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HW

Coding:

For your term project you can use the incomplete C++ code I provide (10% extra credit) or use 
Matlab, Python (5%), etc. to write your code. 
Need to read and write in the formats I provide
You can work in groups of 2 or 3 (C++, Python)

Part A:
Classes relevant to FEM (Object-oriented programming)

For each class, we discuss 
Data and functions
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class PhyElement
{

friend ostream& operator<<(ostream& out, const PhyElement& dat);
public:

virtual void setGeometry() = 0;
virtual void setInternalMaterialProperties(PhyMaterial* pMat) = 0;
void setNodeConnectivity_Sizes(int nNodeInElement, int ndofpnIn, vector<int>& eNodesIn, 
vector <PhyNode*>& eNodePtrsIn); 

void print(ostream& out);
// Step 8: Element dof maps Me
// Step 9: Set element dofs ae
void setElementDofMap_ae(int ndofpn);

// Step 10: Compute element sti
ness/force (ke, foe (fre: source term; fNe: Neumann BC))
virtual void Calculate_ElementStiffness_Force() = 0;

// Step 11: Assembly from local to global system
void AssembleStiffnessForce(MATRIX& globalK, VECTOR& globalF);

// Step 14: Compute prescribed dof forces
void UpdateElementForces_GlobalFp(VECTOR& Fp);

// Step 15: Compute/output element specific data
virtual void SpecificOutput(ostream& out) const {THROW("does not have implementation");};
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// Step 15: Compute/output element specific data
virtual void SpecificOutput(ostream& out) const {THROW("does not have implementation");};

int id;
int neNodes; // # element nodes
vector<int> eNodes; // element node vector
vector <PhyNode*> eNodePtrs; 
int nedof; // # element dof
VECTOR edofs; // element dofs
vector<int> dofMap;
ElementType eType;
int matID;
MATRIX ke; // element stiffness matrix
VECTOR foe; // element force vector from all sources other than essential BC
VECTOR fde; // element essential BC force
VECTOR fee; // all element forces

};

Look a child of PhyElement

class PhyElementBar : public PhyElement
{
public:

virtual void setGeometry();
virtual void 
setInternalMaterialProperties(PhyMaterial* pMat);
virtual void Calculate_ElementStiffness_Force();
virtual void SpecificOutput(ostream& out) const;
double L;
double A;
double E;

};

From PhyElement.cpp
void PhyElementBar::Calculate_ElementStiffness_Force()
{

// compute stiffness matrix:
ke.resize(2, 2);
double factor = A * E / L;
ke(0, 0) = ke(1, 1) = factor;
ke(1, 0) = ke(0, 1) = -factor;

}

Whenever we go to subclasses (children) we only need
to add new + virtual functions and new data. All the other 
things are inherited.

Other classes:
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PhyNode.h

class PhyNode
{
public:

void set_nndof(int nndofIn);
void UpdateNodePrescribedDofForces(VECTOR& Fp);
ID id;
VECTOR coordinate;
vector <PhyDof> ndof;
int nndof; // number of dofs

};
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PhyDof.h

class PhyDof
{
public:
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PhyDof();

bool p; // boolean: whether the dof is prescribed
int pos; // position in the global system (for free and 
prescribed)
double v; // value of dof
double f; // force corresponding to dof

// F can be stress i can be (0, 1) sigma_{01}
// Field F;
// INDEX i;
};

Steps for solution

Input text file
TrussTest.txt
It's for this problem
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It's for this problem

TrussTest.txt

dim 2
ndofpn 2
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Nodes
nNodes 3
id crd
1 1.6 1.2
2 0 0
3 0 2.8

PrescribedDOF
np 3
node node_dof_index value
2 1 0.0
3 1 0.5
3 2 0.0
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