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1
ro= ro(s)* (1)
s .
L
t= ros) (2)
« » s . i
g in
, i, in,
, s 12,3/
i 0 K - Kn||ig
inl=1- % 0 K | |in|®°
¢ K - % 0Lt
( 1) i [ 2~ 4]

w(s, & M) = [u(s)+ (s)+ M2(s)+ Us)NAE M) ]t+ [v(s)+ Ebi(s) +
Nby(s)]ie+ [w(s)+ EPi(s)+ NPy s)]in

, NE M)
> T *
(2),
en= exn= en= 0°
01, 02, &1, &, &1 ®
a B v (2]
01 = — casey— sasy, 02= cqspsy— sqcy,
1+ 41 = cBer, b2 = — cBsv,
@ = - sasBey+ casy, 1+ P = sasBsv+ cacy,
. By § s :

2@61z= en+ MKp+ KnTd+ Tg_z,

2 gen= - Y- Ko+ T g;ﬁ;

J_geu: 21+ EKi+ NKn+ Ks[ 52

é11, e, 13, K1, Kpp, K3p
[2] .

sa= sin(a), cq= cos(a)

& ]T+ T
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e

= el

W= Lp[qsu+ q@ + qw + mE( casBsy— sacv) + mn( casBey + sasy) +

msY + (fpﬂﬂ ) T/ dse

G
Y= 2612 j%+ 26133_2‘
(7) [2, 5] ¢
09 «®
e= éy+ E_,Kn+ NKy + Ks[ g § }T-} "f¢’ __" AN
Y= Ggpn+ G- r¥p+ qu’—E’ Kgd’drl T+ T(i(z
(8)
Gg  Gn e en 2
° P = ¢(§)7 r
0 ( 2), (8).(7) _(6)
e = e(u,u/,v,v/,w,w/,a,a/,ﬁ,ﬁ,Y, Y, T 'f), ()
Y= Y(u, oo, wow, ad, BB, Y, Y, T, T’)-
’ n q, S
g , . , 61
HE N 0
gl LA, Al LY (10)
2 2
A A A 1A%
Am = A11- A’ Aqqz Aes— An’ Anq: Al6— An °
, Ay , .
2 o S’% I]'
psapgapna
qs = '¢Acpgd€, mg = ‘?{Cpsﬂd g,
gn = f!mdé, mn = — '¢.cp£dé’ (11)
qs = }{cpxdé, m; = fc[m(g— &) - pg(N- Wu)jdg,
L& Ty A , 2e
W= J. fp(u+ i+ Mo+ ®)dl+ g+ g + mY]d
L, (6) (1Y

(12)
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Mi= § qr(%)dg,

0= § nic f
f Cgd e, Me = f ande, (13)
f

QOn = CGnqd g, Mn = - ‘?{Cnid g,
Qs , Qg On , M , Mg, Mn
(10).(9) (13)
0= Q(u, v, - TT), M= M(uu, ., TT),
Q= Qg(u. /. - TT), Mg= Me(u.u', s TT), (14)
On= On(u, v, . T T), Ma= Ma(u, v, - T, T)e
1.
s=0 s=1 ,
u(0)- u(0)=0, »(0)-2(0)=0, w(0)-w(0) =0,
a(0)— a(0) = 0, BO)— B(0)= 0, ¥0)- Y¥(0) = 0,
u(l)— u(l)=0, w(l)-v(l)=0 w(l)-w(l)=0, (15)
a(l)- a(l)y=0, B(l)= Bl)= 0 ¥(1)- v(I)= 0,
0)- H0) =0 TYI-T(l)=0,
, u(0),u(l),v(0),v(l),w(0),w(l) s, & 1
a(0), a(l), B0), B(1). ¥(0), ¥(1) &0, s ;0 T0), L)
2
(9).(14) (15
II= jf 2(ne+ qY)J:gdCds— j [qgsu+ ¢+ qu + mE(casBsy —
sacy) + mn( casBey + sasy) + mg¥+ ('¢.Lps¢d§) T/ ds* (16)
Lagrange AMi= 1,2, .., 14), (15)
(16)
o= T Nfu(0) = u(0)] + N[ T(0)= T0)]+
Mul(l) = w(l)]+ N W1)= T(L)]* (17)
(17) , w,v,w, o, B Y, TN . Il
S = 0,

8Tl = J‘Ly{ (nbe+ q6Y) Jgdéds— L{q36u+ qebv + qnéw —
[ mg ® (sasBsy+ cacy) + mn(sasBey — casy) ] O6a+
[ mgcacesy + mncacsey] OB+ [ mg* (caspey + sasy) —
mn(casbsy — sacy)+ msJOY+ (fpsfbdé)ﬁ ds +

ANSu(0)+ -+ NOST(0) + MNSu(l)+ -+ NaOT(I) +
[u(0) = u(0)]8M+ -t [T(0) = T(0)]E N+
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[u(l)— u(l)]éx+ -+ [Tl)- T(L)]ENs= O
(4, Jg~1 &I

[0(1+ &)] — K&+ KO8~ (KE+ Ki)[ Mn(casbey + sasy) +
Mze( casBsy — sacy) | — KsKé[Mncﬁcy+ Mecbsy | + KK/ Mn( sasbey — cosy) +
Me( sasesy+ cacy)] — KgMg— Mn+ H o+ gs+ Fi1=0,

(0&) + K (1+ &) — KQ.&+ (Kn+ K)( Mrcreyv+ Micesy) + KKe/ M ®
(caspey + sasy) + Me( caspsy— sacy) [+ Ke¥n/Mn(saspey— casy) +
Mg(saspsv+ cacr)] — KKaMe— KiMn+ Ho+ qe+ Fa= 0,

(Q&) - ¥0(1+ &)+ KQ.&= (Ki+ K)[Mn(saspor - casy) +
Me(saspsyv+ cacy)] + XXnf Mn( caspey + sasy) + Mg(caspsy — sacy)/ —
Kekn( Mncpev+ Mecpsy) + Kekln+ KeMe+ Hi+ qn+ Fz= 0

Ag(casBey+ sasy)+ Aito(casBsy— sacy) + A 11 sasBey— casy) +
A1(sassy+ cacy) + (M,\.sg)/ - KMsocs+ ¥aM;cqcs+
mg(saspsy+ cacy) + mn(saspey— casy) + Fa= 0,
Agsacpey + Asacpsy — Aricacey — A ncacssy — Aspey— Auspsy— Mo cp—
KM;cqsp + ¥M 8 — XM sqsp— mgcqcpsy — mncqcesey+ Fs= 0,
Ao(saspsy+ cacy)— Ao(saspey— casy) — A 11( caspsy — sqcy) +
A12(casBev+ sasv) + A13eBsy— AuscBey+ Ms+ ms +

mg&( casBey + sasy) — mn( casBsv— sacy) + Fe = 0,

(fcdhdé)/— fc{[ﬁJr mqb[j—%] 1@¢[3ﬂ]q}dg_
of [ (2 duacs fpme- o

(15) - Fi g K K
* H,H, H;
Hi= A+ An+ An+ Au+ Ass+ Aes,
Hy=—- Ap— Au+ A+ Ap+ A+ As,
Hiy= Ais+ Ax— Asi— A+ An+ A,

Ay MUX,”+ (Mﬁ— 0e- &Mz_,)x}— (Qé+ KM%)X,,
Ay = MgX]+ (Mg+ Qn+ KMn)X + (Qq+ Kqu)X],
Ay = ZKrMuX] + (KnMn— KnQg - KXaMg) X;,
Ay = 2K1M§X,+ (KrM§+ KOn+ KKaMn)X;,
As = 21@_Mu>(j+ (KFMH— KQe- KKlg)X;,
Ag = 2KME; + (KMe+ KeQn+ Kighn)X;,
Ay == 2KM; - (KMa- KQe— CMe) X;,

(18)

(19)
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ASJ == 21@Mﬂ;- (KM§+ KQn+ M) X;,
=- [Mr181+ Mr181+ Qzer— KMn(l+ &)+ KM+ KMng/,
A= - [M£81+ Ma& Qnsn KMeg(1+ &) + KMeg—- KMng/,
An [Mrl(1+ &)+ Mn&— Qg(1+ &) - KMe(1+ &)+ ¥Mn&— KMng&/,
An= [Me(1+ &)+ ME~ Qn(1+ &)~ KMa(1+ &)+ KMt~ KiMeg,
A= [Mog+ Meg+ Qe+ KMa(l+ &)+ KMeg— KMng,
A= [M/§E§+ Miﬁé— Ong+ KMg(l+ &)- KMeza— KMng],
Ai(i= 12 «8j= 12 .6 X; X
X1 = casbey+ sasy, X2 = casbsy— sacy, X3= cﬁcy,}

Xa= csy, Xs= sesBoy— caSy, Xe= SasBSy+ cacy®

An X1 A,;‘ Xj,As4 X4 ASj X] ®
Lagrange . , N, A ., % %, M Ao
s M N, N1, M2 , M A3 , N, Mg ,

M= 0Q.(0), X= Qg0), XN= 0n(0), M= M0),
A= Mn(0), M= M (0), N=T(0), M=- 0s1),

20
M=- Oi(l): Mo = - Qfl(l), Mi=-— Mg(l), MZ:_MH(Z)v ( )
Moz = Mo(1), Ns=- T(1)r
, [3,
1. , * )
2.
3. s
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Generalized Variational Principle on Nonlinear Theory
of Naturally Curved and Twisted Closed
Thin_Walled Composite B eams

Yu Aimin
( Key Laboratory of Solid Mechanics of MOE, Tongji University,
Shanghai 200092, PR China)

Abstract: Naturally curved and twisted closed thin walled slender beams of composite material unr-
dergoing small strains, large displacements and rotations have been investigated, and an incomplete
generalized variational function on theory of elasticity with finite displacement is established for these
beams with complete constrained boundaries at two ends. The balance equations as well as all bound-
ary conditions concerned have been deduced from functional stationary value condition. The above_
mentioned method can aso be extended to other various incomplete constrained boundaries conve-
niently. In addition, the fundamental equations and concerned formulas in the small displacement the-
ory of the beams can be derived by using above results.

Key words: generalized variational prindple; geometric nonlinear; finite displacement



