.25 3204 3 )
Applied Mathematics and Mechanics

: 1000_0887(2004) 03_0221_07

DKQ 16

\ S — 2 1
BEE ETE. STE
(1. , 116023;
2. , 066004)
(K FI Bk 57 2R )
Kirchh off DKQ16,
. , DKQ16
0302 A
Kirchhoff [1.2] s .
, uvw, ;
, , Semiloof .
DKT 12, CST Morley ( DKT 6) ,
. DKQ16, DKT12 ,
+ DKT12 Ble DKQ16
, [1] . DKQ16 ,
DKQ16 .
1
SV U S8U) = 0, V6U SU=0 U= U S, (1)
* ;200208 20; 2003_10_18
(20010141024) ;
( [ 20011498) ; (2001102093) ; 2001
(2001AA412220)
(1963—), , , s ( . Tel: 86_411_4709559, 13050583844; E_
mail: Zhengcha@ dlut. edu. cn);

(1934—), | .
21



222

II= Z ILi— ILy)e (2)
m, - LJ. eodV., (3)
nt 2 v s
€  Green_lagrange , :
€= &+ &y, (4)
O= He (5)
grﬁxt: O, (6)
§ T = JL/L,(58H5&+ SeHSe + SeHSes+ & €u01)dV, (7)
62 Hm= 61]n("+ Aku"' }ko)sl]n, (8)
k , ky , ko .
Euler s , :
§Thi= SU(k+ Neo)SUie (9)
(K+ Xo)6U= 0° (10)
2 DKQI6
DKQ16 1 y
U= (uf, o, wt, uf, o5, wh, uf, o5, wi, ul, o5, wi, 0% 033 05 efl)"‘- (11)
Green_lagrange
U x
& = D,y B
U y+ v«
%(u,zx+ v?x+ wzr) (12)
&= 1, 2 2 2 .
2(u,}‘+ v,y + w,y)
L U xl,y+ V0, y+ W, 0,y
DKQ16 [1] ) 1 DKQI6
il
U= (5| = NU, (13)



DKQ16 23
U= (uf,vf,wf - )i=1 .4 (14)
N, 0 O
N=|0 N 0 , (15)
0 O N,f i=1, ..., 4
Ni= (1+ EG(1+ e (16)
(15) DKQ16
3
K= > LQIG'NGQ:dA+ (17)
k=1
h 2 Ny Ny
N:I OOdZ:[ ] (18)
- h/2 Ny Ny
G
Nl,x NZx N3,x N4,x
= * (19)
Niy Nay Niy Nay
O O 0 :
ti 0 01><4
0 ti 01><4 .
0 = 0 0 & Opes (i=1,223), (20)
0 0 0 ¢t O
ti= (1 0 0); 2= (0 1 0);:¢t3=(0 0 1)° (21)
3
3.1
DKQ16 , 2 .
‘fa= 4CD/L(  )ifa= 10MD/L( ) D= 12'ER/(1- Ve
( ), N x N(N= 2,4, 8) . 1
2« IDEAS DKQ20( Q4+ DKQ12)
y N
: L=50
. h=0.5
i E =1000
g }:?.5
A ‘D =
> T -
> N=2
S MRS w =0 AB FIBC(X)
» 5 ' w=0f08 =0 AB M BC{EF)
2 b X FRRMu =0 CD,v =0 AD;
4_._:"-_._> 8,=0% CD 4D




224

() IDEAS(16x 16) | DKQ20( 16 16) DKQ16(2x 2) DKQ16(4x 4) DKQ16(8x 8)
fal %) 8.275(0. 61) 8.258(0. 4) 8. 1632(0. 75) 8.2109(0. 17) 8. 2214(0. 04)
8. 225
2
() IDEAS(16x 16) | DKQ20( 16x 16) DKQI6(2x 2) DKQI6( 4% 4) DKQI6( 8% 8)
Sal %) 20. 51(0.2) 20.92(1.75) 17. 032(17.16) 19. 657(4. 39) 20. 473(0. 62)
20. 56
3.2
[4,5,6]
[7] i (8,
DKQ16 3 ( h= 0.05 mm; V= 0.3)°
) ) [7]
DKQ 16 DKQ20 ABAQUS! 3 .
4 . DKQ16 .
3
( ) 0, /Mpa
DKQ20 1500( 7905) 230.3
DKQ16 1500( 7823) 239.7
S4R5(ABAQUS ) - 236
Y.uh
N Y2 5% E =7 000 MPa
I 0 — £ 2200
- h =0.05 mm
Sl —|
« 2 >
3
4
3.3
I U



DKQ16 25
L 132 § B
o  L=009 mm
y S G5 A=17612.868 mo?
: E=199 948 MPg
L 3 &  G=76904.2 MPa
i 415,062 mm
P W= = ]
(a) (b) W 21x 93(mm)?
zZa Za
L . L :
— < >
Y | Y '
| N i
! ' >
! % i X
| |
i AR | BR
! i
P | P—p | L/
(9
5
191,
4
A - P,/ (kN) + P,/ (kN)
DKQ 16( 48 ) - 50.857 5(0.49%) 58.59% 3 (0.28%)
M.Y.Kim et o . - 52.363 1(3. 46%) 59.044 3(1. 05%)
ABAQUS( 1605 L - 50. 607 4 58.431 8
B
DKQ 16( 630 )+ DKT12(32 ) — 51.8625(21. 83%) 67. 647 4(13. 49%)
DKQ16( 1760 )+ DKT12(128 ) - 68.0237(252%) 78.659 4(0. 58%)
M.Y.Kim et d .9 - 69. 128 5(4. 19%%) 80.603 5(3.07% )
ABAQUS(R85) 1 - 60.3496 78.199 7
DKQ16 M.Y.Km Hermite ABAQUS!H !
(R8S5 ) 4 ABAQUS .
s A , 648  DKQI16 1695  ABAQUS
. B , DKT 12 , ,
ABAQUS . DKQ16 .

DKQ16



226

(1]

(2]

[3]

(4]

— P(Pu= 60.8kN) + Py(Pa= 78.6kN))
7 B (B )

[ |

Batoz J L, Hammadi F, Zheng C L, et al. On the linear analysis of plates and shells using a new six-

teen dof fla shell element[ J] . Computers &Structures, 2000, 78: 11—20.

Batoz J I, Zheng C L, Hammadi F. Formulation and evaluation of new triangular, quadrilateral, pen

tagonal and hexagonal discrete Kirchhoff plate/ shell elements[ J]. Int ] Numer Meth Engng, 2001,

52:615—630.

Batoz J L, Guo Y Q, Shakourzadeh H. Analyse non lin aire de coques minces lasto plastiques avecl’
1 ment DKTI12[ J] . Revue Europ enne des El ments Finis, 1998, 7: 223—239.

Shaw D, Huang Y H. BucKling behavior of a central cracked thin plate under tension[ J]. Engineering

Fracture Mechanics, 1990, 35(6) : 1019—1027.

Gilabert A, et al. Buckling instability and pattern around holes or aacks in thin plates under tensile

load[ J] . European Journal of Mechanics , A/ Solids, 1992, 11(1): 65—89.

Shigeru Shimizu, Shunya Toshida. Buckling of plates with a hole under tension[J]. Thin Walled

Stru ctures, 1991, 12: 35 —49.

Friedl N, Rammerstorfer F G, Fischer F' D. On the buckling of plates under global tension[ A] . In: BH

V Topping Ed. CST 98, Advances in Finite Element Procedures and Techniques [ C]. Vol 1. Edin-

burgh, Scotland, UK: Civil Comp Press, 1998, 73—77.

Gueydan V, Elias A, Onno F, et al . Modelisation numerique d un flambage sur des toles en traction

[A].In: Actes du 12° Congres de Mecanique[ C] . Vol 2. Strasbourg, 1995, 81 —84.



DKQ16 227

[9] KimM Y, Chang S P, Kim S B. Spatia stability analysis of thin_walled space frames|[ J] . Int J] Numer
Meth Engn g, 1996, 39: 499—525.

On the Stability Analysis of Plates and Shells Using
a Quadrilateral, 16_Degrees of Freedom
Plat Shell Element DKQ16

. 1 . 2 .1
ZHENG Chang liang, LI Lihua, ZHONG Wan_xie
(1. Department of Engineering Mechanics, Dalian University of Technology ,
Dalian 116023, P.R. China;

2. Department of Mathem atics_Physics, Hebel Normal Institute of Science
and Technology, Qinhuangdao 066004, P.R . China)

Abstract: The linear buckling problems of plates and shells were analysed using a recently devel
opped quadrilateral, 16_degrees of freedom flat shell element ( called DKQ16) . The geometrical stiffnees

matrix was established. Comparision of the numerical results for several typical problems shows that
the DKQI6 element has a very good precision for the linear buckling problems of plates and shells.

Key words: plate and shell structure; stability; flat shell element



