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Numerical Confirmation about the Accuracy of Finite Displacement Analysis for Plane Frames

REETER TR FOF@RE  B@EE
By Yoshiaki GOTO, Tokiharu YAMASHITA, Toshihiro KASUGAI, Sei MATSUURA

The method with the separation of rigid body displacements (SRBD method)
is most widely used in the finite displacement analysis of structures. The
theoretical validity of this method have already been verified for frames
by one of authors. However , the accuracy of the SRBD method based on
numerical analysis have not yet been investigated precisely due to the
Tack of the closed-form solutions corresponding to the convergent
solutions. Recently , making use of elliptic integrals , authors have
derived closed-form solutions applicable not only to the inextensional
plane beam theory but also to the extensional ones.

Herein , 1in view of practical importance , the convergence of the SRBD
method is examined numerically in order to obtaind guantitative
information about its accuracy as well as to confirm the validity of the
theoretical verification presented before.
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Table 3 Number of Coincident Terms in Power Series Expansion
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Table 4 Number of Coincident Terms in Power Series Expansion
for Rotational Angle «

Al A al

Local Governing Egs. Convergent Solutions Vo=o Qé=sin; vo=tana
a) Small Displacements 2(2) 2(2) 2(2)
b) Beam-Column with Small Strains 3(3) 2(2) 2(2)
¢) Linearized Beam~Column 3(3) 2(2) 2(2)

{ ):Inextensional Beam Axis
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Local Governing Egs. Convergent Sotutions M Vo Wo a
a) Small Displacements 2(2) | 2(2) | 2(2) | 2(2)
b} Beam-Column with Small Strains 2(2) | 2(3) | 2(3) | 3(3)
¢) Linearized Beam-Column 2(2) 1 2(2) | 2(2) | 3(3)
d) Eq. given by Ref. 1) with Finite Strains 2(2) | 2(2) { 2(2) | 2(2)

( ):Inextensional Beam Axis



EERIEHWEBAORHEMER I I 5K
HERORERICHT 5 -BiEk% Table 5 23R,
Table 3 HBLTHH» B &2, BERIEAWE
BATI. NEREO-BERe»E D mELTEN .
RARORC EOHBOREHVTH . B MH
BB, RMSEDERZEI b sT. wiRb PR Ld
Q2ROERBE L > Tnd, 2OFT. Hiz. a) B
MENOR EROWESBE. 5N d) oXERW
EHABONEREO kot ExF L w, Lk
OEHBMBITERIL . BEHEC L oREREE RS
HELTWwD,

B, MMe5§%6tmuu\E%EE%n%m
WizhA . BERI R, EEECHET LIRS
BEBHALZFETLLEX S D2, BRI &
BRIDEXEEL)  BOFERORFEMBER
{DEXHD . BETHD, LILudb. 22T
2. ER2XEK L) RIS 2L E. AR
DOEBRD S . NSPKEHRNOBEBFITEEL . B
ROAERLTWS, B 2FEBEIIOWTIE.
MoBEIcmE T 5.

vo. SRBD
vo. Small Strains

1.010 _
}—-Fz

|

1

1

{ Vo

Deformed Configuration

nanI
—

1.005 =0.01

zL.2

|
\ i =3.05
|

= 100

——- - —— Coordinate System I
Coordinate System I1I

1.000
T . . :

0 100 200
Number of Finite Elements

al ~
b) Beam-Column with vo= «

vo.

SRBD

Vo.

1.00

0.95

Vo.

Small Strains

- N
. . }_h
/

k / Deformed Configuration
=0.01]

mlzl
i

2L 2

=3.05 = 100

—— — —— Coordinate System I
Coordinate System II

|
! I
l

rt

0 100 200
Number of Finite E]ements

a) Small Displacements with Vo— a

SRBD

vo, Small Strains

1.010,

1.005}

1.000

Deformed Configuration

_______-_.__..-_.._
m|=!
i

=0.01
ELﬂOS
' = 100
\ e——— —— Coordinate System I
i
\\\ Coordinate System II
0 100 200

Number of Finite Elements
al -
¢) Linearized Beam-Column with vo= a

Fig.6 Effect of Coordinate System on Convergence



(5) W&

TEEGERITICE 1 ARG ENREDFEORBECHET L o 2 COHEBNRITERORITE E-5H6
LT, BfAHAC L D EBOTHREORFA 2T o, TR, HEFBORREL Z SBMEREL T,
EEZbp ko CHRRs e BHEROMELSE SR L ~2BBAMARERWTE Y . ZOREN M

BRERCTWHEEZDOTH 5.
Plbokgitic & DM L 8@ gERtE. T10. RoHRIRERC Lo CHATE . %
LRI R,

B51z. I TORBNBTER S BEARTER L 284 L T, YEEGHOARECIREIC
RAETRFOFELEDHENCERAT L -OOBHEI LHBLEDIITE S,

®© WEEGRERORFIZOZERSFERELTE. HEFETFTLAVWEIGEZXEHWIOXEZL
e TOHELL.ET. b) kY - BoX LESoEErERSR. L2y a) #AELoRX L
NETHRR IO ) BRARY - HOR 2HAVIONEMNTHL. R

@ mw&&&f&WEkﬁ@?Mﬁthu %%iﬁr Lad. HEORVWRER v, =a 10
RIZR{ . aRIEREOR v =sin a . . =tan a ERWHLERL W,

@ m&x&&fwkbwﬁﬁgﬁﬁttfu‘Kﬁ&m%i?ﬁ%%$ﬁm;z%%%xrmlt%
L-EERUE2AwWEBA0BErRy., Hio. RAROIXEIERALLT a) BAELOKX £/
WBBAIE. RAEER LI L 5 L BRERAOREN 2% D BROTRFEER T 2 RAT 5 L8y
b5,

@ HBRUTATOAREMURITC. BEENRIOFELZEHTIHG. RFRkoRX &L Tk, €
VIDONEVEMROMEOBEEERELE ) oRXEAVLIERL., IOLXRMEERL
B, BERIICE D LNENECDT. BERINICL 0B 5,

A@XTR. FOEEBY . IR ) cHuREREFEoR 4tz BRI Ts o Licad T L
L. EBEBoOBRE>L. 22T, X)) THRENRELZRFEER LI EPOICR. B
LEER BREERIOBAIC VTR, EBRI LoBIIBWTHMMZREAXZIZLEEE > TV,
Lo T, SN EEZRAEERIT AV EBAOBEC > Tk, HROEH 28D . MOBRS I
CHELEV. B, AR XREREAREOBRY £ .

A %

}
1

p

1€ -3¢V

1) BESE. ReIEL. P XH : PREHOFBREMRITOBEICRT 3 B8, LA¥F2RXH®
5% ¥No.331, pp33-43, 1983-3.

2) Goto,Y., A.Hasegawa and F.Nishino:Accuracy and Convergence of the Separation of Rigid Body
Displacements for Plane Corved Frames, Proc. of JSCE, No.344, I-1, ppb7-77, April, 1984.

3) Goto,Y., A.Hasegawa, F.Nishino and S.Matsuura:Accuracy and Convergence of the Separation of
Rigid Body Displacements for Space Frames, Proc. of JSCE, No.356 [-3, ppl09-119, April,1985.

4)  wiHEZERE. KE. TR MR L 2 FEEHOREERITOMES Sk, LAF2RITHRER
N6.223, ppl-3, 1974-3.

5) HERK. HMENE. FAR. ERBRT  LABHBEOMI OV AWEEX L ORE. TKREEE
XEER. No.300, pp21-31, 1980-8.

6) NR—BE: BEERERERITORRED~OBEHICK T2 - EE . BB L A% ppd5-42, 1985-3.

7) REFE. WTEE. AHE  FEREHOAREMHMBEC B o HHHSR. #HET¥FEXE

No.32A, ppl25-137, April, 1986.
(19864E10H1TEI =D



