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INTRODUCTION

ROCMAS (ROCk MASS) is a finite-element program for counled flow and
stress in deformable, saturated, fractured rock medium. The two-dimensional
code combines the capability of isothermal transient pressure analysis and
stress-strain analysis in formations with discrete fractures and porous
blocks. Coupling of the pressure field and the mechanical deformation is
founded on the extension of Biot's consolidation theory for porous elastic
medium to nonlinear fracture behavior. The current version of the model is
described by Noorishad [18]. Summary of early develapments and related
information are in Ayatollahi [1). The early version of this code is known

as PORFRC.

I. GOVERNING EQUATIONS

In this model, the fluid movement and the solid deformation are counled.
Each paint in space, either inside a discrete fracture ar within a rock hlock,
has a pressure variable P and a solid displacement vector U. The pressure
field determines the fluid flow. The counling between P and U can he Aeg—-
cribed in the following loon. As the pressure changes, the effective streas
acting on the rock solid changes accordingly and affects the Aisnlacement or
strain of the solids The displacement of solid chanaes the flow path of fluiAd
and results in changes in the nressure field. The last couplina step is esne-
cially imnortant for fractures. The fracture flow is verv sansitive to the
aperture 2?b. The fracture-specific nermeabilitv k‘ = (2b)2/12 for parallel-

plate laminar flow is used in this model.



Pressure-Strain Equation
The mathematical form of the coupling between the fluid flow and solid

displacement can be written down as a set of three equations for the pressure-
strain, strain-stress, and stress-load balance relations. The first fluid
flow equation is

L i . K

Mi at at u
where qi and Mi (i = fractures or rock medium blocks) are material properties
(Biot constants) representing the responses of fluid mass content to changes
in pressure and changes in volumetric strain e. Depending on the boundary
conditions, the derivative 3e/3t in some cases can he approximated in terms of
the pressure derivative jP/3t. The fluid flow equation will be reduced to a
simple transient pressure equation with the storage coefficient in front of

3P/3t determined by the porosity and compressibilities of fluid and void

structures.

Stress-Strain Relation

In more general cases, the volumetric strain g = Epx + €,y depends on the
effective stress field. The pressure ccunteracts normal to the fluid-solid

interfaces. The effective stress-strain relation can be formally written in

the form of Hook's Law {2-5]:
= i=  F =
T - Q‘LPI = Cl: € o

55
For isotropic elastic porous rock medium, the components of the tensor c* can



be expvressed in terms of two elastic constants, e.q., Young's modulus and
Poisson's ratio. For anisotropic, inelastic deformable fractures, the
stress-strain-strain relation is very nonlinear. In this model, a nonlinear
normal stress-normal displacement relation and a nonlinear shear stress-shear
displacement relation are used [12]. The normal and shear stiffness {chanae
of stress per unit change of displacement) as functions of stresses charac-
terize the fracture behavior. The displacement uis simply related to the

strain : by the component definition:

Load Balance

The third eguation for the unknowns P, T anA € is Newton's first law of
static eguilibrium applied to an infinitesimal volume element of the fluid-

filled medium

where Py is the bulk mass density and f is the bodv force. One hodv force or
volumetric force is the gravity. Both the gravity effects on the fluid and
rock can be taken into account. Gravitational drainage of fluid can he

modeled.



II. NUMERICAL METHOD

Having established the governing and constitutive relations for fractures
and solids from structural and fluid flow analysis points of view, the media
under consideration could be thought to be composed 3f two materials with
known behavicrs. Analysis of such media for coupled stress and fluid flow
behavior is made feasible hy application of a numerical method. The method
starts with adoption of a variational principle [8,9], The variational form,
written for general initial and boundary conditions, includes all the terms
of the static-structural analysis variational and those of the transient fluid
flow analysis in porous media. A coupling term links the two functions
{1,18]. A finite-element discretization is used to discretize the space
domain. The two-dimensional space is decomposed into finite element cuadri-
lateral domains with four-corner nodes{22]. <Each node has the values of three
variables: the pressure P and the two components of gsolid disnlacement
G. Isoparametric bilinear polynomial basis functions are used to interpolate
from the nodal values to the space within an element representing the porous
rock medium. For a fracture, it is assumed that the aperture is small and
fluid flow is along the fracture surfaces. The pressure difference hetween
adjacent nodes across the aperture is negligible and a one-dimensional element
can be used for interpoclating between two end woint pressures [21). For the
fracture displacements, it is convenient to take tha same gpatjal (glohal)
coordinates for each pair of points across the small aperture for the four-
corner element. However, the relative movements of the surfaces in the direc-

tion vertical to the fracture plane and along the fracture are important for



the strusture analysis. The fracture element in terms of these relative Adis-

placements 15 used [12].

Taking variation of the discretized variational principle with resvect to

u and p results in the following matrix equations:
(x] (o} + 1€ {®) = {7}

(e1T(a@} + ([2] + 1% mP} = 1 * (g}
where the matrix [X] contains tie coefficients of the sti“ness of stress Adis-
placement of both inelastic fractures and elastic medium, [C] the Biot coupling
coefficients, [E] fluid storage coefficients, [4] fluid hvdranlic conduct:i-
vities, and {Q} the fluid boundarv fluxes. The column vector {u} contains the
2 nodal values of n for the m porous nodes and ¥ - = fracture nondes, {P} tkre

N values of P, and {F} the body force and Leundary leads.

Tim= Discretion: The notation t* in the matriy eouation represents the
time integrat:ion from N to t. To step from t o t+A+r, thig model uses 2
predictor-corrector scheme. The salut:inn is fivst predicted at t+34t with
22221
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the unknown at t+4t is given by

1
Perar = P2 ¥ 0 Peroar ¥ B

It is noted that 0 = 1 is the central differencing Crank-Nicholson scheme.
The coefficient 8 > 1 is used to damp out the numerical oscillation while

slightly slowing down the convergence rate [20].

Solution Scheme

The nonlinear behavior of fracture stress-displacement is dealt with by
the stiffness perturbation technique [12] (uring each time sten. The stiff-
ness matrix depends on the displacement when the displacement are out of the
linear range. Iterations proceed until the stiffness matrix stabilizes within

convergent criteria.

Within one iteration the matrix equation of {u} and {P} is solved by a
direct procedure. The matrix is decomposed into lower and upper trianqular
matrices by the Gaussian LU decomposition method [2]. This reduces the matrix
equation into two triangular systems which can be solved by backward and

forward substitution procedures.



IIl. COMPUTER CODE

Documentation and Availability

The code is written in FORTRAM IV and presently being used on *he Ce

7600 at LBL. Set-up of the data follows the organization of other finite-
element programs at the University of California, Berkelev. Familiar options
of two-dimensional finite-element (2-D FE) stress and strain analysis codes
and two-Jdimensional finite-element {2-D FE) fluid flow codes are included in

this code.

spatial Grid

The two-dimensional grid consists of four-corner qua-drilateral elements
for the porous rock medium and two-node elements for the Adiscrete fractures.
The fractures can extend from one boundarv to another, in*ersect each nther,
or can be isolated in the porous rock mediwrm. An axisymmetric qrid is 3lso

used.

Haterial Properties

The constant vermeability of the norous ~k medium and the initial
aperture of the fracture are input parameters. For counled calculations, the
pressure- and stress-induced ckanges in displacement will he used to undate

the aperture and the fracture nermeability.

i, N ; . .
The parameters M in the fluid flow eaquation for the vorous ror medium
and fracture can be estimated in general from the »orosity and the compressi-

bilitv of fluid as 1/(ncf). The courlina constants a' are dimensionless.



et =0 decouples the pressure calculations from the stress-strain analvsis,

For material with highly incompressible solid grains, a = 1.

The mechanical properties recquired are Young's modulus and Poisson's ratio
fcr the elastic porous rock medium and the initial normal stiffness, tangential

stiffness, crhesion, and angle of friction for the fracture.

Fluid Properties

The fiuid density and viscosity are input parameters.

Initial Conditions

Distribution of stresses, pressure and displacement can he specified at

initial or program restarting time.

Boundary Conditions
Pressure and flux boundary conditions can be specified for the fluid
flow. Static load and displacement boundary conditions can be specified for

the stress=-strain analysis.

Time Stepping and Solution Control

The time step can he increased logarithmically. A convergent criterion
is spacified on the stiffness difference in the iteration-perturbation proce-

dure to handle the nonlinear fracture hehavior.

Outnut

At the end of each time sten, the pressure, displacement and the flow
flux and the stress components on the elements can be printed. Graphic output
of the mesh with the plot of the principal components of stress, and displace~

ment are generated in the program.



Iv. VALIDATION

The code is developed from an early iteraftive finite element orogram with
steady state flow and static force-displacement analysis in jointed formation
«with impermeable rock [17]. Most of the efforts to validate this cnde are on
the transient fluid flow hehavior in fractures embedded in morous rock medium.
Validation of the capability to handle coupling between transient fluid flow
and stress-strain analysis is limited due to absence of both the analvtic solu-
tions and other numerical results. The documented tests [1] on the transient

fluid flow in porous media and in fractures will be listed below.

1. Continuous Finite=-Radius Well Source: The early time transient pressure
responses of an axisymmetric flow to a producing well are compared with the

analytic solution of Mueller and Witherspoon [15].

2. Finite Axisymmetric Aquifer: The late time pressure reswonses with no
flow as well as constant outer houndaries are comnared with the analvtie selu-

tions of Muskat [16].

3. Vertical Fractures: The pressure responses for a single vertical fraec-
ture and two perpendicular vertical fractures intersecting a well at the
center of a rectanqular porous medjium are compared with the analvtie solutions
of Raghavan [19]. Geometry, mesh, inout data, and the results for the latter

problem are given at the end.

4. Vertical Fracture Near a Well: The pressure resvonses for an observation

well is a system with a fracture not intersecting, hut aligned with a orodncing
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and an observation well, are compared with the analytic solution of Heber-

Cinco et al. [13].

5. Horizontal Fracture: The pressure responses for a horizontal fracture
located at the center of an aquifer and intersecting a well in an axisymmetric

region are compared with the analytic solution of Gringarten and Ramey [11],
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V. APPLICAHTION

The importance of the coupling between the fluid flow and the mechanical
deformation in fractures has been analyzed by the iterative steady state
version of this code. The flow through a jointed 4am foundation has heen
simulated [17]. It is noted that a deformahle fracture system has lower flow
through the foundation and higher uplift pressure than a riaid network of frar-
tures. The code has also been used in the analyses of laboratory exneriments
of large rock samples with tension fractures and of field tests in shallow
fractured formations [7]). It is well known that high nressure at a wellhore
can open up the fractures and will result in a high injection rate while low
pressure at a wellbore during withdrawal can close the fracture and decrease

the hydraulic conductivity of flow.

This recently developed transient code is well suited for a thorouah
study of the mentioned effects due to the fact that it can provide additional

insight to the very important transient processes of the coupling nhenomena.
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V1. SUMMARY

This model is for the study of coupled fluid flow and stress in deform-
able fractured rock masses. The effective masss theory of Biot is used to
relate the pressure changes with the displacements of the rock matrix. The
deformation of the fracture surfaces in turn affects the fracture flow thrnugh

the sensitive dependence of permeabilitv on aperture.

The code combines techniques of fluid flow modeling and stress-strain
analysis. The two-dimensional finite-element code incorporates the flow ele-
ment of Wilson and Witherspoon [21] for the fracture flow, the joint element
of Goodman et al. [12] for the representation of mechanical behavior, and a

predictor-corrector scheme to damp out numerical oscillation.

The model is based on general theory which is of fundamental irterest
and practical importance. ‘The code has the capability of handling a range of
complex problems in fluid flow, induced rock mass deformation and soil consoli-
dation [8). Further developments to couple the fluid flow with heat transfer,
or to incorporate dynamic stress aralysis, can increase the range of appliec-

ability. More extensive application of the code is called for.
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VIII. USER'S GUIDE

The program "ROCMAS" is written in FORTRAN IV and uses both large core
and small core memory of the CDC 7600. The large core is used for storage of
(i) nodal points, their coordinates in two directions, their proper code
used to describe boundary conditions, initial loads or displacements,
and (ii) elements, their material type properties, the correspondence between
structural nodes and flow nodes, and between structural elements and
flow elements, fFlow boundary codes, and any other properties that are

unique for each node or each element.

The large core is also used to store large matrices and vectors needed
for the solution of the final system of equations and the equation identifiers

for the three degrees of freedom at each nodal point.

The small core memory furnishes storage of the COMMON blocks as well as

DIMENSION statements.

Since “‘ROCMAS" is not written to use a dynamic storage option, it is
necegssary to keep in mind the maximum size of the arrays for which large core
storage is provided. For the time being, the following limits should he kept
in mind:

Maximum number of nodal points = 300
Maximum number of structural elements (joints and solids) = 300
Maximum number of joint elements = S50

Maximum number of different materials = 12
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The input data™ should be prepared in the arouvs of cards described helow:

Groun Column Format
I-1 1-5 AS
I-2 1-72 [:1.%:]
I-3 1-72 BA2
i-4 1-5 15

6-10 15
11=-15 15
16-20 15
21-25 IS
26-30 I5
31=-35 15
26-40 IS
41-45 15
46-50 15
51-55 FS. 0
56-65 F10.0
66-70 I5

"TITLE"
HED
HED
NUMNP
NUMEL
NUMMAT
NSHELL
NPC
NJMP

TRAND

NIT

IPLOT

IPUNCH

TTNTAL

CONLIM

NAXI

Explanation

Title card to start with comnutation
Any desired titling, or blank cards
two cards.

Total no. of nodal noints in the mesh
Total no. of elements in the mesh
Total no. of Aifferent materials
Highest nn. of solid material

No. of boundary pressure cards

No. of joi'.ts with modified anerture
Random anerture generator if = 1,
otherwise equal to zero

Total no. of time sten iterations
Plot outnur requested, if equal to 1;

otherwise equal to zero

Punch reauested for final joint element

properties if = 1, otherwise = 0

Total estimated cn time (decimal seconds)

Joint stiffness converaesnce cnnstant
Axisvmmetric prohlem if 1,

two-dimensional nroblem if 0

* An example of input data preparation is given at the end.


http://otherwi.se
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Group Column Format Word Explanation
I-5 1-10 F10.3 AAM Mean aperture lognormal distribution
11-20 F10.3 THETA Time integration fantor
21-30 F10.3 AAS Standard deviation lognormal
distribution
31-40 F10.3 ACELX x-direction acceleration
41-50 F10.3 ACELY y-direction acceleration
I-6 1-10 F10.3 XNHP Maximum net head pressure (optional)
11-20 F10.3 SPWT Fluid specific gravity
21-35 E15.5 visc Fluid viscosity
36-40 15 IPRINT No. of time step printouts required
41-45 I5 NDTN Variable time stevn counter Lf > 1
46-55 E10.5 DT Initial time increment
56=-65 E10.5 SYSDIM System dimension, if Pp, tp calculateAd*
66-75 E10.5 TOTALQ Total flow, if Pp, tp calcnlated*
11-1 1-8 A10 "MATERIAL" Title card for material specifications
II-2 1-5 A10 “"INCOMPRESS" For incompressible fluid **

"COMPRESS" for compressible fluid

*Note that Pp, tp calculation uses properties of first solid, therefore, it is
meaningful only for a special class of nroblems.

**0nly used for uncoupled steady state fluid flow orobhlems. Minor modification
of the solution algorithm is required for steady state coupled problems, i.e.
when a # 0 and incompressible fluid assumption is used.



Group Column

Format

I1-3

11-4

Word

19

Explanation

Properties of solid materials

1-5

6-14

15-23

24-32

33=41

42-50

+1=59

15

E9.4

E9.4

E9.4

E9. 4

E9.4

E9. 4

MTYPE

RO
E(1,MTYPE)
E(2,MTYPE)
E{3,MTYPE)

E(4,MTYPE)

E(5,MTYPE)

Material type, NSHELL > MTYPE > 1

Mass density

Permeability

Compression modulus

Poisson's ratio

Biot's constant g (pressure displacement
coupling coefficient)

Biot's constant M (reciprocal of specific

storage in case of flow analysis alone)

One card per material type should be punched. Maximum number of

solid material cards is equal to NSHELL.

Fracture material properties

1-5

6-14

15-23

24-32

33-41

42-50

51-59

€0-68

69-77

15

E9.4

E9. 4

E9.4

E9. 4

E9.4

E9.4

E9%4

E9.4

MTYPE

BLANK

E(1,MTYPE)
E(2,MTYPE}
E!3,MTYPE)
E(4,MTYPE)
E(5,MTYPE)
E(6,MTYPE}

E(?,MTYPE)

Material type

Normal stiffness
Tangential stiffness
Cohesion

Friction angle
Maximum closure
Biot's constant, a

Biot's constant, M
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Group Column Format Word
111 Ooutput Information
1-6 A10 *oUTPUT"
1-80 4012 NPP(I)
1-80 4012 IPAT(J)
Output schemes: (1) IPAT=Q
(2) IPAT=}
{3) IPAT=2
v Piot Information

If 1PLOT=0 skip this group.

1-10

11-20

21-30

31-40

E10.4

E10.4

E10.4

E10.4

XLENGTH

YLENGTE

PSCL

CoNJT

Explanation

Title card for output specifications
Number of perturbabions in time step I

Output acheme for each time step

No prints, no plots requested
Print requesated

Print and plot requested

x~dimension of plot (inches)
y~dimension of plot (inches)

Factor for plotting stresses in the
solids

Multiple for PSCL to plot stresses

in joints
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Group Column Format Word Explanation

v Nodes

V-1 1-= AS “NODES" Title card for nodal points

V-2 1-5 5 N Nodal point number
6-10 I5 NXP Increment to reach next nodal point
11-20 E10.3 R{N) x-coordinate (R—if axisymmetric) of N
21-30 £10.3 Z{H) y~coordinate (z=if axisymmetric! of N
31-40 E10.3 CD Nisplacement code of N
41-50 E10. 2 CDI Displacenient code to be used for

preceding r le
51-60 E10.3 DU Load or displacement at N in x-direction
61-70 E10.3 DV Load or displacement at N in y-direction

Note: If TD or CDI are equal to:

0 DU and DV are specified loads
1 DU is specified displacement, DV is specified load
2 DU is specified load, DV is specified displacenent
3 DU znd DV are specified displacements {Tige 7

3

3 " ziﬁ} 2

Sketch: Application of load or displacement boundary codes.
Nodal point cards need not be in order, except when generating a cet
where the Yast node in the row should come after the first. The
last nodal point of the system should appear on the last card.
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Group Column Format
vl Elements
vVi-1 1-7 A7
VI-2 1-5 15
6-10 15
11=-15 15
16=-20 IS5
21=25 I5
26-30 15
31-35 I5
36-40 15
41=-45 IS5
46=-50 I5
51=-55 IS5

worad

Explanation

"ELEMENT" Title card for elements

M
IX(M,1)
IX(M,2)
IX(M,3)
IX(M,4)
IX(M,5)
IXD(1)
IXD(2)
IXD(3)
IXD(4)

JXD

Element number
Nodal points 1 to 4 defining the element
must be counterclockwise for solids and

lengthwise for joints (Fig. 8)

Material type

Increments used to change IX{¥,1) to

reach next generated element

Increment used to alternate material type

tlements are calculated in ordex. Use as many cards as necessary until

N = NUMEL.

quadrilateral element
(solid)

Sketch:

4 3 1
i
2 L
»
3 4
k
or
3 4
N
i k
I__\N-‘"“‘———____‘____z
2 2
triangular element Joint element
(solid) (fracture)

Elemeaz nodal point numbering.



Group Column Format Word Explanation

Vil Boundary distribution load

If NPC = 0, skip this group.

VIii-1 1-~8 A8 “PRESSURE"™ Title card for boundary pressures
Vii-2 1-5 i5 I1 Nodal point number

6~10 IS5 I2 Nodal point number

11-20 F1C. 3 Pst Pressure at 11

21~30 F10. 3 Ps2 Pressure at I2

VIII Flow conditions

This group must not appear before Group VII.

VIII-t 1-4 A4 "FLOW" Title card for flow at the boundary
VIII-2 1-5 15 N Nodal point number. If joint use

smaller nodal point across the joint.

6-10 I5 NL IB(N) = nonzero, if coastant PHIO(N)
11=20 F10.3 PH PHIU(N) = pressure or unead if SPWT = 0
21=-30 10,3 (0,0} Q(N) = flowrate at W

If IB(N) = 0 and Q(N) = 0.0, omit this card.

Cards are needed only if IB(4W) # 0 or if Q(N) # 0.0.
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Group Column Format word Explanation

IX Residual stresses

Skip this group if no initial stress is given.

IX-1 1-8 a8 "RESIDUAL" Title card for initial stresses
IX-2 1-10 1i0 N Element number
11-20 £10.3 RESID(N,1) Stress in x-direct.on

21-30 E10. 3 RESID{N,2) Stress in y—-direction

31-40 E10.3 RESID(N, 3) Stress in z-direction

41-50 E10.3 RESID(N,4) Shear stress in xy plane

Note that compressive stresses are negative. Repeat as many cards as
nzeded o define NUMEL. The program will calculate stresses for intermediate

elements by assigning the preceding values.

A -4 A4 "DONE" Title card

This card marks the end of the data for generating the mesh physical

information for this perticular problem.



Group Column

Format

X1

X1

XII

X111

i1V

xIv

* Reminder:

Joint properties modification

Word

Use only if NMMP > 0.

1-5

6-15

16-30

31-45

46-60

61-75

11-30

15

F10.3

F15.5

F15.5

F15.5

F15.5

£20.5

COEG

COEM1

COEM2

COEM3

CoeM4

"BLANK"

NSTEP

pT

Explanation

Joint element to be modified

Coefficient to
Coefficient to
Coefficient to
Coefficient to

Coefficient to

If the flow or

function (kept

modify the aperture

modify normal stiffness
modify tangential stiffness
modify cohesion

modify friction angle

pressure source is a step

constant in time).

Use another title card if the source is

an initial pulse.

Number of time

time increment

steps with a constant

DT

Constant time increment for NSTEP

Use as many cards as needed to reach NDTN in Group I. For steady

state problems* use one card, NSTEP = 1 and

1-3

E13

nEND®

zero and use “INCOMPRESS™ card.

DT > zeroc.

Final card in the data deck.

For steady state fluid flow problems, put E(6.MTYPE) equal to



APPENDIX I

3AMPLE PROBLEM

WITH SAMPLE INPUT OUTPUT
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SAMPLE PROBLE"

As an example for data prevaration, the oroblem of fluid flow tn a
well intercenting a vertical fracture is solved. Although the data is
originally set up for couvled stress-flow analysis, the nrohlam ic first
solved in uncoupled state for the purpose of comparison with the exstina
solntion [Raghavan et al., (17)]. To achieve a conventional fluid “low
analysis, one has to assign a zero value to the counlirg coefficient 4 and a
value equivalent to 1/5, (inverse snecific storage) to M. Llater, allowing fnr
the deformability of the medium, a counled analysis is nerformed. as it is
shown in Table 1, in this case x # 0 (a value equal to 1.0 is assumed) and
M = 1/7C¢. Figures 1t through 4 nresent the results of the modeling an? follow-
ing plates exhibit the setup of the data. PSF sgystem equivalent units are

used in the tahulation of the iata set.
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TABLE 1. ‘aterial properties used for the analvsis of fluid flow in fractured
rock mass.

Material type Properties Value
ces . 3 3
Yeo specific weight 2.8 x 10 wW/m
. -1 . cpsq s
fluiqd CF ., incompressibility 1.95 GPa
. . ~4 2
n, viscosity 2.8 x 10 N-gec/m
E, Younqg's modulus 2.45 GPa
v, Poisson's ratio 0.25
ces . 4 k
Yoo specific weight 2.45 x 10 N/m}
porous rock n, porosity 2.15
-5
X, permeability 11 "m/s
M, Biot's storage constant conpled 1.47 Gra
o ° 9 n uncoupled* 14,0 5Pa
counled 1.0

Biot's coupling constant
e t piing t uncounled n.n

“V' initial normal stiffness 1.61 GPa/m
D
Ks' initia' tangential stiffness 0.50 GPa/m
Co, cohesinn 7.0
fractures -, friction angle 30°.0
-3 -14
2b, initial aperture 1% 10 "~1 x 10 m
n, porosity n.15
W, Bj “t's storaqe constant rounled 1.47 GPa
3 % CONSTanT  ncounled* 14.0 GPa
coupleqd 1.0

u, Biot's storage constant
' 9 uncounled 0.0

* In this case M is the reciprocal of the snecific coefficient of storage of
the porous medium.
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SAMPLE INPUT DATA PREPARATTION FOR COUPLED PROBLEM

SYMBOL CODING FORM

WILE_INPUT DATA garpPARAT 0N ExameLE gLel. Fig. 5¢ (xb=3) __ PROGRAMMER: SHEET __ / OF
LABEL COMMAND ARGUMENT COMMENTS
123 4% ¢ 70 800011120014 1918'7 @002 222324295627 20 2930 1323334 35360730 A0 T L2 D MBS B B N S 2NN B HNUNNON ZVUBSRCONNNININ MBI IIN
Ti[t]L]e P I ] |
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2. ||
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I ! 3 2.
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1 |
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2|5 ] g IR |
R-SSTWI. 00
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SYMBOL CODING FORM
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SYMBOL CODING FORM

TITLE: PROGRAMMER: i sueer 3 or
LASEL COMYAND ARGUMENT ' COMMENTS
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SAMPLE OUTPUT FOR UNCOUPLED PROBLEY

I. Genera. parameters and material prcverties

PLANE STRAIN-fLG® ANZEYSIS LF JLINTED STRULCTURE

SIFULATICON PLMPING CF CCAF INED AQUIFEK W1TH SINGLE VERTICAL FRACTURE

TNTERSECTING THE WELL—---PLAIN STKAIN PRCBLEN

NUMNP-NUMBER CF ACCAL PUINTSmmmm—eame comemee 88
T KUMEL—NUNBER OF ELEPEMTS—m——om = BT S
NUWNAT-NUMEER OF OTFFERENT RATERTALS—-——-——— 3

NSHELL-NUMBER CF SCLIL MATERTALS==—-=
NPC-RUMBER™ OF BCUNC#RY PRESSUAE CARDS---=-<2—=>2 7 16

T TRAND-RANCON APERTURE GENERATOR TF T-=

RJHP-NUWBER CF JCINTS RITH MODCFIEC APERTURES—— —0

S T @

s m3s

T RIT-NUNBER OF T . 1E STEFS———=

TPLCT=FLGT [NFORMATICN REQUIRED IFf I——=v——m—e -0
= ]

1PUNCH=-FUNCR 1F ' -

TTOTAL=ESTIMATED TOTAL CP TINE(OEC IMAL SECGNDS)-" S0 ~

AAV-MEAN-APERTURE LOCNORMAL DISTRIBUTION— 0. e I
AS-STANDARD DEyIAYITA-LOGNDRNMAL DISTRIBUIION—- 0. o .
ACELX=X SCCELERAVION CFEET/SECOND )= rmmommmcamw——e Cu

ACELY-Y ACCELERATICN (FEET/SECOND}=-c=msmn——=== O, S _
XNHP-MAXINUN_NET WEAL PRESSURE (PSF) oo

SPWT-FLUIC SPECEFIC REJGHT——-—em——m—emme— oo - -Ca

NOTN-VARIABLE T{NE-STEP COUNTER,IF G, 10 . ,
IPRTyNDs OF CYCLES FOR DISPL, PRINT——-——— o

DU-INCETIAL VIME INCREMENT =———c—emm— v 1.00000E~03

CONLIK JCINT STEFF,CONVERGACONSTANT ——wmeo—emee 6250 _ e
NAXI-AKISYM, PROBLEM Lie L— -0 } -
IHETA- TIME INTEGRATICA CONSTANT-m-im——o———mmemem 2.000

VISC-FLULD VISCOSITY (PSF)-rmmrmmmmmmemne ~em—-==  5.85CC0E-06 . .

SYSOIM-SYSTEX LIMENSICN RECULRED (F PD,TO WANTED 3.141¢0E+00
TOVALQ-TOTAL ¢LCwW RECLERED IF PO,TD WANTED-———=~ %+ 30000E-05

SIMULAYICN Fusplr., “F (fMFIMED 2QUTFEx w1FH SINGLE VEWTICAL FRACTURE

INVERSECTING THE mELL~-—=PLAIN SIRALIN PROOLEY

MATFRIAL P o
MASS CENS - 4 .85

PERMEARTLLTv- - 3.100CE-12 .
ELASTIC MUBLLUS SelaGOFeC?
PCISSCNS RATID--—--- 2.5000€-01
BINTS CONSTANTIALPRA} c.
BICTS CONSTANYIM)——-- 2.07CCFeCT e
HATFRIAL NO. 3 2
KN-===- 1.0J00F+0B
1.COCCE+08
c.
3.0J0QEF +01
WAX. CLGSURF ———= ~3.2800F-C4
BLOTS COASTANG *5.PHA) .
BIOTS CONSTANTL - 1 A.1100£¢07

7.5C00E+ 11

T.5000€+11
Ce
PHL—== 2,0C00€+CL
MAX. (LCSURE—~~-~- -3.2800F-CY

BIOTS CONSTANTEALPLHA) —Cao
B10VS CONSTANTL W 3§ “-1100E+07




II. Displacement and Pressure Results

DESPL. ANC PRESSURES AT TIMC 5.5559L+ 31
NODFL PY DEISPL IN X-DIREC DI5eL IN Y-BIREL PRE SSUAE DIMENSICMLESS TIFE,TC CIPEASICALESS PHESSURE,PD
1 ~7.76857(~ 30 -4.10125E~16 2.89351E¢C 0. 41111 00C
2 -7.86172E~10b -8.202506~-16 2.91675E+Cs 3.35824F+01 2,30C4%E¢c(C
2 —1.2450 46~ 18 -£.2025CE-18 2.92903€4 06 8.39568E 900 5
4 «O5013E-15 ~8.20250€~16 2.93971E+Ce 1. 73L4CESCT 2
s —2.122:3€-15 —8.20250E~18 2.96TTAE06 2.09692F 400
) —7.18573(-15 T2 ae0TE-15 2.95341E¢04 1.3 ﬁ'rro’a_rm‘u——'_
’ -2.01821E-15 ~4.101256-15 2.99168E+06 3,35024£-01 ¢
[ -2.515¢¢F-28 -2.05062E-15 2.99446E408 1.49255E-01 -
.9 _ =1.L4C50E-17 -T.45621E- 16 2.89381E¢C4 1.89256E-01 4-11110Ee0C )
ic -7.81726E-16 -8.52995E~16 2.91475E4C4 3.35828E401° 3,3CO&SENCL
11 -1.24€¢26-15 0239E-16 2,92903E¢Ce 8.39566E+00 4T59E9C0
12 =1.045R2E-15 —B8.80Th6E~ 16 2.93971E¢ Ca 1. FI4CE - +
_ 13 -2.122¢1E-15 ~1.06843E-15 2,94T74E¢04 2,09892E400 _  2.C2321E9CC  _
1% Z2.18933E-15 ~2.46074E~15 2.95341E¢ (4 1.34331E+00 1.8035LE+C0
A5 =2,€1€20E-15__ _~4.10123E-15 2.99168E406 2.35828E-08 202¢6-C1
16 SESETHE-20 -2.05065€~15 2.99486E304 - 1.492565-01 #8226-C1
17 -6.101256-17 -7.71954€-16 2.89598E+ 0% 1.49256F-01 4.C2723E0¢0
18 ~T.7318%E-16 ~8.49702E-1e 2.91527E%06 3.35826E401 3a28CBEERLL
T L =1.247CEE~15 _  —B.B2404E-16 2.92946E¢ C4 8.39566€¢00 _ _ 2.7I1CBE+CC
20 ~1.65341(-15 -8.82912E-16 2.94000E+04 3. T314CE+CO 2.3227SELC
.21 =2.081BCE-15 _ __-1.09420E-15_ 2,94 TI9E+ L& 2.09692E¢00 ___ 2,C13€IEeCC
22 6E82E~ 15 ~2.451266-15 2.95376E¢ G4 1.34331E+00 75C2TEOL
23 —2.C1123E-15 -4.089T7E=15 2,99158E4+04 3.35826E-01 1.2SECEE-CY
24 €. 1ISETE-LT =2.07989E-15 2.99491E+ 04 1.49256€-01 T.56632¢-01
.25 _-6.562€0E-17 -8.10911E-16 2.49902E+ 04 1. 49256E-C1 3.SCI61E+8C
26 ~7.€9715SE-16 —B.45E46E-16 2.91611E+04 3.35826€401 3.247S2E¢CC
2T -1.24660E-15 -8.86264E-16 2.93009E+Ca 8.39566E +00 2. T066CELQ
H Z1.65465E-15 ~B.E88605E-16 2.94D45E404 3.TIL40E400 T2.2C54€E0CC
29 -2.C27C1E-15 -1.13101€~15 2.94B37E404 2.09892E400 1.5G884E+CC
30 -2.121E1€E~15 ~2.44264 15 2-95421Ee 04 1. 3433TECT T.TTCATE«OT
_31 _ -2.0014%-15 —%.07407TE-15 2.9914SE+04 3.35826E-0. 3.IEIE-CL
32 ~1.503%6E-16 -2.11884E-15 2.99498E¢ Ca 1.49256E-01 1.94259E-C1
.33 -1.64C50E-16 -8,72584E-16 2.903¢0E+04 1.49256E-01 2.7222¢E4CC
34 ~T.63727E- 16 —8.43422E-16 2.91766E¢C4 3.35826E+01 2,1878CE¢CC
15 ©248776-15 -8,91453E~16 2.93114E+ C4 8.39568E+00 2.66611E4C0
3€ ~1.64757E-15 ~9.01493E-16 2.94127E+0% YoTTR0E+00 7 STSHAESTT
1.549E26-15 -1.18T20€-15 2.949C2E+C4 2.09892E+00 _ 1.9735TE+CC
22.07145E-15 —2.424406E-15 2.95510€+04 1.34331E+00 1.73834E4CC
- 1.586CBE-15 -4%.05101E-15 2.99123E+04 3,35826E-01 2,29422€-C1
-2.9CS4EE- L6 —2.17504E-15 2.995CSE*+ 04 1.49256€-01 1.9018¢€-C1
~4.10125E-16 ~1.03850E-15 2.914b6E404 1,492556-01 ...ucrE-ct
~B.25C49E~16 ~8.66925E-16 Z.92290E« 0% EPELL M0
3 =~1.2517196-15 -9.,0737BE-16 2.93432E404 B.39564E +00 z.uzssncc
T=1.60C5CE~15 ~9.58559€~16 2.9%360E+04 3.73140F+00 2.183%54€0CC
. =1.78825E~15 -1.32779€-15 2,951 07E+C4 2.09892E+00 1.89422€4(C
-1,93776E-15 -2.37TB4E-15 2.95744E+04 1.34321€¢00 1. €4704E0CC
€553E-15 -2, 93859E=15 2.99072E4 04 3.3snzae-nl 3.552%¢€-(1
=6.61 -16 =23 - - + =TT T.E0A2TE-TT
_ -1.028316-15 -1.31117E-15 2.93202E+04 1.49256E-01 Z.032CEERCC
~1.CSECCE-15 -1.06206E-15 2.93516Ev €4 3.35826F+01 2.51C39E+00
=1.205C6E-15 -9.9649E~16 2.94213E+04 B.39566E 400 2.24CLIEsCC
-1.50¢30E-15 -1.12731E-15 2.94945E¢C4 3. 7314 0E +00 1.95695EeCC
~1.62114E=1S -1.54992E- 15 2.956C8E+ Co 2.09892€+00 1.7CC55E+C0
T TICEESTS ™ -2.3I0TR8E-T5 2 982 THEVUR T TeTITF+ 00 T TECIYE (T
-1.53514E-15 =3.B4D36E-15 2.99009E+ 04 3.35A26€-01 3.83778¢-C1
“1.291GAE-15 -2.56201E~15 2.9956BE+04 1. 492%56F-01 1.67282E-C1
-1.55€43C-15 ~1.88L49E-15 2.95754F+04 1.49256E-01 I.644C1E+CC
=1.67¢%1E-15 ~1.505656-15 2.95835F+C4 1. 35826F +C1 1.6124704CC

«TLEG26~15 =1.,39406E-15 2.96073E+04 8,39556E00 1.82C52E+(C

~1.72226t-15 =1.52532E~15 2.96424E+ 04 3.T3140F ¢ 00 1.3044€E+CC
=1.T4045€~15 ~1.84909C-15 2.96829E¢ L4 2.09892F+C0 1.227C7Fe(C
=1, 174ECE~15 -2,26634E-15 2.9725( T+ Ch 1034331 F%00 TLB643IFVCT
-240527LE-15 -3.498026-15 2.99048E+CA 3,353926F-01 3,68¢20€-C1
=2.03574E-15. -2.992116-15 2.99593E404 1.49256F-01 1.575€EE-C1

»ETCRTE-15 -2.28T4lE-15 2.9T358E+ (4 1.492%6F-01 1.00722€¢C0

~2.T0¢5SE-15 ~1.93731E-15 2.9TA35E+ 04 J.35826f ¢C1 5.528€9E-01
-2, 54€2¢-15 ~1.43761€-15 2.9754LE+04 8439566E+00 9.51045E-C 1
=2.41423E-15 =1.91478E-15 2,9TTC5E+ (e I T35 0E+00 8,806 57E-11]
=2.25181F-15 =2.09962E-15 2.97910E+04 2.09892E+00 2.,09225E~()
~2,221kBE-15 =2434244E-15 2.98139E+04 1.34331t+G0 7.205$7€-C1
=2.24%91E-15 =3,27950€-15 2.99221E+(4 3.3582¢E-01 2,C1T18E-C1
~2,21C¢€E~15 =3.24284E-15 2.99622E+04 1.49256€-01 1.46219€-CY
~4.10125€-15 ~2.,48164E-15 2.992 71260 (6 1.49256E-01 2,81E84E-Ct
=3.0824C8E-15 =2.,5T124E~15 2.992T8E+0A 1.35826F+01 Z.T9ECIE-C1 -

=556 LE~15 -2.63919E-15 2.99294£4 06 8.39566E400 2.733C2€E-C}

T =3.31148E-15 T ~2.70325E-15 2.99321€¢04 3. 73140F ¢ 00 2.83CC3€-C1
_ 113CE-15 _  ~2,77332E-15 . 2.99356E+04 2.09892E+00 2.4920%€-C1
«$5223E-15 ~2eB83441E-15 2.99249E+Ch 134331 Fe¢Q0 T2 h

=2.62CE3€-15 ~3,23597E-15 2.99650€+04 3,35826F=01
2 6C115E-15 T3, 59276E-15 Z.997T06+ Ch 1.49236E=01 ]
_ =2.05C626-15 | =2.23955E-15  _ 2.99682€404 1.49256E-C1 1.23196€-C1
-2.247026-15 ~2.67684E-15 2.99484E+04 3.35826€ 401 1.22452€-C1
_=2.384AGE-15 _ _ -2.93ST1E-15 2.99886E+ C4 8.39566€400 1.20212€~C1

03426-15 T 2.99698E+04 3. 731406 +00 1. 168SEE-CY
23,1855 1E-15 2.99710E¢Cs 2,09892E+00 1.12334€-C1
=3.22953615 Z.99T24E¢ D% 1.34331E+00 T.Ce®IE-(1

~3e46551€-15 2.99800TE+04 3.35824E-01 To404082€E-C3
~3.95748E~15 2990486+ 05 1.49254E-01 T 5.8200CE-C2
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III. Stress and Flow Results 39

STRFSSES ANG FLOCWS AY TIME 55,55%%

LUERBTECN NUMIER 25 FERTIREATION NUMBER 25 .. . e o
ELEMENT CILR s16Z S10TY SIuRL S5ECMAN SIGMIN ANGLE FLWR FLel FLY*BX ANGLE
IF JOINY 15N S16S NPISP 1055P NSTLE TSILF STANGTH uiCHF FRFLT oE
a7 1 -2.C0E¢04 0. 0. 0. 1.00E+08 1.COEeQ8 1. 156904 3. 28E-C4 £.42E-05 1.1CE0L)
ar 2 -2.CDE+04 0. 0. 9. 1.00Ee08 1,00E908 1.156904 3.28E-Ch 4.2EE-CS  D.4EFoCC
v 3 _-2.C0Fs04 0. 0. 0. 1,0CE¢+08 1. COE+CA  1.15F¢Ch  3,20E-C4  3.27E-0% 3.5€€eL0
Jv 4 ~2.(0E¢04 C. 0. 0. 1. 00E+¢DD 1.COEe 13Ee - JUE= I L EENA LD -
a7 5 -2,.CDFe04 D. 0. 0. 1.00E+08 1.COF*08 1.15E¢06 3.28E-CA L.T4E-CS  2.97€eCC
4T & -2,006¢06 O. 0. 0. T.50€011 7.SOE+11  1.0i%Ee06 3 28E-C5 2.356-20 A.CIF-15
v 7 ~2.C0E%04 C. 0. 0. 7.50E¢11 7.50Ee11 1.15F¢06 3.28E-0< 1.556-7) E-1€

8 -5.COE¢D% -5.00E¢0A ~1,28E-CB —3,67E-05 =5.00£406 ~S5.COEe04 1.00E+02 —&.S0E-06 -1.08E-0% -S.2(E-Ce 5.22E+D1
9 -5.C0Ee0% ~S.CCE+04 ~5.71E-09 B.95E-1C ~5,00E¢06 ~5.006¢04 E.56Fe0L ~ =2, 795-(¢ -4.24E-(6 4.23E*0)

10 —5.C0£904 ~5.(CE+0% —54 756~ 09 ~6.36E-10 ~5.C0E+0% 0% (e -T.15E-Ce

11 _~5.00E*0% -5.09E+04 ~1.006-08 3,.33E-09 -5.00E+04 ~5.COE+04 t.55E€+01 -2.9SE-C¢ -Z-lﬂE cé -

12 ~%.COE*04 ~5.CCE¢Cq ~3.81€-CG =7.LTE-D9 -5.00E¢04 ~5.COE#04 -3, TTE¢Ol -1,.8%E-C& ~7.41€~Ce -7 17E-C¢
. Y3 -5.COE+0% -5.CDE+C4 3.37E-09 b6.68E-10 —5,00F+04 ~5.COF+04 E,27F+01 =-2.46E-06 -1.00€-C8 -7,04E-Ct

14 ~S,CCE¢D& ~5,COE¢04 2.19€-09 —3.43E-09 -5.00E¢04 ~5.CO0E¢04 -1.17€¢01 -2.1CE-C? 1.TEE-07 ~1.2€E-C2 4.4lE+0)

15 —£.COE¢D& -5.CCE¢Q4 —~1,276-G8 —2.92E-0F -5.COF¢06 ~5,00F¢05 1.00€¢02 ~5.88E-C4 ~1.CAE-C% —8, 8(E-L& 5.21E¢L)

16 -5.00E¢0% -5.(0E¢Q0% ~5,.96E-09 -5.35E-11 -5,00E¢04 ~S5.00E+04 ~1.00€+02 —~4. - -4 . 7EE-TE 4.

17 ~5,C0E¢04 -5.CCE+04 ~5,10E~-09 -1.05E-10 +O0E+D& ~5,00E¢04 1.00f¢02 —3.INE-C¢ -2.90iF-C& -2 1¢E~(€ &,29teC)
18 ~5.00F¢04 ~%,CCE+C4 -9.46E-09 2.T5E-09 —5.00E+04 ~5.CCEe04 5.21E¢0L —-2.57E-Co -2.27f-0¢ - 16-(¢  4.30Ee¢Cl
1% ~5,C0E+04 ~5.C0E¢C4 =3.92E-09 -T.44E-05 -5.00E+04 ~5.CCE¢04 -2, 9JE¢Q1 —1.89E-CE ~2.406-0t -Z.1EE-(& 4. ASEeD]
20 -5,COE¢04 -5.COE+04 3,11E-09 4.99E-10 ~5.00L¢04 ~5.COEv04 B.42E 201 -2.42E-C6 -1.00€-Ce -3.CI1E-T¢ 2,27€+CL
2} -5.00€¢04 -5.CCE*04 2,23E—-09 ~-3.30E-09 -5,00F¢04 - CEe04 -1,21€401 -2.22F-C7 1.BBE-07 -3,2¢E-LP 4.26E+01
22 -5,CCE*D4 -5.00E+04 -1,19F-08 -5.80E-09 -5.00F¢D4 ~5,COE+0% ~1.00E+02 -5,03E-Cé -S.90€~C¢t -E, 22E-(C -ASEr
23 =5,LDE+04 ~5.(CE+04 ~642CE-09 ~2.8BE=1C =5.C0E+Q% ~5.COE¢04 1.00E+02 -4.43F-Co6 ~4.206-08 -4, 27F-C 4.42E+01
24 -5,00E¢04 -5.COF+04 —E.19F-09 2.08E-10 ~5.00€+0% ~5,C0F+04 E.B85E+01 -3, IDE-C& —2,%52F-C6 =2.12E-[¢t 4.33Ee¢D]
.25 =5,COE¢Q4 ~5.CCE+Cq ~B.55E~09 1.95€-09 -5.00E¢04 ~5.00£404 4.2IE¢01 -2.54E-Cé ~2.29E-0¢ ~7.4ZE-C& 4,35E+C1
26 -5,00E404 ~5.00€404 ~3.04€~09 -7.T4E-0S ~5.00C¢0& ~5,(0F+04 ~4.20E¢01 -1.93E-0¢ -2.35E-086 -2,19f-C& &.80E¢CL
27 =X, CCLe06 -5,00£404 2.86F-09 2.17E-10 -5.00E¢04 ~ «ITE-C¢ ~9-94E-07 -1.<EE-[8 3,29E¢01

2B ~5.C0E%04 ~5. CL*0& 2.376=C9 — 3+ LOE-05 ~5.COE+04 <5, CCEF06 ~1.25€001 -2.TFE-CT 1 TAE-07 -6 .51F-L8 4. CSEQT
29 —-5.C0E+04 -5.CCE¢04 ~1.03F-08 -5.256-09 -5.00E¢04 -5,C0E+04 1.00E¢02 -3,60E-0¢ ~E.TT€-C¢ -T.TT€-(¢ S5.73E«CL
30 ~5.C0E+04 ~5,C0E+04 —6,516-09 ~1.99E-05 -5.00FE+04 ~5.00Ee04 1.00E+02 ~4.026-0¢ -4.52FC¢ ~4.25E-CL 4.67E001
31 -5.00E¢04 ~5.0CE¢06 -6.21E—-09 5.36E=-10 -5,C0E¢04 ~5.(0E¢D4 B,52E601 ~2,13E-0¢ —I.CCE-CE -).CEE-CE  4.44Ee0)
32 -%5.CCE¢04 ~5,00E406 ~7,19€-09 2.56E-10 - ~5.00E404 &8.B81E¢00 -2, 4TE-0¢ - I9E-0¢ -2.02E-C6 4,.45E¢0Q1L
33 =5,CCEI04 ~5.CCE9CA ~F, 7CE— L9 -B.04E-09 - ~4.%6E¢0) -2, OlE 06 ~2.36F-06 -§.2C1-C& 4.73E¢C1

34 -5.CO0EYO% -5.00E¢0% Z2.37E-09 —4.91E-10 -5,00E#0% ~5.COE*O% 1,00E+02 ~2. —T.WIE-CT 1. 8EF-0E 3.35E01
35 ~5.00F+04 -5.CCE¢C4 2.23(-C9 ~2.05E-09 =5,C0E+04 ~-5.C0E¢D4 -1.31E+01 -2. 7§E C71 1.4CE-07 -1.74E-(7 3.96E+Cl
36 ~5.C0E+04 -5,CCE¢04 ~7.08(~Q% ~5:14E-0S ~-5,00E¢04 ~5,(0E*04 ~3,92E+01 -1.84F-0¢ -6.B8IF-0€ -5,TBF-CE 4.26E¢C)
37 =5,(CE+04 ~5,.00E0Ch =6,35E-39 -2,87E-29 ~-5.00£+06 ~5,00E404 1.00£+02 -2,57F-06 ~8.62E-0¢ -2, CEF-{6 5,13E¢DL
18 -5,CO0F¢04 =5.CCE4D4 —5.T3E-L9 -8, 05E-1C -5.LCE004 ~5,C0E+0& 1.00fe02 -2.£8E-C¢& =2,15E-0& -7.94F-0& 4.7IEeC!
39 -5,00€+04% ~5,COF¢06 =5.39F-09 —2.,62E~0y ~ Fe04 ~5,COE*06 -2.916401 -2.28E-CE -2.5CE-CL <2.4CE-C& 4.64Ee0L

40 ~5.C0C*0% -5.CCE¢Ca ~3.04E-09 -B.O6E-03 5.055'6" B, COFeDA T, ODEsCZ —2,07E-Cf ~2<27E-T6 -7 . TeE-C€ &.GeEsCL

4) =5.CCE+Q4 -5.00E¢D4 1.69E-09 -1.9BE-DS -5,00Ee0h ~5.C0E*08 1,00F¢02 —1.97E-0& —F.TAIE-0T -1.taE-Ce 3,51E0)
42 =5.((£%0& -5.COF¢Cs 1,50E-09 =1.756-03 ~5.00€+04 ~5.00F+04 -1.41E+01 -3, 30E-CT EL.84E-CE ~2,L1E-L1 2.45E¢01
41 ~5,COE*D4 —5,00C+C& -4.BCE-09 1.39E-1C -5,CCC+0& ~5,COF904 1.463E+00 -6.29€-C1 =4.37E-C8 -2.85F-C6 8.9LE+C]
44 ~5.COE*04 -5.00E+04 ~4.62E~09 -2.44E-07 ~5,00F+04 ~5,C0E+06 —2.91E+401 -1.51E~Cl -3.75E~CE -2, 11€-C& 5,76E+01
45 —%,COE+04 ~5,CCE*04 -4, 0RF-09 -3,B6F-09 ~5,00E¢04 ~5,C0Ee04 -2,50E00) ~1,T5F-C¢& —~3.CCE-0¢ -7,%¢E-(¢ E.ZbEOCl

46 ~5,COE+04 —5.00E9C4% ~3.200-C9 ~5.05E-09 -5.00E* B - - =TT
&7 =5.CCF*04 ~5.000+04 -1.85(-09 -7.490E-39 -5.00E+0% -5.COEDD6 1.00€ 002 ~1.68€-Ct -7.C1€-0¢ ~1.ELE-C6 &, 7aE'ﬂ|
48 ~5,COE¢04 -5,(CE+C4 T.42E-10 -v,COE-0S -5,CCE+04 ~5.00E+06 1.00E002 —1.48E-CE -9.52E-C7 27f-€6  2.88E+01
49 ~5.COEP0% -5.00E¢04 5.17€-10 -7.BOE-1C -5,00E+04 -5.00F+06 ~1.69E+01 -3.5TE-CT —5.T0E-C8 156-C7  2.19E+0]
50 ~5,CCES04 ~5.CCE404 ~2.326-09 ~2,826-09 —5,00E¢04 ~5.00€004 -2.150¢00 —1.91E-C1 ~2.€26-06 -2, 4¢E-C¢  7.49E+01
51 -5.00£004 -s.:osoco. ~2.00E-05 -4,476-CS -5,C06¢0% ~5.COE+04 -2,55E001 -5,55E-C7 -2.4B€-C& -2.126-C¢ 6.4TE40L
7 ~5.00E+04 - +0% -1.80 T8.00E=04 =5.00F %04 ~5,00E+0% =7+ =EITE-C7 ~2- 23606 - 1. HRE= “B5E
53 =5,C0F+04 -5 CCE+04 —

«35F~0S ~7.02E-)9 -5.00E+0% ~5.CO( +04 ~3.50E01l —9.B6F-C1 ~1.S1E-Ceé -1.SSE-C¢ 5.43Ee0]
56 -§.COE404 ~5.(CfIC& ~B8,00E-10 -7,26E-06 -5.C0E004 ~5.COFeCh ~4.0hEe01 -1.056-06 ~1.59€-C6 -1.37€-C6 S5.09E*0L
55 =~5.C0Ee04 -5,001 +0% 6.176-11 ~4,73E-09 -5,COE+04 ~5.00Fe06 1,0DE002 ~9.30F-CT ~#.B€E-CT -B.SCE-CT 4,3BEPOL
S0 =5, 020606 =0 (et s =1abut~dL ~deali=bi =5 b Lt ius SaLlilens 1,000 Q) ~3,20b-C1 ~laadt-a) - et {1 S.oleedl
€T ~b,NFLe0k ~9,0CFeC4 1. 7304 =1.31E-CS =5, 000404 ~5,C30#06 —T 42k 400 -6, HEF-CE ~1.70F-C¢ ~1,14F-0& T.06E001
58 ~5.C0F¢0& -5,CCHe0% B.Bot—10 ~2.47E-09 -5.00E¢0¢ =5.COL¢04 -1, 48E+01 —1.G7F-C2 ~Lo1eE-CL -1,C08-C¢ . 76E0C]
59 =5,C0t204 CE*C4 o GE-3G -9.0Ct+ 0% ~5.(0F+04 -1,83E401 -3,0TE~C7 -1,09E-0& -5.146=C7  6.20Ee01
80 ~5.CCE+04 -S.COE+04 1. 16F-10 =3,76E~09 -5,L0E+0% ~5.COF+0% ~2,22F 017 -3 B9E-L7 =S BSE-C? ~E.20€-C1 "5.79€+0T

61 ~5.COf 04 ~5.CCES04 —1.4RE=11 =3, HSE=CG -5.COF+0% ~5.COFeD4 -7.59F+01 -#,39F-C7 ~F.T4F=C1 ~1.2¢E-CT 5.4T€+0L
82 ~5.03F+04 -5.COE+0% —-1.826-10 -3.06E-09 ~5,C0t +06 ~5.CO0004 ~2,55F001L =4, I0F=C? =5.46F-C7 ~4.9%E-07 &.84€001
63 ~5.C0E00% ~5.CCELQG =4o83E=10 ~LaJ #E-09 -5,00E¢04 ~5.COE+08 -I.TLECOL -1 63F-CT ~1.BIE-CT -1.78E-C7 «.&5E001
b4 ~b.COE+04 —5.0000C6 &.576-10 1.256-06 ~5.COE+04 -5, COE®O& 3, 97E¢0) -1 1BE-OF -2.63(-07 -2.53¢-07 7,80E¢0L
65 ~5.CCE+06 —5.C0E0 04  2.94E-10 L. 40E-39 ~5.00Es06 ~5.00E+04 2,25E901 -3.52E-£% -2.55E-C7 -2,226~C1 5.5BE401

66 ~%6,C0f004 ~5.CCEP0& G.o1F-11 1.O0BE-CS —5.COE*06 -5.COFe04 1.41E¢0T -5. TIE-CF -2.806-C7 - . 14€-L7 b, 44E+01

67 =5,006404 ~5,C0Fe04 ~1.54E-10 8.07E~10 ~5.00£006¢ -5.COFe04 1.170¢01 -T.68E-CE «3EE-07 -1.9%-07 b6,03E+0}

68 ~%5,COF*04 =5.COE*CG =1,44E-10 5.49E~10 -5,00t¢04 -5.COE+04 T.75¢¢0C ~9,26€-0¢ «1SE-C€7 -1.81F-{1 5,70€+0}

69 ~5,00E*04 -5.COF+Ch» -2,50F~ 10 ~1.20E-10 -5.C0F¢0% -5,C0E*04 -2.26E+00 -1.08E-07 “1.5%6-C7 =1.,2¢E-C7  5.02E¢01

70 ~5,C00004 ~5.C0F¢G% =6.33(—10 =6.03€-10 -5,00F+D4 ~5.C0E004 -2.30E¢01 -5.20E-0F ~7.57E~CE -, LCE-CE 2.04E+0)
DISPL.AND PRESS.AT THE END Ot TIME STEP NU. 2% —




APPENDIX I1

LISTING OF FORTRAN IV SOUPCE FROGRAM



PROGRAN ROCHAS{INFUT=201,0UTPUT, PUNCH=201,PLOT,TAPER,TAPED, STEFLC

1 TAPESS:2PLCT. TAPESS.TAPEL) STRFLC
[ STEFLC
PR T IITYY T Y NI RRY PAYAL PRSP Y R LRI Y AR AL AT LIPS YR NI YT P T I LT 2L ST s

c PROGRAM ROCHAS STRELC
LT ET Y TY YV YRR YT YR I LT Y Y LY LYY PP e PR P L P TRI NPT YN LY S Y VL T Y TATRS YT
PLANE-STRAIN AND AXISYMMETRIC QUASI-STATIC STRESS-FLUID FLOK STRFLC

ANALYSIS OF FRACTURED ROCK MASS. A OIRECT EQUATION SOLVER IS USED STRFLC

TO SOLVE THE COUFLED EQUATIONS.A STIFFMESS PERTUREATION SCHEME STRFLC
FORCES STRESSES AND DEFORPATIONS TO FOLLOW THE PRCPER NMON~LINEAR STRFLC
CONSTITUTIVE LAMW OF THE FRACTURE MATERIALS. STRFLC
THIS CODE WAS GASICALLY DEVELOPED BY M.S. AVATOLLAMI IN 1978, STRFLC
LATERsIN 1979,1T7 WAS CORRECTED+REVISED AND EXTENDED.FOR GENERAL STRFLC
I'FLICATIM 8Y J.NOORISHAD. STRFLC
sssses I NIN IS ISIINIII NI S II NSNS IUINE VSIS IIIVINESICTRFL(
IN SPI"E CF THE POUNDIME ICHT) oFOOT: SECOXD HEACINGS ANY CONSISTENT STRFLC
SYSTEM OF UNITS CCULD 8E USED. STRFLC
SNSRI NSNS NIIINII NI IIIININ SN IS SRBISSNINI USRI IRNINNSNICTRFLL

COOE(I}~ STRUCTURAL NQDAL POINT CLIDE TMAT INOICATES WHAT BOUNDARY STRFLC

c

c

c

[+

[4

[

c

c

c

c

c

c

[+

c CONDITIONC LOAD OF DISPLACEMENT) IS ASSIGNED AT POINT I STRFLC
c €Sy MTYPE )« MATERIAL MDDULY (ROCK OR JOINT ) STRFLC
c EPSK - AVERAGE OEFCRMATICN OF 4 JOINT STRFLC
[ IBIN?= FLCH MESH NODAL POINT CODE.IF #® ASSIGKED VALUE OF HEAD STRFLC
[ OR PRESSURE REMAINS CONSTANT AT POINT N STRFLC
[+ INDEX- PRINT PLLT COOE STRFLC
c IPAT- PRINT AND PLOT CODE-AO PRINT,NOPLOT IF Q,PRINT IF 21,PRINT, STRFLC
[ PLOT IF 2 STRFLC
c IPER- TOTAL PERTURBATION INDEX STRFLC
c IX(MeI)e Ix1,5- THE FIRST FOUR REPRESENT NODAL Fomrs AROUND ELEESTRFLC
c M IN'STRUCTURAL MESH AND THE LAST INDICATES NTYPE Le
c KN{I)= NOFMAL STIFFNESS OF JOINT I CALCULATEOD INITIALLY FRO® EKI.ZSTRFL:
c KS(I )= TANGENTIAL STIFFRESS OF JOINT I CALCYLATED FROM EfI.3} STRFLC
c MP-T IME STEP INOEX STRFLC
4 MTYPE- NUFBER ASSIGMED TO EACH MATERIAL (STARTING WITH & ) STRFLC
c RIT-MUMBEF OF TIME STEPS STRFLC
c NNK= PERTUREATION INOEX STRFLC
c NP~ DUNHY F(R NPP STRFLC.
c HPP(J)= NUMBER OF PERTRBATIONS IN TIMNE STEP NUMBEF J STRFLC
[ Q(N) = FLOW RATE AT FLOW NODAL POINT N STRFLL.
c PHIO(N}-PRESCRIBSEC HEAD OR PRESSURE AT FLON PCIAT N WHERE IS(N)£0 STRFLC.
c R{I)- X COOROINATE OF STRUCTURAL NODAL POINT I STRFLC
c RESIO(NSI)y =144 XNo Yo Z, AND XY COMPONENTS OF FESIOUAL STRFSS STRFLC.
c ROIMTYPE) ~ SPECIFIC MASS CF ROCX MATERTAL STRFLS.
c XLNGTH - X LENGTH OF MESH FLOT STRFLC.
c YLNGTA - ¥ LENGTH OF MESH PLOT STRFLC.
[ DISFL = SCALE FACTOR FOR DOJSPLACEMENT PLOTS STRFLC.
c PSF -~ SCALE FOR STRESS PLCT STRFLC.
c SPUT-FLUIO SPECIFIC MEIGRT STRFLC.
c TFL- TIME MEEDEO FOR FLOW CALCULATION STRFLC.
c TIT- TIME SPENT FCR OME PERTURBATION STRFLC.
c TL= TIME LEFT STRFLC,
c TST= TIME REQUIREC FOR REAC AND PRINT OF IN®UT DATA STRFLC.
c URCII4UZITI) =R AND Z COMPONEKTS OF OISPLACENENT OR LOAD QT POINT @ STRFLC.
c V= RELATIVE OISPLACEMENT CF GPPISING NODAL POIMTS IN A JCINT STRFLC,
c VISC-FLUIO VESCOSITY STRFLC.
c WINY - APERTURE OF FLOW ELEMENT 8 CALCULATED IN EACH ITERT [ON STRFLC,
[ MT{I)= INITIAL APERTURE CF UOZWT [ IN STRUTURAL MESM STRFLC,
c Z(I})~ T OR Y COORCINATE CF STRUCTURAL NODAL PCIAT I STRFLC.
[ STRFLC.
c NOTE ==ve=c VECTINS QTSP (N 44 BG (ZN) ~INP (50, 4) (IEL (50,2}, SIGNI50),STRFLC,
c AND SIGT(SEY ARZ LOT USEL IM THIS VEFSION . STRFLC.
c STRFLC.

£

(G}
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c

L L

S PHLIO(3W I IR (308D IDEQI3 3081, K00E (S 3801 TEL (S8, 20 I (50,4

LARGE AU125000) ,100%

LARGE IXU302s5) JRESID(INL o) 4RIS O ZLINI)LURLIIANNL, VTSN
]

STRFLF
LARGE .

QUT (381) ,Q(388), LAPCGE.

1oOISPICI002)s TENP L3RR LLARGE,

*,TLOAD(904) SIGN(56) ,SICT(50).,0380600)

1
2
3

1

1

1888 READ 23,
1

1

COMMONZOL ANK/S{8+8) s P110) JRSTRS( LIS VOLLRRRIS) 4, 2ZZ15) 4L EAD 4RAON,
ML)y 22(0) s IFATISO) JACELAJACELY MRES, RC112),

MTYPEL XL oXCE CoYCENGXTRCLD) L FACOHIG) PO K, 12),80(240) ,

PRS PIS MRT.PITEC
COMNCN/GE b/ NSHE LL s IPUNCHOE (74220 + INOEX o R P o MNN, NC ORE, NUINP , ICONPR, GEN.2
MUNELoND2y MEDULED yOISPLINIELTy IPEReNUMIAT o PSFoPSFJe KSCL o SPUT,CEN,I
SVISCoYSCLOICLe FSCLyPICLo AP (&) ,COMTMyNAXT N By MEARD +LNETH s ME Qo NIMPCENL &
o MOF LOW, NUNKP2, NUNFNP . LK(121 8F 2
COMMCNZAPTR/TRAND MNP, R85, ARN

CONMON/CCPOOL /KMIN X MAX o YRINe YHA XoCCXNINSCCXNAXCCYMIWLCC YHAX

CONNCON/CCFACT /FACTOR
DIMENSION NPP(SQ), N

DIMERSION IXDU&). INPisD, LST(D)

LOGICAL FLAG

DATA TITLE/SHTITLE/, TMAT 7O HHATERIAL /4 20UT/EHOUTEUT /o FLON/ZGHFLOM/,

AL

INOOE/SHNODE S/« ELENEN/THELEMENT /¢ PRESS/SHPRESSURE/ .

INCONM/10HINC CHPRESS Y JRESIX/SHRESIOUAL/» RESTAR/THRESTART 7,

DONE /& HOONE 7+ BLANK/SHBLANK /7 4IX0/6%17¢ END/Z INEND/

FACTOR = 100,
LOAD = &
FORMAT (1H18A971H 8A

REAC 6, WOROD
FORMAT (2ALQ)
IF (WORD JEQ.
JF (HORD .EQ.
IF ({WORD .EQ.
IF (WORD +EQ.
IF (MORD .EQ.
CWORD <EQ.
IF (WORD JEQ.
IF (WORO .EQ.
IF (WORD <EQ.
IF (WORD EQ. DONE)
IF (WORD .EQ. END)

UNIDERTIFIED CARC
PRELT 18. WORD

TITLEY
ZMAT)
I0UT)
INCDE)
ELEMEN
PRESS)
FLOWY
RESIX)
RES TAR

TITLE CARD)
SCAK DECX FOR NEXT C

15 READ &, WORD

IF IR0 .EQ. TITLE)
IF (WOR0 LEC. ENC)
GO TO 15

HE Oy

NITe IPLCT,

2 AMSeACELXeACELY o XKKP o SPUT 4 VISCy IPRT yHOT N0 DT SYSDIN, TOTALL
20 FORMATCOAS/BA%/2015.FS.0:F10+0,I5/5F18.372F10.3,E15.5,

21%, X10. %)
RENIND 0

Y

60 To 1080
60 TO 2
60 TO 3

GO 10 &000

) 60 To Su80

G0 TO 6400
60 TO €5
GO TO &

L]
} 60 10 M0
L)

T0 999
60 T0 3N

ASE IF ANY

G0 TO 1080
G0 TO 300

NUPNP, WUMEL, NUMMAT,

NSHELLs WPCe NSWP, IRANC,

IPUNCHs TTOTALe CONLINe NAXIe AMMTHETA,

LARGE .
STRFLF
BLANK .
BLANK,
BLANK,
BLANX.

GEN,5

APTR, 2
ccrooL
CCFarT
STRFLCL
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLL.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.

10 FORMAT (LSHOUNIDEMTIFIED CARD AL1B/40H PROGRAN HILL SEAMCH FOR NEXTSTRFLC.

STRFLC.
STRFLC.
STRFLC.
STRFLL.
STRFLC,
STRFLC,
STRFLC.
STRFLE,
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC.
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[

IF (NSHELL oEQ, @) NSHELL = 13
IF (NAXT .6T. B) GO TO 22

PRINT

21

21 FORMAT (49HM1 PLANE STRAIN=FLOW ANALYSIS OF JOINTED STRUCTURE)

60 10
22 PRINT

24
23

23 FORMAT (3I5H1 AXISYMMETRIC STRESS-FLOW ANALYSIS}

24 COMIINU

PRIHT

25: HED s NUPNP NUMEL ¢ NUMPAT ¢ NSHELLy NPCo NI PP+ JRANDoRIT

IPLOT . IPUNCH, TTOT AL

25 FORMAT (70A9//8A9/

1 SOHE NUMAP=NUMBEF OFf NOCAL POINTS=ceces wesseaces [5 /
2 SOHR NUNEL-NUMBER OF ELEMENTS==cercccaccrncrccancena- [§ /
3 SOH0 HUMMAT-NUMBER OF DIFFERENT MATERIALS---~eene~ve- IS /
o SOHE NSHELL=NUMBER OF SOLIO PATERIALS - ~weocccccc- 5§ /
7 SOHS NPC-NUMBER OF BOUNCARY PRE SSURE CARDS==~e=vee=ee [§ /
S SOHD NINF-NUMBER OF JOINTS NITH “DOIFIED APERTURES-=- 15 7
9 S0MO IRANO-RANOON APERTURE GEMERATOR IF ieccccccei=as [§ #
1 SOHE NIT-NUNBEE OF TIME STEPSecovccscescn A L4
3 SOHS IPLOT-PLOT INFORMATION REQUIRED IF 1~ eosescns [§ /
b SiIND TPUMCH-PUNCH IF 1 I 7
7 S8ME TTOTAL-ESTIPATED TOTAL CP TIME (DECIMAL SECORDS)~ F5.0 )
PRINT 26¢ AAMAAS (ACELXo ACELY XNHPs SPUT, NOTN, IPRT,
SOToCONLIMoNAX I+ THETA . VISCo SYSDIN,TOTALQ
26 FORMAT(/
1 SOHS AAN-MEAN-APENTURE LOGNOFML DISTRIAUTION=wwweme- 215,5 /7
2 SN0 AAS-STANODARD DEVIATION-LOGNORMAL DISTRIBUTICH~=- E15.5 /
3 SOHO ACELX-X ACCELERATION (FEET/¥ECOM]) ~mvcccccccce— £15.5 /
4 SOHD ACELY=Y ACCELEPATICh (FEET/SECOND) eeee E15.5 /
S S8M8 XNHF=MAXIMUM NET HEAD PRESSURE (PSFl-cecaa. E15.5 /
& 58H0 SFMT-FLUID SPECIFIC SEICHT ewemeccscecacacaccnnns £16,5 /
7 S8H8 NOT P-VARIABLE TIME-STEP COUNTER:IF Gefs 1=~ 15/
8 SOH0 IPRT.NO. OF CYCLES fFOR OISFl. PRINT-wcccacccece-15/
9 SOHD DT-INITIAL TINE IKCREMENT- E1S.57/
1 SOH® CONLIM JOINT STIFF.CONVERG.CONSTANT evecsccacass .Fi0,0 /
2 S0r0 MAXI-AXISYM. PRCBLEN IFx 1 - 157
3 S8HO THETA=~ TIME INTEGRATION CONSTANTmewecccccaccence F10.3/
4 SIHO0 VISC-FLUID VISCOSIT\ (PSF) - £15.5 7
S SOHQ SYSOIM-SYSTEW DIMENSION REQUIRED IF PD.TD MANTED E15.5 /
6 SOH0 TOTALQ-TOTAL FLOM REQUIRED IF POLTD WMANTEC~=~==- E15.5)
NJELT = 0
NRES =
HUNNP2=NU NP NUHNP
00 29 Ix1,NUMNP2
23 I10(I)=0

sssens  INITIAL SET OF SYSTEM EQUATIONS oesss

XEQ= 4

DO 356 Nzl  NUHNP
IOEST(NI=D
TEMP (N)=0 .0

DO 3¢&

I=1,.3

XODE (LoNY =9

XEQ=KEO+1

QNIKEQI=E o0
36 IDEQ (I.N)=KEQ

00 35

Ne 1, MUNEL

00 35 #Hz1.4&
35 RESID(N.N) = 0.0

STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLL
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLL
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLA
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLT.
STRFLC.
STRFLC.
STRFLC.,
STRFLC.
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(2]

[

2000

G0 TO S

NATERIAL PROPERTIES
PRINT 1. BED
READ 2, ICONPR

2 FORMAT (A1 0}

2010

IF(ICONPR.E Q. INCOF) PRINT 3

FORNAT (® FLUID IS INCCPPRESSIBLE )

DO 2035 M=1.NUNNAT

READ 2010 (NTYPE JRGINTYPE Y 2 (E(IMNTYPE Y iy T)
FORMAT (I5+8E9.4)

PRINT 2815, NYYPE

2015 FORNAT (/715M MATERIAL NO, =I3)

IF(NTYPE, LENSHELL) 6O TO 2019
PRINT 20304 (E(JNTYPED y0=1,7)
GO0 10 293¢

2819 PRINT 2020, ROINTYYPE) S (E(JJNTYPEY ¢ J=1,%)
2035 CONT INUE
2028 FORNATY (22H  WASS DENSIT YeoooeeaoF§, 2/22H PERMEASILITY ovewen

2030

xRz}

c
c

3001
3810

SELL, 47230 ELASTIC MODULUS eccoccElbo4/722H POISSOAS MATIOccccaaf
S heh/23H BIOTS COPSTANT (ALPHA) E14:4/723H BIOTS COMSTANTIN)=<o=ef
Slh.b)

FORNMAT (10M KNooae=E25., 4 728K Kl eoaaaE25, 4710H Commmenf28.6/

1190 PHI-===E25.6/20H HAX. CLOSURE-===<EL15.4/

® 23H WIOTS CONSTANT (ALPHA) Elh.4/22H BJOTS CONSTANTC M | El&.b)

60 10 S

INFORMATICN FOR GUTPUT

READ 38180+ (NPP(T), Izt NIT)
FORMAT (4012}

IT0Y = 8

DO 3812 Isi.NITY

3022 IT0T = ITOT + MPP(I)

READ 3815, (IPATC(S), I=1,1TOT)

3015 FORMAT (M2}

3029

PRINT 1, HED
Kt = 1

DO 3825 Is1sNIT

K2 = K1 o WPP(I} -1
PRINT 3820, NPP(I), I
FORMAT (/716,* PERTUR
SSCHENE 2013

JuK iy K2}
TIME STEP MUMBER *I3,18X,°0UTAUT

-e
»

-ty
—tre
g‘

3025 K1 = K2 ¢ 1

3830
3835

(Y11 ]
4018

#8215

‘29

IFLIPLOT.EQ.D) GO TO 3038

READ 3030, XLNGTH, YLNGTH, PSCL, COMJT
FORNAT (oE10. &)

G0 T0 S

ESTAGLISH NOJAL FOINT PROPERTIES
DO 4810  N=1,NUMNP

REN) = BLANK

NaQ@

NXP = §

®PF =z N

IF (N oGE. WUMNP) GO TO 4035

NX = NXP

READ 4820 NoNXP,DF,02.C0+CDI40DU. OV
FCRMAT (215.6£20,.3)
IFINLEDORN.CT.NUNNP) GO TO 4035
CODE IN) = CD

RN = DR

STRFLSL
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLEC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC.,
STRFLC,
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC,
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Zemy = DZ

UR{IN) = OU

UZin) = DY

IFINX.EQ. 0} 6O TO 4015
IFCIN-NPI*NXCELBY GO TO 4025
HX = - A

PRINT 4021, NPyN

STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC

8021 FORMAT(® INCREPENT FOR GENERATION BETWEEN NOOES® IS® AND®*1I5+ IS OSTRFLC

41F JINCORRECT SICN ** SIGN CHANGED®)

4825 LX = (TABS(N-NP) ¢ TABSINX) ~ 1) /7JABSLNX)
DR = (RIN} =R (NP} )/LX
DZ = (Z(NYI=ZINPYIZLX

«030 NP = NP & NX
IF(NXeGTo B AND. NPLGE.N) GO TO 4815
IF(NXelTo8oANO NP.LE.N) GO TO &02E
RIN) = RI{NPoNX? ¢ DR
ZI(NPY = Z(NP-NX) ¢ 02
CODE (NP} = COI
UR(NP) = &,
UZI(NPY = 0.
%0 TC «030

PRINT NODAL POINTS

c
4035 PRINT 1, HED

c

PRINT &840
4040 FORMAT (218MENODAL POINT
1AD OR DISPLACEMEAT Y LOAD OR DISPLACEMENT

STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLL
STRFLC
STRFLC
STRFLC.
STRFLC

TYFE X~ORDINATE VY-ORDINATE X-L0 STRFLC

X-CODE T=C GDE } STRFLC.

DO 6055 N=1, NUNKP STRFLC.
TF(R (M) LECoBLANKY FRINT 4045 STRFLC.
40uS FCRRAT (* NO INPUT FOR THIS NODE * ) STRFLC,
IFC(COOE (N1.£Q.0.0) GO TO &022 STRFLC.
IFCCODE(NINE.34B) GO TO 4823 STRFLC.
ID(2%N) =1 STRFLC.
ID(2% 1) =1 STRFLC.

GO 10 &B22 STRFLC.

4023 IF(CODEIN)ONE240) GD TO 4024 STRFLC.
IDtZ*N) =)L STRFLC.

60 T0 4922 STRFLC.

4026 IF(CODE(N)ILEQ.1) IDI2®N-1)x1 STRFLC.
4022 CONT INUE STRFLC.
TFR (N} oNEo BLANK) PRINT MOTQoNeCOIE (NI 4RINYSZIN)JURIN) UZ IN) STRFLC.

s IDC2%N=1):10(2%N) STRFLC.
4050 FORMAT (I12,F12.4302E22.352E2407,2110) STRELC,
IF (CODEtM) LY. (s0) CODE(N) x COOE(N) 7 57.,25577951 STRFLC,
4055 CONT INUE STRFLC.
GO T0 S STRFLC.
STRFLC.

NODAL POINTS, BANE MIDTH, CHECKX CORE CAPACITT, JOIATS AND FLOW STRFLC.
S48 PRINT 1, WED STRFLC.
PRINT 5010 STR¥FLC,

5810 FORMAT (B9HBELEMENT NO. I J K L MATER TAL JOSTRFLC.
1INT WO HICTHY STRFLC,
STRFLC.

N =1 STRFLC.,
HOAND = O STeFLC,

JX = 8 STRFLC.
5815 00 5920 I=y,4 STRFLC,
Sh20 IXPCI) = IXD(ID STRFLC,
JX = JXD STRFLC.
READ 5025 M, (IX i1y Iz1,5), IXDs JXD STRFLC,
5825 FORMAT (11I%) STRFLC,

47
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48

5835

S50

5030

Cones

5062
Sl

5045
5063

5050
5055

5960

oo

S075

5098

Crene

5095

5101

N} 5050, 5040, 5035

IF (¢ =

IN(Ho1) = IXC(N~1s1)
IX{Ns2) = IN(N=1,2)
IX(NG3) = IX{N-1,3)
IN(HoN) = IXIN-1,4k)
IX(NGS) = IXIN=1,%)
JX x =JX

=20

DO 5830 Ix1,3

11 =1+ 1

DO 5830 L=I1.0

IX® (1)
Ixp(2)
+ IXP(3)
+ IXP (k)
+ I

*
*

KK=TABS (IX(My I)=IX(K4L)) 212
6T. X) X =z KK

IF (XK .
COM INUE

IF (K +6T. MBAND)

MBAND = X

LOOK FOR A JOINT ELEMENT

IF (IXU(NeS) «GT. NIMELL)
42y No(IX(NsIDs I2245)s K

PRINT SO

FORMAT (I13,416,19,12X,19)
G0 TO 5843

NJELT =

NJELT ¢+ 1

IOUT (NJELT) = N

PRINT 504%: No (INC(N,I),

FORMAT (I1 3,416¢19.112,19)

N =N+

1

IF (N 46T, NUMEL)
N) 5015, 5040, 5035
PRINT SO5%, M

IF (N -

LOAD =

1
FORMAT (® ELEMENT CARD ERKOR, N="I&)

MB3= HBAND
MOAND=FBAND +HBAND *MBAND

NUMF NP0

I=1e NJELT
]

1
KN(I)=0.0
KS(I)=0.0

ESTARLISH NUMMERING CONTRACTION FOR THE FLOW NODES

60 TO 5060

IF(NJELT.EQ.D) GO TO 5100

DO S100

Nel, NJELT

M = JOUT(N})
JuIX (Het)
I=IX (Mo 1)

K = MINO(I, 0

L=l

IFC(IDEST(I)EQ.®) IDEST(I)=x
IFCIOESTLI) oL ToK) K=IDEST(I)

IF{IDESTCIN LEsK)

XK=IBEST(I)

0o 5101

Il=1 NUNNP
IFCIDESTIII}.EQ.NX) IDESTIII}=x

CONT INUE

60 TD Si82

GO TO S841

Ix1+5),

STRFLC
STRFLC
STRFLL
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLE
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STPFLC
STRFLC
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
SYRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,



5102

510k
5106

5100

5111
5110

5103

5105
5113
$112

c
6000

6010

IFLIOESTC(J) «EQa D) IDEST (J)=K
IFCEOESTOIN oL TeK) IDEST(II=IDESTS)
IFC(IDEST(JI) LE.X) GO TO 5186
KxzIDEST(J)

DO S184& IIx1,NUNKP
IF(IDESTCII)LEQ.KK) IDESTIII)I=K
CONT INUE

IF(L.EQ.2) GO TO S100
I=IK (Me2)

J=IK (N 3)

K = MINO(I.J)

L=2

GO T0 5e95

CONT INVE

DO 5118 Nzl NUNEL
MTIYPEsIX(N,S)

IF(NTYPE, ETLNSHELLYSO TD 5110
PERM=E (1. MTYPE)
IF(ABS(PERM).LT.E-12) GD TO 5110
00 5111 K=1.4

I=IX (N K)

IF(IOEST(I)EQ.0) IDESTIII=I
COKT IHUE

00 51685 N=1 NUNNP

I=I0EST (N)

IF{I.EQ.0) GO TO 5105
IDEST(K)=IDESTID)

IF(IWNELN) GO TO 5105
NUUFNPx KU PFNP o1
IDESTIN)=NUFFNP

CONT INUE

PRINT 51124 MOAND: AJELT s NUFFNP

STPFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLE
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.

FORMAT [ISHOST. STIFFNZSS PATRIX BAND NIOTH =I5/28H MUMBER CF JICNSTRFLC.

ST ELEMENTS =I5/2€n NUMBER OF FLOW WODES 215}
G0 T0 5

PRESSURE CARJS IF ANY

PRINT 1, HED

PRINT 6010

FORMAT {729HOPRESSURE BOUKDARY COMOITIONS/ 42K I J

1URE-T PRESSURE=J !

6815
6028

D0 608640 Lx1,NPC

READ &015, Il I2, PS1. PS2
FORMAT {215, 2F10.3)

PRINT §820, I[1, 12, PSt, PS2
FORMAT (215,2F15.3)

OR = RUIZ) = R(I1)

E = llll) - Z(IZ)

c = Cooet

If (CC -Eﬂ- 3! GO ro 6830
PI =(2,%PS1 ¢ PS2})/6,

IF (NAXI <NE. 0O)
1 P = (R(I1IV(3.0PPSL4FS2) ¢ RCIZI®(PS14PS2)) 7 12.0
SINA = Q.

CosA = 31,

IF CCC +GE. 8.0) GO TO $925
SINA = SIM(CC)

STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
PRESSSTRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRfFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLL,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.

49



50

6825

60830

608235

€040

Cosa = cos{ccy

IF tCC «EQ. 2.0 «OR. CC +EQe 149}
IF 1CC <NE n

CC = CODE (I2)

IF C(CC +.EQ. 3.80) GO TO 6840

PI =(2,%PS2 + PS11/6,

IF (NAXI .NE. B}

1 PI = {ROI2)®(3.0%PS2+4PS1) ¢+ R{
SINA = &,

cosSt = 1.0

IF LCC +GE. 3.0} GO TO 6035

SINA = SIM(CC)

COSA = COS(CC)

IF (CC oNE. L.0) UR{I2) = URII2) ¢
IF (CC EC. 1.8 .OR. CC .EQ. 0.3)
CONT INUE

60 T0S

c
Cessss  FLOW NOCE PROPERTIES ®se@

6500

6501

7105

rT110

7121

ri22
ri2e

c
7125

CONT INVE

D0 6501 I=1 NUMFKP
IptI¥=]
PHIOLI)=0.0

Q) =80

IF (MUMFN? 6T, @) GO TC 7110
PRINT 710€¢

FORMAT (37H FLOW CARDS MUST FOLLOW
L8AD = 1

MBFLCN = §

00 7120 Mx1,NUNEL
HTYPE=IX(K,5)

TF(MTYPE.LE .NSHELL) GO TO 7321
I=IX (He2)

JeIX (M, 2)
K=IABS(IDEST( I} -I0EST(JY})
IF(XCTNBFLONW) MBFLON=X

60 T0 7120

DO 7122 1=1,3

II=IX(N,I)

Ilzl01

D0 7422 L=xl144

LL=EX(MWL)
K=IABS(IDESTC(LL)=IDESTLIIN)
IF(K6T.MOFLON} MBFLOW=K
CONT INVE

CONT INUE

MOFLON=MEFLOW +1

PRINT 712¢
FORMAT (121 BHOFLONW MODAL PCINTS COOE

LET HEAD(PSF} FLOM RATE(CFS)

7430
7138

NX = 1
READ 7135, No NLe PH, QF
FORNAT (215,2F10.0)

UZ(I1) = UZ{I1) & DR*PI

URIT1) = URII1) ¢ D2ZOPISCOSA + DRU*PIPSINA

I1)%(PS1+PS2)) /7 1240

DZ*PISCOSA + ODRSPI®SINA
UZII2) = UZ(I2) ¢ DR*PI

ELEMENT ZARDS)

X=0RDIRATE Y=OROLKATE
CORRESPONDING NOOAL PQINTS)

IF (N «6T. NIMNP OR. N LLE. 0} GO TO 7178

IF IN 6T. M) GO TD 7148

STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLL
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLE,
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STRFLC.
STRFLC.
NSTOFLL,
STRFL(.
STRFLC,
STRFLC,
STRFLC.
STYRFLC,
STRFLC.
STRFLL.
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7140

7145

7150
7451

7155

7468

7161

100

104
7162
7165

7170
7175

Wl

C sssexes COMFUTE BANCNIDTH OF THE STRUCTURE hhadd

111

L = IDEST (N}
LBIL) = NL
PHIOILY = PH
acL) =Qqf

60 T0 7150

L1 = IDEST(NX)
IF (L1 «LE. L} GO TO 716°%
t =11

00 7151 J=1.8

LSTCS) = 0

J1 s 8

00 7155 JuNX NUFNP

IF (IDEST(J) .NE. L) GO TO 7155

Ji = J1 &+

LSTEJL) =

CONT INUE

PRINT 7160, Ly IB L)oRINXDLZINX) ,MHIO(L),QILY,
FORMAT (2112,2F12.2,2E1946+4X1824)
IF(J1.LE.L1) 6O TD 7162

JHINSLST(1)

00 7161 J=2,J1

JHIN=HIND (JFIN, LST I

KEQ=KEQ=J1+1

JNUM=IDEQ (3,JMIN)

00 100 J=1,J1

KaLST(J)

I0EQ (3. X)=JyNUM

JHINZIJHIN &1

Jial

00 181 Ke JHIN NUFNP

00 388 J=1,3

TFIIDEQLS oK) EQ INLM) Ji=J1e)
IF(LOEQ (S oK) e GT o JNUH) IDEQ{J K)=IOEQ (oK) =J1
IF (L JEQRUNFNP) &C TO 7170

HX = NX ¢ 1

IF INX = N) 7145, 7144, 713D

PRINT 717%, HOFLCH

FORHAT{(/ ® F. CONOUCTIVITY MATRIX BANC WIDTH =

00 &1 I=1.NUNNP
K=JOESTAI}

KODE (1,1} =ID(2%I=1)
KQOE (2. I1=X012%1)
KODE {311 =TBIXK)

MOBAND=1

DO 111 N=1,NUREL
DO 111 I=1,4
INEIX(NI}

DO 11 II=1,3
IA=IDEQLII.IN)

00 111 J=1l.4
JNZIXINJS)

00 111 JJ21,.3
MBAND=MAXO(MBAND IABSTIA=IOEQ(JI«JN) )}
NPAND=NBAND 41
PRINT 182:XBAND.KEQ

(LST(JYed=1,01)

STRFLC
STRFLC
STPFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC
STRFLC.
STPFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLO.
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC
STRFLC.
STRFLC
SYRFLC.
SVLFLC.
STRFLC.

51
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52

102 FORMAT {25k GLOBAL SYSTEM BANCMIDTH.I5/24H TOTAL SYSTEM EQUATIONSSTRFLC

15 15! STRFLC
PRINT 51 STRFLC

S1 FORMAT(10M NODE o104 IDEQ{1,8)¢10H TOEQ(2.N)y10HIDEQ(34N? (48HSTRFLC

* I00(1,NY 10 IDIZ2,K) .10H IDI3,M) ) STRFLC

00 53 N=i,NUNN® STRFLC

$3 PRINT $2 oNs(IDEQ(I4N)+I=143)+(KODE(JyN)4I21,3) STRFLC
52 FORMAT(15,8110) STRFLC
GO TO0 S STRFLC

c STRFLC
c INITIAL STRESSES IF ANY STRFLC
8800 FRINT 1, HED STRFLL
PRINT 8010 STRELC

010 FORMAT (37HO INTI?' T AL STRESS E S/SOHPELENENT X=STRFLC
1STRESS Y=STRESS Z-STRESS XY=STRESS) STRFLC
STRFLC

NRES = 1 STRFLC
L= STRFLC.

8015 READ 8020+ Ny (MESIO(N+7) s I=zleh) STRFLC
8020 FORMAT (X18,4E10.3) STRFLT
IF (N = L) 806D, 8035, 8825 STRFLC

8025 DO #4830 I=1.4 STRFLC
8030 RESID(L,I}=RESID(L=1,1) STRFLC.
4835 PRINT 8037+ L+ (RESID(L.1), I=1s4) STRFLC
8037 FORMAT { I5.3X, 4F12.3) STRFLC.
IF (L «EQ. W/MELY GO TO 8@s50 STRFLC
L=l e+1 STRFLC.

IF (N = L) B015., 8035, 2925 STRFLC.

8040 PRINT 804%5. N STRFLC.
8045 FCRMAT(® RESIOUAL STRESS INPUT ERROR, Nz *Ié&) STRFLC.
LBap = 1 SYRFLC.

€0 TO 601°¢ STRFLC.

8050 GD TO 5 STRFLC.
c STRFLL.
c RESTART PARAMETERS IF MNEECED STRFLC.
9000 IF (NJELT .6T. 0} GO TD 9815 STRFLC.
PRINT 9010 STRFLC.

90818 FORNAT (6OH RESTART CARDG MUST FOLLUN ELEMENT CARCS) STRFLC.
€0 10 15 STRFLC,
STRFLC.

9815 READ 9805, (KNUIDKSCIVoUT(IVAMETI), I=34NJELTY STRFLC.
9805 FORMAT( &E20.6 ) STRFLC.
60 710 S STRFLC.

c STRFLC.
c ALL INPUT NOM IN -=IF COPRECY PROCEEC WITH SOLUTICNM STRFLC.
9999 IF {LBAC .ME. 0} GO TQO 15 STRFLC.
STRFLC.

c PLOT MES}H STRFLC.
IF (IPLOT .EQ. O) GO TO 124 STRFLC.

c STRFLC.
c PREPARE CONSTANTS FOR PLOTTING STRFLC.
SCYRIN = (18.5- YLNGTH) /7 2.1 STRFLC.
CCYRAX = CCYNIM ¢ YLNGTH STRFLC.
CCXHIN = §.0 STRFLC.
CCXMAX = XLMGTH STRFLC.
ANIn=R(1) STRFLC.
YHIN=Z(1} STRFLC.
XMAX=XNIN STRFLC,.

THAX 2YHIN STRFLC.

00 112 Ix=2.NIMNP STRFLC.

IF CRII) &T. XMAX) XMAX = R(I) STRFLC,

IF (RCI) .LT. XNIN) XNIN = R(I) STRFLC.



IF (2(1) 6T YHAX) YMAX = Z(I) STRFLC

IF (2€I) +LTa YFIN) VYHIN = Z(D) STRFLC
112 CONT INUE STRFLC
XCON = XLNGTH 7 tXMAX=XNIN) STRFLC
YCON = YLNGTH 7 (YMAX-YMIN] STRFLC
DISPL = .02 * (XMAX - XMIN} STRFLC
STRFLC

XSCL = (XPFAX = XMINY 7 XLNGTH STRFLC
¥SCL = (YMAX = YMIN) 7/ YLNGTH STRFLC
DSCL = DISPL 7 XLNGTH STRFLC
PSFEXSCL/PSCL®0 .5 STRFLC
PSFJ = PSF 7 CONMJT STPFLC.
PJICL=PSCLECONJIT STRFLC
STRFLC

CALL ccaen STRFLC
MRITE (98, 115) MED STRFLC
115 FORMAY (BAS/849) STRFLC
CALL CCLTFR (=1+24045+ 14 2) R STRFLC.
CALL CCLBL (1,1) STRFLC.

D0 119 N=1,NUREL STRFLC.
NIzIX(N.1) STRFLC.
NJI=IX(N,2) STRFLC.
NK=zIX(N+3) STRFLC.
NL=IX{(Ns4) STRFLC.
XTRT1) = RIND) STRFLC.
XTR(2} = RINS) STRFLC
XTR(3) = RINK) STRFLC.
XTRU4) = RINL) STRFLC.
XTR(S) = XTR(L) STRFLC.
XTR(6) = Z(KI) STRFLC.
XTR(?) = Z(NJ) STRFLC.
XTRC(8) = Z{NK) STRFLC,
XTR{9) = Z2(NL) STRFLC.

IF (IK{N,5) .6T. mSHELL} GO TO 117 STRFLC.
XTRE10) = XTR{6) STRFLC.
CALL CCPLOT XTI 1)s XTR(E)s 5, 4HJOIN) STRFLC.
117 CONT INUE STRFLC.
COR = 3. STRFLC.
XCEN = XTR(1) + XTR(2) + XTR(3) N STRFLC.
YCEN = XTRU6) + XTR{?} o XTR(8) STRFLC.

IF INK JEQ. NL) GG TO 118 STRFLC,
COR = &, STRFLC.
XCEN = XCEN * XTR{N) STRFLC.
YCEN = YCEN * XTR{9) STRFLC,
118 XCEN=XCEN/COR*XCOM+,0S STRFLC.
YCEN=YCEN/COR*YCOMM1.1 STRFLC.

119 CONT INUE STRFLC.
MRITE (9,121) XSCL, YSCL STRFLC.
121 FORMAT (154 1 IN N X AXIS/4H zE12.4+3H FT/7215h 1 IN ON Y AXIS/ STRFLC.
14H 2E124443H FT) STRFLC,
00 123 Is1.,NUNNAT STRFLC.
WRITE (93, 2M1%5) 1 STRFLC,

IF (1 «LE. NSHELL) GO TO 222 STRFLC.
WRITE (98,2030) (EW.I}edxle?) STRFLC.

60 TC 123 STRFLC.
122 WRITE(98,2020) ROCI)+(ELII) 451, 6) STRFLC.
123 CONT INUE STRFLC.
XP = CCXMAX ¢ 8,5 STRFLC.
CALL CCLTFR (XPs 1€.5: 0, &) STRFLC.
CALL CCMeXT STRFLC,
Cesssasssss  INITIALIZE voseasess STRFLC.

00 & Iz1yMJELT STRFLC,



54

c

[+ Xy}

o0

L

124

138

SIGN =0 .0
SIGT{II=0.0

NF 2z MUMFNP§ NUNF NP
READ 6, 4WORD

NE2x NUHFNP+ N NF NP
TFI{WORCLEC, BLANK) NF2=NUMFAP
MEQ=z KEQ

MN=MBAND® kEQ

HNO= MEF LOWSNF 2
N2=1

Li£3. LESY

HI=H24MN9
MexN3+NEQ
HSsHL+MEQ
HEsN5+NEQ
HTsME#NF2Z
HEsMTeNF2
HI=H B+ NUNFNP

Ii=g

[222¢NF2¢12
I3=NEQ+T2

DO 135 I=M3,M9
A(X)=0.0

COAT INUE

®ss® IKITIAL NODAL LOADS *»es

7501

505

128

00 7501 I=1,NUNNP

K1=I0EQ (1,1}

K2=1DEQ{Z2 .1}

K3I=IDEQ(3,I)

J=IDESTII)

A{MSK3=1)=FPHID (J)

TEMP (1) =PHID(S)

AN K1 -1 )= Al Meex21-1) +URII)
A{ML 2ol V=AM 4K 2=-1) +UZ(])
DBOIK1 )=l .0

pBoO{K2)=0.0

CONTY IHUE

DD 585 K=1+NEQ
TLOADIKI=0.D

CONT INVE

CONT INVE

CALCULATION OF APERTURES
IFINJELT.GT40) CALL APERTUR

TITz0.0
TFL=040

Tix0e0

P=0

TINE=0.0
IPER=0

NSTEP=0
ORT=1a=14/THETA
DTH=DT /2.
TOTH=THETA®LTH
HTOT=DTH=-T10TH

CALL SECOMI(TST)

SOCVE NON<=LINEAR STRUCTURE BY SUCCESSIVE APPRCXIMATIONS

STRFLC
STRFLC
STRFLC
STRFLC
STRFLE
STRFLC
STRFLC
STRFLC
STRFLT
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLL.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLCE,
STRFLC.
STRFLE.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLEC,
STRFLC,
STRFLC,
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC,



[z XzX3]

17¢

1%
175

185

186

187

HP = HP + 1

NCC=0

IP=NFP(PP)

READ 1005.NSTEP,OT

CONT INVE

TIFE=TIHE 4D T

DO 195 NNNz1,IP
FLAG = .FALSE.
IPER=IPER 41

INOEX = IPAT(IPER)

CONT INVE
POsTO CALCULATED, IF SYSDIF AND TOTALQ IS SUPPLIED

QQ=TOTALQ

IF(QA.NE.B.) GO TO 13§
RO=1.0

T0T=z1.0

GO0 TO 187

CONT INVE

ROz SYSDIM*E(1,1)/(VISC*QQ)
TOT=E(11)*TINE®E (5,1)/VISC
CONT INVE

IF({FLAG) €O TO 190

CALL STIFFITHETA®LT/2.4A (N2)oA(M2Z)eA (H3) sA LML) LA (NS) 2NEQ . NUFFNP,

MNy MNO s MBAND ¢ MBF LOW T IHE }

SOLVE FOR DISPLACEHENTS

CALL SCLVES(THETA DT TIME »A(N2Y ¢A(M2) JA(M3),ATHL) A NS ), (HE),

SKODE+ID(1 )9 IDII2) sMIMNPy NEQeNUNEL s NSHELL s MBAND o MBFLOM.

*NUKFNPy ICCHPR , TOE STy INDEX s IPER¢NNHy I0EQe PHIOv Qo IP+ QN2 A N7 ) ¢ PNT,

$
321

328
323

324

2008
.

TLOAD)

CONT INUE

IF(TMETA.EQ.1.0) GO TD 323

I=p

DQ 325 K=1,NEQ

A{H3 eI)xA (M0 1) /THETA¢DRT®A(NSI)
I=1e1

CONT INUE

IF(INCEX.AE 81 PRINT 32k,MP

FORMAT (*0ISPL.AND PRESS.AT THE ENC OF TIME STEP NC.®

IF(INDEX.EQ.8) GO TD 192
PRIRT 2008, TINE

FORMAT (1H1. 30H OISPL. ANC PRESSURES AT TIME o+ EL1%e877 6X .
10H NODAL PT - 28HOISPL IN X-DIREC «Z0HDISPL IN Y-0IREC

WI5)

STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRELC
STRFLC
STRFLC
STRFLO
STRFLC
STRFLC.
STRFLC
STRFLC
STRFLC
STAFLF
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.

184 PRESSURE 22H DIMENSIOMNLESS TIME.TO0,2€H OIMENSIONLESS PRSTRFLC

SESSURE,PO//)

326
192
190

CALL PRINT(NUMNP, JOEQ. NiX14RsRCs TOT s A(N3 ) 4TEHP)
FORMAT (110, %E20.5)

CONT INUE

CALL STRFLD(A(H3) JA(NG) oA INS) JTIMEZIP,FLAGINCCOT?
IF(FLAG) €O TO 192

JFUINOEXNE<O) GO TO 193

Covess NOT NEECLEL IF UNCCUPLED FLOW PRCBLEM IS SOLYEDseses

TF( Efes1).EQ.0.0 ) GO TO 193
PRINT 324.MP
PRINT 2888.TINE

STRFLC.
STRFLC

STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC,
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19

[~]

191

195
196

St

1005

600
500

210

225
23e
235
24l

300

CALL PRINT (NUMNF IOEQsHAXTI«ReRD+TOT »AINS) TEMP)
CONT INUE

TPER=IPER ¢ IP=-NNN

60 To 196

CALL SECOM (T)

IFIIPER.ECQ.T) TIT=T-TST

TL=TTOTAL-T

IFUTLLLE«TIT. AND. MNN.LT. TP} GO TO 205

CONT INUE

CONT INUE

I=0

DU 581 K=1,NEQ
ALM5 D) =A (H3e I}
R(NI+1)=0,.0
TLOADI(K)=0.0
I=les

NCCENCCHL
FINCC.GE .NSTEPS GO TO 600

CRMAT (113 E2045)

MPzHPeY

Ip=presre)

010 i76

CONT INVE

NDTNZNDTN-1

CALL SECORDIT)

TL=TTOTAL-T

IF(TLLE,TITLAND. #P, LT NIT) PRINT 210
IF(MP.LT.NIT.ANC. FOTN.GT.0) GC TO 170

FORMAT (*NCT ENDUGH TIPE FOR ANOTHER PERTURBATION®)

IF(IPUNCH.EQe1.0R. IPUNCF.EQL3) GO TD 225
G0 1O 235
PRINT 210

PUNCH 230, (KNTI)XS{IDoMT I NI}y I=zgoNJELTY
FCORMAT ( 4E20.6 )

PRINT 240, TIT

FCRMAT {18 PERTUREATION TIMEEL10.3,8H SECOMDS)
G0 TO0 S

IF (IPLOT .€Q. 1) CALL CCEND
CALL EXIT

END
SUEROUT IRE APERTUR

LARGE A(125080).10(300)

LARGE IX(3814%) JRESIO(INL46) R(3UN SZ(304),URIILNI,UZ(300)
® oCODE (300) sIDEST (3007 R aKNISD) o RaKS (S0) JWTIS0)oICUT(302),Q(3000, LARGE.:
SAPISE oMISAI S VELCSD) oFRISE) JRE(SEIoANIOEE) 4 IISPIIIN02) TENP(30B) o LARGE ¢
® PHIO(S0G)> IB (308D IDEQ(IL300),KO0ME (I4300)JEL(5042),INP (50, &)
*s TLOAD (0D +SIGNISA) +SICT (58),030(600)

sSTerLC
ST2FLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC.

TRELC

TRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC,
STRFLP.
LARGE .

LARGE o f
STRFLF.

COMMON/GE N/ KSHELL + IPUMCHoE (75 12) » INDEX +M P4 NNNo NCORE s MUMNP , ICCHFRs GEN.2
HUMEL o NO2o HED(16) D ISPLNIJELTe IPERy NUNMAT o FSFPSF Y KSCLSPHT, GEN.3
JVISC e¥SCLeDSCLe PSCLePICLoAP (k) eCOM INeNAXT N o HEAND ¢ LNGTH o NEQoNINPGEN, &

s MOFLOM, NUNKF2, NUMFAP LN (12 ) NF2
COMMON/APTR /I RAND NJUMP, AAS, AN
IFC IRANDNE. B} G0 TO 12
D0 15 Jx1.MJELT
I = I0UTtH

GEN.S
APTR,2
STRFLC.
STRFLC,
STRFLC.
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1

10
16

25

20
35

100
200

220
230

5

o

L3

HAT=IABS(IX .5)¢
MTCJI=E (S MAT)
CONT INUE

GO TO 35

PRINT 16

FORMAT (* APERTURES ARE RANDOMLY GENERATED®)
D0 280 Kxz1.NJELT

4 = JOUTIX)

MAT=IABSE IX(J,5) )
APR=0.8

00 25 I=1.32
YFL=RANF (D)

APRZAPROYFL

YTHz (APR-€.0) *AAS+ARH
HTIK) = =EXPIVTH)

CONT INUE

IFC NJHP.EQeN ) GO TO &0

00 58 Ji=1.NINP

READ 180+ I+COEGCOEMLvCOEN20COEN 3+COEMS
FORMAT (I5,F10.3,4F15.5)

PRINT 208 +IsCOEC+COEM1+COEM2.COENS,COENL

FORMAT (714 oTXeBHCOEG= oF 10.3420Xs7HCOEMLI: (F10.3s 10X 7HCOEM2:

103 THCOEMI= 4F 10,3, 5Xs7HCOEML= LF10.3 )

D0 220 4 = 1, NJELT

IF (IOUT(Y) .EQ. I) GO TQO 230
CONT INVE

MWT{J) = COEG * WT({J)

HAT= IABSt IX(I,5) )

EC(Ly MAT)=COENI*E(L,MAT)

E(2, MATI=COEM23EL2,MAT)
EC(3,MATI=COEMI®E (I,MAT)

ECho NAT)cCOEMLPE (L yMAT)

CONT INUE

CONT INUE

RETURN

END

SUSROUTINE STIFF(DTvALsA242+B0.P0sNQoRNP s NNy NGy MT s MF ¢ TINE)

LARGE A(125100) ,X0(208)
LARGE IX(301s%) oRESIDI301+63.RI300) ,Z2(3L8),9R(I00),VZE300)

STRFLC
STRFLC
STRFLC
STPFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLL
STR'LC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
+FISTRFLLC
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC,
STRFLC,
STRFLC.
STRFLC.
STRFLE,
LARGF o

* COOE(300) ¢IDEST(IN0) 4ReKNIS0) +RXS(50) 4HWT(50),ICUT (301),0¢300), LARGE..
SAP(SE) WISO s VEL (50) FRISE) RE(SO)eAN(I00) +DISPI (300420, TEMP(3CO),LARGE .®

% PHIO(300)+IB(300),I0EQ(3+300) KO0 (34360)¢IEL (5021 INP1S0,4)

*oTLOAD(908) »SICNIS58) ,SIGT (58),030(600)

COMMON/BLANKZS(8+8)+P(10) JRASTRS (414 VEL+RRR(5),222(S)+LBAD,RADN,
2206) o IPAT(50)4ACELX,ACELYNRES,RO(12),

1 RR (o)
2 HTVPE-XI'KCEh"CEN:XTR(IﬂhFleH(G)-PD(b.tZ) +QQ(2440 ,
3 PRSsF2Ss FRTy FZTEG

LARGE .
STRFLP,
BLANK,

BLANK,

BLANK .:
BLANX,

CUHHCNI‘ENINS"ELL 2sIPUNCHE (7212} s INDEX oM Py NUNNCORE ¢ NUMANP  ICCHPR, GEN.2
NUPELsNOZo HED(16)4DISFLoNJELTy IPER: NUMMAY o FSFePSFI X SCLSFNT, GENLD
JVISCqVSCL-DSCl.n FSCLoPJCLoNPLLY COM TN MAXToNB, MEANDoLNGTH , NE QNJFPGEN, &

. oHBFLOWy NUPNF2) NUMFNP JLM12) NF 2

COMMCON/EP /ST &y 8} 4SO{2:03 sASI842)4D0(2e2)+2J15)HRIEDISHILS)
* JES2.2)

LARGE AL1(MQe1),A2 (NNPe1),8(1),B011) ,PO(2)

DINERSION PR(2) ,RP(2),TL(OY
COMMCN/STF/SF 18 o8)9SCIBo&) sSH{L &V SE(N &)

GEN.S
EM,2
EM,2
STRFLC,
STRFLC,
STRFLC,
STRFLC.



REWIND &
REWIND 9
ISHz &
4SH=2
LBAD= 0

0C 702 X=1,MQ

0D 782 L=1,M4ND
702 ALK L) =80

00 701 KK=1,HNP

00 701 LL=14MBFLCH

IF{NF2.GT sNUMFNP) A2 (KK,MEFLOWOLL)=0.8
701 A2EKK,LLY=0,0

[y el

LERE A |

00 30t N=1,NUMEL
00 200 I=1.4
NPLIDI=IX(N. D)
200 CONT INUE
MTYPE=IX(h,5)
IF(MTYPE. LE«NSHELL) GO TO 92
HJizMJet

JOINT MATERIAL PROPERTY ASSIGAMENT
KN AND KS ARE MOCIFIED AFTER EACH PERTROBATION.THEREFORE .

OODDOODO0O0O

ARE USED

RUNS ARE READ IN DIRECTLY

aoon

IF(HP.GT.1) GO TD &1
IF(NNN.GT.1) GO TO &1
IF (IPUNCH .6E. 2) GO TO 61
KN(HJ)} = EC(1NTYPE)
KS(NJ) = E(24MTYPE)}

61 CONT INUE

E.‘l.'lll JOINT ELEMENTS Sessses
CALL JYSTIFIB+BO+PO:HIIN}
IFIVOLALT «BoB) IX (N, S)==IX(N,5)
CALL ASMOLE(DT AL +A2sNeSsAJyODIEJI9IDEQNECINFE,IO0ESTJSH)
Go TO 390

g-.--.;-- SOLID ELEMENTS ®ssssss
c
92 COM INUE
IF( IPER.GT oL oAND.SPHTLEQaQ.0) GO TO 94
IF(NNN.GT 1) GO TG 94
CALL ELSTVIF(3,80,F0,Nt
CALL ASKHBLEIDTeAL+A2 eMsSFeSCeSHe SEs IOEQe NG eNF 2, JDEST 4 ISH)
G0 YO 380
9t READ (8} SF4S5CsSP.SEWNP
93 CALL ASTSLE(ITyAL +AZ WNsSFoSCySHy SEe I0EQsNQNF24JOEST, ISH)
300 CONY INUE
IFINRNLCT 1} GO TO 500

AFTER FIRST PERTUEATION OF FIRST TIME STEP ZALCULATED STIFFNESSES

WHER RESTARTED STIFFNESS VALUES THAT AME RESULTS CF PRECEECQING

STRFLC
STRFLC
STRFLC
STRFLL
STRFLC
STRFLC
STY@FLF
STRFLC
STRFLC
STRFLC
SYRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STaFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STYRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC,
STRFLC.
STRFLC,
STRFLC,
STRFLC,
STRFLC,
STPFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STAFLC.
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DO 301 I=1,NUMNP STRFLC

J=IDESTI) STRFLS
K=IDEQ(3, 1) STRFLC

IF( KDOE(3.IV.LE.C ) 50 TO 35C STRFL?
TLOADIK)=PO(K)¥1,0E+20 STRFLF

QN (J)=TLOAD(K) STRFLF

GO 7O 381 STRFLF

350 QUINUMFNP +II=TLOADIK) +Q(J) STRFLF
391 CONT INUE STRFLF
500 RETURN STRFLC
END STRELC
SUBROUTINE JTSTIF(B,B80,P0MeN} STRFLC

c STRFLC
LARGE A(L25800) .10(909) STRELF
LARGE IX(301s5) JRESID(ICLo4)sRI300)9Z(3ANILURIICOILUZIING) LARGE.

® oCODE(300) »IDESTI300) 4ReXNISO),RaKS(SOIHT(S50),TCUT(302) . QC300), LARGE.
SQAP(SE) s WISE) VELISO) +FRITTIJRE(S0}s ANTIR0Y 4 IISPI(30002)e TEMP(S00)4LARGF S
S PHIC(I08)+IB(306),IDEQII,308)KO0E (3,300),IEL(50,2),XINP(50,4) LARGE «
S TLOAOIION) +STCNCS0) s, SICT (50 ,0800608) STRFLF
COMMON/BLANK/S(8,8) +P(18) RSTRS (& )y VOL.RRRIS5) 4 222(5) L BAD +RADN, BLANK.

1 RREi)oZZ14) IPATI50) ACELX JACELY,NRES,RO(12),  BLANX.
2 MTYPE ¢ XI oXCEhoYCENy XTRUL0Y s FACOHIE) 9 PDCL12) 4002440 o BLANK,
3 PRS,PIS, PRT PIT.EG BLANK,
COMMON/GEN/NSHELL o IPUNCH £ (T512) s INDEX yMPo NN s NCORE s MIMNP  ICOMPR, GENL2
1 NUMELoNIZo HED (161 90 ISPLNJELTs IPER) NUMIAT FSF4PSFJ, K SCL» SFMT( GEN 3
SVISC.YSCL.DSCL.ISCL,PJCL.hPlh).cONLIr'NlXIvll.NEIND'LNGTN.NEQ NJMPGEN &
MBFLOWy RUMNF2, NIMFRP LM (12 ) oNF 2 GE %, 5
COPMONZER /ST (s 8) 45Q (2441 o AJ {852 110D 1221+ Q8 (T o HE(6Y HZ 16) Ex.
* GEI2,2) E".’

c STAFLE
LARGE 8(1),80(1),F0t1) STRFLC
DIMENSION ASClyh} s TR(2:2) ¢PPP{8) 455 {hen) sTTE (61 4SSSUEY 4V (4) STRFLC.
DIMENSION AT(8,2),CI(8:2) ,0UN{26)PP(R) STRFLC
OIMENSION EPRO(S) ,CPRO(S) STRFLC
DATA At/x..-1..1..-1..-:..1..-1..1. STRFLC
DATA AS/Z. Zev=fes=1as=20020s1ar=20as=10 12092./ STRFLC
DATR  SS/-0. e90e5s=0s5400e Oas=0eEe0a5s0as STRFLC

1 Be5a0uu0ee0.5/ STRFLC

[ STRFLC
DATA INCCM/10HINC (PORESS/ STRFLF
TLeIX(No1) STRELC
JJ= IN(Ny2) STRFLC.
RN = 1,0 STRFLC.
IF (NAXI «NEs 0} RN = =(R(JJ) ¢ RIII)) 7 2,0 STRFLC
DR=R (JJ)=RCII) STRFLC.
0Z=Z (4J)=2C11) STRFLC
VOL = SORT(DR®ODR + DZ*D2) STRFLC
IF (VOL .EQe 0.0) GO TO &70 STRFLC

sTeFLC.

C** MATERIAL PRGPERTIES sTaFLC.

S8 COMSEKS (MI®VOL/6,0 STRFLC.
COMNaXHIM}SVOL/64D 3TPFLC.

[ STRFLC.

¢ INITIALIZE sTRELT.
0C 100 IZ=1.8 oo
°{11)=0.3
EPRCITIN=G.C
CFFOLI!

D0 100 JJ=
132 SUI14Jd) = Gl

90 39 I=1l.&
EJII¥=D&D




[N RsNaNeRalel

99

93

00tI)=0.d
00 98 Ix1,.1E
AJCIN=E,0

DIVELOP FESIDUAL STRESS CONTRIIUTIONS TO THE LCAL VECTD?

IRIAT IR RIRY Y Y

I IR Y R R R Y IR TR TN P Y Y Y Y Y VYRS PYYYYY

EEN
sTaFLC
STRFLSC
STRFLC
STRFLL
STRFLL
STaFLL

THE FCLLOWING SIGN COMENTION IS AOOPTED.THE AORMAL STRESS IS PCSITIVESTRFLC

WHEN DIRECTED OUTWARC THE ELEMENT ON THE FACE (II.JJ).

THE SHEAF STRESSTRFLC

1S FOSITIVE WHEN OIRECTED FECK II TO JJ AND Kx TO LL INSIDE THE ELEMENSTRFLC

11

112

17

-

20

%18

“23
400

TR{14+1)30R/VOL
TR(14+2}=D2/VOL
IF(IPER.GT.1) GO TO 273
SC = TR{1,1) * TR(1,2)
S2 = TR{1,.,2) ** 2

C2 = TRI1y1) 2+ 2

RSTRS(1)=RESIO(he3 I S2+RESID(N2)%C242.*RESTO(NsbISSC
RSTRS(2)= (RESIO (N,2)~RESIL(N,1)}) *SC+RESID (N, 6} %(S2~C2)

TFORY=RSTRS (1 1 VOL *RN
TFORXzRST RS (2 1% VOL *RM

RATLC=0,0

IFINAXI.EC.®) GO TO 112

TI=IX(R,1)

RATLOZ (w1 o/RMI® [RCII) /2, ¢VOL/3o00=0,5
PPP(1)=TFCRY® (0 JS~RATLO)
PPP(2)=TFLRX® (0.5-RATLD)
PPPI3)=TFCRY® (0 SIRATLO)}
PPP(4)=TFORX® (D .5 ¢RATLO)
PPP(5)z-PPP (3 )

PPPIEI==PPP (& )

PPP(T)z~PAP (1)

PPP(8}x-PPP(2)

CONT INUE

00 260 II=1.b

IN = II ¢ II

IS = IN -1

DO 280 JJ=1,6

JN  JJ ¢+ I

JS = JUN - 1

TOUN=AS (I1s )

IF(RAXIJNE«®) TOUMz=TOUNH®RH¢SS(II.JJI®OR
S(IS+JS)=CONSSTDUN

S (IR JHI=COMSTDUN

ROTATE TO GLOBAL COORDINATES
TRI{2.1) = «TR(1.2)
TR(242) = TR(1.1)
IF(TR{14,11.EQ.1.) GO TD 450

DO H80 NNzlob

JJ = NN ¢ NN

DQ 410 II=1,8

TOUMSITII +JJ=1)°TRI1,11¢S(IT4QJI*TR (2,1}
SUII4Jd) = SCIISJ-1I°TR(1.2) ¢ S(II,JJ) ®TR{2.2)
SUILedJ=1)=TOUN

D0 #28 II=148

TOUNaS(JI=1oIDI*TRI142)4SCIITIF *TR (24 1)
SCIIWIT) = SCII=1,IIIPTR(1+2) ¢ SUWI,III®TR(2,2}
StJJ=1,IL)=TOUR

CONT INVE

STRFLC.
STRFLC

STRFLC

STFLC

STRFLC

STRFLC

STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC

STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STOFLC.
sTerLc.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC

STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STeFLC.
STRFLC.
STRFLC

STRFLC.
STRFLC,
STRFLC.
STRFLC

STRFLC.
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oo

850

461

460
465

60

62

61

71

72

?

30

CONT INUE

IF(IPER.ME.1) GO TO &6S

00 4€f [=1+4

K=IXIN: Y

II1=1+1

=11 -1

K1z[DEQ (1,K)

K2=IDEQ(2.K)

B0I{K1)=B0(K1) +PPP(J)PTRI1,2)+PPP (II)¥TR{2.,2}
BOIK2)zBO(K2) -PPP(J}*TRI2,2)+PPP (II) *TR(1,2)
CONT INUE

CONT INVE

CON=1.8/012.2°VISC)

DO 60 L=zl.+4

K=IX (NoL)

Ki=IDEQ (1 +K)

K2=IDEQ(2+KX)

VL aPOIK2ZI®TR{1+1)1-POICLI®*TR(1.2)
EPSN=, 5% (V(6) =¥ (1}ev(3)=¥(2))
HEsuTN)

IF(EPSNLGE-NDIGO TO 61

PRINT 62,N

FORMAT (SO ISPLACEPENT GREATER THAN ALLOWED IN ELEMENT NOG. *1IS5)
W (M) =ABSCABS( WO }4EPSH)
IF(M(MIeLTe1,0E=B) WIMI=DaO

EN=M (H)®*3

QP (M )z =EN®CCM*RM

00 71 I=i,4
DDtIM=QPLP)/VOL
DO¢1.+2)=-DD1,2)
00(2,13200¢1, 2}
KzIX (NsS)
IF(ICOMPR.EQ, INCCM} GO TO 73
EE=VOL/ (6 40 % (7 4X))
EE==~EEYH(FI®RM

00 72 Ix1.2

D0 72 J=1,2
CJtLJ1= EE
CEJ(1,1)22.8% J{1.1)
EJ12,2)xE£91(1,1)
CONT INUE

OLx~E(6 4K )*VOL®RH 74 D
TSINZDL®*TRI1,2)
TCOS=DL®TR{2, 2}

00 300 I=1.4

IT=1¢l

AJ(II,11=AT {ITI®TCOS
AJ(II«1+1)=AT (IT-2)°TSIN
RJLIT+23=RJ(II.1}
AJ{IT=1,2)=AJ(TT~1:2)
CONT INVE

IFINNNLGT .1} GO TO 8D
IF(SPHT.EQeN.) GO TO 8B
DY¥==TR(1.2)
DE=QP(N)*SPNT
CY=DG*DYs2.0

STRFLC
STRFLL
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STR-LC
STFFLC
STEFLC
STRTLE
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLG.
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC
SYRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLCL.
STRFLC,
STRFLC.
STRFLC.
STRFLC,
STRFLC,
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62

620

639
640

W79
W7t

1
2
3

It=IX(Nsl?

I2=2IX(N«2?
K1=IDEQ(3.I1)
K2xIDEQLY I2)
TLOAC(K1)=TLOAD(KE)sGY
TLOAD(X2)=TLOAD (X2}~GY
CONT INUE

IF{IPER.GT.1% GO TO 64l
00 680 Is1,2

00 688 J=3,.2

K=IX (N, J)

L=IDEST(X)
EPROIII=EPROUII+EJ UL+ SICPHIC(L?
CONT INVE

00 610 I=1,0

00 €10 J=102

K=IX (Ms 4

LeIDESTIN}
CPRO(I)=CPRO{I) +AJ(T . SI*PFIOCL)
CONT INUE

00 620 J=1.2

K=IX (Nyd)

K3=I0EQ(3 X}

80{K3)=80 (K3} -EPRQ{J)

CONT INUE

00 630 J=1.&

XEIX{NyJ}

Kix=[0EQ(2,K}

X2=[OEQL2 X}

B0(X1)=80 (K2} +CPRC{JeI-1)
80(X2)=B0(K2) +CPRC(I+ I
CONT INUE

CONT INUE

RETURN

PRINT &71.N

FORAAT (17H BAD JOINT oN=I3/)
LBAD=LBADe:

RETURN

END

SUBROUTINE FORMB(S1.T2,IP)

COMHON/BLANK/S(8e8)sPL10) yRSTRS(H)oVOLRRR{5) 4222 (5),LBAD+RADN,
MRUGIs2ZL6)sIPATISO)SACELN JACELYSNRES,RO112),
HTYPE o XI ¢XCERsYCENSXTRILB)\FACoHIB) +PDis 12040012040 ¢

PRS, F2S+ PRT, P2T.EG

COMMON/EN/ST o8 4SQ(24%) ¢ AI(8,2)4001242)+QU L) oHRI(EY 4HZ (6)

oEJ (24 2Y
OIMENSION HSUE) oHT(E ) IT(6)eJJ(6)

OATA TI/1:3+5:70%9020/7400720016€484214127

00 50 I=z1.48
POIII=R.H
SHx1.0-S51
SPx1,0¢51
THag . 8-T4
TPesleleTL

H{1}=SHET /4,
H(2)=SP*T P/ 4,
HI3) eSPOTP/ 4.
HIG)3SHET P/ &,
HUS)=(1.0-51°S2)

STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLLC.
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLG.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
BLANK.:
BLANK,
BLANK ¢
BLANY .
EM.2

EM.3

STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLE.
STRFLC.
STRFLO.
STRFLC.
STRFLC,
STRFLC.
STRFLC,
STRFLC,
STRFLC.



o000

100

150

170

180
190
200

300

He6)=(1.0-T1%TL1)

HS(1)==TH/4,
HS(2¥==HS (1)
HS(IF=TP/ 4,y
HS (i )==HS (3)
HS(5)=-2, %51
HS(61=0.0

HTLL b=~SH /%,
HT {2 )==5P/%,
HT(3)=~HT (2)
HTts 1z =HT (1)

HI{5)=0,.0
HT (6 )=~2.°T1

PZT=HT(1)%Z2Z(1) ¢HT(2)SZZ (21 +HT(IIPZT (ID4HT (LD S22 (&)
PISaHS(LI%ZZL1) tHS(2)*TZ (23 +HS(3I®ZT (3D *+HS(6)* 22 (&)
PRS=HSC(LI®RR(1) +HS (2 )RR (2) +HS (3 )RR (3D eHS (4 }*RK (&)
PRT=HT (1Y *RRILI+HT(2IPRRE2I+HT (S IPRR{IVeHT (L I*RE (&)
XJaPRS*PZIT-PRT*PZS

PSR=FIT/XJ
PTRz=PIS/XJ
PSIn=PRT/XJ
PTI=PRS/XJ

00 100 I=1,6

HR{I }=PSRO®HSCI) ¢PTROHT(I)

HZ I IxPSZ*HS(I) ¢+PTZAHT (1)

IF (IP.NE.D) GO TO 150

Rzl

60 To 170

RaH{1P®RR (1 I¢H{2ISRR(2) *H (JIPRR{ JI*H (L I*RR (b))

FCRM STRAIN DISPLACEMENT PATRIX

00 200 Xz 1,6
IsI1 )
JEJIIKY
PO(L+IIxHR(K)
POL24J)=HZ(K)
IF (IP) 180,190,180
PO(3I)=H (KD/R
PRl IV=H2(X}
PO6 I zHRE(K)
00 300 X=ivh
QQ(1 4K} =HR (K}
QQ(24K)zHZX)

FAC=XJ*R
RETURN

END
SUBROUTINE ELSTIF(8,B80,P0.N)

LARGE A(1256000),I0¢(908!
LARGE IX(3D1,5) yRESID(301,4),R(300),Z43N0),UR{300},U21300)

STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLS
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLL
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLO
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC,
STRFLC.,
STRFLC,
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLF,
LARGE .*

& oCODEC300) JJDEST {3080 oReKN{50) sRKS (58) 4HT(SH ) ICUT (301} ,0(30C)s LARGEWL
SAPISE) WMISOIoVELISE JFR{SHIGRE(SOIoANIRAD) s ISPI(INNG2)o TENF(3I00)+ LARGE o€

¢ PHICISO0 ) ID (300}, I0EQCT (300 ,XODE{3,300),IEL (50,2}, INP(50,4)

SoTLOADCSOE) 4SICNI50) 4SIGT (58} ,D30(680)

COMMCN/BLANK/S(808),P(108) JASTRS (L) VOLIRRR(5) 4 ZZ2(5) +LBAD(RADN,

LARGE oF
STRFLF,
BLANK 42

€3



oo

1 RR(&IpZTLL) +IPATISO) oACELX4ACELYINRES: RC{12), BLAKX,
2 MTYPE . NI oXCE P YCEN o XTRELO)«FACOHIG) o PD(H422),0Q(2,4) BLANC,
3 PRS, PZS, PRT, PITLEG SLENK,
COMMCN/GE N/ NSHELL yIPUNCHOE (7+12) ¢ INDEX oM Py NNNy NCCREs NUMNP , ICCMFPR, GEN.2
1 NUMEL o MO2,HED(16) o DISPLoNJELT IPERGNUNYAT 4 PSFoPSFI, X SCLoSPHT,GEN, 3
JVISC.YSCL-DSCL. FSCLoPICLoMPLS)sCON Y Mo NAXT oNB o MEAKD s LMGT H o NEQo R SMPGEN . &
+ HBF LOWy NUMNF2, NURFAP LB (12 (NF 2 GEN.S
COMMONZEM/ST Clg 8 4SA (2040 oAJ 18423 4,00(2,2) QU (&) 4HRIE) 4HZ (6) En.2
s JES3(2,2) EN.3
STRFLC
LARGE 8(1),80(2),4P0(1) STRFLC
DIMENSION DX(&)oEE(1)sENUTL) sENCLIENM{L) c0UN 28D, STRFLC
S PRO10),TTTI6) ,SSS(6) Q8 (%) D4 yied STRFLC
COMMON/STF/SF (8380 4SC I8 ok) eSH{Us )y SE ko k) STRFLC
DIMENSION EPRO(18),CPRO(10) STRFLC
DATA INCOM/0HINCCHPRESS/ ¢SSS/=aSTTISR2Y 9o 57735027 ¢ Del=e 77TUS9ET, STRFLC
eQaBy o TTHSEET/ s TTT /7100220 D0 0eBee555555564.800800889,.55555556/ STRFLC
STRFLC
00 6 I=1,10 STRFLC
EPRO(IN=N LD STRFLC
CFRO(I)=d.0 STRFLO
PRIXI=0 0 STRFLC.
6 P(I)=0.0 STRFLC.
00 2 J=1,16 STRFLC
SE(J)=0.0 STRFLC.
2 SH(JI=0.0 STRFLC
00 3 JJ=1,32 STRFLC.
ST(3J2=0.0 STRFLC.
3 SC(IIN=0.0 STRFLO.
D0 1 I=1,4 STRFLC.
1 DX(I}=0.0 STRFLC.
5 CONT INUE STRFLC.
00 70 I=i.b STRFLC,
M=IX (N, I) STRFLC.
RRAII=R (MY STRFLC.
T2 IxZ M) STRFLC.
T0 CONT INVE STRFLC,
K=INN,S) STRFLC.
FACT2E(2+K) 70 (202 %EL3 4K) I+ (10 #E(3,KID) STRFLC.
Cil=(1.-E{3,%))*FACT STRFLC.
C2=E {3,KI°FACT STRFLC,
C32{5-E(3+K)I*FACT STRFLC,
EEN=Eth oK) STRFLC.
PERM=E (1.K)/VISC STRFLC.
IF(NAXIECe M) D7=0.0 STRFLC,
IF CICOMPR.EQ.INC(M) EEN=1.0 STRFLC.
D0 85 I=1,64 STRFLC.
25 SF(I)=0.8 STRFLC.
STRFLC.
FORM STRAIN ANO FLOW MNATR]CES AT THE CENTER 0OF THE ELEMENT STRFLC.
STRFLC.
DO 520 I=1.3 STRFLC,
D{XIs4)=0s0 STRFLC,
DineIN=8a0 STRFLC,
00 510 J=1,3 STRFLC,
510 D(I.J)=C2 STRFLC.
520 D(I.I)=C2 STRFLC.
Dlkyb}=C3 STRFLC.
CALL FORMBC . 8y B BNAXI) STRFLC,
DO 548 I=1.,8 STRFLC,
S48 SQUI)=PERF*RQAC(IY STRFLC,

DO 533 I=1+%& STRFLC.



53

DO 533 J=1,.8
DO 533 K=zli,h
STIToJ)2ST(Ts JY 40(I,KI*PD (Ko J)

KzIX [Ny 5)

NTS5=2
IF(NAXI.NE. D) NTS=3
NN={KTS=2)"3

00 SE8 LR=1,NTS
$1=5SS (LR +NN)

DO SO8 LZzLi,NTS
T1=SSS(LZ +NN)

CALL FORMB(US1 T1,AXIY
FACZFACPTTT (LR#NNISTTIT (LZ4NN)

c
_C S¥5388% FORM NODAL LOAD VECTOR %52

c

51
53

57
58

ono

9

oo

100

130
150

oo

TF(ACELY.EQ.0.) GO0 TO 453
FACF=FAC*F0 (K)®ACELY

00 #51 I=1.44

Jz=I+ 1

PLIYZP(J) ~H(LISFACF

CONT INVE

IF(IPER.NE.1) GO TO 58
DO 57 I=1,8

DO 57 J=1.4
PR(I)=PR{I) +RESIO (N, S} *PDC(J,I)*FAC
CONT INUE

K MATRIX

00 30 Ix1.8

DLx={C1%PD (1+,1)4C2%P0(2:114C2%PO(T4I))8FAC
D2x(C2%PD {11 2¢C1%PD (2,1)+C2%PDL341))SFAC
D3={C2*PD(1,1)+C2°PO(2,I)+C1*FD{3,I)}*FAC
D&z {C3*PD (ko)) ¥FAC

00 90 J=I,8

SFIIINI=SF(J, I +01°PD(1,J1402%PD (2,J)+03%PD(3,J) +064°PO (4, J)

C AND E MATRICES

FACN=FAC®EEN

D0 100 I=1,8
DBaPR(1+I)¢PD(2.1)+PDI3,I)

DO 188 Jxi.h

SCUL o JI=H (JI*DBSFACN+SCII I}
IF {ICOMPR.EQ.INCCM) GO TO 150
FACHzFAC € (T,K)

DO 130 I=1,4

DO 130 Jzisb

SE(L v 2)zH(IISHIJISFACHESE (I4J)
CONT INUE

H MATRIX

FACKaFACY FERR

00 170 I=1.&

DXCI1=OXN(I) ¢FACK® (QQ (14I)*ACELX*QQ(2,I2%C(=1.08) }*SPHT
DO 178 Jdxl.4&

HH=QQI1,11%0Q (1 4J)+Q0(2,I)2QQ(2, )

STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STPFLC.
STRFLC.
STRFLE,
STRFLC,
STRFLC.
STRFLC.
STRFLC.

€5
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c
¢ ®sss3%s FORM GLOMAL

c

e N al

170 SHUI ¢J)=HFPFACKASH(I oJ}
500 CONT INUE

50

-

502
503

585

810

e20
30
€15

700

1

IFC(NAN.GT 1) 60 TO
DO SO81 J=1.&

K=IX (NsJ)
K1=IDEQ (1 oK)
X2=I0EQ{2.K)
TLOADIKI)I=TLOAD (K1
TLOAD(K2) =T LOAD (X2

NODAL LCAD VECTOR evsss

503

1=P{JoJ~1}
Y=PlJ+J)

IF(IPER.6T.1) GO TO 501
80(X1)=00(K1) =PR(Js+I~1}

80(K2)=80 (::2) -PRIJ
CONT INVE

)

IF(SPRTLEC.0) GO TC 503

DO 582 I=1.4
JaIX (NeT)
K=IDEQ(3,J)

TLOADIK)=TLOADI(K) -DX (I}

CONT INUE

CONT INVE

00 505 I = 1.8
DO 505 J = 1,1
SF(JeI} = SFUIsJ}

IF(IPER.GT.1) GO TO 830

0D 800 I=1.4%

DO 830 J=1.4&

K=IX (KyJ)
L=IDESTIK}
EPRO(I)zEPROLI) +SE
COAT INUE

00 810 I=1.8

00 810 J=1.+4

K=IX (NyJ)

L=I0EST (K}
CPRO(IN=CPRO(]) +5C
CONT INUE

00 820 J=1,4
KalX(NsJ}
K1=1DEQ(1,X)
K2=10EQ(2.x)
K3=IDEQ(3,K)
B0{xX1}=80 (K1) +CPRC
80(x2)=80 (K2} +CFR(
80(x3)=80 (K3} -EPRC
CONT INVE

CONT INUE

CONT INUE

MRITE (%) ST,S5G.kP
WRITE (8) SFySCeSH

RETURN

END
SUBROUTINE ASMOLE(
COWMONZBLANK/S(8+8

(I,J)*PRIOIL)

(I,JI*PHIO(L)

(Jeg=1)
{Je9)
{41

+SEoNP

OToALsAZoNeSFy SCoSHeSE « IDE Qe NQ o KNPy JDES T o NH)

1oPL10) RSTRSCAM ) VCLIRRRIS) , 2ZZ(5) ,LOAO+RADN,
RRULIGZZ (N2 IPATIS @) JACELXJACELYNRES,ROC12),

STRFL{
STRFLS
STRFLL
STRFLL
STRFLE
STRFLC
STRFLL
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLE
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC,
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLO.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STPRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC,
STRFLC.
STRFLC.
BLANK .2
BLANK,?


http://K2.I0EQt2.KI

2 HTYPE 3 XI 4XCEPoVCENoXTRILQD o FAC HUB) 4 POl 442204QQ(2 4k} » TLANK.

3 PRSe FISe PRTeFITHED BUANK ,
COMMCN/GE N/ NSHE LL « IPUNCHGE (7412) ¢ INDEX sMP 4 NNR; NC OKE . NUMNP s ICCMFR,y GENa2
1 NUMELsNDZ2oMED(16) s DISPLeNJELT IPERyNUMMAT ¢PSFoPSFJIo X SCL ¢SPHTy GENG3
lVISC.'SCLoDSCL. FSCLePJCLoRKP (&) oCOM IMyNAXIoNB o HEAND 2 LNGTH s NEQyNJMPGENL &
+MBF LONe NUMNF24 NUMFNP o LM{12 } NF2 BEN.S
COMMON/ZEM/STL4s8) 9SQL25k) oASTDe2) DD (2+2) QI (4)4HR{E)I, M2 (6) EM.2
* SEJf22) EMe3
STRFLC
LARGE ALTAQe1)gAZ(NNPo1),IDEST(L)IDEQ(3,1) STRFLC
STRFLC
OIMENSION SFU841)+SC18452) 4SHINH, 1),SE(NH,2) STRFLC
STRFLC
L=y STRFLC
0D 703 I=t,& STRFLC
JENP (T) STRFLC
D0 784 K=1,2 STRFLC
LH(L)ISIDECIKs ) STRFLC
T0& Lxlet STRFLC
783 LM(I+8)=IDEQ(3, ) STRFLC
TJd=12 STRFLC
IF(MTYPE, GT4NSHELL) IJ=1D STRFLC
00 701 I=1,8 STRFLC
ITI=LM(I) STRFLC
DO 702 J=1,2 STRFLC
EREIRINEED$ L3 STRFLC
702 IF(JJeGTa0) AL{ITJII=ALATIIsJII+SFLT,J) STRFLC
D0 704 J=2 14 STRFLC.
JJIzLM{S)=TIT L STRFLC.
701 IF(IJeOGTa0) ALCITII=ALUTII«JJI+SCII 2=0) STRFLC.
00 705 I=S.1J . STRFLC.
LII=zLMLI) STRFLC,
L=l STRFLC,
DO 706 K=1.4 STRFLC.
K2z 4L STRFLC,
KizK2e1 STRFLC.
KKz=LMEK1) ~TIs1 STRFLC.
LLELNIK2) =ITet STRFLC.
IFIKKGTo0) ALCIIVWKKI=ALLILIsKKICSCUIKLoI=8) STRFLC,
IFCLLOTeR) ALCTIIWLL)=AL (I LLY&SCIKZ,1I=0) STRFLO.
706 L=Lea STRFLC.
00 705 J=% 1) STRFLC,
JIaL MLJI-IT 48 STRFLC,
705 IFIJOTl) ALLTIT LM IZAL (IT0JS)=SH{T =838 =B8)°0T-SE(I=8,J=8) STRFLC.
IJd=4 STRFLC.
IF IRTYPE. CTGNSHELL) T4=2 STRFLC,
00 730 Iz1.I8 STRFLC.
I1=NPLI) STRFLC,
LL=LIDESTIIY) STRFLC.
00 708 J=I,1¢ STRFLC.
J1xNP(J) STRFLC.
Xx=IDESTIJ1) STRFLC,
LLFxMINSILL +KK) STRFLC,
MAFx TABSLLL-KK) ¢L STRFLE.
AZILLFoMBF) A2 (LLF4NBF I 4SH T J) STRFLC,
TFINNP.GT NUNFNPY A2 (LLF oMBFLOMONBF ) xAZELLF. NOFLOWMBF)I=SE(T.J)  STRFLC.

CONT INGE STRFLC.
RETU’SN STRFLC.
ENE STRFLC,
SUORQUTIRE SOLYVESITHETADT o TIME.AToR2¢8:80,P0.HIoID2MBH, B NUNNP, STRFLC,
CNEQ. MEL «MSH oM BAND » MBFL O ¢ MUMFNPs TCONPR TOEST » INDEX s IPER, NNNo IDEQs STRFLF.
® PHICQLIP. -AWQAAF2,TL) STRFLC.



http://IM.MXI.NB.HEAKO.LNGTH.NEQ.NJHPGEN.lt

68

c

c
crren

230

351

300

340
330
33

260

345

250

242

245
249

LARGE AL{NEQy 1) 4R2(1348(1),B0(13POC1)¢ID(301)HB(L),TL L],
*MBH(1)4HI (1) IDEST(17+ IDEC (J41),PHIO(13,Q(1) ,QQ12),0A(1}
DIMENSION Q2 (600}

DATA INCOM/LQHINC CMPRESS/

#SET-UP LOAD VECTOF AND SOLVE

OTH = DT/72.

TOTH = THETA"DOTH

HTDT = OTH = TOTH
TDTH2=243*TDTH

IF( ICOMFR.EQ.INCCY ) TDTH2=TDTH
HTDT2=2.0°HTDT

00 230 I=1:MNIMNP

DO 230 J=1.3

K=IDEQ{J, I}

IF(ID(JoIVeLESD)Y GO TO 230

CALL MODIFY(KsAleNEQ)

CONT INUE

NM=NUMFNKP* MBF LOW

IF(NF2.EQ.NM GC TD 351

Li=NMet

L2xMUNFNP ¢

L3Iz NUMFNP #L2

IF(IPER.G6T.1) GO TO 9d¢

CALL PRCFIL (A2(1) +MBH(1) s KUFFNP, FBFL ON)
IF(NF2.6T«NF) CALL PROFIL (A2(L1) «MBHIL3) 4NUMFNPy FBFLOM}
CALL TRIA(NEQ.MBAND,A1,MB)
IF(NNN.GT.1) GO TO 250

DO 340 I=1,NUMNP

J=IDEQ (3,1}

K=IDEST(I)

az2(K)=aty)

Q2 (NUMFNP +K }=Q2 (K }

PHIO (K IzPC(S)

00 330 I=1.,MINFNP

IFC IB(I)CLELD ¥ QQ(IN=0Q(I}+TOTHZ*AQ(MINFNP ¢+ I}
IF(NF2,LE.NM) GO TO 330
HI(NUMFNC+I)=PHIO (D)
HICII=HI(I)+TOTH® FHIO(])

CONT INVE

IFC ICOMPRE.MNELINCCM ) GO TO 345
00 2€0 I=1,NUMFNP

QACI)=0.0

GC 70 2%0

CONT INUE

CALL MLTPLY (A201) 402 (1)+MI(1) QA (L) o HBHIL) o NUMNP  NUMFNP)
IF(IPER«GT+1) GQ TO 250

IF(NF2.GT.NK} CALL MLTPLY (A2{L12) +Q2{L2).HIIL2)+QAIL2)4MAHILS3),

X NUMNP,NUFFNP)

CONT INUE

IF(NNN.KNE.1) GD TOC 20
DO 242 I=1,NUMFNP

QA(I ¥=QA(I) «QGLI)
IF(NF2JLENM GC TO 240
IFLIPER.GTs1) GO TO 240
00 245 I=1+NUNFNP
QALII=QALI) +QAL ToNUHFNP)
CONT INUE

00 241 I=1s MINNP

STRFLC
STRFLC
STRFLC
STRFLC
STRFLF
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRELC
STRFLC
STRFLC
STRFLF
SYRFLC
STRFLC
STRFLC
STRFLC.
STRFLO.
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFi #».
STRFLC.
STRFLC.
STRFLC.
STRFLO,
STRFLP,
STRFLF,
STRFLF,
STRFLP,
STRFLF,
STRFLC,
STRFLC,
STRFLC.
STRFLEC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC.
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264
255

276

270

280
275
2009

80
100

300

L=IDESTI(I)

X=IDEQ{3. I?

TLIK)I=D0

BIXKI=QA (L)

DO 255 I=1,MEQ
SCI)=B(I)+BOLTIIeTL(I)

CALL BACKS{NEQs¥BANDsA2, 8,48}
IFCNNNLNE oIP) RETURN

DO 270 I=1, MIMNF

K3z[DEQ (341}

L=IDEST(I}

QZ (NUNFNP oL 128(K3)

CONT INUE

DO 280 J=1.NMIMFNP

IF( IB(JICLE.C ) 00({JI1=2QQ(J)+HTOT2® QAU NINFN ¢ )
HI(II=HI{IIIHTOT*PHIO(I)+OTHO Q2 INUNFRP 42}
RETURN

FORMAT (110, 5E20.5)

END

SUBROUTINE MODIFY(N,A1,NEQ}

LARGE A1(MEQe1)

A1(M,1) =L 40E¢20

RET URN

EHD

SUBROUTINE PRCF IL (AZ «MB.NEQ+MBAND)
LARGE A2(MEQe1) 4NB (1}

NN=NEQ®MBAND

00 300 N=1.,KEQ

N1=z0

NJ=0

L=0

IL=N+NEQ

00 100 I=IL.NN,NEQ
LaLed
IF(A2(I).NELD.0) NI=1
IF (W=L) 100,100,080
IFCA2(I~L},NE.040} NJ=I-L
CONT INUE

HB(N)=NT

HE (K ¢NEQ) =NJ

CONT INUE

RETURN

END
SUBROUTINE TRIA(NEQ.M.A1,NE}
LARGE #1(1),MB(1)

KEzNEQ-4

MNzM=1

HHMNCNEQ

HK=NEQ-MN

00 300 N = 1, NE
NTaN=MK

IF{NT«GT.0) MM=MM-NEC
HB (N )=0
IFLALIN).EQ.D.0) GO TO 300
L=N

IL=NeNEQ

IH=R ¢MN

Je =0

I8 =z

STRFLL
STRFLC
STRFLC
STRFLT
ST&RFLT
STRFLC
STRFLC
STRFLC
STPFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLF
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLZ
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STR7LC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLE,
STRFLC.
STRFLC,
STRFLC,
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC,



100

200

300

114

100
128

150

200
250

390

270

288

DO 200 I=IL.IHoNEQ
L=Le]

Jzt

p1E7 13N

C=A1 (IV741(N)

IF (CsEQ.8.8) GO TO 200
DO 188 x=1,IH.MEQ
AL{SI=AL(S) ~CoAL(R)
J=J¢NED

A1(I)=C

JB=IE

CONT INUE

N8 (x)=JB

CONT INUE

HO(NEQ) =k

RETURN

END
SUBROUTINE MLTPLY (A2 +8¢H1:Q0Q4MB. NEQ, NUNFNP)

LARGE A2(NUPFNP,1)HBTL),H1{1),QQ(1)

DIMENSICN B (1}

HNZHUMFNO =1

00 300 N1zl NUNFNP
BB=A2(NL1}%H1(NLY
L=NL

IL=N1NURFNP
IHzMBINL)
IF(IH)1204+120,50
DC 180 I=ILsIHyNUPFNP
L=Let
BE=BEeAZL I SHIIL)
CONT INUE

L=NL

ILzM1ene
THxMB (N1 e KU MF NP}
IF (IH) 2504250,150
00 200 IxIL IMsMM
Lel~1
OBxBLIA2ITI®HI(L)
CONT INUE
S(NL)=BBsB (ML)
QUINLIeBINL)

CONT INUE

RETURN

£ND

SUBROUTINE BACKS{MN,MR,A1,8,H8)

LARGE A1{1)8C1).mBL1)

MMF= MN=1

LEY

NxNe i

C=B{N)
IFGALININE o8 0} BINI=B(N)ZAL(N)
IFINEQ.NKN) GO TO 300
IL=nel

THzNMB(N)

LEL ]

00 285 I=IL.IH

HxHe NN

BCIt=8CI) -AL(N)®C

STRFLL

STRFLC

STeFLC

STRFLC

STRFLC

STRFLC

STRFLC

STRFLC

STRFLC

STRFLC

STRFLC

STRFLC

STRFLC

STRFLC

STRFLC

STRFLC

STRFLC

STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC

STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC,
STRFLC,
STRFLC,



(2 X7)

400

G0 Yo 270

IL=N

HNzh-1
IF(N.EQ.0) RETURN
IH = NeFBIN)
LE2]

C=B(N)

00 %00 I=IL.IH
MM NN
CaC-A1(H)*B (1)
BN =C

GO0 TO 300

ENu

SUBROUTINE STRFLO(BeBOPOsTIMESIP,FLAGINCC,IT)

LARGE A(125088) ,ID(300)

LARGE IX1301,%5) ;RESIOIINL44) RSN SZII00I,0R(IBNILUZLIND)

STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STPFLC
STRFLF
LARGE .

® ,CODE(300) »TDEST (300D ¢RKN(S0)RXKS5(50),WTIS0),ICUT (301 ,Q(300), LARGE.
CQAPCSE) N(SR)s VELCS50) +FRISEIWREISE)QNIRD) I ISPTI (300420, TENPI300) LARGE .

® PHIO(3I00)+IB(I00)2IDEQ(I+300sK0DE(3+300),TEL(50,2),INP (50,4} LARGE,
* 2 TLOAD(G00? 4SIGN{50) »SIGT (50),030(680) STRFLP
COMMON/BLANK/SU84B)4P{10) JRSTRS(H )4 VOL+RRR(5) +42Z72(5) 4L BAD,RADN, BLANK,
1 RR{4),2Z (L) s TFATISO) JACELX ACELY,NRES. RO(12), BLANK,
2 MTYPEs XI o XCEReYCEN s XTRI10DsFACoHIGE) yPO(4+121+QQ02 k) BLANK .
3 PRS: PIS+ PRTPZTHEG BLANK,
COMMCH/GEN/ NSHELL s IPUMCHGE (7412 ¢+ INDEX sMP o NNN¢ NCORE s MUMNP o ICORPR, GEN.2
1 NUME Ly NOZ2+eHED (150 s BISFLeNIE LT IPERGNUMMAT o FSFoPSFI X SCL o SFRT,GENL3
IVISCoYSCL »DSCLy FSCL+PICL,APLL)4CON IMoNAXT NB, HEARDILNGTH ,NEQ,KJFPGEN L&
b ¢ MBFLOWy NUNRP 2y RUMFNP LM (12 ) 4RF 2 GEN.S
COMMCN/CCFOOLZXMINyXMAX o YMINy YMA X yCCXMINCCKMAX, CCYMINGLCC YMAX cCcPoCL
COMBCNZEM /STl 8) oSU(2ek) AI(842),00(2¢2),QU L) HRIE) \HZ(E) E¥.2
* HEJR2e2) £M.3
LARGE B84(1),B021(1),PDI1)} STRFLC
DIMENSICN SIG(T),TP(6),021u) STRFLC
LOGICAL FLAG STRFLC
STRFLC
COMPUTE ELEMENT STRESSES STRFLC.
STRFLC.
MPRINT=0 STRFLC,
REMIND 9 STRFLC.
QPODR=20.0 STRFLC.
NJz 3 STRFLC.
PIzi D%ATAN(1.0) STRFLC.
RAON=z180.0/PI STRFLC.
S*RADN STRFLC,
TAN(1.0) STRFLC.
IF(INDEX.AE.0) PRINT 2001, TIME MP.IPER STRFLC.
IF (IPER 4EQ. 1) XMI ==1,.0E15 STRFLC,
STRFLC,
IF [INDEX «LT. 2)» GO TO 18 STRFLC.
IF (XPIN <LT. XMI} GO TO 7 STRFLC,
KCON = (XMAX~XNIN) * 8.12% Z7{CCXMAX=CCXMIN) STRFLC,
YCON = (YMAX-YMIN) ® 0.125 7 (CCYMX-CCYMIN) STRFLC.
XPC = 0.0F STRFLC.
YPC = R.0S5 STRFLC,
XNI = XMIM STRFLC.
XMA = XMAX STRFLC,
¥HI = YMIN STRFLZC.
YMA = YMAX STRFLC.
DEL = XPC % (XMAX - XMIN) STRFLC.



W~

c

1
c

15
[+

16

29
c

XWIN = XMIN - DEL

AMAX = XHMAX + DEL

DEL = YPC * (YHA)X - YNIN)
YHIN = YHIN - DEL

YHAX = YMAX ¢ DEL

DEL = XPC * (CCX¥AX -~ CCXMIN}
CCXMIK = CCXMIN - DEL

CCXMAX = CCXMAX ¢ DEL

DEL = YPC * (CCYPAX -~ CCYMIN)
CCYMIN = CCYNIN - DEL

CCYMAX = CCYMAX ¢ DEL

MRITE (98, 5) HED, MP, IPER

FORMAT (8A9/8A9/17H ITERATION RUMBERIG,20H PERTUREATION NUHBERIG)

CALL CCLTF {=1.8. 0.5, 1, 2}
CALL CCL3L (1,1)

CALL CCPLCT ( XMI, VYMIs 1, EHNOJOIN,
CALL CCPLCT (XMIN, YMIN, 1, &HNOJOIN,
CALL CCPLOT (XMA, TYNI, 1. GHNOJOIN.
CALL CCFLOY (XMAX,y YHIN, 1, 6HNOJOIN.
CALL CCPLCOT (XMI, VYMA, 1, GHNOJOIN.
CALL CCPLOT (XMIK, YMAX, 1+ G6HNOJOIN.
CALL CCPLCT (XMA, YMA, 1. GHNOJOIN,
CALL CCPLGT (XMAX, YHAX, 1, GHNGJOIN.

00 300 N=1,NIMEL

IFf (INDEX LEO. 0) GO TJ 15
HPRINY = FPRINT - 1

IF (FPRINT oGT. 0) GO TO 15
MPRINT = SO

IX(M,5)=TABS{IX {N,5))
KTYPE = IX(Ns$S)

IF({INDEX.ME&2) GO TO 110
DO 1€ I=l,s

J=IXAN, TV

K1=IOEQ 1 ,J)
K2=I0EQ (2 ,J)
XTR(IYzR(J) +8 (X1)5DISPL
II=1+$
XTROIIVeZ (J)e BE{KZ)SOISPL
XTR{51xXTRUL)
XTRULGI=XTR6)

COR = 3

XCEN = XTR{1) ¢ XTR(2) & XTR(3)
YCEN = XTR{8) ¢ XTRIB) ¢ XTR{7}
IF (N3 ,EC. N&) GO TO 20

COR = &

XCEN = XCEN ¢ XTR(4)

YCEN = YCEN ¢ XTR(9)

XCEN = XCEN 7/ COR

YCEN = YCEN 7/ COF

IF (MTYPZ LGT. NSHELL) &C TO 290

PLOT GRJO INCLUDIMG DISPLACEMENTS

CALL CCFLOT (XTR{1)s XTRUE), 54 &HIOIN)

XOR = COR
00 50 NC = 1.,XKOR

1
10

STRFLC
STRFLL
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLG
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC,



3

11

31

#0

5
50

80
99

110

200

WizIX(NNC)

NI=sIOEQ (2 4N1)

[F (B(NI} .EQ. 0.0) &0 TO 30

XC = ACON

IF (XTR{NC) +GT4 XCEN) XC = =XCOh
YC = YCOM

IF (XTR(NC+S) .GT. YCEN) YC = ~YCON
XC = XTRINC) ¢ XC

YC = XKTRUKC+5) ¢ YC

NS=#

IF(BININLGTL0.0) WS=D

CALL CCPLOTH(XCs YCv 1¢ GHNOJCIN, NS, 1)
CONT INUE

IF(MTYPE.GT.NSHELL) GO TO 290
READ (9) ST4SQ, NP

DO 31 Isl.h
SIGI(I}=RESIOIN, IY

QUIII=0.D

POAVE=D.D

PAVE=0.0

00 50 I=1,&4

HI=N®(I)

LsIDED(L,AI)~2

N=28 1-1

LLE] KJY

00 40 K=MsNM

L=Led

00 &0 J=i44

SIG(II=SIGIJ) #ST (UK I®BIL)
L=I0EQ(3, M1
POAVEEPDAVESTEMPINI} /4.0
PAVE=PAVE #+B (L)/4. 0

00 &5 Kz1,2
QUIK)I=QUIK) +5QIR, T)*B(L)
CONT INVE

PDIFFEE (L yHTYPE) 2 (PAVE~POAVE)
00 55 Ix1,3

SIG(I)=SIG(I) ¢+PDIFF
GEFFaSPHT*E (1 .MTYPE} /VISC
QUL )==0U(2)

QU (2 )z =(QU(2) ¢GEFF)

CCx (SIG(1)eSIG(2Y) /2.0
8B8=(SI6(1)-SIG(2Y) /2.0
CR=SORT (38%52 +51G (4) *%2)
SIG(S)=CC+CR

SIG{6)=CC-CR

IF (SIG()eST18E-15.0R.BB.6T.10E-15) GO TO 30
EPS=N.78539816

SI6(7¥=100.0

G0 1o 9o

SIGITIRAD2®ATANZ (SIGLk)}B8)
EPS=ATAN2(SIG (L) BB) /2.0
AA=ABS QU (L))

IF CAA.GT.102-30) GO TO 100
ANG= P12

¢0 TO 280

BR=ARS (QUI2)70U{1))
ANG=SQRT(EB}

ANG= ATANCANG)

QUIII=QUIL) BICOSCANG 12D +QU(2}* (SINIANG)**?2)

STRFLC
STRFLC
STRFLC
STRFLC
STEFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STPFLC
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC
STRFLC
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC.
STRFLC,
STRFLC.
STRFLC.
STRFLC.,
STRFLC.
STRFLC.
STRFLC,



QUL I=ANG®RADN STRFLC
TF(INDEX.EQ.8) GO TO 271 STRFLC
PRINT 270 4No{SIGIIN I=1o70,(QUII) oIzl ) STRFLC
270 FORMAT (18,12110.2) ST2FLC
2001 FCRMAT(1H1/* STRESSES ANO FLOWS AT TIME *oF 104 37/7% STRFLC
LITERATION MUMBER Pelby® PERTURSAT ICN NUMBER ®ol&.// STRFLC

2% ELEMENT*o4X+®SIGR® 46Xy "STGZ®e5 X SIGT® o6 )Xo *SIGR2® oSN 45 [GHAX®y  STRFLC
35X *SIGFINS 34 )¢ PANGLE® ¢SX,OFLHR 56X, PFLUT %4 SX, SFLUMAN®, 4X o ®ANGLE STRFLC
6% /%IF JOINT®,4X 9?SIGN® 56Xy *SIGS® s SXo *NDISP® 6 Xy *TDISP* 25X #NSTIF®, STRFLC

SE Xy P YSTIF "o X 4 *STRNGTH® 5X,*HIOTH® 5K, *FRFLO®4IX,* RE®) STRFLC

¢ STRFLC
271 CONT INUE STRFLC
c PLOT STRZSSES STRFLC.
IF (INDEX «LT. 2} GO TO 220 STRFLC.

CC = COS{EPS} STRFLC.

SS = SIMEPS) STRFLC.

XL = SIG(5) ® CC * PSF STRFLC.
XTR(1) = XCEN - XL STRFLC.
XTR(2) = XCEN ¢ XL STRFLC.

XL = SIG(S) * SS * PSF STRFLC.
XTR(S) = YCEN - XL STRFLC
XTRI&) = YCEN ¢ XL STRFLC.
CALL CCPLCT (XTR(1), XTR(%)s 2o &HIDIN} STRFLC.
STRFLC.

[F(SIG(S).GE.0.0) GO TO 210 STRFLC.
XTR{1) = XTR(1) = 0.02 * S§ STRFLC.
XTR(2) = XTR(2) =~ 0.02 ® SS STRFLC.
XTR(S) = XTR(5) & 0.02 * CC STRFLC.
XTR(E) = XTR{B) ¢ 0.02 * CC sTerLC.
CALL CCFLCT (XTR{1), XTR{5), 2, SHIDIN) STRFLC.
STRFLC.

210 XL = SIGLE) * SS * PSF STRFLC.
KTR(1) = XCEN ¢ XL STRFLC.
XTR(2} = XCEA = XL STRFLC.

XL = SIG(E) ® CC ® PSF STRFLC.
XTR(S) = YCEN - XL STRFLC.
XTR(B) = YCEN & XL STRFLC.
CALL CCPLOT (XTRU1), XTRI5), 2, 4HJDIN) STRFLC.
IF(SIG(6) GE. 0. 0) GO TO 220 STRFLC.
XTR(1) = XTR{1) = 0.02 * SS STRFLC.
XTR(2) = XTR(2) - 0,02 * SS STRFLC.
XTR(S) = XTR(S) - 0.02 * CC STRFLC.
XTR(E) = XTR(6) = 3,02 * CC STRELC,
CALL CCPLCT CXTRC11, XTR(S), 24 4HIDIN} STRFLC.

¢ STRFLC.
220 GO TO 300 STRFLC.
STRFLC.

290 CALL JTSTRCEsBO,POMosNoFLAGLIP) STRFLC.
300 CONT INUE STRFLC.
¢ STRFLC.
IF(FLAG.OR.WN.EO.IP) GO TD 302 STRFLC.
PRINT 304, IPER STRFLC.

304 FORMAT (52HOPFOGBLEM CONVERGED IN THIS ITERATION AT PERTUREATIONI&)STRFLC.
STRFLC.

302 IF CINDEX .NE. 2) GO TC 330 STRFLC.
WRITE {98.305) XSCL. YSCL, OSCLs PSCL, PJCL STRFLC.

305 FORMAT (15H 1 IN CN X-AXIS/&H =E12.4¢3H FT /715K 1 IN ON Y=-AXIS/ STRFLC.

1uM ®E12 4931 FT/18H 1 IN OISPLACENENT/&H =12 433N FT/S5H 1 IN/STRFLC.
246 SE12.k911H PSF STRESS/5SH 1 IN/MH =E12 LeddH FSF JT STRESS) STRFLC.

STRFLC.
00 32D I=x1,NUNRAT STRFLC.
IF(IBTNSHELL) WRITE(984315) I+ (E(S,I),3x1y5) STRFLC.



c
c

TFLI.LESNSHELLY WRITE(98,308) T,ROLI}, (EIK,I}Knl,0) STRFLC

308 FCRHAT(/9H MATERIALI3ZZ20H WASS DENSITY =F8e3716H PERHEASILITSTRFLC
«Y =E18.3/24H ELASTIC MODUIUS zElhe3/721H PCISSCN RATIO =F9.STRFLC
«3/723MBIOTS COASTANT ALPHA =F18.3/19HBI0TS COMSTART M 2E24s3722H STRFLC
«THERPAL EXPANL.COEF. zE14.3} STRFLC
STRFLC

315 FORMAT(/79¢ MATERIALI3Z/20H XN =E123/720M KS STRFLC
1 sE1z.3720H C =£12.3/7280H PHI =STRFLC
2€12.3/720H MAX CLOSURE =€£12,3) STRFLC
320 CONT INUE STRFLC
STRFLC

XP = CCXHAX ¢ 0.5 STRFLL
CALL CCLTF (XPs 210455 0, &) STRFLZ
CALL CChEXT STRFLC
330 RETURN STRFLC
STRFLC

END STRFLC
SUBROQUTINE JTSTR(BBOsPGrMeNeFLAG,IP) STRFLC
STRFLC.

LARGE A€125800),ID(900) STRFLE
LARGE IX(3D1,5) +RESID(30144)4R(300)4Z(300),UR(300),U2(300) LARGE «

S oCODE(300) +JIDESTI3I00Y +RoKN(SE) 4RAKS (S0 4WTISO )9 IGUT(I0L)Y «Q(300)s LARGE,.
SOPISE) s NISD), VELES) JFRISH) (RE(5D) ANIIRO) 4D ISPI(380:2), TENP 300D, LARGE."
% PHIO(380),IB(300),I0EQ(3 ¢308) XO0E(3,300) ¢ IEL(E042),INP (5044} LARGE «*
S, TLOAD{988) «SIGN(58] «SIGT (30).030(600) STRFLF.

COMMON/BLANK/S{Be8) +P{10) JRSTRSU&)oVCLRRR(5) 4222(5),LBAD,RADN, BLANY,

1 RR{GVs22(8) s IPAT(SO) JACELX4ACELY4NRES,RCC12), BLANK.
2 MTYPE +XI +XCE PoYCENoXTRUL103«FACOMIGY 4 PD{H22)4QQ(2,4) BLANK..
3 PRS, FZS, PRT, FZT,EG BLANK,!
COMMCN/GENZ NSHELL » IPURC FsE (74 12) s INDEX oMP o NN N4 NCORE o MIMNP o ICCNFR,y GEN.2
1 NUPELND2,HET (162 y0ISPLINJELT, IPER, HUMMAT 4 FSFPSFJ, XSCL4SPHTGEN.3
SVISC'YSCL-DSCL.FSCL-FJEL-NP(G).EDKIH.NlXIvI!'HEﬂND.LNGTH'NEU-NJHFGEN L
s MBF LONe NUMNF2y NUMFAP s LN122)4NF 2 GEN.S
COMMON/CCFOCL/XPFINXMAX g YHIN, YNAXoCCXMIN CCXMAX  CCYMINLCC YMAX CCPOOL
COMMOM/EN /ST i 8) 9SAL2 4 4) ¢AJ (821400 (221,00 (L) HRIBI (KHZ (6) EM.2
s JEJ(242) EX.3
COMMON/CCFACT/FACTOR CCFACT.
STRFL"
LARGE B{1),680(1},POt1) STRFLC.
OIMENSION PPP {8}, ViL) Ulk) STRFLC.
LOGECAL FLAG STRFLC.
REAL L STRFLC.
STRFLC.
S30030sESTABLISH DISFLACEMENTS ALCONG AND NORMAL TO JOINT STRFLC.
STRFLC.
M= n+2 STefLC,
CAYN = XN(M} STRFLC.
CAYS = KS{M) STRFLC.
ENnl = E(1.MTYPE} STRFLC.
EN2 = EL2,MTYPE) STRFLC.
EM3I = E(3,HTYFE) STRFLC.
EMe = E(a MTYPE) STRFLC.
FT=0.0 STRFLC.
STREN=0.0 STRFLC,
POAVE=C.R STRFLC.
STRFLC.
T=IX (Ny1) STRFLC.
Jz IN(N,2) STRFLC.
OR=R (4) =R (1) STRFLC.
DI=Z LI¥=Z(I) STRFLC.,
RRL = 0.5 * (R(JY ¢ ROIN STRFLC.

271 = 0.5 % (209) » 2UD)) STRFLC.

75



76

c
c
c

o000

L=SORT{DR*0R+ DZ°D2) STRFLC
DRsDR/L STRFLC
02=027L STRFLC

DO 108 IIxls4 STRFLC
K=IX (N, II? STRFLC
K1=[DEQ UL oK) STRFLC
K2=IDEQ (2 +X) STRFLC
POAVE=FUAVE ¢TEHPI(X)/ b 0 STRFLC
V(II)==-8{x1}%0Z 4B (K2)*DR STRFLC
100 U{I1)=B(K1)SDR+B(K2)*DZ STRFLC
STRFLL

sasvsesss (COMPUTE EFFECTIVE STRAIN STRFLC
EPSN POSITIVE MEANS JCINT IS CPEN STRFLC
C EFST POSITIVE MEANS (XX,LL) HOVES ALONG U+ MORE THAN (II,.J40) STRFLC
c STRFLC
EPST=0.5% (UL )-UC1) eU(3)~-LL2)) STRFLC
EPST=-EPST STRFLC
TE(ABS(EPST) LEs 1.0E~195} EPST = 0,9 STRFLC
EPSNuB.5% (VM )=VI1) eV (3 )=V I2))} STRFLC
IF(ABSLEPSN) JLE. 1.BE-15) EPSN = 0.0 STRFLC
STRFLC

COMPUTE MORMAL ANO SHEAR FORCE PER UNIT LENGTH AND CALCULATE STRENGTHSTRFLC
INITIAL STRESSES ARE ALWAYS COMPRESS IVE (NEGATIVE) SYRFLC
STRFLC

C2=DR®*2 STRFLC
S2up %2 STRFLC
SC=QR*DZ STRFLC
FNRES = RESID(N+1)%32 + RESID(N+2)%C2 ¢ RESID(Ns&)®2,%SC STRFLC
FNRES=FMRES *PCAVE STRFLC
FTRES = (RESID(N.2)-RESID INs1)}%SC ¢ RESID(N,41%1(S2=C2) STRFLC
ETHICK = WT (M) STRFLC

FN = CAYR ® EPSN ¢ FNRES STRFLC
STRFLC

IFf (INOEX .NE. 2) GO TO 200 STRFLC.

IF (ABS(XTRIT)I=-XTR(6)) oLE. .81 @ {YMAX = YHIN)) STRFLC

1 XCEN = 0 o®XTR(1) ¢ 0.6%XTR(2) STRFLC
IF (ABS(XTR(21=XTR{1)) oLEes DoBL®{XHAX=XNIN)) STRFLC

1 YCEN = 8.4°XTR(6) ¢ D.6°XTRI(7) STRFLC.
XL = FN * DZ * PSFJ STRFLC.
XTR{1) = XCEN - XL STRFLC.
XTR{2) = XCEN #+ XL STRFLC

XL = FN ® DR * PSFJ STRFLC.
XTR{5) = YCEN ¢ XL STRFLC.
XTR(6) = YCEN = XL STRFLC.
CALL CCPLOT (XTRCL1}, XTR(S5), 2, 4HIOIN} STRFLE,
IF(FN.,GE. 0.0) GO TO 280 STRFLC.
XTR(1) = XTR(1) - 0.92 * DR STRFLC.
XTR{2) = XTR(2) - 0,02 * OR STRFLC,
XTR{S) = ATR(S) ¢ 0.02 * 02 STRFLC.
XTR(6) = XTR(6} ¢ B.82 * O7F STRFLC.
CALL CCPLOT (XTRU1): XTR{S3), 2: 4WIDIN) STRFLC.
200 CONTINUE STRFLC.
STRFLC,

IF(FNRES.GT«8.) GC TD 220 STRFLC.
STRFLC.

FNRES oLE~ § STRFLC,

IF CETHICK 4EQ. 8.} 60 TO 215 STRFLC.

IF CEPSH JLE. 0.9) GO TO 285 STRFLC.
STRFLC,

ETHICK NE. 8 AND EPSK .GT. © STRFLC.
CAYN = <~FMRES 7 EPSN STRFLC.

IF (CAYN EQs 0.0) CAYN = 1,0E-8 STRFLC.,



[z Ke Nyl

IF C(CAYN «GT. EML) CAYN = ENt STRFLC

GO To 230 STRFLC
STRFLC

FNRES oLE« B AND NT .NE. 8 AND EPSN LE. ¢ STRFLL

205 CAYN = (FN = FNRES) 7 ETHICK STRFLC
IF (CAYN LT, EML) CAYN = EN1 STRFLL

§0 70 230 STRFLC
STRFLC

ETHICK = 0o FMRES oLE. D 4OR. FNRES «GT« 8 AND EPSN oLT. O STRFLC
215 CAYN 3 CAYN * 1.0E1D STRFLC
CAYS = CAYS ® 1,0E10 STRFLC

%0 T0 268 STRFLC
STRFLE

FNRES «GT. 8 STRFLC

220 IF (EPSN «LTs 88 AND. ETHICK <EQe 8.0) GO TO 215 STRFLC
IF (EPSN .EQ. 0.0) GO TO 230 STRFLC
CAYN = =FNRES /7 EPSN STRFLC

IF (EPSN «LTe Bel) CAYN = CAYN + EMY STRFLC
STRFLC

CALCULATION OF KS STRFLC
230 FT a CAYS ® EPST ¢ FTRES STRFLC
AFN = ABS(FN) STRFLC
EPSNLH x ABS(FNRES) / ENM1 STRFLC

IF {EPSN «GTo EPSALM .ORe FN «GTs 0o0) AFN = 0.0 STRFLC
STREN = EM3 ¢ AFN ® TAN (ENL/57.295779%51) STRFLC
STRFLC

IF C(EPST .EQ. 8.0 ) GO TO 260 STRFLC

IF (EM3 +EQ. 8ol .AND. EMG +EQ. 8.0) GO TO 260 STRFLC

IF CEPST oJLTs Be0) STREN = < STREN STRFLC
CAYS = (~FTRES ¢ STREN) 7/ EPST STRFLC.

IF (CAYS +EQ. 0.0) CAYS = 9.0E-9 STRFLC
STRFLC

IFICAYSGTLEN2) CAYS=EN2 STRFLC
ARSC(FTRES) JLE. ABS(STREN} STRFLC

IF (ASSIFTRES) 6T, ABS(STREN}) GO TO 235 STRFLC

G0 TO 260 STRFLC
STRFLC

ARS(FTRES) oGTo ABS(STREN) STRFLC
235 YF (FTRES ® EPST .GE. 8.8) GO TO 260 STRFLC
STRFLC

FTRES AMND EPST HAVE OPPCSITE SIGHKS STRFLC
EPSLIN = 2.8 * STREN 7 ER2 STRFLC.

IF C(ASSCEFST) .6T. EPSLIMY &0 TO 260 STRFLC.
STRFLC

ABSCEPST) oLE. EPSLINM STRFLC
CAYS = [(=FTRES ~ STREM) / EPST + EM2 STRFLC
STRFLC

260 IF (ABS(CAYN-KN(M)} +GTs CONLIM OR, ABS{CAYS~XS(N)) .GT. CCONLIM} STRFLC
1 FLAG = TRUE, STRFLC.
KN{MI=CAYN STRFLC.
KSIMY = CAYS STRFLC.
STRFLC,

Ssssesisss CALCULATE FLON IN FRACTURES Seesssesse STRFLC.
STRFLC,

IFC(INOEX.EQeB? GO TO 500 STRFLC.
115 WE=MTIN) STRFLC.
IF(EPSN.CE.W) GO TO 158 STRFLEC,
PRINT L4l 4N STRFLC.,

140 FORMAT (*DISPLACEMENT GREATER THAN ALLOMED IN JOINT ELEMENT NO.®ISISTRFLC,
STRFLC,

158 WM} cABSCABS( W) +EPSNY STRFLC.

COnx 1. 07(12.8%V]15C) STRFLC,



78

270
spo

5

100
200

c
2098

im
1302

QP (M)=H (N)}*S28CON /L

RAD=1. 8

I=IX (Ns1)

J=IX (N2}

II=IDEST(I)

JJ=IDESTL(J}

IF(NAXINE.8) RAD=(RII) R (S} /2.0

I3=IDEQ(3.I)

JI=IDEQL3 ,J)

VELIMI=QP (N)* (B (S3)-B(I3))

IFC DZNED.0 ) VEL(M)I=VEL(MISSFHT®QPIM)ISL*D2
FR(M)I=VEL (MI*H(NI*RAD

RE(N)=FR{M) Z/VISC

PRINT 270N oF No FT oEPSNEPSToCAYN s CAYSeSTRE Ny W {N) oFRUMI JRE (M}
FORMAT(® JT ®,14y12€10,2)

RETURN

END

SUBROUTINE PRINT(NUNNP,IDEQeNAXI 4Ry ROVTDToA, TENP)
LARGE IDEQ(3s1)}4RI1),A(€1),TENP(L)

TO=0.0

PDO=E.0

DO 100 I=1, NUMNP

X1=IDEQ{L.I}

K2=IDEQ{2,+I)

K3=IDEQ(3,I)
IF(TDT4EQel o0 «AND.RDEQel.0} GO TO 188
IF( RI{IJ.EQ.0.0 ¥ GO TO 50
TO=TDT/ZIRIIDI®RII))

CONT JNUE

PDD=RO® {TEMF(I) -A (K3))

PRINT 200+I+A (K1), ALK2) 4A(K3) TD4POO
FORMAT(I18,6E18.5)

RETURN

END
SUBROUTINE PRMAT(AsNR4NCo FAXTITLE}
DIMENSION AdB.1)

PRINT 10024 TITLE

DO 100 Jx1.,MC,B

JH=J o7

IF (SH-MC) T75,7%,50

JH=NC

PRINT 1080, {NJN=JsH}

00 100 Iz1.NR

PRINT 1801:1y (ALT4K) oX=J,JH)

RETURN

FORMAT (77/78K.8I14&)

FORMAT (I&y&X+8E14e?)

FORMAT (7//77/7B8H MATRIX »A1D)
END

STRFLC
STRFLC
STRFLCL
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLP
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC
STRFLC.
STRFLO.
STRFLC.
STRFLC.
STRFLC
STRFLC.
STRFLC.
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