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ny aie azes ae ny b
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Nx— ayZ, Ny— ax27 ny—— axay (4)
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Q'F aF O'F J'F aF

—_ 2aw—= 2 -2 =0 5
a5 27 2063 5 3% (2ant aw) 5 553 2amy 5h g (5)

el o JHlaedy

F =

a11(1/4— 2&160.(1/3+ (2a12+ (1«66) (12(1/2— 2(1,25(13(1/ + a22(14= 0
d = ayTiap ay Tiax,

F= eii(ow— a”y)+a12y7 F= ei‘i(ox+<121y)+azzy. (6)

F= [Asin( @ + dny)+ Bicos( w+ any)/( Cish(any)+ Dich(any))+
[Axsin( o + aziy) + Bacos( aw + a2y )[( Cash( any) + Dach( axy))*

eii(@/Jr B x) (5) , [6]

F= t;q+ t20§2+ t(nrl2+ 121 €2T1+ t12Z.~T12+ L‘30§3+ t03r13+

13 O N+ 16 CTE) + t13( S0+ 11687 TY),

¢ = x/a, n= y/b, o = 3a25b/(a(2a12+ a66)), t16 = 3a16a/(b(2a12+ a66))‘

[71s

B

[1~3],[6~ 8]

P S Shwsinf ata- )+ an(b= y)Jshlazy) +
Bunsin( o+ aury Jsh( an( b - y))} \sh( aab) +
Z{sznsin[ﬁ(b— v)+ Bu(a— x)Jsh( Box )+

Dinsin( By + Bux )sh( B2 a- x))} \sh( Bra) +

[N+ ta(1- )] (o= @)+ [ta(1- M)+ $3)(28— 38+ &)+

[tsC+ tg(1— ©)J(N= )+ [te(1- &)+ t78](20- 31+ TP) +

tolll— tp(o— &)(MN- 1%, (7)

tn= (ti1+ t2— t3— ta)tos+ (t5+ te— t7— t3)lies
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a= mWa, m= 1,2,3, .. B= nWb, n=123 ..; [=1,2
n
Ne= 3 3{( ok dsinfara= v+ aab- y)]sh( ) -
2anarcos/ a(a— x )+ an(b- y)]ch( Gzzy)}\sh((lzzb) +
22 2Bud (o~ afjsin o + iy )sh( a(b= y)) -
2(111(112005((]% + Clny)ch( (llz(b - 9/) )} \Sh( Ozzb) -
ZZClnﬁzsin[B(b— y)+ Bu(a— x)]sh( Box )+
Dy, stin(ﬁy+ Byux)sh(Ba(a- x) )} \sh( Bra) -
6[tsi+ to(1— &)(1— M)+ t78(1= M)+ sN(1= 2)]/b>+
2o - /b (8a)
= - ZZ&;m{azsin[a(a— x)+ i b— y)]sh( azy) +
Bzmazsin((]x+ any )sh(ap(b- y))} \sh( a2b) +
ZZ‘zn{(Bzz— Bf)sin/ B(b— y)+ Bu(a—- x)]sh(Bpx) -
261 Bacos/ Bb— y) + Bafa— x)] ch( Box )} \sh( Fra) +
IZ'.ZDzn{(Blz— Bi)sin( B + Bix)sh( Ba(a - x)) -
281B2cos( B + Bix)ch(B2(a- x))}\sh(ﬁm)-
6110+ 21— &)(1- W)+ t3(1- &N+ (1= N)]/a’+
202 M= W)/ a? (8b)
Nay = ZZ\ {G(Insm[(l(a— %)+ aif b— y)]sh( aay)+
atcos/ A a~ x) + an(b= y)] chf tay)} \sh(anb) +
ZZ;’lm{aausm(ax+ ary)sh( as( b= y) )+
aancos( @ + iy )ch( (b - y))}\sh((]zzb)+
ZZQU{BB;M[B([)- y)+ Bi(a- x)]sh(Bpx) +
BBacos/ B(b - y) + Bu(a- x)]ch(Bzzx)} \Sh( Fra) +
Z‘pln{ﬁﬁlsln(@ + Buix )sh(Be(a- x)) +
BBQCOS(@ + Bix)ch(Ba(a- x) )} \sh( Bira) +
[(ta= 1) (1= 3C)+ (ta— 13)(2— 68+ 38%) + (13— ts)(1- 310)+
(te+ t7)(2—- 6T+ 3T) = 1o+ tio(1- 28)(1= 2T)]/ ab (8c)
(2) 12 (9 (3) 12
= Zzélbn{ﬂauan/a— ais) ansin/ a( a - x)+ ai(b- y)]ch( azy) +
[a“(a%z— (1%1)/(1— and+ adjcosf a(a— x) +
ai(b- y)]sh(azzy)}\sh(alzb)— ZZﬁIm{(2allGll/G— a16) Qpsin( @ +

aiy)ch(an(b-y))+ [011((1%2— (1121)/(1— and+ aiet]cos( o +
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sl aa(b= y))) \h(azb) - 3 S [ anB7(Bh+ B -

alzjﬁlzsin[ﬁ(b— y) + B“(a— x)]ch(Blgx) + [anBZBH/( B%1+ B%z) +
auB“— a16B]COS[ B(b— y)+ Bll(a— x)]Sh( @295)} \Sh( Blzd) +

ZZ)[,I{[GMBZ/(B[ZH Bh) = an) Basin(By+ Bix)ch(Bp(a- x))+

[aiB°Bu/(Bit+ Bi) + an2Bi— a6B]cos( B + Bix)sh(Be(a - x))}\sh(ﬁzza)—

35T+ 16(28— (1= W+ t78(1- W+ t5(28— &) Wana/b’ -

31PN+ 12(28— @)1= )+ t3(28— )N+ 1483 (1- MJan/a+

[(ta= t1)(e= &)+ (ta— 13)(28- 38+ T)+ (15— 15)¢(1- 3 +

(t6— 17)&(2— 6N+ 3T) = o8] are/ b+ tnf(S— 28/3)ana/b” +

24 N- Wap/a+ (4— (1= 2Waw/b]+ fi(y), (9a)
v =— IZZ/.lzm{[azzaz/((l%1+ ah) - an]qsin/ a(a - x) + ai b- y)]ch(apy) +

[azz(lzan/(a%+ (1122)+ a2q1— ax0jcosf A(a— x )+

ai(b- y)]sh( Glzy)} \sh(azzb) + ZZ:ZlBIm{[azzdz/((l%l + ah)— an Gosin( o +

ay)ch(an(b- y) )+ [and®an/( ahi+ ah)+ anli— ax0]cos( G+

ny Jshl aa(b= v))) \ohazt) + 330 (2018 -

ax) Bosin/ B(b— y) + Bu(a— x)Jch(Box) + [axn( Bh- Bf)/B-

anB+ axbBnjcos/ B(b—- y)+ Bu(a- x)]sh( Elzx)}\sh( Bra) -

ZZ'P["{(2&22[312/B— ax) Bosin( B + Bux )ch(B2(a- x)) +

[axf Bha— B7)/B— anB+ axnBajcos(By+ Bux)sh(Bpn(a- x))}\sh( Boa) -

3tseW+ to(1— &)(20- M)+ 176(20— W)+ 11— &) WJan/b-

31 S+ tof1— &)(2N= W)+ p3N3(1— C) + t44(20N- )] anb/a’+

[(ta— t1)(1= 38) N+ (12— 13)(2— 6%+ 3T) N+ (13— ¢5)(N- )+

(te— t7)(20= 3+ )= toWaw/a+ tif2( - &) Tan/b+

(TB= 2%/3)anb/ d®+ (1- 28)(N= M} aw/a] + fax), (9b)
fily) oy JSou(x) ow (9 (2) 3 (8)
(3) 3, (8) (9) (6) (
), Xy .

f1(y)= uo— [6t6a16/b+ (t1— 2t2+ 2t3— ta+ t9/2— t12/2)a66/a+ eb] n+

[(t1i= t3) 0+ (ta— 12) (30— )] anb/a’ +

[(ts+ t3) T+ (t7— te) (3= ) = tn/(an+ as)/a+

3(te— tg) Waiw/ b+ [6(ta— t3) W+ 2t = 270/3)] axnb/ a’, (10a)
f2(x) = vo— [6t2a%/a+ (t5— 2t6+ 2t7— t8+ t/2— t12/2)aee/b— Ba] T+

[(ts— t7)C+ (13— t6)(38— ©)]ana” b+

[(ti— ta) C+ (13— 02)(38= &)= 1,8 (an+ ass)/b+

(12— t4) Ca/a+ [6(te— t7) T+ 2t T— 28/3)] arcal b’ ( 10b)
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22(m+ n)+ 12 . , 2
, , 2(2m +
2n) + 4 . , .
4 , Xy
) 12 )
[9]°
2
2.1
4 , , (9
Nuwo)= Nuw,b) = Nota, 00 = Nuga,b)= Ny, (11a)
Nywoy= Nywo.0) = Nyta,00= Nyan)= Ny, (11b)
Nuy0o) = Nuy, 0= 0, wiw2ir2) = viwzin = 0 (1lc)
() (11a,b) (11¢) 1, Am= Bm= Cuw= Dn= 0,
t1= t2= 3= t4:—Ny(12/6, 15= t6= t7= (8= — Nxb2/6, t9 = Ny ab,
; . (9 (10) ,
(1le) 3
u= (auNx+ anNy+ ai6Nw)(x — a/2) + (aisN«+ a26Ny+ acsNxy )(y — b/2)/2,
v= (anN:+ anlNy+ axNy)(x— a/2) + (a1eNx+ axNy+ asclNiy)(x — a/2)/2°
a=b, an= an as= ax, N.= N,* ’
, Ny=0 .
1o, al6 , X =y X+ y= a ° al6 ,
. , Nxy = — 2Nza 1/ ase®
2.2
45°/ - 45/45° / , EVE, = 3,
Gr/E2= 0.5 Poisson Vi = 0.25° L]

an= an= 0.723 4/E2h, an= - 0.2756/E2h, ais= ax=— 0.0852/E2h,
aes= 1. 1489/ Erh, A=- 2ai/ a1, = (2an+ ae)/ an,
h ,

wi = (- VEJX- 484 8)a/4,
ar= Jans 8- 2N £20 N 4Bt Sa/4,
4

[=1 , =2 .
(Ni)x=0= (Ni)x=a= N 1= T); (Ny)y=0= (Ny)y=5= N1~ ), (12a)
(Nay)r=0= (Nay)xa= (Nuy)r=0= (Ney)ys = O ( 12b)
(8) . ) Aim= Bim, Cin = Din, t1= 12, 13
= 14, l5= te l7= tg a= b,a1= ax ais= ax, x =y ,

Cln = Aln; 1o = e, La= 13g° ( 12?:1) (12b) 1
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> S 22

— = b (B
air(ah+ ah+ B JcosnT— 2010 aii+ o)
Zé\anBzz cosnTt
1

ZZ‘MY Yii+ YpcoskT
1 k

(t6— tg)[1+ cosnTl— 23}\(1— coanT)]

IZ:lem %(l+ cosmT)| 1 -

Z\Im 4 [iazlal;(cosn;ﬂ; (:osnsz)2 cosnTleth Qb — cos1 b
b (B— ah+ a2)"+ 4ahian shanb
lenﬁz_ Lo 122+ " lZcongT: N 4(1- cos3nT[2
7 nTth nth (nT 7

cosmIl+ cosndl

2 P 2 2
an+ )+ 4anap

cos(Bia)
sh(Baa)

1[0%1((1%1+ (1%2— Bz)+

sin( @1b)

sh(anb) [ ¥
+ Cth(Bzza) +
sin( Yiia) K
sh(viab) | *n

12
(nj-[ 2 = 09

2102 sinQi b

o+ qf shazb

ZZMY Yii+ YcoskT a1 cOSkT[+ t6— t8— to = 0
T shypa kT d
K,= 4k/ (T = Tn?)  n ik , Ko= 0k Y Y1 ¥ n BBy By
. Newo =0  Nios) =0
]Z:thmouozz(cosmﬂcos(Ozlb)/sh(azzb) + ch( azb)) + 316/ 6% = 0,
<
ZZAszuOzz(cosmT[cth(azzb)/cos(Gllb)/sh( anb)) + /b= O
, 5 Aim te ts  to,
1 2,N, Ny , . x= a/2
y=b/2 , . ,
, * x=y x+ y= a *
1 (N:/N) 2 (Ne/N)
4 4
n n
0.1 0.3 0.5 0.7 0.9 0.1 0.3 0.5 0.7 0.9
01 0.1657 0.1860 0.2177 0.171' 1 0.1421 01 00263 00277 0.026 -0.0305-0.0248
0.3 0.186 0.1989 0.1926 0.1927 0.1635 0.3 00277 0035-0.00011 -0.0200-0.0305
0.5 0.2361 0.2017 0.1945 0.201 7 0.2361 05 002 6-00011-0.0010 -0.011 0.026
0.7 0.1635 0.1927 0.1926 0.1989 0.1856 0.7 -0.03 5-0020 -0.001 1 0.235 0.277
0.9 0.1421 0.1711 0.2177 0.186 0 0.1657 0.9 -0048-0035 0.026 0.277 0.0263
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Analysis of Symmetric Laminated Rectangular Plates
in Plane Stress

YANG Duan sheng, HUANG Yan’, REN Xian hai’
(1. College of Bridge and Structure Engineering, Changsha University of Science
and Technology , Chan gsha 410076, P.R. China;
2. College of Aerospace and Material Engineering, National University of
Defense Technology , Changsha 410073, P.R . China)

Abstract: Symmetric laminated plates usually used are anisotropic plates. Based on fundamental e-
quation for anisotropic rectangular plates in plane stress problem, a general anaytical solution was es-
tablished by method of stress function accuraely. Therefore it gives the general formula of stress and
displacement in plane. The integral constants in general formula can be determined by boundary con-
ditions. This general solution composes the composite solution made by trigonometric function and
hyperbolic function which can satisfy the problem of arbitrary boundary conditions along four edges.
The algebraic polynomia solutions which can satisfy the problem of boundary conditions & four cor-
ners. Consequently this general solution can be used to solve the plane stress problem with arbitrary
boundary conditions. For example, a symmetric laminated square plate acted with uniform normal
load and tangential load and non_uniform normal 1oad on four edges has been calculated and analyzed.
Key words: symmetric laminated plate; anisotropic ; stress function methodology; strain, displace-
ment



