R mAKME s #EF =32 E Bkl & (D
~ %1% BIfS] -

An Analysis of the Reinforced Concrete Circular Ring Sector
Plates with Arbitrary Boundary Conditions (I)
—Part I Effects of open-angle—

& #& A*
Cho, Jin Goo

Summary

This study was carried out to investigate the engineering characteristics of the R.C circular
ring sector plate with various boundary conditions and then to propose a rational and parctical
method for application of finite element method to R.C structures.

The stiffness matrix of the circular ring sector plate was obtained by using the multi-base
coordinate system in which the base-coordinate systems were constructed for each nodal point
of the quadrilateral element in order to reflect the complicated boundary conditions convenien-
tly and correctly.

The R.C element stiffness matrix was constructed by adding the stiffness coefficients of
the steel-bar element into the plate bending element stiffness matrix.

Herein, the steel-bar element was treated as the common beam element.

Using the above method, the effects of steel-bar can be considered without increasing of
the numbers of element and nodal points.

O EAS BRAR 719)= ! circular ring sector plate, F.EM., multi-base
coordinate system, R.C.plate, R.C. element,
open angle effects.
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Table-1. Convergency of numerical solutions using multi-base coordinate system method in

FEM
# R HBEE, BA=2 (rad) LHEMH, B =n/6(rad)
HH alt
. a*w=a* - 51 B* [M,= p* - q/*] w M. M
AT p - PTMmE e "
n 6X6 0.000951 0.013487 0.003256 0.029907 0.036634
8X8 0.001020 0.014475 0.003411 0.031428 0.035575
#w | 10X10 0.001057 0.014986 0.003503 0.032271 0.035291
% 12X12 0.001077 0.015236 0.003563 0.032790 0.035417
20X20 0.001133 0.016076 0.003690 0.033993 0.034857
ER(2) 0.001142 0.01674 0.004037 0.03432 0.03498
A
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Fig. 4. Analysied circular ring sector plate
and mesh generation

Fies 0 Bifol £ (radian)d A9 % 488
Mol 1 B 0] n/6(radian) W o) M
RS XM RS} HEST Table 13
2

I BEf % #%=

ol M BT MTHE D MITEAS Fig.
49 B BHEANE FK SRR
fERSHT L) BRIEHS 25 259 @HTol
FASAoH ol MriERE e gol &

VLR E_= 240,000 kg/cm®

Folsk v =017

BEA t =20cm

HE p =2500 kg/m°

SATE q =05 t/m?

B EEHRE E,= 2,040,000 kg/cm®
Eol&t v =03
HHRY H5E ¥EHRMORE 1059 HEAH
EOZ 10%753ten RAAROZ S
Bt RS Auke @Rsids 9
o old HAKMAS IS 2L 6BE E
sk o
() 48EEB.C—1)
(i) 4SEMLFB.C—2)
() BT 28EE HRT 28885 (B.C—3)
(iv) BRI 2BEMH g 24 B B.C
—4)
(v) MRS 28T EHKH 2888 (B.C—5)
(Vi) HRARED 2:8 B M= F 4R 238 b (B.C—
6)

T BN FVe A9 &89 BREMA B
314 0°, 15°, 30°, 45°, 60°, 75° 2 90°Y 7
BSE mEsdoY old Bif 0° SRS
BEk3h, ol SR (EERE) HI
Hilke e 1002 BRIy,



RS BREAE 2 B S32E BRRY AR (D

el o Mol ghiEH AL Bt Fig.
59} z2t}.

28004 ZHFold 4B%FolN BlEiEY
7390l € Bif o) o) I A JYeElGR gk e
BT A de MAY g8 A Ye
won 453 ERE 280 BMERd F¢
7h & HES vizlew fhigE 28l B
THRY A $o= el 60° Liko] HE Mol
B3 BAse BRs Jepid ® K9 &
Feol X o) M, 2 M, o] #t.5 B3 Fig. 5(b)
2 Fig. 5(c)¢} 2ok,

M, #(tE B g 2:8 == 48904

Open angle (degree)
0.0 15.0 30.0 45.0 60.0 75.0 90.0

. — 00
———————— @
- ; ------- b ST | r x
_______ P—
5.0 —4"-/4
[
- “" ) x
100} L -
T o
L ------ L i - B -
15.0L
L: 38w — i@
W(X1073:PLYD) O :4¥AA g
AL 28R (A AR)

CEPLEETENED

Fig. 5(a). Deflection according to open angle

at central
—2.0} Open angle(degree) B
150 300 450 g0
ool 139 % 50_ : .
: - 600 750 090
|- A *
RS
5.0
.
100f =
O 1
e I B aiahd g---m " -
L:H4dedg R s b
150f O 497 BN

A 2AAA(AAAR)
M(X1072-PL¥D)  V : 28AA(FH %)

Fig. 5(b). M, variation according to open
angle at central

Open angle(degree)

00 150 300 450 600 750 900
— — .

e I

O 48
A 28R (Aa3)
v

50k D2¥AA(FAR)
‘A

- SRR

My(X10~2- PL%/D)
Fig. 5(c). M, variation according to open
angle at central

BEd 725 BAfae) HELS A9 ey B
BRI 2ol M TRE A BEMTROIAY E
EolAY A9 Ze HES WL YA 43
o] A%l BAMol 45° LA ko) H9 #K9 &
RolA HEANEZ}F AT AUt oz
Bf 45° Dibdw) B A Jehlr] tafE
At M9 ZAole BRI 24 BMTH
735 BAfe Mino| wel BEES) WAste
Mg BHom #3] Bifgol 900°d A $olv #
REIES o] REE3) WAt

o2 hREm(A-A) ) EEA DY #LE
B~ Fig. 63 2t}

BREM) whel ofzte ERe AT —i%
o= Bifgo] H{imnEol wal EFEMA L Bl HE
fHES R 4 8%k A9(B.C—1 % B.
C—2)ol+ BiMel ol wal HAA o] %
AE e LB e hRdA SHMilo 2 BESH
Row pAfe] EE SMI BRI E A
AATh KM 28 FHY B+B.C-57
B ol 713 2 Aoz Yeigrh 7]
Eb) HARBHS HAT HHE vl Wil
HRE3 A

rhREME(A— A AN Mo A3 Brs}
A Fig. 7% 2t}



BEB TRt £33 25 19914F 6/

Distance
L/2

3L/4 L

_‘@“ Open angle 0°

—— 45
L 3uwg
-3.p14 — 15°
W(X1073 - PLYD) - o— oo°
_+_ 300
— 5e
-==--- 90°
Fig. 6(a). Lateral displacment section A—A
(B.C-1)
Distance
0.0 L/4 L/2 3L/4 L
=T T T

——3-— ! Open angle 0°

451 —A— 15°
e 30°
_ —— 45°
W(X1073- PLYD) —o— 60°
—— 75°
e 90°
L iauwsg
Fig. 6(b). Lateral displacment section A—A
(B.C-2)

LEBEEB.C— 1o A9 RPN B
o g#o] A YL LS B F o
LEBRT ) 9ol E R 80 B.C—1
of el Me shRAE7ZEA WAL AR S

TS Mo = Bo] AX]) 2SS U 4= giuh.
HRETE(A—A) o] Mol #tE @Enst

9 Fig. 8% 2t} 4@@%(B.C Dol Bl

Distance
0.0 L/4 L/2 3L/4 L

15 R\

3.0# ——G-— Open angle 0°

—— 15°

—— 30°

W(X1073-PLYD) — ¥ ! 45°

/D —@—: 60°

—— 75°

_;_e___ : 900

L Aaug

Lateral displacment section A—A
(B.C-5)

‘Fig. 6(c).

Distance

—

—=>— 1 Open angle 0°

30r e 15°
——x— 30°
M, (X10~2PL* v 45°
e 60°
4 e
-—-6--- 90°

L 2w

Fig. 7(a). M, variation, section A—A(B.C—
1.

HERy Ffel BECl A YeAT 488
MR (B.C—2)9 ASole ksl 2 &S
WAL e iRl 2:8%F(B.C—5 ¥ B.
C—6)9 Fdolle hRBEMN 2 e Y
Ehytet,

BIfE i hREE (B—B) ol M o] #E
Tl e #be BE EREMANAN KR

SER
3

\__

L

—100—



HEe BREAS 2E &1 220E R BT O

—3.0F A
/8 Y
—15F // . ‘\\ .
,"/ w0\ Distance
NN S L 3L/4 L
A N T T
B
N\
X3
15f W
\&
30F NN
45f ‘
——>— ! Open angle 0°
——— 15°
s B+
- - —. 45°
M(X10"2PL2D)  —g— e
—A— 75°
___e___ : 90°

L :mawzg

Fig; 7(b). M, variation, section A—A(B.C—

2)

Distance

15F

aaf

M, (X1072PL%/D)

——
———
——

L 3wy

—=— ! Open angle 0°

15°
30°
45°
60°
75°
90°

Fig. 8(a). M, variation, section A—A(B.C—

1)

glo 2 velhdong REMOE LEFETE(B.
C—1) A% HalX EEA RS BRsHd Fig.

99} #tt.

—101—

——>— :Open angle 0°
—— 15°
-15¢ —%— 30°
__v__ 450
—@— 60°
P —A— 75°
A N & 90°
00 \ \\ 1 L : %'ﬂﬂ% L t
: R L/4 L/2 3L/4 L
\‘\ \Q\
154 AL a >
N, . s
‘L B““-o-———«:r"’_zsl
e
30t
45}

M, (X 10~2PL/D)

Fig. 8(b). M, variation, section A—A(B.C—

-80

—6.0

2)
—=3— ! Open angle 0°
[ R —— 15°
A —— 30°
i T 45°
P —@—: 60
o —— 75°
[ -0 90°
‘I
&

Distance

M, (X10~2PL/D)

Fig. 8(c). M, variation, section A—A(B.C—

5)



BRETBEH #33% #25 19914 64

—~—3>— ! Open angle 0°

! 15°
~-30% o
8 \ ——— 30
\ —F— 45°
\ —o—! 60°
-20fF % —a— 75°
NN R R 90°
NN L :Ayaz
\A A
— 10 N
. Distance
N L/2 3L/4 L

0.0

A g ——————_J
= = ——¢——&——

1M, (X1072PL2D)
Fig. 8(d). M, variation, section A—A(B.C—
6)

Open angle(a)
CL afd af2

05|

—~O~— ! Open angle 0°

1.0 ——. 15°

—— 30°

—— 45°

—@—: 60°

—— 75°

1.5_ o _~_®___ : 90°
L Addx

W(X10~3PLY/D)

Fig. 9. Lateral displacment, section B—B(B.
C—-1)

m #& &

B A RS BREGS de Bpaa
ZE Fikel GEMQ BHES RESn
= B A R SHRGEGC Oe HEr
KiES T Aol FREREA A B
M mthie HHT HARGS BH}EME
TESA ZRE F A=S st7IsA HEHEg
BRE R & Mo B e 2 REshe
& ZEABEEERS Hkg RENYOH o

&9 Fkoll Sl doiz BES Wekitt BB
SN B RToIM ke RS B
gt

E Y HES ERT AN EMHS
BlfES) WERZ RkEE Ko R K
A4 ZAAE KERS AEFHIS HED
YArERS) MIEFIIS Mirste MR E
B BIETVIS HESEEN BRKES 8
MAFIA SRR B MBS EES S A
et

BREES 6492 LA 71U oS &%
o M BIfS 2718 7TASE WA B
W 2B e BREHS 2 Bk
NBe Fitol T BifaS HES TR Zo|
B € & AATh

1. die] BEAY 2 wREd § ¥
geo BnHY A 2A Jehton #3)
EGE 28000 BMyHe 4% 71 E%s)
gom Eemiel Aede A AT

2. hREEA-A) NS BEAD ¥ 2w
Eo] 0@ B8-S thipfilo) A 2 A vehgon
ROl M A9 AiTh

3. BAAS) ol wel BANES WA M
patgom BANAS B MBS e thk
SZRE Ao okh BEHE AT

4. RREYE A TS KEA A
B2 Uehioh

o] RIS 1990 KED BHIER M@
o AHFEAA SFEATZ v 3td
W= L.

2 £ ¥ M

1. Hisanori OHTSUKA and Tadao KANEKO
. Analysis of circular ring sector plates with
all edges elastically supported by frames,
AT EER Vol. 45, No. 6, pp. 774-780,
FEfD 4748,

—102—



o) BRAKMHS 2= B F3DE BUERS i (D

. Hisanori OTSUKA : Finite difference analy-
sis of circular ring sector plates supported
by edge-beams, proc. of J.S.C.E, No. 220, pp.
107-115, 1973.

. AAE, AW I KT E o8 YA
g3 2R BA Mo A A, i
EE g3 =%3, A8d 23 pp. 215-225,
1988.

LA, A I UAE S R AR
g #% A7, W EF 83 =83
H8H 23 pp. 227-238, 1988.

. Isamu OKUMURA, yuya HONDA and Jin

Yoshimura : on an analysis for circular ring

sector plates by one theory of moderately

thick plates, proc. of J.S.C.E, No. 326 pp. 15-

18, 1982.

. Jin Yoshimura . The bending of curvilinear

orthotropic circular ring sector plate, Trans.

of J.S.CE, No. 82, pp. 9-10, 1962.

. M. A. KHAN, K. 0. KEMP ' Elastic full com-

posite action in a slab and beam system, The

structural engineer, Vol. 48, No. 9, pp. 353-

359, 1970.

. Masashi Iura and Masaharu HIRASHIMA
: Fourier analysis of shallow right helicodial
shells, proc. of J.S.CE, No. 321, pp. 15-27,
1982F.

. Shigeyoshi NAGATAKI, Seung Han Lee and

10.

11.

12.

13.

14.

—103—

Takahisa Okamoto : A study on mechanism
of torisonal resistance of reinforced concrete
members, proc. of J.S.C.E, No. 390/V-8, pp.
179-188, 1988.
Shinichi TAMAI, Hiroshi Shima, Junichi
IZUMO and Hajivme OKAMURA : Average
stress-average strain relationship of steel in
uniaxial tension member in post-yield range,
proc. of J.S.C.E, No. 378/6, pp. 239-247, 1987.
Shinichi TAMAI, Hiroshi Shima, Junichi
IZUMO and Hajivme OKAMURA ' A study
on torsional poroperties of reinforced conc-
rete members, proc. of J.S.CE, No. 327/V-
5, pp. 157-166, 1986.
Shoji Tkeda and Hiroyuki Nagumo : study
on a method of rational application of finite
element method to R.C and P.C structures,
proc. of J.S.C.E, No. 414/V-12, pp. 137-143,
1990.
Tadao Kaneko and Hisanori Ohtska : Analy-
sis of circular ring sector plates with two
opposite straight edges elastically supported
by frames, LK TE5E# Vol. 45, No. 1, pp.
27-34, FRFD 474,
Timoshenko, S.P. and Woinowsky-Krieger,
S. ! Theory of plates and shells, McGraw
Hill, 1959.

(EZHT 1991 4. 22)



