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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 Blot'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 developments and related 

information are in Ayatollani [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 cnuDled. 

Each point in space, either inside a discrete fracture or within a rock blocf:, 

has a pressure variable P and a solid displacement vector u. The pressure 

field determines the fluid flow. The coupling between P and u can he des­

cribed in the following loon. As the pressure chanqes, the effective str^qs 

acting on the rock solid changes accordingly and affects the displacement or 

strain of the solid. The displacement of solid rhanqes the flow path of fluid 

and results in changes in the pressure field. Th*1 last, couplina step is espe­

cially important for fractures. The fracture f 1 ow is verv sensitive to the 
f 2 aperture 3b. The fracture-specific permeability k - (2b) /12 for parallnl-

plate laminar flow is used in this model. 
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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 

J_ 3E. . „t it = , . St V P 

M i at 3t u 

where a and H (i * fractures or rock medium blocks) are material properties 

(Biot constants) representinq 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 be approximated in terms of 

the pressure derivative 3P/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 z = E + e depends on the 
XX ZZ 

effective stress field. The pressure counteracts normal to the fluid-solid 

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

the form of Hook's Law (2-51: 

T - a^PI - C l: E . 

For isotropic elastic porous rock medium, the components of the tensor C can 
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be expressed in terms of two elastic constants, e.g.. 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 (chancre 

of stress per unit change of displacement) as functions of stresses charac­

terize the fracture behavior. The displacement u is simply related to the 

strain e by the component definition: 

/ 3u. ^ 3u. \ 

Load Balance 

The third equation for the unknowns P, x and e is Newton's first law of 

static equilibrium applied to an infinitesimal volume element nf the fluid-

filled medium 

V * T + p f = 0 s 

where p is the bulk mass density and f is the bodv force. One bodv force or s 
volumetric force is the gravity. Both the qravity effects on the Fluid and 

rock, can be taken into account. Gravitational drainage of fluid can he 

modeled. 
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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 of two materials with 

known behaviors. Analysis of such media for coupled stress and fluid flow 

behavior is made feasible by 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 fluirt 

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 cruariri-

lateral domains with four-corner nodes[22]. Each node has the values of three 

variables: the pressure P and the two components of solid displacement 

u* Isooarametric 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 anH 

fluid flow is along the fracture surfaces. The pressure difference between 

adjacent nodes across the aperture is negligible and a one-dimensional element 

can be used for interpolating between two end ooint pressures f211. For the 

fracture displacements, it is convenient to take the same spatial (global) 

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 
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the structure analysis. The fracture element in terms of these relative dis­

placements xs used [12]. 

Taking variation of the discretized variational principle with resoect to 

u and p results in the following matrix equations: 

[K] {u} + [0] {P} = {*) 

[C]T{u} + ( tE] + 1 * linifP} = 1 * {£} 

where the matrix [Kl contains t";io coefficients of the stiffness of stress dis­

placement of both inelastic fractures and plastic medium, [c] the Biot counting 

coefficients/ [E] fluid storage coefficients, [H] fluid hvdranlLc conducti­

vities, and {Q} the fluid boundary fluxes. The column vector {u} contains the 

2N nodal values of u for the m porous nodt»s and »i - ™ fracture nodes, f-0} t*e 

N values of P, and {Fi the body force and boundary loads. 

Time Discretion: The notation 1* m the matriy, eouation represents i-ĥ  

time integration from 0 to t. To step f^om f. to t+£t-, t^is i"od*»l nsp? g 

predictor-corrector scheme. The solution LR first nr^^irte-^ at t+^At wit-h 

2 -» a > 1 

t+^t 
i * P. = Mt+OAt) = I p(DdT - Mt) + - ;»:ttr + o ) 

J n 

and then it is corrected by linear interrolation 

1 * p - M t + at) = M t ) + - Att? + *> ) "t 2 r t*"'st 
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the unknown at t+At is given by 

Pt +At " P t + 1 ( Pt +0At + V 
It is noted that 0 = 1 is the central differencing Crank-Nicholson scheme. 

The coefficient 6 > 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] during each time steo. 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 trianaular 

matrices by the Gaussian LU decomposition method [2]. This reduces the matrix 

equation into two triangular systems ^hich can be solved by backward and 

forward substitution procedures. 
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III* COMPUTER CODE 

Documentation and Availability 

The code is written in FORTRAN IV and presently being used on the CDC 

7600 at LBL. Set-up of the data follows the organization of other finite-

element programs at the University of California, Berkeley. Familiar option.5 

of two-dimensional finite-element (2-D FE) stress and strain analysis codes 

and two-dimensional finite-element (2-D FE) fluid flow codes are included in 

this code. 

spatial Grid 

The two-dimensional grid consists of four-corner quadrilateral elements 

for the porous rock medium and two-node elements for the discrete fractiires. 

The fractures can extend from one boundarv to another, intersect e^ch other, 

or can be isolated in the oorous rock medium, an axisymmotric grid is ^lso 

used. 

Material Properties 

The constant permeability of the porous -k medium anH the initial 

aperture of the fracture are input parameters* For counled calculations, the 

pressure- and stress-induced changes in displacement will be used to imdate 

the aperture and the fracture permeability. 

The parameters M in the fluid flov eauation for the norous ro<" medium 

and fracture can be estimated in general from the **->rositv a n r ? the compressi­

bility* of fluid as 1/(r,C ). The couolina constants a are ^imensionless. 
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a = 0 decouples the pressure calculations from the stress-strain analvsis. 

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

The mechanical properties required are Young's modulus and Poisson's ratio 

fcr the elastic porous rock medium and the initial normal stiffness, tangential 

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

Fluid Properties 

The fluid density and viscosity are input parameters. 

Initial Conditions 

Distribution of stresses, pressure and displacement can be 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 be increased logarithmically. A convergent criterion 

is specified on the stiffness difference in the iteratlon-nerturbation proce­

dure to handle the nonlinear fracture behavior. 

Outout 

At the end of each time stei, 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 iterative finite element program with 

steady state flow and static force-displacement analysis in jointed formation 

with impermeable rock [17]. Most of the efforts to validate this code are on 

the transient fluid flow behavior in fractures embedded in norous rocV medium. 

Validation of the capability to handle coupling between transient fluid flow 

and stress-strain analysis is limited due to absence of both the analytic 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 oroducing well are compared with the 

analytic solution of Mueller and Witherspoon [15]. 

2. Finite Axisymmetric Aquifer: The late time pressure responses with no 

flow as well as constant outer boundaries are conmared with the analvtir solu­

tions of Muskat [16]. 

3. Vertical Fractures: The pressure responses for a single "ertin^l frac­

ture and two perpendicular vertical fractures intersecting a well at the 

center of a rectangular norous medium are compared with the analvtir solutions 

of Raghavan [19]• Geometry, mesh, innut data, and the results for the latter 

problem are given at the end. 

4. Vertical Fracture Near a Well; The pressure responses for an observation 

well is a system with a fracture not intersecting, but alicrned with a nroducinq 
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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 canter of an aquifer and intersectinq a well in an axisynmetric 

region are compared with the analytic solution of Grinqarten and Ramey [11). 
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V. APPLICATION 

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 dam foundation h-is been 

simulated [17]. It is noted that a deformable fracture system has lower Flow 

through the foundation and hiqher uplift pressure than a riqid network o* frac­

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 hiqh pressure at a wellhore 

can open up the fractures and will result in a hiqh iniection 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 thorouqh 

study of the mentioned effects due to the fact that it can provide additional 

insight to the very important transient processes of the couplina phenomena. 
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VI. 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 ^low throuqh 

the sensitive dependence of permeabilitv on aperture. 

The code combines techniques of fluid flow modelinq 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 interest 

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 analysis, can increase the range of applic­

ability. More extensive application of the code is called for. 
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INITIAL CONDITIONS 
Displocernenis (U01 
Stresses (cr0) 
Pressure Onliitt i l ions (p0) 
Froclure Aperiures (2D r i 

Boundory l.oods orid Fluxes (F^ 
Boundory i'ressures (pb) 
NSTEP = 0 . Nn. of T.me Sleps'N 

Colculole 
Solid Element Molrices 

SF.SC.SH. SE, ST, SO 
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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 storape of 

(i) nodal points, their coordinates in two directions, their prooer 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, flow 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 'RDCMAS" is not written to use a dynamic storage option, it is 

necessary to keep in mind the maximum size of the arrays for which large core 

storage is provided. For the time beinq, the following limits should be kept 

in mind: 

Maximum number of nodal points = 300 

Maximum number of structural elements (joints and solids) = 300 

Maximum number of joint elements = 50 

Maximum number of different materials = 12 
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The input data should be prepared in the qrouos of cards described below: 

Group Column Format Word 

1-1 1-5 AS "TITLE" 

1-2 1-72 8A9 HED 

1-3 1-72 8A9 HED 

1-4 1-5 15 NUMNP 

6-10 15 NUMEL 

11-15 15 NUMMAT 

16-20 15 NSHELL 

21-25 15 NPC 

26-30 15 NJMP 

31-35 15 I RAND 

?6-40 15 NIT 

41-45 15 IPLOT 

46-50 15 IPUNCH 

51-55 F5.0 TTOT^L 
56-65 F10.0 CONLIM 
66-70 15 NAXI 

Explanation 

Title card to start with comnutation 

Any desired titling, or blank cards 

two cards. 

Total no. of nodal noints in the mesb 

Total no. of elements in the mpsh 

Total no. of different materials 

Hiqhest no. oc solid material 

Ho. of boundary nressure cards 

No. of joi'.ts with modified anerturp 

Random anerture qeneratnr i^ = 1, 

otherwise eaual to zero 

Total no. of time sten iterations 

Plot outour requested, if equal to 1; 

otherwise equal to zero 

Punch reouested for final joint element 

oronerties if = 1, otherwi.se = n 

Total estimated en time (decimal seconds) 

Joint stiffness convero^nc*1 constant 

Axisvmmetric problem if 1, 

two-dimensional oroblem if 0 

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

http://otherwi.se
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Group Column Format Word 

1-5 1-10 P10. 3 AAM 

11-20 F10.3 THETA 

21-30 F10.3 AAS 

31-40 F10.3 ACELX 

41-50 F10.3 ACELY 

1-6 1-10 F10.3 XNHP 

11-20 F10.3 SPWT 

21-35 E15. 5 VISC 

36-40 15 IPRINT 

41-45 15 NDTN 

46-55 E10.5 DT 

56-65 El 0.5 SYSDIM 

66-75 E10.5 TOTALQ 

11-1 1-8 A10 "MATERIAL" 

II-2 1-5 A10 "TKICOMPRF.SS" 

"COMPRESS" 

Explanation 

Mean aperture loqnormal distribution 

Time integration factor 

Standard deviation lognormal 

distribution 

x-direction acceleration 

y-direction acceleration 

Maximum net head pressure (ontional) 

Fluid specific gravity 

Fluid viscosity 

No. of time step printouts reguired 

Variable time sten counter if > 1 

Initial time increment 

System dimension, if Pp, tp calculated* 

Total flow, if Pp, t D calculated* 

Title card for material specifications 

For incompressible fluid ** 

for compressible fluid 

*Note that P D, t D calculation uses properties of first solid, therefore, it is 
meaningful only for a special class of oroblems. 

**Only used for uncoupled steady state fluid flow orohlems. Minor modification 
of the solution algorithm is required for steady state coupled problems, i.e. 
when a * 0 and incompressible fluid assumption is used. 
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Group Colunn Format Word Explanation 

II-3 Properties of solid materials 

1-5 15 MTYPE Material type, NSHELL > MTYPE > 1 

6-14 E9.4 RO Mass density 

15-23 E9.4 Ed,MTYPE) Permeability 

24-32 E9.4 E(2,MTYPE) Compression modulus 

33-41 E9.4 E(3,MTYPE) Poisson's ratio 

42-50 E9.4 E(4,MTYPE) Biot's constant a (pressure displacement 

coupling coefficient) 

1-59 E9.4 E(5,MTYPE) 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. 

II-4 Fracture material properties 

1-5 15 MTYPE Material type 

6-14 E9.4 BLANK 

15-23 E9.4 E(1,MTYPE) Normal stiffness 

24-32 E9.4 E(2,MTYPE) Tangential stiffness 

33-41 E9.4 EJ3,MTYPE) Cohesion 

42-50 E9.4 E(4,MTYPE) Friction angle 

51-59 E9.4 E(5,MTYPE) Maximum closure 

60-68 E9.4 E(6,MTYPE) Biot's constant, a 

69-77 E9.4 E(7,MTYPE) Biot's constant, N 
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Group Colimn Format Word 

III Output Information 

1-6 A10 "OUTPUT" 

1-80 4012 NPP(I) 

1-80 4012 IPAT(J) 

Output schemes: (1) IPAT-0 

(2) IPAT-1 

(3) IPAT-2 

Explanation 

Title card for output specifications 

Number of perturbabions in time step I 

Output scheme for each time step 

No prints, no plots requested 

Print requested 

Print and plot requested 

IV Plot Information 

If 1PLOT-0 skip this group. 

1-10 E10.4 XLENGTH 

11-20 El0.4 YLENGTE 

21-30 E10.4 PSCL 

31-40 E10.4 CONJT 

x-dimension of plot (inches) 

y-dinension 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 

V Modes 

Format 

V-1 1- - A5 "NODES 

V-2 1-5 15 N 

6-10 IS NXP 

11-20 E10.3 R{N) 

21-30 E10.3 Z(H) 

31-40 E10.3 CD 

41-50 E10. ? CDI 

51-60 E10.3 

61-70 E10.3 

DU 

DV 

Explanation 

Title card for nodal points 

Nodal point number 

Increment to reach next nodal point 

x-coordinate (R—if axisymmetric) of N 

y-coordinate (z—if axisymmetric I of N 

ni ̂ placement code of N 

Displacement code to be used for 

preceding r- ie 

Load or displacement at N in x-direction 

Load or displacement at N in y-direction 

Note: If CD 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 disrlaceadnt 
3 DU end DV are specified displacements (?ig. 7) 

3 ^ 

^ 

A , Jfflr i 

Sketch: Application of load or displacement boundary codes. 
Nodal point cards need not be in order, except when generating a r.at 
where the Mst 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 Coltnn Format Word 

VI Elements 

Explanation 

VI-1 1-7 A7 

VI-2 1-5 15 

6-10 15 

11-15 IS 

16-20 15 

21-25 15 

26-30 15 

31-35 15 

36-40 15 

41-45 15 

46-50 15 

51-55 15 

"ELEMENT" Title card for elements 

M 

IX(M,1)N 

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(M,1) to 

reach next generated element 

Increment used to alternate material type 

Elements are calculated in order. Use as many cards as necessary until 
4 . 3 1 

quadrilateral element 
(solid) 

triangular element 
(solid) 

Joint element 
(fracture) 

Sketch: Element nodal point numbering. 
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Group Colunn Format Word Explanation 

VII Boundary distribution load 

If NPC = 0, skip this group. 

VII-1 1-8 A8 "PRESSURE" Title card for boundary pressures 

VII-2 1-5 15 11 Nodal point number 

6-10 15 12 Nodal point number 

11-20 F1G.3 PS1 Pressure at II 

21-30 F10.3 PS2 Pressure at 12 

VIII Flow conditions 

This group must not appear before Group VII. 

VIII-1 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 15 Mil IB(N) = nonzero, if constant PHIO(N) 

11-20 F10.3 PH PHI0(N) = pressure or „ead if SPWT = 0 

21-30 F10.3 QQ Q(N) = flowrate at N 

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

Cards are needed only if IB('.S) ? 0 or if v>(N) ? 0.0. 
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Group Column Forwat Word Explanation 

IX Residual stresses 
Skip this group if no initial stress is given. 

IX-1 1-B AB "RESIDUAL" Title card for initial stresses 
IX-2 1-10 IiO N Element number 

11-20 E10.3 RESID(N,1) Stress in x-direction 

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

31-40 E10.3 RES1D(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 
needed i.o define NUMEL. The program will calculate stresses for intermediat 
elements by assigning the preceding values. 

A 1-4 A4 "DONE" Title card 

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

information for this particular problem. 



fciroup Column Format Word 

XI Joint properties modification 

Use only if NJMP > 0. 

XI 1-5 15 I 

6-15 F10. 3 COEG 

16-30 F15. 5 COEM1 

31-45 F15.5 COEM2 

46-60 F15.5 COEM3 

61-75 F15.5 C0EM4 

Explanation 

Joint element to be modified 

Coefficient to modify the aperture 

Coefficient to modify normal stiffness 

Coefficient to modify tangential stiffness 

Coefficient to modify cohesion 

Coefficient to modify friction angle 

XII 1-5 "BLANK" If the flow or pressure source is a step 

function (kept constant in tim°). 

Use another title card if the source is 

an initial pulse. 

AlII 1-10 110 NSTEP 

11-30 i>20. 5 DT 

Number of time steps with a constant 

time increment DT 

Constant time increment for NSTEP 

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

state problems* use one card, NSTEP = 1 and DT > zero. 

XIV 1-3 E13 "END" Final card in the data deck. 

* JMeminder: For steady state fluid flow problems, put E(6.MT5fPE) equal to 
zero and use "INCOMPRESS" card. 
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SAMPLE PROBLEM 

'..'ITH SAMPLE INPUT OUTPUT 
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SAMPLE PRÔ LE'i 

As an example for data Dreoaration, the oroblem of fluid flow to a 

well intercepting a vertical fracture is solved. Although the datti is 

originally set up for coupled stress-flow analysis, the orohlem i^ ^irst 

solved in uncoupled state for the purpose of comparison with tne exsti na 

solution [Raghavan et al., (17)]. To achieve a conventional fluii clow 

analysis, one has to assign a zero value to the counlirq coefficient •-*• and a 

value equivalent to 1/SS (inverse specific storaqe) to M. Later, allowing ^or 

the deformability of the medium, a coupled analysis is nerformed. ^s it is 

shovn in Table 1, in this case ^ * 0 (a value equal to 1.0 is assumed) and 

M = 1/nCf Figures 1 through 4 present the results of the modeling and follow­

ing platen exhibit the setup of the data. PP*" svsteTi equivalent unit? arp 

used in the tabulation of the iata set. 
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?A.BLE 1. Material properties used for the analysis of flui-i flow in fractured 
rock mass. 

Material type Properties Value 

Y w specific weight 

C , mcompressibility 

n, viscosity 

9.P x 1 0 1 V/TTI3 

2.B x 10 N-sec/m 

E, Young's modulus 
v f Poisson's ratio 

Y , specific weight 
porous rock n, porosity 

k, permeability 
M, Biot's storage constant 

rt, Biot' s coupling constant 

2.45 OPa 

0 .25 

2 .45 x 10 4M/n" 

2. 15 

in~ 5m/=; 
coupled 1.47 GOa 
uncoupled* 14.0 HPa 
coupled 1.P 
uncounted n.n 

l.fiO r;p a /m 

less 0.50 OPa/m 

0 . 0 

10° .0 fractures 

" M initial normal stiffness 
K , initial tangential stiffness s 
C , cohesion o 
<;, friction angle 
2b, initial anerture 
n, porosity 
M, Bi 't's storage constant 

u, Riot's storage constant 

couolci 
uncouolei* 
couplei 
uncounle^ 

1 x 1 0 - 1 x 1 0 
0. 15 
1.47 GPa 
14.0 GPa 
1.0 
0.0 

* In this case M is the reciprocal of the snecific coefficient of storage of 
the oorous medium. 
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F I G . 1.—TWO-DIMENSIONAL F I N I T E ELEMENT MESH. (XBL flOfi-7222) 

- i n c l y ' . C f l i O ' j ' O r 

F I G . ? . — P D VERSUS t d FOR A SINGLE FRACTURE INTERSECTING A WELL AT T!>K 
CENTER OF A RECTANGULAR POROUS MEDIUM. ANALYTICAL S O L U T I O N AFTER KA^HAVAN 
ET AL. ( 1 9 7 6 ) . (XBL 8 0 6 - 2 7 0 3 ) 
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FIG. 4.—THE VARIATION OF PRESSURE AND EFFECTIVE STRESS ALONG THE NEAR AND 
FAR ENDS OF THE FRACTURE. (XBL 906-2706) 
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SAMPLE OUTPUT FOR UNCOUPLED PROBLEM 37 

I. Genera^ parameters and material properties 
PLANF STRA (rWL tlh &h/!L**>tS If JLlMfciJ SIHLCTUHE 

SIMULATION PLMPIhG CF CCfcfthEU ACUIFEk rflTH SINGLE VERTICAL 
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KJMP-NUMBER CF JC IM5 klTH MODIFIED APEATUAES = I T 

" rRANO^PANCONAPWTURE^CNERfibR^Tf 1 ~ - - — - " ' ~ - 0 

IfiT^NUHBEiTTJF'T . KE~ S I E F S — - L - : ; - ^ r " : ^ = = - ~ " J5 

IPLCT-PLOT INFORMMICN REQU1REO IF 1 

IPUNCH^WCH'TP t ' - — " — — - " -T^L— 

TTOTAL^TsTlHATEDi TOTAL ' C>~ TlN'EJ0ECINAV"raaliDS^-

AA^-H6AN-J^P£RT^M LOCNORHAl DISTRIBUTION 0 . 

AJJS-STANPARO DEMArjEft-LOCNORHAL PlSIRl f lUt ION-— 0 . 

ACEIX-X ACCELERATION I FEEWSECCNOl C. 

ACELY-Y ACCELERATION jfEET/jECPNPJ 

XNHP-HAXIHUH NET HE AC PRESSURE IPSFI 

SPWT-FLUIC SPECIFIC WETGHT 

KQTN-tfARlAELE TIME-STEP COUNTER.IF G.T. J . -

IPRT.NO. OF CYCLES FOR OlSPL. PRINT 

Ot - IN IT IAL TIHE IhCEEHENT I.O0O00E-O3 

CONLIH JCIJ.IiTIFF.CCNyERG1CONSTANT : 

NAKl-AXlSYH- PROBLEM I f . l— _ _ - — 

IHEIA- TIHt INTECRAT1C* CCNSTANT 2.000 

yiSC-FLUID VISCO'ilTli IPSFI •- 5.85CQ0E-06 

SYSOIM-SVSTE* '.ilPENSICN REWIRED IF PO.TO WANTED 3.HIfcOE»QO 

TOTALQ-TOTAL H C h RECLIRtO I f PO,TQ WANTED *.SOOOOE-05 

S I * U L A T 1 0 F U U I ' I » , '"F t r * n f t o t ^ n t K « u n SINGLE, V E S I C A L 
INTERSECTING IMF »FU f L A [ \ SJR4»'< PKGLJLCM 

_HATFMAL f T . -- _1 
MASS CFNSMV-

PERMFAPU I 1* 
ELASTIC HUDLIUS 

PTJSSCNS « M ] D 
BlfUS CCKSTANK AiPhAI 
BIOTS CtNSKNUMI 

3.130CE-1? 
5.UGCF »C T 

2.S000E-01 
C. 
3.07CCF »CT 

HAl f f t lA t NO. 
I.OOOOF+OB 
I.COCCE*06 

c — 
P H I -
MAX. CLGSUR* 

BIOTS CONSTAT M.Pf-Al 
BIOTS CONSTANT! 1 

MATERIAL KC. » 3 
KN 

3.28O0F-C4 
0 . 

*.11Q0E*0T 

KT 

PHI 
MAX. CLOSURE 

BIOTS CQNSTINIIALP^AI 
BIOTS CCNSTANTX"_» 

7.&000C + U 
c. 
>.QCQ0E*Cl 

-J.280QF-CV 

«.l lQOf«OT 
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IX. Displacement and Fressvre Results 

HOOtL PI DISPL IN Jl-IJJUEC UIS^L IN r-DIREL 01MNS1CMESS 1l*t,1t C*>EK$l£ftLE«.« MtESSWtE.PO 

- 7 . 7 f i a c ; ( - J O 
-7 .B6l?2E- lb 
- ! . 7 4 « * 4 t - U 
-1.65013E-15 

-4.10125E-16 
-B.20253E-16 
-E.2025CE-1& 
-• .20250E-14 
-B.202S0E-16 
-2.44075E-15 
-4.101256-15 
-2 .05042E- I5 
-7 .4M.21E- I6 
- 8 . 5 2 9 9 5 6 - 1 * 
- « . *0239E- l» 

2.*93(1IE»C4 
2.914»5E*C4 
2.929036*04 
2.9397 IE*C4 
2.94774E»04 
2.953416*04 
2.99168E+04 
2.994d6E»04 
2.89381E*C4 
2.9I475E+C4 
2.92903E»C4 
2.939716*C4 
2.94774E+C4 
2.95341E+C4 
2.991686*04 
2.994B6E+04 
2.8959B£*04 

3.35«2»F*01 
l .395**F*00 
3.?3UCE*CC 
2.09892F+OO 
i.)4iiiE*M 
3 . 3 5 8 2 * 6 - 0 1 
1.49255E-CI 
1 .4925*6-01 
3«35B26E*01~ 
B.39544E+00 
3 . * 3 U t t * t O 
2.09992E*00 
1.34331E+00 " 
3.35824E-0I 
1.492S4E-01 ~ 
1.49256F-01 
3.35826E*01 
8.39564E+00 
3.73l4CE*C0 
7.09892E+00 
1.34331F+00 
3.3S826E-01 
1.492566-01 
1.49256E-C1 
3.358266*01 
8.395666*00 
3.73l40E*00 
2.09892F+00 
t.3433lF>flC 
3.35826E-0* 
t .492566-01 
1.49256E-C1 
3.35826E+01 
8.39566E*00 
3.73140E*00 
2.09892E*00 
1.343316*00 
3.35826F-01 
1.492566-01 
1.49256F-0I 
3.15a24C*01-
8.395666*00 
3.73140F+00 
2.09B92F+0D 
1.34331E*00 
3.35826F-01 
l . M H t E - f l l 

3*3GC4?E»CC 
Z.14i59E«CC 
2.33413E*CC 
?.C2331E«CC 
i.id»*e*«fl 
3.2202SE-C1 
1.C.8I23E-C1 
4.11110E*0C 
3.3CC«*E*Ct 
2.747596*C0 
2.33413E**C 

_ 2.C2331E+CC 
1.8035EE«CO 
3.22C2«.F-C1 

" i . seMse-c i ' 
4.C2723E*C0 
5.2«C4BE*« 
2.731C8E«CC 
2^3227*E*CC 
2.C13«3E*CC 
1.79C17E+CC 
3.2StC<£-Cl 

-7 . IS9?3t -15 
-2.01B21E-15 
-2.?I5<«E-2B 
- l . t 4 C 5 0 E - l 7 
- 7 . 8 l 7 2 6 t - I 6 
-1.24<<26-15 

.649N2E-15 
_ -2 .12?ME-15 

-2.18933E-15 
^2.016206-15 
- I . t 5 6 7 9 £ - 2 0 
-4 . I0125E-

-8.80746E-14 
-1.06B4 3E-15 
-2.46074E-15 
-4.10123E-15 
-2.0506 5E-15 
-7.719546-16 

-7 .73 ie?E-16 
-1.247CSE-15 
- I .6S34IC-15 

_ r2.oaiec£-t5 
-Z - t6*«2E-15 
-2 .CU23E-1S 

- 8 . 4 9 7 0 2 E - I * 
-8.82404E-16 
-B.829L2E-16 
-W09420E-15^ 

~-2 .45 i£8E- IS 
-4.0B977E-15 

2.915276*04 
2.92944E*C4 
2.94O0QE*04 
2.94799E*C4 
2.953 766*04 
2.991586*04 

•13«fi7E-l7 
_-6.562C0E-17 

-7.691S9E-16 
_ - I .24660E-15 

-1.6546SE-15 
-2.C27C1E-1S 

-2.079B9E-15 
-B.10911E-16 
-B.45C46E-16 
-8.86264E-16 
-B.«860SE-16 
-1.13101E-15 
-2 .442646- IS 
-4.07407E-15 
-2.11886E-15 
-8.72984E-16 
-8.43422E-16 
-8.91453E-16 

2.994916*04 
2.d9902E*04 
2.916UE+04 
2.930096*04 
2.94045E*C4 
2.94B37E*04 
2.95"42TF>04 
2.99145E*04 
2.99498E*C4 
2.903606+04 
2.917666*04 
2.93114E*C4 
2 .94 l«E* f l4 
2.949C2E*C4 
2.95510E*04 
2.991236*04 
2.995C9E+04 
2.91466E*04 

i .«6«3 iE-d l 
3.9C961E*CC 
3.2479?€*CC 
2.7066CE*CC 
" 2.?cf«e«rc 
1.99884E*CC 
l.TTC4««0C 
3.311F1E-CI 
1.94259E-C! 
3.7223(E-»CC 
?.1878CE«CC 
2.*6*11E+C0 
J.2T«HF;.CC 
1.97357t*CC 
I.73B34E«CC 
3.394J3E-C1 
1.90l8eE-Cl 

.?C4C=E« 

-2.131C1E-L5 
-2 .00U«E-15 
- l .S03«*E-16 
- I .64C50E-16 
-7.63337E-16 
-1 .24877f -15 

.b * 'S7£ - l5 
-1.949E2E-15 
-2.077A5E-15 
-1 .986* BE-15 
-2.9C«AEE-16 
-4.101JSE-16 

-9 . f l l *93C- l6 
-1 .U72QE-15 
-2.4244tiE-l5 
-4.05101E-15 
-2.1750«.E-15 
-1,03BSJE-t5 

2.UM7E*OC 
2.?42??F»CC 
2.181f4€*CC 
1.8942EE*CC 
1.«47B4E*CC 

•592«tE-Cl 

-e.29C49E-16 
- 1 . 2 5 1 7 9 6 - 1 5 

' ~ - l . « r c « £ - 1 5 

-1.93776E-15 

- 1 . 0 2 * U E - 1 5 
- l . « t C C E - 1 5 

- l * f t ? l U E - 1 5 

-8 .66925E-U 
-9.0737BE-16 
-9.58559E-16 
-1.32779E-15 
- 2 . 3 7 7 B « - 1 5 
-3.9IJ859E-15 
-2.30994G-15 
-1.31117E-1S 
-t.O-i206E-15 
-9.966i.9E-16 
- I .12731E-15 
-L.5W92E-15 

2.92290E*04 
2.93432E*0* 
2.94360E«-04 
2.95107E + M 
2.95744E+0* 
2.99O72E*04 
2.15534E+C+ 
2.932O2E*04 
2.93516E»C4 
2.94213E*0* 
2.94945E»C4 
2.956C8E*C4 

I. I0420E-C1 
; . (32CEE*(t 
2.51C39E*00 
2.24C£IE*CC 

,95£9«E»CC 
-7CC55E»C0 

- i .»39«se-is" 
-1 .93 ' .UE-15 
-1.29194E-L5 
-L .55U1C-15 
-1 .67 f« lE-15 
-1.7L C SZC-15 
-I.7?226fc-15 
-1.740^SE-1S 
-1.774ECE-15 
-2.05371E-15 
-2.03V««E-L5. 
-2.E7CP7E-15 
-? .70t59E- l5 
-2.J4<?«F-15 

-2.3tl78ilE-l5 
-3.B4036E-15 
-2.S6201E-L5 
-I .B8149E-15 
-1.509656-15 
-1.39406E-15 
-1.52532E-L5 
-1.8^t9a9E-l5_ 
-2.26638E-15 
-3.49802C-15 
-2.99237E-15 
-2 .2B741E-15 
-1 .93731E-15 
-1.837616-15 

" J.9A2rBE+fl* 
2.99OO9E»04 
2.9956BE+04 
2.95754F»04 
2.95B3 5FtC4 
2.96073E*04 
2.96424E*C4 

__2.96829E»C4_ 
2.9725iE*C4 
2.99048E+C* 
2.99593E»04 
2.97318E4C4 
2.97435E+0* 
2.97541E*04 
2.977C5E+C4 
2.97910E+04 
2.98139E*0* 
2.99221E*C4 
2.99422E*04 
2.99272£>C4 

-49256E-01 
3.35B26O01 
8.39566E*00 
3.73UOE+00 
2.09892E*00 
I.HJ31F+A0 
3.J5826E-01 
1.49256F-01 
1.49256E-01 
3.35B26F*C1 
8.39566E»00 
3.73HOF»CO 

_2.09892F*CO 
l"i34 33iF*(JO 
3.35426F-01 
1.49256F-01 
l.*9?«i6F-01 
3.358J6FtCL 
8.39566F*00 
3.73140E*00 
2.09892E«-00 
1.34331t*G0 
3.35B26E-01 
1.49256E-01 
1.49?56F-01 

I.lcC7!E»Ct 

S::?T.S&! 
i .mciftcc 

1.3B44«E«CC 

U*7?(EE-C1 
1.00722E«CD 
9.S2B49E-01 
9.51B*9E-C1 

8.C9725E-C1 
7.205<7E-C1 
3.CI718E-C1 
1.46319E-C1 
2 .8U64E-C1 

- 2 . 4 1 « 2 « - 1 5 
-2.291C1F-15 
-2.22H-BE-15 
-2.P4^91E-15 
-2.31C34E-15 
-4.101?SE-1S 

-1.9147UE-15 
-7.099626-15 
-2.34244E-15 
-3.2TS50E-15 
-3.24284E-15 
-2.48164E-15 

.824C8E-15 
-3.-55PCE-15 
-3.31148E-15 
-3 .U3C7F-15 
-2.95723E-15 
-2.62Cg3E-15 

-2.57128E-15 
-2.63919E-15 
-2.T0325E-15 
-2 .77332E- I5 
-2.83441E-15 
-3.23597E-15 

2.9927BE4-Q4 
2.9929*E*0V 
2.99 321E*04 
2.99356E*04 
2.993«9E>C4 
2.996506*04 

.35826E+C1 
8.39566E*00 
3. 73140F*00 
2.09892E+00 
1.34331F*00 
3.35826F-01 
1.492S6E-dl 
1.49256E-CI 
3.35826^*01 
8.39566C*00 
3.73140E*00 
2.09892E*00 

2.79CC1E-C1 
2.733C3E-C1 
2.e3CC3E-Cl 
2,492C«€-C1 
2.32495E-C1 
l.?5'C?E-Cl 

- 2 . 6 0 H 5 E - 1 5 
-2.05C62F-15 
-2.243«3E-15 

j - 2 . 3 * 4 * 9 6 - 1 5 
" - 2 . 4 ' « 3 F - 1 5 

-2.54fC4E-15 
-2 .542WE-15 
-2 .4* (e*E-15_ 

" -2 ,3*2»<E>15 

-3.59276E-15 
-2.23V5SE-15 
-?.47*>88E-15 
-2.93S71E-15 
-3.10342E-15 
-3 .U551E-1S 

2.997706+C4 
2.99*«2E*04 
2.99*84E*04 
2.9948SE*C4 
2.99*986*04 
2.99710E»C4 
2.997246*04 
2.998076*04 
2.9984K»C4 

l .4646lE-d2 
1.23194E-C1 
1.72452E-C1 
1.20112E-CI 
I . U « S < E - C : 
1.1233IE-CI 

-3.22943E-15 
-3 .4*5516-15 
-3.9574*6-15 

.34331E*06 
3.35B24F-OI 
1.49254E-01 

l.£*938E-lSt 
T.4I4IZE-C2 
5.*ei lCE-C2 

http://-9.966i.9E-
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St*FS?F5 **K HChS A1 TIKE 55.'..55 

l ieB lT ICV WHHJEH ?5_ HKtJKt iMlUN MJH&EB 25 _ _ __ _ __ . 

SltHENT *l( i« iK.Z S1CI SloHZ S I C M SIGMIN ANGLE f lUR f l W f l * * * K 
IF J O W *%W 51CS Ml ISP IOISP SSr i f I S f l F STHh^lH kltlf F » U f i f 

j -2.COE*04 0 . 0 . 0 . I.00E»0B l.C0F»0« 1. t * * 0 4 J.2BF-C* 4.42F-05 1-lCf t f l 
2 -2.C0E*O4 0. 0 . 0 . l ,Cn|»0S l.00E*0B 1.15C»04 3.2 IE-C* «.?*E-C5 7.4FF*CC 
3 -2.C0F*C4 0 . 0- 0 . 1.0CE*OB I.C06*C« 1.15F*04 3.2BE-C+ 3.27E-B5 5.5* f *C0 —4, - 2 . C O E « O « — r . o ; w~. K6QE»OB t.coE»oa—i.HP.fl*—3.?§F-N ;.uf-c< *.;iF»et 
5 -2.C0F»0* 0 . 0 . 0 . 1.006*08 l.COE*0B 1.19E»04 5.28E-C* 1.74C-C5 2.91f*CC 
b -2 .006*04 0 . 0 . 0 . 7.506*11 7.50EM1 L l5E»04 3.2BE-C* 2.35T-2C « .CIF- I5 
7 -?.C06*04 C. 0 . 0 . 7 .50E*U 7.50EM1 1.15F*04 3 .2BE-C I .95E-J1 3 . : K - U 
8 -S.C0E*04 -5.30E+Q4 -1.28E-CB -3 .67E-09 -5.00E+04 -5.COE*04 l.O0E»02 -* .50E-C6 -1.086-05 -S.2CF-C6 
9 -5..CC£»04 -5.CCE+Q4 -5.71E-09 B.95E-1C -5.00E»04 -5.006*04 f . 5 4 f * 0 t -4.6CE-C* ~ ? ' ' " * ~ " -<..*<E-C6 

10 -5.C0£*04 -S.CCE*04 - 5 . 75E-09 -6 .36E-10 -5.C0E»*0* ~5.C0£»O* 1,04£*02 -3.43E-C* -2 .90F-C* -3.19E-C6 
11 -5.006*04 -5.03E*04 -l.OOE-OB 3.33E-09 -5 .006*04 -5.C0E*04 ^ .55F*0 l - 2 . 5 * E - « -2.19E-C6 -2 .4 IE-C6 
l i -5.CC6*04 -5.CC6*04 -3.81F-C9 -7 .17E-09 -5.00E*04 -5.C0EKH -3 .776*01 - L S 5 E - M - ? . 4 l E - « - S . l l E - C t 
13 -5.C0£*04 -5.C0£*C4 3.37E-09 6.6BE-10 -5,C0F»04 -5.C0F+04 E.27E*0l -2 .46E-0* -1.O06-C6 -J.O«E-Ct 
14 -5.CCE*04 -5.C0E+G4 2-19E-09 -3 .43E-09 -5.00E»04 -5.C0E*04 -1 .176*01 -2.1CE-C7 l .««E-07 -1.2FE-C8 
15 -S.C06*04 -5.CCE*04 - I .27E-CB -2.92E-Q9 -5.C0F*04 -5.006*04 1.006*0? -5 .g *E-C* -1.C4F-C5 - g . f C F - f < - - - - -

" 16™-5.006>04 -5.C0E*Q4 -5.966-"09 -5 .35E-11 -5.00E»04 -5 .006*04 l . 0 « * 0 2 -4.55£-C< -3.97F-C6 -4.2EF-C* 4 . 3 l £ * 0 1 
17 -5.C0E*O4 -5.CCE*04 -f>.10E-09 -1 .05E-10 -5.00E*04 -5 .006*04 1.00E»02 -3.3BE-C* -2 .9 lE - t f c -3 .1 tE -C f *.29fc*Cl 
IB -5.00E*04 -5.CCF+C4 -9 .466-09 2.75E-09 -5 .006*04 -5.CCE»04 5.2IE+01 -2.57E-C6 -2 .23F -0 * - ; . 4 » - t < 4.30E*C1 
J9_-5.C0E>04 -5„rOE*C4 -3 .92E-09 -7.44E-D5 -5.O0E+04 -5.CCE*04 -?.<»E*Ol -1.B9E-C* -2.40E-OC - J . U E - C t 4 . i 5E»0 l 
20 -5.COe*0* -5.C0E+Q4 3.1 IF-OS 4.99E-10 -5.00L«04 -5.C0E-P4 8.42E*01 -2.42E-C6 - l .OOF-C* -; .C1E-C« 3.27E+CI 
21 -S.00C»04 -5.rDE»04 2.33E-D9 -3.30E-09 -5.00E»04 -5.CQE»D4 - ! . 2 1 f * 0 l -2.22E-C7 1-88E-07 -3.34F-CB 4 .26c«0 l 
22 -5.CCE»04 -5.00E+D4 -1.19F-0B -5.B0E-09 -5.00F*04 -5.C0E+04 !.O0E*02 -5.03E-C* -S .906-Ct - ! . 2<E - tC 5.4Se*6l 
23 -5.CDE+0A -5.CCE+04 -6.2CE-09 -2.H8E-1C -5.0CE»04 -5.C0E»04 1.00F*02 -4.43F-C6 -4 -20F-0* -i,*if~Ci 4.42E»0l 
24 -5.00P*04 -5.C0F+04 - t . l9E-09 2.0BE-I0 -5.O0E»04 -5.C0F*04 F.B5E+0I -3.30E-C* -2.«f-Cfc -?-12E-tC 4.33E»01 
25 -5.C0E*04 -5.CCE+C4 -8 .55E-09 1.95E-09 -«i.OOE*04 -5.00E»04 4.33E*Ol -2.54E-C6 -2-29E-0C - ; . *<E-C6 4.3$E»C1 
2* -5.'00E*O4 -5.00E«04 -3.B4E-09 -7.74E-0S -5-00E»04 -5.C0E»04 -4.2OE*0l -1 .93E-0* -2.39E-06 - ! . 19E -C t 4.«0E»C1 
27 -?.CCf.«0» -S.OOE*04 2.86F-0S 2 .17E- I0 -5.00E»04 -5.0pE»0'< C.76E»01 -2 .376-Ct " ^ - g 4 ^ - 0 j " l ' ! j ^ " ^ * 3 .29EQ1 
2B -5.C0C*04 -5.<"CE»04 2.37E-"C9 -3'rfo -E-OS -5.C0E"*04 -5.CCE»D4 -1.25E»0l -Z.Mt-O 1.74F-07 -fc.51F-Ce * .C5E*6 l 
29 -5.C0E*O4 -5.CCE«04 -1.O3F-0B -5.25E-09 -5.00E»04 -5.C0E+04 1.00E»02 -3.60E-0< - ( . 77E-C* -T .?7f -Ce 
30 -5.00E*04 -5.C0E+04 -6 .51E-09 -1.99E-09 -5.00E*04 -5.00E»04 1.00E*02 -4 .02E-0* -4.53F-0e -<-7SE-Ct 
31 -5.00E+04 -5.0CE*04 -6 .21E-09 5.36E-10 -5.C0E*04 -5.tOE*34 fi.52F*01 -3 .13E-0* -3.CCE-C6 - 3 . C * t - C t 

-5.CCE»04 -5.00E*C4 -7.19E-Q9 2.54E-10 -5.00E*04 -5.00E«04 6.81E*00 -2.47E-0A -<.39E-C« -?.«3E-Cfc 
33 -5.CCt«04 -5.CCE«C4 -3.7CF-C9 - f l .Q4f -09 -5,rOE»04 ~5.C0F>04 -4.46E»0t -2.01E-Ot - 2 . 3 6 t - Q t - ; . 2 C t - C t 

40 -5.C0C+O4 -5.fCE*C4 -3.04E-09 -B.0 ' ie-09 -5.06E»04 -5,C0E»04 1.00E*C2 -Z.03E-C* -2.Z7E-C6 
-5.CCE+04 -5.00E«04 ] .69E-09 -1 . ^86 -09 -5,O0E*O4 -5.COE*04 1.00F«-02 -1 .97E-0 * -9 .71F-07 

42 -5.CCf*04 -5.C0E*C4 1.50E-09 -1.75E-09 -5.006+04 -5.00F*04 -1.416*01 -3.30E-C7 t.fl4E-Cf -2 .dl6-(7 2.45E*0l 
43 -5.C0E*04 -5.rCC»C4 -4.BCE-09 1.39E-1C -5.CCE»04 -5.C0F»O4 1.63E+00 -6.39E-C1 -4.37F-C6 -3.8<;F-C6 &.91E+CI 
44 -5.C0E»04 -5.00E«04 -4.62E-09 -2. ' .4E-0J -5.00F»04 -5.COE+04 - i . 9 1 E * 0 1 -1.51E-C* -3.75E-C6 -3 . I16-C6 5.76E+01 

_45 -5 .C0E*p4 -5.CCE»04 -4.D8E-09 -3.8&F-09 -5-00E»O4 -5.C0E*0'> -?.50F*01 -UT5F-C* -3.CCE-D6 -S.*«E-Ct 5.26E+CI 
46 -5.COE»04 - 5 . 0 0 E K 4 -5.20E-C9 -5.fl<iE-69 -5.00E+04 -$.COF»(K - 3 . 7 U + 0 1 -1.72F-C4 -3-4ZE-04 -2.1?E-C6 4 . 9 « * 0 I 
*7 -5.CCF»04 -5.03C*04 - I . 8 5 C - 0 9 -7 . "y0 f -39 - i . 0 0 £ * 0 4 -5.COE»04 I.00E+02 - l . 6 8 E - C t -7 .C1E-0* -1 . ( (E -C6 4 .76E*0 l 
48 -5.C0E+O4 -5.fCE*C4 7.42E-10 - i .CoE-09 -5.CCE»04 -5.00E+04 1.00E»02 - l .48E-C< -9.53E-C7 -1.2TF-C6 3.88E+G1 
49 -5-C0E»04 -5.C0E+O4 5.171-10 -7 .B0E- IC -5,0OE»04 -5.COF»04 -1.69E+01 -3.57E-C1 -5.TPE-C6 -3.1«E-C» 2.196*01 
50 -5.CCE*04 -5.CCt*04 -2 .32F-09 -2.82E-09 -5.00E»04 -5.00E+04 -? .15F*0 l -1.91E-C1 -2.C2E-C6 -5.*<E-Cfc T.49E*0l 
51 -5.C0E»04 -S.C0E*C4 -2.00E-09 -4.47E-CS -5.C0F+04 -5.C0E*O4 -2.55E*Ol -5.55F-C7 -?.4et-Cfc - ? . 1 U - C < 6.47E*01 
5? -5.60E«64 -S.06£*64 -UBOC-09 -6.0BE-09 -5.0fl(r»04 *5.00t:»04 -? .01F* f l l - l . 3 l g - C 7 -^ .23F-0a - I . m f - C J — 5 . « t * D I 
53 -5.C0E»O4 -5.CCE+04 -1.35E-09 -7.02E-J9 -5.00E»04 -5.CO(*04 -1.50E»01 -9.86E-C1 -1.91F-C6 -1.5<IE-Ct 5.43E*01 
54 -5.C0E*O4 -5.CCf 'C4 -fi.OOE-10 -7.2faE-0S -5.CCE*04 -5.C0F»04 -« .C4t*01 -1.05E-06 - l .59E-Cft -1.17F-C6 5.09E*0l 
55 -5.C0E»04 -5.C0I»O4 6 . 1 7 6 - H -4.7JE-09 -S.COE*04 -S.0OF*O4 1.00E*02 -9.30F-C1 -P.?«E-C7 -e.«; e6-C7 4.38E»01 
•>(. - b . r . ' i * * : - * - ' . f u ' , * -l.'nti-li. - I. a it -1 L - I . I J I U ' - i . i . n - ' ' . i.OJi *0.' - i . 2 t» l -C i -\.t:>i~fil - , . ' ( l - n i . o l n J I 
t y . ^ | , r i l l H -S.TCCtC. l . M f - t r , -1.31E-CS -^..[OL»0<i -^.C-Ott-O*- - r . . W t * 0 0 -b.UbF-Cf - l . ; 0 F - C t - l . l * F - r t r.£.bt»01 
56 - 5 ! c 0 f « 0 * -5.CCe*0-i B.f l&t- lO -2 .47 t -0 - * -5.001*0«, -5.C0[»0«t - \ .46 f» t> l -1.97F-C7 - l . l * F - C ( - l . C M - C * 6.J6E#C1 
59 -5.C0t*P4 - r . (CE*C4 4 . ? d t - l 0 - J - t<*i-dr- -b.OCt 'O' . -5.COF*04 - 1. 8 JE *01_-3 . OTF -C J -1^09E-04 - ^ . U l - C i _*>^20E_*0_l_ 
60 - 5 CCl*0* -5.C0F^04 1 7l6F -'l6"~-3 ." 7 b E - 0 9 - 5 . L0 t »0* -5.COF*04 -7.?2F»01 -3.B9E-C1 -^.BIE-CT - F. ?f f-C 7 5.796*01 
61 -5.C0E*04 -5.CCE*C« - 1 . 4 B F - I I -3.H5E-C9 -5.CCMO* -5.C0F*J4 -. ' .59F*01 -4.39F-C7 -F.74F-C1 -1 .2«I -C7 5.476*01 
62 -5.C0E+04 -5.C0E+04 -1.821-10 -J.ObE-09 -5.COt»04 -5.C0E»04 -? .55F*0 l -4.3CF-C7 -5.46F-C7 -4.9«F-f l7 «,.b4f.«0l 
63 -5.006*0-. -5.CCE»04 -4.43E-10 - l . . *4E-09 -5.00E*O4 -5.COE+04 - 1 . 7 l f » 0 1 - I . h 8 f - C 7 -1 -6 7E-C7 -1.78E-CT 4.65E*0l 
64 -5.C06*04 -5.P0F*C4 6.974-10 1.256-09 -5 .C0 t *04 -5.C06*04 3.97E*01 -1 .186-08 -2.63F-07 -2 .5 3f-C7 7.80E*OL 
65 -5.CCF*04 -5.rOE*04 2.946-10 L.4QE-09 -5.QOF*04 -5.00E*04 2.25E»01 -3 .526-C^ -?.59F-C7 - ; . ??F-C7 6.S8E»01 
66 -5 .C0r*04 -5.rCE*04 6 . 4 I F - U f.0"6E-C5 -5".ZCE»04 -5.C0F*04 I .41F*0I - 5 . 72F-Cf -2.30F-C7 - ; . M F - C 7 6.44E*0I 
67 -5 ,00 c *04 -5.C0F*O4 -1.54C-10 B.076-10 -5.00E»04 -5.COE*04 1.1»E*01 -7.666-CF -2-3«E-07 -1.97F-Q7 o .01E*0 l 
68 -5,C0F*04 -5.C0E*C4 -1 .44E-10 5.496-10 -5 .00M04 -5.006*04 7.75f*00 -9.26E-CF -J.156-C7 -1.BIE-C7 5.706*01 
69 -5.006*04 -5.C0E*C4 - 2 . 5 0 F - I 0 - I .20E-1C -5.C0f*04 -5.C0E*04 -2.26E»00 -1.08E-07 -1.55F-C7 -J .3 tE-C7 >.02E*01 
»0 -5.COC*04 -5.C0E<04 - 6 . 3 H - 1 0 - * .03E-10 -5.00E*0<i -5.C0E*04 -2 .30E*Ol -5.20E-OF -7.576-CC -t.CCE-CF: J-.04E*01 



APPENDIX II 

LISTING OF FORTRAN IV SOUPCE PROGRAM 



PROGRAM ROCHASJINFUT =201.OUTPUT.PUNCH=Z01,PLOT,T APES,TAPE9. STRFLC 
I TAPE»*»PLCT,TAPE»B.TAPED STRFLC 

c STRFLC £ . . . . . . . . » . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S T R F L C 

C PROGRAM ROCHAS STRFLC 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S T C F L C 

C PLANE-STRAIN AND AXISYHMETRIC QUASI-STATIC STRESS-FLUID FLOK STRFic 
C ANALYSIS OF FRACTUREO KOCK NASS. A OKECT E3UATI0N SOLVER IS USED STRFLC 
C TO SOLVE THE COUFLEO EQUATIONS.A STIFFNESS PEATLREATION SCHEME STRFLC 
C FORCES STRESSES AND OEFORNATIONS TO FOLLOW THE PRCPER NON-LINEAR STRFLC 
C CONSTITUTIVE LAN OF THE FRACTURE MTERIALS. STRFLC 
C THIS CODE NAS RASICALLY DEVELOPED BY N.S. AfATOLLAHI I N 1*78. STRFLC 
C LATER.IK 147«, IT NAS CORRECTED,REVISED AND EXTENDED.FOR CENCRAL STRFLC 
C APPLICATION. BY J.NOORISHAD. STRFLC 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . « S T R F l c 

C I N SPITE CF THE POUNDINEI(kT) .FOOT. SECOND HEACINCS.ANY CONSISTENT STRFLC 
C SYSTEM OF UMTS CCULO BE USED. STRFLC 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . „ S T R F L C 

C COOEf l l - STRUCTURAL NOOAL POINT OOE THAT IN01CATES WHAT BOUNDARY STRFLC 
C CONOITXONC LOAO OP DISPLACEMENT! IS ASSIGNEO AT POINT I STRFLC 
C E I J . MTYPE)- MATERIAL MODULI (ROCK OR JOINT I STRFLC 
C EPSK- AVERAGE OEFCRPATICN OF A JOINT STRFLC 
C I B I N ! - FLCH MESH NODAL POINT CODE,IF «• ASSIGNED VALUE OF HEAO STRFLC 
C OR PRESSURE REMAINS CONSTANT AT POINT N STRFLC 
C INDEX- PRINT PLCT COOE STRFLC 
C IPAT- PRINT AND PLOT CODE-NO PRINT.NOPLOT IF 0,PRINT IF 1,PRINT. STRFLC 
C PLOT IF 2 STRFLC 
C IPER- TOTAL PERTURBATION INOEX STRFLC 
C I X I H . I ) . I x l . S - THE FIRST FOUR REPRESENT NODAL POINTS AROUND ELEMESTRFLC 
C M IN STRUCTURAL MESH ANO THE LAST INDICATES MTYPE STRFLC 
C KN1I>- NOSMAL STIFFNESS OF JOINT I CALCULATED INITIALLY FRO* EU.2STRFL; 
C X S ( I > - TANGENTIAL STIFFNESS OF JOINT I CALCJLATED FROM E I I . 3 I STRFLC 
C HP-TINE STEP INDEX STRFLC 
C MTYPE- NUPBER ASSIGNEO TO EACH MATERIAL (STARTING HITH 1 1 STRFLC 
C NIT-NUMBER OF TIME STEPS STRFLC 
C NNN- PERTURBATION INOEX STRFLC 
C HP- DUMMY FOR NPP STRFLC. 
C NPP(J»- NUMBER OF PERTRBA1IONS I N TIME STEP NUMEES J STRFLC 
C 0 ( H I - FLOH RATE AT FLOH NOOAL POINT N STRFlL. 
C PHIO(NI-PRESCRIBEC HEAD OR PRESSURE AT FLOK PCIN.T N NHERE IS(N)«0 STRFLC. 
C R ( I I - X COORDINATE OF STRUCTURAL NODAL POINT t STRFLC 
C RESIO(M, I I . 1*1,<• X. Y. Z. ANO XT COMPONENTS OF FESIOUAL STRfSS STRFIC. 
C RO(HTYPE)- SPECIFIC MASS CF ROCK MATERIAL STRFLC. 
C XLNCTH - X LENGTH OF NCSH PLOT STRFLC. 
C YLNGTH - Y LENGTH OF MESH PLOT STRFLC. 
C OISPl. - SCALE FACTOR FOR DISPLACEMENT PLOTS STRFLC. 
C PSF - SCALE FOR STRESS PICT STRFLC. 
C SPNT-FLUIO SPECIFIC NEIGhT STRFLC. 
C TFL- TIME NEEDED FOR FLON CALCULATION STRFLC. 
C T I T - TINE SPENT FCR ONE PERTURBATION STRFLC. 
C TL- TIME LEFT STRFLC. 
C TST- TIPE REQUIREC FOR REAC AND PRINT OF IN»UT DATA STRFLC. 
C U R ( I 1 , U Z ( I ) - R ANO Z COMPONENTS OF DISPLACEMENT OR LOAO AT POINT I S'RFLC. 
C V- RELATIVE DISPLACEMENT CF OPPOSING NODAL POINTS IN A JOINT STRFLC. 
C VISC-FLUID VISCOSITY STRFLC. 
C MIN»- APEETURE OF FLOH 6LE,«HT M CALCULATED IN EACH ITE*T ION STRFLC. 
C N T I D - INITIAL APERTURE CF JOINT I IN STRUTURAL PESH STRFLC. 
C M i l - I OR Y COORGIhSTE OF STRUCTURAL NOOAL POINT I STRFLC. 
C STRFLC. 
C N O T E — — VECTORS OISPIN.;:-.CRG (2N)-INP 150. M ,1EL (50.21 , SIGN 150),STRFLC. 
C AND SIGT(5t> t « ; ;<OT USED IN THIS VEfSION . STRFLC. 
C STRFLC. 



AA 

LAR6E A I 1 Z S M I I . I 0 I M I I STRFLF 
L I K E I X I J I 1 , » » , R E S I D C J I 1 . « | > , R I J I I I , Z I J I I > , I I R I 3 I I I , U Z « . J M I LARGE. 

• , C I O E I U I t , I 0 E S T < M I I , R . I C N I 5 l l , R . ( S I * l l , N T ( » l » , X O U T < 3 l l l ,013111 . LA»CE. 
• Q P t S I » , N I M I a V E L t ! l ) . F * < f l « . R C ( > l l , a N < M I I , 9 I S P Z U t t > Z t , r E I I P t 3 l l > . L A R C E . 
• P « I « t 3 M 1 , I t < S M I . Z D £ a t 3 . H I I , ( O 0 E I 3 . 3 l l l , I C L I M , f l , I K P t * l . * ) LAR6E. 
• . T l 0 A 0 ( M f l , S I 6 N ( M I . S t C T ( H > , M « « l f » STRFLF 

COHNON/M.AMK/SII.A).Pill >,ISTRS(<>>,VOL,AMI*),ZZZI*>.Le4D,RA0N, BLANK. 
1 Mi * l ,ZZf»> . IFAT(MI .ACELX,ACtLY.NRES.RCt lZ> . ILANr. 
2 HTYPE.XI,XCE».rCEN,XTR<ll) ,FAC.Htt>.PD(l . ,12>,M<:,fc> , SLINK. 
3 PRS.PZS.PRT.PZT.EC ILANK. 

CONNCN/e£*/ISICU..IPIMCM,E 17,111 .MOCX.NP.IMN.IKOK.NUNNV.IceNP*, SEN.2 
1 NVKL«MZ,ME0<ltl ,0ISPL,NJELT.IKR,NUMAT,PSF,PSF.I,XSCL,SPMT.6EN.3 
3VISC,TSCL.0KL< FSCL.PJCL.kFlkl.COM.nl.WlXt.llt,fW«W).lNCrH.NFa,NJNFSEN.<> 

.NOFLtN.NOHUFi, WItFNP.LKClZ I »NFZ 
COHNCN/APTR/IRANO .NJttNP, AAS,A4N 
COHHON/CC FOOL/XMXN.XHIX.THIN. YMX.CCXKIN.CC(H»X.CCTHlN.CCrH«X 
CONHCN/CCFACT/FACTO* 

DXMEHSMN NPPI I I1 .NUFI5 I ) 
DIMENSION I X O U I . I X P I t l . I S T I I I 
LOCI ML FLAC 

DATA UTLE/ fHT ITLE/ . ZNAT/IHMAT£RIAL',ZOUT/tHOUTFUT/,FLM/M<FLOII/, 
t ZNOOC/*NNO0ES/.ELEICN/7HCLENCNTA PRESS/lHPRf SSURE/, 
2 INCOH/llHINCCMPR£SS/,RESIX/IHREStOUAL/,RESTA«/7HRESTA*T/, 
3 DONE/tMOONE/. ILAIK /SHILAMC/ . IXO/ l t ' l / , EN0/3HENQ/ 

FACTOR * 10B. 
LOAD • « 

1 FORMAT (1H1M9/1H IA<9> 

s REAO t , "OHO 
i FORMAT IZA1I I 

I F (HMD .EO. TITLE) SO TO 1110 
I F IHOftD .EO. ZMAT) 60 TO Z I M 
I F IHMO .EQ. ZOUTt SO TO J i l l 
I F INMO .CO. ZHOOEI CO 10 M i l 
I F IMORO .EO. ELEHEN) SO TO 11)0 
I F (HMO .EQ. PRESS) 60 TO t i l l 
I F IHORO .EO. FLO*) 60 TO K I O 
IF (HMO .EO. RESIXI SO TO M M 
I F <NMO .CO. «CSTAR> CO TO 9110 
IF IHMO . 1 0 . OWE) CO TO * « * * 
I F I HMO .EO. END) CO TO 311 

UNIOEkTIFIEO CARC 
PRIST I I . HORO 

GEN.5 
APT*.2 
CCPOOL 
CCFACT 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRPLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 

10 FOMAT t l lHIUNIOEtTIFIEO CARO A1 I /4 IH PR06RAN MILL SEARCH FOR NEXTSTRFLC. 
1 TITLE CARD) 

C SCAN DEC* F M NEXT CASE I F ANY 
IS READ I t NORD 

I F IMMO .EO. TITLE! 60 TO 1110 
I F INMO .EO. ENOI 60 TO 310 
60 TO 15 

1 1 1 ! READ 2 1 , HEO, NUPNP. NUHEL. NUHHAT. NSHELL. NPC. NJHP. IRANC. 
1 NIT, IPLCT. IPUNCH, TTOTAL, C O N I I * NAXI. AAM.THETA, 
2 AAStACELX.ACELY.XNHP.SPHT.VISC.IPItr.NOTN.OT.SySOIN.TOTALO 

Z l F 0 M A r « M * / M V l l I $ , F S . I , F l l . g , I S / f F l l . 3 / Z F l | . 3 , E i s . s , 
121*. 3E1I.S) 
RE HI NO I 

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

http://FSCL.PJCL.kFlkl.COM.nl
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I F (NSHELL .EQ. • ) NSHELL > 13 
IF (NAXI .CT. i l CO TO 22 
PRINT 21 

21 FORMAT (I.1M1 PLANE STRAIN-FIOM ANALYSIS OF JOINTED STRUCTURE1 
SO TO 2 * 

22 PRINT 23 
23 FORMAT (3SH1 AXISYNHETRIC STRESS-FLOM ANALYSIS I 
2 * CONTINUE 

PRINT 25. HEa.NUPkF.NUMELtNUNNAT.NSHELL.NPC.NjrP.UMND.NIT. 
1 IPIOT.IPUNCH.TTOTAL 

25 FORMAT ( / I A V / I A S / 
1 S IH I NUMkP-NUMEEF OF NODAL P O I N T S — — — — — 15 / 
2 S IH I NUHiL-NUMKR OF E L E M E N T S — ™ — — — - — — — — IS / 
3 S I H I HUNNAT-NUHKR OF DIFFERENT MATERIALS IS / 
<t S IH I NSHELL-MUH6ER OF SOLID M A T E R I A L S — - — — 15 / 
7 S I H I NPC-NUHCEC OF SOUNCART PRESSURE CARDS — 15 / 
I SIN I NJHF-NUMKR OF JOINTS KITH "COIFED APERTURES— IS / 
* M N ( IRAHO-RANOCK APERTURE SCNERATOR IF 1 — — IS / 
I 5AMI NIT-NUHK* OF TINE S T E P S — — — — IS / 
3 MM! IPLOT-PLOT INFORMATION RE9UIRE0 IF 1 — — — IS / 
* S I H I IPU6CH-PUNCH IF 1 — — — lit / 
7 S IHI TTOTAL-ESTIPATEO TOTAL CP TINE (DECIMAL SECOKDSI- F5 .0 ) 

PRINT It, AAN.AAS.ACELX.ACELY.XIlHP.SPHT.NOTN.IPRT. 
•OT.CONLIH.NAKI,TMETA.VISC.SYSDIM,TOTALS 

26 FORMAT)/ 
1 SIHI AAN-HEAN-APERTURE LOSNOF.PAL D I S T R I B U T I O N — — £15 .5 / 
2 SIHO AAS-STANDARD DEVIATION-LCCNORHAL OISTRISUTICN— £15 .5 / 
3 5 I H I ACEIX-K ACCELERATION (FEET/9ECOI>0l E15.5 / 
It SIHO ACELY-Y ACCELERATION (FEET/SECONO) — — £15.5 / 
5 S IHI XNHF-MAXIHUH NET HEAO PRESSURE (PSFI E1S.5 / 
6 5IH0 SHIT-FLUID SPECIFIC t E K H T — — — — — £15 .5 / 
7 S I H I NOTf-VAFIAIlE TINE-STEP COUNTERtIF G.T. 1 — — — I S / 
I S IM! IPRT.NO. OF CYCLES FOR OISFL. PRINT-— 15/ 
9 SIHI OT-INITIAL TIME I N C R E M E N T - — — — — — . . E 1 5 . 5 / 
1 5 I H I CONLIH JOINT STIFF.CONWERS.CONSTANT — — — .FIO.O / 
2 SIHI NAXI-AXISYM. PRC8LEN I F * 1 — . . — „ - . j $ / 
3 5IH0 THETA- TIME INTEGRATION CONSTANT F I O . J / 
It SIHO VISC-FLUIO MSCOSIT> J P S F I — — — — — — £15 .5 / 
5 S IH I SYSOIM-SYSTEH DIMENSION REQUIRED IF PD.TD HANTED E15.5 / 
6 5IH0 TOTALQ-TOTAl FLOM REQUIRED IF PO.TD NANTEC E15.SI 

NJELT * I 
NRES • 0 
NUMNP2iNUfNP>NUHNP 
00 24 I*1.NUHNP2 

24 10(1>«l 
C » • » • • • INITIAL SET OF SYSTEM EQUATIONS 

KEO.I 
DO 3 6 Nil.MUHNP 
IOEST(N|iO 
TENPIN)>D.t 
DO 36 1*1.3 
KODE I I . N ) . I 
KE0*KE0»1 
ONIKEOl.i.O 

36 IOCQU.NXKEQ 
00 35 Wl.NUHEl 
00 3S M*l i6 

35 RESIO(N.N> > 0 .0 

STRFLC 
STRFtc 
STP.FLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFL; 
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 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC 
STRFLC. 
STRFLf. 
STRFLC. 
STRFLC. 
STPFic 
STRFLC. 



46 

CO TO 5 
C 
C MATERIAL PROPERTIES 

2110 PRINT 1 . HEO 
REAO 2.XC0NPR 

2 FORMAT ( A l l ) 
IFfICOHPR.EO.INCOF> MINT 3 

3 FORMAT!" FLUID IS IHCC»PRESSIBLE • ) 
DO 2IJS Hsl.NUHMAT 
READ 2l l l ,HTrPE.«GIHTrPE>tlECJ.HTYPE>.. l«l . r ) 

2111 FORMAT I K . I E * . k > 
M I N T 2 *15 , NTTPE 

211$ FORMAT I/15M MATERIAL NO. * I 3 I 
IFCNTTPE.LE.NSHELLI SO TO 2119 
PRINT 2130. <EfJ.NTT»E».J*l.T> 
CO TO 2 ( 3 ! 

211* PRINT Z IZ I .RO<HTTPEI .CE<J .HTrPE) .> l . * ) 
2135 CONTINUE 
2121 F M M T I22M a i l s O E M I T f — F».2/22H 

• E l k . * / 2 3 H ELASTIC MODULUS — « — E l k . k / 2 2 H 
• l t . k / 2 3 H HOTS CONSTANT (ALPHA) E l k . k / 2 3 H HOTS COtSTANTIN)-
• t k . k l 

2030 FORMAT I1IH K N - ~ - E 2 S . i l / l l H K T — — E 2 * . k / 1 I H C- — -
11IH PHI E 2 f . k / 2 I H M X . C L O S U R E - — £ 1 5 . * / 
• 23H IIOTS CONSTANT(ALPHA) E lk .k /22H MOTS CONSTANT ( H I 

SO TO S 

PERNEAtnirr— 
POISS0KS W T I O - . . . - E 

'E2S.k/ 

EH..1.1 

INFORHATICN FOR OUTPUT 
3101 READ 3 1 1 * . ( N P P d l , 1*1 ,NIT) 
3110 FORMAT(kO12) 

ITOT * I 
DO 3112 1*1. NIT 

3112 ITOT * ITOT * • P P d l 
READ 3115. (IPATCJ). J M . I T O T ) 

3115 FORMAT lit! 12) 

PRINT 1 . HEO 
Kl * 1 
DO 3125 1*1.NZT 
KZ * ( 1 • NPP(I) - 1 
PRINT 3120, NPP( I ) . I . CIPAT(J). J*K1.K2> 

3 l 2 t FORMAT ( / / ! . . • PERTURIATICNS IN TIME STEP NUHIER • I3 .1» t 'OUTPUT 
•SCHEME • Z I I 3 I 

312$ Kl • K2 » 1 
I F I I P L O T . E Q . i l GO TO 3135 
REAO 3 1 3 1 . XLNCTH, YLNCTM. PSCL. CONJT 

3131 FORMAT I k E l l . k) 
3135 SO TO $ 

C 
C EST*KISM NODAL POINT PROPERTIES 

k i l l DO k i l l N*1.NUNKP 
k i l l RINI * HANK 

N * I 
NXP • I 

k l l S NP * N 
IF IN . « . NUHNPI SO TO k!3S 
NX • NXP 
READ klZI.N,NXP,OF,OZ.CD.CDI.OU.OV 

kl2l FCRNATtZU,«tl.3) 
IFIN.LE.I.OR.N.ST.MJHHPI GO TO k!3> 
CODE INI * CO 
RINI * OR 

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. 
ST»FLC. 
STRFLC. 
STRFLC. 
STRFlC. 
STRFLC. 

http://KN-~-E2S.il/llH
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Z«N> > DZ 
URINI < Of 
UZINI • OV 
IFINX.EQ. II SO TO M 1 5 
IF<(N-NPI«NX.GE.fI 00 TO « K ! 
NX * - MC 
PRINT 1.121, MP, N 

1.121 FORMAT** INCREIEMT FOR GENERATION BETWEEN MOOES* 15* AN0*I5* 
IF INCORRECT SIGN ** SIGN CHANCED*! 

4125 IX • <IAIS(N-NP> « IA3SINXI - l l / IABSINXI 
OR *MINI-R(NPI) /LX 
OZ • <Z(NI-Z(NPI l/LX 

"••30 NP • NP » NX 
IF(NX.CT. I.ANO.NP.GE.N) GO TO * I 1 5 
IFINX.LT.I.ANO.KP.LE.NI GO TO U l ! 
RINPt « R IMP-NX t « OR 
Z*NP> « ZINP-NKI « OZ 
CODE I MP I • CO I 
URINP) * I . 
UZINPI * 0. 
GO TO <tt30 

C PRINT NODH POINTS 
1.135 PRINT 1 . HEO 

PRINT ".!<.! 
k»M0 FORMAT I1UHMODAL POINT TYPE X-OROINATE Y-ORDIN»TE X 

IAD OR DISPLACEMEKT r LO>0 OR DISPLACEMENT X-COOE Y-CGDE 
DO (>I55 N*1,NUMKP 
IF(R INI .EC.BLANK) FRINT 1.01,5 

1.01.5 FCRHAT«* NO INPUT FOR THIS NODE • I 
IF(COOE(N>.EQ.. .0> GO TO 1.022 
IFtCOOEINI.NE.J.' l) GO TO 1.123 
I 0 ( 2 * N ) * 1 
I 0 ( 2 * N > 1 ) < 1 
GO TO 1)122 

1.023 IF<COOEtN).NE.2.0t GO TO 1.02* 
I 0 < 2 * N ) x l 
GO TO %I22 

1.021. IF (CODE <N I . EH.II IDI2*N-1I*1 
1.122 CONTINUE 

IF<«<N).ME.BLANK! PRINT *.5I,N.COOE (NI,R(N>,Zf N),URIN>,UZ (Nl , 
. ID(2*N-1) .10<2*N> 

• K l FORHATII12 .F12 .3 ,2E12 .J ,2E2* .7 ,2 I10> 
IF I CODE! H .LT. CO) COOE(N) * COOE(N) / 5 7 . 2 S 5 7 7 9 5 1 

1.155 CONTINUE 
GO TO 5 

C NOOAl POINTSi BANC MIOTH, CHECK CORE CAPACITY, JOIMS »MD FLOH 
S I M PRINT 1 , HEO 

PRINT 5010 
5110 FORMAT (HMHLENfKT NO. I J K L MATERIAL 

I I NT NO MICTH) 

N * 1 
Mt.NO * t 
JX « I 

SI1S OO $«20 1*1,1. 
S I M I X P i l l « 1X0(11 

JX * JXO 
KEAO 5125. H, (IXIM.il, I<1.51. 1X0. JXO 

5*25 FORMAT IllISI 

STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 

IS OSTRFLC 
STRFLC 
STRFLC 
S T R F L C 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 

-10 STRFLC 
I STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFlC. 
STRFLC. 
STRHC, 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 

JOSTRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
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IF I f - N) 5 0 5 0 , 501.0. 5035 

5135 I X I N . l ) • IXIM-1 .1 ) • IXPI1I 
IXIN.2I = I X I H - 1 . 2 ) • IXPI2I 
IXIN.3I = I X I N - 1 , 3 ) • IXPI3) 
IXIN.l . ) * I X I N - l . M * I X P U I 
IXIN.S) = I X I N - 1 , ! > • JX 
JX * -JX 

611.0 K = 0 
DO 5131 I t 1 ,3 
I I • I • 1 
DO 5 ( 3 0 L = I l , k 
KKsIASSIIXIN, I ) - I X I N . L ) > « 1 
IF IKK - S T . K> K i Kit 

5130 COKTINUE 
IF IK .CT. M1NOI H8AND = K 

C 
C . . . LOOK FOR < JOINT ELEMENT 

IF I I ( ( N , 5 ) . C T . NSHELL) CO TO S H I 
PRINT 5 K . 2 , N . I I X I N . I I . 1 * 1 . 5 ) , K 

501.2 FORMAT 1 1 1 3 , 1 . 1 6 , 1 4 . 1 2 X , 191 
CO TO 5*<<3 

511.1 NJELT i NJELT • 1 
IOUTINJELT) « N 
PRINT M l . ! . N. I I X ( N . I ) . I x l , 5 > . NJELT, 

50l>5 FORMAT ( 1 1 3 , 1 . 1 6 . 1 9 , 1 1 2 . 1 9 ) 

CO TO 5060 
501.0, 5035 

501.3 N « N • 1 
I F IN .CT. NJHEL) 
IF IN - N) 5015, 

5050 PRINT S05E. M 
L8A0 * 1 

5055 FORMAT I * ELEMENT CARO ERROR. H=»I1.) 

Mi3«ifflAN0 
5160 «t«NOiKB»t.O«HB»HO.MB»NO 

C 
C 

5175 NUHFNP.O 
DO S I N I«l,NJELT 
H I X I M j l 
H T I I I s l . l 
K N I D ' i . O 

5091 KS IX I ' 0 . 0 

C . . . ESTAtllSH NUMBERING CONTRACTION FOR THE FLOU NODES 
IFINJELT.EQ.O) GO TO 5100 
DO 51*0 hsl .NJELT 
N « IOUTIN) 
J . IKIH.I . ) 
I»IK I H . l l 
K * NINO 1 1 , Jl 
L» l 

5095 IFf lOESTID.EO.OI IDESTUUK 
IFIIOEST(It .LT.K) K=IO€STII) 
IFIIOESTII1.LE.KI GO TO 510Z 
KKiIDEST(I) 
DO 5111 II.l.NUNNP 
IFIIOESTIIII.EQ.KK) lOESTIIDsK 

5101 CONTINUE 

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 
STRFLC. 
STRFLC 
STRFLC 
STR.FLC 
STRFLC 
STRFLC 
STRFLC. 
STPFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STPFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
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5102 IF(IOEST(Jt .EO. 01 IDEST(J)=IC 
IFdDESTCJI.LT.Kf ICEST< U*ICES7U) 
IFIIOESTIJI.LE.K) SO TO 5116 
KK*IOEST(J) 
DO 5 1 * * II*1.NUNKP 
I F d O E S T d l l . E Q . K K I lOESTi l l l xK 

5101. CONTINUE 

$116 IFIL.E0 . .2 ) 60 TO 5100 
I » « I H . 2 ) 
J.IK (11,3) 
K * HINOIl .J) 
L*2 
60 TO 5*95 

S 1 H CONTINUE 
DO 5111 Ntl.NWIEL 
MTYPE»IX<N,5> 
ZFIMTrPE.CT.NSHElDSO TO 5110 
PE«N«E(1.MTYPE> 
IF(AiS(PERM).LT.E-12> SD TO 5110 
00 5111 K*l,k 
I . I X IN,K) 

S i l l IF(IDEST(I».EQ.OI I D E S T I I U I 
5110 CONTINUE 

00 51IS N*1,NUNNP 
I>I0EST(N) 
IFII .EO.OI CO TO 5105 
I0ES7(K)=IDtST(II 

5103 t F ( I . N E . N ) GO TO 5105 
NUMFNP.NU^FNPH 
IOEST(N)=NUPFNP 

5105 CONTINUE 
5113 PRINT 5tl2,Na»N0.tijeLT,NUI'FNP 
5112 FORMATI3SH0ST. STIFFNESS MTRIX BANO NIOTH * I 5 / 2 « H NUMBER 

IT ELEMENTS z I5 /2EH NUMBER OF FLOH NODES * I 5 > 

CO TO 5 

C PRESSURE CAMS IF ANY 
6100 PRINT 1 , NED 

PRINT 6*11 
6110 FORMAT (/2SH0PRESSURE BOUNOARV CONDITIONS/ *2H I J 

1URE-I PRESSURE-J ) 

DO 61*1 L ' l , NPC 
READ 6 1 1 5 , I t . 1 2 , P S 1 . PSZ 

6*15 FORMAT(215,2F10.3) 
PRINT 6 1 2 0 , I I , 1 2 , PS1. PS2 

6*21 FORMAT(2I5.2F1S.3) 
OR • R I I 2 ) • RII1I 
02 • 2 1 1 1 ) - 7 ( 1 2 ) 
CC * CODE I I I ) 
IF (CC . E d . 3 ) GO TO ( 1 3 0 
PI » « . » P S l • P S 2 ) / 6 . 
IF INAXI .ME. 0 ) 

1 PI = I R ( I D * I 3 . 0 , P S 1 « P S 2 ) 
SINA * 0 . 
COSA « 1 . 
IF (CC .GE. * . l l GO TO 6125 
SINA x SIHCC) 

» R(I2)»(PSl*PS2)> / 12.1 

STPFLC 
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. 
STBFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 

CF JIONSTRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 

PRESSSTRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC, 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
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cost * COSICCI 
6125 IF ICC .EO. 1.0 .OR. CC .EO. 1.1) U Z ( I l ) » UZCI1I » OR»PI 

I F ICC .NE. l . l l URI I1 I * U R ( I l ) » OZ* ' I *C0S* * OR*Pt«SINA 

6130 CC « CODE 112) 
I F CCC .EO. 3 .0 ) GO TO 611.0 
PI *I2.*PS2 • PSD/6 . 
I F CNAXI NE I ) 

1 P I * IRI I2l«t3.0< l PS2«FSl> • R t I l ) > ( P S l » P S 2 ) l / 12.0 
S IN* « I . 
COS! * 1.0 
I F ICC .CE. 1 .0) GO TO 6035 
S I M • S IMCCI 
COS* * COSICC) 

6135 IF ICC .NE. 1.01 URII2) > URI I2 ) • OZ»PI»C0SA • 0R»PI"SINA 
IF (CC .EC. 1.0 .OR. CC .EQ. 0.31 U Z I I 2 ) * U Z I I 2 ) • DR»PI 

601.0 CONTINUE 
CO TO 5 

c . . . . . F L 0 M Mocj PROPERTIES • • • 
6500 COMTINUE 

00 6501 I*i,NUMFNP 
i e i i i ' 0 
PHIOID'0.0 

6511 0(I)>S.O 
IF (HUHFN' .ST. 0) GO IC 7110 
PRINT 710! 

7105 FORMAT (37H FLOW CARDS MUST FOLLOW ELEMENT CARDS) 
L8A0 i 1 

7110 NBFLCH = 0 

00 7120 Hxl.KUMEL 
MTYPE*IXIN,5> 
IF(HTrPE.LE.NSHELl) GO TO 7121 
I . I K (M , I I 
J* IX(M.2> 
K»IAtS(IOEST(I)-IOEST(J>) 
IFK.GT.HBH.OU> MBFLOIUK 
GO TO 7120 

7121 DO 7122 1*1.3 
II>IXIN,I) 
11*1»1 
DO 7122 L»I1,* 
LL-IXCN.L) 
KaIA«S(IOESTILL)*IOEST(II)l 
IF(K.CT.MBFLON) HBFLOH=< 

7122 CONTINUE 
7120 CONTINUE 

NBFL0N<N8FL0N»1 
C 

PRINT 712 I 
7125 FORNATIllOHOFLOH »OOAL PCIKTS CODE 

1ET HEAOIPSF) FLOM RATEICFS) 
X-OROINATE T-OXOIKATE 

CORRESPONDING NOOAL POINTS) 

NX « 1 
7131 READ 7135, ti. NL. PH. OF 
7135 FORMAT (2I5.2F10.3) 

IF IN .GT. NIMNP .OR. N .IE. 
XF IN .GT. NK> CO TO 71*5 

t) GO TO 7170 

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. 

N S T ^ u . 
STRFLL. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
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71<.I U > lOEST(N) 
I B ( L ) x NL 
PHIOtLI = PH 
0(LI»QF 
60 TO 7150 

711i5 L I » IOEST(NX) 
IF ( L I .LE . L) CO TO 716! 
L - 11 

7151 
71S1 

7155 

7161 

7161 

GO TO 7155 

101 
7162 
7165 

7170 
7175 

OC 7151 J = l . 8 
lSTC.il i 0 
J l » • 
00 7155 J«NX.NUPNP 
IF ( IDEST(J) .HE. LI 
J l * J l • I 
LSTCJ1) =. J 
CONTINUE 
M I N T 7160. L, IB l - ) , l l (NX> ,Z INX) ,PHIO( l ) ,Q (L ) . (LSTIJI , J = 1 , J l l 
FOUMT 1 2 H 2 , 2 F 1 2 . : . i c l 9 . ( , » X , 8 H . ) 
I F ( J l . L E . l ) SO TO 7162 
JNINsLST(l) 
00 7161 J *Z ,J1 
JNIN>MINO (J KIN, LST [J I > 
KEOsKEQ-Jltl 
JNUHsIOEO I3.JHIN) 
00 100 J<1,J1 
<«LST(J> 
I0E0.C3,KI=JNUP 
JNINxJHINU 
JlsO 
00 l i l K>JHIN,NUI<NP 
00 1*1 J = l , 3 
rFIIOEOIJ.KI.EO.JNUN) J1*J1»1 
IFdOEaiJiKI .GT.JNUH) IDE0(J.K)=I0EQ(J, ICI-J1 
IFIL.EQ.NUMFNPI CC TO 7170 
NX i NX t I 
IF (NX - Nl 711.5, 7 1 * 4 , 7130 
PRINT 717Ei NBFLCH 
FOP.N«T(/ • F. CONDUCTIVITY HtTRIX B«NC NIDTH = » 15) 

00 t l I«liNUNNP 
KxtOEST(I) 
KOOE(1,I>*ID(2«I-1) 
KOOE12,II*ID«2»II 

1.1 KOOE I3,XI*IB(KI 

CONFUTE MNDHIDTH OF THE STRUCTURE 

NB«NO«l 
DO 111 N^l.NUNEL 
DO 111 Iil.lt 
IN*IX(N,I> 
00 111 11=1,3 
IlsIDEQCII.IN) 
00 111 J=l,k 
JN«IX(N,J) 
00 111 JJ*li3 

H I Nt«NO<N«X0(HltNO.IMSIH-IOEQ(JJ.JNI)> 
HMND>NB*N0»1 
PRINT IBZiNMNOtKEO 

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. 
STSFLC 
STRFLC. 
Sl.kFLC. 
STRFLC. 
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GLOBAL STSTEH e»NC«I0TH,I5/2<.H TOTAL SYSTEM EOUATIONSSTRFLC 
STRFLC 
STRFLC 

,18H I0EQ(1.M,1SH IOE<J(2,NI,10HIOEQI3,N» .1IHSTRFLC 

102 FORMAT<25h 
L I S ) 
PRINT SI 

51 FCRNATIMH NOOE 
> 10(1.N) ,10H 10(2,Nl 
00 S3 N«1.NUNNP 

S3 PRINT 52 .N.IIOEQdtNl,1-1,3) 
52 FORMAT(IS,8X10> 

SO TO 5 

INITIAL STRESSES IF ANY 
•101 PRINT 1 , HEO 

PRINT 1010 
8110 FORMAT (37H0 I N I ' I » L 

1STRESS Y-STRESS Z- STRESS 

1IH 10(3 ,N) 

i lK0DE(J ,N I ,J * l ,3> 

S T R E S S E 
XY-STRESS I 

S/56NIELENENT 

NRES * 1 
I « 1 

• 115 READ 8828 , N, (RESIO(N,T I . I« l .%> 
• 020 FORMAT ( I18,kE10.3> 

IF IN - L) 88<»0. M 3 S . 6125 
8125 00 1130 UUk 
• 030 R E S I O ( L . r U R E S I O U - l . I ) 
8(35 M I N T 8037, L. I R E S I O ( L . I ) , 1=1,4) 
8137 FORMAT ( IS.SX, «F12.3I 

I F (L .EQ. MINED SO TO 8IS0 
L » L » 1 
IF IN - L) 8015, 8035, 9825 

SI40 PRINT 88<tE. N 
80*S FORMAT!• RESIDUAL STRESS INPUT ERROR, N*»Ifcl 

LBAO ' 1 
CO TO 8 0 1 ! 

8051 CO TO S 
C 
C RESTART PARAMETERS IF NEEDED 
9*00 I F (NJELT .CT. •> CO TO 9(15 

PRINT 9810 
9010 FORMAT «tOH RESTART CAR05 MUST FOLIC'W ELEMENT CARCSI 

CO TO IS 

9115 REAO 9805. (KN( I I ,KS ( I I ,NT ( I I ,H( I I , 1*1,NJELT) 
9885 FORMAT! * E 2 I . 6 I 

60 TO S 
C 
C ALL INPUT MOM I N — I F CORRECT PROCEEC KITH SOLUTICN 

9999 I F ILBAO .HE. 8) GO TO 15 

PLOT MESI-
IF (IPLOT . EO. •) CO TO tZk 

PREPARE CONSTANTS FOR PLCTTINC 
:CYHIN « (18.5- YLNGTH) / 2.8 
CCYNAX * CCYMIN « YLNCTH 
CCXHIN * 8.1 
CCXNAX =t XLNCTH 
XMIN»R(1I 
YMIN*7.UI 
XHAX»X1IN 
YMAX*YN£N 
00 112 I*2,NUHNP 
I F CRi l l .CT. XNAXI XMAX * R I I I 
I F IRCI) . I T . XMINI XHIN * R ( I I 

STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STR'LC 

X-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. 



S3 

IF ( 2 ( 1 1 .GT. TMX> YtMX i ZCII 
IF (Z(ii .LT. rum YMIN * zcii 

112 CONTINUE 
XCON > XLNGTH / (XHAX-XHIli) 
YCON - VLNGTH / (YNAX-YNIN) 
DISPL * 1.0 2 » (XNAX • XHINI 

XSCL * K r i X - XNIN) / XLNGTH 
YSCL * i m K - YMIN) / YLNGTH 
OSCL * OISPL / S'.NGTH 
RSF*XSCL/FSCL»0.5 
RSFJ • K F / CONJT 
PJCL>F>SCL*CONJT 

CALL CCSGIt 
NRITE ( 9 8 , 115) MED 

115 FORMAT 1119/1A9I 
CALL CCLTS ( - 1 . 2 , 0.5 . 1 . 2) 
CALL CCL1L ( 1 . 1 ) 
00 119 N>1,NUMEL 
N I * IX (N .1> 
NJ*IX(N,2> 
NK* IX(N,3 I 
NL*IX(N.<i> 
XTRC1I • R(NI) 
XTR(2) * R(NJ) 
XTR(3) i RINO 
XTRUI * RIND 
XTR(5I - XTRI1) 
XTR(6I x Z (M> 
XTR(7) * Z(NJ) 
XTR(l ) * Z(N<) 
XTRC9) « Z(NL) 
I F ( IX(M.S) .GT. USHELL) GO TO 117 
X T R t l l l = XT*(6> 
CALL CCPLOT CXTt 1 ) . XTR(6>. 5. liHJOIN) 

117 CONTINUE 
COR * 3 . 
XCEN * XTR(1> • XTR(2) • XTRC3) 
YCEN » XTR(6) • XTRC7I • XTR(8> 
IF INK .EO. NL) GO TO 118 
COR « •>. 
XCEN « XCEN » KTRU) 
YCEN * YCEN » XTR(9> 

118 XCEN*XCEN/C0R»XC0*».C5 
YCEN«YCEN/C0R*YCO»»l.i 

119 CONTINUE 
NRITE (91.1211 XSCL, YSCL 

121 FORMAT (15H 1 IN CN X AXIS/M< =E1J.<1,3H FT/ lSh 1 IN ON * AXIS/ 
1VH »E12.* ,3H FT) 

00 123 I*1,NUHHAT 
NRITE ( 9 8 , 2115) I 
I F ( I . L E . NSHELL) GO TO 122 
NRITE 198.2130) ( E C J , I > . J * 1 . 7 ) 
GO TO 123 

122 NRITE(91 ,2 I2 I ) RO ( I I . ( E I J . I ) . J» l , € ) 
123 CONTINUE 

XF s CCXMAX » 1.5 
CALL CCLTF (XP, 11.5. 0. i) 
CALL CCNEXT 

c.......... INITIALIZE «••"•«• 
00 » Iil.HJELT 

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. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLO. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRF'.C. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
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S I C N I I I x J . O 
4 S I S T d l i O . I 

tiF2*NUHFNP»NUHFNP 
12(1 READ t .MORO 

NFZiNUHFNr tMJNFNP 
I F M O f t C . E C . t L A N K I NF2=NUHFM> 
NEOiKEO 
M N * H 8 A N O » K 0 
NN9«H8FL0H»MF2 
N 2 « l 
M 2 * H H U 
H 3 * H 2 » H N 9 
N4<M3*NEQ 
MS*H<i*NE3 
H»»H5»NEQ 
H7»M«»NF2 
H t » H 7 * N F 2 
N5«H«»*UHFNP 
1 1 - 1 
I 2 *2 *NF2» I1 
I3*NE0»I2 
0 0 1 3 5 I * H 3 t N 9 
A t l l i O . O 

1 3 5 CONTINUE 

C • • • • I M T H L N 3 0 * L LOADS * » » • 
0 0 TStl I » 1 , » U H N P 
K 1 * I B E 0 U » I > 
K 2 * I D E C I < 2 . I > 
K 3 s I D E 0 ( 3 . t ) 
J * I O E S T < I > 
» ( M 5 « 3 - l > * P H I O ( J I 
T E H P ( I ) I P H I O U ) 
A < W l « K l - l > « A < l « l « i - I ) » U R ( I > 
A ( N I » « K 2 - 1 I * A < H I . « K 2 - 1 > » U Z ( I I 
0 8 0 1 H l » l . 0 
D B O < K 2 ) * 0 . 0 

7 5 0 t CONTINUE 
0 0 5 1 5 K*1 .NEQ 
TUIAO tit 1 = 8 . 0 

505 CONTINUE 
CONf INUE 

CALCULATION OF APERTURES 
I F ( N J E L T . G T . O ) CALL APERTUR 

125 T I T i O . O 
T F L * 0 . 0 
T . i O . O 
. f « 0 
T I W ' 0 . 0 
IPER*« 
HSTEP=0 
0 * T « l . - l . / T H E T » 
0 T H > 0 T / 2 . 
TOTH»THETA»CTH 
H T 0 T » 0 T H - 1 0 T H 

CALL S E C O f O I T S T I 
SOLVE NON-LINEAR STRUCTURE BY SUCCESSIVE APPROXIMATIONS 

STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
S T R F t r 
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. 



170 HP * MP » 1 
NCCxO 
IP«NFPlPP> 
READ lOOS.NSTEP.OT 

C 
17* CONTINUE 

TIPE*TIME«OT 
175 DO 195 NNNii . IP 

FL»6 * .FALSE. 
IPER*IPER«1 
INOEX * IPATCIPERI 

C 
185 CONTINUE 

C POtTC CALCULATED. IF SYSDIf AND TOTALO IS SUPPLIED 

QQsTOTALU 
IF(QQ.NE. 1 . ) CO TO 186 
*O*1.0 
TOTz l . t 
CO TO 167 

1«6 COKTINUE 
RO* SrSDIH«E( l , l ) / (VISC«OQ) 
T0T*E(1.1I»TIM£»E C5 . i l /VISC 

187 CONTINUE 
C 

IFIFLAG) GO TO ISO 
CALL STIFF(THETA»CT/2.,A IN2) .AIM 2 ),A (H3I .A <««.> ,A (H5» .NEQ . NUPFNP 

, MN,MN9,M8»H0,«BFL0H.TIHE I 
C 
C SOLVE FOR DISPLACEMENTS 
C 

CALL SCLVES(THETA,0T.TIME,«<N2),A<M2>,A<N3I,A(N<.I.A(N5>.1 (M6I, 
•KOOE.IDd 1 ,10112) .NUMNP.NEO.HUHEL.NSMELL.NSANO.IlBFLOII. 
•NUMFNP,ICCMPR,IDEST.INDEX.IPER.NNN,I0Ea.PHI0.a,IP.aN,A(H7l,PN9, 
« TLOAO) 

321 CONTINUE 
IFITHETA.EQ.1.0) GO TO 323 
1*0 
DO 325 K=l.NEO 
AIN3«I)*A(M3»I)/THET»tDRT»»(M5»II 

325 I » I H 
323 CONTINUE 

IF(INOEX.IiE.«l PRINT J2*,KP 
321. FORMAT CDISPL.AND PRtSS.AT THE ENC OF TINE STEP NC.».t51 

IF(INOEX.EQ.I) GO TO 192 
PRINT 2008,TIKE 

2004 F0RMATUH1. 30H OISPL. ANC PRESSURES AT TINE . E l f . * / / 6K . 
. 1IH NODAL PT -2IHDISPL IN X-DIREC .20HDISPL IN T-OIRiC 

IAN PRESSURE 22H OIHENSIOhLESS TINE.TD.ZEH OIHENSIONLESS 
•ESSURE.PO//I 

CALL PRINT<NUMNP,10EQ.N*X1,R.RC.T0T,A<N3).TEHPI 
326 FORNAT(I10,!E20.5) 
192 CONTINUE 
190 CALL STRFLOIA(M3).A<Mi,l,A(M5),TIHE,IP,FLAG,NCC.GT> 

IFIFLAG) CO TO 191 
IFIINDEX.NE.O GO TO 193 

C . . . . . N O T NEECEC IF UNCCUPLED FLOH PROBLEM IS SOLVED 
IFC E U . D . E Q . 0 . 0 ) CO TO 193 
PRINT 32".,MP 
PRINT 2(08,TIME 

STRFLC 
STP.FLC 
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 
STRFLC 
STRFLF 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 

PRSTRFLC 
STRFLC. 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
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CALL PRINT (NUHNP,I0EQ»NA>I.R.RD.T0T.A(tl3),TENP> 
143 CONTINUE 

IPER»IP£R»IP-HNN 
GO ro i » 

191 CALL secoto n> 
IFIIPER.EO. i l TIT=T-TST 
Tl.TTOTAL-T 
IFITL.LE.TIT.AND.MM.LT.IP) GO TO 215 

1S5 CONTINUE 
196 CONTINUE 

1*0 
DO 511 K'ltNEO 
A(H5»I I 'A (M3«I) 
A (H3« I ) *0 .0 
TLOAO(K)-0.0 

511 I « I » 1 

JFINCC.GE.NSTEPI GO TO GOO 
1005 FCRHAT(I10.E20.5> 

HPiUPH 
IP»NPP(PP) 
GO TO 17". 

600 CONTINUE 
NDTN»NOTN-l 

SOO CALL SECOND IT I 
Tl-TTOTAL-T 
IF ITL.LE.TIT.ANO.PP.LT.NIT) PRINT 210 
IF(HP.LT.NIT.ANC.fDTN.GT.O) GC TO 170 

210 FORMAT («NCT ENOUGI- TIPE FOR ANOTHER PERTURBATION') 

IF I IPUNCH.EQ. l .OR. IPUNO.Ea.3) GO TO 225 
GO TO 235 

20$ PRINT 210 

225 PUNCH 230. KN( I ) ,KS ( I >,MT ( I I ,M( I ) , Ixl .NJELTI 
23* FCRHAT( <.E20.6 I 
235 PRINT 2 * 0 . TIT 
21.0 FCRNATdSH PERTUReATION TINEE10.3.SH SECOHOS) 

GO TO S 

300 I F (IPLOT 
CALL EXIT 

.EO. 1) CALL CCENO 

ENO 
SUSPOUTIHE A*ERTUR 

LARGE A (125000) .10(901) 
LARGE I X I 3 t l , 5 ) .RESIO (311 , 6 ) ,R(3 

• .COOetJI I ) , I O E S T ( M 0 ) . « . K N ( 5 0 ) , 
• Q P ( 5 l ) . M ( 5 l ) , V E L ( 5 i ) . F R ( 5 l ) . R E ( 5 
• PHtO(30G) . IB(3M) . IDEQ(3 ,3 IO) ,K 
• .TLOA0C9I0) ,SIGN<5I>,SIST(5I>,05 

COKHON/GEN/KSHELL.IPUHCH.Etf.lZ) 
1 :(UMEL,N02>H£D(1GI,DI$PL.NJE 
3VISC»rSCL.DSCL.FSCL.PJCL.*PU>.C 
• ,MIFL0MtNUHNF2. NUHFkP .LNI12 

COMMON/APTR/IRANO.NJUHP.AAS.AAH 
I F ( IRAN3.NE.i l SO TO I I 
00 15 Jxl.HJELT 
1 « IOUT(J) 

• • I ,7(311) ,JR(3«a>,UZ(3IO 
R.«S(5 l ) ,NT(50>, ICUTI3 l l> 
l ) , a N ( M I ) . 3 I S P I I 3 i 0 . 2 ) . r 
OOE ( 3 . 3 I 0 ) . I E L ( £ 0 . 2 I , T N P ( 
0(610) 
• INDEX.NP.NNN.NCORE.NUNNP 
LT.IPER.NUN1AT.PSF.PSFJ.K 
ONLIN.NAXI.NS.NaAND.LNCTH 
).NF2 

STPFLC 
ST»FLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STP.FLC 
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. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLP. 

I LARGE.' 
. 0 ( 3 0 0 ) . LARGE.' 
EMP(30II.LARGF.' 
50.1.) LARGC> 

STRFLP. 
ICCHFR, GEN.2 

SCL.SPHT.GEN.3 
.NEO.NJHPGEN.i. 

GEN. 5 
APTP.2 
STRFLC. 
STPFLC. 
STRFLC. 
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NAT* I«BS( IX u .s i t 
NTUI*E(5.HAT> 

15 COKTINUE 
EO TO 35 

STRFlt 
STRFLC 
STRFLC 
STPFLC 

10 PRINT 16 
16 FORMAT I" APERTURES ARE RANOOPLY GENERATED'! 

00 21 Kxl.NJELT 
J ' IOUTIKI 
MAT*IABS< I X U . 5 ) ) 
A PR*1.1 
00 25 Ixl .12 
YFLsRANF(O) 

25 APRzAPftlYFL 
VTHi (APR-E.0)*AAS«AAH 
N T H ) * -EXPCVTHI 

20 CONTINUE 
35 I F ( NJHP.EQ.I I 60 TO •>• 

00 S I J I . l .HJHF 
REAO 1IO.I,COEG,COEH1,COEH2,COEH3,COEMI. 

100 F0RHAT( I5 .F1I . ] , I I F1S.5> 
PRINT 211 ,I.COEC,COENl.C0EH2,C0EKJ,COEMl. 

200 FORMAT 1/K.7X,6HC0EG= ,F10.3.10X.7HC0EH1 
H.3,7HCOf.H3 = .F10.3.5X,7HCOEHi.r .F10.3 ) 

,F10.3,10X.7MCOEH2 = 

GO TO 230 

STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STR'LC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 

F1STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFI.C. 
STRFLC. 
STRFLC. 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 

LARGE A(125II0> ,10(901) STRFLF. 
LARGE IXI301. 5).RESID 13(1. <>),R (3 01) ,Z(3CI>. JR <3C0I.UZ(30a I LARGE. 

* .COOEC300) .IDESTI30 01,R.KN(50).R.ICS(50).HT(50I.ICUT(301) ,0(300). LARGE.. 
•aP(5l).H(5l),VEL(5l).FR(50).RE(5 0).QN(«IO).DISPI(300.2).rENP(3CO).LARGE.' 
* PHIOC3I0 l,I«(300>,I0EQ(3,3»0l,<0OE (3,300I,IEL(50,2>.INP150,<.) LARGE.' 
•,TLOAO(SI«>.SICN(58I.SIGT (511,090(600) STRFIP. 
CONNON/eLANK/S(6,a).P(10).RSTRS(«I.VOL,*RR(5).7ZZ(SI.LBAD,R>0N, BLAN<. 

1 RR«.I,2Z(IO,IPAT(50>.ACELX,ACEIY.NRES,RO(12>. BLANK. 
2 MTYPE.XI.XCE»,YCEN,XTR(10),FAC.H(6>.PDtl..l£>.QQ(2.<>> , BLANK.; 
3 PRS.FZS.FRT, FZT.EG BLI»<. 

CONHCN/GEN/NSHELL.IPUNCH.E (7.12) .INDEX.IP.IWN.NCORE.NUKNO , ICCMPR, GEN. 2 
t NUKL,N02,HE0(16>.DISFL,NJELT, I PER. NUIM.M.FSF.PSFJ. KSCL.SFNT, GEN.3 
3VISC.YSCL.DSCL, FSCL,PJCL.KP(*>,CONLIP,NAXI,MB. PEANO.LNGTH .NEQ.NJPPGEN.I. 
• ,HBFL0M,HUI'NF2,NUHFNP,LN[12I,NF2 GEN.5 

C0HMCN/Er /ST«>.a) .S0<2.< i> ,AJ{g,2 l ,00(2 ,2 ) ,9 je«) ,HR(6) ,HZI6) E".2 
• , E J ( 2 , 2 I EH.J 

LARGE A l (kQ , l> ,«2 INNP.l) ,B (1 ) ,B3 (1> ,P0 (1 ) STRFLC. 
DIMENSION P P I 2 I , t P ( 2 ) . T L ( l ) STRFLC. 
C0MNCN/STf/SFIa,8>»SC(l.4).SHtli , l . l ,SE(<>.t> STRFLC. 

STRFLC. 

00 220 J ' l.NJELT 
I F I IOUTIJ) ,EQ. I ) 

220 CONTINUE 
230 NT(J) « COEG * MT1JI 

MAT'IABS( I X ( I , 5 ) ) 
E(1.MAT)*C0EH1»E(1,MAT> 
E(2,MAT)=C0EN2*E(2.MATI 
E(3.NATI*C0EM3»E(3,NAT) 
E (t>. NATIsCOEHU'EC.NAT) 

50 CONTINUE 

<•• CONTINUE 
RETURN 
END 
SUBROUTINE sr iFF<0T,Al ,A2,E,e0.P0,NQ,hl iP, MX, NN9.KT.HF.TIHE ) 



5 8 

STRFLC 
C STRFLC 

REMIND t STRFLC 
REMIND 9 STRFcC 
I S H i * STRFLC 
J S H = 2 STRFLC 
LBAO = 0 S T » F L f 

C STRFLC 
OC 7 0 2 K = 1 , N E 0 STRFLC 
0 0 7 1 2 L=1.MBAN0 STRFLC 

702 A l C K . L I r l . O STRFLC 
0 0 T i l « = 1 , N W STRFLC 
0 0 7 ( 1 LLs l .MBFLCM STRFLC 
I F < N F 2 „ C T . N U N F N P I A2 I K K . M i F L O H t L L I * 0 . • STRFLC 

7 0 1 A 2 f K K , L L > = 0 . 0 STRFLC 
C STRFLC 
C STRFLC 

NJ > I STRFLC. 
C STRFLC. 

0 0 3 1 1 tei,NU«L STRFLC 
0 0 2 0 0 l-Uk STRFlC 
N P I I ) = I X < N . I I STRFLC. 

200 CONTINUE STRFLC. 
H T T P S = I X I N , 5 ) STRFLC. 
I F » M T T P E . L E . N S H E L L > CO TO 92 STRFLC 
M J z N J » l STRFLC 

C STRFLC. 
C STRFLC. 
C JOINT MATERIAL PROPERTY ASSISKNENT STRFLC. 
C STRFLC. 
C KN AND KS ARE HCCIF IEO AFTER EACV PERTRBATION,THEREFORE. STRFLC. 
C AFTER F IRST PERTUEATION OF FIRST T INE STEP iALCLILATEO STIFFNESSES STRFLC. 
C ARE USEO STRFLC. 

STRFLC. 
C WHEN RESTARTED STIFFNESS VALUES THAT AV£ RESULTS CF PSECEEOING STRFLC. 
C RUNS ARE REAO I N DIRECTLY STRFLC. 
C STRFLC. 

I F I H P . G T . l ) 5 0 TO 61 STRFLC. 
I F ( N N N . G T . l ) GO TO 6 1 STRFLC. 
I F ( IPUNCH . G E . 2 ) GO TO 6 1 STRFLC. 
K N ( N J ) * E U . N T Y P E ) STRFLC. 
K S I H J I * E I 2 . M T V P E ) STRFLC. 

61 CONTINUE STRFLC. 
C STRFLC. 
c . . . . . . . . JOINT ELEMENTS • • • • • • • STRFLC. 

CALL J T S T I F 1 B . S 0 . P O . M J . N 1 STRFLC. 
I F ( V O L . L T . t . l ) I X I N . S I ' - I X N . S ) STRFLC. 
CALL A S N S L E < D T . A 1 . A 2 . N . S . A J , D D . E J . I 0 E 0 . N E 0 . N F 2 , I 0 E S T . J S M > STRFLC. 
GO TO 3 ) 9 STRFLC. 

C STRFLC. 
c........ SOLID ELEMENTS ••••••• STRFLC. 
C STRFLC. 

92 CONTINUE STRFLC. 
I F ( I P E R . G T . L A N D . S P M T . E O . 0 . 0 ) GO TO 94 STRFLC. 
I F ( N N N . C T . l ) GO TO 9<> STRFLC. 
CALL E L S T I F I 3 . B 0 . P 0 . N I STPFLC. 
CALL A S * S L E ( 0 T , « l , A 2 , N , S F , S C . S H , S E . I D E O . N O , H F 2 , I O E S T , I S H > STRFLC. 
GO TO 310 STRFLC. 

91. READ < « ) S F . S C . S H . S E . N P STRFLC. 
93 CALL A S t ' 9 L E ( 3 T t A l . A 2 . N . S F , S C . S H , S E . I 0 E Q . N a . N F 2 , I 0 E S T . I S H > STRFLC. 

390 CONTINUE STPFLC. 
I F I N K N . C T . i l GO TO 500 STRFLC. 

http://IFINKN.CT.il
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DO 301 XtltNIMNP STRFLC 
J'lOBSTll) STRFLC 
K»IDE0(3 , I ) STRFLC 
I F ( K O D E C . I I . I E . O I GO TO 35C STRFLF 
TLOAD[IO = PO(K>«1.0E»20 STP.FLF 
QN(JUTLO»0(KI STRFLF 
60 TO 3 f i STRFLF 

350 9tHNUKFNPO)*TL0»DtlO»Q(Jl STRFLF 
301 CONriNUE STRFLF 
SOI RETURN STRFLC 

EMO STRfLC 
SUBROUTINE JTSTIF(B,BO.PO,N.N> STRFLC 

C STRFLC 
LARGE * (125010) .10(901) STRFLF 
LARGE IX(301,E> ,KESID<3C1,'.>,R<3 00> , Z ( 3 I I ) , J R ( 3 C 0 ) , U 7 I 3 M 1 URGE. 

• .CODE (300) > IOEST(300),R>KN(S0I .R.KS(S0I .MT(50), ICUT(301l . 0 ( 3 0 0 ) . LARGE. 
•aP (S I> ,M<5 I I .VE l (50> .FR( IS ! ,RE(5 0>.aN(9in>,3ISPI(300.2).TEMe(SOO>,LARGF. 
• P H I O ( 3 0 I ) . I I ( 3 0 I ) , I D E Q ( 3 . 3 H I , < O C E 1 3 , 3 1 1 ) , I E L ( 5 1 , 2 ) , I N M 5 0 , 4 1 LARGE. 
• ,TLOA0(«0l>.SICN(5«).S:GT(SI>,OSOH>MI STRFLF 

COMHON/BLANK/S(A,a),P(l«| ,RSTRSi<>>.V0L.RRR<5l,ZZZ(5>,LSA0.R»DN. BLANK. 
1 Rft(*>.ZZC>>.IPAT(50>.ACEL(,ACELr,NRrS.R0(12). 3LANK. 
2 NTYPE.XI,XCE>.rCEN,XTR(H>.FAC.H(l l ,PO(<. ,12),00^,1.1 . BLANC 
3 PRS.PZS, PRT, PZT.EG BLANK. 

C0HHON/CEN/NSHELL.IPUNCh.E(7.12) • INDEX,HP.HIN,NCOFE.NUMNP . ICOMPR, GEN.2 
1 NUNEL,N32,HE0(16),DISPL,NJELT, IPER.NUNHAT.FSF,PSFJ,(SCL,SPHT,GEN.3 
3YISC,rSCL,DSCL, FSCL, PJCL.NPKO.CONLIM.HAXI.NS.NEANDtLNGTH.NEO.NJPPGEN.i 
• ,HBFL0H,NUMI<P2,NUHFKP,LM(12I,NF2 GEN.5 

CCPH0N/EH/ST((. ,S).SQ(2.i>),AJ{S,2>,0D(2,2>,Ql>«.) ,HM6),HZ(6> E».J 
» ,EJ(2 ,2 ) f i . ' 

C ST'FLC 
LARGE 8(1 >,B0(1I ,F0(1> STRFLC 
DIMENSION AS(l>,l i ) ,TR(2,2) ,PPP(8I ,SS <",,<>> .TTr (6 >,SSS (6) ,V (<•> STRFLC 
DIMENSION A T ( 9 . 2 ) , C J ( I , 2 ) .DUM (2<>) ,PP (« ) STRFLC 
DIMENSION EPRO(l) .CPROO) STRFLC 
DATA A f / 1 . , ' 1 . , 1 . , - 1 . , - 1 , , 1 . , - 1 . , 1 . / STRFLC 
OATA A i / 2 . , 1 . , - 1 . . - 2 . , l . , c . , - 2 . , - l . , - 1 . . - 2 . . 2 . . 1 . . - 2 . . - 1 . , 1 . , 2 . / STRFLC 
DATA SS/-0 . 5 , 0 . . , C . .0 .5 , 0 . .O .5 , - 0 . 5 . 0 . . 0 . . - 0 . S . t . 5 , 0 . , STRFLC 

1 0 . 5 . O . . O . . - I . 5 / STRFLC 
C STRFLC 

OATA INCOH/lOHINCCfoRESS/ STRFLF, 
I I * I X ( N , 1 > STRFLC 
JJx IX(N,2) STRFLC. 
RM = - 1 . 0 STRFLC. 
IF (NAXI .NE. 0) RH = - (R (JJ ) « R I I D ) / 2.0 STRFLC. 
DR=R ( J J ) - R ( I I ) ST^FLC. 
0 Z = Z ( J J ) - 2 ( I I > STRFLC. 
YOL i SORT(0R»DR • DZ»OZ) STRFLC. 
IF (VOL .EQ. 0.0) GO TO <>70 STRFLC. 

STPFLC. 
C»* MATERIAL PROPERTIES STRFLC. 

51 C0MS«KS(K)»W0L/6.C STRFLC. 
COHN*KN(M)»VOL/6.0 3TPF1.C. 

C S T S F L C . 
C INITIALIZf STRF L C . 

oo ioo i:=i.o : • • = i : 
o ( l l 1 = 0.3 : " • • . 
EPROdlUG.C " • - " L : . 
CFFO(I I ) = 0.C • ' • - i 
00 100 JJ = 1.8 ; ' : < : - . 

100 S ( I I . J J ) = O.G ----L-. 
30 99 1=1,u - - - - - . . r . 
EJ (11=0.3 - - • " ' • . r. 



6 0 

O O I I > = o . a 
DO 9B 1 * 1 , 1 6 
A J ( I » * 0 . 0 

D f f E L O P RESIDUAL STRESS CONTRIBUTIONS TO THE LCAG WECO= 

THE FOLLOWING S I G N I N V E N T I O N I S ADOPTED.THE KORNAL STRESS I S PCS 
WHEN DIRECTEO OUTMARD THE ELEMENT ON THE FACE ( I I . J J ) . THE SHEAP 
I S POSITIVE WHEN DIRECTED FFCN I I TO J J AND KK TO LL I N S I D E THE E 

TR(1,11*DR/VDL 
TRU.2>*0Z/V3L 
IFCIPER.GT.i l GO TO : ' l 
SC = T R ( l . l ) • TRC1.2I 
S2 - TRC1.2) * • 2 
02 * TRI1 .1 ) • • 2 

111 RSTRS<l)*RESID(ti.l)»S2»RESID(N.2) ,C2»2.<'RESI0CN,l.l«SC 
RSTRS<21*CRESI0CH,21-RESICCN.ill»SC»RESIOCN, l, l>(S2-C2l 
TFORT««STRS(il»VOL»RN 
TFORXsRSTRS (2 )»V0L»RH 
RftTLC'0.0 
IFCNAXI.EC.l) GO TO 112 
I I . I X I N . l t 
RATLO* C-1./RHI«(R ( I I 1 / 2 . ,VCL/3.0 1-0.5 

112 PPP<1>*TFCRY»CO.S-RATLOI 
PPPC21xTFCRX» CO.S-RATLO) 
PPP ( J) =TF CR »• (0 • 5 «R» T LOI 
PPP(kj>zTFORX*IO.S»RATLO> 
PPPC5)*-PPPC3 1 
PPP(6 ) - -PPP(H 
PPP I7 t i -PPP( l ) 
PPPC«I*-PPP(2 1 

1T1 CONTINUE 

00 SCO 11=1,1. 
IN * II • II 
IS = IN - 1 
00 2(0 JJ=l,k 
JK i JJ > JJ 
JS « JN - 1 
rouN'«siii.jj> 
IFCN4XI .NE. i l TDUNz-TOUH«RH»SS(II.JJ>«0R 
S<IS,JS>>COHS«TDUK 

200 SCIN»JN)=COHN»TDUh 

ROTATE TO GLOBAL COORDINATES 
T R I Z . l ) s -TRC1.2I 
TR I2 .2 ! = TRC1.1I 
IFCTRC1.1I .EQ.1.1 GO TO »50 

DO klO NNsl.k 
JJ • NH , NN 
DO <tlO 11=1 .6 
T 0 U M T S ( I I , J J - 1 ) « T R ( 1 , 1 ) » S I I I , J J ) * T « ( 2 , 1 1 
S U I . J J 1 = S ( I I , J J - 1 ) * T R ( 1 . 2 I • S d l . J J I «>TR(2.21 

kin S(II .JJ-1)=TDUH 
DO CZa 1 1 * 1 . 8 
TOUM.SCJJ-l.IIl'TRIl.lMSIJJ.III'TR(2, II 
SCJJ.III * SCJJ-1,II>»TR(1,2I » S<JJ,II>«T*C2,2> 

»2» SCJJ-l.III-TOUH 
*00 CONTINUE 

ST'Fic 
STRFLC 
STRFLC 
STRFLC 
STRFLC 

••• STRFLC 
ITIVE STRFLC 
STRESSTPFLC 
LEHEKSTRFLC 

STRFLC -
STRFLC 
ST=FLC 
ST=.FLC 

STOFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STPFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STOFLC. 
S7"LC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC 
STRFLC. 
STRFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STOFLC. 
STRFLC. 
STRFLC 
STRFLC. 
STRFLC. 
5TRFLC. 
STRFLC 
STRFLC. 
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1.50 CONriNUE 
I F U P E R . N E . l ) GO TO ".65 
00 <•« 1x1,4 
S*XX<N.X) 
I I * I • I 
J « I I - 1 

<.61 Kl*IOEatl,K) 
<C2*I0Eat2.K> 
80(« l l=B0(K l l»PPP(J)»TR[1 .2)»PPO r i I ) » T R ( 2 . 2 ) 
B0HC2»*B0«2>-PPP<J)«TR(2,2UPPP<III '>TR<1.2» 

1.60 CONTINUE 
1.65 CONTINUE 

C0N=1.«/I12.B»VISC> 
00 61 L i l . k 
K.IXIN.LI 
Kl'IOEQM.O 
K2>XDEQ(2,K> 

60 V t l ) » P 0 « 2 ) « T R ( t i l l - P 0 H l l » T R ( 1 . 2 l 
EPSN*.5«CVI<il-V<l>*V(3»-V<2>> 
H|sNT(N) 
I F I E P S N . G E . N O ISO TO 61 
PRINT 62.N 

62 FORMAT (•DISPLACEMENT GREATER THAN ALLOtCO IN ELEMENT NO. • 15) 
61 M(M)x»SS<*BJ!HO)»EPSNl 

I F ( N I H ) . L T . l . O E - B ) W(HI*0.0 
EN=N(N)«3 
QP<N)«-EN»COM»RH 

00 71 1x1,4 
71 ODIDiQPI H/YOL 

00(l,2)x-DD !1.2> 
00(2,11x00(1,21 
K.IX IN,5) 
IFCCOMPR.EQ. INCCH) GO TO 73 
EE*VOL/(6.0«£(7,K>) 
EE'-EE'NtCI'RN 
00 72 Iil.2 
00 72 J*l,2 

72 EJII.JIs EE 
CJtl,l)s2.i«EJ{l.l) 
EJI2,2)x£J(l,l) 

73 CONTINUE 
Ol«-EC6.K>»VOL«RN/'..0 
TSIN"0L»TRU.2> 
TCOS»Ol»TRU, 1> 
00 310 1x1,1, 
II»I»I 
• J(II,l|x»T IIII'TCOS 
AJ(II-i,ll*ATIII-l)«TSIN 
»J(tI,2)=»J(II.D 
AJIII-1.2)'tJ(II-l,l) 

300 CONTINUE 
XF<NNN.GT.1> CO TO 90 
IFISPHT.EQ.I.) GO TO SO 
DT.-TM1.2) 
OG>QP(HI«SPNT 
GT>0C«0r/2.« 

STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STR'LC 
STF.FLC 
STPFLC 
STR rLC 
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. 
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I2xIX(N.2> 
K l ' I D E O f l . U ) 
K 2 i I 0 £ a f 3 , I 2 ) 
TL0AC(Kl)xTL0AD<Kl>>GY 
TL0A0<K2)*TL0»D(K2>-6r 

60 CONTINUE 

IFUPER.GT.1> CO TO 6*0 
00 6*0 I x l . 2 
00 t i e J *1 .2 
K'IX<N.J1 
L t lDESTIO 
EPRO(DzEPROm*EJU,JI>PNIO<LI 

600 CONTINUE 
00 itO 1=1.« 
00 610 .fcl.Z 
K*XXtN.JI 
L'IOEST(K) 
CFRO(I)«CPRO(II»*JII ,Jt>P)<IO(L> 

610 CONTINUE 
00 6Z0 J=1.Z 
K* IX(N.J) 
K3*IOEQ(3,K> 
BOCKIIiBO IKS) -EPROU ) 

6Z0 CONTINUE 
00 630 J = l , * 
K ' IX (N .J ) 
KlzlOEQd.K) 
K2xlOEQ(! ,K1 
BOUi>«BO<Kll»CPRC{J»J-l) 
B0(KZI*BO(K2> •CPRCUtJ) 

630 CONTINUE 
640 CONTINUE 

RETURN 
*70 PRINT »71.N 
471 FORMAT<17H BAD JOINT ,N=I3 /> 

LB«0«LBA0»1 
RETURN 
END 
SUBROUTINE FORHSISt. T1.IP> 
C0NHCN/BLANK/SU,8>,P<1I> ,l!STRS(l»I.YOL.RRR<S>,Z2Z<5I.LBAD,RA0N, 

1 ARUI,ZZ«.>,IMT(5«>.ACELX.ACEL»,NRES,»0I12>, 
2 HTYPEiXI.XCE».VCEN,XTR(l l ) .F*C.N(6>.PDU.12>.0.Q(Z.* l . 
3 PRS.FZS.PRT.PZT.ES 

C0NNCN/Er</ST(l>.ai .SQI2.k) .«J(a,2) ,DDI2.Z) .QU{l>) .HRI6I .HZ(6) 
» .EJ 12.21 
DIMENSION HStS) .HT<6>, 11(61.JJ16I 
OATA II/1.3.S.7;«.10/.JJ/2ik.E.«.11.12/ 

oo si m,»a 
SI POIt)«l.l 

SN.1.0-S1 
SP*1.I»S1 
TM1.I-T1 
TP*1.0»T1 
Hltl«S«*TP/». 
NI2l-SP»Tf/*>. 
HCJI.SP'TP/*. 
Hlkl*SN*TP/k. 
H(5I»I1.0-S1»S1» 

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. 
BLANK.; 
BLANK. 
BLANK.I 
BLANK.' 
EN. 2 
EM.3 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLO. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 



6 3 

H<6l*tl.0-T1*T1) 
HS( l )« -TM/ ( . . 
HS(2J«-HS(1I 
MSI3 I«TW>. 
H S U U - H S I S ) 
H S I S I * - 2 . » S 1 
HS (6 1=0.0 

HT«1I=-SM/I , . 
H T I 2 l " S P / » . 
H T I 3 ) * - H T ( 2 ) 
H T U I « - H T ( 1 ) 
HT(S>*0.9 
H T I * ) « - 2 . » T 1 

RZT»HT (1) »ZZ< 1) »HT (2 I »ZZ (21 »HT (3I*ZZ 131 »HT (l. I »ZZ I * I 
PZS>HS(l>»ZZIl>»MSt2>*ZZt2)»HSI3l«ZZI3ltHSU>»ZZ«i> 
PRS*HS<l)*RRIl)»HSIZ>»RR(2UHS<3>»tR<3>»HSCI,!»RM<.> 
PRT*MT<1>*RRI1>*HT (2 l>RK(2)*HT (3 l*RK<3HHT«,)***<<•> 
XJ»P*S»PZT-PRT»PZS 

PSR«PZT«J 
PTM-PZS/XJ 
PSZ--PRT/XJ 
PTZ*P*S/XJ 

00 100 1:1,6 
MRU l*PSR»HS( I I »PTR»HT I I I 

100 HZ( IUPSZ»HS( I I *PTZ»HT( I I 
I F ( IP .NE.OI GO TO ISO 
R* l 
CO TO 170 

150 *«Hl l>»RR(tJ*H12|OKR(2)«H(3l»RRI3l»HU)»RRUI 

FCRK STMIN DISPLACEMENT »ATRIX 

1T0 00 200 K* l ,6 
I ' l l IX) 
J*JJ(K! 
P 0 ( 1 , I I * H R ( K I 
PD(2,JI>HZ(K> 
IF IIPI iaa>i*a>iao 

l i l P 0 I 3 , I I » N U I / R 
190 P D U , I I « H Z ( X ) 
200 POU.JUHIKK) 

00 310 K M , * 
Q0<1,K)*HR(K) 

3aO QOIZ.XIiHZIK) 
F»C*XJ»R 
RETURN 
END 
SUBROUTINE ELSTIF(B,BO,PO,N) 

LARGE * ( i 2 s g o a i , r o ( 9 0 « i 
LARGE I X I 3 0 1 , S ) , *ES I0 (3a i , I t ) ,RUOBI ,Z<3I0 I ,UR (300I.UZ 1300 ) 

• ,cooE(3aa) , ioEST(3oai ,R.KN<so) ,R,KS(sai ,MT(sgi , icuTi3a i ) , 0 1 3 0 0 , 
•0P (50> ,m5 l> ,V tL t50> ,FRt50 ) ,RE(5 0 > , a i J H I 0 ) , D I S P I O 0 l , 2 > , TEHPISOOI 
• PHICI3M l,ia(3ll I.IOECH 3,3CI),<0C£ (3,310),IEL (5«. J >,!»*( 50,*) 
•,TlOAD(MI>,SIGN(5ai,SIGT(5i),D30(S»0> 
COHPCN/BLIHK/S().•),Pill) ,«STRS<»>.V0L,RRR(5 I, ZZZ <SI.LSAD,RADN, 

STRFtC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLO 
STRFLC 
STRFtC 
STRFLC 
STR^LC 
STRFLC 
STRFLC 
STRFLC 
STRFCC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLO 
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. 
STRFLF. 
LARGER 
LARGE.! 

,L*RGE.° 
LARGE.' 
STRFLF. 
BLANK.; 



64 

1 *«(*>,ZZ<<.>,IP«T(St».»CELX,»CEL»,NRES.RCI12>, BLJKX. 
2 MTVP£,XI ,XCE>,rCEN,XTft( l«I .FAC,Ht6l ,P0CI»,12>.QQ(2 t t ) . BLANC 
3 PRS.PZS.PRT.PZT.EG SLINK. 

C0HMCN/SEN/I6HELL.IPUNCH,E<7,12I •IN0EX,HP,NNN.NCC*E»NUIMP.ICCf1Fg, GEN.2 
1 NUKL.N02,HED(16t.DISPL,NJELT,XPEK.NUtmT,FSF,PSFJ.«SCL.SPKT.G!:N.3 
3VISCYSCL.OSCL, FSCL,PJCl,liP«>l,CONLl"N,NAXI,NB.HBANO,LIKTH,NEO,NJMPGEN.li 

.XBFLON, NUM*F2, MJHFAP,LM(12),NF2 
C0M*C*/EM/STC<.,I>,SQ(2,<.> ,»J<8.2) ,Dn<2.2l ,Ql lU>,HR<6>,HZ<61 

• . E J I 2 . 2 ) 

LARGE 8 l l > . t 0 ( l ) . P 0 U > 
DIMENSION D X ( I » I , E E I 1 ) . E N U ( 1 I . E N ( 1 I , E H ( 1 ) . 0 U N ; 2 O I . 

t PR(l«>,TTTt6>,SSSI6>,0BC>,0<l. , l .> 
C0HH0N/SIF/SF(8,8) .SC(t . l | ) .SH( l . , l | ) ,5Ei<l ." i l 
DIMENSION E«OUO»,CPRO«10I 

GEN. 5 
EM.2 
EM. 3 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 

DXT« IHCOK/10HINCCMPRESS/,SSS'-.57735I27,.57735027,0.0,-. 7 7 « 5 « 7 , STRFLC 
. l . l , . 7 7 l i 5 < : 6 T / . T T T / l . S . I . I . I . • . . 5 5 5 5 5 5 5 * , . 888 88889. .55555556/ 

DO 6 1*1.10 
EPROII >*!•!) 
CFROI I I ' I .O 
PRU 1*0.0 

6 P < I I * 0 . ( 
00 2 J x l . 16 
SE<J>>0.0 

2 SH«J i>o.e 
00 3 JJx l . 32 
STUJUC.O 

3 SCUJUO.O 
00 1 1=1,* 

i oxauo.o 
5 CONTINUE 

DO 70 1 * 1 , * 
H ' l X M . I I 
R K U I t R I N ) 
Z Z t l l ' Z ( H ) 

70 CONTINUE 
K*IX(N,5> 
F » C T . E ( 2 . H / ( l l . - 2 . ' E I 3 , K ) ) - < 1 . . E ( 3 , K ) I I 
C1«<1. -E(3 ,0 )«FACT 
C2*EI3,K)">FACT 
C3«(.S-E<3,K»I»FACT 
EEN. IH . IC I 
PERH«Efl»OSVISC 
I F I N A X I . E C o> 07*0.0 
IF lICOHPR.EQ.INCtNl EENxl.O 
DO 15 1*1,61. 

95 SF( I> *0 .« 

FORM STRAIN «N0 FLOW M M ICES AT THE CENTER OF THE ELEMENT 

DO 520 1=1,3 
D U . M i O . O 
O l t . I U C . C 
00 510 J * 1.3 

I I I D f I . J I * C 2 
520 0 < I . I > * C 1 

0 U , t > * C 3 
CALL F O U H B t l . i . l . l . N i K I l 
DO 51.1 I~1,B 

5»n sanisPERP>«a( i> 
DO 533 1*1, » 

STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLO 
STRFLC. 
STRFLC. 
ST3FLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLO. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFIC. 
STRFIC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 



6 5 

00 533 J* 1,8 
DO 933 K*ltfc 

$33 S T I I , J ) * S T ( I , J I *0( I ,KI»(>D(K,J> 

K*IX IN. 51 

NTS. 2 
IFINAXI.NE.O) NTS=3 
NN*<fcTS-2>*3 

00 511 LR'l.NTS 
S1*SSSILR*NN> 
DO i l l LZi l .NTS 
T1*SSS(LZ»NN> 
CALL FOMie(Sl,Tl,:<AXI> 
FAC*FAC*TTT{LR»NN)»TTTILZ«NN> 

FORM NODAL LOAD VECTOR •••••> 

IFUCELY.EQ.O.) 60 TO *,S3 
FACF»FAC»RO(K)*ACEL» 
00 »S1 1*1,1. 
J « I » I 

»51 P(J ) *P IJ ) -H( I )»FACF 
••53 CONTINUE 

IFIIPER.NE. l ) GO TO 58 
DO 57 1*1,6 
DO 57 J * l . « 

57 PR<I)=PR<II»(ESIO(N,JI*PO<J, I>*F*C 
58 CONTINUE 

K MATRIX 

00 SI 1*1 ,8 
01*1 C1*PD (1 ,1 l»C2*P0 <2.I)«C2*P0< 3,11 >*FAC 
DZ* IC2*P0U.r>»Cl»PDI2 . I I»C2*P0<3, I ) ) *FAC 
03*(C2*PD<1,I>»C2*P0 12,I>«C1*FO<3,I)>*F«C 
0**ICJ*POtl>,t l l 'FAC 
DO «0 J z I . S 

90 S F I J . D ' S F I J , I)»01»PD(1,J»»02»PO < 2 , J I » 0 3 * P D ( 3 , . J > * 0 H * P 0 < I . , J > 

C ANO E MATRICES 

FACN.FAC'EEN 
DO 100 1=1 ,8 
D B s P 0 ( l , I I » P O I 2 , I ) * P D ( 3 , I ) 
DO 108 J * l , » 

100 SC(I.JI=HU>»DB»FACN»SC<I,JI 
IF IICOMPR.EO..INCCMI GO TO 150 
FACIUFAC.f t f , K ) 
DO 130 1=1,1. 
DO 131 J * l , l t 

130 SEI I ,JUH(I )»H(JI»F«CM»SE ( I . J I 
150 CONTINUE 

H MATRIX 

FACX'FAC'FERM 
00 170 1=1,". 
OX<II*OXm*FACK*<00 11,1 >*ACELX»SQ(2 ,11*1-1. • I )»SP«T 
DO 171 J*l.« 
HH»QQI1.I)*00(1,J)»QQ(2,I)*00(2,JI 

STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLt 
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. 
STRFLC. 
STRFLC, 
STRFLC. 
STRFLC. 
STRFLC. 
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170 
500 

SH(I,J)«HI-»FACK»SN<I.J> 
CONTINUE 

FORM GLOBAL NODAL LCAO VECTOR • » • • • 

502 
503 

•20 
• 3* 
615 

IF (NkN.GT. l ) 60 TO 50] 
00 501 Jsl,l> 
K=IX(N,J I 
Klx IOEOl l .K) 
K2zI0E0.(2,K> 
TlO«OIKl>*TLO»0<Kl>-P(J,J- l l 
TL0A0(K2>.TL0A0(K2I-PIJ*JI 
IF ( IP£R.GT.1 I SO TO 501 
B0(K1(=B0IK1I -PR<J,J- l l 
90(K2>*B0 ( .2) -PRIJ*J ) 
CONTINUE 
IF(SPKT.EC.O) SO TO 503 
DO 512 I » l . » 
J . I X t N . K 
K*I0EQ(3,J> 
T10»0IK>=TL0»D1K)-DX(I> 
CONTINUE 
CONTINUE 
DO 505 I = l . S 
DO 505 J . 1 ,1 
S F t J , I I * S F ( I , J ) 

IF ( IPER.GT. l ) SO TO 830 
DO BOO 1 = 1 , " t 
00 BOO J- l , l> 
K*IX (N.JI 
L.IOEST(K) 
EPRO(I)sEPKO(I>»SE(I,J)*PHIOIL) 
CONTINUE 
00 S10 1=1 , B 
00 810 J=l.<i 
K . IX (N ,J ) 
L-IOESTIK) 
CrRO(I)<CPRO(I)»SCfI ,J)>PHIOIL) 
CONTINUE 
00 820 J*l ,<t 
I t . IX (N.JI 
KI . IOEOII .KI 
K2.I0EQt2.KI 
K3«I0£Q(3.K> 
B0(K1|.B0 IK1) »CPRC(J*J-l I 
B0(K2lxB0 (K2I •CrRC(J»JI 
B0(K3LBO<K3>-EPRCU> 
CONTINUE 
CONTINUE 
CONTINUE 
UNITE (Bl ST.SQ.KP 
WRITE (81 SF.SC.SH.SE.NP 

700 RETURN 

ENO 
SUBROUTINE 8SMLE IOT.A1, A£,N,SF. SCSH.SE . IOEQ. Nfl.kNP,JDES T.NH) 
C0»NON/BLAKK/S<B,8).P(lll ,RSTRS<«.I,VCL.R«» (5 1 ,ZZZ(5I ,Lt»0,R»CN, 

1 RRU),ZZI<il,IPXTt5BI,*CEU,*CELY,NR£S,*GC12l. 

STRFLC 
STRFL." 
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. 
STRFLO. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
BLANK,; 
BLINK.? 

http://K2.I0EQt2.KI
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2 HTTPE<XI.XCENirCEN,XTR<10>.FtC.H<6).PO(<>,12>,QQ(2,l>) . ?LANK. 
3 PRS.FZS.PRT.PZT.EG BLANK. 

COHHCN/CEk/NSHELI.IPUNCH.E (7.121 .INOEX.NP.NNN.NCOSE.NUHNP.ICCHFR, GEN.2 
1 NUHEL.N02tHED(161.DISPL.NJELT.IPER.NUIU«T.PSF,PSFJ.KSCL.SPHT.GEN.3 
3VISC.VSCL.DSCL.FSCL.PJCL.NPCi),C0KL IM.MXI.NB.HEAKO.LNGTH.NEQ.NJHPGEN.lt 

.HBFL0M.NUHNF2, NUHFNP.LHtl2).NF2 
COMHON/EH/STC, 81 ,SQ (2,1.) , A J t * , 2 ) ,00 12.21 »QJ U) .HR(6>.HZ I 6) 

• ,EJ (2 .21 

LARGE A 1 I K Q . 1 ) . A 2 ( N N P . 1 ) . I 0 E 5 T I 1 I , I 0 E Q I 3 , 1 ) 

OIHENSION S F ( « , l > . S C t S . l ) . S H I N H . D . S E I N H . l l 

L»l 
oo ros x*i,ii 
J ' N P U I 
00 7 1 * K M , 2 
LHILUIDECIK. J l 

70 * L « U 1 
713 LM<I«I)>IDEQ(3,J> 

IJ.12 
IFIHTtPE.CT.NSHELL) IJ=1D 
00 701 X ' l . S 
XI*LHII> 
00 7*2 J = l . a 
J J > L H ( J ) - I I » 1 

702 I F U J . G T . O ) « 1 ( I I . JJ> = » K I I , J J ) * S F I I , J ) 
00 701 J = ° . L ) 
J J x L H ( J I - I I H 

701 IF(JJ .GT.O) « i ( I I . J J I = » l ( I I . J J » » S C I I , J - a ) 
00 715 I - S . I J 
XI*LH(II 
L*l 
DO 716 K = l . » 
K2*L«L 
K1»K2>1 
KK*LMKII-II»I 
LL»LHt>C2l - I I» l 
IFIKK.ST.O) A1(II .«KI=AMII .KKI>SC(K1.I -S> 
I F I L L . G T . I I A l ( I I . L L > = A l l I t , L L ) » S C < K Z . I - B > 

706 L«L»1 
00 715 J . 1 . I J 
J J . L H U ) - I I « 1 

7Q5 I F U J . S T . I t « 1 < I I . J J W * 1 I I I . J J I - S H [ I - I , J - 8 > » D T - S E ( I - 8 , J - S > 
I J * l t 
XFIHTTPE.CT.NSHEIL) 1.1*2 
00 7C« 1 * 1 . IJ 
I1*NPII> 
LL'IOESTIIl ) 
00 M l J - I . I J 
J l i N P ( J ) 
K K ' I D E S T I J l l 
LLFiHXNt(LL.KK) 
N I F « I A 8 S U L - < K 1 H 
»2 t l lF , l«BFI *A2 tLLF,NBFI»SHI I , J> 
IFINKP.CT.NUNFNPI A2CLLF.HgFLOM.HBFI i«2(LLF,M9FLON»5(BFt-SEII.J) 

7 ( 1 CONTICUE 
111 ! RETURN 

ENC 
SUOROUTXHE SOLVEStTHETA.0T.TXK.Al,A2.I.S0.PO.HX.XD.HBM.NB.Ilt'MKP, STRFLC. 

•MEQ.NEL.MSH.NBANO.NaFLOH.MtHFNP.ICONPR.IOESr.INOEX.IPER.NNN.IOEO. STRFLP. 
• NXC.Q.IP, A.OA.MZ.TL) STRFLC. 

GEN. 5 
EH.2 
EH.3 
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. 
STRKLC. 
STRFLO. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 

http://IM.MXI.NB.HEAKO.LNGTH.NEQ.NJHPGEN.lt
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LARGE A1(*ES. .1>.A2(1>.B(1>>BO{1I ,PO(1>. IO(3 .1 I ,KB(1I .TL<1) . 
'MBHCD.HI ( n . I D E S T d l . I O E C ( 3 , 1 ) , P H I O U 1,0(1) ,QQ(1I,Q»<1) 

OIHENSION 02 (£10) 
OATA INCOH/IBHINCCHPRESS/ 

•SET-UP LOAD YECTOF AND SOLVE 

OTH i OT/2. 
TOTH = THETA'OTH 
HTOT » OTH - TDTH 
TDTH2=2.»*T01H 
I F ( ICOMFK.EQ.INCCK I TDTH2=TDTH 
HTOT2=2.O'HTDT 
00 2 JO I=1,NJMNP 
00 230 J=1.3 
IC- IDEQU. i l 
t F ( I O ( J , I I . L E . O ) GO TO 230 
CALL HOOIFVU.Al.NEQ) 

230 CONTINUE 
NH.NUHFNP'MBFLOW 
IFCNF2.E0..NM GC TO 351 
L1*NHH 
L2iNUHFNP»l 
L3rNU»tFNPtL2 

3S1 IFUPER.GT . i l GO TO 900 
CALL PRCFIL (A2 ( l l iHBHll) .NUKFNP, PBFLCKI 
IF1NF2.GT.NH) CALL PROFIL (A2<L1I .HBHIL3) .NU1FNP, KBFLOH) 

900 CALL TRIA<NEO..HBAKO, Al.MB) 
IF INNN.GT. i l GO TO 250 
00 3*0 I=1,NUHNP 
J* IDE0<3 , I ) 
WIDEST <I> 
02(K>=a(J) 
0.2<NUHFNP*KI=0Z(lel 

3*0 PHrO(K»iPO(J» 
00 330 I=1.RIHFNP 
I F ( IB<I I .LE.O } OQ(II=00<II*TOTHZ*QQ(HIHFNP»II 
IF<NF2.LE.NH) GO TO 330 
HHNUHFN°»I I*PHIO(I I 

330 H K I U H H I ) * T O T M « F H I O ( I 1 
331 CONTINUE 

I F ( ICONPP.NE.INCCH ) GO TO 3*5 
00 260 I=liNUHFNP 

260 OA(I1=0.0 
GO TO 250 

3*5 CONTINUE 
CALL MLTPLT<A2<l>.0Zlll,HI(l>,QA(i>,HBH<H.NU«NP,NUHFNPI 
IF(IPER.GT. l ) GO TO 250 
IF(NF2.GT.NH) CALL NLTPLY IA2(L1I .Q2ILZI .HI I I 2>,0A(L2).NBH IL3I , 

X NUHtiP.NUPFNP) 
250 CONTINUE 

IF(NNN.HE. l ) GO TG 2*0 
DO 2*2 I=1,NJHFNP 

2*2 O A ( I I > a A ( I ) » a O ( I ) 
IFINF2.LE.NPI GC TO 2*0 
IFIIPER.GT. l ) GO TO 2*0 
00 2*5 I=1.NUHFNP 

2*5 QA<I»«QA{I)*O.AII»NUHFNP> 
2*0 CONTINUE 

00 2*1 I=1.MINNP 

STRFLC 
STRFLC 
STRFLC 
STRFic 
STRFLF 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STR*LC 
STRFLC 
STRFLC 
STRFLF 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STHFLC 
STRF' v. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLO. 
STRFLP. 
STRFLF. 
STRFLF. 
STRFLP. 
STRFLF. 
STRFLC, 
STRFLC. 
STRFLC. 
STRFLC. 
STRFI.C. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 

http://IC-IDEQU.il
http://IFUPER.GT.il
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LiIOESTII) 
(•X0E0(3.I> 
TL(KI*0>0 

2*1 8(K>*Q»(L> 
0 0 255 1*1.NEO 

255 »<I)xB(I>»BO(I>«TL(I> 
C l l t BAC*S<NE0,«AND.i l ,9 ,N8) 

276 IFINNN.NE.IRI RETURN 
00 270 I=1.NUHNP 
K 3 . t D E Q ( 3 , I ) 
L*IDEST<I) 
92CNUHFNP»LI*B(K3 1 

270 CONTINUE 
00 2*0 J=1.NUKFNP 
I F ( l e i J t . L E . O ) QQ(JI=aQ(J)»HT0T2»QQ(MJ>IFN»O) 

280 HIIJ)iHI(JI»HT0T»PHIOCJ»*0IH»02[NUHFIiP4J) 
275 RETURN 

2109 FO»H«TU1I .5E20.5 I 
END 
SUBROUTINE HJOtFT IN. t l .NEO) 
L«RCE huna.u 
«l(N.l)sl.0E>20 

RETURN 
END 
SUBROUTINE PROFIL U2.MB,hEQ.HB«NOI 
LURCE «2<fc£Q<l> .KS(1 I 

C 
NN*NE0»«B»HD 
00 J BO «=1,NE0 
NI=0 
KJ=0 
IL.N»NEO 
00 ICO I=IL,NN,NEQ 
L i L U 
I F U 2 O . N E . 0 . 0 I M = I 
IF (N-LI 100.100,60 

80 I F I « 2 ( I - i . > . N E . O ; 0 ) NJ=I-L 
1D0 CONTINUE 

MBCNUNI 
NB(N»NEOI'NJ 

300 CONTINUE 
RETURN 
END 
SUBROUTINE TRII (MEQ.H.d.NSI 
l»RSE till) •IBID 
NE.HEO-1 
MNsH-1 
KH*MH»NEQ 
HKiNEQ-HN 
00 300 N = 1, NE 
HT*H™HK 
IF(NT.ST.O) MM.HH-HEQ 
N6(H)=0 
IF(AKN).EQ.O.O) GO T3 300 
L=N 
XL*N»NEO 
IH*N»HH 
J8 * 0 
IB * ( 

STRFLC 
ST=FLC 
STRFLC 
STRFLC 
STSFLC 
STRFLC 
STRFLC 
STRFLC 
STPFLC 
STRFLC 
STRFLC 
STRFIC 
STRFLC 
STRFLC 
STRFLF 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC 
STRFLC. 
STRFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STR.-LC. 
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. 
STB.FLC. 



DO 200 I = I L , I H , N E O S T S F i c 
L * L » 1 STRFLC 
J i L STRFLC 
I B * I B » 1 STRFLC 
C=-»l ( I ) / * 1 ( H ) STRFLC 
I F ( C . E O . l . t l GO TO 200 STRFLC 
DO 110 K = I , I M . N E O STRFLC 
» 1 I J > * A 1 ( J I - C » » 1 C > C 1 STRFLC 
J * J » * E O STRFLC 
« 1 I I » * C STRFLC 
J B ' I B STRFLC 
CONTINUE STRFLC 
N t l N t ' J B STRFLC 
CONTINUE STRFLC 
H 9 < « £ O l i l STRfLC 
RETURN STRFLC 
END STRFLC 
SUBROUTINE NLTPLTUZ , B , M 1 , 0 0 , H B . NEd, NUNFNP) STRFLC. 

STRFLC. 
L I R C E 1 2 H > U r F N P , l t , K B ( l > . N t ( l ) . a O ( l l STRFLC. 
OINENSIGN 8 ( 1 ) STRFLC 

STRFLC. 
HN*NUHFN»-1 STRFLC. 
0 0 3 00 N l i l . N U H F N P STRFLC. 
B S * » 2 ( N 1 ! » H 1 ( K 1 ) STRFLC. 
L*N1 STRFLC. 
IL»N14HUHFNP STRFLC. 
IH»HB<N1) STRFLC 
I F d H I I Z O , 1 2 0 , 5 0 STRFLC. 
DC 110 I = I L , I H , N U C F N P STRFLC. 
L = L » i STRFLC. 
B B * B i H 2 ( I > » H l ( l l STRFLC. 
CONTINUE STRFLC. 
l « N l STRFLC. 
I L > N l » N f STRFLC. 
I H . M B I N l » N U f F N f > > STRFLC. 
I F CIH ) 2 5 0 , 2 5 0 , 1 5 0 STRFLC. 
0 0 ZOO I i U f l N . W t STRFLC. 
l . L - 1 STRFLC. 
B B v B B i « 2 I I ) * H K L ) STRFLC. 
CONTINUE STRFLC. 
• ( N l » « B B » e i N l ) STRFLC. 
aomn.Bom STRFLC. 
CONTINUE STRFLC. 
RETURN STRFLC. 
ENO STRFLC. 
SUBROUTINE B » C * S I * N , M H , » 1 , I , H B > STRFLC. 

STRFLC. 
L»RGE t i l l ) • l I l l i F l l l l STRFLC. 

STRFLC. 
HHPsHN- l STRFLC. 
N*0 STRFLC. 
N « N H STRFLC. 
C ' B ( N ) STRFLC. 
I F U K N l . N E . 1 . 0 1 B < N » = 9 ( N I / l l (Nl STRFCC. 
I F I N . E Q . N M GO TO 300 STRFLC. 
I L * N « 1 STRFLC. 
IH*N«HB<N> STRFLC. 
H«X STRFLC. 
DO 2 65 I = I L , I H STRFLC. 
( U H H t N STRFLC. 
B t I ) . B ( I I - « H l i ) * C STRFLC. 



EO TO 270 STPFlC 
C STRFLC 

300 IL*N STRFLC 
NiN-1 STRFLC 
IF(N.EQ.O) RETURN STRFLC 
IH *N»PB(h) STRFLC 
N»N STRFLC 
C*B<N> STRFLC 
DO »00 1=11.,IH STRFLC 
N*M*NN STRFLC 

(.00 C»C-A1(MI"8(I ) STRFLC 
• (N)*C STRFLC 
CO TO 310 STRFLC 

C STRFLC 
ENb STRFLC 
SUBROUTINE STRFLC(B.BO.PO,TIME.IP,FIAG,NCC.3T> STRFLC 

C STPFLC 
LARGE A(1Z5C»I> ,10(9011 STRFLF 
LARGE IX(3ll,5>,*ESI0(3tl,l.l,R(3ll> ,Z(3ll),UR(3ill,UZ(3ll> LARGE. 

• > C O O E ( 3 B 0 > , t O C S T ( 3 0 0 ) , * . K N ( S 0 > , R . K S ( 5 * > , H T ( S 0 ) , I G U T ( 3 t l ) , 0 ( 3 0 0 > , LARGE. 
• O P ( 5 « l . * ( 5 l ) . V £ L ( 5 0 l , F R ( 5 « | , R t ( 5 l ) , Q N ( » I B ) , 3 I S P I ( 3 D i . ? > I r E » < P ( 3 C 0 ) . L l R C f . 
• P H I O I 3 0 0 1 , 1 8 1 3 0 0 ) . I D E Q ( 3 , 3 0 1 H O O E ( 3 , 3 1 0 1 , I E L ( 5 0 , 2 > , I H P ( 5 0 . * I L t R G E . 
* , T L O » 0 ( 9 I O > , S 1 C N ( 5 0 I . S I G T ( 5 0 ) . O B O ( S « 0 > STRFLP 

C O N H C N / B L t N K / S ( a , a ) , P ( 1 0 ) , R S T R S C > , V 0 L . R R R ( 5 > , Z Z Z ( 5 ) , L B A D , R A 0 N , BLAHr . 
1 R R ( < . I , Z Z « . 1 , I F A T ( 5 0 I . A C E L X . A C E L Y , N R E S , R O ( 1 2 I , BLANK. 
2 M T Y P E . X I . X C E I > . Y C E N , X T R ( 1 0 t , F A C . H ( 6 t . P 3 ( < > . 1 2 1 . 0 0 ( 2 . 1 . 1 . BLANK. 
3 P R S . P Z S . P R T . P Z T . E G BLANK. 

COHNCN/GEN/NSHELL. IPUNCN.E ( 7 , 1 2 1 . I N O E X . N P , NKN, NCOSE.NUNNP , ICOKPR, GEN.? 
1 N U H E L . N D 2 , H E D ( 1 6 I . D I S P L . N J £ L T , I P e R . N U H N A T , F S F , P S F J , X S C L . S F W T , G E N . 3 
3 Y I S C . » S C L , D S C L , f S C l . P J C L . k P C ) ,C O N L I K . N A X I . N B , neAhD.LNGTH.NEO.KJCPGEN. t 
• ,NBFL0M.NUHkP2 ,NUHFNP,L t ( (12 ) , N F 2 GEN.5 

C O N N C N / C C F O O L / X H I h . X N A X , r M I N , T H A X , C C X N I N , C C « N A X , C C r M I N , C C r M A X CCPOCL. 
C O H H O N / E M / S T U . a ) .SO (2 .1 .1 , A J ( e , 2 l , 0 0 ( 2 , 2 ) , Q J U I . M R ( 6 1 . H Z ( 6 I E H . 2 

• . E J ( Z , 2 1 E H . 3 
LARGE 8 ( 1 >, 8 0 ( 1 ) , P O U > STRFLC 
OIHENSION S I G ( 7 I , T P ( 6 1 , Q < > ; < . I STRFLC 
LOGICAL FLAG STRFLC 

C STRFLC 
C COMPUTE ELEMENT STRESSES STRFLC 

STRFLC. 
t HPRINT = 0 STRFLC. 

REMIND 9 STRFLC. 
QPODMO.O STRFLC. 
N J * 9 STRFLC. 
P I « < i . O » A T A N ( 1 . 0 t STRFLC. 
R A O N « 1 » 0 . 0 / P I STRFLC. 
RAO2=0.5*RAON STRFLC. 
P 1 2 * 2 . I « A T A N ( 1 , 0 1 STRFLC. 
I F ( I N D E X . k E . O ) PRINT 2 1 0 1 , T I H E , H P , I P E R STRFLC. 
I F ( I P E R . E Q . t ) XH I » - 1 . 0 E 1 5 STRFLC. 

C STRFLC. 
I F ( INDEX , L T . 21 GO TO 10 STRFLC. 
I F ( X P I N . L T . X H I t GO TO 7 STRFLC. 
XCON i ( X H A X - X N I N I • i , 1 2 S / (CCXNAX-CCXNIN) STRFLC. 
TCON = ( T H A X - Y H I H ) • 0 . 1 2 5 / (CC YHAX-CCYMINI S T R F L C . 
XPC = 0 . 0 5 STRFLC. 
»PC i 1 . 0 5 STRFLC. 
X H I i XHIK STRFLC. 
XHA = XHAX STRFLC. 
T H I » YHIN STRFLC. 
TNA » TNAX STRFLC. 
OEL * XPC • (XNAX - X H I N ) STRFLC. 



CALL CCPLCT < X X I , V H I , 1 , GHNOJOIN, 
CALL CCPLCT ( X N I N , T N I N , 1 . 6 H K 0 J 0 I N , 
CALL CCPLOT I X N A . T N I . 1 . 6 H N 0 J 0 I N , 
CALL CCFLCT ( X N A X . T H I N , 1 . « H N O J O I N , 
CALL CCPLCT ( X H I . T N I . 1 . 6 H N 0 J O I N , 
CALL CCPLOT ( X N I N . THAX. I t 6 H N O J 0 I N , 
CALL CCPLCT ( X N A , TNA, 1 . 6 H N 0 J 0 I N , 
CALL CCPLCT <XNAX, TNAX, 1 . 6 H N 0 J 0 I N , 

XNIN = XNIN - DEL 
XHAX i XHAX » DEL 
DEL » TPC • <THA> - T N I N I 
T N I N * THIN - DEL 
TMAX * TNAX • OEL 
DEL = XPC * (CCXfAX - CCXHINt 
CCXNIN i CCXNIN - DEL 
CCXNAX = CCXHAX • DEL 
DEL = TPC • (CCYhAX - C C T N I N ) 
CCTNIN . CCTNIN - DEL 
CCTHAX i CCTNAX » DEL 

7 N R I T E ( S B , SI HED, HP, IPER 
5 FORNAT ( 8 A 9 / 8 A 9 / 1 7 H I T E R A T I O N W NBERIk .ZOH 

CALL CCLTf ( - 1 . 8 , 0 . 5 , 1 , 2 ) 
CALL CCL3L ( 1 , 1 ) 

8 
1 
t, 
1, 
9 
1 
9, 
1 

10 DO 3 00 Nrl.NUNEL 

I F ( INDEX . E O . 01 CO T3 I S 
HPRINT * SPRINT - 1 
I F (PPRINT . G T . 0 ) GO TO I E 
NPRINT = SO 

15 I X ( N , 5 ) = I A B S ( I X ( N , 5 > > 
KTTPE = I X ( N , 5 ) 

I F I I H O E X . K E . 2 1 GO TO 119 
oo ie i:i , i , 
J = I X ( N , I I 
K S ' I D E C M , J ) 
K 2 = I D E 0 ( 2 . J > 
X T R ( I 1 = R ( J I « 8 ( H 1 ) ' D I S P L 
i i * : « 5 

16 X T R < n > c Z ( J > » e ( K Z » > O I S P L 
X T R ( 5 ) « X T R C 1 ) 
X T R ( 1 0 » = X T R ( 6 I 

COR = 3 
XCEN * XTRI1I t XTR(2> • XTR(3I 
TCEN = XTR(8) t XTR(61 » XTRCTI 
IF (N3 .£G. Nfcl GO TO 20 
COR = <, 
XCEN « XCEN » XTRKtl 
TCEN = TCEN • XTH (91 

20 XCEN x XCEN / COR 
TCEN = YCEN / COR 
IF IHTTP- ,GT. NSHELLI SC TO 29 0 

PLOT GRID INCLUOIt'S OISFLACENENTS 
CALL CCFLCT IXTRU), XTR»t>, S, IiHJOINI 
KOR • COR 
00 50 NC = l,KOR 

STRFLC 
STRFLC 
STR«ac 
STRFLC 
STRFLC 
STRFLC 
STPFLC 
STRFLC 
STPFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 

PERTUREATION NUNeERK.) STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFCC 
STPFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFCC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC, 
STRFLC. 
STRFLC. 
STRFLC. 



N1*IX(N,NC> STRFLC 
NI* I0E0I1 ,N1> STRFLC 
I F ( t ( N I ) .EQ. 0.0) GO TO 30 STRFLC 
XC * XCON STRFLC 
I F IXTRCNC) .GT. .XCiNI XC * -XCOh STF.FLC 
rc * TCOM STRFLC 
I F <XTXIHC»5> .GT . TCEN) TC = -YCON STRFLC 
XC * XTKINCI • XC STRFLC 
YC - XTR(MC*5) • YC STRFLC 
N S M STRFLC 
I F I t l H D . G T . 0 . 0 ) NS=0 STRFLC 
CALL CCPLOTIXC. YC. 1 . 6HN0JCIK. NS. 1) STRFLC 
CONTINUE STRFLC 

STRFLC 
STRFLC 

IF<NTYF>E.«T.NSHELL> GO TO 290 STRFLC 
*EID <9) ST,SO,NP STRFLC 
DO 31 I » l . » STRFLC 
S I 6 < I ) ' * E S I 0 C N , I > STRFLC 
auiii'O.o STRFLC 
PO»VE*0.0 STRFLC 
P»VE»0.0 STRFLC 
DO SO 1=1,". STRFLC 
NI>NP<I> STRFLC 
L « I O E O I 1 . M ) - 1 STRFLC 
N*2»I -1 STRFLC 
NM*M»1 STRFLC 
00 1.0 ICxN.MH STRFLC. 
f i l l STRFLC. 
00 40 J = l . l . STRFLC. 
SIGIJUSIGCJ) »STIJ,<1>B(LI STRFLC. 
L< I0E0 (3 ,K I I STRFLC. 
PO»VE«PO*VE»TEMP(NII/"..0 STRFLC 
P»VE=P«VE>B<L1/I..0 STR^LC. 
DO ki Ksl.Z STRFLC. 
au(n»ou(n •som,i)*e(Li S T R F I C . 
com INUE STRFLC 
PDIFF"E |i.,KT»PE)«(P*»E-PO»«El STRFLC 
DO 55 I>1 ,3 STRFLC. 
SIG<I)«SIG«I I *POIFF STRFLC. 
GEFF«SPNT«EU.HTYPE)/VISC STRFLC. 
auin--oo(i) STRFLC. 
QUC2I--<0L<2I tGEFFI STRFLC. 
CC«CSICtl U S I C d ) 1/2.0 STRFLC. 
B8*<SIC< l ) -S IGt2 )> /2 .0 STRFLC. 
C(US0RTtBS«2»SIGU)»»2l STRFLC. 
SIG15UCC*CR STRFLC. 
SIG(t)*CC-CR STRFLC. 
I F ( S i t u I .GT.HE-15.0R.8B.GT.10E-15I GO TO 80 STRFLC. 
EPS*!.78539816 STRFLC. 
siGin-ioo.o STRFLC. 
GO TO 90 STRFLC. 
SIGI7)*R*02*«T«N2<SIGI*>.BB> STRFLC. 
EPS*1TAN2(SIGU>,BB1/Z.0 STRFLC. 
»*«»BSIOU(l)» STRFLC. 
I F (A».CT .10H-30I GO TO 100 STRFLC. 
• NG.P12 STRFLC. 
CO TO 210 STRFLC. 
Be»«es(Qu<2i/otm>> STRFLC. 
X N G ' S M T C B B ) STPFLC. 
M I ( > X T A M « N G > STRFLC. 
Q U t 3 l * Q U ( l l * t C O S O N G ) « > 2 l « a U < 2 I M S I N t t N G > * » Z » STRFLC. 



QLHUI=«NG"PAON STRFLC 
I F U N D E X . E Q . O I GO TO 2 7 1 STRFLC 
P R I N T 2 7 0 , N , ( S I G ( I I . I = 1 . 7 l , ( O L < J > , J * l , l , l STRFLC 

270 F 0 R M A T ( I » , 1 2 ; 1 0 . 2 > S T ' c i C 

2 » 0 1 F C H N A T C 1 H 1 / ' STRESSES AKO FLOHS AT TIME • , F 1 0 . 3 / / » STRFLC 
1 I T £ R » T I 0 N NUMBER ' . I I I . ' PERTURBATICN NUNeER • . ! » . / / STRFLC 
2 « E L E M E N T * , * X . « S I G R ' , 6 X , » S I G Z « . 5 X . ' S I G T ' . S X . ' S I C M ' . S X . ' S I G M A X ' , STRFLC 
3 5 X . « S I G « N » , ' t X , ' A N G L E ' , 5 X , » F L H R ' , 6 X , ' F L M Z ' , S X , ' F L M H A X » , ( .X. 'ANGLESTRFLC 
(.•/•IF JOINT',»X,'SIGN',&X,'SIGS' .fX.'NOISP*. 6X,»TDISP».5X ,'NSTIF',STRFLC 
5SX.'TSTIF',l.X,'STRNGTH'.5X,'NI0TH',5X,'FRFL0',3X,' RE') STRFLC 

STRFLC 
271 CONTINUE 

PLOT STRESSES 
I F ( INDEX . I T . 21 GO TO 220 
CC * COS<EPSI 
SS = S I M E P S I 
XL « S I G < 5 ) * CC * PSF 
X T K U I * XCEN - XL 
X T R I 2 I < XCEN » XL 
XL » S I G I 5 1 • SS • PSF 
X T « ( S ) = YCEN - XL 
X T R I 6 I = YCEN • XL 
CALL CCPLCT ( X T R d l . X T « ( 5 I , 2 . »HJOIN) 

I F ( S I G ( 5 I . G E . 0 . 0 ) GO TO 2 1 0 
X T R U ) = X T R C l l - 0 . 0 2 • SS 
X T R I J ) = X T R ( 2 I - 0 . 0 2 • SS 
X T R I ! ) = X T R ( 5 I • 0 . 0 2 • CC 
XTRI6) = XTRI6! » 0.02 • CC 
CALL CCFLCT (XTRdl, XTRC5). 2, VHJOINI 

SS * PSF 
XL 

210 XL • S I G i e ) 
XTRC1) * XCEN 
XTRC2! = XCEN - XL 
X I « SIGC61 • CC • PSF 
X T R ( 5 ) = YCEN - XL 
X T R d l =• YCEN • XL 
CALL CCPLCT ( X T R I 1 ) , X T R I 5 ) , 2 , kHJOIN) 
I F ( S I G ( 6 » . G E . 0 . 0 1 GO TO 220 
X T R ( l ) = X T R ( l ) - 0 . 0 2 • SS 
X T R ( 2 t « XTRC2) - 0 . 0 2 • SS 
X T R I 5 I > XTR(5> - 0 . 0 2 • CC 
X T R ( « ) = X T R ( 6 ) - 0 . 0 2 • CC 
CULL CCPLCT ( X T R d l , X T R C I . 2 . kHJOIHI 

220 GO TO 300 

290 CALL JTSTRIB.BO.PO.N. 
300 CONTINUE 

N,FLAG,IP! 

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. 

If(FLAG.OR.NNN.EQ.IPl GO TO 302 
PRINT 30".. I»ER 

30k FORHAT (52H0PROBLEN CONVERGEO IN THIS ITERATION AT PERTUR BATIOMfclSTRFLC 
STRFLC. 

302 I F ( INOEX . H E . 21 GO TC 330 STRFLC. 
WRITE I M . 3 0 5 I XSCL. Y S C L . OSCL, PSCL, PJCL STRFLC. 

305 FORMAT (15H 1 I N CN X - A X I S / * H * E 1 2 . « , 3 H F r / l S h 1 I N ON Y - A X I S / STRFLC. 
l k H « E 1 2 . * , 3 H FT /1BH 1 I N OISPLACENENT/kH * E 1 2 . k , 3 H F T / 5 H 1 I K / S T P F L C . 
2 * « « E 1 2 . 1 . . 1 1 H PSF STRESS/5N 1 I N / * H « E 1 2 . ( . , 1 * H FSF JT STRESS! STRFLC. 

STRFLC. 
0 0 320 I i l . N U N N A T STRFLC. 
I F C . C T . K S H E L L I « R I T £ ( 9 t , 3 l S ) I . ( E ( J , 1 1 , J . l , 5 ) STRFLC. 



7 5 

I F I I . L E . N S H E L L ) HRITE ( 9 1 , 3 0 8 ) M O ! [ ) , I E K , t l , K - l , l l STRFLC 
309 FCRHAT1/9N H A T E R I A L I 3 / 2 I H BASS OCHSITT • F A . J / l t H PERHCASIL ITSTRFLC 

• Y * E 1 * . 3 / Z 1 H ELASTIC MOOUIUS * E l < t . 3 / Z l H PCISSGN RATIO * F 9 . S T R F L C 
. 3 / Z 3 M B I O T S C8KSTANT ALPHA * F 1 » . 3 / 1 9 H B I 0 T S COCSTAkT M x E l < i . 3 / Z Z H STRFLC 
.THERKAL EXPAH.COEF. * E 1 " . . 3 > STRFLC 

STRFLC 
315 F 0 R H A T t / 9 l < M A T E R I A L I 3 / Z 0 H KN * E 1 2 . 3 / Z 0 H KS STRFLC 

1 z E l f c . S / Z B H C * E l Z . 3 / Z t H PHI =STRFLC 
Z E 1 Z . 3 / 2 0 H M X CLOSURE * E 1 Z . 3 > STRFLC 

3 Z I CONTINUE STRFLC 
STRFLC 

XP « CCXHAX • 0.5 STRFLC 
CALL CCLTF (XP. 10.5. 0. i) STRFLC 
CALL CCNEXT STRFLC 

33« RETURN STRFLC 
C STRFLC 

ENO STRFLC 
SUBROUTINE JTSTRIB.BO.PC.K.N.FLAG.IP) STRFLC 

C STRFLC. 
LARGE A I 1 Z 5 O I 0 ) . 1 0 ( 9 0 0 ) STRFL" 
LARGE I X ( 3 0 1 , 5 > , R E S I O ( 3 0 1 , < i ) , R ( 3 0 0 ) , Z ( 3 0 0 l , U R < 3 0 B > , U Z ( 3 0 0 > LARGE. 

• > C O D £ C 3 l l ) < I O E S T I 3 0 0 > . R . K N ( 5 l > f R . K S ( 5 i ) . H T I 5 O l t i a U T ( 3 l l ) . O < 3 ) 0 ) < LARGE. 
• Q P ( S O > . H f 5 0 > . V E L < 5 0 > . F R t 5 i > . R E ( 5 0 ) , Q N < 9 i a i , D X S P I ( 3 t D , Z ) , r E H P C 3 I O ) , L A R G E . 
• P H I O ( 3 t 0 ) , I B I 3 0 0 > , I O E Q ( 3 . 3 0 1 ) ,XOOE 1 3 . 3 1 0 ) . I E L ( S 0 . Z I . I N P I 5 0 . * > LARGE.-
• , T L O A D f 9 « 0 ) , S I G N C 5 B ) . S I G T < 5 0 I , O B O < 6 0 0> STRFLF. 

C 0 f f H 0 N / B L A N K / S C » , S > , P U 0 ) , R S T R S m . V G L , R R R t 5 ) . Z Z Z ( 5 ) . L 6 t O , R A O N , BLANK. 
1 R R U ) , Z Z U ) . I F A T ( 5 I I . A C E L X . A C E L Y , N R E S . R C ( i Z > . BLANK. 
Z N , T Y P E , X I , X C E » . Y C E N , X T R ( 1 0 > . F A C . H < 6 > . P D < t . l 2 > , O Q ( Z . < t > . BLANK.. 
3 P R S . F Z S . P R T . F Z T . E G B L I N K . ' 

C O M M C N / G E N / N S H E l L , I P U f t C » . E ( r . l Z > . INOEX.NP.NNN.NCOF.E .NUHNP. ICCMPR, GEN.? 
1 NUCEL.NDZ, H E C ( 1 6 > . O I S P L . N J S L T , I PEP.. N U H H A l . F S F . P S F J . X S C L . S P W T . G E N . 3 
3 V I S C i Y S C L . Q S C L l F S C L . P J C L l N P ( d ) . C D N L I M . N A X I l H B . N B A N D . L N G T H , N E a . N J M ° G E N . i . 
• tMBFLOH.NUHHFZ,NUMFI iP ,LM< lZ ) ,NFZ GEN.5 

C O M K O N / C C F O C L / X f l K . X X A X . T M I N i l F A X . C C X H I N . C C X M A X . C C Y N I N . C C Y N A X CCPCOL 
C O H H O N / E N / S T ( l i , « > , S Q ( ! , < > , A J < « , Z ) , 0 0 ( 2 . Z K Q J ( » ) , H R ( 6 ) , H Z ( 6 ) E H . ? 

• , E J ( Z . 2 > E l f . 3 
CONMON/CCFACT/FACTOR CCFACT 

C STRFL" 
LARGE B ( l ) , B a < l ) . P O ( l ) STRFLC. 
OIMENSION P P P ( 8 > , V K , ) . U ( l i > STRFLC. 
LOGICAL FLAG STRFLC 
REAL L STRFLC. 

STRFLC. 
C • • • • • • • E S T A B L I S H DISPLACEMENTS ALONG AND NORNAL TO JOINT STRFLC. 
C STRFLC. 

N * H t 1 S T R F l c . 
CAYN * K N I M ) STRFLC. 
CAYS = K S I H ) STRFLC. 
EH1 « E l l . t l T Y P E ) STRFLC. 
ENZ • E I Z . H T Y P E ) STRFLC. 
EH3 » E I 3 . H T Y P E I STRFLC. 
EHd w EU.HTYPE) STRFLC. 
FT-0.0 STRFLC. 
STREN=0.0 STRFLC. 
• O A V E i O . I STRFLC. 

STRFLC. 
I*IK(N,1> STRFLC. 
Ji IXIN.Z) STRFLC. 
OR*R(J)-R(I) STRFLC. 
DZ*ZIJ)-Z(I) STRFLC. 
RR1 > 0 . 5 * ( R U > • R I I ) I STRFLC. 
Z Z 1 » 0 . 5 • ( Z I J ) • ; < ! ) > STRFLC. 



76 

L»S0j«T(OK»DR»OZ»OZI 
Dft'DR/L 
OZ.O Z/L 
DO H i 11=1,1. 
K s H ( N . I I ) 
Kl'IOEOIl .K) 
K2*IDE0<2,K> 
po«vE-P04vE»rrHP ( « ) / > . . • 
V ( I I l " i ( K l »»OZ « l«2 >»OR 

l i l U(II>'BIKl)«DRtB(K2)>DZ 
C 
C • • • • » • » • • COMPUTE EFFECTIVE STRAIN 
C EPSN POSITIVE MEANS JCIMT IS CPEN 
C EFST POSITIVE MEANS IKK. LL) MOVES ALONE U» MORE THAN ( I I . J J I 
C 

E P S ! . i . 5 * ( U U ) - U ( l I » U ( 3 ) - U ( 2 11 
EPST.-EPST 
I F U t S ( E P S T ) .LE. l . O E - H I EPST > 0 . 0 
EPSN>l .S*IV(k>-Vt lMVf3>*VI2 l> 
IF(AIS(EPSN) .LE. 1 .0E-15I EPSN * 0 . 0 

COMPUTE NORMAL AND SHEAR FORCE PER UNIT LENGTH ANO CALCULATE 
INITIAL STRESSES ARE ALNATS COMPRESSIVE(NEGATIVE) 

C2»DR»»2 
S2«0Z**2 
SC»OR»OZ 
FNRES * RESID(N. i l *S2 * RESIO(N. 2I»C2 • RESIO (N.l.>»2,»SC 
FNRES« FNRES »POAVE 
FTRES * (R£SIO(N.2)-RESIO IN,1)I»SC » RESIO ( * , ( . ) • (S2-C21 
ETHICK * NT (Ml 
FN * CATN • EPSN • FNRES 

IF (INDEX .NE. 2) SO TO 200 
IF IABS(XlR(n-XTR(&l> . L E . ( . I t • (YHAX - TNINII 

1 XCEN * 0.<i«XTR(ll » 0.6>XTR(2i 
IF (ABS(XTR(2I-XTR(1I> . L E . O.lt•(XMAX-XNINII 

1 TCEN = l.l>>XTR(6l • 0.6*XTR(7I 
XL • FN » DZ • PSFJ 
XTR(1> - XCEN - XL 
XTRI2) * XCEN • XL 
XL « FN • OR • PSFJ 
XTR(JI • TCEN • XL 
XTR(«) * TCEN - XL 
CALL CCFLOT (XTRU1, XT((S> , 2 . «K/OIN> 
IF(FN.CE.O.O) GO TO 210 
XTR(l) * XTRI1I - 0 .12 • OR 
XTR(2> « XTR(2) - 0 . 0 2 • OR 
XTRI5I * XTR15) « 1 .02 • OZ 
XTRI6) « XTRI6I * 1 .12 • OZ 
CALL CCPLOT IXTR( l ) . XTR(S>. 2 . ItHJOINI 

200 CONTINUE 

IFCFXRES.GT.I.I CC TO 221 

FNRES . L E . • 
IF tETHICK .EO. I . ) GO TO 215 
IF (EPSN .LE. • - • ! CO TO 2*5 

ETHtCK .NE. • ANO EPSN ,GT. 0 
CATN * -FNRES / EPSN 
IF (CATN .EQ. •.II CAYN * l.BE-B 

STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 

STRENGTHSTRFLC 
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. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 
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I F (CAYN . C T . E M ) 
6 0 TO 230 

CAYN a EMI 

C F M t t S . L E . I AND NT . H E . i AND EPSN . L E . 
20S CAYN ' (FN - FNKES) / ETHICK 

I F I CATN . L T . E ! U ) CAYN * EH1 
CO TO 230 

0 . O R . FNRES . C T . I AND EPSN . L T . 0 C ETHICK * 0 . FMtES . L E . 
2 1 5 CAYN » CAYN » 1 . 1 E J 0 

CAYS « CAYS • 1 . 0 E 1 0 
CO TO i l l 

C FNKES . C T . • 
220 I F (EPSN . L T . 0 . 0 . A N D . ETHICK . E O . 0 . 0 1 SO TO 2 1 

I F (EPSN . E O . 1 . 0 ) GO TO 230 
CAYN > -FNRES / EPSN 
I F (EPSN . L T . 0 . 1 1 CAYN » CAYN • E H 1 

C CALCULATION OF KS 
230 FT • CAYS » EPST » FTRES 

AFN » ABS(FN) 
EPSNLH * ABS(FNRES) / EN1 
I F (EPSN . C T . EPS M M . O K . FN . C T . 0 . 0 ) AFN * 0 . 1 
STREN i EM3 » AFN • TAN I E M W 5 7 . 2 « 7 7 « 1 > 

I F (CPST . E O . 0 . 0 > GO TO J60 
I F (EH3 . E O . 0 . 0 .AND. E H * . E Q . O.O) CO TO 2 6 0 
I F (EPST . L T . 0 . 0 ) STREN * - SIREN 
CAYS » ( -FTRES • STREN) / EPST 
I F (CAYS . E O . 0 . 0 ) CAYS = 9 . 0 E - " ! 

I F I C A Y S . 6 T . E H 2 I CAYS*EM2 
C A t S ( F T R E S ) . L E . ABS(STREN) 

I F ( A I S ( F T R E S ) . S T . ABS(STREN) ) GO TO 2 3 ! 
CO TO 2 6 0 

C ABS(FTRES) . G T . ABS(STREM) 
2 3 5 I F (FTRES • EPST . C E . 1 . 0 ) GO TO 2 ( 0 

C FTRES AM) EPST HAVE OPPCS1TE SIGNS 
E P S L I N » 2 . 1 « STREN / EH2 
I F ( A I S ( E F S T ) . C T . E P S L I N ) CO TO 2 6 0 

C AeSCEPSTI . L E . EPSL IH 
CAYS • ( -FTRES - STRENI / EPST • EH2 

2 6 1 I F ( A B S ( C A Y N - K N ( H ) I 
1 FLAG * . T R U E . 

K N ( H ) « C A » N 
K S ( H ) » CAYS 

•CT . CONLIH . O R . A B S ( C A Y S - K S ( P I > . C T . 

S T R F L c 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
S T R F i c 
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 

CCNLIH) STRFLC 

CALCULATE FLOH I N FRACTURES • • 

I F d N O E X . E O . O ) CO TO SOD 
U S M 0 > H T ( H ) 

I F ( E P S N . G E . H t ) CO TO 150 
P R I N T 1 * 1 , M 

1<>1 FOftNAT (•DISPLACEMENT CREATE* THAN ALLOWED IH J O I N T ELE 

lit »(HliAlStASS(M»)«EPSN) 
COM*1.0/(12.1»VISC) 

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

HENT N0.»I5)STRFLC. 
STRFLC. 
STRFLC. 
STRFLC. 



78 

0P(N>*H(t1>"J , , C0K/l . 
R A D ' l . l 
I*IX<N,1) 
JxIX IN,2) 
II*IDEST(II 
JJ*IDEST(J> 
IF(NAXI.NE. I> RAD=(RII)«A I . I I I / 2 . 0 
I 3 i I 0 E Q I 3 , I ) 
J3=I0EQ(3,J> 
VELCHUOP <NI»<8(J3>-8(I3>> 
IPC OZ.NE.I.O I VELINIsVEL(NI«SPHT>aP(MI«L>DZ 
FR<MI*«EL <N)»W<MI»R»D 
RE(H)*FRIH1/VISC 
PRINT 270,N,FN.FT.£PSN,EPST,CAYN,CATS,STREN,IMMI,FR(MI,RE (HI 

270 FORMAT!* JT • , I * , 1 2 E 1 0 . 2 1 
500 RETURN 

END 
SUBROUTINE PRINT!NUHNP.IDEQ.HJXI,R,RD.TOT,»,TEMP) 
LARGE 10£0<3 , l l , P i l l , A l l ) ,TEHP<1) 

T0 .0 .0 
PDO*t . l 
00 100 I*1,NUHNP 
K l i I D E C H l . i l 
K2*IOEQ(2,I> 
K3=IDEO(3, I ) 
IF ITOT.Ea. l .O .AND.RO.EO. l . l t GO TO H i 
I F ( R d l . E Q . O . O I GO TO 50 
TO*TDT/(RII>»R(II) 

50 CONTINUE 
PDO*RD* (TENP( I I - * (K3 11 

100 PRINT 210,1,A(XII ,A<K2),A«C3I,TO,POO 
200 F 0 R H A T t I l l , 6 E l * . 5 l 

RETURN 
END 
SUBROUTINE PRMATU.NR.NC, KX.TITLE) 

C 
DIMENSION K B ,11 

C 
PRINT 1002,TITLE 
DO 100 Jzl .NC.S 
j H . j » r 
I F (JM-NCI 75,75,50 

50 JH.NC 
75 PRINT 10a0, (N,N*J,JHI 

00 1(0 1*1,NR 
10B PRINT 1 1 0 1 . 1 , U ( I , K ) . « « J , J H > 

C 
RETURN 

C 
1190 FORMAT l / / / B X , * I l < i l 
1111 FORMAT ( H . M . t E l W I 
1102 FORMAT ( / / / / / O H MATRIX ,A10) 

ENO 

STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLP 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLO. 
STRFLC 
STRFLC 
STRFLC 
STRFLC. 
STRFLC. 
STRFLO 
STRFLC. 
STRFLC. 
STRFLO. 
STRFIC. 
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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