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B

[12~15]

von_K{rm{in

von_K{rmtn

[12,13,16~ 19]

Griffith

[20]

Mindlin ,

u= uo(x,vy)+ z 0 (x,v),

v=wo(w,y) = z 0w, y), (ny
w = wo(x,y); ]
u= udlx)+ z0,(x), -
v=-z0(x), (2

w= welx),

uo vo wo Xy z
Uc  wWe x oz ;06
* u0 v0 wo Uc We Xy z , B
von_K{irmiin s von_K{irmth
a'= dl+ d,
al ;211;1 von K{rmtn
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0 0 0 0 T
Wy vy Uyt vy 260, —z20, - z0..+20,, w,- 0 w.+ Q)} ,
°T 2 2 T
= {wk/2 w2 wa, 0000 O

lol{ = & ny sz T: {u(,x+ Zey,x -z ex,x wc,x"’ ey}T,

at=<wi/2 0 0.

Kr = Ko+ Ki+ Ko, (4)
Ko, K1 Ko

B 2

K, = J;B{ODBLOI J 1 d&dn
Ki = I(BE]DBLO+ BLoDBL 1+ BL\DBL1) | J| d&n

Ko = J‘GTMGI J1d&in

Bio B 1 ; D .
1.2
, 2 .
a = Td", (5)
1 000 e .
. 00100 -
“looo1 o~ N
0000 1 ¢
e [ ]
K P
K = T'KT,
P=rT1P
(6) (7 , ,
* 2
1.3
, 3
, 1 . 1,2,3 .

w= wi= w2= w3,
ex = exl = 2= ex3, e) = eyl = eyZ = ey3; g
ur= usz+ Gy(H - hu)/z, u2= us3z-— & hu/2, ( )

V1= v3— ex(H_ hu)/z; V2 = u3+ echl/zy
H hy :
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i 2 . , i
2U= N.Au+ NyAv+ N:Aw+ M. A0+ M,AD, (9)
Au N Aw AG, Ae)» 11 12 s Ny Ny N, 11 i
;an M)" il > il
G= U/A, (10)
11— .
A= 2]1k1 X 1111
2.2
G 26, , Ar
Ari= (k+ 1)(Gi- G) Aai, (11)
Ary i : G i ik 20
s Aa; L .
3
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Newton_Raphson (12),
GAP [20] .
4
x , L = 200 mm,
, h= 8 mm, ts = 4 mm, d = 100 mm, .
[0/90/90/ 0] ss, Os4 .
0. 125 mm, :E1=134.0GPa, E;= 10.2GPa, Gi2= Giz= 5.52 GPa, Gx
= 3.43GPa, HPp= Hiz= 0. 3 (11) , :K=0.08 G.= 200
J/mmz, Aa = 0.1 mm*
4.1
1)
1 ) 30 mm
1 , s
5 X = 0 ,
y 2 2 y 2
. 1 ,
X , 5
1
- )/ (Yo
e /(%) €0/ (%) (- &)/ (%)
0.0758 0.116 0 0.0402 (a)
0.100 1 0.1109 0.0108 (b)
0.211 8 0.3280 0.116 2 (c)
0.14 9 0.128 2 0.0233 (d)
0.101 4 0.117 1 0.0157 (e)
0.103 6 0.124 6 0.0210 ()
0.076 0 0.1417 0.0657 (h)
. 0.1399 0.1453 0.0054 (h)
A 0.1675 0.1839 0.016 4 (g)
4 0.176 2 0.208 4 0. 033 2 (g)
4 L]
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4 , 1) a= b= 30
mm; 2) a= b= 15mm; 3)a = 30mm, b= 15mm; 4)a= 15mm, b = 30 mm;
d = 100 mm* 6 .
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N =0.38 0%
n
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\ ~e=0.262 2%
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L
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Numerical Analysis of Delamintation Growth for
Stiffened Composite Laminated Plates

BAI Rui xiang, CHEN Hao ran
(State Key Laboratory of Structural Analysis for Industrial Equipm ent ,

Dalian University of Technology , Dalian 116024, P.R. China)

Abstract: A study of postbudkling and delamination propagation behavior in delaminated stiffened
composite plates is presented. A methodology is proposed for simulating the multi failure responses,
such as initial and postbuckling, delamination onset and propagation, etc. A finite element analysis
was conduded on the basis of the Mindlin first order shear effect theory and the von Kirmiin nonlinear
deformation assumption. The total energy release rate used as the ariteria of delamination growth was
estimated with virtual aack closure technique (VCCT). A self adaptive grid moving technology was
adopted to model the delamination growth process. Moreover, the contad effedt along delamination
front was adso considered during the numerical sinulation process. By some numerical examples, the
influence of distribution and location of stiffener, configuration and size of the delamination, boundary
condition and contact effect upon the delamination growth behavior of the stiffened composite plates
were investigated. The method and numerica condusion provided should be of great value to engi-
neers dealing with composite structures.

Key words: finite element method, postbuckling;, energy release rate; delamination growth; stiffened
composite laminated plate



