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Abstract: The paper draws a parallel betweeen the Integrated Force  Method IFM and Finite Element Method FEM the second one being a Displacements Method. Both methods have unique response, the first one in  element forces written in the local coordinates system  , the second one in nodal displacements written in the global coordinates system. However the Force Method produces a large spectrum of images in nodal displacements written in the global coordinates system. This spectrum is controled by the selection of  the group of principal elements, local biunique images of global nodal displacements. A short excursion in this spetrum is presented in a suggestive way.
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1. INTRODUCTION

In Figure 1 is presented a truss structure having 6 nodes and 10 elements. In the node number 0 the structure is simply supported and in the node number 5 is an external cylindrical joint. The stucture is loaded by a vertical force in the node number 3. The nodal displacements calculated by IFM and FEM are presented in the 
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 matrix, respectively 
[image: image3.wmf]δnB

 matrix. One can notice a good identity of the two matrix.
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Figure 1  
[image: image7.wmf]d

nB

0.326

-

0

0.145

-

0.087

-

0.508

-

0.063

-

0.261

-

0.505

-

0.07

-

0.201

-

0.671

-

0.016

0.124

-

0.583

-

0.042

0

0

0.194

æ

ç

ç

è

ö

÷

÷

ø

:=

   [image: image8.wmf]d

nC

0.326

-

0

0.145

-

0.087

-

0.508

-

0.063

-

0.261

-

0.505

-

0.07

-

0.201

-

0.671

-

0.016

0.124

-

0.583

-

0.042

0

0

0.194

æ

ç

ç

è

ö

÷

÷

ø

:=




The IFM is drawn by the equation (1). It has as unknown, on one hand the element forces Fel from the local coordinates systems and on the other hand, the supporting reactions Z, written in the global coordinates system.

In this application there are 33 unknown the components of forces and moments. The statical equilibrium of nodes is defined by the the first group of equations where  SER is the extended incidence matrix, NF is the extension of the joint to fixed system and P the external loading vector in the nodes. The second group represents the elastic continuity equations written in the compliance. 
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In the equation (2) is presented successively the definition of the group of equations FC. The SER matrix  of incidence by position of the elements in structure nodes is ordinated in SC on the succession of the rows associated with the free nodes defined in MB. The Cf vector represents the number of coordinates of blocked nodes. The SC matrix is decomposed in the B regular cell of the principal elements and the secondary elements matrix BS. The displacements vector L is decomposed in the principal and secondary components. The principal ones are local images of the nodal displacements from the global coordinates system. The ln vector contains only the free nodes displacements. This permits the elimination of the free nodes displacements, obtaining the continuity conditions C which contains the closing junctions Jc.
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The equation (3) generates the elastical image of the kinematical closings. DL is the quasidiagonal matrix of the flexibility of all structure elements and ls is the dimension of the displacement, respectively force screw. 
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Below are presented the MathCAD representations of these steps.

Statical Equilibrium Equations   
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The Forces of Fixed Link    
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Kinematical Fastening
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M is the cardinal number of free nodes coordinates and  Cf the cardinal number of fixed or imposed displacements nodal coordinates.

The kinematical compatibility results from the elimination of the csCM  nodal displacements. 
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The orthogonality of C SCT and the completion of the SER  matrix  
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Forces on elements in local coordinates system for IFM  
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Structure Deformation
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2. VARIANTS

The first column of M matrix represents the number of the free nodal coordinates of the structure. In Cf are enumerated the blocked coordinates. LC represents the matrix dimension.  The columns of M matrix will define the displacement coordinates on the principal elements. These are images in displacements on the structure elements in local coordinates systems of the nodal displacements from the global coordinates system.
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For the first selection J=0 are chosen as principal coordinates the free nodal ones. In figure 2 is represented the structure deformation which is different from the real one.
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Figure 2  Structure deformation for J=0   


For J=1 is chosen an element coordinate which is related to the blocked coordinate. In figure 3 is presented the deformation. One can notice that it is not respected the blocking of the vertical displacement of the node 0. The am column represents the diagonal of the displacements graphical amplification matrix.
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Figure 3  Structure deformation for J=1
For J=3 other deformation is obtained as in figure 4. This do not respond to the real shape of the deformed structure.
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Figure 4  Structure deformation for J=3
              In figure 5 is represented the deformation obtained for J=4 which does not look like real deformed structure.
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Figure 5  Structure deformation for J=4
3.CONCLUSION

The elastic continuity opens a spectrum of deformations compatible with the kinematical continuity of the contours, but not excited by the given load.  The change of the principal elements selection produces the change of the displacement vector structure as well as the elements forces in local coordinates systems. Only the algebraic condition of B matrix regularity, which makes the application from equation (2), is a restriction for this spectrum. The dimension of the virtual deformations family is of the selections number order which satisfy the B matrix regularity. This is the combination order of  the structure elements degree of freedom taken as nodal free displacements exist. Very much of these do not satisfy the inversion condition of  the B matrix, so they do not have solutions. Many of  these selections having a great number of junctions do not awake the displacements of some nodes.
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