THE MATRIX STIFFNESS METHOD i

(BASED ON CHAPTER 7 — MATRIX ANALYSIS)

The Matrix Stiffness Method is a systematic procedure || © =

[ for analyzing structures by determining the nodal |
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Maop =

lw =

2. RELATIONSHIP BETWEEN FORCES AND DISPLACEMENTS
IN LOCAL AXIS

Stiffness matrix in local axis (20 frame: axial + bending)
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3. TRANSFORMATION TO GLOBAL AXIS
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GLOBAL AND LOCAL AXES
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4. EQUILIBRIUM EQUATIONS AT THE NODES
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| Assumptions:
1- Euler-Bernoull: Neglects deformation due to shear forces
2- Timoshenko: Takes into account deformation due to shear forces

5. EQUILIBRIUM EQUATIONS OF THE STRUCTURE
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Building global stiffness matrix [K]:

If shear deformation is considered:

a=tan'(3Y)

are obtained with the transformation matrix [T,

6. LOAD BETWEEN NODES
Divide the analysis into two states.

State 1: Apply forces and moments at the nodes
to restrain the movements at the nodes.

Where:
{d} = global
(containing v, 1.0, 3t each node)
{Frun) = global nodal load vector
(containing .. F,. M. at each node)

For each element m = i-j in global axes

+ Add the 6x6 matrix (k"] to [K] in the
rows and columns corresponding to the.
DOF of nodes i and .

« No force component is assumed zero.

Global DOF at each node (2D frame):
{d} = fu w 0.}7
Total DOF = 3n

8. 3D BEHAVIOR (SPACE FRAME)
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NOTATION
{d) - nodal displacement vector
r} nodal force vector (Fx, Fy, M) u
K) - global stifness mavrix i
(k™) - clament stifness matrix ‘ (x-displacement)

[T) : transformation matrix

DISPLACEMENTS / DOF AT A NODE (20 FRAME)
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State 2: Apply opposite forces and moments at the
nodes to the ones applied in the previous state.
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Add the results of both states
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9. GEOMETRIC NONLINEAR ANALYSIS (BUCKLING LOAD)

Buckling load: Obtain the load factor \ that cancelst
the determinant of the stiffness matrix of the structure. g

det (IK] + NKg)) =

structre
Where [K(;] = geometric stiffness matrix.
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(y-displacement) rotation about 2)

Displacements, forces and stiffness in global axes
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7. SUPPORTS WITH SPRINGS

10. SUMMARY OF PROCEDURE
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SUPPORTS AND REACTIONS (2D EXAMPLES)

Equilibrium at node i
External (known) nodal loads:
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Internal (from connected elements):
Fy == $ U™

Where {7} are the end forces at node i
of element m (in global axes).
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= restrained displacements (usually = 0)

F*" = spring force vector (acts at restrained DOF)
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