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ORMGEN.PC: A MICROCOMPUTER PROGRAM FOR AUTOMATIC
MESH GENERATION OF 2-D CRACK GEOMETRIES

J« We Brysom B. R. Bass
ABSTRACT

ORMGEN.PC (Dak Ridge Mesh GENeration. Personal Computer)
automatically generates two—dimensional finite-element models
for either cracked or uncracked structures. Element connec-
tivities and nodal point coordinates are written in formats
that are compatible for subsequent fracture analysis using
either the ORVIRT.PC finite~element microcomputer program or
the ADINA/ORVIRT mainframe system. ORMGEN.PC emphasizes gen-~
erality in its design. Finite-element models can be generated
for disks, plates, cylinders, and even geometries with holes,
such as compact tension specimens. Either surface or embedded
flaw geometries can be modeled. Detailed user instructions
describe both preparation of input data and program operation.
Sample problems are presented that demonstrate the flexibility
of the program. ORMGEN.PC executes on an IBM PC/AT or PC/XT
microcomputer; typical runtimes on an IBM PC/AT are 30 to 45 s.

1. INTRODUCTION

Automatic mesh generation is a necessity for fast, efficient finite-
element analysis. Mesh generation programs alleviate much of the effort
involved in data preparation and eliminate the inevitable data errors
that occur during manual preparation of the nodal point coordinates and
element connectivities. Applications of finite-—element techniques to
fracture mechanics problems require some additional considerations that
make an automatic mesh generation capability all the more important.
Often, special crack-tip elements are employed to model the appropriate
stress singularity along the crack front. Also, a locally refined mesh
is usually required in the crack front region because of the presence of
large stress gradients. Finally, certain fracture analysis techniques
may require a special arrangement of elements in the crack-~tip region.

For these reasons, the ORMGEN.PC finite-element mesh generator pro-
gram was developed to facilitate fracture studies in the Heavy~Section
Steel Technology Program. ORMGEN.PC automatically generates two-
dimensional {(2-D) finite—-element meshes for both cracked and uncracked
planar geometries, Eight-noded, isoparametric, quadrilateral elements
are employed everywhere in the modeling, including the crack-tip region.
Element connectivities and nodal point coordinates are written to output
files in a format compatible for subsequent fracture analysis, using
either the microcomputer program ORVIRT.PC (Ref. 1) or the mainframe
ADINA/ORVIRT system.2” ™ The ORMGEN.PC—ORVIRT.PC combination provides a



2-D stand—alone fracture analysis capability on a microcomputer for
linear thermoelastic applications, while the ORMGEN.PG-ADINA/ORVIRT com-
bination provides a 2-D elastoplastic fracture analysis capability on a
mainframe computer.

Like ORVIRT.PC, ORMGEN.PC executes on either an I{BM PC/AT or PC/XT
microcomputer; typical runtimes on a PC/AT are 30 to 45 s. Complete user
instructions are provided in Appendix A, and sample problems thal dewmon-
strate the flexibility of the program are presented in Appendix B.



2. ORMGEN.PC FINLITE-ELEMENT MESH GENERATOR FOR
2-D CRACK GEOMETRIES

Program ORMGEN.PC automatically generates 2-D finite-element models
for both cracked and uncracked structures. The program strategy is to
divide a structure into a few large blocks or superelements for which
manual input of the.data is required in the usual manner. One specifies
the fineness of element subdivision within each of these large blocks, and
this subdivision is then performed automatically by the program. Thus,
the amount of imput is directly proportional to the complexity of the
structure. Because each block has the general form of a quadrilateral, it
is convenient to employ the shape functions for eight-noded, isoparametric
quadrilaterals for locating nodal points via interpolation within a block.
Figure 1 shows the subdivision of a block into its elements by specifying
the number of subdivisions in the local & and n directions, respectively.
Element subdivisions can be unequal as specified by input weighting fac-
tors; however, the user must be careful tec maintain compatibility along
block interfaces. Each block is an eight-noded quadrilateral, which in
turn is subdivided into eight-noded, isoparametric, quadrilateral ele-
ments. The conventions for block, block point, element, and nodal point
numbering are shown in Fig. 1. Block points are listed counterclockwise
starting from any corner point, which implies that the global X~Y coordi-
nate system is a right—-handed one.

The outstanding feature of the large block or superelement approach
employed here is its complete generality. ORMGEN.PC can generate a
finite~element mesh for almost any conceivable 2-D geometry. Disks,
plates, cylinders, and geometries with holes, such as the standard compact
tension specimen, can be readily modeled. Either surface or embedded
flaws can be analyzed; in other words, either one or two crack tips can be
included in the model. For cracked geometries, the only restrictions are
that the crack 1lie in the Y = 0 plane and that this plane be a plane of
symmetry.

ORMGEN.PC writes the element connectivities and nodal point coordi-
nates in either an ORVIRT.PC or ADINA/ORVIRT format. A user then ex-
amines these files and edits them to include the appropriate boundary
conditions, material properties, ‘applied loads, and fracture analysis
data. A complete fracture analysis can be performed in a matter of
minutes on an IBM PC/AT or PC/XT microcomputer using the ORMGEN.PC and
ORVIRT.PC package. For ADINA/ORVIRT, the ADINA input file is transmitted
to a mainframe computer via a modem and communications program. The
resulting ADINA analysis is then used as input for a subsequent fracture
analysis.

ORMGEN.PC employs modified versions of subroutines presented in
Ref. 5 for the subdivision procedure. Additional routines have been
added to provide the appropriate mesh definition at the crack tip(s) for
follow-up analysis by either ORVIRT.PC or ADINA/ORVIRT. There are two
types of blocks that can be employed: (1) regular blocks and (2) crack-
tip blocks. Regular blocks are subdivided as described previously by
specifying the onumber of subdivisions in the local & and n directions.

The user may choose from a library of four crack-tip blocks or configura-
tions as shown in Figs. 2 and 3. Two crack-tip block types are available



ORML-DWG B6C-B307 ETD

Fig. 1. Subdivision of regular block into its elements and nodal
points.
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Fig. 2. Crack-tip blocks compatible with ORVIRT.PC fracture
analysis program.
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Fig. 3. Crack-tip blocks compatible with ADINA/ORVIRT fracture
analysis system.

for each of the fracture analysis programs above, one geometry being
somewhat coarser than the other in each case. The authors' experience
indicates that both types of crack—tip blocks give essentially the same
accuracy, with the coarser crack—~tip block type generally being the
easier to implement or merge with surrounding regular blocks.

Finally, as discussed in Ref. 5, it should be appreciated that the
final nodal numbering sequence obtained from mesh generation programs
seldom results in a minimum bandwidth for banded solvers (e.g., ADINA/
ORVIRT) or a minimum frontwidth for froantal solvers {e.g., ORVIRT.PC).
In ORMGEN.PC, each block is processed sequentially, according to the
block ddentification numbers with crack-tip blocks always being first.
Thus, a degree of banding can be attained by a judicious ordering® and
orientation of the structural blocks.



3. ORVIRT.PC AND ADINA/ORVIRIT FRACTURE
ANALYSIS PROGRAMS

After deLorenzi,6 the ORVIRT programs employ a virtual crack exten—
gicn technique that has been modified to include the effects of thermal
strains.*>’ The method requires calculation of the released energy G*
corresponding to a virvtual crack advance in a cracked body subjected fo
surface tractions F, , body force £y, aod temperature distribution T
(Fig. 4). ©Points of coafiguration I (prior to crack advance) are mapped
into configuration II (after crack advance) by the mapping

;A = x AXa . (1)

where x and Eﬁ correspond to coordinates in configurations T and [T,
respectively; and Ax, is the incremental change in coordinates throughout
the body accompanying a virtual crack extension Aa at the crack tip.

Using index nmotation, it can be shown"s>® that the energy release
parametetr G* becomes

'c)uOl ) E)Ax(S 89a8 Bua
G* = O e WS- av + O i £ %
£ af BXG §B BXB j; of Z)x(S o BXG

ou
a .
x AXG dv —;éhta §;-AXB ds , (2)

B
where
LI cartesian coordinate system,
V = volume,
8 = surface of the cracked body,
Oug ™ stress tensor,
u, = displacement vector,
W = strain energy density,
fa = body force vector,
ty = surface traction vector,
OaB = strains of free thermal expansion,

- ~ 1
GaB = Kronecker's delta,

Ax , = mapping function defined above,

and o, B, and § take on the range 1, 2, 3, and the summation convention
for repeated indices is used. The strain energy density W is given by
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Fig. 4. Crack configuration before and after crack extension.

(3)

ag T fap T 8ch ’

where the mechanical straln components e& are defined in terms of the

total strains €08 and the strains of free thermal expansion 8@8'

The energy release rate G is given by
G = G*/M , (4)

where AA is the area increment covered by the virtual crack extension.
The mode I stress-intensity factor Ky 1s related to G by

YGE plane stress

K, = R (5
GE
1 — v2

plane strain

where E is the elastic modulus and v 1s Poisson's ratio.
Both ORVIRT.PC and ADINA/ORVIRT utilize mappings Axa so that it is
only necessary to evaluate Eq. (2) over a small core of élements in a



"crack-tip zone.” Thus, ORMGEN.PC constrains a user to model the crack-
tip region with crack~tip blocks that have the required arrangement of
elements in this zone. ORVIRT.PC utilizes eight-noded, isoparametric,
quadrilateral elements throughout a model, iancluding the crack-tip =zone
(see Fig. 2), while ADINA/ORVIRT requires an arrangement of collapsed
wedge elements near the crack tip (see Fig. 3). 1In addition, ORMGEN.PC
is capable of genervating either quarter—point elements at the crack tip
for brittle fracture analysis or blunting elements for ductile fracture
analysis using ADINA/ORVIRT.



4., SYSTEM REQUIREMENTS AND PROGRAM OPERATION

The system requirements for executing ORMGEN.PC are

1. 1IBM PC/AT or PC/XT, 512K minimum memory, hard disk;

2. math coprocessor;

3. 1IBM Professional Fortran Compiler, Version 1 or 2; and

4., modem and communications software for the ADINA/CRVIRT option.

Executing program ORMGEN.PC consists of installing the IBM Fortran
Compiler routines, copying the ORMGEN.PC program diskette to the hard
disk, preparing an input file FORTS5, and running the program. An echo of
the input data, as well as the element connectivities and nodal poiat
coordinates, are written to the output file FORT6. For the ORVIRT.PC
format option, both element connectivities and nodal point coordinates
are written to output file FORT1. For the ADINA/ORVIRT format option,
element connectivities are written to file FORT1, while nodal point
coordinates are written to file FORT2. The step~by-step procedure for
program execution 1s as follows:

1. Install IBM Professional Fortran Compiler, Version 1 or 2, according
to the instructions in the compiler manual.
2. Copy the source module ORMGEN.FOR from the program diskette to the

hard diske.

3. Compile the source module per the instructions in the compiler
manual.

4. Create the iaput file FORT5 using an appropriate editor or word
PTOCessor.

5. FExecute the program by typing ORMGEN<cr> where <cr> is a carriage
return.
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Appendix A

ORMGEN.PC USER INSTRUCTIONS

CARD SET 1 — TITLE CARD (18A4), one card

Cols. 172 TITLE Title of the problem

CARD SET 2 — CONTROL CARD FOR MESH GENERATION (4I5), one card

Cols. 15 NTIPS Number of crack tips to be modeled,
0 < NTIPS < 2
6—10 NPONT Total number of block points
1115 NBLOC Total number of blocks
1620 NFORM Format parameter for output

0 — ORVIRT.PC compatible
1 — ADINA/ORVIRT compatible

Notes:

1.

2.

Only eight-noded blocks are permitted.

There are two types of blocks: (1) regular blocks and (2) crack-tip
blocks. Regular blocks are subdivided into elements by specifying
the number of subdivisions in the local £ and n directions, respec-
tively (see Fig. 1). Crack—tip blocks are of four types as shown in
Figs. 5-8. These special blocks always have the given mesh struc-
ture and must be employed at the crack tip(s).

For crack geometries such as NTIPS # 0, the crack must lie in the
Y = 0 plane, and this plane must be a plane of symmetry.
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Fig. 5. ORVIRT.PC compatible crack-tip block, ITYPE=1, and block
point oumbering convention. KNODS(IBLOCK,2) must be at crack tip.
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Fig. 6. ORVIRT.PC compatible crack-tip block, ITYPE=2, and block
point numbering convention. KNODS({IBLOC,2) must be at crack tip.
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Fig. 7. ADINA/ORVIRT compatible crack~tip block, ITYPE=3, and
block point numbering convention. KNODS(IBLOC,2) must be at crack tip.
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Fig. 8. ADINA/ORVIRT compatible crack-~tip block, ITYPE=4, and
block point numbering convention. KNODS(IBLOC,2) must be at crack tip.
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CARD SET 3 — BLOCK CONNECTIVITY CARDS (1015), NBLOC cards

Cols. 1—5 IBLOC Block number

610  MATBLK(IBLOC) Block material property number
11-15 KNODS( IBLOC, 1) 1st block point connection number
16—20 KNODS{ IBLOC, 2) 2nd block point connection number

49--50  KNODS(IBLOC,8) 8th block point connection number

Notes:

1.

All elements within a block will be given the material property num-
ber of the block. Both ORVIRT.PC and ADINA/ORVIRT require that the
material properties of all elements be assigned at the point at
which the connectivities of elements are defined. For this reason,
the material property numbers for the crack-tip elements are auto-
matically assigned by ORMGEN.PC. In the case of input designated
for ADINA/ORVIRT, the crack—tip element material property numbers
will be positive, while for ORVIRT.PC, they will be negative.

The block point connection numbers must be listed counterclockwise,
starting from any corner point (see Fig. 1). This implies that the
global X-Y coordinate system must be a right-handed one.

For crack-tip blocks, block point connection numbers must be listed
counterclockwise so that KNODS(IBLOC,2) is at the crack tip (see
Figs. 5""'8) .

Only eight-noded, quadrilateral blocks are permitted. These will
then be appropriately subdivided into eight-noded, isoparametric,
quadrilateral elements. Triangular blocks formed by collapsing
quadrilateral blocks are not allowed.
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CARD SET 4 — BLOCK POINT COORDINATES (I5,2F10.4), one card for each
block point whose coordinates are to be input

Cols. 1-5 IPONT Block point number
6—-15  BCORD{IPONT,1) X~coordinate of point
1625 BCORD( IPONT,2) Y-coordinate of point

Notes:

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

2. The total number of cards in this set will generally be less than
NPONT (see CARD SET 2) because for straight block sides it is only
necessary to specify corner-point coordinates; midside point coordi-
nates are automatically determined if on a straight side. Inclusion
of midside points that are not on a straight line with the corner-
points produce curved block sides via a quadratic fit from the shape
functions for eight-noded isoparametric quadrilaterals. Thus, a
user may model disks and cross sections of cylinders by properly
choosing the midside point coordinates.
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OMIT THE FOLLOWING CARD SET IF NTIPS = O (SEE CARD SET 2)

CARD SET 5 — CRACK~TIP BLOCK CONTROIL CARD(S) (315), NTIPS cards, one for
each crack-tip block

Cols. -5 KBLOC Crack—-tip block number, 0 < KBLOC < 2
6—-10 ITYPE Crack~tip mesh configuration

1 — ORVIRT.PC compatible mesh as shown in

Fig. 5
2 — ORVIRT.PC compatible mesh as shown in
Fig. 6
3 -~ ADINA/ORVIRT compatible mesh as shown
in Fig. 7
4 — ADINA/ORVIRT cowmpatible mesh as shown
in Fig. 8
1115 IKIND(KXBLOC) Quarter~point or blunting option, appli-

cable only for ITYPE = 3 or ITYPE = 4.
Leave blank for ITYPE = 1 or ITYPE = 2

0 — Quarter~point wedge elements at crack
tip for brittle fracture analysis

1 — Blunting elements at crack tip for
ductile fracture analysis

Notes:
1. TInput CARD SET 5 a total of NTIPS times.

2. It is recommended that the 2 to 1 aspect ratio shown in Figs. 58 be
maintained for the relative dimensions of the different crack-tip
block types. Block corner-point coordinates that deviate from this
aspect ratio produce distorted mesh configurations, which wmay in turn
produce erratic results in a subsequent GRVIRT.PC or ADINA/ORVIRT
analysis.

3. For two crack-tip blocks, IKIND(1) must equal IKIND(2). Also,
ITYPE = 2 is not allowed for two crack-tip blocks, that is, NTIPS = 2.
Appropriate error messages will be activated if either of these stipu-
lations are violated.

4. TFigure 9 shows the blunting elements utilized for IKIND = 1.
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Fig. 9. Blunting elements appropriate for ductile fracture
analysis using ADINA/ORVIRT.
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CARD SET 6 — REGULAR BLOCK SUBDIVISION

6(a) CONTROY, CARD (315), one card (see Fig. 1)
Cols. 1—5 JBLOC Regular block number
6-10 NDIVX Number of subdivisions in local £ direction
11--15 ©NDIVY Number of subdivisions in local n direction
6(b) WEIGHTING FACTORS FOR SUBDIVISION IN THE LOCAL £ DIRECTION (8F10.2)
Cols. 1—-10 WEITX(1) Relative weights of subdivision proceeding
1120 WEITX(2) from § = 1 to £ = +]
etc. WEITX(NDIVX)
6(c) WEIGHTING FACTORS FOR SUBDIVISION IN THE LOCAL n direction (8F10.2)
Cols. 1~10 WEITY(1l) Relative weights of subdivision proceeding
11~20 WEITY(2) fromn = —1 to n = +1.
etc. WEITY(NDIVY)

Notes:

1. Input CARD SET 6 a total of NREG times, where NREG = (NBLOC — NTIPS).

2. Weighting factors define the relative length of sides of elements in a
particular block and, therefore, their absolute values are immaterial.
For example, for the three~element subdivision in the & direction
shown in Fig. 1,

1.0 1.0 2.0
or 0.3 0.3 0.6
or 10. 10. 20.
give the same subdivision.

3. A user must be careful to maintain compatibility along block inter-
faces when specifyiong the number of elements and weighting factors in
adjacent blocks.

4. For regular blocks, node numbering (see Fig. 1) commences at £ = —I1,

n = —1 and proceeds along n = —1 from £ = —1 to £ = +1. 0 is then
incremented appropriately in the posirive n direction, and nodes again
are numbered frem £ = —1 and £ = +1. This pattern continues until
£ = +] and n = +1. Flements are numbered in an analogous fashion. A

nodal point renumbering scheme is employed in the program that ensures
a unique node number for nodes along block interfaces.
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Appendix B

EXAMPLE PROBLEMS

Five example problems are presented that demonstrate the flexibility
of the ORMGEN.PC program. Finite-element models are genevrated for am un—
cracked thick cylinder, a center-cracked plate, a center—-cracked disk, a
beam with an embedded crack, and a compact tension specimen. Schematics
that show the block subdivision of the model (Figs. 10~14) are followed
by listings of the input file FORT5 and output file FORT6 as produced on
an EPSON FX-185 printer.
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Fig. 10. Example problem 1 — uncracked thick cylinder.
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Example Problem 1. User input file FORT5

UNCRACKED THICK CYLINDER

0 13 2 0
1 1 1 2 3 5 8 7
2 1 6 7 8 10 13 12
1 2.0 0.0
3 4.0 0.0
4 1.8477¢6 0.76537
5 3.695652 1.53073
6 1.41421 1.41421
8 2.82843 2.82843
9 0.76537 1.84776
10 1.53073 3.68552
11 0.0 2.0
13 0.0 4.0
1 4 4
1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0
2 4 4
1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0
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Example Problem 1. CQutput summary file FORT6

UNCRACKED THICK CYLINDER

NTIPS = 0
NPONT = 13
NBLOC = 2
NFORM = 0

DATA BLOCKS

BLOCK MAT. DEFINITION POINTS
1 1 1 2 3 5 8 ’ 6
2 1 5 7 8 10 13 12 11

LOCATION POINTS

POINT X Y
1 2.0000 0.0000
2 3.0000 0.0000
3 4.0000 0.0000
4 1.8478 0.7654
5 3.69855 1.5307
6 1.4142 1.4142
7 2.1213 2.1213
3 2.8284 2.8284
g 0.78654 1.8478
10 1.5307 3.6855
11 0.0000 Z.0000
12 0.0000 3.0000
13 0.0000 4.0000

DATA BLOCK NO. 1

NO. OF DIV. IN FIRST DIRECTION = 4
NO. OF DIV. IN SECOND DIRECTION = 4

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00 1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00 1.00 1.00

DATA BLOCK NO. 2

NO. OF DIV. IN FIRST DIRECTION = 4

NO. OF DIV. IN SECOND DIRECTION = 4
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LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00 1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00 1.00 1.00

**kk GENERATED MEGSH DATA kX

NUMBER OF NODAL POINTS = 121
NUMBER OF ELEMENTS = 32
ELEMENT NODAL CONNECTIONS

ELE. MAT. NODAL POINTG

1 1 1 2 3 11 17 16 15 10
2 1 3 4 5 12 19 18 17 11
3 1 5 6 7 13 21 20 19 12
4 1 7 B8 9 14 23 22 21 13
5 1 156 16 17 25 31 30 29 24
6 1 17 18 19 26 33 32 31 25
7 1 19 20 21 27 35 34 33 26
8 1 21 22 23 28 37 36 35 27
9 1 29 30 31 39 45 44 43 38
10 1 31 32 33 40 47 46 45 39
11 1 33 34 35 41 49 48 47 40
12 1 35 36 37 42 51 50 49 41
13 1 43 44 45 53 59 58 57 52
14 1 45 46 47 54 61 60 59 53
15 1 47 48 49 55 63 62 61 54
16 1 49 50 51 56 85 64 63 55
17 1 57 58 59 67 73 72 71 66
18 1 59 60 81 68 75 74 73 67
19 1 61 62 63 69 77 76 75 68
20 1 63 64 65 70 79 78 77 69
21 1 71 T2 73 81 87 86 85 80
22 1 73 74 75 82 89 88 87 81
23 1 75 76 77 83 91 90 89 82
24 1 77 78 79 84 93 92 91 33
25 1 85 86 87 95 101 100 99 94
26 1 87 88 89 g 103 102 101 95
27 1 89 30 91 97 105 104 103 96
28 1 g1 92 93 98 107 106 105 97
29 1 99 100 101 109 115 114 113 108
30 1 101 102 103 110 117 116 115 109
31 1 103 104 105 11t 119 118 117 110
32 1 105 106 107 112 121 120 119 111



NODAL POINT COORDINATES

NODE

WO~ U W N+

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

47
48

NN LOWNNHWWWWNDNNNDHFWWNON - WWWWNNAINN - L WMNN - S WWWWN DN NN

X

.000400Q
.25000
. 50000
. 75000
.00000
.25000
. 50000
. 75000
.00000
. 98831
.48539
. 98247
.47955
.97662
. 95904
.20382
.44880
. 69368
. 93856
.18345
.42833
.67321
. 91809
.81219
. 38024
. 86829
. 34634
.82438
. 84776
.07873
. 30970
. 54067
.77164
.00261
.233b68
.46455
.695562
. 76575
.20718
. 648862
.090086
.53143
.86615
.87442
.08269
.29086
.49823
.70748

HE R R R R R OR R R R 000 P OO0 0000000000000

Y

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.20227
.25283
. 30340
.353986
.40453
. 39725
.448691
.498658
.54622
.58587
.64553
.69518
. 74484
. 794489
.58495
.7311¢8
.87742
.023686
.16988
. 76537
.86104
. 95871
.05238
. 14805
. 24372
.33939
.43506
.53073
.93850
.17313
-40775
.64238
.87700
.10436
.24240
. 38044
.51849
.65653
. 79458

26



OOHHOOOHHHHP‘HOOOHl—‘H9—‘O!\DN!—‘HHHHHHNNHHHNNNNNHHH!—‘&NMHHOO(JJN

. 91576
.12403
.33230
.54897
.93621
.32346
. 71070
.09795
.41421
.59088
78777
. 94454
.12132
.29810
.47487
.65165
.82843
.26292
.57866
.89439
.21012
.52585
.10436
. 24240
. 38044
.51849
.85653
.78458
.93262
.070€686
.20871
. 93850
.17313
.40775
.84238
. 87700
. 76537
.86104
.988671
.05238
. 14805
.24372
. 33939
.43506
.53073
.58485
.73119
.87742
.02366
.16989
.39725
.44691

NwamNwawle\?N[\?r—‘ww[\)l\?HCOQJL\JNNNNHHwNNHHNNNNNHHHHNNHHHNMH

. 93262
.070866
.20871
.28292
.5786€6
. 894386
.2101%2
.52585
.41421
.580989
LI8TT7
.94454
.12132
.29810
. 47487
.65165
.82843
.54897
.93621
. 32346
. 71070
.08795
.66615
.87442
.08269
.29096
.48922
.70749
.91576
.12403
. 33230
.76575
.20718
.64862
.08006
.53149
. 84776
.07873
. 30870
.54067
.77164
.00261
.23358
.46455
.69552
.91219
.39024
.86829
.34634
.82438
.95904
.20392

27



101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
1186
117
118
119
120
121

OODO0OCOODODOLOO0ODO0O0OLO0O0COO

.49656
. 54622
. 59587
.64553
.695618
. 74484
. 79449
.20227
.25283
.30340
.35386
.40453
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

AW WWWNNNNNWWNNEWWWWNNN

.44880
.69368
.838567
.18345
.42833
.87321
.91809
.98831
.48539
. 98247
.AT7355
.97662
.00000
. 25000
. 50000
.75000
.00000
. 25000
. 50000
. 75000
.00000

28
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SINGLE BLOCK
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TTY
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!
8

Fig. 11. Example problem 2 — center-cracked plate, tension
loading.
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Example Problem 2. User input file FORTS

CENTER CRACKED PLATE, SINGLE BLOCK

1 8 1 1

1 1 1 2 3 4 5 6
1 0.0 0.0

3 8.0 0.0

5 8.0 4.0

7 0.0 4.0

8 0.0 2.0

1 3 1



31

Example Problem 2. Output summary file FORT6

CENTER CRACKED PLATE, SINGLE BLOCK

NTIPS = 1
NPONT = 8
NBLOC = 1
NFORM = 1

DATA BLOCKS

BLOCK MAT. DEFINITION POINTS
1 1 1 2 3 4 5 6 7

LOCATION POINTS

POINT X Y
1 0.0000 0.0000
2 4.0000 0.0000
3 8.0000 0.0000
4 8.0000 2.0000
5 8.0000 4.0000
6 4.0000 4.0000
7 0.0000 4.0000
8 0.0000 2.0000

DATA BLOCK NO. 1

CRACK TIP BLOCK, ITYPE = 3, IKIND = 1

*xxx GENERATED MESH DATA kX

NUMBER OF NODAL POINTS = 147

NUMBER OF ELEMENTS = 40

ELEMENT NODAL CONNECTIONG

ELE. MAT. NODAL POINTS
1 1 1 27 29 3 18 28 19
2 1 3 28 31 5 19 30 20
3 1 5 31 33 7 20 32 21
4 1 7 33 35 9 21 34 22
5 1 9 35 37 11 22 36 23
6 1 11 37 39 13 23 38 24
7 1 13 39 41 15 24 40 25
8 1 15 41 43 17 25 42 286

R
O DN O D TP



S S o S R O N o S i S e e . T el e T gy iy

91

93
105
107
108
111
113
115
117
119

93
105
107
109
111
113
115
117
119
131
133
135
137
139
141
143
145

55
57
59
61
63
65
67
69
81
83
85
87
89
91
93
95
107
109
111
113
115
117
119
121
133
135
137
139
141
143
145
147

NODAL POINT COORDINATES

NODE

WO WN -

S NG SO N NS SO S S SO i Nt S

Y

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

OO DOQOO0OOCDOLOOOOCOOO

Z

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

32

29
31
33
35
37
39
41
43
55
57
59
61
63
85
87
69
81
83
85
87
89
91
93
95
107
109
111
113
115
117
118
121

44
45
46
47
42
49
50
51
70
71
T2
73
74
75
76
77
96
97
98
99
100
101
102
103
122
123
124
1256
126
127
128
129

45
46
47
48
49
50
51
52
71
12
73
T4
75
76
77
78
g7
98
a9
100
101
102
103
104
123
124
1256
128
127
128
128
130



17

19
20

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
38
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

G0 60 0I 00 G0 00 L0 i oD B B B D s S R O GO 0O Lo B i B L) L0 W0 0O L0 03 L0 LI B B R B B i B D W0 o W W D B

.00000
. 20000
.18480
.14144
.07656
.00000
.92344
. 858586
.81520
. 80000
.40000
.38480
. 36956
.32620
.28284
.217986
.15308
.07656
.00000
.92344
. 84692
. 78204
.71716
.67380
.63044
.61520
. 60000
. 60000
.55432
.42428
. 22960
.00000
.77040
.57572
.44568
. 40000
. 80000
.76956
.73912
.65240
. 56568
.435682
.306186
.15308
.00000
.84692
.69384
.56408
.43432
. 34760
. 26088
.23044

o000 0D0ODOO0OLOOCoLOOOROCORLCLOOORLOOODOOCOOOCODOOOCODOCO

.00000
.00000
.07656
.14144
.18480
. 20000
.18480
.14144
.07656
.00000
.00000
.076586
.15308
.21796
.28284
.32620
.36956
.38480
.40000
.38480
. 36856
. 32620
.28284
.21796
.15308
.07656
.00000
.00000
.22960
.42428
.55432
. 60000
.55432
.42428
. 22960
.00000
.00000
.15308
.306186
.43592
.56568
.65240
.73912
. 76956
. 80000
. 76956
.73912
.65240
.56568
.43592
.306186
.15308

33



69
70
71
72
73
74
75
76
77
78
792
80
81
82
83
84
85
86
87
88
83
90
91
g2
93
94
95
98
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
118
117
118
118
120

NNNONNWWLWRMEBRPETIOUOUIANNNWEAE AU NNDNONWWWWARE R AAUTOUOINWWWAE DS W

. 20000
.05000
.87008
.74248
.40180
.00000
.59820
.25752
.02992
. 95000
. 30000
. 25052
.20104
.08016
.91924
.708386
.49748
. 24876
.00000
.75124
.50252
.29164
.08078
.93984
. 79896
. 74948
.70000
. 60000
.47820
.13136
.61228
.00000
.38772
.B6664
. 52180
. 40000
.00000
.92388
.84776
.63096
.41420
.089786
. 765636
. 38268
.00000
.61732
.23464
.91024
.58580
. 36804
.15224
.07812

COMRMERMEAEANMHERRPREPOOO0000 R R RHREHEPODOODO0IIEAE B 000000000, O0O0QCO0CO

.00000
.00000Q
.40180
. 74248
.87008
.05000
.97008
. 74248
.40180
.00000
.00000
. 24876
.48748
.70836
.910824
.08016
.20104
. 25052
.30000
. 25052
.20104
.06016
. 91824
.70836
.49748
. 24876
.00000
.00000
.61228
.131386
-47820
. 60000
.47820
.13136
.61228
.000Q0
.00000
.38268
. 76536
.08976
.41420
.63096
. 84776
.92388
.00000
.92388
.84776
. 63096
.41420
.08876
.76536
.38268

34



121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

OOOOQOHNWHEUINNTOOUORWHEFNEDON NN

.00000
.00000
.92388
.70712
.38268
.00000
.61732
.29288
.07612
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

ORI Wd D ad D R RWNFOORNNWNHNROO

35

.00000
.00000
.382868
.T70712
.92388
.06000
.92388
70712
.38268
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
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Example problem 3 — center-cracked disk, center line

12.

Fig.
point load.



DISK WITH CENTER CRACK

Example Problem 3.

37

User input file FORT5

14

14

1 19 4 0
1 1 3 4 5 9 16 15
2 1 5 6 7 11 18 17
K} 1 16 17 18 19 12 13
4 1 14 13 12 10 1 2
1 0.0 0.0
3 2.1 0.0
5 3.9 0.0
7 6.0 0.0
11 5.848 1.341
12 0.0 8.0
14 2.1 0.9
16 3.9 0.9
18 5.4 2.616
19 3.186 5.084
1 2
2 3 2
1.0 1.0 1.0
1.0 1.0
3 3 4
1.0 1.0 1.0
1.0 1.0 1.0 1.0
4 3 2
1.0 1.0 1.0
1.0 1.0
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Example Problem 3. OQutput summary file FORT6

DISK WITH CENTER CRACK

NTIPS o 1
NPONT = 19
NBLOC = 4
NFORM = 0

DATA BLOCKS

BLOCK MAT. DEFINITION POINTS
1 1 3 4 5 9 186 15 14
2 1 5 6 7 11 18 17 186
3 1 16 17 18 18 12 13 14
4 1 14 13 12 10 1 2 3

LOCATION POINTS

POINT X Y
1 0.0000 0.0000
2 1.0500 0.0000
3 2.1000 0.0000
4 3.0000 0.0000
5 3.9000 0.0000
6 4.9500 0.0000
7 6.0000 0.0000
8 2.1000 0.4500
9 3.48000 0.4500
10 0.0000 3.0000
11 5.8480 1.3410
12 0.0000 6.0000
13 1.0500 3.4500
14 2.1000 0.9000
15 3.0000 0.8000
16 3.8000 0.9000
17 4.6500 1.7580
18 5.4000 2.6180
19 3.18860 5.0840

DATA BLOCK NC. 1

CRACK TIP BLOCK, ITYPE = 2
DATA BLOCK NO. 2

NO. OF DIV. IN FIRST DIRECTION = 3
NO. OF DIV. IN SECOND DIRECTION = 2
LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
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1.00 1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

DATA BLOCK NO. 3

NO. OF DIV. IN FIRST DIRECTION = 3
NO. OF DIV. IN SECOND DIRECTION = 4

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00 1.00 1.00

DATA BLOCK NO. 4

NO. OF DIV. IN FIRST DIRECTION = 3
NO. OF DIV. IN SECOND DIRECTION = 2

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

x%xk GENERATED MESH DATA XXX

NUMBER OF NODAL POINTS = 219
NUMBER OF ELEMENTS = 64
ELEMENT NODAL CONNECTIONGS

ELE. MAT. NODAL POINTS
1 -1 1 2 5 6 7 8 9
2 1 9 8 7 16 27 28 29
3 1 9 17 29 30 31 18 11
4 -1 1 3 9 10 11 12 13
5 1 5 14 21 22 23 15 7
6 1 7 15 23 24 25 26 27
7 1 11 18 31 32 33 34 35

3
17
10

16
19



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

53
o4
55
56
57
58
59

O T TS T g L S T e e T o I e S e e e e e el o el S e o

13
21
23
25
27
29
31
33
35
47
49
51
53
55
57
59
61
73
75

79

81

83

85

a7

99
101
103
105
107
109
111
113
1256
143
145
127
1562
154
129
161
163
131
170
172
133
178
181
135
188
190
137

12
38
39
40
41
42
43
44
45
64
65
68
67
68
63
10
71
90
91

a3

24

95

26

a7
116
117
118
119
120
121
122
123
142
144
14§
151
1563
1556
160
162
164
168
171
173
178
180
182
187
188
191
196

11
47
48
51
53
55
57
538
61
73
75
77
79
81
83
85
87
99
101
103
105
107
109
111
113
125
127
129
131
133
135
137
139
143
145
147
1562
154
156
181
163
165
170
172
174
179
181
183
188
190
192
187

40

19
48
50
52
54

56

58

60

62

T4

76

78

80

82

84

86

88
100
102
104
1086
108
110
112
114
126
128
130
132
134
136
138
140
148
149
150
157
158
159
166
167
168
175
176
177
184
185
186
193
194
185
202

35

51

53

55

57

59

61

63

75

77

79

81

83

85

87

89
101
103
105
107
108
111
113
115
127
129
131
133
135
137
139
141
162
154
1566
161
163
165
170
172
174
179
181
183
188
190
192
197
198
201
2086

386

40
41
42
43
44
45
48
65
66
67
68
69
70
71
72
91
92
93
894
96
97
98
117
118
119
120
121
122
123
124
151
163
155
180
182
164
169
171
173
178
180
182
187
189
191
196
198
200
2056

37

25
27
29
31
33
35
37
49
51
53
55
57
58
61
63
75
77
79
81
33
85
87
89
101
103
1056
107
109
111
113
115
127
152
1564
129
161
183
131
170
172
133
179
181
135
188
190
137
197
198
139

20
22
24
26
28
30
32
34
36
48
50
52
H4
56
58
50
62
T4
76
73
80
82
84
86
88
100
102
104
106
108
110
112
114
128
148
149
128
157
158
130
166
167
132
175
176
134
184
185
136
193
194
138



60
61
62
63
64

s b pa

187
199
139
2086
208

198
200
205
207
209

199
201
206
208
210

NODAL POINT COORDINATES

NCDE

MNWWWWWONNMNNOMNNNDNDWWWWWLWLDWWWINNNNWWLWWNDNDNNLWWLWWWLWNDWWW

X

.00000
.011256
.00000
. 98875
.04500
.04500
.04500
.02250
.00000
.87750
. 95500
. 95500
. 95500
.06750
.06750
.04500
.00000
. 956500
. 93250
. 93250
.08000
.08000
.08000
.09000
.08000
.06750
.04500
.02250
.00000
.97750
. 956500
. 93250
.81000
.91000
. 91000
. 91000
.91000
.13500
.13500
.12375
.06750
.00000
.93250

OO0 OCO0OOOLOOOCOLDOLOLOLIOCOOOOOOOOOODLOLOLOLCOOTOO

Y

.00000
.00000
.01125
.00000
.00000
.02250
.04500
. 04500
.04500
.04500
.04500
.02250
.00000
.00000
.04500
.06750
.06750
.06750
.04500
.00000
.00000
. 022560
.04500
.06750
.08000
.08000
.08000
. 08000
.09000
.08000
.08000
.09000
.08000
.08750
.04500
.02250
.00000
.00000
.06750
.12375
.13500
.13500
.13500

41

203
204
211
212
213

208
210
215
217
219

207
208
214
216
218

206
208
141
215
217

202
203
140
211
212



44
45
46
47
43
49
50
51

53
54
55

57
58
59
60
61
62
63
64
65
66
67

69
70
71
72
73
74
75
78
17
78
79
80
81
82
83
84
85
86
a7
88
89
90
91
92
93

95

NWWWWWINHNNNNDNNONWWLWWWWWLWWLWWLWNNNNNWWWWWNNOONNNNONDNNWWWWWWWWWNNN

. 87825
.86500
. 86500
.18000
.18000
.18000
.168875
.15750
.12375
.09000
.04500
.00000
. 95500
. 91000
.87625
. 84250
. 83125
-82000
. 82000
. 82000
. 22500
. 22500
.12125
.11250
.G0000
. 88750
. 80875
.77500
. 77500
. 27000
. 27000
.27000
. 24750
. 22500
.18000
.13500
.06750
.00000
. 93250
.86500
. 82000
. 77500
. 15250
. 73000
. 73000
.73000
. 36000
- 36000
. 29250
. 18000
.00000
-82000

CO00COOOODOOO0LROOOODOLOOLOOCOCDOODOOOCODOOODOOCOODOOOOOO

12375
.06750
. 00000
.00000
.04500
.09000
. 12375
.15750
.18875
.18000
. 18000
.180G0
.18000
.18000
.18875
.15%50
. 123756
.09000
.04200
.00000
.00000
.11250
.19125
. 22500
. 22500
.22500
.18125
.11250
.00000
.00000
.08750
.13500
.18000
.22500
. 24750
. 27000
. 27000
.27000
. 27000
.27000
. 24750
.22500
.18000
.13500
.08750
.00000
. QG000
.18000
. 29250
. 36000
. 36000
. 36000



96
97
98

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
118
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

QUM EBRNNDNNNDNNNWWLWWWWWWWNNNNDWLWWWWRNNNNIDNDNNWWWWWWWW WO

. 70750
.64000
. 64000
. 45000
. 45000
. 45000
. 40500
.36000
. 298250
. 22500
.11250
.00000
. 88750
. 77500
. 70750
. 64000
. 59500
. 55000
.55000
. 55000
. 67500
.67500
. 63000
.33750
.00000
. 66250
. 37000
.32500
. 32500
. 90000
. 90000
- 30000
. 90000
. 90000
. 87500
. 45000
.22500
.00000
. 77500
. 55000
. 32500
.10000
.10000
.10000
- 10000
.10000
. 25000
. 60000
. 95000
. 30000
. 65000
.00000

COOODVDOCOLOCOOCODLOOOVOOOOOOO0OLOOOLOLLOOOCDOLOOCO0oO0OD

. 29250
.18000
.00000
.00000
.11250
.22500
. 28250
.36000
. 40500
. 45000
.45000
.45000
.45000
.45000
. 40500
.36000
. 29250
.22500
.11250
.00000
.00000
.33750
. 83000
.87500
.8675600
.67500
. 63000
.33750
.00000
.00000
. 22500
.45000
. 67500
. 80000
. 90000
. 90000
. 90000
. 80000
. 90000
. 90000
. 90000
. 90000
.67500
.45000
. 22500
.00000
.00000
.00000
.00000
.00000
.00000
.00000

43



148
1489
150
1561
152
1563
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
187
198
199

OFR RO MEPEHEHBNNNMONNMNWWLWWWWWWWRARPRWWWH AR B R AERGDOHAOOIU SR DT

. 58700
.27400
. 96100
.22467
.54933
.87400
.19867
.52333
. 84800
.48700
.07400
.66100
.15000
.40000
. 65000
. 90000
. 15000
.40000
.09587
.51675
.93763
.61075
.77150
.93225
.09300
.25375
.41450
.42687
.62875
.83082
.03100
.06200
.08300
.12400
.15500
.1860C0
.87687
.57875
.48062
.41075
.27150
.13225
. 99300
.85375
. 71450
. 84587
. 386675
.88763
.75000
.40000
.05000
. 70000

DLW NN ARWNHUIWNOR WD ARWNERWNNFE R WNNHEFNDNNOPEREPRR PRSP0 0000

b

.37625
.52750
.67875
.59850
. 74700
. 89550
.04400
.19250
. 34100
.11225
.54950
.98675
.18600
.47200
. 75800
.04400
. 33000
.61600
. 72617
.556233
. 37850
.42400
. 84800
.47200
. 98600
.52000
.04400
.13750
. 37500
.61250
. 59733
. 294867
. 99200
.68933
. 38667
.08400
.41950
. 93900
.45850
. 70600
.51200
.31800
.12400
. 93000
. 73600
.57217
. 24433
. 91650
. 75000
.60000
.45000
. 30000



200
201
202
203
204
2056
206
207
208
209
210
211
212
213
214
215
216
217
218
219

OOOHHHOOHOOOHHHOOHOO

. 35000
.00000
.40000
.70000
.00000
.75000
.40000
.05000
. 70000
.35000
.00000
.40000
. 70000
.00000
. 75000
.40000
.05000
.70000
. 35000
.00000

O0OCOOOHEREOWNNDREHORWE OO

45

.15000
.00000
. 95000
.22500
.50000
.87500
.30000
.72500
.15000
.57500
.00000
.65000
.07500
.50000
.00000
.00000
. 00000
.00000
.00000
.00000
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CRNL-DWR 88C-B377 ETD
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Fig. 13. Example problem 4 — beam with embedded flaw, three~point
bending.



Example Problem 4.

47

User input file FORTS

BEAM WITH EMBEDDED CRACK

[P O N
o O o0 [ R ) o O

Ty

ST W DO W =N

29

g T S PN

DN =
o e

PN

oo o0

oo [ R

RNORPOPRNRORNNHO

6

12

' . . . v b
QOO OCOCOODOOOOO N

0
2

OO0 O0OCO0O

3
5
7
14

18
18

QODCUMUUnOOoOo

10
11
20
21
22

3.

14
16
18
25
a7
29

13
15
17
24
26
28

12
14
16
23
25
27

8

10
18
20
21



Example Problem 4.

BEAM WITH EMBEDDED CRACK

NTIPS
NPONT
NBLOC
NFORM

o iz i i

2
29
6
0

DATA BLOCKS

BLOCK MAT.
1 1
2 1
3 1
4 1
5 1
6 1

LOCATION

POINT
1 0
2 0
3 1
4 1
5 2
B 3
7 4
8 0
9 1

10 2
11 4
12 0
13 0
14 1
15 1
16 2
17 3
18 4
19 0
20 1
21 2
22 4
23 0
24 0
25 1
26 1
27 2
28 3
29 4

1 2
3 4
5 6
12 13
14 15
16 17
POINTS
X
.0000 0
.5000 0
.0000 0
.5000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.5000 0
.0000 0
. 5000 0
.0000 0
.0000 0
. 0000 0
.0000 4
.0000 4
.0000 4
.0000 4
.0000 8
. 5000 8
.0000 8
.5000 8
.0000 8
.0000 8
.0000 8

DATA BLOCK NO. 1

48

Output summary file FORT6

DEFINITION POINTS

3
5
7
14
16
18

.0000
.0000
.0000
.0000
.0000
.0000
.0000
. 2500
. 2500
.2500
. 2500
.5000
.5000
.5000
.5000
.5000
. 5000
.5000
. 2500
.2500
. 2500
. 2500
.0000
.0000
.0000
.0000
.0000
.0000
.0000

9
10
11
20
21
22

14
16
18
25
27
29

13
15
17
24
26
28

12
14
16
23
25
27

9
10
19
20
21
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CRACK TIP BLOCK, ITYFPE

t
Uy

DATA BLOCK NO. 2

CRACK TIP BLOCK, ITYPE

i
-

DATA BLOCK NO. 3

NO. OF DIV. IN FIRST DIRECTION = 2
NO. OF DIV. IN SECOND DIRECTION = 2

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

DATA BLOCK NO. 4

NO. OF DIV. IN FIRST DIRECTION = 2
NO. OF DIV. IN SECOND DIRECTION = 5

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.50 2.00 3.00 7.50

DATA BLOCK NO. b5

NO. OF DIV. IN FIRST DIRECTION = 2
NO. OF DIV. IN SECOND DIRECTION = 5

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.50 2.00 3.00 7.50

DATA BLOCK NO. 6

NO. OF DIV. IN FIRST DIRECTION = 2



NO. OF DIV.

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.60

*rkk GENERATED MESH DATA kkokk

1.00

50

IN SECOND DIRECTION =

1.00

NUMBER OF NODAL POINTS

NUMBER OF ELEMENTS =
ELEMENT NODAL CONNECTIONS

ELE.

MAT.

i

§

el R I e S e R el o Ml o S e O g e gy R N T R e

!

1

90
92
94

78

NODAL POINTS

9
11
15

5
29
31
33
35
37
39
49
51
53
55
57
59
69
71
73
75
77
79
80
92
96
86

110
112
114

2.00

273

10
12
16
8
30
32
34
36
38
40
50
52
54
56
58
60
70
72
T4
6
78
an
91
93
97
89
111
113
1156

11
13
17
18
31
33
35
37
338
41
51
53
55
57
589
61
71
73
75
T7
19
81
gz
94
98
100
112
114
116

5

3.00

6
14
18
20
23
24
25
26
27
28
43
44
45
46
47
48
63
64
65
66
67
68

95
399
101
104
105
106

5
15
19
21
11
13
15
17
19
21
31
33
35
37
39
41
51
53
55
57
59
61

96
100
102

92

94

g6

7.50



259
237
265

30 1 96
31 1 298
32 1 100
33 1 110
34 1 112
35 1 114
36 1 118
37 1 118
38 1 120
39 1 130
40 1 132
41 1 134
42 1 136
43 1 138
44 1 140
45 1 150
46 1 159
47 1 1582
48 1 165
49 1 77
50 1 75
b1 1 177
52 1 178
53 1 185
54 1 187
56 1 183
56 1 185
57 1 201
58 1 203
59 1 73
60 1 156
61 1 181
62 1 217
63 1 189
64 1 223
65 1 197
66 1 229
87 1 205
68 1 235
69 1 154
70 1 171
71 1 219
72 1 247
73 1 225
74 1 253
75 1 231

1

1

1

106
107
108
123
124
125
126
127
128
143
144
145
146
147
148
158
160
164
166

76

74
178
180
1886
188
194
196
202
204
157
1565
216
218
222
224
228
230
234
236
170
172
246
248
252
254
258
260
264
266

116
118
120
130
132

203
205
166
154
217
219
223
225
229
231
235
237
171
173
247
249
253
255
259
261
265
267

NODAL POINT COORDINATES

51

117
119
121
131
133
135
137
138
141
1561
1563
155
157

72

70
162
163
168
169
175
176
183
184
191
192
199
200
207
208
214
215
220
221
226
227
232
233
238
239
244
245
250
2b1
256
257
262
263
268
269

271
273

107
108
109
124
125
126
127
128
129
144
145
146
147
148
149
164
166
170
172
178
180
186
188
194
196
202
204
210
212
216
218
222
224
228
230
234
236
240
242
246
248
252
2b4
258
2860
264
266
270
272

98
100
102
112
114
116
118
120
122
132
134
1386
138
140
142
152
1685
164
171
177
179
1856
187
193
195
201
203
208
211
181
217
188
223
197
229
2056
235
213
241
218
247
225
253
231
2569
237
265
243
271

a7

99
101
111
113
115
117
119
121
131
133
135
137
139
141
151
162
153
168
174
1756
182
183
190
181
198
199
206
207
176
214
184
220
192
226
200
232
208
238
215
244
221
250
227
256
233
282
238
268



=z
Q

COo~NOUbd W —D

e

CODODOO0OOO0OOCDOCOCODOO0O0OLDOODOODCODOLDOCDOOOOOOOCOODOOOO0OO

. 50000
. 51250
. 50000
.48750
. 50000
.52500
. 50000
.47500
. 55000
.55000
.55000
.55000
. 565000
. 52500
.50000
.47500
.45000
.45000
. 45000
.45000
.45000
. 587580
. 58750
. 56250
. 50000
.43750
.41250
.41250
. 62500
.62500
.62500
.80000
.57500
.53750
. 50000
.46250
. 42500
.40000
. 37500
.37500
. 37500
.67500
.67500
.61250
. 56000
. 38750
.32500
. 32500
. 72500
. 72500
. 72500

CO0DO0OOCOO0OO0COCOOOLOOLOCORLOOCOCOLOOOLCODLLODOOCDODLOLOOODOO

Y

.00000
.00000
.01250
.00000
.05000
.05000
.07500
.05000
.00000
.02500
.05000
.07500
. 10000
.10000
.10000
.10000
.10000
.07500
.05000
.02500
.00000
.00000
.06250
.13750
.137580
.13750
.06250
.00000
.00000
.03750
.075060
.12500
.17500
.17500
.17500
.17500
.17500
.12500
.07500
.03750
.00000
. 00000
.10000
.22500
. 22500
. 22500
.10000
.00000
.00000
.06250
.12500

52



P P et R Pl R R P b bt i e S R R R S R R OO0 D00 DO O R REOOODODOCOOCOOO0O0OD

.88750
. 65000
.57500
. 50000
.42500
. 35000
.31250
. 27500
. 27500
.27500
.86250
. 86250
. 82500
. 50000
.17500
. 13750
.13750
.00000
.00000
.00000
.00000
.00000
.75000
. 50000
.25000
.00000
.00000
.00000
.00000
.00000
. 50000
.51250
.50000
.48750
.50000
. 52500
.50000
. 47500
. 55000
. 55000
.55000
.55000
.55000
. 52500
. 50000
.47500
.45000
. 45000
.45000
. 45000
. 45000
.58750

QOO0 OLCOCORO0OVOOOLOLODOLOOOOOOOLODOOODLOOOLOOO0OO0OO0O0

. 20000
. 27500
. 27500
. 27500
.27500
. 27500
.20000
.12500
.06250
.00000
.00000
.18750
.38750
. 38750
.38750
.18750
.00000
.00000
.12500
. 25000
.37500
. 50000
.50000
. 50000
. 50000
. 50000
. 37500
. 25000
.12500
.00000
.00000
.00000
.01250
.00000
.05000
.05000
07500
.05000
.00000
.02500
.05000
.07500
.10000
.10000
.10000
.10000
.10000
.07500
.05000
.02500
.00000
.00000

53



104
105
106
107
108
109
110
111
112
113
114
115
118
117
118
118
120
121
122
123
124
125
126
127
128
128
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
143
149
150
151
152
153
154
165

HNN[\DNNI—‘H!—*I—‘HHHH?—‘HHHHHHHHHHHHHHHHHHH!—‘HHH?—‘HHHHHHHHHHHHH

.58750
. 56250
.50000
.43750
.41250
. 41250
.82500
. 62500
.62500
. 60000
.57500
. 53750
.50000
. 48250
.42500
. 40000
. 37500
. 37500
.37500
. 87500
. 87500
.61250
.50000
. 38750
. 32500
. 32500
. 72500
. 72500
. 72500
. 68750
.65C00
. 57500
.50000
. 42500
.35000
.31250
. 27500
. 27500
.27500
. 86250
.86250
. 82500
.50000
.17500
.13750
.13750
.00000
.00000
.00000
.00000
.00000
. 75000

OOOCDOOOOOOOOODOOOOOOOOOOOOOOOOOOOOOC’OOOOOOOOOOOOOOOD

.06250
.13750
.137580
.13750
.06250
.00000
.00000
.03750
.07500
.12500
.17500
17500
.17500
.17500
.17500
.12500
.07500
.037560
.00000
.00000
.10000
. 22500
. 22500
. 22500
.10000
. 00000
.00000
.08250
.12500
. 20000
. 27500
. 27500
.27500
.27500
. 27500
. 20000
.12500
.086250
.00000
.00000
.18750
. 38750
.38750
. 38750
.18750
.00000
.00000
. 12500
. 25000
. 37500
.50000
. 50000

54



1566
157
158
1568
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
180
191
192
193
194
195
196
187
198
198
200
201
202
203
204
205
206
207

OOHOOOOHOOHOODOHOOHOOODHOov——‘\oOoo)-oo,hmwmvbwpuwmpmihwwmhﬁp

.50000
. 256000
.50000
.00000
.50000
.000Q0
.00000
.00000
.50000
.00000
.50000
.00000
.00000
.0000¢
.50000
.00000
.50000
.00000
.00000
. 50000
.00000
.00000
.25000
. 50000
.75000
.00000
.00000
. 50000
.00000
.00000
.25000
. 50000
. 75000
.00000
.00000
. 50000
.00000
.00000
. 25000
. 50000
. 75000
.00000
.00000
. 50000
.00000
.00000
.25000
.50000
. 75000
.00000
.00000
. 50000

mmpphppwwwmmmmmmmw»—-;—AHHHHHHHHHHHOOOOOOOOOOOOOOOOCODOO

.50000
.50000
.00000
.00000
.00000
.00000
.12500
.12500
. 25000
.25000
.25000
. 25000
. 37500
. 37500
.50000
. 50000
.50000
. 50000
. 75000
. 75000
.75000
.00000
.00000
.00000
.00000
.00000
.37500
.37500
. 37500
. 75000
.75000
. 75000
.75000
. 75000
.25000
. 25000
.25000
. 75000
. 75000
. 75000
. 75000
. 75000
. 50000
.50000
.50000
. 25000
.25000
. 25000
.25000
.25000
.12500
.12500

55



203
208
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
233
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259

LN WP WWNAWRWWNEBWNER = HNR N b NSRS N AN RN RN ERENNBS PR OO0 0O

.00000
.00000
. 25000
. 50000
.75000
.00000
. 50000
.00000
.25000
. 50000
. 75000
. 00000
. 50000
.00000
. 25000
.50000
. 75000
.00000
. 50000
. 00000
. 25000
.50000
. 75000
.00000
.50000
00000
. 25000
. 50000
. 75000
.00000
. 50000
.00000
. 25000
. 50000
. 75000
.00000
.00000
.00000
.50000
.00000
.50000
.00000
.00000
.00000
. 50000
. 00000
. 50000
.00000
.00000
. 00000
.50000
.00000

NN R, OO DONNA BB D WWNNNNONDN - e 2 s a2 1 OO 0D

-12500
.00000
.00000
.00000
.00000
.00000
. 75000
. 756000
.00000
.00000
.00000
.00000
. 37500
. 37500
.75000
. 75000
. 75000
. 75000
. 25000
. 25000
. 75000
. 75000
. 75000
. 75000
. 50000
. 50000
. 25000
. 25000
. 25000
. 25000
.12500
.12500
.00000
. 00000
.00000
.00000
.75000
. 75000
.00000
.00000
.00000
.00000
.37500
. 37500
. 75000
. 75000
.75000
. 75000
. 25000
. 25000
. 75000
. 76000

56



260
261
262
263
264
265
266
267
268
269
270
271
272
273

W WO Lo OO DD B L P

. 500600
.00000
.00000
. 00000
.50000
. 00000
. 50000
.00000
.00000
.00000
.50000
.00000
.50000
. 00000

QDO b s LWNN

. 75000
. 75000
. 50000
. 50000
. 25000
. 25000
.25000
. 25000
.12500
.12500
.00000
.00000
.00000
.00000

57
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Fig. 14. Example problem 5 - compact tension specimen-
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Example Problem 5. User input file FORT5

STANDARD COMPACT TENSION SPECIMEN

1 45 10 0
1 1 7 8 9 16 27 286
2 1 9 10 11 17 29 28
3 1 27 28 29 35 46 45
4 1 25 26 27 34 44 43
5 1 22 24 25 33 42 41
6 1 5 6 7 15 25 24
7 1 3 4 5 14 22 21
8 1 20 23 22 32 40 39
g 1 1 2 3 13 20 19
10 1 18 19 20 31 38 37
1 0.0 0.0
3 0.25 0.0
5 0.75 0.0
7 1.25 0.0
9 1.75 0.0
11 2.5 0.0
18 0.0 0.55
20 0.25 0.55
21 0.5 0.3
22 0.75 0.55
23 0.5 0.8
25 1.25 0.25
27 1.75 0.25
29 2.5 0.25
38 0.0 1.2
38 0.25 1.2
40 0.75 1.2
42 1.25 1.2
44 1.75 1.2
46 2.5 1.2
1 1
2 3 2
1.0 1.0 1.0
1.0 1.0
3 3 2
1.0 1.0 1.0
1.0 1.0
4 2 2
1.0 1.0
1.0 1.0
5 2 2
1.0 1.0
1.0 1.0
6 2 2
1.0 1.0
1.0 1.0
7 2 2

25
27
44
42
40
22
20
38
18
36

15
16
34
33
Jda
14
13
31
12
30
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Example Problem 5.

STANDARD COMPACT TENSION SPECIMEN

NTIPS = 1
NPONT = 46
NBLOC = 10
NFOREM = 0

DATA BLOCKS

BLOCK MAT.
1 1
2 1
3 1
4 1
5 1
6 1
7 1
8 1
9 1

10 1

LOCATION POINTS

7
9
27
25
22
5
3
20
1
18

POINT X
1 0.0000
2 0.1250
3 0.2500
4 0.5000
5 0.7500
6 1.0000
7 1.2500
8 1.5000
9 1.7500
10 2.1250
11 2.5000
12 0.0000
13 0.2500
14 0.7500
15 1.2500
16 1.7500
17 2.5000
18 0.0000
19 0.1250
20 0.2500
21 0.5000
22 0.7500
23 0.5000
24 1.0000
25 1.2500
26 1.5000
27 1.7500

CO0ODOOCOODODOOLDODLOLOLOOO0O

DEFINITION POINTS

9
11
29
27
25

7

5
22

3
20

.0000
.0000
.0000
.0000
.0000
.0000
.0000
. 0000
L0000
.0000
.0000
. 2750
L2750
L2750
.1250
.1250
.1250
. 5500
. 5500
.5500
. 3000
.5500
. 8000
. 4000
. 2500
. 2500
. 2500

16
17
35
34
33
15
14
32
13
31

27
29
46
44
42
25
22
40
20
38

26
28
45
43
41
24
21
39
19
37

Output summary file FORT6

186
34

32
14
13
31
12
30
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28 2.1250 0.2500
29 2.5000 0.2500
30 0.0000 0.8750
31 0.2500 0.8750
32 0.7500 0.8750
33 1.2500 G.7250
34 1.7500 0.7250
35 2.5000 0.7250
36 0.0000 1.2000
37 0.1250 1.2000
38 0.2500 1.2000
39 0.5000 1.2000
40 0.7500 1.2000
41 1.0000 1.2000
42 1.2500 1.2000
43 1.5000 1.2000
44 1.7500 1.2000
45 2.1250 1.2000
46 2.5000 1.2000

DATA BLOCK NO. 1

CRACK TIP BLOCK, ITYPE = 1

DATA BLOCK NO. 2

NO. OF DIV. IN FIRST DIRECTION = 3
NO. OF DIV. IN SECOND DIRECTION = 2

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

DATA BLOCK NO. 3

NO. OF DIV. IN FIRST DIRECTION = 3
NO. OF DIV. IN SECOND DIRECTION = 2

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

DATA BLOCK NO. 4
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NO. OF DIV. IN FIRST DIRECTION = 2
NO. OF DIV. IN SECOND DIRECTION = 2

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

DATA BLOCK NO. b

NO. OF DIV. IN FIRST DIRECTION = 2
NO. OF DIV. IN SECOND DIRECTION = 2

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

DATA BLOCK NO. 6

NO. OF DIV. IN FIRST DIRECTION = 2
NO. OF DIV. IN SECOND DIRECTICN = 2

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

DATA BLOCK NO. 7

NO. OF DIV. IN FIRST DIRECTION = 2
NO. OF DIV. IN SECOND DIRECTION = 2

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

DATA BLOCK NO. 8
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NO. OF DIV. IN FIRST DIRECTION = 2
NO. OF DIV. IN SECOND DIRECTION = 2

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00 1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

DATA BLOCK NO. 9

NO. OF DIV. IN FIRST DIRECTION = 1
NO. OF DIV. IN SECOND DIRECTION = 2

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

DATA BLOCK NO. 10

NO. OF DIV. IN FIRST DIRECTION = 1
NO. OF DIV. IN SECOND DIRECTION = 2

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION
1.00

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION
1.00 1.00

*kkok GENERATED MEGH DATA koxk

NUMBER OF NODAL POINTS = 212
NUMBER OF ELEMENTS = 58
ELEMENT NODAL CONNECTIONS

ELE. MAT. NODAL POINTS
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130
132
140
142
146
148
156
158
162
164
168
170
174
1786
180
1856

11
15

29
31
33
35
37
38
483
51
53
55
57
59
69
71
73
75
77
79
83
85
87
92
94
96
101
103
105
112
114
116
75
73
132
110
142
77
148
130
158
81
164
79
170
1566
176
162
185
140

11
13
17
19
31
33
35
37
39
41
51
53
55
57
58
61
71
73
75
17
79
81
92
94
96
101
103
105
112
114
1186
123
125
127
132
110
138
121
148
130
154
136
164
79
142
77
176
162
182
140
191
146

5
15
19
21
11
13
15
17
19
21
31

35
37
39
41
51
53
55
57
59
61

g2

94

73
101
103
110
112
114
121
123
125
130
132
136
138
146
148
162
154
162
164
140
142
174
176
180
182
189
191



53
54
55
56
57
58

o el e N el

189
191
1989
202
205
208

190
182
200
203
206
209

191
146
168
174
180
189

NODAL POINT COORDINATES

NODE

T T S g T T g el T Y o S e e I el el Sl T N e e g e i

X

. 50000
.50625
. 50000
.49375
. 50000
.51250
. 50000
. 48750
. 52500
. 52500
. 52500
.52500
.52500
. 51250
. 50000
. 48750
. 47500
.47500
. 47500
.47500
.47500
.54375
.54375
.53125
.50000
.46875
.45625
.45625
.56250
.56250
. 56250
. 55000
.537580
.51875
.50000
.48125
.46250
.45000
.43750
.43750
.43750
.58750

OO0 OOOOLODOOOOCOOOLOLOLOOOODODQCOOLOOO0O

Y

.00000
.00000
.00625
.00000
.02500
.02500
.037560
.02500
.00000
.01260
.02500
.03750
.05000
.05000
. 05000
.05000
.05000
.03750
.02500
.01250
.00000
.00000
.03125
.06875
.0B8875
.06875
.03125
.00000
.00000
.01875
.03750
.06250
.08750
.08750
.08750
.08750
.087560
.06250
.03750
.01875
.00000
.00000
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194
1560
172
178
187
193

197
152
174
180
189
195

196
198
203
206
2098
212

195
197
202
205
208
211

193
194
201
204
207
210
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.58750
.55625
. 50000
.44375
.41250
.41250
.61250
.61250
. 61250
.593756
.57500
.53750
. 50000
. 46250
.42500
.40625
. 38750
. 38750
. 38750
.68125
.681256
.66250
. 50000
.33750
.31875
.31875
. 75000
. 75000
. 75000
.75000
. 75000
.62500
. 50000
. 37500
. 25000
. 25000
.25000
. 25000
. 25000
.87500
.00000
.12500
. 25000
. 37500
. 50000
.00000
. 25000
.50000
.87500
.00000
.12500
.25000

o000 OOOOOOCORLOOLOCODOOQODO0

.05000
.11250
.11250
.11250
.05000
.00000
.00000
.03125
.06250
.10000
.13750
.13750
.13750
.13750
. 13750
.10000
.06250
.03125
. 00000
.00000
.08375
.19375
.19375
.19375
.09375
.00000
.00000
.06250
. 12500
.18750
. 25000
.25000
. 25000
. 25000
. 25000
.18750
.12500
.06250
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.06250
.06250
.06250
.12500
.12500
.12500
.12500

67



95

96

97

28

998
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
128
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146

OO OO PP LR =l NN SRR AONNNEHENONNOONNRENOON=SNNONNDN RN NN N

.37504Q
.50000
.00000
.25000
. 50000
.87500
.00000
.12500
. 25000
.37500
. 50000
.75000
.00000
. 25000
. 50000
.75000
. 87500
.00000
.12500
. 25000
. 37500
.50000
. 75000
.00000
. 25000
.50000
. 75000
.87500
.00000
.12500
. 25000
. 37500
. 50000
.25000
.50000
.25000
. 37500
.50000
. 62500
. 25000
. 50000
. 25000
. 37500
.50000
. 62500
. 75000
. 87500
.00000
. 12500
. 15000
. 00000
. 75000

. 12500
.12500
.18750
.18750
. 18750
.25000
. 25000
.25000
. 25000
.25000
. 25000
.48750
.48750
.48750
.48750
. 72500
. 72500
. 72500
. 72500
. 72500
. 72500
. 72500
. 96250
. 96250
. 96250
.96250
.20000
.20000
. 20000
. 20000
. 20000
.20000
. 20000
.48750
.48750
. 72500
. 72500
. 72500
. 72500
.96250
. 96250
.20000
. 20000
.20000
. 20000
.55000
. 47500
.40000
. 32500
. 71250
. 60000
.87500
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147
148
149
150
151
1562
153
1564
1565
156
167
158
158
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
188
190
191
192
193
194
195
196
197
198

DOO0OCOLOOVOCOVDOOOLOOCOOLOOOLOOODOOFRORHOOFPORMOOREREROOMOMED

. 87500
.00000
.12500
. 75000
.00000
.75000
. 87500
.00000
.12500
. 75000
. 87500
.00000
.12500
. 75000
.00000
. 75000
. 87500
.00000
.12500
. 75000
.00000
.25000
. 37500
.50000
. 62500
.25000
. 50000
. 25000
. 37500
.50000
. 62500
.25000
. 50000
.25000
. 37500
.50000
.62500
. 37500
. 50000
.82500
. 25000
.50000
. 25000
. 37500
. 50000
.62500
. 25000
.50000
. 25000
.37500
. 50000
.62500

PP e = O OOQO0000C0CO0OVOOOOOOCOO0OO0ODOLOOC OO0 IR OO0

. 83750
. 80000
. 76250
.03750
.00000
. 20000
. 20000
. 20000
. 20000
.00000
.00000
.00000
.00000
.13750
. 10000
. 27500
. 23750
.20000
.16250
.41250
. 30000
.00000
. 00000
.00000
. 00000
.13750
.07500
.27500
.18125
-15000
.18125
. 41250
. 22500
.55000
. 36250
. 30000
. 36250
. 73750
. 80000
. 73750
. 71250
. 90000
. 87500
. 96875
.00000
. 96875
.03750
.160000
. 20000
. 20000
.20000
. 20000
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199
200
201
202
203
204
205
206
207
208
208
210
211
212

ODOOOCOO0OCOOOOO0O

.00000
.12500
.00000
.00000
.12500
.00000
.00000
.12500
.00000
.00000
.12500
.00000
.00000
.12500

RS ODO0OO0ODOO0OO0O0OC0O

70

.00000
.00000
.13750
. 27500
. 27500
.41250
. 55000
.55000
. 712580
. 87500
. 87500
.03750
. 20000
. 20000
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Appendix C

CRACK~TIP BLOCK SUBDIVISION

Reference Figs. 1520 showing the subdivisions of each type of
crack—~tip block that may be employed in ORMGEN.PC are provided here.
These figures are helpful for specifying boundary conditions and for
determining elements that occupy the crack~tip zone.
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ORNL -OWG 85-5319 €ETD
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Fig. 15. ¥lement and node pumbering for ORVIRT.PC compatible
crack~tip block, ITYPE=l.

ORNL -DWG 855320 ETD
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Fig. 16. Element and node numbering for ORVIRT.PC compatible
crack-tip block, ITYPE=2.
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ORNL--DWG B85-5321 ETD
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Fig. 17. Element and node numbering for ADINA/ORVIRT compatible
crack~tip block, ITYPE=3, IKIND=0.
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ORNL--DWG 85--5322 ETD
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Fig. 18. Element and node numbering for ADINA/ORVIRT compatible
crack-tip block, ITYPE=3, JKIND=l.
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ORNL - DWG 85 -5323 ETD
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Figo 19:

Element and node numbering for ADINA/ORVIRT compatible
crack~tip block, ITYPE=4, IKIND=0.
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ORNL -DWG 85-5324 ETD
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Fig. 20. Element and node numbering for ADINA/ORVIRT compatible
crack-tip block, ITYPE=4, IKIND=1.
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