ooooboooao
8320 19930 12-22

14
FRERBCIIFERERTOBR LA
HHRIERFLEDR HEH % (Yutaka Yoshida)
1. BLHic

HEBOMENIRBEICES L, POoTRBEOh HHEOBEB{LENALXURIKEES L
TWRIERERN Y., BECIHEINHEEOHMERRCOBEATEL L IIREB D, ERE
FOREMBITREECERALOBRICA-EWZ S, LEL. EREZEICLZIELET
BB LTiR, 3VEFa—29Dls, THVTYXLDIE, RAVZ DI E, EFN
ftoZ &, ICHAENOCERE, HMETHHBIEHEDICHILL. ENEFhPEL. L
WELDBEBERIATVWIONERTH S,

TR, EBRERBCIZ2FBIEBENOBFERSIVDIELLEBEINSZ I EEZERL T,
FEEBIFTORBIREDAEZ VW >HOFHIC>WT, TEA3RVEEMIEFT— s 2RI T
EIAEMICHERT bo

2. MAFECBYANHEFEOTAVTY X AKKDODNWT

EREHRFCIIEHANBIEGERFT BV, oA TREBREED LI OBLE
THHH. NHEHBEEL OBMBBPLINE I Er o, WHABEOYRILZEELEE
LB, EMERFCBY 21 HESMONKEHEOB®IEG. BRI ICHEMAME< MY v
JRABEEFML. ChE2ELEDE THELKRROERMAIE MY v 7 2 2BKT 28
B, ECNEBVWTEMNESTBEERD 2812, 2AELHOVERT ODTH 5, HEMANK
2 hY w7 ZERCGBER, BE MY 9 72 EZZHART 2818, CRIERBRALT
STCHRERDZBEEDOKRSE. TTH. HERAIM~MY v 7 22K T2EEE N E
=SB T 5ERKRER. FERBRAGTEOBREICH~RT. ERMNIKEZ OFENEZLE
456D TH D,

Lic - T, 1 oo HRAEO T (M) ORMETHEkT 2EERIE~ MY v 2
A=A UEREL. WHABEPK T2 2D E F W3 EIENewton-Raphsonik.
PEEBME MY v/ REZEHLTEARKDZBEEZ M) v 7 X OFRE LY EEBE
ThY w7 REEZASRULCEROBERBRATHEIC L » TEITTE 5 X 51T L7BFGS
. OBFRR ENHEAEOHRILOBHBESL LIF o TE TV 3,

HERITIKRELTH, JERERITPURET IMBIE. EREHORBRE., RKEACSH
iR, ME DI EREASME. BMZ CoBERIERERE. REEZHRTHY. WRHEEORE
KBHBRET TN ThOBBEOBIEIRET 5, 7. HEHE. ZTRHH. IWEH M.
BERFEOEVPEALTCVE 7TV Y ZLADOBEKNBARI KET 50, & 51, BFGS
FEOS5A v —FRE, WHEHPERHERBESEICINAE2HBTEI3LHDIIEESN, EOANLDS
NTWEIRFEORTHOEERERER 3, Lich-> T, WHABEEZHEH., BB ICH
sl EEIEFICH LY, —FT., HlAIEETENewton-RaphsoniFEid 1 (RO YHEH: L & £
HFEANBOADINERERICEBOY, SV hEGHWREEL T CHELRIN TS —
HHH 5o



2.1 PKETEoEH
CCHMRBBERENRE LCKEREER
DB ERY. MBPR. H-1iKRT &5 1A
OWM cHERIN B LB Y OTERICBER
ESERTAMETH 5, WK BEE®LL
TERTHBEAORNELHNEMFARONEL
MBI ER-2i1c/Rd o
BEOREMY R EEZRBED b & TORN
HRTIEdH B, Newton-Raphsoni:. f{EIE
Newton-Raphsoni#. Crisfield® il .
BFGSEDZN E N O B CINEICEL
TBEVELFEBEREZNGTO () WiciEid L
7o BMARBEHRNESHERERTHD.
WEHEDZNSSLTREEDTOZ 05, f
A, X7y 7HICBWTRE UL
TINHICE LB 0R LETERIEBN-REDS
Elicxt UTM-N-REE TR, 11EIOFEEFEL T
W3, COBAEICCrisfieldDEETIE, 5
BITRLTEY., MEEOEBERRHS LT
» b,
COMIOWNKEFEICELFTHEEM (E
HIERFLAERUEE Y% —DETA-10I
£3) 2757k LIOBK-3TH %,
N-REETREEEHME< LY v 7 2%25L( D
HL, 2VRAF+—-SBFEIT->TWB DT,
RIHEE 1EIH SRS 0 ERMEZEL T

Who N-REIC X AINHETE 1 B E L HHE

RO NER = -4 /R L7co N-REEIEXT L.

M-N-REEIC B 1) 2 INEHET B o 2[6 H 2K 31 H
T aVvRF—3BEZOFE[H &

BTELDT, AiE. BBRAFEL I TE
. M-N-RETOUEONREFHEICEST 251HE
B EN-REDOSE D FI6E] TH %, BFGSHETIR
BORLHEMED CLIRET AEE ORI

MEZ 20 TCTHEBEBSD LTI TWL T &iIci b,

L

2.2 S EINHEE

DEEEEBA I ROBRE L EREL TRITT 3701

P,

( l'ﬁﬁééﬂ%ﬁ' )
BRI 1

a_.______-—-\E_ I1.96 1913 [Cm]

fem] _ T0.617[cm)

X-1

65.714 [cm]) E=7.232X105 (kgf/cm?)

2R DT TRERK & 1 B LA b ORI

" Load [kgf]

80

M755)(5H56)

40

0

-2

=
R
B e

(ris, v
BRGS

(]

[(9,489,9) ————1_"
(4,855 —

0 1 o 3 4

1 ded

:
A ndoal i

/
------- (4,7,55) /

- (4655) (NMC B)jDZ = %:D%( .....
(4,6,4,0)-N"Newton-Raphsoni—

,,,,,,,,, C Crlsﬁeld@ﬂl]@(f
(4, 5 A 4) BEFOSHE |/

Displacement {cm]

SR 2 i L TR 21880
B & BT
INEHEE IR LS EE

0.00

0.03 006 (sec)

| T CI BT, e |
1 I I I }

(5@1)

e L ELTETEFTTTE

(11

SAh7HE
—=rrm AVAN Z 1

X3 ZFEeTEMSOIRICE L7
ATEERL & B

(o)

15 0 {sec)
IR Ot

E
i N
L A | #%*é%’m

THAFFSHE | PR
THEA
N-REEDIHRETHEENCE L7
AT EB R DPER

X4

e 5 4,0)—M{EFNewton-Raphsongk |

13

AEMBEEZNFICET 28 0K
AHEEBEHEDTHRTZENTERVWIERBPESHTEH B,

. ZAFECIMESIEHT & o8 R

RIREEEST INEND B, —HBHTFOEKENEZDOEIDI/100% & 5 L >34

MAEATFOBAL, EAHTE— FEBTTELEERL TIT -7, S E &
BRI RAEEA BBITHEREN-5CRT. BREOEMMAD b ETORRTIED 525,
FIRLIB 773, SESBRBIEBVWT, W2 ELANEFEEO T TASNE I

X



14

ELLHBERKEHERMES S 7RL
12bDTH 5o [sec) o
B EE CEOHSHETHEL LS, |, s
LUK EBHHO b & TORITTH 3 5, R
FoS LHEIMAOMOF MR RO IKE 7 7§
CERBANEETS 5o MAORRHAE 1 |
ER-1BAETH. DREROF L BER € :

2,

OO N-R

— KBTS B MOMKAHSFRCHL o
(BB EBRPDB, FIWIBLUEN oy

4
Displacement [cm)

5O K T B T BBFGSEE O F2[E H LI |
DB, HUTGERMEELTVRE |
FHBELh2H, Chids4vy—FiE @ 'é .
5. NEXBA2-D0EFBIcitERE2E W li g
LTWEH5ThHb, NEHEEBBHIKT w ﬂaﬂﬁ Eﬁ%ﬁ ﬁ“h
KENBEHE2EH T, BRGSEDOH D A m;jlyqssfayﬁﬁﬁnuﬁmh
¥rah e g:ga No. of Increment
CCTHRREELTVWEHDIRELL2KDOH 5 A HA BRI L7
MoHRah2EEICRMRBESETH 5P, IRETE A% & 5B
COXSBREERMETIA. BrBr—HRATRITLEV, EFFEREZRETHR LT
550R. CCTMY EFRBEEATRADRER B TS B, ARSI o
— FHBERL. BCOWRE. BRESRENICEAS N, BonAEBEEY ©. 3
BRI EFEZRVSATWEERYH 5,

AREaRAGnan:

3. FREEMITCBY 2#T—KFBEAOKEILOVT

I Ea— s OHENEALETHIET 2EBTURETVOBRILNT2ERGE R
D, BITBEOYELRIRBEEREFELLTEREINTVWS, FBREBFTOBELERIR
HY—RFERZBOVELBAIERLBET IO, BITOE LB Z0REY—KRAEEREKX
DRETH 2. EMERFTCHEET A ERLRBIBRBITIRIBATBRERSKRESZ LD
BERIBITHTHD. BT ZWRELTTELIRVDBRVWER T, WhricRRItoFER
. LDESCBLC LN TEDZDDBYRILOHBOR L B,

HY —RAEROBEOREDOS B, HEBHEE (CGHE) B3 MY vy 7 XDFHDO A
TRERDZ EBTELOT. BRARRTTHNCH LT, BETsilEFEBEOomTHEIC
HEMTH5H, FREITHNOBEOZEVICE > THEOREBKIBICEL O, LE L@
BT A1 HICREOBEAEZIAATW 5,

CCHDOPEEERBOHOAEDH #EBHICT 2 R NE®ARETIHELELT, R
SR AVRAF—SRENT AIHEAGERE (1 CCGHE) BE{MAMohTBh, WEHKED
KIBRREBEICSOHUDBBZOBEBRTH 2, LEL, XELIVIF—[BENT LD,
4 A EBEMCET 2ERENBYRAICBBELE LN ST 0,

3.1 CGHEBLUICCGHDOEH

CCGHEONEMEIZ., WRETI2MBORBHEICL > TRKIBICENR 2, EREREICK 2H

ERITOWR ERBZ—FUBBEOR CHENCGEHEEHEDREVWID LBV DDA E



15

PleL T R-6I/RT L) BEHEICHEE L ERBFEBEELE Y EF TRV H %253,
BRALILBZRIBHREDONA T Y v FECESWTEE L -, GHEELSAAH AT
MELTHETS1HASEHHEOVYRIENERS., 1HASHHEOERMIFTERTH 3,
HREMOHEMKELTH20 S5, FHNKE LEXZSEEZ2AVIEASICREHEICINEE
ERBITEEOCREHERRE LIRE 2, WFhoMBEsETRRDIRELELEBY TS
D, KEHEHEXKIZ 2145 T 3,

FBE~PY v 723, AHRUEZZELTCZOL¥N %2, HiIAOHHEOKE I DS =
Y w2 R2BEA TRy sELT, EBR Ty sy BRR 938

(1 B BEE)

RO ETABRIR—RIEMICEE LT WS, R —  saoem 2745

VY7 DoFEELT, =Y vy 7 20XHE :
FILL2BEE, HROHHEZRMET 23MH £ 3
bl SBESE P Yy 2 REZBE, 28D | & -
OFEEF>TWD, 1 CCGHETR, EMNAE i & :
HZIMLTHTEL L TOEOE FICFEFEL T, 1 i ¢ 3
MEXLYZEERABBEL. BAOHEER | | .
XHing 2xH Looa <Y v 7 R THKRENLS o]
E i T
XHT ey s AEERILEE, D280 DOHEE Z%%Wmhm
-0m 4. 0m 2.0m
ZERHALTW S, TR H
AR & RI-TIE R Fo R L 7 MR 3 0 f P e
BREPIRLICBED TH b, WFhoOREIREBW X6 B E L7cfElRE
Thb. ABRIVRAF—SBBENTBHIEITLD .

- %8, E| . 1D EZ -y @
l‘mﬁ“gg‘?—%’ﬁb ¢ JOBR 27-vyrcs «asE g {@7onsaryorca iissw
BURHER K S50 R TN Sale e hece wmnn 2ere

~ he % 2 @7 ey (const, =1. :

é{l;i ;/3;&‘: To 71cca R < REHEER

. ASEL L as e Z‘JE
xs—pgofy =B |\ iE

e
LTk, AT D | 2
~ o9\eollo N
2y ) RHEEERI Y é
BHEOHBED T & i
I DORE T (a) TESHEE (b) M FRIE
RBBHZC b 1 B AL i R R
5o
PR EE B -1 B UIETHERRORE
BEHEBEBEICEL w0 | | ¥-s (R | WS8R (5 BRI (s) N ES e
. - am| wR| An| &0 [saume | va- @M ] Ap 18 [maRA RS E | 28k | &RH| BB®G
7: Efﬁﬂ%ﬁfﬁ (ﬁRI 5 SCG 4:;)(8 1.83 4.22 0.073 _— 4491 0.0854 R 0.0859 38.569 | 8.5l 53.40
j{ @ ETAlO ‘: (t % ) . E BSCG 491KB | 1.84 4.26 1. 591 —_ 405 | 0.0886 0.0891 36.096 | 10.10 54.07
@wl!c 491KB | 1. 84 4.20 0.073 0.035} 153 ] 0.0835 0.0963 0.1810 27.584 | 8.61 42.53
VN —ERTHE E Bic 535KB | 1.84 | 4.20 | 0.073 | 0.109] 115} 0.0833 | 0.1032 || 0.1872 21.487 | 8.60 || 35.58
= e SKY 1. 14MB 1.84 4.43 g Lo} — 0.0290 —_ 5.60 13.1
& ‘g‘ 5 Ea%éé ?é? = SCG 447KB 1.83 2.89 0.073 — | 9413 0.0854 0.0859 464.954 5.84 475.788
F-1TF LD T/R |E[BSCG| 48] 185 | 2.92 | 1543 | —— |4489) 0.0886 0.0891 | 399.597| 17.36 || 413.517
_ g 1C 4191KB 1.84 2.87 0.073 0.041 | 2670 0.083%5 0.0968 0.1810 482,576 §.95 493, 563
L/ f:o x 7‘-—’ /f 7 /f ?; BlC 535KB 1.84 2.88 0.073 0.185 | 1472 0.0833 0. 1040 0.1879 276.071 5.94 287.21%
., 5 “1sKy {taamMp] 1.84 | 3.10 L0 | — 0.0290 —_— 421 10.4
/{ﬁ& rcc Gﬁ SCG :ﬁﬂ;g}ﬁrz&azv—uya'%ﬁ;;éﬁgﬁz " 1c CHABEREHEMASICCGHE
- > B G:¥M 7oy I iREBRY—YrrEBLALCGE s ‘o, P EBERABLICCGHE
“"iblj’%j L2+ 5 [S};(\C( :i?ja«iﬁg:vi:r—b}?ﬁ



16

—NRBIUHIE - BREBARAFECETIHERMAOBVIR. 7404 SRR ENR 3
DROBVWHAOEVOfIE, ZAA4 54 VELBWTR=Z2A< I v 27 X0WH LM
1ERBBEIRAIVAF BT HILPARTHSOIRMN L. I CCCGETRIIENAE
RETOFREEZOITIAVIEGKT. ZATIY v 7 20X ALOEN1 BB LS5
IVRF—GRTEIEBTERVWILELIREEBDTH %,

ICCCGHETRREARCEC1IHOHEBLIUVREBERAHEZLE LT DI, K
EHEIEY Y CET IHEBERCGED2EDELEE>T WS, Lizh->T, KIE:
BRHOKREZEIBTERBOMBALICE DB SIT WV, Bl A, LikfhiTEE B
AHAERF I E2EEBIBZATERIVAF—N@BERA VK] CCGHETIRESEINEGF
KON 1LTEREVLDENREDOREOH RS ZEMREREL BTV L HEFBEL. =
=Y v rEBETREIDOCCHELID S LAZ S OHERBMEZELTCWBE I ENbh 3,
3.2 I1CCGHEREBIIMEHEEICHO>VT

ICCGETR, AEL2AIVAF—SRETIBCEEMERMEFIN TV IEER
BB EWBEILED, COMPEDHILk - TINHET 2B VELHBEEKIEA =<
HELAZIIN. TORBEIBELCI->-TERD, U RBRICL--TERDEN B
bDEEIN, ICCCEEABNRFVIRTHLOIBERBLETH S, L& #ahTWV
5—MHMNdD 5,
MEFEHOEIC L > TIREREBED L S IKE
bahER-8B L CH-9CRT, EREITHET
MEZEEZ1.0 £7203 1.1& L2E& IR, 7000 4=,]

0
0

10

\J 400 800

st mE %

(el /b yyree
Clrcll /b1yt

- B
Flic R 0B LA & B C SIS B BT 451 N
B oMM - fo FIRENFHB TR, LB = omers @
VAF—DREACTHAT 0 7 2HEHRAZ § o] owis me ¥ wmwﬂﬁﬁé
BRETHAEROMBAE R IMEEROEOHE (o) vmsrma (b) FiRdrEE

HEad b, MERKOEN COFEEICH B5EGIC
RINERICES T, MAERSE LB S aviEe K8 MEERC L 2 IERREOF
LOCEGIFEWE 1. 208 IR INENER .,
COELYDKREREEZ ENEE SR EEBEAL
4+ 2, ¥HbE. ICCGETRAERLILZ
+—BEEHVWTWAE DI, 2 VRF—GEOD
BETHEHE =M v 7 200 LL0ERZOBENE

KR BBEBEST L0, MERBB I OUBEIKE od—5—
SHWkH i LtoBEROEEE LIF 4+ 28K MG | ‘
SBVBHD, MEAFRKOHEBNAERIAEKEL S (a) SPELETIRIE (b) PR

BOWERT 1.0IEWHEZ &2 B ENFEHESIR Y X9 mdiak & RIETEROBIG
LEZX %o '
BHEMICT CCCHEDOINRMICEBMBIMERROEERD 2 HFERAHELEFESHT &
BEFLOWHS, CCTRELBMENFEELT. MERECEZ 1.0 5 0. 1ZA R ET
WEEEY, AER2IVRAF-—DROFEVRIAOEETHEOMWANAZHROFEOFESEHE L
BBLaVAF—DFerB0RL, XAEZRBAEIRISKOVE S 1.0 TWILERAR O E
ERODFEEE T, COFBERSIGIVIGTEOGRFITTH ., HYLHEBIRRL
B EIOICRAZN, EBICCOMBICE L 23BN R TR o mEER 1.2



17

OBAET. WHEEBRED 1 HoREFECHMS T IHERMEGBIEE T -1 RIKEAR
MEZRED 2. 00BETd, COAETAERIVAF—RRCETIHERBRRER
HAEOHESEE TS, MEREOBEVWINREIKEKRETHEELEZL L, BLA
EBBERBRSBWEEOHERBTS %5,

CCHEOMBILEZR P71 CCCHERBVWTLRE, BEED1 >THB2H4 54
VEEHBRL THMYEK 0HEBHME2EST 20T, CGHEOER LD A-DITIFEIICH S »
DHREDOHEEELDHILENFHATD %0

4. HHMIEBERITcBYBRELBRER>DWT

BEMLEBNELRBBABANEZIC. REBERE2H > THECEZ2HNEH %
RT3 R IFLEELREDO—2TH b, Fic. MR EHH L TRESEYES
PHEOHEHSEERER LN 255, /MR X2 ERIUFICKLET v —F i
BEESSD. v iav—va voRIAVWHFBINZ LK 3,

4.1 BRIk

iR, FTEXWOETCEASNIERBME P Y vy 72 ELRDD GV EDEEHER

BB ET HIHHRELHMBEOREEDH Z/RTo

(1+a)[Ktl<t> {A uj}

={f}cteato-{fint)cto-[MI{U}ct+ at>-[Cl{U}ctsar+ralKrlct>{Auij-1r}+-(1)

ity [Krleo 3RZt kB 2HEBMAE< MY » 2 20 (A u ) JREETEBRER D
JAEIREMBESOE jEMME. () BIEAATOFME AT (it BERNOETII
g 2NEMBEIR TSI, TH %0

NG x—pald, WBELTVWIHPOFMOLETRIBEAEEKEZFE ATV EME
HOLTREUARTELEEZRITITIECRI2FVIRIBKRS . THIT Y XA0 L THMER
KREI S TRITZLEENT S EEHME LT, Hilber-Hughes-Taylor & & » THF D
EHHREROMITICY LTREI o -HICER L TEHESHBEALLLDT, Tidd
Newmark-8 HE—KER>TRUDTEREZE DD TH %,

N 1 i 1 - 1
{li}cts gto= BAate {A u) [ —BAt{u}xtﬁ( 25 1) {u}<t>]

e (2)
{MHMD=BZt Muh[<kéﬁ{uhu+u-§§>At{m“>}

R(DZERMERAL, B -DEMMEEE (G )ELEOZEEFRT 2 (A u V) 2HA
T5L ROLIBNHEHABOEWANE SN %,



18

j 7 (j)
[(1+a)[KT(J‘1)]+ YNE (M]+ B At [C]]{Au }
={f)cteats-{fintci-1)}

) 1 S e
-[M] PYNE {Augi-1)- 5 At {(}«<t> (Zﬁ 1) {ii}«<t
[C] ——— (Au-n}t (- ) (At (I- —2=) At {ii}<es

B AT 5 28 c e (8)
NS A -2 BBLIUV IR, et WL TTHEORXREE2EIL T LIREAONIREBDTH
%,

B=(1-a)? /4 . 7=1/2-a <o (4)
* 7o,

{Auint={Aug-u}+{Aauf’) <+ (5)
Tdbo

EEBE= MY 92723, BRELKBETINIBEZREERCT, 2¥D i3 kk5151 3%,
[K'r]=[K t]+[K "n] <+ (6)

i, [KURyBEMORME<PY v 72, [K'NIREMBIMENY v 72T, OF
A-ZHABBROBEE KIS T 2@EEKIB LI EEBEHE KT 2EHEBEKIB N &
EoT,. FhEFhoEnkskH52 503,

x4 .
[K*)=[ [B"7(D"1[B"] dv ey

”
<o (T) 9<t>"A9(.i—!)
* :' * T - * 6‘_
(K*w]=] [B"WI"[o"J[B"x] dv Vaanoy /b X4
L]
/‘ =

it\mﬁﬁﬁﬁ&ar»ﬁogmgim'
5z o153,

(f inb=[ [B {07} dv “ee(8)

o REREEZERTHEME N ERZNOIBTIKS
BN T BN, ChETRROLIIKEKRD SN %,

(o i) ={o " Vcts+{A o (j-1) cee (9)

- - g
NN TR

X-10 ZH1¥5y

fA o (j-0}=[D"J{A & (-1}

{Ae ;-0)=[B"L]J{Au" -1y} (1)

BHROBEEPRECLSZ L, OVTFAEDERD LD DOBEREERICHET 28 (1Y



19

DA (G-I OFMEBREORZI P NEDOIRFEVICHMURLELRITT LI 3, &
EZEORSEERERICHETIEMBY (A u-1») EOEHREEE, 2E0kdicBEL B
AIEEZELTWS,

{Au;-0}=[Tq-0]IG] {({Audi-u}-{Ar ¢;-1r}}

+[AT¢;-01[G] {{ulctr-{r}<t>+{x}<ar} <o (11)

ST, [TIR2KEFER» SRREBERNOEREER Y MY v 7 X, [GIREREESR
DERZEHR1I DO LBV I LR EXIERBHICHE - TETIZZ Y v 7 2, {r}RE
ZEEZRORMAEREZEE, (x)REAOEE,. TH5 (K-10) .

CKHHBBERENR L LAFHHNAREEERTOREZRK-11IcRT. BECKES Lk
(B —IRIC P V7 2Z P TCERLENSEEZST 2ED., BAxZl4x 0BEEROHB Z. %
Baei2BALBWESE, BRALLBAEREBELTCHRLALLDOMB(D)TH B, T IIWRL
EBEREER I AOBTHEIN., CNE400EBERICHEIL, /NEREFHES (At
=0.0003 sec) 25 A, fAIELHEL I XRFBXNEZBOCIERERD. ROWEHICT T H.
FHNEREZRDE, EVWIHIFIETHEERDT VWS, RWH T EICINEICELLZHEOEL
HERREZEERCHBLTRL

CDEIIHEI—RABRER CEVER O ABRBRER., BREBSoKRs Z X
LLEEMN. BOohB3BOKME., BEICH LU THIENIKELABREZERT 2 C &8T5
Whd, L L., BEERERECIZBRABHPET A LLBIORMEYEMRRT
B0, BRREOEHPEAISNBZ I LI B, ABEBEAFERRZZHE L LT, /hai
BRI S FERE L

E=10000 (kgf/cn?) T (xef cn)
DE L. IhERTREE Aot e
=1, n
BAEAIT 5828 HETDT £ =0.091 (kg/cm?) ol
A t=0.0003(sec) tnelsee)

borhro, RREHEEEZ L
ErdplEichisd, Hic, . . ’J o8
FREZETHRET B E 8- 3 B= 0.215625
1B b Yy R 7=0. 25__ouhﬂ 7= 0.55
S RK&E(RhERZERE, I —
FEXRPREDZELHED B L
Wi B, Ei—RAEEX%E
A BEXPMbE E= MY »
7 AW TH BRI EZENL
feffEZHRT 20l Ihd
wiEan, BT 35HEED
EREAEEREOHED» S bRKERH
HER B, Fho. )7 bVEF
HEOHEEZHRERMICAEDL L .
eI ) X AxikT 5 {(b) Sequence of motion t =0.0~0. 06 (scc)

(a) Problem data

100 150

0. of iterations
Y, o
i
o
| }

EHHL R B, -1 BRI b v %2 THEERT 55 5 i 5 O R AT
4.2 BRIk

ok nEREoERERIT 5 dic, BEESELBARXEHRAL T, #i7—K



20

HFEXEBCEELBEELRIVWETHA L TONBRESEEXLEh, EFcitsh
TW3, BREEORENR Y 7 FD—2R, 2EFDLIH>BEAtIcBI2EHN>HAEWE
HREdRESGARCESTOTHER IO TW 3,

[M] (U} <t> = {f} <t> - {fint } <t>+ {h} <> <+ (12)

{0} <teatrzs= {0} <t-atro>+ {U} <t>A tcts> <++(13)

(X} <teato= {x} <to+ {0} <tratrz>Atct+str2> ce+(14)
N TN

Atctratrzs= (Atct>+Atcteast>) /2 -+ (15)

EREREICLAEBLICHE - TEAINABZII t B 2HADOEE {(x} 1> PEE
KRBOATWEbDETHIE, ChiedIbT 20 T3 52T M2 ENTE, Licd-
TEZHNDOGHICHEHYT 2HBEH AN bV {fint) «HZFMMT 2 EHBTE B,
COWHOFEICIEZRME MY » 7 20FHECHY T 2BERFEAHOBLBLELL 3
B, FEHRBCERBLTEER L E | ABOREORBEBBLSAHEHAL CETT %,
ZOER, Bohs2BBThBRICKE, TV—232&EFRah s E— FEEDR 3 M,
ChEHHT 2LDICEALTVWEZONT Y —2735 23K Z bV {h} <t» Thdo, ¥
oo COHEEDOESCRARE AR PAVEFHHT20THE 20, REHLI LG
THHENERD, X7 P VOETERGTRE L, B~ Y v 7 22 EREGE LD,
LD, TALBERRG, &5, HE~ MY » 27 2 [M] 2#EhER CHMT 1.
R(12) K-> TNEE (i)} «HEROIZABRZBEECLIWNAEROIHOBETH 2, K
(13). (14) KEIWT {X} <t+4>%ERKD, RORFT » FIHEDL T EITTR B,

BREEDO 7 AT Y XLAREH TR I, CHAIRI->TEHEKBERETTD L0t
R R THEVWR/DEI MBS ZRIMNEDD 5, 3ok, KEREZMA L.
ELTH. BT LBBSNI2BOBENRIEINZIDITRIVDOT, BITKY > TR,
BRSO R VAR ELCHT 2L ICKEDOFVHMPSLEILLRSE, BRERBECEBIT 3
PR AREENTFHERR OB 2B L CHRS QW BITBE TS 2, BBNLHE
ROBSITRBRBCELIMEHERLEMMBAE R LELEZYHICFHEMT 2 EBMLEICKR L L
5. BRA2BHT 5703, bbb EBHDTNSBEMZELOS ETRITT 2 &K
BOENESDTHb, LIeWoT, COEIRBEREMFEL T, BEHLZET I/
(IFaboic, WEFAEZITHLTIC, BHET7TLVTY XLACTREED L EWS BElic i
SOWTHRENIRETD 2, WITTHRL, BRELBBRELTRZONFIIHEYE
BRbD0THo, FHICY> COHMBREIHBTIIIT W,

5. FRIERZROWYTICEY 5 EHKIE

EREXRFEE. ERHoFERAREL LcER L 2HEEL, HREMEZE R HEETH
FL, BEREB[CEASHhAYERLCL > THHEPVEABRCRES®EIFETH S, L
feid o Ty BERSEZHPALTOVHE BOBCELVWRICEWEEELZIENTE 3
ONBLEBETH 2D, ERICBEROREIDELRDEITHRITT 2L TH 30 5. BT
o THEONIZBOBEIRATIERSENKET %,



21

FREBETCBVTR, AAIBEYPRECERLTERL TV X3 REHERET T
AR, BERKOZE, MK 3 HOREOLL., BT REOEL. BERK

ZAtd 2REEZERICTFMLR T LIRSV,
Hck-T, XE%E=E
XTI HEEER2DIKE.
ETRETEILXLTOHIBERZEBLELR S,
MM 2 3 A MEROBEITH 2K-12Ic/R$, <
CTHRELTVWAHEROBEER R, 574 Y€ F
BLEaHhahszidic, TOBILEROBS REHT
HMEBEZLEESIOGOTHD. CHEZHICFEML S 20
EIDPREXEDIHOA A CKRESXE SN, I TR,
W& HEE2EALCHEAR2 208 L, BELED1/1%
FXgELTVW3, B EiFk 1/20%Aicxd LT, H
BAE%E 1208%. A0 Z224ER. 512, 880ERTSH
FLTHEITLTWV3, B3, 025CThHo., EEiSAIH
HEE AL 3 B4 @&W&3&9®d600*ﬁ%%AL
TWBODT, BHH 7
EFi318, 1505 BHEE T R
» 5o

B 05 [a] D £ AL D H
it U T E R
B (b)) iR LA &
S, AEHICE D
TE—FBE->TWL,
BRALLERSEZ

u=0.115mm : I

Imﬂ T : '{ h

i

R=100mm

E==567kgf/mm®
L=71.9mm

v=0.3
t=0.247mm

(a) BHHROFE T
s

u=0.2000mm

RE I I Y

\ ! S0BoEnEeBeel
PEODTH D &
casa man 1O ?@UOUOUQUOUQU@U!%

%m©@©

(?K@@@@:w@%"

ﬁ%ﬁ

SRR N LT R =¥
T ELDICKNERE
#Z¥THo., HHerD

(b) ZEEFAR () BLUHEALEM OSERIHK
X-12 BHEERME % 53 5 A MR O B 4

MY 0 S b s v b |
S TWBEFZHEHITZ N\
NEEE RV, V)
L b, Mo i
BREEO#ETICE-
TE->TWLDTH
Binb. HohLo

L R T e R
b 4§

u=0.177mm
n=10

Experiment by

1 1 1

ZOWALEFHIL T
BEERHETHEVD
EIHIBFITIIAH
BETh D, K-133%

1
vamaki, etal. . &) o 107 20°

1 1 1 1 1
30 Lo 50"

FRESRE L > UMBITER

u=0176 mm

X-13 HEAZEA OEFEAFRK

BRI EA SO ERCBI AL &
FUMELTHRENW I FERRRIABERDP» OB LN IBBEN
ﬁ%ﬁﬁoﬁﬁmﬁ%kmﬁmiévfauE%%%ﬁﬁ



22

EERo—EEz2, JMETE2NEBSKIP2EAFRY EEBELTRRLALLDTH 3,
. K-143. EEMEREZIDVO 2R THNIBOBITER (Re=150) 2. MBI X -
THRESNWABRENIHREERD CHELTRLALLD TS 3,
FEREBITVBRRET B LI 15
REORKEBRERTHD, T
HBTHbBo LEMoT, bbb |zt
MORERSEELBEET IO T 113 567 |
NG 5 Bo =D _t iz, j( x 13 %}E’P Experiment by OijimClg)
o ~—9\—- 3} < i’j m“ ‘?‘ % %Kﬁi 73?5‘%] ~ %ﬂ: Velocity vectors(t*=148.0) "]
L7 T 25DTH20 5. FEFRS | by the proposed method SR S S S SR S S
BROBITICET 2 ERSENLHMH y .
e P X-14 $EEMEEE L O O NS (Re=150)
LTHEMNIRERSEZEA0, HZEEENA LA T2 HCEBESHRIATY
BN, FOIELHEDOLDIKHMRFEMENLIT A LR Y, BICIEHERIT L TR,
FRERLEHOUVANVICREZEVWOBERTSH 3,

6. BbbbIC

ULic, FRERECLZ2FEREBEFORARLFRE L7 — <L LT, TOEEOEN &
DIELKERINDCEZEKLT, BETIHEFEOV 2P IZOWVWT, TELRY B
MIRBF— s ZRACETENICE & D, RERIRBEEL L TELLREBL. Chos2BRY
XL —=—BFERENZRA LT B LM, HEOEBIROBNLIMH—DETH 5, HE
BRZEA LT 2D ORIREZBIBZLENS S LIICE I,

BEXW

1) 5H #AREZRECIZEMFIFRPEESEITEZORNKEFE, L RK¥ESHMXE,
No. 374, pp.25-37, 1986. 10 ’

2) SH W BREHRE X ZFEREBITOTR, BB O, Vol. 45, No. 3, pp. 1-7, 1993

3) HSH-ME-BIEBEERELRBE B 2NETEoM#EEICHE T s, AT
B BRI v v U AFRXEE, Vol. 16, pp. 409-414, 1992

4) EH-bI-Hd AL AEEERB LTI ET - RAEABREOUNR/LICE T 2 EEK,
T ARFELHICE, No. 437, pp. 173-182,1991. 10

5) HH-FH - ARERE L ZFREBBIT OIS 2+ — 4 1cBld 2 —HE, #HiE
THITBU 2HERITEY v R Y Y AR, Vol. 14, pp. 245-250, 1990

6) Y. Yoshida et al.:A formulation and solution procedure for post-buckling of
thin-walled structures, Comput. Meths. Appl. Mech. Engrg., Vol. 32, pp. 285-309, 1982

7) Y.Yoshida et al.:A transient solution method for the finite element incompre-
ssible Navier-Stokes equations, Int.J. Num. Meths.Fluids, Vol. 5, pp. 873-890, 1985

8) N.Yamaki et al.:Experiments on the postbuckling behaviour of circular cylin-
drical shells under compression, Experimental Mechanics, Vol. 15, pp. 23-28, 1975

9) A Okajima:Strouhal numbers of rectangular cylinders’,J. Fluid Mech., Vol 23,
pp.379-398, 1982



