Computer Methods of Analysis of Offshore Structures
Prof. Srinivasan Chandrashekarn
Department of Ocean Engineering

Indian Institute of Technology, Madras

Module - 01
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Planar truss system examples
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* Planar Truss Systems

* Solved Examole 2 Using Computer Program

Let us do one more problem. But directly let us do this problem with the computer

methods. So the problem is like this.
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So there are members are arranged in this manner, these are my supports, and these are
my loads. The dimensions are given: this is 3, meter 3, meter this is also 3 meter ok. Let
us mark the nodes AB C D E F. So, this has area A, this has area A, area A; this has 0.8
A, 0.8 A, 0.8 A, and 0.8A and these 2 members has 1.2 A where A, is 5000 mm square
and E is constant. Let us mark the unrestrained degrees of freedom for this problem. So,

this is delta 1, delta 2, delta 3, and delta 4, 5, 6, 7 and 8; let us also mark the restrained
degrees 9, 10, 11 and 12.

So, the reference axes system is this way, this is x y and each member will have a local
axes. To do that we have to identify the j and k ends of each member let us do that here.
So, let us say member j end k ends of each member, length of the member in meters, let
us enter theta. Let us find C x and C y then enter the global labels, because these are the
input from a computer program. Say members AB, BC, CD, DE, AF, FE, BF, CF and DF

there are 9 members 1, 2, 3, 4, 5, 6, 7, 8, 9 members ok.

For the member AB, I am taking this as A and B. So, similarly this becomes a local axis.
So, this becomes my x m this becomes may y m. Similarly, I can mark for all the
members | am entering the values. The length of the member is 3 meters, theta is
anticlockwise degree 90, so I can enter C x and C y. For member BC similarly B and C:

3 meters 0, 1, 0. For the member CD, C and D ends are j and k ends 3 meters CD is this

member 0, 1, 0.



For DE, this is E and D. So, I should say that this is my x m and this is my y m for the
member DE. So, this is 3 meters plus 90 degree because this angle is 90 degree, so it
become 0 and 1. So AF, AF is this member the horizontal member which has got A and F
as j and k ends length is 3 meters 0 degree is 1 and 0. FE is this number where, F and E
are j and k ends length is 3 meters 0 degree 1 and 0. BF is this member, I say B and F it
means this is my x m and this becomes my y m. So you know x m is inclined minus theta
by 45 degrees. So, let us enter that as minus 45 and this becomes 0.707 minus 0.707. And
length of this member is root 2 times of 3 which is 4. 242.

CF is a vertical member, so I should say F and C it means the member is oriented this
manner; this is my x m and y m for this member the member as the length of 3 meters,
the angle is plus 90 that is 0 and 1. So, DF is the last member which has got at D and F.
So, the inclination is this way this is x m and this becomes y m. Remember from x m it is
anticlockwise. So, x m measured from this angle will be 135. So, I should say this is
length is 4.242 it is minus 135 degrees, therefore this becomes 0.707 and this becomes
0.707.

Let us enter the global labels y axis labels first x axis labels next. Let us take the member
AB reference axes, so very simple 10, 2, 9 and 1; so 10, 2, 9 and 1. Similarly, for this
member 2, 4, 1 and 3; for the next member 4, 6, 3 and 5; for the next member 12, 6, 11
and 5; for the next member 10, 8, 9 and 7; for the next member 8, 12, 7 and 11; for the
next member 2, 8, 1 and 7; for the next member 8, 4, 7, and 3; for the next member 6, &,

5and 7.

Having done this, let us try to find out the transformation coefficients, that is their

Stiffness coefficients.



(Refer Slide Time: 08:18)

File Tdit View Insert Actions Took Help Mod-1 Lec-19- Planar Truss System Examples (Part - 2)

TR AT I | L ST | ol

Sbfv@mwﬂf& Ly

NPTEL

T o T

The Stiffness coefficients for the member AB, BC and so on is nothing but AE by . I can

find out them value and get the local stiffness matrix, let us look at the program.
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N mber of members

L= (3333332342205 % Togh in

A= (SB-3 4E-3 4B-3 SE-3 4B-3 4E-3 6B-3 SE-3 6B-3); &
Uheta= (90 00 90 0 0 =45 90 -135); et tege

) = B; & Number of unrestrained degrees of fraed

r = &; % Numb I resLraine T
wl=(12345678);%q wbels of unrest 4 dof
uel = (91011 12); b bels

11= (102 9 1); & Glob s il

12 = (241 3); % Glob bels for memt

13 = (4 63 5); & Global labels for member 3

14 = [12 6 11 5]; % Global lab
5= (10691 Al Tal
16 = [812 7 11]; % Global labels for mem

1722617 b b b
16 = (6473); b bels b
19= (66 Glob bels for membe

] 43 15 16; 175 187 19);

e
s (dof) s

A
T A

There are 9 members, I entered the length you can say here 6 times 3 which is taken from

here 1 23 4 5 6; 6 times 3 correct, then 4.242 3 4.242 you can see here 4.242 3 4.242.

So, I am following exactly the same method by entering the data. Length is entered, area

is given, then theta 90 0 0 90 you can see here; 90 0 0 90 then 0 0 minus 45; 0 0 minus



45 is 90 minus 13 we entered. We found the global labels for example member 1, 10 2 9

1 you can see here member 1 has 10 2 9 1 is or not. So we have the value.
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b roation coofficients for cach memb
re = AJ/Li

cx = cosd (theta) ;
cy = sind(theta) ;

K= [kl k2 k3 ki]:

fprintf (‘Menber lunber -');
iiep (1)

fprintf
diap

fneas matrix of member, (K] = \n'):

diap (kg
forp =l
for ¢ =1t
tnew((1(p)), (1(,9)) =Kg(p g

Once I do this, we have got the transformation matrix for each the matrix. Then we
compute the transformation matrix, local stiffness matrix for each member which we get

here.
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Ktotal = Ktotal + Knew; A
el ol o/ fpuintf (‘stiffneas Matrix of complete structure, [Ktotal] = \n'):

THe T digp (Keotal):

Koty une a(u) s

fombarl= TL1**fonl; for
elseif { == 2

w
Kunr (x,y)= Ktotal(z,y):

™2 -
K end
e om?. / end . e : ) i
N fprintf ('Unreotrained Stiffness oub-matrix, (Kuu] = \n'):
™ =T :xai (mnn:K i
K3 = Ky wulnv=-inv(Kunz) :
fobarde TL*fond: v fpxu};f (*Inverse of Unrestrained Stiffneos oub-matrix, (Kwulnverse)

n')i
disp (Kuulnv) ;

(k] L)

elseif i

Th =T

Kqb = Kgi

fombarfi= TLA'*fomd;
else

TS =Ts

g=Kg:

Tembar9= TLY' *lem9;
end

NPTEL
ond

fprintt (*SLilfness Matrix of complete structure, (Ktotal] = \n')i —

o i e o




Then we assemble them, get global stiffness matrix, then stiffness matrix completely is
plotted from that K uu is obtain K bar uu is obtained, then inverse is obtained. So, now I

have K bar uu I also have K bar uu inverse from this.
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Now let us come to the joint load vector. So, looked at this figure the degrees of freedom
look at the problem. So at 1 it is plus 20 then 2 and 3 no load at 4 it is minus 70
remaining all are 0. So, typically plus 20 0 0 minus 70 and all zeros that see that here;
plus 20 0 0 minus 70 then all are zeros is or not. So, I created the joint road vector then I
applied the problem found out unrestrained displacements then found member forces in
all the members and got the solution for this problem, which I am going to discuss it

here.
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Member Number = 1 Member Number = 2 i
Local Stiffness matrix of member, (K] = Local Stiffness matrix of member, [K] =
0 0 0 0 00 0 0
0 0 0 0 00 0 0
0 0 00017 -0.0017 0 0 00013 -0.0013
0 0 -00017 0.0017 0 0-0.0013 0.0013
| Transformation matrix of member, (7] = Transformation matrix of member, [T) =
0040 1000
0001 0100
1000 (ORO1 )
0100 000!
| Transformation matrix Transpose, (7] = Transformation matrix Transpose, [T] =
0010 1000
0001 0100
1000 0010
0100 0001
| Global Matrix, [K global] = Global Matrix, [K globall =
0.0017 -0.0007 0 0 0—0—0—0-
-0.0017 00017 0 0 00 0 0
0f SR 00 00013 00013 w0

5 o i e O
The answer is given in the sheet for all the members, ok.
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3
Unrestrained Stiffiness sub-matrix, (Kuu) = Inverse of Unrestrained Stiffness sub-matrix, [Kuulnverse] = Unrestrained displacements,
00020 00007 0003 0 O 000007 00007 106403 sl
.
0007 0004 0 0 0 0 00007 00007 17570 03000 13820 03750 10070 03000 0750 03750 | | 10
00013 0000 00003 0 0 0 03000 0.6000 03000 03000 03000 0 0.0000 0.3000 poe
0 0 000 0 0 00000 13620 03000 17570 00000 13820 03000 0750 -00000 | | 0%

0 000013 0 00020 00007 00007 00007 03750 03000 00000 19820 03750 03000 00000 13820 |/ U

00 0 000007 0064 -0.0007 0007 10070 03000 13620 03750 17570 03000 03750 03 |\ 6

00007 00007 00 00007 0007 00041 O 0300003000 03000 03000 06000 00000 03000 | | 0%

00007 00007 0 00017 -0.0007 00007 0 00031 03750 0.0000 03750 00000 03750 00000 03750 00000 | |

03750 03000 00000 13820 03750 03000 00000 1380 | | 0

-1.0424

The unstrained stiffness matrix available here, the inverse is available here, then the del

bar u is available here.
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Whereas, the e multiplier is common available, joint forces are then plotted for this
problem which I am going to mark here; the end joint forces are marked here. This is the
truss system I have, the degrees of freedom you know this is going to be you can check it
once again the degrees of freedom are 1, 2, 3, 4 and so on. So, let us mark them here
accordingly, so I should mark this has plus 20 then 0 to 3 0 this is minus 70, 4, 5 is 0
remaining all are O thisis 1,2, 3,4,5,6,7,8,9, 10, 11 and 12.

So, let us mark this as minus 10 and this value as plus 25, then this as again minus 10
and this as plus 45, let us check this is point A. So, let us check moment about the point
A 20 into 3 plus 70 into 3 minus 45 into 6 is 0. So, it is checked. The reaction is being

made the total load is being made.
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So, I can also draw the member forces for all the members. Let us say member 1,

member 2, member 3, member 4, member 5, member 6, 7, 8, and 9.

Let us mark the member values as well. So, this is 25 and 25, this is 45 and 45, this is
again 45 and 45, this is 10 and 10, this is this is 10 this is also 10 and 10, this is again 45
and 45. So, this is 45, 45, 45 and 45. For this member this is 25, 25, 25, and 25. For this
member it is 70 and 70. The member reactions are formed and they are as same as what
you have here which is going to be, so this value is 10 and this value is 25 and this value

is 45 and this value is again 10 which is as same as what you have here.
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So friends, we now write down the summary. We solved two example problems on
planar truss system. We have use the computer codes to solve the problem. Codes are

explain to prepare the input data for the program the results are then interpreted.

I hope you have understood, you will practice this computer program in your MATLAB
software and try to solve couple of more problems and understand. They are very
interesting and simple. I wish that you should exercise all these problems back again at
your desktop and try to compare the answers and you will share your views and
conveniences you get we are adopting this computer method of structural analysis using

stiffness methods for solving a variety of problems.

Thank you very much.



