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The muitiple-bifurcation is one of the tough problems in computational bifurcation theory.
When the stability point has to be located precisely, the toughness of the stability problem is
due to the non-uniqueness of the eigenvectors for the multiple eigenvalues of the stiffness matrix
and the non-predictability of the eigenvalue sensitivity during iterations. As a remedy for this

. computational problem, the block-diagonalization of the stiffness matrix is used during iterations
to well separate the multiple eigenvalues due to the dihedral group symmetry of structural
systems. In the block-diagonalized stiffness matrix, the stiffness equations have to be solved for
the primary path biock, while each of the multi-eigenvalues will be computed from a block
stiffness matrix for the bifurcation solution. Simple, but tough muitiple bifurcation models are
computed in numerical examples in order to demonstrate the usefulness and capability of the

present method.
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b BIEE(Sp, CuyhFKRE 3.

8. IGHER
81 a—EI4EAEMITR
BOCE-4Ch24A8MPERETI-VEIS R
EEZD. CNZEHHEOBEEZL T, BHOAKEE
BRI THBEROAKEERAETE, LAY FHET
PR D TEE L BB BELSB O FI =T EF)N
DUEDTHB. R (6.20) 25 vDH» 5 &S TS
TN ERRRIB > THATIITH D, HEANEMWD
HiikET 5. BIRALARAI,

f(w) o 0 feuU 0 0
0 gW) o0 Révi-spiol=—1 0 8.1)
0 0 hW)||low -1 Ex(W)

EA=16900

—

120

/4—50_"?/

X-4 a—2E 4 KEH S X

FOW ) = 520 L + 650000 — - 650000-L
[24 [24 [24
gw)=f(wW) (8.2)
2 2
hw ) =1302 1307 £ 5202
a Q a

ExW,p) =260 _ pr-1)
[24
BL
a = 42500 +(120- W),

B =-240+2W,
7 =a-130

TH3. ERROTOv VRS ERRE2BNT

sU 0 0
VY= 9:_ +6p3 0 (8.4)

(8.3)

Sw 3

COEMEBIC X DAMEGRE f OIS Af i

Af = Afg +3p Af,, (8.5)
T, ChIZBEEEDEHD SF2DHDITELWL. LD
->T

Sf = Afz + 8p Af, (8.6)
Zhz,
of = -f , (8.7)
KRALT
5p = - f+Af: (8.8)
A4f,

ERBCR-C2EREEE (f=g) PREL,EE
ENMTIOCEEE FOBT270v 2 OEORIC

EHT 3. ERICSEME SR E AL S HFELUCRES
LR,
RER ( p, w, A, lE] )
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HES (0 0, 38.46, 0 )
- (5931.55, -13.387, -2.32, 1.6x10™)
> (5464.52, -12.666, -6.6x10° 6.1x107)
-> (5463.03, -12.664, -5.6x10° 5.1x10°)
> (5463.03, -12.664, -2.2x10"", 7.0x107%)
L ARIDORETIEL, BEFEL, POEAEICDON
TIH10DEEET, DD AVREIC DN TIR10°DEE
THEOSEMGAICTZETE -, COHERT, i
FORMERE FIZEnTH DD (FRITH) , IR

DORMERE A ZED RS Ry (EERETHD .

8-2 Z=ZAEFIFX
DEOHBEREN-5ICHILELRETIVE, ZDH
MRS, X [16] o el - EHICK > T T
BHIhTNS., R-6 EFM-TIKDOHEWRERERT.
ERERE LICATEMER 2 @ (LP1, LP2) & 4ris= 4 il (BP1,
BP2, BP3, BP4)HHH L, I 5> DRERAZ T NTARK
OEYHRAL > METHRETE =, 6EOREHRDEIRE
F-3FLYE. ABOSBEEZTRTCELEDEA
T,BP1EBR2ICBIT B 7V TFAANVBEBERY MVEK
-8IomY. RRNBKEREOHEHITZ L, FIZIE
BRIt 5BP1 %> C SEMORETIEL , BERK
DENERAPSH->TH 4RORECHERIIRE
CBERLTWS.,
ZESERBROBEEHEIZ OV TRERDEE A
Himlc L 2 A8%(2,4,51ckb,0wThd SKOBERK:E
TRTRHTEE, CORBIIHRNSREROFRL
—¥33[13,16]. BP1&BP4r B, FHELSIRERTSE
3 NHARESERE (R-20BHUAIEEROSET

®-5 =M r5 X ( EA=1.0 )

Load Level P/EA
<
= 1 %)

1
-3
[

]

20 40 60
Vertical Displacement of Node 1

M- 6 EREBE L 1 RD )V — 7RO D IEHERS

. LP1
BP1 BP2

Load Level P/EA
° e

1
©
1Y

BFP3 BP4
LP2

=20 100

0 20 40 60 80
Vertical Displacement of Node 1

-7 2B L 2 KON — RO D IEAEEE

XTEN PR IRRERS) HS 3 K, BP2 L BP3H 51k, FHEAIK
HEETE D FENHAARR (R-20HHRVIEE RO
BTHIENFDERERE) BIRRELTWVS. 4HDOE
EQEARSIRE LTS IN S 3ROSR
BIZERL SEON—72EHRLTWB I EDEHRT
&z, ZOXSBNV—TROSBFEERIZ[301ICBNT S
REINTWVWS, -3 ITRTHRERBIND S b, B
DOFHETIED; =D/ O HIE DR E NI,

£-3 BRI NEBRAOEZ

(W 1 853 1 DIREZES)
FEA p W1
BP]1. |+02219 -5.4131
LP1 | +02363 -20.034
BPZ2 | +02112 -26.077
BP3 {-02112 -53.921
LP2 |-02363 -59.965
BP4 |-02219 -64.586
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Elganvector 1 at BP1

Eigenvector 2 at BPT

-8 BEERY MVORTERT-N

SH
N3O

BERIDIRERO 70 v 7 AR E S, HE SR

BROBEAREBEEODICED AN, ZhE THE
THoSENGEDOREBEEEEE L. COSE
Al EOREREEREOBM L RRORRIIRDED T
H2.

RONFMEICRET 2 EESEEOEAEICH L
THEETIEERTRMBOBDOLRFTE, KE
FIZWD®BZEERY MVOREBRT D EDD
L LA,
EEREOSESEEREBET 51203, TR
ERET 370y 2B ARROBEE L, RO
70 v J BIMEATRI OB ERIT & R BB T3,
EAED A I IR T 3 IC DNBIMATE K HRE
FINSED L . ZDDRERDOREREEE T, I
REHERUCRELBE D, BEADE b O
REOHENENHEOHE I, IR —BFR D
RERT v 7 CHIMABRRDBRAE L2, D
BT 3MEAbRONAI LS. ~HT 02
MALESRELESENRAREEEE TR, B8
BICHET 570y /AT EEOSERR
HTHERTIIOE £ ¢, BENTEEILES 59
Bt THD TR EEAICEETE .

TR EOMEER AR RABE T 5 4, TR
KRG T 570y ZREiESBRORELFE L 70
v 7 BIEATHI O BB BT S EL T 5.

IV 2 ROMEE & EHEERINLO Th, Ny
A4 ZOBMEFTFNCDNTITS 728, BEESHE AR
THo, WHRHFIZHEL TS,

RIEEFTSI D 7 1w 7w, 7RIS & L 2T
TEHAEETH D, BEHE RS RARLIZRS
7,

L% 70 v 7 il A RE AT O 4 e
ICEUGAT 7 I, B EHATH H & BBIER T
PRATOI S LABBETHS.
HESNESESBRESNOMESAIZTRTCEE
SEERT UL, D EHEORIC, =358 H %
RENZIX, ZOBBTRTHOP>TNWBRBHRYF
T—JEFNELCEBETH .

KM S E AR L o TR X W SR
& AR DR BIRIE T~ T ERN IR
XV EFCFRINEHERBBIC L > CHENT
3.

R 2 RO ROMEBHRIIIERICEETH B,
ZOHAIIERG B LB DL DTH D . IR
HIZBWTHZOHMEER L, 2 DERISHREE
RT3 EDEE L. AR CRET BHHNS
R (EMER) LEHEAIRER (ERHR) L O
B, ZOHBLRELDTH .

WE, 1, a>7V—b, 2ESEOLY WERS
EMEFRERS YL LT RS HESTDNS
Ko TETHY, MEERR SR IEMT 5
LTO—Bitiz > TVWB[31-36]. Z DEDOM BT
RERREMET 2SR, BHSERFTFED
BERIIBRAORET] Th 3.

e

AEE, BREHERSORIFERTH DB IS
(FBEE) OXBERERERBS (RHEER
E) o—HERWTITbhEZ L2MNET 5.
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