Theory of Composite Shells
Dr. Poonam Kumari
Department of Mechanical Engineering
Indian Institute of Technology, Guwahati

Week - 03
Lecture — 03
special cases of Shell governing equations

Dear learners welcome to week- 03, lecture- 03. In this lecture, I will explain the Special
cases of Shells. We have developed a generalized governing equation, we have to work

on cylindrical shell, spherical shell, conical shell, or ellipsoidal shell.

We can convert this general differential equation for special cases. | will explain with the
help of an example starting from the plate, how do we convert this partial differential

equation as per the requirements.
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Following are the five differential equations:
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PN — Wo,ﬁ—um& +0, = (1ol +137)  equation(l)
2Rl RZ
1 1 a,u
al:_Nllaiﬁ_'—(NZZai),ﬁ—i_N21a2,a+(N12a) ]+%+[sz R, (Wo,ﬁ— ;zzon
N =N — (1 v tion(2
+ 12 Wo,ﬂ uloR +0, = (I3l + 147,) equation(2)
1
1 .. .. -
aa |: llaz)’a+(M21a1)'ﬁ+M12a1,[}:|_Ql:(|lu10+|2W1) equation(3)
2
alaI: 1131/1 22a1) +M21a2,a+(M12a2),a:|_Qz=(|1U20+Izl/72) equation(4)
2
— a,u —a; a,u ’f/ a ’T’ a,
N _2 R bl N Ll w, —22o2 N _u % N T
[( 11a1 Wo s R JJQ'F( 2 a, [WOﬁ' R, J]ﬁ*’( 12| Wo 5 —Upp RZ)]VQ-‘_( 12| W, —Uyp RJJ/}]
" _N__hj (Qa ) (Qzal)’/’=|0\)\'/(J equation(5)

R R2 alaZ alaZ

In some of the books, this numbering may differ.

The most important part is that if you want to solve a non-linear problem for a shell, then
first you need a solution of a linear differential equation. Then it will be acting as an
initial guess and we can solve a non-linear problem. The very first approach is to go for a

linear partial differential equation for the shell.
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Linear Shell Equations
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If you remove the nonlinear terms it will reduce to a first-order linear shell partial

differential equation in which « and g are two orthogonal curvilinear parameters.

ai_a :( Nnaz ),a - N22a2,a +(N21a1)ﬁ + NlZal,ﬂj|+%+ 4, = (Ioulo + |1‘/71)
2
1r Q, ) ..
A A _Nllai,ﬁ +(N22a1),ﬁ + N21a‘2,a +(N12a2),a}+_+q2 :(Iouzo + I1‘//2)
a,a, - R,
1r . ..
ai_a__Mzzaz,a +(M11a2),a +(lea1),ﬁ + Mlzai,ﬂ]_Ql :(Ilulo + IzV/l)
2
1r " ..
ai_a__Mllal,ﬁ +(M22a1)ﬁ + MZlaZ,zx +(M12a2 ),aJ_Qz = ( I1uzo + Iz‘/’z)
2

g; = I()Wo

(_&_ N22j+ (Qa,), N (Qa),
Rl RZ aiaZ aiaZ
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Flat Plate

b= W+ 0"

e

Let us say, we want to find the equation for a flat plate, can we deduce the plate equation

from the shell governing equation? For the case of a plate the parameter
a =xand g =y,

(dS)*= (dx)*+ (dy)’,

Lame’s parameters a =a,=1, and

Radius of curvature R, = R,= oo .

For making a special case, the most important part is to assign curvilinear parameters

i.e., which direction you assign as « and which direction you assign as g it is very
important. Then, finding the lame’s parameters for that body or geometry and finding the

radii R, and R, .
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If we have these parameters, this is the main governing equation from which I am going
to explain equation (1):

The first term (Nja,) = Ny, (8, =1land ,a = ,X).

Now, we have second term minus N,,a, , here, you have to take derivative of lame’s

parameter with respect to first coordinate, a, = 1 and if we take derivative, N,a, , will

going to be 0.

The term, (N,a,) , = Ny,

Y

The term N,,a , will not contribute because a, ,, the derivative of the first Lame’s

parameter with respect to y = 0.

1
Ql will not contribute as R,= oo, and —=0.
o0
1

From the linear term —N,,a, , and N,,a , will not contribute.

In these non-linear terms:

[Nn L (Wo,a—aluloj] +N12L(Wo,ﬁ—uzoij: L ishereand R, = o
aR R a,R, R,) R

these terms will not contribute. Loading term and dynamic inertia remain the same.




1=x, if you write N,, itis fine. If you want to write in terms of N, that is also fine. The

equation (1) will be:
Ny, + Ny +0, = LUy, + Ly

If you are interested to write in terms of x then it will be:
Nt Ny + 0 = Tl + 1Ly,

Here, 1, = 0. The reason behind that is for the case of shell, the definition of 1, is:

Here, R, and R, =oo. Therefore, for a symmetric plate I,y7, will not exist, there will be

just 1, .
In the second equation:

The first term —N,,a, , will not contribute because a, is constant, the second term

(N22a1)‘ﬁ will contribute, the third term N,.a, , will not contribute, and the fourth

term(Ny,a, ) ~will contribute and % will not contribute the same way the non-linear
2

terms [N 2 L(wo,ﬂ —%D +N1 i[wo,ﬂ —Uy, ij will vanish. We will get
aZRZ RZ alRZ Rl

equation (2) like this:
sz,y + NlZ,x +0, = Iouzo + |1‘/72 .
Then, come to the third equation:

The first term —M ,,a, , will not contribute, the second term (M,,a,)  will contribute

,a

(Mmai)ﬁwill contribute and M,,a, , will not contribute and Q, will remain. Here, in

this shell equation, there are no non-linear terms. This equation (3) becomes like this:

My, + M21,y —Q = LUy, + 1y,



In the 4th equation:

—-M,a, , will not contribute, (Mzzai)’ﬁ will contribute, M,,a, , will not contribute, and

(M,,8,) , will contribute. This equation (4) becomes like this:

Mzz,y +My,, —Q, =1t + 1,7, .

In the fifth equation, first we have put the non-linear terms then the linear contribution.
Uy AUy a &

In the non-linear contribution the terms —*, , Uy, ==, and u, = will not
Rl RZ RZ Rl

(Qa,), N (Qzai),ﬂ
a,a, aa,

remain. You will see that in the 5th equation we will have some non-linear contribution

) ] N N ) ] ]
contribute. Then, this (—i—i] will not contribute and will

1 2

for the case of a rectangular plate. Equation (5) will be:
Ql,x +Q2,y + (N) —0; = Iowo
Here, (N) =non-linear terms

If you want to say that we do not want a dynamic term then you can deduce the dynamic

term also.
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The non-linear contributions will be:



(NZZWO’y)Yy +(I\A|11W0,X)’X +<N12W0,y)]x +(N12W0,X)‘y.

These are the same equations of partial differential equations for the case of a rectangular

plate under FSDT (first-order shear deformation theory)
You will get a similar set of equations:

Nyt Ny, =0

Ny +tN,, =0

Mxx,x + Myx,y _Ql =0
My,+M, -Q,=0
Ql,x +Q2,y —0; =0

The first equation is:

N, +N,, =0, only forasimple static case and only transverse loading.

XX, X

Generally, in most of the books, they consider only plate under transverse loading

bending case then this equation will be equal to 0. The second equation:
N, «+N,, =0.

Then, the third equation:

Myx ¥ My, - Q =0;

Fourth equation:

Myxt M, -Q,=0

And the fifth equation:

Ql,x + Qz,y‘ 0;= 0.

For the case of a plate, under transverse loading static bending case, you can find these

five sets of governing equations. You can verify

Q = M, x+M,, and Q, =M, +M

Y.y "

If you substitute it into this equation, it reduces to a classical plate theory and will



become:

M +2M +M

XX, XX Xy, Xy Wy 0;

=0 equation(3)

This will be the third equation for the case of CLT and following are the first and second

equations:

N+ Ny, =0 equation(l)

XX, X

N, .+N, , =0 equation(2).

XY, X

For the case of the plate, we can able to deduce the set of governing equations and for the
case of an FSDT, five equations are there. If you want to know for a classical shell then
you have to use these two equations and substitute in the 5th equation and the final

equation can be obtained.

From this, we have developed a generalized partial differential equation for a doubly
curved shell. Now, depending upon our requirement or the application, we can deduce
and we can get the governing equations. Now, the question comes here that we have
derived by taking the assumptions of first-order shear deformation shell theories, we

have assumed the displacement field as:
U =U, +yi6.

If you want to do for a third-order or a higher-order theory, then first you have to

develop a higher-order model and then, later on, the lower-order model can be obtained
as a special case. For example, in this case, the first-order shear deformation theory we
have developed. We can get a special case like classical shell theories or classical plate

theories the lower order can be obtained by putting some index.
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Now, | am going to explain to derive or deduce that set of equations for a circular plate.
If you take an example of a circular plate, take a small element at distance r and that

distance will be dr and this will be d . In that case:
(dS)” = (dr)” + (rde)’.

Here a, =1, a, =r and the curvilinear parameters ¢ =rand g = @, in polar

coordinate, we are talking about r and 6.

For the case of a circular plate the radius of curvature R, =R, = oo because this is flat

only sometimes you may say it is curved in that direction, but we are not taking that as a

curvature. it is basically in a longitudinal sense.

If we have a cylindrical shell, then you can see that from the bottom the shell is
cylindrical, but for the case of the plate if you see from the bottom, it is a flat piece.

R,=R, = oo for the case of a circular plate.

If we have a cylindrical shell, then you can see that from the bottom the shell is
cylindrical, but for the case of the plate if you see from the bottom, it is a flat piece.

R,=R, =00 for the case of a circular plate.
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In equation (1):

R, =R, = oo, therefore, 21 will not contribute similarly these non-linear terms:
1

(Nn L {wo,a—%j] +N12L(wo,ﬂ—u20ﬁ]willalso not contribute.
aR R, R, R,

. 1 S
In the linear term —— = =, because in this case, a, =1and a, =r.
aa, fr

In the first term:

(Nya,),; @=rand g =6, wecansaythatl=rand 2= ¢

If you take derivative of a, with respectto o :

(Nua,) ,=(N.1),

This term N,,a, , =N,, because, here N,,= N,, and a, ,=1.

Then, (N 21al) =N, , because, a, =1 and derivative B means derivative 6. In the

term N,a, ,, & is 1, if you take derivative with respect to ¢ it is going to give you 0.



Three terms will contribute and 1% equation will be:

1 . ..
FI:(Nrrr),r ~ N+ Nar,€:|+ql = ( Iy + |1‘//1) .
Similarly, in the 2" equation:

The first term —N,,a, , will not contribute, the second term (N,,a,) . will contribute,

B

the third term N,a, , will contribute and the fourth term (leaz)awill also contribute.
The term (szal)ﬂ = Ny

Thisterm N,a,,= N,,, because a, , = 1, and the term (N,,a,) = (rN,,)

a W

Here, N,, = N, because the only difference is due to 1+ and 1+ terms. Here,

1 R2
R,=R,=c. So, they will not create a difference. Hence, N,, and N, are same for the

case of a circular plate.

You can look at any plate and shell book in which the circular plate is discussed. The

2nd equation will be:

1 .. ..
F[Nee,a +N,, +(rNr6‘)'r:|+q2 :(Iouzo + |1‘//2)'

Now, come to the 3" equation:

The term -M,,a, , = —M,, because a, , =1,

Theterm (M,,a,) = (M,.r) ,

2

The term (Mmal)ﬁ will not contribute, the term My,a, ;, =M, ,. Three terms will

contribute. We get equation (3) equals to

1

FI:_MBB +(Mrr.l’)’r + Mr9,0:|_Qr =(|1U10 + |2l/71)

In the 4™ equation: the first term —M,,a, » Will not contribute, these terms

(M 22a1)’ﬁ + M 21a'2,a + ( M12a2 ),a WI” Cont“bute



We get ( 22a1) 999’

M,a,, =M, and

(Mlzai)’a = (Mrer),,-

The 4™ equation will be:

1 . ..
FI:MHH,H +M,, +(Mr9r),r]_Q9 :(Iluzo + Iz’/’z) .

Now, the 5" equation:

U, au a _ .
Ao Sln B g uloi will not contribute.

Here again these terms ——, ,
g R1 RZ ® Rz

The equation will be:
l A N .o
( )’r+[ﬂ(W019)J +(NI’H(W019))YI‘ +(Nr6’ (Wolr))yg+Q1,X+Q2,y_q3 = IOWO
0

ﬁ_hj will not contribute.

1 2

These terms [-
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We get the final set of governing equations that we have deduced from the shell that will



look like this.

1r ..

F_(r'Nrr)',— —Ngp + Nra,a}“ﬁ = Iy,

1r .

F_Nee,e +Np, +(r'Nr9),r]+q2 = lliy

1r ..

F_Mre,e +(r'Mrr)',— _Maa]_Qr =Ly,

1r ..

F_Maa,a +M, +(r'Mra),r]_Qe =1,

1/ .« N 1 1 N
F(r'N"WO’r),r +[%(Wo,g)jﬂ '|’<Nr9W0,H)'r +(NrHW0,r)’H —F(F.Qr)’r _F(Qg)’g +q3 = IOWO

For this case also 1, contribution will not be there. And these are the same governing

equations.

The purpose of explaining this is once you get a governing differential equation for a
generalized shell element, then you can also derive the governing equations for the lower

order whether you talk about a plate, a circular plate, or a cylinder.

Sometimes, for the case of development, it will be a special case to get the solution for a
circular plate. First, you have to convert the basic equations into a circular equation and

then you can solve it.

(Refer Slide Time: 24:18)
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The next most important case is the circular cylindrical shell. The circular plate and the
rectangular plate are easy to derive, but definitely that in the cylindrical coordinate

system or circular cylindrical shell.

| have written the circular cylindrical shell because in this shell theories you may have a
number of cylinders having different faces like it may be circular, it may be oval or it

may be elliptical. You will have different a, and a, for that.

The simplest case is the circular cylindrical shell and in most of the literature or books,
these have been covered. | would like to say that the most simplified one is the circular

cylindrical shell and most of the analytical solutions are available for this case.

If you want to go for a typical or a very different kind of geometry one can, go ahead
depending upon the requirements. In 90% of cases, in our day-to-day life or in the

structural application, the circular cylindrical shells are used. Odd shapes one can try.

For that you have to obtain a,, a,, R, and R, . For thiscase, a=x and g=¢6 , xis the
length along the longitudinal direction and £ is along the circumferential @ direction. If

you cut a cylindrical element and if you see from the bottom, you will find a radius is
there in that direction. And, the longitudinal direction the lengthwise there is in the

second direction oo.

a, =1land a,=R. In the case of a circular plate, we represent this with r and here R, =
and R, =R . From the mathematical point of view, from a circular plate to a cylindrical
shell the difference is that radius in the second direction R, =R, this is only one

parameter changed now.

Previously, for a rectangular plate a,=1, a,=1, R=R,= .

For a circular plate R,= R and a,= R, the governing equations will look entirely

different when compared to a flat rectangular plate. If you include this effect of the
radius then all the set of governing equations will be entirely different and will not look
like a plate.



(Refer Slide Time: 28:17)

’ R
LLLNum QupFy + Wes)ye]

+Q, = ra\h. -\' -‘-I‘*‘l
7 O Y ORTRS

1 Q\m) +Q»Le zs/'\+
+\ ‘n =l == 'l/ =(Lii, *IV?R
“R + QL ‘.Lo"‘z ‘\I\U

v
Nu,p@*L@“‘),s +q,= b“lo*l“‘" N’__1 }jc“(w )(l* 3
’

Q “Na
% Noop 4 Nuva +2¢ 4 Nu (Uo,e -‘Qo))

—I g, = (L, + II,IJ-?

Jd
el et 8145
L 6")*12—- _1_,,‘422, +T \Vz "Ny
&V
Thwr oMz
s
Nee

In first equation, instead of aiia we will write %and the term (Ny,a,) = (N,R) . The
2

term —N,,a, , will not contribute because &, , =R, x =R is not a function of x. Term

(Nx) ,= (N, ), and this term Ny,a, , will not contribute.

a, , means a, with respect to x will not contribute.

This term —N,,a, , will not be there, I will have to check this equation will clarify in the

tutorial part or the next lecture. Equation (1) will be:
1 . ..
N x +E(N9x )'9 +0y = loly + 19

Then we have 2" equation:

The term —N,,a, ; will not contribute,

The term (szai)ﬁ= (Nee),e

The term N,,a, , will also not contribute,

Theterm (N,,&,) = (N,R) .



In equation (1):
This term —N,,a, , =0 and it will not contribute.

In some of the books on the concept of thin cylindrical shell, we have an extra term

C0a1'\7|12,ﬂ or _Coaz '\7' 12,a

Here, M,, having the contribution of N,, and so on. For a thick shell, this term will not

contribute and then we have this 2nd equation will be:

1 N 1 " .
E N99,9 + Nxe,x +%+{R_222(W0'0 _uzo)J"' N1 E(Wou)"'qz = ( Iouzo + Ill//z)

Q

In the 1% equation R will not come
1

But in the 2" equation:

Q,

== will be there because R, = R. It will contribute and some non-linear term will also
2

contribute because R, is there.

In the 1% equation, there will be no non-linear terms, but in the 2" equation, non-linear

term will also contribute because R, = nonzero.
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In the 3" equation:

This term —M,a, , will not contribute only these (My,a,) , +(Mya,) , two terms will

contribute.
The equation (3) will be:

1 . ..
E[(MXXR)VX +(an)yg]_Q1 = lyUy, + 1y,

Here you see that R is not a function of x, so, you can take common. Ultimately, it will

get cancelled from the outside and the equation becomes like this:

1 . .
Mxx,x +E(M6X)Ylg _Qx = |1u10 + IzV/l'

Then come to the 4" equation:

—M,,a, , will not contribute, M,,a, , also will not contribute.

Only these (M,a;) , and (M,,a,) _terms will contribute.

(M22a1),/;: Mee,e and (Mlzai),a: (MGX),X

And equation (4) will become:

1 . ..
EMee,s +(M9x)yx —Qy =l + 1,7, -

. . . . u
In the 5th equation, some non-linear terms will not contribute, % and Um% terms

1

N
will not contribute. Partial terms are here this term —ﬁ will not contribute but this term
1

N
—R—ZZ will contribute. The equation (5) will become:
2

Q.0
R

. Fz;& +(Qx ),X + + nonllneal’—q3 = Iowo'



In this way, we have deduced the governing equations for a cylindrical shell. In some of
the books of the thin cylindrical shells these equations are deduced and problems are

solved.

But they are very special ones. Already | have given the treatment for a thin cylindrical

shell in the 1% and 2" equation we will add a term C,a,M,, , or —C,a,M, .

In the 1% equation we add and in the 2nd equation we subtract it. If we consider these

terms, then in this equation will be valid for a thin cylindrical shell.

(Refer Slide Time: 34:52)
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Now, the shell of revolution: this is the most generalized form, we have already
classified the shell. The first classification is by the revolution of the surfaces i.e., we can

generate the surfaces by translation through a parametric line.

The shell surfaces can be generated through the revolution about the meridian axis or the
central axis. In this case, the doubly curved shell will have curvature in both directions.

let us say o = ¢ and because the coordinate systemis g, here p=6.

In some of the books the coordinates are ¢, and «, but, in this course, we have taken o
and g . If you see the surface of revolution and you see these parametric lines, we will

have horizontal circles.

It is going like this in parametric lines. We will have two radius of curvature - one along



this and one along this. If you take a shell element and if you see from the bottom then
one radius of curvature will be along this horizontal one, and one will be for a vertical

one. If you take a shell element like this then the length of the shell element DS, along

this will be r,d¢ because this angle is d¢.
This angle is d@ , which is making on a horizontal one.
DS,. =r,dé=r,singdl.

r, can be expressed in terms of r,sin¢g. Here, R, and R, are radii of curvature,

generally, the formulation is done in terms of I, and I, , but at the end of the day the

radius of curvature is related to R, and R, .
(Refer Slide Time: 37:52)
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Fromhere a=¢, =60, a =1, =R, and a,=r,sing= R,sing =r,.

(Refer Slide Time: 38:22)



0
I—"('\‘::":", Noay, #(Nyay) '@i.%“!: =(Lfho + 191 \ Ql: Ql ( 4)
aa,- ’ 4R,

) f, = R Sinepz1o
(Ngpto) g~ Nas g + Lokl ?

+ N¢6 Ql’e 1 Q}_qéq} + q,fqnqz = Q4 (LUt L, QL \
|

5 (NmLSmM,Q - NooRycy

bk \Q\stlﬂ
#))e S %81$(n{> -\—L__,___%

A0 Qe e
T 2 RiReSng(Tednt i)

e k>
Az, pp- 318, Crapter-1l J

~—Edumd Ventsdd ¢ Theodov Krauh-

With these parameters, | will explain to work with this 1% equation. Till now, it was very

comfortable to work with

in 1% equation but now, a, =R, and a,=R,sing, in the
aa,

bottom coordinate R, sin¢ comes into the picture.

If this is the situation, we do not want some trigonometric terms at the bottom, maximum

we can have only the radius one. We have to first convert it into the normal form so that

Q,

we do not have a,a,. We will multiply a,a, with this R
1

It will go to the multiplication. If you remember initially this a,a, were with Q, and g, .
Initially, whatever we have obtained from that weak form of integrals a,a,, we have to

put it back and we can start working with this.
The important point is if you want to know a, ;, a,,, or a,,, they will contribute to 0.

Butin a,,, a,=R,sing, using the concept of Gauss-Codazzi equations a, ,= R, cos¢ .

The detailed derivations of a doubly curved system can be seen in the book of Thin Plate
and Shells by Eduard Ventsel and Theodor the page number is 318 chapter- 11. This

complete derivation is given in chapter 16 or chapter 14.

We can say in equation (1):

This term (N,;a,) = (N,,R,sin (,zs)‘¢ because a,= I =R,sing and a = 4.



Theterm —Nja,, = —N,,R, cos¢, and the term (N,,a,) , = R (N,,)

0

This term Ny,a, ; will not contribute, this will be 0.

The term % = Q,R,sing because, a,a, goes up here, 3, =R, and a,=R,sing and R,
1

gets cancelled. Plus g,R R, sing.

Equation (1) will be:

(N,,R, sin ¢),¢ —N,,R, cos¢+ Rl(Ngq,)ﬂ +0+Q,R,Sing+ R R, sing =R R, sing( 1, + 147, )

This is the form of the differential equation for the case of a doubly curved shell which is

having the surface of revolution. If R, = R, = R, then we can get these equations for the

case of a spherical shell, otherwise, the shell may have elliptical or some different shell

surfaces.

(Refer Slide Time: 42:32)
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In the same way, we can get the set of equations in the second direction, third direction,

and fourth direction also.



Equation (2) will be:
Ngoo-Ri+NyR,sing+ N ;R cosg+Q,R, sing+,RR,sing =RR,sing (1,0, +14/,).

Equation (3) will be:
~M,,R, cosg+(M,R,sin ¢)’¢ +(M9¢R)ﬂ —~QRR,sing=RR,sing( 10, +1,4,)

Then, in equation (4), this term —M,,a, , will not contribute, the terms (Mzzal)ﬂ,
M,a, and (Mya,) will contribute. It will be:

RM 0 +Mg,R sing+(M,,R, sin ¢)‘¢ —QRR,sing=RR,sing (i, + 1,47,)

In the 5™ equation, we have to do some mathematical simplification because a,a, is

coming at the bottom, we have to multiply it. Here, R, will get cancelled.

Equation (5) will be:
—Ny;R, sing— N,,R sing+(Q,R, sin ¢)’¢ +(QR,), —UsRR, sing=RR, sing (1, )

Once we get this set of equations, now the questions come, can we solve the problems?
Can we get the displacements? We aim to find the displacement stress movements. Can
we directly work with these equations? We cannot directly work with these equations

because they are in stress resultant form.

Whether you talk about a cylindrical shell, a complete shell or any kind of shell we have

to first convert it into a primary displacement form. Primary displacements are

Uy, Uy, Wy, ¥y, and iy, .



(Refer Slide Time: 46:10)
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For this, the very first approach is to find the shell constitutive equations like &; =Sy, 0,

is known as generalized Hooke's law or 3-dimensional constitutive equations relations,
they are for a 3-dimensional body. Now, we have to find it for the case of the shell. In
the starting for a moderately thick to thick shell we assume a concept of plane stress,

under that head o, is considered 0.

(Refer Slide Time: 46:54)
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If you choose like that then the stresses o,,,0,, and z,, can be expressed in terms of a



matrix Q and strains, where Q,;,Q,,,Q,,, and Q,, are known as reduced stiffness

coefficients and in the case of shear z,, and z,, are expressed with the help of Q,, and

Qs Now, how do you get a constitutive relation for the case of a shell?

The definition of N,, stress resultant in the first direction is:

0'11[1+Rijdg_
2

N‘:l,_t—.m\g—

We know that using the constitutive relation of a material we get:

Quén +Qpe,, [1"' Ri] dg.

2

N‘:‘r!—.'\)\j

In the plate, it is very simple, but for the case of shell it is slightly complex. &; has two

0 . . . . 1 .
components. &; component is causing stretching in the membrane and &;; component is

causing the bending in the shell, then similarly &,,.

Now, we can say N,, will be:

Quletret)Qulet o5 142 Joc

2

N":t—'y\;\j

(Refer Slide Time: 48:35)
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The rest of the equations, | will cover in the next lecture.

Thank you very much.



