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Synopsis :

Circular ring sector plate-frame structures which are often seen at the curved corner of
elevated highway bridges are analyzed by Fourier series. The concept of analysis is
based on a force method named here "The redundant force method for plate structures",
which is expanded from a redundant force method well applied to the analysis of
frame-structures. Namely, a plate structure whose two straight edges are simply
supported and two circular edges are elastically supported by a circular simple beam is
selected as primary structure, and consequently, the statically indeterminate quantities
are calculated, so that deformations and section forces of this composite structure are
determined by the principle of superposition. From many numerical examples thus
obtained in this analysis, it is explicit that torsional rigidities of the beam members in
frames have a significant influence on the mechanics behavior of the structure and the
aspect of the deformation and stress in the neighborhood of inner circular edge is

considerably different from that of the outer.
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Synopsis:

Circular ring sector plate-frame structures which are olten seen at the curved corner of elevated
highway bridges are analyzed by Fourier series. The concept of analysis is based on a force method
named here “The redundant force method for plate structures”, which is expanded from a redundant
force method well applied to the analysis of frame-structures. Namely, a plate structure whose two
straight edges are simply supported and two circular edges are elastically supported by a ocircular
simple beam is selected as primary structure, and consequently, the statically indeterminate guantities
are caloulated, so that deformations and section forces of this composite structure are determined by
the principle of superposition.

From many numerical examples thus obtained in this analysis, it is explicit that torsional rigidities of
the beam members in iframes have a significant influence on the mechnics behavior of the structure

and the aspsct of the deformation and strzss in the neighborhood of innsr circular edge is conciderably

different from that of the cuter.
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Fig. 2.1 Polar coordinates (r, #, z) and
local coerdinates (£, 7, ()
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Fig. 2.4 General view of circular ring
sector plate-flame structure
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Table 2.1 Deflection w of the primary plate structure subjected to uniformly

distributed load

:j\\fi\ 16 (e/3) | 2/6 (/3 | 3/6 e/ | /6 (x/B) | /6 (=/3)
0 004728 008175 009432
1 009631 016631 019179
2 . 016443 .028353 . 032677
3 025061 .043149 049700 symmetry
4 035198 060524 . 069677
5 . 046626 080100 092180
6 . 059371 . 101896 L117214

(%107 por/ D)

" Table 2.2 Bending moment M, of the primary plate structure subjected to
uniformiy distributed load

I e 3y | 26 ey | 36 /) | 46 e/ 58 (x/3)

0 0 0 0

1 —. 003991 —. 007273 -, Q08503

2 —. 001945 — . 03999 — . 004817

3 .001139 L 000933 000726 symmetry

4 . 003539 . 004568 004742

5 003804 . 004833 . 005305

6 0 0 0

(X par)
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Table 2.3 Bending moment M; of the primary plate structure subjected to
uniformly distributed load

r\@\\ 1/6 (x/3) | 2/6 (x/3) | 3/6 (x/3) | 4/6 (=/3) | 5/6 (=/3)
0 . 029797 . 050567 057957
1 . 032181 .053614 .061108 |
2 (335528 . 058165 . 065906 ‘
3 . 038797 062470 070404 symmetry
4 .041176 . 065343 . (73320
5 .042134 . 066195 074048
6 .041357 064675 072212
(X por)
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Fig. 2.7 Bending moments in radial direction
Fig. 2-6 Deflections for various values for various values of stiffeness
of stiffeness parameter «g parameter gy
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Fig. 2.8 Bending moments in tangential
direction for various values of
stiffeness parameter x5
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Fig. 2.9 Difference of deflection w between
the case considered the torsional
resistance of edge beam members
and neglected it
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Fig. 2.10 Difference of bending moment M,
between the case considered the
torsional resistance of edge beam
members and neglected it



328 IR S TR

July 1973

Bending moment M, ( X107 pari}

Fig. 2.11 Difference of hending moment My
between in the case considered the
torsional resistance of edge beam
members and neglected it
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e (2425)

£ (2-25) offi & REEEOHNEYRETL
RO L 51t %,

R{+RE

=48.4 (%)

tichbh, HECERT LSS HHEOHES

BHHETEF LI E B, ¥RO Liehh
RAFwREoH2GFERIRT, Fhih 19.6
%, 98.8% CHA, AFC KT 2EBRO A
s (2:20) Lo k<5 ohb,
1 o

w(r, 8)= - :'1 { 8. (") R sin M

2

+ T, (r) R{ sin %

+—E%(r)}ﬁn ng e (2-26)

ERED S, i i e — 2 v b
AEES AV L0 ETHIE K (2-26) Tk
5 3T EIEI(2)e> Tahble 2-1 750k M
TE, ¥1, F1ARICE2HODHAHRER
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MEABEEI RS I L LD, D RHEEAR
e BLtdboT, Zhitkh b2 T8BH
AR b B ERRD D L XA BEEER
B LRk 5 TBERNETH S, KD
#-do%tt Table 2:6 Tk 5 iR ch b,

DIFE, BT b R =RI=10%1#
i TEE L T Table 2-4, 2.5 &7 L ZiER
A5, Lioho T, K(2-2) D% Table
2.4 5 L tt Table 2-5 v:%h%’h%tf;iﬂ)a
Table 2-1 & & &y Eiut, & 02:26) DichA

Table 2.4 Deflection w of the primary plate structure subjected to concentrated

reaction- R{ =

I e (z/3) 2/5 (1/3) 3/6 Cx/3) | 4/6 /3 | 5/6 (x/3)
0 ~ 23085 | 4192 — 50541 | ’

1. —.1709 | —.30701 — 35693 -

2 | .62 | -.25825 | —.29869 |

3 | —.13075 | —.24228 | —.27989 symmetry

4| -.14299 | -.24774 | —.28611

5 | —.15544 *| —.26926 | —.31094

6 | .71l | —.303z | —.35026

{x 107 Rsi/D)

Table 2.5 Deflection w of the primary plate structure subjected to concentrated

reaction R¥=1
S0 s | 2/6 cn/3> } 3/6 (x/3) | 46 (x/3) | 5/6 (/%)
o | —.oims1 L — 03033 \ — 03503
1 | —.04235 —-.07339 | —.08477
2 — . 08047 —.13967 | —.16144 !
3 —.13580 —. 23523 — . 27249 symmetry
4 - . 20607 —.36199 —.42143 ‘
5 —.29131 —.51828 — . 60984 ;
6 — . 38668 1 —.69801 | —.83871 }
(<107t REr3/ D)

Table 2.6 Deflection w of the uniformly loaded circular ring sector plate with
two opposite circular edges elastically supported by two span circular
continugus beams

5/6 (z/3) i

T ys s |2 G | 3 G | 48 /)
0 00214 00177 0 | 1
1 02257 03819 04360 |
2 04133 06986 07978
3 .05423 ,0R942 . 10083 symmeltry
4 . 05872 09042 . 09763 ‘
5 05602 07180 06432 |
5 .05205 04237 0 | f

(x107% prt/D)
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Table 2.7 Bending moment M, of the uniformly loaded circular ring sector
plate with two opposite circular edges elastically supported by two
span circular continuous beams

SO s sy | 23y | 36 /3y | 46 (a7 | 5/6 (=/3)

0 l 0 0 0

1 .03915 . 06840 . 08150

2 . 07855 . 14350 16744

3 . 10986 .19603 . 23422 symmetry

4 . 10766 . 20135 . 25788

5 07094 . 13301 .21518

6 0 0 0

(=107 por})

Table 2.8 Bending moment My of the uniformly loaded circular ring sector
plate with two opposite circular edges elastically supported by two
span circular.continuous beams

s Gy | e s | s @ | 46 @ | 56 (/3
0 .03451 —, 02906 —.38836
1 09349 .12622 .12671
2 .13802 . 19668 .20922
3 .16430 .21366 L21310 symmetry
4 .18283 .19818 .15316
5 . 19845 17157 —, 00515
6 .20745 . 16784 —. 62676

(% 107" porf)

WRANYE S X OERFmd T e -2 v+ LREED GomiTL, REoun Tz & A EEEN
FiEic kb Table 2.7, 2807 LSk bhb, Boh-F, b¥hic@dT5, Lich-T, kD

we Fig, 2-12 ORETIL D HEH O+ U b i8R HHOR U EEHEETL5E, HEOSME
YEBTLIBEGT OO TRITIWEL TOLED AR Bt s - &R T 5, F
THhb, ¥FhMF SRR LoD 1z, RO kAR I UHITFE— 4 v HiconT
IHBRREOD &L b, HEgiuE, Fheh Fig. 2-13~2-15 0 2 k<

[0.0045159 0.0036244] [Rf ] & oo 2 L 5
0.0036244 0.083752 | | R7 ; % 0z Gl
o = u/lg
. [ 0.0009800 S ST Ry
—po7] ] ------ 2-27) R U 74
0.011724 - \\4/ L
. . 2 N4
EXEFC, RIESFHNS, £ 10 R
4 2 8 2 8 12
R{=0.1011p, 2, R :0.1356 Po?s Fig. 2-12 Difference of deflection w between
------ (2:28) the case considered the torsicnal
resistance of edge beam members
CREER (2:25) &HETHE, RE129.3 and neglected it
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B, fetil, Rl iR ER L
BEOMBTH D, ME DL & foird

—20
N |

g \ = /6
S-10 f— /
= p=r/d
) \ \ fﬁqm A
o O R =

z N el T G
E s \ / !
s 10 3 S 4;
g:n By A‘ .l’
kS ) -
E 20 \:“-‘_ ,,A’,,,
o0 N j*

Fig. 2:-14 Difference of bending moment A,
between the case considered the
torsional resistance of edge beam

members ane neglected it

— —04 b — A

s o
w0

Bending moment M,

Fig. 2-15 Difference of bending moment M,
between the case considered the
torsional resistance of edge beam

members and neglected it

CEL TSRO i bhl hiRfaEET
il h ST SRS R T59 2, B
MAT 5, RhdsrsuTiihl o EE0S
kL TH Ao T E e, Moo
WTRRHEMRLR Y, hUYERZEETLCL
kb, NUREI g s — A v FARE
L, #ic f=x /68T ECHRARIATE & bic
HEEHER DA E— 4 v P RETAE, LEb
i, WHRR TR L AVERTAZTORT,
IHI ALY EHORE P ERTREORHD
M e — 4 v P EER TS, RhREEC
FORERER LAV BT S, M, (EL
SEAICIEEA R EROBBIRETSH
#F, EOERTIAEAIGANTH D,

(€ THIS -« vicHE RSB E
Fig. 2:16 o+ L M0 TR — 2 v
THMFERFER I ETRECE T, HEDLD
T O LU EREY Fig. 2-12 LRA—&F
Hit, ERETHEIGRANT LD,

Table 2-9 Reactions, deflections and bending moments for various types of elastic supports

Numerical Numerical
ex. (b ex. {c)
- o ) @1 , 100
(1) Two span cir-| (2)Two span cir- (3)T type rigid m
Structural types of cular continuous cular continuous ; frame with %
elastic support beam without beam with tor- | cicular beam e
torsional rigidity sional rigidity member
RY | port .0025 © L1011 .1085 17.3
Reaction
RE | por} .1359 L1356 . 1580 16.3
w | peri/D .0010083 . 0009841 . 0006929 -31.3
Midpoint of the | pr | pp3 02342 02270 01913 ~18.3
plate
My Port ] .02131 .02067 .01422 —33.3
b4 - — — -
Poin_t on the inter- M Pt (13884 .04243 . 08937 130.1
mediate support port — 06268 — 06718 — 08710 34.0
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0.0045169 ©.0036244 0.013902 —0.0042852 — R E T e F
—0.13904  0.034614  (—0.74593+0.07461) —0.049405 PR 288, £ o
S A A TrE Z

0.0036244 ©0.083752 —0.034614 —0.21544 RS UEED D

0.0042852 0.21544

R 0. 00094800

RE 0.0070114
X = po 1}

M2 | r 0.011724

MEB | w 0.023149

A (2-29) LHRDERDLORD,

R#=0.1085 p, 2, Rf—OJ%Omrgl

M#=—0.005257 po r3, ME=0.009659 p, r3

A (2-30) DHEERFIHDOL (2-28) DT L
e, REGETFACH LI7.3%. REus
16.5% FNERERLTED, Jowkn UL
PR OHBES S F AUE, FhifTemED
SENESI L D MIGDANC BT 5 - R AV
T, R(2-30)OF A MR, B2 M & =R
feh AR I OHF £ — 2 v P REEIRLA, O
RBIDCTHED 5 2, fEC OV THIFI)
& Wl B+ s, Table 2.9 02k 2 0h %,

2:3 AMAHKEYEMC L YRBZFEIND
FHEBEROLZREE X

2:3-1 f-hHHHE

AE oW - BORE T, Bifsh
LT ECS LTRSS m (FE)Y D7~ =
MBEMETTEECE 225 EH@ (r i) @
BT TH L, - D, FERFEN —
R ELAE RS C N TEY, EEM
HEEL TR IMCAER R G 8 i
) RETHBOC, EhoRTEe R
i e bict, FHTERERA RO 5 i
FEPHEAERT S SRR E L THNE & L
Lo, EOEHMETH L HEEFEARTL,
fiEx OBETEME & o5 S AREE DR
REAF RO T - 2 BT L L XA LTS,

—0.049405 (—1.27633+0.07461}

VRRRERIZ X 0 R A E
L. SOENEC 3 iF 5 %
i, Mo OFEFREMES 1
T E L&+ 5 kA
LI LIERv-5H R0,
KET L b FEY
LB LT D,

Fig. 217 wiRd o2&, @ity f-71ck
FEE, HEAMM DI HB LT~ 4 Dk h

b

Fig. 2.17 Circular ring sector plate-frame
structure with a concerned load

FHTHIE LI S h, BRIAB, CDCHEY
HEXHLAERABDCloERHE P28 (7,
Yy C{FRLCCAL0E+L, LnbeE,
(WD 2 & HPETEIE MRS HHIE Fio T 2
DOHEFENAEFCH LCEBDFCF#L, *
hWrohRERY, gEHR2 KT L5535,
IR L, 20 s HiBO ok d wy ke LN wa ik
MECEEAFARM AT S L E
L. & (213) #8EThE, KATEH 2 6 h
3

[24)
wy= 3, (Aw ron 4+ Bapr—on 4 Cyy wont?
n=1

+ Dy rmont?) gin a, &
(Fofil, v Sr<7r) o (2-31)

oa
We= Z (Anz rom + Bng ¥oon 4 Cng pant?
r=1

+ Dpy r~2*%) sin a, §
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(Fot2L, rSr ey oo (2-32)

SO, Any Bay Coy 3508 Dy i1 o
HMAAC, EFO&M L vk S h A BT ER
THN, Any Bre Cne 85 10 Dog i1 2 D15
REF., BDOE&H L hiESh LR ERT
$5, BRAC, BDICHT LEREMFET
WAteb el Wik Th D, WACK BT HiEE -
AV kB M), DR O R b kR 64 (9),
ABDksi 2 hba MPD), 620) 2 T h
i, Kol sE£BLS L,

(Wi rer,= 04 (8) (= Jan SIN «, #)
1

n=

(M, Drar= MA(8) (= él M';‘,, sint an 6)
...... (233 )

(W)rery= 0 (8) (= ilagn sin a, 0)
L (2-33¢)
~(Me)rori= MP(8) (= 3 M, sinay 6)
------ (2-33d)

¥io, r=rAiZ0EMMEEETRL &R
2OFN, FHE LRI ERELES L (kD
4 AT 5,

(1) r=rL23EMAMErKs TR &
2Dt Bt A% L,

() =z =(ww2) .. (2-34)

(i) r=7LbG8M s TR &4
2OEFEHR LA ETHE LG,

(awl/arJ =7 — (awZ/a?') r=r T (2'35)

(i) r=7 /o T8N Licdsv Tl 1 L
2OEFRFAMS € — 4 ¥ HEHELL,

M oor = (M) o e (2-36)

(iv) r=7/588MM kTl &8
2 DR A NOETLSFFVR L ERT 5 RER
EPwELLY,

Vi) ,or =— (Vi) 1or

=P(=

foas

Pnosin a, @) (2-37)

\_.\,JVL.,
Pn= 2P [ar sin a, 8

LEoEREER (2-33a ~d ) & Lo4rEIM
il bRt S MR (2-34~2:37) O3 AT 1 &
LUHE 2 Db AEi(2-31), (2:3)% K AD
9%, BErefucl Lol iirhg, S8OE
Bt Ews My, . M7, Ga a5 L0N P
DY E LT RO B R, OB AEDA2-3D,
(2320 e, baiimEiid (2-15) &
L HBORKTRHBRD,

Lo, REOBRERGIIHOSh - HELE
T DDA CHEBLE —-THL L L eBEL G L L
BT oMEE, TbbBERoMLIziEHT 4
He—avito7— ) EBRGRR ML, ME,
B LOHPGHE T O b S o fob A g o 7 ~
o B BRRE Gan, Op. T 0 @S ODETELT
BO -WEGRTHLRHT L, AHUCI G
DTRBEEYRET L hoRA BT HRALH
HT 5 Ik, AENRER LT TR R
tERA, Licho T, AR CEAnEMN/cEE
VERETE O &R B R EIBE S S GRS L ok (50 BIRD,

2-3-2 EEm

FIHOBIFZ L0, PHTHERE RH 5 o
OEFHETHEASFEL ALY, bR
(2-21) L8R, BRAOEEREOBEHEPHE R T
BEREE (7, §) #&indz, SRS ITRALH
HE, FOFRMETHLHRTBERILT, 7 0
S S LTokE 2, LA, Shbiidlhy
el TREASEROMENA S LA L L
. BRI, REOEEGESO AT,
K220k Eabhbdr, ShbioiE
THER LR AT Chrfchio@Enc
B, febhABERAEE s LU0 CREST
LI EIEDROEEN, BMEIORER ¥
RS LRE kb h,

2:3:3 ErHEBH

Fig. 2-18 w42 &<, HMAa=n/3, dE
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1.0, B 7 v by =030 5B, 0
ACEIUBDTre=1503, x5=00, pi=pa
=0.64875 ¢ %5 3 A3 v OEFHIIEMN T b
BRI B0 ETh, T, B

Fig. 2.19 Influence surface of reaction R+¢
in the inner edge

fHiE P=17vhRAME Fioil - THEAHIO R
B8+ 350, PHENORNEEE S X UhR
SlEF @6 E5 M1 ~ 576Ut r=_(r+2r)
3 AHEGH @6 %5786 ~10wlTAich
Auots LM =~ 2 v OB v JUR RS,
FNFRFig. 219~2-26 02 LS TH D,
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x E I 2 3 4 5 F
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w L0 {udh Zw”
= M
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Fi.g 2.22 Influence surface of bending mo-
ment A at the point 1, 2 3
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= L
E LX)
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= L
:g 10 oo\ 00 foo Joo X P

Fig. 2-23 Influence surface of bending mo-
ment My at the point 1, 2, 3

Fig. 2-20

Influence surface of reaction Rf

in the outer edge

= o

A ol L A A
D =2 o o =

Deflection w { X107 Pri/ D}

o

Fig. 2-21

Influence surface of deflection w
at the point 1, 2, 3

~ P=1
.

o2 3 ¢ TFTE
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= 30
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S 40t W
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& 50 L]

Fig. 2-24 Influence surface of deflection w

at the point 6, 7, 8

P=1
E 1 2 3 4 5 F

=Y 0 ! T
= o3
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T 12t My
i} Mo
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Fig. 2.25 Influence surface of bending mo-

ment M, at the point 6, 7, 8
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Fig. 2-26 Influence surface of bending mo-
ment M, at the point 6, 7, 8
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