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AN OBJECT ORIENTED ANALYSIS AND DESIGN OF
STATIC LINEAR FINITE ELEMENT ANALYSIS
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The object oriented analysis of finite element method is presented in this paper. First, the
neccessity of the object oriented approach to structural analysis is pointed out from a lot of view points.
Then, the object oriented modeling technique (OMT), which consists of object model, dynamic model
and functional model, is applied to the analysis of finite element method. By using OMT, finite
element methods are analyzed from three points of view, which are static structure, control and data
flow. Based on these analyses, the framework of finite element system for linear static analysis is
designed. The pilot program is demonstrated in order to present the validity of the present approach.
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5 Bean NODE = 8, 8 Shape = 1 Material = 1
6 Besa NODE = 6, 10, Shape = 1 Material = 1
Shape
1 Bea frea = 9.939e+03 Moment = 3.000e400
Material
1 IsoElestic € = 7,000e+00 LY = 0.000e+00
Structure
Dor
4 tode= 3 Direct.=0 B.L.=0
5 Mode = 3 Direct,=1 B.C.=0
6 Mde= 3 Direct.=5 B.C.=0
7 HMode= 6 Direct.=0 B.L.=0
8 Mode= 6 Direct.=1 B.LC.=0
9 MNode= 6 Direct.=5 D.LC.=0
10 Mode=10 Direct.=0 B.L.=0
1 Node = 10 Direct. =1 BL.=0
12 Mode=10 Direct,=5 B.L.=0
1 Mode= 1 Direct.=0 B.L.=1
2 Mode= 1 Direct.=1 B.C.=1
3 Mode= 1 Direct.=5 B.L.=1
[——=]—14-Nina
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FEObject I [ Dof NodalForce
_dof list:IdList h ‘ node:Node* _':::ei}lgde'
o g £ = :in
_k mat  :Matrix _dir :int mgn:Value
_u_vec :Vector cnd :int e e
@ S NodalForce(id:int,
_f vec sVector _dsp :Value mde“;od“’
. dir:int,
FEObject () ELC SVBlue ru;:v:lue)
dof_list () :IdListe Dof (nd:Nodeé&,dir:int,cnd:int) z‘r“(‘)” f;‘:g“
add_dof (a:Dofs) :IdListé& Node () :Nodes& mag() :Value
k_mat () :Matrix {abstruct} dir () sint
u_vec () :Vector {abstruct} end () sint 2
£ _vec() :Vector {abstruct} dsp () :Value
rfc() :Value
set_dsp (dsp:Value) :Value
set_rfc(rfc:Value) :Value
Metastructure I MetaElement I [ Node
_elem_list:IdList el _str :MetaStructure* “ndim sint
:IdLi :
elem(int d) :MetaElement& MetaElement (id:int) e g
set_dof () :IdList set_str(str:MetaStructure&) :MetaStructures Node (id:int,ndim:iny)
assemble k() :Matrix str() :MetaStructure& ndim() :int
assemble_f () :Vector node_list () :IdList& cod (i:int) :double
add_node (a:Node&) :IdList& set_cod(i:int,v:double) :double
dof list () :IdListé&
A add_dof (a:Dof&) :IdList&
Structure SubStructure Element Shape
shap: Shape* I i 3
Structure () SubStructure (id:int) TmatlsMatarial® » Shape (1d:unsigned) |
solve() :void reduce () :void — ‘
Element (id:int, shap:Shapes, |
matl:Materials) Material }
shap () :Shape& _e: double |
set_shap (Shape& sp) :Shapes _nu: double
matl () :Materials
set matl(Materiale mt):Materials Material (id:int,e:double,mu:double)
— e() :double const
s - s tdouble const
] - 3 3 mu()
H-14 FBREZREVATADF 7V 22 MV d_mat () :Matrix
BaseMatrix __‘ Matrix ; >
_refent:zint mat :BaseMatrix* . : : et
- I ElemTRM3 l ElemTruss ElemBeam IsoparaElement
BaseMatrix(nr:int,nc:int) Matrix (b:BaseMatrix*) nint:int
index (i:ints, j: &) :int t :int, j:int : :
ndex (1:int&, j:inte) :inf operator () (1 n.‘,,:lue‘) t () :Matrix| | t () :Matrix X mat() iMatrix
/\ operator=(a:Matrix&) psi__rtnat 0 f:atrix
[ ] :Matrixs o 0 b
SqMatrix RecMatrix nrow () :int i 2
: — s ®-15 EXs 5 AOLE
SymMatrix(n:int) Rematrix(n::i:té; t 0 B P %
ne:
/\ 5 10 :Matrix
ElemQUML4
¢ co_factor(i:int,j:int) 9
SymMatrix :Matrix ElemQUML4 (id:int, shap: Shapes&,
Vector det () tValue matl:Material&)
SymMatrix (n:int) LAV —%  :Matrix
A Vector (n:int)
1 1 e
BandMatrix SkylineMatrix (BtF2 7 R)
_band:int _clmn:List A
BandMatrix(n:int, SkylineMatrix(n:int)
band:int) IdNumber b__o IdList
band () :int
_id:int
IdN id:int il
o (‘”) Mher(idsdnt) o add (data: IdNumbers) :IdLists
= sorted add (data:IdNumbers&) : IdList&
DiagMatrix set_id(id:int) :int = : 2 )_
e s T y t operator() (id:int) : IdNumber&
DiagMatrix (n:int) S e ST r&)sin operator([] (index:int) : IdNumbers&
! operator () () : IdNumber&
== = 2= I | 1 1 no() sint
@-16 ﬁﬁ“ FIR @&ﬂf INode" Dof” MetaElement ”Shape " Materiall size() tint
contain(id:int) :Boolean
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