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The work reported here was performed at Oak Ridge National Labora-
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C. E. Pugh, Program Manager. The program is sponsored by the Office of
Nuclear Regulatory Research of the U.S. Nuclear Regulatory Commission
(NRC). The technical monitor for the NRC is Milton Vagins.

This report is designated HSST Program Technical Report 83. Prior
reports in this series are listed below:

1. S. Yukawa, Evaluation of Periodic Proof Testing and Warm Prestress-
ing Procedures for Nuclear Reactor Vessels, HSSTP-TR-1, General
Electric Company, Schenectady, N. Y. (July 1,1969).

2. L. W. Loeche1, The Effect of Testing Variables on the Tmnaition
Tempemture in Steel, MCR-69-189, Martin Marietta Corporation, Den-
ver, Colo. (November 20, 1969).

3. P. N. Randall, Gross Stmin Measure of Fmeture Toughness of Steels,
HSSTP-TR-3, TRW Systems Group, Redondo Beach, Calif. (November 1,
1969).

4. C. Visser, S. E. Gabrielse, and W. VanBuren, A 7bo-Dimensional
Elastic-Plastic Analysis of Fmature Test Specimens, WCAP-7368,

a Westinghouse Electric Corporation, PWR Systems Division, Pittsburgh,
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7. F. J. Loss, Dynamic Tear Test Investigations of the Fmeture Tough-
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9. T. R. Mager, Post-Irmdiation Testing of 2T Compact Tension Speci-
mens, WCAP-7561, Westinghouse Electric Corporation, PWR Systems
Division, Pittsburgh, Pa. (August 1970).

~ 10. T. R. Mager, Fmoture Toughness Characterization Study of AS33,
Cmde B, Class 1 Steel, WCAP-7578, Westinghouse Electric Corpora-
tion, PWR Systems Division, Pittsburgh, Pa. (October 1970).,
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18. S. C.' Grigory, Tests of 6-in.-Thick Flaced Tensile Specimens, First
Technical Sumury Report, Longitudinal Specimens Numbers 1 through
7, HSSTP-TR-18, Southwest Research Institute, San Antonio, Tex.
(June 1972).
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ORVIRT.PC: A 2-D FINITE-ELEMENT FRACTURE ANALYSIS
PROGRAM FOR A MICROCOMPUTER,

J. W. Bryson
e

ABSTRACT

ORVIRT.PC (Oak Ridge virtual crack extension. Personal
Computer) is a two-dimensional (2-D) finite-element fracture
analysis program for an IBM PC/AT or PC/XT microcomputer. The
code is based primarily on the techniques used in the ORMGEN-
ADINA-ORVIRT fracture analysis system. ORVIRT.PC is a stand-
alone program capable of performing 2-D linear-elastic stress s

and fracture-mechanics analyses. Thermal loadings may be ana-
lyzed in addition to mechanical loadings. Crack-face tractions
may also be considered. Eight-noded isopcrametric elements
that combine both performance and ease of modeling are employed
in the program. Special crack-tip elements that allow for an
inverse square root variation in the near tip stress and strain
fields may be used at the crack tip. Detailed user instruc-
tions describe both preparation of input data and program op-
eration. Sample problems are presented that demonstrate good

v agreement with known solutions.

.

1. INTRODUCTION AND SUMMARY

This report describes the finite-element computer program ORVIRT.PC
(Oak Ridge virtual crack extension. Personal Computer) and provides user
instructions. ORVIRT.PC is a stand-alone finite-element program that exe-
cutes on an IBM PC/AT or PC/XT and is capable of performing two-dimen-
sional (2-D) linear thermoelastic stress and fracture-mechanics analyses.
Special crack-tip elements that allow for an inverse square root varia-
tion in the near tip stress and strain fields may be used at 'the crack
tip.

ORVIRT.PC is based primarily on the techniques used in the ORMGEN-
ADINA-ORVIRT -3 fracture analysis system.* An enhanced version ,4 of the1 3

deLorenzi virtual crack extension developments is employed in the code.
Because pressurized thermal shock ,7 of light-water reactor vessels is a6

major concern of the RSST Program, a thermal loading capability 4 has been
added to the original deLorenzi development. The virtual crack extension
technique used here can be shown3 to reduce identically to the J-integral,

for 2-D problems. In addition, it offers an advantage in application

*0RMGEN-ADINA-ORVIRT addresses linear or nonlinear fracture in 2-,

or 3-D crack configurations and has been extensively used and thoroughly
validated by research members in the Heavy-Section Steel Technology
(HSST) Program at the Oak Ridge National Laboratory.

. - _ . _ __
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over the latter when thermal loadings are considered because all inte-
grals to be performed are area integrals, as opposed to a mix of contour -

and area integrals for the J-integral. Although the technique is appli-
cable in principle to the elastoplastic problem, limitations imposed by
the microcomputer environment make its inclusion Lapractical at this *

time.

Routines that greatly facilitate data preparation are available in
the program. Eight-noded isoparametric quadrilateral elements are em-
ployed everywhere in the modeling, including the crack-tip region. These
elements give essentially the same accuracy for linear-elastic analyses
as the collapsed-wedge elements used in the mainframe ORMGEN-ADINA-ORVIRT
system 1-3 and are much easier to model.

The motivation for developing ORVIRT.FC was to provide an accurate
2-D stand-alone fracture analysis capability for linear thermoelastic ap-
plications. The program performs its own stress analysis, and, thus, ac-
cess to a large structural code such as ADINA2 is not necessary. A very
efficient frontal solver introduced by Irons 8 and presented in detail by
Owen and Fawkes9 is employed in the equation solution subroutine.

Comparisons of ORVIRT.PC results with known solutions indicate very
good agreement. Typical run times on an IBM PC/AT are 20 to 22 min for a
problem approaching the maximum allowable dimensions- of 135 elements and
450 nodes. The program takes ~60% longer to execute on' an IBM PC/XT.

.

.

O

9
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2. STRESS ANALYSIS

[ .1

ORVIRT.PC performs linear-elastic plane-stress or plane-strain
analyses. Eight-noded isoparametric quadrilateral elements with curved,

sides and a quadratic variation of displacement are used in the program
(Fig. 1). Either a 2 by 2 or 3 by 3 Gauss integration rule may be em-
ployed (see Fig. 2). Stresses are calculated and printed for the Gauss
point positions shown in Fig. 2. Eight-noded isoparametric elements were
chosen for ORVIRT.PC because they are versatile and well tried and tested
and are good performers. Practical experience indicates that greater ac-
curacy can be achieved by using fewer of these complex elements in place
of a larger number of simpler elements. Also, user input and modeling
are greatly simplified in an attempt to provide a user-friandly fracture
analysis tool.

ORVIRT.PC employs modified versions of subroutines presented in the
finite-element texts by Owen and Fawkes9 and Hinton and Owen.10 An ex-
tremely efficient frontal solver described and listed in both Refs. 9 and
10 is used in its entirety in ORVIRT.PC. The frontal equation technique

oRNL-DWG 85-4780 ETO
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Fig. 1. Global X-Y and local' (-n coordinate systems for 8-noded
isoparametric quadrilateral elements.
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2 X 2 GAUSS QUADR ATURE, 3 X 3 GAUSS QUADRATURE,
NGAUS=2 NGAUS=3 *

U U
'

d il

,

3 6 9

2 4

r& $ 5 8

-% &
%, W. W,1 3

G. P. ( U G. P. & U

1 -0 5774 -0.5774 1 - 0.7746 -0.7746
2 -0.5774 +0.5774 2 -0.7746 0
3 +0.5774 -0.5774 3 -0.7746 +0.7746
4 +0.5774 +0 5774 4 0 -0.7746

5 0 0
*

6 0 +0.7746
7 +0.7746 -0.7746
8 +0.7746 0
9 +0.7746 +0.7746 .

Fig. 2. Either 2- or 3-point rules may be employed for numerical
integration.

was originated by Irons 8 and differs from banded solver techniques in
that equations are assembled and variables eliminated at the same time.

The complete structural stiffness matrix is never formed as such because,
after elimination, the reduced equation is immediately written to the
hard disk. The frontal technique, is, therefore, particularly suitable
for microcomputer applications because both core storage requirements and
the_ total' number of arithmetic operations are greatly reduced. Unlike
banded solvers, the ordering of elements is very important in the frontal
technique although the ordering of nodal numbering is irrelevant. There-
fore, the elements must be numbered in a systematic manner to minimize
the front ' width.8,10

The following types of loading may be considered: (1) point loads,
(2) distributed-edge loads, and (3) thermal loads. Any combination of

,

these -loads may be applied simultaneously, or several loading conditions
may be applied in succession to the same structural configuration. Dis-
tributed-edge loads do not have to be constant but can vary along the ,

element edge. Thermal loading consists of inputting values of AT at node
points. As a further simplification, gravity loads and other body force
loadings are .not included.

_ _
_ _ . _ _ _ _ ... _ _ _ . .
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i

ORVIRT.PC is dimensioned for a maximum of 450 nodes and 135 ele- i

ments. Up to five different materials may be considered; however, as,

will be explained in Sect. 3, the crack-tip zone must consist of a single
material.

.

p

r

F

f

i
4

9

4

,

t

L

l

.

9

;

9

,

)
i

!

!

3

$

3

i

e

e
P

$

i.

l'
4

. . , . . . , ,w.- g,-, , ~ ,.e v.- .- , n -- - . - --- --, r,..,,-r, ,7-,- , , ,, . ,4- .+ . . . , . m ,



--

|

6

!
3. FRACTURE ANALYSIS

.

-After deLorenzi,5 ORVIRT.PC employs a virtual crack extension tech-
nique that has been modified to include the effects of thermal strains.3,t'

,

The method requires calculation of the released energy G* corresponding
to a virtual crack advance in a cracked body subjected to surface trac-
tions F , body force f , and temperature distribution T (Fig. 3). Pointsa
of configuration I (prior to crack advance) are mapped into configuration
II (after crack advance) by the mapping

'x ,= x,+ Ax (I)a*

where xa * *a correspond to coordinates in configurations I, II, respec-
tively, and Ax is the incremental change in coordinates throughout thea
body accompanying a virtual crack extension Aa at the crack tip.

Using index notation, it can be shown ,5 that the energy release3

parameter G* becomes
_

'( Bu \ 3A's f|f Dea aSG* = | O -W #f
68) 3x6 Jv \ a8 3x6(Gg 3K6v

,

au ) au
"

dV - t " Ax dS , (2)-f
a ax )|Ax

-

O " 3*S 06 s

ORNL DWG 82 8942 ETD

I II

F _

F

-

T T

.

X -
_o

K
g a { ~

Fig. 3. Crack configuration before and af ter crack extension.
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where

* x = cartesian coordinate system,a
V = volume,

S = surface of the cracked body,,

o 8 = stress tensor,a
u,= displacement vector,

W = strain energy density,
f = body force vector,a
t = surface traction vector,a

0a8 = strains of free thermal expansion,
6a8 = Kronecker's delta,
Ax = mapping function defined above,a

and 'a, 8, 6 take on the range 1, 2, 3, and the summation convention for

repeated indices is used. The strain energy density W is given by

W=[oS dc;g ,-o

(3)

CSS" cab - 0oS *

where the mechanical strain components cyg are defined in terms of thev

total strains cog and the strains of free thermal expansion bas *
The energy release rate G is given by

.

G = G*/AA , (4)

where AA is the area increment covered by the virtual crack extension.
The mode I stress-intensity factor K y is related to G by

r

M plane stress
Ky= (5)

GE
plane strain ,

l - u26 Y

where E'is the elastic modulus and u is Poisson's ratio.
Obviously, there are an infinite number of mappings Ax ,for any

given virtual crack extension Aa. However, if a mapping such that Ax =0a
outside a " crack-tip zone" is chosen, then the right side of Eq. (2) must*

be integrated only over=this crack-tip zone. In particular, ORVIRT.PC
utilizes the mapping shown in Fig. 4 where 0 < Ax < Aa in an outer annu-

-

* lus of elements referred to as Region 1, and Ax = Aa inside this annulus
in a so-called Region 2. Note that for 2-D problems, Ax2 " A*3 = 0 and
Axg = Ax. It can be seen that the first term on the right-hani side of

~

<
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Fig. 4. ORVIRT.PC performs calculations only over the " crack-tip
zone" (shaded). Outside the crack-tip zone, Ax = 0.

Eq. (2) is identically zero everywhere except within Region 1, while the
second term must be integrated over the entire " crack-tip zone," that is,
Regions 1 and 2. The third term only comes into play for crack-face
pressure loading. ORVIRT.PC constrains a user to model the crack in the
Y = 0 plane as shown in Fig. 4; hence, dS becomes dx, and the third term
is a straightforward definite integral over the surface of elements

within the crack-tip zone (Regions 1 and 2) that have an applied crack-
face pressure.

It is important that a user understand the above strategy to cor-
,

rectly prepare the input data. Equation (2) is a path-independent inte-
gral; however, it is recommended that a user perform more than one "per-
turbation" or mapping when performing a fracture analysis. Deviations in .

G or K between different perturbations should be <0.1%, and a failure toy
meet this condition indicates that the problem may not be set up properly
or that a finer mesh may be required.
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The virtual crack extension development presented-in Eq. (2) is only
' valid for a homogeneous crack-tip zone; that is, ORVIRT.PC cannot be used.

to analyze fracture configurations where the crack-tip zone consists of,

more than one material. Chen and Wull have demonstrated the appropriate
modifications to the J-integral for a crack at the interface of differenta

materials. It is certainly conceivable that an appropriate perturbation
or mapping could be defined that would enable ORVIRT.PC to handle such a
rituation. This would, nonetheless, require some additional modifica-
tions to the program.

ORVIRT.PC automatically generates special crack-tip elements in
which the midside nodes nearest the crack tip are moved to quarter point
positions. This introduces the appropriate inverse square root variation
in stress and strain along element edges that meet at the crack tip.
While some may argue for the use of collapsed-wedge elements 12 at the
crack tip, the quadrilateral quarter-point element employed in ORVIRT.PC
gives essentially - the same accuracy for linear-elastic analyses and is
much easier to.model. In fact,. experience indicates that accurate solu-
tions can be obtained with ORVIRT.PC by the sole use. of refined meshes of
conventional isoparametric quadrilateral elements at the crack tip.

Finally, it may not be obvious to a user that the virtual crack ex-
tension development used here offers a computational advantage over a
J-integral calculation. In fact, for purely mechanical loading, the
latter is probably more straightforward in application and programming.
However, when thermal loads are present, the J-integral (Fig. 5) requires

* both a contour integral calculation through defined Gauss points and an

.

oRNL-DWG 85-4793 ETD

U

U U = +0.5774

/4-+---+-*-- - + - * - + - - - - * r & = +0.5774
f
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h ELEMENT 1 i GAUSS POINTe
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mmam | |
'N RATION
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I

~~" | |* * $ 9

i I
.

I
*

}
e

t ,
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Fig. 5. J-integral contour path through " corner" elements.
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area integrall3 inside this selected contour similar to the second term
in Eq. (2). Integration is now required over part of an element instead

*

of over the entire element as in the virtual crack extension formulation.
This creates problems for finite-element techniques utilizing Gauss quad-
rature, and some kind of scaling or approximation is required. An alter- ,

native ..pproach is to choose the contour to pass through nodal points;
however, stresses must now be determined at the nodal points and this
generally involves some kind of averaging scheme from all elements that
meet at a common node. Also, an additional problem in the J-integral
calculation, whether or not thermal loads are present, is how one handles
" corner elements" like element 1 in Fig. 5, where the contour changes

f rom the C = +0.5774 direction to the n = +0.5774 direction within an
element. Owen and Fawkes9 present an approximate scheme for handling
this kind of situation; however, a user must be very careful to input the
element connectivities in the specific format required.

For these reasons, the virtual crack extension development 3,5 is
employed in ORVIRT.PC. Further, it represents a much cleaner formulation
with regard to application than the J-integral and requires no approxi-
mations in the integration. It should be restated, however, that the two
approaches must give identical results; it is only in the case of appli-
cation and programming that the virtual crack extension technique is pre-
ferred.

.

9

.
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4. COMPARISONS WITH KNOWN SOLUTIONS
.

Comparisons of ORVIRT.PC calculations with known or accepted solu-
tions are presented in the following fi c four dif ferent crack configura-,

tions. Although the geometries analyzed are relatively simple, finite
dimensions have been chosen such that the " shape factor" for the particu-
lar problem is significantly different from unity; that is, each of the
four flaw geometries represents a challenging problem for numerical
analysis. The results of the comparisons demonstrate that high accuracy
is obtainable with ORVIRT.PC.

Each problem was analyzed using a 3 by 3 Gauss integration rule.
From the known solutions, loads and material properties were selected
such that Ky = 100;* thus , percentage dif ferences between ORVIRT.PC re-
sults and known solutions are readily obtained. Sample input data for
the problem discussed in Sect. 4.1 are provided in Appendix B, while a
complete printout of an ORVIRT.PC analysis of the same problem is given
in Appendix C.

4.1 Center Cracked Plate Subjected to a
Uniform Tensile Stress

Figure 6 taken from Rooke and Cartwrightl4 indicates that the known
'

solution for a geometry having h/b = 0.5 and a/b = 0.5 is Ky = 1.94 o /Fa;
thus, for Ky = 100, the applied tensile stress is 9.1965 if a = 10. The
finite-element discretization and boundary conditions employed in the,

ORVIRT.PC analysis are shown in Fig. 7. For the given loading, ORVIRT.PC
computed Ky = 101.0 for a 1.0% difference from the accepted solution.

4.2 Edge Crack in a Finite-Width Sheet
Subjected to Three-Point Bending

Rooke and Cartwright l4 give Kt = (1.405) (6M/?a/b ), where M = Pl/22

for three point bending of a crack configuration in which 1/b = 2 and
a/b = 0.5 (Fig. 8). The finite-element meah, boundary condition 9, and
applied loading are shown in Fig. 9. For a = 10 and an applied loading
P/2 = 21.164, ORVIRT.PC gives Ky - 99.2 for a 0.8% difference from the
known solution.

4.3 Pressurized Tube with Crack-Face Pressure

The recognized solutionl4 for a tube having R /R2 = 0 5 and-

g

a/(R -- R ) = 0.5 is Kg = 1.172 KO2 g where K0 = 2pRj/ia/(Rj -- R ) (Fig. 10).2

*For brevity and ease of report preparation, units have been omitted
in the following discussion. It is understood that the results are
applicable for any consistent set of units.
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Fig. 8. K for an edge crack in a finite-width sheet subjected tog ,

uniform tensile stress.
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The finite-element modeling and imposed boundary conditions for the
ORVIRT.PC analysis are shown in Fig.11. For a = 10 and g = 5.7086,*

ORVIRT.PC gives Ky = 98.6, which represents a 1.4% deviation from the
known solution.

.

4.4 Center Cracked Plate, Parabolic
Temperature Distribution

The last sample problem demonstrates an application of ORVIRT.PC for
thermal loading. Figure 12 shows the finite-element model used for a
center cracked plate having a/b = 0.25 and h/b = 3. The plate, initially
stress free at T = 0, is exposed to a parabolic temperature distributiono
T = AT(x/b)2 that gives rise to a knownl3 mode I stress-intensity factor,

.

y = 0.557E aAT[i .K

For a = 10 and AT = 200, Ky = 100 if Ea = 0.2839. Using these values,
ORVIRT.PC computes Ky = 99.9 for a 0.1% deviation from the known solu-
tion.

.

ORNL-oWG 85-4789 ETD
.

R /R2 - 0.5g

al(R2 - R ) = 0.5g

g a

P

/

R,
il

\- -

s>,3,;,,,,s,7,s,,;,se - x ,,,pg,,,,,,-,,,,,,

f: R*
2 ; a

Fig. 11. Finite-element mesh employed for pressurized tube with-

crack-face pressure.
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.
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5. PROGRAM OPERATION

.

The system requirements for executing ORVIRT.PC are
.

1. IBM PC/AT or PC/XT, 512K minimum memory, minimum 10MB hard disk ca-
pacity;

2. 80287 or 8027 math coprocessor;
3. IBM Professional Fortran Compiler, Version 1 or 2; and
4. 132 column printer.

Executing program ORVIRT.PC consists of installing the IBM Fortran
Compiler routines, copying the ORVIRT.PC program diskette to the hard
disk, preparing an input file FORTS, and running the program. All rou-
tines and files should reside in the root directory of the hard disk.
All I/O is performed to the hard disk, and disk drives A and/or B are
used only to initially load the programs. A complete stress and frac-
ture-mechanics analysis is written to the output file FORT 6. The step-
by-step procedure for program execution is as follows:

1. Install IBM Professional Compiler, Version 1 or 2 according to the
instructions in the compiler manual. Make sure that a CONFIC.SYS
file that includes the statements FILES =10 and BUFFERS =10 is created.

2. Copy the load module ORVIRT.EXE to the hard disk by inserting the
ORVIRT.PC diskette in disk drive A and typing COPY A:0RVIRT.EXE C:<cr>-

where <cr> is a carriage return.
3. Create the input file FORT 5 using an appropriate editor or word pro-

* c;ssor. Note that the filename has no extension.
4. Execute the program by typing ORVIRT/R 10000<cr>.
5. Examine the output with either the command TYPE FORT 6(cr> or

TYPE FORT 6>PRN<cr>. The former scrolls the output on a console while
the latter prints on a 132-column printer.

ORVIRT.PC is written in FORTRAN 77, using 64 bit, double precision,
real words. The 80287 and 8087 math coprocessors maintain 80 bits of ac-
curacy for mathematical operations, and the data are rounded only when
the resultant is stored back in memory.

Typical run times for ORVIRT.PC on an IBM PC/AT are 5 min for small
problems to 20 min for problems approaching the maximum allowable dimen-
sions of 135 elements and 450 nodes; the program takes ~60% longer to
execute on an IBM PC/XT. Problem size and run time for each of the four
example problems pt asented in Chap. 4 are given below:

Run time
(min)

. =

Problem Nodes Elements DOF IBM PC/AT IBM PC/XT

4.1 141 40 264 5.4 8.9.

4.2 155 44 296 6.1 9.8
4.3 197 56 371 7.3 12.3
4.4 197 56 368 8.4 13.9
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Appendix A
.

ORVIRT.PC USER INSTRUCTIONS

.

CARD SET I - TITLE CARD (12A6), one card

Cols. 1--72 TITLE Title of the problem

CARD SET 2 - CONTROL CARD FOR STRESS ANALYSIS (815), one card

Cols. 1--5 NPOIN Total number of nodal points, 450 maximum
6-10 NELEM Total number of elements, 135 maximum
11-15 NVFIX Total number of restrained boundary points

where one or more degrees of freedom are
restrained,100 maximum

1 6- 20 NCASE Total number of load cases to be analyzed
21--25 NTYPE Problem type parameter

1 -- plane stress

2 -- plane strain
2 6- 30 NMATS Total number of different materials,

5 maximum
31- 35 NCAUS Order of integration formula for numerical

integration, either 2 or 3-

36-4G NFRAC Fracture analysis index
0 -- stress analysis only

'
1 - fracture analysis

NOTES:

1. Galy 8-noded, isoparametric, quadrilateral elements are per-
mitted (see Fig. 1).

2. Either 2- or 3-point Causs quadrature rules may be employed (see
Fig. 2). Stresses will be calculated and printed at Causs points only.

CARD SET 3 -- ELEMENT CARDS (10I5), one card for each element

Cols. 1--5 NUMEL Element number
6-10 MATN0(NUMEL) Material property number
11- 15 LN0DS( NUMEL,1) Ist nodal connection number
16-20 LNODS( NUMEL,2) 2nd nodal connection number

. . .

. . .

. . . .

46-50 LNODS( NUMEL,8) 8th nodal connection number

NOTES:.

1. If NFRAC=1 (see CARD SET 2), identify a quarter point quadri-
lateral crack-tip element by assigning a negative material property
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' numbet 'to MATN0(NUMEL). A positive material property number for an
eleme.it at the crack tip indicates that conventional elements are to be

,

empl oyed. - , ,

?2. The' nodaks.onnection numbers must be listed counterclockwise,,

starting from any cirner node (Fig. 1). This, of course, implies that .

the global X-Y coordinare system must be a right-handed one. Elements in
Region 1 of the crack-tip zone, however, Vequire a special numbering con-
=vention-(Fig. 13). Also, for crack-tip elements, nodal connection num-
bers must-begin with the crack-tip node; in other words, LNODS(NUMEL,1)
must be the crack-tip node.

3.10nly 8-noded, quadrilateral elements are permitted. Triangular
elements formed .by collapsing quadrilateral elements are not allowed.

.ty
,.

CARD SET 4 - NODAL 000RDINATES .(15,2F10,5), one card for each node whose
coordinates are to be input

Cols'.'l-5: IPOIN Nodal' point ns.mber4

6-15 C00RD(IPOIN,1) X-coordinate of node
16-25 C00RD(IPOIN,2) Y-coordinate of rode

,,

|+3TES :
. A

:n ...
.

1. The coordinates of .the highest numbered node must be input
whether or not it is a corner point node. t- -

~

.2. The total number of cards in this set will generailw be less?
than NPOIN (see CARD SET 2) because for straight element sides it is only
necessary to -specify corner-nosle coordinates; midside nodal coordinates -

'

are automatically determined Lfron a straight side. Quarter-point node
coordinates are automatically generated for crack-tip elements.

s

CARD SET 5 - RESTRAINED NODE CARDS (15,3X,211,2F10S5), one card for each #

restrained node, total of NVFIX cards (see CARD SET 2)..

Cols. 1-5 NOFIX(IVFIX) Restrained node number
9 IFPRE(IVFIX,1) X-displacement restraint

- 0 - no restraint
*

e.1 - displacement
restrained.m

10 ' IFPRE(IVFIX,2) Y , displacement restraint -

0 - no, restraint#

1 - displacement
'

,

restrained +

~11-20 PRESC(IVFIX,1) Prescribed value of X-displacement '

21- 30 PRESC(IVFIX,2) Prescribed value of Y-displacement
,

.

.

e

{ 1%^

%
v .- _.

4

'%
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CARD SET 6 -- MATERIAL PROPERTIES (IS,4F10.5), one card for each dif ferent
material, total of NMATS cards (see CARD SET 2). -

Cols. 1-5 NUMAT Material identification number
a&-15 PROPS ( NUMAT,1) Elastic modulus- -

1 6 - 25 PROPS (NUMAT,2) Poisson's ratio,

2 &-35 PROPS ( NUMAT,3) Material thickness
36-45 PROPS (N7 MAT,4) Coefficient of thermal expansion

NOTES:

1. Material properties are assumed to be isotropic.
2. 4 For plane strain, leave PROPS (NUMAT,3) blank. The program auto-

matically assigns a unit thickness.

CARD SFT 7 - LOAD CASE TITLE CARD (12A6), one card

Cols. 1--72 TITLE
. Title of the load case
l

CARD SET 8 - LOAD CONTROL CARD (315), one card

. Cols . 1--5 IPLOD Point load control parameter
0 -- no applied nodal point loads -

1 -- nodal point loads to be input
6-10 IEDGE Distributed edge load contrcl parameter

0 -- no distributed edge loads
*

1 -- distributed edge loads to be
', input,

11--15 ITEMP Thermal loading control parameter
0 -- no thermal loading
1 -- thermal loads to be input

*
NOTES:

1. Distributed edge loads need not be constant but can vary along
the element edge.

2. Gravity and other body-force loadings are not available.

CARD SET 9 -- N0DAL POINT LOAD CARDS (15,2F10.3), one card for acch loaded
nodal point .

Cols. 1-5 LODPT Node number
6-15 POINT (1) Load component in X-direction .

1 6-25 POINT (2) Load component in Y-direction

NOTES: ,

1. The last card should be that for the highest numbered node
whether or not it is loaded.

2. If IPLOD=0 in CARD SET 8, omit this set.

I
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CARD SET 10 - DISTRIBUTED EDGE LOAD CARDS |

.

10(a) CONTROL CARD (I5), one card

Cols . 1--5 NEDGE Number of element edges on which distri-*

buted loads are to be applied

i 10(b) ELEMENT FACE TOPOLOGY CARD (415)

Cols. 1-5 KELEM Element number with which the element edge
is associated

6-10 -NOPRS(1) List of counterclockwise nodal points form-
ing the element face on which

'

the distributed load acts

.11 -15 N0 PRS (2)
1 6- 20 NOPRS(3)

,

,

'

10(c) DISTRIBUTED LOAD CARDS (6F10.3)

| Cols. 1-10 PRESS (1,1) Value of normal component of distributed
load / unit length at node NOPRS(1)

11- 20 PRESS ( 2,1) Value of normal component of distributed
load / unit length at node NOPRS(2)

i 21-30 PRESS (3,1) Value of normal component of distributed
-

load / unit length at node NOPRS(3)
,

31-40 PRESS (1,2) Value of tangential component of distri-,

buted load / unit length at node NOPRS(1)
'

41-50 PRESS ( 2,2) Va.ae of tangential ; component of distri-
buted load / unit length at node NOPRS(2)

51-60 PRESS ( 3,2) Value of tangential component of distri-'

buted' load / unit length at node NOPRS(3)

NOTES:-

1. Subsets 10(b) and 10(c) must- be input a total of NEDGE times.4

The - element edges can be considered in any order.-
2. Positive normal components act into an element while positive

tangential components act counterclockwise.
-3. If IEDGE=0 in CARD ' SET 8, omit this card set.

_ CARD SET 11 - THERMAL LOAD CARDS (15,F10.3)

Cols. 1--5 NODPT Nude number
. . 6-15 1TEMPE (NODPT) AT at node

NOTES:
. .

1. Although- not recommended, only corner-node values of AT are re-
quired to be input; .the program will automatica11;r perform a linear in-:

terpolation for AT at midside nodes and quarter point nodes. The card

, _ _ ._ _ _ _ _ _ _ ___ .
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set must terminate with the highest numbered node whether or not it is a
corner node. -

2. IF ITEMP=0 in CARD SET 8, omit this card set.

OMIT THE REMAINING CARD SETS IF NFRAC=0 (sce CARD SET 2).

CARD SET 12 - CONTROL CARD PUR FRACTURE ANALYSIS (415,F10.4), one card

Cols. 1-5 NPERT Number of perturbations for which a frac-
ture analysis will be performed

6-10 MATIP Material property identification number for
elements in crack-tip zone

11-15 NSYlm Model symmetry. factor
1 - entire crack-tip region modeled
2 - one-half of crack-tip region

modeled
16-20 IFACE Crack-face pressure index

0 - no crack-face pressure
1 - normal pressure loading applied

to the crack face
21-30 CREXT Value of virtual crack extension

NOTES: -

1. The crack must lie in the Y = 0 plane.
*2. Although the development presented here is path independent,

more than one perturbation is recommended. K-values obtained for dif-
ferent perturbations should typically agree to.0.1%.- A failure to meet
this condition indicates that a more refined mesh may be required.

3. . Only one material type is permitted in tu crack-tip zone. The
virtual crack extension development employed here is valid only for a
. homogeneous material in the crack-tip zone. More than one material, how-
ever, is permitted outside the crack-tip zone. .

4. The normal pressure loading on the crackface need not be con-
stant but can vary along the crackface. . Tangential components of crack-
face pressure, however, are not permitted.

5.: The virtual . crack extension should be substantially less than a
typical dimension of a crack-tip element, a recommended value is 0.001.
Input a positive value for crack extension in the positive X-direction
and a negative value for crack extension in the negative X-direction.

CARD SET 13 - PERTURBATION 'IOPOLOGY CARDS (see Fig.13)
.

.13(a) REGION 1 CONTROL CARD

Cols. 1-5 NLISI Number of elements in perturbed Region 1 -

' where 0 < a x < Aa , 16 maximum

i

,

, . . . - . .. _ _ ,
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13(b) REGION 1 TOPOLOGY (1615), one card
.

Cols. 1-5 LIST 1(1) Read NLIS1 Elements in perturbed Region 1,
maximum of 16 Elements

6-10 LIST 1(2).

. .

. .

. .

75-60 LIST 1(16)

READ THE NEXT IWO SETS, 13(c) AND 13(d), ONLY IF ITEMP=1 IN CARD SET 8.

13(c) REGION 2 CONTROL CARD

Cols. 1--5 NLIS2 Number of elements in perturbed Region 2
where Ax = Aa, 48 maximum

i 13(d) REGION 2 TOPOLOGY (1615), one, two, or three cards
~

Cols. 1-S LIST 2(1) Read NLIS2 elements in perturbed Region 2,
' maximum of 48 Elements

6-10 LIST 2(2)
'

. ..
,

. .

- . .

75-60 LIST 2(16)
*

2nd card, if necessary
.

'

Cols. 1-5 LIST 2(17)
6-10 LIST 2(18)

. . .

. .

. .

75-60 LIST 2( 32)

3rd card, if _ necessary

-Cols. 1-5 LIST 2(33)*

6-10 LIST 2(34)
. .

. .

. .

75-60 LIST 2(48)

NOTES:.

1. See Fig.13 for definition and description of Regions 1 and 2.
Elements in Region 1 must have the nodal connectivity shown.- - -

2. .The element topology for Region 2 is required only if thermal
loads are present; otherwise, omit CARD SETS 13(c) and 13(d).

___ _
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READ THE NEXT CARD SET ONLY IF IFACE=1 (see CARD SET 12). i
.

CARD SET 14 - CRACK-FACE PRESSURE CARDS
.

14(a) CONTROL CARD (15), one card

Cols. 1--5 NLIS3 Number of elements in the crack-tip zone
with crack-face pressure

14(b) ELEMENT FACE TOPOLOGY CARD (415)j

Cols. 1--5 KELEM Element number with which the element edge
is associated

6-10 NOPRS(l) List of counterclockwise nodal points form-
ing the element face on which the normal
crack-face pressure acts

11-15 N0 PRS (2)
1&-20 NOPRS( 3)

14(c) CRACK-FACE PRESSURE CARDS (3F10.3)

Cols. 1-10 PRESS (1,1) Value of normal crack-face pressure load at
node NOPRS(l)

11-20 PRESS ( 2,1) Value of normal crack-face pressure load at '

node NOPRS(2)
21-30 PRESS ( 3,1) Value of normal crack-face pressure load at

,

node NOPRS(3)

NOTES:

1. - Subsets 14(b) and 14(c) must be input a total of NLIS3 times.
The element edges can be considered in any order.

2. If ' IFACE=0 in CARD SET 8, omit this card set.

REPEAT CARD SETS 13 AND 14 IN ACCORDANCE WITH NPERT 'IN CARD SET 12.

REPEAT CARD SETS 7 10 14 FOR EACH LOAD CASE IN ACCORDANCE WITH NCASE IN
CARD SET 2.

.

O
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Appendix B
.

SAMPLE INPUT DATA (File FORTS)

.

Sample input data are provided below for the first sample problem,
4.1, presented in Chap. 4. The finite-element mesh for this problem
showing node and element numbers is also presented (Fig. 14).

CENT EF CPACKED PLATE SUBJECTED TO A UNITORF. IENSILE STFESS
141 40 18 1 1 1 3 1

1 1 41 40 39 26 1 2 3 27
2 1 43 42 41 27 3 4 5 28
3 1 45 44 43 28 5 6 7 29
4 1 47 46 45 29 7 8 9 30
5 1 44 48 47 30 9 10 11 31
6 -1 13 32 51 50 49 31 11 12
7 -1 13 14 15 33 53 52 51 32
8 1 15 16 17 34 55 54 53 33
9 1 17 18 10 35 57 50 55 34

10 1 19 20 21 36 59 58 57 35
11 1 21 22 23 37 61 60 59 36
12 1 23 24 25 38 63 62 61 37
13 1 79 78 77 64 39 40 41 65
14 1 81 80 79 65 41 42 43 66
15 1 83 82 81 66 43 4u 45 67
16 1 85 84 83 67 45 46 47 68
17 1 87 86 85 68 47 48 49 69
18 1 89 88 37 69 49 50 51 70* 19 1 51 52 53 71 91 90 89 70
20 1 53 54 55 72 93 92 91 71
21 1 55 56 57 73 95 94 93 72
22 1 57 58 59 74 97 96 95 73.

23 1 59 (0 61 75 99 98 97 74
24 1 61 62 63 76 101 100 99 75
25 1 115 114 113 102 77 78 79 103
26 1 117 116 115 103 79 80 81 104
27 1 119 118 117 104 81 82 83 10528 1 87 10f 119 105 83 84 85 86
29 1 89 107 121 120 119 106 87 88
30 1 91 108 123 122 121 107 89 90
31 1 93 94 95 109 123 108 91 92
32 1 95 96 97 110 125 124 123 109
33 1 97 98 99 111 127 126 125 110
34 1 99 100 101 112 129 128 127 111
35 1 139 13 8 137 130 113 114 115 131
36 1 141 140 139 131 115 116 1 17 132
37 1 121 133 141 132 117 118 119 120
38 1 123 124 125 134 141 ~ 133 121 122
39 1 125 126 127 135 139 140 141 134
40 1 127 128 129 136 137 138 '39 135

1 0.0 0.0
~

3 5.0 0.0
5 7.0 0.0
7 8.0 0. 0
9 9.0 0.0

11 9. 5 0.0
- 13 10.0 0.0

15 10.5 0.0
17 11.0 0.0
'. 9 12.0 0.0
21 13.0 0.0.

23 15.0 0.0
25 20.0 0.0
39 0.0 2. 5
41 5.0 1.0
43 7.0 0. 5
c5 8.0 0.5
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'47 9.0 0.5

49 9.5 0.5
51 10.0 0.5 .

53 10.5 0.5 -

55 11.0 0.5
57 12.0 0.5
59 13.0 0.5 -

61 15.0 1.0
63 20.0 2.5
77 0.0 10.0
79 5. 5 3.0
81 7.25 2.0
83 8.25 1.5
85 9.0 1.0
87 9.5 1. 0
89 10.0 1.0
91 10.5 1.0
93 11.0 1.0
95 11.75 1.5
97 12.75 2.0
99 14.5 3.0

101 20.0 10.0
113 5.0 10.0
115 7.5 5.0
117 8.5 3.0
119 9.0 2.0
121 10.0 2.0
123 11.0 2.0
125 11.5 3.0
127 12.5 5.0
129 15.0 10.0
137 10.0 10.0
139 -10.0 5.0
141 10.0 3.0

-

1 10
13 01
14 01 .

15 01
16 01
17 01
18 01
19 01
20 01
21 01
22 01
23 01
24 01
25 01
26 10,

39 10
64 10
77 10

1 30000. 0.3 1. 0 0.0
UNIFonM TENSILE STRESS

0 1 0
4

25 113 102 77
-9.1965 -9.1965 -9.1965
35 137 130 113
-9.19e5 -9.1965 -9.1965
40 129 136 137
-9.19f 5 -9.1965 -9.1965 -

34 101 112 129
-9.1965 -9.1965 -9.1965

2 1 2 0 0.001
8
9 21 31 30 29 28 16 4
8

10 -22 32 38 37 27 15 3

. . ._ .- -. . - _ -
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Fig. 14. F1 nite-element mesh employed for sample problem 4.1.
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Appendix C
|

*

SAMPLE ORVIRT.PC OUTPUT (File FORT 6)

.

A complete printout is provided below for sample problem 4.1.

Ctef t9 C9&cRED PLATE SOBJECTED TO A 081F088 fta$f LE ST9tSS

B OA3 89 0F DODAL Po!NTS...... ...... (8POIB) * 141

3083t8 of ELEntWTS................(0tLEA) * .0

Egnett OF BESTD 4I BRD 30 DES........ (Ef rII) = 18
1

50aSt3 07 LO AD CAS ta...... .. .. ... . (K 432) * 1

PLA SE STit3S 08 PLaa t 3T8418'...... (8Tf72) * 1

mene te Or naf terats.............. . (es ats) = 1

sauss casca4 Tast sett............. tssass) 3=

FB AC195 2 A N ALYSIS 13DRI........... (W PS AC) e i

RLIRPSP :( :! g:: g<4
30 WOR ESS, ,
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000.

h" 0.088t ,i!!!-

0.NNE*lo 0.INos*01 0. nut *UO0. 05,,

MA11RDR FPOOTulDTM EBCOUstP7FD e f0

BBIF09R 1EBSitR STg 35 luas Cast = 1

50D&L POI DT LO405.. ......... .. .. . . (I PI D D) = 0

DISTS I B UTt D 2DGE LD A DS. . . . . . . . . .. . (1'DG E) * 1

THER R A L LO40 $. . . . . . . . . . . . . .. . . . . . . (IT ER P) = 0

30. OF LOADSD EDGES * .

LIS1 0 Lo&DED Es pAgt1ED10AD5
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Appendix D
o

INPUT ERROR DIAGNOSTICS

*
.

ORVIRT.PC employs modified versions of data-checking routines listed
in Refs. 9 and 10. Any detected input errors are assigned the following
error codes.

Error Interpretation

1 NPOIN <0

i . 2 NPOIN greater than the possible maximum
number of nodes

3 NPOIN must be less than or equal to 450
4 NELEM must be greater than 1 and

less than or equal to 135

5 NVFIX must be less than or equal to 100

6 NCASE improperly specified

7 NTYPE improperly specified

8 NHATS improperly specified

9 Not used-

'

10 NGAUS must be 2 or 3
'

11 NFRAC must be 0 or 1

12 Not used

13 Not used

14 MATN0 improperly specified
15 LNODS has a zero entry

16 LNODS has a negative entry or an entry
greater than NPOIN

17 A node number may not be repeated
within an element

'
18,19 A node number in the list of nodal

,

points does not appear in the element
i connectivities

i 20 An unused node number is specified
as a restrained node

21 The maxista allowable front width =*

120 has been exceeded (see Ref.10),

- 22,23,24 Improperly specified boundary condition

,

f

. - _ . - . , . , _ - - . _
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