Q) HRERECLIABEEMROFREHHLCBIIHER

KRWILKRE L¥H o %
REHIKRE TEH AH &
Hg&E T gt OKR\ HB—

1. glwic

HE, THEHBOERERERZ P THEMBORERR A BRL TVwEC s 0bb6T, brE
DEBEBERIETHE, MEEBERCEHTIRABERELCRTOATHEWRD, TORGTECY
ST, BERMBEROZFEEFZEAL TWE0RHRTH L. EELI, BT, 250w, &
G ST B B AR D B E KRB CHI DO L T8 A, C R b ORRE R RICH
My 2700 H, ALCRINTFEZEL, 8874 -2 —OEB» TEMCHL KT 5% E 5
HhHo IAHT, HELIOEKRCPATHREENETLLA>AEMRNES- R, WEOHEMCHEZ -
TEEZBHTE2VWOBHREUBHIBNETSH L. LK, chbolERE. BRIMOR AT
MEBEAHEONMCS 2BLEEANCHEIBEET. RELILZTUMPADAICLIIXRESRZLRD
BRI ZEOBEREAZL RV, T, BREB SN2 BEAEAHEOHMECELZ > TAMR LI LK
IYVBRBRECEL 2D, BEREZ2RET 27 OCBHHOEREELERL AMANLETH 5.
B e Td ARG ERROBRE, EAEE AN L Gl KROAR. o, HFRE
o E R BEOFRCR R 5, nT R E B ) o 5 — & L AR E R
BE %N

Fawmzd, LRI 2 zwEERER OMBHBERKOESEML, LU, TORREEMR
Fefdo7colBELZBAERN, LU, THOFEREZ2ERL AT 74 » 7 =
LACLIAREFEOBNETENL, TOFRABTHOLCLA LT, R HT GHERORA
HHRETTIOTH Lo
2. TAV ST ALYy 7 BRCL HHBUHRE BT
(1) HOoBERCIAERBEEEORRE

BEFE, X0, SHOERE2EZBLABF THEIBERNBEL Tnhbo T2 Th, Updated
Lagrangian (U.L)# €L 2 MABmEBwEREEECEALL G- o Fig l CET L5,
U LETHEEIAAZERBEERCE A THDIHOREB C, 2R L THIBORE Covy NERI
heoo Mo HEGBRLIAEEEEORNE, BAOELH, RANTERDLIN S

g n:IS;J5A€”dV:n+1R ________ (1)
ny
ceT,™W @l e atkE. " S, @ ConsR%Chy @ Kirchhoff®EH, ae,; £ Ca o
5 Car % T Lagrange OB+ A, LU, "R HC,, KT a4 HoERBLEETS S,
£ (1) ®Kirchhoff O H ﬁ‘su ., Cn @i} 5 Cauchy OEH "¢y, % L, Kirchhoff

OB aSi; ERANOHBRED 5o

—161—



n n O -
A8y =0 +45,; s (2) X2 ST B PR e
R . N rmv
i, RODOHAO+ A ae, ., BEZOT A PnX nX2,n¥3)
: na
re iy EFHRBIERDTDL alTusrbik b, RAOLS "y CONFIGURATION Cna

; 3 e
CEDLTLERTE Do PCX1"X2,°X3),”” CONFIGURATION Cn
/

4

Dgiy =oe ; taly; e (3 [N
Oy CONFIGURATION Co
Ae”:%(au-‘,jJrAul,i) . Oxy
R °
(4, %
1
A% =5 (auy,; ~ouyg,; )
Fig. 1 Cartesian Coordinate System of
2z T,au;t Cat b Com 2 TORBEMTD B o U.L. Configurations

AL, &5 & oe, B, MBORET >V v
Dijre MV B ERROCERLB LA B

A5, =D

ij ijrs ©€rs  mmmTEees (5)

UETtHBohnzX(2) (3), 5By (1)KKAKA
T2L, R BUTFOLISC A B

g DijrsAErs aAs“-dV + g “OijBAT)ijdV Global Coordinate
nV nv
Fig. 2 Isoparametric Element
:n+la_g “UijaeijdV---—(G)
n

v
R(DOEVNHE 1 R HBERPTF2O0BRET A Tnhdre, R(6) LERTCHEEZRL L &

BTER N LaK=>T, BBOBNTikoe;; Zoei b LR(6) EREILT H2HERD o

(2) T7Ay <74+ »r 27«2 vBRLCLBEAR

AFw7 7 THAAOL S0, EHZWHERZ L OMBHBERENRELL Thbd, £K
EROMFTICHE L2 Fig. 2RTIORBHRD T4V 574 Y 27 v vERERNTZ
UFe, BEALIhZR (DR COBE*BRLARKRER T

a) BEFRORMEHEN

BEANCrTLIHEEROBE (X, Y, Z), Fig. 2RI BEXROMBEE (£, 2, () THED
AhaBREZRN: (6. 7)) ¢EMEAOEE (X, Y, Z; DEAWTRLT I ENTE Bo

X
Y
Z

T, ti BEHPTORE, v GAEHROPAUBCFT AHMAEE~NZ brTH b
b) BRANEN
BRRACHT2EERAOEM (u, v, Wi, EHROEWRELECHT 2EM0 (u;, vi, W) &

X5
Ny (e p) [ Y|+

s .
< N, (&, p)Ctyvy;  =mmmeee- 1)

If b 00

i=1

Zi i

—162—



Fig. 8 (2), (b)) KR+ BEEE ZW), S

g N, i 7y
A(y,v,z2 ) KRt ax.,y & v T ;“/2\ %—o(.vh
Bl o CE#EA B oLy, KRAD : 7 N
t - i
LOCEbT T ENTE B & Vi
u 8 uj i
_ Z(w) > V3i
l/v o ifl Ni (62 n) [\HJ Y{v) &i V2i
w Wi ] i
X{u) Wi
. 8 a, & ‘ ) )
+ > %‘l Ny (€. p)Ctidi [ﬂ-l}"'(g) (a) Disptacement of (b} l;Z(c?tat;nal Displacement
’ Local Cartesian Coordinate e
TaT, Fig. 3 Displacement Field

i =C Vi, —Va; 3 wmeeeees 9

KRBITEHLINLA2RILTMOEM=E — F
1, Figdae R4+ I22EREE2 T 5.
) vFa
—BCEBRRODTH2E, BEEER
KX+ 2EM (v, v, w )rBEEER
X,y 2 )TRBLAFRIDVERLTCENTE S, BHEFLUTO= ) » 27 2CLHRDHIND

(a) Middie Nodal Mode (b} Corner Nodal Mode

Fig. 4 Modes of Shape Function

Ju dv dw du v 9w
dx’ 9x ox dE O0F Of
— | fw ov dw| _ ppya | 8w v ow |, |
Cew ey ,6p40 1= 3y ay Ay | = 6T] 77 97 7 i (10)
o av aw by 2y ow
22" dz¢ 07z a7 e oL

2z T, JitJacobian =+ ) v 72, HBEREERLEKREERORBE~ MY vy 72 THH, &
FEEH .y, 2 KT AR b v v, v, vy (Fig. 3 () BRI ML ED0 T2DG,

6=0[vi, Vg, vz J = -=------ (11)

MBREERCE T A HEEREERACST 2 @i — KT 2ERETH26, R UV §T]

FARARDLSCEKRHLT I EHNTE S
Ayr Az 0

A=0T]7" =|Az1 A2 0 | --o-e- (12)
0 0 Ags

R DOu, v, w8 xAWTEbLTE, ROV BUTOIIRRET BT EHNTE Lo

i
ey 8 . vi
ey | = .7[Bi0T'§ti(CBi+Ci)0T¢J wi| - (18)
ew i=1 c;i

—163—



- 0 0 0
By 0 0 0 0 0
B2 0 0 Ci o o Bri =AnlNi £ + Aliug
0 0 0 0 0 0

Bi =10 By 0|--—-(14), Ci= |0 0 0]---(14)p. Bai=AnN;.& + ApNi iy »--(15) 5 ¢

¢ B2 0 0 Ci o
0 0 0 0o 0 0 Cii = AgsN;
0 0 B, 0 0 0
0 0 BzJ ; 0 0 CL;

d) SFEME= LY 22 x
BNEHBCNT W~ Yy 22k 1, R(6)ODELE 1 TCoe,; Zae; ZHNnET LK

IWVRRTEDLT L ENRNTE Ho

1

6 0 _ o 0
kiis = 1 T ki . 'J[ L N N (16)
05tig: 0 05t;074;
R —1
Z T
el
ki QT L HT DCG;. ¢G; +H;3  -roeeees (7
0 Biroo 0 0 0
Gi = Bz B] 0o | - (18)3 Hi: 0 0o o/  ----- (18)b
0 0 By Ciyr 0 0
6 0 By 0 Ci 0

BAME~ )y 72 Rkeyy iE, RO OELAFE2H RO LZ 0 TE, R (IERARKRET
EDOT LB TEDLe 7L, kyyidkei & BB THDD,

) B" 70 0
kei;= T T 0 6 0| LBy, ¢B;+C;3  ~eveues (19)
T
Gx/ Tx/ v! </ 2z’
g = gy L (20)
Sym. 0

) B D% T A S ,
BENSHC LASHmBADE, R (6) OHLB L HrbUFOLICEDINS o

Qx Jx
Qy ' Te 0 G’ gy
Q;, = |Q., = tw oy || Tl dedpde oo (21)
o - )L «sJ | R
Mg k Ty o

—164—



2ZT, Qui» Qyi» Qi BEREERCHT 20, My, M, g BHREERY .y BEA bV O® -4 >
FTH S

(3) MBHEBECEPr T E2EHEOTHDOEE

U.Ltk Tyt Cauchy OB HER VAN ERS L0 LrL, CCTHANIZDTHAEBTOREREN
BEERNBEL TWET LR EREK Kirchhoff DR 2B WA ER LA COBE, BRHEG
THOHBRER () THRpLIN, BUERTEERHAON LM B OBERE~ Y » 272D 2R N5
CEMTE Do WK TOMBOME~ Y » 2 ADep i, Prandtle —Reuss® i #1} € Von

Mises OB R EHEZBHAT 2T LCLIVUTOL "0 EbT T ENRTE Bo

D.{26.,98}{ad728}"D.
H +{96,08}™D.{2d7 08}

D., =D, -D, =D, —

2Z7T, Gk Von Mises #2450, HpmBomLENLETS 5.

T 7077 6 nTH, HHOFBEBEECIINEL 22N KHAATOCHVRLEEBER TS
e, Fig s AT Lo, BAWECKH LEER» SHBRERCETT 2EBHKTERL, O
HBECHT 2D, =Y » 2 A3 Fig 5 0OBABEmMCIVELEILAZRRZEA WL

D =D~ (1-m)D,  —ooie (23)

Equivalent Stress O
m

HRNBEHEALAZBEG, REFAOKEHIFHEERELRFE I
AniOBRBEFHACIBIE L 2. BN, SBTORITHE—F
EANHBCCTHERDHAEMOAL, PnBHRTIBELI(R
FTTEHLOICLFo
(4) HRBREOEARL

EEFTHBLA LB~ Y v 2 APEMBT A NG, BELAER

DNWTHITHN, ERARACEPAATHRRO DO ERMAHB LN SLe  Fig., 5 Transitional Region

from Elastic to Elasto-Plastic

(1-m)ae

Equivalent Strain &

(K. +K)aU=72*""R-IF = aE; - (24)

ceT, ildC, L0 OMOREHBEREPTEODERLES,

Ky RECCHT 58 NEROBIE~ LY » 72, ‘Ko @kl R s - 4,
CicstTa%mMttE~ ry » 22, "MRECony KT BHD N 2|8
b, FiC s aRBIENCLLEMBENTD 5o e »

X (24) Oft, Fig. 6 @R+ L 9 % Newton — Raphson (€ & iF
HELbBRLEAEZO IV KON b0 REOHER, £
bahaBE, 4RO/ Vel EfHnk. T 2bbh,

ath Jal2
™

C{2E; } T{aE, } / { " R}T{"IR}IVZ ( g --=--- (25) a4

Fig. 6 Process of Iteration

T, edWEHECHNWNWE e 1 25K TH 50

—165—



ULOBFBEHEESHWTHREL 2 RHEHEAEREMRBT 70 27 20
7o—Fx -+ & Fig TCRT o
3. BEMRA
(1) HE Y > £~ OHEREIKT
Fig.8m+Io@, HE>Y > X~ 2SS AORTEEL¥ESTAEC
FHABAEOHAERE R T AKKEY Y > F—@F RO TS DD

HTeERLAD, ZRDCIAZBEFKERLE L -FZL TWEZ ERDD D

(2) R, 10, v = vOERERKT

a) HREHENEERT20MAc 0203 5 EHER

WA bLAERETAIEFERGAEBHEZR T LB 608 E., AR
i, LU, HYUEAFREGATOME TT ko MEERKEML T
5%, MELBWZORGBEE TR T VO 148K L 2o Fig.
9 G S AT 1 B A L O 8 B s Bk COAN 1€ X 5B R fr 0
BB, XU, X)) TH-AHBEFRENOHARBRILBL
ZADTHDo WTHIBECHBHF L —RKNBRALNL.

b) E 4> PR

Figlo R+ Lo, ROKBOPRCEPHELERT 2270
ODHREMBH T ok LROKROBALFEL I 91, 7O

FHLL 1/ 528BFTL 2o

INCREMENTAL LOAD STEPS
ITERATION BY NEWTON -RAPHSON: METHOD

START

INPUT DATA

INCREMENTAL
LOAD 4RL

MATERIAL
RIGIDITY D

STIFFNESS
KL , Ko

SOLVE
ali =K hRi

STRAIN af
STRESS a0

My=iys au
|.~1£ = ).5 + af
o= g A0

UNBALANCE
FORCE ok

Fig. 7 Flow-Chart for
KEFVE AT, HWEETOZLAIACHT S Computer Program
HABRILRIOCI2BAERT LB L 228,
b = 6 2
Fig. 10 CRT EF VHELLC—HL T BT L o E i te/em
25 T X -y
NP oy [ a -4 1=10cm
PR o L) N Pe a-i8om
- ~H- =01t .
20l ™ l -9 wo=0it cos(Ax/a)-cos(ny/a)
80r &
~
D=400mm a
<€ eof o ' t= 10mm 01,5"
£ ’ p=00573 kg /mm =
S~
[=3 @ Fartiona N
o 40 tex . 210 o-o--
2 -— , By Timoshenks S o
8 20} O Ppresent Study —— By COaN
' 05} ==—=; By KITADA
n
¢ 70 140 210 280 0,8 present Study
@ 00 h\\}_J}//AU”’ X (mm) (Oy = 6,000 kg/cm?)
00 . 1 . . .
0 05 10 15 20 25
- 20~ .
Center Deflection Ratio &= (w-wo)/t
Fig. 8 Axial Bending Stress of Circular Fig. 9 Simply Supported Square Plate with

Cylindrical Shell Subject to Uniform
Ring Load

—166—

Initial Curvature Subject to Edge

Compression



4. HMBHBEEROE T

A B A EH 2 E A B EORBE T~ B D
LTRRTBAET > %o
BExFArE, Fig. 1l CRTIOPCEALHEMIHEL
MO AB, CORYHRERBOREI VEREZRODLD L
L, BimE&A zRHUELZELTE L. COHELH. &
BOHBEAEENCEHLC 2L 2FERB L. 3L, B
EROFEEBC Iy, MAAC, BDOBNOBERGHE T
THHELL. BAXHKHEHELZFEERL €710 172 &1
bHL, MEHEZFH k., 6 X 3OBRITHCL LT~
TORKFTT> %o

Fig. 12 ., #iE$ER=10m, b/t =140, a/b=0.7
OEREFTVORREMBIGR TS b, DRFECH T
DHAREMOEREEWEBRB TRLAIDTS 5. AK
Ph, MNEAAMBTHEROELA L FIERM TERITHENIR
ODEE=ET 20, HWEOHMIHELZ> TEBMNO R
REL Z W HHFUELBh TR EDRbnbdo

Fig. 13,

DEN - DAKEL 2ACH T IBEEAbIDOEBRERLALL DT
Bro HEZHT ABK CHEAAROL > 2 EL2RERSE RS

R=10m, 50m, 100mOHEKRC>n~T, EFERMOREKX

R1=R2=2,540mm

a =784.9 mm
t = 99.45mm
E = 68.95N/mm?
Y =
80
504 0 000
O
0/0/
40F o

Central Load P(KN)
w
S

0 I I

o ; Present Study

1}
—— , By Leicester

Q 50 100

Central Deflection Wc

BT

{mm)

Fig. 10 Spherical Shell under

Concentrated Load

Fig.1ll Model of Web Plate

g

a/h=07
h/t =140

0y=2400kg/cm?

N

10

Nz, Bl mOoERTHERESENCEcLALEML Thb,
/b
cempression 100
— Elastic
~--- Elasto-Plastic
€
= 50
o
il
e}
R=10m -
b/t =140
fension
alb=0.7
, 00 , ,
-10 0 10 20
Deflection W(mm)
Fig.12 Out-of-Plane Deflection Curves Fig. 13

at the Middle Cross-Section

—167—

15

Out-of-Plane Deflection ((mm)

Load-Out-of-Plane Deflection Curves
{(Elastic and Elasto-Plastic Analysis)



e, ARKEHHOBREAE 0,=2. 400K ch
L, HMMErERLABEERIRL ko

Fig. 14 (d, R@5 680 R~EEDDBE
ROBBERLAZSOTH Lo Fig .15 i, &
NOEOMBEROEBEZERA L0,
~ROBERECSin OFBEEETHHNMcbA
EFHEOWNM (wo=—12m), LT, 7 H (wq
=12m) L5 42, thrXth#HRk L HAROME
ERrRZzIOEKREL THRILABR TS 5. |
Moo, MHEROZRR L BHEBOEH KR
B RRLT ERDD B

)X

5. #8
AFRTH, By = L OBBUHERE K
W72 a2@RL, tOEREsERR &
PHBRIC I bUFFT B LEHNTE L. LT,
K7a 73 rclhEBOWHEREE T M
BEBEBERORT2:, BRBEEMIT &0 T
BI(Tasz tnbtoke %Ik, K70
I AR LBEBAESTAMY y VEAEHEL
HMBHEER 6B AT ECEYT 6
BELEDTWTFETH 5o
CBEZELRRDS

transverse
stif fener

(8) Saddte Type

. . . {b} Cylindricat Ty
(sliffener is welded 1o the inner ) Cylindricat Type

(stiffener is welded lo lhe
surface of web)
outer surface of web)

Fig. 14 Typical Initial Deformation of Curved

Web Plates
1000

— Wo0=00

~--= Wo=12mm ( Cylindrical Type)

—— Wo=-12mm(Saddl Type)

rd
Vs
/
E R=10 //
= a/b=07 /,’
= s00f |h/t=10| S o~
v
o
g 2
—
7
‘7,
//
00 50 100 (mm)
Qut-of - Plain Deflection W (mm)
Fig. 15 Load-Out-of-Plane Deflection Curves

(with Initial Deflection)

1) HH - del - KE - Hil D MEaT 220 2 B BEREROBEREFERF cOMPAECE T AHE, TAFLE 3 6 EERHBRK

BEEL, 1 -137,8BM564£1048

2) I M KE - BE L HANE RIS BB ENOREREINOFEHCE T I RBHNR  AAFLE 3 TAFKEHNESR

1-192 BAMS5THE10A

) ZE-HE-ARIAT 2RI IEFERA 5+ OB EEH LAY LBIREE . 4299, 1980 .

7T,PP.23-34

1) BFE-BE  HT 2SI LHMBI v - A - X -0V TV - POBBBERCOWT,, EAFLSHIREE . L3315,

. Non-Linear Analysis of Shell and Beams Using Degenerate Isoparametric

Element, Anual Conference of Stress Analysis Group of the Institute of Physics, University of

1981.11,PP.1-11
5) Krakeland, B. and O-Mo.
Durham, England, Septem., 1977
6) Bath, K., E. Ramm and E-L. Wilson
Analysis, Inter. Jour. for Numerical Method in Eng., Vol. 9,

7) Timoshenko, S.P.
8) Coan, J.M-

Compression, Jour.

. Theory of Plates and Shells, McGRAW-HILL,

of Applied Mechanics, Vol.

Finite Element Formulations for Large Deformation Dynamic

1975, PP.353-386
1956

. Large Deflection Theory for Plates with Small Initial Curvature Loaded in Edge

18, Trans. ASME, Vol. 73, 1951, PP.143-151

9) kHIEHEHEETI2BEROCBAMARNOBRBECH T HHE , KRRXFEMAAL . 1980

10) Leicester, R.H.

PP.1409-1423

. Finite Deformations of Shallow Shells, Proc.

of ASCE, Vol. 94, #EM6, 1968

— 168



A Nonlinear Analysis of Web Plates for Curved Girder Bridges
by Using Isoparametric Finite Element Method

by
* ki ETE]
Hiroshi NAKAI , Toshiyuki KITADA , Ryoichi OHMINAMI

During past decade, the steel bridge structures are usually composed of thin
plates with the curvature such as web plates of horizontally curved girder
bridges. For these plates, the elasto-plastic and finite displacement analyses
are required to clarify the ultimate strength,because of the facts that no clear
buckling phenomenon can obviously recognize due to the curvature of web ultimate
state.

Mikami-Furunishi-Yonezawa and Kuranishi~Hiwatashi have been analyzed the
elastic finite displacement behaviors of cylindrically curved web plate under
pure bending by virtues of the finite difference method and finite element method
, respectively. However, additional studies may still be demanded concerning with
initial imperfections and elasto-plastic behavior.

In this paper, a computer program considering the elasto-plastic and finite
displacement analysis is developed on the basis of the isoparametric finite
element method. Especially, the following points can rationally be taken into
account in this method.

1) The consideration of initial deformation with arbitrally shape.
2) Combination effect of elasto-plastic behavior on the finite displacement omne.
3) Effect of residual stresses on the ultimate strength.

To ensure the appricability and the accuracy of this method, the following
numerical examples are carried out;
1) Linear problem of a circular cylindrical shell.
2) Nonlinear problem of a plate and shell.
3) Nonlinear problem of curved web plate.

Through these numerical examples, it is shown that this method is a powerful
tool to analyze the ultimate strength of curved web plates as is used to the
horizontally curved girder bridges.
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