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SUMMARY

This report describes progress on the analytical portion of

project number DACA-T.-ý_68-C-002 for the period 1 April 1969 to

31 December , 19T1.

The static SLAM finite element code was extended to include

jointed systems with elastic-plastic mechanical characteristics

satisfying a variety of possible yield criteria. The results indicated

that

1. The two-dimensional static SLAM code for plane jointed

systems could predict the response of such systems to imposed

loadings when the system and loadings were properly

characterized.

2. Predictions of displacements around excavations in

natural jointed rock masses deviated from measured values.

Reasons for this included both difficulty in correctly

determining displacements in rock masses in the field

as well as discrepancies between the simplified

representation of natural conditions and the conditions

ihemselves.

3. It was not practicable at the present time to carry out

a three-dimensional finite element representation of

excavations in natural jointed rock.
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SECTION 1 - INTRODUCTION

1.1- Introduction

This report describes the analytical portion of project no. DACA-73-

68-C-0002 for the period 1 April, 1969 to 31 December, 1971. As a part of

the total effort to determine if the element method analysis will permit

1 ndiction of safe spans for existing and proposed underground openings,

it was the objective of this portion of the project to extend the continuum

model for underground openings, employing the finite element method to

consideration of the rock mass as a two-dimensional jointed medium, in

order to improve prediction of stresses around and displacement within

underground openings. Three-dimensional effects were considered also.

1.2 - Outline of Progress

Accomplishment of this objective is described in the following sections.

These zections consider the following areas of progress:

1. Modification of the existing continuum static SLAM Finite

Element Code to incorporate direct consideration of joints

and joint systems normal to the plane problem.

2. Comparison of analysis with experiments conducted on a small

scale jointed model of a simulated rock system.

3. Results of analysis of an underground opening considering the

influence of the observed joint systems, and preliminary

comparisons with measured displacements.

4. Consideration of extension to three dimensions.
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SECTION 2 - MODIFICATION OF STATIC SLAM CODE TO INCORPORATE JOINTS

2.1 - Review of Static SLAM Code

The static SLAM (Stresses In Layered Arbitrary M!edia) Code was

developed for finite element analysis of large systems of continuous media.

An outgrowth of the code for dynamic problems developed at IITRI by

Costantino (1966, 1968) and Wachowski and Costantino (1966), its saliant

features are described by Perloff (1969).

The Static SLAM Code is characterized by a number of features which

distinguish it from other available codes. These include:

1. The code contains an algorithm for renumbering the nodes so that

the minimum band width of non-zero terms within the stiffness

matrix results. This leads to an ef.icient operation, especially

for large problems. Furthermore the user is able to number node

points arbitrarily. Details are discussed by Wachowski and

Costantino (1966).

2. A non-linear displacement field is assumed for rectangular

elements, so that where rectangular elements can be incorporated

in the geometry, fewer elements are required to represent the

problem (Costantino, 1966).

3. The constitutive laws used in the code are contained within a

material "catalog" and new constitutive relations can be added

without modifying the basic code.

Revised solution procedure

Two revisions have been incorporated in the solution procedure

for the code to reduce computer time:

S'"'••.•, +-r~i.• -•+:,,+ ,... .. - ... .... .. . . . .•,• m.+ ,.
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1. The initivI- elastic solution is obtained by direct eli, .nation

of the node point equilibrium equations, rather than by iteration

as in the earlier version of the code (Perloff, 1969).

2. ;.- over -rele-cetion ia~ctor is incorporated in the iterative

zedit-e fo.. :,.termining the :.ode point displacements when

a - )r p i" ontinuu: is behaving in a non-linear fashion.

Whei it is , "dnned that the yield point has been exceeded in

one or more elcments, the applied t.undary loadings and displace-

ments , t reduced until all elements are acting in the elastic

range. The :_aleining nonlinear part of the solution is carried

out in a series of small steps, by increasing the applied loads

or displacements in increment until the final loading condition

is reached. At each increment the node point displacements and

loads are determined and added to those from the previous

increment. For each nonlinear increment the initial trial

solution for the iteration is the displacement field obtained

from the previous increment. For the first nonlinear increment,

the elastic solution is used as the initial trial solution.

The system equilibrium equations for the nonl'near incremenx at

each node are:

-K]{A&U = {AR) + {AR N (2.1)

in which [K] is the stiffness matrix of the continuum composed of the

assembled elements, calculated by adding the stiffnesses of all elements

in the system, {AU) are the node point displacements, {AR) are the

applied node point loads and {AR N) are the incremental nonlinear

correction terms in the , jplied node point loads. The error at each

..
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stage of the iteration process is then N

{A}" [KJ,{AUi - {. ARN (2.2)

in which the superscript i indicates ,the ith iteration. The dis-

placement increment for the (i+1) increment is then

{AU} i+l - {AU} i. -a{RA } (2.3)

where K is the main diagonal stiffness at node m, and a is the. over-
m

relaxation factor. The iteration process is carried out until the

specified allowable error is reached at each node.

2.2 -,Behavior of Joints

Most natural rock contains more or less planar surfaces across which

the rock has separated at some time in the past. Such defects, called

Joints, commncly occur as approximately parallel multiple surfaces spaced

.from fractions of an inch to many feet apart. Systems of Joints frequently

intersect so that a large rock mass may contain many such families at

various spacings and orientations. it is generally recognized that the

mechanical behavior of masses of rock is influenced strongly by the presence

of such Woint systems, along with other geologic defects; and this has

been demonstrated by field observations and laboratory experiments (Obert,

1967; Rovenblad, 1971).

Joint3 may be clean surfaces of separation, or they may be filled with

a variety of mraterials. Sometimes Joints contain precipitates, such s.3

ualcite or chlorite, which may have a strength approximately the same as

that of the natural rock and which may serve as cementing agents to impart

tensile resistance normal to the 4oint. Other filling mnlerials such as

clays, lea• to Joints which &re much weaker than the intact rock. In the



case of unfilled joints, the rock on either side of the Joint is frequently

altered to a weaker, cr less stiff form by chemical and/or mechanical action.

fietural joint surfaces are rarely smooth. Even when they are approxi-

mately planar, they contain asperities which impart roughness to the joint.

The role of these asperities in the shearing resistance along joints is a

function of the magnitude of the pressure normal to the joints (Patton, 1966).

Because of the approximately planar nature of most joint systems it is

useful to describe the mechanical behavior of joints in terms of stresses

and displacements normal to and parallel to the joint surface.

The relationship bettween the average shear stress applied to a joint

and the shear displacement, or strain, corresponding to a given normal

pressure can be idealized as shown in Figure 2.1. That is, the joint

deforms in a more or less linear way until the yield, or peak strength is

reached. Further displacement occurs at a shear stress magnitude equal to

that of the residual strength. The residual strength is usually equal to

or less than the peak value.

The magnitude of the peak strength has been commonly described

in terms of the normal stress on the joint by the conventional two-dimensional

Mohr-Coulomb criterion

¶f - c + atan (2.4)
f

in which Tf is the shea-r stress on the joint at failure, c is the magnitude

of the peak stress at zero normal pressure on the Joiit, Oa is the normal

pressure acting on the joint. and tan 4 is the slope of the shear strength

envelope illustruted in Figure 2.2a. Recent evidence, (Patton, 1966;

Rosenblad, 1971) suggests that a bilinear relation for the peak 4ess,



It't
H am

- Peak Strength

Residual Strength
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Figure 2.1 - Shear Stress - Shear Strain Relation for
Two - Dimensional Mohr - Coulomb Material



a) -Linear Mohr- Coulomb Criterion for Peak Strength

Cr.. 40 swch

b) - Bilinear Mohr - Coulomb Criterion for Peak Strength
with Lower Residual Strength

Figure 2.2 - Yield Criteria for Joint Elements
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as illustrated in Figure 2.2b is more appropriate.

Tf = c + af tan 01 -f ý (swch (2.5a)

Tf c + aswchtan 01 + (0f-Oswch)tan $2 ' Of > aswch (2-5b)

in which a swch is the normal stress at which the bilinear failure envelope

changes slope.

The residual shear strength relation, also shown in Figure 2.2b is

Tf =c + of tan ýres (2.6)f Cres re
res

in which the subscript (res) denotes the residual shear strength parameters.

Whi'a Figure 2.1 and Equations 2.5 and 2.6 constitute a somewhat

ideali-ed depiction of the observed behavior of natural and artificially

created joints, the difficulty of testing insitu joint behavior and the

variability of results (Goodman, 1969) suggest that the above description

is sufficiently detailed at the present time.

2.3 - Joint Elements

In the Static SLAM Code joints are characterized as rectangular

elements of zero thickness. This is illustrated in Figure 2.3 which shows

a rectangular element of length a and width b in the plane of the page.

The joint is described by such an element in which the dimension b approaches

zero so that node points i and Z have the same coordinates, and node points

j and k have the same coordinates. An elongate joint is then made up of a

series of such joint elements to which suitable elastic-plastic properties

have been assigned.

•'• "'• I• • • II I • : 0'• i' •7 " "-"I•' • I -" d8
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Figure 2.3 - Rectangular Element
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The stiffness matrix 'for the joint'elements is derived by determining

the stiffness for a rectengular joint in terms of the width b and then

,allowing b to approach zero in the limit. That is, an equivalent 'strain,

{•'} is defined as

(U'} = be} (2.7)

in which {C} 's the appropriate strain'vector. The stresses, Wol are

a) = [o'] {f,'} .(2.8)

where

and [C] is the matrix of elastic constants.

Imposing a set of vIrtual nodal displacements {6u0, the equivalent

strain is related, to the virtual node point displacements by

{Se'} - b[A] {6u} = [All {V'; (2.10)

where the matrix '[A) is deternianed from the definition of the strain

cumponents andithe assumed displacement field for the element. The internal

strain energy 6Wi developed by these displacements is

6W •"_ {f ,I.'}T v(.} dV1)wi b,• ,..
V

in which the super3cript T'denotes the transpose of the matrix and the

integration is taken over the volume Vof the' elemeht. The corresponding

-external work done by the node point resisting forces during the virtual

displacement 6W is
e

, 6W {- uT{s} (21.))

in which {•} is the vector of node'point forces for the element.

10
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Invoking the principal of virtual work, expressions 2.11 and 2.12

are equated. Substituting Equation 2.10 into the result yields

{6•}T{s} = •-f o a dV

b V
f 1 6} ]T

S({u•A,' a dV (2.13)

Or, solving for the node point forces,

{S) ~ f [A']TO dV
V

Sf [A,'] [C,[A,] dV {u} (2.14)
V

This can be written

{S} = [k] {u} (2.15)

in which the stiffness matrix [ki is

[ = f [A'(T[C] I [A( , dV (2.16)

V

When the rectangular element is a joint element, the stiffness is

then

[k] joint =im [k] (2.17)
b+O

The individual terms of a stiffness matrix which are preserved are deter-

mined by substituting the appropriate element integrals as given by

Costantino and Wachowski (1966).

2.4 - Constitutive Laws for Joint Elements

Three constitutive laws sre provided in the SLAM Code material catalog

for the description of the mechanical behavior of the joint elements.

S~11
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They are:

1. An elastic-plastic material obeying the Von Mises yield criterion

and the Prandtl-Reuss flow equations. This model, which incorporates

strain hardening effects, is described in detail by Perloff (1969)

and Costantino (1968). The constitutive relation can be employed

for regular elements as well as joint elements.

2. An elastic-plastic material obeying the Drucker and Prager (1952)

three-dimensional extension of the Mohr-Coulomb criterion. This

relation which can also be viewed as an extended Von Mises yield

criterion is also described in the earlier report (Perloff, 1969)

and by Costantino (1968). Although usable for both joint elements

and regular elements, this constitutive relation is probably

applicable to joints only when they are filled.

3. An elastic-plastic material which obeys a two-dimensional bilinear

Mchr-Coulomb yield criterion described in Equations 2.5, and

depicted graphically in Figure 2.2b. Post-yield behavior is

governed by the residual strength parameters as indicated in

Equation 2.6 and Figure 2.2b. An option is also provided in the

SLAM code to require that the joint is incapable of withstanding

tension normal to the joint surface. In Figure 2.2b this would

correspond to a case in which the failure envelopes would be

vertical along the T axis. Such a case corresponds to a clean

unhealed joint.

Plastic strains, for the post-yield condition, are calculated

as,

{F) {T (C {€}(2.18)

T
in which {c are the total computed strains determined from the

12
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node point displacements, and {c E are the elastic strains

determined from

{CE) = [C]1 {o (2.19)

This constitutive relation is applicable to joint elements only.

These constitutive laws permit consideration of a wide range of

types of joint behavior. The nature of the material catalog in the SLAM

code also allows for relatively straightforward incorporation of additional

constitutive relations, such as those involving time-dependent behavior.

2.5 - Revised SLAM Code

The current version of the Static SLAM Code, containing the revisions

described above and incorporating consideration of joint elements is listed

in Appendix A. The form of the data input required is given at the

beginning of Appendix A and is indicated by comment cards within the code

itself.

2.6 - Interpolation Code for MPBX Displacements

To assist in comparing the results of the analysis with displacement

measurements along MPBX lines, an auxiliary code has been developed to

compute displacements along these lines. The node point displacements

determined by the SLAM code are used as input to the interpolation code

for MPBX displacements. The input node point coordinates and displacements

maV be in either magnetic tape or punched card form.

Details of data input and a listing of the code are given in

Appendix B.

13
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SECTION 3. RESULTS OF ANALYSES OF JOINTED SYSTEMS

3.1 - Introduction

Two types of jointed systems were selected for comparative analyses

to indicate the degree to which the behavior of the system could be pre-

dicted by the static SLAM code incorporating joint elements. The first of

these was a series of model tests conducted on a mass of simulated rock

blocks arranged to provide two families of intersecting joints. This model

was developed at the Missouri River Division Laboratory (MRDL) of the

U. S. Army Corps of Engineers (Rosenblad, 1971).

The second case considered is a typical section at the Straight Creek

Pilot bore in which at least two families of intersecting joints were found

intersecting the tunnel. These cases are discussed individually below.

3.2 - MRDL Jointed Model Tests

The MRDL Jointed Block model is illustrated schematically in Figure 3.1.

It consists of a series cf blocks, square or rectangular in cross-section

grouped together to form a body intersected by sets of parallel joints

normal to one plane. In Figure 3.1a a typical square section block is

illustrated. The square blocks are grouped as shown in Figure 3.1b with

triangular blocks where required in order to form a larger mass which is

square in closs-section. The model is loaded in the horizontal plane as

indicated schematically in Figure 3.1c. Details of the apparatun construc-

tion, development and operation are given by Rosenblad (1971). The indivic'ual

blocks are fabricated by molding using a model material consisting of sand,

gypsum cement and water vibrated in a mold. The development of the model

material resulted from an extensive experimentation program conducted by

Rosenbled (1971) for this purpose.



0a)-Typical Block b)- Blocks Combined to Form Model

I tIt It v tt tl=
C).-Schemotlc Diagram of Applied Stresses Shown

In Plan View

Figure 3.1- Schematic View of MRDL Jointed
Block Model 15
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A typical uniaxial stress-strain curve for an intact cylindrical

specimen of the vibrated model material is shown in Figure 3.2. The axial

strain data were obtained from strain gages mounted in the central portion

of the test sections. Rosenblad reports significant differences between

the relation obtained from such strain gage measurements and those from

gross measurements from the specimen. He attributes this discrepancy to end

restraint effects. The importance of such effects in interpreting test

results has been investigated in an earlier report (Perloff, 1969), and by

Perloff and Pombo (1969). The Mohr envelopes for peak points on the stress-

strain curves for the intact model material, obtained from both direct shear

and triaxial compression tests, are shown in Figure 3.3.

The effect of a joint oriented at 450 to the :Lxis of a triaxial

compression specimen on the stress-deformation behavior of the model material

is shown in Figure 3.2. This curve Iq for a triaxial compression test in

which the confining pressure was 500 psi. However, the equivalent Young's

modulus at 50 percent peak strength was of similar magnitude for lower

confining pressures. Analysis of a single-jointed specimen indicated that

the results in Figure 3.2 corzesponded to a joint modulus of 1.8 x 105 psi.

Mohr envelopes for the joints between the blocks as obtained from

triaxial compression and direct shear tests are shown in Figure 3.4. As

might be expected, the joints exhibit no cohesive components of shearing

resistance, and have a bilinear failure envelope.

Analysis performed

The analysis was carried out for a two-dimensional jointed model in

which the blocks we:'e assumc -. quPre. The finite element mesh used is

shown in Figure 3.5. The mesh corresponds to one-queater of the model and

I
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consists of 180 nodes and 156 elements. Each of the heavy lines indicates a

joint element between intact blocks. The light lines are boundaries of

elements forming the intact blocks. The material parameters used in the

analysis were obtained from the test data presented by Rosenblad (1971)

and shown in Figures 3.2-3. 4:

Intact Blocks - Elastic-plastic material obeying the three-

dimensional generalized Mohr-Coulomb yield criterion:

x16
E = 1.5 x 10 psi

v = 0.230

c = 100 psi

0 = 49 .5 psi (of <_230 psi)

Joints - Elastic-plastic "material" obeying the two-dimensional bilinear

Mohr-Coulomb yield criterion. Post-yield behavior is governed by

residual strength parameters which are the same as those producing

initial yield:

E = 1.8 x 105 psi

v = 0.230

c= 0

0 = 330 (f < 175 psi)

02 = 27 (f > 175 psi)

The imposed loading used in the analysis was ay G2. 25 psi,

az= T1 increasing to a maximum of 275 psi.

Results

Results of an analysis of the jointed rock model are shown as the dashed

line in Figure 3.6. The line shows the relative displacement on either side

of a joint, parallel to the joint, as a function of the major principal

21
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stress. The curve shewn corresponds to any joint: because of the

symmetry of the test. i

Measured' results for four presumably equivalent jointsV are also shown

in Figure 3.6. The scatter in the experimental resu.ts probably arises

from rotation of individual blocks, and bonsequant nonUniform distribution

of frictional forces between the blocks, due to minor eccentricity in the

Jack loading system. Nonetheless, the ability of the analysis to predict

the observed displacements is evident.

On the basis of these results it was concluded that' the SLAM code was

capable of describing the behavior of jointed systems which satisfied the

following criteria:

1. The geomet•ic arrangement of joints and intact elements can be

completely described in terms of a two-dimensional system.;

2. The mechanical behavior of the intact materials and individual

joints can be characterized by one of the constitutive relations

incorporated in the material catalogue of the code.

3. The imposed loads and displacements are known.

3.3 - Analysis of Straight Creek Pilot Bore

Description of the tunnel

The Straight Creek Pilot Bore is located about 55 miles west qf Denver

on the proposed highway 1-70. About 75 percent of the rock in the pilot bore

is fine to medium grained granite (Brown, 1970). The remainder of th6 rock

consists of metasediments that include a variety of materials. The tunnel is

transected by the loveland pass fault zone, vhidh contains numerous shear

zones of diverse orientations. The rock is jointed, and jointsurfaces are

23
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commonly coa~ed with chlorite and/or calcite.

The section chosen for avalysis, Sta. 114+53, was composed of predominantly

granitic rock with two major Joint systems oriented approximately 38 and 52

degrees from the horizontal on a plane normal to tne tunnel axis. The

joint spacing observed at the tunnel wall averaged one toethree feet,

but was quite variatle. At this location the tunnel is 250 feet below the

ground surface.

Mechanical characteristics of the rock were determined by Robinson and

Lee (1965). Their test' results, illustrated by the Mohr circles and solid

failure envelope in Figure 3.7, indicate that the intact rock obeys a Mohr-

Coulomb failur4 criterion. Tests on samples with chlorite and calcite
5,

f illed joints, in which the failure occurred along the joints, indicate peak

strength behavior of the joints shown as tne dashed line in Figure 3.7. OncL

the initial failure takes place however, it seems reasonable that the cohesive

resistance diminishes to zero.

Analysis performed

The two-dimensional Jointed finite element mesh used to represent the

pr6blem is shown i~n Figure 3.8. The heavy lines are joint elements, light

lines. indicatp boundaries of inzact elements. In the vicinity of the tunnel,

joint spacing was three feet. The spacing was increased at increasing

distance from the tunnel, Figure 3.8, so that there were less than i600 modes.

As in the case of the continuum analysis (Perloff, 1969), the problem is

solved in two' stages. The 4isplacements resulting from the tunnel construction

, were determined as the difference between the displacements of the mass

without the tunnel, and those with the tunnel (shaded in Figures 3.8)

removed.: The mesh without the tunnel consisted of 1507 nodes and 1385

• •,24
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elements; that with the tunnel contained 1444 nodes and 1300 elements.

The material parameters used in the analysis were:

Intact rock - Elastic-plastic material obeying the three-

dimensional generalized Mohr-Coulomb yield criterion:

E 8.98 x 106 psi

V - 0.243

C Z 4500 Psi

0 = 52°0

Joints - Elastic-plastic material obeying the two-dimensional

Mohr-Coulomb yield criterion. Post-yield behavior is

cohesionless in nature as discussed above:

E = 8.98 x 105 psi

0 = 0.243

c = 2500 psi
0l 0 = 520

=0
0 1 252~
res
0 res =52 0

Imposed loads were due solely to gravity. That is, the material

weight acted on all elements shown. In addition, a uniform vertical

loading of 208 psi was applied to the upper boundary of the mesh to

account for the overburden above the mesh.

Results

Results of the analysis and their relation to field measurements

are shown graphically in Figure 3.9. This figure indicates the cross-

section of the tunnel and the three MPBX's located at Sta. 11 + 53.
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Superimposed on the diagrams of the MPBX's are the measured displacements

along the MPBX axis, values calculated by the analysis for jointed

systems given herein and, for comparison, the results from the continuum

elastic analysis (Perloff, 1969). The analtyical results for the jointed

model are closer to the measured values at MPBX's 2001 and 2002 than

those for the continuum model. The calculations predict a movement in 14PBX

2003 which opposite in direction to that measured. Furthermore the

irregular movements recorded for MPBX 2002 near the tunnel face are not

predicted by the analysis. Several possible reasons for these discrepancies

can be 'd-'itified. Among these are:

1. Incorrect measurement of rock movement based on MPBX data.

This could arise from at least two sources:

a. Displacementa are likely to occur immediately

upon excavation. Because the MPBX is installed

only after excavation, important components of

displacement, not necessarily in the same direction

as subsequently measured values may be lost.

b. Anchor slip may occur leading to spurious relative

displacement values between individual anchors. If

the anchor most remote from the tunnel slips,

the whole displacement axis is translated.

2. The specific orientation and spacing of the joints in the

vicinity of the MPBX's is not known but only estimated

for simplified representation. This can affect predicted

displacements markedly in the region near the tunnel where

stress relief is the greatest.

29
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3. The mechanical characteristics of the joints may be incorrectly

described for at least two reasons:

a. The elastic parameters for the joint materials

were estimated on the basis of the measured relative

moduli in the MRDL tests. Actual data on this

point were not available.

b. The joints were assumed to be unfailed, i. e., peak

strength parameters were initially applicable. If the

excavation process produces temporary joint separation,

for example during blasting, then residual strength

parameters may be more applicable.

4. Initial stress conditions are important both to the magnitude

of elastic deformations as well as to the onset of yielding

as the tunnel material is removed. ThM3 important point was

discussed in an earlier report (Perloff, 1969) in more

detail. Unfortunately, no proven means for reliably measuring

the initial stress state (prior to excavation) is available

at the present time.

5. The three-dimensional vature of the problem, especially

the Jointing and faulting undoubtedly has some influence.

This point is discussed further below.

On the basis of these observations it was concluded that a more

accurate prediction of tunnel behavior based on presently available

input information would be fortuitous.

30
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SECTION 4 - CONSIDERATION OF TIREE-DIMENSIONAL EFFECTS

Three-dimensional effects are undoubtedly important in the

response of a rock mass to the opening of an excavation within the

mass. These effects arise from at least three sources:

1. The three-dimensional nature of the tunnel geometry

produces a corresponding set of stresses and deformations

in the rock medium. Even in the case of a long tunnel,

the geometry is decidedly three-dimensional at the end

of the tunnel where construction is occurring, as well as

"in the vicinity of the portals.

2. The preexisting stratigraphic features, especially

joints and faults, are likely to interact with the

tunnel in a fashion which requires a three-dimensional

framework for a realistic representation.

3. The failure criterion appropriate to the materials

involved most probably involves the complete stress

(or strain) field at a point. Therefore the response

characteristics of the materials themselves are

three-dimensional in nature.

In spite of these features, however, it was found to be impractice.l

to incorporate three-dimensional effects into the jointed system analysis

at the present time. Reasons for this included:

1. Although three-dimensional effects are likely to be

significant, there are many situations (including,

probably, the Straight Creek Pilot Bore) where the

31
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other discrepancies between the real conditions and those

identified are much more important. It is likely that the

most important of' these are the joint spacing and mechanical

characteristics. Thus, only a marginal gain in accuracy

seemed likply as the result of incorporating these effects

at this tim2.

2. Even a simplified' representation of the major joint

systems in a twd-dimensional framework required approximately

1500 n~odes and i400 elements. The SLAM code capable of managing

I this size problem uses approximately 53,000 words of central

memory storage and approximately 15 minutes of computation

time on the CDC 6500 computer. 'Expanding the program to three-

dimensions without imposing some symmetry requirements would

lead to an inordinately large problem (see for example, Corum

and Krishnamurthy, 19'69).

Consequently it was concluded that three-dimensional considerations

could not be profitably incorporated into the analysis at the

preser' -iMa.
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SECTION 5 - CONCLUSIONS

Based on the results described in this report for analyses of

jointed systems and measurement of performance of those systems, the

following conclusions have been drawn:

1. The static SLAY ode for plane jointed systems described

herein can predict the response of sfch systems to imposed

loadings when the following conditions are satisfied:

a. The geometric arrangement of joints and intact

elements can be completely described in terms of a

two dimensional system.

b. The mechanical behavior of the intact materials and

individual joints can be characterized by one of

the constitutive relations incorporated in the material

catalogue of the code.

c. The imposed loads and displacements ere known.

2. Predictions of displacements of excavations in a natural

jointed rock mass are likely to differ from measured

values. The discrepancy may arise from numerous sources

including:

a. Errors inherent in the measurements themselves.

b. Insufficient knowledge of the spacing and orientation

of the joints and faults in the zone of interest.

c. Incorrect assessment of the mechanical characteristics

of the joints or joint-filling materials.

33
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d. Inadequate knowledge of insitu stress conditions

prior to excavation.

e. Three dimensional effects which cannot be incorporated

in a plane aaalysis. This effect is likely to be

less important than others mentioned above.

3. Incorporation of a three-dimensional finite-element

representation of Jointed systems into the analysis is

not practicable at this time due both to the consequent

requirement for computer storage and time, and to the

limited benefit likely to be gained from such an

undertaking.

-
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APPENDIX A - STATIC SLAM CODE FOR JOINTED SYSTEMS

A.1- Code Description

The Static SLAM Code is written entirely in FORTRAN IV and makes

use of the overlay features of FORTRAN IV to optimize usage of the high

speed core. The code consists of a main program, twelve overlays and

27 separate subroutines. The overlay structure and subroutines are

shown schematically in Figure A.l.

The code uses 11 tape drives for imnmediate storage of data and

output. The logical numbers for these tapes are 1, 2, 3, 4, 8, 9, 10,

11, 12, 14, 15. In addition, I/0 is handled by tape 5 for input and

6 output. The solution is stored on tapes 3 or 12, and )5. The code

is presently operational on the CDC 6500, using the Purdue MACE

operating system.

A.2 - Data Deck Setup

The following description of the data deck setup assumes that, in

general, all numbers are right-oriented in their fields. inclusion of

the decimal point in floating point (real) numbers overrides the right-

orientation requirement. Generally all integer data are entered in

5-column fields while all floating point data are entered in 10-column

fields.

Data entered in card groups 1.1 to 6.2 are read in overlay LNKIA.

Data entered in group 7.1 to 9.3 are read in overlay LNK1G. The remain-

ing data are read in overlay UNK2.

A-1
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Tie

CARD VARIABLE FORMAT
L1 ARAME (18A8)

iI

ANAME - Problem Descriptor to be printed as output,
up to 72 characters

2.1 NUMNP, NUMEL, ISTRES, IMPBX, IPkINT (515)

NUMNP = Number of node points (<_ 1600)

NUMEL = Number of element3

ISTRES = Counter to describe' stress condition,

= 0, axisymmetric problem,

z 1, plane strain problem,

= 2, plane stress problem.

TMPBX = Counter for storage on magnetic tape (logical number 15)
for use inlinterpolation code (Appendix B) for determining

Sdisplacement along MPBX lines,

= 0, data are not stored on tape 15

= 1, data are stored on tape 15 for subsequent use.

IPRINT = Counter for intermediate printout,

= 0, no intermediatL printout other than input data,

= 1, print adjacency table and input data,

= 2, print stiffn~ss table and'input data,

= 3,,print stress table and input data,

- 4, print mass ve'ctor and input data,

= 5, print load tables and input data,
6, print results of eliminationwsolution and

inpilt data,

7, print stresses in plastic elements and input data,

=99,, print all above tables.

A-2
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CARD VARIABLE FORMAT

3.1 N, R, Z, ITYPE, THETA (I5,2E10.4, IlO,ElO.4)

N a Node point number,

R - Radial (horizontal) coordinate (ft), increasing to the right,

Z a Vertical coordinate (ft), increasing down,

ITYPE - Counter for support conditions,

S0, free node,

a 1, fixed in one direction,

z 2, fixed in both directions

THETA a Angle (in degrees) of roller support measured positive
clockwise from the horizontal, for ITYPE 1 only.

Note: Card 3.1 repeated NUMNP times.

4.1 NZONES (U5)

NZONES - Number of different materials ( < 20)

4.2 IZ, ANAME (15,I8A4)

IZ = Material or zone number

ANAME = Material or zone descriptor to be printed as output,
up to 72 characters.

4.3 IELAST, IPLAST, WGT, El, E2, E3, E4, E5 (215,E1.0,05E10.O)

IELAST - Type of linear material behavior,

1 i, isotropic elastic material,

* 2, transversely anisotropic elastic material,

a 3. linear compressible fluid.

IPLAST = Counter to describe nonlinear behavior,

m 0, elastic or linear material,

w 1. Mises (Prandtl-Reuss) elastic-plastic material,

= 2, Elastic-Plastic material with generalized three-
dimensional Mohr-Coulomb yield criterion.

39 A-3



CARD VARIABLE FORMAT

= 3, Elastic-Plastic material with two-dimenýsional
Mohr-Coulomb yield criterion. Applicable for
joint elements only.

Note: if IPIAST = 1, 2 or 3, IELAST must equal 1
(isot•ropic elasticity)

WGT = Unit weight of material (pcf)

El to E5 = Elastic Property data.

If IELAST a 1,

El = Young's Modulus (psi),

E2 = Poisson's Ratio

E3 to E5 are neglected.

SIf IELAST a 2,

El= Er (psi),

E2 a Ez (psi),

E3 - Erz (psi),

EA a G (psi),

E5 a Ere (psi).

If IELAST a 3,

El a bulk modulus, and

E2 to E5 are neglected.

4.4 NOam (15)

NOYILD = Number of nonlinear segments of effective
stress-strain curve of elastic-Mises
plastic material ( 1< 10)

4.5 (SSTAR(I), I 1 1, NOYILD) (TE10.4)

SSTAR = Stress (psi) at beginning of non-linear

segment, up to 7 per card.

4.6 (HSTAR(I), I - 1, NOYIELD) (MElO.4)

HSTAR a Slope %psi) of nonlinear segment, up to
7 per card.

Note: Cards 4.4, 4.5, and 4.6 omitted if IPLAST # I.

A-14



CARD VARIABLE FORMAT

4.T COHESN, FRCTAN (2EI0.4)

COHESN - Value of cohesion (psi) for generalized three-
dimensional Mohr-Coulomb material, as determined
from standard triaxial compression test.

FRCTAN = Corresponding friction angle (in degrees)

Note: Card 4.7 omitted if IPLAST not equal to 2.

4.8 COHESN, FRCTNI, FRCTN2, SNSWCH (NE10.4)

COHESN = Value of peak cohesion (psi) for two-
dimensional Mohr-Coulomb material
(applicable for joint elements only).

FRCTN1 = Peak friction angle (in degrees) for normal
stress < SNSWCH.

FRCTN2 = Peak friction angle (in d&jrees) for normal
stress greater than SNSWCH.

SNSWCH = Normal pressure (psi) on joint at which slope
angle of bilinear peak yield envelope changes
from FRCTN1 to FRCTN2.

4.9 JTEWSN, IRESID (215)

JTENSN = Counter indicating tensile resistance across joint

a 0, Joint material can withstand no tension
normal to joint,

= 1, Joint material can resist tension normal
to joint up to magnitude C/tan(FRCTNI).

IRESID = Counter indicating whether residual shear strength
along joint is less than peak value.

x 0, Residual shear strength along joint = the
peak value,

= 1, Residual shear strength along joint is less

than peak value

4.10 CRESID, FRESID (2EI0.4)

CRESID a Residual (post-peak) cohesion (psi)

FRESID = Residual (post-peak) friction angle (in degrees),
< FCr•N2.

Note: If IRESID a 0, card 14.10 is omitted.

Note: Card group 14.2 to 14.10 repeated NZONES times.
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CARD VARIABLE FORMAT

5.1 NUME, IZONE, NPI, NPJ, NPK, NPL, NCRACK (715)

NUME Element number,

IZONE Material zone number in which element is located,

NPI to NPL = Node numbers comprising element.
If NPL = 0, element is considered triangle.? If element is a joint element, NPI must be either
node with smallest R-coordinate. If the element
is vertical, NPI must be either node with the
smallest z-ccordinate. NPJ, NPK, NPL must be
nodes given in clockwise order around the element.
For all other element types, there is no
restriction on ordering of nodes.

NCRACK = Counter to identify joint elements,

= 0, regular triangular or rectangular element,

= 1, rectangular joint element of zero thickness.
Thus two nodes will have the same coordinate,
and the other two nodes will have the same
coordinates.

Note: Card 5.1 repeated NUMEL times.

6.1 NUMST (15)

NUMST Number of start nodes for renumbering
scheme (< 80)

S6.2 (NE aT(I), I = i, NUMST) (1415)

IiSTART = Start node numbers, 14 per card.

7.1 NLINES (15)

INLINES = Number of surfaces along which applied pressure acts.

7.2 LOADNP, ANAME (I5,18Ah)

LOADNP = Number of node points that are loaded by pressure
on one surface (S 100),

ANAME = Pressure descriptor to be printed as output, up to
72 characters.

7.3 NPLOAD, PRESSU, PRESSW (15,2E1o.o)

NPLOAD = Node number of node to which pressure is applied.

PRESSU = Horilzontal pressure tpsi) applied to loaded surface
at node number NPLOAD, positive in positive R-direction
(to the right).

A-6

42



CARD WVRIABLE FORMAT

PRESSW = Vertical pressure (psi) applied to loaded surface
at node number NPLOAD, positive in positive z-
direction (down).

Note: Card 7.3 repeated LOADNP times. Loaded node numbers,
NPLOAD, are in consecutive order along pressure surface
such that in moving from the first to the last the
pressures are applied on the left hand side of the
surface, and the boundary element is to the right of
the surface.

Note: Card group 7.2 through 7.3 repeated NLINES times. If

NLINES a 0, they are omitted.

8.1 NLINES (U5)

NLINES = Number of clusters of nodes to which concentrated

loads are applied.

8.2 LOADNO, ANAME (I5,18A4)

LOADNP = Number of nodes in cluster (1 i00)

ANAME = Concentrated load cluster descriptor to be printed
as output, up to 72 characters.

8.3 NPLOAD, PLOADU, PLOADW (I5,2E10.O)

NPLOAD = Node number of node to which pressure is applied.

PLOADU = Horizontal force (lbs.) applied to node number
NPLOAD, positive in positive R-direction (to the right).

PLOADW = Vertical force (lbs.) applied to node number NPLOAD,
positive in positive Z-direction (down).

Note: Card 8.3 repeated LOADNP times.

Note: Card group 8.2 through 8.3 repeated NLINES times.
If NLINES-= 0, they are omitted.

9.1 NLINES (15)

NLINES = Number of clusters of nodes for which displacements
are specified.

9.2 LDISP, ANAME (I5,18Ai)

LDISP = Number of nodes in dsplacement cluster.

ANAME Displacement cluster descriptor to be printed as out-
put, up to 72 characters.

A-7
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CARD VARIABLE FORMJT

9.3 NPDISP, UDISP, WDISP (re2E1.O)

:; iNPDISP = Node number of node for which displacement's are
il specified.

UDISP = u- displacement (inches)I

WDISP = w - displacement (inches)1

Note: Ctkrd 9.3 is repeated LDISP time3.

Note: Card group 9.2 through 9.3 repeated NLINES times.
If NLINES = 0, they are omitted.

10.1 ITMAX, ERRMAX, NFAC, KTAPE, ICONTU, OVERLX (15,ElO.0,315,ElO.O)

ITMAX =. Maximum number of iterations to be used for each

solution increment.

ERRMAX = Maximum allowable error (ibs) in force computations.

NFAC = Number o: increments to be used in nonlinear solution
to go from loads at which stresses reach the elastic
limit to the actual loads.

KTAPE = Counter for use of tapes for storage of node point data,

=0, uses two K tapes (normal usage),

= 1, uses only 1 K tape.

ICONTU = 0 will continue complete solution if ITMAX is reached
in any load increment without convergence to within the
allowable error, (ERRMAX).

OVERLX = Over-relaxation factor to reduce required number of
iterations (usual values 1.2 - 1.8).

1. When ITYPE = 1 on card 3.1, only one displacement component is specified at the
particular node point. This is equivalent to a roller support, as shown in
Figure A.2, in which the roller is free to move along a line oriented at the

angle 8 (also input on card 3.1) with respect to the horizontal. The angle
8 is considered positive when measured clockwise from the horizontal, and
defines a new set of coordinates u, w as shown in Figure A.2. The direction
in which the roller is free to move is defined as the u direction. The
direction in which the displacement is specified is defined as the w direction.
Thus in the case of the equivalent roller support node point, WDISP is the
specified displacement in thw 7 direction, and UDISP is ignored. Similarly
in the output, the result given for u is the displacement in the u direction
and w is the sracified input displacement in the w dirtction.

Forces at nodes with equivalent roller supports are specified in the usual
horizontal and vertical coordinate directions.

A-8
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Figure A.2- Coordinate Directions for Equivalent Roller

Support
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AA Listing Of CogeA9
OVERLAY(MOHANtOtO
PROGRiAM SLAM'U'NPJT, OUTPUTTAPE5=INPUT,'TAPE6=OUTPUT,

ITAPEI #TAPE2t TAPE3vT APE4v TAPE8tTAPE-99TAPEIC9 TAPE 11 TAPF12 9
2TAPE14#TAPEl5t!APEI6)

CO MMON M'AX NP MXCLS tMX AOJP,9MXL ON EMXNPB 9N 70NE S tMXPE LB tNUMNPt
1I. NUMEL, IST RES9NUMPEL N4UMELPP ER 100NMKCL SFAC TOR tALAFB i

I2 t(AP~vKRJN:t IPRI4T9,NUMSTtMXSTRTt IELAST(2C),IPLAS7(20)

3WGT(20),NSTARIY(79),EI( 5t20t IPELTPoINTiNPRCDSIMPBX

PMXCLScBO
MX NP B=a 35)-
:MAXNP=1600
MXADJP=B

MXST RT=7c
MX PLB=24
KRUN=0

PCHAN= 5HIMOI-AN

F'~CALL OVERLAY(MOHANi * 1,06HRECALL)

F CALL 'OVERLAY ( MOHAN, 2, 0, 6HRECALL I
C

CALL. OVERLAY( MiHANt 3 rlOv 6HRECALL)
C

CALL OVERLAY( MOHAN,49 0, 6HRECALL)
C

CALL OVERLAY IMUHAN, 5, 0, 6HRECALL)
C.

CALL OVERLAY(I MOHAN&6, 0, 6HRECALL)
C

;CALL OVERLAY(I MOHAN, 71 01 6HRECALL)
* C

CALL OVERLAY(MOHAN, 8t,0, 61RECALL)
C

CALL OVERLAY( HOHAN, c?,0,61-RECALL)
C

*CALL OVERLAY IMOHAN, 190,.61R-RCALL)
C

CALL OVERLAY IMOHAN, 11,0,6l-RECALL )
C,

CALL OVERLAY( MOI-AN, 12,0,61-RECALL )
C

jSTOP I.4

END.
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C
C
C "" OVERE .1R;" 0 O - - - . .. . ........

PROGRAM LNKIA
CCMMON MAXNPMKCLStMXADJPMXZONEtMXNPBtN1ONEStMXPELB,NI;MNP,

1 NUMEL,9 ISTRES, NUMPELNUMELP, PEI IODNMKCL StFACTOR,A LAMB,
2 KTAPE,KRJN, IPRINT,NUMSTMXSTRT, IELAST(2C) ,IPLAST(20)
3 WGT(20),NSTART(79),EI( 5,20), [PEI TP,I l*T,NPRCDSIMPBX

D IME NS ICN R{( 160 0),9Z (16 0 0, 1T Y PE 160 0,T HE TA{(I16CO0
C
C

DIMENSION ANAMEE 18),SSTAR I 1O),HSTA I10)
C

C*S** SYSTEM--TT ...
MOHAN=5HMOFAN

C ... .

READ(5,100) ANAMENUMNP,NUMELISTRES,IMPBX,IPRINT
100 FORMAT (18A4/ 1415)

C ,. .. . .. . . . .. .. .

C ANAME =PROBLEM TITLE
C NUMNP =NO. OF NODE POINTS
C NUMEL =-D. OF ELEMENTS
C ISTRES=O AXISYMMETRIC PROBLEM
C =1 PLANE STRAIN PROBLEM
C •--ANE STRESS PROBLEM
C IPRINT=O CNLY ECHO PRINT INPUT DATA
C =1 CNLY PRINT ADJACENCY TABLE
C =2 ONLY PRINT STIFFNESS TABLE
C =3 CNLY PRINT STRESS TABLE
C =4 CNLY PRINT MASS VECTOR
C_ 5- MNLY PRINT LOAD TABLES
c C=6 CNLY PRINT RESULTS OF ELIMINATION
C =7 ONLY PRINT STRESSES IN PLASTIC ELEMENTS
C =93 PRINT ALL ABOVE TABLES
C

WRITE(6,101) ANAMENJMNPiNUMEL, [PRINT
101 FQRMAT-T-rF,•18A4f/20K NO. OF NODE P-JTNTS=,15I

I 20F NO. OF ELEMENTS =,151
2 20H IPRINT =,15)

IF(ISTRES.NE.0) GO TO 103
WRITE(6,104) ISTRES

104 FCRMAT(20H [SIRES =, 15,3X,2OHAXISYMMETRIC PROBLEM)
GC TO IU-2

103 IF(ISTRES.NE.1) GO TO 105
WRITE(6,106) ISTRES

106 FCRMAT(20H ISTRES =15,3X,2OHPLANE STRA!N PROBLEM)
GO TO 102

105 IF(ISTRES.NE.2) GO TO 107
WRITEI36-TIY TST-E -"

"108 FORMAT(20H ISIRES =, 15,3X,2OHPLANE STRESS PROBLEM)
GC TO 102

107 WRITE(6,109) ISTRES
109 FCRMAT(20H SI'RES =,I5,3X,2OHERROR IN ISTRFS DATA)

CALL EXIT
C
C**** READ NOCE POINT DATA AND STORE ON TAPE 14
C 47



A-li

102 PI=3.1415927

REWIND 14
* WRATE (6,tOIW

110 FCRMAT (I H1915HNODE POINT CATA// 12X9 7HNODE P To4Xt4H TYPE91 3X9
15HTHETA,15X,6HRADIJS, 14X,5HOEPT~I/14X,,3HN0..,21X,9H(DEGREES)v
214X,4H( FT)I,16X94H( FT)

UC 111 I=1,NjmkP
111. READI5-1YUl2T'PF1TP ), Z( NPIJ1, ITYPE RPN It THE TA (NPN)
112 FORMAT(15,2EI0.4,ill0ElO.4)

C
C NPN =NODE POINT NO.
C R =RADIJS (FT)
C Z =CEPTH (FT)
C ITYPE =0 FREE f4OD`E__
C =1 FIX(ED 'JUDE IN ONE DIRECTION (EXCEPT I-AXIS)
C =2 FIXED NJOCE IN TWO UIRECT IONS( INCLUDING Z-A~XIS)
C =3 FREE NODE ON Z-AXIS (NOT 'JECESSARY TO SPECIFY)
C THET A =CLOCKoiISE ANGLE OF ROLLER DIRECTION FROM
C R-AXIS (DEGREES)

IF (IMPBX.NF.1) GO TO 15
REWIND 15
WR IT E( 15) NIMNPtt R( I), Z( I), 1 1, NUMNP)

* C
15 DC 16 NPN=1,NJMNP

IF(R(NPN).NE.O.0) GO TO 17
IF(ITYPE(NPN).EQ.2) GO TO017
IF(ISTRES.NE.0) GO TO 17
ITYPE( NPN)=3

17 WRITE(6tll3) NPN;'!r'PE(NPN),THETA(NPN),R(NPN)tZ(NPN)
113 FCRMATH1l6-I4,5X,1P_)E?0.7)

* R(NPN)=R(NPN)*12.O
Z(NPN)=Z(NPN)*12.0
THETAC NPN)=THETA( NPN)*P 1/180.
WRITE(14) NPNR(NPN),Z(NPN), ITYPE('JP4),THETA(NPN)

16 CCNTINUE
C
C**** READ ZONE PROPFRTY DATA AND STORE ON~ TAPE 14

14READ(5,114) NZONES

WRIT E(69 118 ) NZUNES
118 FCR!4AT(IH1,I8HZONE PROPVERTY DATA/14H 4O. OF ZONES=,15)

t - WRI11i(l4) NZONES
DC 1 I1,1NZONES
READ(5,1119) I~tANAME

119 FCRMAT (I5, 18A4)
C

*C NZONES=NO. OF MAT-ERTAL ZON4ES
C IZ =ZONE NJMBER

C ANAME =ZONE DESCRIPTOR
C

- WRITE(6tI20) IZ,ANAME
C12U FCRMAT(f /13H ZONE NUMBER=, 1992X9,18A4)

* READ(5,121) IELAST(IZ),IPLAST(12),WGT(lL),(EI(JwIL),Jzl,5)
121 FORMAT(215#FlO.0,5EI0.O) 4



A-12

C

C WGT =UNIT WEIGHT (LB/FT3) SROCMAETA
C El =ELASTIC MOOJLUS (PSI) FOR ISOTROPIC MATERIAL

c E3#4,5=PARAMFTERs FOR ANISOTROPIC ELASTICITY
C IELAST=l, ISOTROPIC ELASTICITY

C =29 ANISOTROPIC ELASTICITY
C =3, COMPRESSIBLE FLUID
C IPLAST=O, LINEAR MATERIAL

C "=l;?'vLTN MIS-ES--7AS-TICITY -I C, =2 THREE-DIMEN. MOI-R-COULOMB 41ATERIAL
C. =39 T4IO-DIMEN. MOHR-COULOMB '4ATERIAL9 JOINT ELEPEINTS CNLY
C

WRITE(6t122) IELAST( IllIPLAST( IZ),WGT( IL)
122 FCRMATiIOX,?0i-IELAST = 5

2 1OX920HLJNIT WEIGHT =9 1PEI5.592Xt3HPCF)
* C

IF((IEL.AST(TZ).EQ.O).OR.(IELASTIIZ).GT.3)) GO 10 400
-IF ( IELAST ( Z )GT .1) GO TO 123

WRITE(b,124) FIC 1, IZ), ElI 29 I)
124 FCRMAT ITUX,7-lflt!AST'lC MRUIUtUS - PT.,27HS

I 10X,20HPOISSONS RATIJ ,91PE15.5)
GC TO 503

123 IF(IELAST(IZL.GT.2) GO TO 125
- ~WRITE(6,137) ~EI(lIL),El(2,IZ),EI(3,IZ),EI(4,IZ),EI(5,IZ)

137 FORMAT (13X92OHEI =%, PE 15.5/
I '17X t2'3 E2 =-,PIE 15. 5/
2 l0Xt20HE3 =-,lPE15.5/
3 1OX92OHE4 = f PE15.5/
4 IOX9,20HE5 =-,lPE15.5)

GC TO 500
125 WRITE(6,126) EI(lt1Z.)
126 F UrRT TDT,7LYR nKM MODKJ5J ",pT!5 2 HP SI)

GC TO500
C

400 WRITE(6,401)
401 FORMAT(19H ERROR IN ZONE CATA)

CALL EXIT
C

500 WRITE(14) IZ,IELAST(I.!),IPLAST(IZ),WGT(IZ),(EI(J,IZ)tJ=1,5)
C

IF(IPLAsr(1z).GT.3) GO TO 400
IF(IPLAST(IZ).EQ.O) GO TO 1
IF(1PLAST(IZ).Gr.1) GO TO 200

C
C POISES MATERIAL DATA

IF(IELAST(TZ ).NE.1) GO TO 400
READ(5,114) Nf)YILD
IREAD(5,127) (SSf AR J ),J= 1,NOY ILD)

- RrAD TT-,T2T-) H5,-I I At K I, Y,"JJVLD-)
127 FORMAT (7 E10. 4

C
C NOYILD=NO. OF NONELASTIC STRAIGHT LI'IE SEGMENTS ON
C UNIA)(IAL STRESS-STRAI'J CURVE
C SSTAR =STRESS Ar BEGINNING OF SEGMENT (PSI)
C .HSTAR __SLOPE rOF-SEGIENT (PSI)
C

WRITE(b,128) NOY ILO 49
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128 FCRMAT( 13X,20 HNO. OF PL . SEG'4ENTS=t 15)
- WR1TE(6'139) SSTAR(l)

139 FCRMA~V '-,2OHSTRESS AT START =v IPE15.5ip2X93HPSI)
IF (NOY rL'.J. M1GNT
WRITE(6,140) (SSTAR(J hJ=29NOYILD)

140 FORMAT(29XIH=,IPEI5.5,2X,3H-PSI)
141 WRITE(6,-142) 'rStAIk( 1)
142 FCRMAT (IOX,23HSLOPE OF EL. CURVE =, 1PElIS.50,X93HPSI)

IF(NOYILD.EQ.1) GO TO 143
wR IT E(6't140)- fHSftARTJ )tJ = 2, NOYIL D)

143 DC 124 J=1,NYI)Y11
IF(HSTAR(J).GE.EI(1,IZ)) C-0 TO 400

WRITE(6,144) HSTAR( '
144 FCRMAT (IOX,2DHSLUPE OF PL . CURVE =, 1PE15.592X93HPSI)

IF(NOYII:D.Ea.1) GO TO 145
WRITE(b,140) (HSTAR(J )9J=2,NDY ILD)

145 WRITE(14) NOYALD,)(SSTAR(J)tJ=1,NOYILD),(HSTAR(J),J=1,NOYILD)
GC TO I

C THREE-DIMENSIONAL MOlHR-COUL048B MATERIAL
C

2Q0' IF(IPLASI(Iz).GT.2) Go TO 300
IF (IELAST (IZ ).NE. 1) GO TO 4t00
RE AD (5 9127 ) C OHES N,FR CTAN

C CCHESN=SOIL CGHESION iPSI) FROM TRIAXIAL TEST
C FRCTAN=FRICTION ANGLE (DECREES)
C

WRITE(6,201) COHI-SNFRCTAN
201 FCRMAT(l0Xt2:HCOHESIONt TRIAXIAL =,IPEI5l.5t2X,3HPSI/

I LOX,00 HFR ICT ION A"GCL E IPE 15.5, 2X,1 HDEGREF S)
FRCT AN= FRCTAN: 1/ 180.
ALPHA=-(2./SQRT(3.))* SIN(FRCTAN)/(3.-SIN(FRCTAN))
CAPPA=(6./SQRT(3.))*COHESN*CJ)S(FRCTA'4)/(3.-SIN(FRCTAN))
WRITE(6 9202) ALPH-Aý CAPPA

202 FCRMAT(13X,2J)HYIELD CDEF, ALPHA =9 1PEl5.5/
I 1IOX,23P"IELC COEF, K =1PE15.592X,3HPSfl
C0ISTH=SCRT(ALPHA**2./(ALPI-A**2.+(1./6.)))
IF(ISTRES-.EQ.2).ANC.F'(CAPrPA.EQ.0.0) ) GO TO 4CC-
WRITE(14) ALPHA,CAPPA,COSTH

GC TO 1
C
C TWO-DIMEN. MOHR-COJLOMB -MATERIAL FOR JOINTS ONLY
r-

30 READ(5,-127) C~ThiES"NtFRCTNltFRCTN2,S'4SWCH

C COHESN=COHESIVE COMPONENT OF PEAK STRENGTH(PSI)
C FRCTNIIlNITIAI. PHI ANGLE FOR BILINEAl FAILURE ENVELOPF(DEGREI-S)
C FRCTN2=PHI ANGLE FOR B1ILINEAR FAILURE ENVELOPE WHEN NORMAL
C STRESS LREATER THAN S'ISWCH (DEGREES)
C SNSWCH=NORMAL STRESS AT WH-CH PI1 4EAR FAILURE
r ENVELOPE CHANGES SLOPE
C

wRl'i,(6,301) CU!IESN,FRCtNlFRCTN29SNSWCH

301 FCRMAt (L10X t,20 HCrHES IOlN =f13El5.5, 2X, 3HPSI /___________

1 13XP20HINITIAL PHI ANJGLE =t IPE15. 59,2X91HDEGREF-S/
2 13 X 92 0HS ECO B IL INEAR 11 iI= - 5 ,2X97M
3 10X,17HNORMAL STRESS FOR!
4 12Xtl/HBREAK IN B!I'JEAR/

50J .



5 12Xi~fiViLURE ENVFLQPE =9 IDE15.5,314P$I1
SNSWCH=-SlY '",

READ(5,fl141 JTEN-SN9 TRIR7CI: IFIRESN=9 OINT MATERIAL CAJ WITHSTAN1D NO TENSION NORPAL TO O

c JORMT~0XINT 'MATERAL CHANR/ HT0TESO OMA'7:ON
C.UPTOMTEIJD CHEN307)RCTI

C,
C CR EST V R'U-ISTDUJAt UHS1ER ESTREThV 'iXTEP-ELYi-PF--A STRENGT
C 1:SI RESIDJAL SHE ANGL (DRE4GREESS) HNPA
C,

WRITEEN6,315.DCRESITE(6ESI5
315 FCRMAT(10X923HRESIN MAT OIERIA TAKES/ 52X3I$PI

I IZX*17HESOUA TENIO NA'JGLE / PI.,X1OGES

IF(RESID.FES!D*I 180.T31
WRIELD = 0

30 FRIATE (IOJCUHRESN FRCTN' SHEAR/T4,S WCRS

1FRESID = MYCTIEDREIJE'S
GCO to20

C,

WRT1I35 CCNTINUFESI

315 ~AFU~N FCMTl0t3RESIEUAL OIESI ELM~IT.NJDESo2rItAP I/
C PLSIC ELEMRENSION TPE- A14GE= P1592X7HGR S

C.

WMPELO
WR ITE (14,13)SoFCNI FC42 NSC oC S
I3 F0R!EATIHT;12ELEM IENT13ATA11X7HLVENX4HOE6X3N

IF1PXEQ1WIE C'5CNTUINU .

C********* ** *******************************************-N--TAPEI*I***

C.

DO 7 M=1,UO
NP LE(690 3j

13 EREADI(5IH1-91-2 NJLMEONE,-ATNII,'JPJ,NPK, M N TL,N5XCRACK E 6X93HN
17X HNP 7X# H K@7 3H P 7 t6HNC ACK 4 t3N X931 0'
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C NU ME =ELEMENT N'JMBER
C IZONE =ZONE NJMBER

NP =NODEPf~iJ7~~
C NCRACK=O REGJLAR ELEMENT, =1 CRACK MJDEL

CALL OROER(NPI,NPJ,NPKNPL,-Rt~lSt~ESKASEMAXNPNCRACK)
WR I T ,( 1) INU MEtI I INErK AS EINPi, NPJ iNP K,,4P L NCRAC K
WRITE(69132) NJMEIZONENO'ItPJNPK,'JP1v'4CRACK

132 FCRMAT(!16, 11 ,'3-, 16,--X116, 4X- 6,'v4Y'I6T4X,16T

IF (IMPBX .'EQ. flvR IT E(I15)NUME, 'P I, ýPJ , %PK ,NPL

IF (IPLASI(I[ZONE:)EQ.0) GO TO 7
NO UMPE L=1 NJ M PEL+ 1
IF(NPL.NE.O) GO TO 133
IT L-'0
TH 1=0.
RL=0.0
ZL=010
GO t0 134

133 ITL=ITYPE(NPL?
THL=THETA(NPL)
RL=R(NPL)
ZL=Z (NPLO

134 WRITE( 14) NJMEt IZONEt IPLAST( IZDNE),Nf'INPJ,NPKPNPLtNC'qACK,'
IITYPE(NPI),IIYPEINPJ),ITYPEbJ4PK),ITL,
2THET A( NPI ),THErA( NPJ )trTHEMA('PK 1, THL ,
3 RS.NPII,: R(NPJ), R(%JPK),.RL,
4 Z(NPI)l I(NPJ), Z('JPK)PZL-

7 CC NT INUE

.WRITE.6,150), NLJNPEL
150 FCRMATtlHlt20HNIJ. OF NONLINEAR. ELIEMENS=,15)

C
- C**** STARTING NOPE DATA FOR PATH ROUTINE
* C

READ(:5#114) NJMsr
*READC(5,114) ( NS TART(HI) =1,tUMSTi

*C NULMST = NO. OF STARTINýG NODESML.10C)
C NSTART=START ING NODE NJMBERS

- C
WRITE(6,135) NUMST

135 FRMAT(1H'&,i8HSrARTING NOtE DATA'/20H NO. OF START NODES=,I5//).
WRITF06,136) (NSTART( I),i =,1,'UMST)

136 FCRMAT(22H STARTING NODE NUMBERS/(15X,ICI'7i)

C.**** AT, (HIS TIMF, TAPE 14 HAS ORIGINAL NODE POINT DATA
C 104~E DATA
C PLASTIC ELEMENT DATA,, ORISVINAL NODF C-RQE
C TAPE 1. HAS ALL ORIGINAL ELEMENT DATA
C

REWIND 14
REWIND I
RE TORN
END

C
C5
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SUBROUTINE ORDER( NPI, NPJNPKv 'IPLRt ZpISTRESPKASEPMAXNPNCRACK)
DIMENSICN R(MAXNP)v&L-(MAXNP)

C*** ORDER NCDE POINT LETTERING FJR ELE*4E'4T AND DEFINE CASF

C, R - RAUI AL CO3ORDINATE OF NODE P)IN1T
C z =VERTICAL COORCINATE OF NODE P)INi
c KAS E =lp GENERAL TRIANGLE
c ý27TTRTATWGL-Fi-RE--N0DE ON Z-AXI S
c =3t TRIANGLE, TWO NODES ON Z-AXIS
C =49 GENERAL RECTANGLE
C =51, RECTANGLE, ONE NODE ON Z-AXIS
C =6? RECTANGLE, TAU NODES ON Z-AXIS
C ISTRES=O, AXISYMMETRIC PROBLEM
C =-ti -PU-AE S-TR-AlW PRO-BI EM
C =29 PLANE STRESS PROBLEM
C

IF(NCRAGK;E-lQ.O) GU TO 20
A(R(NPJ)-R( NPI) ) **24(Z(tNPJ )-lCNP I)*2

IF(A.GT.O.,O) GO TO 21

J=-NPK
K=NPL
L=NPI -

NP 1 I
NPJ= J

NPL=I
21 CONTINUE

KASE=4
IFCR(NPI'INF..0.) RETURN
IF(ISTRES.EQ.O) KASE=6
RETURN�--- - -

20 CCNTINUE
NI=NPI
NJ= NP J
NK,-N PK
NL =NP L

IF(R(NI).NE.R(NJ)) GO TO02
IF(Z(NI).LT.L(NJ)) GO TO 1

2 NI =NPJ -

NJ=NPI
NPI=NI
NP-JJ-i---- -

I IF(R(Nl)*LT.R(NK)) GO TO 3
IF(RtNI).NE.R(NK)) GO TO04
I F Q(N I)LT. Z (NKU GO TD 3

4 .i I= NPK
NK'=NPI
NPI=NI
NPK=NK

3 IF(NPL.EQ.0) GO TO 5
iF(R(NI).LT.RCNL)) GO TO 5
IF (R(NI) *NE, RiNL )) GO TO 6
IF(L(NI).LT.L(NL)) GU TO05

6 NT=N'PE -

- NL=NPI
NP I=NI 53
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NP 1= N1

C. NODE POINT I IN PROPER _LOCATION (CLOSEST TO ORIGIN)
C

5 AJ=R(NJ)-R(Ni)
BJ=l(NJ)-Z(NI)

13K=L(NK)-R(NI)

HJK= AJ*EiK-AK*BJ

C,
C TRIANGULAR ELEMENT
C

IF(HJK.GT.0.) GO TO 8
NIPK= NJ
NPJ=NK- --

8 IF(R(NPI).EQ.O.) GO TO 9
10 KASEIl

RETURN
9 IF(ISTRES.NE.o) GO TO 10

IF(R(NPK).FQ-0.) GO TOI11
KASE=2
RETURN

11 KASE=3
RETURN

C.
C. RECTANGULAR ELEM-:NT
C.

7 AL=R(NL)-R(NI)
BL= Z NL) -Z (N I
HJL= AJ*BL-AL *Bj
HK L= AK *BL- AL *8BK
IF(HJK.GT.O.) GO TO 12
IF(HJC.GT.O.) GO TO 13
IF(HKL.GT.O.) GO TO 14
NPJ= NL
N')L=NJ
GC to 15

14 NPJ=NK
NPK= NL
NPL= NJ
GC TO 15

13 NPJ=NK
NPK= Nj
GC TO 15

12 IF(HJL*.GT.0.) GO TO ThU-
NPJ=NL
NPK= NJ
NPL= NK
GO TO 15

16 IF(HKL.GT.O.) GO TO 15
NPK= NL
NPL: NK

15 IFCR(NPI).E0.0*l GO TO 17
18 KASE=4

RETURN
17 IF(ISTRES.NF.0) GO TO 18

IF(R(NPL).EQ.o.) GO TO 19
KASE=5
RETURN
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19 KASE=6
RETURN

C
C

C OVERLAY T1OHAN t2,O D
PROGRAM INKIB
COMMON MAXNPMXCLSMXADJPM'4XONEtMXNPBNZONESMXPELB ,NUMNP,
I. NtTMEU9 1sTWESNUN-EEW9NUM'ELPWPEWIODNMKvGL 5, FACTUR-tA LAMB 9
2 KTAPEvKRJN, IPRINTqNUMSTMXSTRT9 IELAST(2C),IPLAST(20),
3 WGT(20),NStARr(79),EI( 5920)v IPELTP914TtNPRCDStimpax

C
DIMENSION NPADJ( 16OO,8),NAJhOJP( 16OO),NADJ-:Lt16CO)
MOHAN 5 HMOIPAN
DC-5 F=IZTNUMNPV
NADJNP( I)=O
NADJEL (I )0
DO 5 J=1,?MXADJP

5 NPADJ(IJ)=D
C

REWINU-W
DO 7 M=lNUMEL
READ(l) NtJMEIZONEPKASEtNPIOJ4PJNPK(,'VPLNCRACK

7 CALL AD1PIM)XAUJPd2-VAXNPNUMNPtNPADJ~I'AIYJELNUMENPINPJNPK,NPL)
CALL VADJNP(MXADJPNACJNPMAXI4PNUMNPNPADJ)
REWIND I

C
REWIND 8
WRITE(8) (NADJNP(I),NADJEL(1),(NPlADJ(1,J)tJ=lMXADJP),lItNUPFNPI
REWIND 8-'

IF(( IPRINT NE.1) AND.( IPRINT.NE.9'ý-)):ETLRN
C-

WRITE(6tl )
1 FORMAT (lHl,3BHTA8LE OF ORIGINJAL ALJJACENT NUDE POINTS//
I 4X,4-HNODE,13X,6HNO. O]F,4X,6HNO. 012 27X92CHADJACENt NODE POINTS/
2 4X,5HPOINT,1IXtgHADJ. PTS.,IX,9HArDJ. ELS.,5X,lU-tI9X,lH2t9X#1H3,
3 9Xt1H4,9X,1I-1599,lH9i,9XIlH~t9X,1IH8//)

2 WRITE(b,3) T,NADJNP(I),NACJEL(I),4JPADJ([,J)tJ=IMXADJP)

C 3 FCRMAT (-18 98X, 2 110-t8 110)

RETURN

cEND-.-
C
C

SUBROUTINE ADJNP(MXADJPtMAXNJPNUMNPOWPADJNADJELNLME,
I NPI , NPJNPKt NPL'o
DIMENSION NPAOJ(MAXNP,MXADJP),4ADJEL(MAXNP),NA(4)

C
C**** FCKM TABLE OF ADJACENT NOCAL POINTS
C
C
C MXADJP=I'AX. NO. OF ADJACENT '400AL POI4TS ALLOWED
C f'AXNP =MAX. WJO. OF NODE POINJTS
C NUMNFP--N.' OF NODE POINTS
C NPADJ =ADJACENT NODE POINT NJUMBER
C NADJEL=NLJMBER UF ADJACENT ELEIT4TS AT EACH NODE POINT
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C NPI =ELEMAENT NOCE PO3INT I
C NPJ =ELEMENT NUDE POINT J
C NPK =ELEMENT NUDE POINT K
C t~P L = - UE -f f7_- 10EWOTLFfV N __ Tr -d TIW LKý UUNfAS~f [MN T
C NUME =ELEMENT NUMBER BEING CONSIDERED

NOTE- TABLE ASSJMED TO BE ALREADY ZEIOED OUT
C

NA(Il)=NPI
NA(2 )=NPJ
NA (3) = NPK'
NA(4 )=NPL

ICOUNT= I
9 NPNUM=NA(l)

NADJEL(NPNUM)=NADJEL( NPNUM )+I
MX=NA(2)
JCVOUNT= 1GOT2

IF(NPAOJ(NPNJi1,l).EQ.O) GO TO 3
1CONTINUE
WRIT-E"-(6j .P NOE, NPN~UM MX, (NPkA0J ('PNUM9 I ),th-l,14XAUJP)
CALL EXIT

2F(JCOUN=JCONT. ) GO+O1
IF(JCOUfNT.GT.3) GO TO 40

MX=NA( 3)
GO TO 5

102 MX=NA(4)
IF(MX.EC.3.) GO TO 4
GO T

4 GO TO (6,7,8,I'J3)vICOUNT
6 ICOUNT=2

NA(I.)=NPJ
NAd2 )NPK
NA(3 )=NPI
NAI4)-=N-P[-
GO TO 9

C
7 ICOUNT=3
NA(1)=NPK
NA (2)=NPI
NA (3 1=_N'PJ
NA(4 )=NPL
GO TO 9

8 lCOUNT=4
NAI )=NPL
IF(NA(fl).EQ.0) GO TO 103
NA (2 )NPI
NA(3)=NPJ
NA(4 )=NPK
GO TO 9

C
101 FUR14ATfTHTih4 31-HEIRROR -IN' FORM Iq'G AD-JAMET NODAL DMNT ARRAY/

121H E~LEMENT NJMBER =,15/21H NODE POINT NUMBER =#15/
221H AD-ACENT NUDE POINT,915//15H NPADJ(NPNUM,I)/(2lX,15))



A-20

C

C

C
C

SUBROUTINE VADJNP(MXACJPNAUJNPMAXN~,NU;MNPNPADJ?
DIMENSICN NAOJNP(MAXNP),"4PADJ(MAXNPt4XADJP)

C*:*** FORM V+CTOR INDICATING TH-I NUMBER r.F ADJACFNT k19PE POINTS
C AT EACH NOCE POIN4T
C
C tMXADJP=?#AX. NO. OF ADJACENT NJUDE POINTS ALL.OWED
C NAD.INP8NO. OF ADJACEN4T NOCE POINTS AT FACH- NODE POINT
C ?'AXNPW -'VAX* NO.- OF NOC~E POINTS

* C
C NLJMNP =NO. OF NODE POINTS
c NPADJ =ADJACENT NODE POINT NUMBER

DO 12 M:1,)NJMNP
DC ID---rWD~
JZI
IF (NPACJ(PtI).EQ.O) GD TO 11.

10 CONTINRUE
NA DJNP(PIt'X)A DJP
GO TO 12

-11 -NADJNPWUFTiZJ-l-1--
12 CCNTINJE

RETURN

END
C

- C
OVERLAY (MOHAN 39,0
PROGRAM LNK(1C
COMMON t'AXNP,MXCLSMXADJPMXZtO4EMXNPBtNZONESMXPELaNUMNP*

I ~t!JMELv IST RES ,NUMPEL, NUMELP PEI IODtNMKCL SvFACTOR 9ALAMB ,
2 1--"ThiWE,-FKRJ'NIPRINTNUMSTMXSTRT, IELAST(I2rCV'9'PLAST(20)t
3 WGT (20)tNSTART(79)t Eli 5t20)t IPELTP* I'TNPRCDSIMPBX

C
DIMENSTCN NPADJ( 16009,8),NAOJNP( 1600)14ADJEL( 16CO) NPTN(1600),f

1NPTP(1600),IGP(BD)tS(1600),'JPLOW(80),'JPHIGH(8ChtNPOLT(80)t

EQUIVALENCE I NADJEL( 1 )tNPLOW )v(NADJEL( 81)tNPHIGH),9(NADJEL(161),9
INPOUT)9,(NACJEL(241 ),NUMCP)

C'

REWIND 8
READIB) (NADJNP( I )vACJEL( I )t(NPADJ( 1,J ),J=lMXADJP),tI=1 ,NUIONP)
REWIND 8

MAXBD=O
DC T0--TrNU141IP
NUM=NADJNPI I)
DO 5 J=19NUM
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NP=NPADJ( 19J)
NBAN= IABS (NP- I
IF(Nt3AN.LE.MAXBID) GO T0 6
IAAXBD--Ng8AN

6 CONTINUEF ~CALL PATH(MAXNP,,NUMNPNJUMST,'JSTARTNPTNNPTPPMXADJPtNADJNPNPAUJ,
C [ GPtNJMGP)

WRIT E(6BVt8YffJMGP-
8 FORMAT( 1HI,23H NO. OF BASIC SEGMENJTS=115//
123H PARTITICN NEW NODE NO.//)
WRITE(6t9-) CIIGPCI),I=1,NUMGP)

9 FORMAT (2X,[ 5,1IOX, 15)
C

WIRITE(-6,1Of MABL -

1U FCRMATCIH1/26H- ORIGINAL HALF BAND WIDTH=,I5)
C

MAKB 0=0
0O 11 I=ltNUMNP
NPN!:W=NPIPC I
NU M= N AX) ti t V
00 11 J=1,NJiM
MP=NPADJC I PJ)
PPNEW= NPT PC MP
NB AN= I ABS ( NPN Ew-MPN EW
IFCNBAN.LE.MAXBO) GO TO It
MAXBO= NBAN

I1 CCNTINJE
C

WRITE(6,12) MAXBD
12 FCRMATC(26H NEWJ HALF BAND WIDTH=#15)

C
CALL MINI CMAX NP, NUMNP,NADJNPi MXAOJP,4PADJ,NPtN INiPTP tS,MA XBD)

- C
IF(MAXBC.LT.MXNP[3) GO IT) 14
WRITE(6,13)

13 FCRMAT(//20H BAN0WICThi TOO LARGE)
CALL EXIT

C
14 DO 15 I=19NJMNP

KN= NADJNP( I)
DC 15 J=1,KN
KT=NPADJCI,PJ)

15 NPADJ(I,J)~:NPTP(KT)
C

DO I I=lPNUMNP
KP=NPT NCI)

1. WRITEC8 I,NADJNP(KP),NADJELCKP ),C&NPADJCKP,J),j=1,MXAUJP)
REWIND B
DO 2 I=1,NUMNP

2 REAU(TF-DJfiJP(I'(),NADJEL(IcNPADJ(I,J)tJ=rMXADJP)

C IF((IPRINT.NE.1).ANC.CIPRINT.NE.99)) GO TO 19

WRITEC6,16)
1b FCRMATCIHlt38HHAI3LE OF NEW ADJACENT VODE POINIS/I

14X94HNEW ,3X,4HOLD ,6X,6HNO. OFt4X,6HlO. OF,27X,
22OHADJi-CENT NODE POINTS/4X,4HNDDE,3X,4HNODE,¶3X,9HADJ. PTS. ,

4 9X,1H4t9X,1H't5,9K,11H9t9X,1H1,9X,1IH8//)



rl C tA-22

DC 17 :1-lfNJMNP-
KP=NPTN( I)

11 WRITE(b,18) IKPNADJNP(I),NADJEL(I),('JPADJ(JJ)9PJ=I,?XADJP)
18 FURMATTWT-EvT-l-fiiTu1~

GC TO 26

19 IF(IPRINr.EQ' '-) G0'TO 26
WRITE(6,20)

20 FORMAT(lHli21H NEW NUMBERING NCHEME//)
- DC 21-r-NRPT~-

[F(LNUMNP-I).LT.1O) JDLJM=NUM4JP
IF((NJMNP-I).GE.1O) ID)JM=I.9

23 WRITE(6,24) (JJ=IIDUM)
24 FORMAT(/20H ORIGINAL NODES =91018)
21 WRITE(6,25) (NPUP(J)vJ=IIDU~4)
25 FORMATTFZYW-NEV( -- NODES =1018)
26 CCNTINUE

C
CALL S fZE(MXCLSN4LIMCLSNPLOWNPH-IGK,4POUT,-NUMCPNUMNP ,IdXADJPt

I MXNPB, NADJKP~i\NPADJ, MAXNP)

W.R IT ETW1 T-NUTl77LS~ (NPLIJWI TTI,NPKWKUrV;N;POLrCI ,iNlMCPI (I
1I=1,NUMCLS )
WRITEIB ) (NPTN( I ),NPTP( I ), I=19NUMNP
REWIND 8

C

RETU RN--
END

C
C
C

SUBROUJTINE PATH(MAXNPtNUMNP,'4UMS~t4 ~STAR T,NP TNtNPTP 9MXADJPt
I NA DJNPVd4PFA1Ji TGPv NJ MG P

C
DI MEN~SICN NST ART ( NCJMST N~PT-4I(MAXNP),4PTP(MA XNP tNADJNP (MAXNP),

LNPADJ(MAK(NPMXADJP), 1GP( "A'

C NUMST =NO. OF START NODES
C NSTART-=STARTNG NIUEtFNUT{BER S --

C NPTN =O1D NODE NOS. IN NEW ORDER
* C NPTP =NEW NODE NOS.* IN OLD 3RDER

C IGP =LAST NODE IN PARTITIONJ
C NUMGP =NO. OF PARTITIONS
C

YCUNT-=T--
1N1l
DC I 1=1,NUMNP
NPTN( I hO

1 NPTP(Ih=o

NPTP(NP)=IN
KCUNT=KCJNT+l

2 NPTN(KOUNT )NP
C

TGP( IN)=KOONT
C

4 00 7 I=19NUMNP
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IF(NIPTP(I).0NE.IN) GO 'TO 7
NUM=NADJNP(l)'
~0 3- J=.lNUM. I

N P'= 0tWiTT-9- --

IFINPTP(NP).NIE.b) GO TO 3
NPTP(NPk=IN+l
KOUNT=KOJNT.+l
NPTN(KO'JNT )=NP
IF(KOLJNT .EO.NL)MNP) GO TO 5

3 CCNTINGF.
7 CONTINUE

INI=IN+IU: IGP( IN)=KOUNT

*C
* D00 6 I=1,NU1MNP

N~POLD= NPTN (I )
6NO'TPi vprc u) r

RETURN:EN
C
C

SUBROUTINE MINl{.A.I NUMNP,'JADJNPMXADJýPNPADJNPTNNPTPSi
1MAXBOP)

* C
DIMENSION NADJNP(MAXNP),NPADJ(MAXNP,94XAOJP),NPTN(MI4XNP~t

INPTP(,MAXNP),S(MAXNP)
C
C S =VECTOR OF WEIGi-TING FACTORS
C MAXBDP=1PAX. PREVIOUS BANDWIDTH
C MAXBC =MAX. BANDWIOFH
CI
C COMPUTE WEIGHTING FACTORS FOR OLD ORDER
C.

3 .00 1. I=L,NUMNP
SUI)=FLCAT(I)
NPOLO=NPTNC I)
NUM= NADJNPC NPOLD)
DC 21 J=I,NUM
NADJ=NPADAJNPIOLDJ)
NPNEW=NPT P(NADJ)

2' S( 1) =S ( I)+FL OAT'(NPNEW,
1 S(Ik=S( I)/rLOAT(NbM+1)

C

CALL S ORf I(S 9NPr NtMAX NP 9NUMNP 9 Itlt I v
C

*C C-MPUTE BANDWIDTH OF NEW ORDER
C:

?JAXBD=0

NP OLO:NPT N( I
NUM- NADJNP( NPOLD)



Dc 10 J=L,1NUM
NADJ=NPAOJ(NPOLDt J)
DO 11 K=19NIJMNP

IF(NADJ.EQ.NPTN(K)) GO TO 15
11 CCNTINUE

WRITE-(6T 100) 1,INPDLD, (NPTN(L ),L=1tNJUV4P)
100 FORMAT(IHL,13HERROR IN MINI//1OX,.2110//t.10XvlCIlO))

CALL EXIT
15 NE W

NBAN=IABS(NPNEW-I)
IF(MAXBD.LT.NBAN) MAXBD=NBA'4

10 CONTINJE
14 CONTINUE

C
WR IT'EC '6_T -'AX SD

6 FCRMAT 126H NF4 I-AiLF BA~4D WIDTH=915)

IF(MAXBCP.LE.MAXBC) GO TO 12

DO 5 I=1,NUMNP
NP OLfl~iTJPTN1T

5NPTP(NPCLD)=I
MAXBDP= MAX 8D
GO TO 3 -

C
12 00 16 1=1,NUMNP

NPNE`W=?N1PT'r(TT -

16 NPTN(NPNEW)Il
RETURN
END

C

C
SUB3ROUTINE SORT1C IARRAYiJARRAYtMXRCOS9'4RECUSt

IIWRDSPJWRDSt Ie(EY, ISdT
C

DIMENSION IARRAY(MXRCCS# IWRDS ),JAtP.AY(MXRCDSJWRDS)
C
C IK-RRAY=ARRAY TO BE "TD
C JARRAY= ASSOCCIAT ED `-AT MAY BiE SORTED AS IARRAY
C MXRCDS=MAX. NO. C:. 11 ARRAYS
C NRECDS=N-O. OF REC6. SORTED
C IWRDS =WORCS PER RECu.: IARRAY
C JWRDS =WORCS PER RECORD FOR JARRAY
C IKEYV_ =EYO`CfTION IN TARRAY' RECORD OF SORT WORD

LC ISWT =0 ONLY SORT TARRAY
C =1 ALSO SORT JARRAY

LCGICAL CHECK
M=NRICOS-1

I CHECK=.,FALSE.
C

DO 6 1=192

C

I F(IAR RAY ( J,ýIKEY.L E. IARR AY J + 19IKE Y I GO Tf.; 2
C
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ITEMP=IARRAYfJvK)
IARRAY JK)= IARRAY( J+11,K)

3 ftRRAY J*1V ThI E1' -- --*1 IF(ISWT.EQ*O) GD TO 5
DO 4 K=1,JWROS
JTEMP=JARRAY(JvKJ
JARRAY ( JK)=J ARRAY( J+ lK)

4 JARRAY(J+rU,Kh=JrFMP

5 CHECK=.TRJE.

2 CCNTINUE
6 bCCNrINUE

C
IF(CHECK) GO TO I
RETURN

-t ENID
c
C
C

f ~SUBROUTINE SIZE(MXCLSNUMCLSNJPLOl.!,NPHIGHNPOtANUM:PNUMNP,
1MXADJOJCKIJNPB, NADJNPtNPADJMAXNJP)

C
DI MENS ICN NPLOd( MXCLS )PNPý -L>MMKCLS 1,4POUT(MXCLS) ,NUMCP(MXCLS)

C

DC I I=1,MXCLS
NPLOW( I)0
NPHIGH( 1=0
NPWUTM( =D

I. NUMCPCI)=0

IC OUNT I
NP OUTM( =0

NPLOW( I)=I

Mp= I
C

8 AP LRG=O0
tMPSML= NUMNP
NPLRG=O
NPSML= NUMNP

c
7 NUM=NACJNP(NP)

LPLRG=D
LPSML=NUMNP
DJO 2 J=1,NUM
NPWUM=NPAOJ(N!',J)
IF(NPNUO.'.GT.NPLiRG) NPLRIG=NPNUM
IF(NPNUM.GT.LPLRG) LPIRG=NPNUM
IF (NPNUMLT.NPSML) NPSML=NP~4U'4
IF (NPNUIO.LT.LPSML) LPSMI.=NPNUM

2 CONTINUE
C

IF((LPL~f-LP~SML+I).LE.MX4PB) GO TM 3
C

[DUMMYz LPI.RG-LPSML+l
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WRITE(69,lO3) NP, IDUMMY
103 FORMAT (lHI,13HERROR IN SIZE/29H. BA4JD WIDTH TOO LARGE AT NODEv

115/12H BANC oi [OrH=, 15)

C
3 IF((NPLRG-NPS-ML.1).GT.MXNPB) GO TO) 4

C
IF(MPLRG.LT.NPLRG) MPLRG=NPLRG
IF(MPS1PL.GT.NPSML) MPSML=NPS4L
If (0N6-GE-AR P'lhfNPV -TO 5-.-.
NP=NP+l
GO TO 7

C
5 NPOU ( ICOU NT )=MPS ML-1

NU MCP (I ICQJNT ) =MPL RG
NPHU'GHI'ICOUNT h`NP

6 N(JMCLS=ICO1JNT
C

DC 9 Iz1,NUMCLS
IF(NPOUT(I).GF.NPLOW( I)) NPOUT(t)z4PLOW(I)-l

C 9 CCr4T1N'qLJF."

RFTURN

4 NPOUT ( ICOUNT )=MPSML-1
NUMCP( ICOUNT )=MPLRG
NPHIGH(TC'CUNT')hNP-il
ICOUNT= ICOUNT +1
IF(I[COUNT LE*MXCLS ) GO TO 101
WR[TE(6,1021 NPNPHIGH 1COUN4T)tNUM4JPICOUNT

102 FORMAT(lHl,?5HT01) MANY CLUSTERS IN SIZE//
11OX941 10)
CALL E(IT

C
101 NPLOW(ICOUNT)=NPHIGH(ICOUNT-t)41

GO TO 8
C
C
C
C

END
C
C

OV-ERLAY'(J4QNAN,'4w0 I
PROGRAM INKlD
CO MMON 0AX NPp MXCL S,9MX ADJ PMXZON EMXNPB,9NONE SMXPE LB , NUMNP,9

1 NUMEL9 ISIlRES tNUMPEL tNJUMELPPEA 100NMKCL StFAC TORiALA'Bv
2 KTAPE,.KRJNtIPRINTNUMSTMXSTRT,!EI.AST(2C),IPLASiT(20),
3 WGT (20),NSTART( 79)v EN 5920)9 IPELTP 1'JT#NPRCDSIMPBX

C
DfIMENS ICN NPT P( 1600 )#NP TN( 1600)
Of MEN I ON N9)L OW( 80) vNPH IGH 80)tNPDUT( 80) NUMCP(80) ONE LC LS(80)
1 ,NMPCLS (80)
DIMENSICN TMP(15000),NTMP(15000),SS(1O),HS(IOI

C
EQU.IVALENCE (TMPNTMP)
tAOHAN=5HMOHAN
REWIND 1
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REWI ND I
REWIND 8
DC I 1=1#PIUMNP

I. RE:AD (8) 1?NMP(tNTMP( I)9(TP()J=.q XDP
REAM() NJI'CLS,(NPLOtJ(1),NPH[GH(I),NPOUT(I),NUMCP(I),
11=1,NJMCLS)
READ(8) (NPTN(I),NPTP(I),!=lNUMNP)
REWIND 8

C
DO 27 NN=1,NUMEL

1= NPT PCI)
J=NPFP( J)
K=NPTP(K)
IF(L.EQ.0) GO TO) 29

29 KEY=MINO(I,J,K)

CALL GSORT(NTMP,NUMELNWRCSI,MXRCDS,3,1h4,12)

REWIND 14
RFWIND 3
DO 30 N=1,NUJMNP
READf14! 9) D,,OI~tTH
NP=NPTP( I)

30 WRITE(3) NPR,O, iT,TH
MXRCDS= 15000/5
NWRDS=5
CALL GSCRT(NTMPNJMNP,NIWRCS,1,MXRCDS,3,4,iC,12)

C
DO 31 hl,#NUMNP

I -31 READC4) NRqUIrtrF;
READ(14) NZCNFS
WRITE(4 NZONES
DC 32 PN-=1,NLONES

IF(IP.El.'.0) GO fo 32
IF(IP.GT.l) GO TO 33
READ(14) N,(S5(J),J=)JNl,(HS(J),J=i,N)
WRITE(4) N,(S.SIJ),.J=lN),(HS(J ),J=IN)
GC TO 32

33 IF(IP.GT.2) GO (0 48
READ(141 A,8,'..
WRITEW4 AtB-C
GO TO 32

48 IF(IP.GT.3) GO) TO 34
READ( 14)At ei :,Do EvF,PY IELrq IRESID,JTENSN
WRITE(4)At Bi:Ct ,EF,,Y If-L Ct[RES IJ TEN Sr
GO TO 32

34 WRITE(6,35)'IPN
3') FORH'ATIIltb,?1HERROR L 'c, IPLAST=,J5,gH %.OR ZONE,15)

CALL EXIT
32 CONTINUE

- C
DC 40 I=1,MXCLS
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40 NELCLS(I)=0

NUMELP=O
IF(NUMPEL.EQO.) GO fTO 39
REWIND 3--
DO 3b NN1,NJMPEL

REAQ(14) N,IZpIPIqJ,KL,-NC, T~IT, ii ITK#,!TL,THITtiJTHKTHLt
lRIRJRKRLtlvZJ9ZKvZL
I=NPTP( I)
J=NPrP(J)
K=NPTP(KY
IF(L.EQ.3) G(1 TO 37
L=NPTP( Ll

37 DC 41 -JJ=1,N'JMC.LS
IF((1.GE.NPLUW(JJ)).ANO.(I.LE.NPhilGH(JJ))) GO TO l12
IF((J.GF.NPLOW(JJ)).AND.(J.LE.NPHIGH(,J))l; GO TO042
rr-(UK*GE*'NPUO,4!CJJ ) ) -ND.UK.-LEAPHIG~HMJ)) ) GO TO 42
IF((L.GE.NPLOW(JJ)).AND.(L.LE.NP1-IG,1'JJ)b) GO TO 42
GC TO 41

42 WRITE(3 JJNtIZ,TP,T,J,KL,'lCITIITJ,ITKITL,THITHiTHK,
1THLqRI tRJ,RK, RLti-I,ZJ9,~K#ZL
NUMELP= NUMELP+l
NELCLS ( JJTi-NE'L-CLS (JJ) .1

41 CCNTINUE
36 CCONT INO E

REWIND 3
REWIND 14
MX RC DS= 15000 / 25
NWRDS--25 -

CALL GS ORT (NT MPi,NUJMELP* NWRDS, lt MXRCDSg 3v 14, 10t 12)
REWIND 14
DO 38 NN=1,,NUMELP*
READ(14) JJNIlIPIJtKL,'CITIITJITKITL9,

1THI ,THJTHK T HL, RipRJRKRL Zl iZJZKZL
38 wRITFCriVT-JjtN-!V'IZ-P,,JKL,'JC, ITT, ItJITK9'tTL,
ITHITHJ,THKtTHLRIRJRK, RLZ IIJ,iK,ZL

39 RFW[ND 14
REWIND 4
DC 47 1C=1,NJMCLS
KC=o
IF(UNELCLSrIC')WX1'PELB)'*MXPELB.LT.NELCLSUEC)) -KC=
IF(NELCLS(IC).EQ.O) KC=O
NM PC LS ( I C) =N E LCL S( I C)/ MX PEL +K C

47 CCNTINUE
DC 43 t=iNUMNP

43 RFAD(B) I,NTMP(I),NTMP(It(NTMP(J),J=lMXADJP)
wRtrE(8-yNUMCLS,(-NJPL0w-T),NPHIGH( 1),4PDUT(IiNUMCPUI),NELCLS(fl,
I KMPCLS(I1), I= lNJMCLS)
WRITE(8 (NPTNI( I[),NPTP( 1), I=1,NUMNP
REWIND 8
WRITE(6,44) NJMCLS

44 FCRMAT ( HI19 OHCLiJSTER ING// 1OKI6HNO. OF CLUSTERStI5/,/
110~,5HNPUOW,5X(,6HNP11I[GH,4X,5HN4POUT,5X,5i.1MUMCP,5X,6HNEt.CLS,5X,
26H4NM PC IS//
WRITE(6,45) ( NPLOW( I )NPHIGH( I), NPOUT( I )NUMCP ( INELULS(I)v

1NtMPCLS (1 U, I:, NJ MCLS)
45 FORMAT(5Xt,bAD)

C
WRITE(6,46) NLJMFLP

4b FCRMATI//35H NO. OF NONLINEAR ELEMENTS ON TAPE=,15)
C
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4 ~ENUG

SUBROUTINE GSORT( IARRAYNRCDStNWRO)S,'4KEYMXRCDSt

I INTAPEIOL)rAPRINlINr2)

C D!MENSICN TIARRAYIMXRCCS,NWRCS)

C IARAY= -F~tRkSVGE-RXE'-gFGI&b4 T ES
C NRCDS =No. OF RECORDS IN ARRAYTOB REI
C NWRDS =N0. OF WURC.S PER~ RECORD

C NKEY =LOCAT ION OF WORD 10 BE SORTED O4
C lMXRCD)S=Ak. SIZE OFBUFFER REGION AWtILA6LE (INPUT)
C INTAPE=INPUr TAPE ~. eITt- ORIGI'4AL DATA
C l0uT AP'CuT-PJT TAPE WITH REORDERED DATA

C N~T =INTERMFOIATE TAPES
C

REWIND INTAPE
REWIND IO)JTAP
REWIND INTI
REWIND 04T2

C
IF (NRCDS.GT.MXRCOS) GO TO 1

C**** INTERNAL SCRY ONLY REQUIRED'
C

J OC 2 I=I,NRCOS
? READ( INTAPE) ( IARRAY( IiJ )tJ -1NWR)S I

CALL S ORT2 (I ARRAY , IRRAY, MXRCDS9 NRCOSoN~'dDSiNWRDSNKZ I-)
DO 3 J=I 1,NRC.DS

3 WýITE(ICUTAO) (IARRAY(hsJ),J=19NWRDS)
REW IND I NTAP E
REWIND ICU',AP
RE TURýN

C**** TAPE SORT ROJTINaE REQUIREC
CI

I' IXRCDS= (MXRCDSf4's
CALL TSORT(I(!ARRAY,9NRCCS, IXRCDSNW~RDStNKEY,
1 I NTAPE, IOUT AP, INT It NYT2
RETURN
END

C
C
C

SUBROUTINE SORT2( IARRAYJARRAYMXRCDSNRECOS,
1 iWRDS tJWRDS, IKEY, 9ISWr

C DIMENSICN IA'RRW I MXRCC5X\IýWROS, )gJAI'RAY(MXRCDSJWRDS)
C
C lARRAY--AR 'v TO HE SORTEC
C JARRAY=ASý- IATED ARRAY ""-AT MAY BE SORTED AS IARRAY
C tA RC DS= PA,* NO. OF RF.CORk,'S ['4 ARRAYS
C NRECDS=NO. OF RECORDS WC EE SORTED
C. IWRDS zWORCS PER RECORD (-OR IARRAY
c JW RUS =WORCS PER RECORD FOR JARRAY
C 4KEY =tOCAT-ION IN IARRAY RECORD OF S3RT WORD
C ISWT =0 ONLY SORT [ARRAY
C =1 ALSO SORT JARRAY
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LOGICAL CHFCK
M=NR-EC OS-

I0 3HEK= , FALSE

C

IFUSWTq.O)tKE)L.ARA(+1[E GO TO 5

DC 3 K=lJWRDS
JTEMPJ ARRAY (JqK)
JARRAY(JK)= JARRAY!J+19K)

3 JA~RRAY~T-JflK)TEMP~
C

5 CHEC=.TJEQ.0 GOT5
C O 4-. K=#W

2 OTINUERRY(tK
6 CONTINUE ARA(J+,K

4C AKA-U+--':-tEM'

C 5 (CH ECK=. GO R oE.

R~ETURN
END

C.

SUBROUT INE TSORT( IARRAYNRCOSt IXRCDStNWRDS,NKEY9
IINTAPE,fOLJTAP, INT It INT2)

DIMENSION IARRAY(IXRC6CS,NWRDS,4),CHECK(12),ISWT(2),TOUT(2),JNUJP(2)
C

LOGICAIJ-f{ECK
C

*C**** READ INTAPE,SORT GROUPS,ANO SPLIT ONTO INTL AND INT2

I RCDS=O
ISWC=o
J NUM rT=,-,
JNUM(2)=O
KTAPE= INTL

3 IF((IRCDS+IXRCOS).LE.NRCOS) K'4=IXRCDS
IFU(IRCOS+IXRCDS).GT.NRCOS) K.N=NRCDS-IRCOS
DO 1. I=I#KN

I RFAU( INTAPIE) IARRAY( TtJ9 I), J = INWADS)
IRCOS=IRCOS+KN
CALL S ORT2 (I ARRAY tI ARRAY 9 IXRCDS, KNo NWRDSNWRDS tNKE Y#0)
ViRITE(KTAPE) KN,((IARRAY(I,J,l),J=,'JWROS),11,tKN)
IF(ISWC.EQ.C)) GO TO 2
!S WC=O
JNJM (21T=JNUMTh12 v+lr
KI APE I NT 1
GO TO 4
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2 lSWC=1

JNIUM(t)=JNUM(I)+l
KT APE= I NT?2

4 IF (IRAC DS`-LT. -NRCDS )GOO
C
C**** SORT RECORC CLUSTERS ON INTI, AND 14JT2

C
REWIND INTAPE
REWIND IOUTAP
REWIN 14'1NT f
REWIND INT2
DC 5 1=192

5 ISWTt[)=O
KP1=INTI
KPZ= I NT AP-E

LP2=IOUTAP
I C WU NT = 2

C
C

90u 1=1

CHECK(I )=.FALSE.
CH ECK (2 F= .ALS E.

902 IF(ICOUNT.EQ.I) GO TO 800

IC OU NT =
GC TO 901

Boo ICOUNT=2

90L DC 1.00 NC~lt2

C

IF(NC.EC.2) GO TO 7

KT2 KP2
GO TOB

C,
7 KT1=LP1

KT 2=LP2
GO TO 8

C
6 IFCNC.EC.2) GO Tr 9

KTl=KP2
KT2=KPI
GC TO 8

C
9 KTL=LP2

* KT2--LPl
C

83 IF(ISOrNCY.P-0.1) GO TO 100

C-**** READ FIRST Tf4O SORTED CLUSTERS

C
- ~J=I.

READ(KTL) KNlt(( IARRAY(KtL, 1),L=1,j4W-DS)tK1,tKNll

IF(I.EQ.1)' -GO T0 200

WRITE(KTZ) KNI,((1ARRAY(KLvl),L~loNWRDS),K=1PKNI)
J=2
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READ(KTI.) KNlU( IARRAY(KL, i)tL=19%JWitDS),K=1,KNl)
200 J= J+1

READ(KT) 0P,,(( IARRAY(KL,2),L=1,'JWýDS),K=1,KN2)

C**** SORT T',.C- CLUSTERS

201 K= I
-L L1

V= I
M2 = KNI. +KN2

210 7 IF(IARRAY(KNKI:Y,1).LE.IARRAY(LtNKEYt2)) GO TO 202
CHECK( NC)=.TRUE.
IF (M.GT .IXRCOS ) GO TO 203

GC TO 204

203 PI=M-IXRCDS

204 DO 205 N=lNWRIJS
205 IARRAYU'1,N, IS)= IARRAY(L9N#2)

IF(M.GT.M2) GO TO 300
1=L+l
IF(L.LE.KN2) GO TO 207
D0 204 KM=K,,KNI
IF(M.Gf.IXRClA) GO TO 209
Nl.Z44
1S=3
GC TO 210

209 MI=M-IXRCDS
IS=4

210 DO 211 N=1,NvROS
211 TARRAY (Fr;,4 IS )= IARRAY(KM,Nt 1)
208 ?=M+1

GO TO 300

202 IF(M.GT.IXRCOS) GO TO 212

IS=3
GOTO 213

212 MI=M-IXRCOS
IS=4

213 DO 214 N=1,NWRDS
214 IARRAf(fl,NIS)=IARRAY(KNtl)

MM4-- -+

IF( M.GT.M2) GO TO 300
K=K+ I
IF(K.LE.KNI) GO TO 207
00 215 LM=LKN2
IF(M.GT.IXRCOS) GO TO 216

[S=3

GO TO 217
216 M1=M-IXRCDS

IS=4
217 00 218 N=1,NPIRDS
218 TARRAY( Vl,'NqIS )= ARRAY(LM,0J2)
215 M=M+l

GO TO 300
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c 70
C**** WRITE rWO V~ERGED ARRAYS ONTO 2N4o TAPE
C,

300 WRITE'(KT21' KN19(( IARRi'(KgL,3)tL.--1,NWIDS),K=l,K-NlI
WRITE(KT2) KN2,( (IARRAY(KL,4)tL=1,NWRDS)tK=1,KN2)

IF(J.GE.(JNUM(NC)-l)) GU TO 219
V ~READMKI) KN1,((IARRAY(K(,L,1Iti=1,'JWIDS),K=1,KNI)

RFAD(KTI)_KN2,(( IARRAY(KL,2),L~1ltWI0S),K=1,KN2I
J=J+2 -

GO TO 201

219 1 CUT (NC)K;'-fTg
IF(J.EQ.JNUM(NC)) GO TO 220
READMKI) KNiU(IARRAY(KLtl)tL=1,NWRDS),K=l,KNI)

20REWIND KT2

REWIND Ku E.2 I;;2

C.
100CONINUEQ GO092

C
I.I=

IF((ISWT(1)*EQ.2) AND.(ISWC)EQ=)GOT C

IFIE*)GO TO 90 2

C.
11KIF(.OUT CEK(1 )I)TI

KP2= IOUT.HC() (2)()=

GCK1.EINAE TO T010

JFKP2.NEIOrA G TO10

10 EWINDE INTl.

RE02 N INTERI 2iA

03IF(KPl.NE.IONTAPE) GO TO 105
IF(KP2.NE.IOUTAPE) GO TO 102

GO TO 106
102 INTER=IN~tAPF

GO TO 400
105 IF(KPl.NE.IOJTI) GO TO 101

IF(KP2.NE,[NT APE) GO TO 108
GO TO 102

14INTER=INTAPF
GO To-40

17IF(KP2.NE.I&J1APE) GO TO 102
GO TO 106
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C FIST APEIS KPI ,HAS JNUM(1 CLUSTERS
C SECOND TAPE IS KP?, HAS JNUM( 2) CLUSTER S
C V~ERGED TVAPE TS INTER
C.

400 Jl11
J2= 1

405 READ(P1) KN1,((IARRAY(IJ,1),J=1,WIWDS),1=1KNI)
READ(KP2) KN2, ((tIARRAYI I,J,2),J1,tJWIDS),I=IKN2)

C-
K1l
1= 1

402 IF(IARRAYMTK2NKEY, I).LE.IARRAY(LtNKEY,2)) GO TO 401
WRITE(INTER) (IARRAY(L9M,2)v,4=,NWRtDS)

i-FT(L'.F-KN2F-GO -TO-4O7
DO 403 KN=KKN1

403 WRITE(INTER) (IARRAY(Ki(NNI),Ns1,tWlDS)
GO TO 500 -

401 WR[TE(INTER) ( IARRAY(KN, lOJ4=I#NWlDS)
K=K+1
IFIK~.UE7KNIT17O'-TD-T02 --

DO 404 LN=L,KN2
404 WRITE(INTER) (IARRAY(LN9N#2),N~l,'4WlDS)

GO TO 500
C
C

500 AJPJL f-
J2=J2+1
IF((Jl.LE.JNJM(1) ).ANC.(J2.LE.JNIJM( 2)) ) GO TO 405
IFU(JI.Gr.OJNJM(l)).ANC.(J2.GT.JNUM(2))) GO TO 600

IF(J2.GT.JNJM(2)) GO TO 501
503 READTCK-p2Tf--KZC~rrARRIAYWU-J,2),J=I,'4WIS),~l,-KN2-)

DO 502 I=1,KN2
502 WRITECINTER) (IARRAY(ItNt2t4=1,NWlDS)

J2=J 2 +
IF(J2.GT.JNUM(2)) GO TO 600
GO TO 503

0O 504 I=1,KNI
504 WRITE(INTER) (IARRAY(I,Ntl)t'J4=lNWlDS)

JL=J1+1
IF(JI.GT.JNUM(1)) GO TO 600
GO rcrso50r

600 REWIND KPI
REWIND KP2
REWIND INTER
IF(INTER.EQ.IOJrAP) RETURN
Do'6T~7WU
READ( INTERH I ARRAY(1,l,19),J=19NWROS)

601 WRITE(ICUTAP) (IARRAY(lJ,1)9J=1,NWRDS)
REWIND INTER
REWIND IGLITAP
RETURN

c -- -.

C
C

............



172 A-35

T END
C
C
C

OVERLAY(CMHAN,5tO
PROGRAM INKIE
CCMMON dAX-NP,MXCLS,MXAOJPMXlON'E,MXNPBNZONESMXPEL3,NUMNP,
I NUMEL, ISrTRESINUMPEL iNUMELP 9PER IODNMKCL SPFAC TOR 9ALAMB,
2 KTAPEKRJN,IPR14T,NUMSTMXSTRTIELAST(2C),IPLAST(20),
3 WGT 120T1 NST APT(7?)1,-E ( 5,'20)9 IPELTP# 4r,NPRCOS-,If4PBX

C
DIMENSICN NPrN( 60Q)tNADJNP( 350),NPADJ( 35098),9NADJEL(3501

1,R (353 ) L( 353) )IT YPE(350), THEtA(350 ),XM4ASS(35C)

DIMENSICN C(4,4)tCK(8,8),.AP4T( 23)

DIMENSICN SNPUJ(350)tSNPUW(350),SNPWW(35OhtSADLUJ(350,8)
lISADUW(350,8)9SAOWJ(350,8),SADWIW(350,8)

MCHAN 5 HMOFIAN
* C

REWIND 1
REWIND 4
REWIND 8
REWIND 10
REWIND 12

C
C

KEND=O
NP OUT=0
NIJ MCP=O0
NUMNPB=0
NPR= tAXNPB

C KEND = INDICAf ES END OF ELEMENT DATA
C NPOUT =NJM. OF COMPLETE NODE POINTS JUT ON TAPE
C NUMCP =NUM. OF COMPLETE NODE POINTS
c NUMNPB=NSM.0OF Nfl P'OINTS P4 BUFFER -

*C NPR =No. OF NODES REMAINING TO BE C3MPLETED IN BlUFFFR,
C KX =BEGINNING OF REGION TJ BE ZERJED OUT
C
C**** ZERO OUT BUFFER REGION
C

I ISWTCH=l
GC TO 900

C
*C**** READ IN FIRST RECORCS

C
2 IF(NUMNP.LT.MXNPP2) NUMNPB=N.UM'JP

IF(NUMNP.GF.MXNPH) NiJMNPB=MX'JPB
DC 3 1=1,NUMNPB
READiB) NPNNADJNP(I),NAD)JEL(I),(NPADJ(IJ),jzlMXADJP))
RFAD(4) NPNIR(IbtZ(1),ITYPE( I),THETA(I)

I CONTINUE

ICOUNT=O
4 READ(l) KEYNtJMEi IZONEKASEvNTINTJNTKNTLNCRACK

I COUNT= ICOUNT +1
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LNP=MAXOINri, NTJ, NTK, NTL)

C
IF((LNP-NPGJT ) GT i4XNPB) GO TO 100

C

C SUFFICIENT ROOM IN BUFFER REGION

6NPI=Nr I-NPC'JT
NP J= NT J-NPCJ T
NPK=NTK-NPCJT
IFIN1T;:EQU.or NPL -0-
IF(NTL.NE.O) NPL=NTL-NPOUJT
51=0.0
C1=0.O
I E= IELAST ( IZ ONE)
A=EI (1, IZCNE)
AZ--Err2-TrZT'WET - -

A3=E1(3, IZCNE)
A4=E1(4,IZCNE)

A5=E1(59IZENE)I ~ ~RHO=WGT(CIZ (N F)/( 386 .4*1728.
CALL ELAST ( IE,9IS TRESt AltA2# A 39 A'.A5?C,NUME)
CA-LL ST-UTFIrASE,9N P I PNPJ , NPKv'1PL 9NU9 EtM XNPB,9 ~STE S 9C 9R tZtC K IA iN T,

151l vCI t NCRACK)
CALL AOJUSK(MKNPB#CK9 ITY 0 E9THETApN0I'l9'PJvNPK9NPL)
CALL DISTK(MXNPIB,MXACJP,CKtSJPUUSJPUW,SNPW~W,SADUU,SADLWSADWL,

ISADWWNPI,NPJ,NPK,NPL, NPACJ,14POUT)
IF(NCRACK.EQ.1) GO TO 5
CA LC -ASSTPFXNP`BR-HO, R 9 *A NT tXMA SS S 1, C 1vNP I , ?J NPK, NPL , ISTRE S)

5 WRITE (12) KEY ,NJMEs IZON~EtNT ItNTJNTKvNITLNCRACK,
1 ((C(ItJ),I=I,4),J t,4),KASEsSlCl

C
IF(ICOUNT.LT.NJMEL) GO TO',
KEND= 1
KEY-= NJ MNP';T

C
C**** INSUFFICIENT ROOM IN BJFFER REGION
C

100 NUMCP=KEY-1
NU MN PB= NJ tOCP-N POJ T

C
C PRINT STIFFNESS TABLES
C

113 CALL PRNK(MXNPB,MKA0JP#,4A0JN~,t4PADJNADJELtIPRIN~tSNPLU,
1SNPUW,SNPWWoSADJUSAUW# ,SA0WUt SADWWqTHETA, ITYPE tXMASS,NPOUT,

c 2 NU MNP-B)

C

DO 101 1=1,NJMNPB
101 WRITECIO) I ,NADJJNP(1),1TYPE(I)tTHETA(l),XMASS(I)tSNPLU(I),

2 S-ADWW-TTqTT-7JJJlMXAUJP)
C

lF(KEND.E00 1) RETURN
NPR= MXNPB-W MNPB
GC TO 902

C
C ZERO WEWAMNG BJFFER AREA
C

107 KX=NPR+l
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I SWT CH=2'
GC TO 90

C
c RE-AD INý REMlw1NIfNG-NOCE POINIt AND ADJACENCY DATA TO FILL IN BUFFER
C

108 IF((NUMNP-NJMCP).LT.MXNPB) K'JP=NUMNP-'4UMCP-NPR
IF((NUMNP-kJMCP).GEO.MXNPB) KJP=MXNP1B-4PR
DO 10-) 1=1,KNP
L=NPR'11

READFNP1D1Nf~iNriELL t(N0ADJ(L,J),J=19M-XADJP)
READ14) N'PN,,R(L)qZ(L), ITYPE(L 1, THETA(L~

109 CONTINUE
NP OU V&-NU wC-P

GO TO 6

C-*4 * TR ANS-t EA-E PATOFOrcr REGION4--
C

902 DC 903 K=1,NPRI L=NUMNPB+K
NADJNP(K)=NADJNP(L)

NADJEL(K)=NADJEL( L)

TH-ETA(K =THETA(L)

Z(K) =1(L)
XM'ASSMK 'XMASS(L)
SNP'U(K) =SNPUU(L$
SNPUWU-Kf --SNPJ~l(LF"
SNPWW(K) =SNPWvd(L)
DC 903 J=1,MXADJP
~NPADI.(K#J)=NPADJ(LtJ)
SADUU(Koj)=SADJJIL,J)
S ADU W(KtJ ) =SAOUDL) (, J)
S 4DWUffk, J ):i-ANWJ ( L,-jV-

*903 SADWW(KJ)=SA0vWiUL,qJ)
C

GC TO 107
C
C**** LERC 014T BUFFER REGION SFCT1314 ASSOCIATED WITH NODE DATA
C

900 DC 901 L=KX,MXNPi'A
NADJNP(L )=0
NADJEI( L)0O
ITYPEC L)=0
THETAC L=0.0
Rl L) =3-.-o
Z( L)0.0
XMASS(L)=3.0
SNPUU (L)=O .0
SNPUW M1 )0 .0

SPW(L) 0 .0
DC 90-1 J.11,MXADJP
NPADJ( LJ)=O
SA0UU (1, J)=O .0
NADUW(L#J)=0.D
SADWU( LtJ)=0 .0

901 SADWW(LJ)=D.O
C -

GO TO (2,108).ISWTCP-
C



75 A-38

END
SUBROJr INE EL AST( IEL AST tISTRES, E ItE2,E3tE4tE5tCtNuME I

C
DrMEwrMC--M T4T 4T ~ ..-.

C
C**** FORM STRESS-STRAI.N MATRIX
C -

DC I 1=1,4
DO I. J=194

I C HVJ)= ---- -----

IF(IELAST.NF.fl GO TO 20r - C**** ISOTROPIC ELASTiC MATERIAL
C

1F(ISTRES.EQU-2) GO-TO 4
C
C AXISYMMETRIC OR PLANE STRAIN PROB3LEM
C

EBAR=El/((1.+E2)*(1,-2.*E2))

CV191T=EBAR*(E2-E

C(193)=C(1,2)
C(2,1)=C( 1,?)

C(293)=C( 19?)

C(32tl)CT1,12)

C(494)=FBAR*( 1.-2.*E2)/2.
RETURN

C
C PLANE-STRESS PROBLEM
C

4 EBAR=El/(l.-E2*E2)
CCI, I)=FBAR
C(391)=E8AR*E2
C(193)=C(391l
C(3,3)=C(191)
C(4,4)=TB-AT1I.-E2)/2.-0
RET UR N

C
C**** ANISOTRCPIC ELASTIC MATERIAL
C

20 IF(IELAST*NE.2) GO TO 30
C

IF(ISTRES.EQ.2) GO TO 2
C

CC I 1) =El
CC 1,2_)=EI-2. *E5
C( 193)=E3
C(291=C(1,21
CC? ,2)=C( 191)
C(Z*3)=CC 193)
C(31l)=C(193)
C(3t2k=C(2,3)
CC3,,3)=E2
C (4,4~4 9 4....

RETURN
C
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2 C(1,1)=2.*E5*( El-2.*E5)/EI
C(I,3)=2.*E3*E5/ El
C(3,1)=C(1,3)
C (3,3-) = E2--E-3"-*Zf E I
C(4,4) =E4
RETURN

C

21 WRITE(6,3) IELASTNUMEPISTRES
3 FCRMAT(HlII31H FRROR IN ELASTIC CONSTANT DATA/
113H IELAST =,-15/13H ELEMENT NO.=,15/
"213H ISTRES =,15)

CALL EXIT

"30 IF(IELAST.NE.3) GO TO 21
C
C**** C 0P-R-E-S-SJ FL-E F-J- 1 .. ..
C

IF(ISTRES. .2) GO TO 21
C

DC 31 1=1,3
DC 31 J=1,3

31 C ( IJE-
C

RETURN
END

C
C
C

SU BROJTINE ST IFF KASE,NPI,NPJNPK,%IPLNLME MAXNPISTRES C R 1,
I C K,AI,SI,CI,NCRACK)

C
DIMENSICN C(4,4),R(MAXNP),i(MAXNP),CK((8,8,AI(23) ,D(8,8) ,G(8,8),

IVEC(8)
C
C*#** COMPUTE ELEMENT STIFFNESS MATRIX
C'C KASE =1 GENFRAL TRIANGLE

C =2 NCDE I UN Z-AXIS
SC =3I,K ON I-AYIS
C =4 GENERAL RECTANGLE
C =5 NCDE I ON Z-AX IS
C =6 NCnES I,L ON I-AXIS
C C =ELASTIC MO4JLI MATRIX
C R =RADIAL COORDINATE OF NODE POI9TS
C I =VERTICAL COORDINATE OF NODE P31NTS
"C CK =5TI-frNESS mAMTR R
C Al --INTEGRALS FOR COMPUTING K AND M
C NUME =ELEMENT NJMBER
CS~C

i•- DC I 1=1,8

DC 1 Ji=1,-8
D(I,J)=OO
O(I,J)=O°O

IF(NCi'ACK.EQo.) GO TO 300
CALL INTER(KASE,NPI,NPJNPK,NPLISTRES,R,ZAI,SlCIMAXNP)

C
IF(NPL.NE.O) GO TO 300

C
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77
C TRIANGULAR ELEMENTS

AJ=R(NPJ)-R( NPIH
AK=RkTN4PXV.--RTNP I) -

BJ=Z (14PJ) -Z( NPI
BK=Z (NPK) -Z( NP!)
H=AJ*BK-AK*BJ
B= BJ-BK
A=AJ-AK
[FIKWASE.Th',¼ýT GOlOI 2---

0(2,) )=B/H
0(3,1 )=-A/H-4

D 8,2=/H
CE (6 9 1 --A7 F
D(2 ,3)=K/H
0(393)=-AK/H
0(5#4) '-CIU2,3
D(6,4)=C( 3,3)
IFIKASE.EQ.3) GI T0 3

0(3,5 )=AJ/IH
3 D(5,6)=-BJ/H

D%'5,6)= A7JIH
NO R0=6

IF(KASTIS.NEf!{ ;0 T0-4
IF(ISTRES.NF.D) GO TO 4
G(l1,1)=C(2,,2) *AI( 5)
G(2,1)=C'1,2) *AI( 1) LC( 2, 2)*AI( 7)
G%'3,1l )=C(292) *A( (6)

4 It2 TcrrAI4y2c(l2)*AI('ITiC(2,92)i'A[FrO)
IF(KASE,EQ.3) G,'O rO 5
G(3,2)=C( 1.,2) *Al( 2)+C( 2, 2)*Al( 9)
G(3,3)=C2t ) *Al( 8ý-C( 494)*Aj 4)
G'5,3)=C(4t4)*b'(4)
G(6,3)=C(2,3 ) - (2

5 G(6t2-)=CTIT. ))*A!(LI)+Cf 293)*Ai( 3)
G(5,,5)=C(4,1,)*Al( 4)
G(6,6)=C(393)*A1( 4)
GC TO 301

C RECTANGULA R ELEMENTS

300 AJ=R(NPJ)-R(NPI)
BJ=Z(NPJ)-Z( NPI)
A=SQRT AJ*AJ+BJ*BJ)
AL= R (NPL) -R( NP I)
BL= Z(NPL) - ( NPI )

IF!NCRACK.EQ.U) GO TO) 9
At=A
4=:1.0
8=1.0

9 [F(KASFý%iE.4) (,() ff) 6



D(3,1 1 /

60(5,12)=-A

0(6,2) = - /P(,i-/
0(7,2 )=1./14

0(2,3): -0(6,2)
r 0(3t3)=-D(7t2)

D(b,4ý)=C(313)

D(3,5)=0J(7,,2)
0(7,6)=0(7,2)
IF(KASE.EQ.6) GO TO r

IF(NCRACK.EQ.1) GO TO 10

lF(KASE.-NE.o4) GO TO 13
IF(ISTRES.NE.0) GO TO 8

G(2, I)=C( 1,2) *CI*AI( 1)+C( 2,2)*A1( 7)
G(3,1)=C(1,2)*(CI*AI( 2)+SL*AI( 3))4%C(2t2)*AI(9)
G(4t, )=C( 1,2 )*S 1*A[I()+C( 2,2)*A I(6)
G(b,1)=-C(2,3)*Sl*A!( 1)
G(7,I)=CU2,3)*(C1*A1( 3)-SL*AI( 2))

G(8,1)=C(2,3)*(Cl*AI(l))

8 DUM1=CI*AI(14)+Si*AI( 13)
00 M2=CI*A I( 13 )-S 1*A IC 141
DUtM3=Cl*C1*AI(12)+2.*Sl*C1*AI(15)+S1*Sl*AI(1)'
DUM(4=S1*Sl*AI(12)-2.*SI*CI*AI( 15)+C1*C1*AI('

1+C(4,4)*SL 0Sl*AI(4s

1+C (2,2) *AI 117 )-C( 4,4) 4S .'*iUM2
G(7,2 )=C( I 3 )*CI*)jM2+C( 2,3 )*i CI*AI( 18)-Sl*AI 16))

1-C (4,4) *S*J M1

G-'(8,2)=AI(4)*(C(1,3)*C1*C1-C(4,4,'*Sl*Sl)4C(2,3)*C1*AI(3)I-. 1~+C (2 ,2)4A1( 21)+C( 4. 4) *DltMI
G(6,3)=-Cil,33*Si*DUMi-C(2,3)4LS1*A1(16)+C(4,4)*C1*DUMII ~1) C(2,3)*( CL*AI( 23)-S 1*AT '20))
G(8,3)=C(1,3)*Cl*WJM1+C( ?,3)*CI*AI( 16)-,'C(4,4)*Sl*DLM2

G( 5,6) =(C( 3t3 ) *SI S 1+C( 4, /i)*C 1*Cl1)*A 114)
G(7,5 )=-C( ~,3 )*S 1*UUM2+C( 4,4)*CI*OIJM I
G(7,11=C(3,3) -()JM4+(,( 4,4)*DUki3
G(897)=C3t33)1*C1*CIJM?,C(4,4)*S1*OUt41
G(8,8)=(C(3,3)*C1*C1l+C(4,4)*S1*El)*Al(4?
iF(KASE.EQ.6) GO To 501

1+C (2,2 ) *AT (9)
G(5,2)=-(C(l,-3)+C(4,4,)*SI*CI*AI(4)-C(2,3)*Sl*AI(3)

I +C(2t2 *At (?2 )+C( 4t,4) 1 *DLM2
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1*C(4, 4 *CI*CI *A 1( 4)
.P ,)A 1(4) *1(C(4t4)*C I*CI-C( lo, 3)*SI* S I)-C(,3**I (2)

Gt& 96 I=(C(1*3 ) *C( 4t4) )*SI*CI*AI( 4)+C( 2,3)*C l*A 112)

301 D)C 201 1=Ž,%f'RD

oc 2-0

DC St J=l,%dCR

VSf C I L 1 = 0.*3

53) VFC(L)=VEC(L)'G(LvKj*C(KtJ)
L)C 51 1=iNOI"

DC StL~,flf
si CK(1 ;CKl19i)+V1LtI)*VFC(L)

OrCTU)kN

103 r= AJ/ AL
Sl=-BJ/ AL
HlzC(l,1)*Sl*Sl+C(4,4)*CL*Cl
H2?:Cl-t1T-)VCi4,4)TI*"Sl*C1.
HIC(3,3)*C1*Cl+C(4t4)*Sl*AS1
IFPISrRES.EQ.0) GO TO 11
G(3,3)=AL*Hl-/3.
G,(4,3h)AL*1HI/2.
G(7,3)=AL*H2/ 3.

G(4#(4)-3.*G( 3t3)
G(7,4)=G(B,3)
G(8,4k=2.*CG-'7,4'
G(7',?)=AL*i3/ 3.
G(8#7)=AL*H3/?.

GC TO 301
11 Rh-R(NPL)

IF(ABS(SI)-31T.0.01) GO TO 12
G(3,3)=AL*,'t*Hl/ 3.
IF(KASE.EQ.6) GO TO 14
G(4,3)=-AL*Hl*(RTII.+AL/3.)
G(4,4)=AL*Hl*(R[+AL/2.)

14 G(?7v7)=AL*RT*4H3/ 3.
G I & ):-AL *.13 (C 11/2.*+AL /3.)
G(8,8)=AL*H3*,t<1+ýAL/2.)
GC TO 301.

*12 IF(ABS-i-ClV;-GTýo.01) GO TO 13
G(3,3)=AL~)~4I( RI/3..AL/4.)
C.(4,3)=AL*R! *Hl/2.
G(4,4 )= AL*F1 *HI.

G;(8,7 ) =AL*R 4-3/ 2.

GC TO~ 301
/13 R1ST=R[+AL*Cl



-. H4=(AL**3','*1 R /3.+AL*CI/4.)
H5= (-'AL **3/( 10.*S 1 ) W3.*R I+2.*AL*C 1 )AL*AL*R 1**2/( 30.*Sl*Sl*
I Cfl+AL*Rl**3*(I.-RI/RIST)/(3Q.*S1*Sl*CI*Cl)+AL**3*(1C.*RI**2+I'..
2 *AL*Rl*CI+ý6.-*ALi*2*Cf4C1)W(30.4R IS TO l*S I)
H6=AL**2*( RI/ 2.+Al-*Cl/3.)
H-7=-AL**-2*(5.*R I+ 3,.*AL*C IM(12.*Sl*Sl )-AL*R 1** 2* (I.-R I/R IST)/
I (12.*SI*S1*Cl)+ftL**2*(6.*RI**2+8.*AL*RI*CI*3.*AI,**2*CI*Cl)/
2 ( 12.*S1*S I*R IST )
HR=AL*( RI+AL'*CI/2.)
G( 3,03) = Hl*H4-+C( 2, 2 1*H5
G(493)=H1*H6+C(292)*H-7
G(7t3)=H2*H4
G (,Qv3 ) =H2*H6
G,(4,4 ) =Hl*H8
G (7,t4 ) =H2*H6
G ( 8 , 4'F 2-* -it
G(i,7)=H3*H4
G(8,7 )=H3*HO
G (6 , 8=H3*HB
CGC TO 301

ENDIC
C
C

SUBRUJr IN'E INTER(KASE7 NPI,NPJtNPK,4~PL, tISTRE SoR Z,AT,9Sl ICL1 AXN~P)
C
C***4* COMPUTE ELEMIENT INTEGRALS

DI MENS ICN tAlC23), RCMAXNP )tZI(9AXNP)

DC 'I I=l23

IF(NPL.NE.0) GO TO 300

C

H=A*KA1(i)=4UJ4K/

AlaRE.1,) 6r O2

AI(131 H f'4AK I/6

A, 1 ' fl. 14)+,,ý /6



3 ICOUJNT=1I
RA=RI

- RE=R-(NPJ)
C= BJ/ IAJ

DUM= -1.
IF(C.EQ.3.) GO TOi 100

101 IF(IOASE.EQ.1) GO TO 102
IF(K-AS-E'.NE.7Y -GOTO 10-4-
IF(RA.NE.0.) G)' TO 102
FO=ALOG(RB)
GC TO 104

102 FC=ALOG(RB/RA)
104 DUMI=RB-RA

DU M2 =R B*W A*RA
DUM3= RB*RB*RB-RA*RA*RA
CUM4= DJ?"2*(Rli*Rb+RA*RA)
IF(KIPSE.'x0-.3)G0 TO 103
Fl=LOUMI-RI*FU
F2=O'.IM2/2.-2.**RI *CJM i+R 1*R 1*FO
F3--iLM3J"3.A--.51RDIJ(M2+3.*RI*R1*DU~41-R1l*RI*R!*F0

103 GO=OUM2/2,
G1=OUM3/i.-R*DJM2/2.
G2=0UM4/4.-2. *RI*DJM3/34 +R *R 1*DUM2/2.

IF(KASE.N'E.1.) GO TO 105
A! 55 Tý-iAITT51 4 DJHW41 -CfFl ;D* FO Y
AI(6)=AI(6)+DJM*(C*C*F2/2..C*D*FlD*D*FO/2.)
AT (71=AI(7)+DLfl4*(C*F2+D*FI)
At (9)=AT(9l+DJM*(C*C*F3/?.+C*D*F2.D*ID*FI/2.)
A! (1O'j=AI(I.9)+OJM*(C*F3+C*F2)
GC TO 106

105 IF(KA5E3 NE.2-) GO TO 107
106 A1(8)=A[(B)+DJM*(C*C*C*F3/3.+C*C*D*F2+C*D*D*F1+D*O*D*f-U/3.)
107 A1(13)=AI(13)+DJM*(C*G2+0*GI)

AI(14)=AI1(14'I+DJM*(C*C*G2/2.+C*D*GI,0Q'D*GO/2.)
C

100 GO TO,*20li2)29203)91COJNT
201 ICOUNT=2

IF(A.EQ.0.) GO TO 100
RB=R(NPJ)
RA=R(NPK)
C= B3/ A

GO TO 101
202 ICOtJNT=3

IF(AK.EQ.O.) GO TO 100
IF(B'A.EC 0.) GO TO 100
RB=P (NPK)
RA--R-T-
C=B1K/ AK

GC TO 101
203 RETURN

C
C. RECTANGOLAR FI.EtMINTS
C
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30U AJ=R(NPJ)-R(NPI)
8J1 (NPJ)-Z( NP!)
A= SQRT ( AJ*AJ+BJ*13J)
A L=R(NPL')--R(NP I)
BL=Z(4PL)-Z( NP!)
B3=S QRT ( AL* AL +BL *t3)
H= A*B~
Sl=-1J/A
CI=AJ/A

IF(SI.T..PIF) GO rO 301

GC TO 302
301 IF(CI.GT..01 ) GO ro0 302

s1=1.
c1=0.

302 S2=S1*Sl
S3=S2*Sl
C2 =C I*Cl
C3=C2*Ci

C
IFIISTRES.EQ.0) GO TO 303
Al (4)=H
Al (ll)=A*A*H/3.
Al (12)=B*B*H/ 3.
Al (13)=A *H/2.
Al ( 14) = B*H-/2.
AT (15)=H*H/4.
RETURN

c
303 A!(l)=H

AT (2)=B*H/2.-
Al (3) =AI/2
AT (4) )=R I*A I( I )+C 1*A H 3) lS *AIH 2)
Al (18)=A*A*HI/3.
Al C19)=B*8*H/3.
Al (20)=B*H*H/b.
AT (23)= A*H*H/6.
Al (16) =H*H/4.
A! C15 )= RI*AI( 16) +CI*A IC23 ) 4S *A IC20)
At (14) = R I *A (2 )+C 1*A I( 16 ) -+S 1*A H( 19)
AI(i.3)=RI*AIC3)+CI*A1C18)4SI*AI(16)
A! C12 )=RI*I( 19 )+Cl*A IC20 )+S l*B** 3* H/4.
Al CI.l)= RI*AI( 18 ) 1*A II23 ) 1*A**3* H/4.
I F KAS E.NE. *6) GO TO 304
41 (2)=O.
Al (lU)=AI(4)
Al QC7 = AI 14)
Al C19)=O.
Al1 (211 = AI1 12)
RETURN

C
304 A2=A*'A

A3 =A2_*A
B2 8*t3

8=2 *bI
R12=RI *R!
R13=R12*Rl
!F(Sl.NE.O.) GO TO 305



D1=ALOG(1..A/ RI)
AT (5 ) =B*Dl
AI(6)=62*O1/2.
Al(T=I-IrY -
Al (B)=E13*Dl/3.
Al1 (9 )=t32*( A-RI1*0 1)12.
A! (10Q)I-8-CA2/f2.- A*RI+ RT2*Cl)
AI(17)h82*R121'DI!2.-B*H*R112..H*H/4.
AI (21 )=B3*fR 12*0I+A2/2.-A*R 1)/3.
A!1 (2-2V BT*"M::T*DIl) 3.
RETURN

C
305 IF(C1.NE.0.) GO TO 306

0I=ALOG(1.+B/RI)
AI(5)=A*01
AT (5 H =H-7*Rl * DI
AlI (7)=A2*DI/2.
AI (8)=A*R12*Dl- *RI+B*H/2.
AT (I )=A2*, B-R I*Dl U/2.
At (10)=A.;*Cl/ 3.
A 1(17' A2*H/3.-A3*RI*C1/3.
Al (2if= A*CRl2*Dl +B2/2.-B*RX)/3.
A! (22)=H-*H/4.-A*H*RI/2.+A2*R 12*D1/2.
RETURN

C
306 D1=ALIJG(1.-H*Si*Cl/((RI+B*Sl)*(RI+A*Cl)3))

D2=ALOG(1.+A*CltCRI+13*Slfl
D3=ALGG-r17.4-i*Sir (RT47A*C I )1
A!(5).=1R[*Cl+B*D2*Sl+A*D3*Cl)/(S1*Cl)
M 1(53= (B2*C2*S2-R12*DI-A*CI*D3*( 2.*RI+A*Cl3+H*SI*Cl) /(2.*S2*C1.)
AI(7)=(A2*C3*C2-fl12*01-B*SI*02*(2.*RI+B*SI)+H*Sl*Cl)/(2.*Sl*C2)
AI(8)=(B*H*S2*Cl/6.-2.*H*RI*SI*Cl/3.-A*H*SI*C2/3.+R13*Dl/3.
3+B3*S3*02/3.+CI*A*(RI2+A*RI*CI+A2*C2/3.)*D3)/CS31'G'j
A!(9)=(A-*H*S1*C2/3.+B*H*S2'CIC/3.+H-*RI*Sl*Cl/6.+RI3*D1/6.

I-S2*(82*RI/?.+53*SI/3.)*D2-C2*(A2*11/2.+A3*CI/3.)*D3)/(S2*C2)
Al(1O)=(A*h*S1*C2/6.-2.*H*R1*S1*Cl/3.-B*H*S2*Cl/3.+RI3*Dl/3.

1+A3*C3*C3/3.+Sl*ti*(R12+B*RT*Sl+B2*S2/3.)*D2)/(SI*C3)
AI(11)=iA2*Hi*Sl*C3/4.-RI*RI3*01/12.+S2*B2*(Rl2/2.+2.*ti*RI*Sl/3.
I+B2*S2/4.)*D2-CI*A3*(RI/3.,A*Cl/4.)*D3-S1*Cl*H*UUI2/I2.#5.*B*RI

*1 / 12 .4B2-*S 2/ 4 .) +Si* C 2* H* (A *,01/ 12. +H* S I/ 8 .)S 2 *C 3
AI(21)=-H*(A3*CL/S2+i33*SI/C2)/5.+H*11*(A/Sl+B/Cl)/1O.-R12*H*(13/Cl

1+A/Sl)/(30J.*S1*Cl)-..3*RI*F+*(A2/S2+B2/C2)+RI3*H/(3O.4CS2*C2)
2+RI*H*H/(20.*Sl*Cl)+R12*R!3*Dl/(30.*S3*C3)4-B3*D241R12/3.+8*RI*Sl
3/2.+B2*S2/5. )/0ý3+A3*03*(R12/3.4-A*R!*Cl/2.+A2*C2/5.)/S3
Al (22)=H*H/(8.*Sl)-5.*A*H*RI/( 12.*S2)-A2*H*Cl/(4.*52)-HI*R12/(12.*

I S2-* Crr1 Tl 7 2 .*S-v~1VC1) +B 2 *H/( 4. *C,1 )-+A 2* D1* ( k 2 /2. +2.* A *RI *C I
2/3.+A2*C2/4. )/S3-RI*R [3*Dl/( L2.*CS3*C2)-I33*D2*(RI/3.4iB*SI/4. 3/C?

C
RETURN

END
C

SUBROJTINE A0JU)SK(MAXNPBK, ITYPE, THETA OP INPJ NPK,NPt)

DIMENSICN 8K(H,8),I3K8AR(8,8),C( 8,8),VEC(8)
DTMENSTCM TTYPE(MAXNP-),TH4ETA(MAXNP)

c
NCRD=B
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IF(NPL.EQ.0) NORD-6

C
IS WT CH~fl
I F ( f y 0-(-N15 1.N E-. 1) GO T0S3

NP=NPI
ICOUNT= I
GC TO 6

3 IF([TVPE(NPJ).NE*I) GO TO 
4

NP=NPJ

GCTO 6
4 IF(ITYPE(NPK).NE.1) GO TO 5

NP=NPK
ICCU NP=3

5 IF(NPL.EQ.Q) GO TO 7
IF(ITYPE(NPL).NE-1) GO TO 7

4X=7

I i ICOUNT=4

b IF(ISWTCH.EQ.1) GO TO 8

DC 1. I=1,NCRL)
DG I. J=1,NCRD
IF(1.NE.J) GO TO 2

CC TO I
2 C(itJ)=0.O
I [3K8AR(I,J)=)-

0

83 NX=MX+1

C(NXNqX)C(M~,MX I

GO TO (394,f,93)s ICOON'T

7 IF(ISWTCH.EQ.D) RETURN

9 DC 51 J=19NOIRD
DC 50 L=,NORO
VEC( LlO.D
OC 50 'K=hN\ORD)

50 JFC(L)=VEC(UL+t3K(L,K1*CCKvJ )

00 51. 1=1,NORD
BKBAR(9I I ,J0 0
OC 51. LzINORD

51 tPKBAR(IJ)=BKBAR(Ij)4C(LI)*VECIi

DC 52 1=1,NOR[)

DC 52 j=1,NORD

52 bY(1,J)=BKBAfiI#J)

RETURN
END
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SUBROJT INE D IS TK( MAXNPMXADJP, BKt SNPUU, SNPUWtSNPWW, SAD LU9
ISA0UWSAOWUSA~odWNPINPiNPKNPLtJPADJ,NPOUT)

C
DI MENS ICN 8K 8, 8) tSNPUU ( MANP),SNPUW(MA XNP ),9SADUU (MA XNP MXAD JP),
1SAOUW(MAXNPMXADJP),SNPWW(MAXNP),SADWU(MAXNPMXADJP) i
2SADWW(MAXNPtM'- 'IP),NPADJ(MAXNPtMXADJP)

C
C**** DISTRI-BOTE E.-,mNT STIFFNESS TO NODE POINT STIFFNESS
C
C BK =ELEPENT SrIFFNESS, 6*6 FOR TRIANGLE, 8*8 FOR RFCT
C SNPUU =NODE PT. STIFF9 U-CIRECTION9 U-DISPI.
C SNPUW =NODE PT. S TI FFf U-CIRECTION, w-DISPL.
C SNPWw =NOJDE PT. STIFF, W-CIRECTION, W-DISPL.
C SADULJ =ADJ. Pt. STIFF, U-CIRECTION, iJ-DISPL.
C SADUW --iAD J. P1 . STIFF, U-EITRECT ION, W-DISPL.
C SAOWU =ADJ. P T. ST IFF, W-CIRECTION, U-DisPi.
C SADWW =ADJ. PT. STIFF, W-CIRECTION, W-D[SPI.
C

* ICOUNI= 1
1. GC TO (2,3ý,4-,5t,6)tI COUNT

2 N-I NPI
NJ=NPJ
NK=NPK
NL=NPL
IVX 1
LX=3

* LY=5
Lz=l
GC TO 100

3 NI=NPJ
NJ= NP!
NK=NPK
NL=NPL

LY=5
LZ=7 -

GC TO 100

4 NI=NPK
NJ=NPI
NK=NPJ
NL=NPL
PX=5

LY=3
LZ=7
GC TO 100

C
5 IF(NPL.EQ.Q) GO TO 6

NT=NPL
NJ: NPI
NK=NP J
NI: NPK
PX7

LX:1
LY: 3
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LZ=5
GC T 0 103J

C 6 RETURN - -

LOG SNPUU (N I) =SNPUJ (N I)+BK( MX MX)
SNPUW(NIJ=SNPUW(,NI)+B3K(MX,MX+l)
SNPWW(N1)=SNPWrJ(NI)+W((MX41,'iX41)
DO 101 I1=1MXAOJP
J=1 I
IF((NPACJ(Ni,I)-NPOUT).EQ.NJ) GO T3 IC2

101 CONTINUE
205 NP1= NPI +NPCj T

NPJ= NPJ+NPCIJT
NPK= NPK.&NPCJ T
IF(NPL.FC.QOl GO rO 204
NPL= NPL+NPC'JT

204 WR[TE(b,203) NPI,NPJ, NPKNPLiNiNJN'(,NL,NPtJUT,
1(NPADJ( Nt,I), = 1, MX AJP)

203 FCRMAIC1Hl1/2H ERROR IN STIFFAESS DISTRIBUTION//
I 13H NP I =I,15/ 131- NPJ *:,15/=H15/
213H NPL. x' 5/l0X,515/loxl815)
CALL EXIT

c
10Z SADUU(NIJ)=SADJJ(NIJ )+BK(MXtLX)

SADUWCNIJ)=SADJW(NI,J,+BK(MX,LX+1)
SADW'JfNIJ)=SADd~J(NI*J )-BK[MX+1,LX)
SAOWW(NIJ)=SAO)JW(NI,J)+BK(MX+1,LX+l)

DC 103 1=1,MXAUJP

IF((NPACJCNl,I)-NPOUJT).EQ.NK) GO TO 10'4
103 CCNTINUE

GC TO 205
104 SAOUU(NI,J)=SAOJ.J(NI,J )+BK(M4K,I-Y)

SADU W CNiJ)=ADJ (N I,J )+BK CMX, LY+1)
SADWUCNIJ)=SAOWJCNIJ)+BK(MX+ILY)
SADWW(NIJ)=SAO.)WW4NIJ)+t3K(MX+1,LY+l)

!F(NL.EC.0) GOl TO 105
DO1 105 I=1,MXAOJP
J= *1
IF (( NPACJ( Ni, I )-NPLJUT ).FQ.NL ) GO T3 107

105 CONTINUE
GO TO 205

10? SADUUI1N!IJY=S AJU~IN ItJ I+I3K(MX,LZ)
SAD W( NI % J SADJ4 (N ', J ) +BK( MX, LZ vl)
SAWU ( NI,J )=S AD9JJ(N ItJ I+BKC MX+1, LZ )
SAOWW( NI vJ )S ADWWC(N1, J )+BK( MX+1LLZ+ I

105 'iCOUNT=ICOUNTt1
GO TO I

C
ENO

SUBROUTINE MASS( MAXNP, RHORq ,lAI1, XASS SI 9C 1,NPtNPJoNPK,NPLt
1 ISTRES)

C
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OT MENS[ICfN A(MAX NP)vZ (MAX NP ),XMASS (M4A X0J),,A (23')

C**** CCMPUTE ANC DISTRIBUJTE MASS POINTS
C -- - - - - - -

GRAV= 386.4
c

IF(NPL.'NE.O) GO TO 2

C TRIANGUL.A.R -EL-EMENT

AJ=R(NPJ)-R( NP! )
AK=R(NPK)-R( NPI )
BJ=Z (NPJ)-Z( NPI)
BK=Z(NPK)--l(NPI)
H= AJ*IBK-AK*PJ
B=BJ--BK
A=AJ-AK

OU MI=RHC/H*GRAq

AM I= DU Ml* I-*A H(4 ).*A It 13 )-A*A IH 14)
AM J=DU MI*8K *A I( 13) -AK*A1( 14)
AN K= DJ-MlV*l A-J-A I 114) J-ýUAi C 3 T)
GC TO 3

c RECTAiNGULAR ELEMFT1J

2 AJ= R(NPJ) -R(N P I
BJ=Z (NPJ) --ZINP 1)
A=SQRT ( AJ*AJ+BJ*iJ)
AL= R(N PL) -R( N P!)
BL=Z(NPL')-Z(NPI)
B=SQRT (AL*tiL+L*I3L)

IM(STRE7S.EQ.0) GO TO 4

API=RHO*AI (4 )/4.*GRAV
A.-AM!

AfMK= AM!I
AM 1 AM I
GC to

4 DUMI=iRHC/(l.+Sl+Cl)4tGRAV

AMK=DLUMl*C-AI(4)+( 1.+ClA*Al(14.1 B+t I.+S 1*AIH(13) /A)
OULMI-(A I(Au4'+S [*ArH(141 /8-(1+S i) *4 1 31/A)

3 XMASS ( NP!I ) =XMASS (NP I) +AM I
XMASS C NPJ)=X MASS 4NPJ ) 4AMJ
XP'ASS ( NPK0=X MASS (NPK ) +AMil
!FCNPL.EQ.O) RETJRN
XMASS CNPL)=K MASS(CNPL ) AML
RE TURN

END

SUBROUTINE PR-NK(MAXNP,MXt.CjPNAL)JNI,'%PAUJNADJELIPRJNTSNPLUU,
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1 Sr\PUW 9S NPWW, SAu~j, SACU4, SADWI, SADWW, THE TA I TYPE XMA S S NPOUT ,
2 NU MNPI

0!IPENS ICN NADJNP( MAXNP)1 NPADJ( MAXNP 9 XAUJP ) NADJE L(MA XNP),
1XPASS(MAXNP), SNPJUUCMAXNP ),S'IWtM XNP ), SNPW ( PAXNP),
2SADUU ( MXNP, MXADJP ), SADUW( MAXNP, MXADJP tSADWU( MAXNPvMXAD JP)
3SADWW( MAXNP, MXADJP), TI-FTAM MAXNP ), TY>E MAXNP)

C
IF(([PRINT.NE.2).ANC.(IPRINT.\JE.99))GO TO 15

C
WRITE(6,1)

1. FCRMAT ( lHLIbHSTIIFFNESS TA3L ES//6H 'UADE,8X,6HSNPUL 0RX,
16HSNPUW ,8X96HSNPWW MI
DC 2 I=1,NUMNP[K= I+NPOUT -- -J '--,s pw ,SP W

3 FCRMAT (15, 3X IIP8EI.4.4)
C

WRITE(t,,4)
4~ FORMAT ( lH1,181ADJACENT STIFI'ESS//

WRITE(6,5)
15 FCRMAT(6-H NODE, 1OX, 5FSADUU/f)

DC 5 T=l,NUMNP
NUM=NAUJNP( U
K= I+ NP OUT

b WRITE(6,3) KI(S ALUJ (1,9J ),9J= 1, UM)
C

WRITECS ,4)

7 FCRMAT(6H NODE, 10X, 51SADUW//)
DO 8 1=1,NUMNP
NtJMA=NADJNP( I)
K=I+NPOUT

8 WRITE(6,-31 K, (SADUJW( I tj ),J= ,NUM
C

WRITE(6 ,4)
WRITE(C6,9)

4 FCRMAT(6H NODE, 1OX, 51-SADWO//)
DC 10 1=1,NJMNP
NU Im NADJNPU)
K=i+NPOUr

10 WRITEtb?3) K, (SAL)WL( 1,J tJ= 1, NOM

WRIT E(6,4)
WRITE (6,11)

11ii FCRMAT(6H NODE, 10X , 5iSADWW//)
OC 12 I=1,NJMNP
NUM=NADJNP( Ii
K= I+ NPOLJT

12 WRITE(b,3) K,~ (SAOWW( 1, J 1,J=1,NJUM

h C
15 IF IPR!Nr NE94) ANC.( IPRINr.NE.99) )ETURN

WR IT E(6 ,1

1.3 FCRMATAIH1723HMASS VECTOR, LB SEC2/1J//6H NODE/I
DC 14 1=1,NUMNP,8
L=I+ Npc r

IFi t .. NJANP) NUM=tNJMNP
14 WRITr(b,3) L0(XMASS(J),J=I,NUM)
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------ RETURN
C
C

END

OVERLAY(MOHAN,69O
___PROGRAM 1.NKlF

COMMON MANiX-~MA)~M 4tXPtZN5M L R
I NUMELf IST RESt NUMPEL, NUMELP tPEl IODDNMKCL StFACTOR A LAMB,9
2 KTAPE,KRJN, IPRINTNUMSTMXSTRTIELAST(2C),[PLAST( 20)
3__WGMDZT i ,NST ART I 1Tg-ETC-5-,2WW9TEiLYTP-NT-,NPUCDS-7XPWX

DIMESIONC(494)
DIMENSION NAUJNP(3'iO~,NPAU;JI35Ot8I,NAOJE-LI351J
DIMENSION R( 350),Z( 350), ITYPE( 350)9,THETA( 350)

UVNMENIUN sTTPUT'Fq315DT,3TNP (-',3'501I,S.TADU (4 ,135C7t,8
ISTAOW(4935095)

-Cil** INITIALIZE
MOHAN= 5HMOHAN
REWIND 4
RE-WIND 8
REWIND 12
REWiND 3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

KEND=O
.--- NP 011 = 0

-~ FNUMCP=0
NUMNPBO0
NPR-- MX NPB

-- KX1l

C**** ZERO OUT BUFFER REGION

1 ISWTCH-1
GO TO 900

C**** READ IN FIRST RECORDS
C

(NMP-T.XP3T11M"N~q
IF(NUMNP.GE.MXNPB) NUMNPB=MXNlPB
DO 3 Inl,NUMNPB
RE AD 13 NITPJ~tWMNP I 19N A DJ FcrTT( (9WDJTTrF,-J , MXA DJfYF_
READ(4) NPNR(I),Z(I)tITYPEfI),THETA(I)

3 CONTINUE __

IC OJNT =0
4 READ(12) KEY,NUMEZO7-rNE,NTINTJ,NTK,4T1,NCRACK,

- ICDLJNT-ICOUNT+l
LN Px MAXO(CNTI t. NTJt NTK, NTL )

- ~IF((LM~P-fNPwLT).Gr.MXNPB) GO TO 100

c SUFFICIEN[ ROOM IN BUFFEFR7RGION
C

6NP I NT I-NPWUT
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NPJ= NT J-NPCJT
NPK= NT K-NPCJ r
IF(NIL.EQ.O) NPL=O
IF(NTL.NE*.0) NPL='NfL-NPO()T
CALL STRESS( MXNP(3,MXACiP,C,NP 1,NPJtNPK,NPL,R,Z,KASENUIjE ,NPADJ,
i STNPJ,STNPrdSTADJ,STADW, ISTRES, SlCl,NP9UTI[TYPE ,TH1ETA,NCRACK~)

C
IF(ICOUNT.LT.NJ1M1IL) GO TO 4
KFND~1
KEY= NLJIANP+1

C**** INSUFFICIENTJ ROOM IN FJFFER REGION
C

100 NUMCP=KEY-1
NUMNPB=NU-MCP-NPOL)T

C VCDIFY STRESS r'ABIES
113 CALL, Mi)O)S(MXNPB,MXACJP,'4AOJNP,\NPAOJ,NADJEL,STNPL,STNP6,

[ST AOU,ST ADW, IPRINI. T HET A, I TYP E, NPUU I,lUM'PB)
C WRITE STRFSS TAB3LES ONTO TAPE 3

OC 101 1=1,NJMNPl3
101 WRITEM3 INADJNP'(I),NADJFL(I),(-NPADJ(I,J),J=lMXADJ' -(STNPUCKi)

3.,STNPk'g'K, I )K=1,4 3, ((STADU(K, I,J ),STADW(K, I,J ,K=1 ,4),,j=l1 ,xADJP)
IF(KEND.EQ.1) REfURN
IF(KEND.EQ.1) RFTURN

C
C MCVE UP INCOMPLEI EU NODES IN BUFFEI AEGI(IN

NPR= MXNPB-t\J MNPBi
GC TO 902

C ZERO REP~AINING (3J)FFER ARFA
107 '(.X=ý'PR+1

WT CH='?
TO 'k,3

C N REM~AINING .400E POINT AND ADJACENCY DATA TO FILL IN BUjFFFR
C

1 LF((NUMNP-NJMCP).LT.MXNPB) KVP=NUMNP-NJUMC 4PR
IF((NUMNP-N'UMCP).GE.MXNPB) K\JP=MXNPB-NPR
OC 10) I1,1KNP
L=NPR+ I
RFAD(B) NPN,NADJN4P(L ),N4AI)JEL(L3, (NPADJ(L,J),J=1,MXADJP)
READ(4) NPNRCL)tZ(L)vITYPE(L),THETA(L)

109 CONTIINU E
NPOUT= NUtCP
GC TO 6

C**** TRANS$:ER PAR~T OF NOCEi BUFFER R~EGION

902 DC 903 K=1,NPR
L=.., 4NPB+K
NADJNP( K)=N~ADJNP(L)
NADJEL(V)=NACJFL(LU
ITYPE(K)= ITYPE(L)
THETA( K)--THFTA(L
R( K)R(LU
Z(K)=Z(I)
DC 904 J=1,4
STNPU(J*K)=STNPJ(J,L)

904 ST-NPW CJ, KhS ýT N JI)
DC 90ý J=1,MK.ADJP
NPADJ( K,J )NPADJ (I,J)
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DC 903 1=1,4
STADU CI, KJ)=sr A0U(1 LtJ)

903 STADW( I9K9J)=STADW( I,?J)

- GO TO 107
c
C**** ZERO O'UT -BLfFFER RFGION SECT UN

900 00 901 L=KXtMXNPI3
~AUJNPTC~~
NADJEL(L)=0
ITYPE(L3=O
THET KfL) =0 -0

DC-905 _Jr,-l -_

STNPU( JL)=0.3
905 STNPW(JtLl=2.O

DC 901 J=19,MXADJP
NPADJCL,J)=0
00 901 1=1,4
STADUTTTt7_JT=0.0-

901 STADW(I,L,J)=0.0
C

G0T0 (_271_083), 1SWTCIH
C

SUBROUTINE STRESS(MAXNP,MXAOJP,CNPJNPJ,NPKNPLRAZA,KASE,NUt'tt
INPADJSTNPUtSTNPWPSTACjSTAI)Wt ISTRES51,C IvNPOUTtITYPE THETAI,
2NCRkC10

DIMENSICN C(4,4)tRA(MAXNP),ZA(MAXNP ),NPADJ(MAXNPMXADJP3 ,S(4,98),
1STNPU(4,M4AXNP),STNPW(4,MAXNP),STADU(4tMAXNP,MXAPJP),
2STADW(4,MAXNPtMX(ADJP), ITYPE( MAXNP )tTHETA (MA XNP)

DII4ENSICN Sý8AR(4v8),CBAR(8,8)

C**** COMAPUTE NOCE POINT STRESS-DISPLACE'E4ET RELATIONS
C

C C =STRESS-STRAIN MATRIX
C - S ''-STRES7S-DTTSPl-tEFNT WMTfIX-FOl ELEMENT
C ST(l) =RADIAL STRESS, SIGMA R
C ST(2) :MERIDJONAL STRESS, SIGMA THETA
c ST(3 =VEPTICAL STRESS, SIGMA Z

*C ST(4) =SHEAR STRESS, TAU
c
c ST(I ZSTNPJ(IY-*J4+STNPA( I)*W+SUM(STADU(I)*U+STADW(I)*h)

DO 1 1=1,4
DO 1 J1,8B

I S(IJ3).0o~

R= 0.
RPz0.
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Z=O*

ICOUNTIl

C.

C, TRIANGULAR FLEMENTS

AJ=RV(NIJ)-RA(NPI ,
AK=RA(NPK_)-RA(NiPI )
11J=ZA(NPJ)-7A(NPI )
f3K= ZA (NPK) -7 A(NP I,
H= AJ*BK-AK*RJ

' A=AJ-AK

25 1F(KASE.NE.1) GO TO 26,
V ~~IF(ISTRES..'A.0) GO TO 2.7

AOR'1./RR
RCRRk/RR
ZCR=i/RR

* ~GO t028
27 IF(ICOUNT.N E.1 I GO TO 100

ACR=0.0
RCR=0.O

- 10R=0.0
28 IDUM1=BIH

!DU,42=AORF+(B*RORý-A*ZOR1'''P
00 35 I.= 10

35 S(1,1)=C( 1,T) *DJMI+C( 1,2)*OUli2
* S(491)=-C(494)*A/H

Q GTO 29
26 ROR=L.0

IFfKASE.NE.2) GO TO 4
IF(ICOLJNT.NF.1) GO TO 31
ZOR=0.C
'GO TO,29

*31. ',0R=Z/ RR
GC TO 29--

30ZCRO.O-
IF(ICOUNT,NE.1) GO TO '100

'29 DO 36 1=103

S(492)=C(494) *f/H

DtJM2- (.bk-*CR!-AK*ZOR )/F-
DO037 1=1,3

DUMI=AK/H
*S(4931)-C(4t&4)*DJMI

DC 38 1=103
38 S(I,4)=-C(1,3)*iXJM1

S(4,4)=C(4f4 3K/
00 39 =1,3
DO 39M1=1/3

39, S(1,b)=C(1,3)*DJM1
S(4,6 )-C(4,4 3*BJ/H

- - F(KASE.130.3) GO To 300
oUML=-BJ/H
DUM2=(AJ*ZCR-BJ*ROR)/l-
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DC 40 1=1,3
40 S(1It5)=C( 1, 1 *DJMI+C( 1,2)*OUM2

S (495 )=C(494 ) *AJ/ H
GO TO 300)

C RECTANGULAR ELEMENTc'
k 200 AJ=RA(NPJ)-RA(NP IL BJ=ZA(NPJ)-ZA(NP1)

AL=RA(NPL)-qA(NPI)
B=S'QRriT'(*AL +BL*BL)
H=A*B

50 -rF WSF. ENF; 47T -- T 0 5I---
IC 1(ISrRES.NE.0) GO TO 52A

AOR=I./RR
RCR=RPIRR
ZCR=ZP/ RR
IF(NCRACK.EQ.0) GO TO) 53

GC TO 537
52 AOR=0.0

RCRO0.0

IF(NCRACK.EQ.0) GO TO 53
H= A
8=0 *0

53 DUMI= (RP*S 1+Z P*C1-A*S I-B*C 1 )H
DUM2= AOR+( ROR*ZP-B*IROR-A*IOR )/I1

65 S(I,1)=C(191)*?JjMI+C( I,2)*DU4¶2
S(491)=C(494)*(B*S1-A*C1+RP*C1-ZP*Sl)/H
GC T(; 54

51 IF(KASE.EQ.5) GO TO 73
ROR= I
ZCR=O.
IF(NCRACK.EQ.0) GO TO 54
H= A

BCR0.0

GC- TO0 54
73 T F ("ICOIuNTONE . I GWFTO0 7 4

ROit:Cl
ZOR=SlI
GC TO 54

74 ROR=RPfRR
ZCR=LP/RR

DO 66 1=1*3
66 S ( I2)=C( I t3)*DJM II

S(4,,2)=C(494)*(RP*SI+ZP*C1-13sC1-A*Sl)/H
DUM1= ( B*C1-RP*S 1-LP*C I )1H
DUM2= ( B*ROR-ROR*I P )/H
DO 67 1=193I

6r Sf 1,3)C(1,r )*DJMI.C( ,2J*OU'12
DUMI=(-B*S 1-RP*ClLI)*SI )/I
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S (4,3 )=C(494 ) *OJMl

68DO 68 1=1, 3
68S(1I,4)=C( 193) *DJM1
S (4,4~T PC-RP*-S-1-Z-P*C 1)/H
DU Ml= ( RP *SL1+Z P*Cj I/F
DU M2 =ROR *ZP/ H
DO 59 1=11,3

69 S(l,5)=C(191)*DJMI+C(1,2)*DUM¶2
DUM1= (RP*C1-Z P*S 1)VH

00 70 1=1,3

S(4,b)=C(494)*(ZP*CI+RP*Sl)/H
DUM1= ( A*C1-RP*CI+ZP*S 1)I-
DO 71 1=103

71 S (I 8-)=-C-( 191) *UM I
S(4,8)=C(4,4)*(A*Sl-RP*Sl-lP*Cl)/H
IF(KASE.EQ.6) GO TO 300
S (4,1 )=C(4,4) *DJML
DU Ml= CA*S I-RP*S I-iP*C 1)/H
L)UM2= (A*LOR-ROR*Z P)/H
DC 72 1=1,3

72 S(lt?)=C(1,T)*DJM[+C(J,2)*DUMZ

C MODIFY S-MATRIX
C

300 ISWTCH=O
IF(ITYPE(NPI).NE.1) GO TO 303
IAX=1

KCOUNT= 1
GO TO 306

303 [F(ITYPE(NPJ).NE.1) GO TO 304
MX=3
NP=NPJ
KCwUNr=2
GO TO 306

3104 1F(ITYPE(NPK).NE.1) GO TO 305
tAX=5
NP=NPK
KCOIJNT=3
GC rO 306

305 IF(NPL.FO.O) GO T0 307
IF(ITYPE(NPL).NE.1) GO TO 307
MX =7
NP=NPL -

KC0WNT=4
C

306 IF(ISWTCH*FQ.l) GO TO 308
1SWiTCH=1
DO 301 1=1,8
00 301 J=19,8
IF(I.NE*J) GO TO 302
CBAR(19 J)= 1.3
GC TO 301

302 CBAR(1,J)=O.O
301 CONTINUE

DC 312- 1:-1,4
DO 312 J=1,8

312 SHAR(I,J)=O.O
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308 .. "rM.&A-5

CBAR(MXMX)= COS( THETA(NP) )
CBARr-N)(,qW)=-`S IN(T}EFTAUNPI),

CRAR(MX#NX1= -CBAR(NX, MXI ~~CBAR( NXtNX )= C8AR( MX, MX )
GO TO ("303,304,305,309),KCOu'4T

30? IF(ISWTCH.EQ.'J) GO TO 100

r309 '00 3[0 -T-=1t4-
DC 310 J=1,8
SBAR(I9J)=0.3
DC 3137XK=-19,8

311 SBA(IJ)=SBAR(b#J)+(tK*BRv
C

c DISTRIB3UTE S-MATRIX

100 'If (ICO'CJNT*.NF . 1 GO TO 101
M!1l
MJ=3
MK=5
Pt = 7
NI=NPI .

NK=NPK
NL=NPL
GO TO M0

C
101 [F(ICOUNT.N'E.2) GO TO 102

PK=5

NI=NPJ
NJ=NPI
NK=NPK
NL=NPL "

GO TO 103
C

102 IF(ICOUN'T.NE.3) GO TO 107
MI=5
MJ=i
MK= 3
ML=7
N!=NPK
NJ=NPI
NK=NPJ

GO TO 103
107 MI=?

Mi= I
MK=3
IvL=5
NI=NPV
NJ=NPI
NK=NPJ
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NL=NPK
cA

103 00 114 I=1,4

114 STNPW(I NI )=STNPW( IpNI )+S( It M 1+)

155 GC T 0 (150,915 l,1521,153W4N
150 NN=NJ

G() TO0 154-
15t NN= NK

MN=MK
GO TO 154

152 IF(NPL.EQ.O) GO TO 153
INN NL
MN=ML

C154 0O 104 K=1,MXAOJP
J=K
I F NPACJ (N 19K I-NPOUT).EO &NN G fl) 105

104 CONT INU E
109 WRITE(6,106) NU'MENINNPOUT
106 Fl0RMAT(1H1/l0H ERROR IN STRSSt STATE4IEN7 104/

113H ELEMENT NO.=, 15/ 13H NOOF PU IN F S/15I3H N v5

213H NPOUT =,151
CALL EXIT

105 00151=4
STA0U(I-,NI,J)kSTA0J( IiNIJ)+S( 19MN)

115 STADW(INhtJhSTACWU,1,1lJ)+S(IMN+l)
N= N+ 1

C GC5 TO 155

15 CTO (ll0tl11,112, 113)t ICOU'JT

RR=RA( NPJ)

RP=A
ZP=0 .3

GO TO 120 .
111 ICOUNT=3

RR=RA( NPK)
R=AK
1=8K
RP=A
ZP=B

12U IF(NPL.EQ.0) GO TO 25
GO TO 50

112 IF(NPL.EQ.0) RETURN
ICOU NT = 4
RR=RA( NPL)
RP=0.0
1P8B
GC TO 50

113 RETURN
END

C
c
C

SUBROUTINE ioDS4MAXNPMXACJP,NAOJNP,9IPADJNADJEL,STNIPU,ýTNPh,
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I ST ADUtST ADW, I PR I N''t THET A, ITYP ENPOU TtNUM4iP)
DIME NS ICN NAD.'NP( l0.XNP)vNPADJ(MA)(NPqMXADJP ) NADJEL IMA XNP) ,Al

I STNPU(4,?WiAXNP)#STNPW( 4,MAXNP )iSTADU( 4,MAXNP tMXADJP3,

2STADW(4 tMAXNP,MX(AUJP),THETA( MAXNP),ITYPE(MAXNP)
00 2 Iz1,NUMNP
DUM=-NAOJEL(I)
DO 1 K=1,4

I.STNPw(KI)=STNPJ(K, I)/DUMo
ISTNPU(K,[)=STNPJ(KIJ/DUM
NU P= NADJNP (I
DO 2 J=1,NUM
DO 2 K=194
STADU (Kv, ,J) =STADU( K,,1J)/U

2 STADW(KIqJ)=STA0W(K,!,J)/OUM
IF(IPR INT .NF .3) *AND.( LPRIN~T.AE99) )IE TURN

WRITE(6,3)
3 FCRMAT(lHltl3HSTRESS TABLES//OH- NODE, 8X, 6HSTRNPU,8X(,tHSTRNlnw,
18X,6HISTTNPU,8K,6HSTTNPWRX,6HSTZN~'1J,8Xt6HSTZNPh,8X,6HSUSNPU,8X9,
26iHSTSNPW// )
OC 4 11,PNlMNP
1= I+NPUUTI

4 WRI1E(6,5) 't,(STNPUtI(,I),STNPWIKI),K=1,4)I5 FCRMATtI593XK4P8E14.4)
WRITE(6,6)

b FORMAT (lHI,22HADJACENT STRESS TABLES//6H NODE 91OX,6HSTRADL/
116 XS HST RACW / 16X 61S T TA DU/ 16X, 6HST TADW/16 X96H S TZADU/
2 15 X b6HS TZ ACW / 16X , 6HST S AOI/ 16X, 6 FSTSADW//

-DC 'TPI r1rNtMNP
L=I+NPOUT
WRITE(6t5) L.
NIJM= NADJNP( I)

SDO 9) K=194
WRITE16,8) (STADJ(K, IJ)tj=lNUM)

9 WRITE(6,8) (STADW(K,[,J),J=iJ4UM)
8 FORMAT M8, P8 E14.4)
7 CONTINUE

C
RETURN

C
CI
C

* C

CI
COMMON IOAXNP,MXCLSMXADJPMXl0N4E,MXNPB,NZONESMXPEL3 ,NLMNP,

I NUMEL, ISTRES,NUMPEL 9NUMELP 9PEA OD,NMKCL S,FAC TOR9A LAMB8 9
2 KTAPFvKRJN, IPRINT,NUMSTtMXSTRT, IELAST(2C) IPLAST(20)
3 WGT(20),NSTART( 79),EI( 5920), IPELT0 ,IN'TNPRCDSIMPBX
DIMENSION FAJ(1600),FAd( 1600),R(1600),Z(16C0)tITYPE(1bOO),

lTHET AX16D3)'tNPTP( 1bD0019ANAME 18 )tCPRESS( ICC,3) ,PRE SSU( 100)
2PRESSW(100)*NPLOAPJ( 1OO),L( 1b0)tW( 16OO),'IPADJ( 8) vSADUt,(8),t
3SADUW(B),SADW[.(8RbSAOW,(8htPLOADU(1CO),PLOA~IdI(OO),UDISP(1OO),
4WOISP(100btNPDISP( 1(A))
EQUIVALENCE(JR),(hký,1i,(PLOADUo,PRESSUUDISP),
L, (PLOADWPRESSW,WVISP)t (NPDISP,NPLOAD)
MOHAN 5 HMOHAN~
REWIND 8
DC 6 I=1,NtJMNP
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6 READ(S) JR(I)IR( 1),( R(K ),iK1#MXADJP)
READ(B) NJ,(NPLOAD(l)OJPLOAD(I)tNPLOAD(I),NPLOA:)(IbvNPLOAO(I),
I NPLOAD( I), 1=1,,NJ) -

~EAD(~FhiJ~ ~ ItP1 [=-1, NUMNP
REWIND 8
WRITE (6 92)

2 FCRMAT(LN1921HAPPLIFD PRESSURE DATA/I
READ(5,3) NLINES

3 FCRMAT (1415)
WRITE(6v4) NLtNES

4 FORMAT(26H NO. OF PRESSURE SURFACES=915//)
REWIND 4
00 5 I=1,NUMNP
FAU(tI=O.O
FAW( I)=O.O

5 RFADI4 iNt R( I )Z (I )t TYPE( I TI-ETA( I
C EIN

REIN
IF(NLINES.EQ.O) Go TO 20
DO 19 ILINE=1,NLINES

READ(5,8) LOAL)NPANIME i
WRITE(6t9 ) ANAME, LOADNP, IL INE

9 FORMAr(//18A4/20H NO. OF NODEI PUINTS=,15,12H ON SLRFACE#15//)
WRITE(6 .11)

11 FORMAT (5H NOOE9 10X,6HPRESSUt 14Xt 6HPRE4S6h/16Xt 3HPSI t, 7X,3HPSI//
D0 7 I=1#LCADNP
READ(i , 0' NVC0AD( I), PRESSU I ),PRESSWC I)

10 FCRMAT(15,2EL0.D)
7 WRITE(6,12i NPL0AD(I)tPRESSU(IhtPlESSW(I)

12 FORMAY(15,1P2E20.5)
DO 13 I=1,LOADNP
NP=NPLOAO( 1)

13 NP LOAD II ) =NPr.*P(NP)
CALL COEF(MOAXNPNUMNP,LOA0NP,4JPLOAD,CPRESS,R~tISTRES)
DO 14 I=1,LrJADNP

IF(I.EQ.1) GO To 16
OUMU=PRESSJ( I-1)*CPRESS( 1,1)
DUMW=PRESSW(1.-1)*CPRESS( 1,1)
GO 10 15

16 OUMU=0.0
OUMW=0.O

15 DUMU=DUM'U+PRESSJ( I)*CPRESS( 1, 2)
DUMW=DU!PW+PRESSA( I)*CPRESS( to 2)
IF(I.EQ.LOADNP) Gaino 1-7
DUMU=DUNJ+PRESSJ( I+1)*CPRESS( 1, 3)
OUMW=DU,'OW+PRESS4( 1+1)*CPRESS( 1, 31

FAU(NP)=FAU( NP)*tUMU
FAW(NP)=FAW( NP)+DUMw

14 CCNTINUEI
C

2U WRITE(6t21)
21 FORMAT(lHI,22HCONCENTRATEI2 IJAD DATA//

READ(5,3) FfLINES
WRITE(6,22) NIINES

22 FORMAT(22H NO. OF LOAU '%'LUSTERS~, 15/f)
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C

READ(508) .'".DNPtAJAME
WR I TE (b6,2 3) A NAM E LOA CN PIL14 E

21 FCORMAT(1fi8A4/14H NO. OF NODES.1l5t21H IN LOAD CLLSTrR O.I)

24 FORMAi (5N NODE, iOX,5HLOADU, I5X,5HLOADw/lc(t3HLBS,17XiHLBS//)

Rf D (5, N P LOA D I, PL AODU (I I),tP L 3AJW ( I)
18 W 'E (6, 12 ) NPLOAC( i)v PLOADU( I )v PLJADW( I

C

NP=,ý'LOAD( V
FAU(NP) = F 4P) + PLOADUM I

25 FAW(',.P) = FAdINP) + PLOADW( I)
c

28 CC NT Ir:
26 D 0 2 7 1'- iZMYN P

IF(LtýPEMI.NE.ll GO TO 27
DUMU=FAU(I)*c;OS(rHE(A(I))4FAW(I)*SIN(TFVETA(I))
DIJMW=-FAU ( 1) *SINCT HIET A( I) ) FAW( I )*COS( ThE A41 I
FAUC ')=0UMU
FAW( I)=CUMW

-27 CUNT INJ E-
C

DC 29 I11,NUMNP
UC I)=3.O

29 WCI)=D.O
C

WAIT E(6 930 V
*30 FORMATr(IHI 17HDIS PLACEMENT DATA//)

READ(5,3) NIINES
WRITE(6,31) NIINES

31 FCRMAT(30H NO. OF IS PL ACEM ElT CL US TE1 S 15/M

IF(NLIf4K-EG'0Y GO TO 37
DO 32 ILINE=I,NLINES
READC5t8) LDISPt ANAME
WR[TE(6933) ANAMEv LDISP9 IL IlE

33 FCRMAT(//18A4/20H NO. OF NODE POINTS=,15,IIH ON CLLSIFRtI5//)
WRITE(6,34)

34 F0CR9ATT53mUF9-l~[rt-6FlUDrsPL#14X,6HWDTSPL/17X,3HIN.,17)(,3HIN.//)
DC 35 I1,tLOISP
READ(5,10)NPDISP(I),UDISCI),W4DISPC!)

35 WRITE (6912)NPDISPC I), UDISPC I), WDISPCI)
D0 36 11,tL[ISP
NP =NPCISPMI
NIP)I S-P -1 :iT>N PT P NPV
NP=NFDISPC 11
UCNP)=JDISPC I)

36 W(NP)=WD[SPCU I
32 CONTINUE

P7,EWrNO D*I
REWIND 14
DO 38 I1=1NUMNP -
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READ(bO) N,1^A'UiNPI[TYPE( [ITIIETA( I),KMASSPSNPLU*SNPUWSNPhhi
I (NPADJ(J)I,SADLJdJ(J),OSACJW(J),SADWUU),tSADWW(J),J~1,mxADJP)
FAW(I)=FAW(I)+XMASS

38I WRItE 1f4-f,N'A-DjNP? ITYPE(*)qT-i4TA( 0qiXASSrSNPLLtSN-PUW,sNPWW,
1(NP~f' ,J),SAI)UJ(J),SACJW(J hSADWU(ýJ),SADWW(J),J=1,MXADJP)I
2FAUUI)tFAWM#J I), WII)
REWIND 10
REWIND 14
[F(UP(R[Nr.NE.5).ANO.(IPRINT.'E.99))kETURN
WRITE(691'01)

101 FORMAT(lHI9'32HINPUT LOAD AN-D DISPLAC~EMENT DATA//
15X,3HNEW,12X,6HJDISPL, 14Xt6HW'DISP1, 14X9 5HLOADU#15X95H1LOADW/
25Xt4HNOCE% l2Xt4H( INN 16X'i4t4(IV )o 5Xt5H(LBsSJ,15Xt5H(LliS)//M
DO 102 I=1,NJMNP

102 WRITE(69103) IJII),W(I),FAU(.I),FAW(I)
103 VCRMAt(t18,92X9,1P4E20.5)

RETURN
C

END
S'"K~t5-O--M5NtUM~oOD~NLAPESRZISRS
DIMENSICN NPLOADCLUADNP),CPRESSf 10q,3),R(MAXNP),L(MkXNP)
00 1 I=lLCADNP
DO I JIP3

I CORESS( 1, J)= a.0
C

NU 4, LOAC1Np- 1
DO 4 I1,jNUM
NP=NPLOAD( 1)
NPI=NPLCAD( 1+1)
AJ=R(NPI)-R( NP)
BJ=Z(NPI)-Z( NP)
ALSQkt-(-AJ*AJ+8J*BJ)
IF(ISTRES.Nr-.O) GO To] 2
Cl =AL* (3. *R( NP) +R(NP I ) )/ 12.
C2 =AL* (R( NP) +R(NP 1)1/ 2.
C3=AL*(R(NP)+3.*R(NP ) )/12.
GO TO 3

2Cl =AL/ 3
C2=ALf 6.
C3=CI

3 CPRESS(1*2)=CPRE$S( !,?)+Ci
CrRE-SS1It I3)=C2

CPRESS I2)C
CPRE-SSC',1)=C2

k' CCNIINJE
RETURIN
END

C
c

OV ERLAY (MOHiAN t10,O0
PROGRAM LNKIli
COM4MON PAXNPMKCLSM)XADJPMX1GNEMXi4PBNIONESMXPE-L3,NUiMNP,

* I. NUMEL9 IST RES, NUMP FLt NUMEL 1P El I0D,NMKCL S,FAC TOR 1ALA10B,
2 i(FTA1PEqKRJNq IPRINT,NUMSTMXST~tr IELAST(2C1,l LAST (20) ,
3 WGT(2ObNSTART(79), EI( 59 20), IPELTPtIN~TNPRCDS
QIMENSkON NAODJNP1(4O0)bITYPEt400),S%4PUU(4OC),SNPtIW(400I,
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ISNPWU(400),SNPWW(400),NPACJ(400,16),SAOUU(4C0,16),
2SADUW(4O3,16bSACWJ(40O916),SADWW(400,l1-),FAU(4O0),
3FAW(400) ,J(403),WH 400)
0.1MENs rCN OJN( 1600 btWN( 16001
POHAN 5 HMOI-AN

WRIT E(b,1103)
1000 FCRMAI (* EL~IMINAT ION SOLJTI101J H-AS ST4RTE)*)

RE WI NWT DII
REWIND 14
NXADJP=2*MXAOJP

NUMCP=0

KX~1
I D0 50 N=19,N)MNPR

IDUM=NACJNP( N)

IF(I0JM.EQ.)fl GO TO 60
IF(NPAOJ(NtJ).GT.(NPOUT+NUMNJPBJ) G9) TO 59

51 CONT INUE

610 IF(ITYPE(N).EQ.0) GO TO 50
TF(IDIJM.EQ.O) GO TO 61
00 52 J=1,IDJM
NADJ=NPADJ(N,J)

NRT-J=ffAtJ--NPOJT
JDUM= NACJNP( NRDJ)
00 53 K1,tJOJM
KK=K
IF(NPADJ(NRDJtK).EQ.(N+NPOtJT)) GO TO 55

53 CONTINUE

54 FCRMAT(lHlt26HERROR IN LI~t, STATEMENT 54//)
NODE=N
GO TO 909

55 1'F(ITYPE(N).EQoI) GO TO 56
FAU(NRDJ)=FAJ(NRDJ)-SADUU(%4RDJKK;*U(%J)
FAW(NR~tjkFA4~(NPDJ )-SADWUV4RDJKK )*U(4J)
SAUUU( NRDJtKKI.)=0 O.
SADWU(NPDJKK )=O.0
SADUU( NtJ=,J hO
SAOUW4 NJ hO .0

56 IF(ITYPE(Nb&[Q.,3) GO TO 52
FAU(NRDJT=-FAJ(NRki)J*I-SADUW(NKDJ,,KK)*W(J)
FAW(NRDJI=FA4i(NROJ)-SA0WW(NRDJKK)*Wd(N)
SADUW(NRDJtKK hO.O
SADWW(NROJPKKI=O.0
SADWUN*C N,Jh.O
SADWU ( NtJ)=O .0

52 CONTINUE- -

61 IF(ITYPE(N).GT.1) GO TO 57

FAW(N=W( N)

FAUtN)=FAU(N)-SNPUW(N)*WiNJ)I
SNPWW( N):L.l .
SNPUW(Nh=O.O
s NPWU (N) =-o
GC TO 50

57 IF(ITYPE(N).GT.2) GO TO 58
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FAW (N) =w(N)
FAU(N)=U(N)
SNPUU (N)= 1 .0
SNPWW(f N)= 1 .Z0
SNPUWC N) =0)
SNPWU (Nh=O D~
GC TO 50

58A FA(N) = AW(N) -SNPWJ (N )*I)( N

SNPUU (N.I= 1 .0
SNPUW( N) =0.,)
SN PWU CN) =0 .0

50 CCNTINJE
59 DC 3 N=1,NUMNPB

NN=N
JDU M= N+ NPOUT

IF(JUJM.EQ.NJMNP) GO TO) 14

IF(NPADJ(NtJ).Gr.(NPOYUT+NUMNPa)) 63O T3 43
4 CONTINUE

NRMCP= NR14CP+ I
DC 5 J=lICUM
NADJ=NPADJ(N, J)
NRDJ= NADJ-NPOJT

DC6K=J~tCJM
IF(NPADJ(NK).EQ.NADJ) GO TO 6
DO 7 L=1,NXAI)JP
LL=L
LA=LL
IF(NPADJ(NRDJL).EQ.NPAOJ(NKh) GO T) 6
IF(NPADJ(NROJiL).EQ.O) GO TO '4I

7 CONTINUE
IF(NADJ.L-T.300) GO TO 6

8 FORMAT (LHL,25HERROR IN LI)-, STATEMENT 8//)
C NCDE=N

GO TO 909
9 NPADJ(NRDJ,LLI=NPAOJ(NK)

NADJNP(NRDJ)=NAOJNP(NRD.. ).+I
NBDJ= NPADJ (N, K ) -NPLJUT
OC 10 L=INXADJP

IF(NPADJ(NBDJL).FQ.O) GO TO 12
10 CONTINJE

NPADJ(NROJ,LA)=0
NADJNP (NRDJ) =NADJNP(NRDJ )- 1
IF(NADJ.LE.130) GO TO 6
WRITE(6, II)

11 FORMAT(lH1,26HERROR IN Li)-, STATEMENT li/I)
NCDE= N
GO TO O90

12 NPADJ (NBOJ #LL)=NAOJ
NADJNP(NBOJ)=NADJNP(NBDJ )41

6 CONTINUE
5 CONTINUE

29 DO 20 J=IIOJM
NAOJ=NPAOJ(N, J)
NRD.JNACJ-NPOUT
JDUM= NAU;JNP( NRDJ)



DC 21 K=ltJDJM
KKzK
IF(NPADJ(NRrJJ,K).EQ.(N+NPOUT)) GO TO 23

21 CONTINUE-
IF(NADJ.IE.300) GO TO 20
WRITE(6,22)

22 FflRMAT(lHl,2bHERROR IN 'LII, STATEMENT 2211)
NCOE=N
GO TO 909

?3 SVRUL=S-OuGUU NRD-J-KK)
SMwULW=SAOWU( NROJ, 1KK)
SNPUU(NROJ)=SNPJJ(NRDJ)-SMULU*SAOUUf'4,J)/SNPUU-(N)
SN'PUW(NRPJ)=SNPJW(NRDJ )-SMULU*SADUW( 'J,J )/SNPUIU(N)
SNPWU(NRDJ)=SNPdJ(NROJ)-SMULW*SýADUU('4,J)/SNPUU(N)
SNPWWUiJRDJ)=SNPWIW(NIRDJ )-SMULWv'SADUW(NJ )/SNPUU(N!
DO 24 K=1,JDlJM
IF(NPADJ(NRDJ,K).Ne.(N+NPOUr)) GO TO 25
SADUW(NRDJK)=SADLJIWdNRDJ,K)-SMULU*SNPUJW('f/SNPLU(N)
SADWW(NRDJK)=SADWW(NRDJ,K)-SMULW*SNPUW(%J)/SNPLU(N)
SADUU (NRDJtK)=0.O
SADWOU(NRDJ#K)=O.O
GO TO0"2'4--

25 DC 26 L=1,IDJM
LL= L
IF(NPADJ{(NL).EQ.NPAOJ(NRCJK)) GO T3 21

26 CONTINUE
GO TO 24

21 SAD(JOTNIDT,1T7ýSAOUU-TNRO)J,K)-SMULU*SADUU(NLU)/SNPLU(N)
SAOUW(NRDJ,K )=SAt)UW(NRDJ,K )-SMULU*SADUW(N4,LL) /SNPLU(N)
SAOWU(NRDJK)=SADWj)(NIRDJ,K)-SMULW*SADUU(NLL)/SNPLtAN)
SADWW(NRDJ,K)=SADWWJ(NRDJ,K)-SMULw*SADUt'(NLL)ISNPLtANI

24 CONTINUE

FAw(NRDJT=FAJ(NRt)J)-SMJLW*FAU(Nj)/S'4PUU(N)
SAOWU(NJ)'=SAD#(NIJ)-SNP0W*FU('8*/SAUU(NJINU(N)
SA0WW(NtJ)=SADWJ(N,J)-SNPWU(I)*SADUUW(,NJ)/SNPUU(N)

20 CONTNtJ=AW(,'-SPUe*AU(NJ/NL'N
C 0CNIU

14 FAW(N)=FAW(N)-SNPWJ(N)*FAUUI )/SNPUUJ(")
SNPWW(NI-=3NPWW(N)-SNPWU(N)*S\JPUW(N)/SNPUU(N)
SNPUW(N)=SNPJve(N)/SN'PUJ( N)
FAU(N)=FAJ(N)/SNJPUJ(N)
JDUM=N+NPOUT
iF(JOUM.EQ.NUMNP) GO TO 15
DO 28 J=1,IDJM,
SADUIfN9JrI-wy)SADJJ(NIJy7SN4PUU( '8

28 SADUW4(NtJ)=SADUWI(N,JI/SNPlU('J)
C

30 DO 31 J~lslIOJM
NADJ= NPADJ (N,9J~
NRDJ=NACJ. 'IP(UT
JDUM= NADJN'( NRDJ)
DO 32 K=1,JDJM
KK=K
IF(NPAOJ(NROJK).EQ.(N+NPOUT)) GO TO 34

32 CONTINUE
IF(NADJ.LE.333) GO TO 31
WRITE(6i-':03)

33 FORMAT(IHI,25HERROR IN LII-, STATEMENT 33//)
NO DE= N
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GC TO 909
34 SIOULU=SADUW(NROJtKK)

SPOhUL W=S A WW( N RDJKK I
SNPUUf(NRDJ):SNPJJ(NR~j)-SMULU*SADWU(J,J)/SNPWW(N)
SNPUW(NR0J)=SNPJoi(NRDJ )-SMULU*SADWW(',J )/SNPWW(N)
SNPWU(NRDJ)=SNPWJ(NROJ)-SMULW*SADWUt1J,J )/SNPWbUN)
SNPWW(NRDJ)=SNP'oid(NRDJ)-SMULW*SADWW(NiJ)/SNPWW(N)
00 35 K=I,JDUM
IF(NPADJ(NRDJK).EQ.(N4NPOUT)) GO TO 35
D0 35 C=11,IDjM
LIL=
IF(NPADJ(N,L).EQ.NPAOJtNRCJtK)) GO T) 37

36 CONTINUE
GO TO 35

37 SADUU(NRDJK)=SADLtJUNRDJ,K )-SP4ULU*SADWU(NJLL)/SNPl%6(N)
SADUW(NkROJgK kSADJkW(NRfOJ,K )-SMULU*SADWW('49LL) /SNPWh(N)
SAOWU(NRDJ1 K)=SADWU(NRDJ,K)-SIULW*SADWU(N,LL)/SNPhh%(N)
SAOWW(NR0J,K)=SADWW(NRDJ,K)-SMULW*SADWW(%JLL)/SNPwW(N)

35 CONTINUE
FAU(NRDJ)=FAJ(NROJ'J-SMJLU*FAW(N)/S'JPWW(N)
FAW(NRDJ)=FAW(NRDJ)-SMJLW*FAW(N)/Sl4PWW(N)

31 CONT~INUE
FIK.d(N).:FAW(N)/SNPWW(N)
DJ 38 J=19,IOJM
¶.-ADWU(N,J)=SADWJ(N1 J)/SNPWW(1J)

38 SADWW(N,J)k-SADtio(N,,J)/SNPWWeJ)
2 00 40 J=1,IOJM

NADJ=NPA6J(N,-j)
NRDj= NACJ-NPOUT

* 1sw=0
JOUM=NIAOJNP( NRUJ)
DO 41 K=1,JDJM
IF(ISW.EQ.1) GO TO 42
1F(NPADJ(NROJK).NE.(N+NPOUTIf GO TO 41
SS w= i

42 IF(K.EQ.JDUM) GO TO 39
NPADJ(NqDjtK)=NPACJ(NRDJtK 41)
SAOUU(NROJtK)=SADUJ(NRDJK41)
SADUW(NRDJK)=SADUW(NRDJtK+l)
SADWO (NROJ ,K ) SAUWJ (NRDJ ,K+ 1)
SADWW(NRDJtK)=SADWii(NRDJtK+1)
GO TO041

34 NPADJ(NROJK)=O

SADUUINRDJ,K)=U.0I
SADUW(NROJ,K )=O.0
SAODWU CNAOjqk '=0,O.O'
SADWW(NRLOJtK)=0.O

41 CCNTINUF
40NADJNP(NRDJ)=NADJNP(NRDJ )-I.
40CONTINUE

C

Ut N) =FAU (N )-S NPJ W(N )*(N)
GO T0 800

C 3. CONTINUEI

43 WRITE(1O) NPOJT,NRMCP,(ITVPE-(I),FAU(I),FAW(I),SNPUhA(I),
1 NADJNPII),(SAOJJ(IJ),SAOUW(IJ)tSADWU(I,J),SADWW(IJ),
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2NPADJ( I J)9J= I NX ADJP It = It RMCP I
MiJMCP= NU MCP+NRMCP
NPEUU I= NU)MC P
NPK= NU*MKP~-NkK1CP
GO TC 902

44 KX=NPR+I.I,: GO TO 900-
45 NODES R= NLJMNP-NiJMCP

IF(NODESR.-LE.MXNPB) NUMNPB=NJDESR'

I F-(NtUER GT .M)TNP8J NUMNPR=MX'JPB
GO TO0904

46 NRMCP=O
GC TO01

C900 DC 901 I=KX,MXNPB

ITYPE(1=0

SNPLWW(I 11=O.
FAPU( !)=0.l

FAW( 11=0.0
U( 1=0.0

DO 901 J=1,NXADJP

NPADJ( I J)=0 .
SADtJW( JJ)s).Q

SADWU(I A)=0.O
901 SAt0WW(III )=00.0

GO TO 45
902 DO 903 L=1,NPR

K= NR MC P:F
NADJNP( L)=NADJNP( K)
IT YPE I L1= ITYPE(K
SNPUU(L)xSNPJU(K)
SII.PUW( L)=SNPJW IK)
SNPWU( L)=SNPWU(K)
SNPWW(LV--;SNP4(K)
FAU (L) =FAJ (K) I
FAW(L)=FAW(K)
U(L)=U(K)
W(L)=W(K)
DC 903 J=1#NXADJP
NPFAD iT,-OJ WAPDJTK TJ I
SADUU (L vA=S ADLIJ (Kt J)
SADUuE!L 9J)=S ADUW ( K,J)I
SADWU(LtJ)=SADWIJ(KtJ)

903 SADWW (LtJA)S ADWWCKt J)I
GO TO 44

904 CCNTINJF
DO 905 I=KXtNJMNPH
READ(14)I N#NADJNP( I),tITYPHI)E4tTHETAX&IAS~,SNPLUj(l),SNPUW,(I),

ISNPWW(I),(NPAD)J(IJ),SADUU(ItJ),SADUWIi(!JbSADhU(1,J)i,SADWW(IJ),
2J=-19MXACJPo, FAU( I), FAW( I )tU( I ),W( 1)'

905 CONTINUE
DC 913 l=KXPNJ'M~iPff-
SNPWU( I I=SNPJ41 I)

913 CCNTINUE



GO TO 46 
A6

9 09 WRITE'16,910) NPOUT,NOC~,NADJ
WRITrEb,11)' (NPA0J(NODEI()qk=1.NXADJP l

WRITFJ6,411) ('NPAýL'j(NkDJtK),.K=lNXADJP)
910 FORMATOCH NPOUI.=, 15/7b NOCE :, Il5/7H-4AfDJ =,15/1H NPA UJ~

CALL EXIT
800 DO 8301 N=i,NJMNP

UN(N) =3.0
8014 WN(N~)=0-.o

UN(NUMNP)=U(NN)
WN(NUMNP)=W(NN)

C
IF,(NPOUT.EC.0),GO TO 807
BACKS PACE .10

807 CC2NTIN~j-E- -

805 DC 802 1=19NRMCP
J=NRMGP+1-1
N--J+NPOUT
WN(N)=FAWIJ)
WCUM=NA CJNP(J)
DO 803 Nz1,IIDUM-
NADJ=NPADJ(JPK)

803 WN(N)=WN(N)-SADWJ(JK)*UN(N1A0JI-SADWW(JK)*WNAJi
UN(N-):=FAU(J)~-'NPUW(J)*WN(N) NAJ.
U0 834 K1,ID!JM
NADJ=NPADJ(JtK)

804 UN(N)=UN'(N)-SAOJJ,(JK)*UN(NADJ )-SADUW(JK)*WN(NADJ)
r

802 CO NT'lNUJE
C

:' IF(N.EQ.1) GC. TO 806
c

READUI0 NPUUtqN'ffC0,( ITYPt I),FAtJ(I)9FAW(l)vSNPUi%(I~i
I. NADJNP(I),(SADJJ(I9J)tSACUW( ItJ)q$ADWU(IJ),SADWW(I ,J)I,
.2 NPADJ(IJ),J=.1',NXAOJP)t :-Itr4RMCP)
IFANPOUT.tC.0) GO TO 805
BACK~SPACE 13
BACKSP ACE 10
GO TO 805

C
806 REWIND 10

REWIND 14

C

RFAD(14) NtNIDJNPJTYPEtTI-ETAXMASS,tSTNJPUU,STNPUWSTNPhhi
I (NPADJ;(1,J)tSADUU( 19J),SAO'UW l9J ItSADWU 1,J)t SAL) IRW I, J I

2 Jý1,MXADJPl#FiJFWtUOU49W~CUM

808 WRIT'E(10) N~iNTDJNP,J'TYPETHETAXMASS,STNPLUSTNPUhn,ST.NPhhý,FUFwI
1(NADJ(1,'JbSADtJU(1,J)',SAOUW(1,J)tSADWW(1,J),J=1,MXk&JP)

C
REWIND 8

* REWIND 10
R EWIND 14

C
DC BU-) !=1,NJMNI'

*809 RE AD (3 JqFAJ(IbtFALJ(1)vFAU(K ),K=1,,MXADJP)
*RFAD(9) NUd(ITYI)E(!),ITYP.E(l)),[TYPE(I),ýITYPEUI),ITYPF(i),



A-TO

READ (8) ( NJvNU, I= 11NUP4NP

REWIND 8
C IF((IPRINT.NE.b).ANC.(IPRINT.'lE.99))kETURN

WRITE(69810)
810 FCRMAT(lHlt22HRESULTS OF ELIMINATIJN//

15X,3HNEW,12'(,6HJDISPL,14X,6HWdDISPL/
25X,414N10tE,l?X,4H(IN)t 16Xv4H( 14)//)
DO 311 I1=1NUMNP

811 WRITE(6.,8l2) IJN(I),WN(I)
812 FORMAT(18,2X, i P2E20 .5)

C

PROGRAM LNKII

COMMON P~AXN09 MXCL9 MX A00, 8),NJADEL 400)9ZN S XE B9NLN

DIM NSION 9 TSTNPRESO,STNMPW(4,4ONEPbPSETADUq4,4CC,&ACTR AA

3 STAD(2,00,8AR(9)E(52 IPLP ItNROtMB

C
EQIVAENSCE NASTNPU(400), TYPE)(STPU4C),THETA(C),XMS(0)

{STNPwU(403),SNPJ4(40)9(SNPWWJ(4O)vNAPADJ(4StA8() ,SADLUhhC,)
(STADW(64O1D'-"),SAIYW),SAW('40 8)t ,"AJPT),ST( 4C00)AU

DIMESIONSPW(410020NP(44))tTFA(t4~)

DIEAD(CN JPI.S,(N80,T),NPW[GH-(80)i,NPO(0Ut(NUMCP(80)t
INELCIS (A1),NMPCLS (81), 1= 1N(16LS)FA10tAW4)

CC

2(SNPW(NPW(0)SPWWII),FSADJ(L),FAW(L)t~PD(L,)A DUU(LJtADU) sADWL

3?STADWW(LJ),JSIMADJP),(T j~vr)(SNW8ltA)

DCUI PBlNUMCP(!)NU( )

WRIEAf 14) NPI..Qd~(N IC), ,NHII-( !C), ~NPOUUf IC),NUMCk'P(I~bCCS(C
1NFLCLSuc),NJM~PCL,4NACJNP(IL),rP()TEuxAsfsNub
REIN 2PLW10,NWIFL()FWINAJIJAU(,)SiU~,)



t 08 A-TI

3 SADWW I IJ I J I MX ADJ P),I I, UMJP B)
V Ic=IC+1

IF(IC.GT.NUMCLSI Gu T0 105
IF(NP0uf-iIC).NE.NlJMCP( IC-i) GO TO 103
NI OW= I
NHGH=NUPCP(IC)-NPOJT( IC)
GC TO 104

103 NPR=NUMCP(IC-1)-NPOUr(IC)
DC 102 I[1,NPR
L= NPaOU-f M)- N ORDf( fC--1 1
NADJNP( I )NADJNP( 1)
ITYPE( I)=ITYPE(L)
THETA( I)=1HETA(L
XP'ASS ( 1)=XFPASS(L)
SNPtJU( I)=SNPJJ(L)
SNPUW( I)=SNPJvW(L)
SNPWW( I)=SNP'diE(L)
FAU( I)=FALJ(L)
FAW( I)=FAW(L)I

NPADJ( IvJ)=NPADJfL,J)

SADUU( IJ)=SADUJ(LJ)I
SAOUW( IqJ)=SA0UW(L,J)

102 SADWW(ItJ)=SADWd(IJ)
NLOW=NUIPCP(TC-1P-NP0LUr( C)e1
NHGHN:NMCP(!IC)-NPOUT( IC)
GC TO 104

105 REWIND 10
REWIND 14
DC 105 NC=1,NJMCLS
READ(14) NlN2,NJ3tN4,N5,N6,'l?,(NADJNP(I),ITYPE(I),T-iETA(I)I

2SADIJU(IJ),SADJU!,9J),SADWWIIJ),J=1,MXADJPbI=1,tN7)
WRIrE(10)NIN2,pN3tN4,N5tN6tJ7i,(NAUJNP(I),ITYPE(IhtT-iE A(I),
LXMASS(IbtSNPJJ(I),SNPU'iiI),SNPWW(IbtFAU(I),FAW(I)t(NPADJItIJ),
2SADUiJ(IJ),SAO)J,(IJ3,SADWW(IJ),J=1,MXA0JP),Il=l,,N7)

106 CONTINUJE
RFAD(S) (NPTN( I)gNC, I=1,NUI4NPl
WRITE(1O) (NPrN(I),I=1,NuMNP)
REWIND 8
REWIND 3

I C= 1

NLOW=l
NHGH=NUIACP( I C)

204 DC 201 L=NLOvJNHGI4
201 READ(3 NNADJNP('L),NAD.JEL(L),(NPADJ(LtJ),J:-1,MXADJP)t

I(STNPU(KL),STNPW(KL),K=l,4)i,((STADU(KLJbtSTADW(KLJ),
2Kzl,4), fr19MK ADJP)

i NUMNPB=NJM4CPIIC)-NPOUT( IC)
WRITEIIO) NPLOWIIC),NPHIGi-(IC),NPOUTIIC),NUMCPUIChNELCLS'IC),p
1NOPCLS(rC)tNJMNP8,(NADJNP(I)tNADJEL(I)t(NPADJfIJbtJ=IMXADJP) 9

3K=194)tJzlmXADJP),I=1,NUM4J,)3)

IC=IC+l
IF(IC.GT.NUMCLS) GO rO 205~

IF(NP0U(IJCl.NEoNUMCPI IC-I) GO T0 203
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GC TO 204
C2

203 NPR=NiJMCP( IC-fl-NPOUIti IC)
DO Z02-!I;-ItNPR-
L= NPOL T ( I C) -NPOJ T( IC-13+!
NADJNP( I)=NADJNP(L)
NA DJE L( I I =NADJ EL( 1L
DO 2U)7 J=19MXAEOJP

207 NP ADJ (I ,J) N PADJ (L 9JI
DO 202(=-1,4-
STNPU(Ktl)=STNPJ4KtL)[ ~STNPW(Kt I)=STNP4(K,L)
DO 202 J=1,MXADJP
STADU(KIJ)=STADLJ(KtLtJ)

202 STADW(KtIgJl=SrADW(KtLvJ)

C NLOW=NUMCP(IC-1)-NPOUT( IC)+l

NH GH=NU PC P I C -N POJ T IC)
GO TO 204

205 REWIND 13

REWIND 3

RETURN
END

C
C
c

OVERMAY ( OHAN 9 12,t0)
PROGRAM LNKIJ
CO MMON F~AX NP tMXCLS 9MX ADJ P 9M XZ 04E,9MXNOB 9NZONE StMXPE LB 9NLJMNP 9
I NJMELt ISTRES tNUMPFL t %4UMELPtP El 0DqNMKCL StFAC TOR ALAMB~
2 KTAPEKRJN, IPRIN4TPNUMST,MXSTRT, IELAST(2C),IPLAST(20) 9
3 WGT(20),NSTART(79),EI(5,20), IPELTPI'JT,.NPRCDS,IMPBX
OIMENSICR NJPLOWd(80)9,NPHIGý-(8),NPOut(8O),NuMCP(8o),

I NELCIS (80) YNMPCLS ( 80)
c

DIMENSICN JPLAsr(20),CC(4,4)
DIMENSION NOOFEL(24)tNP(24,4),ITYPE(24,4),THETA(2494),
IC(249494)tE(249498)tP(24t8,4)tEPSTII(24t4)tEPSPII(24,4)t
2S1G11f'24,94),DJM(24929),IDU'4(24929)
EQUIVALENCE ( DJM, IDUM)
DIMENSION ALPHA12O)tCAPPA(20)*COSTH(20ObNOYILD12O),

1 SSrAR~(20tI10), HSTAR( 2C,I10)
2 ,COHESN(23),FRCTNI( 20),PRCrN2(20),SNs)WCH(2C)I
3 CRESID(20),FR-S ID(20),JTE'JSN( 20),
4 MYME DT2*)t rR FSt fD( 20)

PCHAN=S5 MOHAN
IF(NUMPEL.EQ.0) RETURN
REWIND 12
REWIND 8
DC 1. I=1,NtJMNP

I READ(8r-T;MYqLO~Ji1,-tNPLOW(1),(NJPLOW(J)tJ=l1,MXADJP)

READ(3) NJMCLS,(NPLO.i( I),NPHIGH( I),NPOUT(l ),NUMCP(I) I
INELCLS(II) , MPCLS( I),1= IOJUMCLS
REWIND 8
REWIND 4
DO 2 1=19NUMNP I

2 READf4) NRDtlTrTH
READ(4) NZCNFS
DO 3 I1=,NlCNIS
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READW4 IZICLASI(IZ),JPLAST(IL),WGT(IL),(EI(JIZ),J=L,5)
IF(JPLAST(II).EQ.0) GOTIf 3
IF(JPLAST (IZ I.GT .1) GO T0 4
R5A(4 I Kt,(SS TARI lJ )vJlItK )v( HSTAR (IZ 9J 1,9Jl K)
NOVILO It)=K
GO TO 3

4 IF (JPLAST (IQ).GT.2) GO TO 10SVREAD( 4) ALPHA( Ih qCAPPM IZ ItCOSTHI IZ I
10 F(1PL ASfl(fZ).Gr'.3 -GO TO 5

I ~SNSWCH( ItIt CRES IN IZ),FRESIN1Z 1ZI,
2 OVIELD( 11)1, 1RES IN IZ )qJTENS'4( IL)

GC TO 3
5WRITE(6,b) I1,JPLAST( IZ I

6 F0RMAtIlH~v22F,,ERROR IN' 11)- 1JME DATA// ICX,17HZONE =,15/
lIOX9 7HJPLAST=, 15)

CALL EXIT
5 CONTINUE

JCLUS= 1
NU MT EL=0

8 IV:(NMPCLS(JCt.US).NE.O) GO TU 7
JC LUS = JCLJS4 1

9 IF(JCLUS.LE.NJMCLS) GO TO 8
REWIND 12
REWIND 4
RETURN

C
7 NUMCEL=O

IN0 I FINE LCLS (J CLUS I-NUM CEL I.L T.MXP ELB)1 '4UMELB=NE L'CL S(JCLL S) -NLICE L
IF((NELCLS(JCLUS)-NUMCEL).GE.MXPELB) ~4UMELk3=MXPELB
DC 200 KK=lNJMELB
READ(4) JJNUOFEL(KK),ILONEIPLAST(KK(),NP(KKtl),NP(KK,2),NP(KK,3),

INP(KK,4),NCiRACKITYPE('KK,1),ITYPE(ýK,2),[TYPE(KK,3),ITYPE(KKt4)t
2 THFT A(KK, 1 )vTHETA( K<.t2)t tHETA(KK9 3) tTHETA (KK94) 9
3 RI, RJ, RK, RL, Z1,ZJI~iZL
IF(JJ.EQ.JCLJS) -ýO TO 239
WRITE16,?40) JJtJCLUS

24U FCRMAT(IHl,7liJJ ,15/71- JCLUS=915)V CALL EXIT
239 CONTINUE
202 IE=IELAST(IZUNE)

A2=EI(291LCNE)
A3=EI(3IlZCNE)
A4=EI (4, lZCNE)
A5=EI (5, IZCNE)

NUME=NOOFEL(KK)

CALL ELCST ( IEtIST RESt AltA2 A3t A4,A5,CCNUME) I
DC 203 1=1t,4
D0 203 J1,t4

203 C(KKIJ)=CC( 1,J)

DC 204 1=1,4
DO 204 J=1,8iii 8(KKP,1,J)=O.3

204 P(KKJtIhO.3

IF(NP(KK,4).NE.0) GO TO 208
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AJ=RJ-Ri
AK=RK-RI

Ir BJ=ZJ-ZI
8K=ZK-ZI
HH= AJ*BK-AK*13J
AA=AJ-AK
BB=BJ-BK

B(KMil,1,)=PI8/ FH

Hi( KKP 1 93 )= KI I-H
BC KK, 1,5 )=-J/HH
IF(TSRES.NE.3) GO TO 205

ZC= (BJ+RK)/3.
CAPRO=RI+RtJ -

B(KK,2,1I=(HH+BB*RO-.Ai*Zfl)/(HH*CAPIO)
B(KKv,2,3)=(BK*R(J-AK*ZO)/(I.H4'CAPRO)
B(KK,2,5)=C-BJ*RO+AJ*ZO)/( lH-4*CAPRLJ)

205 ii(KK,3,2)=-AA/HH
B(KK,,3#4)=-AK/HH
B(KK9,3,6YV=--JJIFH
BCKK,4tl)=B(KK939 2)
H(CKK,4 ,2 )= SCKKt 19 1)
B(KKt4,3)=fiC(Kt3,4)
B(KKp41,4)=B(KKi It3)

BC KKr4 v5 )=B( KK, 39,6)
BC KK,4 9,1i)= -BrKKI 19 5)

C
IF(ISTRES.NF-.3 CONSI=HH/2.
IF(ISTftES.EQ.0) CONSI'=FH*CAPRO/2.

212 DO 206 1=1,8
DO 206 J=1#4
DO 20-N'=1,4

207 P(KKIJ)='-P(KKIJ)+CONST*B(KKNtl)*CCCNJ)
206 CONTINI)F

GO TO 231

208 AJ=RJ-Ri
BJ= ZJ-VtI
AA= SQRr ( AJ *AJ + B3*KJ)
AL: RL-R I

BL=Z -Z I
BB= SQRT (AL *AL +3L * BL I
HH=AA*1BB
S = -B J7 A A
CL=AJ/AA
IF'CNCRACK.EQ.0) GO TO 213
HH=AA
B8=0.0

213 CONTINUE
IFIlSrRlES.EQ.0) GO TO 209
RC=AAI2.
ZO=BB/2.
GO TO 210

209 AINTI=HH
AlI NT 2- H H *BB/ 2.
AINT3aIHH*AA/2.
AlI NT43-HH* ( R I + AA*C I +BB*S 1)12.)1
Al NT 1 3= AA*A I NT 412 .+l-H *AA ** 2*L 1/ 12.
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AINT1'4=88*AINt4/2.+I*1*BB**2*SI/12.
At NT162 (HH/2. )**Z

*RC=AI NTI13/ AtNr4
ZC=A INTiW At NTr

21U DU MMY= RC*S i+Z O*C I
3( KKt 1,1)= (-AA*S 1-88*Cl +CUM4Y )/IHl

B (KK f1 p5) =Cj MMY/ HH
BC KK,1 ,7W3 AA*S 1-CJMMY )/H-
IF(1Sr-R6,.NE.0) GO TO 211I * IF(NCRACK.EQ.13 GO TO 211
13(KK,2,1)=(1HH*AINTI -18*A!NT3+AINTi6,-A-A*AINT2)/(HH*ALNIAI I
B3(KK921p3)=(B*AINT3-AI[NT 16)/(Hl--*AI'JT4)
[3(KK,2t-5)=/AINT 16/C IH*AINT4)

211 OU IMMY =R C*C 1- Z0*S I
B(KK,392)=((BB*S1-AA*C1)+CUMM1Y)/HH

8(KK93,6k=CJMMY F
B(KK9396)=(-J3B*S-ou/ yjH -

B(KK,398)=(AA*Cl-CJMMY)/1F-

B(KK,4,1)i=o(kKK,3,2)
B(KK#4,2)=8(KK, 1,,1)
13(KK#4v31=8(KKt3t4)
BC KKv,4 )=BCKKt,1,3)
BC KK#4,5)=B( KK, 3,6)

t3(KK,4,7)=13(KK,3, 8)
t3(KK,4,8k=8(KK,1v1)
IF(ISTRES.NF.Cfl CfiNSr=fw
IF(ISTRFS.EQ.O') CONST=AiNT4
GO TO 212

C
231 DO 232 1=1,4

EPSTIJI(KK, I)0.O
EPSPJI (KK, I)=0.O

232 SIGII'KK9I)=D.(.
IF(IPLAST(KK).NF.1) GO TO 237
IDUMCKK,21)=NOYILC( [ZONE)
KYIL[J=NCYILD( [LONE)
00 233 t1?,KYiLD
DUM(KK? I)=SSTAR( ILONE, I)

233 DU f( KK, 1+10h:HSTAR( IZONE, 1)
[DO 234 1=1,8

234 L)UM(KK,1+2i)=O.0
00M(KK,27)=SSTAR( IZONE. 1)
GO TO 200J

231 IF(IPLAST(KKi.NE.2) GO TO 241
C

DUIMCKKv I)=ALPHA( IZONE)
OUM(KK,?)=CAPPA( HZONE)
DU M(KK t3) =cflS TH :2NE)
IDUM(KK,4)=3

* TF(CAPPA(IZONE).EQ.O.0) ICUM(KKf4)=1
DUM(KK95h0O.O
00 234 1=174

238 DU MIKK, 1+5 )= D.0
GCTO 200

241 IF(IPLAST(KK).NE.3) GO TO 235
DUOtKK91) = COHESN( [ZONE)
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Ul Mt KK, 2; FRCTNl( hLONE)
DUM(KK93) FRCTN2( IZONE)
UUM(KKt4) SNSoJCH( [ZONE )
DUM(KK,5Y CRES 013 Z ON F )
DUM(KK,6) =FRES 104 hONE)

[OUM( KK97) = MY IELD( IZONF)
IDUM(KK,8) =IRES ID(IZONE)
IDUM(KKt9) =JTFNSN( IZONF)
AJ=RJ-Ri
Bj =ZI --Z J
AL=SQRI (AJ*AJ+13J*BJ)
CC=AJ/AL

SI=BJf AL

DUM(KK,11) = SI

GO TO 2n-

235 WRITE(6,236) NOOFEL(K )iIZONE,1IPLAST((K)
236 FORMAT(1H1,28HERROR IN ELE'4E'T DATAr LIH1

11OX912HELEMENT N0.=t15/lOX, IZHZ(JNE NJ. =,15/
210Xtl2HIPLAST =,15)

CALL EXIT

20C'C NT INU E
C

EFFECT-:0 0
WRITE11?) NJMTELNUMELB,(NOUFEL(K),IPLASTIK),(NP(KtJ) i TPF (K, JI)

21 (P(KJ,1)4= 1,B), iPST11(K, I),EPSPI 14K, I)tSIGI 14K,!.) .1=1,4) i
3(DUMIK#I), I=1#24)tEFFECT9K=1,4UMFL8)
IF(NUMCEL.LT.r,1ELCLSU.CLUSfl GO TO 100

JCLUS=JCLJS1l
GC TO 9

C END
C
C

SU RR OUrT1WrE L or, r IEL AST , I ST RE S,9EI, E2, E3,9E 4, E5, C NUME)
DIMENSION C(4,4)

C**** FORM SrRESS-SrRAiN MATRIX
DC 1. 1=1,4
DO I. J=194

I. C(IVJ)=O.0
IF(IELAST.NE.1) GO TO 20

C**** ISCIRtCOIC ELASTIC MATERIAL
IF(ISTRFS.EQ.2) GO TO 4

C AXISYMMETRIC OR PLANE STRAIN PROBLEM

EBAR=El/(hl.+F2)*( I.-2.*F2))

C(1,2)=FBAR*E2I

C ( 2 1 )C( II
C (2 92=C ( I , I
C(2,3)=C( 1,?)
Cl 3,1 =C( I,?)
C(3t2)=C( 1,2)
C(3,3)=C(lg1)
C(4,41-EBAR*( 1.-2.*E2)/2.
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RETURN
C PLANE STRESS PROALEM

4 EBAR=El/(l.-E2E42)
Ci1,I)=EB!AR
C(391)=-E6AR*E?

C(3v3)=C( 1,1)
C(49,+)=EBAR*E l.-E2)i2.

C**ANISOTRCPIC ELASTIC MATERIAL
C

20 IIF(IFLAST.NE.,2) Gd) TL' 30
IF(ISTRES.EQ.2) GO TO 2

C( 1,2)=FL-2.*F5'
C(1,3)=E3
C(2,1)=C( 1,2).

C(3,lJ)=C( i3)'

C(3t2)=C(2,3)
C 3,3 )=E2

RETURN

2 CE 1,1)'=2.*E5*(El-2**E5)/Fl
C( 1 3)=2.*E3*E5/El

C(3,3) EZ-t3**2/El
C(494)=E4
RETURN

21 WR[TE(b,3) TELAST)NLJME9 ISTRES
3 FORMAT ( liH/31H ERROR' IN ELASTIC CLPJSTANJT DATA/
113H [EIIAST =,15/13H ELEME14T NU..z,15/
213H ISTRES ,15)
CALL EIXIT

30 IF(IELAST.NE.3) GO IT] 21
C**** COMPRESSIBLF FIJIC

IFEISTRFS.EQ.2) GO TO '2 1
DC 31 1=193
DO 31 J=10,

31 C(IJ)=El
RETURN

C
END

C

OVERLAY(POHAN913t0
* PROGRAM LNK2

CC FMON P AX NP 9MKCL S MX ADJP, MX 104 F tMXN 'B# NZONE S tMXPFL3 vNL4NP t
1 NLJMFL, ISTRFSNIUMPFL,-NUr4ELPPEUOUtNMKCLS,1-ACTU4,~ALAMR,
2 KTAPEKRUN, IPRINTNUMSTMXSTctT,FU';)?139),
3 IPELIP, 1%JtNPlCDSt IMPKiX4
CCFOMUN/A/ U( 1600),W( 1600)rqIPJ'T( 8U)t*4PCLS(8C) PFNU(350),

1 * NW(35U)
I CCMMON/B/ tNADJNP(400),ITYP)E(400),THETA(4CO),XMASS(4O0),

I SNPJLJ(400),SNPki)d(4O0),S¶JPWWt400),FAU(4C0),FAW(4OO) t



2 NPADJ(4O,6) S ACLuu(400t 8)SA[OUW, 4001 e) tSADIRI(4CC 81
DIMENSION ANAME( if),COM( 1)

C
EQUIVALENCE (MAXNPtCOM(l))

MOHAN=5HM0t-AN
IPFLrP=12
I NT=8
NPRCDS=O
REWIND INT
REWIND' ITPELTP

C
READ(5,1) ITMAX9 ERRMAX, NFAC K TAPE, IC3'J TUbfVERLX

I FCRMAr('15,El3.o,3I5,ElJ.o0)
C ITMAX =M~AX. NO. OF ITERATIONS PER SOLUTION
C ERRMAX=VAX. ALLOo'dABLE ERROR 4LBS)
C NFAC =INCRFMENTS FOR NONLINEAR SOLUT1JN
C KTAPE =0 JSE TWO K TAPES
C =1 USE ONE K TAPEI
C KCDNTJ=O CCNTINJE SOLUTION F)R NO)NC0'JVFRGFNCE
C OVERLX=CVER-RF.LAXAT ION FACTOR

FACTOUR= FLOAT ( NFAC )
WRITE(6?2') - ITMAK, ERRMA)(, rACTOR,KTAPE, ICONTtiJOVERLX

2 FORt4AT(lHI,71lTrMAX =,15/81- F-RRMAX=,IPE15.!5/8H FAC-TO'R=9LPE15.',/
1811 KTAPE =,I5/8H ICONTJ=, 15/8H OVFILXt IPF 15.5/1)
IF(OVERLX.LE.O.3) CAL'-. EX IT
REWIND 8
DE 3 1=1,NUMNP

3 READIB)VNRPOUT(fl),NPOJT(l),(N4POUT(J),J=4,MXADJP)
READIBS) NMKCLSt (NPLOjW9NPH-IGH,'4POUJT( I ),h4LMCPNFLCLS,NMI'CLS(I,

11=1, NMKCLS)
READ(S) (NPLOW,NPLOrd, 1=19NUM'JP)
READMS) (A(TI W( I)I= INtMNP)
RFWIND 8

16 WRITE(6,17)
17 FCRMAT(IHII6HELASTIC SOLUTIJ3*l//4'v,6HKE-RROR,4X,6HNERIROR,14X,

16HERRCNTtl4X ,6HERRMAX,4X, 61'ICOUNT,5X, 5HITMAX,7X,3HINT,4XI
26HIPELT P/I)
ICOUNTIl

18 CALL ERROR(KERRORERRMAX,l1,NERRORERIC'JTtOVERLX)
WRIrE(6,19) KERRORNFRRORERRCNT,ERR4AX,icOUNT,I TMAX,INT,IPrLTP

19 FCRMAT (2110, IP2E2O.5, 4110)
ALAM8=O.0
IF(KERRCR.EQ.0) GO TO] 22
IF(ICOUNT.EQ.ITMAX) GO TO 20I
IF(ICOUNT.EQ.ITMAX) GO TO 20
ICOUNT=ICOUNT.1
GC TO 18

20 WRITE(6,21)
21 FCR?4AT(//39H lIME NOT CONVERGED TO ELASTIC SOLLTION//)
22 IF(NLJMPEL.EQ.O) GO TO) 27

DO 23 ICLJS~i,NMKCLS
IF(NMPCLS(ICLUS).EQ.O) GO TO 23
NLJM=NMPCLS( ICLLJS)
DO 24 I=IeNUM

24 CALL PLAST F(0,0, 1CLUS,9O, I)
23 CONTINUE

WRITE(6,25) ALAMB
25 FCRMArT/7U-li -ELASTIC LOAD FAC-TOR=,lPE2O.5//)

IF(ALAMB.LE.1.Ol GO TO 27

IF(ALAMB.LT.1.OE+38) GO TO 54
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WRITE( I N) COM( I) 1=1It 16)
DO 55 &= INJ MN P

513 WRITE( INT) AA,AA
ALAMB=2.:

t GO TO 56
54 CONT INU E

DC 25 I=1,NJMNP
U(I)=J(I1)/ALAMLb

26 W(I)=W(I)/ALAMI3

C 2? WRITE%4INr) (COM(I ), 1=1. 16)

DC 38 1=19NJMNP

53 IF(NUMPEL.EQ.O) RETURNI
DO 42 ICLJS=1vNMkCLS
IF(NMPCLS(ICLJS).FQ.O) GO TO 42
NUIAM=NM PCLS ( I CLUS)
DO 43 I1,1NUM

43 CALL PLASTF( 1,1, lCLUS#0Q, 1)
42 CCNTINUE

IF(ALAMB.*LE.1.O) RETURN[56 IF(KERRCR.EQ.O) GO TO 52
IF4ICONTJ.NE.0) RETURN

52 CCNTINJE
FACz:(ALAMB-1 .0)/FACTOR
DO 2d I=1,MIJMNP
U(I)=JCI)*FAC

28 W(I)=W(I)*FAC
C

DO 35 IFAC=INFAC
ICOUNT=l

32 CALL ERRORMKERRORt ERRMAXtCi N ERROR, FRICN T,O VERL X)
WRITE(b,19) KERRL1RNERROR,FRRCNrE~kR4AXIrOuNT,I TMAX,INTIPEI.TP

IF(KERCR.E.0)GO TO 31

41WRITEUINT UC I),W( I)
DC 29 ICLJS=1,NMKCLS
F!N'MPCLS( ICLJS ) EQ.0) GO TO 29
NU M=NMPCLS ( I CLJS)
DO 30 I=1,NUM

30 CALL PLAST F( I1t1, 1ICLUS, I AC, I)
3 29 CONTINUE

WRITE(b,37) IFAC
37 FCRMAT(//3?H HAVE FINISHEC PLASTIC IN4CREMFNTv!5//)

NPRCDS = NPRCDS + 1
IF(KERRCR.EQ.0) GO TO 36
lF(ICONTJ.NE.0) RETURN
GO TO 36

31 [F(ICOUNT.EQ.ITMAX) Go TO 33
I COU NT= I COUNrT+ I
GO TO 32

33 WRITE(b,34) IFAC
4. FORMAT(//57H HAVE NOr CONVERGED TO PLASTIC SOLL(ION FOR INCRFJPI-NT
INC. .15/f)
GO TO 35

36 CONTINJE

REWIND IPELTP
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REWIND TNT '17
RETURN
END

C-
C
C

SU BROUT INE FRROR(KERROR9 ERRMAX,9K SWTCH N ERROR,9ERRC NT,O0VE R LX)
COMMON MAXNPMXCLSMXADJP,MXZON4EtMXNPBNLONESMXPELBNUMNP!,
I NUMEL, IST RES, NUMPEL, NUMELIP, El IOD9NMKCL StFACTOR jALA'B ,
2 KrWPEK'RJNTTPRINT,NUM',T,MXSTlT,FUZ(239)#
3 IPELTP, IN1T,NPICDS, IMPBX
CCIAMON/.5/ U(I60ObiW(16OO),'1PJUT(8C),P'IPCLS(8C),FNU(35C),

1 FNW(350)
CCMMON/B/NADJNP(400 )tITYPE(400)9 THEMA(4C0) #XMASS(400) t

1 SNPUU(400 )SNPU4( 400 )tSNPWW( 400)vFAU(4C0),FAW(4f4]O),
2 NPADJ(40W,Bh- -)SAUU( 4DO,8)tSADUW( 400, EltSADWmh4C008)
DATA IRT/l/

C KSWTCH=0 DC NONLINEAR PART OF ANALYSIS
C =1 DC ELASTIC ANALYSIS ONLY

IF(IRT.EQ.0) GO TO 100
IRT=0
ISWTCF1B6' -

JSWTCH=0
REWIND 10
REWIND 1
DOU I )=O.3 :jB
DO 5 1=1,MNP

5 FNW(IYJ=0r-3--
IM((NJMNP, LEAXNPB) .AND* (NUM4PEL EQ.O0) ISWTCH=1 :
I F(KT APE. NE. 0) JS WTCH= I

I. IC=IC+1
READ(10) NPLOvJNPHIGHiNPJUT( IC)9'4UMCPtNELCLSNMprLS( IC)t

INUMNPB, (NACJNP(I), ITYPE( I), THETA( I), XMA SS( U, SNPUU(I) ,SNPUhCi),
2SNPWW(I),FAJ( I),FAW( I)t(NPADJ( I9J),SADUU(I,J),SAOUl%(IJ) 9
3SADWW(ItJ),J=.t,MXACJP),I=1,NUMNPB)
IF(ISWTCH.EQ.I) GG TO 4
IF(JSWrCHi.EQ.l) GO TO 2
WRITEML NPLOW,NP)'IGH,'IPJUT(ICbJVUMCPNELCLS,NMPCLS(IC),
1NUMNPBdNACJNP( i, ITYPEC I), IHETA( I) XMA 55(I), SNPUU(I) SNPUW(H)
2SNPWW( I) ,FAJ C I), FAW( I), CNPADJ( IPJ ),SADLUCIvJ), SADUhI%, 1J)
3SADWWC I,J)tJ1, MK ADJP) 1= 1, 'UM1NPB)

2 IFCNUMCP.LT.NJMNP) GO TO 1
REWIND 13
REWIND 1
TF(JSWTvCH.'EO.r) GO T-3'
10=1
GO TO 103

3 10=10
4 REWIND 10

10=10
100 IF((ISWTCH.EQ.1).OR.CJSWTCF4GEQ.1)) GI TIO 101

IFCIO.EQ.10) GO TO 102
10=10
GC TO 103

102 10=1
103-CCNTINUE
101. KERROR:=0

NERRUR=O
ER RC NT0.3
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DC 1 U'+ I CLUS INMK CL S
I 1F(KS W TCH. EC.I GO0 T U 113

IF(NUMPEL.EQ.0) GO TO 113I
I F(N MPC CS IC L U SEQ .0 GO TO) 113
DO 114 I.=19MXNP13
FNU(I).-O.0

114 FNW!I)=0.O
NUM=NMPCLS( ICUS)
DO 115 I=1,NJM

115 CALL -PLASTF(o,i1,CLUS,O, 1)
113 IF(ISWTCH.EQ.l) GO TO 105

RFAD([O) NPLGW,NPFI[Gt-,N.PO o'UMCP*NELCLStNMP
1N'JMNPB,(NACJNP( I), [TYPE( IT),THETA( 1),XP4ASS( I ).,SNPUU(I ) SNPUW(II)
2SNPWW(I),FAJ(I),FAj'dI)t('JPADJ(I,J),SADUL(I,J),SAI)UW(IJ), I
3SADWW(I,J)9J=.1,MXACJP3), =1,1tJUMNJB)

105 NLuWIN PL FPOUT( ICLJS-)
NHGH=NPHIGFI-NPOJf (ICLUS)
IF'(KSWTCH.EQ.O) FAC=( 1.O-1.0/ALAMI3)/FACTOR
IF(KSWTCH.EQ.1) I-AC=1.0
D0 106 I=NLOt4,NHG1-

ERRU=0 .0
ERRiW=0O'

IF(ITYPE(l).EQ.2) GO TO 106
IF(ITYPEM*)EQ.3) GO TO 108 *
ERRU=FNUJ(I)+FAU( I)*FAC
ERRU=ERRJ-SNPJU( I)*U( L)-SNPLW( I)*w(L)
NUM=NADJNP( I
DO 101 J=1,NUM
NP=NPADJ( I ,J)

107 F-RRU=ERRLJ-SADU.J( [,J)*U(NP)-SADUW( Ili)*W(NP)
IF(A1BS(ERRU).GT.ERRCNT) ERCTAB(1U
IF(ABS(ERRU).LE.ERRMAX) GO Ti 116
IF(ABS(ERRU).LE.ERRMAX) GO TO 116
KERROR=1
NERROR=NERROR+l

116 U(L)=J(L) + OVERLX*FRRLJ/SNPUU( 1)
IAF(ITYPE(I).Leo.1) GO TO 106

108 ERRW=FNW( I)+FAW( I )*FAC
FRRW=ERR1 W-SNPJW( I )*U( L)-.SNPWW( I )*W(L)
MJM=NADJNP(I)
DO 104 J=1,NJM
NP=NPADJ( ,J)
NPR=NP-NPOUT( ICLUS)
DC 110 K=1,MKAOJP
KK=K
IF(NPADJ(NP~sK).EQ.L) GO TO 112

110 CONTINJE-
WRITFJS, 111) ICLUSvNLOfWN1-GH,-4PO1UT( ICLUS), I LtNPvNPR

111 FORMAT(1H1,?4HERROR IN COMPUTING SAUWU//815)
CALL EXIT

109 ERRW=FRRW.-SAOW*U(NP)-SADWW(1,J)*W(NP)
IF(ABS(ERRW).Gr.ERRCNT) F.RRC'IT=ABS(E1;%W)
IF(ABS(ERRWI.LE.ERRMAX) GO Ti 117
KERROR=1
NFRROR=NFIROR+1

117 WWL= W(L) + 0O/ERLX*E-RRW/SNPWW( I)
106 CCNTINJE
104 CONT INIF
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REWIND 10
RETURN
FND
SUBROUTINE PL AST F(LSWTCHtMSWTCH, ICL US I FA.C,9INUM)
COMMON MAXNPMXCLSMXADJPMXI3'JEMXN')3',NLJNESMXPEL,3,NUMNPv

1 NUMEL, ISrRESNUMPFL,'4UMELPPEýIO~JNMKC-LSFAC'TORAI7 AMB,
2 KTAPEKRJN, IPRINTtkJUMSTtMXSTflT,FUZ(239),
3 IPELTP, 1%lTNPRCDS9 IMPBX
COMMON/Al U( 1600),W~( 1600 i,14P:)UT( 80)#4MPCLS('60) ,FNU(350)',

CCMMON/B/NADJNP(400),JTYPE(4O0),SHt-TA(4CO),XMA~SS(4CO)i
1 SNPUU(400),SNPUW(400),SNPWW(40'0bFAU(4COb9FAW(400),
2 NPADJ(4O01,8)9SADUJ(4001, )t SADUW( 4009 E)tSADo6(40098)

DIMENSICN 89FF( 3280)

EQUIVALENCE (BJFFNADJNYP) *
DIMENSION NOOFEL(24), IPLAST(24),NP(24%,4),ITYPE(24,4),THETA(?4,'d,

IC(249494),13(249498),tP(24,8,F4),EPSTII(24,t4),EPSP,I1(24,4)t
2S1G11( 24 ,4)vDJM( 24, 29 ), IDUM( 24, 29)
EQjUlVALFNCE (IUFF(I),NOOFEL),(BUF-F(25),IPLAST).iBUFF(49) vNP),9

I (BUFF( 145)v TYPE)v( BJFF( 241)t THETAbUBUFF( 337) vC),(3JFF(721 ) bi ,
2 (BUFFU14891, P)#'(BUFF( 2257)t FPST-11), (BUp-F(2353) 9ERSPI 1),
3(RUFF(24491,S IGII ),(EUFF(2545),DUM),(BUFF(12545).JDLMI
DIMENS ICN EPSrI1(4), EPSP I( 4),S IGII4hIFPSUI( 4)tX(8) IFPLAST(B) i
IEFFECT (24)
DIMENS ION STRESS( 4)*STRAIN( '.)tPSTRANt 4)qCMAT'(4,4),vFMA T(4,4)

1 GMAT(4v4),SIGNII(4)9SIGNBI(4)
C LSWTCH=O DC NOT JPOAT'E FLEMEIET TAPE
C =1 JPOATE ELEME'JT TAPE
C P'SWTCH=O FIND ALAMB3VALUE ONLY
C =1 CC ALL NONL.INEAR PART

IC=1 PELTP
IF(I0.EC.12) JO=3
IF(I0.EC. 3) JO=12
L= I+ NPOUT ( I CLUS I
REAM(O) NJMCELNEL-sUF,(NODFI--L(K),1PLAST(K),(NP(K,J)t

1ITYPE(K,J),THETA(K,J),J=1,4),( (C(K,J, ),il=1,4) ,(D(KJI) ,I=I 8),
2J=I,14) , C(PCK,JI ),J=1,8 ), EPST'11(Kt I ),EPSPI I(lKI) ,S31 i Ik 1 9,

DC 3 11,#NELBJF
DC 5 J=1#4
N=NP(1IJ) 4

K=2* J-1
IF(J.EQ.4) GO TO 6

8 IF(ITYPE(ItJ)kEQ.i) GO TO 71
X(K)=U(NT-
X(CK+1) = W(N)
GO TO 5

7 X(K)=U(N)*COS(THETA(IJ))-W(\4)*SIN(THETA(IJ))
X(K+1)=U(N)*S INCIHETAC IJ) )4W(N )*C)S(THETA( IJ))
GO TO 5

6 IF(N.NE.0J) GO TGl 8

5 CONTINUF
DO 14 J=ItB
IF(X(JI.EQ.0.O) G0 TO 194
GO TO 18

19) CONTIINJE
GC TO 3
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183 D0 9 J=li,4
:EPStI(J)=EPST II 1,J)

0)0 4 K=198

IF(lPLAST(1).NE.l) GO TO 200
L= I
CALL MISES(L, EPST ItEPSP ISIGIt EPSD1,FIEFFl, $Y1,9SMAXI9SItAS'WTCH,

181 AMB)
IF(MSWTCH.EQ.0) GO TO 400
IF(LS!TCff.'EGUT- GO T~OO
'De' 101 J='1,4-

101 DUi14(1,J421)=EPSDI(J)

DUM(19 26)=EFFF1
DUM( h,27)=Sy 1
Dli Mt 1, 28 )=SMAX-1
Oum( 1929V-=ST-

.100 tONT1NUE,
GC TO300

200 !F(IPLAST(I).NE.2) GO TO 500

CALL COULMR( L iEPST 19EPSP ItS 16 1KORNE1 9FYL0IFP SD I MSWTCH 9BLA~tot
!FVMSWTCH.t0.'J GO TO 400 .
IF(LSWTCH.EQ.0) 'GO TO 201
IDUMtK,94)=KORNER

00 202 J~lt4
202 OUM(1,J+5)=FPSO!(J)
201 CONTIrý1E

GC TO 300
- ~ 50U !F(.IPLAST(1).NE,,3) GO TO 900

L=1I
CCHESN=CUM( II

; f FrCTN2=:CUM( It 3)
'SSWCHPCJM,( 1,4)
CRES ID=CUM( 1 5)

FRE=t)JM(;1, 6)
MYIELD= ID~JM(, 7)
IRES ID= IOJM1, 8)
JTIENSN= IDLIM(1,99)
COSTH=DUM( It,10)
;SI NTH=DUM( It,11)

* 001 501 J1lt4
STRESS (J)=SIGI H(19J)

PSTRAN(,J)=PSPII( 19:J)
DO 501 K=194

501 CMAT~JK)=Ct ,JK)
I CALL NCqJL(LEPSTIPSTRAINEPSP1,PSTRA'JtSIG19SIRESS#
1CCHESN9FRtTI'41SNSWCl-',FRCTN2,CRESý1D,
2FRESLD,'Y1ELI),,IRES1CjtTE#4SNCt4AToISTIESt
3MSWTCHSBARttaLAMBCOSTHf,SI1NTHFMATtG'4AT,
.4SIGN119,OS !GNI3I)
IF(MSWT'CH.EQ.'j) 1, TIO 400
IF (LSWTC-H. EQ.0 ) IGo Tn 300
DU A(1,91)COHFS N I

DU M( 1,92=F RCrIN IiU OM( 19 3 zF RCT N2-
Dur( 1,4:)=SNsWCHi
DUMi I 1,5 )=CRES IL)3
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-DU M( I t6 IFRES10

IOUM(19 7)=PV IEID
I OUM( 1,8 )= IRES 10
IDUM( I ,991JT ENSN
OU MlI [10)= COS THI UM( I, I1)=S INr H

- 900GO TO 300

90WR ITE (6 940 1) NUOFEL 0 I)t IPLAST( I)
901 FORMAr(TI1.1'5HERRIJR VV-PLASTF//2I5)

CALL EXIT
300 IF(LSWTCH*lEQ.I) GO TO 301

DC 12 J=I,8
FPLAST ( J)=O.'J
00 12 K1,t4

12 FPLASTrIJ)WFPL ASTI J)4PII--yKT)*CEPSPT V<)-EP SPIltl tK)
301 CONTINUE

IF(LSWTCH.EQ.0) GO TO 10
DEPS=0.0
D020J=1,4
DUMMY= EPSPI(J )-EPSP 11(_ItJ
1F(J.EQ-.)M1 ro'217- "
DEPS=DEPS+CNMHY *DUMMY
GO TO 20

21 DEPS=DEPS+CJMMY*DUMMY/2*0
20 CCNTINUE

EFFECT (I )= EFFECT ( 1) +SQRT(2 .*DEP S/ 3.0)

EPSTI1(IJ)=EPST 1(J)
EPSPI I ( ItJA= EPSP I(W

11 ST IIG( UtJ)=S IGI(JW
10 CCNTINUE

C
~TFIFQTTG TO'-3

0O 13 Jzlt.4
NCDE=NP( !,J)
K=2*J-1
Nz NODE-NPOUT ( ICLUS)
IF(J.EQ.41 GO TO 14

16 IFfITYPEITt J).EQ.1) GO TO 15
FNU(N)=FNU(N)+FPLAST(K)
FNW(N)%FNW(N)+FPLAST(K+l)
GO TO 13

15 DUF~s FPLAST(K)*COSITHETA(IJ))*FPLAST(K+1l*SIN(THETA([,J)I
DUMW=-FPLAST(K)*SINITPETA( It,) )+FPLAST(K+l $*COS( THETA (Iti)
FKTU Ili) ZflNUT) + OJmi
FNW(N)zFNW(N)+DJMW
GO TO 13

14 IF(NODE.NE.O) GO TO 16
13 CONTINUE

400 IF(MSWrCH*EQ.1) GO TO 3
IF(ABSTBLAPB).'GT.*ALAM5) ALAMB=ABS(BLAMB)

3 CONTINUE
IF(LSWTCH.EQ*0) GO TO 17

WRITE(JO) NJMCELNELlU~tJ(NOOFEL(K)I9PL.AST(K),(NP(KtJ),
IITYPE(KJ),THiETA(KJ)tJ=1,4),((C(KJI),l1s4),(B(KJI),I=lt8),

31=lt,4b(DJM(Ktl),I~lt29),EFFECT(K),K=1,NELtUF)
WRITE(INT) NFLI3JFi,(NOOFEL(I),EFFECT(I),(NP(IJ),EPSTII1(J),
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IEPSPI1(IJ),(C(IJK)tK=194),J=l,4),1=I,,NELtlUF)
IF (I[PR INr.NE.7) AND.( IPRINT.'IE*99) ) GG To 17
IF(ICLUS.NE.1) GO TO) SO
IF(INJM.NIF.11 GO TO 60
WRITE (6930)

30 FORMAr(lH1,13Xt28I-STRESSFS 14J PLASTIC ELEMFNTS/I)
IF(IFAC.NE.01 GO TO 40
WRITE(6935)

35 FORMAT 5X,1'dIELAST IC SOLUTIOJ/)
GO TO 50

40 WRITE(69450)IFAC
45 FORMAT(25H PLASTIC INCREMENT .=1/
50 WRITE (69551
55 FCRMAT(12H EL. NJMHFR 98Xi,12HSIGMAI (PSI)teXtl2HSI'JMAT (PSI)tBXI2

1HSIGMAZ (PSI)t8K(,12t TAU (PSI)/)
*60 WRITE(6t65)(NOOFEL(K),P(S!C-I1(KI),I=1,4),K=INELitUF)

65 FCRMAT(I7,9X,1P4E20.5)
1? IF(NUMCEL.LT.NJMELP) RETURN

RFWIND 10
RFWIND JO
IF(LSWTCH.EQ.1) IPELrP=.JO
RETURN
END

C
C
C

SUBROUTINE MISES(I,9FPSTI,EPSPI,SIGIEPSUIEEFFISY19ISAXI *S1,
U'SWTCHtBLAP~B)

C
CCMMON t'AXNPMXCLSMKADJPt4Xi0NEMXNPBtNZ0NESMXPEL3,NLMNPi
I NJMEL, IST RES tNUMPFL , NUMELPtP El ODtNMKCL StFACTOR ALA~POB
2 K-.APE,KRUN, IPRINT,NUMSTMXSfTt~FUZ(239),
I IPELTP, I'4TtNPICDS* lIMPBX
COMMON/Af U( 1600 )901600)t*4P)UT( 80),4PpCLS( 80tFNU(350) ,

1. FNW(350)
COMMON/B/ NADJNP(400)PJTYPE(400),SHETA(4CC),XMASS(400)t
1 SNPUJ(40J1,SNPUW(400),SN4PWW(400),E4U(4CC)tFAW(4003,
2 NPAOJ(403,8),SACUU( 400,8),SADUW(4CO,8),SADIh'(4C0,$)

* C
DI MENS ION BJ FF( 3280)
EQUI VALENCE bJ F FtNAOJNP)
DI MENS ION NOOFEL (24),IPL AST (24), NP 1249 4 ) 1T YPE (24 4) tTHlETA (24 94)

IC(24,4,4),8(2494,8),P(2498,4),EPST[I(24,4),EPSPII(24,4)9
2 S IGI 1(24,94 ) tDJM( 24t 29 )v I UM( 24929)
EQU IV ALENCE ( JF F ( I ) tNOFEL )t(BUFF(2 5) 9IP LA ST) t(H UEFF(49) 9NPI 9
I(BUFF(145),ITYPE),,(8JFF(241),TF-ETA),dBUFF(337),C),(3UFF(721) ,B),
2 (BUFF( 1489 )qP) ( BUFF( 2257)t EPSTI I)t (UFF(2353) 9EPSPI 1)1,
3(BUFF(2449),SIG1I),(BUFF(2545)tDUM),(BUFF(2545),IDUM)

C DUPIM, 1)=SSTAR(Mil)
C DUM(M,I1)=I-STAR(M,1l)

* C DUM(M,,21)=NOYILD(M)
C OUM(M,22)=EPSDll(M, 1)
C DUM(M926lEEFFFII(M)
C DUM(Mt27)=SYll(Ml
C OUPM(M,28)=SMAXIl(M)
C DUM(M,29)=SIIIM)

DIMENS ICN EPS 1( 4), EPSP 1(C4 )tSIG[( 4),EPSDI (4)
DIMENSION SIGBiAR(41,SIGMA(4),EPST(4),EPSD(4),DIEPSD(4) ,SIGMAT(4) ,

IESTAR(10),SSr AR I0),HSTAR( 1O),EPSDII(4),DEPSP(4)
NOYILD=IOJ0( 1,21)
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DC 400 J=1,NOY LID
SSTARIJ)=OUM( 19J)

400 HSTAR(J)=OUM( 1,J+10)'
DC 401 J;=1,4 a

401 EPSOII(J)=DJM( IYJ+21)
EEFFI1=DUM(J,26)
SYII=DLP( 1,271
SIMAXIIzDJM([,28)
SII=DUM(1,29)

c

ES TAR( I)=a *
IF'(NUYILD*EQ.1) GO TO 8

F ~DC T J=2,-NCVILD
T ESTAR(JI=ESTAR(J-I)+(SSTAR(J)-SSTAM(J-1))/HSTAR(J-1)
8 00 1 J1,t4

SI GBARI J)--U-*U -

DC 1 K=194
1 SIGBAR(J)=SIGBAR(J)4C( IJK)*(EPSTI(K)-EPSPII(IK))

SBAR= (ABS(SIGBAR( I)-S GBAR( 2) ))**2+(ABS(SIGBAR ( I)-SIG4AR(3))1**2

1 +(ABS(SI(dBAR(2)-SIGBAR(3)))**2+6.*(ABS(SIGBAR(4)))**2
SBAR=SQRr(SHAR/2.)I
IF(MSUTCH.EQ.1) GO TO3

C
BLAMB=SBAR/SY[II
RETURN

3 IF (S BAR. GE.S Y I I ) GO TO 10
C CAS 1 OR 3, NOW ELASTIC

IF(ISmAXTI -.GE.SYTI ) GO TO 20
C CASE =1 ALWAYS WAS ELASTIC A'J0 STILL IS ELASTIC

ICASE= 1
DC 4 J=194

SIGI (J)=SIGBAR(J)
4 C-PSDrr-J1-=D.0

EEFFI=3.3

IF(Si3AR.GT.SMAKII IGO TO 5
SIOAX I=SMFAK Ii
GO TO 6

5 SPAXI=SBAR
6 RETURN

C CASE =3, WAS PREVIOUSLY PLASTICN3W ELASTIC
20 ICASE=3

00 21 J=194
EPSPI(JA=EFPSP I ItI [JI
SIGI (J)=SIGBAR(J)

21 EPSDI (J)=0.O
EEFFI=EEFFII
SYI=SYII
SP'AXI=SYI
Sl=S BAR-
RETURN

C
10 IF(SBAR.,GTeSYI11 I GO TO 30

C CASE = 2 OR 4,9 JUST AT YVIELOD STR ESS
IF(SMAXII OGE.SYII ) GO TO 2 3

C CASE = 29 WAS PREVinuLJY ELASTIC, NOW ON VERGE OF FLO$%
[C AS E=2
C-C TO 24



c CASE 49 WAS PREVIOUSLY PLSI,4WON VERGE OFF11
23 ICASE=4,V 0-Fh

K24 DC 22 J=194
EPSPI (J)=EPSP IlI#,J)

22 S IGI (J)=S I GfAR(J )
EPSDI(1)=(2.*SIGt3ARt1)- SIGBAR(2)- SIGHAR13))/(2.*SBAR)
EPSLUI2)=( -SIGIIAR(l)+2.*SIGL3AR(2)- SIGBAR(3))/(2.*StdAR)
IEPSDI(3)=( -SIGI3AR(1)- SIGBAR(2).2.*SIGBAR(3))/(2.*SBAR)
EPSD I(41=1.*S I GtAR( 4)/S BAR
EEFF I=EEFFI11

SYl=SyI I

RETURN
C CASES 5,6 C1R 7, PLASTIC FLOW

3U IF(SMAXII .LT.SYII G O Ti) 100
C CASES 5OR 6

!F(Sll .GF.SYtIl GO TO 200

I CASASE =6t wAS PLAST ICt UNLOADED, ELASTIC AT PREVIULS rIIME STLPI
32 DLWMY=(SYII -sit M/BAR-S~l

DC 31 J=1,4
SI GMA( J)=S IGII( I,J) 4OLJMMY*( SIGBAR(J )-SIGII( IJ))

31 EPST(J)=EPST1lIC IJ)+DU)MMY*(E;'STI(J)-EP5TII(.Itj))
S!GB=(ABS(SIGMA(l)-SIGMA(2)))*4'2+tABS(SIGMA(l)-SIGMA(i)))**2
I +(A8S(SIGMA(2)-SIG.1A(3)),**2+6.*(AI3S(SIGMA(4,J)**?
SIGB3SQRT (SlGfs/2.)

EPSD(ZJ=( -SIGMwA(1)+2.*SIGD4A(2)- SIGMAc3J)/(2.*SI'1'p)
EPSO(3=( -SIG!4A(l)- SIGMA( 2)e2.*SIGMA(3)l/(2.*SI ~iý)
EPSD(4)=3.*S IGMAt 4)/S 1G13
GO TO 201

C CASE =7, WAS PREVIOUSLY FLASTICt4,,~ PLASTIC
1oo ICASE=7

GC TO 32
C CASE =59 WAS PREVIOUSLY PLASTIC* N3W FURTHFR FLOW

200. ICASEz5
DC 33 J=194
SIGMA(J)=SIGILII [j)
EPST (J)=EPST I ItIj)

33 EPSD(J)=Epsnii( J)
SIGB=SYII

C CCMPUIE NEW PLASTIC STRAINS
201 IF(ISTRES.N[E.2) GO TO 202

C PLANE STRESS

E= C(1 919 ) *( 1 .-1(NU*)(NU)
A= (7 o-13. *XNJ +7. *XNU*XK'U )/4. +O& 5*( 2,- 5.* XNU+2.* XNj* XNL)*

1 ((SI GMA(4 )/S I Gi)*( S IGMA(4)/S IGB~)-( SGMA( 1) /St GB) S¶I GMA 1)/
2 SIGS))

A- A/ (I . -XNU*XNJ )**2
13=((5.-4.**NJ)/2.)*(USIGRAR( l)/SIGBI*(SIGMA(1)/SIGB)+

I. IS IGBARI 3) /S I GB)S I GMAI 3)/S IGtI)- 4.-So* XNL) 12.)
2 ((SIGBAR(t)/SIGB)*ISIGMA(3)/SIGB)I(SIGBAR(3)/SIGB)*
3 (S IGMA( II/i'S I GH 119.1.-XNU M(S IG3A~t( 4) /S IGS*Sl MA (4) /SIGbIi

B= B/ (1 o-XNU*X NJ)
GC TO 203h

C PLANE STRAIN OJR AXISYMMETRIC
202 XU= (C (Ito1,2)/C( llt ))/( 1.+C(1, 192)/C(i,~)
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E=C(1Il,1)*( 1.41(NU)*( lo-2.*X%4U)/( I.-X'JU)
A=9./ 4.*( 1. +XNJ )**2)
B=(3*/( 1.+XNJ))*( (S1GBAR(1)/SIGI3)*EPSD( IW SIG8AR(2)/SIG(3)FPSD(e(')

I +(SIGRAR(3)fSIGB)*EPSD(3)+(SIGBAR(4)/SIGB)*EPSD(4))
C FIND LOCAL VALJE OF H

203 [F(NOYILO.GT.I) GO TO 204
J= I

205~ H=HSTAR( JA
GC TO 207

204 00 206'K=19NOV'ILD
J= K(
IF(K.EQ.NOYILO) GO rO 205
IF(SY[1 .LT.SSTAR( (+1)) GO TO 205

206 CONTINUE *
207 ALPHA=A-(H/E) **2-

BETA=2.*/4
GAMMA= (SBAR/ S IGB) **2- 1.O0
IF (ALPHA. NE.0 .0) GO] TO 208
IF(BETA.GT.D.,O) GO TO 209
IFRROR= I

212 WRITE(6?210) TNOOFEL( I )v 1
210 FORMAT (IHl,5HERROR ENCOUNTERED IN PLASTIC FORCES, MISES ROLfINF//

I11ZH TIME =V1PE15.5/10H ELEMENT =tl5/1OH NUMl5ER =,15)
WRiTE(b,500) (EPST11( IJ ),J=194),(EPSPI 1(1 ,J)tJ=1,4)i

1(EPSDII( J),J=l,?4),EEFFIl ,(EPSTI(JtJ=It4l,
2(FPST(J)vJ=194) , (tPSD(J )J=1,4)
IIOU EPSOlU EPIP4E 915.5 10- EFF10 EPPII=15./IHEPI5.5P/1

5 100FRAIcH EPSO' II =9P4 ,551P4 EE15.5/IOI5.H EPSPII ,1P4E15.5
2.5/1TH EPST =q1P4El5o; /101I fPSD
31P4El5.5)
WRITE(605O)(SIGMII(IJ),J=lt4), SYTI ,SMAX11 ,SII I
I (SIGBAR(J),J=1,4),StPAR,(SIGMA(J ),J=l,4).SIGBi

501 FORMAT(13H S I Gi I =9 P4E15.5/lOH SYII =,IPE15.5/
110H SMAX11 =9IPE15.5/1OH S11 =91PE15.5/
210H SIGBAR =91P4E15.5/10t- SBAR =tIPE15.5/
310H SIGMA =,IP4115.5/101- SIGB =91PE15*5)
WRITE(6,532) EvKNU At Bo HtALPHA# bEFAtGAMMA, IERIOR

502 FCRMAT(1)H E =, lPEl5.5/IOH X'JU =9 IPE15. 5/
1IOH A =,tI PE 15.5/ 10H B3 =91PE15.5/lCH H =tlpI-Lb.5/

210H ALPHA =91PE15.5/10H BEIA =iIPL.15.5/lCH GAMMA =,IPE15.5/
310H [ERROR =915)
CALL EXIT
G04 DETO 211ABE
GC~ DETAOGM211 E

208 DUMMY= BET A*BETA-4.*ALPHA*C-AM41A
503 IF(DUMMY.GT.3o0) GO TO 213

DELT A= BETA/ 2 .*ALPHA)
I,:(DELrA*GT*3.0) GO TO 211
IERROR=3
GC 113 212

213 DUMMY=SCRT(DJMMY)I
D`E`TAlI=;lEfM47WMRYIYl( 2.'*ALPHA)
DELTA2= (BETA-DUMMY)/( 2**ALPHA )
IF((DELTAI.GT.0.U).O)R.(OELTA2.GT..0.)) GO TO 6C0
IFRROR=4
GO TO 212

600 IF((DELTA1.GT.0.0.*ANC.(DELrA2.GT.O.o)) GO TO 601
IF (DELT AF___T.GrD".') DFLTA= DEL TA 1
IF(DELrA2.GT.0.0) DELTA=DELTA2
GO TO 211j



601 IF(DELTAI.GE.DELTA2) 126 A-89TA
IF(DELTAI.LT.OELTA2) CELTA=DELTAI

211 OFEFF=S IGB*OELTA/ E
cA

IC=1
C DE=O.0

S=syI1
DEEFFL=0 .0
DEEFFH=O ,0
SIGIBM=98AR-SY 1 -

DEIEFFM=0.0

21.5 DC 215 J=194A
SIGI (J)='J.O

216 SIGU(J)=St"Gt(J)+C(1,J,<)*(CPSTI(K)-E')SPI1(1,K)-DEEFF*r-PSD (K))

1+(ABS(SIGI133-SIGI( 1)))4**2+6.*(ABS(SIGI(4)))**2
SIGII3=SCRr(S IGIB/2e)
SCI=S+H*(OEIEFF-DE)
IF(ISW *EQ. 2) GO TO 217
IF(SIGI8-:SCI .G;T. SIGIBM) GO T0 227
SIGIB3M=S IGIB-SUI
DEEFFM= DEEFF

227 CONTINU E
226 IF(AI3S(SOI-SIGIB).LE.O.01*SOI) GO TO 211

IF(DEEFFHEQ.0.01 GOJ TO 218
IF(SOI.GT.SIGIB) GO TO 219
DFEFFL= DEEFF

220 OEEFF=(CEEFFL+DEEFFI-)/2.
GC TO 215

219 OEEFFH=CEEFF
GC TO220

218 IF(SOIGT.SIGIB) GO TO 219
DEEFFL= DEEFF
DEEFF=2.*DEFFF
IC=IC+1
IF(IC.LE.20) GO TO 215
DEEFF=DEEFFM
ISW= 2
GO TO 215

217 DC 221 J=1,4
221 SIGI(J)=SIGI(J)*SOI/SIGIB

EEFFI=EEFF11+DEEFF
IF(NOYILO.EQ.1) GO TO 222
IF(EEFRIl.GE.ESTAR(NOYILDfl GO TO 222
J= I

*224 IF(EEFFil.LT.ESrAR(J)) GO TO 223
J=J41
GO TO 224

[223 IF(EEFFJ.L.E.ESTAR(J)l Go ro 222
S=SSTAR(J)
H*HSTAR(J)
L)E-ESTAR(JI-EEFF[I

OF EFF 1= EEF F

ICDFEFF=2.*DFFFFI
DEIEFFH=0.0

GC TO 215
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222 00O 225 J=1,4
225 EPSPI(J,=EPSPII(IJ)+CEhEFF*EPSD(J)

EPSDI(l)=(2.*SIGI( 1)- S IG 1( 2 )- SIGI(3))/(2.*SLUI)
EPSDI(21=( -S[GI(H)+2.*S!C[(2)- SIGI(3))/(2.*SOI)
EPSOI(3kz( -S (;I ( I SIGI( ?)+2.*SIGI(3))/(2.*SOI)
FPSDI(4k=3.*SIGI(4)/SU[
SY1=5 01
SM'AX I=SCI

RETURN
END

C
C

SUBRUJr [NE COJiMR(I,F.psrI,EPSPI,sIGIKORNER,FYLDI,r-PSU1,PsWTCH,

IBLAMBI - -

COMMON fJAXNDMXCLSMXADJPMXlUýNEMXNPBNZONFSMXPEL3,t NUMNPi
1 NJMEL, IST RES tNUMPEL, NUMELP 9;)El IODvNMKCL SFAC TOR CLAMB3,
2 KTAPEKRJN, IPRINT,,NUMSrMXSTlT,FUZ(239),
3 IPELTP, 1Nr,NPICUS, IMPBX
CCMAMON/A/ U( 160),W( 1600),NP3Ur( 80)tl4PCLS(eC) FNU(350) t
1 FNW (35#3
COMMON/ H/NADJNP( 40)t JTYPE( 400 )tSH-E TA(4C0) ,XMA SS(4CO),
i SNPULJ(400),SNPUW(400),S'JPWW(400),FAU[4C0),FAW(400) ,
? NPADJ(4o3,R),SADUJ(4Oo,8),SAOUW( 4oo,e)v5ADWW(4C098)
DIMENSICN BJFF(328O)
EQ~UIVALENCE (BJFF,NflOJNP)
DIMENSION NOOFEL(24),IPLAST(24),NP(24,4),ITYPE(24,4)4,HETA(?4,4),

2SIGI 1(24,4), DJMI24,29), IDUM( 24, 29)
EQUIV~ALENCE (f3JFF( 1),NOOFEL ), (BUFF( 25), IPLAST),, (BUFF (49) ,NP)
I(BUFF(145),IrYPE),(BU.FF(241),THETA),(BUFF(3371,C),(3UFF(7?1) ,B) ,
2 (BUFF( 1489 ), P3, ( 5iLJFF( 2257 ), EPST I1H, (BUFF( 2353) ,EPSPI I) I
3(BUFF(2ý44))iiS GII ),(BUFF(2545),DUM)t(BUFF(2545),IDLM)

C OUM(M,3)=CflSTH
C DUM(M, 4)=KORNER
C DUM(Mt 5)=FYLD[1
C DUM(M, 6)=FPSOIl

DIMENSICN EPSTI(4), EPSPI(4),SIGI(4)bEPSDI(4)
DIMENSIOlN EPSDI1(4),S IGBAR( 4), SIGMA. 4),EPST(4),EPSD(4) PEDW4 ,S)(4)

C
C SIMPLE COJLOMH MOHR YIELD CU'JDITIO'J

.iLPHA=DUM! 1,1)
CAPPA=DUMU,2)
COST H=DU M( 1, 3
KORNER= IDU M( 1, 4)
FYLDI IDUM( 1,5)
00O I =1#4

I EPSDII(J)=DJM( 1,+5)
C

DO 2 J=194
SIGBAR( J)=O.)
DO 2 K=10

2 SIGBAR(J)=S!U;BAR(J)+C( 1,J,K )*(EPSTI(KI)-EPSPIl( 1,K))
AIIBAR=SIGeAR( 1)+SIGBAR( ?)+SIGBAR(3)
A12BAR=((S1G-BAR(l)-SIGEBAR(2))*(SIG53AI(l)-SIGBAR(2))

I +(SIGBiAR(2)-SIGBAR(3))*(SIGBI3A(2)-SIGBAR(3))
2 +(S~rrBAR(3)ý-SIGBAR( I))*(S1GRAI(3)-SIGBAR(l)3')/I!.O
3 + SIGBAR(4)*SIGBAR(4)
IFIAI2BAR.LF.D.O0) GO TO 'A
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FYLDBR=ALPi~* A I I AR+S CRT (A 12AR)
GO TO0, 4

3 FYLDBR=ALPHA*AIIBAR
4 1 F I M5W~~Qi G 33

[F(CAPPA.EC.0.O')GO rO 65
BLAMB=FYLOeR /CAPPA
RETURN

65 BLAMB= I., E+38
RETURN

33 IF(.FYL:O-k.GF.CAfrPh) GO0TO6
KORNER=O
DO 5 J=194
SIGI(Jl=SICBAR(J)
EPSDI (J)mO.0

FVLD1=FYLoeh

A RETURN
6 lHPFYLDBR.GT.CAPPA) GO TO rOF DO, 7 'J1t4

SIG[ (J)=S'IGBAR(J I
7 EPSPI ))=EPSPII(,IJ)

FYLDIf:T!LDBR
[F(AI28AR.Lr.O.Oo1) GO TO 8

j 4EPSD[(2)=ALPHA+( -SGIGUU+2.O*SIGI(2)- SIGI(31l/(6.*DUMI)

EPSDI(3l'ALPHA+( -SIGIC 1)- SIGI(2)+2.0*SIGI(3))/(6'.*DUM1)
EPSDI(4)=SIGI,(4)/CUM1
CALL LGTH(EPSDI)
RETURN

8 I(ORNER~l
DO, 9 J=1,94

9 EPSDI (Jk=O.D
RETURN

10 [FIFYLDII.LT.CAPPA) GO TO 12

S.IGMA(J)=S!IG II (1UJI

11 EPc Wj)='EPSD I HJ
C>. f(0 16

'12 DUMMY- (CAPPA-FYLO 110/ FYL CtR-FYLD I I
DO 13 J=194
SIGMA(J)=SIGIL( [,J).OJMMY*(S[GBAR(J )-SIGll(tJ))

13'EPSr(J)=EPSrIl(IJ)+0UMMv*(EPSTI(J)-tPST~I( [,JlJ
A12=((SIGMA(1)-5iGMA(2))*(SIGMA(l)-SIGMAC 2))

I '+(S IGtA( 2)-S IGMA( 3) *(;S IGMA( 2)- SIGMA( 3) )
2 +(S IGMA( 3)-S IGMA( 1)*MS IGMA( 3)- SIGMA( I I) /6.O0

*3 +SIGMA(41*SIGMA(4)
IF(A12.LE,,1.3E-5') GO TO 14.
DUMMY=SCRT (A 12)
KORNER=O
EPSD(fl=ALPHA'+(26*S'IGMA(l)- SIGMA(21- SIGMAMI)/(tb.*UUVPY)
EOSD(2h=-ALPHA+( -SIGMA(1)+2.*SIGMA(2)- SIGMA(3))/(6.*DUf0'Y)
EPSD(3)=ALPHA4( -SIGMACI)- S IGMA 2) +2.* SIGMA 3))/(6. *I)UPOOY)
,EPSC(4 )=S IGmAf 4)./ CLIMMY

* CALL LGTH(tPSD)
GO TO W6

*14 KLIRNER~l
00 15 J=194
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15 EPSDIJI=30.

16 IF(KORNER.EQ.1) GO TO 28
17 AX=C(I,1,l)*EPSD(1).C(Ill2)*EPSDt2)+C(I9l,3)*EPSD(3)I

AYiC(T2-_IT"*_IPS1YUTT;C7TI 2o,)FSI2)i' ,29-)kE S 3
AZ=C(I,39l)*EPSD(l).tC(1I,3,2)*EPSO(2)+C(1,3,3)*EPSDI3)
AW=C( IY4,4)*EPSOC 4)
81 = AX4+AY+AZ
B2=((SIGBARf1)-SIGr3AR(2))*(AX-AY),1SIGBA~k(2)-SIGBAR(3))*(AY-At)

I +(S IGBAR(3 )-S IGBAR( 1)*(Al-AX ))/6.O+(SIGBAR (4) *A W)
B3=(AE[S_(A'X-: II*W2-i(A`BS(AY-AZ ) )**2+( A BS(A Z- AX) )'**2
B3=83/6.0+AW*AW
01=B3-( ALPHA*Bl) *1ALPi'A*BI)
D2=2.*( ALPHA* ALPHA*A I BAR*Bl- ALPH-A*CAPP AeP '. 82)

-D3= A 2BAR-CAPPA*CAPPA+2.*ALPHA* CAPP A*AI11 lA R-A LPHA*ALPiA
I *A[18AlR*AlI'~AR

e-D1N`E.T-.3V GO TO 18
AL AMd=-03/ C2
IF(ALAMB.GT..0.) GO TO 24

IERROR--; I
AL AMB1=O .3
ALAMB2O .0
_DU~m4My= ---------

GO TO 23
18 DUMMY=D2*D2-4. *Dl*03

IF(ODiMMY.GE.3.O) GO TO 19
IF(ABS(OJlPY/(O2*02)).LT.O.OI5) GO TJ 19
IERROR=2

AL AMB1=0.

ALAMB2=O.0I
Ga TO 23

[4 IF(DUMMY.GT.D.0) GO TO 20
ALAMB=-0)2/ (2.*Oi)
IF(ALAMB.GT.o.0) GO TO 24
IERROR=3
ALAMI3I=0.3
ALAMB2O0.0
GC TO 23

20 ALAMBI=(-D2+SQRT(C)JMMY))/(2.*Dl)
ALAMB2= (-D2-SQRT( CJ4MV) )1(2.*Dl)
IF((ALAPI3I.GT..0.).OR.(ALAN¶82.GT.O.0)) GO TO 2.1
IERROR=4 -
GO TO 23

21 IF((ALAPI31.GT..0.).AN0.(ALAMi3Z.GT.O.0)) GO TO 22
IF(ALAMBI.GT.o.0) ALAMB=ALAMBI
IF(ALAMB2.GT.O.0) ALAMB=ALAMB2
GO TO 24

22 IFIALAMBI.GF.ALAMB2) ALA'48=ALAMB2
IF(ALAMBI.LT.ALAM82) ALA'M8=ALAMB1
GO TO 24

23 WRITE(6,100) TtNUOFEL(1)71
IDO FORMAT(II-{1,45HERROR IN PLASTIC FORCES, COULOMB-MOHR ROLTINE//

110H TIME =,1Pb15.5/lOH ELEMENT =#15/10H NUMBER =,15)J
WRITE(6,101) IEPST11( IJ ),J=14),(EPSPI j([,J),Jzl,4),

2 (EPSOC J),J=I,4)
101 FCRMAT(10H EPSTII =, 1P4FI5.'i/1lO FPSPIl =,lP4E15.5/

1101i EPS01l = 9 P4 Fl5. 5/lOI- FP ST I ,lP4E15.5/
21CH CPST =, IP4 E 19.5/ 1OI EP SO :,1P4EI5.5)
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102 FORMAT(10H SIGIh =,1P4E15.5/IOH SIGBAR =t1P4EL5.5/
110H SIGIPA ,1IP4EI5.5)

1A12 BAR
103 FORMAMO1H ALPHA =tIPE15.5/IOh KAP:'A =11PE15.5/1OH CUS(TH) =t

11PE15.5/10H KORNER =, 15/ LOH FYLD~ , 1 IPE 15. 5/10OH F YLDBR k
2104 FCRMAULH C1,1BA =, PE15.5)/IOH C1,2)A tIPE 15. 5)LHC13
WRIrE(6,104) C01,11 1 ) ,C( 1, 1, 2), C( 1, ), 3 ) C 1,4,4 )

WRITE(6,105) AX9 AY, AZtAW,BlI-B2,B3,01,02,D3

10S FORMATf10H AX =, IPEI5.5/IOH AY =,IPE15.5/1OH AZ
11PEI5.5/IOH A4 =,IPE15.5/I0H 81 =,1PE15.5/1011 B2
21PE15.5/10H 133 =, IPF15.5/1OH DI =,IPEI5.5/1ICH 02 =
31PE15.5/10I- 03 =,1PE15.5)
WRITE(6t,1061 ALAMB,ALAM13lALA'B2,t)UM41Y,IERR0R

106 FCRMAT(IOH ALAMB =t IPE15.5/ LOH ALA48 I =,1PE15.5/10~1 ALAt'K2 =
IIPE15.5/10H DJMMY =91PEl5.5/10H- HUM0 =,15)

CALL EXIT1-1-24 AL AMBHO .0

25 DO 26 J=l,4

DC 26 K=194
26 SIGH(J)=SIGruJ)+C(IJ,3(*CEPSTI(K)-EPSP11(I,K)-ALAMB*FPSD(Kfl

r ~AII=S[GI(1)+SIGI(2)4SIGIC3)
A12=((ABS(SIGI(l)-SIGI(2)))**2+(At3S(SIGI(2)-SIGI(3)))**2.1 1 +(ABS(SIGIC'I)-SIGIl{)))*'*2)/6.0+SIGI(4)*SIGI(4)
FSTAR=ALPHA*AI14SQRT( A12)-CAPPA
IF(FSTAR.NE.0.0) Gil to 53
IF(AI2.GT.0.JD1) GO TO051

27 KCRNER=l
DO 50 J.=1#4

50 EPSPI (J)= EPS P I1(1, J )+AL AMB*EPSD( J
GGbPýTQ0 36

51 KCRNER=O
FYLDI=CAPPA
FPSDI(1)=ALPtiA+C2.*SIGI(1)- S!GI( 2)- SIGI(3))/(6.*SQRT(A12))
EPSDI(2)=ALf'HA.( -SIGI( 1)+2.*SIGI( 2)- SIGJ(3))/(6.*SQRTCAI2))
EPSDI(33=ALPHA+( -SIGICl)- SIGI(2)+2.*SIGI(3))/C6.#SQRT(AI?))
EPSDI (4)=S IGI C4)/SQRT( Al?)
CALL LGTH(EPSDI)
DO 52 J=1,4

52 EPSPI(J)=FPSPI1( ItJ)+ALAMB*EDSD(J)
RETURkN

53 ABAR2=CAi3S(CAPPA/ALPHA-Alfl)**2/3.
BBARZ=2.*A!2
RBAR2=ABAR2+8LE £R2
IF(RBAR2.LE.0.001 ) GO TO 27
IF((CAPPAIALPHA-AII).LE.O.O) GO 10 2?
A12S=(CAPP-A-ALPHIA*A11l)**2
BBARST=SQRT( 2.*AI2S)
IF(BBAR2.GT.0.O) GO TO 54
ALAMBH= ALAtMBI
GC 10 57

54 B8AR=SQRT(BRAR2)
IF(ABS(BBARST-BfIAR).LE.O.OI*BBAfRST) GO TO 61

PRINT 9991,19NCUFFL(IHoICtALA41,)3BAltt3BARST
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999 FORMAT (3110t 3Fi5.5)13

Ic=Ic+1
IF'(IC.U[E*20) 'GO TO 55
IERROR=8
ALAMB1 B BARS I
ALAMB2i_ RBAR
OUMMY= A12
GO TO 23

55 IF(ALA14~f.H-r.o.o) GO TO 58l
IF(BtBAR.LT.Bi3ARST) GO TO 56
ALAMBL= ALAfOB
ALA4B= 2 .*A.AMB 8

56 ALAMBH=ALAMR
57 -ICQ'INr=r I

GO 10 60
58~ IF(SBAR.GT.BBARSI ) GO TO 59J

59 ALAMBL=ALAPB

60 ALAMB_-"CAVAFH+ALAMBLU32.
GC to 25

61 S=A11/3.
DC 52 J=193

62 SX(J)=SIGI(J-S
SX (4 3=S IGI (4 )
DU MMY-= WARST / BAR&
D0 63 J=1,3
S X (J) =OU MMY *SK J )

63 S IG I (A)=S +SX (J '
S IGI (4) =DO MMY *SK ( 4
GO TO 51

28 XNU=C( 1,1,2)1 (C( 1,1,1 )+C( 1, 1,2))
E BAR= C( I ,I, 1 1/ 1.-X NJ
E MOD=E B AR* (I.+X NJ 1* .2 .*XNU)
00 29 J=1,3

2-) EPSD(J)=EPST'I(J)-(CAPPA*(1.-2.*XNU)/(3.*ALPH-A*EMUD)l-rPSPII([,J)
E PSOD(4=E PS TI (4) -EPS P I I(1, 4
CALL LGT'H( EPSOU)
ALGTH=(ABS(EPSO(l)))**2+(ABS(EPSD(2)))**2+(Aaj(EPSD(3)3)4*2''
ALGT H=S CRT C ALG H)
OELTAD=FPSC( 1)+EPSD(2)+EPSD( 3)
CC-STHB= CELT AD/(S QRT( 3.)*ALGIH)
IF(ALGTH.EC.D0.) COST1-'8=1.0
I F(COS THB. GE.,COSTH) GO TO 42

C
ABAR2=(ABS(CAPPA/ALPHA-AIIBAR))**Z/3.
OBBAR2 =2. *AI12 BAR
R8BAR2 =AB AR2 + B AR2
IF(RI3AR2.LT.1.OF-5) GO TO 42
IF(!CAPPA/ALPHA-AII8AR).LE.0.O) GO T) 142
S=AIIBAR/3.
A12S=(CAPPA-ALPHA*A I [AR )**2'
HB ARS T = S RT ( 2 .*A12S)
BBAR=SQRT ( BBARZ)
DO 30 J=10

30 SX(JM= ( BARST/BBi.R)*(S GBAR( J )-Sly
SOX(4)=( BfARS I/BA R) *S I ̀ 'AR(4)
DO 31 J=193
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31 SIGI(J)=SX(J)+S

ED(3)=(SIGI(3)-KNU*c(S1GI(l)+SIGI(2)))/E-MOD .
ED (4)=2.*( 1.+XNJ )*S IG I( 4)/FM3D
DO 32 J=1#4

32 EPSPI (J)=EPS I (J )-EC( J
KCRNER=O
FYLDJ=CAPPA
DUM1=SQRT(A!2S)

pG TO1064
42 DC 43 J=193
43 EPSPI(J)=EPST!(J)-(CAPPA*(l.-2.*XNU)/i3.*ALPHA*EMUD))

FEPS PI (4)=EPST 1(4)
36 S= CAP PA/ (3.*Ai.PHA)

DO 37 J=1#3

31 SIG! (J)=S

38 EPSDI(J)0O.D
RET URN
END

C
C
C

SUBROUTINE LGTH!E)
DIMENSION E(4htA(4)
DO 1 I1=14

1 A',fl=Al3S(E(I))

DO 2 1=1,4
2 E-(I)=E(I)IB

RETURN

END

C,
SUBROUTINE NCOJL(NJMEEPSTI,EPSTIIEPISPIEPSPIlSIGISIG11,
1COHESN, FRCTNI ,SN.SWCH, FRCTN2, CRES IU,
2FRESIDMYIELD, IRESIDJTENSNvCMAT, [STIES9
3MSWTCHS BAR, BLAM~, COSTH, S [NITH# F, G
4SIGNl1,NSWTCHS IGNBI)
DIMENSION CMAT(4,4),EPSTI(4),EPSTII(4),EPSPI(4),FPSPI 1(4),
1 SIGI(4),SIGII(4)
DIMENS ION Ft494)v G(4q4)S-IGNJI( 4)9SIGN[ 1(4)9 SIGNBI (4) 9FPTNI (4),
1 EPTNII(4)

C MSWTCH-=O COMPUTE BLAMB ONLY
C NSWTCti.l COMPJTF FtG, AND SIG~4J1 04JLY

DC 1 1=1,4
D(, I J=194
F IJ1=O.D

I GtIj)=O.O
F(1,1U=CfSTHA*CUSTH
F(3,i)=SINTH*S INTH
F(4,I)'=S1f'TH*COSTH
F(2,2 )=.O
FlIvl)=F(3,I I
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F(393)2F( 191

F(4,3)=-F(4, I1I
F(1,4',=-2.*F(4t 1)
F(3941:*-F( 194)
F(4,4)zF(l1,1)-F( 3,11
00 2 1=1,4
DO 2 J 19-4

2 G([,J)=F(IPJ)
G(4#1 )=-G(4, 1)
G 14 9 lz-ýGl4,3 V
G(1 j4) -G,(I t,4)
G 3,t4)= -G( 39,4

DO 3 1=1,4
SIGNII( I)=0.3
DO 3 J= 1-t-4

3 SIGNI1(I)=SIGNII(I)+F(IJ)*SIGI1(J)
IF(NSWTCH.EQ.1) RETURN
DC 4 1=1,4
EP1N1l( I)=O.0
EPINI (11=0.0
DO 4 J=--Ii-4
EPTNII(1)=EPTNII(1)+G(J,1)*EPST11HJ)

4 EPTN1 (11=EPTN1 (1)tG(Jt)*EPSII (J)
DO 5 1=1.4
SIGNBI(1)=S!GN11( i)
DC 5 J=1s,4

5 SlGNBl(rnl"STGNB7rf1).cMAr1,J)*(EPT'41(J)-EPTNTI(J))
SBAR=SIGNBI(4) I

c
TNPHIL=TAN(FR.-Nl)
TN PH 12=1 AN( FRCTN2)
TAUNT= ABS (ST GNBIH 4)

SNI=SJGNI4R( 31
IF(MSWTCI..FQ.1) GO TO 10
IF(SNI.ri., .0.A'4t0.JTENSN.EQ.O) GO Td 6
AUMER=T ,NT+SNI*TNPFI1l
DENOM=COHESN
IF(DEN0N.GT.O0.) GO fO 7
IF (AUME-R.GT.D,,O) GO TO 6
IF(FRCTN1.GT.FRC1N2) GO TO 50
LkLAMB=3 .3

'~BLAMB= 1 .0E+38

7 IF(AUMER-T;,Go.n) Go T-) 8
AUMER=1 AJNT+SNI*TNP1412
IF (AUMER.GT.0 .0) GO 10 8
BLAMB=0 .0
GC TO 9

8 BLAMB=AUMER/DF-NOM
IF(FRCTNI.E( FRCtN2)* RETURN '
SIGFF=SN1I/BLAMIB
1F(SIGFF.GE*SNSA4CH) RETURN

50 AUE=AK+N*N)
DENOM=CCHESN-SNSWCH*ý TNPHII-TN4PHI21)
8LAMB= AUMEV(DCNUM
IF(A',JMFP..LE.[).O) BLAMIP-0.0

9 RETURN

CWi Wi "IAl p
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10 F( TE S .Q Go TO 100

IFSIGE.0.2)3 GO T 0 1 SO
GO TO0 105 TT('t5

100 VF (T NVMTf-TF,-O T15.

I r-(SN I .LT .CO HES N/rN P HII )GO 10 105

IF(IRESIO.EQ.0) GO To1 160
COHES N= 4*ES IO
FRCT NRA RES ID
IFRCTN2=FRESIO
60 TO TW'

105 !FtMYIELD.EQ.lot.![NOIRESID-Eq-1) GO, 1) 110

IF(SNI.LT.SNSdCH) GO TO 120

jib TAUNTB=COHESN-SNl*TNPl'Il

120 TAUNT B=COHES N-SNS WC1P*TNPH 1 1-( SN:[-S' SWCH T*NPHI 2

,10 F(T A-NT'*'TT-AINrB8V GO TO 170

IF(MYIELO.EQ.l) GO TO' 140

IF(RESID*.EQ.0) GOTO14
COHESN=CRESTD
FRCI Nt=FRES 10
FRCT N2= RES ID'..QTi3

IF,(SN1.GE..010 GO TO 150

021F (S Nt.,LT. COHOSN T AN( FRES ID) I 1G2T 135

GC TO0 163
135 TAUNTB=COHESN -7SNI*TAN( FRES1O)

140 SIGN! (41=g IGNBI( 4)*TAUNTIB/TAU4T
SIGNI(3)=SIGNBI(l)

SIGNI (. 1)=S GNI3I( 1)
MY[ELD1l

14i0 SIGNI(4h=O.f)
SIGNI(3M=0.0
SI GNI (2)=S IGN3I( 2)

SIGNI(1!)=SIGNBI( 1).
AkYIEL0=l
GO TO) 15

160 S1-f4 T=:. 3

SIGNI(3)=ZCHESN/TAN( FRCTN1)

SIGN! (2RA$lGNBII2)
-SIGNI 

(1)=SIGNfi( 1)
MYIEL0r-l
GC TO 15

170 DC MY18~=174

15 00 16 1=1,4
SI GI( IRAO.0

* 00 16 J=194
'16 S!GHilk&[GTI( )+G( 19J !*S S 

H JIJ

IF(ISTRES EQ.2) GO TO 17

XNU=CMAT ( j,)/( CMAT'( 1, 1) .CMAT( 19 3))

EBAR=CMAT (1,1)/(1 .-XNU)

E,4OD=ElAR*Ue.+KNJ)*t 1.-2.*XNU)

GO TO IW
17 XNU=CMATl1,3)/CMA~tlv1)

EMDCAT11* 
loXUXU
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18 EPSPTC1)=(SIGIfI)-XNU*(SIGI1(2)+SIGI(3)) )/EMOD

EPSPI(3)=(S IG I( 3)-XNU*(S IG I( 1).SIGI(2) ) /EMOD
EPSPI(4Y`F lrI(4)/CMAT(~,4)
DO 19 1=1,4

J14 EPSPIfl)=EPSII(1)-EPSPI(I)

RETUR~N

END

C

CC
OVERLAY(MOHAN, 14,0
PROGRAM LNK3

C
COMMON WAXNP; M1XCLSMXADJPtMXZONEMXNPBNZONESMXPELB 9NUMNPt
I NUMEL, IS1RESNUMPELNU'4ELPtPEU1ODNMKCLSFACTURALAMB,
2 KTAPEtKRUNt IPRINTqNUMSJMXSRTlFUZ(239)t

3 IPELTP, INJTtNPqCDS9 IMPRX
C

COMMON/A/ U(1600),W(1600),'JPOUT(80),'JMPCIS(80),FNU(350)),

C
DIMENSION STNPJ(4t350),STNPW(4,350),STADU(4,35C,8),

ISTADW(4-t350, 8 ),NAOJNPIf35O),NADJEL( 350)tNPADJ(350,8)

C
DI MENS ION ITYPEf 350)t SHETA( 350)t XMASS( 350) 9 .3PLU{ 350) SNPUW'(350), I
1SNPWWr35U 1; AUr(35Dlt; F~vIT 3-50 )9,SADUUI 350t E) , SADUWd 350, 8)

C
DIMENSION NPTN(1600),COM(16),SIG(350,4),EPST(24,4),EFFECT(24)t
ISIGPL(350,4),SIGMX(35O),SIGM4(35O),THETA(350),NOOFE-L(?4),
2NP(2494)tEPSP(2494),C(24,4,4), SIGMAP(4btEPSE(4) ,SIGMA('4)

C
EQUJIVALENCE (S IGMX, FNU), (S 1GMiNFNW), (MAXN4P COM (1))

C
EQUIVALENCE (STNPU(1),ITYP'E)t(STNPU(351)tSHETA)t(STNPU(7ofl1,XASs)
~.,(STNPUi(1O21),SNPUJ),(STNPW(I)tSNPUW),(STNPfr(351),SNPhhi),
2(STNPW(701),FAU),(STNPvi(1051),FAW),(STADU(l)tSADUU),
3 (STADUMIZBl),S-ADiJW),( STADU( 5601 )tSADWW)
FQUIVALENCE( FUZ( 1), NUOFEL ),(FUZ( 25), 'P I,( FUZ( 121) ,EP SP)

C

MOHAN= 5HMOHAN
P1=3.14 15927
ISWTCH=0
IF('T~i~NPT-E-*N"IBV.-AND.INUMPEL .EQ.0)I IShTCH=1
REWIND 10
REWIND INT
REWIND 1

IF(IMPBX.NE.1) GO TO I
REWIND-13 - -I

READ( k5)DJt'MYtOJMMYi( CJMMYIIJUMMY2, I= 1,NUMNP) t(DUMMY1 POUH1V?,
1OUMMY3tDJPMY4tDJMMY59 -' It1NUMEL)

1 READ(13) N1,N2tN3,N4,NI5,N6,'J 79(NADJ4JP( I)t ITYPE (I ) SHFTA (I)
IXMASS ( ) ,SNPJJ( I) ,SNPUit( 1), SNJPWW( 1),FAU(1) FA W(I)t
2(NPADJrTJ)9-SADJJ1(I,J)tSAOt)W(I,J)tSADWW(1,J)tJ=1,MXADJP),1=1,N7I
IF(N4.LT.NUMNP) GO TO 1
READ( 10) (NPrN( I )s =lNUM#NP)
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C '36
2 READ( 10 NPLOdtN-PH IGH0%P0UT(I[C)9,NU4C~gN5,NMPCLS( IC) tN79(NADJNP(1) 9
1 NAOJELA(I),(NPADJ(IJ),J~lMXADJP),(STNPU(KIhtSTNPW(KI)#
2K=21,4)t((STADJ(K, JJ),STACW(K, IJ),K~l,4),J=1,MXADJP3 ,I=1,N7)
IFIISWTCH.EQ.1) GO TO 30
WRITE(1) NPLOoiNPI4IGHNPDUT( ICiNU'4CJ~N5,NMPCLS(IC),N7,(NADJNP(I)o

1 NADJEL(1),(NPADJ(1,JJJ=1tMXADJP),(STNPU(Ktl)tSTNPW(KI),
2K=1,4),((STADJ(KIlJ)STAOWIK, IJ),K=1,4)tJ=1,MXADJP) ,I=I,NT)

- C~iC4+1 - -

IF(NUMCP.LT.NJMNP) GO TO 2
3U REWIND 10

REWIND 1

C

IF(IPELTP.EQ.12) IOUTAP=3
IF(IPELTP.EQ. 3) IOUTAP=12
WRITE(6,3) JOUTAP i

3 FORMAT(lHls26HUJTPUT HISTORY TAPF Is NO.01S//

REWIND KOUTAP
WRItEUfCUTAP)(COMU t), 1= 1,16), NPRCDS, (PP T4(I),I1,1NUMNP)

DC 100 IPRCDS~1NPCC

NDRCD00 NPRCDS= +1 CC

DC 203 I=1,NUMNP

IF(IPRCCS.GT.1) GO TO 201
'U( I)=UBAR
W( I)=WtIAR
GC TO 200

201 U(I)=U(I)+UBAR
20W(I)=W'(i)+WBA:R

C
DO 101. ICLUS=1,NMKCLS

C
DC 4 1=1,MXNPB
00 4 j1,-4

4 SIGPL(IJ)=0.0

IF(IPRCCS.GT.1) GO TO 104
25WRITE(6925)SOTI/I

IIPNUl-PEC FOQ.O) -G0fT -~10-2
GO TO 106

C
104 NUM=IPRCDS-l

WRITE(6,5) NJM
5 FORMAT(1H1,22HPLASTIC INCREMENT NO.=,151/)

106 CONTINUE
NOUM= NMPCLS ( I CLUS I
IF(NUM.EQ.O) GO tO 102
DO 6 II=1#NUM

C REAO(N tYrN0MELB, (NOOFEL( I )vEFFECT( I )t(NP( I J) EPST(I tA EPSP(I 9J) 9

l((p K)tK~l,4 )tJ1, 4), 1= 1, UMEIB)
* C



14~7 A-100

DO 7 1=19NUMELB
DC 32 J=194

32 EPSE(J)=EPST ItJ )-EPSPf ,JJ
D033 Ja rt4
S IGMA(JA=0 *3
0033K= 194

33 SIGMA(J)=SIGMA(J)*C([,JK)*EPSE(K)
C

DC 8 J=194
SJGMAJ'TJT=0.D
DC 8 K1,t4

8 SIGMAP(J)=SIGMAP(J)+C(IJK)*EPSP(i,(.)
DC 9 J=lt4
NODE=NP( IJ)
IF(NODE.EQ*O) GO TO 9
NP Rix NOUE`!:NFiJT rTCLIJ ST
DC 10 K=194

10 SIGPL(NPRKk=SJGPL(NPRK )4SIGmAP(K)
9 CONr I NUE
7 CONTINUE
6 CONTINUE
W RIT EV'67Th1<

36 FORMAT(1IIDL5HNODE POINT CATA//
102 [P(ISWTCH.EQ.l) GO TO 103

READ(l) NPLOUNPHIGlt-N3,NUMCPN5tN6,'JUMNPB,(NADJNP(I)9
INADJEL( I) ( NPADJ( IJ ) , 1MXAOJP ),(STNPUt K, I),STNPh( K I)t
ZK=194),((STADU(KIJ)tSTACW(KIJ)tK1,t4)tJ=1,MXADJP),I1,#NLPONPB)

C
NLOW=NPLOW-NPOUT ( ICLUS)

NHGH= NPH IGH-NPOJT ( I CLUS)

DO 11 I=NLOWNHGHI
DUM=NADJEL( I)
DO 11 J=194

C11 S IGPC(l -1,=S 1UPL f [,J)/UM

10A CCNTINUE
ALOW=k'PLOW-NPOJT( ICLLUS)
NHGH=NPHIGH-NPOJT ( ICLUS)
DO 12 I=NL0O.,NHGH

NUM=NADJNP( I
DO 13 J=194

SIGI I, J)=STNPJ (Ji 1) *0( NO )4ST4PW( J, )*W(NO)~

NODE= NPADJ ( 19,K)
14 S IGIT,#J T=3ST(19 1J )+S*TADU( J 91, K)*U(NJDE) +STAD W(J 9ItK) W (NODE)

S IG( 1 9J)=S IG(I1,J )-SITGPL ( ItJ
13 CCNTINUE

DUM1= (S'IG I rII-S I W It,3))U2.
DUM2=DUt1*DJMI+S IG( It4)*SIG( 194)
IF(DUM2.GT. 0.0) GO TO 15
RADm'S7o.0 -D

GO 10 16
15 RADIUS=SQRT(DJM2)I
16 DUf43=(SIG( ItI)+S IG( !,3))/2.

SIGMX( I kDUM3+RADIUS
SIGMN([I)=DUM3--RADIUS
IF(DUMI.GE.D.0) GO TO 17
THE-ATANI(S IG( It4)/-DUMl)

THE (P.---.H )/X4
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GC TO 20
17 IF(DUMIoGT.O.0) GO TO 19

IF(SIG(1,4).EQ*0.OJ GO] TO 18
THE=P114-.
GO TO 20

18 THE=DO.
GC TO 20

19 THE=O.5*ATAN(SIG(I,4)/DUMl)
20 THETA( I)=THF*180./PI
12 CONT~iJ H

WRITE(b,21)
21 FCRMAT(IDH NEW 4OCE, I0X9 6P-U IN !)v12X9,12HSIGMAR (PSI) ,8Xt

112HSIGN'AZ (PS1),8X, 12-S IGMX (PSI )v9X9 I HTHETA (DEG)/
213H OLD NCDEPIOX96F-W (IN), 12K, I2HSIGt4AT (PSI) ,8Xtl2H4TAU (PSI),
3SX,12HSIGMN (PSI1)//)
MY- 72 2TzNUCaW 9 NI{GH
NPNEW= I.NPCUT ( ICLUS)
NPOLD=NPrN(NPNEW)

IF(IMPBX.EC.1)vdRITE(15)NPOLO,U(NPNEW)tW(NPNEW)

22 WfRiVEU6,2*) NPNEW'-Ur1INEWqS,SIG( It 1) tSIG(I t 31SIGMX(I THTA(

NMRCDS= NHGtH-NLO + 41
101 CNIU

RE WIND I

REWIND IOJTAP

REWIND 1
RETURN
END



APPENDIX B - INTERPOLATION CODE FOR DETERMINING

MPBX DISPLACEMENTS

B.1 - Code Description

This code determines the displacement of desired points along

multiple position borehole extensometers (MPBX) by interpolating

between node point displacements determined in the static SLAM

finite element code. The code is written entirely in FORTRAN IV

and consists of a main program, and five subroutines.

The code accepts either punched card input, which is read via

tape 5, or input stored on magnetic tape, read as tape 1, output

of the static SLAM code. Output is printed via tape 6. The code is

presently operational on the CDC 6500, using the Purdue MACE

operating system.

B.2 - Data Deck Setup

The following description of the data deck setup assumes that,

in general, all numbers are right-oriented in their fields. Inclusion

of the decimal point in floating point (real) numbers overrides the

right-orientation requirement. Integer data are entered in 5-column

fields while all floating point data are entered in 10-column fields.
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nirn ,v¶..r.4-, 0-

CARD VARIABLE FORMAT

1.1 ANAME (-8A)

ANAME = Problem descriptor to be printed as output,

up to 72 characters.

2.1 ITAPE (15)

ITAPE : Counter to indicate whether node point and
element input is to be on punched cards or
magnetic tape.

= 0, Node point and el-zment input data are on
punched cards.

= 1, Node point and element input data are on
magnetic tape.

3.1 NUMNP, NUMEL (215)

NUMNP = Number of node points (< 1600)

NUMEL = Number of elements

Not__e: Card 3.1 omitted if ITAPE = 1.

4.1 NPNUM, R, Z, U, V (15,PFIO.3,
2EIO. I)8

NPNUM =Node point number

R = Radial (horizontal) coordinate (ft) of node point

Z =Vertical coordinate (ft) rf node point

U Horizontal displacement (inches) of node point
(positive to right)

V = Vertical displacement (inches) of node point
(positive down).

Note: Card 4.1 Repeated NUMNP times if ITAPE = 0; card is
omitted if ITAPE = 1

5.1 NUME, NPI, NPJ, NPK, NPL (515)

NUME x Element Number

NPI to NPL = Node numbers at vertices of rectangular
element. NPI may be any node, but NPJ,
NPK, NPL must be given in clockwise or-der
around element starting from NPI. If NPL 0,
element is considered to be a triangle.

Note: Card 5.1 repeated NUMEL times If ITAPE = 0; card is
omitted if ITAPE = i.
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CARD VARIABLE FORMAT :
6.1 NBX (U5)

NBX = Number of MPBX lines considered.

6.2 NMPBX, PBX (1), PBX (2), PBX (3), PBX (h) (I5,hFl0.2)

NMPBX =MPBX identificaticn number

PBX (i) Radial (horizontal) coordinate (ft) of
leftmost end of MPBX. If MPBX is vertical,
this is the coordinate for the lower end.

PBX (2) = Vertical coordinate (ft) of leftmost
Qnd of MPBX.

PBX (3) = Radial (horizontal) coordinate (ft) of
rightmost end of MPBX.

PBX (4) = Vertical coordinate (ft) of
rightmost end of MPBX.

Note: Card 6.2 repeated NBX times.

B.3 - Output

The output for each MPBX considered gives the MPBX identification number,

coordinates of the end points, and displacements parallel to the MPBX line of

points on the line. Displacements are determined for each point on the MPBX

lie.' where It intersects a line joining two adjacent node points.

Displacements along the MPBX line are defined to be positive if they

occur in the direction from the leftmost end point toward the rightmost

end point (irrespective of which end corresponds to the tunnel face). When

the MPBX is vertical positive displacement corresponds to movement from the

lower end point toward the higher end point.
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B4- Listins of~ Codez_

PR C; R A M WH1P( I NPJT ,bOTPtII, TAPF-'= INPUT, TAPF6=ULTPUT , AP-1)
DIMENSICN, PBX(10,5bNWP( 1600t 1O)gR(l6CC),LiI~CC)

lU(1600!,V(i6ý0),N',AIY4P(_160,C)
wRkIfT7E(6-,5 f

5 FCRtAAT (*1 DISPLACEMF-NTS ALONG MPBX LINES* i/
l*KCTE--CISPI.ACEMENTS ARE MEASURED PUSITIVE IF IN 4

2*CIRECTICN'FRC-M LEI-TOST FN~DIM)INT T0 RIGH-MOST ENDIPOINT.*/
3*IF MPBX IS VERT ICAI.,POISI1I,/F 01 .P'-ACEMENT */
4*15, rEASOREfl IN U]RfECTItVN. FRUJM L0WEST TO HIGHEST POI N *)

'500 -RE AD05',#)NFI

I FH(TAPE.I-C. ) ('31 T11 1000)
*READ Ci 7 ) NtMNPt JUF'EL

*7 r COAT-r1Wi -

C READ INi'40CE FCINT U AT A INCI'JChjc' OISPLACFMIEN!
NEAD(5,8)(N\PN'JM,'(NPN)t7(N4PI'JI,U(N4P\J),V(,'JPN)

1 IPN= I tNUtONF)
100'FIDGC TC, 1010I

SE -A D (1 rN-P, (R_( I 1)1 \ I) !=,J MAP ,N I JMF L

8 FCIRIAT 15 ,?F 10.i, 2EIb .4)
CREAD IN FLFV'ENT PATAI

C RUAC IN SU RCOT I NE
1010 CA LL GE TNP(kJ MNP,?-NUL9 N AC\1P,'PIVtITAPI)

IF MIAFE.EC.O) GO To) 102C'
4EAD (I () 1, J I j nJINjMy P

1020 CC 1015 I=1,NIJMNP

RFADHi,7) NFI
CC 400 IliX=l,N13K

C MPbX INPUT-- LEFTWIS T FA C 1) TrNT R' At f I RS I
RE AD(5 t() ) mPeX , (r FLAX( IPXI I), I z1, 4)

9 FCR!MAr(I'i,,4F~u.2~)
WRITE(b .10 )NM?-I)IiK, (PI)XC IL3, I ), 1= 1,4)

10 FCRMAT U//* MPI3X NO. = *I4*, FAQO POINT1S -REFýT

1F8.2,*, LLFFH = *FA.2/3iX*i<.<Ic*I--= *FE.2*, ZR ;IiF1T '4-8.2/)
WR IT E(6#2 4?

12 FCRMAT (5Xo*R-Cli])RU. *5, *7 -C(J4C.5X , *DI SPACM T(I N. 4/
PBX(I BX 2 )=-PhX ( I X,2 )
PBX I BA94) =-POX ( 13Xt 4 )

C CHFCR IF MPHX IS VEIRTICAI
li- (AIS:( PBX( I Bx, I)'-P ex IBX , 3 G T0.oC I GO TIJ ? C

GC TC 25
.C CALCULATE SLCPF OF MPBX

25 CA tL _MAX(k1Pý1!C I X,?2) ,P 3X ( ILiX, 1), P IM I bX ,4),tP 13X( I B X 3)
IPOXTOP, PtixP lT,RINTI-R, IXC0CF)

CC 200, !\PN I NILJMNP
*IF (NADNP(NPNJ).E0.0) Go 1`0 200

U;C 300 IAP=I,NADJO
C CHECK IF NECEF LINC HAS UFEN LJSI-

IF(Nf'(NPN, IAP)-4f)N) 100(, 3C(3, lo
30 1NPADJ=NPU\PN, TAP')
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C CHECK IF N-COl 1.1.14L IS VERTICAL
IF(At3s(R(NPN)-Rbi4PAL'J)).Cr.O.ofl) GO T9 4L
SI UPN0=499f 99.0
,c rc 50

C CALCULAl E SL0CPF O~F -\OCF POI1NT LI I'
40 SLCPNI=(Z(NDAVJH1L(NP.iJ))/C(,ý(BIACJ)-R(N4PN))
C CHECK FORI tPpi3x PARALLFt rf) e.JOU PT. LlNF

50 IF(A8S(SLCPNP-PIsX(JI[!X5)).LT.O.Cl) (;o T) 3cc
IF (SLOPhiP.r!jF.,9J), '). GO TI) 119

IF(R.I14rF'R.t3.T.'X( [li~x, 1.()iý.R I\JrER~.GT.Pti)( TItX,3))
1GC TO 300
CALL MAXU7(\JPN\f,Ph'ý4DlN),7(k4PAOJ ),R(\JPA)J ),ZTU)P,ZKOT,R!3(;

IT, NPCOOF)
ZINTER=PBX( IOX,?)4PPX( IBX?5)*(RINrFR-PtiXCIfixtj))
I'FTTTNTFR.ET-.Zj-D"T .OJR*Z-INTER.UGT TOP ) GO TO 3Cc
GC TC C60,70ObNPCOCF

60 NT CP N Ph
A BCT =NP Ai

GC TC 80
70 NTCP=NPACJ

f\BCT=NPNK--
'80 CALL INTFRC(l~O,/.T~jZP,7 IlTFR,PBX( IlX,5),U(Ntl0I),v(NU3I)T

1),U(NTcpJV(NT(JP),C[SPL)
GC TC G 50

8,) CA LL VA 14P~)II(N N) ,I A J I(q A J)tR G f-F
I ZLEFT , NPCUýt%)

IF (PbX (tILX 0 ) .t.E(J999.0 ) C0) TO 90
RI NTl-= ( PP'< I i-X,'/)-/L FFr+SLLiJllNP*RLEF T-Pf3X( IBX, 5)*PB X If
18XI ) )f/(SLCPNP-PtX( lt3X, 5) )
IF (Rut~r R.Lr .PlX (Ito, i)np.nP. H1ER GT PBX( tiX, 3 GG TO 3C0

ziNrER=lLFFT+SLnPN4P*(RINTRf-R-L1Fr)
rF (!rN-T FYLT .PUX BIN.OR .Z INTTH4 GT P8kTOP ) GO) TO 3CC
GC TO (100,l1i0),NPCOCE

100 NLEFT=NPAGJ
NP I GHT = N PN
GC TC 120

110 NLEFV=NP.N

120 CALL INTFRP(RLEf-TRICHT,;UN--TH-,PKiX(BXS),L(NLFFTbV(

350 ZINTER=-7INTFR
WRITE-(6,13 R INTE.R,/ INI[*'RCf%,0

13 FCRMAI(3X,F8.2,5)X,t3.?,5X,E I?.'i)
30U CCNrINJ1F
200 CC NTIINo F
400 CCNTINIJE

STOP
END

C-

C

SU 1ROu r I NE GFTWN)P(Um,-JD,ýNUrEL,4A0JNP 1v\4PADJ,ITf4PF)
OIMENS!Cf% NPALJ(1600, 10),WACJ'JP( 160C)
t'XADJiP=

C

NAOJINP( I )=0)
00 5 J1=,P)(ACJP 4



: 5 N PAD J(I, )

RE AD(9 , 4);NUMP , NP I,NPJiNPK,4PL
GC T(; 7

6 READII) NUVt-,NPI,NPJ?,APKNPL
7 CALL AOJNP( NJIANP tIPACj, NIMI-,,U VI, NpJ ,4P-,,NPL

C
C AL L V ACJNP( NAUj -P~ N-M-NPN 0A .)

4 FC RMAr('15~
RETURN

SO BROUUT I NE A IJN'PC NtUAN P, NP ACJ, 'UMMF,
lNPI ,NPJ,NPK,NPL)

0 1 ME.NS I CN NP A Iii( 1600t 10 ),~A 9 M

C***'* F CRM f A LF rF 'ACJAC FNrT NO CAL PO IN T
C VXAUJPdIvAX. NO. OF AiWJACEN11 NOG)AL PuOINTS ALLIMhEiI
C NO MN P =KC U NI)UE MIJINTS
C NPAOJ =AI)JACrF(\T NULE PU114T NtJMBCiCý
C [\PI =ELEFPFNT '\Jt)CF POIN~T I

C NpK i ELF'PFrT NOCý POINT i

C NPL =ELFMFNT Nol-E POIN-i L., IF =0 ,TRIAN FLEk'Ft\TI
C NOME =F-LFVP'. 4jMeFA 15FINC- CONSIDFRH-)
C KCTE- I AB~F ASSJM'CC TO Pý AL RFACY ZEý(lED OI

IvXAUJP=B
NA(l)=0PiA
NA (2 ) =NFJ
NA (I) =NPK
NA (4 ) = NPL
I CCU NT= I

9 NP NUM=N A (I

JCCUNT= I
5 IXF I I=l,MXAIlOJP

J= I
I F (NPAL'J(NPNL th'I I)F .. M X C) 1) TO0 2
I F ( NP A 0J(N P NJ V -1 .. 0) CO TO 0

1 CCNT 1U
WRITE (6),101) -NUME,,NPNLJM, MX, (NP4JP4)JNPNLM , I, I I ,t 'XA0)JP I
CALL EX IT

3 NPADJ( NPNIJMv, ; =MX

2 JC CUNTr=JCCJN I+ I
I F (JL]U N .CT . ) GOl I 1 4
I F (JLu KT .CT .,' G(2 To 10?
VX=NA( 3)
I F (NPL.(, Q. (11) 11)

102 MX= NA (4

4GC TG, (697,q,103),! 144T
6ICCUNT=?
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KA (I )NPJ
NA (2 )=NPK
NA (3 )=NPL
NA (4 ;NP I
CC TO 9

c
7 ICCUNT=A

NA (2)=NPL
NA (3 )=NPI
NA (I iK
NA (4 )= NPJ

GC TO 9

8 ICOUNr=4
NAQ( )=NFL

- IF~N~t7F7Y~ G O Tre 1-0-3 --

NA (2 )=NPI
NA (3 )NPJ

GC T G 9

101FCRAT(43Rl~kR IllrORINCAUJ(FN NOALPOINT ARR4Y/

C 1*1H FCRMVECTt ILJTICi- NuMFý 95/1R.D POF N A CNT NOER P=9NTS
C 1AT EACH NCCF POINT=,lAJNN;I/2XI)

C
10 RTUXOP411 .'O FACAFt'(O P 'T L~E

DC 1() 110r\ACJNP( 60qV (109C

0 ACTINEAC qC ON

11 NAOJNP=N.U fJCFTNccPITSAJA- OE ON

RFWtUNg =\-. OF --'rP IT

*J I

IF ( NAC-A2 P,2I)0,20 0 O
*10 APAX=ANU2
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AP IN= A I

RETU RN
20 AMAX=Al

AY' I N= A2

N I
*RETU RN - -- - - - -

C

SU BROUT I NE I NT ERPAm IN, A'MAX, AIN T FR, SLOP E Uwl N, \1MIN,UMA.
iXVMAX9 CIS PL)

TFTA ~ ~ .-c r -o-,MA)C.0o-i ) GO TI) 20
FACT0R=0.0

20GC TLC 30
20FACrfGR= ( AI NT F- R-AM IN V/( AM. AX-AM !fl

30UNF=MNFCTR(MXU \

%$INTER=------+--AC.0*(VMA--------

DIP=ITRC:),A~-)VN1*~VAGEREUR
END6


