ooooboooao
2690 1976 O 115-132

PREN) » 2T AT 5573
%bﬁliﬁﬂ ﬂ&&ix

"L %% . E

1. 3271 |

RERE LA s 3HET BNz vt B 23 TEL
FER Bt Rweeca HOBER i BEHES < ¢
TRy, s hd RENSTETH AT, BT RTEN
VEETH Al TR ) BEE v, o ok —1E
bAREE TR 2 0nb 2 K3, ||, ERDEB <50 73,
ﬁq&f&wﬁﬁa“}ﬁﬁmlnﬁﬁﬁﬁﬁqﬁﬁﬁﬂu
BFE LM T O (negdi:ve Aefinite) B2 v & ) | 3THNEE
V<3, I, FREBT AEK o B £ RARKIL < )
S TR rmrene, HEEE HBZ vRIR <M1 R
WELCK ), 5RT 2 FRT B 0F 5 < R g

m\\

L

73 AelF3 caBHA e T,
EXra, BENFET HEARKI0ET L. 28
mzhﬁ%iﬁﬁ#ﬁ:%ﬁﬁz,iamﬁﬁaﬁﬁz%g

LT RBRTT Y AR = =y 3ol

?



it '

2. HReer] - T R

(1) FF RE

BEF) 0 5T Wm0, Afcn 5 5 <% 7 FvIpaw 2
Boopy RREEMAR) rekmi & xr3, KX
9ET L (T3 B 074 T B2 A 5 s8Y
U, FR AT E g MR R s FBAN HA3 93,

RATHERTHMBE s B-1 =27 193%4--747

KE ), Thbht *‘57}‘2@.) 5%\':};?52; ‘;v\lifﬁ, RABE : 2F 303

Lo

31
PARTANEE B ) .
P P P P
./
74
& v ?
00'
,\';/c' 1
0 X 0 | X 0 X 0 X

(@) ™ ) KTE ) 4B () KRER
- 1 FIRT B - K
B (@) 23531, BEITH K2 2 o (el — condditioned)
T3 vk 3 3 H (e, ) g B e BT R (W~ comditioned )
T, =) ';il)) 353 @) Tt n@gat/‘ve_deﬁn(tc =7, =Y
33, |
31) BWREE T BRER <¥w1EL 2 <33,
32) BHEW aFE o MBERNB I, KEH < akAr
25, |




(2) FAEREXR
5)}5 z&ﬁ; FFER 25 < ) ETeIRET L= 8

i

s

e NS
RUHRL, Rt iRE 1< 2800ubchs B 2, BiFa s
Hep | tEATIRER(AF G TENT L) 23T

b%(%&{7%b)£ingﬁ&a H2HFET L
Tl RHiz, Ka®, @‘)E@Z:\‘Z Rl raSshA w2
) )i i — Newton “/Zi/ohsan :/Z 7{’? ) NewTon ‘fQA.‘,f;hs? kL
@ BIR — FEETL, RE%ITA

2T ?\;}’33§f\‘ 9  FUBRFA B~ 9 F AR 2, BT
A N3 $']1{7%1‘+’? ram o, R 35983kt # R,

© ARFTH NI 2 Gawss » A L&,

@ E’T} C/wfesky R (Sg—vure —poit -Vg/m Choles ky 's method ),

@ HER,NT¥ ot Ay mnKKIWIA (blk-

malihing  conjugale wuhud‘maﬁai)
(3) TR IRIERX
I B 3R TN RIBA - REGTH 0, R0 53

AR LR T 0 2.

© HEEZHNHNTH

@ 3 %’é G AT B2y, BHE A IRET K v g



iy
PRETIRRTFERN B rmcd, 727749 A
nn o, TREE AL, 2REB o0 1HRRE
TRAEEDL T 0ty RO InERANEL 5 R 3,
® RE;E ¢ q

-.‘
~J
At
NG
,
e
—

@ KEHNFei3a)rne, T EB cB2 o ¥
;iﬁﬁﬁ;b\”?%Hh&ﬁhﬁ, B G N RART B 3 2
@ P RZFNREsHE AR IR, 4727

92 7RFEF 3 T,
xiwao kv, LAT%R 777 -k EE:
TEAR L R0 ndD 2-3T2 37 28T FEA Y
‘.

T I RIBEA LB TR T TAEN L v 7 5B
= < ’zzg"}‘%‘;\'\ ?_1’5‘\’0, %%%@Tx’)’;bi") i‘Aliﬂ\\Yi]"

1
(1) Gauss 2°H f\‘}f\, 23‘7; C/w[es;éy A
© HEAIRIBENRB.2 502 1 s "1, 19897
T HEW | 1T E R ) A o 3,
@ HLIBE~uBo T ELF3RN2T% 138~ A3 9
) 48 bislwod o ETPRIK o "D




1y
E, BoBZ T

T ).
@ }onvnt ";})E_ ¥ )

1% 9 F29) 243 %)
§ =, >ﬂ£>2<

I%ff‘ﬁ’r IEINIE
@ #IFEH M3 2K (AETN2T) 1792 1 KN
B E R FIR3 e v )T saET
T, tha@aFE<vBETI. 1R, =0 FEI
RAaZLRIWMET I A3 |
(2) HixA¥L
B ET L THI 2 hn x TEa T

L PE 237w “ 7

R (NT3H 0B 8) T 72, AmEMD B 1

;N0
G 3B aba I  FEEL <~ —KI23 27T, 5hre
TRET IR0,

\6')}"19).:,@")3‘ zi\ﬁqgj?})s

4. VIR A EN 2L

(1) Newton-Raphson Vi

FR W B b n 3 IRT) o nTRLFEX
FIX,A)=IK(X)-AP =0

(1)
2 on, KOs IRERE) 0 RUEEST I ,\\Wtil;i/\“f]};g/“
PamEX 7 Lt&bn(, Auf ‘EE\”?)";’Y'UJ?,
2753, VR,

TH 3

=

PR F
B, RIS T *‘E’:Wc% 7L

~4
3
(vl
A

5

Al
{

I



GREAP, EURRM N2, RANNDTI
i)"'{.\; ANe)=1{
Z: %t%‘ ?x?‘(qta7i\fo75.??\"f*?w‘%’n\i

57\{)1;“233,
) WEETELLHARA  rBIca \afcTH3 > b
-

S BPRTS <5 X (2) RN 2§ ) < 73,
F(Xgﬂ;;\;“)’;zp@\i;,/\ua)+J—(Xz)~)t’z+| (3)
< ~ '\’
Xiti=Xet 7I:£+l) Acer = A + Xev )

',.4,

), TX) aXxe "3 g3Faxz2E000%3.,
T(X) = [2F/72X] &)
R(3)2&Z30 s 57 FhkRE9RE s 3B

fﬂ,z(Z);%dm%&MwM£oﬁﬁﬁﬁﬁﬁ%5hso

xS = —LIXET X M) 6)
T’\ r’\‘.\ “ ) i)
’ i*l— Xo :.H

(7)
b) K1) s, ngjii&z%ﬁzliAﬁi

'ﬁ\?ﬂ))%*(z%z"z 1’5”7/1{.@{)2 'TJ)TV?'\

Xi=4 (§)
rbh <. § R, FRXIFALE

X = (Xi, ===, X1, A, Xjot, ===, X )T (1)
LB T, W) 8

F(X,4) =10 (10) -



fre—

AL

] - i ' f 4t prhRE ;‘:‘;’ N e e
VB3 WA B A
! - 4 S.g - 5 L T - e
3 Newlon “Raphsonia 2 G AN XK F 7005 o,
~ KT ) oo )7 U

)léfl‘ - 7)**4: T L (A‘L"" ‘r{\bﬂ _lc-vv) i)

cin, Foaxa€GHTs, RO T Fidns -7«

(2) T Newlon- Rvu’ph:»o A
T, RErrwv s axacililest®  Ax
ArH3. I% b, Kie) g REX) B0 T,
T swa TX)
TRl o3,
(3) WERIL
RN e c ;»)\é?u?;in’m AR ER T, 5l ar
MBS IO T2 LB S s kw235 7
F it B0 B% Y a7 1, WAL A3
J(Xe) Meor = Xint P 2)
Xe g 38R0 <y 2 E s 2 ARMMAB A3 LE NPT,
MRt 95T ERE 9aps FEED (REN ) FL)
BB rAAOE LR BRE M s vonin, RIZF G RK ard.
TR W = P - FOXG, NG (/3)
X U3) ¥ /Vew(on"ﬁxioksm“/ﬁ\ <y RAEtH 2 —#l5, <

v 2R vy T H I,

q,?

~

S
v

(¥



122
(4) FAEHE
KRB T3X233FT2REcZTL T -7 & |
TR, HE LB H 1 < FARTEI. 193, o
TrREGRIKTH ), HEXYI ) - JAnEkkok 2,
RU0)eXenthy) AR L, 2R ETnT
F(Xewt, deet) = (X2, din) + TX2)- R (14)
iy, 155, BRAF1IEL A non tERTHT
F(Re, das) = F(K, 4e) + G- F(Xe, 40) us)
i, R aF I EIERB 3R G -7 AN
THY, FRA) s R ()2 T(X) » FiaaF 0, ke
G X) cmyx
FR, 4) = 2 =28 —(x) )
A KU, U3) <TR8TIA, Xet Ko o XM
V1, T T RK UT), US) 2k ) R E 3,
T(X:) Ho, == Fun-F(X]) (17)
J(X:) Wi = - 3@+\’%(KE)—F(§;) A:) (%)
wrrl, Xia FiFET 2 vn1.
(5) #BREFLD™ |
Cadhy, EBRAcn o TRIZH T s E T2 ry <R

B

W3IZETE 3, IRb %, BICIRMB 07 RIZFE

3) MY RENRGT 007, IR 9§ ) AT dd,




WET L, RIBD cB 2y 1, R 5=t
: p ( |
o $2- 7]\’6"‘5;&2") F}%’Lfﬁgu’fv“ 1FD _Ii

{1 i
LXi41.

.

X

WERBE~ b <18 % (|, 2 BTIE
1 g i ﬁik)\ﬁ}i A G (iﬁ/'))ﬁfew‘{ow‘&.’ahsgn, 0 l
e X4l -
B FIRENF w3, S
‘f\ j + ) Bl-2 BT
Bla v, % 2 RARAR 5 &, | (6)
LI3F1EB 2 RIEZA G

i‘i.—~[ﬂx DTG, Ase) (D)
2% > cA L T, BEE T A a xRy 338 s
E%x,zﬂaﬂxﬁfirarhs 9 riagR g
X =2t - [TXLDTF (K, Aeed) 20)

2% vz, Wia BB 7R, Xen =Xt U532,
K@)yl iy ), BEENHEY ¢ o EMIETSH

3 LT, REVE N~y h > xand, B0k

FrafBe 9o AN A3 e 33 BHER 28R

53R AN M =BT T AR x4 3
73 3%

s
I

’?;@}%71\324) Tl ) Z A
i< ‘gﬁé T Q‘V\A/wfon—?‘k[akson BTy T Aix-0 101
- ? ~ w
Bro X8l kR a0 30 0BTy 1 i



19z
e 't

L, =7 BEAIE YA o7 o iR T 3,
RG2) e RUTD ST Thar 353 m, R ODI1FHa
Yy TR GU2) 9o FEITHT o F e R HAZEANT FLP
2T E LT N nB iRy 9T BE 3, LB T Tk
NEYIR, TaRma8a0 0534 5, TafdR 7,
o W eI L oL LR, 7, KN U3
KIRDXRUSETT2 E s FAuRrs T KRTTH R

%r\ IiERm TAPRNE O 2T, AT E )Y LT )X AE

w3,
(1) BEFH 919 BEA s x\nB1r IBR 0 #H
= (&, &, -, &;,---, O) | (21()
PRI e 7 32T 1 RFIERN
Ax —Ib (22)

KB 1, EETH A EE R e AnB L rIEK s
%'i L. ;7:;')’)‘:),

A — o (23)

R g (&, &, b, &n) 24)
o FBA G oM s, KGR KR

At =& (2£)

a4 W T, K () § )3 (EA T AT D)
',i) i»-,) = (€, & -~ X, -, e") (ek —\‘?{ﬁ’\_'])-[/) 3 )H v ot
AE; =3 v X =FEAw-F%

10



(?") %f‘)
K :;.i X
S — Jo Y- Lo
l_ T . i!
ATV A |
XE"\' {\"(n:'l

\_ZL)

{Uwﬂﬁiigi,ﬁﬂﬂﬁiﬁﬁgiﬁiic1tﬂ

RsFFEN KEXNTFL) t&07T,

Jw =\I- K

= 1 + L

270)

7, B YLE25 9N Ly

2% )

c3 3, Nt 2-9 %’ﬁf\‘.:q\@;qgo 15 p B

J-tt = XP
J~M=—H<
Wi, Nen)axnn g,
NI A -9 T M
Yj=t U =0
LB <. U HREB) F)Rp b 3T

(7)) =X L ¢

Z (T ti) = NP = (4 -0)
k%

I R\,
Tt — (4-0)d

v E xR L2 NN

11

Ci’»téf’;?d? J; % -PrE3#®8 L

X9 Bi AT tERR L, R

G =-dy 2 K

(32)

(33)

6



12¢

Ky 97T %), ko RPEHE-FINT FLTHS,

£ =t N, tu)" o (34)
| kRos, 7, R332 FET 3

Jw= [P 3$)

Jw— Jj (36)

")'ﬁé?nf, wtHar, K@)y YKo Hi g,
vy

t, {“’3
t = /;\ =(“}“5)]") Z"(“;‘?}%)
' ¢

1
'

| 1)
£, s A
ROBONHHEN I A - AT o b hda7, A2yt
) RILBA Xt RA» £ 95 <% 3,
| g“k’f/\‘)l:*{g“fk (k=i)

I = (38)|';_
e (k=4i)

~

’

< T

A=-8W;/V;, B=utj-F (37,2
®E ANGED Bxexs THUNTF-7 Toitzy

K, 38 RUJER (30),36), (38) 2L | v 7 A (39),

G I YRBLIT e T3, 2938 3FRA2%KS

W E—AARFEIHN B2 -7, HEE Moz 0T,
(3) BEEA»T LT LA

ARG,y B ARB R 1 EFED (REN)

FL) Ry RoREBD-HWIINUDEFE T2z2b

12



5 x9N @D~ (37) 233 1% 1R 3
~3, RIZms#ul « %338y
Aot U § 3 };UE\VTEQ
ﬁ%ﬂih«mgwaﬁ%ﬁzﬁﬂ;saa,
NKEFET RT3 AN 5K %), 69 5
£os. R EN T FLF(XKi, din) 5 Ko

AU FSBe Ao T W t5e2 <
(, 2 a®% < :‘&?(.{7) 2 ) SRR LA S AT TR,

}
~ ) —~ R, ~
P Xi, + Z.)’Lifi

37525

=0 (7

0. J F A

(1) ®hadis <

B kRTERBt — 5 0 FR 9 2 THE~
BFE TN ThoMBeAEN-MAB. |  tBbo7R Th 372
HUBARE Ay, BoEY <53k
e I

PN I'I%E_ ~

o, TR,

qﬁﬁ_\'\ j';\t T \jﬁ? ”);iiz\zfﬂ Vi 3; T . A\“/j:; \)

Fﬁ‘iﬁj} /l':‘Eb\ ﬁ :{i\% 9 ?i AL \L\%—Z S SN ) fii‘\ gF?ﬁﬁ b

ﬁﬁ%@zm~1ﬁ$ﬁmvﬁﬁz

b\§§)»ya)«ﬂ%{$n %?3’\“

1THI, E-U R, ERFIBRAIFHIZA2EI 2, Th
73?75?%?&\6737315223\&7%‘ AT 2.9

ARG L BT
K(x‘éﬁ;ﬁ\:: 1, v 3&”\ <32 < ¥ ‘)’ ‘,\3._%,2 9 2 TR O3,

13



2%

£
. iterative method
mixed method
Newton-Raphson’s method modified N-R. method
—
i load incre- Gauss’ elimination meth.
o o . X modified Cholesky’s meth.
GE) S mental method conjugate gradient meth. od y
T -
g displacement
! . Gauss’ elimination meth. | modified Cholesky’s meth.
o incremental m.

PR35 > BE 1, BT MewtonRaphsonihz H 22 A
75, Neton-Raphso 22 B v 3 BR ¢ ) 631 F ok B a2,
(v |, BTEBI I LT3, 103k aBsKE
i oVhRNE 3 - THAB LIRS 2

M-l R 1 md-a8 271 2&TE-B 5 s Ao x5
o F r- Wttt WE <Ml I 3, |

(2) &

TR JEN e LNy s 8 EnD < H-1c

TIRIN T alRE e Ry 3 e T

iﬁi} /\/euﬂ,‘oh.'ﬁlf,hson:/z\i }ﬂ ) : %T /r
3e 13, MR 4 ¢ a2
el t KESTE £ 43750 / S

-

0 X 0 ‘=X
) ~ 2 on —Kaphson
)b, [~2 2] Newt Ro.r son Y2, @) 2B v (b) Blitbilliors
<IIRBHI 15, = ) AP e RHR E1T5 e rvB
?’(TT// ,/\/e«vﬁon‘ﬁ&,yhsmﬁ\i \ﬂ NURS EZ(—3 im/\/“RJ’Z\KKSKi:{K%
INWEERNEL v, < 22y 3 -3~ 5T 12 .

rigk a3t T Mo R o v 7,%,7% 21156, 1

)

14



125

LA A MIAE : Ry B 4830 (B> = - F) ¥ 7% 21
At g @) o FW T AER L TAE S

(3) KT

ﬁ?‘" 2M < AT T B2 - - S AR U AR A
s\ BETENTR A2 2 CGRER BRI
l :ﬂiéafﬂ%mxﬁﬁl\%&m 7
AR ot EA AR F R AL ) v KL
Ao b s IREEG BT 7 5 . .

4) B |

53IMEBE ~p o (PRI 3RBE T, Ko B
My AP (E-F) s AT BE:r ( 251 287~ H
vha 3y FRE Lt d ORI rsNBAEE A
3. a5 T oL R Rk 2ERN B3, R
ERTIE AT ENETe S 1IN

/\Ai?uﬁ:?wm»\ <R HIBHEFEBI LA

L, PIRE AL T IEEETB e R AT T TR
ﬁ’ibrﬂf\};\ ioxsxBI, 14 FohRT 3 PR

IR w2 e BAPBrA1< A< 1t BD I HER» 3

>

Te N T I3,
(5) FRHMT
FEET L tAor®DET B-d4q A-BMlaxar

15



3L

= 2 F
73 11 negative definite 7s 3 o 7, T’vl\'g"
D
— = X = i G G C
InTr )y A RIZTERT 3, iﬂ'ﬁfﬁfﬂlgt‘g"ﬁ ANE
AT, BEEA T I FH A& E B

X
RiE MBE¥EIcT 3 DENHE 1 k2, W-4 JRERE
A N ‘)J‘i»l%ﬁf\: 7/:=0 t [T 7 o 27 43 ] o 9
RIEMNE e, 1 CERuB 3, 1 ro, 1, ABM-R
t R IR < ifxa E‘ﬁ%‘lqi&%’jq %]/"9(2?7}'", y | B <
ARTHESHRTrd, M-4 71 DE»ZEERTSI
I SN

17, MBaFg» B0 7% 25875 L I Foe g s
ErE < RE B A58 (2 2489A T8 ¢
IARE Rl oy, T T, Gaass @ﬂ%i\i’i\iﬁ@?ﬁCka-
Qeshky S5 s Bl v 0 pivil o B £ w1 v, 3N 9 pinet
g ER T AT EMTH 2,

by — o9 ¥ ZE vz, 2ZTWA 9HF e3> F L
5>, Y ns, 077 xi%}«w N R T T TY)
aBE A3 THIN, a1 # TR Fx
AR U3) 9 Riw £ Ao v il ZRFE K (Low, Te) 23 F £ 7
MK ) iGM G BN L e g2 s E v T o
e 7y, MEFEBANEL 1 hm g Mo T, =4 K

T - F 9 snap through 9 FIZE ¢ B v T o 27,

16



FESE TR R rBEa b

\>|

)

J
)
=%
Pt
-
o
Foot
N

g ke 3 TR RIES

m
\
oo
o
)
14
[
rd
“
/N
~a4
(W
H
)
py
)

i

P
=t
3>
R
3
el
~,

i

E
2] I NEENILNERKNBE I, <o B
ﬁa@wﬁ?rzsﬁ,@E%ﬁ%fﬁaazfafﬁAw

ST OR sy, TR, METHE I, BB, 707

—

M-4 x5 01DE&E») wi7% ) CERRHBI < o pB2,

| Rox, T, 1RER B oS EE IR R v 2F 9 ¢
BT A e v 27T At BR gy RKEE?
T, v B<ny, FE¥EAE s Mok 0T 9 E8 - ¥ Tt
I3 8%, TR, 29 d % n T RF Newton-Rapnson
'}ZE{%FH%'.B:; éi‘ﬁ?&z%‘,ﬁﬁﬁ%fﬁ\zﬁzﬁjs
713, |

EN

¢
o

(. Hems

AL r, BN BRI BIT L TIKZW A NB < oo
TopEHL s FAER b T ekt 9 UE D, FR
TER L RF A, BEND g FRT MB s TR T <
LN T35, B POEITES <o 70t @0 A 7E
%{ Y3 ¢ 2% <.
tﬁﬁn,ﬁlﬁhafurm@uﬂ,z%z;ﬂmfé 2 o
A% FRAE L WMEs R T2 RE 752,

17



134

1)

2)

3)

4)

5)

6)

7)

8)

9

10)

R RREHERTTIRTI~- 3473 ), KR
t%x‘i{ﬁiﬁe Y7 - - Ta- R, A8, 1972,

:
FERR D JIRLIRXIER 2R AL 7o eL -
<y 2TREIFHE I-1-A, ERRE 1971,
FulBA:=FbY) 7 2a54BHE, - 448 (771
ozl pORY I —®TY — BMEBE (167

2~

Forsythe,G.E. and C.B.Moler ; 3Tz « W1 ¥ X : )Tg}?{ 9 R#
T T ER EAR (747

g -t AT A s 3R FBEET) 0 LET
BRF o BT FA, L AFRMAREE) Mo223, 1774,

s

Desai,C.S. and J.F.abel ; LA E 23 1 = F ). 72 fﬁ'fﬁ%’,i;ﬁ)
PR T 2R, 1174,

Stricklin,J.A., W.A.Von Riesemann, J;R.Tillerson and W.E.Haisler :

Static Geometric and Material Nonlinear Analysis, Advances in Compu-

tational Methods in Structural Mechanics and Design, The University

of Alabama in Huntsville Press, 1972.

Gallagher,R.H. : Finite Element Analysis of Geometrically Nonlinear

Problems, Theory and Practice in Finite Element Structurai Analysis,

University of Tokyo Press, 1973.

= A AR E - ‘:{%xru“;ﬁ" WRT BT, TEE}Y, ]
A TEYE @X‘ FF}K% 8 A381AE %A, 1771.

18



