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BENDING ANALYSIS OF THIN PLATES BY SUB-PARAMETRIC FINITE STRIPS
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By Masa HAYASHI, Atsushi SAKATA and Masahiro NISHITANI

Finite strip method has not been used for the analysis of structures having irregular
geometry and its applications are considerably restricted. Then, sub-parametric strip
elements are presented on the bending analysis of thin plates in arbitrary shape, In the
formulation of the strips, the following techniques are adopted : the element shape is
defined by nodal coordinates and the mapping procedure used in the ordinary finite ele-
ment approach ; the parent elements of the strips are thick strips having an internal nod-
al line and a bubble mode ; the series used in the displacement functions are given by
polynomials instead of the Iy used eigenfunctions ; and the sub-parametric strips
are formulated by the help of the discrete Kirchhoff constraint conditions and a proce-
dure of condensation. Finally, the versatility and accuracy are illustrated through

several numerical examples.
Keywords : finite strip method, sub-parametric strip, plate bending
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26.5°) IZDWTEET 5. ZOFEMICE14) IIE
BHEIZLVBHPNTVEY, EFROBENBENDT,
12X16 #2558 L7z FEM (AKRES [SAP ##H)
L BEELEKT 5.
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HOBEREZ D, fikakr 4 EBRICHEIL, B—S5
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0. 0.2 0.4 ‘I 0.6 0.8 1.0 Analytical Sols.
T =/a -0.2 ©  FSM (Div.B)
0.1 Analytical Sols. 0.2 0.4 |¢ 0.6 0.8 1.0
FSM (Div.B) o T x/a
0.2 , W
t 0.2
0.3 oy x [qa?/t2]
Gxx[qaz/tzl
H—7 EEXHROLCHIH
H—+6 BEXFROEHIH
. F5 FHRDI-hH
E S.S. or / Free £
/ B.C Line
b -0.25 [ 0.5 | -0.75 { 0.0
CA‘ AT s.s. B | 0.955 | 0.928 | 0.955 | 0.983
B/‘o /o:' & C | 0923 |0.%40 | 0.975 | 0,991
/ s.s. or/ Free / S.s. D | 0.887 | 0.944 | 0,982 | 0.983
Al /Rbl/a Ib/@ s.s. A | toos | Loro| Lo15 | 1ot
& c 1024 | 1,020 | 1,016 | L. 085
H—8 #i b Free E 1,000 | 1003 | 1,012 | 1,017

N HHTRY. 4BBEMTROBECERLORERE

WS, 20EHHDBEICIER
(4) B ¥ &

HRBERA~OHEAM L UT, -9 TR TRERS %

WERPEB LTS,

HET 5. WoERERCAD 30° THRAE S EH
B—FkETdh s, BREAMGIZERO 2D CHEMTRE, M

MTEMTREABROEBEETS. £, KTV v HiIE

0&UL7.

F—6 BHROFLREDI-hH (M=2)

Point No.
B.C. Sol.
1 2 3 4 5 6 i 8 9
FSM —_— 0.997 | 0.999 | 0.998 | 0.999 | 0.997 | 0.998 | 0.991 —_—
S.&S, FEM (8%10)| ~—— | 0.966 | 0.970 | 0.973 | 0.974 | 6.975 | 0.973 | 0.976 —
Analytical 1.0 1.0 1.0 1.0 1.0 1.0 1.0
S.S. [(x 1073gb*/D) —— 1(1.503) [(2.772) {(3.655) | (4.038) {(3.843) (3.041) [(1.700)| —
s.s FSM 6.998 | ©.999 | 0.998 | 0.998 | 0.939 ] 0.999 | 0.939 | 1.000 | 1.002
;& “|FEM (8%10)| 6.992 | 0.990 { 0.991 | 0.931 | 0.992 | 0.992 | 0.993 | 0.995 | 0.996
Free Analytical 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
(X 1072qb=/D) [(0.748) |(0.303) [(1.075) [(1.266) |(1.473) [(1.691) 1(1.912) |(2.131)|(2.343)
#—7 BR (S.S. & S.S.) OMFE~4>+
Point No.
Moment Terns
(M) 1 2 3 4 5 [ 7 8 9
1 1.024 | 1.097 | 1.083 1.082 | 1.090 | 1.100 | 1.105 | 1.063 | 0.812
2 1.013 | 0.967 { 0.983 | 0.985 | 0.985 | ©.979 § 0.967 | 0.931 | 0.792
Ma 3 1.014 | 0.992 | 0.998 | 0.997 | 0.996 | 0.992 | 0.984 | 0.952 | 0.794
Analytical{ 1.0 1.0 1.9 1.0 1.0 1.0 1.0 1.0 1.0
X10~2gb2 1(-0.88)|(1.407))(2.859) |(3.557) |(3.637)|(3.243) [(2.526) {(1.647)!(0.751)
1 —— 0.952 | 1.047 | 0.990 | 1.035 | 0.990 ; 1.116 | 0.975 —
2 —_— 0.938 | 1.045 | 6.990 | 1.033 | 0.977 | 1.081 | 0.923 _—
Mr 3 — 0.941 | 1.045 [ ©0.990 | 1.033 | 0.977 | 1.082 | 0.927 —_—
Analytical| — 1.0 1.0 1.0 1.0 1.0 1.0 1.0 —
X1072gb2 [(0.0¢ ) |(1.543) [(2.492) {(3.211){(3.732) [(3.921) {(3.543) | (2.315) (0.0 )
%—8 BIR (S.S. & Free) MHEIFE—X> b
Point No.
Moment Terms
(M) 1 2 3 4 5 6 7 8 9
1 1.013 | 1.015 | 1.022 | 1.019 | 1.022 | 1.024 | 1.026 | 1.023 | 1.029
2 0.993 | 0.993 | 0.998 { 0.992 | 0.991 | 0.991 [ 0.989 | 0.985 ; 0.98%
Me 3 1.003 [ 1.003 | 1.008 | 1.002 | 1.001 | 1.001 | 0.999 | 0.995 | 0.993
Analytical| 1.0 1.0 1.0 0 1.0 1.0 1.0 1.0 1.0
Xlozquﬁ (11.45){(12.71) [(12.82) [(13.10)|(13.31) |(18.47) | (13.55) |(13.59) |(13.44)
1 —_— 0.883 | 1.140 | 0.987 { 1.008 | 1.047 | 2.543 [ 1.140 —_—
2 _— 6.870 | 1.127 | 0.974 | 0.988 | 1.016 | 2.504 { 1.081 —_—
Mr 3 -— 0.871 | 1.128 | 0.974 | 0.989 | 1.019 | 2.496 { 1.095 —_
Analytical| — 1.0 1.0 .0 1.0 1.0 .0 1.0 e
X1072gbZ | (0.0 ) [(-1.11){(-1.28) [(-1.05)[(-0.68)[(-0.25) [(0.065) |(0.146)[(0.0 )
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