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Dear learners welcome to week 05, lecture- 2. Till now, I covered the basic definition of 

differential geometry required for developing the shell equations. Then, I developed a 

partial differential set of governing equations based on first-order shear deformation 

theory.  

And in the 4th week, I derived the governing equations for the special cases, like, 

cylindrical shell, spherical shell, circular plate, and so on. 

In the 1st lecture of this week, I gave the basic guidelines to derive the governing 

equations for an infinite shell panel and the solution for a simply supported case. In 

today’s lecture, first, I will explain to understand the recent research articles with this 

background. 
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This is the recent paper having an article on a semi-analytical analysis of strength and 

critical buckling behavior of underwater ring stiffened cylindrical shells.  
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I randomly chose this paper to make to understand whatever I explained to you.  

(Refer Slide Time: 02:19) 

 

Like in this paper. 
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A cylindrical shell in which ring stiffeners are used as underwater pressure. We studied 

that outside of a tube, there is pressure over there. These are the recent articles.  
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We aim to have the basic governing equations. Initially, they gave the heat conduction 

equation which is in polar cylindrical coordinate. 
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I explained to you section 2.2: fundamental equations of problem. 
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Here, you can see that the strains x ,  , and x . In the previous lecture, I explained 

that x  was similar to   and x . 

Because it is a complete shell, the derivative with respect to x is taken care. Now, using 

the displacement field. There we also use the Donnell shell theory which is a thick shell 

theory. Based on that displacement field, they obtained the strains and divide those 

strains into two parts. One is the membrane part and the other is the stretching part and 

then substituted back to x ,  , and  . We obtained an in-plain stress case and the 

definition of ,x xMN all we have obtained in this paper. 

You are now familiar with these approaches; therefore, you can understand at least in 

this paper the meaning of 1 2 3, ,D D D  and so on. And then you see that xN  the 

constitutive relation for the stiffened cylindrical shell. 10 20A and A is corresponding to 

the membrane part then 11 21A and A is corresponding to the bending part.  



Similarly, we have 11 11B and D . Depending upon the displacement field some more 

terms may come up. N  and xN  , terms are coming.  
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And finally, the matrix of xN  and N  is represented like this. You can see the definition 

of ijA . It is an isotropic shell, only E, young's modulus and  , Poisson ratio is used to 

find.  
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You can see here, the 5 governing equations. It is a first-order shear deformation type 



theory and you can see that the governing equations are similar. And these are the 

dynamic terms xM ,
xM  , M , 

1 2Q and Q . Whatever, I explained during the lectures. 

Now, I feel that anybody who is attending these lectures can understand the research 

articles. 

The very important thing to work in any research area is first, to understand the existing 

literature, that what is given, and further moving with that. First, we have to understand 

the existing one and later on, we can apply our ideas.  

(Refer Slide Time: 06:11) 

 

We derived the five governing equations as shown in the article. They have now 

specialized axisymmetric geometry when the   load is independent of  . The five 

governing equations reduce into 3 equations and then they are solved for the buckling 

case. 
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The purpose of explaining this is just to tell you that these are the recent research articles 

in the field of shell and one can understand that these are expressed like this. And you 

can see that the internal work done is expressed in the same way. We developed a very 

generalized form and it is the special case; cylindrical shell case. 
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Now, you can see that with the background of a doubly curved shell, you can understand 

the paper on the cylindrical shell, spherical shell, hyperbolic shell, conical shell, or any 

other shell. You can understand the state of art based on first-order shear deformation 



theory and higher-order, the basic terms used, and to develop the governing equations. 

(Refer Slide Time: 07:39) 

 

Boundary conditions are also shown here. You can see the boundary conditions in the 

cyclic and buckling case and. We have xN , because only along the x-direction they can 

specify, along the   direction the shell is closed. But when we talk about a finite shell 

panel then we have the boundary along the   direction as well as x-direction.  
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I would like to further go through this paper.  
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The same way we represented the displacement field either in sin  or cos . So, Finally, 

substituting into the equation; 11 22A and A are coming as a function of nnM . 

The techniques may be different. Because it is a free vibration case there is no transverse 

loading. In that case, the right-hand side = 0. The eigenvalue problem is solved and 

frequencies are obtained for the first case and when you talk about buckling then the 

compressive load is applied.  
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The techniques of solution are also given in the paper. Once, you understand the 

formulation you can understand the complete paper and you can proceed in your 

research.  
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In this lecture, I briefly explained that how to understand a paper.  

Now you may or may not be aware of developing a programme. What are the basic steps 

to write a code on a cylindrical shell? First, I will explain the basic steps then the 

transformation of material property which is very important.  

Sometimes, we use these material properties modeling in CI software like abacus or any 

numerical software.  

We need material properties in our hands or sometimes we do some experimentation or 

even we write our code. Inside that code, we include the subroutine that can we get the 

transformation of material property. 

First, I will explain with the help of a MATLAB file. I have copy-pasted all MATLAB 

commands in these PPT slides. The very first command is clc which means clear the 

screen. Some of you may be master's students, early Ph.D. students, or research scholars.  

So, you may have a background of coding you may not have the background of coding, 

but I would like to feel that for the sake of completeness when I explain the theory. So, I 

will briefly explain that how do we write a code and what are the basic steps. 



You may or may not have a background in coding. But for the sake of completeness, I 

will briefly explain the basic steps to write a code. In structural engineering, specifically, 

when we do continuum mechanics, the command cls is used before writing any code.  

Specifically in MATLAB, if we do not clear the screen, the other variables may be 

messed up. 

The next command is format or format long e. Generally, for structural analysis, we use 

the format long e command. The purpose is that sometimes in the calculation we want 

the convergence checking, let us say, 910 , if it is not in long e format, then we cannot 

work with this type of convergence analysis. 210  and 310 is fine, but when you talk 

about more than 810 , then it is required. Depending upon the issues.  

Generally, when you write a code for a plate or a shell, for any kind of analysis whether 

it is a static analysis or free vibration analysis, we should use the format long e 

command, because it is not just a simple calculation.  

Sometimes, we have to express the exponential of something and it comes in very long 

numbers. Then, is input command: the ideal way; we can give input through many ways. 

When I give a programme to write to our master students at IIT Guwahati or to the 

research scholars, they generally write in a very hard form, they give the input just like e 

and mu and fix and then write a coding of this.  

That is the one way that in the programme itself you give the material property and then 

process it. But that is not the soft form because every time you have to change in the 

code itself and if you do, there will be chance that some error may come. 

We should write a programme in such a way that we should have minimum interference 

with outside information.  

We should not work every time inside the programme, we should give the input through 

a file that is the ideal way of working in this field. Input data means the geometric 

parameters which mean the material properties in the layer-wise stacking sequence. 

We should try to give through an input. This option is available in all kinds of languages 

whether you talk about MATLAB, Fortran, or C++. Whenever you do programming, 

please give input through a file. The idea behind that is as the information of your input 

data is given by you therefore, you can see any error. 



We have to give the file extension, file name, and all these things. These are the standard 

formats that input file extension should be in ‘in’, whatever the file name. Let us say, we 

want to give a file name ‘shell a’, I will give a file name of a shella.in. Its extension will 

be ‘.in’. The other point is that if we give a ‘.in’, ‘.dat’ or ‘.txt’, all these files can be 

worked on in a word pad or on a notepad. 

You can open it in ms word these will be in a zigzag format, which I have experienced. 

If you open in a notepad or in a WordPad, then you can work with those files easily. 

These formats are supported by both notepad and word pad ‘.in’, ‘.txt’, ‘.ctl’, you can 

open in these. 

Input extension (inpextn) and output extension (outext) and even you can change these 

also. ifile=strcat(file,inpextn);  

ofile1=strcat(file,outext1);   

ofile2=strcat(file,outext2);. 

Here, ifile means input file, ofile1 means output file number 1, and ofile2 means output 

file number 2. 

Finp=fopen(ifile,’r’); %opens input file, this command is used to open an input file.  

The program will ask to give the input file name, you have to give the input file name, 

and then it will open that file. 

Fout1=fopen(ofile1,’wt’); %opens result file, Fout2=fopen(ofile2,’wt’); %opens result 

file, it opens the blank file of outputs. In the input file there may be some numbers that 

n1 or n2 

n1=fsanf(finp,’%d’,1); and n2=fsanf(finp,’%d’,2); 

In MATLAB the command fscanf is used to read, but if you work in a Fortran, it will 

read or maybe write if you want to print.  

I would like to say that these commands are very much important to write any code.  

You are giving data through the input file, you are getting data through the output file, 

and you are providing the extensions properly. So that you can open it in the basic 

notepad and word pad, this is supported for all kinds of operating systems. The next step 

is in that file, from here it has started, and up to reading the file, how much data is 



required. 
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In the next file, it is reading a matrix called: 

[SAB]=fscanf(finp,’%IE’,[n1]);   

fscanf means it is reading that matrix and giving the data,  

a=SAB[1], b=SAB[1], and S=SAB[1].  

a is written for a plate, but here for the arc length of like this what is the a and what is the 

b. 

For the case of a shell, you can say that you are interested in terms of R, span angle, and 

thickness for a circular cylindrical shell panel. You may be interested in terms of a mean 

radius You can say that the very first element of this will be the mean radius.  

Then, we are interested in the angle   = 60˚, 120˚, or any value, you can read through 

that. 
R

S
h

 . 

In some literature, it is 
R

h
 and in some, it is 

h

R
, and in the case of the plate, it is 

a

h
 

(length upon the thickness of the shell). In the last lecture, I said that this is the radius to 

thickness parameter and it is required for non-dimensionalization, so we should do it. 



Now, the material property; let us say, next is a matrix 

[Mat1,count]=fscanf(finp,’%IE’,[n1]);  

n1 components are there and this is the counting. The first element of that matrix will be: 

E1=Mat1(1,1);  

The second element of that matrix will be: 

E2=Mat1(2,1);  

The third element will be:  

E3=Mat1(3,1);  

And others are:  

G23=Mat1(4,1);  

G12=Mat1(5,1);  

G13=Mat1(6,1);  

mu12=Mat1(7,1);  

mu13=Mat1(8,1); and  

mu23=Mat1(9,1), this is the assignment.  

You must know that whenever you are giving data in an input file you should arrange it 

in such a manner that the first value should be E1 second value should be E2 third value 

should be E3 and so on. If you interchange these values, then the program will read 

something else. This is very much important to write some comments in the input file 

that what should be the first value and the other. 

Once we read all the nine data for an orthotropic material then our purpose is to find the 

compliance matrix. The component of compliance matrix are:  

s11=1/E1,  

s22=1/E2,  

s33=1/E3,  

s44=1/G23,  



s55=1/G13,  

s66=1/G12,  

s12=mu1/E1,  

s13=mu13/E1, and  

s23=mu23/E2.  

When you put a semicolon at the end of the command, it will not pop up in the work 

window, but when you do not put a semicolon, it will come outside.  

You can see the output window, the reason behind that is whatever you are writing you 

must check it. Sometimes, during writing a program instead of E2, you write again E1 

here just by copying this may give you an error.  

When you are checking for output of that, then you can say that ok this is wrong. 

Whenever, you write 2 lines, 3 lines, or 10 lines programme, you must check it with the 

help of a calculator or with the help of an excel file, do not assume that whatever you 

have written will be correct. 

Sometimes, when there is an error in the program it looks ok, but once you are going to 

check it, you must check the input as well as output of the programme. 
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We have obtained the compliances of the matrix, then we can arrange them in an S 



matrix.  

These are the components.  





11 12 13 0 0 0;

12 22 23 0 0 0;

13 23 33 0 0 0;

0 0 0 44 0 0;

0 0 0 0 55 0;

0 0 0 0 0 66;

S s s s

s s s

s s s

s

s

s



 

Because, in MATLAB you can arrange that in that 0, 0 and all these things say complete 

matrix form like this and you can write a subroutine also that you can arrange that s11. 

You first say that S is a matrix: S(6,6) then you can assign the elements over there like 

this S(1,1), S(1,2), S(1,3), and so on. 

Writing a code has many ideas you can use in many ways because in MATLAB this is 

possible.  

If sometimes these kinds of things are not possible, then we have to write in Fortran, in 

an anivental way like this. You assigned a 0s matrix of 6 by 6, there will be a 6 by 6 

matrix which is having all 0s, and then you can assign, the nonzero elements of that. 

The next is to find the stiffness C=inv(S) and assigning that  

c11=C(1,1)  

c12=C(1,2)  

c13=C(1,3)  

c22=C(2,2)  

c23=C(2,3)  

c33=C(3,3) 

c44=C(4,4) 

c55=C(5,5) 

c66=C(6,6).  

Now, we have to find the transformation required because when we go for fibre angle, it 



is different, it is not 0, if it is 90, then we need to transform it. 

At any angle, we have to transform this stiffness and compliances matrix, for that 

purpose this is the for loop.  

In MATLAB for loop means:  

for j = 90, if j = 0, then, c1=1 and s1=0.  

Else if j = 90, then c1=0 and s1=1.  

Here, I have done for j=90, this can be inputted through the input file, in a hard way. But 

if I do it for 30, 60, it will go to this loop: 

 a=pi/180, c1=cos(a*j), s1=sin(a*j). 

 j for the present case I have written 90, but you can give 30, 60. So, it is in hard form. 

This value j=90, we can assign as  . So,   we can read through the input file, the angle, 

or inside the fiber. We can put   = 30˚. So, here theta = 30˚, c1 and s1 basically cos and 

sin is evaluated. 
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Now, for the transformation we need at least up to 4cos   and 4sin  . So, 2cos  , 2sin ,  

3cos  , 3sin  , 4cos  , and 4sin  .  

 



This is the nomenclature:  

c2=c1*c1,  

s2=s1*s1,  

c3=c2*c1,  

s3=s2*s1, 

c4=c2*c2,  

s4=s2*s2.  

Instead of writing cos and sin, we have written c1 and s1.  

c1 = cos  and s1 = sin . 

Then the transformation; here, bc11 = 11C . So, we have written bc11.  

bc11=c4*c11+2*c2*s2(c12+2*c66) +s4*c22,  

The transformation of this formula, if I write in explicit form is 

4 2 2 4

11 11 12 66 22cos 2cos sin ( 2 ) sinXC C C C C       .  

These formulas are given in any theory of a plate book or mechanics of composites. 

There you can find the transformation formula and you have now written it in a code 

form. 

Similarly, bc22 = 22C .  

Here, bc22=s4*c11+2*c2*s2(c12+2*c66)+c4*c22.  

Instead of a cos, there will be sin and instead of a sin there will be cos, here the 

placement of sin and cos is changed now.  

The other elements will be evaluated:  

bc12=c2*s2(c11+c22-4*c66)+(s4+c4)*c12;  

bc16=c3*s1(c11-c12-2*c66)+c1*s3(c12-c22+2*c66);  

bc26=c3*s1(c12-c22+2*c66)+c1*s3*(c11-c12-2*s66);  

bc66=c2*s2*(c11-2*c12+c22)+(c2-s2)^(2)*c66;  



bc13=c2*c13+s2*c23;  

bc23=s2*c13+c2*c23;  

bc36=c1*s1(c13+c23);  

bc33=c33;  

bc44=c2*c44+s2*c55; bc45=c1*s1(c55-c44);  

bc55=s2*c44+c2*c55.  

A generalized orthotropic material after the transformation is obtained. 

In MATLAB, whatever elements are 0, I have put directly 0 here and developed a matrix 

BC1. 1C is now a matrix which is written like this, having 6 components and then 

compiled.  





1 11 12 13 0 0 16;

12 22 23 0 0 26;

0 0 0 33 0 0 36;

0 0 0 44 45 0;

0 0 0 45 55 0;

16 26 36 0 0 66;

BC bc bc bc bc

bc bc bc bc

bc bc

bc bc

bc bc

bc bc bc bc



 

If it is not in MATLAB, you write in C or Fortran, then you cannot use this kind of 

function, you have to first define a matrix and its size and then its nonzero components, 

otherwise, you can say that all are zero. 
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And then BS = S ; BS=inv(BC1).  

If somebody is interested in bE1. Instead of that E bar sometimes we are interested in the 

transformed engineering constant then directly you can use from there  

bE1=1/BS(1,1),  

bE2=1/BS(2,2),  

bE3=1/BS(3,3),  

bG23=1/BS(4,4),  

bG13=1/BS(5,5),  

bG12=1/BS(6,6),  

bmu12=bE1*BS(1,2),  

bmu13=bE1*BS(1,3),  

bmu23=bE2*BS(1,3), 

Ultimately, we can assign, c11, c1 2, and so on. The reason behind that is if you want to 

develop a model in abacus or Ansys. if you write an orthotropic material, they want data 

in a form like this.  

C1111=bc11  



C1122=bc12 

C2211=C1122, and so on. 

From this program, you can get all the material property and directly you can feed there 

0˚ material property, 90˚ material property, or 30˚ material property. Definitely, in that 

software there are the options that first give a value means 0˚ material property.  

And then they have an angle transformation. This is a very simple program you can use 

for directly using the material property. 
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Finally, C  or BC is written here and this is the output having 6 values in a line.  





1111 1133 1122 0 1112 0;

3311 3333 3322 0 3312 0;

2211 2233 2222 0 2212 0;

0 0 0 1313 0 1332;

1211 1233 1222 0 1212 0;

0 0 0 3213 0 3232;

BC C C C C

C C C C

C C C C

C C

C C C C

C C



 

I would like to share one output file with you. So, you see the stiffness of 30.  
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I am sharing the file. 
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I am sharing the file. If you have provided the 30˚ angle then minus 30˚ and 90˚. You can 

get all the stiffness coefficients and it is written in long e format you can see that this is 

very much required. 

You can directly use these material properties for your experimental purpose. For 

revaluing any property, these types of small codes are required, and even for developing 

a code, we require all these properties and the input file you can see that stiff.in. I am 



also sharing the input file. 
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You can see that it is telling that we have to give first 9 constant and 181, each material 

properties are given that graphite-epoxy composes it 181e1, 181e2, 181e3 and so on. 

These properties will be used to transform 30˚, -30˚, 90˚, whatever you want to do. 
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Now, let us know, how to write a code for the shell case. First, I will explain up to the 

shell constitutive relations. I will explain the basic terms. Later on, you can make bigger 

code and more complex ones.  
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Following first 10 lines we will copy from the previous code as it is. 

clc 

format long e 

ifile=input(‘give the input file name’,’s’);  

i=findstr(ifile,’.’); 

file=ifile(1:i); 

inpextn=’in’; 

outext1=’txt’; 

outext2=’ctl’; 

ifile=strcat(file,inpextn); 

ofile1=strcat(file,outext1); 

ofile2=strcat(file,outext2); 

finp=fopen(ifile,’r’);%opens input file 

fout1=fopen(ofile1,’wt’);%opens result file 

fout2=fopen(ofile2,’wt’);%opens result file 



Then, we can start writing. Now, I have written the comment over here that is very much 

important.  

Whenever you write a code, if you do not write a comment even for yourself, after one or 

two years, you will not understand your code. You can have two copies in one you can 

write the comments so that you can understand the code later on. For confidentiality or 

some other point of view, you can delete those comments before giving to somebody. 

We should write the comments unless it is very confidential if you do not want to give 

your data to someone. but if you are writing a general program then you should write a 

comment, it will be helpful for you and for others also. So that anybody can understand 

that code.  

In this slide, the very first comment is % defining the length and width of the plate. 

Instead of a plate, we write %defining the length and width of a shell. a will be the length 

of the plate, b will be the width of the plate. Instead of ’a’ let us say, R instead of ‘b’ let 

us say  . Instead of  

a=SAB(1);%length of a plate 

b=SAB(2);%width of a plate  

We can say, 

R=SAB(1);%mean angle of a shell 

 =SAB(2);%span angle of a shell  

You can write these comments. R/h is the thickness of the length ratio. 

S=SAB(3); %thickness to length ratio  

N=SAB(4);%number of layers, we want to give that how many layers are in that shell 1, 

2, 4, 6, 10, then the most important command is Y0= SAB(5);%non dimension factor.  

In the previous lecture, I have explained that non dimensionalisation constant. 

We have to find non dimensionalisation factor, then n3=fscanf(finp,’%d’1); some other 

parameter for this reading a matrix  

[Mat1,count]=fscanf(finp,’%IE’,[n3]); it is having 9 components.  

E1=Mat(1,1)/Y0;  



E2=Mat(2,1)/Y0;  

E3=Mat(3,1)/Y0;  

G23=Mat(4,1)/Y0;  

G12=Mat(5,1)/Y0;  

G13=Mat(6,1)/Y0;  

mu12=Mat(7,1)/Y0;  

mu13=Mat(8,1)/Y0;  

mu23=Mat(9,1)/Y0;. 

Now, it is just becoming a number and its order is within or less than 100. It may be 20, 

30 not more than that and then it may be 1 or 0.1. It will be easy to work with these 

things, instead of working with that 3 910 10X . If we divide it by, let us say 3 910 10X , it 

becomes 1 and if it is 180, it becomes 18. We can work with these numbers easily. This 

is the very important concept of non dimensionalisation, but you have to do it very 

carefully. 

I would like to say that if you do not do other commands at least do the non 

dimensionalisation of material properties which is causing the main factor and once you 

get the results, what will be the factors coming up there? You have to multiply with that 

then only you can match with your results. 

In the C software, abacus or Ansys, let us say, displacement is coming 2.2169 X 910 , 

but in your program displacement may be coming that 5.246 X 310 . 

If you do the non dimensionalisation then you have to multiply with that and then only 

you can match with this. So, the factor with which you divide it you have to multiply it 

there to get the final solution. 

Sometimes students say that their results are not matching. I find that they have non 

dimensionalised like this, but comparing the results with that. This abacus or Ansys has 

written by a very good programmer, these are very generalized ones. Whatever we write 

in our code we have to convert it back or you have to divide it by this.  

So that we can match our results in that subroutine, to know what is going on inside the 



code. But in our program, we know that we have divided this, so we have to take care. 

Through the governing equation, you can check out how it is moving ahead. 
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The next is the fiber angle: the angle fibers are making with respect to  . For each layer 

there will be one angle. So, this information is read through here: 

[Ang]=fscanf(finp,’%IE’,[N]);%information of number of layers.  

The   is also read through here: 

[th]=fscanf(finp,’%IE’,[N]);  

Then the loading information will be P=fscanf(finp,’%d’,1);. 

Zth(1)=0.5, then thickness can be find just like 
R

S
h

 .  

Therefore, from here 
R

h
S

 .  

We may provide the total thickness or inside that we may provide the thickness of each 

layer. 

Zth(k+1)=th(k)+zth(k), here the thickness of the each layer is calculated.  

Therefore, thickness of the each layer for k=1:1:N and  

Lth(k)=th(k)*h%calculating the layer wise thickness. 



You have given the thickness of the N X h. It tells you the layer wise thickness and then 

the coordinate of that. - 0.52 + the layer thickness, ZK , ZK + 1 and so on, it is arranged 

in a vector form 

The thickness of z coordinates is calculated like here: 

zthf=zth*h%now calculation of z coordinates. zth is a column row vector.  

In this way, we can calculate the compliances like this:  

s11=1/E1;  

s22=1/E2;  

s33=1/E3;  

s44=1/G23;  

s55=1/G13;  

s66=1/G12;  

s12=mu12/E1;  

s13=mu12/E1;  

s23=mu12/E2;  

S matrix and C matrix. Sometimes, we require formulation of C and sometimes 

formulation of S 
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Then, we have reduced stiffness, 

% new matrix Qm is defined which store the data layer wise 

Qmb(1,1, i)=Q(1,1)*c4+2*(Q(1,2)+2*Q(3,3))*c2*s2+Q(2,2)*s4; 

Qmb(1,2,i)=(Q(1,1)+ Q(2,2)-4*Q(3,3))*s2*c2+Q(1,2)*(c4+s4); 

Qmb(2,2,i)=Q(1,1)*s4+2*(Q(1,2)+2*Q(3,3))*c2*s2+Q(2,2)*c4; 

Qmb(1,3,i)=(Q(1,1)-Q(1,2)-2*Q(3,3))*s1*c3+(Q(1,2)- Q(2,2)+2* Q(3,3))*s3*c1; 

Qmb(2,3,i)=(Q(1,1)-Q(1,2)-2*Q(3,3))*s3*c1+(Q(1,2)- Q(2,2)+2* Q(3,3))*s1*c3; 

Qmb(3,3,i)=(Q(1,1)+ Q(2,2)-2* Q(1,2)-2* Q(3,3)*s2*c2+ Q(3,3)* (s4+c4); 
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First, we have to define what is Q1, Q2, and Q3 and then the transformation of those 

matrices. 

Now, you have to find the matrix AIJ, BIJ, and DIJ. This is the subroutine: 

%AIJ(1,1)=Qmb(1,1,1)*0.001,  

AIJ=zeros(3), 

DIJ=zeros(3) 

For i=1:1:3,  

for j=1:1:3,  

for k= 1:1:N,  

I have written this for a plate, A1, A2, A3, and so on. 

Here, ijA  can be written in three layers.  

2 1 3 2 4 3( ) ( ) ( )ij ij ij ijA Q Z Z Q Z Z Q Z Z       

First layer is 2 1( )ijQ Z Z ,  

3 2( )ijQ Z Z  is the second layer, and  



4 3( )ijQ Z Z is the third layer.  

First, if you calculate then you have to add it. Next time when it comes in a loop, we add 

this factor: 

Qmb(I,j,k)*(zthf(k+1)-zthf(k)),  

Therefore, AIJ(i,j)=AIJ(I,j)+Qmb(I,j,k)*(zthf(k+1)-zthf(k));. 

Then a factor for this will be: 

fac=zthf(k+1)^3-zthf(k)^3. 

Then, DIJ(I,j)=DIJ(I,j)+(Qmb(I,j,k)*fac)/3  

In this way, we can write the ijA , ijB , and ijD . 
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. 

If we know ijA , ijB , and ijD , then you can define the f matrix 1 2 3, ,f f f , and so on. You 

can say 
 22 22 22

1 2
f

A B D

R

 
 ,  

 44 44 44

2 2
f

A B D

R

 
 , 



 
   22 22 22 44 44 44

3 2 2
f

A B D A B D

R R

   
  , 

 
 22 22

4 5 22
,f f f

B D

R


    

you can define these constants, once layer-wise is over. This will be a number, all 

constants you can define.  
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Similarly, 44 44 44

22
9 102

f f A B D
D

R
   .  
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Ultimately, after obtaining the value of 1 2 3, ,f f f , we have to come to matrix K. Based on 

the simply supported boundary condition, you have to multiply with this and define now 

another matrix K 11:  

2

11 1 2K f fn    , 12 12 3K K fn   .  

You can write that K matrix K (1,1), K (1,2) like that. You can say that 11K , 12K  

ultimately, make a big matrix wherever like this and finally, K inverse P will give you 

the displacement field  
1

U K P


 . 

In this way, one can do the coding. The coding requires expertise, but I have just given a 

brief idea that how we can move ahead with the basic steps, and later on, you can write a 

big code. There may be after finding, there are many more steps to find the 

displacements at every z coordinate or at every theta value. One can find it. 

With this, I end this lecture. In the next lecture, I will explain the finite shell formulation, 

developing a governing equation for a finite shell and the solution. 

In the infinite shell, the solution, I gave is in sin and cos, but for the finite case, there will 

be three-four cases: the axisymmetric case, antisymmetric case, the journal bending case, 

etc. I will explain those things in the coming lectures.  

Thank you very much. 


