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d1d di 2th1d[oo(li__]_26dw_
r

drrdr dr+Ghdrrdr t,;:
B D dg(r)
IQ(r)’dr‘ Gh_dr - (1)
d E|dw|?_
dr r dr(r r)+ 2r| dr| ~ 0, (2)
D= Eh*/(2(1- W¥)), E U e
9M}_ 96’— *
v 14
v _ Gh[ZtO e, —I 7(r)rdr] - do, (3)
r
r|? 2 1/2w_ 2ic? - =
X = : , W = [2(1_ l'l)] h_a [0 Gp, 9o, Ol’] = _[ %’ 0o, 01’]7
b= WM, Mo Mo = 21— 1)) ZDh[Mr,Me o],
_ # _ 2 _ D
N= B Dy 1r w ®T 2E/ (Bre)+ 1- W K= 2
W _u 172 C Tp” _ uz
[2(1- W) L g= [2(1- W) T6E: hsq(r)
¥ ,50 e .0 G
, M, My , Mo ;B
, B . K .
(D (2
2 2
d—z(x¢)+ K d—z(xq¢)— Lgg- —fqu— 41<—‘1 (4)
x dx 4
d2
12X+ P = 0 (5)
4= 0+ Zx‘jjx—"f (6)
W= K[o,¢+ x—joqu]_ b, (7)
d¥
M, = 2x dx+(1+ b)) W (8)
Mo = 2 fl—xw+ (1+ B w (9)
Wiz o , (10)
(or)x:() B (11)
dv| A
A dx]x_l- 2 Mo (12)
da - u - U
0r+ }\2 dx]lez [1_ T)\z] Op + 2 Azq’a (13)

we=1= 0° (14)
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1) s M= 0, = 2(1- W),
2) =0 Xh= 0,
3) s N= 2(1+ 1), o= 2/(1- 1),
4) cN= 201+ W, k= 0
— } 16Exh3 <
g=[21- W)Y qoZd[ﬂ (15)
7= ‘ZO:d]x’-/z, (16)
=
t qo d; *  p=0.q(= qodo) .
(4),(5), B , x n ,
0,1, .-s n* -1, n+ 1, s= 1/n, x; = t/n,
1
vb= DB Q{—_ (17)
i=-1 N
n+ 1
x0 = ZCi Q%[% s (18)
i=-1
s Q((x—xi)/s)) B ,Bi Ci , B :
_ Biit 4Bi+ Bi1 d _ Biii- Bia
[4].- = e ey, = PSR
2
d _ Biii- 2Bi+ Bai _ Bi- B,
de[xd)]x:xl - 82 s d)x:()— s
xG , (17), (18) (4),(5)° L
iz(Bi_l— 2Bi+ Bi+1)— ﬁ(Bi_l-l_ 4Bi+ Bi+1)(Ci_1+ 4Ci+ Ci+1)+
Bi+ - Bi_ Ci— + 4CL‘+ CH—
K{—z Lit o= coy - Ctfietel,
X4 ACi+ Cor)(Bir— 2Bi+ Boy) 4 Dt aBit Bii
6s 6x;
i 4C; i+
[iz(ci—l_ 26+ Cy) + Gt §+ Gt i Civr= Cil]}:
zqosz{x—- K}W” (i= 1,2 ... n), (19)
AU+ 2
Bi1+ 4Bi+ Bi.| >
i2(Ci—1— 2Ci+ Civ1) + { 5 6 x 1 =0 (i= 1,2, ... n)* (20)
i=0 , limdq(x)/dx = qoda,
B-1- 2Bo+ B1 (Bi- B- 1)(C1— C- 1)

s 165°
K
> 3/(Bi— B-1)(Ci- 2Co+ C-1)+
s
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(Ci— C-1)(B-1- 2Bo+ B1)] = qo(do- 4Kd>), (21)

4(C_1- 2Co+ C1)+ (B1- B.1)* = 0, (2)
(10) ~ (13)

B_1+ 4Bo+ By = 0, (2)

C_1+ 4Co+ C1 = 0O, ()

N 1- N
2_S(Bn+1_ Bn—1)+ T(Bn—l+ 4Bn,+ Bn+1)+

1- 2N
K 36 (Bn—l‘l‘ 4Bn+ B+ l)(Cn—1+ 4Cn + Cn+l)+
A[(BIHI_ Bn— l)(Cn—l+ 4Cn+ CIH- 1)+
12s
(Cosi= Co1)(Buo1+ 4B, + B,Hl)]}:
N S M+ 2
— ?MO— 4Kq0j:0 j+ 2 dj, (25)
Cn+l_ Cnfl Cnfl"' 4Cn+ Cn+l_
A 2% + (1— }\2) 6 =
1- U 1- U
[1— T)\z] Oy + T)\zop' (26)
(19)~ (26) 2n+6 , 2n+ 6 B;
Ci(i==1,0,1,2 s n+ 1) .
nt 1 Q _ ; /l
v = ZBi_[wdx+cu (27)
i= -1
c1 (14) .
3
( 16 ) ,
) 10
2) 1074, max| Bi1°x 10" max| C1°x 10"
(i== 1,012 «snn+ 1)
9 9 L]
4
: 0.3, (17)~ (27)  n,
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1: \ L3 . qg= 10 [ 5]
, .
1 q (K= 0.1
q n w, (). (%) (M,). (M),
[5] 3.941 6 7.559 4 - 15.974 3.282 8
10 100 3. %161 7.559 42 -15.9742 3.282 86 - 7.415 %
200 3. %160 7.559 40 -15.9742 3.282 83 - 741571
100 22,001 9 139. 139 S135967 | - 14089 - 21746
500 24.089 4 156. 354 -1 615.00 12.59% 0 - 796. 165
500 2000 24.140 9 156. 443 -161.15 13.330 7 - 12.2989
10 000 24. 14 5 156. 471 -161.52 13.376 6 - 63.5458
20 000 24. 141 1 156. 472 -1 621.54 13.378 0 - 65.146 2
2 My we
K= Q001 K= 0.05 K= 0.1 K= 0.2
Yo 100 200 100 200 100 200 100 200
5 1.606 3 1. 606 3 1.562 1 1L.562 1 1.50909 1.5009 1.4205 1.4205
20 2.5532 25533 25% 6 25%6 2.5550 2.551 2.826 4 2. 4264
100 3.846 8 3.847 1 4.336 9 4.337 1 4,406 2 4.406 3 4.2479 4.248 0
500 5.909 4 5.910 4 7.262 5 7.262 8 7.520 7.522 7.3116 7.3117
3:(0)y (D) , (9 )b,
(B)p* (M )y (Mo)y . (M:)y,
(Mg)re
9
3 7= 50 _Zo}“z (K= 001
n w, (9,). (9.), (%), (M,) . (M), (My),
100 5.606 6 64.932 50. 748 5.716 7 - 51.02
200 5.6062 64.928 50. 749 5672 1 - 51.020
100 9.890 9 44.565 - 111. 14 9.574 7 - 87.242
200 9.89% 3 44.560 - 111. 14 9.529 2 - 87.238
100 5.835 4 81.562 68. 826 4747 7 6.2308
200 5.8352 81.560 68. 826 4.703 9 6.2307
100 13.459 59.208 - 317.06 8 181 9 16. 922
200 13. 459 59.204 _ 31704 8137 4 16. 92
4: “( @)’ ( )e 09> (%) er,

B
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4 = (%) &

n K=0 K= 0.01 K= 0.0 K= 0.05 K=0.1 K= Q15
100 14. 682 12. 802 11. 350 8. 466 5 5.948 4 4.584 8
200 14. 682 12. 803 11. 350 8. 466 6 5.948 5 4.584 7

q Op Mo *
(M= 1 = 1) (K= 0.05)
My=- 10 My= 0 My= 50
O,
0
n ¢=10 | ¢ =100 [g= 1000| ¢= 10 | g= 100 |g= 1000 ¢= 10 | g= 100 |g= 100
20 100 1.127 3 7.004 0 16. 639 2.0127 7.1267 16.660 4.2023 7.6638 16.763
200 1.127 3 7.004 0 16. 639 2.0127 7.126 8 16.660 4.2023 7.6639 16.763
5 100 1.9657 7.5118 16. 859 2.9512 7.6219 16.879 4.856 8 8.107 7 16.979
200 1.9657 7.5118 16. 859 2.9512 7.6219 16.879 4.8569 8.107 8 16.979
-5 100 2.89 1 7.8469 17. 005 3.701 1 7.H485 17.025 5.2970 8.400 2 17.123
200 2.89 1 7.846 9 17. 005 3.701 1 7.H485 17.025 5.297 1 8.400 3 17.123
-20 100 4.340 6 8.3394 17.223 4.7850 8.428 7 17.242 5.9398 8.811 17.337
200 4.340 6 8.3395 17.223 4.7850 8.428 8 17.2482 5.940 0 8.813 17.337
: My = - 10; Op= 20,5 - 5 - 20; q = 10, 100, 1 000; .
Mo= 0,50 .
6 q Op *
W e
K q o= 1000 | o= 10 o =0 o,=- 100 |0 =- 1000
1 w00 100 3.665 00 11.287 2 12.743 9 14.177 6 23.8529
200 3.664 82 11287 1 12.743 8 14.177 6 23. 8529
0
0000 100 21.413 8 27.223 5 27.8710 28.5147 34.0222
1
200 21. 4132 27.223 2 27.870 8 28.514 4 34.0222
100 3. 877 61 1.642 3 13. 006 1 14.3252 22.576 6
1 000
200 3. 877 61 11.642 3 13.006 1 14.3253 22.579 4
0.1
10 000 100 21. 8402 27.502 7 28. 127 1 28. 746 6 34.000 8
200 21.8402 27.502 7 28. 127 1 28.746 6 34.0010
q = 1000, 10 000; 6,= 1000, 100,0, — 100, — 100 0; .
* 2
[3]
2
. K . K
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Cublic Spline Solutions of Axisymmetrical Nonlinear
Bending and Buckling of Circular Sandwich Plates

HOU Chao sheng, ZHANG Shou kai, LIN Feng
(Department of Civil Engineering, Tianjin University, Tianjin 300072, P. R. China)

Abstract: Cubic B spline taken as trial function, the nonlinear bending of a circular sandwich plate
was calculated by the method of point collocation. The support could be elastic. A sandwich plate
was assumed to be Reissner Model. The formulae were developed for the calculation of a drcular
sandwich plate subjected to polynomial distributed loads, uniformly distributed moments, radial pres-
sure or radial prestress along the edge and their combination. Buckling load was calculated for the
first time by nonlinear theory. Under action of uniformly distributed loads, results were compared
with that obtained by the power series method. Excellences of the program written by the spline col

location method are wide convergent range, high precision and universal.

Key words: drcular sandwich plate; large deflection; buckling; spline collocation method



