬂy _
o ! 1% Q5 Q Nt Yy
(N
o7 i€
1-23kEYY,., £

n+l

2
where, Y =3

(inelasticity) 2 & ¢13te] goHE dutxoz nXgoz WMo A Ao T djsto]
AR stojof g}t Ady DA E 379 &, F B 278 FWHA =
o Gauss- Lobotto HE¥& H&sty tFozA] ARES Pgrt agu Zo] WO = Shear
Locking2 WA3}7] 938l 7hat8 29 (reduced integration) & A}-&-gtct.

ZAMH oz ug BHE FHFHE Ax M. B ZUR QioAE FHAHYI HHISHLH
(locally plane stress state) 2 ZFFE@G agla 97|14 AHgshs F714 2429 o] Table
3ol 2oks]o] Itk Table 2.39] 4 (2.20)¢ HHH4 (2.14) ) HY3HH T 4 ¢
WA A S upxeto 2 M s 7t

4. FX|siM o nF

o

HhE g uhe e [ Bo] 8 -uE5Y FZo tiste] ST APAAE" FolM dFAHL F71H

-HEY F2Z A5 (FE8F0] AL A9 B FAA A A7 v EHA e 28852
BANES Jehd AE Fig. 4.29 2o 71 2eps 28 &L e I8 58 75 (limit beha-
vior)& w9l ¥ u]$ w24 FF F 7F=(post—buckling capacity)ol &4o] WAZc} 181 Hx
o] #Z5% (buckling load) Bthe 84 ZAx|gt A& = gl 27|82 FI3stn e A2 F A= &
At Ao A1e® ddnA elh7bE XX (propped cantilever) BE& o]4d3stH Fig. 4.13% 2
T, A A B mdd] 243 FFAQ B 7|aet % AR A A&E Table 4.13% 2ok, FF3<
B gdoAE AYgdlA AHE-E Load Cell FA| gt}

o FEoM AFE AFstE A MY AP sMH B RS o] g d F7

oﬂ.

2
rO
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ta

Ao dd Asel A ol WP nF

Table 4.1 Properties of standard cases. A% (eyclic response) 7t gzHol AL

bearr.l length 2080mm (monotonic response)< ZtZt Fig. 4.3%
location of load from fixed end 510mm :
height of load above shear center 240mm Fig. 4.4°] YEtHA . Euler Anglesel4 Cay-
eccentricity of load position 0.25mm ley - Klein parameters (B “ Quaternions)<
depth of cross section 250mm
width of cross section 100mm o]ga vl sl 7 AT AR 28
flange thickness 51mm st 270l Atol7h glo} FEglel FUs
web thickness 4.6mm o
S 3] &FO Al
yield strength of material 330MPa Al deiie Euler Angles® Sltdo2 A}
ultimate strength of material 475MPa 3 AL sldako] (2n+ 1) (rad) Y W Sl o]
d ibilit, igi
ﬁxe end ﬂex}k?ﬂ_l Y n,gId wAst A @k Cayley - Klein parameters&
right end condition simple
HFos AHEF A B Rl v E F
P NE o £ FHEEF Mol 71 Uk
Fig. 4.29) 430 218 A% 3} Fig. 4.39] A00% Lehg v]4g 82300 98 AgelN ¢ 5 A
o HHoR e B AAGw LE weIF D Ak Y AN = 2 o3 x7)e) FRaF

(limit load)® &2 ¥ 3} (post — buckling load)e] A& F43tA z+zt dizF 210(kN) 3 106(kN)
o2 Yeha Q. v Frivitk ¥2stn Qe A2 F aEe A A A 2l 242 90(kN) 2
95(kN) o2 u]%=3 A7S F3 gtk w3 &L BolM Yehts AE A F714 & -vEd #2 7
=5 2 yehga 9lo] ujAd A4S A a4 B Bl TR A= Rt & 5 Aok
gy AR FolRA-S Weo] F38kE(pulling limit load) & 2 e Ate]& Bol F1 3t} ©]
A& A% A AHEE Load Cello] ®e} 22 BEo Ao st 4A4 (flexibility) & AFata 9l

| Wl Ao 4zhEnh

N

—»é‘-«.—

Applied
Rigid Load

Load Cell Link
/ i Applied Load n ?
[ W10 X12 a
510 mm! ‘
|l
.~ 2080mm — ] Shear

Center

(a) (b)

Fig. 4.1 Idealization of test beam.
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of 4 -1 & A

400

T T 400 T T T T
300 b 300 .
1
~ 200 | b
z = 200 |- -
= &
[=]
100 4
S 2 100 | g
S S
-l
a =)
E o 2 o
& =
2 5 \\
-100 -1 -100 4
-200 T -200 4
(a) (b)
~300 1 1 1 1
-300 1 1 1 1
-40 -20 0 20 40 60 80
-0.1 0.0 .
VERTICAL DISPLACEMENT (mm) ° 1ROTAT‘i.02N (,.,3')3 4 o8
Fig. 4.2 Cyclic load response for test specimen.
400 T T T T T T 400 T T T T
Fonlinear
300 i 300 L inear ]
Z 200 | = 200 - .
2 =
a
< 100 | g g 100 N
- =}
a a
2 o =l
= =i 0
= -
o &
< <
-100 ~ -100 | .
-200 | ) -200 B
(a) nonlinear
— - - linear
30 L 1 1 | | 1 (b)
-300 -300 L ! L 1
-15  -10 15 20 25 -0.1 0.0 0.1 0.2 0.3 0.4 0.5

VERTICAL DlSPLACEMENT (mm)
Fig. 4.3 Effect of rotation field under cyclic load response.

ROTATION (rad)

il
off

o 4> o

Fig. 4.39} Fig. 4.4 7712 3% i i3 2 2o oate] 74zp 573 3l dx<l
Yetl ot 2719 #2etE2 719 FdaHA UdetuARt 22 §o] AL ¢ ga2de A
At Fig. 4.3014 9} o] F714Q AFE o nj iy 3o o3 B mdo o3t 2 &
< ti2F 106(kN)olM 2 o2 95(kN) o2 FolE5x e Wi, HEshd 3 d ] o3 2
TY43tA 160(kN) Fxe &E F =& FAstn vk 28n H¥std a3 B mdo] ¥
2 FAXNG Y A2 HEFATS B F 3T Fig. 4.49 9230 ASA & & Adxel FHZFo] 2
AR A 3ol 4] 2 MY Follx & AolE B FRUSS L T A

z
= 9k
%‘-_E_o]%o{] 9]8)— A 6512:5_’_ ﬁgz‘sgul-zvd

e

flo
QLo
Lo

X

I ©

—_

r

AEsE Auptg Al A (2.14) = Washizu 98?) 7128 & 5t NS i )
A B FAHE ve nAYE P o, dHA A AYstE HHPone BE AR |

-202-



Aol Ay AF v dFol oig 1@

300 T T T T T T T T T 300 T T T T T T T
nonliner .
Z 200 Z 200
= =]
g 3
2 -
a a
=} =
= =
& &
% 100 < 100
(b)
0 I 1 I 1 L 1 1 L n 0 A 1 L 1 1 1 i 1 n
0 10 20 30 40 50 0.0 0.1 0.2 0.3 0.4 0.5
VERTICAL DISPLACEMENT (mm) ROTATION (rad)

Fig. 4.4 Effect of rotation field under monotonic load response.

B 9128 % F vk aeEE Auside] doju tUY FAE TE ol wuY Huge
EFAINE Aol vhga @ Zolth. 283 Aysld WPl B naRe Ayete Ao e

Hd@ste o B2 598 (independent variables)t zxke] &43H=(shape functions) & AF%

stojof shiz £de] e Yo 4HF ¥4 (fully nonlinear) & 3| WF o2 Agah= Zo] vy

5. & =

32k i E EAlAE dAZ 2 o229 shue 8 A (rotation field) 2 FA A o2 Hes}
I Ze3og Yepdie Wilolth By do] 32k iy TR EA A HFHE 7MY 71EHA T2
LRA WY 7]3}?'5}’-‘4?_] Ho| A & vl &3tk & 4= Qlt}h. Euler AnglesolU Cayley - Klein paramet-
AZES SR sk &g ¥4 M9 (fully nonlinear dis-

2 & Zloln, RS Aty g &M o2 gy BER ¢A
A °3’\‘_‘%'..394 Al B8 202 AlgdT oleidt MRS Yy s v A

aAng

o
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