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For the term project

1. Calculate the stiffness 6x6 from 
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1. Calculate the stiffness 6x6 from 

2. Calculate T from

3. Rotate K from 1 using T from 2 to global coordinate system using

-------------------------------------------------------------
For the term project, I have asked to report, y, theta, M, V on 5 locations:
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Use formulas on slide 374 for the last problem of HW4

Coding a finite element method

Object-oriented programing:
We have objects, and objects have:

- Data 
- Functions

associated with them
-----------------
Slide 392

Element class
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In the provided C++ code, this is how we can have different implementations of stiffness matrix

PhyElement.h

class PhyElement
{
Shared data:
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
----------------------------------
(ii)
Functions with the same procedure
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Example assembly

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

fee.resize(nedof);
if (foe.size() == nedof)

fee = foe;
else

fee = 0.0;

int I, J;
for (int i = 0; i < nedof; ++i)
{

I = dofMap[i];
if (I < 0) // prescribed dof

continue;

------------------------------------------
Examples of class specific data and functions:
PhyElementBar

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;

};

------
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;

}
Node class

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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VECTOR coordinate;
vector <PhyDof> ndof;
int nndof;// number of dofs

};

class PhyDof
{
public:

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

We'll solve this next following these steps:
dim 2
ndofpn 2
Nodes
nNodes 3
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ndofpn 2
Nodes
nNodes 3
id crd
1 1.6 1.2
2 0 0
3 0 2.8

Elements
ne 3
id elementType matID neNodes eNodes
1 3 1 2 2 3 
2 3 1 2 2 1
3 3 1 2 3 1

vector<int> eNodes; // element node vector

In FEM every dof is by default free and it has zero force. Anything other than that should be specified.

PrescribedDOF
np 3

Now that we have nf and np, we can form all the element and 
node storages
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We did steps 1, 2, 3 above

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

We specify only the nonzero forces

FreeDofs
nNonZeroForceFDOFs 1
node node_dof_index value
1 2 -1.0
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