The Fortran90 codBEMdyn-incompressible is a general boundary element software suitable to
solve problems of incompressible incremental naedr elasticity with time-harmonic external
loads of prescribed circular frequency, with refieeto the paper [1]. In particular :
- the Green’s functions based on the Biot constituéigiuations have been implemented;
- axes of orthotropy and principal directions of pteess coincide with thq andx, axes;
- an uniform mesh of rectilinear elements has terployed for the boundary discretization;
- an anti-clockwise numeration for the nodes is agldpt
- linear shape functions have been adopted for inenémh displacements and tractions at the
boundary;
- integrals involved in the Green’s functions andhie boundary element integral equations
have been evaluated by means of Gauss quadratasee 12 Gauss points for the Green’s

functions (NG) and 18 for the boundary integralaons (NB) are used.

The executableBEMdyn-incompressibleexe to solve two-dimensional time-harmonic
problems presented in [1], is given here. To rundkecutable, an input file is needed (note that th
input file should be located in the same directmgtaining the executable program). The input file
can be created with any text editor (e.g. Notepad) has to be saved without extension. It contains
the geometry of the domain and the boundary canditi The other input parameters that can be
assigned by the user when the program is execuéirgy(Fig. 1),:

- material parametersu andmu_star, respectivelyu andp* in [1] ;
- hydrostatic ¢hi) and deviatorick) components of pre-stress, respectiyebnd k in [1];

- frequencyomega, Q in [1].

#+ C:\Documents and Settings\Sergia\Desktop\simulaz_katia\miomiomio\BEM dinamici. exe

Enter the data node file name: anello_din
Lettura neodi terminata
dim = F4

ntot[ 1] = 34
Lettura vincoli terminata
Assign the parameter mu:

Assign the parameter mu_star:
1nssign the frequency omega:

eﬁfite the hydrostatic component of pre-stress:
-ﬂéfte the deviatoric component of pre-stress:

Figure 1. execution of the program with the definition oé tharameters.



A directory namedesult should also be created within the directory whéwe éxecutable is
located. All the output files will be saved in tHiakder. The output files are:

1) geom _nameinputfile.txt where the data regarding the initial geometryraported;

2) spost_nameinputfiletxt where nodal displacements and tractions are teghor

To clarify the use of the program we provide twamyples, corresponding to the solution of the
problems presented in sections 6.1 and 6.3 offdy.both of them, the input and the output files

are attached in this website.

Hollow cylinder subjected to pulsating internal pressure
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Figure 2: geometry of the problem and discretization oftibendary
(boundary nodes in red colour and boundary elemprggeen colour).

Due to symmetry considerations only a quarter efgaometry has been considered.
Since the geometry is curvilinear, the boundarylyesen discretized by means of 34 linear elements
of equal length (Fig. 2).

For the problem described in Fig. 1, the input @ifi@g_dyn) has the following form:

*DIM
2 —>dimension of the problem (always 2 for two-dimensilgproblems).
*NEL
1 - number of domains (always 1 with a single domain).
*NNOD —> in the follow the geometry is described.
134 - number of the first and of the last node of thexdtization.
*NODE
1 - number of the first node.
1 1.00 0.00 - coordinates of the first node irkax, coordinate system.
1 - number of nodes after the previous one.



2 1.2148 0.00 -> coordinates of the last node ix;ax, coordinate system.

and so on

35 1.00 0.00 —> coordinates of the last node that must coincidh tie
first one.

0 —> a zero must follow at the end.

*BOUNDARY -> in the follow the boundary conditions are presedib
displacements in the nodes and trastoonthe elements.

1 - number of the domain (always 1).

1 6 0 1 0.00 0.00 =->itmeans “from node 1 to node 6” assign displacgraéong
X2 and make it equal to zero”.

22 27 1 0 0.00 0.00 =->itmeans “from node 22 to node 27" assign
displacement alorng and make it equal to zero”.

0O O 0 0 0.00 0.00 -> after that all nodal displacements are assigmeavaof
zeros must follow. In the follow tramts on the elements
of the boundary are prescribed.

27 27 1 1 0.097 0.995 - itmeans “on element 27 assign a traction algngnd

alonge which values are respectively 0.097 and 0.955".

and so on

0O O O 0 0.00 0.00 —> after that all tractions have been assigned aofaxeros

must follow.

Note that where a displacement is not defined, tthetion on the corresponding element is
prescribed.

After that the program has been executed, two ddiles in the directoryesult are created.
In the filegeom ring_dyn.txt the following data are reported:
- the number of the nodes and their coordingiesdxy;
- the number of the elements and the coordinatdseaf modes;
- the number of the elements, their length and thepoments; andn, of the unit outward

normal;



- the assigned boundary conditions: for each boundadg, the value of real and imaginary
part of displacements and for each boundary elenfemwalue of real and imaginary part of
tractions.

In the filespost_ring_dyn.txt the following data are reported:

- the number of boundary nodes and the value of theplacements and tractions (real and

imaginary part) along and x;, as calculated through a system of boundary iategr

equations.
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Figure 3: geometry of the problem and discretization of thariwary
(boundary nodes in red colour, internal nodes i ldolour and boundary elements in green colour).

For the problem described in Fig. 3, the input @guare72) has the following form:
*DIM

2 —>dimension of the problem (always 2 for two-dimensilgproblems).
*NEL

1 - number of domains (always 1 with a single domain).
*NNOD - in the follow the geometry is described.

172 - number of the first and of the last node of thexditization.
*NODE
1 - number of the first node.

1 -1.00 -1.00 -> coordinates of the first node irxax, coordinate system.

18 - number of nodes added.

19 1.00 -1.00 -> coordinates of the last node ix;ax, coordinate system.



18 - number of nodes added.

37 1.00 1.00 —> coordinates of the last node ix;ax, coordinate system.
18 - number of nodes added.

55-1.00 1.00 —> coordinates of the last node ix;ax, coordinate system.
18 - number of nodes added.

73-1.00 -1.00 —> coordinates of the last node ix;ax, coordinate system.
0 - a zero must follow at the end.
*BOUNDARY - in the follow the boundary conditions are presedib

isplacements in the nodes and tractions on theegltan
1 - number of the domain (always 1).
1 1911 0.00 0.00 =-»itmeans “from node 1 to node 19” assign displaa@malongx; and
X2 and make them equal to zero”.
37 5501 0.00 0.00 -> it means “from node 37 to node 55” assign disptear@ alongc
ndamake it equal to zero”.
O 000 0.00 0.00 =-> afterthat all nodal displacements are assigneavaof
eras must follow. In the follow tractions on themlents
f tbe boundary are prescribed.
19 3311 0.00 0.00 - it means *“from element 19 to element 33 assightractions
adpx; andx, 7.
34 3611 -1.00 0.00 ->itmeans "“from element 34 to element 36 assigagative traction
oafx; and null traction along, ”.
55 5711-1.00 0.00 -»itmeans *“from element 55 to element 57 assigagative traction
oagx; and null traction along, ”.
58 7211 0.00 0.00 -»itmeans " from element 58 to element 72 assightractions
oafx; andx, ”.
O 000 0.00 0.00 - afterthat all tractions have been assigned aofoweros
shdollow.

After that the program has been executed, two ddiles in the directoryesult are created.
In the filegeom _square72.txt the following data are reported:
- the number of the nodes and their coordingiesdx,;
- the number of the elements and the coordinatdseaf modes;
- the number of the elements, their length and thepocments; andn, of the unit outward

normal;



- the assigned boundary conditions: for each boundadg, the value of real and imaginary
part of displacements and for each boundary elentlemtvalue of real and imaginary part
of tractions.

In the filespost_ square72.txt the following data are reported:

- the number of boundary nodes and the value of theplacements and tractions (real and
imaginary part) along and x;, as calculated through a system of boundary iategr
equations;

- the coordinateg; andx; of internal nodes and the value of displacemeratl @ad imaginary
part) alongx; andx, (ulr, u2r, uli, u2i);

- the coordinates; and x, of internal nodes and the gradient of displacen{esdl and
imaginary part) along; andx, (ul,1r, ul,2r, u2,1r, u2,2r, ul,li, ul,2i, u2,1i, u2,2i);

- the coordinatex; andx, of internal nodes and the value of tractions (eea imaginary
part) alongx; andx, (t11r, t12r, t22r, t21r, t11i, t12i, t22i, t21i) and of pressureP(essr,
Pressi);

- the coordinateg; andx; of internal nodes, the value of principal stresssd the Von Mises
stress (real and imaginary part) aloxagand x, (s11r, s12r, s22r, s21r, VonMisesr, slli,
s12i, s22i, s21i, VonMisesi).

Note that internal nodes are automatically gendrasein Fig. 3.
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