FISAC3

THAKUR PRANAV GOPAL SINGH

SECTION:D ROLL NO: 48

REG: 200909426

Q1
CODE:

fprintf("Thakur Pranav Gopal Singh 200909426 section: D Roll no. 48\n");
E=210e9;

A=5e-4;

L1=5;

L2=5;

k3=4000;

anglel=120;%in degrees

angle2=60;%in degrees

angle3=270;%in degrees

F=-48000;%Roll number times 1000 ~ 48*1000

%Sin and Cos values of each element
Cl=cosd(anglel);

Sl=sind(anglel);

CS1=C1*S1;

C2=cosd(angle2);

S2=(angle2);

CS2=C2*S2;

C3=cosd(angle3);

S3=sind(angle3);

CS3=C3*S3;

%Elemental 1 Stiffness Matrix

k1=(A*E)/L1;

mtxl=zeros(4,4);
mtx1=[C1~2,CS1,-C1~2,-CS1;CS1,S1~2,-CS1,-S1~2;-C1~2,-CS1,C1~2,CS1;-CS1, -
S172,CS1,5172];

emtx1=k1*mtx1;

%Elemental 2 Stiffness Matrix

k2=(A*E)/L2;

mtx2=zeros(4,4);
mtx2=[C272,CS2,-C272,-CS2;CS2,S272,-CS2,-S272;-C2~2,-CS2,C272,CS2;-CS2, -
S272,CS2,S27271;

emtx2=k2*mtx2;

%Elemental 3 Stiffness Matrix

k3;

mtx3=zeros(4,4);
mtx3=[C3”2,CS3,-C3~2,-CS3;CS2,S3~2,-CS3,-S3”2;-C3"2,-CS3,C372,CS3;-CS3, -
S372,CS3,S53”2];

emtx3=k3*mtx3;

%Global Stiffness Matrix

gsmtx=zeros(8,8);



gsmtx(1:4,1:4)=emtx1(1:4,1:4);
gsmtx(1:2,1:2)=gsmtx(1:2,1:2)+emtx2(1:2,1:2)+emtx3(1:2,1:2);
gsmtx(1:2,5:6)=gsmtx(1:2,5:6)+emtx2(1:2,3:4);
gsmtx(5:6,1:2)=gsmtx(5:6,1:2)+emtx2(3:4,1:2);
gsmtx(5:6,5:6)=gsmtx(5:6,5:6)+emtx2(3:4,3:4);
gsmtx(1:2,7:8)=gsmtx(1:2,7:8)+emtx3(1:2,3:4);
gsmtx(7:8,1:2)=gsmtx(7:8,1:2)+emtx3(3:4,1:2);
gsmtx(7:8,7:8)=gsmtx(7:8,7:8)+emtx3(3:4,3:4);

%Global Force Matrix
gfmtx= [0;F;0;0;0;0;0;0];

%Penalty Approach
Cmax=max(gsmtx,[], "all");
c=Cmax*10"4;
for i=3:8
gsmtx(i,i)=gsmtx(i,i)+c;
end
for j=3:8
gfmtx(j,1)=gfmtx(j,1)+c*0;
end
gdmtx=inv(gsmtx)*gfmtx;
for 1=1:8
if -le-6<gdmtx(i,1) && gdmtx(i,1)>1le-6
gdmtx(i,1)=0;
else
continue;
end
end

Q1=gdmtx(1,1)*10"3;
Q2=gdmtx(2,1)*10"3;
fprintf('Displacement of node 1 in X direction is %f mm\n', Q1);
fprintf('Displacement of node 1 in Y direction is %f mm\n', Q2);

%Element Stresses

%Element 1
sigmal=E*Q1/L1;
fprintf('Stress in Element 1 is %f N/m2\n', sigmal);

%Element2
sigma2=E*Q2/L2;
fprintf('Stress in Element 2 is %f N/m2\n', sigma2);

result:

>> MISAC_Q1

Thakur Pranav Gopal Singh 200909426 section: D Roll no. 48
Displacement of node 1 in X direction is 0.000000 mm
Displacement of node 1 in ¥ direction is -0.001234 mm
Stress in Element 1 is 0.000000 N/m2

Stress in Element 2 is -518334785.683266 N/m2




Q2
CODE

fprintf("Thakur Pranav Gopal Singh 200909426 section:

"2,-€51,-5172; €172, -C51,01°2, €513 -C51, -5172,C51,51°2]

£52,-5272; -€2°2, (52,0242, (52; -(52,-52°2,€52,52°2];

623266 N/a2

%% Given values

E
A

cp

%% direction cosines and length calculations

30e6;
6;

= [-36,0,0; -144, 72, 0; -144, -72, 0; 0, 0, 144;

%% Element 1

al
bl
cl
11
ml
nl
L1

%%

a2
b2
c2
12
m2
n2
L2

%%

= Cp(l,l)—cp(4,1);

= Cp(1,2)—cp(4,2);

= cp(1,3)—cp(4,3);

= al/(sqrt((al”2)+(b172)+(c1”2)));
= bl/(sqrt((ai”2)+(bi”2)+(c1”2)));
= c1l/(sqrt((ainr2)+(bin2)+(c1”2)));
= sqrt((al”2)+(b172)+(c1”2));

Element 2

= Cp(2,1)—cp(4,1);

= Cp(sz)'Cp(4:2)3

= ¢cp(2,3)-cp(4,3);

= a2/(sqrt((a2”2)+(b272)+(c2”2)));
= b2/(sqrt((a2”2)+(b272)+(c2”2)));
= c2/(sqrt((a2”2)+(b272)+(c2”2)));
= sgqrt((a272)+(b272)+(c272));

Element 3

no. 48\n");



a3 = cp(3,1)-cp(4,1);

b3 = ¢p(3,2)-cp(4,2);

€3 = ¢p(3,3)-cp(4,3);

13 = a3/(sqrt((a3*2)+(b372)+(c3”2)));
m3 = b3/(sqrt((a372)+(b372)+(c372)));
n3 = c3/(sqrt((a3*2)+(b3722)+(c3”2)));
L3 = sqrt((a3”2)+(b372)+(c372));

%% Element 1 Stiffness Matrix

kl= (A*E)/L1;

matl = zeros (6,6);

matl(1,:)= [(11~2), (1l1*ml), (l1*nl), - (1172), -(1l1*ml), - (1l1*nl)];
matl(2,:)= [(11*ml1l), (m1~2), (ml*nl), - (11*ml), - (m1”2), - (ml*nl)];
matl(3,:) = [(11*nl1l), (ml*nl), (n1~2), - (1l1*n1), - (mi*nl), - (n172)];
matl(4,:)= [-(11~2), -(l1*ml), - (1l1*n1), (1172), (1l1*ml), (1l1*nl)];
mat1(5,:)= [-(11*m1), - (m1~2), - (m1*nl), (1l1*ml), (m1~2), (mi*nl)];
matl(6,:) = [-(11*nl), - (ml*nl), - (n172), (1l1*nl1l), (ml*nl), (n1"2)];
esml = kl*matl;

Element_Stiffness_Matrixl = esml

%% Element 2 Stiffness Matrix

k2= (A*E)/L2;

mat2 = zeros (6,6);

mat2(1,:)= [(12~2), (12*m1), (1l2*nl), - (1272), -(1l2*m2), - (12*n2)];
mat2(2,:)= [(12*m2), (m2~2), (m2*n2), - (1l2*m2), - (m2~2), - (m2*n2)];
mat2(3,:) = [(12*n2), (m2*n2), (n27~2), - (12*n1), - (m2*n2), - (n272)];
mat2(4,:)= [-(12~2), -(12*m2), - (12*n2), (12”2), (12*m2), (12*n2)];
mat2(5,:)= [-(12*m2), - (m2~2), - (m2*n2), (12*m2), (m2”2), (m2*n2)];
mat2(6,:) = [-(12*nl), - (m2*n2), - (n27~2), (12*n2), (m2*n2), (n2”2)];
esm2 = k2*mat2;

Element_Stiffness_Matrix2 = esm2

%% Element 3 Stiffness Matrix

k3= (A*E)/L3;

mat3 = zeros (6,6);

mat3(1,:)= [(13”2), (13*m3), (13*n3), - (1372), -(13*m3), - (13*n3)];
mat3(2,:)= [(13*m3), (m3~2), (m3*n3), - (13*m3), - (m3~2), - (m3*n3)];
mat3(3,:) = [(13*n3), (m3*n3), (n3”2), - (13*n3), - (m3*n3), - (n372)];
mat3(4,:)= [-(13~2), -(13*m3), - (13*n3), (1372), (13*m3), (13*n3)];
mat3(5,:)= [-(13*m3), - (m3~2), - (m3*n3), (13*m3), (m3~2), (m3*n3)];
mat3(6,:) = [-(13*n3), - (m3*n3), - (n372), (13*n3), (m3*n3), (n3"2)];
esm3 = k3*mat3;

Element_Stiffness_Matrix3 = esm3

%Global Stiffness matrix

gsm=zeros(12,12);

gsm(1:6,1:6)=gsm(1:6,1:6)+esm1(1:6,1:6);

gsm(1:3, 1:3)=gsm(1:3, 1:3)+esm2(1:3, 1:3)+esm3(1:3, 1:3);
gsm(1:3,7:9)=gsm(1:3,7:9)+esm2(1:3,4:6);
gsm(7:9,1:3)=gsm(7:9,1:3)+esm2(4:6,1:3);
gsm(7:9,7:9)=gsm(7:9,7:9)+esm2(4:6,4:6);

gsm(1:3, 10:12)=gsm(1:3, 10:12)+esm3(1:3,4:6);
gsm(10:12,1:3)=gsm(10:12,1:3)+esm3 (4:6,1:3);

gsm(10:12, 10:12) = gsm(10:12, 10:12)+esm3(4:6,4:6);
Global_Stiffness_Matrix=gsm



%Global Force Matrix

gfm=[0;0;0;0;0;0;0;0,0,0,0;-4800]; %% Force is 48*100 lbs
Global_Force_Vector=gfm

%Penalty Approach

Cmax=max(gsm,[], "all");

c=Cmax*(1074);

for i=4:12
gsm(i,i)=gsm(i,i)+c;

end

for j=4:12
gfm(j,1)=gfm(j,1)+c*e;

end

gdv=inv(gsm)*gfm;

for b=1:12 %this loop compensates the error due to inverse calculation
if abs(gdv(b,1))<le-6
gdv(b:1)=0;
else
continue;
end
end

Global_Displacement_Matrix = gdv

gx=gdv(10,1)*(25.4); %Conversion from inch to mm
qy=gdv(11,1)*(25.4);

gqz=gdv(12,1)*(25.4);

fprintf('The displacement of node 4 in X direction is %fmm\n',qgx);
fprintf('The displacement of node 4 in Y direction is %fmm\n',qy);
fprintf('The displacement of node 4 in Z direction is %fmm\n',qz);

%Element Stress Calculations
%Element 1

gql=zeros(6,1);

gql=gdv(1:6,1);

sigmal=(E/L1)*[-11,-ml,-n1,11,m1,n1]*ql;

fprintf('The elemental stress in element 1 is %fpsi\n',sigmal);
strainl=sigmal/E;

fprintf('The strain in the element 1 is %f\n', strainl);

%Element 2

gq2=zeros(6,1);

q2(1:3,1)=gdv(1:3,1);

q2(4:6,1)=gdv(7:9,1);

sigma2=(E/L2)*[-12,-m2,-n2,12,m2,n2]*qg2;

fprintf('The elemental stress in element 2 is %fpsi\n',sigma2);
strain2=sigma2/E;

fprintf('The strain in the element 2 is %f\n', strain2);

%Element 3

gq3=zeros(6,1);
gq3(1:3,1)=gdv(1:3,1);



q3(4:6,1)=gdv(10:12,1);

sigma3=(E/L3)*[-13,-m3,-n3,13,m3,n3]*qg3;

fprintf('The elemental stress in element 3 is %fpsi\n',sigma3);

strain3=sigma3/E;
fprintf('The strain in

Result:

>> MISAC_Q2
Thakur Pranav Gopal Singh 200909428

Element_S5tiffness_Macrixl =

1.0e+086 *

0.0713 a 0.2853 -0.
] Q v}
0.2853 Q 1.1413 -0.
-0.0713 a -0.2853 a.
] Q v}
-0.2853 Q -1.1413 a.

Element_S5tiffness_Matrizz =

1.0e+05 *
3.7037 a 5.3897 -3.
-1.851% 0.925%9 -1.851%9 1.
3.7037 -1.851%9 3.7037 -5.
-3.7037 1.851%9 -3.7037 3.
1.8519 -0.925%9 1.851%9 -1.
-5.3897 1.851%9 -3.7037 3.

Element_S5tiffness_Matrizi =

1.0e+05 *
3.7037 1.851%9 3.7037 -3.
1.8519 0.925%9 1.851%9 -1.
3.7037 1.851%9 3.7037 -3.
-3.7037 -1.851%9 -3.7037 3.
-1.851% -0.925%9 -1.851%9 1.
-3.7037 -1.851%9 -3.7037 3.

Glokal_ Stiffness_Matrix =

1.0e+06 *

0.8121 0.1852 1.15847 -0.
Q 0.1852 0
1.026l1 Q 1.8821 -0
-0.0713 Q -0.2853 o]
1] Q Q
-0.2853 Q -1.1413 0.
-0.3704 0.1852 -0.3704
0.1352 -0.0926 0.1852
-0.53%0 0.1852 -0.3704
-0.3704 -0.1852 -0.3704
-0.1852 -0.0926 -0.1852
-0.3704 -0.1852 -0.3704

Global_ Force_WVector =

O 00000000000

—440

the element 3 is %f\n', strain2);

section:

0713

2853
0713

2853

7037
8518
3897
7037
8518
7037

7037
8518
7037
7037
8518
7037

0713

L2853
L0713

2853

(== = ]

D Roll no.

a -0

Q

o -1

a a

Q

o 1
-851% -3.
.9259 1
8519 -3.
-851% 3
.9259 -1.
8519 3
.8513 -3.
.9259 -1.
8519 -3.
.8513 3
.9259 1
8519 3
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aQ Q

Q

aQ 1

Q

aQ

Q

aQ

Q

aQ

48
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TO37
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TO37

.7037

8519

7037

TO37
§519
TO37

.7037
.851¢9
7037

.2853

-1413
.2853

.1413

=}

o oo oo

-0.
.1852
-0.

3704

5380

L3704
0.
L3704

1852

.1852
.092€
.1852

.1852
.092€
.1852

-0.
L1352
-0.

3704

3704

L3704
-0.
L3704

1852

-0.
0.
-0.

3704
1852
3704

o oo o

.3704
.1852
.3704

o o

-0.
-0.
-0.

=]

=]

3704
1852
3704

(== =)

L3704
L1852
L3704



Global_ Displacement_Matrix =
l.0e-0& *

]
-0.2338
-0.0856
—0.0000

]
-0.0000

0.0000
—0.0000
0.0000
0.0000
0.0000
-0.2338

The displacement of node 4 in X direction is 0.000000mm
The displacement of node 4 in ¥ direction is 0.000000mm
The displacement of node 4 in Z direction is -0.000006mm
The elemental stress in element 1 is -0.016731psi

The strain in the element 1 is -0.000000

The elemental stress in element 2 is 0.0028%8psi

The strain in the element 2 is 0.000000

The elemental stress in element 3 is 0.0028%38psi

The strain in the element 3 is 0.000000

»> MISAC_Q2

Thakur Pranav Gopal Singh 200908426 section: D Roll no. 48

Element_S5tiffness_Matrizl =

1.0e+086 *
0.0713 a 0.2853 -0.0713 a -0.2853
] Q v} o] Q v}
0.2853 o 1.1413 -0.2853 o -1.1413
-0.0713 a -0.2853 0.0713 a 0.2853
] Q v} o] Q v}
-0.2853 o -1.1413 0.2853 o 1.1413

Element_S5tiffness_Matrizz =

1.0e+05 *
3.7037 aQ 5.3897 -3.7037 1.8518 -3.7037
-1.8519 0.9259 -1.851% 1.851% -0.9258 1.851%
3.7037 -1.851%9 3.7037 -5.3887 1.8518 -3.7037
-3.7037 1.8519 -3.7037 3.7037 -1.8518 3.7037
1.851%8 -0.925%9 1.851% -1.851% 0.9258 -1.851%

-5.3897 1.8519 -3.7037 3.7037 -1.8518 3.7037

Element_Stiffness_Matrix3 =

1.0e+05 *
3.7037 1.8519 3.7037 -3.7037 -1.851% -3.7037
1.8519 0.9259 1.8519 -1.851%9 -0.925%9 -1.851%9
3.7037 1.8519 3.7037 -3.7037 -1.851%9 -3.7037

-3.7037 -1.8519 -3.7037 3.7037 1.8518 3.7037
-1.8519 -0.9259 -1.8519 1.8519 0.9259 1.8519
-3.7037 -1.8519 -3.7037 3.7037 1.8518 3.7037

Glokal Stiffness_Matrix =

1.0e+06 *
0.8121 0.1852 1.1947 -0.0713 [s] -0.2853 -0.3704 0.1852 -0.3704 -0.3704 -0.1852 -0.3704
0 0.1852 0 ] o] ] 0.1852 -0.0926 0.1852 -0.1852 -0.0926 -0.1852
1.0261 v} 1.8821 -0.2853 o] -1.1413 -0.5380 0.1852 -0.3704 -0.3704 -0.1852 -0.3704
-0.0713 Q -0.2853 0.0713 a 0.2853 a Q a Q Q ]
0 a 0 a o] a o] a a a a 0
-0.2853 v} -1.1413 0.2853 o] 1.1413 o] Q a Q v} ]
-0.3704 0.1852 -0.3704 ] o] ] 0.3704 -0.1852 0.3704 Q Q 0
0.1852 -0.0926 0.1ss52 Q [s] Q -0.1852 0.0926 -0.1852 Q s} ]
-0.53%0 0.1852 -0.3704 Q o] Q 0.3704 -0.1852 0.3704 Q v} ]
-0.3704 -0.1852 -0.3704 Q o] Q o] Q a 0.3704 0.1852 0.3704
-0.1852 -0.0926 -0.1852 Q [s] Q [s] Q a 0.1852 0.0926 0.1852
-0.3704 -0.1852 -0.3704 a o] a o] a a 0.3704 0.1852 0.3704



Global_ Force_WVector =

Q
]
a
]
a
Q
]
Q
Q
Q
]
Q

—480

Global_Displacement Matrix =
1.0e-086 *

Q
-0.2550
-0.0934
-0.0000

Q
-0.0000

0.0000
-0.0000
0.0000
0.0000
Q.0000
-0.2550

The displacement of node 4 in X direction is 0.000000mm
The displacement of node 4 in Y direction is 0.000000mm
The displacement of node 4 in Z direction is -0.000006mm
The elemental stress in element 1 is -0.018307psi

The strain in the element 1 is -0.000000

The elemental stress in element 2 is 0.003162psi

The strain in the element 2 is 0.000000

The elemental stress in element 3 is 0.003162psi

The strain in the element 3 is 0.000000

EpiTOR

= < % R 6 - =] Section Bresk
P 0 H Goompue - W i s S P &
Q Find + e [ & B o Bmmsssmee T
[y o op
< Al Secton [ Runto End -

New Open Seve i prnn v 6aTo =
. v . ~ Bookmark =

Fue NAVIGATE cooe ANALTE section Run
@ TS T b G b Uses b hp + OneDrive - Manipsl Academy of Higher Education + Docurments » MATLAB o
Curent Folder © | [ Eator - CaUsersinp\OneDrve - Mian  Higher Education\DesFop\MISAC_G2m ® x| Workspace
Name [ msacgim | misaCazm Mame Value
1 Fprintf(“Thakur ingh 200508426 ceckion: b Rall no. £31n7); = N
E 0] 36
3 %X Given values a2 e
a £ = 3eet; b = -
5 5 angiet 120
5 -36,0,8; -144, 72, ) -1a3, 72, 0; 8, €, 14d; 0,0,14d]; EH anglez @
> H angles m
7 % direction cosines and length calculations i »
g =[] o
1 % Elenent 1 = .
1 b3 »
12 e 13021e 10
1 Hel k™
18 Ha 0300
1 e 144
. H e 03000
” Hes -1t
; s o
art((a1°2)+(51°2)s (1°2)); E cm
<
%X Elenent 2 i st
ez 0
Hes o
He
L Blement Stffness

)4 (62+2)4(c272))); ] Erement stiffness

- b2/ (sqre((a2°2)# (B2°2)+(e272))); | 1] Bement Stiffress .

27 - car(sqr((az2)#(b2v2) +(c2"2)))s b emect
28 - sart{(a2°2)+(b22)+(<2°2)}5 HH emo2
H emecs

Elenent 3

Details -

fH Gioba Displacern.
1] Global Foree, Veet.
H Globa Stfness ..
il gom

fEH gsmex

i

H;

stress 1n element 1 1s -0.018307psl
the element 1 13 -9,000000

stress in element 2 13 0.003l62psi
The strain in the element 2 ia 0.000000 [
fg The clemencal st in element 3 13 0.003163pa1

Selecta il to view delails




