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PRESENTATION

The finite element code NOSA (Non-linear Structural Analysis) has been developed by the
team of Mechanics of Materials and Structures of the CNUCE. The work's primary goal has
been the development of a suitable set of tools for experimentation on engineering problems
involving material constitutive equations and algorithms for integrating the equation of
motion as well as other numerical techniques of research interest to the group.

A first version of the code, written in the early 1980's, included plane, three-dimensional and
axisymmetric isoparametric elements [1] and permitted elastic-plastic analysis in the presence
of infinitesimal strains with the hardening model described in [2]. Subsequently, the possible
applications of NOSA were extended to include cases of finite strains based on the studies
carried out on both constitutive equations [3, 4, 5, 6] and methods of numerical integration of
the equation of motion [7, 8, 9] in the presence of follower forces and contact problems. At
the same time, the element library was broadened by the adding of the shell elements (thin and
thick) [10].

More recently, elastic material, with low resistance to traction, has been added in order to
permit static analysis of masonry solids [11, 12, 13, 14, 15].

Finally, the capability of performing heat transfer and dynamic analysis has been added.

Over these years many engineering students of the University of Pisa have collaborated in the
development of the NOSA code as part of their thesis research.

The authors
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A. INTRODUCTION

Preparation of input data and display of numerical results may be performed using the pre and
post-processing code MENTAT II!.

PRE-PROCESSING MENTAT II
F.EM. ANALYSIS NOSA
POST-PROCESSING MENTAT II

The code MENTAT II can process two- and three-dimensional meshes; the main operations
that can be carried out are:

® automatic mesh generation,

e definition of nodal coordinates,

e definition of element connectivities,

* definition of material properties of elements,

¢ definition of geometrical properties of elements,

¢ definition of loads and boundary conditions,

e plotting NOSA output .

The F.E.M. code NOSA can be used for solving linear and non-linear equilibrium problems;
the output of NOSA is the stress, strain and displacement field, as well as the reactions forces.
Two kinds of non-linearities can be taken into account: material non-linearities due to the

material’s constitutive equation and geometric non-linearities due to finite strains or contact
conditions.

I MENTAT is a product of the MARC Analysis Research Corporation.
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Al. MATERIAL MODELS

ELASTICITY:

COMPOSITE:

ELASTO-PLASTICITY:

MASONRY-LIKE

HEAT TRANSFER

static and/or dynamic analysis is performed for structures made up
of a linear elastic material, using all elements of the library.

the shell elements (type 5, 10 and 17) and the beam element (type
9) allow modeling of the structures consisting of sections of
different mechanical and/or thermal properties, such as composite
materials.

static and/or dynamic analysis is performed for structures made up
of elastic-plastic materials under the assumption of infinitesimal
strains and finite strains in the presence of isotropic, cinematic and
combined hardening, using all elements except shells and beams
(the finite strain elasto-plasticity is available only for the elements
with linear interpolating functions).

static and/or dynamic analysis is performed, using all element
types, for structures made up of masonry-like materials non-
resistant to traction and infinitely resistant to compression, as well
as for masonry-like materials with bounded tensile and compressive
strength.

non-linear heat transfer analysis is performed for plane,
axisymmetric, shells and 3d elements.
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The elements available in the NOSA code are listed in the following Table.

Al.2

Structural type Element | Interpolating Remarks

identifier | functions

number
three-dimensional |1 quadratic 20 nodes isoparametric
element element
plane stress 2 quadratic 8 nodes isoparametric
element ' element
plane strain 3 quadratic 8 nodes isoparametric
element element
axisymmetric 4 quadratic 8 nodes isoparametric
element element
thin shell 5 linear for displacements, 8 nodes isoparametric
element quadratic for rotations element
‘plane strain 6 linear 4 nodes isoparametric
element element
axisymmetric 7 linear 4 nodes isoparametric
element element
three-dimensional |8 linear 8 nodes isoparametric
element element
straight beam 9 linear 2 nodes isoparametric
element element
thick shell 10 linear for displacements and |4 nodes isoparametric
element rotations element
plane heat transfer |11 quadratic 8 nodes isoparametric
element element
plane heat transfer |12 linear 4 nodes isoparametric
element element
axisymmetric heat {13 quadratic 8 nodes isoparametric
tranfer element element
axisymmetric heat |14 linear 4 nodes isoparametric
tranfer element element
3D heat transfer |15 linear 8 nodes isoparametric
element element
3D heat transfer |16 quadratic 20 nodes isoparametric
element element
heat transfer shell |17 linear 4 nodes isoparametric
element element

Table Al.
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C.NOSA ELEMENT LIBRARY

At present, the elements available in NOSA are seventeen and they are described in the next
sections.
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C1. Element 1 (Three-dimensional 20-node brick)

Twenty-node isoparametric element with quadratic interpolating functions. This element is a
rapidly converging element for three-dimensional analysis. For thick-shell situations, one
element through the thickness will usually provide an acceptable solution for both
displacement and stress. Nonetheless, it is advisable that the length to thickness ratio not
exceeds a value of 20.

Connectivity

Twenty nodes numbered as shown in Figure 1.1.

Integration

The element is integrated numerically using twenty-seven points (Gaussian quadrature).
Integration points are shown in Figure 1.2. :
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Figure 1.1 Element 1.
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Fig. 1.2 Integration points of element 1.

Distributed loads

Distributed loads by IBODY value are as follows:

IBODY

1

11

12

Cl.2

DESCRIPTION

Body force. The three components of the force per unit volume in the global
reference system must be assigned.

Body force. The three global components of the force per unit volume are
calculated in the user subroutine FORCEM.

Centrifugal force. The rotation axis must be defined in the card ROTATION
AXIS and the angular velocity must be specified in the field reserved for the
force magnitudes.

Pressure on the 1-2-3-4 face (force per unit area) in the global reference system.

Pressure on the 1-2-3-4 face in the local reference system. The first component
of the force per unit area is tangential to the face in the 1-2 direction; the third
component is orthogonal to the face and is positive if directed towards the
interior of the element, the second component has the direction given by the
vector product of the first and third directions.



13

14

21

22

23

24

31

32

33

34

41

42

Pressure on the 1-2-3-4 face in the global reference system. The three
components of the force per unit area on the eight nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 1-2-3-4 face in the local reference system. The three
components of the force per unit area on the eight nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 5-8-7-6 face (force per unit area) in the global reference system.

Pressure on the 5-8-7-6 face in the local reference system. The first component
of the force per unit area is tangential to the face in the 5-8 direction; the third
component is orthogonal to the face and is positive if directed towards the
interior of the element. The second component has the direction given by the
vector product of the first and third directions.

Pressure on the 5-8-7-6 face in the global reference system. The three
components of the force per unit area on the eight nodes of the face are to be
specified in the user subroutine FORCEM. '

Pressure on the 5-8-7-6 face in the local reference system. The three
components of the force per unit area on the eight nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 1-5-6-2 face (force per unit area) in the global reference system.

Pressure on the 1-5-6-2 face in the local reference system. The first component
of the force per unit area is tangential to the face in the 1-5 direction, the third
component is orthogonal to the face and is positive if directed towards the
element's interior; the second component has the direction given by the vector
product of the first and third directions.

Pressure on the 1-5-6-2 face in the global reference system. The three
components of the force per unit area on the eight nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 1-5-6-2 face in the local reference system. The three ,
components of the force per unit area on the eight nodes of the face are to be

‘specified in the user subroutine FORCEM.

Pressure on the 2-6-7-3 face (force per unit area) in the global reference system.

Pressure on the 2-6-7-3 face in the local reference system. The first component
of the force per unit area is tangential to the face in the 2-6 direction, the third
component is orthogonal to the face and is positive if directed towards the
element's interior; the second component has the direction given by the vector
product of the first and third directions.

Cl.3




43

44

51

52

53

54

61

62

63

64

Pressure on the 2-6-7-3 face in the global reference system. The three
components of the force per unit area on the eight nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 2-6-7-3 face in the local reference system. The three
components of the force per unit area on the eight nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 3-7-8-4 face (force per unit area) in the global reference system.

Pressure on the 3-7-8-4 face in the local reference system. The first component
of the force per unit area is tangential to the face in the 3-7 direction, the third
component is orthogonal to the face and is positive if directed towards the
element's interior; the second component has the direction given by the vector
product of the first and third directions.

Pressure on thé 3-7-8-4 face in the global reference sys/fem. The three
components of the force per unit area on the eight nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 3-7-8-4 face in the local reference system. The three
components of the force per unit area on the eight nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 4-8-5-1 face (force per unit area) in the global reference system.

Pressure on the 4-8-5-1 face in the local reference system. The first component
of the force per unit area is tangential to the face in the 4-8 direction, the third
component is orthogonal to the face and is positive if directed towards the
element's interior; the second component has the direction given by the vector
product of the first and third directions.

Pressure on the 4-8-5-1 face in the global reference system. The three
components of the force per unit area on the eight nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 4-8-5-1 face in the local reference system. The three
components of the force per unit area on the eight nodes of the face are to be
specified in the user subroutine FORCEM.

Moreover, the element may be subjected to point loads on nodes and to thermal dilatation

loads.

Cl4



Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a triangular prism or a tetrahedron.

Coordinates

Three global coordinates in the x, y and z directions.

Degrees of freedom

Three degrees of freedom u, v, w (the displacements along the global coordinate directions).

Qutput of strains and stresses

1=xx,2=yy,3=2z,4=xy,5=yz,6 = xz.

Analysis types

- Infinitesimal elasto-plasticity.

- Masonry-like materials.

Cl.5




C2. Element 2 (plane stress)

Eight node isoparametric element with quadratic interpolating functions.

Connectivity

Eight nodes, numbered as shown in Figure 2.1.

Integration

The element is integrated numerically using nine points (Gaussian quadrature). Integration
points are shown in Figure 2.2.

Geometry

The thickness of the element can be specified (default 1).

A
y (v)

x (u)

Figure 2.1 Element 2.
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Figure 2.2 Integration points of element 2.

Distributed loads

Distributed loads are chosen by value of IBODY, as follows:

IBODY

1

11

12

13

C2.2

DESCRIPTION

Body force. The two components of the force per unit volume in the global
reference system must be assigned.

Body force. The two global components of the force per unit volume are
calculated in the user subroutine FORCEM.

Centrifugal force. The rotation axis is orthogonal to the plane of the element;
the angular velocity must be specified in the field reserved for the force
magnitudes.

Pressure on the 1-2-5 edge (force per unit area) in the global reference system.

Pressure on the 1-2-5 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 1-2 direction.

Pressure on the 1-2-5 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.
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Pressure on the 1-2-5 edge in the local reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 2-3-6 edge (force per unit area) in the global reference system.

Pressure on the 2-3-6 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 2-3 direction.

Pressure on the 2-3-6 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 2-3-6 edge in the local reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 3-4-7 edge (force per unit area) in the global reference system.

Pressure on the 3-4-7 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 3-4 direction.

Pressure on the 3-4-7 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 3-4-7 edge in the local reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 4-1-8 edge (force per unit area) in the global reference system.

Pressure on the 4-1-8 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 4-1 direction.

Pressure on the 4-1-8 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 4-1-8 edge in the local reference system. The two components

of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

C23




Moreover, the element may be subjected to point loads on nodes and to thermal dilatation
loads.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a triangle. '

Nodal coordinates

Two global coordinates in the x and y directions.

Nodal degrees of freedom

Two degrees of freedom u, v (the displacements along the global coordinate directions).

Output of strains and stresses (at integration points)

1=xx,2=yy,3=xy.

Analysis types

- Infinitesimal elasto-plasticity.

- Masonry-like materials.

C2.4



C3. Element 3 (Plane strain)

Eight-node isoparametric element with quadratic interpolating functions.

Connectivity

Eight nodes numbered as shown in Figure 3.1.

Integration

The element is integrated numerically using nine points (Gaussian quadrature). Integration
points are shown in Figure 3.2.

Geometry

The thickness of the element can be specified (default 1).

4
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Figure 3.1 Element 3.
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Figure 3.2 Integration points of element 3.

Distributed loads

Distributed loads are chosen by value of IBODY, as follows:

IBODY

|

11

12

13

C3.2

DESCRIPTION

Body force. The two components of the force per unit volume in the global
reference system must be assigned.

Body force. The two global components of the force per unit volume are
calculated in the user subroutine FORCEM.

Centrifugal force. The rotation axis is orthogonal to the plane of the element;
the angular velocity must be specified in the field reserved for the force
magnitudes.

Pressure on the 1-2-5 edge (force per unit area) in the global reference system.

Pressure on the 1-2-5 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 1-2 direction.

Pressure on the 1-2-5 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.
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Pressure on the 1-2-5 edge in the local reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 2-3-6 edge (force per unit area) in the global reference system.

Pressure on the 2-3-6 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 2-3 direction.

Pressure on the 2-3-6 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 2-3-6 edge in the local reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 3-4-7 edge (force per unit area) in the global reference system.

Pressure on the 3-4-7 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 3-4 direction.

Pressure on the 3-4-7 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 3-4-7 edge in the local reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 4-1-8 edge (force per unit area) in the global reference system.

Pressure on the 4-1-8 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 4-1 direction.

Pressure on the 4-1-8 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 4-1-8 edge in the local reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

C33




Moreover, the element may be subjected to point loads on nodes and to thermal dilatation
loads.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a triangle.

Nodal coordinates

Two global coordinates in the x and y directions.

Nodal degrees of freedom

Two degrees of freedom u, v (the displacements along the global coordinate directions).

OQutput of strains and stresses (at the integration points)

1 =xx,2=yy, 3 =xy.

Analysis types

- Infinitesimal elasto-plasticity.

- Masonry-like materials.

C3.4



C4. Element 4 (Axisymmetric element)

Eight-node isoparametric element with quadratic interpolating functions.

Connectivity

Eight nodes numbered as shown in Figure 4.1.

Integration

The element is integrated numerically using nine points (Gaussian quadrature). Integration
points are shown in Figure 4.2.

A
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Figure 4.1 Element 4.
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Figure 4.2 Integration points of elements 4.

Distribuied loads

Distributed loads are chosen by value of IBODY, as follows:

IBODY

1

11

12

13

C4.2

DESCRIPTION

Body force. The two components of the force per unit volume in the global
reference system must be assigned.

Body force. The two global components of the force per unit volume are
calculated in the user subroutine FORCEM.

Centrifugal force. The rotation axis coincides with the axis of symmetry, the
angular velocity must be specified in the field reserved for the force
magnitudes.

Pressure on the 1-2-5 edge (force per unit area) in the global reference system.

Pressure on the 1-2-5 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 1-2 direction.

Pressure on the [-2-5 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.
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Pressure on the 1-2-5 edge in the local reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 2-3-6 edge (force per unit area) in the global reference system.

Pressure on the 2-3-6 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 2-3 direction.

Pressure on the 2-3-6 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 2-3-6 edge in the local reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 3-4-7 edge (force per unit area) in the global reference system.

Pressure on the 3-4-7 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 3-4 direction.

Pressure on the 3-4-7 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 3-4-7 edge in the local reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 4-1-8 edge (force per unit area) in the global reference system.

Pressure on the 4-1-8 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 4-1 direction.

Pressure on the 4-1-8 edge in the global reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 4-1-8 edge in the local reference system. The two components
of the force per unit length on the three nodes of the edge are to be specified in
the user subroutine FORCEM.
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Moreover, the element may be subjected to point loads on nodes and to thermal dilatation
loads.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far
as.a triangle.

Nodal coordinates

Two global coordinates in the z and r directions.

Nodal degrees of freedom

Two degrees of freedom u, v (the displacements along the global coordinate directions).

Output of strains and stresses {at the integration points)

1=2zz,2=11,3=00,4 =1zr.

Analysis types

- Infinitesimal elasto-plasticity.

- Masonry-like materials.
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CS. Element 5 (Thin shell)

Eight-node isoparametric element, the interpolating functions are linear for displacement and
quadratic for rotations.

Connectivity

Eight nodes numbered as shown in Figure 5.1.

Integration

Integrating on the element surface is performed numerically using four-point Gaussian
quadrature. The relative integration points are shown in Figure 5.2. Integration within the
thickness is also performed numerically using instead the Sympson method, the number of
sections into which it is divided being defined in card SHELL SECT (the default value is 1,
the maximum number of sections is 99).

Geometry

For homogeneous shells the shell thickness must be specified; for non-homogeneous shells
the thickness of each section must be specified (COMPOSITE option). The thickness of the
whole shell or of each layer can be specified at each corner node by using the user routine
UGEOM.

Figure 5.1 Element 5.
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Figure 5.2 Integration points of element 5.

Distributed loads

Distributed loads are chosen by value of IBODY, as follows:
IBODY DESCRIPTION

1 Body force. The three components of the force per unit volume in the global
reference system must be assigned.

2 Body force. The three global components of the force per unit volume for each
section are calculated in the user subroutine FORCEM.

11 Pressure on the 1-2 edge (force per unit length) in the global reference system.

13 Pressure on the [-2 edge in the global reference system. The three components
of the force per unit length on the two nodes of the edge are to be specified in
the user subroutine FORCEM.

21 . Pressure on the 2-3 edge (force per unit length) in the global reference system.

23 Pressure on the 2-3 edge in the global reference system. The three components

of the force per unit length on the two nodes of the edge are to be specified in
the user subroutine FORCEM
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31 Pressure on the 3-4 edge (force per unit length) in the global reference system.

33 Pressure on the 3-4 edge in the global reference system. The three components
of the force per unit length on the two nodes of the edge are to be specified in
the user subroutine FORCEM

41 Pressure on the 4-1 edge (force per unit length) in the global reference system.

43 Pressure on the 4-1 edge in the global reference system. The three components
of the force per unit length on the two nodes of the edge are to be specified in
the user subroutine FORCEM

51 Pressure on the surface of the element (force per unit area) in the global
reference system.

52 Pressure on the surface of the element in the local reference system. The first
component of the force per unit area is directed tangential to the surface in the
1-2 direction; the second component is directed tangential in the 2-3 direction;
the third is directed perpendicular to the element's surface in the positive
direction determined by the right-hand rule.

53 Pressure on the surface of the element in the global reference system. The three
components of the force per unit area on the four nodes of the element are to be
specified in the user subroutine FORCEM. :

54 Pressure on the surface of the element in the local reference system. The three
components of the force per unit area on the four nodes of the element are to be

specified in the user subroutine FORCEM.

Moreover, the element may be subjected to point loads on corner nodes, concentrated
moments on mid-side nodes and to thermal dilatation loads.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a triangle. In this case the collapsed edge has zero stiffness.

Nodal coordinates

Three global coordinates in the X, y and z directions. It is not necessary to specify the
coordinates of mid-side nodes.

Nodal degrees of freedom
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The corner nodes have three degrees of freedom u, v and w (the displacements along the
global coordinate directions); the degree of freedom of the mid-side nodes is the rotation g
about the corresponding edge (positive if counterclockwise).

Output of strains and stresses (at the integration points)

Strains are printed for the four Gauss points of the mean surface of the shell. The components
of the strain are given in the local orthonormal reference system s, t, n in the following order:

1 =ss,2=tt,3=st.

The three values of stress are printed for the four integration points for each section of the
element. The stress components are given in the local orthonormal reference system s, t, n in

the following order:

1=ss,2=1tt 3 =st.

Analysis types

- Linear elasticity.

- Masonry-like materials.
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Cé6. Element 6 (Plane strain)

Four-node isoparametric element with bilinear interpolating functions.

Connectivity

Four nodes numbered as shown in Figure 6.1.

Integration

The element is integrated numerically using four points (Gaussian quadrature). Integration
points are shown in Figure 6.1. If selective reduced integration is required, the hydrostatic part
of the strain is calculated using one integration point, namely the centroid of the element.

Geometry

The thickness of the element must be specified (default 1).

A

y (V)

x (u)

Fig. 6.1 Element 6.
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Distributed loads

Distributed loads are chosen by value of IBODY, as follows:

IBODY

1

11

12

13

14

21

22

23

24

31

Co6.2

DESCRIPTION

Body force. The two components of the force per unit volume in the global
reference system must be assigned.

Body force. The two global components of the force per unit volume are
calculated in the user subroutine FORCEM.

Centrifugal force. The rotation axis is orthogonal to the plane of the element;
the angular velocity must be specified in the field reserved for the force
magnitudes.

Pressure on the 1-2 edge (force per unit area) in the global reference system.

Pressure on the 1-2 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 1-2 direction.

Pressure on the 1-2 edge in the global reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 1-2 edge in the local reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 2-3 edge (force per unit area) in the global reference system.

Pressure on the 2-3 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 2-3 direction.

Pressure on the 2-3 edge in the global reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 2-3 edge in the local reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the

user subroutine FORCEM.

Pressure on the 3-4 edge (force per unit area) in the global reference system.
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Pressure on the 3-4 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 3-4 direction.

Pressure on the 3-4 edge in the global reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 3-4 edge in the local reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 4-1 edge (force per unit area) in the global reference system.

Pressure on the 4-1 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element’s interior; the second component is tangential to the edge
in the 4-1 direction.

Pressure on the 4-1 edge in the global reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 4-1 edge in the local reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Moreover, the element may be subjected to point loads on nodes and to thermal dilatation

loads.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as

a triangle.

Nodal coordinates

Two global coordinates in the x and y directions.

Nodal degrees of freedom

Two degrees of freedom u, v, the displacements along the global coordinate directions.
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Output of strains and stresses (at the integration points)

1 =xx,2 =yy, 3=xy.

Analysis types

- Infinitesimal elasto-plasticity.
- Finite elasto-plasticity.

- Masonry-like materials.
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C7. Element 7 (Axisymmetric quadrilateral)

Four-node isoparametric element with bilinear interpolating function.

Connectivity

Four nodes numbered as shown in Figure 7.1.

Integration

The element is integrated numerically using four points (Gaussian quadrature). Integration
points are shown in Figure 7.1. If selective reduced integration is required, the hydrostatic part
of the strain is calculated using one integration point, namely the centroid of the element.

A
r(v) +p
VELTLLEETL
2¢ 3
.+ +
4
+ +
2
19 4
z (v)
Fig. 7.1 Element 7
Distributed loads
Distributed loads are chosen by value of IBODY, as follows:
IBODY DESCRIPTION
1 Body force. The two components of the force per unit volume in the global

reference system must be assigned.
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Body force. The two global components of the force per unit volume are
calculated in the user subroutine FORCEM.

Centrifugal force. The rotation axis is the axis of symmetry, the angular
velocity must be specified in the field reserved for the force magnitudes.

Pressure on the 1-2 edge (force per unit area) in the global reference system.

Pressure on the 1-2 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 1-2 direction.

Pressure on the 1-2 edge in the global reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 1-2 edge in the local reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 2-3 edge (force per unit area) in the global reference system.

Pressure on the 2-3 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 2-3 direction.

Pressure on the 2-3 edge in the global reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 2-3 edge in the local reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 3-4 edge (force per unit area) in the global reference system.

Pressure on the 3-4 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element's interior; the second component is tangential to the edge
in the 3-4 direction.

Pressure on the 3-4 edge in the global reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.
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Pressure on the 3-4 edge in the local reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 4-1 edge (force per unit area) in the global reference system.

Pressure on the 4-1 edge in the local reference system. The first component of
the force per unit length is orthogonal to the edge and is positive if directed
towards the element’s interior; the second component is tangential to the edge
in the 4-1 direction.

Pressure on the 4-1 edge in the global reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM.

Pressure on the 4-1 edge in the local reference system. The two components of
the force per unit length on the two nodes of the edge are to be specified in the
user subroutine FORCEM. :

Moreover, the element may be subjected to point loads on nodes and to thermal dilatation

loads.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as

a triangle.

Nodal coordinates

Two global coordinates in the z and r directions.

Nodal degrees of freedom

Two degrees of freedom u, v, the displacements along the global coordinate directions.

Qutput of strains and stresses (at the integration points)

l=2z,2=r1,3=00, 4 =z

C7.3




Analysis types

- Infinitesimal elasto-plasticity.
- Finite elasto-plasticity.

- Masonry-like materials.
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C8. Element 8 (three-dimensional element)

Eight-node isoparametric element with bilinear interpolating functions. This element is
suitable for three-dimensional analysis with finite strains.

Connectivity

Eight nodes numbered as shown in Figure 8.1.

Integration

The element is integrated numerically using eight points (Gaussian quadrature). Integration
points are shown in Figure 8.2. If selective reduced integration is required, the hydrostatic part
of the strain is calculated using one integration point, namely the centroid of the element.

8
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X
Fig. 8.1 Element 8.
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Figure 8.2 Integration points for element 8.

Distributed loads

Distributed loads chosen by value of IBODY, as follows:

IBODY

1

11

12

13

C8.2

DESCRIPTION

Body force. The three components of the force per unit volume in the global
reference system must be assigned.

Body force. The three global components of the force per unit volume are
calculated in the user subroutine FORCEM.

Centrifugal force. The rotation axis must be defined in the card ROTATION
AXIS, the angular velocity must be specified in the field reserved for the force
magnitudes.

Pressure on the 1-2-3-4 face (load per unit area) in the global reference system.

Pressure on the 1-2-3-4 face in the local reference system. The first component
of the force per unit area is tangential to the face in the 1-2 direction, the third
component is orthogonal to the face and is positive if directed towards the
element's interior; the second component has the direction given by the vector
product of the first and third directions.

Pressure on the 1-2-3-4 face in the global reference system. The three
components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.
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Pressure on the 1-2-3-4 face in the local reference system. The three
components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 5-8-7-6 face (load per unit area) in the global reference system.

Pressure on the 5-8-7-6 face in the local reference system. The first component
of the force per unit area is tangential to the face in the 5-8 direction, the third
component is orthogonal to the face and is positive if directed towards the
element's interior; the second component has the direction given by the vector
product of the first and third directions.

Pressure on the 5-8-7-6 face in the global reference system. The three
components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 5-8-7-6 face in the local reference system. The three
components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 1-5-6-2 face (load per unit area) in the global reference system. g

Pressure on the 1-5-6-2 face in the local reference system. The first component.
of the force per unit area is tangential to the face in the 1-5 direction, the third
component is orthogonal to the face and is positive if directed towards the
element's interior; the second component has the direction given by the vector
product of the first and third directions.

Pressure on the 1-5-6-2 face in the global reference systemn. The three
components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 1-5-6-2 face in the local reference system. The three
components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.

Pressure on the 2-6-7-3 face (load per unit area) in the global reference system.

Pressure on the 2-6-7-3 face in the local reference system. The first component
of the force per unit area is tangential to the face in the 2-6 direction, the third
component is orthogonal to the face and is positive if directed towards the
element's interior; the second component has the direction given by the vector
product of the first and third directions.

Pressure on the 2-6-7-3 face in the global reference system. The three

components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.
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44 Pressure on the 2-6-7-3 face in the local reference system. The three
components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.

51 Pressure on the 3-7-8-4 face (load per unit area) in the global reference system.

52 Pressure on the 3-7-8-4 face in the local reference system. The first component
of the force per unit area is tangential to the face in the 3-7 direction, the third
component is orthogonal to the face and is positive if directed towards the
element's interior; the second component has the direction given by the vector
product of the first and third directions.

53 Pressure on the 3-7-8-4 face in the global reference system. The three
components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.

54 Pressure on the 3-7-8-4 face in the local reference system. The three
components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.

61 Pressure on the 4-8-5-1 face (load per unit area) in the global reference system.

62 Pressure on the 4-8-5-1 face in the local reference system. The first component
of the force per unit area is tangential to the face in the 4-8 direction, the third
component is orthogonal to the face and is positive if directed towards the
element's interior; the second component has the direction given by the vector
product of the first and third directions.

63 Pressure on the 4-8-5-1 face in the global reference system. The three
components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.

64 Pressure on the 4-8-5-1 face in the local reference system. The three

components of the force per unit area on the four nodes of the face are to be
specified in the user subroutine FORCEM.

Moreover, the element may be subjected to point loads on nodes and to thermal dilatation
loads.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a tetrahedron.
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Nodal coordinates

Three global coordinates in the x, y and z directions.

Nodal degrees of freedom

Three degrees of freedom u, v, w, the displacements along the global coordinate directions.

Output of strains and stresses (at the integration points)

l=xx,2=yy,3=22,4=xy,5=yz, 6 =xz.

Analysis types

- Infinitesimal elasto-plasticity.
- Finite elasto-plasticity.

- Masonry-like materials.
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C9. Element 9 (Beam)

Two-node isoparametric element, the interpolating functions are linear for displacements and
rotations.

Connectivity

Two nodes numbered as shown in Figure 9.1. Moreover, a local reference system e, €, €3,
have to be specified, by using the AXIS option (e, and e, define the principal directions on the
cross section and ej is in the axial direction, from node 1 to node 2.

€4
€3
1 &5

Fig. 9.1 Layout of the beam element type 9.

Integration

The integration along the element axis is performed numerically using two-peint Gaussian
quadrature. Integration on the cross section is also performed numerically using instead the
Sympson method, the number of fibers into which it is divided being defined in card BEAM
SECT (the default value is 3x3, the maximum number of fibers is 21x21).

Geometry
By default, the beam is supposed to have a rectangular cross section, so for homogeneous

beams the thickness, along e; and e, directions, must be specified; for non-homogeneous
beams the thickness of each fiber must be specified following the order shown in Fig. 9.2. Is
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to be remarked that it is possible to give the fiber thicknesses on a nodal basis by using the
user routine UGEOM.

21 | 22 | 23 | 24 | 25
1617 | 18] 19 | 20
24 | 11|12 | 13 ] 14 | 15

Fig. 9.2. Numbering scheme for the fibers of the beam on a 5x5 example.

Distributed loads

Distributed loads chosen by value of IBODY, as follows:

IBODY DESCRIPTION

1 Body force and/or moment. The three components of the force and moment per
unit volume in the global reference system must be assigned.

2 Body force and/or moment. The three global components of the force and
moment per unit volume are calculated in the user subroutine FORCEM.

3 Centrifugal force. The rotation axis must be defined in the card ROTATION
AXIS, the angular velocity must be specified in the field reserved for the force
magnitudes.

11 Pressure on beam axis (load per unit length) in the global reference system.

12 Pressure on the beam axis in the local reference system e, e, es.

13 Pressure on the beam axis in the global reference system. The components of

the load per unit length at the two nodes of the beam are to be specified in the
user subroutine FORCEM.
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14 Pressure on the beam axis in the local reference system. The components of the
load per unit length at the two nodes of the beam are to be specified in the user
subroutine FORCEM.

Moreover, the element may be subjected to point loads and/or concentrated moments on
nodes. Thermal loads are not yet available.

Nodal coordinates

Three global coordinates in the x, y and z directions.

Nodal degrees of freedom

Six degrees of freedom u, v, w (the displacements along the global coordinate directions) and
dx» Gy» 9z (the rotations, counterclockwise positive, around the global coordinate directions).

Output of strains and stresses characteristics (at the integration points)

Strains and stress characteristics are printed for the two Gauss points. The components of the’
strain characteristics are given in the local reference system ey, €, €3 in the following order :

1) € axial stretch,

2) k; curvature change around e, axis,

3) k; curvature change around e, axis,

4) y twist around e; axis,

5) Y1 shear deformation on the e;-e; plane,
6) 2 shear deformation on the e;-e; plane.

Analogously, for the stress characteristics we have:
1) N axial force,

2) M, moment around e; axis,

3) M, moment around e, axis,

4) M; torque around e; axis,

5) Qi shear force on the e;-e3 plane,
6) Q: shear force on the e;-e3 plane.

Analysis types

- Linear elasticity.

- Masonry-like materials.
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C10. Element 10 (Thick shell)

Four-node isoparametric element, the interpolating functions are linear for displacements and
rotations.

Connectivity

Four nodes numbered as shown in Figure 10.1.

Integration

Integrating on the element surface is performed numerically using four-point Gaussian
quadrature. The relative integration points are shown in Figure 10.2. Integration within the
thickness is also performed numerically using instead the Sympson method, the number of
sections into which it is divided being defined in card SHELL SECT (the default value is 3,
the maximum number of sections is 99). : ‘

Geometry

For homogeneous shells the shell thickness must be specified; for non-homogeneous shells
the thickness of each section must be specified (COMPOSITE option). The thickness of the
whole shell or of each layer can be specified at each node by using the user routine UGEOM.

Figure 10.1 Element 10.
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Figure 10.2 Integration points of element 10.

Distributed loads

Distributed loads are chosen by value of IBODY, as follows:

IBODY

1

11

13

21

23

Cl10.2

DESCRIPTION

Body force. The three components of the force per unit volume in the global
reference system must be assigned.

Body force. The three global components of the force per unit volume for each
section are calculated in the user subroutine FORCEM.

Pressure on the 1-2 edge (force per unit length) in the global reference system.
Pressure on the 1-2 edge in the global reference system. The three components
of the force per unit length on the two nodes of the edge are to be specified in
the user subroutine FORCEM.

Pressure on the 2-3 edge (force per unit length) in the global reference system.
Pressure on the 2-3 edge in the global reference system. The three components

of the force per unit length on the two nodes of the edge are to be specified in
the user subroutine FORCEM
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Pressure on the 3-4 edge (force per unit length) in the global reference system.

Pressure on the 3-4 edge in the global reference system. The three components
of the force per unit length on the two nodes of the edge are to be specified in
the user subroutine FORCEM

Pressure on the 4-1 edge (force per unit length) in the global reference system.

Pressure on the 4-1 edge in the global reference system. The three components
of the force per unit length on the two nodes of the edge are to be specified in
the user subroutine FORCEM

Pressure on the surface of the element (force per unit area) in the global
reference system.

Pressure on the surface of the element in the local reference system. The first
component of the force per unit area is directed tangential to the surface in the
1-2 direction; the second component is directed tangential in the 2-3 direction;
the third is directed perpendicular to the element's surface in the positive
direction determined by the right-hand rule.

Pressure on the surface of the element in the global reference system. The three
components of the force per unit area on the four nodes of the element are to be
specified in the user subroutine FORCEM.

Pressure on the surface of the element in the local reference system. The three
components of the force per unit area on the four nodes of the element are to be
specified in the user subroutine FORCEM.

Moreover, the element may be subjected to point loads and/or concentrated moments on
nodes, and to thermal dilatation loads.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as

a triangle.

Nodal coordinates

Three global coordinates in the x, y and z directions.

Nodal degrees of freedom

Six degrees of freedom u, v, w (the displacements along the global coordinate directions) and
dx» 9y 9z (the rotations, counterclockwise positive, around the global coordinate directions).
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Qutput of strains and stresses (at the integration points)

Strains are printed for the four Gauss points of the mean surface of the shell. The components
of the strain are given in the local orthonormal reference system s, ¢, n in the following order :

1=ss,2=tt,3=st,4=tn,S=sn

The three values of stress are printed for the four integration points for each section of the
element. The stress components are given in the local orthonormal reference system s, t, n in

the following order :

l=ss,2=1tt,3=st,4=tn,S=sn.

Analysis types

- Linear elasticity.
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C11. Element 11 (Plane heat transfer)

Eight-node isoparametric element with quadratic interpolating functions (geometrically it is
identical to elements 2 and 3).

Connectivity

Eight nodes numbered in anticlockwise order.
Integration
The element is integrated numerically using nine integration points (Gaussian quadrature).

Distributed fluxes

Distributed loads are chosen by value of IBODY, as follows:

IBODY DESCRIPTION
| Surface flux. The heat quantity per unit area and unit time must be assigned.
2 Surface flux. The heat quantity per unit area and unit time is calculé‘;ed in the
user subroutine FORCEM.
11 Edge flux on the 1-2-5 edge (heat per unit length and unit time).
13 Edge flux on the 1-2-5 edge. The heat per unit length and unit time on the three

nodes of the edge is to be specified in the user subroutine FORCEM.
21 Edge flux on the 2-3-6 edge (heat per unit length and unit time).

23 Edge flux on the 2-3-6 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

31 Edge flux on the 3-4-7 edge (heat per unit length and unit time).

33 Edge flux on the 3-4-7 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

41 Edge flux on the 4-1-8 edge (heat per unit length and unit time).

43 Edge flux on the 4-1-8 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.
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Moreover, the element may be subjected to point fluxes on nodes and convective fluxes by
specifying the film coefficients and sink temperatures for each edge.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a triangle.

Nodal coordinates

Two global coordinates in the x and y directions.

Nodal degrees of freedom

One degre‘e of freedom T (the nodal temperature).

Qutput of temperature gradient (at integration points)

l=x,2=y.

Analysis types

- Linear and non-linear transient heat transfer analysis.
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C12. Element 12 (Plane heat transfer)

Four-node isoparametric element with linear interpolating functions (geometrically it is
identical to element 6 ).

Connectivity

Four nodes numbered in anticlockwise order.

Integration

The element is integrated numerically using four integration points (Gaussian quadrature).

Distributed fluxes

Distributed loads are chosen by value of IBODY, as follows:

IBODY

1

2

11

13

21

23

31

33

41

43

DESCRIPTION
Surface flux. The heat quantity per unit area and unit time must be assigned.

Surface flux. The heat quantity per unit area and unit time is calculated in the
user subroutine FORCEM.

Edge flux on the 1-2 edge (heat per unit length and unit time).

Edge flux on the 1-2 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

Edge flux on the 2-3 edge (heat per unit length and unit time).

Edge flux on the 2-3 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

Edge flux on the 3-4 edge (heat per unit length and unit time).

Edge flux on the 3-4 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

Edge flux on the 4-1 edge (heat per unit length and unit time).

Edge flux on the 4-1 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

Moreover, the element may be subjected to point fluxes on nodes and convective fluxes by
specifying the film coefficients and sink temperatures for each edge.
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Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a triangle.

Nodal coordinates

Two global co-ordinates in the x and y directions.

Nodal degrees of freedom

One degree of freedom T (the nodal temperature).

Qutput of temperature gradient (at integration points)

l=x,2=y.

Analysis types

- Linear and non-linear transient heat transfer analysis.
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C13. Element 13 (Axisymmetric heat transfer)

Eight-node isoparametric element with quadratic interpolating functions (geometrically it is
identical to element 4).

Connectivity

Eight nodes numbered in anticlockwise order.
Integration
The element is integrated numerically using nine integration points (Gaussian quadrature).

Distributed fluxes

Distributed loads are chosen by value of IBODY, as follows:

IBODY DESCRIPTION
1 Surface flux. The heat quantity per unit area and unit time must be assigned.
2 Surface flux. The heat quantity per unit area and unit time is calculated in the
user subroutine FORCEM.
11 Edge flux on the 1-2-5 edge (heat per unit length and unit time).
13 Edge flux on the 1-2-5 edge. The heat per unit length and unit time on the three

nodes of the edge is to be specified in the user subroutine FORCEM.

21 Edge flux on the 2-3-6 edge (heat per unit length and unit time).

23 Edge flux on the 2-3-6 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

31 Edge flux on the 3-4-7 edge (heat per unit length and unit time).

33 Edge flux on the 3-4-7 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

41 Edge flux on the 4-1-8 edge (heat per unit length and unit time).

43 Edge flux on the 4-1-8 edge. The heat per unit length and unit time on the three

nodes of the edge is to be specified in the user subroutine FORCEM.

Moreover, the element may be subjected to point fluxes on nodes and convective fluxes by
specifying the film coefficients and sink temperatures for each edge.
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Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a triangle.

Nodal coordinates

Two global coordinates in the x and y directions.

Nodal degrees of freedom

One degree of freedom T (the nodal temperature).

Output of temperature gradient (at integration points)

l=x,2=y.

Analysis types

- Linear and non-linear transient heat transfer analysis.
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C14. Element 14 (Axisymmetric heat transfer)

Four-node isoparametric element with linear interpolating functions (geometrically it is
identical to element 7 ).

Connectivity

Four nodes numbered in anticlockwise order.

Integration

The element is integrated numerically using four integration points (Gaussian quadrature).

Distributed fluxes

Distributed loads are chosen by value of IBODY, as follows:

IBODY

1

2

11

13

21

23

31

33

41

43

DESCRIPTION
Surface flux. The heat quantity per unit area and unit time must be assigned.

Surface flux. The heat quantity per unit area and unit time is calculated in the
user subroutine FORCEM.

Edge flux on the 1-2 edge (heat per unit length and unit time).

Edge flux on the 1-2edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

Edge flux on the 2-3 edge (heat per unit length and unit time).

Edge flux on the 2-3 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

Edge flux on the 3-4 edge (heat per unit length and unit time).

Edge flux on the 3-4 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

Edge flux on the 4-1 edge (heat per unit lIength and unit time).

Edge flux on the 4-1 edge. The heat per unit length and unit time on the three
nodes of the edge is to be specified in the user subroutine FORCEM.

Moreover, the element may be subjected to point fluxes on nodes and convective fluxes by
specifying the film coefficients and sink temperatures for each edge.
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Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a triangle.

Nodal coordinates

Two global coordinates in the x and y directions.

Nodal degrees of freedom

One degree of freedom T (the nodal temperature).

Qutput of temperature gradient (at integration points)

l=x,2=y.

Analysis types

- Linear and non-linear transient heat transfer analysis.
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C15. Element 15 (3D heat transfer)

Eigth-node isoparametric element with linear interpolating functions (geometrically it is
identical to element 8 ).

Connectivity

8 nodes numbered as in Fig. 8.1.

Integration

The element is integrated numerically using 8 integration points (Gaussian quadrature).

Distributed fluxes

Distributed loads are chosen by value of IBODY, as follows:

IBODY

1

11

13

21

23

31

33

41

43

51

DESCRIPTION

Volumetric flux. The heat quantity per unit volume and unit time must be
assigned.

Volumetric flux. The heat quantity per unit volume and unit time is calculated
in the user subroutine FORCEM.

Surface flux on the 1-2-3-4 face (heat per unit area and unit time).

Surface flux on the 1-2-3-4 face. The heat per unit area and unit time on the
four nodes of the face is to be specified in the user subroutine FORCEM.

Surface flux on the 5-6-7-8 face (heat per unit area and unit time).

Surface flux on the 5-6-7-8 face. The heat per unit area and unit time on the
four nodes of the face is to be specified in the user subroutine FORCEM.

Surface flux on the 1-5-6-2 face (heat per unit area and unit time).

Surface flux on the 1-5-6-2 face. The heat per unit area and unit time on the
four nodes of the face is to be specified in the user subroutine FORCEM.

Surface flux on the 2-6-7-3 face (heat per unit area and unit time). _

Surface flux on the 2-6-7-3 face. The heat per unit area and unit time on the
four nodes of the face is to be specified in the user subroutine FORCEM.

Surface flux on the 3-7-8-4 face (heat per unit area and unit time).
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53 Surface flux on the 3-7-8-4 face. The heat per unit area and unit time on the
four nodes of the face is to be specified in the user subroutine FORCEM.

61 Surface flux on the 4-8-5-1 face (heat per unit area and unit time).

63 Surface flux on the 4-8-5-1 face. The heat per unit area and unit time on the
" four nodes of the face is to be specified in the user subroutine FORCEM.

Moreover, the element may be subjected to point fluxes on nodes and convective fluxes by
specifying the film coefficients and sink temperatures for each edge.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a triangular prism or to a tetrahedron.

Nodal coordinates

Three global coordinates in the x, y and z directions.

Nodal degrees of freedom

One degree of freedom T (the nodal temperature).

Output of temperature gradient (at integration points)

l=x,2=y,3=1z.

Analysis types

- Linear and non-linear transient heat transfer analysis.
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C16. Element 16 (3D heat transfer)

Twenty-node isoparametric element with quadratic interpolating functions (geometrically it is
identical to element 1 ).

Connectivity
Twenty nodes numbered as in Fig. 1.1.

Integration

The element is integrated numerically using twenty-seven integration points (Gaussian
quadrature).

Distributed fluxes

Distributed loads are chosen by value of IBODY, as follows:

IBODY DESCRIPTION

1 Volumetric flux. The heat quantity per unit volume and unit time must be
assigned.
2 Volumetric flux. The heat quantity per unit volume and unit time is calculated ,

in the user subroutine FORCEM.
11 Surface flux on the 1-2-3-4 face (heat per unit area and unit time).

14 Surface flux on the 1-2-3-4 face. The heat per unit area and unit time on the
four nodes of the face is to be specified in the user subroutine FORCEM.

21 Surface flux on the 5-6-7-8 face (heat per unit area and unit time).

23 Surface flux on the 5-6-7-8 face. The heat per unit area and unit time on the
four nodes of the face is to be specified in the user subroutine FORCEM.

31 Surface flux on the 1-5-6-2 face (heat per unit area and unit time).

33 Surface flux on the 1-5-6-2 face. The heat per unit area and unit time on the
four nodes of the face is to be specified in the user subroutine FORCEM.

41 Surface flux on the 2-6-7-3 face (heat per unit area and unit time).

43 Surface flux on the 2-6-7-3 face. The heat per unit area and unit time on the
four nodes of the face is to be specified in the user subroutine FORCEM.

51 Surface flux on the 3-7-8-4 face (heat per unit area and unit time).
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53 Surface flux on the 3-7-8-4 face. The heat per unit area and unit time on the
four nodes of the face is to be specified in the user subroutine FORCEM.

61 Surface flux on the 4-8-5-1 face (heat per unit area and unit time).

63 Surface flux on the 4-8-5-1 face. The heat per unit area and unit time on the
four nodes of the face is to be specified in the user subroutine FORCEM.

Moreover, the element may be subjected to point fluxes on nodes and convective fluxes by
specifying the film coefficients and sink temperatures for each edge.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a triangular prism or to a tetrahedron.

Nodal coordinates

Three global coordinates in the x, y and z directions.

Nodal degrees of freedom

One degree of freedom T (the nodal temperature).

Output of temperature gradient (at integration points)

l=x,2=y,3=z

Analysis types

- Linear and non-linear transient heat transfer analysis.
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C17. Element 17 (shell heat transfer)

Four-node isoparametric element with linear interpolating functions (geometrically it is
identical to element 10).

Connectivity

Four nodes numbered as in Fig. 10.1.

Integration

Integrating on the element surface is performed numerically using four-point Gaussian
quadrature. The relative integration points are shown in Figure 10.2. Integration within the
thickness is also performed numerically using instead the Sympson method, the number of
sections into which it is divided being defined in card SHELL SECT (the default value is 3,
the maximum number of sections is 99).

Geometry

For homogeneous shells the shell thickness must be specified; for non-homogeneous shells
the thickness of each section must be specified (COMPOSITE option). The thickness of the
whole shell or of each layer can be specified at each node by using the user routine UGEOM.

Distributed fluxes

Distributed loads are chosen by value of IBODY, as follows:

IBODY DESCRIPTION
1 Volumetric flux. The heat quantity per unit volume and unit time must be
assigned.
2 Volumetric flux. The heat quantity per unit volume and unit time is calculated

in the user subroutine FORCEM.
11 Edge flux on the 1-2 edge (heat per unit length and unit time).

13 Edge flux on the 1-2 edge. The heat per unit length and unit time on the two
nodes of the edge is to be specified in the user subroutine FORCEM.

21 Edge flux on the 2-3 edge (heat per unit length and unit time).

23 Edge flux on the 2-3 edge. The heat per unit length and unit time on the two
nodes of the edge is to be specified in the user subroutine FORCEM.
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31 Edge flux on the 3-4 edge (heat per unit length and unit time).

33 Edge flux on the 3-4 edge. The heat per unit length and unit time on the two
nodes of the edge is to be specified in the user subroutine FORCEM.

41 Edge flux on the 4-1 edge (heat per unit length and unit time).

43 Edge flux on the 4-1 edge. The heat per unit length and unit time on the two
nodes of the edge is to be specified in the user subroutine FORCEM.

51 Surface flux (heat per unit area and unit time).

53 Surface flux. The heat per unit area and unit time on the four nodes is to be
specified in the user subroutine FORCEM.

Moreover, the element may be subjected to point fluxes on nodes and convective fluxes by
specifying the film coefficients and sink temperatures for each edge.

Collapse

By suitably repeating node numbers in the connectivity, the element may be reduced as far as
a triangle.

Nodal coordinates

Three global coordinates in the x, y and z directions.

Nodal degrees of freedom

ITYRD degrees of freedom (temperatures) per node (the value of the ITYRD parameter is
specified into the HEAT TRANSFER option)

ITYRD=2 (linear distribution trough the thickness)
| Top surface temperature
2 Bottom surface temperature

ITYRD=3 (parabolic distribution trough the thickness)
1 Top surface temperature
2 Bottom surface temperature
3 Mid surface temperature.
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Output of temperature gradient (at integration points)

The components of the temperature gradient are give in the local reference system of the shell.
Namely, the first two components are along the local tangent direction, whereas the third
component is along the shell normal unit vector.

Analysis types

- Linear and non-linear transient heat transfer analysis.
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D. DESCRIPTION OF INPUT DATA
The input cards can be logically grouped into three sections:

I) Control cards. These control the program flow and define the general features of the
analysis.

1) Model cards. These describe the geometrical model and material properties, and provide
information concerning the algorithm used and the accuracy of analysis.

MI) Load cards. They describe the load increments and allow re-definition of the boundary
conditions.

In an input stream, the cards of each set follow one another in the order I, I, IIl. Within each
section, the cards or groups of cards may have any order. The cards have a free format and
fields are separated by blanks and/or commas. Integer or real fields in a card can be
constituted by a number with a maximum length of ten characters; sign, point and exponent (E
or D) included. If a card requires one or more extensions, the character '=' must be written
after the last field in the card, thus the next card is interpreted as a continuation of the previous
card. The number of continuation cards cannot exceed a maximum of 999. Comment cards,
on the other hand, cannot be continued; if other comment rows are necessary, extra comment .
cards must be added.
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D1. CONTROL CARDS

Index of keywords

ALIAS (element aliases)........o.i ot e, Dl1.3
BEAM SECT (definition of the subdivision on the cross section of beams)........ D14
COMMENT or $ (COmMMENt CATAS).......vorveerreee i eeeeeeee oo e eee e e essen e e e s D1.5
COMPOSITE (composite MaterialS)..........coovieruirievreesreeeseesersseeesevesieessrsies e en e D1.6
CONTACT (1igid SUIFACES)....eeeeririteerietieiieee sttt s e etee st e ereereeen e e e s D1.7
DAMPING (damping in dynamic analysis)..............coovirirerineereinannannnens, DI1.8
DEFORMABLE (deformable bodies)........... .................. eeertreesrreeraeeabaeertaaeen s snn D1.9
DIST LOADS (number of distributed 10ads)........evveereeeeeeeserereeeresieseesesrerssenn e s e D1.10
DYNAMIC (dynamic analySiS)........c.vveuiuieiiiein ittt eereeeeeenn DI1.11
ELASTIC (linear elastic analysis)...........c.ccceevueneenns ettt a e aes D1.12
ELEMENTS (ClemEnt COUE )..vviuuiiiiieieeeieeeieeeeeeeeteeeeeeeeeeeesaesssseressssnssesssen s ne e D1.13
END (end of CONrol CArdS)......couviiiiirireeeieieeeiereeseeeeeeeeeeeesesreesesesseeseesseesesssen s s ns D1.14
ENERGY (calculation of mechanical energy) ............ccocoevviiiiiiiniiiiininn.. D1.15
FILM (film coefficients in heat transfer analysis)...................ccovvviviinininnnn Dl1.16
FINITE STRAIN (finite plastiCity).......c.ccveuereieecerinereeeeeiiseieeeveresee e e D1.17 .
FOLLOWER FORCES (follOWET fOIrCES)....vvvuvivieieeicreeereeeeeeeeeeeeeeeseeereeen s e DI.18
FRICTION (fTiCtiON fOICES)..uiiiiiiuiiiiitieeiicreiiris et es e et e eeee e eeseve e eesaese s e e e DI1.19
HARDENING (definition of hardening curves).......o.cccoooveveeeveveviecveeieeeeee e D1.20
HEAT (heat transfer analysis).........c.oviiiiiiiiii it e, DI1.21
ITRESS (IN1t1A] SEEESSES).cvviuviiriieieieiiiriiicii ettt ee et reeeeiea e e s . D1.22
LUMPED MASS (use of lumped mass matrix) ..............ccoooviviiiinnninnnn.n D1.23
MASONRY (masonry-like materials).........c.occoovvveeeveiiieiieiieiieecece e e D1.24




MATERIALS (definition of materials)........ccocveeeivarieniieeieiiis et e e D1.25

POTENTIAL (anisotropic yield point).......ccccoeereveninenicninesenresiesecreenseee e v D1.26
PRINT LEVEL (definition of the print 1evel)......ccccocevveiiviineneciiiii e e D1.27
RESTART (continuation of the previous analysis)......c.cceoceomeereseenirreeicerenrine e D1.28
SCALE (scaling to first yield).......cocoomiiiiiiiiiiiccn e D1.29
SETNAME (definition of element and/or node Sets).........ccccvvevriieiiiivieeeriiiiiieenee D1.30
SHELL SECT (definition of sections for shell element)..........c.cccoceeevivvveneiiiiiinn.. D1.31
SIZING (workspace dimension)........o.cceiiiirininirnerieienteriiie s e seeseanesieesvesane s ... D132
STOP (calculation of MEMOry reqUIrEIMENtS)......ooveveerieeciieeirererereesreriesaene e D1.33
TEMP TABLE (variation of m.echanical properties with temperature).............. D1.34
THERMAL LOADS (input mode of temPerature).........ccocvevreveeerenriscenvrvinienies e o D1.35
TIE (tying CONAItIONS)...ceerierrieireeeeieiitie e itscisieeseses e s teate e res e s en saaseesaessn s e an D1.36
TITLE (title of the analysis)......c..ceeviiiiiniiiiiiiccren et e e D1.37
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ALIAS

Field

1

2*1

2¥[+1

_Element aliases.

Format

A

I

I

Content
ALIAS
Alias number identifier of an element type.

The corresponding actual element type.

Variable

JALIA(1, I)

JALIA(Z, I)
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BEAM SECT

Definition of the number of integration points on the cross section of the beam elements.

Field

1

2

Dl1.4

Format

A

I

Content
BEAM SECT

Number of integration points along the first local
direction on the cross section of the beam. This number
must be an odd number between 3 and 21 (including
the extreme values).

Number of integration points along the second local
direction on the cross section of the beam. This number
must be an odd number between 3 and 21 (including
the extreme values).

Variable

MBINT(1)

MBINT(2)




COMMENTor $

Comment card.

Field Format Content Variable
1 A COMMENT or $
2 A Comment text.

Note: Comment cards may be inserted anywhere.
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COMPOSITE

Shell elements with sections made up of different materials and/or with different thickness

will be used.
Field Format  Content Variable

1 A COMPOSITE

Dl1.6
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CONTACT

Rigid surfaces for contact problems will be present. In this version of NOSA contact problems
are limited to plane strain and axisymmetric situations.

Field Format  Content Variable
1 A CONTACT
2 I Maximum number of rigid surfaces used. MSURF
3 I maximum number of parts (segments or circumference
arcs) constituting each rigid surface. MPART




DAMPING
Viscous and/or numerical damping will be present in dynamic analysis.
Field Format  Content Variable

1 A DAMPING IDAMP
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DEFORMABLE

Deformable bodies for contact problems will be present. In the current version of NOSA only
one deformable body can be considered.

Field Format Content Variable
| A DEFORMABLE
2 I Maximum number of deformable bodies (1). MDEFO
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DIST LOADS

Card for the definition of the maximum number of distributed loads that will be used in the
analysis.

Field Format Content Variable
1 A DIST LOADS
2 I Maximum number of distributed loads (default 3). MDIST
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DYNAMIC

Dynamic analysis using the Newmark method of integration will be performed.
Field Format  Content Variable

1 A DYNAMIC IDYNA
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ELASTIC

Linear elastic analysis with multiple loads will be performed.

Each load defined after this card will be interpreted as total load. If the card ELASTIC is not
filled in, the load will be interpreted as incremental.

Field Format Content Variable

1 A ELASTIC I[ELAS
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ELEMENTS

Card for declaring the identification codes of the elements which will be used in the analysis.

Field Format Content Variable
1 A ELEMENTS
2 I Identification code of the i-th type of element. The
maximum number of element types is 30 NTYPE(D)

Note:  when the card ELEMENT is present, the element types declared in this card
substitute the elements declared in the SIZING card. At least one element type must
be declared.
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END
End of the control cards.
Field Format Content

1 A END

Note: this card is obligatory.

Dl1.14

Variable




ENERGY

Setting up the calculation of mechanical energy (kinetic and potential), as well as of the work
done by the applied external forces, for dynamic and static stress analyses.

Field Format Content Variable

1 A ENERGY LENER
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FILM
Film coefficients of convective heating/cooling will be read in.
Field Format Content Variable

1 A FILM IFILM
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FINITE STRAIN
Finite deformations will be considered in the analysis.
Field Format  Content

1 A FINITE STRAIN

Variable

IFINI
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FOLLOWER FORCES

Follower forces will be used in the analysis. This option is active for element types 6, 7 and 8.
The loads declared in the DIST LOADS cards will be calculated with respect to the current

configuration, not to the initial one.
Field Format  Content Variable

1 A FOLLOWER FORCES IFOLL
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FRICTION

In contact problems, friction forces will be taken into account.

Field Format  Content Variable
1 A FRICTION
2 1 = 0, frictionless contact;
= 1, contact with friction. IFRIC
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HARDENING

Hardening laws of the material will be assigned through cards.

Field Format  Content Variable
1 A HARDENING
2 I Maximum number of data pairs that constitute every
hardening curve (default 0). MHARD
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HEAT TRANSFER

A transient heat transfer analysis will be performed.

Field

1

2

Format

A

I

Content
HEAT TRANSFER

Used to set the number of nodal temperatures and the
order of interpolation trough the thickness for the heat
transfer shell element type 17.

=1, default value, valid for all element types except
type 17,

=2, linear interpolation, each node will have 2
degrees of freedom, i.e. the temperature at the top
and bottom surface of the shell,

=3, parabolic interpolation, each node will have 3
degrees of freedom, i.e. the temperature at the
top, bottom and mid surface of the shell.

Variable

IHEAT

ITYRD
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ITRESS
The initial stress field will be read from a suitable file (FORTRAN unit 22).
Field Format  Content Variable

1 A ITRESS ITRES
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LUMPED MASS
A lumped mass matrix will be used in carrying out dynamic analyses.
Field Format Content Variable

1 A LUMPED LUMP
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MASONRY
Masonry-like materials will be used.
Field Format Content

1 A MASONRY

D1.24
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MATERIALS

Card for declaring the maximum number of different materials that will be used in the
analysis.

Field Format Content Variable
1 A MATERIALS
2 I Maximum number of different materials (default 1) NMATS
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POTENTIAL

Card for declaring the maximum number of different materials with anisotropic yield ( Hill’s
potential theory).

Field Format  Content Variable
1 A POTENTIAL
2 I Maximum number of different materials with
anisotropic yield (default NMATS). NMAPH

Note: the HARDENING card is required.
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PRINT LEVEL

Card for setting the print output level.

Field

l

2

Format

A

I

Content
PRINT

Print output level (default 1);

= 1; displacements, reactions, stresses and strains at the
end of the increment will be printed,

> 1; displacements, reactions, stresses, strains and
incremental nodal forces for each element at the end of
the increment will be printed.

Print frequency; the data will be printed every IFREQP
increments (default 1).

= 0; the data of all elements will be printed,;
= 1; the data of a selected set of elements will be
printed.

= 0; the data of all nodes will be printed;
= 1; the data of a selected set of nodes will be printed.

Variable

LVPRT

IFREQP

NELPR

NODPR
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RESTART

The analysis is the continuation of a previous one. All information relative to the problem
must be read from a suitable file (FORTRAN unit n.99).

Field Format Content Variable
1 A RESTART IREST

Note: if this card is present, the other control and model cards need not be declared. After
the END card, the cards for definition of incremental loads must be assigned.
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SCALE

Card for scaling the results of the problem at the first incremental load in such a way that the
points nearest the first yield are brought to that limit.

Field Format Content VYariable
1 A SCALE ISCAL

Note:  This option works only in the case of infinitesimal elastic-plastic behavior.
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SETNAME

Sets of elements and/or nodes will be used.

Field

D1.30

Format

Content

SETNAME

Maximum number of element sets.

Maximum number of node sets.

Maximum number of items in each set.

Maximum number of items in each compound set (item

list formed by applying logical operators to existing
sets).

Variable

MSETE

MSETN

MSET

MSETEN




SHELL SECT

Card for defining the number of integration points within the thickness for shell elements.

Field Format  Content Variable
1 A SHELL SECT
2 I Number of integration points (default 3, maximum
value 99). MSHEL

Note:  the number of integration points must be odd. The Simpson integration points are
located on the mean surface of each section for composite shells, whereas for
homogeneous shells they are located on the boundary of layers.
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SIZING

Card for the defining the analysis dimension.

Field

1

2

5

6...15

Format

A

1

I

I

Content

SIZING

Dimension of the work vector VEC containing real
variables. This dimension must be less than or equal to
the dimension declared in the main program MNOSA.
Dimension of the work vector IVE containing integer
variables. This dimension must be less than or equal to
the dimension declared in the main program MNOSA.
Total number of elements.

Total number of nodes.

Identification code of the element used.

Note: this card is obligatory.
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MSIZR

MSIZI
NELEM
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NTYPE(D)




STOP

If this card is present, the analysis must end after the reading of control and model cards and
when memory allocation has been performed, with no further calculations.

Field Format Content Variable

1 A STOP ISTOP
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TEMP TABLES

This card declares that the mechanical properties (Young modulus, Poisson ratio and

coefficient of thermal expansion) can be variable with the temperature.

Field Format Content

1 A TEMP TABLES
2 1 Maximum number of data tables.
3 I Maximum number of data pairs in each table.
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MTTEMP

MTTAB




THERMAL LOADS

Thermal loads due to temperature changes will be taken into account. This card declares the
way to read the temperature field.

Field Format Content Variable
| A THERMAL LOADS A IRDTMP
2 I =1, nodal temperatures will be read (this is the value -

to be used with all element type, except with shells.

=2 (for shell elements only) the temperature inside

the thickness will be calculated by linearly interpolating

the temperatures of the lower and upper layers.

=3, (for shell elements only) the temperature inside

the thickness will be calculated by parabolic
interpolation of the temperatures of the lower, middle

and upper layers. ITYRD
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TIE

Tying option will be used in the analysis.

Field Format  Content Variable
1 A TIE
2 1 Maximum number of tied nodes. . MTIE
3 I Maximum number of retained nodes for each tied node. = MRET
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TITLE

Card for assigning a title to the analysis.

Field
1

2

Note:

Format Content

A TITLE

A Title of the analysis (max 70 characters including
blanks).

Variable

TITLE

the presence of this card is obligatory. The first field must be aligned to the left.
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REMARK

The control cards TITLE, SIZING and END are obligatory. Other cards must be declared
when the user wishes to use a particular option or when input values different from the default

values are required.
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REMARK

In the input cards it may be necessary to define lists of nodes and/or elements. A list may be
specified as follows:

- a sequence of integers (1 10 33......);
- in the form "n TO m <BY k>" (if k is not specified, it is assumed to be equal to 1);

- a sequence of names of sets connected by logic operators.

The logical operators are:

AND insert into the current list those entities belonging to the set declared on the
right of this operator,

EXCEPT exclude from the current list all entities in the set declared on the right of .-
this operator;

INTERSECT  select the entities contemporaneously belonging to the connected sets.

A series of logical operations on sets are always resolved from left to right. Thus, each
operator always acts upon the list resulting from the operations performed up to that point (i.e.
the result of all operations on its left) and the set declared on its immediate right.
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BODY

Cards for defining deformable bodies present in the structure.

Field Format  Content Variable
First card
1 A BODY

Second card

1 I Number of deformable bodies. NDEFO -

The following cards must be repeated NDEFO times.

Third card

.M 1 List of elements belonging to the i-th deformable body.  IDEFO

Note: In the current version of NOSA only one deformable body, constituted by all
elements of the mesh, can be taken into consideration.
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BOUNDARY CONDITIONS
Card for definition of boundary conditions.

Field Format Content

First card
l A BOUNDARY CONDITIONS
Second card
1 I Number of groups of boundary conditions.

The following cards must be repeated NBOUN times.

Third card
I.N R Value of the i-th prescribed degree of freedom.
Fourth card
1..N I List of prescribed degrees of freedom.
Fifth card
.M 1 List of constrained nodes.

Variable

NBOUN

PRESC

IFPRE

Note: At least one group of this card type is required and, in the case of static analysis,

constraints must be such as to avoid at least rigid body motions.

Note: If negative values are specified in the degrees of freedom list, the user routine UBND
will manage the boundary conditions relative to the degree of freedom given by the

absolute value of the indicate negative numbers.
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COMMENT o0 §
Comment card.
Field Format Content
1 A COMMENT o §

2 A Comment text.

Note: the comment cards may be inserted at any point.
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COMPOSITION

Cards for defining the composition of elements.

Field Format  Content
First card
1 A COMPOSITION

Second card

1 I Number of groups of elements having the same
composition.

The following cards must be repeated NCOMGR times.

Third card

1..KLAYR 1 The identification number of the material of the
element. If the COMPOSITE option has been set, it is
the identification number of the material of a single
layer (if KLAYR<MSHEL, the layers from KLAYR+1
to MSHEL are constituted of the KLAYR-th material).

Fourth card

1 I List of elements having the composition defined in the

previous card.

Variable

NCOMGR

MATNO
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CONNECTIVITY

Cards for defining the mesh connectivity.

Field Format  Content Variable
First card
1 A CONNECTIVITY
Second card
1 I Number of elements for which connectivity is assigned.
If zero or blank, then NEL=NELEM. NEL

Third card (1 card for each element)

1 I Number of the element.
2 I Element type.
3.NEL+2 I Identifier numbers of nodes (;f the element. LNODS

Note: at least one group of these cards is obligatory.

4
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CONTROL

Cards for defining the parameters, which control the accuracy of numerical, results the

analysis.
Field Format Content Variable
First card

1 A CONTROL

Second card

1 T Maximum number of increments (default 4). MAXINC
2 1 Maximum number of iterations for each increment

(default 3). MITER
3 I Type of algorithm used for the solution of the system.

= 1, initial stiffness matrix,

= 2: modified Newton-Raphson method,

= 3, Newton-Raphson method.

The default value is 3. -NALGO

Third card

1 R Ratio in % between the norm of residual force and the
norm of total force, including reactions, in order to an
increment is considered as converged. For shell and
beam elements, the moments are divided by the
corresponding  thickness to  be dimensionally
homogeneous to forces. TOLER

2 R Minimum value of the norm of total force. If the norn
is less than FUZTOL, the convergence control is
skipped (default 1.D-08). FUZTOL

3 R For dynamic analyses it is the minimum displacements
change. If the norm of displacement is less than -
FUZDIS, the convergence control is skipped (defadt
1.D-12). FUZDIS
For heat transfer analyses it is the minimum -
temperature change. If the maximum temperature
change is less than FUZTMP, the convergence control
is skipped (default 1D.-08). FUZTMP
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D210

For heat transfer analyses it is the maximum
temperature change allowed in automatic time stepping

mode (default 20.D0). If the maximum temperature

change is greater than TMPFIN, the increment is
repeated with reduced time step in order that the
maximum temperature change be equal to TMPFIN
(this can be obtained with precision in linear cases).

TMPFIN




COORDINATES

Cards for the definition of nodal coordinates.

Field Format Content Variable
First card
1 A COORDINATES

Second card

1 I Maximum number of coordinates per node. If zero or
blank then NC=MCORD, where MCORD is the
maximum number of nodal coordinates in the mesh.. NC

2 1 Number of nodes for which the coordinates are
assigned. If zero or blank, then NP = NPOIN. NP

Third card (1 card for each node)
1 1 Node number. IPOIN

2..NC+1 R Coordinates of node IPOIN COORD

Note: at least one group of these cards is obligatory.
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DAMPING

Card for definition of damping coefficients in dynamic analysis.

Field Format Content Variable
First card

1 A DAMPING
Second card

1 I Number of groups of conditions. : NDAMP

The following cards must be repeated NDAMP times.

Third card

1 R Value of the multiplier of mass matrix for viscous
damping (default 0.). DAMP(1)
2 R Value of the multiplier of stiffness matrix for viscous
damping (default 0.) DAMP(2)
3 R Value of the multiplier of the stiffness matrix for
' numerical damping (default 0.). DAMP(3)
Fifth card
1.M 1 List of elements with these damping conditions.
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DEFINE

Cards for defining sets of elements and/or nodes.

Field Format  Content Variable
First card
1 A DEFINE
2 A ELEMENT or ELEMENT SET, for an element set;
NODE or NODE SET or NDSQ or NDSQ SET for a
node set.
3 A Name of the set (maximum 8 characters) CSETE or
CSETN
Second card
1 I List of elements or nodes constituting the set. NSETE or
NSETN
Note: The names of other sets cannot be included in the lists of set definition
Note: A set can not be referenced in the input data before being defined.
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DYNAMIC
Card for definition of integration coefficients in dynamic analysis.

Field Format Content Variable
First card
1 A DYNAMIC

Second card

1 R Value of the “gamma” coefficient in Newmark method
(default 0.5). GAMNEW
2 R Value of the “beta” coefficient in Newmark method
(default 0.25). BETNEW
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END OPTION

Card for declaring of the end of model cards.

Field Format Content

1 A END OPTION

Note: this card is obligatory.

Variable
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FILM COEFFICIENT

Card for definition of film coefficients in heat transfer analysis.

Field Format  Content Variable
First card
1 A FILM COEFFICIENT

Second card

1 I Number of groups of conditions. NFILM

The following cards must be repeated NFILM times.

Third card
1 I Identifier of the element face.
2 R Value of the film coefficient (default 0.). FILM
3 R Value of the sink temperature (default 0.) SINK
4 I If different from zero, indicates that the film coefficient
value will be calculated by the user routine UFILM. INDFIL
4 I If different from =zero, indicates that the sink
temperature value will be calculated by the user routine
UFILM. INDSIN
Fifth card
1.M I List of elements with these film conditions.
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FIXED ACCELERATION

Card for definition of acceleration boundary conditions in dynamic analysis.

Field Format  Content Variable
First card
1 A FIXED ACCELERATION

Second card
1 I Number of groups of boundary conditions. NFIXA

The following cards must be repeated NFIXA times.

Third card

I.N R Value of the i-th prescribed acceleration. PRSCA
Fourth card
1..N I List of prescribed acceleration degrees of freedom. IPREA
Fifth card
1.M I List of constrained nodes.

Note: If negative values are specified in the degrees of freedom list, the user routine UBND
will manage the boundary conditions relative to the degree of freedom given by the
absolute value of the indicate negative numbers.
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FIXED DISPLACEMENT
Card for definition of displacement boundary conditions.

Field Format  Content

First card
1 A FIXED DISPLACEMENT
Second card
1 I Number of groups of boundary conditions.

The following cards must be repeated NFIXD times.

Third card

I.N R Value of the i-th prescribed degree of freedom.
Fourth card

1.N 1 List of prescribed degrees of freedom.

Fifth card

1.M I List of constrained nodes.

Variable

NFIXD

PRESC

IFPRE

Note: At least one group of this card type is required and, in the case of static analysis,

constraints must be such as to avoid at least rigid body motions.

Note: If negative values are specified in the degrees of freedom list, the user routine UBND
will manage the boundary conditions relative to the degree of freedom given by the

absolute value of the indicate negative numbers.
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FIXED TEMPERATURE
Card for definition of heat transfer boundary conditions.

Field Format  Content

First card
1 A FIXED TEMPERATURE
Second card
1 I Number of groups of boundary conditions.

The following cards must be repeated NFIXT times.

Third card

I.ITYRD R Values of the prescribed temperature.
Fourth card

1.ITYRD I List of prescribed degrees of freedom.
Fifth card

1.M I List of constrained nodes.

Note: At least one group of this card type is.

Variable

NFIXT

PRESC

IFPRE

Note: If negative values are specified in IEPRE, the user routine UBND will manage these

~ temperature boundary conditions.
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FRICTION

Cards for the defining the friction coefficients for contact problems.

Field Format  Content Yariable
First card
1 A FRICTION

Second card

1 1 Number of friction coefficients to be defined. NERIC

The following cards must be repeated NFRIC times.

Third card
1 R Value of friction coefficient. If the value is negative, the
friction coefficient will be defined in the user routine
UFRL CFRICT
Fourth card
1..L I List of deformable bodies.
Fifth card
.M 1 List of rigid surfaces.
Sixth card
I.N 1 List of the parts of rigid surfaces.

Note: The friction coefficient CFRICT(LJ,K) is relative to the interface between the
deformable body K-th and the I-th part of the J-th rigid surface.
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GEOMETRY

Cards for defining the thickness for plane stress elements (type 2), plane strain elements (types
3 and 6) or the thickness of layers for shell elements (type 5 and 10).
For other element types this group of cards is unnecessary.

Field Format Content Variable
First card
1 A GEOMETRY

Second card
1 I Number of groups of elements with the same geometry. NGEOM

The following cards must be repeated NGEOM times.

Third card

1. KLAYR R Thickness of elements or layers (default 1.0). If the
: COMPOSITE option has been set it is the thickness of
a single layer and, if KLAYR<MSHEL, the layers from

KLAYR+1 to MSHEL have the thickness of the

KLAYR-th layer. A negative value of GEOM for shell

element type means that the thickness will be evaluated

on a nodal basis by the user routine UGEOM. * GEOM
Fourth card
1.N I List of elements having the previously defined
geometry.
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HARDENING

Card for definition of materials hardening curves.

Field Format  Content VYariable
First card
1 A HARDENING

Second card

1 I Number of curves to be defined ﬁ KHARD

The following cards must be repeated KHARD times.

Third card

1 I Order number, as defined in the PROPERTY cards of

the material which the hardening curve to be defined

refers to. IMATS
2 I Number of data pairs constituting the hardening curve

to be defined. NHARD
3 R Fraction of hardening to be considered isotropic. If

HAISO = 0.0, the hardening is purely kinematic; if

HAISO = 1.0, the hardening is purely isotropic. HAISO

The following card must be repeated NHARD(JMATS) times.

Fourth card
1 R Value of the equivalent accumulated plastic strain (=0.0
for the first data pair). HARD(1)
2 R Value of the von-Mises equivalent stress corresponding
to the plastic strain HARD(1). HARD(2)
*
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INITIAL DISPLACEMENT

Card for definition of the initial nodal displacement.

Field Format  Content Variable
First card

1 A INITIAL

2 A DISPLACEMENT

Second card
1 I Number of groups of conditions. NDISPI

The following cards must be repeated NDISPI times.

Third card

1..N R Values of the components of thé initial displacemeﬁt
(default 0.). : DISPI

Fourth card

1..N I List of the degrees of freedom with the previously
defined initial displacement.

Fifth card

1.M I List of nodes with initial displacement DISPL

Note: If negative values are specified in the degrees of freedom list, the user routine UDSPI
will manage the displacement components corresponding to the absolute value of the
indicate negative numbers. '
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INITIAL TEMPERATURE

Card for definition of the initial or reference nodal temperature.

Field Format  Content Variable
First card

1 A INITIAL

2 A TEMPERATURE

Second card

1 I Number of groups of conditions. - NTINI

The following cards must be repeated NTINI times.

Third card
1.ITYRD R Values of the prescribed temperature (default 0.). TEMPI
Fourth card

1 I 1 or —1 (index of the temperature degree of freedom). IUSER
Fifth card
.M I List of nodes with initial temperature TEMPL

Note: If negative values are specified in JIUSER, the user routine UTEMPI will manage that
initial temperature values.
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INITIAL VELOCITY

Card for definition of the initial nodal velocity.

Field Format  Content
First card

1 A INITTIAL

2 A VELOCITY

Second card

1 1 Number of groups of conditions.

The following cards must be repeated NVELI times.

1..N R . Values of the components of the initial velocity (default

1.N I List of the degrees of freedom with the previously

Third card
0.).
Fourth card
defined initial velocity.
Fifth card
..M I List of nodes with initial velocity VELOL

Variable

NVELI

VELOI

Note: If negative values are specified in the degrees of freedom list, the user routine UVELI
will manage the velocity components with index given by the absolute value of the

indicate negative numbers.
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LOCAL AXIS

Card for definition of the local reference system for beam elements.

Field Format  Content Variable
First card

1 A LOCAL

2 A AXIS

Second card

1 I - Number of different local systems. : : NLAX

The following cards must be repeated NLAX times.

Third card
1 i If different from zero, indicates that the local system is  ITUSER
to be define by the user routine ULAXIS. (default 0)
2,3,4 R Values of the components of the unit vector v; along
the first local direction in the plane of the beam cross
section. The third local direction v3 is defined by the
beam axis and the second local direction v, is found by
the cross product vo=v3Xvy. AXIS
Fourth card
.M I List of elements with this local reference system.
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LUMPED MASS

Card for declaring the use of lumping in the calculation of the mass matrix.

Field Format  Content Variable
First card

1 A LUMPED

2 A MASS
Second card

1 I Number of different sets. NLUMP

The following cards must be repeated NLUMP times.

Third card
1 I If different from zero, indicates that the mass matrix of
the indicated elements will be lumped by summing a
row into the diagonal element. (default 0)
Fourth card
1.M I List of elements having the previously defined

properties.
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MASONRY

Cards for definition of masonry-like materials.

Field Format Content Variable
First card
1 A MASONRY

Second card

1 I Number of groups of elements having the same material f
behavior. NMASO

The following cards must be repeated NMASO times.

Third card
1...KLAYR 1 =0, elastic-plastic material;
=1, masonry-like material with low tensile strength and
infinite resistance to compression;
=2, masonry-like material weakly resistant to tension,
with bounded compressive strength. MASO
Fourth card
1 I List of elements having the previously defined
properties.

Note: in this version of NOSA, the shell elements cannot have layers with different material
behaviors.
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MASSES

Cards for definition of concentrated masses in dynamic analysis.

Field Format Content Variable
First card
1 A MASSES

Second card

1 I Number of groups of nodes with equal concentrated
masses applied. NMASS

The following cards must be repeated NMASS times.

Third card

1..N R Value of the concentrated mass for the degrees of

' freedom listed below (default 0.). PMASS
Fourth card

1.N I List of the inertia component indexes.

Fifth card

1.M 1 List of nodes with concentrated mass PMASS.

4

Note: If negative values are specified in the degrees of freedom list, the user routine UPMAS
will manage the inertia components with index given by the absolute value of the
indicate negative number.
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POST

Card for defining the structure and content of the post-processing file.

Field

First card

1

Format

Second card

1

I

Content

POST

Number of variables to be written to the post-
processing file (default 0, maximum 200).

Write frequency of the increment results on the post-
processing file. The output will be written
corresponding to the NPOST-th increment after the last
written (default value 0, i.e. no post data writing).

=0, the post-processing file is written using the

- character format (FORTRAN unit 20);

=1, the post-processing file is written using binary
format (FORTRAN unit 21).

Write frequency of the results of the different iterations
on the post-processing file (default 0, i.e. no iteration
results writing)

=0, if a restart is required, the initial part of the post-
processing file, including connectivity and nodal
coordinates is not printed;
=1, if a restart is required, the initial part of the post-
processing file is printed.

Alternative method to write on the post-processing file.
Time interval between the writings of results on the
post-processing file (default 0.d0, i.e. no time writing
chosen).

The following card must be repeated MVAR times.

Third card

1
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Variable

MVAR

NPOST

IBINI

INCSB

ICONT

WRTIM

INDVAR




-

Name of the post variable (maximum number of
characters, 24). CHVAR

The post variable codes have the following meanings:

Negative number
1-6
9
11-16
17

21-26

27

31-36

37
41-48
51-58

71

72
73
74
75
81
82

83

The variable must be defined in the user routine PLOTV.
Components of the total strain.

Total temperature.

Components of the Cauchy stress.

Von Mises equivalent stress.

Components of plastic strain. For masonry-like materials, components
of tensile inelastic strain. '

Equivalent plastic strain for elastic-plastic materials. For masonry-like
materials, norm of the tensile inelastic strain.

Components of compression inelastic strain for masonry-like materials
with bounded compressive strength.

For masonry-like material, norm of compressive inelastic strain.
Components of strain characteristics for shell elements.
Components of stress characteristics for shell elements.

Total enthalpy (kinetic plus deformation energy minus the work done
by the external forces).

Total kinetic energy.

Total deformation energy.

Total work done by the external forces (including the reactions).
Total mechanical energy ( kinetic plus deformation energy).
Density of the enthalpy.

Density of the kinetic energy.

Density of the deformation energy.
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84 Density of the external work.
85 Density of the mechanical energy.
181-183 Components of temperature gradient in heat transfer analysis.
If a variable relative to a particular layer of a shell element must be written to tape, the

variable code must be in the form 1000*I+], where I indicates the layer and J is the variable
code as previously defined (or -(1000*I+J) when the user routine PLOTYV is required)
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POTENTIAL HILL

Cards for defining anisotropy ratios of the yield points following the Hill’s theory. Moreover,
the initial rotation matrix is read, which defines the anisotropy principal axes.

Field Format Content Variable
Firsf card

| A POTENTIAL

2 A HILL
Second card

1 I Number of materials with anisotropic yield KMAPH

The following cards must be repeated KMAPH times.

Third card
1 I identifier of the material to which the data refer IMATS
2,.,7 R the ratios (ry, Iy, Iy, Ixys Iyz Iy,) between the yield stress
values along the different directions and the reference
value RAPH
Fourth card
1,.,9 R The initial rotation matrix (given by rows) between the
global reference system and the anisotropy principal
system RSPO
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PROPERTY

Cards for defining the properties of the material constituting the elements and/or sections of
the elements. The properties are different between static and/or dynamic analyses and heat
transfer cases.

Field Format  Content Variable
First card

1 A PROPERTY
Second card

1 1 Number of different materials. KMATS

The following cards must be repeated KMATS times.

Third card (static or dynamic stress analysis)

1 I Material identification number IMATS
2 R Young's modulus (default 0). PROPS(1)
3 R Poisson's ratio (default 0). PROPS(2)
4 R Density (default 0). PROPS(3)
5 R Coefficient of thermal expansion (default 0). PROPS(4)
6 R Equivalent (von Mises) tensile yield stress (default
1.E+20). For masonry-like material, maximum tensile
strength. PROPS(5)
7 R For masonry-like materials, maximum compressive
strength (default 1. E+20). PROPS(6)
8 R Coefficient BETA for isotropic hardening, infinitesimal
plasticity (default 0.). PROPS(7)
9 R Coefficient ~ALFA  for kinematic  hardening,
infinitesimal plasticity (default 0.). PROPS(8)
10 R Coefficient El for kinematic hardening, infinitesimal
plasticity (default 0.). PROPS(9)
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11 R Coefficient E2 for kinematic hardening, infinitesimal
plasticity (default 0.). PROPS(10)

Third card (heat transfer stress analysis)

1 I Material identification number IMATS

2 R Heat conductivity (default 0). PROPS(1)
3 R Specific heat per unit mass (default 0). PROPS(2)
4 R Density (default 0). ' PROPS(3)
5 R Emissivity (default 0). . PROPS(4)

Note: at least one group of these card is obligatory.

Note: usually the isotropic, kinematic and combined hardening are defined through the user
routines CPHI and CPSI and the cards HARDENING.

D2.35




ROTATION AXIS

Cards for defining the direction cosine (components of a unit vector) of the rotation axis and
the coordinates of a point belonging to this axis when centrifugal loads are assigned.

Field Format Content Variable
First card
1 A ROTATION AXIS
Second card
1 R First direction cosine of the rotation axis. ROTAX(1)
2 R Second direction cosine of the rotation axis. ROTAX(2)
3 R Third direction cosine of the rotation axis. ROTAX(3)
Third card
1 R First global coordinate x of a point belonging to the
rotation axis. ROTAX(4)
2 R Second global coordinate y of a point belonging to the
rotation axis. ROTAX(5)
3 R Third global coordinate z of a point belonging to the
rotation axis. ROTAX(6)
Note: for two-dimensional problems the rotation axis is orthogonal to the plane

containing the structure and only the values ROTAX(4), ROTAX(5) need to be specified. For
axisymmetric problems, the rotation axis coincides with the axis of symmetry, and the
ROTATION AXIS card may therefore be omitted.
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SELECTIVE INTEGRATION

Card for reduced selective integration. This feature can be used only for element types 6, 7, 8.
When used, the option implies the reduced integration (1 integration point) of the volumetric
part of the deformation, and its use is recommended in finite strain analyses..

Field Format Content Variable
First card
1 A SELECTIVE INTEGRATION

Second card

1 I Number of different kinds of integration required. NSELE

The following cards must be repeated NSELE times.

Third card
1 I Identification code of the type of integration:
=0, complete integration, .
=1, reduced integration. ISELE
Fourth card
1 I List of elements.
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SURFACE

Cards for defining rigid surfaces for two-dimensional contact problems.

Field Format Content
First card
1 A SURFACE

Second card

1 I Number of rigid surfaces to be defined.

The following cards must be repeated NSURF times.

Third card

1 I Number of parts constituting the rigid surface.

2 R Global coordinate x of the guide point of the surface.

3 R Global coordinate y of the guide point of the surface.

4 R First velocity component of the guide point of the
surface.

5 R Second velocity component of the guide point of the
surface.

6 R Angular velocity of the guide point of the rigid surface

(rad/sec, positive if counterclockwise).

The following card must be repeated NPART times.

Fourth card

1 I Type of the part to be defined,
=], segment;
=2, circumference arc (1st approach);
=3, circumference arc (2nd approach).

Variable

NSURF

NPART
SURF(1,1)

SURF(2,1)

SURF(3,1)

SURF®#4,1)

SURF(5,1)

ISURF

The following fields have different meanings according to the type of part to be defined.
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1y

2)

2)

Note:

Segment.

R Coordinate x of the first point. SURF(1, N)
R Coordinate y of the first point. SURF(2, N)
R Coordinate x of the end point. SURE(@3, N)
R Coordinate y of the end point. SURF(4 ,N)

Circumference arc (1st approach).

R Coordinate x of the first point. SURF(1, N)
R Coordinate y of the first point. SURF(2, N)
R Coordinate x of the center. SURF(5, N)
R Coordinate y of the center. SURF(6, N)
R Angle at center (°, positive if in counterclockwise

direction), ' SURF(7, N)

Circumference arc (2nd approach).

R Coordinate x of the first point. SURF(1, N)
R Coordinate y of the first point. SURF(2, N)
R Coordinate x of the end point. SURF(3, N)
R Coordinate y of the end point. SURF(4, N)
R radius,

>0 if the center is within the rigid surface,

<0 otherwise. SURF(8, N)

A rigid surface must be bounded by a plane closed curve. The parts constituting the
curve must be defined in such a way as to cover the curve in the counter clockwise
direction.
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TEMP TABLE

Cards for the input of the tables, which define the variation of the material properties with
respect to the temperature.

Field Format  Content Variable
First card

1 A TEMP

2 A TABLE

Second card

1 I Table length (number of data pairs). ITTEMP(3)
2 I Identifier number of the material to which the table

refers. ITTEMP(1)
3 I Identifier of the property to which the table refers.

Stress analysis:

=1, Young modulus;

=2, Poisson rafio;

=3, coefficient of thermal expansion (linear). ITTEMP(2)

Heat transfer analysis:

=1, heat conductivity;

=2, specific heat, per unit mass;

=3, emissivity. ITTEMP(2)

The following card must be repeated ITTEMP(3) times, so the values of the I-
th pair of the J-th table have to be specified as follows:

Third card.
1 R I-th temperature in the J-th table. RTTEMP(1, L))
2 R The value corresponding to the I-th temperature in the

J-th table. RTTEMP(2,L J)
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TYING

Cards for definition of the tying relations between nodal degrees of freedom. This option
allows tying unpaired nodes during (non-gradual) refining of the mesh, as well as tying the
degrees of freedom of different element types and setting the kinematic constraints along
directions not aligned with the Cartesian reference axes.

Field Format Content VYariable
First card
1 A TYING

Second card
1 I Number of tying relations to be defined. NGTIE

The following card must be repeated NGTIE times.

Third card
1 I Identifier of the tying relation. ITIE(1)
2 I Identifier number of the tied node of the tying relation
or
the name of the node set containing the tied nodes of
the tying relation. ITIE(2)
3.N 1 Identifier numbers of retained nodes of the ;ying
relation
or
the names of node sets containing the retained nodes of
the tying relation. ITIE(3...N)

Note:  The management of the tying relations is carried out by the user routine. UTIE.

Note: If the tied and retained nodes are specified by sets, so these sets must be in one to one
correspondence in the sense that the i-th items of the sets containing the retained
nodes must be the identifiers of the retained nodes pertaining to the tied node
identified by the i-th item of the set of tied nodes.

=
E 4
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D3. LOAD CARDS

Index of keywords

AUTO LOAD (automatic repetition of 1oad inCrements).........coovveeveeeveeerreeenonnn, D3.3
BOUNDARY CHANGE (variation of boundary conditions)............c..seeveeree.... D34
COMMENT or $ (COMMENL CALAS).......ovieveeeereeeeeeereseeee e s eeeseereses e ees e eeeen D3.5
CONTROL (definition of convergence parameters) .............................................. D3.6
DISTRIBUTED FLUX (definition of distributed heat fluxes)...........c....vn..... D3.8
.DISTRIBUTED LOADS (:definition of distributed 10ads)........ocovvenirninirncirniren. D3.9
ELPRINT (selective print of elemental data)............cooooevveeemieeeieeieeeeereeeeeennn D3.10
END INCREMENT (end definition of load increment)........co.oovveeveeevereeeesevennnnns D3.11

FIXED ACCELERATION (resetting of prescribed values of the acceleration)... D3.12
FIXED DISPLACEMENT (resetting of prescribed values of the displacement)... D3.13

* FIXED TEMPERATURE (resetting of prescribed values of the temperature)... D3.14

NODPRINT (selective print of nodal data).............cc.evveeevcrecviisre oo D3.15
POINT FLUX (definition of concentrated heat ﬂuxes)..t...; .................... ST D3.16
POINT LOADS (definition of point 10ads).........coeevveveerneriveieeeresreeseeenenes erereene  D3.17
POST (redefinition of write freqUENCY).......c.cververiirivecererereereeeeeeeeeereeeee s D3.18
PRINT CHOICE (8CUVAON OF PEIO). ..o D3.19
PROPORTIONAL INACkREMENT (proportional increments).................. e D3.20
- SAVE INCREMENT (save incremental data)...........c.coevooveeeiveneiinnes e eereeens D3.21

STEPSIZE (definition of time step size in heat transfer or dynamic analysis).... D3.22

SURFACE CHANGE (variation of rigid surface velociti€s)........cocoocovveevueevenannnn. D3.23
THERMAL LOADS (definition of thermal loads)............co.covvveveoiir e, D3.24
TIME STEP (definition of time INCIEMENES).....couvvieireeeeeeeeereeeeeseeseereesreresreeens D3.26
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TYING CHANGE (variation of tying relations)........cceevvvrvrscorevcniniiireireesveesenn D3.27
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AUTO LOAD

Cards for the definition of the number of automatic load or heat flux increments.

Field Format Content
First card
1 A AUTO LOAD

Second card
1 I number of times the load increment is to be applied.

2 I = 0, load increments are equal to the first load
increment of the list.
= 1, each load increment of the list will be calculated in
order to allow utilization of the user routines FORCEM
and UPLOAD.

Variable

NAUTO

NAUTI1
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BOUNDARY CHANGE

Cards for redefining the prescribed incremental values of degrees of freedom.

Field Format Content Variable
First card
1 A BOUNDARY CHANGE

Second card

1 I Number of groups of different boundary conditions. NBOUN

The following cards must be repeated NBOUN times.

Third card

1..N R Value of the i-th prescribed degree of freedom. PRESC
Fourth card

1.N I List of the prescribed degrees of freedom. IFPRE
Fifth card

.M I List of constrained nodes. | NOFIX

Note: If the card BOUNDARY CHANGE is present, the boundary conditions are completely
redefined; in which case the boundary conditions which do not change with respect to
the previous increment must be repeated as well.

Note: The values assigned to the degrees of freedom through the card BOUNDARY
CHANGE are displacement or temperature increments; therefore, if prescribed degrees
of freedom are added or subtracted, a new linear system must be solved (simple back-
substitution is not sufficient). Thus, the CONTROL option must be activated and the
use of the Newton-Raphson algorithm specified in it.
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COMMENT or $
Comment card.
Field Format  Content
1 A COMMENT or $

2 A Comment text.

Note: comment cards may be inserted anywhere.

Variable
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CONTROL

Cards for defining parameters, which control the accuracy of numerical results for non-linear
analysis.

Field Format  Content Variable
First card
1 A CONTROL

Second card

1 1 Maximum number of load increments (default 4). MAXINC
2 I Maximum number of iterations for each load increment

(default 3). MITER
3 I Type of algorithm used for the solution of the system

1 =initial stiffness matrix,

2 = modified Newton-Raphson method,

3 = Newton-Raphson method.
The default value is 1. NALGO

Third card

1 R Ratio in % between the norm of residual force and the
norm of total force, including reactions, in order to an
increment is considered as converged. For shell
elements, the moments are divided by the thickness to
be dimensionally homogeneous to forces. TOLER

2 R Minimum value of the norm of total force. If the norm
is less than FUZTOL, the convergence control is
skipped (default 1.D-08). FUZTOL

3 R For dynamic analyses it is the minimum displacements
change. If the norm of displacement is less than
FUZDIS, the convergence control is skipped (default
1.D-12). FUZDIS
For heat transfer analyses it is the minimum
temperature change. If the maximum temperature
change is less than FUZTMP, the convergence control
is skipped (default 1D.-08). FUZTMP
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For heat transfer analyses it is the maximum
temperature change allowed in automatic time stepping
mode (default 20.D0). If the maximum temperature
change is greater than TMPFIN, the increment is
repeated with reduced time step in order that the
maximum temperature change be equal to TMPFIN
(this can be obtained with precision in linear cases).

TMPFIN
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DISTRIBUTED FLUXES

Cards for the definition of distributed heat fluxes on faces or edges of elements.

Field Format Content Variable
First card
1 A DISTRIBUTED FLUXES

Second card

1 I Number of different types of fluxes. : - NDIST

The following cards must be repeated NDIST times.

Third card
1 ‘I Identifier code of the flux type (see the library of
elements). IDIST(1)
2 I Order number of the type of flux. IDIST(2)
Fourth card
1.N R Values of the heat flux applied on the elements (see the
library of elements). RDIST(, 1)
Fifth card
1 1 List of elements on which the flux is applied.
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DISTRIBUTED LOADS

Cards for the definition of distributed loads on faces or edges of elements in the global or
local reference system.

Field Format Content Variable
First card
1 A DISTRIBUTED LOADS

Second card
1 I Number of different types of loads. NDIST

The following cards must be repeated NDIST times.

Third card
1 I Identifier code of the load type (see the library of S
elements). - IDIST(1)
2 I Order number of the type of load. . IDIST(2)
Fourth card
l..N R Values of components, in local or global coordinates, of
the force applied on the elements (see the library of
elements). : RDIST(, 1)
Fifth card
1 I List of elements on which the load is applied.
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ELPRINT

Cards for the selective print of elemental data (strains, stresses efc.).

Field Format Content Variable
First card
1 A ELPRINT
Second card
1 [ Number of groups of elements whose data are to
be printed. NELGR

The following card must be repeated NELGR times.

Third card

1 | List of elements to be printed. IELPR

B
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END INCREMENT

This card signals the end of definition of an increment load. The presence of the card END
INCREMENT is obligatory at the end of the definition of each load increment.

Field Format Content VYariable
Fist card
1 A END INCREMENT
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FIXED ACCELERATION

Card for definition of acceleration boundary conditions in dynamic analysis.

Field Format Content Variable
First card

1 A FIXED ACCELERATION
Second card

1 I Number of groups of boundary conditions. NFIXA

The following cards must be repeated NFIXA times.

Third card

1..N R Value of the i-th prescribed acceleration. - PRSCA
Fourth card

I.N I List of prescribed acceleration degrees of freedom. IPREA
Fifth card

1..M 1 List of constrained nodes.

Note: If negative values are specified in the degrees of freedom list, the user routine UBND
will manage the boundary conditions relative to the degree of freedom given by the
absolute value of the indicate negative numbers.

Note: If the card FIXED ACCELERATION is present, the acceleration boundary conditions
are completely redefined; 