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Constant Strain Triangle (CST)
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Strain- displacement matriLB] ;
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With constant coefficients for each finite element. =
CST — constant strain triangle! - linear displacerant field within elements and 7
constant strains and stresses

{g} =[D{£} .
{g} =[D][B{a},
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STRAIN ENERGY OF THE ELEMENT

Je hef [ {a}dA = AR LJ[B] [D][Bl{d}.

= laL[K.{de

The stiffines matrix of the CST eleme[rk]e

[ =5 An[] [D][E]

6x3 X3 X6

The strain energy of the entire model (N degredseedom)
1
U= ELQJ[K]{Q}

where{ q} is the total nodal displacement vectc[r.K] matrix — symmetrical, semi-positive defined , silag
V=U-W,=|q][K}c}-afF} = min
Ixn  nxn nx1 xn nx1

Global nodal forces vecto{ F} is assembled from the equivalent nodal forcedl @l@ments

Minimum of V with respect to {q} — [ K]{ q} :{ F}
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Nodal forces of theQ2. element equivalent to the body Ioad|_XJ :

W' = QILXJ{U}dQe = QILXJ[N]{q}edQe =[FL{d..

LFXJe = ILXJ[N]dQe ( e.g.|:1X = J-Xl(x, YIN, (X, Y)dQe)

Nodal forces equivalent to the surface tractiacting on the edgd’” of the elementQ,

we = [l pfubare = [Lp)(N}ch,dre=|F®|{d},

The total stiffnes matriX is singular — the system of linear equationsnalified by taking into account the current disglaent boundary

conditions.

|F | =LFuFo FoFyFsFe = F* | +|FP|
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The 2D model of a tensioned plate (under extdoazals being in equilibruim ). The correct and imeot constraints

(constrained rigid body motion,unconstrained defatrom)
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Finite element program:

Preprocessor
Information describing
- the geometry,
-the material properties ,
-the loads, the displacement boundary conditions.
Discretization of the model using the chosen tyjpknde elemets
(e.g. CST)

Processor
Assembling the stiffness matrix using the stiffestrices of all
finite elements
- Building the set of simultaneous equations wittiuded
boundary conditions (displacement b.c. and equintale
nodal forces)
- Solution of the set of equations — calculatibratl nodal
displacements
Calculation of strain and stress components willifinite
elements

Postprocessor
Graphical presentation of the results (contour mispsines ,
isosurfaces, graphs, animations)
Listings, tables
User defined operations on the received results
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RESULTS OBTAINED USING CST ELEMENTS - AVERAGING
Example —2D FE model of the cantilever beam
Finite element mesh

Vertical displacement distribution

-5.29 -4.114 -2.939 -1.763 -. 587743
-4.702 -3.526 -2.351 -1.175 0

Bending stressof ) distribution
(element solution)

- 2356 -1310 - 263. 47 783. 007 1829
-1833 -786. 708 259. 769 1306 2353
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stress vectors in the CST elements
{a} #{a}* #{a}’%...

- 2356 -1310 - 263. 47 783. 007 1829
-1833 -786.708 259. 769 1306 2353

Averaged presentation (nameddal solution)

Averaged stress vect
at noden
{o} =5 {a}' Ik
(k=7)

-1553 - 860. 368 -168.061 524.247 1217
-1207 -514.214 178. 093 870. 401 1563



