) 2 (2000 2 )
Applied Mathematics and Mechanics

:1000_0887(2001) 02_0135_05

& R%E, EMNE, MKFTE

( , 510640)
(RFVmE ) HRAD)

s Fukuda  Chou

0346. 1 DA

+ Zweben!"

2 2

Fukada  Chou!”

[ 2] .
1
1(a) (HM) (LM)
* © 200003 21
: (19902004) ;
(1956—), .
(1945—), ,

135



136

) . , (HM
)7 * B
1(b) , s
, L2, (2r— 1+ 2n+ 2N) .
. r HM ( r=r HM ) (r=1) 1M (
ra<r- 1 M), . :
Wi, U2, -y Ur® LM 2n ,
Ur+ 1, Ur+2, «+4 Ur+ n ° 2N ( 2s1 2s2 HM IM
, N= s1+ s2)° [1,3] , ,
s s Ur+ n+ 1 °n N
s n N S1 s2
l Lyt
STt Uren
‘W*ltl
IR : R
sl B UL UR B 1L B 1B
! A 1 L1 I -
| I LRl |
[ i e 1 I NHHER
et O A B
HEHI N ) ‘ iy
e B LV A |t
l:j:l:l e :::::::
ij N%%l §-=,(2r l)&ﬁ’iﬁ'ﬁil &%‘N%%
Ak HM gﬁ} LM £ % i d ﬁg{,*ﬂ“fﬁﬂgﬁﬂﬂ R - $ig ]
(a) (b)
1
EA E A HM IM .d e
R he ui(i= 1,2, .ur+ n+ 1) x .
7N 2 2
(3
dui
E1A1?+ 2Gh(u2— u1)/d= 0,
d Ui .
EA; 2+ Gh(uiwi1— 2ui+ ui1)/d= 0 (i= 23 -.,r+ n), (1)
% % d Ur+ n+ 1
(s1FA + s2E A ) dx—+ Gh(turn— Urn1)/d= 0
HM IM , T ,E\A = EA, r ,
EAi= E" A : pilx)= EAi(dui/dy)*

HM p>



137

pi( ) = p, HM  ; pi(e)= (E"A /EA)p, IM
. (2)

pi(0) =0, s ui(0) =0,

pi= p*Pi, EAV/EA = Ri, E° A" /EA = R,}

w = p Jd/FAGhU;, x = | FAd/Gh&

, Pi Ui "g— pi ui o« .

(3) (D

& Ui
R1 d§2 + 2( Uz— U1) = 0,
& U .
Rid_€2+ (UH-]- 2U; + U,'_l): 0 (L: 2,3, ey T n),
& U

(Sl+ SZR) d—€21+ (Ur+ n~— Ur+n+]) = 07
., EAi= E°A" ,Ri=R; EAi= EA ,Ri=1° (3)

Pi( ) = 1, HM ; Pi(©) =R, LM ;

Pi(0)= 0, ; Ui(0) = 0, .

(5) , (4) Ui
r+ nt 1
U= &+ _Z:AjBi,jeXp(— L),
/=
>y ; T , T (4
[2/R1 - 2/R, 0 1
T = - I/Ri 2/Ri - 1I/Ri ,
L 0 - 1/Rr+ n+ 1 1/Rr+ n+ U

, Rvne1= s1+ 2R, By ,

Bl,j: 1 (]: 1,2, -.sr+ n+ 1)’
Baj= Buj(l= Ri;j 872 (j= L2 «r+ n+ 1),
Bi?jz B,‘_l,]‘(z— Ri_l,j UJZ)— Bi—l,j

(j= 1,2 «.ur+n+ 1L i=34 -.,r+ n+ 1)°

(6) (5 )

r+ n+ 1

2 AB =1, :

J=

r+ n+ 1

Z‘AfBi,j =0 .

=

(9) Aj, A (6) - &=0

(3)

(4)

(5)

(6)

(7)

(8)

(9)



138

r+ 1

dUi
K(i)= —= = 1- AB; i B . 10
()= "G o= 1= 2B b, (10)
HM ri IM r2, , n N °
2 . s T
(a) ri= r,ra= 0; (b) n=r,r2=r-1° R
= /3, / . I N /Oy F
2 n N
: ; [2] H 1}
. , (a) , n=r1+3 BA CD
4 N=r+5 6 (b) ( r=1
(a) ri=r,r2= 0 (b) ri=r,r=r-1
s (a) ), n=r+5 6N=r+8 5
2
10, Fukuda Chou £2]
, n N- n ,
/ . ,
>
1 (2 ( (a))
ry 1 3 6 7
r 0 0 0 0 0 0
n 4 5 6 8 9 10 11
N 7 8 10 10 11 12
K 11219 11714 11990 12160 1. 282 1. 2360 1.2397
4 [2] 1121 1172 1 199 1 216 1. 28 1. 236 1. 240
K K 17198 1 9544 20322 20723 2.100 2 2. 1180 2.1275
! [2] 1777 1952 2 029 2 070 2. 96 2. 114 2.126
2 [2] ( (b))
T 1 2 3 4 6 7
s 0 I 2 3 4 5 6
n 7 8 10 11 12 13
N 10 12 14 14 15 16
K 11219 12919 1477 15927 1. 7299 1. 873 1.971 1
¢ [2] 1121 1 291 1 48 1 593 1. 728 1. 852 1.968
K K 17198 25154 30783 35547 3.984 4 4.373 1 4.718 3
g (21 | 117 2511 3075 3 550 3. 970 4348 4.696




139

[ ]

[1] Zweben C. Tensile strength of hybrid composites[J]. ] Mater Sci, 1977,12(8): 1325—1337.
[2] Fukuda H, Chou T W. Stress concentrations in a hybrid composite Sheet[ J]. Trans ASME, J Appl
Mech, 1983, 50(4a): 845—848.

[3] Ling L, Zeng Q D. Analysis of stress concentrations in unidirectional composites taking into account
the tensile load in the matrix{ J]. Acta Mech Solida Sinica, 1998, 11(4): 318 —328.

Study on Stress Concentrations in an Intraply
Hybrid Composite Sheet

ZENG Qing_dun, HUANG Xiao qing, LIN Xue_hui
(Codlege of Traffic and Communications, South China University of

Technology , Guangzhou 510640, P R China)

Abstract: A reasonably, simply and accurately modified shear 1ag model was proposed. Based on the
model, the stress redistributions due to the failure of some fibers in an intraply hybrid composite un-
der tension were analyzed. The results show that the present calculating stress concentration factors

very coindde with Fukuda and Chou s results, thus verifying the reasonableness and correctness of
the present model and methods.

Key words: intraply hybrid composite; shear lag analysis, stress concentration facor



