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I. INTRODUCTION

A recurring problem in vulnerability analysis is the requirement to predict the damage
to structural panels produced by the detonation of high explosive charges in close proxim-
ity to the target panels. Examples of problems where this requirement arises are (a) the
blast effect of shaped charge warheads against lightly armored vehicles and (b) the effect
of small caliber high explosive shells which detonate close to aircraft panels. Although
both these examples involve additional damaging effects (e.g., the shaped charge jet, and
shell casing fragments) , this report is concerned only with a rational analysis of the
response induced by the air blast, leaving the combined effects of all lethal mechanisms
for subsequent consideration.

While the methodology for blast loading prediction is far from satisfactory at present, in
the sequel it will be assumed that the blast pressure on the target surface is a known func-

:- tion p (r, 9, t).* Since we will be concerned with the blast from conventional chemical
explosives the pressure will be of high intensity and short duration, resulting in the
delivery of a significant impulse to the target. However, the peak pressure will be assumed
insufficient to produce spallation from the back side of the target panel, thus excluding
consideration of explosives in contact with the target. This is not a serious restriction,
since stand-off explosions can produce catastrophic damage to structural panels.

It is now necessary to adopt a structural response analysis tool which has attributes
sufficient for adequate modeling of the physical phenomena expected to occur. Specifically
the analysis should be capable of treating finite amplitude elastoplastic response of shell
structures having a variety of physical edge conditions, which are subjected to transient
distributions of surface pressures. It should have flexibility regarding material constitutive

representation, including strain hardening and strain-rate dependence. It should also be
-* possible to introduce various material failure models into this analysis and, preferably, to

perform some post-failure calculations. Further, since the blast load will initially appear at
some interior point on the panel and then spread rapidly to cover the entire panel, the
analysis tool should properly account for the propagation of shear waves as well as flexural
and membrane waves. Finally, it is desired to avoid a general three-dimensional analysis, if
possible, for reasons of computational economy.

Taking the foregoing considerations into account, a variety of available finite element
and finite difference computer programs were reviewed and it was decided that the

1,2
PETROS 4 code1 I provided the best point of departure for meeting these requirements.

See Nomenclature. p. El, for definition of symbols.

S. D. Pirotin, L. Morino, E. A. Wittmer. and J. W. Leech, "Finite-Difference Ana(iis for

Fez--. Predicting Large Elastic-Plastic Transient Deformations of Variable-Thickness Krchhoff Sqfl
Bonded Thin, and Transverse-Shear Deformable Thicker Shells," US Army Ballistic Research

S. .. Laboratory Contract Report No. 315, September 1976. AD B01 3924L

.. -.. 2 S D. Pirotin. B. A. Berg, and E. A. Witmer, "PETROS 4: New Developments and Program-

4 Manual f.or the Finite-Difference Calculation of Large Elastic-Plastic, andlor Viscoelastic
Transient Deformations of Multilayer Variable-Thickness (1) Thin Hard-Bonded,
(2) Moderately-Thick Hard-Bonde+l, or (3) Thin Soft-Bonded Shells," US Army
Ballistic Research Laboratory Contract Report No. 316, September 1976.

. ,. 7
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This report is concerned with documentation of the modifications to this code which were
required to achieve the desired analysis capability.

11. DEFICIENCIES OBSERVED IN THE ORIGINAL PETROS 4 PROGRAM

The user of the PETROS 4 code has first to choose one of the three versions referred
to in the title of Reference 2. For the reasons previously stated the primary attention has
been given to the moderately-thick hard-bonded* transverse shear dcformable option
although occasional use of the thin hard-bonded Kirchhoff shell model has been made for
comparison purposes. Another choice to be made is the plasticity theory to be employed,
which is selected by the value assigned to the input variable ISTRFS, as follows:

ISTRES Plasticity Theory

0 Mechanical sublayer model 3'4 '5 , 3-D stress

I Prandtl-Reuss model, 3-D stress

2 Mechanical sublayer model, Ti 0 (j= 1,2,3)
This option was recommended for the Kirchhoff shell.

3 Mechanical sublayer model, T"33 -0
(This stress component is oriented along the normal to
the shell reference surface.)

.5.

The PETROS 4 code can treat shells composed of layers of diferent materials (although the
immediate interest is in applications involving only a single layer).

3 H. F. Bohnenblus, and P. Dwez, "Some Properties of a Mechanical Model of Plasticity,"
Journal of Applied Mechanics, Vol. 15, No. 3, September 1948, pp. 222-225.

4 G. N. White, Jr., "Application of the Theory of Perfectly Plastic Solids to Stress Analysis of
Strain Hardening Solid," Graduate Div. of Applied Math., Brown University Tech Report 51,
August 1950.

5 J. F. Besseling, "A Theory of Plastic flow for Anisotropic Hardening in Plastic Deformation of
an Initially Isotropic Material," Report 5410, National Aeronautical Research Institute,
Anmerdam, The Netherlands. 1953.



Another input quality which must be selected is INORML, which controls the manner
in which the variable D 3 is calculated. D)3 is the component of the vector D in the direc-

9..r. tion of the normal to the reference surface and D represent the three additional degrees-
of-freedom of the SHEAR model besides those of the Kirchhoff model at each mesh

point. The options for INORML are:

INORML D Calculation

0 The cartesian components of D are calculated
using three equations of motion

I D 3 is set to zero after D is calculated

2 The incremental change in D3 is calculated
from the incremental strain 4v,'

N!  using the elastoplastic constitutive relations;
this corresponds to a thickness change which
affects the stresses at the next time step.

A. Stress Calculation Inconsistencies

In order to treat the problem of a blast-loaded structural plate it would appear appropri-
ate to use the SHEAR version of the PETROS 4 code with the options ISTRES - 0,
INORML - 0 since these are the most general (least restrictive) choices available. This
combination of options has been employed to treat the following physical example:

A square plate of rolled homogeneous steel armor, 0.1905m (7.50 in) by 0.1005m
(7.50 in) by 9.53mm (0.375 in) thickness. Young's modulus: 2.068GPa (30x10 psi)
Poisson's ratio: 0.25. The uniaxial strain-hardening characteristics of this material
were represented in the mechanical sublayer model by the following stress-strain coor-
dinates (connected by linear segments):

Coordinate No. Stress Strain
1 1.048 GPa (152000 psi) 0.005067
2 1.145 GPa (166000 psi) 0.0135

-. 3 1.248GPa (181000 psi) 0.0530
4 1.675 GPa (243000 psi) 0.2800

The boundary conditions imposed on all four edges were complete fixity. The plate

was loaded by the blast from a 0.907kg (2 pound) spherical pentolite charge detonated
63.5mm (2.5 in) above its midpoint.

J.
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Results of PETROS 4 calculations of transient stress components using the cited options
are shown in Figure 1. The location of these stresses is a point 9.53mm (0.375 in) from
the plate midpoint along a line perpendicular to an edge and 0.661mm (0.026 in) above
the lower surface. One sees that all three normal stress components have become very
large (as has the mean or hydrostatic stress 7s) by the end of this short run and it may be
readily verified that the elastoplastic stress components satisfy the von Mises yield function

4. and the associated flow rule. On the other hand the prescribed blast overpressure at th:E
location jumps to a peak value of 834MPa (120900 psi) and decays exponentially to
621MPa (90000 psi) by the end of the run (while the pressure on the lower surface.
remains at zero). Consequentl 1, one would expect that the mean value of the through-

thickness stress component T 3 would be negative (compressive) and that any tensile
*( excursion would be small. For this reason it is felt that the normal stresses displayed in

Figure 1 are exceedingly suspect.

Before speculating on the cause of this behavior let us compare solutions of the same
physical problem obtained by use of other options of the PETROS 4 code. Using the Kir-
chhoff model with ISTRES - 2, INORML - 0 the distinctly different and more plausible
results shown in Figure 2 were derived. Rather than a runaway increase, the normal

I 2
stresses T2 and ' appear to be reaching a maximum at stress levels which armor plate
may sustain. However, this Kirchhoff solution has the drawbacks that (1) a two-

3
dimensional constitutive relation is employed (T 3 - 0) so that the boundary condition on
the upper surface cannot be satisfied and (2) the early time solution may be inaccurate
since transverse shear deformation is neglected.

Now consider solutions of the same problem derived using the SHEAR model with
ISTRES - 3 where the three-dimensional constitutive relation is utilized subject to the

4. 3
constraint T 3"- 0. For INORML - 0 the predicted stresses are displayed in Figure 3.
These stresses appear entirely plausible; however, experience with longer computer runs
using this option combination has revealed a tendency to unchecked growth in magnitude
of the variable D3 and the associated through-thickness strain component ,l. For
INORML - I the calculated stresses are plotted in Figure 4. These results, while
different from the preceding, are also plausible. In this case transverse shear deformation
is permitted but the "breathing" deformation mode is inhibited by the non- physical con-
straint ,3- 0. Finally, the solution for INORML - 2 is presented in Figure 5. It had
been expected that this option combirtion would provide the "best" predictions since both
shear deformation and "breathing" are permitted. However, in this and all other runs
made with this option unstable results, including negative plastic work, were obtained. It
must be concluded that there exists an error in either the formulation or the coding for

- this option.

It is apparent that each option combination leads to a different solution for the stresses.
The solutions shown in Figs. I and 5 are obviously unsatisfactory. The Kirchhoff shell
analysis of Figure 2 is correct within the limitations of classical thin shell theory but a
more refined analysis including transverse shear deformation is desired. The differences
between the results of Figures 3 and 4 are significant; in sequel these differences will be

explained and a more satisfactory formulation derived.

.1ll
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B. Unstable Growth of D 3.

As previously noted, the three independent components of the vector D represent the
additional degrees-of-freedom possessed by the SHEAR option of the PEFROS 4 code.
With the INORML - 0 option the Crtesian components of D are determined by three
equations of motion derived using a variational principle. However, it appears that this
formulation provides no material stiffness-based restoring force to oppose changes in the
magnitude of !3, the component of D in the direction of the normal to the reference sur-

* face. As a consequence solutions using this option tend to exhibit a monotonic growth or
decrease in the magnitude of D3 and of the directly dependent through-thickness strain
Y1, see Figure 6. Corrective measures to circumvent this defect will be presented in
Chapter IV.

C. Constitutive Relation for ISTRES - 3

In the course of checking the PETROS 4 code it was discovered that values of the nor-
mal components of trial stresses (TR (I, I) in the code) were being evaluated incorrectly in
the STRESS subroutine for the option ISTRES - 3. Specifically, the non-zero value of
DGAMMX (3, 3) was being included in the calculation of DGAMMA, which is inap-

propriate when the stress-strain relation is constrained by the condition 73 . Also,
non-zero values of corrector stress TC (3,3) (as well as TR (3,3) and TM (3,3)) were
being used in the calculation of i and (''j)n+ I , causing an additional error in the elasto-

plastic stress evaluation. The fact that later in the cycle T33 was set equal to zero did noth-
ing to remedy the errors introduced into the other component of 7' . Once this problem
was detected, appropriate corrections were readily made to the STRESS subroutine.

D. Effect of Throuith-Thickness Normal Stresses

For most shell structures subjected to surface Ioadings the magnitude of the through-
thickness normal stress 73 is negligible in comparison to induced flexural and membrane.

1 2
stresses appearing as the components 71 and 72 .However, for the presently contem-

plated application the blast pressure-induced values of 73 during the early portion of the.
loading are of the same order as the other normal stresses and deserve to be taken into
account when applying the constitutive relations. This raises the question as to whether
such problems can be treated in a rational manner without resorting to a complete three-
dimensional analysis. It should be noted that, of the options available with the PETROS 4-
code, only the ISTRES - 0 option does not set r3 - =0 .Unfortunately, as shown in Figure

3
1, solutions obtained using this option predict unreasonably large tensile values of 73
rather than the compressive stresses which would be expected to result from surface pres-
sure loading. An alternative formulation for incorporating the effects of through-thickness
normal stresses will be given in Chapter Il1.

17
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E. Omission of Surface Traction Effects

In the theoretical formulation report1 for the PETROS 4 code the effect of surface trac-
tions was embodied in the equations of motion by terms designated N). Later in the
same report it was argued that the terms q 2) and E 3) could be neglected for thin shells.
However in Appendix D of Reference 1, where the equations of motion for the SHEAR
(moderately thick shell) equations are presented, the term Nk) is retained (as it should
be). It was discovered that this term was not included in the finite difference equations of
motion in subroutine EQUIL2 of the PETROS 4 code which are used to calculate the com-
ponents of 0.

F. Reconstitution of Mixed Tensor Stresses

In the cyclic time marching solution procedure employed .by the PE7ROS 4 code the
values of the unsymmetric mixed tensor stress components T'k in each sublayer at the pre-
vious time step are needed in the calculation of elastoplastic stresses at the current time
step. However, in an apparent effort to economize on use of computer memory, the sym-
metric contravariant stress tensor components ' are saved rather than the mixed tensor
components. Thus at the previous time step the calculations T U -, GikTj are performed.

and, when stress calculations are resumed at the next cycle, the values of Tk are reconsti-
tuted by use of TJ - GkiT o . However', in the interim a new set of metric tensors has

been calculated so that the reconsti:uted values of TJ are not generally id..ntical with the
values determined during the previous cycle. In fact, if a significant geometry change has
occurred the differences may be appreciable. It is feared that, for long computer runs,
these differences may accumulate to cause serious departures from the correct solution.

G. Plastic Work

The PETROS 4 code calculates the total plastic work performed within the boundaries
of the structure as one of the ingredients of an energy balance diagram which is useful for
detecting numerical instabilities and for determining an appropriate time to terminate the
solution. The other ingredients are the total kinetic energy, total elastic strain energy, and.
the total work done on the structure by external loads. For conservation of energy the
sum of the kinetic energy, strain energy, and plastic work should not exceed the external
work, except possibly for a small discretization error. However, for the blast loaded panels

of current interest the energy balance diagram of Figure 7 is typical. By a pmces, of elimli,
nation it has been concluded that the observed discrepancy is due to an error in the plastic
work, either in the finite deformation formulation or the coding. Fortunately, the compu-
tation of plastic work is an auxiliary calculation which has no effect on the basic solution
process.

The next three chapters are devoted to modifications to the PETROS 4 code designed
to remedy the foregoing deficiencies.

1
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111. PRESCRIBED VARIATION OF THROUGH-THICKNESS NORMAL STRESS

The issues raised in Section D of Chapter 11 concerning the effects of through-thickness
normal stresses will now be examined in more detail.

A. Stress Wave Considerations

In order to assess the significance of the '"3 stress component on elastoplastic calcula-
lions it is necessary to have some information as to the manner in which this component
varies through the shell thickness. Therefore, consideration was given to an idealized one-
dimensional problem of elastic stress wave propagation for the through-thickness direction.
This is not as restrictive as it may seem. One is not concerned with blast pressures great
enough to induce plasticity in the first pass of the stress wave through the thickness or to
cause spallation off the far side of the shell because it is known that rupture of the shell
will occur for lower blast pressures. The analysis which follows is for only slightly more
than two wave passes through a plate nd itis knownthat plasticity is not induced in the
plate (due to flexure and stretching) until much later. However, it will be possible to draw
conclusions which will also apply during elastoplastic response.

In the idealized problem it was assumed that the upper surface of a plate was subjected
.. to a uniformly distributed blast pressure which jumped to a value po followed by an

exponential decay. The lower surface of the plate was assumed stress-free. The solid line
in Figure 8 is the traveling wave solution for the through-thickness normal stress at the
Gauss point closest to the loaded surface. On the other hand, if one assumes a linear vari-
ation of through-thickness stress from -p(t) at the upper surface to zero at the lower sur-
face the stress at each Gauss point can be calculated. In this manner the dashed curve in
Figure 8 was obtained (this curve is actually the "variable mean" of the traveling wave
solution). Similar results can be obtained at the other Gauss points. The one-dimensional
traveling wave analysis is only applicable for a uniform blast pressure which is not the
actual distribution for an explosive charge detonated near a plate. Inasmuch as it is
desired to avoid a general three-dimensional response analysis it is felt that the linear vsri-

4. ation of through-thickness normal stress represents a reasonably satisfactory approximate
A basis for defining this component of the stress tensor in subsequent calculations; certainly
Athis is better than assuming 73  0-.

°.
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B. Modified Constitutive Relation

At the upper surface of the plate (or shell) the boundary conditions* are
33. h. h ah ,,31 32

7 3 2,-, '2-'3(2,',t) (a , -, T) - -o(1)**

while on the lower surface ( - - h/2) all three stress components vanish. The mixed ten-
sor through-thickness component at the upper surface is given by

"r O ,- to - G 3j( D, , 3()

oh 33- h

G33( f,- -,t) " 33(Ca ,'_t' (2)

- -G33(f a, h, E) G3(a ,0p(ta ,-t)

3
For the desired linear variation of 73 between the surface boundary conditions,

3 ) h h 1 C (3)
7 3 (W Cs, t) - G33(Q a,~ 3 e 0 Q a. 0 (-i---) 3

'2 '2 '2' 2 h

where C. are the locations of the discrete Gauss points.

In the PETROS 4 code the nine incremental stress components are determined from
nine strain increments A4y, and the known values of the stress components ('') at the
time tn prior to the incremental change. When the stress component 73 is prescribed as
shown in equation (3) its value is known at both tn and t,,+, so that

,3 3 3 n (4)

is also prescribed. Thus the elastoplastic constitutive problem is shifted to determining
eight incremental stress components and an incremental strain component Ayj which gen-
erally differs from that provided by the ZETA subroutine.

These are the physical boundary conditions. The displacement model embodied in thr
PETROS 4 code does not provide for satifaction of these conditions.

Superscripts and subscripts range over the integers as follows: greek 1.2; latin 1,2,3.

t The summation convention is employed: tenm having a repeated index, once as a subscript

and once as a superscript, are to be summed over the range of that index.
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The generalized Hooke's law cn be rearranged to obtain the following expressions for

the trial stress increments:

-. .. T 2M E p 3

T 1

• ~ ~ ~ ~ 2 E- Ar (, + Ay2 )+ V Ar'3(

AT1 . -- Av for idj

The trial stresses at time t+ ! are

,k.' - , n + A-ji (6)

To determine whether plasticity occurs during the interval tnH - tn  At the values of the

trial stresses are substituted in the plastic potential function

""+ - - - 3ry2j (7)

which may be recognized as the von Mises yield function. If the resulting value of
T T

*,i+. < 0 the stress change is elastic and the trial stresses (7j')"+' become the actual

stresses ~Tj n+" For on+, > 0 plasticity occurs and the total strain increments are orn-

posed of

e p()

i.e., elastic and plastic parts. The plastic strain increments are obtained from the flow rule

P aoT , A JL (9)A - ±AX - [2[ jT)n - .!17mn'jia k 9

where AX is a scalar multiplier. Even in the presence of plasticity the stress increments are

related to the elastic strain increments by Hooke's law:

E jA-j A': + EC'r (10)
{'2-A,3 

8

Then, substituting

e P.
4-A'y (1 01)

and the plastic strain increments from equation (9), one obtains

AT 1 , 7 (12)

23



40. T 7 T T

T

where ATj is given by equations (5),

[- _T2V#N mI + Vt')18 1 (13)11.! " [ "1 1

2EAl, 3 T 3  C 3
and X - Since AT 3 is prescribed it is arbitrary whether AT3 or (4T 3 )n is defined

as long as equation (12) is satisfied. However, it is preferable to set
T 3  3 C 3
AT 3 - AT 3 ,(1& 3 )n-0 so that when the test for plasticity (equation (7)) is applied,

(I~ l'),+ is already known. The stresses at the end of the time interval are

7jTi *l I T.In+ _ICil n(4
iTjL - kin'J + A&TJ - [T;Jn + T 1i C 1T JJ ~ (

In the mechanical sublayer constitutive model each hypothetical sublayer is treated as
an elastic, perfectly plastic material having a distinct yield stress. Consequently the condi-
tion 0n+1- 0 is imposed in order to determine the parameter A for each sublayer
experiencing plasticity. When the stresses given by equation (14) are subjected to this
condition a quadratic equation of the form

A.-2B +C0 (15)Nh"q results, where

B- - (16)

T TI I l I[ I T
7! - - 2..- c 0-+1 - 1 r; 1 3 - t+1 3

From equation (15),

C .(17)
AP AA

Once a real, positive value of X has been obtained the stresses (I )n+ can be calculated
by use of equation (14). Huffington6 has presented a procedure for dealing with complex

6 N. J. Hufgnton, Jr., "Numerical Analysis of Elastoplastic Stresses," US Army Ballistic

Research Laboratory Memorandum Report No. 2006, September 1969. AD 861688.
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roots should they arise by subdividing At for purposes of stress evalmuon only. This pro-

cedure was already incorporated in the PETROS 4 code. However, it has been found that
under certain circumstances even when a real root X is obtained without subdividing At,
inaccurate or oscillatory stresses may result. This difficulty is associated with an exces-

(T)
sively large excursion of the trial stress vector T outside the yield surface in stress space.
A technique for coping with this problem devised by Huffington (see Appendix B of
Reference 7) has recently been introduced into the PETROS 4 code. It entails calculating
an integer L which defines the number of subdivisions of the time step At, where

L - INTYLDFAC f(i.507n+ i  +a-Y2 )oY - II + 1 (18)

YLDFAC is a parameter which varies the accuracy of the stress evaluation; it ranges from

0 (no subdivision of At) to c (differential subintervals). Normally YLDFAC - I is used.

The foregoing formulation, entailing the prescribed linear variation of 73 through the
thickness, has been incorporated in the PETROS 4 code as option ISTRES - 4.

C. Through-Thickness Strain Calculation

The strain increment component Ayj, may be determined by use of

A3  1  3 ~ _ 3_ 1-"-A73 AT JA' + A T"2 + ( +") 12 7" 1 2 n(9- 'TrJJ + 2 - T-T 2 J (19)
V3 E 1A 3 P1 T 1 3S 3 1 n

once X has been evaluated. If plasticity is occurring at a Gauss Ioint the value of Avl will
generally be different for each sublayer. A weighted average Ay, for the Gauss point car
be obtained through multiplying the sublayer Ayl strains by the same weighting factors
employed with the mechanical sublayer model and summing. Alternatively, after the total
elastoplastic stresses Tj at a Gauss point have been determined the value of AY'3 for the
Gauss point can be calculated by imposing the condition of plastic incompressibility:

A 3'3 - -Av: (20)

. Generally, a different value of Ayj, will result for each Gauss point rather than the con-
-.. stant value of Avj through the thickness which the PETROS 4 displacement function

admits. In the next chapter a compromise resolution of this discrepancy will be presented.

a...

7
J. M. Santiago, H. L. Wisniewski, and N. J. Huffngton, Jr., *A User's Manual for the

*%.* -REPSIL Code," US Army Bal'istic Research Laboratory Report No. 1744, October 1974.
WI' AD A003176.
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IV. MODIFICATION OF THE D DEGREE-OF-FREEDOM

The problem of unstable growth of the variable D3(fat) when the INORML - 0
option is employed was discussed in Chapter II. This variable corresponds to just one of
the six degrees-of-freedom which appear in the PETROS 4 displacement function, which
has the following forms:

"- -(U ,t) + VN(,t) - h(fa,O)] + 4D(f",t) (21a)
";-.: - vaA. + wN + C;(N - f) + (Iy'A, + LIN) (21 b)

-- I ~~~- Y"*k + CNkik + CyON)ki - (-f ;n 2ck-+ Aii) (21bc)

The first form is a vectorial one, showing the independent variables upon which these vec-
tors depend. Equation (21b) designates the components of the vector quantities in the
directions of the basis vectors A. lying in the deformed reference surface and the normal
vector N perpendicular to this surface. The third form represents the rectangular cartesian

"- component version of the same displacement function. Note that

't)- D"A. + D3 N Y 2 )kk (22)

When the strain-displacement relations are applied to the displacement model of equa-
tion (21) it is found that AY33 and Y33 cannot vary with the through-thickness coordinate
. This result is of course in direct contri a-tion to the conclusion regarding the variability

of strain components through the thickness reached at the end of the preceding chapter,
where these quantities were evaluated using the constitutive relations. Clearly, a generali-
zation of the displacement function to permit modeling the variation of Y3 with C would
be desirable. However, this would entail an extensive reformulation for the PETROS 4
code with the addition of other degrees-of-freedom and increased storage and computing
requirements. Since this is not feasible at present it appears that the best one can do is to
modify the value of D3(fa,t) so that the value of Ay3 obtained by differentiating the dis-
placement function will agree with some mean value of the Ay3 strain increments at the
fa location which are obtained using the constitutive relations (i.e., equations (19) or
(20)).

A. Modifications to Cartesian Components

Consider that the quantities y(2)i are known at a time tn and that the EQUIL2 subrou-
tine of PETROS 4 has produced the next set of incremental changes Ay(2). These incre-
mental changes also satisfy an equation similar to equation (22):

AD0: - ADAa, + AD3i - AY" )i i (23)

After modifications to certain incremental quantities thr. following equation will apply:

AD AD* A + AD3 N %yll)j (24)
e OJ

• ' ' " " " " " " " " "' ' " " " ' " " " " " " ' " "" " '"" " " " '- ' ":"P,"":" " "

• .+ , ." . ," ." ." ." • ". .. ,,.. , - , ,t . , , ."- ".'" ,' ' '" " - .. , " , -'. . - ..



where the terms with overscript m are modified. Note that the terms involving Aa

unmodified, also that N depends only on Y(1ll and is unaffected by changes in D. Taking
the inner product of both sides of equations (23) and (24) with the unit vector one.
obtains:

&y(2)j -ADa; . i + aD3NJ  
(25)

M M

AD (25)

Letting

. and subtracting equation (25) from equation (26) gives

* .. 7y(2)j - Ay(2)J AD (27)
(28)

The modified values of the cartesian components of D at the next time step are

(y( 2)j) _ (y(2)j), + &y(2)j

- - (y(2)J) + &y(2)j + 'qN 090)

- (y( 2)j)4. +7 1M

Before proceeding further a formulation for q which will produce the desired effect is
needed.

B. Strain Equivalen Criterion

The derivation of an expression for determining ,q requires examination of the non-
linear incremental strain-displacement relations employed by PETROS 4. The incremental
through-thickness strain &Y31 is related to the covariant incremental strains by

".,
3 - AYImG3 (30)

<-i In turn, the covariant strain increment 4 '33 is related to the cartesian components of the-.
basis vector (J3 and its incremental change by

A'33- JJAJJ -0.5 AJJAJJ (31)

- Since these are cartesian components the summation convention applies even though the
-/ repeated indices are superscripts.
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For the SHEAR option (only),
jj- + y2)j (32)

AJ -AM + Ay(2)j  (33)

Using these relations the effect of the previously cited modifications can readily be traced.
As noted before, the surface normal depends only on the reference surface Y(l)J so that
modifications to D have no effect on NJ or AN.

When AY(2)j is modified as indicated by equation (28) the components of the basis vec-
tor increment AG3 are affected as follows:

m
AJj -AM + Ay (2)j +,Nj (34)

- AJJ + .qNJ

Similarly,
m
a,- J + ,N1  (35)

The effect on A7 33 is, by use of equations (31), (34), and (35),
m mm ~

A 3 J3 JJ-0.5 Aj Ail

- (J + qNj) (AJ + v-1N) - 0.5(AJJ + 7INj) 2  (36)

- Ay33 + JINMq + 0.5,q'

Solving this quadratic expression for 7j,

Frm - -JN + IJINj]2 -21A - Av3311 (37)

From equation (30) it follows that

YAy3 - A731G13 - A' 32G3 (38)
A'Y3- G33

m
and a similar form for AY33. Substituting these into equation (37):

4-+Ill II IJ2 IA I-&Y1 I 1
-_-2_, - , " - , _ _ -'71 171. - A7 32G 23 . (39)
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Up to. this point no approximations have been made; however, since the quotient
involving modified quantities contains several unknowns it is useful to assume

rm m m m m
G33 G 33 AI 31G13 + A 32 G - A)31 G13 + 4 V32 G 3

Y3

On this basis equation (39) reduces to

N -Y3 -

71 - -J3NJ + -21 ~~ (40)

which will provide the proper 71 to produce the desired value of Ayl?

C. Implementation of the Modification to D 3

The normal sequence of calculations in the PETROS 4 code is indicated in the
simplified flow chart of Figure 9 by solid lines. Beginning at subroutine EQUIL2, where
values of Ay(2). and (Y2)J)n+j are determined, the calculations proceed through subrou-
tines GEOMET, STRAIN, and ZETA during which the unmodified geometric quantities
Nj, ANJ, J4, AJ, Gj, GJ, &-jk and A-y * are computed. In subroutine ZETA there is a
call for subroutine STRESS where the elastoplastic stress calculations are made, after
which there would normally be a return to subroutine ZETA for calculation of force and
moment resultants at t,+,. However, to implement the desired modification to D 3 the fol-
lowing changes have been incorporated into PETROS 4.

Once the elastoplastic stress increments and stresses (Tk),n+i have been determined in

subroutine STRESS, equation (19) is used to calculate the strain increment ayj for each

sublayer. The Gauss point values of Ay3 are then determined using the mechanical sub-
layer coefficients. After returning to subroutine ZETA a Gaussian mean value of Ay3

through the thickness is computed which is then introduced into equation (40) as m.

thus completing the information necessary to evaluate q . The program then branches
back to a point near the end of subroutine EQUIL2 (see dotted path on Figure 9) where

-y2)j and (y( 2)J)r+ are calculated using equations (28) and (29). The program then
proceeds forward, calculating modified values of J4, AJ4, G ., G

k, Ay,, and ,. Clearly,

the foregoing procedure could be continued iteratively to cause the difference AY3 - y3

While Ay 33 is independent of C the use of equation (30) introduces a very slight variation of
AY,3 with C. To avoid ambiguity a through-thickness Gaussian average value of Ay 3 is
calculated for use in equation (40). A similarly averaged value of G 33 is also calculated for
this purpose.
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Figure 9. Simplified Flow Chart Showing Recycling Option
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to be less than or equal to some small quantity. However, experience has shown that a
single recycling back to EQUIL2 for the cited modification is sufficient to control the
growth of D3 and provide the desired compromise value of vy. This single recycling step

per time step has been incorporated in PETROS 4 as option INORML - 3.

V. ADDITIONAL MISCELLANEOUS PROGRAM CHANGES

A. Addition of Surface Traction Terms

The omission of surface traction terms in the PETROS 4 code was discussed in Section
E of Chapter I1. These terms were introduced in a general manner by equation (2.71b) of
the theoretical formulation report. The specific relations needed to compute values of
these quantities are:*

-h/2
- Nk[ jk P-Jph/ (41)

The evaluation of these expressions has been introduced into the PETROS 4 code through
subroutine SFORCE. The finite difference equations of motion in subroutines EQUIL and.
EQUIL2 were modified to incorporate the values of k ) and k), respectively.

It was hoped that the addition of the surface traction terms would eliminate the need.

for the one-step recycling option. Such was not found to be true and both modifications
are required for a satisfactory solution, at least when the ISTRES - 4, INORML - 3
option combination is employed.

B. Symmetry of the Contravariant Stress Components

From equilibrium considerations the contravariant stress tensor T must be symmetric

(in the absence of couple stresses) which permits the storing of six rather than nine quan-

tities at all locations where values of this tensor must be saved for use at the next time

step. However, the calculations in the STRESS subroutine which provide values of 7"0 do

not satisfy this requirement exactly. This was true even before the introduction of th

ISTRES - 4 option, for which the problem is aggravated sin the prescribed value of "3

generally differs from that which would be calculated using the symmetric A-yk strain

-, increment tensor. After the elastoplastic stresses T'k have been determined and the rela-
tion TU - (3 k T employed the resulting stresses T are generally not equal to for idj.

I am indebted to my colleague, Dr. J. M. Santiago. Jr., for providing the formlation of these

expressions.
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• ,..12 13
In the original version of PETROS 4 this problem was dealt with by elecing 2 , 7

ie 23 21 31 2
and 7 as the correct off-diagonal terms and equating T , T , and Ir to these quanti-
.ties, respectiv!y. It was felt that this procedure could bias the problem solution so the

program was modified to calculate all nine components TU and then average the respective
symmetrically off-diagonal components; i.e.,

T -T -(TU + )/2 for i j (43)

This modification was found to have a slight but not entirely negligible effect upon lengthy

- ,. solutions.

• "C. Storage of Mixed Tensor Stresses
j

The problems associated with the reconstitution of the Tk sublayer stresses each time-

step as is done in the original version of PETROS 4 were discussed in Section F of
V ..

Chapter II. A revised version of this code has been developed in which the T stresses

are saved for use at the next time step rather than the TA stresses. This version requires
a 14% increase in computer memory but features a 14% reduction in running time for a
representative length run. The revised version is preferred because (a) computer memory
is not critical today and any reduction in running time is appreciated, (b) the cumulative

deviations from the true solution associated with reconstituting the Tk are circumvented,
and (c) this version provides flexibility for future applications involving material failure.
The required changes to the code are primarily confined to subroutine STRESS, which is
listed in the Appendix.

D. Additions to Printed Output

The format for listing input data on cards for the oiginal version of the PETROS 4-
code is presented on pp. 110-129 of the user's manual . In sequel, information is pro-
vided concerning modifications or additions to input data controlling various options for

printed output.

A useful feature which has been added is a listing at the end of a run of the maximum
and minimum values of each mixed tensor stress component along with the locations and.
times at which these extreme values occur. The format for this output is illustrated in Fig-

ure 10. For some applications this may provide all the desired information but, if not, it

directs attention to critical locations where a re-run can provide detailed printed and plot-
ted output. Card 5 enters the values of fifteen variables in format (1515). The first of
these variables is MAUXIL, which controls the printing of the max/min values: 0 - no
print, I - print.
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The PETROS 4 code controls the printing of groups of output data through the entries

on card 6a, which contains the variables

KF,lOUT(K) (K-IKF) Format (1615)

KF - number of print options available (currently - 14) and JOUT(K) is the cyclic fr
print option is to be printed. To avoid the printing of the Kt

option, set IOUT(K) to an integer greater than the final time step - ITIMEF. The first
eleven print options have not been changed.

Print option K- 12 has been modified to provide a rather extensive output of geometric
and stress variables which is useful for code checking. This information, a portion of
which is illustrated in Figure 11, is provided at mesh location (ISI,IS 2) the coordinates of
which are entered on card 27b in format (215). At each Gauss point the following
geometric data are listed:

JI = GBASE(J,K), AJ DGBASE(J,K), Gj, GO,K), G GTYPE,

• _ GGJK), ayX- DGAMO,K), and Ayj -- DGAMMX(J,K).

This is followed by a row of printing which gives the pressures
p(at ) _= P(11,12), p(a,tv¢. ) M PPL(l1,12) and the value of G33 on the loaded surface.
Next, the code lists for each sublayer associated with the Gauss point the arrays of

T
(rJ)n _ TN(J,K) and ri r M TR(,). The value of C Me CZ is then printed as well
as y2-SIGMSQ. If C<0 the stress increment in the sublayer is elastic and

(700)n1 TR(J,K). For C > 0 the stress change is elastoplastic and the following infor-
mation is printed: A 7AZ,1B BZ, and the discriminant B2 - AC DISCR. This is

C C

followed by Ti n TC(J,K), X - HLAMDA and Ti n-- TM(,K). Regardless
of whether the stress state is elastic or plastic the code then prints
"(REVISED)DGAMMX(3,3) - ." This is the sublayer strain increment A-,? consistent
with the constitutive relations which is determined by use of equation (19). The
corresponding value of Ayjr obtained by use of the strain-displacement relations is printed.
with the rest of such quantities in the DGAMMX(J,K) array for the Gauss point. When-
the preceding material has been printed for all sublayers at one Gauss point the.
corresponding material is listed for all the other Gauss points at the selected mesh point.'m

At the end of this output group the value of A-yj M AGAM33 is printed.

Print option K-13 has been added which provides the array of total Gauss point mixed
tensor stresses TAUF(J,K), a sample of which is shown in Figure 12. The frequency of
output of this array is controlled by the value assigned to IOUT(13) on card 6a. The
location(s) at which these stresses are printed are determined by entries on two cards: on
card 27c the value of NUM (- number of points at which mixed tensor stresses are to be
printed (and plotted)) in format (I5) and on card 27d the values of coordinate pairs
IPS (),IPS 2 (1) in format (215) for I - INUM.
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Figure 11. Sample of Geometric and Stress Output Data
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" ".TIME. 9Z93750E-03 ITITEs 500
SUBDIVISIOIS IF TIME INCREMEN4T IN STRESS

LMAT(ILI2 1) LAYER 1 GAUSS PT. 1 SUBLAYER 1

T1 I?w 1 2 3 4 5 6 7 8 Q 10 11 12 13 14 1n 16 17 18 19 20
1 0 0 0 0 o 0 3 0 0 0 0 0 0 0 0 0 n 0 0 0
2 0 0 2 2 ? 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0
3 0 2 2 2 3 2 2 0 1 0 0 0 0 0 0 0 0 0 0 0
4 0 2 2 2 0 ' 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0 2 3 2 2 2 0 t 0 0 00 0 0 . 0 0 0
A 0 0 2 0 2 3 0 0 0 0 0 0 0 0 0 0 0 U 0
7 0 2 2 2 0 3 0 0 '. 0 0 0 0 0 0 0 0 0 0 0
8 0 1 0 0 2 0 o 1 0 0 U 0 0 0 0 0 0 0 0 0
9 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

10 0 0 0 0 0 0 j 0 0 0 0 0 0 0 0 0 0 0 3 0
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 u 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
150 0 00000000000 0 U 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 U 0 0 0 0 0
s18 0 0 0 0 00 0 0 0 0 0 0 0 0

19 0 0 0 0 n 0a 0 0 u 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13. Sample Printout of Elastoplastic Activity Matrix
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Print option K-14 provides the matrix of integer values L discussed in Section B of
Chapter III (see Figure 13). These integers indicate the level of elastoplastic activity
currently taking place at each mesh location: zero indicates elastic behavior, one signifies
normal plastic behavior, and any integer > 2 specifies rapid plastic flow requiring the code
to subdivide the time step into L equal substeps for purposes of stress evaluation. The
code will provide an L matrix for each sublayer at each Gauss point at time intervals deter-

mined by the value assigned to JOUT(14).

E. Additions to Plotted Output

The PETROS 4 program had already been altered to couple with the REPSIL plotting
program (Appendix D of Reference 7). With this plotting package one obtains isometric
plots of the deformed shell surface at selected time intervals, two dimensional plots of dis-
placement vs time, load vs time, and surface strains vs time as well as an energy balance
diagram. The plot of pressure loading vs time is generated for mesh location (IPI,IP 2),
the coordinates of which are entered on card 27a in format (215).

The following plotted output has been added.

1. The cartesian components of D, i.e., y( 2)k are plotted vs time at the same mesh
location already selected for y(")k

2. Mixed tensor stress components 7i vs time (see Figures 1-5) are plotted for each
Gauss point through the thickness for the mesh point location selected for print option
K-13.

3. Also, for the same location, a plot of the through-thickness strain component y3 vs
time has been added.

VI. CONCLUDING REMARKS

The modifications to the PETROS 4 code discussed in the foregoing text have resulted
in an improved version which is suitable for use even in rather exceptional applications
such as those cited in the Introduction, where the hydrostatic component of stress is a
significant fraction of the largest principal stress. The concept of prescribed through-
thickness normal stress is considered to be a novel approximate procedure for taking
account of this stress component in elastoplastic stress evaluations. The problem of
unstable growth of through-thickness strain yJ has been successfully circumvented with

the introduction of the INORML - 3 (recycling) option. It is believed that the SHEAR
option with the ISTRES - 4, INORML - 3 combination will satisfactorily treat the elas-
toplastic response of panels subjected to blast from nearby explosive charges and serve as a
point-of-departure for studies of panel rupture.
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The difficulty with the ISTRES - 0, INORML - 0 combination cited in Chapter 1I
persists and is not alleviated by the addition of surface traction terms and use of recycling.
In retrospect, it is concluded that the ISTRES - 0 option will not, in general, give a satis-
factory representation for stresses in thin and moderately thick shells since there is nothing
in the basic PETROS 4 formulation to enforce the stress boundary conditions on the two
shell surfaces (or more significantly, at the Gauss points closest to the surfaces). By con-
trast the ISTRES - 4 option does satisfy the surface boundary condition on the normal
stress and by use of a constrained three-dimensional constitutive formulation provides
elastoplastic stresses which appear to be realistic.

The INORML - 2 option was intended to take account of an average thickness change
by modifying the y(2)i variables at the next time step. While the problem with this option
(shown in Figure 5) was not resolved the subject appears moot since the new INORML
3 option takes account of Ay3 changes in the current time step. One remaining issue
which deserves further study is correction or improvement of the formulation for the plas-
tic work.

The cited modifications to the PETROS 4 program have affected only a few subroutines
of this rather lengthy code; a listing of these revised subroutines is provided in the Appen-
dix. Consideration was given to inclusion of an application of the modified PETROS 4
code in this report but, owing to the complexity of such results, it is preferred to pre -

sent these as a separate document.
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NOMENCLALURE

FORTRAN NAME TEXT SYMBOL DESCRIPTION

Aa Deformed reference surface base vectors

A(LA,LB) Covariant components of metric tensor of deformed
reference surface

ABSCIS Location of IGAUSSth of the N Gaussian stations
(IGAUSS,NGAUSL) in a particular layer; interval is -1 to +1.

ACC(J, 11,12) V' Acceleration components

ALPHA Coefficient of linear thermal expansion

AGAM33 Ayj Gaussian average of SGAM33

ANUM Status of material (in FMAT)

AVEG33 G33 Gaussian average G 33

AVIS (ILAYER) Viscoelastic coefficient of ILAYER

AZ A Coefficient in quadratic equation

B(LA,LB) Covariant components of deformed reference
surface curvature tensor

S.BM(LA,LB) Mixed curvature tensor components of deformed

reference surface

BSTIV(ILAYER) Elastic modulus coefficient of ILAYER

BZ B Coefficient in quadratic equation

CAPQI(LA,I1,T2)
CAPQ2(LA,I1,12) Generalized force resultant tensor
CAPQ3(LA,I1,!2)

CAP2QI(LA, I1,12)
- * CAP2Q2(LA,11,12) Generalized force in EQUIL2
.. CAP2Q3(LA,I1,12)

COEFF(ISB) Weighting factors of the mechanical
sublayer model
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FORTRAN NAME TEXT SYMBOL DESCRIPTION

CONST Strain-rate sensitivity parameter

V CS(J,LA) See ZETA 158-163

CX(I,J) See ZETA 358-375
T

CZ C,O+l Coefficient in quadratic equation

.,.. Cl Viscous damping parameter

D(f-,t) Non-Kirchhoff displacement field

D ,D 3  Tangential and normal components of
D in basis Gi

D(J,I1,12) AY(' )i Incremental change in y(1)i

DA(LA,LB) Incremental change in the covariant components of
the metric tensor associated with the deformed

_ •midsurface of the shell

DB(LA,LB) Incremental change in the corresponding
curvature tensor

'5'.

DD(JLA) ftA

cl &y()j
* -. ,:"DD2(J,LA)

DEL See ZETA 146,156

DELBAR 71 See ZETA 409

DELNOR See EQUIL2 174
-O71

DELSNI See EQUIL2 176,180

:?..DELSN2 See EQUIL2 177,181

tell DELSN3 See EQUIL2 178,182

DELTA(l,J) Kronecker dclta

5' 42
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FORTRAN NAME TEX S DESCRIPTION

DELTAP Previous time increment

DELTAT At Time increment

DGAM(I,J) AYO Covariant components of strain increment

* DGAMAT See STRESS 263

DGAMA3 Average Ayjl

DGAMMA See STRES 94, 95, 96

DGAMMXO,J) AyJ Mixed components of the incremental
strain tensor

DGAM33 Avj? Mxed component of incremental
strain tensor at Gauss point

DGBASE(I,J) Ajj' Cartesian components of base vector
increment

DGTEMP See STRESS 93

DGM33 AY3 Gaussian average Ay

DGOG See ZETA 408

*DISCR Discriminant of quadratic equation

DIR Saved value of D from previous time step

DN(J) ANj Incremental change in component of surface normal

- *.DTAU33 See STRESS 123

ADTEMP Temperature increment

DTM(I,J) Incremental change in stress

DUM Intermediate variable

DXI Increment in C' coordinate

DX2 Increment in e 2 coordinate
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FORTRAN NAME TEXT SYMIOL DESCRIPTION:::.::az 8
DZ(I)a Ilea'ac

O(A)
DZAI(I1,12)

DZA2(II,12) 
IzlA)

DZBI(11,12) ail

DZB2(11,12) 
Oz(B)

D2(J,11,12) &y(2)j Incremental change in y2)j

D33S See ZETA 297

EE E Young's modulus

EEP See STRESS 102

EL Number of subdivisions of time step

EPSLI(11,12) Normal strain components on lower surface
EPSL2(I1,12)

- EPSUI(11,12) Normal strain components on upper surface
EPSU2(1 1,12)

ES E Young's modulus

ETERMI See STRESS 195

ETERM2 See STRESS 1%

EI(J,11,12) I) Surface force term for EQUIL

E2(J,I1,12) -N2) Surface force term for EQUIL2

FACIOR Coefficient of strain-rate sensitivity

FMASI 1(11,12)
FMAS22(11,12) Generalized masses
FMAS23(I1,12)
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FORTRAN NAMIE TEXT SYMBOL DESCRIP11ON

FMAT Material status array

FORCES(J) Component of externally-applied force
per unit area in j-direction

, FORCEZ(J) Convenient grouping of force components

G3 Covariant basis vector component of deformed
shell in direction of normal

GOi,J) GoCovariant components of the metric
tensor of the deformed surface

GAMMAL(I1,12) Shear strain component on lower surface
,%

GAMMAU(1I,12) Shear strain component on upper surface

GBASE(IJ) Ji Cartesian components of the base vector

Gi in j-direction

GBTN J Nj See ZETA 225

GG(i,J) G Contravariant components of the metric tensor
of the deformed surface

GTYPE G Metric determinant

*HLAMDA X Plasticity parameter

HM(LA,J) Contravariant components of the relative
moment-resultant tensor

HMI(LA,1,12) Storage of components of HM
HM2(LA,I1,12)

HN(LA,J) Contravariant components of the relative
stress-resultant tensor

HNU Poisson's ratio

HNU See STRESS 104,105

HNUPP See STESS 103,106
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FORTRAN NAME TEXT SY MOL DESCRIPTION
HTERM See STRESS 241

-k Cartesian unit vector in k-direction

1 Component index

ICOUNT Output control counter

ICd Mesh indices selected by user at which

. IC2 specific output is desired

IFRAC'r Failure model selector

IGAUSS IGAUSS Gauss point index

IGMAX(I,J) Gauss point index where maximum value of stress
component occurs

.

IGMIN(TJ) Gauss point index where minimum value of
stress component occurs

IGO Selector for calculation or output of
max/min stresses

Ill Output control index

IJ Number of components

ILAYER Layer index

INORML INORML Control number for options regarding
y( 2) modification

IOUT(K) Printout indicator

IPLAST(I1,12) Plasticity indicator

[PSI() Coordinates of locations at which output of
IPS2(I) Gauss point mixed tensor stresses is desired

IRYI,IRY2, Indices corresponding to the limits of the
IRY3,IRY4 complete finite difference grid

ISB Sublayer index

ISTRES ISTRES Plasticity model control
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FORTRAN NAME TEXT SYMBOL DESCRIPTION

ISTREZ Plasticity model control

,ISUBL Sublayer index

ISI() Coordinates of locations at which output of
IS2(I) geometric and stress variables is desired

(IOUT( 12))

ITIM(I,J) Time cycle of maximum value of stress component

"ITIME Current cycle number

ITIMEF Final cycle number

ITIMEP ITIME.-I

ITIMM(I,J) Time cycle of minimum value of stress component

IV Component index

IZ Gauss layer counter

IZZ Upper/lower surface selector

11 11 Mesh point index

IIM 11-1

IMAX(I,J) I1 location where maximum value of
stress component occurs

IIMIN(I,J) 11 location where minimum value of
stress component occurs

lip 11+1
12 12 Mesh point index

12M 12-1

I2MAX(I,J) 12 location where maximum value of stress
component occurs

I2MIN(I,J) 12 location where minimum value of stress
component occurs
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FORTRAN NAME TEXT SYMBOL DESCRIPTION

12P 12+1

J Component index

JD1 Number of stress memory locations in ('
-direction

JD2 Number of stress memory locations in 62 -direction

J133Number of stress memory locations in -direction

NV Component index

K Bulk modulus - E/(3(1-2 ))

K Component index
K1,K2,K3,K4 Boundary condition control indices on the four

boundary lines

KF Number of print options available

L L Number of subdivisions of time increment

LA,LB Component indices

LC Counter for time increment subdivision

LEN See STRESS 73

L1112 Input to LMAT

LL Index of mesh points for IOUT(13)

LMAT(I1,12,IZ) Plasticity activity arrays

LS Component index
i-

LZ See STRESS 444

MAX Integer controlling output heading

MAUXIL Controls max/min stress output

MIN Integer controlling output heading
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FORTRAN NAME TEXT SYMBOL DESCRIPTION

MPHYS PHYSIC control variable

MTEMPE Index for temperature effects

N Deformed reference surface normal
f',%- .

ni Undeformed reference surface normal

NGAUSL Number of Gauss stations in layer

SNGAUSS(ILAYER) Number of Gauss stations in layer - ILAYER

NLAYER Number of layers

-NMESH Number of meshes in -directon

NMESH2 Number of meshes in C2 -direction

NSBL Number of sublayers

NSUBL(ILAYER) Number of sublayers in i-th layer

- NUM Number of mesh points at which IOUT(13) is desired

P(I1,12) p Pressure

PO Peak value of pressure

PAR See ZETA 304

'.PARSQ S ZETA 305

". PARSQZ See ZETA 376

PGAM33 Y1 See ZETA 413

PPL(I1,12) Pressure at next time step

PRSQDI See ZETA 319

PRSQD2 See ZETA 320

PRSQD3 See ZETA 321

PRSQZZ See ZETA 343
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FORTRAN NAME TEXT SYMBOL DESCRIPTION

QCZ Logical variable for time step subdivision

QIRCH Logical variable for Kirchhoff shell theory

QM Logical variable for max/min stress calculation

QPRINT(20) Printout indicator

QQQ2,QQQ3,QQQ4 Logical variables used in STRESS for defining
coefficients of constitutive functions

QQI,QQ2 Logical variables used in EQUIL to avoid
calculations at boundary points

-.. Q1 Logical variable for maximum or minimum stress
selection

QSHEAR Logical variable for SHEAR option

QSTRES Logical variable for stress erasure

Y- Undeformed shell reference surface position vector

SGAM33 See ZETA 398

SIGMA(TSB) Uniaxial yield stress of the ISBth sublayer

oy Static uniaxial yield stress of the material

SIGN ±1.

SN(J,11,2) NJ  Components of the surface normal

SQRG rG -fG

,.. *%, STRESL(JI1,12)
STRESP(LA,II,12) Generalized forces calculated in ZETA
STRESQ(LAT1,2)

SUMG See ZETA 396

SLJRFGG G33 at shell surface

"- " TAU(I,J) T Contravariant stress components at Gauss points
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FORTRAN NAME TEXT SYMBOL DESCRIPTION

C
.p4m

TAUC M Trace of the corrector stress tensor
iI

TAUF(I,J) rj Mixed tensor stress components at Gauss points

M
TAUM ("Tr )n+ Trace of the new mixed stress tensor

TAUMAX(IJ) Maximum value of the stress component

TAUMIN(I,J) Minimum value of the stress component

TAUP(LZI,J) Storage of TAUF stresses

TAUSPH Hydrostatic stress

TAUSPL(LL, IGAUSS) Storage of TAUSPH

TAUSUM See ZETA 400

T

TAUT T Trace of the trial stress tensor

TAUl 101,12,IZ)
TAU12(11,12,IZ)
TAU13(I1,12,IZ)
TAU21(I1,12,IZ) Storage of mixed tensor sublayer stresses
TAU22(I1,12,TZ)
TAU23(I1,12,IZ)
TAU31(11,12,1Z)

. TAU32(I1,12,IZ)
TAU33(I,12,IZ)

C

TC(I,J) T1 Mixed tensor corrector stress components

THIC See ZETA 201

THICKN h Shell thickness

THICKZ See ZETA 200

oil THIKZ See ZETA 151

-m,. TIM(I,J) Time of maximum value of stress component
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FORTRAN NAME TEXT SYMBOL DESCRIPTION

TIME ttn  Time

TIMM Time of minimum value of stress component

TM(I,J) (TI New mixed tensor sublayer stresses

TN(I,J) (T7j)n Previous mixed tensor sublayer stresses

T

TR(I,J) (T7")"+ 1  Trial mixed tensor sublayer stresses
133 See STRESS 121

T33PL See STRESS 122

U: Displacement field vector

gro Displacement vector of points on the
reference surface

V", W Components of Uo in surface -normal directions

WEIGHT Gaussian weighting factors
(IGAUSS, NGAUSL)

Y(J,11,12) y) Rectangular cartesian coordinates of
mesh point (11,12)

- YLDFAC YLDFAC Factor controlling subdivision of time step
.',' .i

" YY(J,LA)

YYL(J,LA) VI )aj

"y( 2)j
YY2(J,LA)

Y2(J,I1,12) y(2)j Rectangular cartesian components of D

Y2DOT2(J,I1,12) Acceleration of y(2)j

Y3ACEL(J) Rectangular cartesian components of N
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-W 711. . 7

FORTRAN NAME TEXT SYMBOL DESCRIPTION
Z Distance from reference surface

_5 Distance of Gauss point from reference surface

ZA(I1,12) g location of interface of upper and middle layer

ZB(I1,12) Location at interface of lower and middle layer

ZCEN See ZETA 152

ZCENTR Value of C at the center of a given layer

ZZ Displacement field parameter

ZZCEN See ZETA 155

33 Covariant strain component in
through-thickness direction

Curvilinear coordinates of particles on

the reference surface

Tj

AT Mixed tensor trial stress increment

o n Yield function

0)n Quantity evaluated at tn

"-".- ()n+l Quantity evaluated at t,+,

(M) Modified quantity

INT[ Integer part of ]

..-.::

.24
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APPENDIX A

Listing of Signfcantly Affected Subroutines

C SUGPOUT1NE AUX1L(INOFXX) AUXIL I

C AUIIL ?

*IMPLICIT LOGTCAL(Q) AU TL

C AUxTL 4

COMMON /CA.R./ YLS.YNE*.YSAVE 
XI

*COMMON /CARTEL/ Y(3.20,20),O(3.20.201,y2,3,20,20),02(3.20.20) A " XIL 71

* .LEVEL 2.Y.O.Y2.02 AuI 7

*C AUXIL 91

COMMON /CTIME/ AUX(20).TXME.DELTAT.TIMEFI1TTME,ITIMEF.IAUX(20). LUXIL 19

IOUT(20).QPPINT(Z0) AUXIL 11
COMMON /CTIMEL/ IPLAST(20.20),P120.20.*PPLI(o.92, LAUXI I?

*LEVEL PoTPLAST.P.PPL ALIXIL 13
C LUKIL 14

COMMON /INDEX/ NAEAO.NW !TE.NPUNC,..NMSI.NMESH2.N1,N?.NZ.N1M.N2M,9AUXIL 15
* NlMM.M2MM.11.12,IZ.I1ZE90.T?7EPOIPY.IRY2.IRr3,IPY&.ISTR1.ISTm2.AUXIL 16
* rITR3. IS1'R'.ICI. 1C2. io1.W?. tpl.Ip2.IsI !r .I(2.A3O.KPRt. AUXIL 17
* KZSTOPKYTEST.IDIR. t1TEST.ITEST.K1NITL LUXIL 19

COMMON /QLOGtC/ QAUX(20) .Q2ETA.OSTPFSOPLASTQSENSl.QEOU!L. LUXIL 20
* O!GN.0tNGEOsQINVE L.QLAO.MATP.QTHTKL0TEP,QSPTE#iQAUXI1, LUXIL ?I
* AURI2.QSPLOA.QIMPUL.GSMARP.0PESO.QIACH.OS4EAR AUXIL 27

C LUXIL 23
COMMON /FPAC/ TAUF(3.3),TLUSPNNUm.IPSj(10),1PS2(10) LUXIL T4

C LUXIL 25
I ImINOEXX AUXIL ~
17(INOEX' *GE. 4) 1194 LUXIL ?7
TP(INOEXX 1EQ. 11) IJOS LUXIL ?4
AOTO(I001.1002.100391004.1005),II AUNIL 29

C LUXIL 10
C- LUXIL 31
1901l lPCIi.EO.lCl.AND.12.EQ.IC?2 CALL PPINT(l) AU IL 12

RETURN AUXIL 13
C LUXIL 14
C LUXIL 3S
i 042 CALL PPINT(2) AINXIL 3S
403 FOPmATt2I%.3E15.6) LUXIL 37

* dl1iwtIME/IOUT(Q).IflUTI9)-TTTME ALIXIL 3R

TF(tI.NE.0.ANO..NOT.IIPPINT(9U) GO TO 409 LUXIL 3Q
W01TE(NWR1TE;401;,ITYME LuXIL 40

4L01 0RMA T(///9 .11C!PCUM WRFNTIAL PMSITIONS AT lTINE'S.IT../p II IAUXIL 4.1
$It 3X.IY2"13X 11Y3-1LUXIL 67

IF(.NOT.OIPCM) A ITE(NMPTE.401 1) AWL 43
4011I FORMAT E".".464X*"y2 I1"1.'??,0XY(3 LUXIL 44

00 402 Il*ISTR1.ISTRI LUXIL 49,
watTE(NWRITE,403) I1.1C2.Y(I11.ICP) Y(?.11.IC2) *Yt3.11,ICP) AUXIL 40)
Tor IGIRCM) GO TO 40? AUXTL 47

1403 FORMALT (000..SQX. 3E15.61 AUXIL 49
&0? CONTINUE AUXIL in

c AUXIL %I
wAITECNwAITE.411) ITYME LUXIL S?

411 rFOPAT(/,//12X."C~flWN POSITIONS AT ITIMEZ.@.I%//' Il t" UYIL 53
*AX .*'V1%.13X.-*V?". I3X."IY31) LUXIL 54
IFI.NOT.OIPCH) *RITE(NWPITF.4011) AUNTL SS
00) &12 I~zIS7P2.ISTO4 LIJAIL 56

IF (01PCH) 6O TO '.12 LUXIL SR
WPITE(NOAITE.1403) Y2rl.1C1.I?).Y2(?.ICI.12).YZ(3,ICI.I2) AUXIL 59

* -4i? CONTINUF AUXIL 10
400 CONTINUE AUXIL Sl
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ALJYIL S3

C IPIIII.NE.O.AND..NOr.DPRINTIIO)) 60 TO 4,;Q AIJXIL S4
AC AIL 's 5

9 Y(3*ICI.ICP) AIJEIL '.7
40-A6 FORMAT($' 1TIMtflor,%.so TIMEs*sE13.6/," POSITION OF DESIRFO POINTAU:IL 44

I tll. I2."* 2l".I?, "I IS Y11') 2"I.E13.6. Y42) 2t.E03.6. aij IL NQ9
OfY(3) E*E,13.6) AUXIL 70

If IQIRCH) GO To 4?q AUNIL 71

l.AF0PMATI48XsnY2s(1)--.Ei3.6." YP(P)x'*E13.hAll Y2(3)."*E13S.() AUXIL 73
4?9 CONTINUE AUNTL 74

CAUXIL 7%
RFTUAN A U "IL 76

c Aug IL 77
C- AUXIL 70

Jn03 IF(I1.EO.ICi.AND.,I?.F*.IC~) CALL PPTNJI(3 1  AUXIL 79
- RETURN ALIXIL 90
flIF(I1.F0.IS1 *AND. IP.EO.ISPl CALL POINT(INDEXX) AUXIL 41

RETURN Aug IL I P
C MIXED TENSOR STRESSES CMEC( AOXIL 41

1 InS, ItISITIME/IOu)ToI3.IOUT( 13.ITYINf AVY IL 44
71 F1111.NE.0 *ANO. *NOT. QPPINT(13uCOTO 1020 AuKIL RS

DO 1010 Ll.NUM A(11IL 0'6
- FCII.EO.IPSIC) *AND. I7.-E0.1PSP(L)GT IOIS AUXIL Q7

1n10 CONTINUE AUXIL SA
- OTrI 1020 AUXIL R9

*,ini", CALL PRINT fINDEXX) AUXTL Q0
1070 RETURN AUVIL 91

END AUPIL 9P
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SUPROUTINE EGUIL EGUlL I
C EGUIL ?
C EOUIL 3
C EVALUATE THE DISPLACEM4ENT INCREMENTS &NO PROM4 THEM fVALUATE THE EGUlL 4
C NEW POSITIONS fOUIL 5
C EGUlL '3

IMPLICIT LOGICAL(QI EGUIL 7

Cf COMMON /CARTE/ YTEST.YNEW*YSAVE ECUlL9
COMMON /CARTEL/ Y(3.20,20).Ot3.2Oq20).Y2Il.20.2O).O2(3.20.2O) EGUIL 10
LEVEL 2.Y.O.Y?*O2 EGUIL 11

C (GUlL 12
COMMON /CTIME/ AUXC20OTTMEOELTAT.TIMEF.ITINE.ITIMEF.IAUX(20). EGUTL 13
* lUT(P0I.GPRlNT(20) EGUIL 14
COMMON /CTTMEL/ IPLAST(Zfl.201.P(?0.?0).0

0
L(20.20) EGUlL IS

LEVEL 2.IPLAS7.P.PPL (CUlL 16~I 'C EGUIL 17
COMMdON/CTIMEP/TTIMEC.ITIMEP.DELTAP.OELX.MRINM.MEE (QUIt 18
.?KEEP.WTMTK.QFINIS.GFIND*TSTAPTYSTART.YOOTF Faul. 19

* ES.@STIV(4)sSTtV(4) ECUlL 20
C FGUlL 11

COMMON /DAMP/ MOAMP~rIAPP.OVACT.TOAMPTO9(P.CI ECUIL V?
C (CUlL 73

COMM4ON /FOACB/ FORCEZ(3) EQUIL 4
C EGUlL n5

COMMON /INDEX/ NOEAO.NWRITE.NPUNCH.NMVFSM.NMS2N.N?.NZNINNPM,(QUIL 26
*NIMM.9N2MM.I1.I2. IZlI1ZERO. 122(00.IPYI .10Y2.IRY3. 10Y6.ISTRI .ISTR2,(GUIL 27
* ST03.ISTR6.IC1,1C2.lO11 ,l2,IP1,IP2,ISI1S2K.g2.K3ec4.iRUN. EGUlL "6

IS7OP.KYTEST.lDlP.IITEST.I27EST.KTNlTL FGUlL 1!

COMMON /PUSH/ FOUCESI3) .VELOC13) .RATlO.RATlOMOX1,OX2,TEMP.OTFP9 (GUlL 31
*FSPACE.TSPACE.FINCNO.ESTOPTSTOPT4COEF (GUlL 3?
COMMON IPUSHL/ SQRATIP,20).50R12t20,20).VMASIl(20,20), ECUlL 33

0 FUAS2?(,0.20).FMAS23(20.201ISMAS33(PO.?0) (GUlL 36
LEVEL 2.SQ0AT.SGPAZ.FMASIIl.VMAS22.FMAS23.FMAS33 EGUlL 3S

C (GUlL 36
COMMON /Q@CONO/ G.2G,60QAQ.NGQI,1,1Q3G6QSEuL37
* *QEF1.GQF(OFvREE3.OFmEE6.OECOPNGQI.GG2 9QEOUIL 3q
TO TsC 1-0 RA 290, A 3.11TRAC6 EGUlL 39

C EGUlL 40
COMMON /SUPNOM/ SNPQ(3) EGUlL 61
COMMON /SUPNOL/ SN(3.20.201 ECUlL 62
LEVEL 29SN FOUTL 63

C EGUIL 66
COMMO0N /S2/ STRESE(3) ECUlL 45
COMMON /521.1 STRESL(3920,20).STRESOC2.20,P0).S7RESP(2,O.020) ECUlL 46
LEVEL 2*STPESL.STRESO.STAESP FOUlL 67

c EGUlL 66
COMMON /TNCOMP/ NMIC2.2Q.20).MiM2(P20,?0).CAPGI(2,20.201. EGUlL 69

" CAP2(.20.20I.CA93cP.2o,20),CAP701(2,P5,20), (CUIL SO
* CAP20?(P.20.201,CAP20312.20.201 FCUlL 51
LEVEL 2.M4MIMM2,CAP01.CAPG2.CAPG3.CAP2OI.CAP2G)2,CAP203 (CUlL 5

C FnUlL S3
COMMON /VELS/ YIACEL(3).y3OOT(3)*YIACPO(4.3) EQUIL 54
COMMON /VELSI/ VELO(3.20*20).ACC(3920.?0I EOUIL 55
LEV EL 2 VELO.A CC EQUIL 56

V C (GUlL 57
COMMON /SUPFOP/ E1(3.2Ov?01.(2(3.20*20) EGUIL SR
LEVEL ?.fI.(2 ECUlL S9

C FOUlL SO0
C EGUlL. Oil

TFOMTOELTAT/CELTAP FGUlL SP'
C ECUlL 63

001zI.11.Q. IPVI.00.I1 *pG* RY3 ECUIL S46
0C2u12.FG. IRY?.OA. 12.EQ. 10Y4 ECUlL SS5

C (GUlL SS6
110.11.1QUI S

rim-ri-I EUlL 67
12PUT241 COUIL '39
IPM812-1 FGUlL 70

CEGLI IL 71
LI.IIG~l .N-2*1I GUlL 72

L2.?SIONII .N?-,0121 (CUlL 73
C EGLJIL 76

7(0Mm! ./PwASI III 12) EGUIL 75S
TERM2 1O1ELTAT~ODLTAT FGUlL 76
00 29F J21.3 FGUlL 77

C ECUlL ?q

* - 59
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C ISPLACEMENTS FOR VISCOUS DAMPING EGuIL 79
o)JR8oI.-11 .j EQUIL 60

C EQUTL 91C NEXT STATEMENTS AVOID IMPERFECTIONS DUE TO ROUtNO.OFFP (0000 EGUIL 62
C EGUIL 63

IF(K1.EO.7.ANO.J.Ea.11 GO TO 298 EGUIL 65
IPIK2.EO.?.*tjO.J*(Q.2) so TO P96 EGUIL GS

IV~lEQS.P011E.2a~.JE§1 0G TO POO EGUlL Rh
TFIK2.EQ.5.ANO.I?.EQ.2.ANO.J.(Q.p) G0 TO 29A EGVtL 67
IF(K3.EQ.S.ANo.Il.g.N1.~j.J.EG.1) GO TO 296 ECUIL 6
Tr(K4.EGO.5.ANO.12.EQ.N2m.AN.J.EG.2) GO TO Z94 (GUlL 69
IF(K1.EG.6.ANO.J.EQ.1) GO TO P90 EGUIL 90

C I~FK2.EQ.h.ANO.J.EQ.2, GO TO 798 (GUTL 91

OERIV80. EQUIL 9?

C EGUlL 93

06.011 EGUIL 95

OXPACTo.S'DX (GUIL 9S

C EGUIL 96

C Itocj) so To III FOUlL 96
C QUIL 99

6O TO (1029104*106). j FOUILlOC
102 OEOIVUOERIV.OXFACTO(CA001(I10,12l).CAPG1C1,i1lm.Il FOUILIOI

30 TO 119 EQUILIOP
ins DETNEI-IFC*CP2ilP1)CP2ilm1) I Q'UIL103

GO TO 119 FOUIL1 Os
106 O(SIV8O(RTV.OXFACTeICAP03(l.IIP,12V-CA031.IIm,12I r GUILIO5

GO TO 119 FGUILIO6

C EGUlL 10?
C (GUILIOR

Il OUMwDXFACT*Li FOUILI19
-GO TO (I11l1llou j FQUILl 10

112 DEQIVuOERIV.OUN.(-3..C0001 (iI1112).4..CAPQ1 (l.I1*L12)-CAPOI (I.I(GUILlI
* 1.P*L.!21) (UILl 12

GO TO 119 EQUILI13

*1*24L12)) EGUILI 15
GO TO 119 EQUILl 15

16 OFDIVuOE0IV.OUMe-3.eCAPq3(ji-l12).4..CAP03(i. 11-L1.121-CAP03(1 .IEGuIL1?
* I*P*L1.T?)I (QUILlISR

Hi9 CONTINUE EQUlLI 19

C (QUILl 20
C FOUILI PI

C XOX EQUIL122
OXFC.012 D FQUILI?3
OXAT.5O EGUILle4

C F02 EGUlL 125

C FG2 6O TO 131 EQuILl2S
C EOUIL127

GO TO tl?P*124.1261. i (QU IL 12
1.22 D(QlVEOERIV.OXFACT*(CA9Ol(2,I1.IP1.CAPQfl2.Il1.2m)) EOU1LIP9

GO TO 139 FOUILI30
IP4 OERIVuOER1V.OXFACTOCCAP02I?.1jg1201.CAP0212,I11,2M) E QUIL131

GO TO 139 EGUIL132
i-fi 12 EORIVuOEPIV.OXFACT.1CAP03f7.11.12P1-CAP0312,Il.12M)l EGUTL133

00 TO 139 EQUIL134
c FOUIL13S
C EGUIL136

ill OUM-OXFACT-L2 EQUIL137
- G TO (13P.13&.136).J EUL3

i12 OEPIVUOEOIV.OwUeg.-3..CAPOjc2.11,121..CAPG1 (2,I1.I?.L2)-CAPG1 (2,IEGU1L139
* 1.202*

0
11 EGUIL140

G0 TO 139 EGUTLI41
114 OERIVUOERIV.OUOe-3.eCAPp22.tij,2,*4..CAPG22I1,12L2)-CAPG2?,(2oEUlLlS2

*lI2.2
0
2L2)1 EOUIL143

(10 TO 139 FOUIL144
i1 OPQTaDvuO(V.OUMO(-3..CAP0312.11,I2I*s.eCAPG3(?,I1,t?.L21-CAPQ3I2,ICOUIL4S5
.* l912*2*L2)) FQUIL166

N119 CONTINUE EQUIL14?

C FGUIL14Q

% MFRlVO(01V.FOPCEZCjlI FQUILISO

YC(J.1.2IuI(oll~.1(J1.lIieT m EGUILIS3

C VISCOUS DAmp:NG Ci EQUIL154

266 PO CaONT I NUE FQuILIS?
OFTURN FOUILISR

FMO EQuIL 159
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SURaOUTINE EQUIL2 EOUILP I
%C EGUIL?

C EOU!L2 3
C EVALUATE MtOSURFACE GEOMETRIC GOIANTTTESIBASE VECTORS. SURFACF EQUIL2 &
C NORMAL. METRIC IENSOR. CURVATURE TENSOR. ETC.) EQUIL2 S
C EOUIL2 i

IMPLICIT LOGICAL (0) EQUtL2 7
C EGUIL2 6

COMMON /CARTE/ YTEST.YNEW.VSAVE EOU).. 9
COMMON /CARTEL/ Y(3,PO.20) .043.20.20).Y2(1,20.2O),O2(3.20.20) EQUIL210

4.LEVEL ?*YDo.Y?.O2 FOUIL2I I
C FOUILPIV

COMMON /CTYME, AUX(O.TiME.ELTAr.TIMEF*rTIME.ITMaEF.IAUXO,.o EQUIL213
!OUT(20).QPRINT(?O1 EGUIL214

COMMON ,CTIMEL/ IPLAST(2O.2O).P(?IO.20).RPL(2GO2O) FOUIL21S
LEVEL ?.IPLAST.P.PPL FOUIL216

C EGUIL?17
COMMdON/CTIMEP/TTIMEC.ITIM4EROELTAPoEL~eOR.UN404EF FOUILPIS
* .TgFEP.NMTK.QFINIS.QFTNP.TSTART.YSTART.YOOTF FOUIL-219
4* ES.ASTIV(4l.NSTIV(41 FOUIL2'O0

C EOUIL271
COMMON /OPTERM/ MOISPLIA).MflISDR(4.3).REPtOi4,3).OISR1.(4.3).QOSP3EQUlLp:!,
COMMON ,OPTERLI PRSCPP(3.2O.20) EQUIL22!
LEVEL ?.RRSCRP EQUIL2T4

C FOU IL 22S
COMMON /INDEX/ NREAD.NMRITE.NPUNC.NMES41.NMESHZNI ,N2,NZNIM.NPME0UILZ!S
*N)MM.N2Mm.iI.I.rIZ[ZrtZERO.IP?ERO.!RYI.1RY2.tQV3.IRY4.I5T).JST?.EOUIL2P7
0 ISTR3.1STP4.IC1 eIC2,1D1 ,ol?.IlPI.I?.SI IS2.a(1,K2.KIK~.K)No E0UILVS
* IZSTP.KYTEST.IDIR.IlTEST.IPTEST.KTNITL EQUIL2P%

C EQUIL230
COMMON /OPTION/ MAUXIL.MINGEO.MINVEL.MLOAO.MMATPR.MSPLOA. EQUIL231

* mSPTEN.MTEMPE.MTNIKL.MIMPUL.ISTRES.!NORNLISTREZ FOUIL23P
C EOUIL?31

COMMON /POLEGM/SNPOLF(4J).VLPOL(A.31.NUMS&).NPLLOCPOL().OPOLEFUIL34
* ,OVPOLE(A.3).YPOLE('.3).flPOLE(4.3).YPPOLE(A.3).JPOLE(4) FGUIL23S
* QOPOLET EQUIL236

C EGUIL237
COMMON /PUS$,/ FnRCES~l) .VE7LOC(3) ,RATIO.RATIOM.OXlO~e.TEMRP.OTEMP* EQUIL?35

* FSPACE.TSPACE.FINCNn.FSTOP.TSTOP.THCOEF EQUIL21Q
COMMON /PUSHL/ SORAT(2O.20).SORAZ(?020).FMASII(20.2O). EQUIL240

LEVEL 2.SQRAV.SQRAZ.FMASlI.FMAS22.FMAS?3,FM*AS33 EOUILP?;'
C EQUIL243

CO)MMON /QACONO/01,?3.'0,6OQAQQI,1,1,3.'QSEUL4
* GQFPEEI.QFQEE?*QFPEE3*OFREF&.QFCOPN*QQI.QGP *QEOUIL2'5
* TPACI.OTAAC2*GTRAC3.QTPAC4 FOUIL246

C EOUILA7
COMMON /SURNO)M/ SNPP(3) EGUTL24R
COMMON /SURNOL/ SN(3.70o201 EQUIL249
LEVEL 2.SN EQUILPSO

C EQUILPSI
COMMON /S?/ STRESE(3) E0UILAP
COMMON /SL/ STRESL(3.20.2f)STRESQ2.?O,?0.STRESPR2P0.2O) EQUTL253
LEVEL 2sSTRESL.STRESO.STRESP EOUIL?S'

C LOUIL2SS
COMMON /TENCOM/ YY(3.P).YYY(3.?,P).A(3,31.B(3.3).AA(1,3).aRk(3.3). FOUIL?5'S
*RMt1,3).OA(3.3).0qt3.3).G(3.1).G4(33),IN(3)Ofl(3.?).OOO)(3.?.P), FQUILPR7
* fGAM3,).OAMM(3.).N(Iv,1.i.Q1)o)TAU(3.3).TAUSL(33) EnUIL2%4

C EOUILS10
C FOUTL?%)

COMMON /TNCOM,' HMI(7.2O.pO),M*2)7.20,I)CAR(31(2.20.?O). EGUILPS7
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OCAP02(2.2O.2G1.CAPQ(33(?.O,2fl1CAPPOI(?.P0,?O), EQUIL263
*CAP2Q2(2,20.201,CAP?Q3(2v20.P0l E0UILS4
LEVEL ?Nmml,$m2,CAPOI.CAP02.CAPO3.CAP20l.CAP20?.CAP203 E0UIL26S

C EGUIL2JA
COMMON /VELS/ Y3ACEL(3).Y3OOT(3l.y3ACP0(4.3) EOUIL26?
COMMON /VELSL/ VELO(3.20*P0).ACC(3*>0,2O) FOUIL269
LEVEL 2.VELO*ACC EQUILP49

COMMON /ZACCEL/ SNfOT2I3,209P6l.yDOT2f3.?0.20) EGUtLP71
LEVEL 2.SNOOT2.Y2OOT2 EQUIL77

c EQUIL273
COMMON /OELC/ MCOUNT FOU.IL276
COMMON /DEL/ OELOAftI2o.2Ol EGUIL2?S
LFVEL ?*O[LAAR FOUIL274
COMMON /SURFOD/ E1(3.P0*2Ol*E2(3*20*201 EQUIL?77
LEVEL ?*EI*E2 EQuILPYS
TEUMTuOELTAT/OELTAP EGUIL279
0luII.E0.IRV1.OR.Ij.EO.IRY3 FQUILP90

Il~ullolEQUILPRI
1?PuI2.1EQUILPRP

I1mI- EQUl L244
1?0=12-1 EOUIL24S
LlmISIGN4ilsN1-?*II) EQUIL286
LPETSION(I .N;P-212 EauIL287

'1 ?VP220ELTAT*OELTAT EQUIL244
IF(ICOUNT .EQ. O)GOTO 400 EQUIL24Q
CALL MACEL EOUIL290
00 POO Jul.3 EQUILP91

C FGUIL?97
4.C 4O Y2 STRAIN ON 04 SkIDtONG-CLAMPED EDGE IN MOISOR(K..J)wI OIRECTIONEOUIL293

TF(GOI.ANO.!1.EQO.1AY1.AMO.K1.FQ.9.AMO.MOISOR(1.J).EO.1) GO TO 390 EQUIL294
tF(QQ1.AM.11.E,;.IRY1.ANO.j(3.EQ.9.ANO.MOTSD(3J).EO.fl GO TO 390 EQUILPQq

I0Q.AM..1Y,.NO.~.F.OAMOMOT0R(q~f.EQl)GO TO l90 FOU1L296
IFQQ02.ANO.12.LQ.19Y4.ANO.K4.EQ.9.ANO.MOISOR(49..E.11 GO TO 390 E0UIL~qT

r E1U IL204
C TO AVOID ROUMOOFF [MPFRPFECTIONS EGUIL?99

IF (W.OT.M..E.)0 TO 390 EDUILI 00
IF lx?.EO.7.ANO.J.EO.21 On Tn' 390 EGUIL101

T~KIEOq.MOI1E.2AM.JEO1 0G TO 390 EQUILI
1
)'

IF I (P.EQ.S.ANDI.'..Af..O2 00 TO 390 EQUIL103

1(:3.EOQ.S ANO..I1.;Q.1AMJE0) GO TO 390 EULO
IF 4 .E .AND .I?. 2M.ANO.J.E*.?l GO TO 3QO EQUILIOS

%If (KI.EQ.6.AND.J.Eq.j1 GO TO 390 EQUILI 06
IF t~?E..M..(.)GO TO 390 EGUIL107

C FOUILIOR
OFRIV80. EGUILI 09

C EGUILl110
DXSOXI FOUILI111
OXFACTv.S/OX FnUILl lP

r FOUIL1 13
IFlO0l) GO TO 130 EQuIL11'

C EQUIL1 15
0O TO (1209124.126)o J FOUILI 16

IPO FP0tVmnFlRIV.oAFACTe(CAPPOI(1I1P.I*2)-CAPP01(l.I1M.I2l) E(3u1Lll?
GO TO 140 EQUILl lA

(10 TO 140 EGUIL 1 '
176) OEPIVUOEQIV.OXFACTO(CAP7O3(1,112l-CAP703fl.IlM.I231 FlJIL1I'

AD0 TO 140 EQUIL12"

C EOU ILl
110 tIIMuOXPACT*L1 Fou I LlI'S

nATO (137.134.136). 1 FOUTi >6
11P nODVUOE9IV.OUM*(-..CAP7O1 (ld.1l.I4.OCAP7GI (1.I1-I.12)-CAPVPO1 (EGUIL12'

* 1 .l.?'Ll .12 Fnu IL1'I

-62



G0 Tl 140 FQUTLIIIQ
i14 OFPVzOEAIV.OUN*(-3.*CAP207(lIl.I2lI .4*CAPQ2(1411.LI,121-CAP7Q2(EOUtI130

l.12LII) FOUTLI31
GO TO 140 EQUIL1 37

' ~~ 136 nF0IVzOEAIV.OUM*(-3.OCAP?03fl .11.121 .4.*CAP203( I ,I1L1,12)-CAP703(EQUIL133
l.l2L11) ECUTLi 3'

140 CONTINUE EQUIL1 3S
C FOUTLI36

C EUIL13:
C XOX EQUILI 3

DXFAC=./D EQUILi140

e. EQUIL141
IF(002) GO TO 151 EOUIL14P

C EOUIL143
(40 TO (142,144,146). J FOUIL144

iPOEPI~uOE9IV.OXFACT*(CAPO1(P.1.I2P)-CAP2QU(2.I112uul EQUIL14S
CIO TO 160 EQUIL146

144 nE1IV UEAIv.AXFACTA(CAP?O7(Z.11.12P)-CAP2?(2,Il12M0)) FQUILI'?
*Go TO 160 EQUIL144

i46 CEpiVUOEPIV.OXFACTO(CRP203(2.TI,12P)-CAP703(2. 11,12)I FQUT149
G0 TO 160 EQUILl 50

C EQUILISI
C FOUILISP

1%1 OUMmOXFACT*L? FGUILIS3
* GO TO (152,154*156).J EQUILI 54

152 oFAivUenaiv.oumo(-3.*CAP20j(2.I1,1?.#4.*CAP201(2911.1?.L2)-CAP7Q1(EQUILISS
* 2.I.I2.7L2))EQUILIS6

*GO TO 160 FQUILIST
is& noEP.vzoEqIv.oumo(.3.OCAP202(2,1,I2).4.OCAP20,(2,I1112.L2)-CAPQ2(FOUIL5SS

0 2.11.120POL?)) EOUILIS9

O o G io QUIL110

160 CONTINUE FOUIL163
C E0UTLIS&

Y200T2(J.1;2)Z(DERIV*E2(J. IlISTRESL(J. I1.12)$FmAS23( 11.17) ECIUIL164

C EFOUIL1'jT

YP(J.11.1ZlUY2(.J.11,12).02(J.11.I?) EGUIL169
*300 CONTINUE FOUILiTO

P48* CON4TINUE FGUILI 71
*C TAKE OUT NOPMAL COMPONENT WHEN IT IS OESI11EO TO RE ZEQO EOUILI77

TF(TNOPML. F.Il G0 TO 3010 FQUtLl~l

* SN(3o.I1*12)*02(39Ii.I2l EQUILIYG
OELSNluOELNOP*SN(1,t1 .12) EOUIL17S
OELSN~oOELNOO'SN(2.11 .12) MOULITT
OELSN38OELNOPOSN(3.I11912) EGUIL17R
GOTO 410 FOUILITO

4')0 nFLSNIO-OELBAPIiL, 12OSN(1 .11.12) FOUILIR"'
OELSN2U-OELGIAP( 11. 2)'SN2I *12) EQUILI Al
OFLSN33-OELSAP(11.I7).SN(3.I11.2) FOUILIqV

02(2. 11.12l02 (2*Il*17)-OELSNP EQUIL1S4
nP(3.11.1?1302(3.I11121-OELSN3 EGUILIS
Y200T2(l.lII.12)aY200T211 .Il.12)-TERN4260ELSNI FQUILIS
Y200T2(2. 11. 12) uY200T2(2, Il,1?l-TEPIi200ELSN2 EQUILIql
Y?00T2(3.r1l. I)Y2OOT2(3,I1, 17-TWDI.2,OELSN3 F'IUIL14q

%Y2(1.11.12)=Y211.I1.12)-O)ELSNl E(IUILIBQ
Y7(2.11,12)wY2(2*,11?)-OELSNP VnUTL190

300 CONTINUE FQUIL1QV
OFTURN FCI IL 101
ENO FGUTI1Q4
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-6 *

SUROU1TINE PRIN47UNOFXX) PO TT I
IMPLICIT LOGICAL(Q) POINhT ?

COMMON/ALLENE/ TOTAL.TOTKIN.TOTELA.TOTPLA.TOThEA.TOTTEM.INFRGY MAINT 4

COMMON /CARTE/ YTES1'.YNEW.YSAVE PIT6
COMON /CARTEL/ Y(3.,0.PO).O(3,20.?0).Y2(1.20.?0I.O?(3.20.aO) POIN~T 9
LfVf!L PsY.0.'2.02 POINT' 10

c POINT 11
COMMON /CTIME/auAUX20,;TI:E.OELTAT.TIEF.rTIME.ITIMFF.IAuxI?0l. PIN 17

*LEVEL 2.IPLAST.P.PDL POINT 1

COMMOhN /I'40X/ NREAO.NJWPITE.NPUP4CP.NMFH1 .NmESNi?.N1 .N~,ANZ.N1m.Nm.0gIN 17

* r503.IST94.ICI.IC2.IO1 .102.IPI .1P7,1Sl.IS2.Kl.K2.X(3.KASP(kN, POINT 14
K ZSTOP.KYEST.IOIRIIEST.IPTES?.KyNITL Paj1%? 70

C POINT' ?I
COMMONd /0*M'SCN/ EE.UALP4A.CNT.XPO4.&CTOPP&T,PW4O, PR14T 2

CO0MN/0OLGM/SNPOLE(.3.VELPOL(431NUM( 1)NPLLCPL(1,QPOLE P112
0 OYPOLE(4.3).YPOLE(4.3).02POLE(4.3)*Y2PPLE(4*3)-JPOLE(-L OIT?
6 QPOLET PRINT 27

r pa0141 201
COMMONdSooo Q.3~.%Q.?Q.QQ0Q .1.1.1.1 POINT ;?Q

0 *O0f.FEg.~r'OCPQ.Q QPRI4T 30
* TO*C1.0TPAC2.o1'mACl.nTPac& 901%?T 31

COMMON4 /OLt3GIC/ OAUXC,0) .1?ETA.QgTRrS.GPLAST.QSENSI.QEGUIL. P0I4T 33
* 0DANGNE.IVLQOnQAPOnWKsTMEQPE.AXI PRINT. 34
* 0*uXI1.GSPLOA.QI4PIL.QSNaAPP-OPE5O.0ICH4.0SwAP PRINT 35

P014T 36
COMMON /SUPI40MI SNO~ci) P9141 37
COMMON /SURNOL/ SN13.P0.?O) POINT 3R
LEVEL ?.sN OINT' 19

c POINT 40
COMMON /S?/ STRESE(31 PRINT 41

4.CMMON /SPL/ STPESLI3,?0.1f).SPE%0I.O.0).STPESP(2.20.20) POINT 4
LEVEL 2.ST0ESL.STRESn.STD.SP PIT4

C POINT 44
p ~~ COMMON /?FNCOM/ v 1.t..)A33.33,h.l06,l PRINT 4S

* ow(3.3p.OA(3.3).DAII33,crtl.3),G(13I).nN(3),oOI3.?).Oon(3.2.Pl, PRINT 46
* DGA(I1.1).nG*MMXI.1)...NI .MeO(?) ,?AU(3.3).r*USPL(3,31 POINT 47
0 POINT 48

C POINT h9
COMMON /TwKNS/ Z*?.7.CEN T CNASCISAA )*w(IGT.636. POINT SO

0 NiUSS(4l.tUSSNL&YEP.LA?0.NSUqLf41ioSU8L PRNT1i

COMMON /TNCOMP/ NM(.0~lN?~?.2lCP~?7.OPOINT 53
* CAO(.02)C~4??,(1CPO(tO21 P0INT 56
* CAP2Ge2.2O.2O .CAP03(2.?n.PO! POINT %5
LEVEL ?,Imbi.M4M?,CAPOI.CAPO?.CAPO3.CAPPt11.CAP2O?.CAPPQ1 PRINT 56

COMMON /STPOUT/ ISR.L.LC.mISCA.rPC.3).TW(3s3l PRINT SO
c POINT 50

rOMMON /CPPINT/ GTY.GPlASF(,.3).0000SE(3.31 POINT Sq

r. POINT si
COMMON4 ,TmOFF/ &GAM113ONT%
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COMMON /URAC/ TAUF(3.3).TAUSPN.NUM.IpS1(l0)gIPS2(l0) PAIN4T 63
CPAINT 64

COMMON /NATRIX/ YLOFAC.ANUM POINT SS
CO0MMON /"ATRTL/ LMAT(PO009119FWAT(6028.201 PRINT 66

c LEVEL 2.LMAT.FMAT PRINT 67

IF PRINT S4q
I(ITImE .Ea. -1) RETURN PPINT S9
TINDEKAX PRINT T0
IF CINDEXx *GE. 4)11.,PRNT7
GOTO(I000.2000.3000.4000) 1!PAINT 7I

C 
PQINT 73

C 
PRINT 74

C POSITION AND TIME PRINT 1 5
CPAINT 76

i660 IITuITINE/IOUT1t)IIUTII -ITTINE PAINT 77
IFIII.N!.0.AND..NO4T.OPRINT(lU) GO TO Tot PRINT 78
WRITF(NWRITE,1001)Il.I?.ITIMF PRINT 79

loot FORMAT~fhifu".1s." 122u".1' ITImEw11*I5/) PRINT g0

701 CONTINUE

c C P OST AND SECOND Y"S DERIVATIVES PANT R3
C FIRST AND SECOND Dy"S DERIVATIVES :AINT A&

IIIUITIME/IOUT (2)*IOtIT (2)-TTME PAINT SS
IF(III.NE.0.AND..NOT.OPRINT(fl) 6O TO 702 PRINT 865
WRITECNWRITE.100) PRINT S7

100O FORMAT(//9X.'*FIRST PARTIAL.DERIVATIVE OF Y".201."SECONO PARTIAL DEPQIT 88
*RIVATIVE OF Y"0/12X."YY(J. 1)e.x"Vy Ij.2)"o.19XK,'yyy 1.) 1.) '@,SX. PRINT 9
*"VYY(Jo. .p)'.5E.",YYy (J.P.P)"f/) PRINT 90

WPITFENWRITE.1021V.) 'I,).YY(P.I)Ytglyyp1.1) .yyy(2.1 .2) YYY(2,.2)PRINT 9?
- WPITE(NWRITEs102) YY(3.1).YV(3,2).YYY(1.1) ,YYY(3.1.1I.YYY(3,?.2)PRINT 93

102 FORMATf7X.2EIS.6eI2X.3E15.61 PRINT 94
WRITE(NWRITE,103) PRINT 9S

103 FORMAT(//05X.-FIRST PARTIAL DERIVATIVE OF DELTA Y*19I&X*"SECDND PARTPRINT 96
*IAL DERIVATIVE oF DELTA /12NO(.S*8.D(.S,9MO(JPNT 7
*1 - 11#S x. InOD. .121 ,. Sx s aof0ln(j . .2) is PRINT 98
WRITE(NWRITE.102) OD(Od.) .0(1.2) .OlD.1I) .ODD(1.I.?) .OD().?.2IPRINT 99

% RPTT(NWRITE.102) O.).02) DOt)OO(I.)DD,7)RNiO
WaITE(UMRITE.102) OD(c3.U.*O(f32.8003.1.1U .OOD(3o.)?)O(3,;1.2)PSIvT101
IF (OIPCI4) GO TO 8101 PRINT) 02
WP ITv (NWRITE.SIOO) PRINT1O3

KinO FORMAT(//9X.'*FIRST 0ARTIAL DERIVATIVE OF YPI-,19Xo'SECOND PARTIAL OPRTNT104
*PRIVATIVE OF Y'iIX"V(,).EY7.,),1Z'Y2j .)"PITO
* 41.'YNY2(J. I.2)'14.6A.yyy2(J.2.2)",/I PRITlt16
WPITE(NWRITF,1021 YY2(1,I) .yyp(1.2)'yyp(I.1.1) .YyV?(1.1.?1 .Vyy?;(1PPINTIO7

p *.pl PAINTIO9

* .?.?) 
PRI1TTI10

WRITF(NWRITE.107) Yy;?(3,1).YY2P(3.P).VYYY2(3,I.1).YYYP(3.1.?) .YYYI3PRINTlI
p *. P) PRINTII?

- WRITFINVRITEe5103) PRINTI 13
%i03 FOPMAT(/,8X.-IFIRST PARTIAL DERIVATIVE OF DELTA Y21191X,"SECDND PARPRITI16

*TIAL DERIVATIVE OF nELTA Y2"'t/12X."02(Jol )",71."'OO?(J.21",l8X."00PR1N4T118
*O2(.1 1 ).'K.OOO(J~ .?),6X"OD2(J,.?l*/)PRINTI 16

WPITE(NWRITf.IO02 )n002fl.1.Df)2(I.,.OOOUlel.1U.00?(I.1.?).DO,(IPINT117

N* 0292,) PRINT) 18
%WRITEtMWRITE.102) OU0?2?.D?.&OOP..)DIRNTQ

* p~.p) PRINT) 20

%* .p) PPINT2
%lot10 CONTINUE POTNT173
702 CONTINUE PR INTl 7'

C POINT12S
C FIRST AND SECOND METRIC TENSORS SINT) 26j
C FIRST AND SECOND AETAIC TENSORSS INCRFNFNTS PAIN4TI?7
C .wa f N?)

II IUITIME/IOUT (3)OI0tJT (3)-ITIME PAINTI 29

IF(ITII.NF.0.ANO..NOT.4PRINT(l) GO TO 703 POTNT130

WRITE (NWRITE. 106) PRINT) 31
% lob FORMAT(//161*,"FIQST M4ETRIC TENSOR".29X."SECOND METRIC TENSOR",') PRIT137

WRITE(NWRITE.9071 AC).I) A(1.Pl*8().1).0(1,2) PPINT133
907 FORMAT(?X*1"A(l.1)v11,F3.6*' A17u.I3AA.4).11"E36 PRINT134

**' Af1.?)m1".E13.b) PAINT 13S
WRITE(NWRITE*908) A(d,(.)R71.(.)PQINT136

908 FORMAAT (2X1A(2.1 )=11sE3.h*9v .l "E36AA"(. )"E3A PRINT) 3?
RfP9P,7)v".E13.6) PQINT) 38

WRITE (NWRITE. 109) PRIN4TI 34

109 FORMAT(//9X.IIFIRST METRIC TENSOR INCPEMENT".191W"SECONO METRIC TENPalINT1AO
*508 INCREMENT'$/) -PRINT) Al

WRITE(NWR!TE.9l OA(I.I) .OACj.2)snfl8(1I)oDS(l2) P9INT14P
909 FORMAT(" DAdI9).)8".E13.6v" OAU.Pla".ef3.601 08(1 .1)3".E13.B.PRINT)A3
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010 FORMAT(" 0*12. 1)m".Fi3.6." nA(292)m"*f13.fi9" 09(2.1 lu"aEI3.6tPP0vI4*
*§ DR(7.Plw~"oE13.61 PRINdT147

7fl3 CONY1NUE POItNT1I 6!
c PRINTI49

C STRESS RESULTANT PRITiwSO

C PRINTISI

IItuITIM4E/IOUT(5)I OOUT(S) -TTYME PRINTISP

wIY(T.NE..AN) NT.lI.N(l. 60NTO T3) PPINTI%3

Wa!TE(NWRITE.11S) 1N21.N(*IN23 POINT154

116 FORM&TWOO CN2.IU'
1

E1ANT COMONNT% OF Y3".ELATIVE IIN(?.31u@ESU.APRINTISO

70 ONTINUERI/ PRINTI6

r RIETUNWTE98 PRINT159

C PA1NT164

C RFSULTANTS PPINT1IS5
C PRI1'I6'

2ffO IF (ITIME.EQ.O) PETIJRN PRINT167
IIIUITIME/IOUT (6) OTOUT (6)-tT4 PRINT164

tF(III.NE.O.ANO..NOT.QPRTNT(fd)I GO TO0706 PITb

ITIMiEPuITIME-1 PRINT) TO

TTMfPwITINEP*OELTAT PPIJTIl 

C PQINTI72

%C WRITE TIME ANO ITIME AT PRECFEDIMO %TEP OPINIT3

C PRINT1 74

WRITE(NWRITE.2) TINEP.ITIMEO PRINT1 75

WOITE(NWRITE.920) PP14T176

5P0 FORMAT(//36X.-ITENSOR IEFINEO IN *.29A.I-CONTRAVARIANT COMPDOINTl77

*ONENTS Or TI4E,/33X." TH4E PETPOS 4 REPORT",.3&X."RELATIVE MOMENT PPPI%*Tl7!
*ESULTANT TENSORI-/3X1.Ii 12".32X."O(LA.J,I1 .Il...&5MXut4(LA.LB.IIPPINqTl7q

0.12"/)P I %TIAOf

no i2! Itui.NI PPINTIRI

00 12A 12ml.t.2 PPINT1!P
WRITE(NWPITE.921) 11.12.CAPOI(1j.it2lqCAPG2(l,1I.I2l.CAPQ3(l191l PPINTIR3

021 FORMAT(P15." CAP(I.I)u'.E13.6." CAPO(I.2)xl".E13.hs PPINTIS
-~*" CAPQ(I.3)w".E13.hA." HMIIU..,EI3.A.1 mu12a'.C1E3.6l POINT186

WRITE(NWOITE.92?) CAPQI(2.11.1p).CAP02(2.11.121.CAPQ3(2.11.12). POINTIS?

* MMPl.IN21.MM(2tV12
0"2 POPMAT(13X.SIC*PQ(2,)lur".E13.A.1 CAPO(P2.la-".EI3.6,0 CAPO(P.31u' POINTIqQ

*.EI3.A." laI*.13A' Mu,'.E13.6) PO!NT190

IF (QIOCHI GO TO 12A POINTi QI

* 1.7) SI'RSP(.1I12) STRSP(2Il.2) RINT193

a21 VoRMit?(2I!." CAP2Q3.~"E36"CP01?a.1.. A2(l.3)PQINTIq4

09--).6"RIlu"PVf-"12)"3.6.6) PPINTIQS

WRITFENWRITE.821CAP(21(2.1).12),CAP2O2(2,11.1219CAP203(2.
1
1.

1
19 POINT196

*STRESO(1.I1.I2) .STRFSG(P.I1.12) 001-4TI97
922 FORMAT(12X."CAP2O(71.1 )0.66.()*1- CAP?§(7.71 s'.E13.6. PPTNT)QS

0*' CAPP0(P.310".E13.6."1 Q(I)NI1,E13.6."1 Q(2)U".E13.bl POTNT199

WRITf(NMRITE.fk231 II.I2.STRESL(11I12) .STRESLI2.II.I? .STRESU13. PPI%7200

* 11.121 POINTP0)
973 F0RMAT(I!." STRESL(l)u"-.Ei1.6." STQESL(21x".E13.b." STPESI(3)RRINTP0O'

*.*'.EI3.6) POINT203

126 CONTINUE .POINT204

7f16 CONTINUE PRINTPOS

r PRINT?06

C NORMAL P I NT207

C P@IT2OR

*II TuITIMEIOuT?*IOuTf?-1TT~mf 4

lFr1II.NE.0.ANO..NOT.QPPINT(7)) GO TO 707 PPI%T210
ITIMEmUITMF-1 P0IT71 I
T 1 TMP vI T I E P * fL T AT P PI NT P ;

r PO1NT213

C WRITE TIME AND ITtmE AT PQFCFEDING STEP PRINT214

C MIECNWR1TE0.02)IETMP SRAEN~4L'3. POINT217

InOP FORMATI//17Xo"COMPOV'ITS O ESUFCNQML/3.T 1,0 PR1NT218

nO 1007 Ilul.NI BRINT2?0

DO 1007 lOO 1ul.N? 4
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WPITECNWRITE,10031 Ii*129 SN(Itl,12) ,SN(2.I1,IZ) .SN(3.I1.12) PRINiTP2
i043 FORMATIZIS.3E19.6) PPINTM2
1007T CONTINUE PPIT2P4

IFl.NOT.04) Go TO TOT POINTM2
00 1010 lulNPL PRIdT22

-- KwLOCPOL (I) PRINTM?
1"10 WRITE(NwRtTE.1020) K. SNPOLECK1l).SNP3)LE(K,?).SNPOLE(K.31 PPINT?q
1020 FORMAT 0- POLE ON$#/-- SIDE'II2."1 =113E19.AI PPZ4T2P9
70? CONTINUE PRINT230

C P01TT31
C POSTIONS AND INCREMVNTS P01INT237
C PRINT233

I1IwIITIME/IOUT 181 O1UTCAI-ITIME PPINT?34
lF(TII.NE.O.ANO..NOT.oPRINTIPI) GO TO 70R PRI14T23S
WRITE(NWPITE971 TIME.tTIME PRINT236

2 FORMAT("1'I.tRX."TIMEu'I.El3.hAX" ITIMEuS6.Irl) PRINT23T
WPITFINWRITE.3) PRINT238

3 FORMAT(/4BX, 'CARTESIAN COORDINATESS//30EoePOSITION' .371. 'CHANGE INPOINT239
- 3 PaSITION'//3X.'I1 12' .R1.'yI'.13X.'Y2'.13X.#Y3'.IAX.'DI* ,13X.'OPRITAO4

*2..13X.103@.12X.SP*.101,.IPLAST*I/l PRIhT2Al
WRITFINWRITE.A1(IIIII.IY(1.11.I2),Y12.11.I2lY13,I1I?1,O(1iel12)PRINT24'

" .D(ol.I12)*0(3.11.1;P).P1Il.t2)*IPLAST(1ll2). PPI'NT243
" 2pIPV2.lPY4A.IlIRi'.IPY3) PRINT244

4 FORMATI2IS,3EIS.69I *.4E1.%.6s3XoIS) POINT24S
IF (GIRCH) GO TO 1004 PPINT246

* ., - WPITE(NWQITEil093) PRINT?'?
10S3 FORMAT(////S2X*IIY2 COORDINATES ',30X."POsITIoNI*.37X."CHANGE IN PQINT244

*POSITION'-// 3X.9111 T?'.6X.'IY2I1) ".IOX.*Y2(2)"I. 1OXK.Y2132".151. PRI%4T2A9
"Op (1) I's I Ox. "OP () 11910."M2 (1) IPLAST *41/) PQINT2SO
WPITE(NWOlTE.S'(uI1. 12Y211. 11. 2) .y2(2.11I.12),y2( 3. 11. 21 .02 (1. IIPPNT251

* PY1.10 Y31 POINT2SI
S FOPMAT12TS,3El%.6.' W.3El5.6.3X.19) PQINT254

1064 CONTINUF 001 NT2Sri
IF(NPL.EGO) GO TO 9P9 PQINT256
n0 927 Is1.NPL P01 MT257
K=LOCPOL II PR I T254

WPITECNWRITE.92A)K.Y~rlLE(K.I).VPOLE(K.21.YPOLE(K,3).OYPOLE1K,1l. P,.INT25q
0 DYPOLE(.2).OYPOLE(K.3) P0I'NT2SO

9qPS FOGMATISSOPOLE ON S310E".12." W4AS POSITION AND INCRENVNTS a$-/ POINT261
* i 01X.3E15.60- '".3EIS.A) PRINT262
IF IOIRCHI GO TO 927 PRINT263
WRITE (NWR ITE. 19?89)K. YPPLF (K. I) sYPPOLE (K. 21 Y2POLE'(K.3) 9OPOLE (K 9 PPI%r264
0 lD200LE(I(.2).O2P0LE(K.1 PRINT265

i. .18 FORMAT01 POLE ON SIOE11.12.1". Yi POSITION AND INCREMENTS 249/ PPINTP66
* IOX.3E19.6." ".3EIS.A) PRINTPS7

977 CONTIN4UE .PqINT268

920 WRITE(NWRITE.930) PCRINTZS9
930 FORMAT(/22X1'* IPLAST GREATER THAN ZERO INDICATES PLASTICITY AT TMPRINT270

*IS TIME STEP-@) POINT271
708 CONTINUE PRINT27?

C PPINT273
C WRITE IMATRIX PRINT274

fiauTINE/'IOUT(I14Ve1OUT(14)-ITIME PRINT?75

I F(III.NE.0 *ANO. .NOTAOPPINT(14))GOTO 730 PPINT2?
* W~PTNWTEl) TIMF.ITIME PRINT27?

1230 PRINTV7
no 710 rLAYERzI.NLAYFS PPINTP7q.
NOAUS~aNGAUSS IILAYERI PRINT2?9O
00 710 IGAUSSxl.NGAUSL PPIIT? 41
NSSJLRNSURL (ILAYEP) ORT04TPSV
D0 710 IS~wi.NS8L PC a TI

12.12.1PR? NT?94

WRITE(NWRITE.715) ILAYERILAYER.IGAUSS.ISS,( I2.12UIRY2,IRY'l PQINT28%
0O 710 IluIPYl~dRY3 POINT268
WRITE(NWRITE.?20)l l. ILMATIII.12eIZ).I2uIRY2.IRY'l POTNT247

710 CONTINUE PRINT248
711 FOPMAT(*1 * . TIMEg.El1.A.8K.' ITIMESS.15,' PRINT9

,,#:9;'!U7OIVISIONS OF !TIAE.INCREMENT IN STRESS#/) RINiT 0
71 FOMT//2OX.0LmAT(li. 29.12.1 ) L YFR'.12?, GAIUSS PT.',I?. I0NT2 I
0SUBLAYERI.1?//$ Ti I2st.4013/1 POINTPQP

7P0 FOPtiATI' 0*.4.SX.4013) POINT201
r W C RITE FMAT ::,1 NTP04

710 TIIITME/OUTIS.IOIUT(IS-ITIMEr PDIT2Qls
- 4'. IF(III.NE.0 .AND. *NOT.CQPQINT(15)lrOlTM 740 POINT946

WRTEINWRtTF.744) TINE, ITImE PDINT2Q7
DO 73S ILAYERR1.NLAYEO P01 NT?94

4%NGAUSLwNGAUSSI ILAYFRI PR? NTP99
00 739 IGAIJSS*I.NGAUSI- POINT300
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WP1TENWAITE#?4SJ ILAYE0.rGAUS5.(12.12w1STR2.ISTQ4) PPO!IT301
D0 735 li1.STRl.ISTOI DOI14T31>
Wp!T[(NW0ITE.75OI 11. FMATUIGAUSS.II .12) ,!ZUISTQZ,1STD41 PNT0

715 CONTINUE POIN T30*
740 rO#PMAT(IIS.1TIMEU..E13.A.AX.* ITIrME...IS/I POINT30S

F.74S fr~4T/PXIOA(t1.o , 6AUSS PT.'.12. PP1~t3O&
wo'1' It I?st.&013) POINT307

740 VrOPMATf *.14*6xs'0Al) PPI%T304
740 CONTINUE PRIN.T309

RETRN.O1 A0IAU~E. (NI1E92PRNT310

.: PRINT311

SRESS IAY POINT312

300IF (ISUPL.E.S8 RE TJRTu.0')IAYPEGUS P0PNT31'.

102 FORM AT01i" I&lCONRAVARANT COMPOT OF T WE STRESS TENSOP.'/ "A(.) OP PNT314

*LAEFO.GA.SS SAION STAT.".12. *'/(SL3E1) Afl? TPOINT313

C ASLI.1/ DOINT37n
4000ITE .IEQ.193 O)RTUAYE GUS~S POINTI3'
1413 OFX *EQ. T11)6070 8300 Oa1% PQT333

ITE uPTTMEIOT II) 'TU C 21 I.J.JIME .. 1 PRINT33a
194FPMTT.N.3F*AN. *O.PIN(2COO'1 PPINT324

NSO(INSURL(LAY3) POIT325

IF0 w1TIUPL.E.NS8) WRT1S IF.0P LYE-GU~ POINT3P

(P1fRTEIJ..0) (CTN.31 PoINT327l.
4002 FOMMATt/" CTN1.1).'.E22.1. OF TwF)STESS.. TNOR.3)'.E,.5 FOP PT379

OL* R11-1 GAS TNC.1u'E.,.1 TN(2,2lu'.EI5.'S) TNO1..E,1,PINTI4I

'010 RETURN PR INT330

C DOINT331,
4omO MPF(MRIEQ. 01RETUR)Jtdl3)dl PQITT33

'C ~ ~ ~ 0f~ l ORAtT), ILT(i:):':E22i2)' TRI:2::E 2l: PRI3:SE21~ NT334

IF 1 ZE. AND.)'2. O.PPIT3j2))GnTO?.010.'T(.)s.P PR1NT335

* ~~TENEXX-3 6 lqL.CC7SrS PQINT336

GETURN 050060o00.0080090)I PPINT337

C OPP1T319
400 UR wITEINWRTTF.A001) Z.RZ.IC PO TNT136
4401 FORMAY7C.RPUTN ASTPESS.15. R Iu'.F .11*/,SCu.E3. PPTT357

wPITFCNWQITE.6002)UCJI.u).2.) PPINT341

4002 FORMAT($ TNr1.11','E2P.15.' TC).2)wu.C?2.1So, TC(1,3)-'.E2.15/ PPI%T3*?

* '1'C?.)u'E?.15' T)2~)..E~.1.'TNc)?l.IEu'.E.1c;/ PRRTI3

* 'TC)3.I)*'.F22.1S.l TC)3.?)B.E2.15.' TCI3.3)w'.F22'.I5) PQINT344
400RETURN PIT6

-4OWOTTF(NWRITE.5005) ffTM(J.1).I21.3).Jvl,3) OIT4

*nn FOT ET1)'.ET.5, TP(.PI.,)w.7.15.1 TP )2.11'.E2P.15/ OQg'4T34$

* 'TR13.1)EI.E22.15.1 M3~..2.5@T(31..?.~ Q%?

RETURN PQI1NT3S'6

C PRINT35S

400WPIT(NWRITF.600S21.Z0jC PaINT356
Afto02 YORMAT)' AUR0mTE22I. 8FTal.7* 59)TCx'E21)OTT

* MRITE)NMRITE.60031 f(C8(j).II.3).x13) PRTVT353

AA06 FORMAl' A S l.l.E31 ' TCS)1P('E2 1j.' GRAE(?13):I.PP NT~s4

1 '2lz920IWTp?3u.2'l/ PTT4

TC33-.2.bl PTT6

RETURN....................................................

........................................................
-"M WR T IW IT . 0 1 MLAMO * * * *



'-7:

09 GiS~.fl. ~G8ASP?b..F2?P.15.$ GPASF (2.3)-§.E22.15/PRTNT3So0
*' G@ASE(3.Ilu. .E22.1%. , flAASf(3o?1sf.f27.I5, G8'SF(3.3).. .E22.lSlPGTrNT3Rt

~R04 FE1PWAT(o 0GRASE(I 1.11u.F??.I%.9OA*-I .) OGRASE(.3)PONT31
0.9 .E2p.15/ PR! %T3R4.
*1 DGAE2Iw.211. OG8ASEC?..)s,.E??.15., 0'rhASE(2.3)m1.EP2.PQ!%T395
'15/ POINT346,
01 GRASF 3.1.9 .E?2.1S.

9  
D~RS3p. ~1. GPAS(3.1)-1.F?2.PQINT3q7

*1is ORINT3QR

'IQ ITE IN1, RTE. flOs)E f(Gj:113)* a.3 PQINT399

% 400 1(.)9E~1, T,~2..E7I. G(I.33u9.E22.'S/ RiTQ

r 9 I3511E~.59 (.21-.E27.1 5.1 GQ(31l..E2.15,/ POINT391

WA1TF(PJWA!TE.Aoo6) GTN'PV PRINT393
Roob FORMAT(- G1'VPE='.E?P.lS)) PPINT394

WRITE NWOITE.aoT 3i.'.Il...13 PPNT395

"2' ~ ~ ~ nn * F6opm&TP1.'G12jo9E.1. GG1I.3)-9.E2P.L,/ I TT396

* G(3.).'E~,1S' G(3.'.E?.I.9GG(393)w'.E2P.IS1 PRINT391
*.WRITE(N.QIT 00NI ((flAm j [)of1. .lJ:!03 I PPINT3Q

400AO FORliAT11 0GAM( I3..E2?. ISOGDAU m(1.2).9E22.15.1 t0GAMCI,11Iu.F22PR!%NT4OO

9.15/ PPINTA131

Of nSAM(3.I uf.E22.15.9 DflAM(3.2)a9 .E2P..1 D GAM(3.31=49E2.151 POINT403'

.2- 9ImTE(NWR!TE.800q1 (cflGAM~X(J.).I.31.,JmI.3) POINT4D4
AOE4Q FODUAT(I OGA14MXC1.I)m9.E2P.IS,f I0GAMMX(I.Pls1.E?2.15,9 OG*94MX(l.3)PR1TT40

euv.EM7.1/ POINT406
* .9 0O GAM9'K(?.I)xf.E21.%9 DGAMMX(P.2).9 .EP?.15, I'GAMX(2.31aIE?2.PP!NT4O7

*lS/ PR! NT&04
of DGAMNX(3.1....E2?.15,.9 nGAA9mxCi..'!9.E?7.1S.9 UGAm".X(3.31,F72.PO1%T40Q

RFTUPN PRT&TI I

C PRIN T412
JRt816 WPTTEINWRITF.AIOI) D GAMUX 13.1) PQI%T413

Alo) FnRMAT)' IEVISEO) DG&MMX(3,1Iu9.EPP.I51 PAINT4I4
PRTURN P I NT4 1S

C POINT4l',
R9200 WDITE(NWRITF.42OU) AGAM33 PRINT&17
A~nl FORMAT(@ AGAM33m9.E?2.15) POTNT419

RETURN PR! NT 1 Q

C PR! %tdpfl

C MIXED TEN4SOR STSgFS % %T4'11
c POITT42

RinG WRITE )NWRITE.A320) TIME. IT!PE.II.1P.1GAUSS*TAUR94 OR1NT423
VOITFINWPITE.0325) ))TAUF(I(.J).Jzlo3)9Kxl.31 RL.INT474
OFTUON Pa 1NT4;5r

Of GAUSS PT. a-,13.0 TAUSPH uf.FlO.1) PIT>
417 F0R"AT)rjX.fMtXEO TENSOR STRVSSES9/ P~Y4-

% O*IQX.' TAUF(P*1)zf.F~nl.. TA11F(2.P)m9,FIfl1. 91 TAtUF)?.31.9.FIO.1/ POINTA31
9IRK.9 TAUF(3.j)m1.FI0.1.9 TAUF1.?11.P1O.1 r AUFri.11v1.FIO.1I optT&3P

END POINT411
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-AX 1 - 1

SUBROUTINiE MAXPIN(1AU.IC7) A I N 2

IMPLICIT LOG [CAL ) 41&I 3

CU,'ON /IiNOEX/ N .. R NCHN MRt..2iNs1N,'2~Xt.~

* iT~li'rRNiC.~L.L~ .Z2,,~. L2,i1.32.i.2,K3.A4.(kUN, MAY14 N b~
* STRIPISyE4T Ici.iET I ~ ~ T.i. 6L2 Kti

?. A . i II

COM-CN /'IEF A1 31, T I Nk.GEL T AT. I IME~ I TF .3 ME~ f Il-,A.A 1 2j -J W m*N1.

9CL .0 9 1.T I " UI NL 3

COMInCl./ I 'tL / ULASr I C,,C?,0,llU., G.?PL 121,2C J -Ax I NJ'4

L EVEL 2. IPL A, *P.?L

2f N2P I 3.1 .L*i .3u 3 * T ICAx:iAIA 
N.3 13i~ .3, ii .1 T[9 M33 ,rI Ni 'A

* .TIMl33,tL~ 33)A X! I N I

DATA GM/.FAL)E .1,14AJ "AR' .PiN/ "[W/ x 1142 1

L - 6, &X I N2 .

5 C c)IGi -AX' INV'.

GO [IP C 0 a3 I sNZN

TAUMAX I. I ,J1-). C IAX1%24

7AUINI I. J 10.L - A v IN2q

I L' IN( I * ~I -C ~Ax[N11.3
!2-AXl i)C -c AX 3I

I G MI N (. I ~a IN % 1

I .MA x Ii I j C a 'A I [3"

I G C 0NI INuE a .1.43 b

F.TQ6E . -a- -P3?7

200DO 30 1 -1 'I , 3.

IF IA NOi .. Z-I b I 14GT 21 5AxiN'

T[[MAI .IT A U I A' x N , 3.

)GMAXIi.)-IlALS' 4

T I M IN 1.,4 IT "L E 14 -A a '

I I 1,4 jI- Ii Ax. 01 N',

12 1 11 N * II-12 -AW - I N',

TI I1 11 41, I- TI "E &'i'

3 u CONTINUE 0N'

R f TULPN

I T) E I N.RITF.ILQC) A A

14, ou '.5 I1,31 3

SIG" A X I,J) ,, ,AUMAA( i., -A'A4I N'.

4!, CONT INLE 1' % 6)

w RI T E IN wR TE.iJOI I %hi

00 50 1 -1.3 - & x- i N'.

00 50 -1 .3"Av iNt

w I TE INo.R ITE k 10 T I MIIJ . . T I PI I i I,11 1 iN Ii I . 12 1 11 1.NJV

I GOCINI , JI.I,TAu"il I,J) A x'I 1

t)0 CONTINLf "A 4 7?

RETURN A/ I N 7

110 FORMAT( TI"j-,,E1).b,' II"-I. 1 1. 2
* GAUSS5 PT.'12, I~ /l j r L' A Ui F 1* 1 ~. 4 

1. EN
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SURROUTINE SFORCE (CS.TNICXN.YVVY7.I1.12.SURFGG) SF0OC)E I
C SURFACE FORCES (ONLY FOR %HEAR OPTION) 'FOQCE 7

COMMON /CARTE/ YTEST.YNEW.YSAVF %F0QCE 3
COMMON /CARTEL/ Y(3.20,20).O(3,20.270).Y2(3920.20)902(3.20.20( SFORCE 4
LEVEL Z.Y.O.Y2.O2 SFOQCF 5

C SF0GCE 6
COMMO0N /PUSH/ FORCES(,).VELOC(3).RATIO.RAT!OM.OX1.0)X2.TEMP.DTEMP, SF02CE 7
*FSPACE.TSPACE.FINCNOD.FSTOP.TSTOP.TNCOEF SFOQCF 4
COMMON /PiJSIL/ SGRAT1(20;:O);!GRAZ(2O.0.M~12.f) SFO;CE 9
& F FMS , 0;20) FWAS23 2, 0)FM1AS.,2.o SFGQCEI1O
LEVEL 2.SQRAT.SQRAZFNASII.FmAS2.FAS2FA133 SOC1

- C SF02CE 12
COMMON /SUPNOM/ SNPR(3) SFC2CE 13
COMMON /SUPNOL/ SN(3.P0.201 SF0r-CE 14
LEVEL ?.SN SFOOCEIS

C SF'JGCE1 6
COMMON /SUPFOR/ EI(3.20*7O).F?(3*2O,20) SFt'2CE1
LEVEL 2.EI.E2 SFfOQCE IR

C SFOPCElq
OIMENS10ON 0Z13).CS(3.,).GBASE(3,3),G(3.3).GG(3.3).YY(3.2).YY2(3.2)SFnOCE20
0 *Sumf(3) SFOOCE71

C SFO:CE'>
00 3 Jm1.3 SFO CE '3
El Cd.TiI?) .0.0 SFO QCE?4
E21J.11.12)20.0 SFOQCE2S

3 CONTINUE SFOOCE'f-
C SFORCE?7

00 SO 172=1.2 SF30CE29
77.0 SF02CFQg
CALL ERASE (07.3) SFI,)CE10
07(3)x. O SF02CE31
G070 (PS.30).ZZZ SFO2CEI37

*74 77=. * 5TS4CKN SFOOCE33
SIGNal .0 qFnQCEI4
CALL LOAOL SF GQCE 19
G070 34 SFOCICE 3A

10 7Z-..5TNXCKN SFCOCE17
ST GNu-1. c FODCE3R
CALL LOAD SF0Qf!E3Q

16 00 35dm. SFC:CE40
GASEIJ.N'vyj.ll-Z*CSfJ.i) SFO CF4 1
GPASE(2.J.YYJ.2)-Z7CS(J.2) SF0QCE4:!

C GRASE(3..J)-SN(.J.1I.I?) SFORCE44

GRASCI .J):GPIASE(1.J).O( -e~Jr.2.Z~v(J1) SFORCE4S
GRASE 2.j1 GBASE (2.J .O7(2)*Y2(J.I1.* 2) .Z'VYY2 (..2) SF0rCE'6b
GR*SE(3.j.GCaASE(3..n .OZ(I)*Y2(.J..I2) SFC2CF47

IS CnNTINUF SFOOCE44

* GRASE (1.3) *G8ASE cl.1) SFDQCE~n
0,(1 .2)zCRASE (I. l)*GPASEZ2.1) .ASSEC.2).GASE(2.2) SF02CE51
* G8ASE( .3) *G8ASE(?.'%l SF00CFi2
G(1.3).GRASE (1.1)*'3AAS'E(3. I).GRASE(1.2('fRASE(3.2) SFCDCF53
* *GRASF( I.31'GRASE (3.1) SFOZCES)4

6(7* I(SGI *21SFO0)CF7,r
G(7.2(.GOASEC2.lSOrRASF (2.II.GBASE(2.2')*ORASE(?.2) n2r6

. *GRS (2.3*63 eAS -(2. 1) eFORCESN7

G(?.3).GSASE 12.1) )GRASE(3.1I.GSAeE(?,2)OrqASE(3.2) SFC CF5S
* *GRlASE (7.)*rONASE(1.61) SFnoCESa

(7f3.1 )wG(1.3) SFO;,CE,0
G ( 1-212 (7,*31 9F02CFl
0,(1.1(UORFASF(1 (iNaSE(3.1) .GASF(3.2(*ORASF(3.2) FzC(,
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* GBSE(3*31*GB*SE(3.11 SFOOCE63
%(I GuT p C SFOQCE',4

SQAGuSGAT (GT'YPE) SFCOCE'7l
GTYPfxl ./GTYPE SFOOCESR

GG(2,~u6GI.2ISF3ZCEk71

* - GG(3. I IuGG(i 31 SFOQCET3
CG(l.,PIu(~i1.il.G(3,13-Gtj31o.2)eGTYPF sFC~cE74
QG(2.3u8G(I.2)*G(I.33-GU1.1*G(3.2) )GTYOE SFO-ICE7
GG(19218GG(2.3) SFOPCE76

~6E33)uGI1.1 3G(~7l-(1 .3*@)*GYPESFCOCE77
I~fZ? .EO. 2) SURFGGoGGC3931 SFOOCE 79
CALL ERASE (SUME.3) SF0RCE79
110 40 V.:1:3 SFO:CEZO
DO 4fl t 3. SFO CE I
SU ME(I()uSUE(')GG3.1)OGRASF(IsI. SF DOCE R'

&0 CONTdlINUE 5FOOCER1
00 4S J01.3 SFOOCE'R'
tF(shd(J.rI.12) .EG. 0.O)GflTO 45 SF02CE9%
PQESS*-4FOACES(Jl/SNIJ.11.1?)) SFOOCE46
1EI4p.SaRG*SUMF .j,*PQrSS SFOPCFq?
El I.12a-ElcJ,11.12.-SIGNOTEMP SFOPCE4Q
E2(J. XI *123 uE2ui. II 121 SIGNOflOTEMP SFOQCER9

* .45 CONTIN'UE SFOCCEC)O
SO CON4TINUE SFOCCE41

RETURN SF0SCE9;0
END SFO0CE~ 3
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%SUBROUT INE STRESS I JOI,9J02, JC3. TAUII rAU12 TAU13. STRESS I
0A TAUZITAU22.TAU23.TAU31.TAU32,TAU33I STRESS 2

'.C STRESS 3
C EVALUATE STRESS INCREMENTS AND STRESSES STRESS 4
C STRESS 5

IMPLICIT LOGICALICI STRESS bi
C STRESS 7

COMMON/ ALLENE /TOTAL. TOTKI NTCTELA ,TOTPLA, TOTWE X.TOTTE P. INERGY STRESS 8
0 . TOTVISTOTE~iTCrE2 .ECMECK STRESS q
* ,OTI 3,33 .SQRC,SCRA.S IGMSQ,AL.8L .CZ STRE 5510

C STRESS Il
COMMON /CTIMEI AUX(2O1) TIME.OELTAT.TIMEFLTIMREITIP-EF. IAUX420). STPkSSI2
0IBUT4201.GPRINT(201 STRESS13
COMPON /CTIPEL/ IPLASTI20,2C). 5120,20).PPL(2O.201 STRESSIA
LEVEL 2. IPLAST.,PL STRESS 15

C STRESS1le
COMMON/CTIMERI IT IMEC I TIMER.CELTAP.OELX.OtIl .UNI..HEE STRESSI?

* ,TKEEP.N4THI9K.CF INIS.QF INP.TSTaRTIYSTART.YOUTF STRE SS18
* ,ES,BST1V44).NSTIV( 4) STRE SS19

C STRESS 20
COMMON I INOEX/ NREAO.NhRITE.NPUN CH,NMESHI ,NMESI"2.NL.N2.,NM,tN2M,SYRESSZ1

* NLMM,N2M-M,II. 2,12.II2EROI21ERO. IRYLIRY2.IRY3,1RY4..ISTRL.LSTR2,STRESSZ2
0 ISTR3,ISTR4.IC1. 1C2,ICl. 1C2.IPI. 1P2. 1Sl,* 12,KII.2,v3,K4,KRLN, STRESS23
* IZSTOPKYTESTIOIR,IITEST. I2TEST,KINITL STRESS24

C STRES5S25
COPPON /CPT ION/ MAUXIL,MINGCOPINVEL.MLOAO.i.PATPR..SPLGA, STRESS26
* MSPTEP,M-TEMOPE,MTIHIKLPIMPUL,ISTRESINCRML. ISTREI STRESS27
COMMON /CPTFRAI IFRACT,QFRACT STRESS28
COMPON /"All/l NCCNT.NRITE,NTRAIN.MRITE,NODELP,ETAOI.ETAC2,.hSTRN STRE<S2q

* .FACTCPMM.FACTDN.NQFK IN STRE - 30
C STRESS31.

COMPON /PIIYSCN/ EE ,HNU.ALPt-ACCPST.EXPGN.FACTOR.RATE.Ai.C, STRESS32
0 tLAMODA.COEFF 5) ,S ICPA(5 I TF(3.3) ,TC(3,3),OELTA(3,3) STRESS33

C STRE 5534
COMMON /PUSH/ FORCES(3) ,VELCC(3I.RATIG.RATI0M.CXI,)X2.TEM*P,CTEMP, ST2ESS35

* FSPACE ,TSPACE S INCNO,FSTOP.TSTCP.THCOEF STRESS36
%COMPON /PUSFL/ SCRAT(2G.20J,SORAj(20.20',FMASjI(2O,2OI, STRESS37

N .0 FMIAS22O,20) .F
M
AS23E 20,2C3 *FMAS33120.20) ST ESS38

LEVEL 2,SCRAT,SCRAI ,FMASII,FMRAS22,FMAS23,FMAS33 ST2ESS34
%C S TPESS40

COPPON /CLOCIC/ CAUX(2C) ,GIETACSTRES.CPLAST.wSENSI.CELUIL, STRESS4L
0 OOIAGNCINGEO,CINVEL.CLOAC,QMATPROT.IKL.3TEMPE,QSPTEPCAUXI 1. STRESS42
* OAUX12,CSPLOA.CIMPUL,SARP.CPESO,CIRC-..SEAR STRE SS43

C STRE SS44
COPP-ON /1'ENCOM/ YY(3.2).YYVI 3.2.2) ,A13.31,o(3,3) *AA(3,3).8813.Ji, STRESS45
0 8M1f3.3).0A13.3),C813, 3).C(3.3),GG(3,3) *ZNI33.CCI 3.21.CCC(39,223 STQESS'',
* OGAMU.,3).OGAMMRI3,33 *IN1.3,3) ,NG(21!.7AU13.33,TAUSBLI3.3) STRESS47
0 ,002(3,2),CDD243,1,21,YY243.21,YYY2(3,2*21.*YYL43.2).OtdMI3.3) STQESS4d

C STRESS4q
COMPON ITHKNS/ 1,Z1,2CENTR.IHICKN.A8SCIS(6.,3 *E IGeT(b.b). STQESS50
* NGAUSS(4).IGAUSSNLAYERILAYER.NSuBLII, ISUBL STRESS51

COPPON /01NE/ DCAM33 S TRt S52
COMMON IGGI SuRFCG STPESS 53

C STQES5554
COMMON /OELC/ ICCUNT STOESSS5

C STCES556
COPPON /STROUT/ ISB,L.LC.OISCR.TR(3,31.TN(3.3) STR ESSS?

* .C STRES58.
C0MPON /FRACI TAL;F(3.31.TAUSP1,NtJM,IPS1(1O) .1P521103 STOESS59

A--.c STRE 5560
COPMnfN /STRPLGI TAUP(bC.3.3), TAUSPLIIG,6) STQESSS)L
COPPON /MATRIX/ YLUFAC.ANUr STQES5562
COPMCN /MATR IL/ LMAT(20,20,It).FPATlb*20.20) STRESS63
LEVEL 2.LMAT.FPAT STRE SS64

C STRESS65
%C S TRESS566
.r % 0IMENSION TAuLIIjol.J02.J031,TAU124 jOI,j02.j03),TAU13E jCl~jCZ.4D3)STRESS67

NJ.. * *TAU21(JDI.J02.JO3).TAU22(jClj2,JD3)*TAU23( JCL.JD2,.JC3J STRESS68
0 ,TAU31I JOI.J02,J03) .TAU32(J~CL,J02.JO31,TAU33( jCl.J02,J031 STRESS6q

C STRESS70
C STQE SS?1

IF fOSTRES) GO TO 20 STRESS 72

LEN.JO1*302*J03 STRE SS?3
CALL ERASEI TAUIILENI STRESS574
CALL ERASE( TAU12,LEN) STRESS 71
CALL ERASE ITAU13.LEN) STRESS76
CALL ERASE TAU21:LEN) STRESS77
CALL ERASE C TAU22 .LEN I STRESS78
CALL ERASE(TAU23.LEN) STRESS579
CALL ERASEITAU3I.LEN) STRE 5580
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CALL ERASEiTAU)2,LEN) STRE581
CALL ERASEE TAU33,LEN) ST21 5582
CSTRES..TRuE. STRESS83

C STRE558.
20 CONTINUE STRESS85

0002..FALSE. STRE SS86
0003: FALSE. S TRESS 87
0004 :F LSE * STRE iS:8
IF (Z STREZ EQ 2) 00Gr27.T:uE., STRES5589
I F IIST EI.EQ.2.CR.ISTREIEO3 Q003..TRuE. STRESSqo

IF41STREZ *EQ. 4IQQ04-.TRuE. STRESSqI
C STRESS92

OGTEmP.-EI.-MNU3*ALPHACTE.P/NNU STRE SSq3
CGAN0A.CGAPX(11)CGAPIXJZ.2.QGAMqNX43.33.0GTEMIP*3. STRESS94
IFIO003 OR3. OCC41 OGAPA.CGANPXEI,1).CGAMMX(2,21.uGTEPIP#3. STRESS9',
ZF(4Nu *EQ. 0.5) CGAMI4A.3.*OGTEP.ALPHA90TE~P3P STRESSlb
IFIONU .EQ. 0.53 tNUP.1NU/3. STRE SS97

C STQE S 98
ES .EE STRE SS99

%IF £SSTIV4ILAYERI.NE.O.) CALL ESTIFF STRESO00
FACTOR. S IRE 101
EE p ES iI. HNU3 STRE S102
IHNUPP.1./3. STRES103

IFINu*E 0.5) tNUP"hAU/11.-2.fHNU) 5R50
IFICCO3 .OR. G0cG4a HNUP-HNtJ/E1.-$NU) STRESIGS
IFICO93 .OR. UCC41 HNUPP.(1.-Z.9HNUJ/(3.#(I.-HNUH) STRES106

C STOE 5107
IFECaNST.NE.0.) CALL SENSIT STRE 5108

C STIRE S109
CALL ERASEtTAU.91 STRES110
CGAM33.0.0 ST9ESIII
NSOL-NSU.JLI ILAYER) STRE 5112

C STRES113
C STRES11.

CALL ERASE(OJ0-,9) S TR E S115
CALL ERASE (TAUF,9) STRES5116

C THE FCLLOWING T33.T33PL CALCULATIGN IS CINLY VALID FOR INITIALLY STRES 117
C CONSTANT TV-ICKNESS PLATE STRE 5118
C STRES119

IFI.slOT. G0041GCTO 25 STRES5120
T33-P~t.IZ~SuFG~~ 1.1..IIHCKNi2.STRES121

T33PL--PPLI I.1234SuAFCC9(1..2.*l/THICKN)/2. STRES122
OTAU33.GC33uITl3PL-EI' 3 S T2ES123

25 CONTINLE STRiSl24
IFlICOUNT .EQ. C3GcJTO IO ST-?E S125

IFEIL.EC.IS1 .AND. I2.EO.IS2)GCTO 1000 STOES126
GCTO IGIO STRES 127

1000 1l.ITItMEilOUT(j2)e*lUT(j2)-ITIaE STRES128
[F(Ill .NE. 0 .AND. -.NOT.GPRINT(12l300T0 1010 STRES12q

i.RITE(6,L007) PCILE1,PPLC 11.12lSURFCG STRES130
1007 FORRATI P1II.12)*.122.15.1 -lPL(I.1ZJ-',E22.15. STRE513L

01 SURFACE GG(3.3I3.,El2.15) STRE S132
1010 CONTINLE STRE51.33

C DETERMINE STRESSES FOR EACH SUBLAYER STRES134
00 250 ISB.1.NS8L S TQESIL35
OCZ..FALSE. STRE13b
LI 112-0 STIRES5137
L-1 S TRE 5138
EL-I. STPE 513q
SIGC*S0-SIGP'A(ISR3.5lCM*E ISe).FACTOR.FACTOR STRES140
11-11#1 S TRE 5141

C STRES142
CALL ERASE ITN.q3 STRESI43
TNE 1.1 3TAUJI 11,12,11) 5TES14
TN(I,j3.TAU1ZE 11.I2.IZ) STRES145

STQE S146

TN2.2).TAU224I1,12,111 STRES 147
IF(CC02)C0TO 3C50 STRE 5148
TNII,3).1AU13t 11,12 .11 1 STQS49
TN42.3).TAU23411. 12,11 1 S TR 15150
TNiE3v13-TAU3I(II l,I1) 57815 151
TNI3,2)-TAU32l 11.12,11) ITRE 152
IFICoo3)GOTO 3C50 ST2ES153
T N 1 3).1TAU3 3( 11. ST RE 5154
IF(ITIPE.GT.1 .&NO. TNI3.).E0.O.033*0.0 STRES155

IFECGCO4)TN( 3.33-T)3 STRESL'b

3050 CONTINUE T7S5
TNCJ rEC LLYRA. STRE S15I

C CALCULATE -h )A At SBAE N U ST E S I
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C STRE $160
CT"I I, I13.OTMI(I,1I)-Thl I.11*CCEFF( ISsi STRE$161
OTM(1,23.GTP(1,23-rtg i.23SCCEFF(IS83 STPES162
1T12.I .OT$I2 .1 )-TN12 .1 )OCCEFP( I3ISO STRESIft)
0tM 12. 231-0tFRI 2. 2)1-t%442,23. CCEFF( ISO3 STRES16b'
IF (0002) GO TO 5050 STR~E 165
0TMO(L.33sOTPtl.3)-TNu1.33.CCEFF 1583 STRES16e
DTM4(2.33.OT"12.33-T%(2.33eCCEFF( 1563 STQES167
ZTM(3.1 ).DTI313-YN(3. IO1CCEFF( 1563 STRE $ltd
OTI3.23a0TM3:21-TN3:23*:CCEFF(:d 1S3 T

0
ES16Q

:IN, I SRE Sill
OT-0(3,33OTP 3 3-tN 33CCEFF SSoR

C T"(LA.LB) ARE TlHE MIXEC INITIAL STRESSES FOR 19.15 PAPTICLLAk SU.BLASrRE$1?3
C ER S IRE SI l

C SURCIVICED TIME STEP STARTS HERE. IF aEQUIRED ST9ES175
* . 4 CONT INLIE STQES$176

TM(1,3.TN(1,1)STQES1?7
TMII.23.TN(i,2) S TRE 5175

TM(I2,. 1 -TNI21 31 sTrRE $179
TM4(2:21.TN12 S TRE 110

T"~ T (2 * 3 .2 ST ESJ182

TI P11 11J-TN (3. 1) 3TE5933
TM 3.2)-TNI 3.23 ST&F 5194
T$I 3 .3 ).TNI 3.33 5 STUES15
TAUM-TI 1.1) *TP(2.2? 3 1 ,33 574E Slob
LC1 I 

2 E SI1"1?
IFHICaLNT .EV. 13 CALL ALXIL(43 STOES148

C ~STPE $ 189

S.C CALCULATE OIXEC TnIAL ELASTIC STRESSES TR(LA,LSI STRESL90
C STQES191.

50 CON4TINUE STRE 5192
MLAODASC. ST2E $193

---1CALL ERA$EITR.93 $TRE 5194
ETER~l.EEP/EL STRE $195
ETERM2sH-NUjP*0GAM'PA*ETE RPI STQES196.
TR I I8 11I-1MI 1 .1 1I.FTE R141 CGAMMPX(I. )#ETERM2Z STRES197
TR(1.23.TM(1.23.ETERMI*DGAMIPX(1,23 SIRE $198

-I'-.TRI2,13.TM(2.I).ETERMIODGAPM-X(2,13 STRE S199
TA (2.2).TMI2,2 I ETERMI*CGAM'PX(2,2) .ETERM2 STRES$200
IF (Q023 GO TC 6050 STRES201
TRII,.3).TMEI,3).ErERMI*DGAPMY(1I.3) SIRE $202
TR(2,3)a1MI2,3).ETER"1@DCGAPMXI2,3) SIRES$203

- TRI3.1I.TP(3,13.ETERM1*DOAMMX(3,1J SRQE$204
TR (3 .23)- TM(4 3.2 ) *E TE ARt- *OGAPPR 13 , 2 STOE $205
I FIaaCO33GOTO0 6 C50 STRES$206
TR(13,93).TMI 3 , 33)E T ERMI *DCAMPXI1 3., 3 E TE RP2 STRES2O?
IFI.NOT. COC4ICCTO (305C STRES$208
tR1SRII,-RL13.H-NUP*DIAU33IEL SIRE $209
TR(2,2.7TRf2.21.NNUPOOTAU33IEL SIRE $210
TR(3,3).TM(I33.CTAU33IEL SIRE $211

6050 CONTINLE STRE $212
* - AUT.TRII,Ll.1R(2.23*TR(3,3) SIRES$213

C STIRES$214
C YIELD P9.3 $IRE $215
C STRES$216

CZITRII.1)@TRE I.i)-..II( ,23*IR(2,13.TI( j33*TRE3.1I STRES217
* *112,3.rt 3.1 iIR(,21eR(22D.A( 331*81 .33STQES218

9-( IAuT*e2.2.*S ICM$SC /3. STRES$219
IFIL .GT. LC)GCTC 55 STRES$220
IFIICOUNT .EQ. LICALL AXIlL( 3 SIRE i221

C STIRE$222

C TEST YIELD CONDITION SIRE $221I
C ST4E$224

55 IFICZ.LI.0 .AND. L.EO.LC)GCTO 220 STRE $225
I F ( CI.LIT. 0.3 Irr1T 121L SIRE 226

IFICCICCTC 60W $TQFS227
L.-I NT(IYL CFAC *($SrR T( I 1.S$CLZ.SICP$03Q15 1 GP$CI-1I. 0 3. 1$STRVS228
EL-L SIRE S22q
DCZ-.TRLE. S'4E $230
iF11 .GT. LICOIC 50 STRE $231

h6C CONTIN4UE $ TqE 532

C PLASTIC BEHAVIOR S T Qf S234-
C STkE 5235
C S TP9F $236

C IRxFO CORRECTOR 3 D1IMENSIONAL STRESSES TCILA.L83 A~ INITIAL STRES237
C DEVIATORIC STRESS (FUR THIS INCREMENT OR $UR-INC"lFN13) cASEC ON STRES238
L TIMILA.Ld3 $ IRE 523Q
C SIRE$2-40
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HTE AP-liNUPP OTAU~ IQ TRES24L

CALL ERASEITC#9) STRESZ,'2

* *,TC(1.lITMIL.1L-p-TERA 
STqE 52'3

4 IFICOO04) TCIE S~lTh.)IN~T(, T 244
TC (1.2) * IMI1,2) STRE W52'
IC 12 1)* T (2* I
T C(2,Z).T"(2,2)A-TERPq s 717E $24?7
I F (0004 TCIZ.2)-~, STREP*T",3.3

IF (GC21Z GO TC 7050 S TQES24Y
TCII,3).TP( 1.3) SIRE 5 11 (
TCIZ.31.1M(2,3) c T 4E ;251

TC13,11.TM(3.1) STIRES5252

TC13.2)-TM(3.2) STRES253

IF(0003 *OR. OCC4)GOTO 1050 STRES$254

TCI3,3).TM(3.3)-I.TEiRM STRES255

7050 CONTINUE STRES2S6
TAUC.TC(1.1)*TC(2,2).TC(3,3) STRE S 257

C STRES$258

IF IISTRES *NE.1) GO To 70 STRES2Z59

C TANGENT.AAPPROACH STRE $260

TAUM3 T /~3. STOES261

HLAPDA-. STRESZ2
OGAPAT.OGAMf'A/3.-ALPH&$CTEM'P STREF$263

00 6S LA-1-3 S IRE S26'.

C0 6-5 LB-L,3 STRES265

65 HLAMODA.HLAI4A(T(LA,LB[-TAUF'3£OELTA(LA.L8)) STVES267
0 *IOGAPPX(LE,LA)-DGAMAT#CELTA(LSLAI STES6

HLAOAI'LAMOEEP*1.5/( $IGPSOOEP.I SIRE S20id

IF (HLAMOAD 15C.150.121 SIRE $269

70 CONTINUE SRS7

C COaMIPuTE ANC CI-ECI( VALUES CF A1,81 AND CISCRIMINANT STqES271

C STPES$272

A2.TC( 1,1)*TCI 1.I)*..VC(192)GTC(2.1),TC 1.31 *TC(3.1I STOES273

4 *TC(2.3)4TCI3,2( ).TC(2,2)eTCI2,2).TC(3,3)OTC1 3.3l-(TAUC*22I3. SIRE 3274
82.TC;(1,14T9(1,1)RTCI .2)*IR;2.1).TC(1,3)*TRI3.1) STRES275,

0* *CIZ )o 3*RII.2TCt , i lT R( 2I*TCI2.*3)*TRt3,2) STRES276

-~ ~ * TC(3.1 RR(1.3) *TCI3,2 )*TR(2,31.TCI3.3)*TR(3 ,3)-TauC*TALT/3. STRES277

O ISCR-810*B1-AZ 'CZ STRES27i

IF(L .GT. L11121 L1112-L STRES279

tFfICOUhT *EQ. I)CALL AUXIL(46) STRES8OO

C STRES$281

C TEST Al $SIRES$282

C IF AZ IS NEGATIVE - PkINT ERROR MESSAGE STuES293

C IF AZ IS ZERO - SUe-INCREmENT STRE$28'4

C IF A2 IS POSITIVE - CONTtNt;E SIRE $28',

C STRES5286

* IFIAZI 8O.150.1CO STRE $287

8C PRI TE4NWR I TE.0'C I STQE529t

90G FORMATII1 .4X.L*HAA NEGATIVE AT STQrE5299

GO TO 180 STQE 5290

C SrRE $291

C TEST DISCRIMINANT STRES2q2

C IF OISCR IS NEGATIVE - SUB-tNCRE"ENT STQES29'

C OTHERmISE CONTINUE STQES29',

100 IFICISCR.LT.O.) GO TO 150 SIRES$296

C SIRE $297

C TEST 5Z $ IRE $298

L STREW 3 "

C (F 81 15 NEGATIVE OR ZERO - SUB-INCREMENT STQESIOO

C CTtEQwISE CONTINLE STOE S301

C S EE302

IF(eZ.LE.0.)GOTC L50 STDE $303

C COMPUTE mLAMOA AN0 ELASTOPLASTIC STRESSES STRESlO'.

%HLA002- SZ*SORT(CISCRI SIRE S305)

HLAMOA.CZ/HLAMD2 RQE $306

121 CONTINUE 3TVES 307

TM(l.Il.TR(1-"LA4OR*TC(1.iI STRE S530 i
t-lI1.2 ).TR( 1.2 I-0LAMOA0TC( 1.21 STOE S3014

TMS(Z2, ) .TRtZ,1)-S4LAMOA* ECf2I. s

T M12 .I -Tk A2.,2I)-.L AMOA 0 1C12.,2) S TO F, 11

__IF ICG2) GO TC 4050 s TRs~fs12
T( 13 ).R (53 )-LA2AIC( ,31STOES'1 3

-. 1(2l.3 ).IR(2,3 )-HL&M0A*fTCI2.* ) VIII I.'.

TM( ,1 -TR(3.11-FLNOAIC (,1)STRE $315

~ TM43.2)-TR( .2)-HLAFSOA*TCl3.2) SIRE $316

If(0C031OCT0 8CSO stRE 5317
TF(1,3).TR(3.3)-HLAMDA@TC(3) SIRE $318

IF400041 TM(3.31.rR(3.3) SIRE $319

8050 CONT INUE STRES320
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TAUF.9T~lI.TM2.2)TP(,3)STRES5321
*IF II COUNT .EQ. ISICALL AUX IL 17) STRES5322

C CHECK TINE Sue-INCREMENT NLFBER STRES323
C STRE5324.

IF(LC.EC.U)CCTO 210 STRES5325
LC-LC.! STIRES5326
G O T0 50 STRES327

C SIRE 0328
C MAKE SUB-INCREMENTS SMALLER STIRES3229
C STRES33O

1.50 U-I.E ST E 5331
EL -L SIRE 5332

C SITRE S333
C CHECK MAXIMUM NUMBER OF ALLOWABLE SUB-INCREMOENTS STRES334
C SIRES5335

IFIL-LOC) 45,45.160 STRES336
160 ISRITE(N4WRITE.JC I SIRES5331
170 FORMAT~IM ,X.3t6krSTRESS CALCULATION UNSATISFACTORY AT STRES338
180 wRITEENwRITE.190) ITIME.I1.I2.ILAYER.ISB.L.LC STRES339
190 FORMAT(I *QX.9HTIAE STEP. I6,5X.3H113.12.Sg,3s12..12,SR,6rLAIER..ISIRES34O

*2,QH4SUBLAYER., 12.5X,2HiL-.13,5X.3HLCU,13) STRES3INI
wRITEI~hWRITE .2G0) Al,82,CI,CISCR. S IRE 3,42
" ElITMEIV,JV)..JVa1,3) .Iv-I.3),((TRI IV.JV) , STRES343
" Jv.1,3).IV-1,31,EIIC( IVJN),JVd1,3),Ie-j.3) STRES344

200 FORPATIOX."AL -",EIS.6.IOX,"BI -*".t5.t.,I0X."Cl -".tAS5.651RE534-5
*,10x."OISCR -%I.6TRES3046
*ILOX."MlIXEO INITIAL SIRESSES",Ibx.". TM a".3E15.a/56A,3E15.o)/ SIRES3I'?
*5b1.3E15.6/1OX."MIXEO TRIAL ELASTIC STRESSES".JOX."- TO *", STRES348
*3E15.6/S6X,3E1',.6/56X. 3E15.e1lCx,"pIxEc CORRECTOR 3-CZPENS ICNAL SITES34s3
*RESSESe IC *".3E15.6/56K.3Ei5.6/56X.3E15.6p STQES350
CALL OIACNOE5I SIRE5351.

C SIRES$352
C HAVE REACHED PLASTIC SOLUTION SIRES 353
C SIRES$354

210 CONTINUE STRES355N" IPLASTEI 1.12)-IPLASTI112) * SIRE 5356
GO TO 222 SIRES 357

220 CONTINUE SIRES 358
C SIRES 359
C ELASTIC TM EOLAL'J TRIAL IR PER SUSLAYER STRESiNO
C SIRES3hI1

TMII,11-TRI 1.1) SIRE 5362
TM(1,2)-TR(1.2) S RE 5363
TM(2,1)-IR(2.i) SIRES$364
TM(2.2)-IR 12.2) SIRES 365

4IF (0002) GO IC 9050 SIRES 36h
IME j.31.IR (I1 ST96E$367

TM (3 .11-193,L ST10ES 369
.9 IME3.2)-TIE3.2) STRES370

TMt3,3)-IR(t3.3) STRES371
9050 CONTINUE SIRE $372

./C SIRE $373
*.222 CONTINUE SQ 7

*CGAPMMX( 3.3 1-(( Im( 3 3 I-TN( 3.,31l-0NUe(I f(L. LJI-TNN lL I I(TP(2.dj)-TN(512EF33? 75

IFEICOUNI E10. 1)CALL ALRIL E)SlOE , 3 7?
C SIRES37B
C STORE FIXED TENSOR SLeLAYER STRESSES 51965379

IFEICOUNT .EQ. 0)0010 2500 SIRE $380
C STRE538L

IAU 11411,12,11) *TM (1 * ) SIRE 5382
TAU12EII,12,Il1eTM4(1.21 SIRE $383

%IAU21iE.12,Il)-IP(42,1) STQE5384

-* TAU2ZEI1.,12.12 ).TM(2.2) SIRE $185
IFEOOO2)GOTC 2500 SIRES5386
TAU134I I .12 ,iZ )-TIf 1 .3I1 SIRE 538?

TAU23EII.12,IZ)ITE-2.3) STRE 5388
TAU31IIIlZ*Il).TMf3.L) SIR E S 3 81

* % Au324I1112.IL).IPf3.2) SIRE $390
IFEOCO31GOTO 2500 SIRESIqL
TAUIIE 11.12.11 ).IME 3,3) ST~t S392

2500 CONTINUE 5T~f SI193

C 510 ES 145

C CALICULATE TOT AL M IXED TE NSOR STRE SSES FROM SL L AYE R TRE ') I $1265396
C TRE S$3947

LMATE1I,129112)L1112 STRE %3Q4
*TAuFEI.! ).TAUF(1.1).COEFF( ISB)*TME 1.1) S T01E5399

- TAUFEI.2)SEAUFI1.2).COEFF ISB)@TNIE Z 1.2TSIE $400
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):TAUSTOE $401

TAUF 2.,2).rAUF I2.aI.COEPF IIS8)OTMI2tZ1 TE40

[i(COOZIG0TO 2501 
TES0

TAUF(I.1,3TAUP4 1,3).COEFF ISI$S)TM(I S TqES4

TAuF43.11.TAUF (3,1).COEFFiZS).T'3.11 %TRES40'5

TAU~IZ,3).TAUF(2,31.COEFF( ISSIOT"12. 31 STRES406

TAUF (3 , 2 1-TAUF I3 v2 1.COEF F IS e 10 P 1,2 1 $S t.O,7

1FfQQ03IGOTO Z501 S TRES4.08

TAUF(3.31.TAUF(3,31.COEFF( 1S8)#TM43.3) STRES'09

21501 CONTINuE S TRES4'10

CGAM33.CC:133.COEFFiZ$8I*DGAPIIXi3.3I )FS1

TA(ICOUNT EQI. IRGOS 1. AUIL(U31 1*62 l.AFd S CI3 STOES4'13

TAI,)TUF21*G STRES414)

25 CNINUE)OT C STRE S41 I

TAU(1,3).TAUVI j11.GCI1.3).TAUF( 1.2 )*GGI2, 31*TAUFIl.31'CC' G !.l) STRES4174

TAUI2,1 TAUF ,2.i1GG I I.TAUF 2S2 GG 2,3IEAUF (2,3' 3 31 ST.?ES " L

TAUI3,21.TAUF(3,1l'GG( 1.21.TAUF(3.2 )*0C21,).TAUF13l )$CC(3.i J, STPF S4 2)

7AU(1,2)-. 5*I TAU( I* 3)#TAuI 3,1I) STPE S421
TAUI3,1 1-TAU(192) SIRE $430

TAUI2, 3)-. 5*I JOG(11 ,A 3)* TAUI, 3.21)33)CC(,L STRE $431

TAU43.11.TAUIL.31 STRES430

%TAUSPM31.5AUITAU(2,3)+uF 12,2.AU(3 S1. $TRE S*3 1

IFI32TAU.8.1 ~L ACN(A1 STQES4.32

260CON T6 I L.U $38 STQE433

v .IFlICOI . EQ. IPSI)GOC 20 $18854341

,AUSPLILLIAU ( I.ITAU$ I-AF ,3 1 STPE S44 3

LL.ICAUSNCAUEQ.I CLELL -1*IL (AYE.S ST QE$4

00L A255 11 SIRE $434

00 255 LL.1i.U STRE $4.46

TAUSP(LL,2. I AUFI S I $U t TRES443

260 5 CTIE 3 STRES44.9

C 02S -. STRE 5450

FAPIlICAS,II.121F.NU STRE$4.41

260 CONTINUE STRE $452

C STRE$4.54

CTFP12.I lOT0(2 .1 *rAu(I.1)*Gf ,1L)*TAU(I.2)*G(2.1)-TAU(1.3)$G(3,11 SOE $4.5?

IF (0002) GO TO ';070 $181$4.59

* OT"I 1.31.OT"11,3).TAUI 1,L.CL.31.rAu(1,214G(2.3).rAu(1.31*CI3.3I STRES4.60

OTNI3,1).01P13.1),1Au13.13*G(1. 1,.TAU(3.2)OC(2.11.IAUI 3.31'C13. 1) STRE $4.4

OTMI3.2).OI'(3 .21.TAU(I 11CI .21irAUI3,2,4G(1,21.IAUI 33lCI3.2) STOES4.43

OT"I3.3i.OT't3 *3l.AUI3.1).CI1,3l.TAU(3.2)eGI2.31eTAUI3,3)9C(4.3) STOES4.

9070 CON TI NUlE $1885465,

* RETURN S 8E $466

ENO0 STOE $44?

7 L,-
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SUBROUTINE ZETA ZETA I
C ZETA 2
C EVALUATE STRESSES THROUGH THE THICKNESS AN)) EVALUATE ZETA 3
C CONTRAVARIANT COMPONENTS OF THE RELATIvE MOMENT RESULTANT TENSOR ZETA 1..
C AND OF THE REAIESRS EUTN ESRZETA 5

C :EI:ESRS EUTN ESRZETA 6
IMPLICIT LOCICAL 01 ZETA 7

C ZETA a
COMMON/ ALLENE /TOTAL.TOTKIP4.TOTELA.EOTPLA. TO-wEITOTTEM. Lt.ERGY ZETA 9

S, TOTVIS;TOTEI.TOTEZ .EChECK( ZETA 10
*,TM13.3 , SORG.SGRA.SIGMSC,AI,8I.CZ ZETA 11

C ZETA 12
COMMON /APTRAC/ KSPOTSKT(4 .KDI (4,3* TYPE44i.METYPE14I.WSPCT, ZETA 13

* KSOESTIFNf4;31. rORQ:(4 ZETA 14

CO MMON /APTRAL/ A143, O)!TAZI3,8O).mMLj(aOi.HM-22IAOI ZETA is
LEVEL 2 .TA1 ,TA2.HM I .riPZ2 ZETA LOSI

C ZETA 17
COMMON /CARTE/ YTEST.YNEW,YSAVE IF TA 18
COMMON /CARTELI Y43.2O.ZO).Of3,2.20,,7).213.20O20OJ)Z3.ZO.2C) ZETA 19

%LEVEL 2,Y,OY2.C2 LETA 20
C ZETA 21

COMMON /CTIME/ hUX(2OI.Tim-E,OELTATTIMEF.LTIME.It['qEF.LAUX42OJ, ZETA ?I
0 IOUT(2O 3.OPR INTl20) ZETA 23

COMMON ICTIMELJ IPLAST(20,20),P(20,201,PPLI2O.2OI ZETA 2'

LEVEL 2. IPLAST.P,PPL ZETA 25
C LETA lb

COMMON/CTNMNI ZAI2O.20IZ8120,203,DZA1IIZO,201,OZA2IZO.20) * ZETA 27

* OLBIIZC.Z0),0Z82120,ZOI .8SAR(80) ZETA 28

LEVEL Z.ZA,LB.CZA1.OZAZ.0Z8L1.OZS,8AR ZETA 29I

COMMON /INDEX/ NREAO.NVRITE,NPUNCH,NEH1-,NES-,'41 NZ.NZ,NlM.NZM.,ZETA 31.

N2MMP,N2MMI1, 12,IZ.IIZERO.I2ZERO. IRYLIRY2. lky3. [y4, ISTR1,ISTRZ.ZET 32
* ISTR3,ISTR4.ICI,1C2.IC1.1C2.I. 1P2,IS1SZ.Kh(.2,(34.(RUN. ZETA 33
* KZSTOP,K(YTEST,ICLN,IITEST.I2TEST.KINITL ZETA 34

C ZE TA 35
COMMPON /NEw1/ CCISP.MOISP.IST1.iST2,IST3.15T4.CTQAC."TRAC, ZETA 36

0 TAUMAX.TAU INGAMMAX,GAMMIN.ELMAX.ELI.I1IMAXS, IZAX ,IGAMAS, ZETA 37
-' *ILAAS.1"IS.1~IN. IAMI.ILIS.1MA~a2AXQIZ~VX.LMIX. LETA 31

* IMIN.IZINKI1PAQ,2PMA.IPMX. 1~
M

N.IP
M
I.I~IN.I(Z).ZETA 39

* OT9ACT.GTRAC?..IPHY(201.PPHYS ZETA 40
C ZE TA 41.

COMMON /OPTION/ MAUIL.MI(NGECMIN4VEL.MLOAa),MMATPR,MSPLCA, Z E TA 42
* MSPTEMM-TEPPE,.4TM(KL,PIMPULg51RES, NCRML, ISTRE ZE TA 43

C LETA '44

COMMON /PHYSCNI EEHNU,ALPHA.CONSTEXPCNI.FACTOQ.RATF.4HC., ZETA 45

* HLAMOA,COEFFIS).SICMAISI .rPl3,31.TC(3,fl..JELTA(3.31 ZETA 405
C ZETA 4?7

COMMON /PUSH/ FORCTS(3),VELCC(3) .RAT IO,RATI0",CX1.O2X2.TE"',CTEMP, ZETA 4d

* FSPACE.TSPACE,FINCNO,FSTOPTTOP.T-CUEF ZETA 49
COMPCN IPUSHL/ SCRAT(ZO.201,SORAZ(2O.20),FM'AS1IA(2.20). ZETA 5 0

* FM4AS22(Z0.ZO) ,FMAS23(ZC.ZCI.F'AS)3(20,20I ZETA 51

LEVEL 2.SQAT.SGRAZ *FOAS11.E-AS22.FM'AS23,F'AS33 ZETA 52

C ZETA 5 3
COMMON IGLCGIC/ GAUX(ZC) ,OZETA.OSTRES,CPLAST.)SENS1.OECUIL, ZETA 5'.

S0 OOA Gh, 1N GE0 .C I NV EL . GL0AC .CMA TP R ,C THI KL . QTE "PE ,CS PTIE P, CAU X I1I. ZETA S5
9 OAUX12,CSPLOA.G IMPUL ,053-AP.OPESO.UINCH.,S.EAR ZETA 5h

C ZETA 57
CON"ON /SURNOM/ 5NRII) Z ETA 58d
CW-MON /SURNOL/ SN4(3,20,201 ZETA 59
LEVEL 2,SN ZETA 60

C ZE'A 61
COM-ON /S2/ STRESE431 :ET& 62

COMMON /S2L/ STRESL (3.20.20) ,STRESOIZ2.20.ZO) .$TRESP 12.Z2,20 ZETA b3

LEVEL 2,STRESL ,STRESC. STRESP ZETA 64

C ZETA 65

COMMON /TENCOM/ YY(1,YYY(3,2.?),A(3,3),843.3i.AA43,31.88(3.31. ZETA 66

* 8BMI3,3).OA(3,3) .CB(3.3),G)3,3),GGI 3.31, sN)3),CO( 3.2) *CCCI 3.2.2), ZETA 6?
* OCAM(3,33,OCAMMX(3.3) *HN( 3.3).HCI2),TAU(3.3).TALSALI3,3 I ZETA 68

0 ,00213,2),0002(3.,21,YY2(3,2),YYy21 ,2,2).YY'J13.2).OBM(3,3) ZETA 69

I.C ZE TA 70
COMMON JTHKNS/ ZZZ.ZCENTR,THIlCKN.A8SCIS(6.6I.WEIGHT(6,63. ZETA 71

0 NCAUSS(41, iGAUSS,NLAYER,ILAYERNSUBLI4) .1SURL ZETA 72

C ZETA ?3
COMMON /TNCOMP/ 1M1,0ODIS2,0..)CPE,02C ZETA 74

* CAPO2I2,20.20).CAP03(2,20.20),CAPZC1(2.20,20I. * TA 75
* CAP2O2IZ,20,2C) .LAP20142,2CZOI ZETA 75

LEVEL 2.MI ,HM2,CAPQ1,CAPC2,CAPC3.CAPGL.CAPZJZ .CAP203 ZETA 77

C ZETA 78

*COMMON /VARTHK/ VTHIK(4.ZO.ZO0).CENTRV(4,2G,203) !ETA ?4

LEVEL Z,vrHLR,~cENrRv ZETA 90
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C ZETA 4 L

COMMON /VIS1/ IIAIS4 C1(,ZSRISE12OTL.JTI. ZETA 92

* STR22,OSTR23,OSTR3L.OSTR32,OSTR33 LETA 8 3

COMMON /VISLZ LSRI42,0. T&24l.0 VT14.O21 ETA t54

*VSTRZ2I 4,20.2C ,VSTA2314,20.2O) LETA 91)

LEVEL 2,VSTRI.VSTRitZVSTR13.VSTR22.VSTR23 ZETA 86

C ZETA 817

COMMNON ISTRINtl EPSLIIZO.201,EPSL2I20.20),GAMMAL(20,20). ZETA 98

% EPSuI20,20).EPSU2(20.20l.CAMl*AU4ZOZ0I ZETA 99

LEVEL 2.EPSL1,EPSL2,GAPPAL.EPSL1EPSj.GAMP-AU ZETA 90

COMMON /MAI 1/ NCONT,NRITE .NTRAIN.MRITE.NCELP .ETAOI.ETAC2 .NSTAN LETA 91

* FACTO?-,MG,FACTDN. NQ,FK(IN LETA qZ

COMMPON /CNEI OCAP-33 ZETA 93

COMMON ITIHREE/ AGAIM33 LETA 94
COMMON /TEMPI PGAIKI3 ZETA q5,

C ZETA 96

COMMON /DELC/ ICOUNT ZETA 97

COMMON ICELI OELBARI2O.2C1 ZETA 98

LEVEL 2.CELBAR ZETA 99

%COMMON /GGiSURFCG ZETA 100

COMMON /GPRINTi GTYPE.CBASE(3.31.D.8ASE(3.3) !ETA 101

%C ZETA 102

COMPON IFRACI TAUFI3,3).TAUSPH,NUMR,1PS1I.U.),IS2I10I ZETA 113
CZETA t04

D IMENSICN OZ(3),CS(3.ZI.CX(3,JI.PmMI2.2) ZETA 105

C :ETA Il)b

PAR -0. ZETA 107

C FOR ORTMCGONAL CCOROINATES. TO PECUCE ERRGR ZETA 106

C ZETA lo 9

- .IFlKI.NE.7.ANE,.'2.NE.1 GO60010 f E TA 110

DA II ,).0 . ZETA I11.I

DA 2,1)-C. ZETA 112

084 1921-C. ZETA 11 3

S..0842.1)-0. ZfETA I1I'I

10 CONTINUE ZE TA 115

%CALL ERASE(P-..M4) ZETA 11,,

STQESL(1.11,I1-0. ZETA 117

STRESL(2.11,12 )-0. ZETA 118
STRESLI 3s11.121-0. /ETA IL'

CAPCIII.11,121-0. ZETA% 120

CAP0142. 11,121-C. I PT A 121

CAPC2( 1 1 1, 12)0. ZE TA 122

CAPC2(2. I I,12 1. C. ITA 1213

CAPC3I 1 1 1. 121-0. ZE T1, 12'

cAPC.3(2. 11. 110. 1 cT A 1?5'

CAP2C1 I I . 11,12)-0 . ZETA 126

CAP2QlI2,11.121.O. ZETA 127
CAP202 (1,11,121-0 * ZETA 128

CAP20MI. 11,12 1*C. ZETA 12q

CAP2Q3(I1.11. 121-. ZETA 130

CAP203IZ, 11.121-0. ZETA 131

STRESP(I, 11,121-C. IFETA 132

STRESPI2.11.121-O. ZETA 133

STRESOII,l1.121-0. ZETA 13'

STRESO2,11,121-O. ZETA 135

c2(l)-C * ZETA 116

01(2 )-a . ZETA 13 7

OLE 31-0. ZETA 138

11-0. L ETA 1)4

0843.31-C. IFETA 14J

IPLAST(II1.121-0 ZETA 141

C NlC-SURFACE OFFSET ZE TA 1'2

C FOR XIRC"HQFF (.8 SHEAR4 SHELL CG%S1CER 0EL-0 SINCE. EAQI THIALA, ZETA 1'3

C TI.E PO INT Z.0 IS THE HA LE TM CgKESS F T SmELL AN I S No T I G?*E IFTA 1'44

*C VARIATION4 IN Ti-E OENS1iy ZE TA 1 4

*CEL-0.C ZE TA I -h

IF ICIRC?. .CR.ZSHEARl Go TO 2205 ZE TA 14 7

TmlI Kl-C * ZETA 1'$1

00 2204 ILAYER -1.3 ZE TA 14Q

CALL TH1KLA(11 ZETA 1S0

2204 THIXI-TMIKl#THICWVN ZETA I ',

ZCEN TMIK10.S IFETA 1~z

I LAY; R. 
ZETIfA 15 3

CALL THIKLAII) ZETA 1 54

-I ZCEN-IMICKN-IR(I1.121 ZET& 1'"5
OEL.ZCE%-ZZCEN if TA 15h

2205 CONTINUE ZETA 15?

CS E1.11.Pmtl.L ) YY II , L I C *Y4. ZT A 1 ',

CSII.21.Bmili.Z)eYY(1.1l.8Mt2.21*YYIti 1.f ZTA 1'q

C~l21).~(11l.TI21IMI2iI*Y(Z2I ETA Iha

CS(22)-~tI2I*Y(Z.lAIL.ZeYYZIf ETA i61
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CSI3,2)8OM1 l.2)YY(3,i)*8412.2)*YY(3,2) ZETA 163
CALL ERASE (nN,Q) ZETA L64'
PMIII, I1,12)-O.0 ZETA 165
HM4hZ,11,12).0.O ZETA 16
3M211,1a,2).0.0 ZETA 167
HM22, 11.12I30.0 ZETA 168
11-0 ZETA 169

AIFIICOLNT .EQ. 1) CALL E'ERCY(2,1.Ul ZETA 17O

IF(INORPL.EQ.2) DGAPA3-0. ZETA 171

I(lINORPL.EG.2i TMLIC4CZO. ZETA 172
0GM33-C.0 ZETA 173
SUM4GS. ZETA 174.
TN!I C 0. 0 ZETA 175
SGAP33-O.O ZETA 176I

C CALCULATIONS FCA ALL LAYERS ZETA 1177
00 169 ILAYER-INLAYER ZETA 1 78

p STREZ. ISTHES ZETA 179
IF ICIRCHI GO TO 63 ZETA 190

IF INLAYER.EO.1) GO TO t1 ZETA 181
lIt ILAYER-21 60.61,62 ZETA 182

60 ZZ-ZRI 11.12) ZETA 153
Nl. ZI)-GZRIIII.12) ZETA 11'.

DZ()*082 1.2)ZETA 185
0213-U.ZETA 136

GO TO 63 ZETA 197
61 CONTINUE ZETA lid

IFI.NOT.OIRCH.ANO..NOT.QSHEAR.AeO.ISTRES.EQ.2) ISTREZ-3 ZETA 189

0Z1)-11 ZETA 190
* 01 2) 1 *c ZETA 191

02(311* ZETA 192

%GO TO 63 ZETA 193
b* 2 ZZ-ZAIII,12) ZETA 19'.

OZI1)-CZAI( 11,121 ZETA 19,5

0112).CZA2I11,.12) ZETA 1Q6
01(31-. LE ZTA 191

63 CONTINUE ZETA 198

CALL TIIIKLAI) ZETA 19
1F(1NORML.EO.2) TH1CKZ-THICKI.THICKN ZETA 200
TH I C.TI C*TI -ICMNh ZETA 201.
NGAUSL.N-GAUSS( ILAYER) ZETA 202

C SURFACE TRAXON ZETA 203
CALL SFORCE (CS.ThICKN.YY,1Y2.11.12,SuRFGG) ZETA 204

C CALCULATIONS FCR EACH GAUSS POINT ZETA 205
CO 169 IGAUSS-I.NOAUSL ZETA 206

C I AS MEASURED FROM MID-SLRFACE ZETA 207

1-.5STMICKN*AIBSCIS(1GAUSS.NGAUSL).ICEINTR ZETA 208

C Z AS MEASURED FROM REFERENCE SURFACE ZETA 209
Z-1*OEL ZETA 210

IF (ILAYER.EO.2.CR.I.NOT.GIRCH.ANO.NLAYER.EO.1fl 12-2 ZETA 211
IF ICSHEAR) 11-1 ZETA 212
IF (MTEFPE .NE. 0) CALL TEMPER ZETA 213
IF IMTEPPE .NE. 0 *OR. ICAUSS .EQ. 11 CALL MAYPRO ZETA 214
IF(MITEMPE.NE.O .OR. IGAUSS.EG.1) CALL ENERGY(6.L.0I ZETA 215

GB GT N-0.0 ZETA 216

C CALCULATIONS FOR ALL CCPGNENTS ZETA 217
00 q J-1.3 ZETA 218

G8ASF(3,J)sSNEJ.I1.12) ZETA 219

IFl .NOT.CSIIEAR.ANU.INORML.EG.2) CSASEI 3.iI-G8ASEI 3.J).Y2(,I.1.12) ZETA 220
IF ICIRCH) GO TC 9691l ZETA 221
IF(.NOT.CSHEAR.ANO.1NORML.EC.l) GO TO 9891 ZETA 222

G8ASEE3.J)-GBASE(3.i) *CZI3)'Y2(J.11,I2) ZETA 223

9891 CONTINLE ZETA 224.
GRTN.GBTN.GPASEI3,JI*SN(J,11.IZ) ZETA 225

*GSASFI1.J).YY(J,l1-*CS(J,1) ZETA 226

G8ASF(2.J).YY(J,2)-1*CS(J,2) ZETA 227
U.IFICIRCHI Go to 9 ZETA 28

GBASE(1.Jl-C8ASE(I ,31.0211)'Y21 j. I1a.2-Z.Y2(J.. ZETA 219
G8AS(2.).GASE2, ).GI2)YZI . I.12.ZZTY2 .322LETA 230

4i CONTINUE ZETA 231

CALL ERASEIOG8ASEY)1 ZETA 232
OGRASE (3,1)-ON II) ZETA 233
OBASE I3.2).ON(Z I ZETA 234

OGBASEI3.3)-ON( 3; ZETA 235
IF(GIRCI-) CO TO 886 ZETA 236

DGSASE(3,1)-OGBASE( 3.f.OZI I~leOZ( 1,11,12 ZETA Z37
CGAASEI3,2)-CG;BASk( 3,2)-GCl 33*02(2,11.123 ZETA 238

DGBASE(3.31.OGB3ASEE3.3).OZ(3)*OZ( 3.11.12) ZETA 239
886 CONTINLE ZETA 240
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00 868 LAL1,2 IETA 241

00 887 LS-L.2 ZETA 243

887 DG8ASE 4LAsK ).0GOASE fLA .91 (CELIA 4LSLA)-I OPLS LAI )O0D IK LS I- ZETA 244

* 2*OBM)LS,LAIe(YY(%,LS)-00)K .LS) ZETA 245

IF 101hC)') GO TO dad ZET 24b

0GBASE)LA.K).OGBASE(LA.1.ZZ*OC2K,A.CZLAS029.[1. [2) ZETA 247

68 CONTINLE ZETA 24dSG1 I).GBASE)I.1).GBASE) 1.1).GOASE) L,dh@C8ASE) 1.2) IFTA 24'4

ZETA 250

* G8ASEf1.3)*G8ASEC2.3) ZETA 252

G(1.3)-C8ASE) 11 )GBASE(3.1).GBASE(l1.I*CAdASE( 3.23 JET& 253

A*GSASE41,110CBASE43.3) ZETA 254

G)21)G3I2)ZETA 255

G 12, 2)1.G BAS E 12 . I10G 8A 5E (2 , 14GOA SE 12 .,eJ 0 aA S E (2 , 2 ZETA 256

* *-GBSE )23'G9ASEE2,3)(.1 ZETA 257

G2.31.C8 SEI2,1a .1*8SE(.). LE 2,Z3SGdASE( 3.23 ZETA 258-G8AS~fZ,3*G8ASE(:3 ZET ::5
G13.)-G(.3)ZETA 260

G4).3)-G8ASE(3.1).CBASE) 3.1).GaBASE33,Z)*GdA5E(32I LETA 262

* GOASEI3,31*GBASE(3,3) ZETA 233

CALL ERASE(OGAP,91 ZETA 264

I j3 ZETA 265
IFICIRC') li-2 ZETA 266

00 '102 1 1IJ ZETA 267

Go 102 1-,. Z ETA ?6d

00 102 x - I, ZETA 269

102 OGAF$( IJ)-CGAM(1,1)-.50(GBASEII.91*OGBASE(J.Ki-G8ASE(J.1,1*UGASE( IZE TA Z27 1

0 I.K )-CC8ASE (I ,X)#ODOASF(IJ,K 3 ZETA 271

C G-GTYPE Z E TA 2 72

GT'PESII,).112.).c33.)-C2.3**).C 1.3~33 13)*32.)- ZETA 273

* G(.)C33 .)13*C12*3.)-C.3G2Z)ZTA 27'

SORC-SCRTIGTYPE 3 ZETA 275

GTYPE.1./GTYPE ZETA 276

CCI 1,1).(G(2,2)*G13.3)-G(2.33**2)*GTYPE ZETA 277

G1.2)-)G31.3)eG(2.3)-C) 1,2)*G43.31) )ATYPE ZETA 278

GG(2,1)*CGGI1.2) ZETA 279

GG(13)((1,)*GZ.3-GI.3)6t22) *GTPELETA 250

CC 3,1)-CC) 1,33 ZETA 281

G).2)-(C31.1)*G3 3,3)-G31.3)IA-2)*GTYP'E ZETA 292

GG)2.3)-(1,2)*G(1.33-C3 1,1).C(3.ZI)eGT'VPE ZETA 203

CC) 3.2)-C)2.*3) ZETA 284
GGI.33(C(1.1'C1,2-G~1,2*.2~CTPEZETA 2 9 '

c ZETA 2586

c ZETA 257

DCAP-PX)1.1)-CGAP) 1,1)6GG( 1,11.OGAP')1,2 )*GG42,1 I.OCA~) ,3)*CC().1) ZETA 2963

0CAPNA(1.2)-DGAf'2,3*0GC1,)OAM2.2 ) G312. I ).OCAf)2,3)fCG( 3 - I ZETA 299
OG A 0-94X I. 3 ) -C GA P 3 . I1)*G G I I.COAf')3,,)*CGG2.L I.CGA-t3,3)0'CC3 3.13 ZETA 2QO

OCAP1X 2 ,31 -0GAP' 1 3, I OGGI ,2)*0CAI431.ZGG32.Z ).0GA) L3.3)*G;C)3.21 ZETA 213

~ ,)*4iG(.Z)ZETA 2924

0C A PP x 3 .2 I-0AF2,1)#GC3 l.3).OCAM(2.Z )*GG32.3)*OGAP)2,3)*'G C.3)) ZETA 2'J 5

0CAP'"5(3.3)-0GAM)3,1 3*GG( 1. 3 1 OG A P3 3. i)*C1.2,3)0CGAM)3,3)eLC(3 , 3 Z (TA 291,

033S-OGAf-FR~(3.3I ZETh 2q7

IFICOUNT .EO. 1[CALL AUIxL~e) ZETA 2993

C THIS5 IS A CALL TO SuBAGuT[P.E YISCuS ZETA 299

[E)AV[S(ILAYERI.NE. 0.) CALL O)IMTAL.)3.C) :~ETA 300

C THIS5 IS A CALL TO SuORCUTINE STQESS ZETA 301

CALL 0INTAU(2,C) ZETA 302

IF 41P39YS.YE .0 .ANC. I CCLPT.[C.1[ )CALL P 04Y S[IC12) ZEITA 303

P)AR-THICKNO.5$WEIGHT)[CAUS.N&AUSLI ZETA 304

PAR SC-PAROSCRC ZETA 305

M N I I, I1).$N) 1.1).ARS0)#)TAU(l.13*CiASE 1)-TAU) 1,2I*GaASEj2.I) ZETA 306

* *TAU31,3)*fBASE3.W) IZFTA 307

'N) A~ :l 12-N1,,l S).-AR S*-(TAI1.1 )*CdASE 31.lZTAU) 1.2)*GdASE[2,2) IZETA 30 m

Aru).)*C A F13.2) 1 ZETA 304

* 1 AU 4 ,3IAr8ASi(331j ZETA 111

0 1AU)Z,3) *Gt9AE( .13) IF rA 31 3
14N12 .2 1 MN ( L.,?) #P Ai( S Z(TAU)2 .UsrjA1&( .23 *T~u(2,23*GBASE(iZI I ET f 11.

* *TAU(2 93)*GBASE) 3.2)) LETA 115

HN(2.31*3'N)2,3).PARSO*) TAU32.1)SrdASE h1,3).TAu).'.Z)AC.3A5E32.3[ ZETA 316

* TAU#2,3)$GPAF(3,.3)) ZETA 31 7

IF )OIRC1)) GO TO) 2165 1 E TA 3 11

PRSCOI*PARSC*Oi(1) IE
T
h 31q

PRSGOl-PARSG*Ol)2) ZETA 320
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PltSOO3;PARSC*OZ3 3I ZETA 321
s TRESI 31. 1 1. 1 2-STRESL C I. 1.12). ZETA 322

* PA"SQOI* ZETA 323
* (TAU(1,13S68A5E( 3,13.TAU(I.1,ZOG8ASE(2.13.TAU(IL.33SCBASE (3,133. ZETA 324,
* PRSCO2. IfETA 3Z5
* ITAU(2,i3*CSASE(,l).TAU(2,23008ASE(Z,13.TAU(2, 33*GBASE( 3.133. ZETA 326

* P80034 
ZETA 327

*(TAUE 3. 1 3GBASE (1,1 )-TAU( 3.Z3*GBA5E(2,1I.TAU( 3.3 3*CBASE (3, 1) 1 ZETA 328
STRESLI2L,I123-STRtESLI2.11,123. ZETA 329
4P850014 ZETA 330

*4(TAU(1.I34GaASEII.23.1Au( I.2eGSASE(2,23.EAUII,33'C8ASE(3,23 3. ZETA 331
0 PRSC0 ZETA 332
* 4 TAU(2,I*CBASE (1,23.TAU(2,23SCSASE (2.EAu(2,33*G8ASE(3.23 3 ZETA 333

* PRC00 ZETA 334.
0 (TAU(3,134084SE(1,23.TAU(3.2)OGBASE4Z.23 *IAU(3,334CSBASE(3.23 3 ZETA 335
STRESL(3.31.123-STRESL(3.31.123. ZETA 336

* P85001* ZETA 337
* (TAU(1,134GBASE(1,33.TAU(1,2J4GBASEIZ,33.EAU( .1,3*GBASE(3,3)). Z ETA 338

% PRS0024 ZETA 339
* (TAI(2,1)4GBASE(1,33.TAU(2,2)4CSASE 32,3)*TAU(2,334G8A5Et3.33 3. ZETA 340
* PRS0030 ZETA 343L
* (TAUJ(3,1 )*G8ASE( 1,33.TAUE 3,Z34G8ASE(2,31.rAU( 3. 334C3A5E(3,331 L ETA 342

PRSCZZ-PARSCOZZ ZETA 343
CAP2Q1(lLL.123.CAP201(l.1,,21.PRSCZ(TAU(1, 13408ASE (1,13 ZETA 344

* *TAW(1,234GBASE(2,L3.TAjUI3*GASE(3.1) 3 ZETA 345
CAP201(2,!1I23-;CA?2OI12 1, 1 Z3.PAtSOZZ4(TAUI2,13*GASE(.13 ZETA 346

* *Tu2Z4GASE(2;, 3.TAU(3)*G8ASE(3;, l I ZE TA 347
CPZ2 .1.12 'A Z23 1 23.P8sCZZI( I EI)OGBASE(1.2) ZETA 348

0 *TAU(I,21*C8ASE(2,Z)+tAU4 .33.G3AsE(3.23 3 ZETA 349
CAP2CZ[2d 1,33CPO(,1 2 PSZ TAu(2, I 3*GoASE( 1,23 ZETA 350

* *TAU42.234G8A5E42,23.TAU12,33408A5E (3,233 ZETA 351
CAP203 1,31.123*CAPZQ3(l 1.1123.PMSOZZ*( TAU I 1, 13$GASE11,31 ZETA 352

* *TA(J(1,23468A5E(Z, 33.TAU(1,334G8ASE(3.3)I ZETA 353
CAP203(2,11LB,323CA?203(2,31:123.PRSCZ4TAu(2,13.GaASE 31.3J ZETA 354

4 -TAU( 23GASE(2. 31-TAU(2,33*BASE(3.311 ZETA 355
2165 CONT IPLE ZETA 356

IF (OStEAR) GO TO 205) ZETA 357
CXI 1,13'G8ASEl 1.13*YYU( 1,1 3.G6ASE( 1,23*YYU(2.1 I ZE TA 358

* *CAA5E( ,3)9YY(3.L) ZETA 359
CX( 1,23.CBASE(2,134YYU3 1.13*GBASE(Z,23SYYU(2,13 ZETA 360

* *GeASE(2.314YYUt3,3.1 ZETA 361

4CXI 1,33.G8ASE( 3.1 )*YYU ( ,IJ.G8ASE3 3.23*YYul2,I1 ZETA 362

s *G8ASE (3,33 4'L( 3.13 ZETA 363

CX (2 , I) -BAS E I I, I 4YU1 1,21 .GBASE( 1,23'YYU(2.Z) ZETA 364
0 'GSASE( 1,3)*YYL( 3,2) ZETA 365

CX(2,2).GBASE(2,134YYU(I.Z3.C8iASE(2,2)*YYU(2,23 ZETA 3#66

* *GPASE12,313
4
YLI3,21 ZETA 367

CXlZ,31.CBASE(3,I3*YYU( L,23*G8ASE(3,2)*YYU(2,Z3 ZETA 368
**C8ASE(3,334*YYU(3;,34 ZETA 369

CX(3;1).CA)E 31 ,13*SN1,1 2.8S(23NZ 1,3 ZETA 370
G 5GAE ,1.3* 3 hl, 112) ZEFTA% 371

CX(,23GBAE(213SN( ,[1323GBAE(223*N(211,23ZETA 372

* +.CBASE(2,3 leShI 3.11,12) ZETA 373
Cx(,3)C8AE3 ,1 456 1,1. 2).AAS(3,345(Z. 1,23ZETA 374

* *GRASE (3,33*SN (3,31,323 ZETA 375

PARSCZ.PARSCOZ ZETA 376

~.M(1,1-I'( 113'A8SZ*(TAL 1. IeA) ,13T~u 1, 34X(1.2)ZETA 377

5'* *TAIJ(1,334CXt1,3)) ZETA 378

"r. 31,2)-3.8(1,2 3.PAR50Z*(TAU( 1.1 3CX(291)*TAU( 1,234CX(2,21 ZETA 379
5' * TAU(I,31*CX(2,3)l ZETA 380

- MM2,1).38(2,1).PARSOZOITAU(2,1 34CX(1.1)*TAUI2,234CX(1,2) ZETA 381

* +TAUl2,31sCX(I1,333 ZETA 382

3.8(2,2 )3'M(2,2 3.PARSQZ*(TAL(t2,1 3CX(2,13*TAUE2,2 3*CX(2.23 ZETA 383
* +TAU(2.33*CX(2,33 3 ZETA 3841

c ZETA 385
STRESP(1,31,12).STRESP(1.[,123PARSQ*(TAU(3,1 34CX(1,13 ZETA 386

* *TAU(3.23*CX(1.23.TAU(3,334CX(1,3)I ZETA 387

ST8ESP(2.11,123.5TRESP(2, II,123.PARSQ4(TAU(3.L 3*CX(2,i 3 ZETA 388

0*,TAU(3,23*CX(2,23.TAU(3,334CX(2,333 ZETA 389

STRE50(l1112).STAESO(t11,123.PARSOZ4(TAU( 1.134CX(3,13 ZETA 390

* *TAUEE,2)9CT'(3,23.TAU(1.314CX(3.3)) ZETA 391
STAESQ(2,31, I 3.STRESQO2,31112).PAASQZ*(TAU(2,1 3*CX13,1 ZETA 392

4 *TAU(2,234CX(3.23.TAUI2,33*CX(3.3)I ZETA M9

2059 CONTIN.E ZETA 3Q4

O GM33.CG8-33.03 3S*PAR ZETA 39

SUPG-SUPG.CG (3,3 (PAR ZETA 396

- CEUCOLNT *EQ. 1) CALL ENERGY(3,PAR) ZETA 397
SGA8'3.5GA813.GAM3 ISPAR ZETA 398
II[NORPL.NE.2) GO TO 169 ZETA 399

*TAUSUM.OCTM(t,13.OTM(Z2.0T8(3.3I ZETA 4.00
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OGM33-GM33/TIC IEA 404

IFIICOUNT .E0. IIGOTO 180 ZETA40
DGOG;2 O*(DGM33-AGAM33,I/AVEG33 ZETA40
OELBAR(I I12)-GsrN.SRT ( GTN.Z-cOGJ ZETA 10

180 CONTINUE ZETA 410
C SURFACE STRAINS FOR PLOTTING ZETA 411

IFLICOUNT EQ0. GIGOlO 190 ZETA -12
IF(I1.EO.151 ANCO. 12.10.152) PGAM33-PGAM33-AGAM-33 ZETA -13
IFIICOUNT .E. 11 CALL AUXILIIO) ZEFT A 1'

EPSILI 1l1I23"EPSLI(I II,2I.O.5e(OA(1,1).l'NIC*OB( 11 ZETA 415
EPSL2( I1,12)-EPSL2(I ,123.C.5*(QA(2.23.THIC*Od(2.ZI I ZETA 41b

GAIMPAL(1.12)GLAMAL11 ,2)O.5tDA1,2.li1C.CB(1,23 )I'E TA 1 ?

EPSULI 1,.12)-EPSUIE II, I2I.O.50(OA 1.II-THIC'OAII(,1) I ZE
T
A 41d

EPSUZILI112)EPSuV 11.IZI.O.5*IDA(2,21-TI-IC*0B(2.ZI I ZETA 419
GAMMAUI tI1,12).GAMNAU(111)05(p12ITI.8I2 ZETA 42 0

190 CONTINUE ZETA 421
IF(INORPL.NE.2I CO TO 200 ZETA '22

C AVERAGING AT EACH POINT I PT A '2 3

OGA1MA3-DG(AMA)/ TNICKZ IF 'A 42'4
C SETTING Y2 AND 02 ZETA -.25

liICIRCHIGO TO 4,50 ZETA %?b
02(,1 ,12-02 1,L,13.OAMA*SN 1,1, 21ZETA 427
021.11 12-OZ2,I.12.OGPA3SN(,1112)ZETA 424

0213.I1,I21-D2(3,I11,123.OGAMA3*SN(3,11. 12) ZETA 'Z9
450 Y2(1, 11. 12 1-t1.1 1 ,12).COAPMA3*SNIL 111, 123 ZIE TA 430)

Y2C2.I 1,I2).12(2, 11L. 12 ).OGAPA3*5N1(2, 11 L) ZETA 4'31

Y2 3.1,12)-Y2(3,11, 121.DGAM'A3*SN( 3.11,121 ZETA 432
200 HAL 111,12 ) -HPI 1 .1 Z)E TA 4.3 3

HM 12,1it, 12 ) M lEl,2 23 ZETA - 34

HM2 (1. .1,.2 M 21 ZETA '3-'

"M212,1.1)P22 ZETA 4.3,
c ZETA '37

C ASSUMING ORTHOGONIAL COCROINATES, TO RECuCE EQC Z E TA 436

L ZT A '3 q
%1 IF-(K 1. NE.?.ANO.62.NE .?) RE TURN ZE TA 44J

Hm M1(2, 1,12).o. ZETA 144 1
mHM2(1,. I12IH-0. ZETA '44?

RE TURN ZETA 443
END ZETA 4*44
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USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this sheet, fold as indicated, staple or tape closed, and place

in the mail. Your comments will provide us with information for
improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
- project, or other area of interest for which report will be used.)

3. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.)

4. Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

5. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)

'.

6. If you would like to be contacted by the personnel who prepared
. ., this report to raise specific questions or discuss the topic,

please fill in the following information.

Name_:

Telephone Number:

Organization Address:
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