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class COOFEM: public CObject
{
public: //Ab) 3 pR BNIATAL) B 2

DECLARE_SERIAL (COOFEM)

COOFEM();

COOFEM(int iNumElement, int iNumNode,

int iType, intiNumMaterial, intiStep);

virtual ~COOFEM();
public: /HRATALRIIAAL

void Serialize(CArchive & ar);

void Initialize(int iNumElement, int iNumNode,

intiType, intiNumMaterial, intiStep);

private:

int iNumElement;

L%

int iNumNode; 1715 KK

int iType; e} A

int iNumMaterial; AR

int iStep; i T 204
private:
CMesh* pMesh; I35 n) PSR FR B
CElement* pElement; & ) A TCR M FRE
CNode* pNode; A5 1m) 15 SRR
CMaterial* pMaterial; IR AP RLEEFR BT
private:
CMatrix GlobalStiffMatrix; /444 M1 S %

CMatrix GlabalLoadMatrix; /s A4 fr 0 B
CMatrix GlobalDispMatrix; [/ M ARN A HFE

public:
int OutputAll(); I BT A 25 SR
}
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o MR TR, AERIE R T O RS
FAIE R MBI IC N A7 ) OutputAll()
B ESC L DT A B 4 R
33 By

FATTHE ST
class CElement: public Cobject
{
public: //AL)3E pR BRI AL) BRI HC

DECLARE_SERIAL (CElement)

CElement();

Virtual ~CElement();
public: //HRATALRIRTAG AL

void Serialize(CArchive & ar);

void Initialize();
private: //5IGIKIREIEECHE IR T EL

ElementData e[MAX_ELEM_NUM];

int iNumElement;
public:

CNode* GetNode(): IR Ei I mRER =Nk
B

int GeneStiff(Matrix* pGlobalStiffMatrix);

int CalStress(ElementData €);

int CalStrain(ElementData e);

int CalGauss(ElementData €);

BOOL blsExcavated(); /&2 &5 # 4%
+

o GeneStiff() 4 v &0 W1 EE R B 1 oR 2L
CalStress() A vH5H N ) ¥ k4, CalStrain()k vHE
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typedef struct

{
int PointsfNUM_POINTS]; /55015 %
int Material; HFF RS
int DamagedType; IR
int iExcavate; 258

float SigmaX[MAX_STEP]; // X J5 IR J)
float SigmaY[MAX_STEP]: //'Y J7 It ERN
float SigmaZ[MAX_STEP]; // Z J5 1A i 3218 /)
float Sigmal[MAX_STEP]; [/ K ERN 7)

float Sigma2[MAX_STEP]: //H/N TN )

float Tao[MAX_STEP]; /[ BIN /)

float Angle[]MAX_STEP]; /I 3 7 Ii]
int Type; IR CRAY

} ElementData;
HABSRAL R B TTTEUNAAT S0 1 BT A]
UM FEA IR R 34, B8 oe It
FEHIHE, iExcavate AX R E A IS
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class CNode: public CObject
{
public: /i R BRI #4 R £
DECLARE_SERIAL( CNode )
CNode();
virtual ~CNode();
public:  //HATHLRIYILALL
void Serialize(CArchive & ar);
void Initialize();
public:
float GetMaxX();
float GetMinX();
int GetBC(int ilndex);
int SetBC(int ilndex);

113845 X J5 T (R e R AR
13843 X J7 T R e KAk A
[E/REREISNESE RN
& REPSVUESE RN

void OutputAll(); I 1R 5

void OutputDisp(); A%

void OutputForce(); 5 R
private: /115 RURRFIE S NS R

NodeData n[MAX_NODE_NUM];
int iNumNode;

NodeData &5, E AT Rl REALL

fao EIE Lk

typedef struct

{
int ilndex; iEa=
float X; 11 X 7 [ A b
float Y; 1Y 77 [ A KR
float UX[MAX_STEP];: 11X J7 A%
float UY[MAX_STEP]: Y J5 %
CNodeForce Force[MAX_STEP]: /75 /i)
int iFixed; HATHRAE
int iExcavated:; A5 R

}NodeData;
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class CMatrix

{

public: /K% R ECFIHT R4 pR £
CMatrix();
CMatrix(int iNumRow, int iNumColumn);
CMuatrix(const CMatrix&);
~CMatrix();

protected:
int iNumRow; IFERE AT HL
int iNumColumn; IIFE RT3 5

MatrixData* pCurrent; /45 a4 HFE LR 1
HEF
float& Insert(MatrixData* pElem, intiRow,
intiColumn);  /HEA—/ICE
public:  /ARTF AR LR AT S A
int GetRow(MatrixData* pCurrent);
int GetColumn(MatrixData* pCurrent);
public:  //EHIZFHFF
virtual float& operator(int iRow, intiColumn);
virtual CMatrix& operator +=(CMatrix&);
virtual CMatrix& operator =(CMatrix&);
virtual CMatrix& operator *=(CMatrix&);
virtual CMatrix operator *(float, CMatrix&);
virtual CMatrix operator *(CMatrix&, float);
virtual CMatrix operator *(CMatrix&

CMatrix&);
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virtual CMatrix
CMatrix&);

}

operator +(CMatrix&

MatrixData /& —/MgEfafk, &R R A
. EHE XU R

typedef struct
{
int iRow; 75
int iColumn; 155
float Value; DT A
MatrixData* pNext;  //fgIn F—/ ML & MTRE
MatrixData* pPre; /[ 1a_L—/ NI ETRE

MatrixData* pHead; /3511 25— AN G R MFREN
}MatrixData;

M EE R TI8HAT(), +=, =, %, +, KRS
A T ARG — AR 7 (A 4

MatrixData A, B, C;

C=A*B;

A+=B;
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class CMesh: public CObject

{

public:  //HATHLRIYILALL
DECLARE_SERIAL( CMesh)
void Serialize(CArchive & ar);
void Initialize();

public:  //k4)3E R ARG bR 5K
CMesh();
Virtual~CMesh();

private: /I AHE: T ORI
CNode Node;
CElement Elem;

public:

11243 VAR A b 2 s

void PrepareData();

void Generate(int iMeshType); /=) #%
void Modify(BOOL bDense); IME g Pk
void ControledModify(); IS P A
BOOL IsJointNode(int i); /AW 275 4 1 EE
HE TGRS A

void DrawElemNumber(float startx , float
starty,
int ScreenHigh, float bic, CDC* pDC);

void DrawNodeNumber(float startx , float
starty,
int ScreenHigh, float blc, CDC* pDC);
void DrawDeformation(int iStep, float startx,
float starty, int ScreenHigh,
float blc, CDC* pDC);
void DrawBC(float x, floaty, float startx,
float starty, int ScreenHigh,
float blc, CDC* pDC);
void DrawElement(int ilndex, float startx,
float starty, int ScreenHigh,
float blc, CDC* pDC);
void DrawResult(float startx, float starty,
int ScreenHigh, float blc, CDC* pDC);
void DrawAll(float startx, float starty,
int ScreenHigh, float blc, CDC* pDc);
UL R 22 BT R K
}
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CSolver. SKAFETT LI R EAN T«
float* CSolver :: ComputeSolution(float* b,

intn, float* rsq)

intj, iter, irst=0;
float aden, anum, bsq, dgg, eps2, gam, gg,
s
float* g, *h, *xi, *xj, *vector(), *X;
g=vector(1, n);
h=vector(1, n);
xi=vector(1, n);
Xj=vector(1, n);
eps2=n*EPS*EPS;
while(TRUE)
{
++irst;
asub(x, xi, n);
rp=hbsq=0.0f;
for(j=1; j<=n; j++)
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{
bsa+=b[j]*b[]:
Xi-=bJ[j]:
rp+=xi[j]*xi[j]:
3

atsub(xi, g, n);
for(j=1; j<=n; j++)
hll=glil=-glil:
for(iter=1; iter<=10*n; iter++)
{
asub(b, xi, n);
anum=aden=0.0;
for(j=1; j<=n; j++)
{
anum+=g[jI*h[jl;
aden+=xi[j]*xi[j]:
}
if(aden==0.0) JumpOut(0);
anum/=aden;
for(j=1; j<=n; j++)
{
xi[j]=x[l:
X[j]+=anum*h[j];
}
asub(x, Xj, n);
*rsq=0.0f;
for(j=1; j<=n; j++)
{
Xj[i]-=b[:
*rsq+=xj[iI*xj [l
}
if(*rsq==rp|[*rsq<=bsg*eps2)
{

FreeAll();
return x;
}
if(*rsg>rp)
{
for(j=1; j<=n; j++)
X[1=xi[il
if(irst>=3)
{
FreeAll();
return x;

break;
}
rp=*rsq;
atsub(xj, xi, n);
gg=dgg=0.0f;
for(=1; j<=n; j++)
{
gg+=glil*glil:
dgg+=(xi[jl+gliD*xi[il:
}
if(gg==0.0)
{
FreeAll();
return X;

}
gam=dgg/gg:
for(j=1; j<=n; j++)
{
glil=-xifil:
h[j]=glil+gam™*h[j]:
}
}
JumpOut(1);
}
}
TSR R R R A AR B, N
AT LASEI
CSolver CurrentSolver;
FloatArray™ x;
x=CurrentSolver.CumputeSolution(b, n, rsq);
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OBJECT-ORIENTED FEM PROGRAMMING FOR GEOTECHNICAL
ENGINEERING

Xiang Yang, Ping Yang, Ge Xiurun
(Key Laboratory of Rock and Soil Mechanics, Institute of Rock and Soil Mechanics,
The Chinese Academy of Sciences, Wuhan 430071 China)

Abstract The object-oriented programming method is introduced. By this method, the classes of finite element
models are designed and their C*™* description and the implementation are given. A geotechnical engineering FEM
software based on Window95/98/NT is designed and developed. The common FEM classes are: the class of matrix,
element class, node class, Gauss class, shape function class, stress class, load class, distributed force class, the
drawing class, mesh class, region class, boundary class, word class, etc. The basic program frame and the codes are
given.

Key words objec-oriented, finite element method, programming, C
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