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BENDING ANALYSIS OF LAMINATED COMPOSITE SHALLOW SHELLS

BE 0 RETET L BT PR
By Hiroshi MATSUDA, Chihiro MORITA, Takeshi SAKIYAMA and Ichirou NISHIMURA

A generalized formulation for the laminated composite shallow shells is attempted by
using a discrete method. By transforming the differential equations into integral
equations and applying the numerical integration, the discrete solutions can be obtained.
By using the present method, symmetrical and antisymmetrical cross-ply and angle-ply
composite shallow shells (elliptic-, hyperbolic-, cylindrical-, paraboloidal shells) having
the arbitrary boundary conditions and load conditions can be calculated. In the
numerical examples, the results of symmetrical and antisymmetrical cross-ply composite
elliptic paraboloidal shallow shells are shown.
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PAEEOEASIZIE T Vv INTISATH->THE IR TS5 A4 LR UBEAZUENEATEZ2DT. &4
HWEATIY BRP.. HP. 5L, HEOHEHREETANIEET v /T 5 A EERT Y <V
DWNF AT 720 Fig612AJE] 0/-0/0/-6 | LU 2B 010 | BHHHERT Y = VORI 6 &k
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Syt v VOB A BBERE (HoTB, . MR Fig 6 \ORg 8iHE
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BB < WOIBEAT - Too BUERMTOHREN S RFFHEIC X 28 EBT B IUREL S DI &,
Fio, HEAMHOSEICIZFMICEOTHEA L THAOBE L S OFEIMMF S NS Z L EN RSO
7oe BRI LD &, TEOEREGBLIUONERHAE T2/ 0751 BERT Y 2V E—RN
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Appendix 1 Cowt = Uyps+laypotkyyp
Ap =% Bp =0 Cooki = Wypstlaypr0+kx)p1
Ap =0 B =pym Cpant =Tulps
Aps =1 Bps = uyps Cow =Tupp
Apt =% By =0 Cosit = Iu)ps
Aps =0 Bps = pyp _ _
_ _ _ _ _ _ Coakt = -UK(A a4 Ypo+A 45 Yp10)
Aps =D 12yt Doz Ypr+DasYps By = t(Dr6Yps+DosYpr+Dss s - _
_ _ _ _ _ _ Comt = - K(A 45 Ypo+A 55 1p10)
+B1ymi1+B2 piz+B2s s +B16¥p11+B26 12+ Be61p13) -
_ _ _ _ _ _ Coaur = (Buaks+B 12ky+2B 16k y Yoo
Ap1 = Di1sYps+DosYpr+Dss Vps By = w(Duyps+Draypr+Dis¥ps o
_ — _ _ — —_— + (B wkx+B 22ky+2326kx y)yp’/
+B169p11+826 Yp12+B26 Yp13 +BuputBuipetBisips) o
— _ _ _ + (B16kutBasky+2B sokxy)ps
Aps = K(AaaypotAasyp0) Brg = uK(AasyetAssipo) o
_ _ _ _ _ - + (A 11kxtA 1ky+2A 16kxy Yip11
Apy =B 12t Baypr+B26)ps B = u(B1syps+Ba6 i+ Besips o
_ _ _ _ _ — + (A 12kx+A 22ky+2A 26kxy))/p]2
+A12Yp1+A 22 p12+A 26 p13 +A16Yp11+A 26 Y1244 66¥p13) [
— _ _ _ _ —_ + (A 16kx+A 2,6ky+2A 66kxy)}’pl3
Ap10 =B uypstB12)y+B1sYms Bp1o0 = i(B11Ype+B12Yp7+B 16158 Coomr =0
+A 1 p11+A 2 prtA 16413 +AnY1+A 12124416 1p13) Corou =0
Ap11= Y1 B = piy Cot1u = In¥p13- 2kexy)pa
Ap12 =¥ Bp12 =0 _
Ap3=0 Bp13 = tym Cpou = Inypiaky s

Coram =Ty 4&;@3
[l =[0p] " (p =1~13,£=1~13)
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pore = -Biks, Porn=Pii, Pous =i, P =-Piky, Pon=ubij, Por=PFi, Poo =P, Pun=ub,

Pt =2Bifxy, Pz =Bk, Pos13 =Biks, Posor = -4, Posos = Bii, Podos = 4Py, Poson =Py, Posos = ufl, Posos =P,
Posos = ABij, Posos = DizfirtuDrsfy;, Posor = DisPitlDinfij, Posos = - (B kst B ioky+ 2B16ksy) B

Poses = B 12fittiB1sfi;, Oos10 =B 16firttBrfi;, Poros = -IB; 7, Pws =DnfirtttDasfis, Poror = DashiuDiafis,

00708 = - B12ks+Broky+2Basky)Bij, Porcs = B2firvtiBasj, poro =BasPirttiBrfij, Posos =B, Posos = DosPirtDssfis,
Pos07 = Desiet-tDrsBij, Posos = ~(Bskx+Basky+ 2B scksy)Bis, Posos = B2sPiittiBesSii, Posio =B esfirttB1sfif,

=-1Bij, Poss = 1kAasfis, Posor = uidasfiy, Posos = K{dusfirttidasB)

002 = 1B, Proos = ukAssPis, Proor = KkAssBr, Proos = K(AusBitudssf)

1106 = B Bt uBisB;, puwr =B isBituBubi;, Pus= '(’le]?x‘bZl?];y"'Z/zldgxy)ﬂij, P1100 =A pfitud b,

o110 =A 16Bitudn By, prs=-B;, Puos= BufittBaxsfii, pPro=BufituBuf, Prow= -@12]?;&1?22];}&2;26/&)')@]‘,
P1200 =A Pt tid2sfj, Przo =Assfictud iy, P12 = -IB; i, D106 =Bt tBssBij, Puor =B esPirtiuBisfi,

P1308 = -(Zml&«b‘lizdgwﬁeday)ﬂij, P1309 :Z%ﬂiﬁ'lgééﬁjj, P1310 ZfTéﬁﬂii'f'/JlGﬂjj , P =-If;

L0901

Appendix 11

Qhpijud = 'g { 2 ﬁikAp[CﬂulM'ahtkjud( 1 65)} + i ﬂlep[GnOlud‘(htilud(l 451,-)} + éo éﬂ BirfBi Cpeiameriua( 1 Oy }

13 i i i _
qpij = E { E BixA J:qtk(}‘qtkj(l'ékz) + ; ﬁ,zBpJ_qzoz-qm( 14 ]) Z ; BirlBy Cperigal 1 Oe 61])} ; ?“0 BB pgu
p=1~13, i=l~m, j=l~n, f=1~i, g=1~j, d=1~10, h=1,2,
u=f(h:1®&§—§) or yu=g (h:z@é:%)
aroid=1, aa=1

_JooTs100 . loTaa g BK K o
angor =10T6100 g P ” L ” e ;
11701 = T 1671 TTo _ﬁjz @168 T Bt 1016 Io,'Tij%
a22i001 = }Mai R ikl = h"OTSU‘Oﬁk anits = -—E— P, Hitks = -5 );k
hioTs2i0 hioTs2i0 hioT 520 hioTs20
a14oj03=100T34005. Mqa__IaTasaﬂl’ quLs:-IaTm’ﬂﬂ, agi = - Sz Wil
1o T34 61340 Iy T34q7 ToT3s
kySasa Sasa IuTna g IoTsw
angs=- 1, dagn= = - a0 = - Z
78 Iy Tsag " d Iy T4y s 98 Io T340/ T e 1@T34qﬁj
asions =ML 5 g = -h~,"°Tl5"° B,  msios= -hi_"OT BB s = - DK
hioT13i0 hioT13i0 hioT13i0 hioT13i0
arsins = K51k, msive= S0 g = - Hiliog, asioo = -Hal 10 g,
ioT 1310 hioT 130 hioT 1310 hicT3i0
TooTs200 . IoTss0 g IozT4401 Sasa ,,
arzjoro =100T200 o = 1, - N '
11207010 = T @120/ Ty b1 ®120j5 = ToTog LY TN @120/ Tleg %
k) SSU 5 Ssso v, IoTwa g, IoTaa g
anje= - , = i, p= 4080, jno = - ‘
12120716 = Ty i1 @120/ ]Q‘T42Q'W @120 TToy Bii 12010 WTooy Bit
421310010 =h—9°T 2000, s = HTsi0 Bix, anzon = -Arl2a0 Bix s = - 220 i
hioTai0 hioT 2110 hiol 210 hioT 2100
A113i0k6 = k‘S‘W‘Gﬂk kg = S 440 ", @130k = -11—,"9&3-]‘9@1: , MINKI0 = '}Mﬁﬂc
ToT21i0 hicT1i0 hioT 210 hiol21i0
— . : o 3 3 —
ai=(-1y, Bux=0ou+(-1J"" dx, m= LG hioz(@) , Ii0=p(@9) = phio,
Lebutdy 0 hio
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8§ = d+0y+-0op+ 2(O+ Oupt O+ Ot ypt O+ Oop) #3010y, 17 = d+-Gopt Ot 2(Gurt- Oy + Oep+ it Gt Syt gy

Tu=S1SuSusSxu, Tr=SnSu-SusSn, Tn=S15SnS4u, Tu=S1S15-S1S4s5, Tis=S1S16-S11545
T2 =SuSuS14>, T =S12Sus-SuSu, T2 =S1380-514834, Tos =S 1554-S14Ss5, Tos = S 16544-S14S4
T31=S 1282551552, Ts2=82825-S22535, T33=524525-S0S4as, Taa=52552555, Tss =S 25526-52Ss6
T41=512555-S15525, T4z =8 2825-S25%, T3 =S2555-52583s , Tas =8524855-525845 , Ta5= 526555525546

To=—As , Iz = Ass , Tor= Ass , To=— As5__

A452-/T44/755 Ass AaaAdss A44/Tss—/—1—452 AsadssAss”
(Sl =[Ryi (=1~6,] = 1~6)
Ru=Anu, Re=An, Ru=Ais, Ru=Bu, Ris=B1n, R16=§16, Run=Azn, Run=Azs,
Rou=Bu1, Ris=Bxn, Rx=Bu, Ris=Aes, Ru=B1s, Rs=B2, Ris=Bes,
Ru=Du, Ris=Dp, Ris=D1s, Rss=Dn, Rss=Das, Res=Des, Rij=Rj:
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