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i
ut” (ou, 0k, z) = udn (0e, 00) + (z- z) YA (o, 00),
uf’ (o, 0e,z) = ufd (ou,00) + (z- z) Y8 (ou, 00),

w (o, 00, 2) = W (o, 00), (1)
un, us) i UL i (1)

i
W= I = e e,
W= I o= e g, @

0

4= A+ A0, B= N+ AW, (3
A

Ui(o, 0e)  U2(0t, o)
Us,UzwW, Y% ¢
0 (0, 06,2) = Ua(o, 06) + [zo+ S () t8 ¥ (o, 00) + S (1) t2UA (ox, oe)
+ [zi- zo- S (o, %) - S(i) tHE (ox, 0v)
+ oz z) [V (on,00) + ADYE (o 00) + (10 AD)H (o, 00) - A (o, 00) ],
U (06, 06,2) = Uz(on,06) + [z0+ S (D)t 1Y (o, 00) + S (i)t WA (ou, )
+ [zi- zo- S()t2]9 (o, 00) - S(i)tE (ou, 0r)
+ (z- z) [V (o, 00) + ADUA? (0w, 00) + (1- M)H (0w, 00) - A (0w, 00) ] (4)

P o
W (o0g= ki L W o= ke LR ®)
S (i) 47 [9 11] [12]
Al Az

é}%(N Al + ﬁ(N 2A1) + N 12 e N 2 aX1+ kA A2Q'1+ Q"1)

+ Uf(MuUl'i' M1W+M14%O)+M15%O)): 0,
é}a{l(leAz)+ E%(NaAl)+N21%:— N1%(21+ kAAQ'2+ Q"2)
+ Uf(MzzUz+ M23\N+M24%0)+M25%0))= 0,
G " G "
a>(1[(Q 1+ QUi)A] + a)(z[(Q 2+ Q"2)A1] - AA2(kiIN 1+ kN 2)
- (U?(M31U1+ M2+ M3§N+M34(MO)+M35%O)): 0,
a%(M']AZ)-F ﬁﬂ\/l'zzA1)+M'1z%(:- M'z%ﬁz- AAQ":
+ Uf(MzuUl'i' M2+ M4AN+M44¢’:(LO)+M45%O)): 0,
0 4r 0 4r , A2 . A )
axl(MmAz)"‘axz(Mﬁl)"'leaxl-Mlaxz-A]AzQz

+(U2(M51U1+ M s+ MséN+M54(MO)+M55%O)): 0, (6)
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Niz= S+ kxM' 2+ M "12), Nai= S+ kiM' 24+ M "12),

Q"1= A_JJA—Z[E)%(M "A ) + 5%0\/' "A1) + M "12%(:- M "2%&2],

Q"2= A_]JA_Z[é%(’\A"lAZ)*— ?a)a(z(M"zAl)+ M"12%(12- M"l%(:] (7)
(6) w s Ni,N2,SM’ 1,M ' 2,M " 12,M " 21,M"1,M "2,M "1,
Q' 1,Q2 Hl],M 11 , (6) U1,U 2,
W Yo g
Nnt kiM "ns = O, Un= 0,
Nns+ kM "ns= O, Us= O,
Q'n+ Q"n+ @/I& - af[(Rn— RU:i+ RaU2- (I + luu+ Il - 2|11)Q¥J)
- (luz+ laz- l12- |21)(]§0)+ (I + 12121 - |11)%O)+ (12 + 12221 - |12)w§0)]

ocos(n, o) - (Lf[R12U1+ (Rz- R)Uz2- (lumz+ lo2i- liz2- |21)q§m
- (I + Tzt li22- 2|22)q§°>+ (l12 + 12021 - |21)%O)+ (l2222 + 11212 - |22)%O)]

s(n, L) = 0, w = 0,
M’'n= 0, o = o,
M’ = 0, Yo = o,
M"» = 0, @ =0 (8)
R, |,Ru, lu, luu [10] ,
M "l 8= 0, W =0 (9)
i>0 i<0 AY ,
[10] : [11] (6)
, [9- 11]
, (Donnell) , (i
2
E./Er= 25Gir/Er= Q5Gr/Er= Q2 wur
= wr= Q25 L , T
1 [0°/90°/0°] , R, a R/h= 100,a/h =
10 , 1
o= wld P/E+/h , [13]
n ,
5/6( )
2 [0°/90°/90°/0°] , a
R/h= 100,a/h = 10
a

3 [0°/90°/90°/0°] ,
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Ri= R,R2= o ,R/h= 100,a/h= 10

2 w= aaZJ P/Er/h ,m

n o 0k ,
1 2 , )
1 [0°/90°/0°] 0= w?d P/Er/h
10 679(n= 11) 10 681(n= 12) 10 682(n= 10) 10 889 28 241
[13] 10 750( ) _ R - -
11 293(n= 11) 11 294(n= 10) 11 295(n= 12) 11 485 30 598
14 199(n= 10) 14 199(n= 9) 14 203(n= 11) 14 325 56 110
[13] n
2 [0°/90°/90°/0°] W= wd P/Er/h
(m,n)
11. 787 11.728 11. 708
(6] e 11.749 11.735
[4] 11. 840 11.790 11. 780
(1,1
[13] e 11. 847 —_
12. 359 12. 303 12. 284
15. 289 15. 243 15. 229
22.131 22.109 22.070
(1,2 22. 459 22.437 22.399
27.996 27.978 27.948
27.148 27.100 27.098
(2,1 29. 643 29. 599 29. 597
54.598 54.574 54.573
3
[10] )

(a/h=5),
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M 11
M 1= fAA-2 M= (Ru- R)Az£+ Rlelé)%,
M 1= RuA A2, Mi1s= R1A A2,
M 2= AAA -, M 23 = RzJAzé)%+ Rz - R)Al?a%,
M 22 = R2A A 2, M 25 = R2A /A 2,

Ma= (Ru- R)(Azé)%+ %(1_2)4' Rlz(Alé%"’ -%Xz_l)'
M 2= R21(A2£+ %(1_2)"' Rz - R)(Al_a"' -@J).
Maz= (I + lua+ laax- 2|11)|:§'2% é)%(A'Z) &L] + 2(lu+ laa- li2- |21)&%(2

+ (I + 1o+ loo- 2|22)|:§_1?§é 5)%(6_1) axj- PhA A 2,
2, Ao

Ma= (lun+ lax- |11)(A2 )+ (I + 12221 - |21)(A15)%+ %Xz_l)'
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Mas= (luz+ l2 - |12)(Az€§1+ %(1'2)+ (lz22 + 11212 - |zz)(A1£+ %(2_1),

M= RuA A2, M 2= R2A A,

M= (lun+ la2- I11)A2€§1+ (T + 12221 - m)m&%,
Mar= (luu+ laa)AAa2, Mas= (lue+ laza)AAo2,
M= RA A2 Ms2= R2AA?2,

Mss= (lu+ loo- |12)A2§1+ (l2222 + 11212 - |22)A1‘T§2,

Msr= (lue+ l221)A A2, Mss= (l22220+ l122)A4A 2
AR I Ru ln lun [10]

FREE VIBRATION ANALY SISOF LAM INATED
SHELL S INCL UD ING TRANSVERSE SHEAR EFFECTS

He Jifan
(Department of EngineeringM echanics, T singhuaU niversity, Beijing 100084)

M aBang’ an
(Institute of M echanics, A cademia Sinica, Beijing 100080)

Abstract A discrete-layer shear deformation theory is used to analyse the free vibration of
laninated shells The theory adopts an assumption that the transverse shear strains across
any two layersare linearly dependent on each other. The theory contains the sane dependent
variables as the first-order shear deformation theory, but the set of governing differential e-
guations is of twelfth order. No shear correction factors are required Free vibrations of a
short circular cylindrical shell and two shallow shells are calculated The numerical results
are compared w ith the classical lamination theory, first-order shear deformation theory and
other shear deformation theory olutions

Key words freevibration analysis, laninated shells, transverse shear effects, discrete-layer
shear deformation theory
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