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Data processing

o\° oo

oo oo

composite
joints

oo

o\o
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close all
clear
cle

% General data
Lines and columns of data_all
changed

S
Je3
o°

% Name of FINELG input file
Name = 'Input_ Finelg’;

Ext = ’.dat’;

% Extraction of data from excel
data_all = xlsread('Data.xlsx’);

% Name of .txt file usefull for
Name_txt = 'Loads_ Dep’;
Ext_txt = ".txt’;

% Number of rows in tension
_rows_t = data_all(10,1);

Number of rows 1in compression
_rows_c = data_all(11,1);

Total number of rows
_rows_tot = n_rows_t + n_rows_c;

[=}

oo

[=}

oo

[=}

oo

Total number of groups
_gr_tot = n_rows_t*(n_rows_t—1)/2

=]

oo

(=}

o)

CG_beam = data_all(12,1);

oo

Bending moment

M = data_all(1,1)x1076;
% Axial force
N = data_all(2,1)x1073;

oo

Transversal load

Generation of mechanical spring model for FINELG treatment, including
group effects and components ductility

Conducted as part of master thesis relating to the development of an
innovative model for the precise characterization of steel and

must be verified 1if excel file 1is

file

results processing

Total number of demultiplication of the rows
_demult = n_gr_tot—(n_rows_t—1)—(n_rows_t—2)+1;

% Location of the point of application of the axial load
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V = data_all(3,1)%x1073;

% Initial increment

incr_ini = data_all(4,1);

% Initial small axial force (sequences 1 and 3)
N1 = data_all(5,1)*1073;

% Initial small bending moment (sequence 2)

M1 = data_all(6,1)*1076;

% First line of table ’Components data’ in ’‘data _all’
first_line_comp = 2;

% First column of table ’Components data’ in ’data_all’
first_column_comp = 3;

% Last line of table ’Components data’ in ’data_all’
last_line_comp = size(data_all,l);

% First line of table ’Groups data’ in ’‘data _all’
first_line_gr = 2;

% First column of table ’Groups data’ in ’data_all’
first_column_gr = 11;

% Last line of table ’Groups data’

last_line_gr = first_line_gr+4n_gr_tot—1;

%% Rows general data

Column Row number

Column Distance between the bottom row and row I
Column Row in tension (1) /compression(0)

Column Number of groups 1in row 1

Column

Column First element in row 1
Column Last element in row 1
Column Total number of nodes 1in row 1

Column
Column

o0 oo o oo oo oo oe oo oo oo oo

1
2
3
4
5
Column 6 : Total number of elements in row 1
7
8
9
1
1

0 : First node in row 1
1 Last node in row 1

data_rows = zeros(n_rows_tot,4);
nt = 0;
for i = 1:n_rows_tot

data_rows(i,l) = i;

for j = first_line_comp:last_line_comp
if data_all(j,first_column_comp) == i

data_rows(i,2) = data_all(j,first_column_comp+1);
data_rows(i,3) = data_all(j,first_column_comp+2);

end
end

Number of groups seperating the row 1 (number of "cuts'")
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if data_rows(i,3) ==
nt = nt+1;
if nt ==
data_rows(i,4) = n_rows_t—1;
elseif nt <= n_demult+1
n=1;
while data_rows(i—n,3) == 0
n = n+1;
end
data_rows(i,4) = data_rows(i—n,4)—1;
else
n=1;
while data_rows(i—n,3) == 0
n = n+l1;
end
data_rows(i,4) = data_rows(i—n,4)—1;
end
end
end
% Number of groups considering row 1 1in each zone
% Each zone j is composed of all equivalent springs next to groups j to
1
% Number of zones = total number of rows in tension — 3 (only one
% equivalent spring in the two first rows and no group in last row)
for i = l:n_rows_t

for j = Ii'n_rows_t—2—1
if 1 <=2+(j—-1)
nb_groups_zone(i,j) = 0;
elseif i == 24(j—1)+1
nb_groups_zone (i,j) = n_rows_t—i;
elseif i == 24+(j—1)+2
nb_groups_zone (i,j) = nb_groups_zone(i—1,j);
else

nb_groups_zone (i,j) = nb_groups_zone(i—1,j)—1;
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end
end
end
% Total number of groups considering row 1
n = 0;
for i = 1:n_rows_tot

if data_rows(i,3) ==
n = n+1;
data_rows(i,5) = sum(nb_groups_zone(n,:));
end
end
n = 0;
for i = 1:n_rows_tot
if data_rows(i,3) == 1
n = n+1;
if n <=2
data_rows(i,6) = data_rows(i,4)+1;
data_rows(i,9) = data_rows(i,6)+1;
else
data_rows(i,6) = data_rows(i,4)+n_demult;
data_rows(i,9) = data_rows(i,5)+n_demult+1;
end
else
data_rows(i,6) = 1;
data_rows(i,9) = 2;
end
data_rows(i,7) = sum(data_rows(1:i,6))—data_rows(i,6)+1;
data_rows(i,8) = sum(data_rows(1:1,6));
data_rows(i,10) = sum(data_rows(1:1,9))—data_rows(i,9)+1
data_rows(i,11) = sum(data_rows(1:1,9));
end
% Additional node if the last row 1s 1n tension
if data_rows(end,3) ~= 0
data_rows(end,9) = data_rows(end,9)+1;
data_rows(i,11) = data_rows(i,11)+1;
end
% Separation between rows 1in tension and rows 1in

nt = 0;
nc = 0;
for i = 1:n_rows_tot
if data_rows(i,3) ==1

nt = nt+1;

)

compression
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data_rows_t(nt,:) = data_rows(i,:);
else
nc = nc+1;
data_rows_c(nc,:) = data_rows(i,:);
end
end
% Number of nodes

n_nodes = data_rows(end,11)+1;

% Number of linear constrains 1in rows 1in tension 3 to n_rows_t
n = 0;

for i = 3:n_rows_t

n = n+l1;
lin_const_int(n,1) = sum(1l:1:data_rows_t(i,4));

end

% Total number of linear constrains
if data_rows(end,3) ==
n_lin_const = sum(lin_const_int)+sum(data_rows_t(1:2,4))+(n_demult—1)*(n_rows_t
—2)+n_rows_c+1;
else
n_lin_const = sum(lin_const_int)+sum(data_rows_t(1:2,4))+(n_demult—1)*(n_rows_t
—2)+n_rows_c+2;
end

% Number of fictional nodes
n_fict_nodes = ceil(n_lin_const/3);

% Total number of nodes
n_nodes_tot = n_nodes + n_fict_nodes;
%% Nodes coordinates

coord = zeros(n_nodes_tot,5);

FINELG input

Nodes numbering
for i = 1:n_nodes_tot

o\° oo

coord(i,l) = 1i;
end

for i = 1:n_nodes
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coord(i,2) = 0;
coord(i,3) = 0;
coord(i,5) = 0;

end
% Distance from the bottom row to the node
for i = 1l:n_rows_tot

for j = data_rows(i,10):data_rows(i,11)

coord(j,4) = data_rows(i,2);

end
end
% Coordinates of the point of application of the axial load
coord(end—n_fict_nodes,4) = CG_beam;

%% Constitutive laws

o

% Constitutive laws of the components
for i = 1l:n_rows_tot

n = 0;
for j = l:1last_line_comp—first_line_comp+1
if data_all(first_line_comp—1+j,first_column_comp) == i

n = n+1;

% Bi—linear law
if data_all(first_line_comp—1+j,first_column_comp+3) ==

Resistance(n,l,i) = data_all(first_line_comp—1+j,first_column_comp+5)

Rigidity(n,1,i) = min(data_all(first_line_comp—1+j,first_column_comp
+4),500000000);

Delta(n,i) = data_all(first_line_comp—1+j,first_column_comp+6);

% Tri—linear law

elseif data_all(first_line_comp—1+j,first_column_comp+3) ==

Resistance(n,2,i) = data_all(first_line_comp—1+j,first_column_comp+5)

Resistance(n,l,i) = Resistance(n,2,i)*2/3;

Rigidity(n,1,i) = min(data_all(first_line_comp—1+j,first_column_comp
+4),500000000);

Rigidity(n,2,i) = (Resistance(n,2,i)—Resistance(n,l,i))/(Resistance(n,2,i)
/(Rigidity(n,1,i)/3)—Resistance(n,l,i)/Rigidity(n,1,i));

Delta(n,i) = data_all(first_line_comp—1+j,first_column_comp+6);

o

% Multi—linear law
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elseif data_all(first_line_comp—1+j,first_column_comp+3) == 3

Resistance(n,4,i) = data_all(first_line_comp—1+j,first_column_comp+5)

Resistance(n,l,i) = Resistance(n,4,i)*6/9;

Resistance(n,2,i) = Resistance(n,4,i)*7/9;

Resistance(n,3,i) = Resistance(n,4,i)*8/9;

Rigidity(n,1,i) = min(data_all(first_line_comp—1+j,first_column_comp
+4),500000000);

Rigidity(n,2,i) = (Resistance(n,2,i)—Resistance(n,l,i))/(Resistance(n,2,i)
/(Rigidity(n,1,i)/1.5)— Re31stance(n,1,1)/R1g1d1ty(n, i));

Rigidity(n,3,1) = (Resistance(n,3,i)— Re31stance(n,2,1))/(Re31stance(n 3,i)
/(Rigidity(n,1,i)/2.2)—Resistance(n,l,i)/(Rigidity(n,1,i))/1.5);

Rigidity(n,4,i) = (Resistance(n,4,i)—Resistance(n,3,i))/(Resistance(n,4,1i)
/(Rigidity(n,1,i)/3)—Resistance(n,l,i)/(Rigidity(n,1,i))/2.2);

Delta(n,i) = data_all(first_line_comp—1+j,first_column_comp+6);

9

end
end
end
end
% Constitutive laws of the groups
data_laws_gr(:,1) = data_all(first_line_gr:last_line_gr,first_column_gr);
data_laws_gr(:,2) = data_all(first_line_gr:last_line_gr first_column_gr+1);
data_laws_gr(:,3) = data_all(first_line_gr:last_line_gr,first_column_gr+2);
data_laws_gr(:,4) = data_all(first_line_gr:last_line_gr first_column_gr+3);

o

% Constitutive laws of the equivalent springs

n = 0;
for i = 1l:n_rows_tot
clear temp

for j = l:nnz(any(Resistance(:,:,i),1))
temp(size(Resistance,l)*(j—1)+1:size(Resistance,l)*j,1) = Resistance(:,j,i);

end

temp = sort(temp(temp>0));

K_i(:1,i) = Rigidity(:,1,i);
for j = 1:size(temp)
[r,c] = find(Resistance(:,:,i)==temp(j,1));
if ¢ ~= nnz(any(Resistance(:,;,i),1))
data_laws_spring(i,j*2) = temp(j,1);
K_i(,j+1,1) = K_i(s,3,1);
K_i(r,j+1,i) = Rigidity(r,c+1,i);

else

data_laws_spring(i,j*2) = temp(j,1);
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break
end
end

K_i(K_i==0)=NaN;
inv_K_i = 1./K_i;

for j = linnz(any(inv_K_i(:,:,i),1))
data_laws_spring(i,j*2—1) = 1/nansum(inv_K_i(:,j,i));

end
if data_rows(i,3) ==1
n = n+1;
if n>2
for j = 1:2:nnz(any(data_laws_spring(i,:),1))
data_laws_spring(i,j) = data_laws_spring(i,j)+n_demult;
end
end
end

% Maximum displacement of the equivalent spring

[r_d,c_d] = find(Resistance(:,nnz(any(Resistance(:,;,i),1)),i)==data_laws_spring(i,nnz
(any(data_laws_spring(i,:),1))));

nr=1;

Delta_spring(i,n_r) = data_laws_spring(i,2)/data_laws_spring(i,l);

for j = 3:2:nnz(any(data_laws_spring(i,:),1))—1
nr=n_r+l;
Delta_spring(i,n_r) = Delta_spring(i,n_r—1)+(data_laws_spring(i,j+1)—

data_laws_spring(i,j—1))/data_laws_spring(i,j);
end

Delta_max(i,1) = Delta_spring(i,nnz(any(Delta_spring(i,:),1)))+Delta(r_d,i);

end

o

% Maximum displacement of the groups
for i = l:n_gr_tot

Delta_max(n_rows_tot+i,1) = data_laws_gr(i,3)/500000000 + data_laws_gr(i,4);
end
Conversion to FINELG laws parameters
Column 1 : Constitutive law number

Column 2 : law type
Column 3 to ... : law parameters

o0 oo oo oo

for i = 1:size(data_laws_spring,l)
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meca(i,l) = i;

meca(i,2) = 11;

meca(i,3) = data_laws_spring(i,l);
meca(i,4) = 0;

for j = 2:2:nnz(any(data_laws_spring(i,:),l))
meca(i,j+3) = data_laws_spring(i,j);

end

if nnz(any(data_laws_spring(i,:),1)) > 2

meca(i,6) = data_laws_spring(i,2)/data_laws_spring(i,1)+(data_laws_spring(i,4)
—data_laws_spring(i,2))/(data_laws_spring(i,3));

for j = 5:2:nnz(any(data_laws_spring(i,:),1))

meca(i,j+3) = meca(i,j—2+3) + (data_laws_spring(i,j+1)—data_laws_spring(i
,j—1))/(data_laws_spring(i,j));

end

end
meca(i,nnz(any(meca(i,:),1))+2) = 1;
end

if size (meca,2) > 20
error ('Equivalent spring constitutive law too nonlinear, please choose another component
constitutive law type’)
end
% Groups laws
for i = 1:size(data_laws_gr,1)

meca(end+1,1) = meca(end,1)+1;
meca(end,2) = 2;

meca(end,3) = 500000000;
meca(end,4) = 0;

meca(end,5) = data_laws_gr(i,3);
meca(end,6) = 1;

end

% Rigid material law
meca(end+1,1) = meca(end,1)+1;
meca(end,2) = 0;

meca(end,3) = 200000;
meca(end,4) = 3.0000E—01;

o

% "Constitutive laws" for linear constrains
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Column 1 : law number

oo oo

Column 3 to ... : linear constrain parameters

oo

Linear constrains for groups 1 to 1

meca(end+1, 1) = meca(end,1)+1;

meca(end,2) =

meca(end,3) =

meca(end,4) = 1,

% Linear constrains for groups 3 => n rows_t—1 to 1
meca(end+1,1) = meca(end,1)+1;

meca(end,2) = 0
meca(end,3) =1
meca(end,4) = —
meca(end,b) = —
meca(end,6) = 1

o

% Linear constrains for groups 2 to 1
for i =2: (n_rows_t—1)

meca(end+1,1) = meca(end,1)+1
meca(end,2) =
meca(end,3) = data rows_t(1,2);
( ) = —data_rows_t(1,2);
meca(end,5) = —(data_rows_t(2,2)—data_rows_t(2+(i—1),2));
meca(end,6) = data_rows_t(2,2)—data_rows_t(2+(i—1),2);

meca(end,4

end

o

% Linear constrains for the "Bernouilli element"

x = 0;
nt = 0;
if data_rows(end,3) == 1

for i = 1:n_rows_tot
if x <n_rows_c+1
if data_rows(i,3) ==1
nt = nt+1;
end
if nt <2

x = x+1;

meca(end+1, 1) = meca(end,l)—i—l;

meca(end,2) =

(end,3) = data _rows(i+1,2);

meca(end,4) = data_rows(1,2)—data_rows(i+1,2);
meca(end,5) = —data_rows(1,2);

else
if data_rows(i+1,3)==1
continue
else

10
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489

490 x = x+1;

491 meca(end+1, 1) = meca(end,1)+1

492 meca(end,2) =

493 meca(end,3) = data _rows(i+1,2);

494 meca(end,4) = data_rows(1,2)—data_rows(i+1,2);

495 meca(end,5) = —data_rows(1,2);

496

497 end

498 end

499 end

500 end

501 | else

502 for i = 1:n_rows_tot

503 if x <n_rows_c

504 if data_rows(i,3) ==1

505 nt = nt+1;

506 end

507 if nt <2

508

509 x = x+1;

510 meca(end—|—1,1) = meca(end,1)+1;

511 meca(end,2) =

512 meca(end,3) = data _rows(i+1,2);

513 meca(end,4) = data_rows(1,2)—data_rows(i+1,2);

514 meca(end,5) = —data_rows(1,2);

915

016 else

517 if data_rows(i+1,3)==1

018 continue

519 else

520

521 x = x+1;

522 meca(end+1, 1) = meca(end,l)—H

523 meca(end,2) =

524 meca(end,3) = data _rows(i+1,2);

525 meca(end,4) = data_rows(1,2)—data_rows(i+1,2);

526 meca(end,5) = —data_rows(1,2);

527

528 end

529 end

530 else

531 break

532 end

533 end

534 |end

535

536 | $ Linear constrains for the "Bernouilli element" — Point of application
of

537 | $ the axial load

538 |meca(end+1,1) = meca(end,1)+1;

11
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meca(end,2) =

meca(end,3) = CG _beam;

meca(end,4) = data_rows(1,2)—CG_beam;
meca(end,5) = —data_rows(1,2);

$% Elements
% Column 1 : Element number
% Column 2 : Element identification number (FINELG)
% Column 3 Constitutive law linked to the element
¢ Column 4 Geometical parameter
% Column 5 : Fist node of the element
% Column 6 : Last node of the element
% Column 18 : row active in tension (1), compression (2) or both (0)
% Column 19 identification of groups elements
% Groups and components
nt = 0;
n_delta = 0;
for i = 1:n_rows_tot
if data_rows(i,3) ==0
% Rows 1in compression
% Equivalent spring
for j = data_rows(i,7) : data_rows(i,8)
elements(j,1) = j;
elements(j,2) = 201
elements(j,3) = i;
if j ==
elements(j,4) = 1;
else
elements(j,4) = 0;
end
if i ==
elements(j,5) = j;
else
if j == data_rows(i,7)
elements(j,5) = data_rows(i,10);
else
elements(j,5) = elements(j—1,6);
end
end
elements(j,6) = elements(j,5)+1
elements(j,18) = 2
end
% Identification of the node which will be usefull for the
% displacement verification
Delta_max(i,2) = elements(j,6);
% Negative displacement for equivalent spring in compression
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else

Delta_max(i,1) = —Delta_max(i,l);

o)

% Rows 1in tension

nt = nt+1;

if nt ==

First row in tension

Groups

for j = data_rows(i,7) : data_rows(i,4)

oo o

=}

n = n+1;
elements(j,l) = j;
elements(j,2) = 201
elements(j,3) =n rows_tot—l—(n_rows_t—l)—(j—data_rows(i,?));
if j ==
elements(j,4) = 1;
else
elements(j,4) = 0;
end
M A ==
elements(j,5) = j;
else
if j == data_rows(i,7)
elements(j,5) = data_rows(i,10);
else
elements(j,5) = elements(j—1,6);
end
end

elements(j,6) = elements(j,5)+1

% Indentification of group element
elements(j,19) = 1;

Identification of the node which will be usefull for the
displacement verification
Delta_max(n_rows_tot+(n_rows_t—1)—(n—1),2) = elements(j,6);

oo o

end
(o)

% Equivalent spring
for j = data_rows(i,7)+data_rows(i,4) : data_rows(i,)

elements(j,l) = j;
elements(j,2) = 201;
elements(j,3) = i;
if j==1
elements(j,4) = 1;
else
elements(j,4) = 0;
end
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if i==1
elements(j,5) = j;
else
if j == data_rows(i,7)
elements(j,5) = data_rows(i,10);
else
elements(j,5) = elements(j—1,6);
end
end

elements(j,6) = elements(j,5)+1
elements(j,18) = 1;

oo o\

displacement verification
Delta_max(i,2) = elements(j,6);

end
elseif nt == 2

o

Second row 1n tension

°
o
°

Equivalent spring

Identification of the node which will be usefull for the

for j = data_rows(i,7) : data_rows(i,8)—data_rows(i,4)

elements(j,1) = j;
elements(j,2) = 201,
elements(j,3) = i;
elements(j,4) = 0;
if j == data_rows(i,7)
elements(j,5) = data_rows(i,10);
else
elements(j,5) = elements(j—1,6);
end

elements(j,6) = elements(j,5)+1
elements(j,18) = 1;

oo o\

displacement verification
Delta_max(i,2) = elements(j,6);

end

o

s Groups

n = 0;

Identification of the node which will be usefull for the

for j = data_rows(i,8)—data_rows(i,4)+1 : data_rows(i,)

n = n+1;
elements(j,l) = j;
elements(j,2) = 201,

elements(j,3) = n_rows_tot+(n_rows_t—1)+(j—

i,4)));

elements(j,4) = 0;

if j == data_rows(i,7)
elements(j,5) = data_rows(i,10);
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else

else

elements(j,5) = elements(j—1,6);
end
elements(j,6) = elements(j,h)+1

% Indentification of group element
elements(j,19) = 1;

Identification of the node which will be usefull for the
displacement verification
Delta_max(n_rows_tot+(n_rows_t—1)4n,2) = elements(j,6);

oo o

end

% Other rows

for j = 1:size(nb_groups_zone,2)
if nt > j42

% Equivalent springs in rows 1 > j+2 1in each zone
for k = data_rows(1i,7) : data_rows(i,7)

elements(k,l) = k;

elements(k,2) = 201;
elements(k,3) = i;

elements(k,4) = 0;
elements(k,5) = data_rows(i,10);
elements(k,6) = elements(k,5)+1;
elements(k,18) = 1;

end
for k = data_rows(i,7)+sum(data_rows_t(3:24+(j—1),4))+1 : data_rows(i
,7)+sum(data_rows_t(3:24+(j—1),4))+nb_groups_zone(nt,j)

elements(k,l) = k;
elements(k,2) = 201
elements(k,3) = i;
elements(k,4) = 0;
if k == data_rows(i,7)
elements( 5) = data_rows(i,10);
else
elements(k,5) = elements(k—1,6)+1
end

elements(k,6) = elements(k,5)+1
elements(k,18) =1

end

if nt > j+3

for k = data_rows(i,7)+sum(data_rows_t(3:2+(j—1),4))+
nb_groups_zone(nt,j)+1 : data_rows(i,7)+sum(data_rows_t(3:2+(j
—1),4))+data_rows_t(j+2,4)

elements(k,l) = k;

15
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739 elements(k,2) = 201

740 elements(k,3) = i;

741 elements(k,4) = 0;

742 elements(k,5) = elements(k—1,6);

743 elements(k,6) = elements(k 5)+1;

744 elements(k,18) =

745

746 end

747 end

748 elseif nt == j+2

749 % Rows and zones including groups j+2 to 1

750 % Equivalent springs

751 for k = data_rows(i,7)+sum(data_rows_t(3:nt,4))—data_rows(i,4) : 2 :
data_rows(i,7)+sum(data_rows_t(3:nt,4))—data_rows(i,4)+2x
data_rows(i,4)

752

753 elements(k,l) = k;

754 elements(k,2) = 201

755 elements(k,3) = i;

756 elements(k,4) = 0;

757

758 if k == data_rows(i,7)

759 elements(k,5) = data_rows(i,10);

760 elseif k ~= data_rows(i,7) && k == data_rows(i,7)+sum(

data_rows_t(3:nt,4))—data_rows(i,4)

761 elements(k,5) = elements(k—1,6)+1;

762 else

763 elements(k,5) = elements(k—2,6)+1

764 end

765 elements(k,6) = elements(k,5)+1

766 elements(k,18) =1

767

768 end

769 % Groups

770 n = 0;

771 for k = data_rows(i,7)+sum(data_rows_t(3:nt,4))—data_rows(i,4)+1 : 2
: data_rows(i,7)+sum(data_rows_t(3:nt,4))—data_rows(i,4)+2x
data_rows(i,4)—

772

773 elements(k,l) = k;

774 elements(k,2) = 201

775 elements(k,3) = n_rows_tot+sum(data_rows(1:i,4))—(k—(k—n));

776 elements(k,4) = 0;

T elements(k,5) = elements(k—1,6);

778 elements(k,6) = elements(k,5)+1;

779 n = n+1;

780 $ Indentification of group element

781 elements(k,19) =1

782

783 % Identification of the node which will be usefull

for the
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end
end

oo oo

if nt >

Identification of the node which will be usefull
displacement verification

o)

% displacement verification

n_delta = n_delta+l1;
Delta_max(n_rows_tot+(n_rows_t—1)+(n_rows_t—2)+n_delta,2) =
elements(k,6);

end
else
% Springs after the groups (j+2) to 1
% Equivalent springs
for k = data_rows(i,7)+sum(data_rows_t(3:nt,4))+data_rows(i,4) :
data_rows(i,8)

elements
elements

)

)
elements(k,

(k,1)
(k,2)
(k,3)
elements(k,4)
(k,5)
(k,6)
(k,18

elements lements(k 1,6);

lements(k 5)+1;

Il
(D(DOI—‘[\DW

)

elements(k,

|

elements(k,

end
end

for the

2 && nt < n_rows_t

Delta_max(i,2) = data_rows_t(nt,11);
elseif nt == n_rows_t
if data_rows(end,3)==0

else

end
end

end
end

o

nt = 0;
n = 0;

Delta_max(i,2) = data_rows_t(nt,11);

Delta_max(i,2) = data_rows_t(nt,11)—1;

% Elements connecting embedded supports

for i = 1:n_rows_tot
if n <n_rows c

if data_

rows(i,3) == 1

nt = nt+1;
if nt ==1

n=n+1;
elements(end+1,1) = elements(end,1)+1
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elements(end,2) = 33;
elements(end,3) = n_rows_tot+n_gr_tot+1;

if i==1
elements(end,4) = 1;
else
elements(end,4) = 0;
end

elements(end,5) = data_rows(i,10);
for j = i+1:n_rows_tot
if data_rows(j,3) ==0
elements(end,6) = data_rows(j,10);
break
end
end

else
continue
end
else

n=n+1;
elements(end+1,1) = elements(end,1)+1;
elements(end,2) = 33;
elements(end,3) = n_rows_tot+n_gr_tot+1;
if i==1

elements(end,4) = 1;
else

elements(end,4) = 0;
end
elements(end,5) = data_rows(i,10);
for j = i+1:n_rows_tot

if nt >=1

if data_rows(j,3) ==0

elements(end,6) = data_rows(j,10);
break

end
else

elements(end,6) = data_rows(j,10);
break

end
end
end
end
end

Linear constrains elements

oo oo

Column 1 : element number
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% Column 2 element indentification number

% Column 3 : "constitutive law" of the linear constrain
% Column 5 : node linked to the linear constrain

% Column 6 to ... : linear constralin parameters

oo

Linear constrains for groups 1 to 1
n = 0;
for i = l:data_rows_t(1,4)

elements(end+1,1) = elements(end,1)+1;
elements(end,2) = 221;
elements(end,3) = n_rows_tot+n_gr_tot+2;

if 1 ==
elements(end,4) = 1;
else
elements(end,4) = 0;
end
it n <3
elements(end,5) = coord(data_rows(end,11),1)+1+ceil(i/3);
else
elements(end,5) = elements(end—1,5)+1;
end

elements(end,6) = data_rows_t(1,10)41;
elements(end,7) = data_rows_t(end—(i—1),10);
elements(end,8) = 0
elements(end,9) = 0;
elements(end,10) = 0;
n = n+l1;
if n==1414
n = 1;
end
elements(end,11) = n;
elements(end,12) = 1;
elements(end,13) = 1;

end
% Linear constrains of groups 3 => n_rows_t to 1
for i = 3:n_rows_t—1
for j = l:nnz(any(nb_groups_zone(i,:),1))
n_lc = 0;
if 1 == j+2
for k = sum(data_rows_t(3:24+(j—1),4)) : 2 : sum(data_rows_t(3:2+(j—1),4))+(
data_rows_t(i,4)—1)x2

elements(end+1,1) = elements(end,1)+1;
elements(end,2) = 221;
elements(end,3) = n_rows_tot+n_gr_tot+3;
elements(end,4) = 0;
if n<3

elements(end,5) = elements(end—1,5);
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else

else

elements(end,5) = elements(end—1,5)+1;

end
elements(end,6

)
elements(end,7) = elements
)

elements(end,8

elements(end,10)
elements(end,11)
elements(end,12)
n = n+l1;
if n==4

n =1;
end

elements(end,13) = n
elements(end,14) = 1
elements(end,15) =1
( )
( )

elements(end,16
elements(end,17
n_lc =n_lc+1;

= elements

( (k

( (

( = elements(end, 6)+1
elements(end,9) = elements(end,7)+1

(

(

(

+data_rows_t(i,7),6);
(k—n_lc)+data_rows_t(i+1,7),6);

= 0;

)
b

?

=1

for k = sum(data_rows_t(3:2+(j—1),4)) : sum(data_rows_t(3:2+(j—1),4))+
data_rows_t(i,4)—1

elements(end+1,1) = elements(end,1)+1

(
elements(
elements(
elements(end,4) =
if n <3

end,2) = 221;
end,3) = n_rows_tot+n_gr_tot+3;

elements(end,5) = elements(end—1,5);

else

elements(end,5) = elements(end—1,5)+1

end

elements(end,6) = elements(k+data_rows_t(i,7),
elements(end,7) = elements(
( ) = elements(end,6)+1;
elements(end,9) = elements(end,7)+1;
(
(
(

elements(end,8

elements(end,10)
elements(end,11)
elements(end,12)
n = n+1;
if n==14

n = 1;
end

elements(end,13) = n
elements(end,14) =
elements(end,15) = 1
elements(end,16) =
elements(end,17) = 1

—_ —
EN{
~—
(=)
~—

k+data_rows_t(i+1,

=0;

)
?
I
7

I
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end
end
end
end
% Linear constrains for groups 2 to 1
for i = l:data_rows_t(2,4)

elements(end+1,1) = elements(end,1)+1;
elements(end,2) = 221;

elements(end,3) = elements(end 1,3)+1
elements(end,4) =

it n <3

elements(end,5) = elements(end—1,5);
else

elements(end,5) = elements(end—1,5)+1
end

elements(end,6) = data_rows_t(2,10)+1;
elements(end,7) = data_rows_t(2+1,11);
elements(end,8) = data_rows(1,11);
elements(end,9) = data_rows(end,11);
elements(end,10) = 0;
elements(end,11) = 0;
elements(end,12) = 0;

n = n+l;
if n==4

n=1;
end

elements(end,13) = n;
elements(end,14) =
elements(end,15) = 1;
elements(end,16) = 1
elements(end,17) =

)

;
end

if data_rows(end,3) ==1
elements(end,7) = data_rows_t(end,11)—1;
end
% Linear constrains of the "Bernouillil
nt = 0;
x = 0;
if data_rows(end,3) == 1
for i = 1:n_rows_tot
if x < n_rows_c+1
if data_rows(i,3) ==1
nt = nt+1;
end
if nt <2

21
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elements(end+1,1) = elements(end,1)+1
elements(end,2) = 221;
elements(end,3) —»elements(end 1,3)+1
elements(end,4) =

if n<3

elements(end,5) = elements(end—1,5);
else

elements(end,5) = elements(end—1,5)+1
end
elements(end,6) = data_rows(1,11);
elements(end,7) = data_rows(end,11);
elementsenuiS)—-data rows(i+1,11);

) =

elements(end,10) = 07
elements(end,11) = 0;
n = n+l1;
if n==14

n=1;
end
elements(end,12) = n

(

(

(
elements(end,9

(

(

( ) =1
elements(end,13) = 1;
elements(end,14) =
elements(end,15) =1
x=x+1;

I

)

else
if data_rows(i+1,3)==1
continue
else
elements(end+1,1) = elements(end,1)+1;
elements(end,2) = 221;
elements(end,3) = elements(end 1,3)-+1
elements(end,4) =
if n <3
elements(end,5) = elements(end—1,5);
else

elements(end,5) = elements(end—1,5)+1;

end
elements(end,6) = data_rows(1,11);
elements(end,7) = data_rows(end,11);
elements@nulS)—-data rows(i+1,11);
elements(end,9) =
elements(end,10) = 0,

(

elements(end,11) = 0;

n = n+1;
if n==14

n=1;
end

elements(end,12) = n
elements(end,13) =1
elements(end,14) = 1
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else

elements(end,15) = 1
x = x+1;

end
end
end
end

for i = 1l:n_rows_tot
if x <n_rows_c
if data_rows(i,3) ==1
nt = nt+1;
end
if nt <2

elements(end+1,1) = elements(end,1)+1
elements(end,2) = 221;
elements(end,3) —»elements(end 1,3)+1
elements(end,4) =

if n <3

elements(end,5) = elements(end—1,5);
else

elements(end,5) = elements(end—1,5)+1
end

elements(end,6) = data_rows(1,11);
elements(end,7) = data_rows(end,11);
elements&nmlS)—-data rows(i+1,11);
elements(end,9) =
elements(end,10) = 07
elements(end,11) = 0;
n = n+l1;
if n==4

n =1;
end
elements(end,12
elements(end,13
elements(end,14
elements(end,15
x=x+1;

I

) =
) =
) =1
) =

n;
L
1;

17

else
if data_rows(i+1,3)==1
continue
else
elements(end+1,1) = elements(end,1)+
elements(end,2) = 221;
elements(end,3) —»elements(end 1,3)+1
elements(end,4) =
if n<3

elements(end,5) = elements(end—1,5);

else
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elements(end,5) = elements(end—1,5)+1
end
elements(end,6) = data_rows(1,11);
elements(end,7) = data_rows(end,11);
elements&xxiS)—-data rows(i+1,11);
elements(end,9) =
elements(end,10) = 0,
elements(end,11) = 0;
n = n+l;
if n==4
n=1;
end
elements(end,12) = n;
elements(end,13) = 1;
elements(end,14) = 1;
elements(end,15) = 1;
X = x+1;
end
end
end
end
end
% Linear constrain for "Bernouilli element" — Axial force application
node
elements(end+1,1) = elements(end,1)+1

elements(end,3) —-elements(end 1,3)+1

(
elements(end,2) = 221;
(
elements(end,4) =

if n <3

elements(end,5) = elements(end—1,5);
else

elements(end,5) = elements(end—1,5)+1
end
elements(end,6) = data_rows(1,11);

(end,6)
elements(end,7) = data_rows(end,11);
elements(end,8) = coord(data rows(end,11)+1,1);
elements(end,9) =
elements(end,10) = 0,
elements(end,11) = 0;
n = n+l;
if n==4

n=1;
end
elements(end,12) = n;
elements(end,13) = 1;
elements(end,14) =
elements(end,15) =

)

I
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o

aquivalent

% springs of row 1
for i = 3:n_rows_t

for j = data_rows_t(i,7)
if elements(j,19) == 0

elements(end+1,1) = elements(end,1)+1;
end,2) = 221;
end,3) = n_rows_tot+n_gr_tot+3;
elements(end,4) = 0

elements
elements

(
(
(
(

if n<3

elements(end,5) = elements(end—1,5);

else

elements(end,5) = elements(end—1,5)+1;

end
elements(end,6

( ) (3
elements(end,7) = elements(j,5);
( ) (data_rows_t(i,8),6);
elements(end,9) = elements(data_rows_t(i,8),6)—1;
(
(
(

elements(end,8

elements(end,10)

elements(end,11)

elements(end,12)

n = n+1;

if n==4
n=1;

end

elements(end,13) = n
elements(end,14) = 1
elements(end,15) =1
elements(end,16) = 1
( ) =1

elements(end,17
end
end

end

%% Supports

nt = 0;

n = 0;
nb_col = 0;
nb_row = 1;

o

% Embedded supports
for i = l:n_gr_tot
if n <=n_rows_c

if data_rows(i,3) ==1

nt = nt+1;
if nt ==

= elements

= elements

: data_rows_t(i,8)—

,6);

=0;

)
9
7

I
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n=n+1;
if nb_col == 16
nb_row = nb_row+1;
nb_col = 1;
else
nb_col = nb_col+1;
end
supports
supports
supports
supports

nb_row,1) = 1110000;

nb_row,2) = 0;

nb_row,3) = 0;

nb_row,3+nb_col) = data_rows(i,10);

o~ o~~~

else
continue
end
else

n=n+1;
if nb_col == 16
nb_row = nb_row-+1;
nb_col = 1;
else
nb_col = nb_col+1;
end
supports(nb_row,1) = 1110000;
supports(nb_row,2) = 0;
supports(nb_row,3) = 0;
supports(nb_row,3+nb_col) = data_rows(i,10);

end
end
end

nb_col = 0;
nb_row = nb_row+1;

% Springs internal supports (not part of a group or an embedded support
)
for i = 3:n_rows_t
if i <n_rows_t
for j = data_rows_t(i,7)+sum(data_rows_t(3:i—1,4))+data_rows_t(i,4)2 :
data_rows_t(i,8)—1

if nb_col == 16
nb_row = nb_row+1;
nb_col = 1;

else
nb_col = nb_col+1;

end

supports(nb_row,1) = 0110000;

supports(nb_row,2) = 0;
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supports(nb_row,3) = 0;
supports(nb_row,3+nb_col) = elements(j,6);

end
end
for j=1:1-4
if 1 >= j+4
for k = data_rows_t(i,7)+sum(data_rows_t(3:2+(j—1)))+nb_groups_zone(i,j) :
data_rows_t(i,7)+sum(data_rows_t(3:2+j,4))—1

if nb_col == 16
nb_row = nb_row+1;
nb_col = 1;

else
nb_col = nb_col+1;

end

supports
supports
supports
supports

nb_row,1) = 0110000;

nb_row,2) = 0;

nb_row,3) = 0;
nb_row,3+nb_col) = elements(k,6);

o~ o~~~

end
end
end
end

o

¢ Groups supports

a=_0;

for i = 1:size(supports,l1)

for j = 4:size(supports,2)
0

if supports(i,j) ~=
a=atl;
nodes(a,l) = supports(i,j);
nodes = sort(nodes);
end
end
end
nb_col = 0;
if nnz(any(supports,2)) == nb_row
nb_row = nb_row+1;
end
for i = 1:size(nodes,1)—1

if nodes(i+1,1) ~= nodes(i,1)+1
n = nodes(i,1)+1;
while n ~= nodes(i+1,1)

if nb_col == 16

nb_row = nb_row+1;
nb_col = 1;
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else
nb_col = nb_col+1;
end
supports(nb_row,1) = 0100000;
supports(nb_row,2) = 0;
supports(nb_row,3) = 0;
supports(nb_row,3+nb_col) = n;
n = n+l1;
end
end
end
if nodes(end,1)+1 ~= data_rows(end,11)

if nb_col == 16
nb_row = nb_row-+1;
nb_col = 1;
else
nb_col = nb_col+1;
end
supports(nb_row,1) = 0100000;
supports(nb_row,2) = 0;
supports(nb_row,3) = 0;
supports(nb_row,3+nb_col) = data_rows(end,11)—1;
if nb_col == 16
nb_row = nb_row-+1;
nb_col = 1;
else
nb_col = nb_col+1;
end
supports(nb_row,1) = 0100000;
supports(nb_row,2) = 0;
supports(nb_row,3) = 0;
supports(nb_row,3+nb_col) = data_rows(end,11);
else
if nb_col == 16
nb_row = nb_row-+1;
nb_col = 1;
else
nb_col = nb_col+1;
end
supports(nb_row,1) = 0100000;
supports(nb_row,2) = 0;
supports(nb_row,3) = 0;
supports(nb_row,3+nb_col) = data_rows(end,11);
end
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% Point of application of the axial
if nb_col == 16

nb_row = nb_row+1;
nb_col = 1;

else
nb_col = nb_col+1;

end

supports(nb_row,1) = 0100000

(
supports(nb_row,2) = 0;
supports(nb_row,3) = 0;
supports(nb_row,34+nb_col) = data_rows(end

%% Sequences

% Number of sequences

% M only and other MN
nb_seq = 4;
end

% FINELG input
for i = 1:nb_seq
sequences(i,l) = 1;
sequences(i,2) = 1;
for j = 3:6
if j—2==1
sequences(i,j) = 1;
else
sequences(i,j) = 0;
end
end
end

%% Loading

¢ Number of loads
if M ==
% N only
nb_loads = 1;
else
% M only and other MN
nb_loads = 7;
end

% FINELG input

load

11)+1;
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for i = 1:nb_loads

loading(i,1) = i;
loading(i,2) = 0;
loading(i,4) = 0;
end
for i = nb_loads+1:nb_loads*2
loading(i,2) = 1;
loading(i,3) = i—nb_loads;
loading(i,4) = 0;
end
if M ==
loading(nb_loads,3) = N;
loading(nb_loadsx2,1) = 1;
loading(nb_loadsx2,5) = data_rows(end,11)+1
else
loading(1,3) = N1
if M<O
loading(2,3) = M1/data_rows(1,2);
loading(3,3) = —M1/data_rows(1,2);
elseif M > 0
loading(2,3) = —M1/data_rows(1,2);
loading(3,3) = M1/data_rows(1,2);
end
loading(4,3) = —N1;
loading(5,3) = ——M/data rows(1,2);
loading(6,3) —-M/data rows(1,2);
loading(7,3) =
loading(8,1) = 1;
loading(9,1) = 2;
loading(10,1) = 2;
loading(11,1) = 3;
loading(12,1) = 4;
loading(13,1) = 4;
loading(14,1) = 4;
loading(8,5) = data_rows(end,11)+1;
loading(9,5) = data_rows(1,11);
loading(10,5) = data_rows(end,11);
loading(11,5) = data_rows(end,11)+1
loading(12,5) = data_rows(1,11);
loading(13,5) = data_rows(end,11);
loading(14,5) = data_rows(end,11)+1
end
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control(l,1) = 0;
control(1l,2) = 0;
control(1,3) = 0;
control(l,4) = 23;
control(1,5) = 1200060;
control(1,6) = 0;
control(l,7) = 1;
control(1,8) = 0;
control(1,9) = 0;
control(1,10) = 0;
control(1,11) = 0;
for i = 2:14nb_seq
control(i,1) = 0;
control(i,2) = 0;
control(i,3) = 500
control(id) = 1;
control(i,5) = 99999999;
end
control(end,l) = 1;

%% Data writing

FileName = (fullfile([Name, Ext]));
nb_files = 0;

if exist (FileName, file”)

Dir = dir(fullfile([Name, '+’, Ext]));

nb_files = size(Dir,1);

FileName = fullfile([Name, sprintf(’%d’, nb_files), Ext]);
end
fid = fopen(FileName, w’);

% Version FINELG
fprintf (£id,’ %s%6s%8s\n’, FINELG’,’103’,’12’);

o

% Control

fprintf (£id,’%s\n’,’CTRL’);

fprintf (£id, %As%4s\n’, N’ MM);
for i = 1:3

fprintf (£id,’%4.0f",control(1,i));
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1539 |end

1540 |for i = 4:5

1541 fprintf (£id,’ %8.0f",control(1,i));
1542 |end

1543 | for i = 6:size(control,2)

1544 fprintf (£id,’%4.0f",control(1,i));
1545 |end

1546 | fprintf (£id,”\n%8s\n’,’NONL’);

1547 |for i = 2:size(control,l)

1548 fprintf (£1d,’ %8s%4.0A\n’, SEQP’,i—1);

1549 fprintf (£fid,’ %4.0%4.0%4.0%24.0{%12.0f\n\n’,control(i,1:5));
1550 |end

1551 | fprintf (£fid,’%s\n’,’CTRL_END’);

1552
1553 | ¢ Loading sequences
1554 | for i = 1:size(sequences,1)—1

1555 fprintf (£1d,"%s%8.0A\n’, SEQP” 1);

1556 fprintf (£id,’ %8s\n%4.01%12.3{%8.3{%8.3{%8.3{%8.3f\n’,"COMB’,;sequences(i,1:6));
1557 fprintf (£id,’ %8s\n%4.0{%4.0f\n’,’ INCR’,110,—4);

1558 fprintf (£id, %8s\n%8.36\n’, CREM’,0.1);

1559 fprintf (£1d,”%85\n%4.0{%4.0f%4.00\n’, MOPA’,1,60,—4);

1560 fprintf (£id,’ %8s\n%4.0f\n%4.0f\n’’NODC’,data_rows(end,11)+1,1);

1561 fprintf (£id,”%s%4.0f\n’,’SEQP_END’,i);

1562 |end

1563 | fprintf (£id,’%s%8.0f\n’,’SEQP’,nb_seq);

1564 | fprintf (£fid,’ %8s\n%4.0f%12.3{%8.3t%8.3%8.3t%8.3f\n’,’COMB’,sequences(end,1:6));
1565 | fprintf (£id,’%8s\n%4.0f%4.0f%4.0f\n’, INCR’,—4,139,4);

1566 | fprintf (fid,’ %8s\n%8.3f\n’,CREM’ ,1ncr_1n1),

1567 | fprintf (£id, %8s\n%4.0£%4.0£%4.0f\n’, MOPA,1,60,—4);

1568 | fprintf (£id,’ %8s\n%4.0f\n%4.0f\n’,’NODC’,data_rows(end,11)+1,1);

1569 | fprintf (£id,’ %s%4.0f\n’’SEQP__END’ nb_seq);

1570
1571 | & Meca

1572 | fprintf (£id,"%s’," MECA);

1573 |for i = l:n_rows_tot+n_gr_tot

1574

1575 nb_lines = ceil((nnz(any(meca(i,3:end),1))+1)/6);

1576 nb_terms = —((nb_lines—1)*8—nnz(any(meca(i,:),1))+1);

1577

1578 if nnz(any(meca(i,),l))+1 <=8

1579 fprintf (£id,”\n%4.0f%4.0£%12.2f%12.81%12.2%12.81%12.2%12.8f" meca(i,1:nnz(any(
meca(i,),1))+1));

1580 else

1581 fprintf (fid,”\n%4.0f%4.0f%12.2%12.81%12.2%12.8{%12.2f{%12.8f' meca(i,1:8));

1582 for j = 2:nb_lines—1

1583 fprintf (fid,”\n%4.0f%16.2{%12.8{%12.2{%12.8{%12.2{%12.8f",—meca(i,1),meca(i

(8+(3—2)x6+1):(8+(3—1)%6)));

1584 end

1585 fprintf (£id,”\n%4.0{%16.2{%12.8{%12.2{%12.8{%12.2{%12.8f",—meca(i,1),meca(i,(8+(
nb_lines—2)*6+1):mnz(any(meca(i,:),1))+1));

1586 end
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end
for i = n_rows_tot+n_gr_tot-+1:size(meca,l)
fprintf (fid,”\n%4.0{%4.0{%12.3t%12.3t%12.3{%12.3f" meca(i,1:nnz(any(meca(i,:),1))+1));
end
fprintf (fid,”\n%s\n’,’ MECA__END’);

o

¢ Geometry

fprintf (£id,”%s\n’,y GEOM);

fprintf (£id,’ %4.0f%4.0%12.2%12.0f\n’,1,31,90,67500);
fprintf (£id,”%s\n’,)GEOM__END’);

o)

% Coordinates
fprintf (£id,” %s\n’,’”COOR’);
for i = l:data_rows(end,11)+1
fprintf (£id,’%4.0f%4.0£%12.3%12.3%12.3f\n’,coord(i,1:5));
end
for i = data_rows(end,11)+2:size(coord,1)
fprintf (£id,’ %4.0f\n’,coord(i,1));
end

o

¢ Elements
fprintf (£id,”%s\n’,’ELEM’);
for i = l:data_rows(end,8)+n_rows_c
if i ==1 && elements(i,18) ~=0
fprintf (£id,’ %4.0f%4.0f%4.0f%4.0f%4.0%4.0f%44s%5.0f\n’ ,eLements(i,1:6),’S’,
elements(i,18));
elseif i == 1 && elements(i,18) == 0
fprintf (£id,” %4.0f%4.0£%4.0£%4.0£%4.0£%4.0{%44s\n’ ,elements(i,1:6),’S’);
elseif elements(i,18) == 0
fprintf (£id,” %4.01%4.0%4.0£%4.0%4.0f%4.0f\n’,element s(1,1:6));
else
fprintf (£id,’ %4.01%4.0%4.0£%4.0f%4.0f%4.0t%49.0f\n’,elements(i,1:6),elements(i,18)
);
end
end
for i = data_rows(end,8)+n_rows_c+1:data_rows(end,8)+n_rows_c+data_rows_t(1,4)
for j = 1:12
fprintf (fid, %4.0f" ,elements(i,j));
end
fprintf (£id,’%4.0f\n’,elements(i,13));
end
for i = data_rows(end,8)+n_rows_c+data_rows_t(1,4)+1:data_rows(end,8)+n_rows_c+
data_rows_t(1,4)+data_rows_t(2,4)+sum(lin_const_int)
for j = 1:16
fprintf (£fid, %4.0f" ,elements(i,j));
end
fprintf (£id,’ %3.0f\n%20.0f\n’,elements(i,17),1);
end
if data_rows(end,3) == 0
for i = data_rows(end,8)+n_rows_c+data_rows_t(1,4)+data_rows_t(2,4)+sum(
lin_const_int)+1:data_rows(end,8)+n_rows_c+data_rows_t(1,4)+data_rows_t(2,4)+
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sum(lin_const_int)+n_rows_c+1
for j = 1:14
fprintf (fid, %4.0f" ,elements(i,j));
end
fprintf (£id,’%4.0f\n’,elements(i,15));
end
for i = data_rows(end,8)+n_rows_c+data_rows_t(1,4)+data_rows_t(2,4)+sum(
lin_const_int)+n_rows_c+2:size(elements,])
for j = 1:16
fprintf (£id, %4.0f" ,elements(i,j));
end
fprintf (£id,’ %3.0f\n%20.0f\n’,elements(i,17),1);
end
else
for i = data_rows(end,8)+n_rows_c+data_rows_t(1,4)+data_rows_t(2,4)+sum(
lin_const_int)+1:data_rows(end,8)+n_rows_c+data_rows_t(1,4)+data_rows_t(2,4)+
sum(lin_const_int)+n_rows_c+2
for j = 1:14
fprintf (£id,”%4.0f" ,elements(i,j));
end
fprintf (£fid,”%4.0f\n’,elements(i,15));
end
for i = data_rows(end,8)+n_rows_c+data_rows_t(1,4)+data_rows_t(2,4)+sum(
lin_const_int)+n_rows_c+3:size(elements,1)
for j = 1:16
fprintf (£id,’%4.0f",elements(i,j));
end
fprintf (£id,’ %3.0f\n%20.0f\n’,elements(i,17),1);
end
end

fprintf (£id,”%s\n’,’ RENU’);
fprintf (£id,”%s\n’,)ELEM__ END”);
% Loading
fprintf (fid,”%s\n’,’CHAR);
for i = 1:nb_loads
fprintf (£id,’ %4.0f%4.0%12.0f%12.0f\n’,1oading(i,1:4));
end
fprintf (£id,”%7s\n’,’CAS’);
for i = nb_loads+1:size(loading,1)
for j = 1:size(loading,2)—1
fprintf (£id, %4.0f",loading(i,j));
end
fprintf (£fid,’ %4.0f\n’,1oading(i,5));
end
fprintf (£id,”%s\n’,)CHAR__END’);
% Supports
fprintf (£id,”%8s\n’,’APPU’);
for i = 1:size(supports,1)

34




1680
1681
1682
1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701

1702
1703
1704
1705
1706
1707
1708
1709
1710

MATHIEU Julien

fprintf (£id,’ %8.0f", supports(i,1));
for j = 2:size(supports,2)—1
fprintf (£id, %4.0f", supports(i,j));
end
fprintf (£id,’%4.0f\n’,supports(i,size(supports,2)));
end
fprintf (£id,”%s\n’,’END’);

fclose (£id);

if nb_files >0

FileName_txt = fullfile([Name_txt, sprintf('%d’, nb_files), Ext_txt]);
else
FileName_txt = (fullfile(|Name_txt, Ext_txt]));
end
% Text file for the verification of the displacement + loads in results

processing
fid = fopen(FileName_txt, w’);
fprintf (£id,’ %20.3{%20.3{%20.3f\n’,M,N,V);
for i = 1:size(Delta_max,l)

fprintf (£id,’ %20.6£%20.0f\n’,Delta_max(i,1),Delta_max(i,2));
end

fclose (£id);
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Results processing

oo

Post treatment of FINELG output data — Ductility considered

o° oo

innovative model for the precise characterization of steel and
composite

oo

joints

oo
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close all
clear
cle

%% Results extraction

% Extraction of shear resistance data from excel file
data_all = xlsread('Data.xlsx’);

$ First line/column of shear resistance table
First_line_table = 2;

First_column_table = 16;

% Number of rows 1in tension/compression
n_rows_t = data_all(10,1);

n_rows_c = data_all(11,1);

n_rows_tot = n_rows_t+n_rows_c;

% Shear resistance data

for i = First_line_table : First_line_table+n_rows_t—1

shear_resistance(i—(First_line_table—1),1) = data_all(i,First_column_table

+1);

shear_resistance(i—(First_line_table—1),2) = data_all(i,First_column_table

+2);

shear_resistance(i—(First_line_table—1),3) = data_all(i,First_column_table

+4);
end

% Name of .TPS file

Name = 'Input_ Finelg’;

Ext = . TPS’;

FileName = (fullfile([Name, Ext]));

% Name of loads/max displacment file
Name_txt = 'Loads_ Dep’;

Ext_txt = ".txt’;

FileName_txt = (fullfile([Name_txt, Ext_txt]));
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o

% Name of displacements file

Name_Delta = ’Input_ Finelg’;

Ext_Delta = ".DE3’;

FileName_Delta = (fullfile([Name_Delta, Ext_Deltal));

o\

% MN diagram

% Number of .TPS/loads files
if exist (FileName, file ")

Dir = dir(fullfile([Name, '+’, Ext]));
nb_files = size(Dir,1);

else
nb_files = 1;

end

o

% Values of final load multipliers
for i = l:nb_files

% Name of output files

if 1 >1

FileName = fullfile([Name, sprintf(’%d’, i—1), Ext]);
FileName_txt = fullfile([Name_txt, sprintf(’%d’, i—1), Ext_txt]);
FileName_Delta = fullfile([Name, sprintf(’%d’, i—1), Ext_Deltal);

end
Extraction of results

XS]
fid = fopen(FileName,r’);

=l
Je3
°

Results = textscan(fid,repmat(’'%s’,[1,25]), Delimiter’,’s’);

fclose (£id);

o)

% Loads and displacement
fid = fopen(FileName_txt,’r’);

Loads_Delta = textscan(fid, %f%{%f);
fclose (£id);

o)

% Convertion to numbers
Mult = Results{1,4};

Ajust = Results{l,3};

Step = Results{1,2};
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Ajust(cellfun(@isempty,Ajust)) = [|;
Mult(cellfun(@isempty,Mult)) = [J;
Step(cellfun(@isempty,Step)) = [|;

Ajust = str2double(Ajust(2:end,:));
Mult = cell2mat(Mult(2:end,:));
Increment = Mult(:,7:end—2);

Mult = Mult(:,1:end—9);

Step = str2double(Step(2:end,:));

for j = 1:size(Mult,l)
Mult_all(j,i) = str2double(sscanf(Mult(j,:),’%s’));
end

Loads_Delta = cell2mat(Loads_Delta);
% Imposed loads

Loads_all(i,1) = Loads_Delta(l,1);
Loads_all(i,2) = Loads_Delta(l,2);
Loads_all(i,3) = Loads_Delta(l,3);

% Maximum displacement
Delta_max = Loads_Delta(2:end,1:2);

% Extraction of displacement of all nodes at each step
[DEP,NENR,LIB,NOMAX,FREQ] = lect_DE3(FileName_Delta,’C:’);

n=1;
Delta_all = zeros(size(DEP,1)/3,size(DEP,2));

for j = 1:size(DEP,1)
if j == 3%(n—1)+1

Delta_all(n,:) = DEP(j,:);
n = n+l1;

end
end

% Displacement of each component located in the last zone
Delta_spring = zeros(size(Delta_max,l),size(Delta_all,2));
for j = 1:size(Delta_max,1)
for k = 1:size(Delta_all,l)
if k == Delta_max(j,2)
Delta_spring(j,:) = Delta_all(k,:)—Delta_all(k—1,:);
end
end
end
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% Negative displacement in components in tension = 0
% Positive displacement in components in compression = 0
for j = 1:size(Delta_spring,l)

for k = 1:size(Delta_spring,2)

if Delta_max(j,1) < 0 && Delta_spring(j.k) > 0
Delta_spring(j.k) = 0;

end
if Delta_max(j,1) > 0 && Delta_spring(j,k) <0

Delta_spring(j.k) = 0;

end
end
end
% Verification of the displacements
n_steps = nnz(any(Mult_all(:,i),2));
leave = (;
for j = 1:size(Delta_spring,2)
for k = 1:size(Delta_spring,l)
if abs(Delta_spring(k,j)) > abs(Delta_max(k,1))

n_steps = nnz(any(Mult_all(:,i),2))—(size(Delta_all,2)—(j—1));
n_steps_delta = j—1;
leave = 1;

end
if leave ==
break

end

end

if leave ==1
break

end

end

o)

% Value of the load multiplier
Multip(i,1) = Mult_all(n_steps,i);

% Value of bending moment and axial force at failure
MN(i,1:2) = Loads_all(i,1:2)«Multip(i,l);

o

% Final step number

fprintf (*%s %s %s %d %s\n’,’Final step of’,FileName,’=’,Step(end,1),’(max = 40)’)
fprintf (*%s %s %s %s\n’,’Final increment of’,FileName,’=’,Increment(end,:))

o

% Shear resistance
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n = 0;
if n_steps == nnz(any(Mult_all(:,i),2))
for j = l:n_rows_tot
if Delta_max(j,1) < 0 && Delta_spring(j,end) <=0
n = n+l1;
elseif Delta_max(j,1) >= 0 && Delta_spring(j.end) ==

shear_resistance_bolts(j—n,l) = shear_resistance(j—n,l);
elseif Delta_max(j,1) >= 0 && Delta_spring(j,end) > 0
shear_resistance_bolts(j—n,l) = shear_resistance(j—n,1)x0.29;

end
end
else
for j = l:n_rows_tot
if Delta_max(j,1) < 0 && Delta_spring(j,n_steps_delta) <=0
n = n+l;
continue
elseif Delta_max(j,1) >= 0 && Delta_spring(j,n_steps_delta) == 0

shear_resistance_bolts(j—n,1) = shear_resistance(j—n,l);
elseif Delta_max(j,1) >= 0 && Delta_spring(j,n_steps_delta) > 0
shear_resistance_bolts(j—n,l) = shear_resistance(j—n,1)0.29;

end
end
end

for j = l:n_rows_t
if shear_resistance_bolts(j,1) <= shear_resistance(j,2)
resistance_bolts(j,1) = shear_resistance_bolts(j,1);
else
resistance_bolts(j,1) = shear_resistance(j,2);
end
end

Total_resistance = sum(resistance_bolts);

for j = l:sum(not(isnan(shear_resistance(:,3))))
if Total_resistance >= shear_resistance(j,3)

Total_resistance = shear_resistance(j,3);
else
continue

end
end
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250

251 if Loads_Delta(1,3) <= Total_resistance

252

253 fprintf (*%s %d%s %s %d%s %s\n\n’,’Shear resistance :’,Loads_Delta(1,3),’N’’<="

Total_resistance, N’,OK’)

254

255 else

256

257 fprintf (" %s %d%s %s %d%s %s\n\n’,’Shear resistance :’,Loads_Delta(1,3),N’,’>’,

Total_resistance,’N'INOT OK!")

258

259 end

260 |end

261

262 | ¢ Values of the four peaks of the MN diagram

263 | [Mpos_max,loc(1,1)] = max(MN(:,1));

264 | [Npos_max,loc(2,1)] = max(MN(:,2));

265 | [Mneg_max,loc(3,1)] = mln(MN( 1));

266 | [Nneg_max,loc(4,1)] = min(MN(:,2));

267

268 |MN1_max = MN(loc(1,1),:);

269 |MN2_max = MN(loc(2,1),:);

270 |MN3_max = MN(loc(3,1),:);

271 |MN4_max = MN(loc(4,1),:);

272

273

274 | ¢ Division of the MN diagram in four zones

275 |n1 = 0;

9276 |n2 = 0;

277 |n3 = 0;

278 |n4 = 0;

279 |for i = 1:size(MN,1)

280 if MN(i,1) <= MN1_max(1,1) && MN(i,2) >= MN1_max(1,2) && MN(i,1) > MN2_max(1,1) &&
MN(i,2) < MN2_max(1,2)

281

982 nl = ni+1;

283 Mi(n1,1) = MN(i,1)/1076;

284 Ni(n1,1) = MN(i,2)/1073;

285

286 elseif MN(i,1) <= MN2_max(1,1) && MN(i,2) <= MN2_max(1,2) && MN(i,1) > MN3_max(1,1)
&& MN(i,2) > MN3_max(1,2)

287

288 n2 = n2+1;

289 M2(n2,1) = MN(i,1)/10°76;

200 N2(n2,1) = MN(i,2)/1073;

291

292 elseif MN(i,1) >= MN3_max(1,1) && MN(i,2) <= MN3_max(1,2) && MN(i,1) < MN4_max(1,1)
&& MN(i,2) > MN4_max(1,2)

293

294 n3 = n3+1;

295 M3(n3,1) = MN(i,1)/1076;
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N3(n3,1) = MN(i,2)/1073;

elseif MN(i,1) >= MN4_max(1,1) && MN(i,2) >= MN4_max(1,2) && MN(i,1) < MN1_max(1,1)
&& MN(i,2) < MN1_max(1,2)

n4 = né4+1;
M4(n4,1) = MN(i,1)/1076;
N4(n4,1) = MN(i,2)/1073;

end
end

% Sorting of the MN values in the considered zone
M1 = sort(M1, descend’);

N1 = sort(N1,’ascend’);

M2 = sort(M2,’descend’);

N2 = sort(N2,’descend’);

M3 = sort(M3,’ascend’);
N3 = sort(N3,’descend’);
M4 = sort(M4,’ascend’);
N4 = sort(N4, ascend’);
% Plot

M= [M1’ M2’ M3’ M4’ M1(1,1));
N = [N1’ N2’ N3’ N4’ N1(1,1)’];

plot (M,N, "red’)
hold on
Analytique;
grid on

To not consider ductility, lines 167 to 184 must be deleted.
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