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Abstract:

To mathematically characterize the deformation of the middle surface of a shell, the

metric tensor and curvature tensor ought to be investigated in detail. Based on the definitions of

metric tensor and curvature tensor, the full expressions of their changes are put forward with as-

ymptotic analysis, where the metric tensor change expression coincides with Ciarlet’s, and the

curvature tensor change expression is described more accurately than Ciarlet’

s. Then a new non-

linear shell model of Koiter’s type is constructed with smaller error than in Ciarlet’s theory for

the fields of national defense, such as rockets, missiles, aircrafts, and for the fields of industry,

such as trains and cars.

Keywords: metric tensor; curvature tensor; asymptotic analysis; tensor analysis

ARSCARGE T Feikr ki S AR J S (p s, L
oK R TR 9K = G0 el A2 A Y. Bk, Clarlet $4
JEE St i A A 23R K 194 AR S SRR R AR
MM%RH%MA%ﬁ%mW&MWJI%ﬁﬁE
i I R ) e A i b A

20 22 60 4FAR, Koiter 18 i Wi s 7 Hrdg T
— A THER SRR, FR Ry Koiter L, A 40T IE
:—Et:[l—.?:.

R EVi (@) =(n=(;) € H' () X H' (&) X
Hz(a));vyi
T 2

=d,7'=0ony}

Wk L. 2007-06-16.  FEH {4
5 AR Ve H (10571142, 10571146).

%j[ aaﬁor(aﬂ(n) —an)(aaﬂ(é‘) —aaﬁ)al,’2d1+

w

ijfaaﬂ“w“(n) by by (O —bop)a da =

3Me
JLp cGde VEE Vi)

Arreasfor J& T A PR gk i 1Y 3 AR 5 s a. (O —
aﬁﬂ] baﬁ(é')— mﬁ‘?]”% lﬁ)'d'_:’bﬁiqjiﬁs SRR
Yy m AHOC R B 5K o R it 58 5 i 02 i i DR
SCp €L (@) 24077, il 2 U, Koiter 457 [y 26
PEVARZRMEAMRE T aup (O —a, s Fl oy (8) — by s I ER
P Bk, Clarlet 8 T a5 —az b, (& —

PRI (1981~) o o W AR s TP 2R R RO L 5 B2 T R AR . RS H



1484 [ S

CHEOR

b, MBI F23k 20, NI HE T Koiter BYAELR M
FeRBRIET

ARSC TR Sk R R A RS
FikA L AIHE S Clarlet 45 H 19— 2, J5 %t Carlet
25 R TEORE R DR E, BRATT L T ARG 7 B Koiter
TR LR 1 7 PR R RS, N FEIE b E B A AR RS e
Ciarlet [ B 7Y SRS 8 o 152 22 T8/ OB AE O — 5 3¢
e,

1 FiesHR

SCH AR T 48R i) ke TEAES (1,2,3) HhHL
1B A BEHEHE @ Bs v+ 7E {1, 2} P HUE , BLAb Einstain
B HENWTESCP . e, be R, LN BFISE
BUMlicka < b FMlaAb. % o /&R PE—NHER
BRI HI By & Lipschitz %422, H o TR 7
. y= ) JE o L9, 2 =3/dy . Wt
0€ C(; RO HiE [ e, (y) * =d0(WTFE yE®
AL ST . X PIAS ] 22 7E A5 0 Cy) b5k p i AT S
=0(e) WY1, #h 0 S 76 55 0 Cy) 1Y BT 3 )

_ . el(y)/\ez(y) =
n(y)=e;(y) : = |e1(y)/\eg(y)|’mum£ e, (y) 4y

A O AL EE R R e () « e () =0
i 0 e () M BT 0(y) €S AW R, Hor o
J& Kronecker £5 (737 e’ (y) =e; (y) ll e (y) t14
S TER O () ALY HAFTED. S B % B 4 5 5 14 P
AF A s Bl aof  Christoffel {B 5 W7, . 1 %
5K B PSR G 3 3L b, 05 5E LA CRARE AT
A T2 yEw. AL y€ o PE )
aup = €, » eg; a*f = e« &5 a"Puy = O

Ffﬁ =€ + dge,; by = n+ dge,; Ui = a”b,,

JER KR AT IR a + =det(a,z) , AN
EE/TIS U

[«

€p — Y — g2
I

a? (@ (1,2) HES

=0T (@ (1,2) A B
0 HoAlh
S b P SR ST b7 = a6 9y T —
F;’Tb;.

2 FEAS
283 SR TP TR 2 A 3 B R s i

EE 1 BE n=rfe, B5E XTES=0(0) Y
Gya.p Ml a,, () 43 A2 E LAETHETE S =0(0) Fl
S = (0-+n) (o) LB 5K WA 1T 37 A
ST

a,p () — awp = 27,5 (0D + @up (D
Hrp

0 0
Yop (D 1= %(a/;(, Vo' +aw V')

0

. 0 .
() 1 =a; V' Vay

a; — {aa,eei = asj = Bras,
0

V' = %m” —bip’s %(,7]3 = %ﬂ]B + bt
WHER 7 7253/ W @, Cop) S 5 Y T

EB 4 S ©S-ABRRMIER B = e, +
ngnaUlU

= a;s = Oyas = 0}

= 0 = A, Gfe, +y'n) =
d.pe; + e, +dp'n+g'n,
i Gauss fll Weingarten AR, &
€ — F:xeo‘ _’_ba/\n n, —— /)Zea
M M 0
W 7= (Vo —bip") e, +(V 9" +bup ) n. é\van"
% 0 *
=V by’ V' =V oyt M g, 2R
0 0
= Ve, +Vayp'n (D
PR, 259 P T S (o) b B R ) 2
[} 0
e.() = 9.0+ =e,+ Ve, +Vy'n=
[} 0
07+ Ve, + Vy'n 2
W SCap LA RE KN
[} 0
a.5(p) = a,pta, ey +ap, Ve +
0 0 0 0
a NV Ve + V' Vp' 3
0
Eva‘@‘}’zo’ﬁ
1 0 0
}’a,g(n) = ?(Vﬂ?ﬁ"‘ v,gﬁa) =

1 0 0 .
z(a,% Vo +au V)

é\

s+ = @ Vo Vo + V' Vo' = ayy Vo
M COEE N aws (P —aw; =275 + . (. UE
K,

SEFR 1 B R g o 1Y) e AR A R 0 2H A
—wBsrE S BRI v () SRR T
n =25 ¢, () =0 n[*).

R T AT i K A A R SR S L



£ 12 4]

PRIGEFF + 25 « 7 PR r Pl T TR 32 gy 0 1485

55 1 A5 RES ST A b PR T e A T AR I B sk A T
X ARATE B 55 2 A5 B 8 ST vk v PR T kA=
AR J B BN 125 ]
5131 FEH 1 MEREN.a flaGpsriliEs
0() F1 S(p) = (0+1n) (@) L JE ik T (1775150 4
gt =a(p/a. W g% =142y Gp +=(p i
S Herp oy Gp Al e Cap R SLUNTF

Yol = a?y. (s g () = aP, (P

7Y, 5 (Y, () = L det(y, ()

e, (D, () = Ldet(g,, ()

() = ¢ (P + 2™y, s (g, (P +

2 1 :
2 det(r, () + 5 detg () = oC| 9 )

4)
iERA HEH 1.S(p) =0+ (o) LIERKE
SRR W]
a() = a+ae*e” ™ (a, 57, () + @,V () +
e (s (D + s (D) +
@& (s (D rs (D) + Va0 () s () +
20677,y (Y2, (1D + 5 e, (), ()
5
Ly =a Y (e () F =a e (). HE
Pk 1 X FRYE ef = — & Bl 7,55 oo B KT FRME
Yep = 7Ba * P ™ Ppa aJ”JJfC(5)/1’75?€l
alp) =a-+
2ayo () + apo () + 2ae“ ey s () @, (P +
e (27,5 ()72, (p +%%g<n>¢“<n>)
A it
) . — Cl(ll) —
q a
1+27 () + @ () + 26"y, s (P g, () +
e (27,57 (D + G s (W ()
£

67,5 (Y0 () = L det(y, ()

b, () g, () = %deﬂw(n))
B& g =12y, Gp +xCap s Hod v Gp Al ne(ap
A= (D 25 . TEEE.
SIE2 7R 1 BRI T .n Fln(p siliE S=

0() F1 S(p =0+ (@) LBy FREE ], WA IR 2
W YA
() = gL (1 + 7, + det (V.0 )n +

(— o F-ePe,, %m") %aqse”]
13- IS
nGp = Lt (e, A e (6)

1

/2
4%5&(2)%/\%6),@%5‘13("):(6%,1)) e A

0 0
nGp = L& L@+ V)G + Ve A e+

&+ Vo) Vig'e, N n+

0 0
O+ O Vay'n A e,
H e, Aes=e.n.n/\e,=¢, e e Pe,, =5, N

0 0 0
n(n) e %q{[2+2v‘377'9+€a'g€m vaﬁA v/?"?(;]n+

0 0
[(—& +ePe,, Vn ) V. —
0 0
(&) +ePe;, Vo ) Vip® ler}

0 0 0 0
€aﬁv‘m7/\ va773 :_€,Qa vﬂ,'?/\ v(ﬂ?S —
0 0
— eV Vp’ )
M n(ZE N
0 1 0 0
n(n) = q[ (1 + V,m'?#—? “Pera Vo Vay’ )n +
0 0 0
(= V.’ +eP,, Vi Vg )e”]
0 . 0 0
EBVa' =V’ —2Hy =7 G Pe,, Vo' Vo’
0
=2det(V, "), Al

0
n(n) = g1+, (p +det(V 9"))n+

(—o& —|—€“ﬁs,,u%,g77")%a773e”] (&
EE2 EM 1 ARBET 2 b F b, () 5350152
S=0() F1 S() = (0+n) (@) I 1Yl ok &, WA
bos () — by =pop () + W,y (s Hott o, () FNI
‘Iﬁm(')])%%ﬁﬂ?

% 0 % 0
o) 1= L[V, V' + V. Vg +
0 0

bﬁ/\ va‘)?/\ + ba/l V/ﬂ?/\]

V() 2= (q— Db+ pp () +
gl besyo () + NZg(p) + N2z (ap ]

0 0
25(a) = bpdet(V ) — @y (P V ' +
x 0
Yo () Cous () + T2 ") +



1486 oA oz il

PN

CHEOR

x 0 0
(e, — 08D DV 'V p°
* 0 0
Ngﬁ(n) = ((Oaﬁ(n) —|—F;‘r@Vﬂ73)det(Va77'9) +
x 0 0 0
(T () + TV e e, . Vo V')
@B(n) —

1 * 0 . * 0 . . 0 3 . 0 3
?[v‘gvaﬁ —I—Vav,m +bﬁva77 —O—bav,m ]
AU AR 75/ @, Cop) JE R BT
ERA 4 e.;=d.e5. H Gauss fll Weingarten A3,

A ey =17 e tb,m. THERATE G e, 8
ep (M) = e, + 1) =
oo T A, =T e, + b+, 9)
R (DA

0 * 0 0
Ime = LV Ty +0,V gt — Vouy'th e, +

0 0
[vangba“@ + aﬁva773:|n
5]
0 N * 0 N 'XA 0 * 0 N
aﬁvaﬁ - va(ﬂ] —F‘,/;Vaq"—l—l“;,gvgq
0 x 0 x 0
Eaﬁvaﬁﬁzvﬁvaﬁg+PijA773eﬁl”ﬁ
* 0 * 0 0
I, = (VpVp' + TV — V't e +
x 0 * 0 0
(V,QVWS —FFj,ngS—Fngbgﬁ)n (10)
KX A0 AR D A
x* 0 * 0 * 0
ey = (Vo Vg +THV ' + Tk — Voap'by) e +
x 0 x 0 0
(Vﬂvaqg—l—l“fﬁvkqs—’—vaq“b(,ﬁ —Fba,g)n
T LIFFE] ep, () 5 [H I
s (D = 5 Ceny (D 5, ()
é\
pup (M) +=
1 . 0 3 - 0 3 0 A 0 A
SLOVaVap + V.V +bu Vg £ 0, V']
(F;B(n) —
* 0 * 0 0 0
STV + VoV + 5V + 6V ]
|
* 0
eop () = (T3 (&8 + Vo) + & ()e, +

(o -+ pop () + T2V (1)
BT by () =e.p () » nCap o 20D A1k (1D
ﬁbaﬂ(n):baﬁ+paﬁ(n)+Waﬁ(ﬁ)’;H\: ':F' Oup (n) %ﬂ

@, () Hi 2t (8) 5 3. L,

FEHE 2 FUA il AR KA B AR i R A4
— LR AR 0.5 () B —FRA LT p 1Y
=2 v, (=0 nl.

3 4 it

M a,p 1 X B g T Fetkrh b & AR AR
AR EERER T ENTEEIEL X4 RS
Ciarlet [Nk 0 B &, B T 4 H il Rk ek
A B IE R T A S S AT
PR b, W28 S 25 1T it 238 0K o el 28 i ) S OB
A, X b Clarlet 1y R Kk X E ARG, B w5, Wy
Ciarlet J2H RSB R, 5 - 45 H 092 ih 2k i AR i
e B .

S 3K -

[1] Ciarlet P G, Ciarlet P Jr. Another approach to linear-
ized elasticity and a new proof of Korn’s inequality
[J]. Math Models Methods Appl Sci, 2005, 15; 259-
271.

[2] Ciarlet PG, Gratie l.. Another approach to linear shell
theory and a new proof of Korn’s inequality on a sur-
face[J]. C R Acad Sci Paris: I, 2005, 340, 471-478.

[3] Ciarlet P G. A two-dimensional nonlinear shell model
of Koiter’s type[ C]|//Jean Leray’99 Conference Pro-
ceedings. Dordrecht: Kluwer, 1999.:437-449.

[47] Koiter W T. On the foundations of the linear theory of
thin elastic shells[ C]//Proc Kon Ned Akad Wetensch,
Amsterdam: North-Holland Pub. Co., 1970. 169 -
195.

[5] Koiter W T. A consistent first approximation in the
general theory of thin elastic shells[ C] /TUTAM Sym-
posium on the Theory of Thin Elastic Shells. Amster-
dam: Delft, 1959:12-33.

[6] Ciarlet P G. An introduction to differential geometry,
with applications to elasticity [ M ]. Heidelberg:
Springer-Verlag, 2005.

[7] Ciarlet P G, Gratie L. A new approach to linear shell
theory[ J]. Math Models Methods Appl Sci, 2005, 15
(8):1181-1202.

(8] Z=JF%s, i A, sk ot S M. dbmt. Bl2
AL, 2004 62-111.

(ke AHFHO



