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Method
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Abstract

Developed in this research is a computer-based training system intended for use in teaching and
learning finite element method. This system has various functions visualizing the finite element
procedures ranging from element modeling to computation of the final outputs, and enabling the users
to interactively intervene, simulate, and inspect the intermediate processes. This system has the
capability of actual finite element analysis as well. Thus, the goals of teaching and learning finite
element method can be achieved more effectively by applying this system not only as a teaching tool
but also as a practical finite element analysis software.

Keywords : finite element method, finite element analysis software, computer-based training, computer-
aided education
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a2l 1 User interface for computer-based training of finite element
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visualization

3 nade triangle element
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point selected for displeying the
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a8l 2 Simulation of element model and sampling of interpolated value
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223 3 Inter-element continuity of C® elements

slope control

3. Tilt the slope control

1.Click the nodetomove. ——— & 2 Dragthe node.

(a) Simulation of deflection and slope

/\’

interpolated value 1st derivativew.rt. X 22 tst derivative wart.Y 22
o 7 %

(b) Continuity of the function and its derivatives

113 4 Interelement continuity of C' elements
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D Geometry
D Property
Integration scheme

Sbape funcion and Jacobian matrix

D Geometry
[* Property
D Integration scheme

Click the button
to expand the child tree;

D intedratic
b strain dispye
I stiffress in'

i
Bhape funcion and Jacobion matrix é

D Geonetry
D Property
D Integration scheme

7 Shape funcion and Jacobian matrix
D stiffness ma-

D Integration point 1
Integration point 2
Shape function

[0 1666667 0.6220084 0. 1656667 0.0446582
Shope function derjuative (natural)

[Ao.asmaa?n 0.3943376 ©. 1056624 0. 1056624

Shape function derivative (Cartesian)

[—0 0300878 -0.2131554 0.1861284 0.0571148 ]

Jacobian matrix

[

Jacobian inverse

[

Jacobian determinant 4.625000
P integration point 3
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S AEAA Ef] FE(tree structure) 2
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-0. 1056624 03943376 C.3943376 0. 1056624
-0.1819473 0.1278933 0.0833230 -0.0342689 j
2.000000 ©.250000

-0.500000  2.250000 ]

-0.0540541 0.4864865
0.4324324 0.1081081
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D Geometry

b property

T Stiffress matrix in tocal coordinates
CBTSEFGE0.0005400 0.000E+00 -~ 1.015E+05 0.000E+0C 0.000E+00
0.0006+00 TESOESD4 6. 1SGE+04 G.000E+00 -1.250E+04 € 186€+04D)
0.000E+00 6. 186E7D4. 4. O61E+05 0.000E+00 -6. 186E+04 2,03 1E+05
~1.01SE+0S 0.000E+00 0-DOCE00 1.01SES0S 0.000E+00 0.000E+00
©.0006+00 - 1. 256E404 6. (BOETDH.0. 000E+00 1.256E+04 ~6. (85E404
0.0006+00 6. 186E+04 2.031E+05 O.UBCE+00 -6.166E+04 4.061E405

D Stiffness aatrix in global coordinates
D Rotation aatrix

lent noda . .
P Eauivotent notal forces A numeric expression

tumms into a symbolic
expression by clicking it .
L= and vice verss,

D Geometry
D Property

7 Stiffness matrix in locgl-ctérdinates

o -1.015E+05 0.000E+00 0.000E+Q0
€

6E 12E1
& 0.0008v00 ~T5-

6EI 4E1 2€1
- “L- 0.000E900 -6.185E404

EA

~1.01SE+05 0.000E+00 0.000E+00  —— o 0.000E+00

0.000E+00 -1.256E+04 6. 186E+04 0.000E+00 1.256E+04 ~6. 1BEE+04
0.000E+00 6_186E+04 2.01E+DS 0.000E+00 —B. 186E+04 4.061E+03

D Stiffness matrix in global coordinates

a2 6 Toggling numeric expression and symbolic
expression
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Global stiffness window

Element stiffness window

D Seametry
P property
£ b stiffness matrix in local coordinates
{ Vstiffness satrix in global coordinates
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© D Rotation matrix
D Equivalent nodal forces

2] 7 Matching an element stiffness matrix
and the global stiffness matrix
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13 8 User interface simulating the stiffness assembly
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mezimum frontal length reached 5o fa

present frontal length

The node under elimination | |
is marked by  circle.

equation to be eliminated

| The entries with contribution from
i | newly esserbled element marked in red.

assembled elements
marked in blue

(auxiliary

most recently assembled elements
marked in red

32 11 User interface of the function simul-
ating the frontal method
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Model with boundary constraints

eigen values eigen vectors reprosented by displacement modes

18] 12 User interface of the function visualizing
eigen values and eigen vectors
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with different integration order
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Recover stresses
at integration points

Construct the
extrapolation surface.

Compute the nodal
stresses.

Repeat the above
procedure for alt
elements

Smooth
the nodal stresses.

a2 18 Visualization of stress recovery and
smoothing process
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a2 19 User interface of the function visual-
izing adaptive solution process
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fFasye AFEH I gL AT

initial mesh 1st refinement

2nd refinement 3rd refinement

(b) Error distribution

(¢) Analysis result

12 20 Overview of adaptive mesh refinement process
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