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T0: Dr. William C. McClain
Holifield National Laboratory
P, O. Box Y
Oak Ridge, TN 37830

FROM: Gary D. Callahan
RE/SPEC Inc.
P. 0. Box 725
Rapid city, SD 57701

SUBRJECT: Documentation of the Thermo/Viscoelastic Computer Code TEVCO

(Union Carbide Corporation, Nuclear Division, Subcontract No.
4269, RSI/001000/FY76)

1. INTRODUCTORY REMARKS AND OBJECTIVE

The major objective of this report is to provide a brief description
and documentation of the thermo/viscoelastic finite element computer code
TEVCO. The formulation and theory of the finite element method is beyond
the scope of this report, but has been covered in numerous books and
periodicals (see for example References 1l and 2). In addition, a general

description of the finite element method has been reported previously (3).

2. CODE DESCRIPTION AND CAPABILITIES

Two versions of TEVCO currently exist. One version is adapted to the
HNL IBM 360/91 computer system and the other version is adapted to a CDC 3400
computer system. The major differences between the two versions of the
code exist in the fact that the CDC version uses peripheral storage devices
due to the machine core limitations.

TEVCO may solve any of the following types of problems in either two
dimensional X-Y or axially-symmetric R- € -Z geometry utilizing constant
strain triangular elements with stress or displacement boundary conditions
specified;
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(1) Elastic
(2) Thermoelastic
{3) Viscoelastic

{(4) Thermo/viscoelastic

In additiqn, the above problems may involve geometric nonlinearities (4).
Although material nonlinearities are not currently included, they may be
provided for with minor program modifications.

The two dimensional X-Y geometry uses the plane strain assumption. Plane
stress may be considered by merely replacing Poisson's Ratio (V) by v/(1 + V)
in the material property matrix. :

A basic flow chart of the computer code is shown in Figure 2.1. The
flow chart illustrates the direct solution technique utilized for the most
complex case (e.g. thermo/viscoelastic with geémetric nonlinearities).

Presently, linear strain triangles (LST) and isoparametric quadrilaterals
are being incorporated into the code.
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APPENDIX B

. AN EXAMPLE VISCOELASTIC PROBLEM

SUSR SR TN R Rt

' B.l. Problem Description

To illustrate the finite element code TEVCO, consider a laboratory

L I T ¢

"

X core specimen with a radius and height of one inch, as illustrated in

Figure B.l1l.

-
g
.i:

1230 psi

EIY S N

Radius =1 inch

- b
Height = 1 inch

500 psi ———5>~
- (confining
pressure)

Figure B.1l. Viscoelastic Example Problem of a Laboratory Test

The laboratory core is subjected to a confining pressure of 500 psi and

- loaded to attain a vertical stress of 1,230 psi. The finite element

two~dimensional r-z discretization of the core is illustrated in Figure B.2.

Note that the center of the core is taken as a line of summetry.
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B.2. Results of Finite Element Example

- ) A listing of the computed results of the viscoelastic example pfoblem

is provided in pages B-4 through B-16. The input data, elemental stresscs,
nodal displacements, nodal stresses, and incremental creep strain in elements
19, 2o, abd 21 are displayed in the ouéput. The results at every time step

are not provided in this report due to the large amount of computer output

;' . for this example run. However, results are illustrated for several early g
i\ ' time steps and several late time steps. ' A , f
: A comparison of the finite element computed creep strain and the ?
} ) creep strain computed from the experimentalily determined creep law (4) lis ﬁ
- ' ) illustrated in Figure B. 3.

; ¢ ki
o ‘ 3
L ' 300 I~ o
k "/ 'y
N -~
i ~ 250 L
. < }
: 1 5
3 < . ;
~ 200 ¢ :
- :
, a 90t Finite : ,
% ) Plement Results j%
8 200 o
= : i
& ;
<§ 50 : Yo
I L. N ' i f . ;
20 . 40 &0 80 100 120 S ‘g @
TIME (HRS.) S '
;
Figure B.3. Comparison of Laboratory Strain and Finite "

Element Strain as a Function of Time.
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